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PREFACE

Tup present work is a translation of the third edition of Die Peirolewm- und
Benzinmotoren, which in Germany constitutes o handbook widely read by all
persous interested in the coustruction or the working of stationary and
automobile engines using liquid-fuel.

The author, as will be seen, deals exhaustively with the subjeet: com-
mences with descriptions of the liquid-fuels available, leads up to the
construction of the various types of eugines, with explanations on their
component parts, the functions of the latter, and concludes with very com-
plete notes ou the troubles which may occur with even the best regulated
engines, the causes of such troubles, and the various means of rectifying them.

In the same way as wonders have been wrought with the electric current,
it heing impossible to define what electricity exactly is, a great deal has been
accomplished with liquid fuel, petrol especially, an essence of crude mineral
oil—petrolenm——of which it is very difficult to say more than that it is the
result of a very complete natural distillation of some original substance or
substances, carried out during a very lengthy period.

The adjective “mineral 7 in a preface to the present book forms more or
less of a misnomer, for the author is of the opinion that petrolenm is the
result of a natural distillation of animal matter. This, as is well known, is
a much disputed poing, and there are many experts who entertain the theory
that petroleum is a result of the decomposition of vegetable remains, while
others, quite as numerous, believe it to be due to the natural reaction of
gases upon minerals, the process in the latter case being, if we may so term
it, a voleanic one. The formation of a definite opinion on this point is
further complicated by the fact that the chemical composition of petroleum
from various sources shows many distinetive characteristics. The author is
therefore quite justified in putting forward his theory: it has as many points
in its favour as the two others.

Tt should be remarked here that the Continental appellations for oil fuels
do not correspond in every case to those in use in this country—mpetrol, on the
Continent, meaning very generally the refined oil and not the distillate. Con.
tinental firms often add to the word “petrol” the qualificative “oil” or
“essence,” which serves as a rough guide when the speeific gravity is not stated.

In the names given to the derivatives of both petrolenm and tar, there
is also a lack of consistency between the practice of different countries in

vV
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vi PREFACE.

clearly discriminating between parallin, refined petroleum oil, and erude oil,
In the present tramvslation, most of the terms used are those employed, for
instance, in the Report of the Fuels Committee of the Motor Union of Great
Britain and Ireland, the hope being entertained that by adopting recognised
standards their meaning will be correctly interpreted.

Whatever may be the origin of c¢rude petroleum, its supply is far from
being inexhaustible ; progress in the matter of internal combustion engines
will lie in increasing the amount of power to be obtained from a given quantity
of liquid-fuel. But it will lie more especially in the greater adaptation of
these engines to the use of aleohol, and the author is right in surmising that
the agriculture of the future will be devoted to the growing, in constantly
increasing proportions, of plants and fruits from which concentrated fuels
may be obtained,

Lonbox, October 1908,
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OIL MOTORS.

CHAPTER L
THE ORIGIN AND EXTRACTION OF LIQUID FUELS.

(a) Crude Petroleum and its Distillates.

Crupe petroleum, which has been known from very remote times by the
names of rock oil, mineral oil, or naphtha, is found in many parts of the
world. In some places it wells forth naturally at the surface, but more
generally it ean only be obtained by employing some such means as boring:
It is an oily liquid, having a disagreeable and penetrating odour. It is
dark-yellow, brown, or grey in colour, according to the distriet whence it
is obtained, and it has, in addition to its colour, a characteristic blue or
greenish fluorescence.

The largest quantities of crude petrolenm are procured from fields in
North America (e.g. the Pennsylvanian and Canadian fields, ete.) and in
Rusgia, where large fields exist in the provinces bordering on the Caspian
Sea. Scveral other sources of supply are known and worked, as, for
instance, in Galieia, Roumania, and in the provinces of Hanover and Elsass
(Pechelbronn), in Germany, but these are of less importance,

In 1879-1880 it was thought that oil-fields, as large and important as
any existing in America or Russia, had been discovered in the small town
of Peine, about eighteen miles to the east of Hanover. Several wells, giving
each a large output, were tapped within a very short time of each other,
but they rapidly became exhausted, and the bright prospects of large profits
vanished. The discovery, a few years ago, of petroleum near the small river
Wietze, put new life into the Hanoverian oil industry ; and although, in this
instance, the supply appears to be of a more lasting nature than that worked
in Peine, this field in no way compares with those in America or Russia,
It should be noticed in this connection also, that the Hanover petroleum
disirict does not consist of one extensive basin. The formation contains
faults which result in the supply being cut up, and to this fact will be due
its exhaustion, at a more or less rapid rate, according to circumstances,

1

Droits réservés au Cnam et a ses partenaires



2 OIL MOTORS,.

Petroleum was formerly considered to be the produet of a process of dry
distillation, under pressure, of vegetable matter, Tater researches, however,
suggest that its origin is to be traced to the animal kingdom, and that it
really results from a distillation of animal matter.

Experiments have shown that by the distillation, under great pressure, of
animal fats, a product is obtained which is similar in all respects to crude
petroleum. It may now also be taken as proven that petroleum is not one
variety or example of a large class, but that it is the original maftter
from which all bituminous substances are derived. Mineral tar, ozokerite,
asphalt, and other similar natural products, known as bituminous substances,
have, without doubt, been formed from petrolenm, partly by the evaporation
of volatile components and their combination with the oxygen of the air.
This is shown to be the case by the existence of mineral tar in elose
proximity to the petroleum fields in Russia, of ozokerite in Galicia, and of
asphalt in the provinee of Hanover.

It may seem extraordinary that local aceumulations of animal remains
should have oceurred in sufficient quantities to form oil-fields of such extent
and productiveness as are now known to exist, but this can, as a matter of
fact, casily be explained. It should be remembered that salt-beds are
always encountered in proximity to petroleum fields. This fact points to
the presence of former salt-water basing, and one may therefore conclude, with
little fear of error, that the animal life of these salt-water basins has served
to form the local petroleum deposits. Owing to the gradual recession of
these geas, and to the formation of bars, the living ereatures in these waters
would, it is natural to suppose, be cut off’ from other seas and larger basins,
and they probably perished in large quantities.

As already mentioned, erude petroleum has been known from a very early
period. 1t is referred to in the Dible. It has been known in Germany for
centuries, and in the neighbourhood of the township of Peine, there is still
prevalent an old custom of digging heles out in the open fields in order
to obtain oil, which collects in the form of a thick liquid, and is used
by the people of the neighbourhood for lubricating their earts, greasing
shoes, efc.

The rise of the petroleum industry is, however, of comparatively recent
date. The first tube-well was sunk in 1859, at Titusville, Pennsylvania, and
this was the first application of what proved to be the correct method of
obtaining crude oil in large quantities,. When, subsequently, the process of
distilling the crude oil and of removing its extremely unpleasant odour had
been introduced and perfected, the petroleum industry could truly be said to
have been founded. The rapidity with which the use of American refined
petroleum became general all over the world, for lighting purposes, was quite
phenomenal. 1t is probably no exaggeration to say that the refined
petroleum lamp was in use in every village throughout the whole world in
less than ten years from the time of the first successful boring operations
conducted in the development of oil-fields.
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THE ORIGIN AND EXTRACTION OF LIQUID FUELS. 3

In composition, ecrude petrolenm is a hydrocarbon mixture of liguid
gagseous, and solid components, in varying proportions. Its specific gravity
is between 075 and 095, the heavier kinds being the darker in
colour,

In its crude state, petroleum is used only as a fuel and for medicinal
purposes. Its use as fuel is economical only when its cost is not increased
by transport charges. Thus, for instance, it is employed on the steamships
trading in the Caspian Sea, and on the Volga.

It is also used on the locomotives of the railways in these same regions,
all of which are fired with oil fuel. In gome cases, firing with light and
porous mineral fuel, such as brown coal and peat impregnated with crude
petrolenm, has been carried out with a considerable degree of success.

Crude petrolenm has long been used for medicinal purposes, after
purification by treatment with neutral soaps (alkalis). These preparations
are used as salves or ointments.  They are known as naphtha salves, and are
recommended in certain quarters for their healing properti
ag a cure for rheumatic affections.

for wounds, and

When heated, crade petrolenm gives off eondensable vapours in such
quantities, that a very considerable reduction of volume of the oil oceurs. Tt
is to the distillates thus produced that the great importance of petrolenm,
for domestic, trade, and industrial purposes, is due.

These distillates may be classified, according to the temperatures at
which they are driven off, under three main headings, as follows :—

1. The highly volatile substances given off at temperatures up to 150° C.
(3027 Fahr.).

The less volatile bodies driven off at temperatures between 150° and

L2

270" C. (302° and 518 IFahr.), which includes the parafiin and kerosene
used for lighting and power purposes.

3. Those driven off at temperatures over 270" C. (518" Fahr.), which form
the mineral lubricating oils.

The yield of distillates of these three classes varies within very wide
limits, according to the source whence the crude oil comes.

American erude oil produces the greatest amount of paraffinsg (i.e. dis-
tillates of class 2), while the Russian oils yield more of the mineral lubricating
oil (distillates of class 3).

The produets of the distillation of petroleum are utilised in a great variety
of ways. Kach product falling within one or other of the classes cited above
is further treated in turn, and at definite temperatures it yields a large
number of other distillates to which distinetive trade-names are given. As
an example of the variety of brands of distillates produced, those manufactured
by one firm alone, the Petrolenm Refining Co. (formerly Messrs Aungust
Korff, Bremen), at temperatures up to 150" C. (302" Fahr.), are given in the
accompanying table 1
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Provvers orF THE BeszZiNE MANUFACTURING DEPARTMENT,

Products. | Specific Gravity.

|
i
|

Rhigolene . . . . . . . . . | about 0'615—0625
Petrolenm-ether . . . . . . . . o 5, 0°630—0640
Gasolene No. 0 . . . y  0°640—0650
Hydrirene (registered tmdo nmne ﬂn qus pwdmtum) . . . 0650 '

' No. IL \hn c:wl\m" and h(‘afmn ]1111110%(».) ,s  0670—0680

(Gasolene No. 1, . . i yy  0°650--0+660
i Petrol for automobiles and motor cycles h cloyene, 10'rquLrLd

i trade-name) . . 5 0r670—0'680
i Korfl’s motor petrol sppcl 1]1) suitable tm stationar y engines . b, 0°670—0°680
' 0°690—0"700

Kortl’s petrol No, L » Brain-water”
For lighting, for domestie pmpos(w
. . No. IL ’

and for cleaning . .
Korfl’s petrol No, TIL for lighting and for l'lmumg |l111]10‘1h!5 » 07100730
0il of turpentine substitute (putzol) . , . . . by 07800750

"i)mt]llatus coming under Class I. of our grouping, and the uses to which
some of them are put, are as follows :—Petroleum-ether, which is obtained
at temperatures between 40° and 50° C. (104" and 122° Fahr.), is used as a
solvent for indiarubber and various rosing. The gasolene obtained at tem-
peratures between 70" and 80° C. (158° and 176" Fahr.), with a specific gravity
of 0:66, is used for removing oils and greases, and for the production of air
gas (aerogengas, homogengas, etc.). Pebrol is given off at between 80° and
100°C. (176" and 212° Fahr.) ; it has a specific gravity of 068 to 07, and its
utilisation for power production is dealt with in detail in the following
chapters. At temperatures varying from 100° to 170° C, (212° to 338° Fahr.),
a substitute for oil of turpentine, “putzil,” is obtained ; this has a specific
gravity of 073 to 0-75; this may also be used for power purposes.

The second group of substances, which are obtained at temperatures
ranging from 170° to 270° C, (338" to 518° Fahr.), are employed for lighting
purpoges. Ten years ago, different grades were not obtainable in this group;
at the present time, however, illuminating oils of various qualities are
produced.  Among these are, for example, “Lkaisertl,” having a specific
gravity of 0'78 to 08 ; American lighting oil (kerosene), of specific gravity
08 to 0-81 ; Russian lighting oil, with a specific gravity of 082 to 0°825 ; and
the so-called “engine oil,” used with the Diesel, Hornsby, and other engines,

The third group consists of the heavier mineral cils used for lubrication ;
their specific gravities range from 0895 to 0960. They are most ex-
tensively used for lubricating, and have almost entirely displaced the vegetable
and animal oils and greases in general use thirty years ago.

All substances in the first group evaporate mwore or less readily at the
atmospheric temperature, and the vapours they produce form, when mixed
with air, highly explosive mixtures. It is this property which makes these
volatile mineral oils of such immense value for the production of power;
but these very qualities also entail risk of disastrous explosions, and of fire
during transit and warchousing. With the second group—the lighting oils—
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the danger is much less, especially when distillation has been carried on with
care, as is now generally the case. A lighted match thrown upon the
surface of good lighting or engine-oil, should not set the oil alight, but should
be extinguished as though it fell on water. Inflammable vapours must only
be formed on heating to over 30" C. (86° Fahr.). At the present time there
are on the market few well-distilled mineral oils used for lighting purposes,
which contain in solution any appreciable quantity of hydrocarbon so volatile
ag to be driven off by variations in the temperature of the atmosphere, and
which would, with the air, form explosive mixtures easily ignited.

(b) The Liquid Distillates of Mineral Coal,
(Comamon Coal and Brown Coal.)

The liquid hydrocarbon mixture (tar) now obtained by the distillation of
mineral coal is also used for driving engines.

The origin of mineral coal may be traced back to the decomposition of
vegetable remains which flourished in ages past. From the surrounding
formations, and the depth at which the oldest coal-beds are found, it is
caleulated that the vegetation which has been converted into conl must have
had its existence not less than two million years ago.

Coal varies in gquality and is of different nature according to whether the
vegetation by the decomposition of which it is formed, consisted of marine,
land, or marsh growths; but so far as the production of gaseous and liquid
fuels is concerned, it suffices to differentiate merely between those coals which
are rich and those which are poor in gas. The process of formation of
mineral coal is not yet completed, and even at the present time its
composition continues to change slowly, This is shown by the great or small
variations in the gases—methane, marsh-gas, or carburetted hydrogen, and
carbonic acid, ete.,—-which occur in all collieries. Attention may be called to
the continuous loss of gas by the coal, due to the heat of the earth and to the
pressure of the rock strata over the coal seams, It is not possible to fwrn to
account in any practical way these natural gases —marsh gas, carbonic acid
—which issue from coal workings. Up to the present time, in fact, these
gases have been looked upon as irremediable evils against which it is neces-
sary to take special precautions.

Liquid fuel derived from mineral coal is not found in a natural state, and
to within the last few years it was obtained solely in the form of tar, from
common coal or brown coal, carbonised or dry distilled ; that is to say, heated
in the absence of air in closed retorts.

By further distillation of coal tar by itself, liquid hydrocarbons, known
collectively in the trade as crude benzol, are obtained, these consisting of a
mixture of benzene, toluene, and xylene. This crude benzol is eminently
suitable for working engines, but was formerly obtainable in quantities much
too small for its use as an engine fuel to become general. Only 40 1bs. to
50 Ibs. of tar are produced by the carbonisation of 1000 lbs. of comwmon coal,
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and from this tar only 1 to 1'D per cent. of erude benzol can be produced.
Moreover, for some of the components of crude benzol, there was a ready
market in connection with the colour industry, Now, however, these con-
ditions arve materially altered, the change having taken place on the discovery
that the extraction of the benzol from coke-oven gases was feasible, Larger
guantities of erude benzol are now obtainable, and this substance is found to
have many advantages over the distillates of crude petroleum.

As these liquid distillates of common coal-—benzol, ete.~—will, without
doubt, play a very important part in the future, it perhaps will be of interest
to give a bricf deseription of the method by which they are obtained.

As already stated, the quantity of benzol given off by gas-tar is very small.
[t is present in much larger guantities in lighting gas itself, which contains
twenty times as much as the tar simultabeously preduced. Unfortunately,
it must not be removed from the lighting gas, as the lighting power of
illuminating gas is dependent upon the percentage of benzol it contains. But
conditions are muech more favourable in the case of coke-oven gas, a by-
product in the manufacture of coke, which a few years ago was only used for
firing boilers. It is true that coke-oven gas contains less benzol than lighting
gas (the treatment of 1000 Ibs. of coal yields about 7 1bs. of crude benzol),
but it is produced in such large quantities that the benzol obtained from it
in one single year, 1906, amounted to about 70 million kgs. (1564 million 1bs.).
As coke-oven gas is only used for heating and never for lighting purposes,
all the crude benzol it contains may be removed without detrimental effect.
The treatment of coke-oven gas for the recovery of erude benzol and other
by-products, prior to its use for heating purposes, was introduced in Germany
towards the latter end of the 'eighties. From that time onwards, the produc-
tion of benzol increased to such an extent that its price, which stood at 400
marks per 100 kgs. (£203 per ton) in 1882, fell to 21 marks (£10, 10s.) in
1901, For the treatment of coke-oven gas to remain profitable, it became
necessary to find other and wider fields than hitherto existed, in which benzol
might be put to advantageous use, With its application to motor uses, an
important market was opened up, and one having before it immense
prospects.  As crude benzol can be resolved by inexpensive methods into its
cowmponent parts, which have respectively a high and low beiling point, it is
specially well adapted for use as an engine fuel. The component which boils
at a low temperature is utilised in the colour industry, while that boiling at
a high temperature is better suited for motive power. The two products,
therefore, are put to uses so distinet that the sale of one is in no way
prejudicial to that of the other. This decomposition of trude benzol is due
to the Riitgerswerke Company, which has placed upon the market, under the
name of “ergin,” a mixture of benzol distillates, which can be used for most
internal combustion engines and which is actually the cheapest fuel of its
kind procurable,

The fact that brown coal can be made to yield liquid fuel has been known
for a long time. In the case of this class of coal, the liquid fuel obtained is
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known as ‘““solarél”; it is obtained in the brown coal distilleries, of which
the most important are situated in the neighbourhood of Leipzig and Halle,

The brown coal used for this purpose is of an earthy nature and will
not bear handling or transporting., In contrast with the process by which
common coal is treated and which yields coke as the main product, and
benzol, ammonia, and coke-oven gas as by-products, brown coal yiclds tar as
the main product, from which paraffin and solars]l are subsequently obtained.
The coke ash, which remains in the oven, and the gas form, in this instance,
the by-products. The former is used, under the name of *Grude coke,” in
kitchen fires, while the gas scrves for heating boilers or for driving gas engines.

By the dry distillation or carbonisation of peat, wood, rosins, and fats,
liguid fuels are also obtained which are suitable for working gas engines.
So far, however, they have met with no practical application, while at the
same time they are far too costly and not easily obtainable.

(c) Alcohol.

In addition to the distillates of crude petrolenm and coal, alechol forms
a fuel which possesses many qualities that make it especially suitable for use
in motors. Aleohol ean be obtained in many different ways, the most common
method being the fermentation of vegetable matter containing sugar, or a
large proportion of farinaceous substances. In Germany, the cheapest raw
material at the present time for the production of alcohol is the potato. Tt
may happen, however, sooner or later, that aleohol will he obtained by some
different method, or from other vegetable matter cheaper still.

Potato aleohol, as found on the warket and as used for working engines,
is known as potato spirvit. It is diluted with 10 to 15 per cent. of water, and
rendered non-potable by the addition of fusel-oil. Its price varies with the
abundance of each potato harvest, and this fact has greatly hindered its
general introduction as a liguid fuel for engines. In order to meet this
difficulty, the trust of German spirit manufacturers deeided, about five years
ago, to sell motor spirit at a uniform price over the whole of Germany up to
1908, provided the engine owners cach undertook to buy annually 5000 kgs.
(11,000 Ibs.). The price was fixed at 15 marks per 100 kgs. (about 6s. 8d.
per 100 1bs.) for the winter, from November 1st to May 15th; and 16 marks
(7s. 3d. per 100 1bs.) for the summer months, from May 16th to October 31st.
At these prices, the cost of using spirit in engines is approximately equivalent
to that of using petrol.

This decision on the part of the spirit manufacturers has greatly aided the
introduction of spirit motors. Over this same period, however, the prices of
spivit for other purposes have varied enormously, and at times they have
risen by over 100 per cent. So far as the author iz aware, the spirit
trust has not renewed its agreement with the engine owners, and thus the
development of alcohol engines has received another check. The motors
shown at the seventeenth exhibition held by the German Agricultural Society
in 1903 at Hanover, were almost exclusively alcohol motors. At the exhibi-
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tion held in 1906 at Berlin the number of engines using petrol and “ergin”
already preponderated to a somewbat large degree, At the exhibition held
this year (1907) there was scarcely one aleohol motor to be found.

As our supplies of coal and erude petrolewm are not rencwable, and do not
exist in inexhaustible quantity, there is no doubt but that we shall have to
depend more and more in the future upon such liquid fuels as can be produced
[rom existing vegetation. So long as the sun shines upon the fields, we shall
be able with safety year by year to depend for the production of spirit upon
the fruits of the earth. On the other hand, we are in uncertainty as regards
the coal- and oil-fields which may become available. By using mineral fuel,
we arc utilising the heat which tlie sun gave out thousands of years ago; by
using vegetable spirit, we are utilising the heat of the sun given off
during the present period. The more nearly the supplies of mineral fuels
become exhausted, the more dependent will we be upon vegetable and animal
kingdoms, The agriculture of the future, therefore, will not only be devoted
to the raising of crops suitable for the nourishment of men and animals, but
also, and in a constantly increasing proportion, to the growing of plants and
fruits from which concentrated fuels may be obtained; and these will be
employed for the purposes of producing heat, power, and light, which are not
less important to us than food itself.
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CHAPTER 1L
LIQUID FUELS AS A MEANS FOR POWER PRODUCTION,

NorwirasTANDING the abundance of natural fuels, there is scarcely one which,
without some preliminary treatment, can be used in internal combustion
motors. Nearly all of them are chemically impure ; that is to say, they possess
other properties besides those of a simple fuel. Thus far the only sueccessful
internal combustion motors have been engines worked with gaseous or liquid
fuels ; and no practical internal combustion motors using fuel in a solid form
have been built,

In the present volume we shall deal only with engines using liquid fuels.
All these fuels are industrial products which were not, originally, intended
for use for engine working. To utilise them, the engine-builder was forced to
adjust the design of his motor to suit their several properties. More recently,
however, it hag been abundantly proved that the fuels can also be made to
suit the engine in which they are to be used for the generation of power,
and it is to be hoped that, by the collaboration of thoughtful manu-
facturers with the engine-builders, great progress in engine construction
will result.

A good fuel for engines should combine in itself the following char-
acteristics i—

1

High calorific value.

Cheapness, It must be easily procurable.

Complete combustibility, leaving no deposit of a solid or liguid nature,

Absence of smell, both of the fuel itself and of its products of combustion,

It should be easily vaporised or atomised.

Its vapour, or finely atomised spray, should be capable of mixture with
air, within the widest limits, resulting in a stable association,

Certainty of the fiving of the mixture of fuel and air by the ordinary
methods employed for ignition.

8. Possibility of compression of the mixture to the highest limits.

S o o

-

9. Minimum fire and explosion risks.

Searing in mind the nature of these requisite characteristics, it will be
found that the available liquid fuels may be classified as follows :—

Benzine or petrol having a specific gravity of 0-65 to 0-71.
9
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10 OIL MOTORS,

Paraffin or kerosene having a specific gravity up to 0-865.

Crude benzol.

¢ BErgin.”

¢ Solarsl.”

Spirit.

Petrol.

The calorific value of petrol is very high; it ranges from 10,000 to 10,400
calories ! (18,000 to 18,720 B./Th.U.) ; while common coal has a value of only
7500 (13,500 B.Th.U.), coke 6500 (11,700 B.Th.U.), and wood 2800 (5040
B.Th.U.). The price of motor petrol has fluctnated considerably, In 1894,
when the first German edition of this work appeared, petrol of 0-68 specific
gravity cost 16-75 marks per 100 kgs. (about 7s. 6d. per 100 lbs.); in 1897,
it cost only 13 marks (about 5s. 9d. per 100 Ibs.); in 1901, its price was 29
marks (about 13s. per 100 1bs.); and in July 1907, 37 marks (about 16s, 8d.
per 100 1bs.) (Is. 8d. per gallon).

It should be remarked here that by a prescription of the German Federal
Council dated 2nd December 1885, petrol, ““ligroin,” naphtha, and other
petroleum distillates of specific gravity less than 0-79, employed for power
generation, may be used free of duty, subject, however, to certain regulations,
so far as industrial purposes are concerned,

The tax levied on petrol amounts to 7-75 marks per 100 kgs, (about 3s. 6d.
per 100 1bs,).

A suitably proportioned mixture of air and petrol will, when ignited, result
in complete combustion, there being no fluid or solid residue. Engines run
on petrol, provided that cylinder lubrication is properly carried out, seldom
require cleaning, and the exhaust gases have no unpleasant smell. When it
happens that automobiles using petrol emit a disagreeable odour, the cause of
this is not attributable to the products of combustion of the petrol, but to the
half-burnt lubricating oil, which, in cases of over-lubrication or defective con-
struction, is driven into, through, and out of, the exhaust pipe. As will be
subsequently explained, oil vapours have the property of remaining suspended
for a long time in the air, and to these must be traced the objectionable smell
which automobiles leave behind them.

Petrol belongs to the most volatile class of fuels used for internal
combustion engines, and at temperatures as low as about 0° (. (32° Fahr.),
it evaporates naturally in quantities suflicient to form, with air, mix-
tures which, when burnt in confined spaces, result in great increase of
pressure, and it is in this way that they can be utilised for driving engines.
The volatility of petrol increases rapidly with a rise of temperature, and
if its temperature be raised even to 15°C. (59° Fahr.), the original mixture
would be so enriched as to contain more fuel than could be burnt,

! The heat-unit used here is the quantity of heat required to raise the temperature of
one kilogramme of water through one degree centigrade. The calorific value of the various
fuels given is expressed in terms of kilogramme-calories per kilogramme. This quanfity
muy be converted to B.Th. U, per 1b. by multiplying it by 1°8.
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and more air must be supplied to it in order to render it suitable for use
in engines.

The mixture of petrol vapours with atmospheric air takes place with extra-
ordinary rapidity. The small four-cyele petrol engines of motor-cycles have
a speed of over 2000 revolutions per minute, so that each separate mixing
period occupies only the seventieth part of a second, and in spite of this,
the firing takes place regularly, and the power developed by these motors
is immensely satisfactory.

The association of the petrol-vapour and air in these wmixtures is also
perfect.  The so-called air-gas plants,! which supply whole towns with
gas, afford proof of the fact that mixtures of petrol vapours and air, used
in this way, can be conveyed over great distances through pipes, and
distributed without losing in any way their influnmable and combustible
qualities.

With reference to the inflammability of petrol-air mixtures, it should be
mentioned that of the methods of ignition now common (e.g. incandescent
bodies, eleetric spark, and heat of compression), the first two ouly are utilised
with petrol motors,

In the first of these, ignition-tubes are made red-hot, to secure firing
of the charge at the right instant. The provision and maintenance of a
safe and economical lamp for heating these ignition-tubes, is a matter of
some difficulty, and, as the Fire Lnsurance regulations only permit of the
use of heating lamps on condition that certain special precautions are
taken, tube-ignition is seldom resorted to, and thus, in the case of petrol
motors, ignition by means of the electric spark alone remains available. Low-
tension magneto-electric ignition devices are nsed for stationary slow-speed
engines ; in high-speed automobile engines, the voltage is raised by the use of
an induction coil.  In petrol motors a high compression of the charge is not
permissible. Even at 5 atms. (735 1bs. per sq. in.), knocking oceurs in
the engine, due to premature ignition, and this reduces its power. The least
favourable point connected with the use of petrol is the great risk of fire and
explosion with which it is attended. Although the Fire Insurance Companies
prescribe a large number of precautionary measures,” having reference to the
installation of petrol engines, and the insurance policy provides for their
due enactment, too great a care in the use of this fuel is hardly possible.
With the great increase of recent years in the use of automobiles, it has
beconie necessary to store in the towns large quantities of petvol, and the
construction of appliances by means of which the fire risks due to the
presence of large stocks of petrol will be reduced to a minimum, is most
commendable.

1 Under the name of *“air gas™ are known all the lighting gases formed by the mixture
of the vapours of the light hydroearbons with atmospheric air, such as ‘‘ aerogengas,”
“ henoydgas,” ‘“ homogengas,” ele.

# The conditions laid down by the insuwrance companies are reproduced in the chapter
dealing with the installation of engines.
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Paraffin 0il or Kerosene,

Under the name of paraflin, we class, for engine purposes, all the distillates
obtained within the temperature limits of 150° to 270 C. (302° to 518° Fahr.)
having specific gravities between 0°73 and 0-86.

The calorific value of the different sorts of paraffin oil depends upon the
source of supply and the care taken in the distillation ; it may be taken as
rarying from 10,000 to 11,000 calories (18,000 to 19,800 B.Th.U.). Amoeng
all the fuels on the market, therefore, paraffin oil combines the greatest
calorific value with the least bulk, and for this reason, particularly if only the
distillates given off at high temperatures be considered, paraffin oil is
much cheaper than pefrol. Paraffin oil, such as is used in Diesel
engines, costs 10 to 12 marks per 100 kgs. (about 5s. 4d. per 100 lbs.),
while petrol costs 37 marks (about 1Gs, 8d. per 100 1lbs.). These heavy
distillates are obtainable in large quantities, and conform also in every way to
the condition requiring their complete combustion, 7.e. the absence of any
solid or liquid residue, when the engine supplies, etc., are properly regulated.
Judged, therefore, with reference to its calorific value, cheapness, and complete
combustion, no objection can be raised to the use of paraffin oil or kerosene.
It does not, however, satisfy equally well the other conditions required of a
good fuel for internal combustion engines. The cheap and so-called heavy dis-
tillates have a strong and disagreeable odour ; the products of combustion from
most paraffin-oil motors are so obnoxions owing to their objectionable smell,
that energetic means have been taken to restrict the use of such engines in
towns and thickly populated districts. In the Diesel engine, and others which
work on a similar principle, the paraflin oil is completely burnt up, and the
exhaust is practically invisible and without smell ; but the strong odour of the
fuel itself in the case of these engines, is also noticeably disagreeable in small
and badly ventilated engine-rooms. '

But the greatest obstacle to the use of paraffin in the engines built on the
usual gas and petrol motor types, lies in the difficulty experienced in forming
and maintaining a proper mixture of paraflin and air, All the kinds of
paraffin available only begin to give off vapours at temperatures higher than
that of the air, and the fuel must therefore be vaporised by artificial means.
Unlike petrol, paraffin is not a substance with closely defined limits of distilla-
tion temperatures, but is a combination of hydrocarbons, the boiling points
of which lic between the limits of 150° C. and 300° C, (302° to 572° Fahr,).
To this is added a further disadvantage, for it happens that, even at tempera-
tures below 572" Fahr,, a chemical decomposition of paraffin into “fat-gas”
commences ; this is an undesirable feature, as it entails a modification in the
proportions of the mixtures employed. Hence, in engines in which mixtures
of a certain definite composition are to be formed aud maintained for a given
length of time, evaporation must not take place at either too low or too high
a temperature ; and care must also be taken that during the time the mixture
remains as such in the engine, it must neither become too cool nor too hot.
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A fall in temperature below 5727 Fahr, is less detrimental than a rise above
that limit, for the parafin vapours, as soon as they come into contact with
cooler air, do not return immediately to the liquid state, but remain suspended,
forming a kind of mist or, in other words, minute bubbles of liquid paraffin
containing air. This atomised parafiin may be easily mixed with a further
supply of air, and so consumed, Bus, if these bubbles encounter solid hodies,
impinging, for instance, on the walls of the cylinder or other parts of the
engine at a lower temperature than that at which they vaporise, they return
immediately to the liquid state and cannot thus be efficiently used.

The vaporisation of paraflin in large quantities in advance, and its utilisa-
tion in the form of vapour in a manner similar to that in which a gas wonld
be employed, has not been found practicable, as, in this case, it is a question
of dealing with real vapours and not with permanent gases, Better success
has attended attempts to produce a uniform mixture, by carefully measuring
the amount of finely sprayed paraffin required for each stroke, the air neces-
sary to complete combustion being supplied with it or immediately after its
introduction into the cylinder.

The design of apparatus suitable for performing the necessary funetion of
measuring, vaporising, and heating the paraffin; the ways and means of
effecting the supply of the air required ; the protection of the mixture against
undue cooling, are problems, for the solution of whieh all manner of devices
have been suggested during the last decades. Tt cannot be said, however,
that any solution of an altogether satisfactory nature has, so far, been found,
It will thus be scen that both the formation of the desired mixture and its
preservation as a permanent vapour are, when paraflin oils are employed,
matters of no little difficulty. So troublesome are these points, in fact, that
endeavours have been made to construet engines in which at least one of these
characteristics should be eliminated. Very satisfactory examples of motors
working under such conditions can now be cited, as, for instance, the well-
known Diesel engine and motors of this type which are designed on these
principles. In these engines no mixture is formed; the petrol is consumed
the instant it comes in contact, in a finely divided form, with the highly
heated air,

Of the properties of paraffin considered as fuel for combustion engines,
there still remain to be mentioned its inflammability, the behaviour of the
mixture under compression, and the fire risks its use entails, With regard
to its inflammability, it may be said that, of all liquid fuels, it is set
alight at the lowest temperature. TIn paraflin motors fitted with tube-
ignition, the mixture is ignited with certainty and at the correct instant, even
if the temperature of the tube is so low that it is below red-heat. This
characteristic of ready inflammability has heen taken advantage of in the
Diesel engine, and the ignition of the paraffin spray injected is effected
without visk of misfire by the heat of the compressed air of combustion alone,
It may be remarked here that the charge of atomised paraffin is introduced
at the moment of maximum compression.
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One result of this feature of ready ignition of paraffin-oil vapour, is that
when mixed with air, & high degree of compression is not possible, as the
increasing density of the hot air, and hot parafiin particles, facilitates ignition,
The combustion of the mixture under such conditions takes place with extra-
ordinary rapidity, and is in the nature of an explosion, for ignition occurs
throughout the whole volume of gas or vapour simultaneously, and not as in
the earlier types of engines, from one point only. As a compression pressure
of 4 atms, (588 1bs. per sq. in.} is sufficient to produce antomatic self-ignition,
it is not possible to utilise the great advantages of high compression in
engines using a ready-made mixture. In Diesel engines, on the contrary,
the high compression of the air ean be utilised to the best advantage; in the
case of these engines combustion will never resemble an explosion, for no
compression of the mixture of air and paraflin vapour occurs, the commence-
ment and duration of the process of combustion being dependent on the
instant at which the charge of paraftin spray is forced into the cylinder and
on the length of time occupied in introducing the charge.

As regards risk of danger by five, paraffin may be said to comply fairly
well with the requirements, for, although it has a low flash-point, it is the
least dangerous of all the liquid fuels. A well-lighted match thrown upon the
surface of parafin does not set it alight. The regulations in force in Germany
provide that only such paraffin-oil distillates shall be put on the market as
have a flash-point, 4.e. give off combustible vapours at a temperature uot
lower than 21° C. (69-8° Fahr.). Should these vapours become ignited, this
is not accompanied by ignition of the liquid paraftin oil; the flames are
extinguished without communicating sufficient heat to the surface of the
liquid to result in the formation of further vapours for feeding the flames.
[t is only when the liquid is heated thoroughly to a temperature above 30° C.
(86° Fahr.) that a steadily burning flame is possible.

The low tire risk of paraflin oil compared with that which is involved in
the use of other liquid fuels, is its best recommendation, and the introduction
of a good, cheap, safeworking paraflin motor wonld be an assured success,
sinee the use of the other liquid fuels, petrol, benzol, and alcohol, all entail
great dangers.

Paratfin has not always been so free from danger from fire; when first
distilled the processes were not carried out with the care that now obtains,
and it contained in solution, in the earlier days, no small amount of volatile
hydrocarbons, which in evaporating led to the formation of explosive
mixbures. In addition to this, paraffin was generally shipped in wooden
casks, which are not gas-tight, and the vessels carrying paraflin oil or kerosene
from America were exposed o the danger of explosions.  These oil ships were
furnished with a windmill or aevomotor on deck, which worked an air-pump
for exhausting the gases from the ships’ holds. Dut in spite of these pre-
eautions, numerous accidents occurred, and in the early 'eighties great sums
were paid for efficient devices designed with a view to preventing explosions
on oil-carrying vessels. One device which was tried cousisted of placing in
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the ships’ holds tanks containing liquid carbonie acid ; these could be opened
from on deck, and by this means the whole cargo could be immersed in
earbonic acid gas, an effective fire-proof covering.!

Now that the volatile constituents of erude oil have found a large market
and fetch higher prices than even lamp oil, their separation is carried out
with great care. The inflammability of lamp oil now forms the subject of
suitable rules and regulations, and hardly any explosions now occur through
the storage of paraffin oil, or, in other words, kerosene.

Benzol.

The value of benzol as a fuel is as bigh as that of petrol, being about
10,300 calories (18,540 B.Th.U.), but it costs much less: the present price
is 22 marks per 100 kgs. (about 10s. per 100 Ibs.).?  Up to the middle of the
‘eighties benzol was obtained from gas tar only, and was mainly used in the
aniline dye industry. At that time it was so expensive that its use in engines
was altogether out of the question. DBut when, in the early 'nincties, it
became possible to produce benzol in large quantities from coke-oven installa-
tions, the output soon exceeded the demand, the price fell to 20 marks (about
9s. per 100 Ibs.), and fresh markets had to be found. The last means of
making use of it wag soon found to he its employment as fuel for internal
combustion engines, '

When produeed as a clear distillate, benzol burns without leaving any solid
or liquid deposit, as do petrol and paraflin.  Tts smell, however, is unfortun-
ately rather strong —stronger, in fact, than either that of petrol or lamp-oil,
Its products of combustion are, on the other hand, almost odourless, and not
anything like so offensive as the smell of the burnt gases of paraffin motors.

The formation and maintenance of the explosive mixture is, however, not
s0 easy as with petrol, Nevertheless, motors using benzol can be run in cold
weather without having to resort to warming, and petrol motors may be run
with benzol without any alteration. The main advantage of benzol over
petrol and paraffin is that it allows of much higher compression than is
possible with paraffin. Again, working on benzol at present prices, is
much cheaper than with petrol, since high compression can be taken ad-
vantage of.

Risk of fire with benzol is not much less than with petrol, and in this
respect it ranks below paraffin, Fnterprising chemists and cngine builders
soon found that the properties of benzol could be improved, if the fire risks
its use entails and its disagreeable smell could be overcome without materially
altering its good qualities. It was found to be only necessary to separate from
it its highly volatile and low volatile components, for both of which there ave
favourable markets. The residue thus obtained forms an ideal cheap fuel, one

1 In a similar way, large quantities of petrol in bulk are protected from contact with air
by earbenic acid gas,

2 A purified commercial benzol can be obtained from the Deutsche Benzol-Verreinigung
G m. b, H,, Bochnm.
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emitting but little smell, retaining its heat, highly compressible in mixture,
and involving no fire risks,

The Riitgerswerke Chemical Company, Berlin, in particular, has done
much towards solving this problem, and for several years has placed upon the
market a liquid fuel called “ergin,” for which there has been a ready sale.
“Hrgin” now costs 17 marks per 100 kgs. (about Ts. 6d. per 100 Ibs.); it
has a calorific value of 10,300 heat units (18,540 B.Th.U.). With regard
to ease of formation and maintenance of the explosive mixture, it is but
little inferior to petrol and much superior to paraffin ; it is easily fired by the
usual methods of ignition; permits high compression; entails as little
danger by fire as does parafiin ; and, like the latter, is subject to less stringent
police enactments as regards storage than petrol. High compression being
resorted to, consumption is much smaller than with petrol or paraffin,
“Frgin” being also cheaper than petrol for the same weight, the horse-power-
hour of an engine using this fuel works out at 3 to 5 pfs. ("3 to '5d.) against
10 to 12 pfs. (1 to 1-2d.) in the case of an engine using paraflin. Working
with petrol is, of course, dearer still.

Benzol, and also * ergin,” can be mixed with alcohol, and mixtures of this
nature are used in combustion engines to a considerable extent.

Alcohol.

In the case of the fuels derived from crude petroleum and coal, one has
to deal with substances rich in earbon, to which is due the fact that these
fuels burn in the atmosphere with a heavy and sooty smoke.  Aleohol belongs
to the class of fuels which are low in carbon; when lighted in air it burns
with a blue, clear, non-sooty flame, If its chemical composition be examined,
it will be at once evident also that its calorific value is much lower than that
of the fuels considered above, We have already stated that paraftin has a
calorific value of 11,000 heat units (19,800 B.Th.U.); petrol and benzol, values
up to 10,300 (18,540 B.Th.U.); but aleohol has only 5500 to 6000 (9900
to 10,800 B.Th.U.). Its cost is also higher than that of paraffin and
benzol, and fluctuates very much, being entirely dependent upon the result of
the potato harvest.

Aleohol conforms fairly satisfactorily to the requirements, so essential to
a good engine fuel, of burning without leaving a deposit; aleohol spirit-
motors ave troubled with no solid or liquid deposits, even when they receive
but little attention. On the other hand, the conditions are suited to the
formation of rust, and this has a very bad effect upon the cylinder walls and
the valves. A satisfactory method of preventing this formation of rust has
been found in running the motor for a few minutes before it is stopped, with
petrol or benzol, instead of with alcohol right up to the finish. The provision
of special devices is also necessary for working engines with these fuels.
These have for their object the complete removal of all remains of aleohol
from the interior surfaces of the engine.

By the absence of smell in the aleohol itself, and in ifs products of com-
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bustion, this fuel has attained to a very prominent position, As it smells
the least of all liquid fuels, its use for automobiles has been rendercd com-
pulsory in several large towns.

Alcohol is little less volatile than petrol ; it must be heated in order that
vaporisation and the formation of a working mixture may be produced, and,
to accomplish this, use is made of the exhaust gases. The engine is gener-
ally started and run with petrol until the exhaust pipe is sufficiently heated
to vaporise the aleohol spray and maintain a constant quality of mixture
The introduction of the charge takes place through a jackef round the
exhaust pipe or, conversely, through the pipe itself, the exhaust gases being
led out through the jacketing.

Tgnition of the mixture of air and alcohol does not take place at so low a
temperature as with paraffin and petrol, bub at about the same femperature
as lighting gas.  In most cases, ignition is accomplished by means of elec-
tricity ; but an ignition tube, heated by an aleohol vapour lamp, is all that
is really necessary. The most prominent characteristic of alechol is that it
lends itself readily to high compression ; it may even be said that it is mainly
due to this feature that its introduction as an engine fuel has been attended
with success, for if it is considered from the point of view of thermal qualities
alone, the use of alechol works out at almost double the cost of that of petrol
or paraffin.

The great saving of fuel which accompanies the use of high compression—
and in alcohol motors compression may safely be run up to 16 atms, (235 1bs.
per sq. in:)

is, however, so appreciable that 1 horse-power-hour can be pro-
duced for approximately the same weight of aleohol as of petrol.

The danger of five and explosion when working with aleohol is less than
with petrol, but greater than with paraffin oil. A lighted match thrown on
the surface of aleohol ignites it immediately., But motor alcohol does not
form any explosive mixtures with air at ordinary temperatures. The storage
of aleohol is not subject to the stringent regulations in force for petrol, but
to the more lenient ones drawn up for parafiin oil. A mixture may easily
be made of 90 per eent, of alcohol dissolved in benzol or “ergin,” and with
such a solution the power of the engine is increased considerably. Solutions
formed of equal parts of alcohol and “ergin” are frequently used. In
preparing such a solution, care must be taken to add the “ergin” or benzol
to the aleohol, and not to perform the operation in the reverse way.
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CHAPTER III.
THE DEVELOPMENT OF THE PETROL AND PARAFFIN MOTORS.

Tur first records of petrol and parafiin engines may be traced hack to a period
contemporaneous with the first gas engines. In an English patent faken out
ag carly as 1838 by one William Barnett, it was clearly stated that the gas
engine there referred to could also be worked with some easily volatilised
hydrocarbon. Although it may be taken for granted that the Barnett engine
was not a practical one, but a design which existed solely as a “patent,” the
fact shows that even at that early date it was fully realised that an easily
volatilised hydroearbon could be used for driving motors.

Apart from the cironmstance that in the year 1867, so-called atmospherie
gas engines, placed on the market by Otto and Langen (the predecessors of
the Gasmotorenfabrik Deutz), were worked in different ways with gasoline
gag produced by causing air to pass over the surface of petrol, the first engine
worked direot with petrol may be said to have been that built in 1873 by
Julius Hock, of Vienna. This was known at that time in the trade as a
petroleum engine, and was built in Germany by the Maschinenfabrik Humbolds,
Kalk, near Cologne.

This name really implied too much, for it was not actually the less danger-
ous lamp oil which was used, but petrol, and such an arbitrary designation
resulted in all manufacturers of pefrol motors classifying their engines as
“ petrolenm 7 motors as recently as the latter end of the ‘eighties.

‘When, later on, in the early 'nineties, the engines which actually do work
with paraffin made their appearance, manufacturers were obliged to amplify
their announcements by stating that their engines really did work with
petroleum oil fuel.  These matters, however, gradually became straightened
out ; automobiles came more and more to the front, petrol came to be the
best fuel for this work, and, at the present time, no maker hesitates to call
his engines which are worked with the latter fuel, petrol motors,

The Hock Petrol Engine.—The engine illustrated in fig. 1 works on the
Lenoir gas-engine cyele. The piston draws in the explosive mixture during
a part of its forward stroke; the mixture is ignited and performs work,
driving the piston forward to the end of the stroke,

The explosive mixture consists of air and petrol spray, air being drawn
through the nozzle G and the fuel through the nozzle b. The current of

18
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air crosses the path of the incoming fuel which is thereby atomised. The
air and fuel spray thus form the explosive mixture. Tguition is performed
by means of a gasoline gas flame, which is produced afresh for each complete
cycle at the moment when igni-
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by reason of the suction of the n F 2 i

piston, is only held lightly on 58 E" 5 g

its seat, and it opens sufficiently ¢ A, a8

for the flame to come in con- 07 & s |3

tact with the charge. 'The A : ‘]' ; ; ;

periodie formation of the gaso- X H : § §

line gas jet is obtained by a s ¢ i

connecting rod working a kind : g

of bellows which communicates Y K casoting

with a tank filled with gasoline. Y g Taﬂﬁ
At the moment the explosion v . 7

takes place, the air inlet and
the ignition valves close auto-
matically. On completion of
the working stroke, the exhaust
valve is opened by a rod driven
off an eccentric on the shaft,
and the products of combustion
are allowed to eseape to the ex- 3
haust. '
The speed of the engine is
regulated by allowing of the
formation of a stronger or a

w030t oxad yoopr—1 a1y

1'av

weaker mixture as deseribed.
According to the adjustment of
the air regulator valve in the
casting ¢, a large or small vol-
ume of “additional ” air is sup-
plied to the mixture, the re-

= |

@06

sulting pressure of combustion L
varying in proportion.

If the Hoeck engine and valve gear be considered from an engine-builder’s
standpoint, it can hardly be termed other than an experimental engine. Tt
contained a large number of original features. TFor the first time, use is
made of the open-ended cylinder, of the trunk piston and direet drive on to
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the crank, a system now in general use for modern gas, petrol, and paraffin
engines of comparatively small power. The Hock engine, of course, was
never widely adopted.

In 1876 a new petrol motor was introduced in America, which, on account
of its system of working, aroused great interest. This was the

Brayton Petrol Engine,

illustrated in figs. 2 and 3.

All gas engines built up to that time might be classified as “mixtore-
forming ™ engines, in which the charge, drawn into the cylinders, was burnt
after ignition by electric sparks, giving consumption results which were
largely dependent on the nature of the fuel. The process employed in
this engine was quite different, regulation being obtained by mechanical
means.

In the Brayton engine, the fuel and the necessary air arc separately com-
pressed in the working cylinder, and ignition takes place by an internal flame
burning under pressure, the instant they come into eontact with each other.
Compression and combustion of the fuel in the working cylinder oceur during
only a small portion of the stroke; for the remaining portion of the stroke,
the expansion of the products of combustion takes place and useful work is
performed. The running of the Brayton engine resembles, therefore, that of
the steam engine. The cut-off in the steam engine corresponds here to the
period of combustion, At the end of the stroke, action is reversed and the
gases are driven out through the exhaust valves.

As shown in fig. 2, an air-compressor is arranged beneath the working
cylinder ; this pump supplies a receiver with compressed air, and this air is
delivered from the receiver to the working cylinder through inlet valves.
On its way thither it passes through compartments filled with asbestos,
separated from the eylinder by perforated metal plates or sheets and layers
of wire gauze. The porous substance is constantly kept impregnated with
petrol from a small pressure pump, so that the air flowing through it becomes
saturated with the petrol vapour, thus forming a combustible mixture which
is ignited by the flame burning under pressure. The wire gauze prevents
any back-flash from reaching the mixing chamber. Petrol vapour is used
for the ignition flame, which must be kept burning all the while the engine
is running, This vapour is supplied by the following means:—A small pipe
conveys from the compressed air-receiver to the vaporising chamber a small
supply of air, which is bronght into contact with a portion of the petrol-
impregnated asbestos.  An inflammable mixture is thus formed in the clear-
ance space, and may be set alight, at starting, through a hele fitted with a
removable plug. The combustible medium, therefore, for both the ignition
fame and for the driving or working flame, is derived from the same source,
and firing of the fuel during the working-stroke is no more than an extension
of the process of ignition to full and ecomplete combustion of the charge. As
the piston does not come in contact with the cold outside air, and is always
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kept hot by the flame of the burning charge, it is necessary to encourage
cooling by the use of hollow piston-rods. The motor must be started running
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soon after lighting the ignition flame, as this flame is extinguished as soon as
its products of combustion accumulating inside the clearance space reach the
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same pressure as that of the compressed air-receiver. IFor a similar reason
the speed must not be allowed to fall below a certain limit,

The cousumption of petrol per horse-power-hour is stated to have amounted

toonly 3 ¥ =1 x07=035kg.

(77 1b.)—no more, therefore,

than is consumed by a good oil

engine of modern construction.
The fact that a large number
of patents were later taken out

for engines designed on similar
lines, is sufhicient proof that the
Brayton system was congidered
to be sound and of value. The

working of the Diesel engine

has some resemblance to it,

The Brayton engine has

{Plan.)

also been built of vertical form,
with inverted cylinders, and

N
7

this design was the prototype

AD, 18

sarang of the Simon engine, which
uagem buio

Jarul
fa fuzaey works on the same principle,

and was in use for a certain
time. A low gas consumption
was also claimed for this en-
gine, namely, 05 to 06 cubic
metre (17-7 to 212 cubic feet)
per horse-power-hour for small

perating

ParafFfin Pump

Governor Spindie with Lams,

types of from 4 to 6 horse-

power.
About this time N. A. Otto
invented the four-stroke-cycle

Eccentric O

Fig. 3.—Brayton petrol engine.

compression gag engine, which,
up to the present time, con-
tinues as the standard type for
most internal eombustion en-
gines. Gas-engine builders di-
rected all their energy to the
development of this engine,
‘ and in a very short time a
O petrol engine made its appear-
ance, which worked on the same
principle as that employed in the compression type of engine. This
first really serviceable engine working direct with liquid fuel, viz, that
of Wittig and Hees, was built in the late ’seventies and early ‘eighties
¥ Halfa litre.

i
o

WHED)

i
Operating Inlet & Exhaust Valves

ParaFFin P:
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by the Hannoversche Maschinenhau-Aktien-Gesellschaft, formerly Georg

Egestoril.

This engine is illustrated in figs. 4, 5, and 6 ; it is, as will be geen, a two-
The mixture is formed in one cylinder, the second one being
The two pistons work on two cranks, keyed in line at
mixture is drawn into the right-hand cylinder,

stage engine.
the working cylinder.
0°. On the pistons rising,
while at the same time work is being performed in the left-hand one by the
On the down-stroke the products of
ie fresh mixture is

ignition of the mixture supplied to it.
combustion are driven out of the working cylinder, and tt
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Fres, 4 and 5.—Wittig & Hees petrol engine.
delivered to it from the right-hand cylinder which acts as a compressor, Loss
of mixture by way of the outlet valve is prevented by the great distance
betwoen the outlet passage and the inlet port, and by leading the change-
When the working piston is midway on the down-

over valve with a spring,
and, to the still comparatively rich

stroke, the exhaust valve is closed,
products of combustion, a fresh complementary charge then in the mixture
pump cylinder is added by compression. As the mixture compressor piston
travels right down to the bottom of its eylinder, and as clearanee is provided
for the charge, in the working cylinder only, the whole of the mixture is
collected in the latter cylinder when the crank is on the dead centre.

The formation of the explosive mixture is performed, in this engine
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entirely on the so-called carburetting prineiple, which iz now practically
universally adopted in auntomobile engines. TFigs. b and 6 show the very
simple devices used for this. Au air valve and o petrol valve are mounted
side by side in a common mounting, and both valves are mechanically opened
on the suction stroke of the mixture pumps. The valves are separated by a
diaphragm, in which a small opening is cut.  Through this the air is drawn
in, and being directed on to the jet of petrol, converts it into spray. The
petrol tank, which is also seen in fig. b, is made flat, and lies below the level
of the petrol outlet in the engine; by this means an occasional leakage from

the valve, if this should happen to fit badly, cannot occur, and the suction
level of the petrol varies but little. This thoroughly simple arrangement
has proved both satisfactory and durable.

That explosion motors would be found to be of the greatest importance
for the working of stationary plant and of floating craft, was a fact early

o

A’Wor‘l« .'m 7

4=

I'1¢, 6,—Wittig & Hees petrol engine,

rvecognised, and the management of the Hannoversche Maschinenbau-Alktien-
Gescllschaft lost no time in fitting up oue of these engines in a railway
vehicle, which was used in their own yards, in order to test it in actual
practice. Disputes over patents with the Gasmotorenfabrik Deutz, however,
prevented the Hanover Company from proceeding further with their petrol
motor, and this invention which was full of promise remained in abeyanee.

In 1883, G. Daimler—who, until then, had been director of the Deutz
Gasmotorenfabrik and established later the Daimler Motor Company—brought
out a new petrol motor, which contained a number of novel features, and on
which the present automobile motor is modelled.

Up to that time, even in the case of the smallest engines, the speed did
not exceed 200 revolutions ; but Daimler ran his new engine at 800 and more
revolutions per minute. IHe chose the vertical inverted arrangement of
eylinders, with crank shaft underneath, and with enclosed crank case in
order that the mechanical parts might be protected from dust and from the
action of the atmosphere. To Daimler is also due the introduction of a
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common lubricating device for the piston, crank pin, and crank shaft bearings,
from an oil well inside the crank chamber ; he mtroduced also the handle for
the easy starting of the engine,

Besides all these improvements, which are still incorporated in unmeodified
form in the latest automobile engines, Daimler provided his new motor with
a novel system of ignition, which is in reality at the present day superior to
all others, This was the well-known tube-ignition device which, although no
longer used for automobile engines, is still

preferred to others for smaller gas engines. Air
The increase in speed, now so common a

feature, actually forms the chief service ren-

—Exhsust

Mixture
Geverning

Carburettor

Fres. 7 and 8.—The Daimler petrol engine,

dered to the subject by Daimler in the matter of motor-car engines, for it
provided a solution of the problem which had been worked at for fully a
century, and resulted at once in an engine of large power and small weight.

Figs. 7 to 9 illustrate the Daimler engine as it was built in the later
’eighties for stationary installations,

For forming the working mixture, Daimler at that time did not have
recourse to direct petrol supply, which as we have seen was the method
adopted in the Hanover Company’s engine, but used a device similar to that
employed for the production of air-gas, in which air is passed through petrol
80 as bo saturate it with petrol vapour,

Daimler attached importance to the petrol layer traversed by the air
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being kept of a constant depth ; he also heated the air before it was delivered
inside the apparatus, in order that a constant amount of petrol vapour might
be taken up by it both in cold and in hot weather.

Fig. 9 shows the gas-producing device, now generally called a carburettor.
A float %, provided with a conical opening T in the centre, vests, partly
immersed, on the surface of the petrol, The air supply pipe ¢ is fitted in the
centre of the conical opening, and enters the petrol to a given depth. As
the float is always immersed in the petrol to the same extent, the air-pipe
always dips down to the same level below the surface, and therefore the air
must always flow up throngh the same height of petrol.

2
5:& The petrol particles which are not vaporised are caught
. Eii on the baflles ¢ and e, and fall back to be used later.
~ & The wire gauze mantles s and « serve to protect the
[ inside of the carburettor from back-flashing. The par-

tition o separates the upper portion of the apparatus
into two compartments. Fresh air enters the top one
through the pipe a, passes thence down into the appar-
atus and through the petrol, and the petrol spray and
air mixture so formed is supplied to the engine through
the pipe £, which is connected to the lower part of the
upper portion of the apparatus. When the mixture is
too rich, extra air may be supplied as desired through

Heated Air

" the valve g.

From figs. 7 and 8 it will be seen that the present
type of automobile engine is still very similar to the
first Daimler engine. We may mention also, as a
special fenture, that in Daimler’s engine the inlet and
exhaust valves were for the first time arranged together
in one chamber or valve chest, onc valve over the other

B | SR with the valve heads opposite one another, the arrange-
‘ ment reducing to a minimum the space occupied in
Fia. éi;;{l'::‘t’tﬁ“i“'}m‘ former types by the valve casing and passages. The

' point of ignition was arranged in the space hetween
the two valve heads, where, therefore, the presence of inflammable mixture

was assured.,

Speed regulation was obtaived by periodically opening the exhaust valve,
the consequence of which naturally was that no fresh charge was drawn into
the eylinder. The centrifugal governor &, arranged inside the driving pulley
on the flywheel (fig. 7), lifts, whenever the normal speed is exceeded, the
rod g (fig. 8). This rod operates the *“hit and miss” striker pivoted at f,
pushing it inwards when the valve spindle is raised, and in this way pre-
venting the valve from falling again on to its scat. The exhaust valve is
normally worked by the cam ¢, which lifts the tappet rod or spindle; but
when the striker is in action the spindle is not worked by this cam. When,
however, the speed falls again to normal the rod gy is lowered, the striker is
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tripped, and the exhaust valve resumes its ordinary function, operated by the
cam ¢, allowing a fresh charge to be drawn into the cylinder, resulting in an
explosion in proper sequence.

We ghall often meet with this method of regulation further on. It does
not form part of Daimler’s invention, but had been worked out several years
previously in the Kirving Works.

Development of the Paraffin or 0il Engine.

The mineral oil distillates whose boiling points are high, though they are
readily volatile substances, which come between heavy pefrol spirit with a
specific gravity of 0°72 and the mineral lubricating oils, require—as do also
the distillates derived from common and brown coal—to be specially heated
for atomisation in order to produce a working mixture. The main trouble
experienced in the construction of a successful paraffin motor, not as yet
satisfactorily overcome, is due to the diffieulty of the regulation of the fuel,
and of muaintaining it at the necessary temperature under all conditions,
These heavier hydrocarbons are cheaper than any others on the market, and
moreover are of greater calorific value than others. They have the further
advantage of low fire risk, and engine builders cannot therefore afford to
abandon the task until some simple and safe, and at the same time low-priced
paraffin motor is produced.

The nearest approach to a solution of the problem is the Diesel engine, in
which the liquid fuel is transformed into a fine spray by air, heated by com-
pression to ignition temperature and instantly burnt.

The Haselwander and Trinkler engines work on a similar principle. In a
large number of installations, as, for example, for small factories and for
domestic and agricultural purposes, for automobiles and small motor boats,
these engines working with compression pressures up to and over 30 atms.
(440 lbs. per sq. in.) are not suitable. The failure of all other paraflin motors
on the simple petrol motor principle, 7.e. forming a working mixture and
working with low compression, is due to incomplete reduction of the fuel to
gascous form, incomplete combustion, and to the very disagreeable smell given-
off by the exhaust gases. Most of these engines also require at starting to be
heated by lamps, or to he started on petrol. The adoption of these measures,
however, increases the risk of fire, and instances in which fires have been
caused by the heating lamps and the petrol used for starting are not unknown.
Of greater moment, however, is the fact that they are not economical in
working, on account of low compression only being permissible with paraffin
rapour and air mixture. As stated in the second chapter on “ Liquid Fuels
as a means for Power Production,” these mixtures eannot be compressed to
pressures greater than 3} to 4 atms. (526 to 58'8 lbs, per sq. in.), on account
of the risk of premature ignition of the charge.

Paraffin bhas, therefore, a large number of properfies which are un-
favourable to the engines. Every endeavour must be made, however, to use
parafin and the heavier oils, in simple four-stroke-cycle engines working at

Droits réservés au Cnam et a ses partenaires



28 01L MOTORS.

pressures of 8 to 10 atws, (1176 to 147 Tbs. per sq. in), as is now done
with engines running on lighting gas.  'With such engines it will probably be
possible to obtain reduction in fuel eonsumption similar to that obtainable
with Diesel engines. 'While, with a compression of 3§ atms. (526 lbs. per sq.
in)), 350 to 400 grammes (77 to *88 per lb.) of fuel are required per horse-
power-hour, when running with compression pressures of 8 to 10 atms. (1176
to 147 lbs. per sq. in.), the same amount of work should be produced on a
consnmption of 200 to 250 grammes ("44 to 55 1b.), and the smell of the
exhaust gases would also, in all probability, be greatly diminished.

A For Extaust.

,l

2
<
2z | 3

Figs, 10 and 11.—Kjelsberg parafiin engine.

Among the first mixture-forming parafiin-oil engines which have stood the
test of actual practice, may be mentioned the Kjelsberg engine, placed upon
the market in 1889 by the Lokomotiviabrik Winterthur.

The Kjelsherg Paraffin Engine of 1889,

This engine is provided with a carburettor taking the form of a heated
chamber or cylinder separated from the main cylinder by the inlet valve,
the flame kept burning to heat the ignition tube also being utilised to heat
the carburettor. Speed is regulated by the Kirting governor as deseribed
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above in connection with the Daimler engine, the exhaust valve being held
open periodically, and the inlet valve closed.

As seen in figs, 10 and 11, the valve, all the steering, and the governor
mechanism, are mounted at the side of the engine frame, The exhaust valve
is shown to the left (fig. 11), and to the right the inlet valve, mechanically
operated. The carburettor is placed quite close to the inlet valve seat, and
consists of a vertical jacketed cylinder. The exhaust gases from the flame for
heating the ignition tube, escape through the jacket and communicate to the
wall of the inner eylinder the heat required for vaporisation. A device for
atomising the paraffin oil is fitted at the top part of the carburettor, through
which is also drawn the air necessary to complete combustion. The paraffin
spray is directed on to the heated surface of the wall of the carburettor, where
it is evaporated, immediately forming the inflammable charge.

The inlet valve and the paraflin cut-off dise valve, are worked together by
the same cams, through the link s and the striker p. In front of the
carburetfor there is also an automatic air inlet valve, provided in order to
prevent any small amount of paraflin vapour remaining in the carburettor
from entering the engine. When the normal speed is exceeded, the centri-
fugal governor pushes over the bent lever » above the exhaust lever 1,
raising L and thereby holding the exhaust valve off its seat. To lever I is
fitted an arm K, which, on any movement of the exhaust valve, draws the link
s to the left, out of the way of the “hit and miss” rod p, of the inlet valve.
Thus, while L is held up by the lever #, the inlet valve and the paraffin supply
remain closed, and no charge is taken into the cylinder until the governor has
again freed the lever L.

The Capitaine Paraffin Engine,

Among the first engines in which the vaporising apparatus and the ignition
tube were combined, the Capitaine paraffin engine should be mentioned. To
this day this engine has remained practically unaltered. It is built by
the Maschinenbau-Aktiengesellschaft, formerly Ph. Swidersky of Leipaig-
Plagwitz. This engine is illustrated in figs. 12 to 15. Tig. 14 shows the
combined earburettor and ignition tube. This fitting consists of the com-
paratively small conical tube F. The paraliin heating lamp, provided for
heating the carburettor ignition tube, is marked G ; the ribs ¢ on the outside
of the vaporising chamber are intended to increase the heat-absorbing surface,
and also to give it additional strength,

Before the suction stroke commences, the quantity of paraffin required
for the charge has been stored by the pump a in the space in front of the
valve e. When suction commences, air is drawn through the port ¢, lifts
the valve e off its seat, and blows the parafiin through into the vaporising
chamber. Here, on coming into contact with the heated surfaces, the parafiin
spray is evaporated, and in the shape of a highly inflammable mixture,
formed of paraftin and of the small amount of air which served to atomise it,
it passes through the port f (fig. 14), and mixes with the air needed for
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combustion drawn in at B, From the shape and location of the carburettor
it is evident that this apparatus will alse perform the function of igniting
the charge.

The valve gear, etc., in this engine, is unnecessarily complicated and
inaccessible. It has been greatly simplified in the Company’s later models.
In fig, 13, g is the exhaust cam ; on this runs the roller 4, carried at the
extremity of the lever ¢ which operates the exhaust valve spindle. The
cam # works the paraftin pump @, lifting the roller m and with it the erank

. ;‘:‘

Fres, 12 aud 18.—The Capitaine parafiin engine,

lever 14’ (figs. 12 and 15). The lever %' works in a slot out in the punip
piston o, working it backwards and forwards as the roller is lifted or allowed
to fall by the action of the cam n. At another point in its revolution the
cam 7 comes into contact with the lever [, which works the dise valve of the
oil pump.

The engine is governed in the same way as the Kjelsberg parafiin engine,
The exhaust valve is occasionally held open, air suction and the drawing in
of a fresh paraffin charge being temporarily prevented, until the speed falls
to such an extent that explosions again become neccessary. The counter-
weight K in the governor (fig. 15) is swung out by centrifugal force, when
the speed excceds the normal limit. When in this position, it strikes, by
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means of the wedge plate r, the roller s carried by the bell erank &, imparting
motion to the lever £ The lever ¢ is fitted with a pin %, and when the
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I're, 14, —Carburettor of the Capitaine parafiin engine,

weight K is swung out, this pin is pushed in under the end of the exhaust
valve lever raised by the cam g. The ex-
haust valve is thus prevented from return-
ing to its seat, and at the same time the
paraflin pump is also thrown out of gear,
But while held open in this way, the exhaust
valve, during the actual period of exhaust,
is raised by the cam ¢ so that the lever e is
lifted off the pin u of the lever ¢, and this,
being for an instant unloaded, is allowed
to swing back as soon as the governor
weight K moves in towards the centre, on
the speed falling. The exhaust valve and
the oil pump can then resnme their proper
functions, and the charging is earried ouf
regularly. In order that a regular guan-
tity of paraffin may always be supplied to
the engine, and in order that the heating
lamp may always burn with the same sized
flame, it is necessary for the parafiin to be
supplied to both, under a uniform pressure. A high level for the paraffin
tank has not been found necessary, and a portion of the space in the engine

Fre, 15.—Governor of the Capitaine
paraffin engine,
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bed plate is utilised for storing the liquid fuel. This fuel supply is kept
under an unvarying pressurc by means of an air-pump P (fig. 12), driven by
the engine. This pump can be thrown out of gear, and when the engine is
not running it can be started by hand in order to provide the pressure needed
by the heating lamp for starting.

Paraffin Engine on the Hornsby-Akroyd System.

Another typical paraflin engine system is that due to the English engineer
Akroyd, which dates from 1890. In this system the formation of a mixture
does not take place during the suction stroke, but during the period of com-
pression. The oil, for the time being separated from the air of ecombustion,
is sprayed into a heated chamber filled with the gases of combustion re-
maining from the former working stroke. In this chamber there is formed,
during the suetion period, a non-inflammable mixture of paraffin vapour with
products of combustion, and only the air required for combustion is drawn
into the working eylinder.

The vaporising chamber in question communicates with the working
eylinder simply by means of a comparatively small port, so that only a very
small portion of its contents enter the working cylinder during the suction
stroke. During the subsequent period of compression, air from the working
cylinder is added to the paraflin vapours, and in this way the actual explosive
mixture is made. When compression ceases and all the air has been driven
into the vaporiser, there is there an inflammable mixture which ignites auto-
matically at the right moment from contact with the heated walls of the
raporiser. In the other systems above described, the working mixture is
formed during the suction stroke, and consequently the parafiin vapours come
into contact with the cooled cylinder walls. This is a distinet disadvantage.
It will be remembered that paraffin vapours remain as such at low temper-
atures in the form of inflammable mist, only so long as they do not come into
contaet with cold solids. The cylinder walls of engines must, however, be
kept as cold as possible in order to obtain good mechanical results and
satisfactory lubrication. All paraffin vapour which comes in contact with
the eylinder walls is liquefied, and is thus removed from the mixture and
not consumed. The liquid parafiin beeomes mixed, partly with the lubricating
oil, and, on account of the high temperature of the gases of combustion, is
in part re-evaporated during the following working period, but cannot be
efficiently burnt because there is no air in the cylinder for its combustion.
This portion of paraflin is, therefore, not utilised, and it is discharged with
the exhaust gases, The temperature of the interior surface of the cylinder
walls rises with each explosion, for the cooling effect of the water is not
instantaneous. A part of the paraffin dissolved in the lubricating oil is also
re-evaporated, when the piston drives out the products of combustion and
lIeaves part of the cylinder walls exposed. The parafin thus vaporised passes
into the engine room, the air of which may become so vitiated that the
attendant is unable to remain in it.
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The Akroyd engine as now built by the Aktieselskabet Frederikshavns
Jernstoberi & Maskinfabrik, is illustrated in figs. 16 and 17. The working
cylinder is shown at A ; H is the air-inlet valve, T the exhaust valve, B the
vaporiser and combustion chamber. Parafiin is sprayed into the vaporiser by
the small pump; shown in detail in fig. 17, through the pipe T, during the

Fic. 16.—Paraffin engine Akroyd system,

suction-stroke. The inlet mounting G is provided with a special water
cooling arrangement, so that during the compression, working, and exhaust
strokes, the high temperature of the vaporiser is not transmitted to the
paraffin in the pipe, causing it to evaporate too soon. The engine is governed
in a very simple way, by regulating the quantity of paraffin sapplied.
Should the engine run too fast, the governor opens a by-pass from which a
part of the oil supplied by the pump (fig. 17) runs back to the oil-tank.
The vaporiser is surrounded by a eover, in which is cut an opening E, and
3

Droits réservés au Cnam et a ses partenaires



34 OIL MOTORS.

through which the heating flame is directed, and an opening E' provided for
the escape of the hot gases. Both openings are provided with damper doors,
which must be closed when the engine has to work for a long time at small
load, or stops running for a short time.

The Akroyd patent is chiefly concerned with the port between the
vaporiser and the working cylinder, and with the flap-valves for regulating the
temperature of the former. The patent was taken out on Tth December 1890,
and is therefore no longer valid in Germany.

The engine was first built by Hornsby & Sons, England, and has been
largely adopted in Sweden, Norway, Denmark, and Russia. It is also built
in Germany on the two-stroke-cycle prineiple, and provided with water jot.
Under the latter conditions higher de-
grees of compression are possible, result-
ing in more economical working,

The drawbacks to the Akroyd system
are that the engine only works satis-
factorily when the vaporiser is just kept
at the right temperature. The surface,
volume, and the ventilation of the vapor-
iser chamber must be so proportioned
that the highest permissible temperature
will not be excecded by econtinuous work-
ing at full power; while on the other
hand, the ignition temperature must be
kept up in spite of a decrease of the
power developed, within the widest limits

possible.
The Akroyd engine cannot run for

long under no load, or stand for long

Fra. 17.—Daraliin pump of the
Akroyd engine.

not working. In cither case re-heating
with the lamp is necessary in -order
to make the engine run satisfactorily.

Too high a temperature of the vaporiser or combustion chamber has a
very unfavourable effeet on the power developed by this and other paraffin
engines, for “fat gas” is formed and the time of ignition retarded. It is
even possible for the power in such cases to be reduced by as much as 40 per
cent. Although these drawbacks are serious, the Akroyd system has the
very distinet advantages of simplicity in construction and reliability in
action, For installations in which the engine is kept rumning for a long
time with steady load, not far short of its maximum, as in small sea-fishing
craft and small corn-grinding mills, this type of engine will be found
thoroughly reliable. There are thousands of fishing boats fitted with these
engines in Sweden and Denmark, while they are used in Russia for driving
small grinding mills. In the latter country the fuel used is the very cheap
crude oil.
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Fia, 18,—First Diesel experimental engine, built in 1894, by the Maschinenfabrik
Angsburg,
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The Diesel Engine.

The most important paraffin motor at the present time is the Diesel
engine.
While in the systems already considered the charge is taken into the

F1a. 19,—Second Diesel experimental engine, built in 1897, by the Maschinenfubrik
Augsburg,

working cylinder in a form ready for ignitiou, and uncontrolled combustion
is permitted, in the Dicsel engine neither the production of a working mixture
nor the introduetion of the charge in this form into the working cylinder
occurs, the air for combustion alone being drawn into the oylinder. By high
compression this air is raised to ignition temperature. At the end of the in-
stroke, when compression has reached its maximum, the necessary fuel is intro-
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duced as a fine spray under a still greater pressure than that of the air inside
the working eylinder. The duration of the spray and the guantity of fuel
injected are regulated according to the power required, combustion lasting for
either a long or short period, as a consequence. The separate particles of
fuel are consumed the very moment they come in contact with the air
necessary for their combustion, In the other systems, uncontrolled combus-
tion may be said to take place; in the Diesel engine it is under positive
control.

Many difficulties were at first met with in the use of the Diesel system,
but owing to the untiring efforts of the Maschinenfabrik Augsburg, all these
have been surmounted, and now this engine, at least so far as the larger sizes
are concerned, is not only reckoned to rank as one of the most reliable, but
also as among the most economical and the quietest in running,

Figs. 18 and 19 show two phases of its development. TFig, 18 illustrates
the first experimental engine as it was built in 1894 by the Maschinenfabrik
Augsburg.  As will be seen, the working eylinder is not water-jacketed.

Fig. 19 illustrates the form the engine took in 1897, which resembles
rather more closely the type now in use. Sections of thesc engines were not
obtainable, but detailed working drawings of the latest types of Diesel engines
are giveu. in a later chapter,
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CHAPTER 1V.

THE WORKING OF THE LATER PARAFFIN AND PETROL
ENGINES: THEIR CONSTRUCTION AND COMPONENT PARTS.

(a.) The Working of Paraffin and Petrol Engines.

It may be said that the number of ways and means of working possible with
internal combustion engines, is unlimited. Reference to the lists of patents
will show that almost half the patents taken out are concerned with new
methods of working ; the number of these which have been used and have
stood the test of actual practice is, comparatively, a very small one,

There is scarcely any other branch of engine construction in which the
mest correet and most promising schemes, from a theoretical point of view,
have met with so many difficulties and have proved of so little real value on
actual applieation, as has been the case in the construction of internal combus-
tion engines. It will be understood, therefore, that for all engines, whether
driven by gaseous or liquid fuel, the simple four-stroke-cyele principle, as used
in the first Otto compression gas engine, still holds its position as the most
generally adopted system of working.

The four-stroke-cycle is one in which the suction and compression of the
charge, the performance of work and the discharge of the gases of combustion,
take place in and from the same cylinder. It would unquestionably have
been groatly preferable, from a purely theoretical standpoint, to cause the
actual work and the compression to be done by mechanism strongly designed
for this work, and the easier work of suction and exhaust by other and lighter
mechanical parts, instead of making one set of mechanism perform the double
function, when two instead of four strokes would be required of each set of
mechanism for cach operation. This idea is always being advanced, and can be
traced back to the earliest gas engines ; this corresponds with the simple and
double-acting two-stroke-cycle principle. Theoretically, the two-stroke-cycle
engine for equal dimensions of the working cylinder, working at the same
speed, should develop twice the power of the four-stroke-cycle engine. Ex-
perience shows, however, that the gain in work expected of smaller engines
up to about 150 h.-p. is by no means realised in practice, as the fuel is
utilised under much less favourable conditions than in the four-stroke-cycle ;
and in- reliability of working, these engines are less satisfactory than those

38 :
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working on the fourstroke-cycle. The two-stroke-cycle engine for small
powers, with separate mixture pump, as embodied in the design of the Wittig
& Hees engine described in the third chapter, has never found general
favour on the market.

Conditions are more favourable in the two-stroke-cyele engines, in which
the front end of the cylinder is used as a charging pump. These engines show
the best results in the smaller sizes. A saving in work of 50 to 60 per cent.
is effected with equal-sized cylinders in these engines, over those running
on the four-stroke-cycle principle ; design and construction can be kept down
to comparatively simple lines, and fuel consumption will compare well with
that of the fourstroke-cycle engine. But whether it can compare with the
four-stroke-cycle in the matter of range of work, is a point on which there is,
ag yet, no clear evidence. As a type of so-called valveless two-stroke-cycle
motors, the “Sohnlein ” engine may be mentioned. This is described later in
this work. 1t is built by the Motorengesellschaft “ Solos,” Wiesbaden.

(b.) The Construction of Paraffin and Petrol Engines.

In the construction of an engine the position of the working cylinder is
the controlling factor in the design, and the engine is called horizontal, vertical,
or inclined, according to its cylinder arrangement,

The horizontal position facilitates access, supervision, and attendance, This
should be generally adopted in all installations where the engine is used for
stationary factory work, and the highest reliability in operation and long runs
without a stop are necessary. The chief drawback in this arrangement is that
it requires a large amount of floor space.

As liquid fuel is not much used for factory driving purposes, the horizontal
type of engine is but seldom met with.

The proper field for petrol and paraffin engines is really to be found where
questions of movement or portability are involved, in vehicles and boats and
portable power machines. In this field it holds the first place, because this
type of engine occupies but little space and is of the lenst possible weight ;
its moving parts nre protected from dust, and it needs the least attendance of
all engines, These conditions can be best fulfilled by the vertical or inclined
types.

Tn vertical engines, the crankshaft can be placed above or below the
cylinders ; in order to improve the stability and quiet running of the engine
it is, however, always placed underneath in the case of motors for vehicles.
The practice of placing the crankshafts at the top was very popular for factory
engines in the ’eighties, and although the arrangement presented many
advantages on account of easy Iubrication of the piston, convenient pipe-
connections and helt arrangement, it is practically never adopted at the
present day.

There are, however, disadvantages in the vertical type of construction,
such as difficulty of arranging the valves satisfactorily and of devising simple
valve-gear, ete. urther, it is very sensitive to bad adjustment of the erank-
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shaft. This lack of truth of the shaft occurs in course of years in almost all
engines, and is due to the fact that the power is always transmitted to it
when the cranks are on one side of the centre line, or else to the fact that there
is the weight of the {lywheel on one side only. The crank in the end revolves
in a plane inclined to the axis of the cylinder, forcing the conneeting rod, and
with it the piston, first towards one side and then towards the other, The
engine runs harder as time goes on, and wears rapidly. In horizontal engines
this want of aligument caused by wear of the crankshaft has not such an
unfavourable influence, becaunse the piston, by a slight twist in the cylinder,
can adjust itsclf to the altered position of the erank.

Fia, 20, —Horizontal type with Fig. 21.—Horizontal trunk
crosshead guide. piston type.

Fig, 22, —Vertical type  Fia. 23.—Vertical type Fie. 24, —Inclined type
with crankshaft below. with crankshaft above. with erankshaft below.

For a vertical engine to continue running easily for a long period, both
crankshaft bearings have to be equally loaded ; it should have on both sides
of the erank flywheels of equal weight.

The inclined type for one-cylinder engines is seldom used, The type,
however, has advantages when it is desirable to have two or more cylinders
working on to the same erank. The large ends of the connecting rods are
arranged one beside the other, the crank being lengthened in order to accom-
modate them. In most cases a common lay-shaft can be used. Engines of
this type are used for automobiles, racing boats, and air-ships ; in racing boats
there are as many as twelve cylinders mounted in pairs set behind one
another (*‘Antoinette” motor).

Droits réservés au Cnam et a ses partenaires



THE WORKING OF THE LATER PARAFFIN AND PETROL ENGINES, 41

The type of engine with two horizontal cylinders arranged opposite to
cach other, with connecting rods working on to the same crank-pin, has not
met with much success in actual practice, becanse in the case of one eylinder
the working-stroke occurs when the crank is moving over from left to right,
and with the other, when the crank is moving from right to left. In the
first case the thrust is all on the bottom of the left-hand eylinder, and in the
second on the top of the bore of the right-hand cylinder. Owing to this
difference the eylinders wear out very rapidly. Figs. 20 to 24 show diagram-
matically the types now in use,

{c.) Component parts of Paraffin and Petrol Engines,

The Engine Frame and Crank Chamber.—In horizontal stationary
engines, the engine frame forms the body to which all the other main parts,
such as the working eylinder, the crankshaft bearings, the
lay-shaft, ete,, are fitted. In automobile and other similar
engines, it is also made use of as a dust-proof casing to
protect the mechanical parts, when it is known ag the
crank case or chamber,

In deciding upon the design of the bed plate or frame,
and erank chamber, care must be taken to ensure the pro-

Fres. 25 and 26,—Horizontal engine frame, with cylinder liner,

vision of a broad bearing on the foundations, in order to prevent twisting
and distortion when being bolted down fast. In all stationary engines, in
the best practice, the frame, water-jacket, and crankshaft bearings form one
casting, on which are also cast all the flanges required for the fitting on of
all the other parts. In auntomobile engines, the erank case and water-jacket
are not continued in one casting, and for these aluminium bronze is used,
an alloy which, notwithstanding its small specific gravity, 28 to 3, is much
stronger than cast-iron.

All well-equipped engine-works should possess a special machine-tool for
machining the engine frame, in which this part of the engine can be
completely finished, without moving it when once it is set up on the
machine,

The Working Cylinder.—The most important matter in the construction
of an engine intended to be both economical in working and durable, is to
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malke the working cylinder of the most suitable material, namely, of close-
grained, hard grey cast-iron, and the piston of the same material. The bore
should be accurately cylindrical, and should show a perfect surface; there
should not be any blow-holes or porous places indicative of a spongy texture
of the iron.

Since a uniformly close-grained casting can only be obtained when the
eylinder is in a simple and regular design, uniform in thickness as far as is
practicable, it has long been customary in the case of stationary engines to
cast the eylinder separately and
not in one piece with the water-
Jacket, and apart from the frame
or crank case. The cylinder
liner is then fitted tightly inside
the water-jacket, and the outside
end is covered by a third casting
forming the combustion chamber
and valve chest. Figs, 25 to 27
show typical engine frames fitted
with cylinder liners, for hori-
zontal and vertical engines. In
a subsequent chapter, when de-
scribing automobile engines, their

form of crank chamber will be
clearly seen from the illustrations
- then given.

The cylinder liner becomes,
of course, much hotter than the
water-jacket, and provision must
be made for the former to expand
freely in the jacket, the joint
being kept tight by indiarubber

L s L\ packing or a suitable stufling-
box,
e, 27 —Vortic S o .
Fie., 27.—Vertical engine frame, with The combustion Ch:llllbel‘,

eylinder liner, . . .
which is usually cast in one

picce with the valve chest, is exposed to the greatest pressures and highest
temperatures. In paraffin and petrol engines, which work with compressions
up to b atms, (735 lbs, per sq. in,), pressures rising as high as 20 o 24 atms.
(294 to 353 Ibs. per sq. in.) have to be taken into account, and the walls of
the combustion chamber must be made of suitable strength,

In the older stationary engines using liquid fuel, the combustion chamber
practically formed part of the walls of the working cylinder, and was of the
same diameter ; now, however, the combustion chamber is given a somewhat
smaller diameter and greater length, room being thus procuved for a more
convenient arrangement of the valves, while useless passages and spaces are
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done wway with, The valve heads are thus inserted in the actual walls of the
combustion chamber, and by this means is procured a larger volume with
comparatively small cooling surface. Ignition can take place very rapidly
throughout this space ; a small portion of the heat developed is absorbed by
the walls, but the greater amount is transformed into work.

It is preferable to make the diameter of the combustion chamber equal to
its length ; the inlet valve is at the top and the exhaust valve on the under-
neath side. After removing the inlet valve cover, the mushroom head of the
exhaust valve can easily be taken out and the seating inspected.

In vertical engines this arrangement of the valves cannot be used. The
side-walls of the combustion chamber in these engines are vertical, and the
valves would have fo work horizontally., Horizontal valves, however, are in
all cases objectionable, especially in motors, as they do not remain tight.
In order to obtain a vertical arrangement of the valves, therefore, their
location in the top of the combustion chamber is the only one possible ; but
this again, even if it be of the same diameter as the cylinder, does not always
provide suflicient room for two valves. So long as one has to deal with slow-
running stationary engines, the valves are comparatively small, and can be
placed, if need be, one beside the other, In high-spced automobile engines,
the valves must be of comparatively large diameter, and the area of the top
is not sufficient to accommodate, conveniently, both valves. In such cases
the inlet and exhaust valves are usually found in one chamber on one side,
or clse are placed one on cither gide of the cylinder.

In vertical stationary engines, not employing mechanically operated inlet
valves, these valves are oceasionally placed in the centre of the cover, while
the exhaust valves are at the side so that they can be worked direct by a
rod, without intermediate links or levers as shown in fig. 27,

Up to the middle of the 'nincties there were a great many varieties of
paraffin and petrol engines so far as outside shape was concerned. The
designs have, however, approached gradually to uniformity, except in the case
of automobile engines where new and special forms and arrangements are still
occasionally met with, which, however, as a rule, do not enjoy a very long life.

The Piston.—Next in importance to the cylinder is the piston of the
engine, Tt is subject to very high temperatures, and is only partially cooled
by the entering charge which comes in contact with its inner surface. When
working, it only partially comes into contact with the air. Consequently, the
end of the piston expands much more than the working eylinder, and for this
reason, the piston in the first place is turned to a somewhat smaller diameter,
so that when heated and expanded it exactly fills the cylinder cross-section.

The arrangement of separate crosshead guides beyond the cylinder, by
which all side-thrust is taken up in a manner independent of the eylinder, is
now heing more and more largely abandoned ; it greatly increases the cost of
the engine. The Gasmotorenfabrik Deutz alone are still supplying this type
when specially desired, In all other instances the cylinder and piston have
not only to remain tight, but also must absorb all side-thrust. A great
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length or bearing surface for the piston in these engines is also of the greatest
importance, and the working life of an engine can be gauged beforchand by
the length of the piston. The Gasmotorenfaubrik Deutz give their pistons a
length equal to 2} times their diameter,

The Piston Gudgeon Pin.—As already stated, only a few firms now build
engines with separate crosshead guides. Competition enforces the adoption of

Fic. 28, —Piston with movable gudgeon.

cheaper designs, aud turns the scales in this as in other matters, notwith-
standing the fact that the gudgeon in the trunk piston is, so far as durability
is concerned, the weakest point in these engines, Wear, in this case, takes
place very rapidly, becanse the gudgeon becomes very hot, because it is very
inaccessible, and its proper lubrication is very diflicult, and lastly, because
space is restricted and it cannot be made really large and strong enough.
Tigs. 28 and 29 show the different forms of gudgeon pins in trunk pistons.

In automobile engines, the pistons are made very short in order to reduce

ez ]

Fic. 29.-—Piston with fixed gudgeon.

as much as possible the height and weight of the eylinders, and much attention
is seldom paid to the design of gndgeon. It consists usually of a simple
cylindrical steel pin, the small end of the conmecting rod being fitted with
a corresponding steel bush. Since, in automobile engines, all the revolving
reciprocating parts inside the crank chamber arc splash lubricated, there is
less risk of inefficiency of lubrication in these engines than in others. Never-
theless, even in these the gudgeon pin is always the part which wears the
quickest.

The Piston Rings.—These are also very important parts of an engine,
They must act as an clastic wall, and must be able to take up the wear for a
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long period ; nevertheless, when tight, the pressure they exert inside the
cylinder must not be too great, or they wounld act as a brake and would
greatly increase the internal resistance of the engine.

Piston rings are now generally made of cast-iron ; until the early ’eighties
they were made of steel, but cast-iron is sufficiently elastic and the coefficient
of friction of cast-iron on east-iron, at the high temperatures which obtain
in engines, is less than that of steel on cast-iron.

The spring required is obtained in the following manner :—The complete
ring is given a somewhat larger diameter than that of the piston; a piece
is then cut out of it, the two ends are brought together, and the ring thus
formed is turned afresh, exactly to the cylinder dinmeter. The completed
rings are {itted in place by hand, care being taken not to bend them. The

F1a. 80.—DPiston ring stud of the
Grasmotorenfabrik Dentz,

T, 32.—Diston ring stud of the Verdan Motorenfabnik.

safest proof that the rings are fitting satisfactorily is obtained on inspection,
after working for a time, when, if wearing properly, they will be found to
be polished evenly over the whole of their periphery. When isolated polished
parts appear, this is a sign that the rings have too large a diameter and that
they bend unevenly on every in-and-out stroke. Rings that are too stiff wear
rapidly, break easily, require more lubrication, besides enlarging their grooves,
The rings are tight only when there is a certain amount of play between
them and the bottom of the grooves in the piston. Cleaning, in the case of the
piston, is limited to the removal of thick and burnt Iubricating oil from these
grooves. If the rings are not prevented from working round, after a few
hours’ running, all the slits would come into line which would, of course, allow
the working gases to escape. Care must therefore be taken to keep them in
place so that the slits break joint. This is done by means of a stud or feather
in the groove.

The studs must be most carefully fitted in the bottom of the groove.
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Simply serewing in small round studs is not sufficient ; such studs, owing to
the constant variation in direetion of pressure, would hecome loose, resulting
in the cutting of longitudinal grooves in the cylinder bore, It will always be
noticed that, in well-built engines, the greatest care has been given to the
question of safely fixing the piston ring studs. The Gasmotorenfabrik Deutz,
for instance, rivet in a square stud which takes up the whole width of the groove
(fig. 30).  Messrs Tangyes, Birmingham, use a round and slightly conical stud,
which is let in deeply and secured by being bent over in the piston (fig. 31).
Other builders use a round stud of diameter larger than the width of the
groove, but projecting only half-way across the latter, securing in this manner
a firm hold in the thick part of the piston wall (fig. 32).

Valves.—The valves permit of the introduction of the charge and the
discharge of the burnt gases ; they must be able to withstand the high pres-
sures and temperatures of the combustion chamber, and must always be in
working order in spite of these unfavourable conditions. The greatest tax is
put upon the exhaust valve.

The mushroom valve has been found to be most suitable both for the in-
let and the exhaust. This is shown in fig, 33 ;
both the valves are made of medium hard quality
steel.

Piston valves, double-beat valves, and other

types used in steam engines, are not suitable for
Flie. 33.-—Valve. internal combustion engines; they may only be
used in conneetion with the formation of the
explosive mixture and for governing; in places, in fact, where they are not
directly in contact with the high temperatures of combustion and with high
pressures. © The inlet and exhaust valves are always arranged vertically,
never horizontally or inclined; their spindles or stems should be made
as long as possible, and the guide should run close up to the head of
the valve. Special care must be given to the design of the operating
mechanism, and the slightest side-thrust against the spindle guide must
be avoided, especially in the case of the exhaust valve. Tt must not
be overlooked that the valve spindle is exposed to temperatures af
which oil lubrieation is impossible. Easy and quick removal of the valve
for inspection and regrinding or fitting, is a point to be carvefully studied
in design.

With mechanically operated valves a sufficiently large passage must
be provided for the gases to flow in and out freely; the flow through the
opening shown in fig. 33 should have a mean velocity of 20 to 30 ms. (65 to
98 ft.) per second. In large engines this velocity should be rather lavger, and
in smaller ones it should be less than the mean. The lift of the valve should
be kept as small as possible, The cams for opening the valves should be so
shaped as to be suitable for a certain range, either increase or decrease, in
piston speed, and therefore for the corresponding variations in the velocity of
flow of the gases through the valve passages. In designing the valve chamber,
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sharp bends, corners, narrow passages, and abrupt changes of cross-sections
should be avoided.

As the products of combustion at high temperature flow past the exhaust
valve, non-cooled exhaust valve chambers are only possible on very small
engines. The combustion gases are rust-producing, and the exhanst valve
spindle after the eylinder has been standing for any considerable length of
time, is frequently stuck fast ; a lubricating device must therefore he provided
for the spindle, Oil, however, cannot be used for this, since it is liable to
become ecarhonised on account of the high temperature of the valve; this
would, of course, interfere with the proper working of the valve. Tarafiin
must therefore be used, for this evaporates completely and possesses, morcover,
the property of dissolving the rust and also the coagulated lubricating oil
which finds its way from the working cylinder to the exhaust valve guide.

Tn small engines the inlet valve should also be mechanically operated.
When self-acting inlet valves are used, the maximum amount of power theoreti-
cally possible with the available eylinder volume cannot be developed. The
valves also vibrate in working, and cause trouble from noise.

The Supply and Mixture of the Fuel.

The difference in construction between paraffin oil and petrol or gasolene
engines is, as a rule, not great; it results from the fact that the fuels used
for paraflin and oil, in distinetion to petrol engines, do not vaporise at the
normal air temperatures, and means must be taken to produce artificially
before starting, a temperature sufficiently great to cause vaporisation, and
also to maintain this temperature all the time the engine is running., Speak-
ing generally, although distillates of crude petroleum and of mineral coal,
both of high and of low beiling points, are obtained, they have all approxi-
mately the same liguidity and no very great differcnce in calorific value, so that
the same mechanical devices may be used in both paraffin and petrol engines,
There is no difficulty in building, supposing the necessary heating arrange-
ments to be provided, an engine which ean run with all kinds of fuel. The
amount required of any of the various fuels also differs but little.

It may be assamed that the petrolenm distillate of specific gravity 072
forms approximately the limit at which natural vaporisation ocenrs, so as to
yield, at the normal temperature of the air, an inflammable mixture. With
the heavier distillates, heating devices become necessary, Parafiin engines are
now grouped in two classes, namely, those in which the heating is external
and those in which it is internal.  For external heating, lamps are used, either
just at starting and sufficiently long afterwards for the vaporisation tempera-
ture to have been reached internally, or kept burning all the while the
engine is working, in order to heat a certain part specially designed for this
purpose.

If it is not desired to use a lamp, the engine is started on a light
fuel—gasolene, for example, which gradually raises the internal tempera-
ture to the point required, after which paraffin oil is supplied, and the
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supply of lighter fuel cut off. The change from one fuel to the other is not
noticeable.
We therefore have to deal with:—

1. The supply and mixture of light fuels,
2. That of heavy fuels—

(«r.y employing external heating by lamps ;

(h.) using heating only at starting ;

(=) starting on light fuel until the internal temperature necessary
for the heavier fuels is reached.

Carburettors for Light Fuels.

In the case of all light fuels, their property of vaporising at the normal
temperature of the air suffices for the formation of inflammable mixtures.
The engines run on these fuels are really true petrol engines, and are ready
for starting up practically without preparation. As stated in the chapter
dealing with their development, contrivances for producing lighting gas from
easily volatilised hydroecarbons were brought out in the late ’sixties; with
which gas-engiues could easily be run,  These air-gas-, or gasolene-gas-making
devices were filled with a large quantity of petrol or some other suitable fuel,
air being then driven through them, The air became saturated with the
fuel vaponrs, and formed a combustible gas which could be supplied to any
distance, through pipes, in a similar way to coal gas, A similav apparatus,
which could hardly be of greater simplicity of construction, was in use up to
about the year 1900 for supplying the fuel and mixture in almost all petrol
engines. The only disadvantage of this apparatus, or carburettor, was that
the whole of the fuel to the very last portion could not be utilised.

The distillation of crude petrolenm ean only be carried out in such a way
that all components of a given group of distillates shall have approximately
the same specific gravity ; there is always, as the term “group ” implies, a
number of substances whose boiling points lie between certain limits, With
light fuels, produced by fractional distillation, and which cannot but contain
several components of different degrees of volatility, there will always be a
certain portion of the fuel, namely, that containing the lighter and more
easily volatilised components, which evaporates first, leaving behind in the
carburettor a much smaller quantity of residue that cannot be evaporated at
the air temperatures. The quantity of this residue varies according to the
time of year and the temperature of the air, and is greater in cold weather.
By providing the carburettor with some kind of heating system, it has been
found possible to utilise the greater part of the residue also; this plan,
however, iv seldom adopted, and in most eases the residue is drained off and
thrown away.,

As also stated in the chapter on the development of petrol motors, it was
not long before a system of supplying fuel was devised, based on a different
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principle to that of the carburettor. In the Wittig & Hees engines, and in
those by Korting, which were brought out in the early ’eighties, the charge
required for each individual stroke was for the first time obtained from the
liquid fuel direct, without the addition of air, in the form of a fine jet or mist,
At the same instant, the very strong current of air was brought into contact
with the fuel, evaporating it to some extent and atomising and dispersing the
greater part of it. As a spray, the fuel is in a form extremely well suited
for use in internal combustion engines. In this form it is earried by the
current of air right into the combustion chamber, where it comes in contact
with the heated walls and is completely transformed into vapour,

A very suitable arrangement is that used in the Korting oil engine in
which the air does not encounter a fine jet, but a mist of fuel. In both
systems it is considered advisable to place the spraying device as close to the
combustion chamber as possible; the shallow petrol tank was also mounted
quite near by, placed not on a higher, but, in fact, on a rather lower level
than that of the petrol outlet. When arranged in this way the vaecuum
created by the suction-stroke is quite sufficient to raise the fuel, and the
difference in level of the fuel surface in the shallow tank was so small, that a
variation in the composition of the mixture was only noticeable after standing
still for long periods, and the necessary adjustment could easily be made by
hand.

The Korting engines of this type, which are still built, run in summer and
winter with the greatest regularity ; heating devices were not applied to them,
and they would be suitable for automobiles and motor-boats, if one could
become reconciled to providing each cylinder with its own spraying apparatus,
placing it in some suitable position quite close to the inlet valve.

At the present time, this system of spraying is only used on stationary
engines, In automobile and motor-boat engines, where vibrations of the
petrol tank have to be taken into account, and which have as a rule a larger
number of cylinders, other plans have been adopted by the builders. Dut
in these engines, also, the fuel is taken from the general supply iun the form
of one or more jets or a mist ; and, moreover, care is taken that the fuel should
always be under the same pressure, this end being obtained by the use of
a float valve which is uninfluenced by the vibrations and oscillations. On
account of one apparatus having to suifice for several cylinders, a modifica-
tion is introduced and the fuel is supplied in the form of spray direct into the
combustion chamber. The several methods by means of which an attempt
is made to completely vaporise the spray of fuel and to mix with it the exact
proportion of air at the correct iustant, involve the supply of previously
heated air, an increase or decrease of the cffect of suction on the surface of
the fuel, and the delivery of additional air,

Automobile engines, owing to rapid variations of load, require a very
sensitive hand-regulating device, by means of which the quality of the
mixture may be varied, This device, by combining a number of purposes,
embraces special features, and has received the name of vaporiser or
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carburcttor, Almost all the large automobile builders now have their own
bypes of vaporisers.

In the following illustrations are shown a number of atomising and
mixture-forming apparatus for use with the volatile fuels now used for
stationary and automobile engines,

Tic. 34.—XKorting’s carburettor for stationary engines.

a, Fuel supply pipe; d, Needle cut-off valve; e, Film-forming arrangement; d, Air
cut-off piston valve; ¢, Wings connecting valves f and d; 7, Suetien-valve for raising
the valve b by the action of the suction of the working piston ; g, Suction passage in con-
nection with upper side of valve f°; &, Stop for valve b .

Fra. 35,—Banki earburettor.

The air for spraying, which enters through the movable tube H, flows out somewhat
below the surface of the liguid fuel and reduces the latter to spray. The air for combustion,
which arrives at the same instant at D, carries the spray inside the engine. I, Fuel inlet;
H, Adjustable tube for the spraying air; C, Heating chamber; K, Entrance of exhaust
gases ; L, Outlet for the exhaust gases ; D, Regulator valve for the air for combustion,
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Fra. 87.

Fiags, 86 to 38, —Carburettor of the Daimler
Motoren-Gesellschalt, Untertiirkheim.

The quantity of mixture formed varies automati-
cally with the demand made for power, or with the
quantity of additional air. The proportions of air
and fuel always remain the same, The opening of
the nozzle ean be regulated,  The carburetior is hot-
water jacketed.

K, Chamber jacket; Z, Air llap-valve—which,
according to requirements, allows the passage of a
larger or a smaller amount of air; A, Spindle of
valve Z; B, Fuel nozzle with variable opening ;
N, Needle-valve [or regulating the opening of the
nozzle B; I Dy, Side covers for the valve Z; Bl,
Laminated spring for the automatic elosing of the
valve Z ; H, Clamp for the spring Bl ; E, Adjustable
back stop for the valve; Sel, Float chamber; Ka
and U, Device for regulating and locking the needle
N ; 8, Fuel strainer ; St, and St,, Outlet and inlet for
the hot water; Dr, Revolving tube-valve through
which the ecompleted mixture is drawn ofl'; An, Stop
for the revolving valve Dr; K, and E;, Screws for
limiting the movement of the revolying valve : I,

Inspection eover for the revolving valve.
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F1e. 39, —Automatic earburettor for automobiles of the Adler-Fahrradwerke,
formerly Heinrich Kleyer, IFrankfort-on-Main.

The formation of the mixture is altered auntomatically, according to the demand made
for power, by varying the addition of air, The proportions of the mixture are altered by
regulating the current of additional air, by means of an automatic governor. The opening
of the fuel nozzle is adjustable. The air for combustion may be heated if desirable by the
(!xh{).us;t gases,

A, Blow-off cock for the removal of impurities in the fuel; B, Fuel supply pipe;
R, Strainer; V, Needle-valve for the fuel feed ; J, Float; 8, Tubular guide for the float;
M, Nut working along the spindle V; D, Feathers for preventing the spindle V from
revolving ; T, Dipper for pressing the float down on starting the engines; H, Constricted
pipe for the air for carrying off the spray ; %, Annular opening through which the additional
air enters ; F, Valve for additional air, with openings in the botfom ; B, Adjustable valve
seating for F; K, Lever for the valve F operated by automatie governor; @, Regulator
valve {throttle) for the completed mixture; L, Lever for the valve G, regulated by hand ;
C, Adjustable clamp for the valve F.
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Py
4 %

Explosive
Mixture

F1e, 40, — Longuemare carbur-
elbor for stationary and automobile
engines,

A, Float chamber; B, Float ; E,
Dipper for operating the float by
hand, on starting the engine; G G,
Float levers; M, Fuel-collecting
5 tube ; I, Fuel-supply pipe; .J,
Drain ; K, Air chamber ; L, Spray-
ing plug; M, Mixture puassage;
2 P O, Baffle plate; P, Additional air
passage ; I, Throttle for the com-
pleted mixture; S, Lever of the
throttle ; X, Additional air inlet;
Y, Mixture outlet.

Heating
Device

F1a. 41.—Carburettor by A. Clément, Levallois-Perret, Paris
(*“ Bayard * Automobiles).

The composition of the mixture varies, and follows automatically the demand made for
power, by regulation of the supply of additional air. The carburettor is hot-water jacketed.

1, Float; 2, Needle-valve for cutting off the fuel supply ; 8, Fuel nozzle ; 4, Air nozzle ;
5, Hot-water jacket; 6, Hot-water outlet; 7, Mixture throttle-valve; 8 and 9, Valves for
additional air, which are opened to a greater or less extent by suction ; 10, Air strainer; 11,
Springs controlling the valves 8 and 9; 12, Annular passage for additional air; 18, Lever
for hand regulation ; 14, Lever for antomatic stopping on throwing out the clutch,
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Fras, 42 and 43.—Longuemare carburettor : latest type for sutomobiles.

A, Float chamber; B, Float; E, Dipper; G G, TFloat levers; I, Fuel-collecting
chamber ; I, Fuel-supply pipe; J, Dmin; L, Atomiser; e, b, ¢, Cylindrical valve for
additional air counected to the throttle-valve p; o, g, 7, Lever connection for throttle-
valve and additional air valve ; X, Airinlet ; Y, Mixture outlet.

Fig. 44.—Carburettor
for the Neckarsulmer
Fahrradwerke A.-G.
motor cycle,

Variations in the mix-
ture are obtained by hand,
Additional air, when re-
quired, is supplied quite
closc to the engine, Heat-
ing is eflected by the
exhaust gases as required,

1, Fuel supply pipe.
2, Regulating  needle
valve,
3, Iloat.
4, Float levers.
7, Screw drain-plug.
8, Filter.
10, Fuel nozzle,
11, Mixture nozzle.
12, Spray cone or atom-
iser,
13 and 14, Screw connec-
~18 tion for the mixture
. pipe to the engine,
T~ &b, Exhoust gas inlet.
9 17 and 18, Revolving
valve for air regula~
tion,
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Q‘, d ‘ Carburettors for Heavy Fuels.
8
In order to arrive at the correct method of supply, vaporisation, and

mixture formation, when using the heavier petroleum distillates, it is
necessary to bear in mind some of the properties of these distillates already
alluded to in the second chapter. It is perhaps most important of all to
consider the chemical decomposition of paraffin vapours, which commences at
about 270° C. (518° Fahr.), at the temperature, therefore, required to trans-
form into vapour the least volatile parts of lamp oil. The evaporation of il
and the chemical decomposition of the vapours, proceed simultaneously up to
a temperature of about 518 Fahr. The higher the temperature rises, the
more the chemical decomposition—formation of oil gas—preponderates, and
in the end one has to deal with a fuel which has a calorific value different
from that of paraffin vapour proper, which also requires different mixture
proportions and possesses different properties of combustion. It is not
advisable, for these reasons, to exceed by much the evaporating temperature
of 518" Fahr., and it is quite as detrimental to let the temperature fall much
below that point, for, in the latter case, all the compenent parts of paralfin

-,

are not converted into vapour.

Care must also be taken that the paraflin, when couverted to vapour and
mixed with air, be protected against cocling by coming in contact with
surfaces lower in temperature than 270° (518° Fahr.); for by so eooling, a
part of the paraffin runs the risk of being reconverted to the liquid state,
thus being removed from the mixture and escaping combustion.

These considerations show that the conditions to be fulfilled by the
apparatus for the supply of the required mixfure, are not easily met; in fact,
an altogether satisfactory solution of the problem has not yet been found.
The great advantage possessed by the Diesel engine, in which the fuel for
combustion enters directly in the form of spray, and in which the conversion
to vapour does not take place, is a very evident one.

Notwithstanding, vaporising in parvafin motors must not be considered
an unsolvable problem, The practical advantages which the engines
working with vaporisers or carburettors have over the Diesel engine, are so
great that it is well worth while to work further at the problem.

From our remarks on the behaviour, as regards evaporation and vaporisa-
tion, of the volatile and heavy fuels, it may be gathered that the very
generally used name of ““carburettor” for the apparatus which insures the
supply and formation of the mixture in petrol and oil engines, does not meet
the ecase. Vaporisation aud carburetting are processes which, in this
instance, produce very different results. Vaporisation is the pure physical
action by which a liguid is converted to a vapour. Carburetting is the
chemical process by which a body is transformed into another body having
different properties. The name carburettor implies an action which does
not take place in the apparatus at all : no chemical transformation of the
liquid fuel is required nor the production of any gas, but only the formation
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of vapour. 1t would therefore have been more correct to style this
appliance a ‘“mixture-forming apparatus” both for oil and petrol motors,
and not a “carburettor.”

The following illustrations of mixture-forming apparatus show how far
the conditions for a correct vaporisation and formation of mixture, and its
maintenance at a uniform quality, have been met.

Fig, 45 illustrates the Capitaine vaporiser as it has been manufactured
for many years by the Maschinenbaun-Aktiengesellschaft, formerly Ph.
Swiderski, Leipzig. In this, the temperature of the vaporising chamber is
kept up by means of a constantly burning lawp.

180

N

AN

%

Fig. 45, —The Capitaine carburettor for fuel having
a high boiling-point.
d, Oil inlet from oil pump; «, Air inlet for spraying; e Spray-valve; F, Vaporising
chamber for spray and ignition space ; ¢, Heating ribs ; £, Outlet for oil vapour ; B, Air for
mixture inlet; G, Heatling lamp.

Among the mixture-forming apparatus in which heating by lamps is
resorted ‘to at starting, may be classed all those which are adapted to the
engines built on the Hornsby system ; a device of this kind is illustrated in
fig. 16 in the third chapter.

In the case of the Ddnki engine, built by Ganz & Co., DBudapest,
the carburettor is also heated by a lamp only when starting, This engine
works at very high compressions—up to 16 atms. (235 lbs. per sq. in.)
—and, in order to prevent premature ignition, water-spray is introduced
with the fuel. The devices for fuel- and waterspraying are placed one
behind the other in the air inlet passage, so that a mixfure of air, fuel-spray,
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F1es. 46 and 47.—The Banki carburettor
for oil and petrol engines,

a, Fuel sprayer; 4, Walter sprayer; e,
Throttle valve in the air inlet ; d, Passage
for exhaust gas ; ¢, Ountlet valve seating ; G,
Inlet valve chamber; G’ Air inlet; H, Air
heating chamber ; H', Jacket through which
pass exhaust gases 3 I, Ignition ; 4, Ignition
tube ; w, Float chamber ; p, Float; », Fuel
inlet 5 s, Fuel level pipe; » ¢, Feed regn-
lator, as in fig. 35.

Fic, 48, —Longuemare
carburettor for heavy fuel.

A, Float chamber; B, Float; F,
Needle valve; G, Float lever; I,
Fuel inlet ; J, Drain serew cap; I,
Fuel regulating valve; M’, Fuel ont-
let ; L, Spraying cone or atomiser :

X, Inlet for air heated by exhaust

gases ; K, Pussage for the air needod
for spraying; I’ P, Passage for ad-
ditional air; N 0 Q R 8, Regulat-
ing device for air for spraying and
additional air ; dd, Heating bodies ;
ee, Heating passages through which
flow the exhaust gases; U, Inlet
exhaust gases; ¢e, Outlets for con-
densed water from exhaust gascs,

Droits réservés au Cnam et a ses partenaires



58 OIL MOTORS.

and water-spray is drawn in, and in order that uniform gquantities of feed
of both fuel and water may be maintained, the supply of both is governed by
float valves. The air is highly heated by the exhaust gases. Tube ignition
is resorted to, the tube being heated, on starting only, by.a lamp. The
space inside the tube is made large enough for suflicient mixture to be burnt
inside it to keep it at ignition temperature.

Most of the oil engines, and also most of the alecohol and “ergin” engines,
are now provided with vaporisers which, at starting, do not require to be
previously heated by a lamp, starting-up being accomplished by using, at
first, an easily volatile fuel, until the inner surfaces of the valve chest and
combustion chamber have reached the required tewperature for volatilising
the fuel having the higher boiling-point. Iig. 48 shows a vaporiser of this
type as built by Longuemare Frires, Paris.

Fuel Pumps.
From the types of carburettors illustrated, it may be seen that with
volatile fucls the required quantities are drawn in and sprayed solely by the

7

Fia, 49.—0il pump of the
Swiderski oil engine.

14, Distribution valve for
the oil (substitute for the
valve); 18, Filling plug for
glyeerine. (Glycerine beinga
dense liquid, in contact with
the piston insures greater
tightness of the glands, ete.,
than is possible with oil);
21, Tump plunger ; 24, Stuff-
ing box.

Glycerine

action of the vacuum on the suction-stroke. The proportions of fuel and air
are varied automatically or by hand, and heat is supplied to the apparatus
according to the work required or according to the weather for the time being.
In the case of fuels having the higher boiling-peints, this method is not
always followed, partly because in several systems—as in the Diesel engine,
for example—the fuel is not supplied during the suction period ; partly also
because, on account of its rapid delivery inside the combustion chamber, it
is not necessary to extend the period of admission over the whole of the
suction-stroke. In such cases, the vacuum due to the suction of the working
piston cannot be used as a motive power, and pumps must be resorted to
instead, driven by suitable gear. According fo the method followed for
governing the engines, one has to discriminate among fucl supply pumps,
between those which supply always exactly the same quantity of fuel when
the engine is developing its full power and which stop working for a time
when there is a reduction in the demand for power, and those in which the
fuel supply follows constantly the variations in the load.
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Fre. 50.—The Grob & Co. valveless oil pump.

A, Pump plunger ; R, Collecting chamber for oil supply : K,
Oil pussage in piston ; V, Non-return valve.

Fras. 51 and 52.—Diesel engine fuel pump.

@, Pump plunger; b, Fuel-supply pipe; ¢, Float; d, Fuel-
collecting chamber; e, Suction valve; 7, Delivery valve; g,
Rod connecting the suction valve gear with the governor ; 2 &,
Working lever of fhe suetion valve; 4, Kecentric fulerum pin ;
L4, Working rod for the suction valve.
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Figs. 49 and 50 illustrate pumps of the former type. Fig. 49 shows the
pattern adopted by the Maschinenbau-Alktiengesellschaft, formerly Ih.
Swiderski. Fig. 50 is that used by the Motorenfabrik Grob & Co. Figs.
51 and 52 show the Diesel engine fuel pump,

A very necessary accessory for all kinds of carburettors is the

Fuel Filfer.

The fuel which is supplied through the minute apertures of spraying
nozzles, atomisers, and pumps, must be absolutely free from foreign bodies,

F1a. 53.—The Korting wire gauze filter.

@, Tube formed of several layers of
wire gauze; B, Cover; K, Fuel en-
trance,

-

F1a, 54.—The Longuemare wire gauze filter. Fic, 55, —The Longuemare filter
A, Filter ehamber; B, Screw cap to be removed for automobiles.
for cleaning filter; €, Fuel entrance; 1), Fuel out- A, Tilter chamber; B, Filtering sub-
let; ¥, Base of the filter eylinder; G, Wire gauze stance (salt or pumice-stone) ; C D E, Fuel
cylinder; H, Holding-down spring for the wire inlet; ¥, Fuel outlet; G, Drain-eock;
gauze ; I, Drain-cock, H, Air pet-cock.

otherwise stoppages are sure to occur, and every lignid fuel engine must,
therefore, be provided with a filter. The most simple device consists of a
thick felt cloth stretched over a wire gauze sieve in the oil tank.

Wire gauze filters of different patterns, in which the filter surface can be
rapidly cleaned, are shown in figs. 53 to 55.
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Heating Lamps for 0il and Petrol Engines,

The lamps for heating the carburettors and ignition tubes have never
received very much attention from engine builders, Even to-day they require
a considerable amount of attention on the part of the drivers, and it cannot
be said that they are free from danger. They are cerfainly a constant source
of danger in petrol engines, but with these they are now seldom used.
Almost all petrol, benzol, and aleohol engines are provided with electric
ignition, and it is only in oil engines working with vaporisers that heating
lamps are to be found in any numbers. When the use of volatile fuels for
starting is completely excluded, as is absolutely the case on boats and ships,
the use of the lamps is the only available method for heating up.!

A number of builders assert that ignition by means of a tube kept at a
constant temperature is the only correct proeess of ignition for oil engines,
and that electric ignition has not proved to be suitable for these engines.?
In any case, it is necessary for us to include heating lamps among the
apparatus we are considering, All pretensions to art, with which the
manufacture of these lamps was once attended, have long been abandoned,
and the type of lamp now used acts on the principle of the wellknown and
simple petrol soldering lamps. In both these lamps the fuel is transformed
into vapour, and is driven under pressure through a small opening, drawing
at the same time with it, as in a Bunsen burner, a current of air with which
the fuel mixes, producing a hot flame. The pressure under which the vapour
is forced out must be sufficiently high, not only to cnable the jet to draw
sufficient air with it, but also and for a certain distance to travel faster than
it burns. The mixvure with the air occurs within this distanee; the shorter
this distance is, the less the quantity of air mixed with the fuel; and the
greater it is, the more air is contained in the mixture. The burner epening
regulates also the amount of pressure in the lamp-holder, upon which depends
the proportion of fuel and air for obtaining complete combustion and the
highest temperatures.

With volatile petrol the necessary pressure can easily be obtained by the
external heating of the burner tube and lamp-holder. It is not so easily
obtained when using oil, and in this case, generally, the fuel is not heated in
the holder, the required pregsure being produced by a small air-pump; the
vaporising of the fuel takes place only in the burner tube, The Daimler
Motorengesellschaft obtain the required pressure for the fuel supply by
making use of part of the exhaust gases ; they do not use an air-pump driven
by the engine. The pressure of the gases exhausting from the engine being
too high for the purpose, a pressure-reducing valve is inserted, as shown in

1 Messrs Korting have patented a heating device by means of an electrie current,

2 In the experience of the author this is only so in the case of engines working with
incomplete carburetting, in which, therefore, much deposit is formed in the combustion
chamber and valve chests, In boat engines the damp, saline atmosphere, it is true, causes
frouble with the wire insulation of electrie ignition.
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Fras, 56 and 57— Pressure-producing deviees for heating lamps, used by the
Daimler- Motorengesellschaft,

The required pressure for the fuel in the lamp-holder is produced by the action of the
exhaust gases,

1, Reducing-valve and safety-valve fitting ; 8, Reducing-valve; 4, Safety-valve ; ¢, Inlet
for exhaust gases, which lift the valve 3 and are led through the tube / to the lamp-holder ;
n, Thumb-serew for regulating the safety-valve spring fo vary the pressure of the gases
flowing to the lamp-holder; «, Blow-ofl’ cock for dirt, efe., carvied over with the exhaust
ases.
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figs, 56 and 57 ; by means of this valve, only so much of the exhaust can
reach the fuel supply tank as is necessary for working the lamp.

The formation of explosive mixtures in the lamp-holder must be guarded
against, and when petrol lamps are used, no air must be allowed over the
surface of the liquid fuel; when using oil and an air-pump, no oil vapours
should be allowed to form over the oil surface. With petrol lamps, a short
burner tube is used, so that sufficient heat may be transmitted to the holder

o

Fras, 58 to 60.—The Capitaine oil-
heating lamp,

36, Shut-oll cock for the oil supply ;
37, Spring for eock-plug ; 38, Cleaning
passage ; 40, Nozzle for the oil vapowrs ;
41, Fitting provided with radiating ribs
which conveys hack the heat for evapor-
ating the oil,

while with oil lamps, the heat thus transmitted must be kept down as low as
possible and applied to the burner tube only.

The principle on which the heating lamps act, indicates the direction in
which they may be expected to give rise to dangerous risks or trouble. In
the first place, it should be remembered that evaporation does not cease
immediately the flame is put out either purposely or by accident, and that a
mixture continues to issue from the lamp uselessly for a length of time
dependent upon the heat of the burner tube. When the engine room is of
small size and its atmosphere possibly hot, as would frequently be the case
in boats, an explosion could easily oceur if the lamps were lighted again a
short time after they had ceased burning, Experience tends to show that such
explosions can be very dangerous both to the men and the craft,
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It may also happen that the burner head becomes, after a time, wasted
away from the action of the combustion gases of the flame and the high
temperatures. The device may thus become leaky, and a large amount of
liquid fuel may be sprayed out;
this may become ignited and, fall-
ing on wooden floors, lead to fires.
In order to start the lamps, the
burner tube must be heated by
means of a small aleohol-lamp, or
by burning a small quantity of
alcohol which is poured into a
cup provided on the heating lamp.
The oil on entering the burner is
gradually vaporised ; the vapour
issues from the small port under
a certain pressure, hecomes ig-
nited, giving at first a quiet, clear
flame. The burner tube then
gradually becomes hotter; the pres-
sure and the amount of wvapour
increase. The vapour escapes at
a greater velocity, and the tip
of the flame gets farther and
farther away from the nozzle.

More air is drawn in under
these econditions, combustion is
rendered more complete, until a
constant burning and non-lumin-
ous flame of high temperature
is produced. Constant and regu-
lar burning is obtained in the
following way:—As the vapour
formed ecannot escape from the
1, Oil tank; 2, Rising-tube for the oil and gyall opening as rapidly as it

wick ; 3, Opening for filling the tank ; 4, Serew . Yoo
VICK § 9, Lpemiug 1oF BOHE VIS AR T TEET s produced, the pressurc inside
for regulating the air pressure over the oil; 5,
Air pump ; 6, Cup for the heating fuel for start-
ing the lamp ; 7, Bracket for the flame tube; 8, this reacts and drives the oil
Flame tube; 9, Bent pipe for transmitting the 1,0k to the tank: the liquid

heat to the liquid oil; 10, Outflow for the oil . .
fuel, therefore, withdraws from

vapour, X
the hot portion of the burner, and

Fra. 61.—Swedish oil-heating lamp,

the burner tube increases, and

the rate of formation of vapour decreases. Then the pressure in the
tank drives the liquid fuel up again, and rapid evaporation again takes
place. Bubt such an action would result in a violent fluctuation of the
liquid fuel, and would not produce a steady flame. Steadiness is secured
by inserting at that part of the burner near which the oil is transformed
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into vapour, a resistance to the flow in the shape of a wick or of a series of
fine wires tied together,
Figs. 58 to 61 show several oil-heating lamps commonly used.

Speed Governors.

Recourse is had to the following methods for regulating the speed of oil
and petrol engines :—

1. By the ““hit and miss” method in which one or more explosions are
cut out (* eut-out” regulation).

2, rarying the quantity o ¢ charge (“admission” or quantitativ

2. By varying the quantity of the charge (*ad ’ juantitative
regulation).

3. By varying the composition of the mixture (“mixture” or qualitative
regulation).

4. By retarding ignition.

So long as it was deemed inadvisable to exceed a compression of 3 atms.
(44 Ibs. per sq. in.) in gas engines, np to, therefore, the middle of the
’eighties it was an accepted rule that speed governing should be obtained
by the “hit and miss” method, Ze by cutting out one or more ex-
plosions, and this practice was followed in all installations where economical
working was the chief consideration, and regularity of running of secondary
importanee. Governing by varying the quantity of the charge or the pro-
portion of the mixture was in foree where great regularity in the running
was the principal factor. DBut when, in course of time, compression in
gas engines increased three-fold, this rule held no longer. High com-
pression renders a mixture which is poor in gas more highly inflammable,
and causes more rapid combustion, so that the regulation of power for
light loads obtained by decreasing the percentage of gas in the mixture,
results in quite as economical working as does the older “hit and miss”
method of governing, Regularity in running and economical working are
thus secured simultaneously. '

This improvement in internal combustion engines has been applied as far
as was practicable, to both petrol and oil engines ; in the case of these engines,
however, compression cannot be increased so readily and in the same degree
as with gas engines, but it iz now carried to the highest possible limit. In
oil engines, a larger amount of water-spray is added to the mixture, and the
possible limit of compression is in this manner inereased considerably, In
petrol engines and, as a rule, in automobile engines, governing by cutting off
the charge has been altogether given up, and the practice of governing by
varying the quantity of the charge or the compression of the mixture, com-
bined with the retardation of ignition, is now almost exclusively adopted.
Compression in petrol engines can be carried up to 55 atms, (80'8 lbs,
per sq. in,) without the use of water-spray, provided the water cooling is
entirely satisfactory.

1

&
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The following are the different methods of carrying out governing :—
(a.) By cuiting out and missing an explosion.

ot

. By cutting off the fuel supply, but continuing to draw in air and
compressing it. The best results that have been obtained with this
system when ruming light were ten revolutions for one working-
stroke.

L2

By omitting the supply of fuel and air, and stopping compression.
Obtained by keeping the exhaust valve open so that no new
charge but the products of combustion of the preceding charge,
are drawn bhack into the eylinder until a fresh working-stroke is
required.

By keeping the exhanst valve closed. In this case also, part of the
products of combustion are not exhausted into the atmosphere, but
are worked about in the eylinder until a fresh increase of power is
required. This method is not often employed now.

w

(b)) Governing by varying the quantity of the charqe (** admission ” or
“ quantitative regulation ) is accomplished as follows 1 —

1. By restricting or enlarging the inlet passage by means of a throttle or
disc valve.

2. By varying the lift of the inlet valve or the time during which the
lift takes place.

3. By accelerating or retarding the closing of the exhaust valve in com-
bination with an automatie inlet valve.

4. By forcing back a part of the charge into the inlet valve chamber,

‘*“ Admission 7 governing results, when sufficiently high compression is
resorted to, in regular running and satisfactory fuel consumption for small
loads.  This method gives regular ignition for all working, down to
light loads.

(e.) Governing by varying the composition of the mizture ( mixture” or
“qualitative regulation ”) can be cffectod—

I. By a throttle valve or a disc valve in the fuel vapour pipe, close to
the inlet valve,

2. By altering the lift of the fuel valve or the travel of the fuel pump.
This method is often adopted for automobile engines and is the most
economical, but, with low compression at small loads, it leads to
ineflicient utilisation of the fuel ; regularity of ignition, when running
light, is also nusatisfactory.

3. By varying the quantity of air drawn in by means of automatic or

hand-operated devices—the flap valve, for instance, as in the case of
the Daimler Motorengesellschaft’s carburettor,

4. By graduating the quantity of air drawn in for spraying and the
additional supply, as in the case of the carburettors made by the
Adler-Fahrradwerke and by Clément,
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(d.) Governing by retarding ignilion can only be adopted when electric
ignition is employed—

1. With gparking plug high-tension jgnition, by turning the contact ring
on the lay-shaft.

2. With low-tension ignition, by retarding the breaking of the contact and
simultaneously rotating the armature or the shield. More details
will be given on this point when deseribing the methods of ignition.

Retardation of ignition on the second plan requirves complicated and
expensive devices, but this method is now being more and more widely
adopted, espeeially for large automobile machines, where it is commonly
kknown as the low-tension magneto system ; it has been used for a long time
for stationary engines, and every endeavour is heing made to simplify it.

I'rom the above emumeration it will be seen that there are plenty of

i
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Fie., 62,—The Fried, Krapp, Grusonwerke,
inertia governor.

@, Piston rod of the fuel pumyp ; #, Fuel
pump striking lever; e, Cams on the lay-
shaft, for operating the lever; e, Lever 8" e
operating the striking lever ; f, Spring for
varying the speed while the engine isranning ;

%, Inclined guiding surface on which the
striking-lever rests and by which it is raised when the speed is too great, when it
misses the pump vod ; g, Movable pendulum weight, by which the rapid raising of the
lever is facilitated.

methods of governing.  The attendant’s work would, however, be mueh easier
if there were greater uniformity in the manner of regulating the running of
internal combustion engines,

For the “hit and miss” method of governing, in which valves have to be
stopped working or held open, inertia governors are the most suitable, or clse
the swinging weight governor, as these come into play at the proper instant.

In governing by varying the quantity or the eomposition of the mixture,
in which system throttling devices have to be kept in a certain position, the
well-known centrifugal governors are, alone, found to give good results, With
these, however, it is necessary to ensure that their action shall exactly
correspond to the behaviour of the engine, and that they do not hunt, 7e.
fly from one extreme to the other. Such defective deviees could not bear
the name of “governors,” and would only be a hindrance to the running of
an engine,

The use of a centrifugal governor is only possible if a small difference in
the number of revolutions between speed of running under full load and light
—the coeflicient of fluetnation of speed-—is permissible. But the flywheel
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Exhaust Valy

Fre. 63.—Kirting’s flywheel governor.

@, Revolving weight which, when the speed is too great, comes
into contact with the roller of erank lever b ¢; @ &, Small steel plates
which interlock when the erank lever is forced down by the aetion
of the weight «, and which
hold down the lever de:
e d, Working lever for the
exhaust-valve operated by
the dotted cam ; /&, Adjust-
able spring for  drawing
hack the weight: fg, De.
viee for varying the ten-
sion of the spring, hy
whieli means variation of
the number of revolutions
is obtained,

Fra. 64, —Centrifugal governor of the Daimler-
Maotorengesellschaft.

a o, Revolving weights with erank-lever east ony 6, Ad-
justable spring ; ¢, Stop for the revolving weights, form-
ing also a connection between the guide-bars o o, which
operate the slip-ving ¢ f, Lever operating the mixture
throtile valve ar some other governing deviee,

FFia, 65, —Centrifugal governor of the Adler-
Fahrradwerke,

S, Revolving weight in four parts; A, Governor
spindle; R, Toothed pinion for driving the governor
from the lay-shaft ; H, Socket with slip ving on which
the crank lever of the weights acts, and insgide which is
fitted the spring which tends to drive the weights down-
wards, (The remaining references apply o ignition.)
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must be so heavy that the increase of speed produced by one single working-
stroke is not equivalent to or greater than that corresponding to the sensitive-
uess of the regulator. If these conditions are not fulfilled, even the best
constructed governor cannot adjust itself, but will, at cach working-stroke,
be driven from one extreme to the other as soon as the number of revolutions
of the engine depavts from normal.

Governors must always be designed so that the speed may he regulated
by hand while the engine is ruuning.  With automobile engines hand and
automatic governors are generally provided, each being completely inde-
pendent of the other, the automatic governor heing provided solely in order
to prevent racing of the engine.

Figs. 62 to 65 illustrate the various types of inertia and flywheel
LOvernors,

Starting Devices,

One of the greatest drawbacks in internal combustion engines is their
failure to start automatically, as do steam engines and cleetrie motors.  Only
small engines can be started by hand.  In slow-speed stationary engines of
over 2 h.-p, the cflort needed to overcome the compression in the eylinder
is so great, that one man is hardly able to start an engine alone, and devices,
such as starting valves and compression relieving appliances, are resorted to.

The starting valve takes the form of a reliel valve, which can be elamped
down when desired, screwed into the cylinder wall a certain distance along
the bove ; and it acts in the following manuer : —The portion of the charge
which is contained in that part of the cylinder, extending from the commence-
ment of the stroke to the place where the valve is fixed, is allowed to escape
through this valve, and only the remaining portion of the charge is compressed.
Resistance to turning will be reduced proportionately. When the engine has
reached its normal running speed, the starting valve is serewed down tight
and the whole charge is compressed in the proper way.

For relieving compression a device is provided by which the exhaust valve
is also made to act as a relief starting valve. For this purpose, a second
small cam is provided in addition to the exhaust eam. This causes the
exhaust valve to 1ift for a short time at the commencement of the compression
period, allowing a portion of the mixture to escape into the atmosphere, the
remainder only being compressed, with the result that the resistance can easily
be overcome by hand. The shorter cam is much smaller than the proper
exhaust cam, and by sliding them on the lay-shaft either the exhaust cam
alone or both the cams are set into gear.

Another devige for starting small engines is the starting handle, which is
used with automobile aud boat engines. These engines have such small fiy-
wheels that starting cannot be effected in the manner usual with small-power
engines, 7.e. by twrning by hand, pulling on to the flywheel rim. For these
engines a hand-crank is provided, keyed on to an extension of the crank
shaft close to the flywheel, which it drives by means of a ratchet or cateh.
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For starting the engine, the cateh engages so as to turn the flywheel ; as soon
as the engine commences to run faster than the crank can follow, the latter
is thrown out of gear by the back of the ratchet teeth, and as it no longer

F1es. 66 and 664. —Fischer safety crank.

The slanting surfaces ou the eateh I of the locking-bar K are so designed that the engine
crank-shaft is only engaged when the arm is driven in the slit with a certain wmount of
force. Thisis produced automatically by taking hold of the handle F.  Should premature
ignition oceur, the cateh L is thrown out of gear. The handle thus beeomes disengaged
from the engine shaft, and only a slight shock is felt,

3, Catch socket; D, Crank arm; K, Catch bar; F, Crank handle; G, Pin connecting
handle with cateh-bar; K, Catch-bar with catchi Lij J, Guide for cateh; C, Serew, fixing
catch socket to end of shaft. -

revolves, it can be drawn forward without danger. In automobiles, the crank
is held out of gear by a spiral spring.

The use of the starting-erank is attended by a certain degree of danger,
especially in engines which work with non-mechanically operated ignition of
the hot-tube type, and also in the case of electric ignition when retardation
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of the spark has been overlooked. In either case, ignition may ocour pre-
maturely and the lywheel be driven backwards ; the crank is not thrown out
of gear, and may injure the driver. The lighter the revolving parts of the
engine, the more dangerous may be the blow from the erank, and special care
must be given to this detail in high-speed antomobile and boat engines. This
has led to the introduction of safety hand-cranks, which are disengaged
automatically when premature ignition occurs on turning the engine, TFigs.
66 and 664 illustrate one of these, manufactured by the Fischer Works,
Frankfort-on-Main,

Cylinder Lubrication.

The lubrication of the eylinder and piston is carried out in internal
combustion engines under much more unfavourable circumstances than in
steam engines. Not only is the temperature of the rubbing surfaces in the
cylinder much higher, but the interior of the cylinder is also in communication
with the atmosphere during each suction-stroke.  As the outside air is laden
with dust, this is carried into the cylinder and adheres to the oil inside, causing
a considerable amount of wear o take place.

In this respect automobile engines are extremely badly placed, and in spite
of the greatest cave, the dust of the roads has a most detrimental effect,
There are a unmber of stationary cngines which draw the air they require
from engine-rooms charged with dust, the eylinders of which are often, in the
course of one year, so worn down that they have to be machined afresh. For
this reason, the pistons of internal combustion engines have to be made much
longer than those of sleam engines, even when crossheads and slidebars are
employed.

Under favourable conditions, the cylinder and piston of an internal
combustion engine which is maintained in good working order, may be taken
to last ten years. This applies to a stationary engine of the best make, which
runs at a maximum speed of 250 revolutions per minute, and for not more
than ten hours a day. The other main parts of the engine last longer. The
greater the speed the shorter will be the life of the engine. The eylinder of
an automobile engine which runs at 800 or 1000 revolutions, aud works for
ten hours every day under full load, will not last out ten years; it may be
counsidered as satisfactory if it lasts for two or three years. The quality of
the lubricating oil and supply of the right quantity, have a great influence

on the maintenance of the eylinder and piston. There are oils which, when
used in too large a quantity, prove just as harmful as does insufficient
lubrication.

For ascertaining the suitability of a cylinder oil and the right amount to
supply, the following points will be found of value :—

1. On drawing the piston out of the hot cylinder, both the cylinder wall
and the sliding surface of the piston must be found to be covered
with a regular coating of oil.
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2. This coating of oil should be traunsparent, showing up the metal
surfaces, and should not leave a brown or black mark on the
finger.

3. Carbonised oil should not form too large deposits in the valve chambers
and on the valve heads.

4. A dark-brown thick substance must not drip from the cylinder mouth
while the engine is runming.

From the above it follows that the suitability of a cylinder oil can only be
ascertained by an actual test with the engine itself. Animal or vegetable
oils, which were formerly exelusively used for the lubrication of engines,
decompose or carbonise at comparatively low temperatures, and are not
suitable for the lubrication of internal combustion engines. It was only
when lubricating wineral oils were obtained from the distillation of erude
petrolenm, in the ewrly ’seventies, that the right lubricant was discovered
for the cylinders of these engines; and it then became possible to run internal
combustion engines safely for a long period.

Good mineral Iubricating oils are pure distillates obtained at temperatures
of about 300° C. (572" Fahr.). The vils distilled at lower temperatures have
a lower specific gravity than those which are distilled at higher temperatures ;
they are therefore classified under light and heavy oils. Oils of different
specific gravity arve used according to the size of the engine, the degree of
compression, and the length of the piston. For the most favourable results
an endeavour should be made to obtain a coating of oil on the cylinder
surface, thick enough to ensure good lubrication, the fresh supply being just
sufticient in amount to make up for the portion which evaporates inside the
cylinder. -

The oil vaporised within the cylinder mixes with the charge, burns
with it, and is utilised for power production. When lubrication is care-
fully earrvied out, the inside of the cylinder remains perfectly clean, This
ideal condition lasts only so long as the same quality and quansity of
Iubricating oil is used, and the engine will saffer if alterations are made in
these respects.

When the oil is too light, the quantity supplied is not sufficient, it
evaporabes too rapidly, the cylinder becomes dry at the rear end, and wear
quickly occurs. If the fresh oil is heavier, less of it evaporates, and the
coating in the cylinder becomes too thick. Oil vapours are produced, as
already described in the case of the oil engine working with carburettors, all
of which are not completely burnt ; soot and oil black are produced, which
remain attached to the cylinder walls, and in this way wear is increased,
This is generally remedied by decreasing the supply of lubricant until it is
noticed that the stream of dark-brown thick substance, which ran cut of the
cylinder end on account of too liberal lubrication, ceases, and the surfaces
gradually resume a bright metallic hue covered with a coating of transparent
oil, the engine losing none of its power.
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It is not to be expected that drivers or owners of engines should test the
quality of every delivery of oil, and ascertain the right proportion required
for lubrication; it has therefore devolved upon engine-builders to test the
oil themselves, and to produce such mixtures that their engines, or rather
the lubricating devices they use, shall always work accurately when one
brand of lubricant is employed. The engine-builders generally supply tested
oils at the price quoted by the oil merehant. The specific gravity affords
one guide for a superficial selection. The cylinder oils have specific gravities
between 0900 and 0960, which are ascertained in the most precise way by
using an areometer for specific gravities varying from 070 to 1. The
specific gravity can also be ascertained by weighing a litre measure filled
with oil.

The acidity of an oil is ascertained by using litmus paper. Blue litmus
paper will turn red in contact with oil containing acid. To test the coom
which flows out of the cylinder for the proportion of iron it contains, it is
dissolved in benzine, filtered and repeatedly washed with benzine on the
filter, The svot and carbon can easily be burnt out of the residue, and there
remains behind only iron or rust powder. The quantity of this residue can
easily be ascertained by using an ordinary magnet.

Cylinder Lubricating Apparatus.

A good eylinder Iubricating apparatus should automatically begin to
supply oil to the engine as soon as it is started, and also should stop
automatically when the engine stops running. It should also be possible
at all times to find out what quantity is being supplied. Simple oil-
drop devices with varying level of oil are unreliable, for the number of
oil-drops diminishes considerably when the level of the oil falls; these
devices, morcover, supply less when the oil is cold than when it is warm, and
more liquid.

In well-built engines, the cylinder lubricating devices take the form of
pumps driven off the lay-shaft, which always supply the point to be lubricated
with a regular quantity of oil. IFor long pistons and high degrees of
compression, such as are now mostly used, pumps which deliver the oil
between Che surfaces of the cylinder and the piston are recommended.
These have also been introduced in large automobile engines. By using this
method of lubrication under pressure, the point at which the oil is supplied
:an be placed nearer to the back end of the cylinder; the oil-hole may be
arvanged just at the furthest point reached by the last ring of the piston on
its outward stroke. The 0il must be delivered on to the piston when its
rings come opposite the oil-hole. If the oil is supplied to the piston without
pressure, the oil-hole must be placed further forward in a position corre-
sponding to the front half of the piston on its outward stroke. Otherwise,
when the piston becomes less tight, it may be possible for the oil to be driven
back to the lubricator.
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Fia. 68.—Korting’s cylinder
lubrieator.

F16, 67.—Lubricator of the Gasmotorenfabrik Deutz.  «, Rope pulley driven {rom the lay-
shaft ; b, Outlet to the oil distri-
butor ¢; ¢, Oil cup in which the oil
can be seen collecting ; o, Driving
ropes,

i, Rope pulley driven from the lay-shaft ; m, Wire
by which oil is lifted and delivered to the cup.

Fi, 69.-—Gasmotorenfubrik Deuntz pressure pump.

T

R

1 and 2, Pumyp piston working in and out by serew

threads 3, when lever 10 is given a rocking motion ;

8 4, Suction valve ; 5, Presswre valve; 6, Outlet pipe for

the oil under pressure ; 7, Glass tube fitbed with salt water

in which the oil-drops rise on delivery from the pump ;

dq 8, Relief valve preventing the entrance of combustion gases

inside the oil pipes; 9, Boss on the working eylinder to

which the lubricating appuratus is fixed; 10, Lever with
roller driven from the lay-shaft.

R

10
I'1¢. 70.—Lubricating pump of Blanke
& Rast, Leipzig-Plagwitz.

The glass holder is not under pressure, and can be filled at any time
while the engine is running. The supply can be varied by turning the
o i=)
screw on the connecting head.
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Various types of lubricating apparatus are shown in figs. 67 to 71,
The oil from the bearings and other lubricated parts is by no means
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Fre. 72.—0il cleaning apparatus, with salt filters, by Blanke & Rast,
Leipzig-Plagwitz (German patent).

The salt filters free the oil from the dirt and water it contains. The water separated is
allowed to escape through the cocks J, and K.

valueless; it may be collected, and, after filtration, used again afresh
Fig. 72 illustrates a filtering apparatus.
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CHAPTER V.

IGNITION DEVICES FOR OIL AND PETROL ENGINES.
GENERAL REMARKS.

Tre most distinetive feature of oil and petrol engines is the ignition system,
by which the heat needed for the ignition of the charge is produced at the
vight instant inside the combustion space.  The following metheds of ignition

are used 1 —

1. Burning gases.

2. Hot solid bodies.

3. Electrie spark.

4. By high compression of the heated air.

The oldest methods of ignition are the electric spark and burning gases.
lgnition by burning gases was adopted for gas engines up to the middle of
the ’eighties, but was not used either with oil or with petrol cugines, for in
these engines the gas required for the flame was not available.

A notable impetus was given to the application of liguid-fuel to engine
driving purposes, when it was found possible to use hot solid bodies for
securing ignition, on the introduction by Daimler of automatic hot-tube
ignition. But this method also has its disadvantages, for it necessitates, in
the eases where petrol and similar fuels are employed, the use of a constantly
burning heating lamp, fed with a liquid-fuel similar to that supplied to the
engine. The use of these lamps entails risk of fire, and they cannot be said
to be, in any way, reliable and safe devices; they need constant attention,
and their use requires experience.

Besides these disadvantages of a practical nature, hot-tube ignition has a
further defect in that the timing of the ignition eannot be controlled, 1t is
possible, it is true, by resorting to suitable mechanical appliances, to retard
hot-tube ignition to such an extent that fiving oceurs after the dead centre is
passed ; but there is no means of advaucing it, if desired, before the dead
centre is reached. This disadvantage is mostly felt in high-speed automobile
engines, in which early combustion is absolutely necessary in order to
develop the greatest amount of power. Attention was therefore ve-directed
to the almost forgotten cleetric ignition, by which firing at any required

76
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instant and at any desired part of the combustion chamber was easily
possible.  With electric ignition no preparation was necessary before
starting, the readiness of the engine for service being thus considerably
increased. Moreover, no slides, valves, or complicated arrangements were
needed, and it could be used without risk of any flame or spark being formed
outside the cylinder, all of whieh points were of great practical value. Tt
might be supposed from this enumeration that the electric spark provided
the ideal method of ignition ; unfortunately, however, this is not the case.
Notwithstanding the care which has been bestowed on the simplification and
improvement of eleetric ignition, it cannot yet be said that it fulfils all the
requirements s regards safety and simplicity, which one has a right to
expect in engines.

In oil and petrol engines, hot-tube ignition, electric ignition, and ignition
by highly compressed air are used.

Hot-tube Ignition.

Daimler, the founder of the automobile and engineering works * Daimler-
Motorengescllschalt,” who died in 1899, was the inventor of automatie hot-
tube ignition. A patent for an ignition tube was taken ont as early as 1879
by Leo Funk, but the action
of this tube was not automatic,
[ts interior was placed in con-
nection with the clearance space
containing the charge, at the
very instant ignition occurred,
by means of a mechanically
operated slide. The character-
istic feature of the antomatic
hot tube is that its interior
surfaces are continually in com-
munication with the clearance
space and the charge contained

therein, Funk’s invention was,
nevertheless, of value, and it
was extensively used in the late
‘cighties and early ‘nineties as

a mechanical system of hot-
tube ignition. Its use facili- Fie. 73.
tated the starting of large
engines, in the case of which, when turned by hand, pre-ignition was
frequent, since it was not possible to give the flywheel the regular speed
to ensure well-timed action for the ignition tube. The two inventions were
materially different.  Daimler’s patent was valid ap to 1898,

The great simplicity of the Daimler tube-ignition system led to its being
adopted, long before the patent lapsed, by a large number of manufacturers
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who were unaware that they were thereby infringing Daimler’s rights. It
was only during the last years of his patent that Daimler fought the
infringements with success.

Fig. 73 shows the ignition tube in connection with the combustion
chamber; it is close to the inlet valve 4, at the point, therefore, where, on
the completion of the introduction of the charge, the presence of an in-
flammable mixture can be relied upon. The tube being closed at one end,
its interior does not come into contact with an inflammable mixture on the
admission of a fresh charge, for it remains filled with combustion products.
It is only during the compression period that a part
of the fresh mixture is driven inside the tnbe, when
the products of combustion it containg are forced
more and more towards the heated end, and on reach-
ing the hot zone, the mixture becomes ignited. Tt
might be thought that ignition would
then extend directly to the charge
contained in the combustion chamber,
but this is not the case, and more
frequently this becomes ignited only
on the completion of the compression
period, or shortly before this point.
This is a feature of the Daimler
hot-tube ignition system. With the
engine running at its
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full speed, the flame is
kept inside the tube
until the instant for

5
O S

ignition of the charge
oceurs.

Asg soon as a flame
has been formed at the

N
N

hot zone, the ignited Fia. 75. e, 76,
stratum of gas is acted
on by two opposite forces, one being that with which the process of ignition
of particles of fuel tends to spread backwards to other fuel particles, and the
other the force of compression driving the mixture inwards. So long as the
latter is sufliciently great to overcome or neutralise the effect of the rate of
combustion, the ignited stratum remains in the tube, and it is only when
the piston nears the end of its stroke and the rate of compression decreases,
that the ignited stratum works towards the charge in the combustion
chamber to communicate to it ignition near the dead-centre. The timing
of ignition varies with the length of the hot tube and 1he position of
the hot zone,

For obtaining well-fimed and regular ignition, the hot tube must not
exceed certain proportions, in order to ensure the mixture which can flow
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into it filling up the whole ecrosssection. If the tube is of too wide a
diameter, eddies and counter-currents are set up; the period of ignition
varies ; knocking is produced in the engine and premature ignition often
oceurs, especially at starting.

The mixture must form, as it were, a piston or plug inside the tube,
filling up the whole section. This has a great effect on the well-timed
ignition. A vertical tube acts better in this respect than a horizontal one.
The tubes are made of porcelain, platinum, and nickel.

Porcelain is advantageous in that it rapidly hecomes hot and maintains
its heat for a long period ; it resists the chemical action of the hot flame, and
is cheap. On the other hand, it may easily be broken or eracked if it should
come into contact with water. Platinum offers a greater resistance to
mechanical action, but it is very costly and is only used for automobile or
boat engines. Nickel does not withstand the corroding action of the flame
so well as platinum, and the wall of the tube has to be made much thicker.
At the present time only poreelain and niekel tubes are nsed ; the first are
often made with a metal end for fitting them to the engine. Figs. 74 to 76
show poreelain hot tubes of the eurrent dimensions,

Electric Ignition.

Although hot-tube ignition is both simple and cheap, the fire risks which
the use of heating lamps entails and the impossibility of retarding ignition
within sufficiently wide limits, have contributed largely to a return to electric
ignition which, as is well known, was

]

used in the ecarly ’sixties by Lenoir
as the means of ignition in his gas

engine.

At that early period the many im-
perfections in the apparatus used for
producing current and for sparking, had
thrown electric ignition into disrepute.
As soon as eclectro-technies furnished Fic. 77.
more perfeet devices, fresh efforts were
made to render the electric spark of service for internal combustion engines.

Only a very few years after the invention of the dynamo, this new current
generator is to be found in use with the old stationary Benz two-stage engine,
The dynamo was driven from the flywheel by means of a rope; the current
was transmitted to an induction coil, the high-tension current from which was
used for producing the ignition sparks.

As seen in fig. 77, the lead from the coil was connected to @, whence the
current passed along the rod e surrounded by the porcelain insulator g into
the combustion chamber, a number of sparks being formed between the points
d, e, the circuit being completed through the wall of the combustion chamber
and wire h,
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The dynamo and eoil were always kept working, and current cireulated
not only during ignition, but also when ignition was not required. Some
other cireuit had therefore to be formed for it, and this was provided by the
crank lever A, 4, so long as the arm i was in contact with the rod ¢. During
the period of ignition the crank lever %, 4, was placed in the position shown
by dotted lines. The spark between a and e occurred the moment the
distance between % and its corresponding contact was greater than the
distance between the points e and <. In this deviee sparking also oceurred
outside the combustion chamber during the lifting of the arm /.

A further improvement in electric ignition was made when a magneto-
electric device was used instead of a dynamo continuously runuing. This
device generated current at the moment of ignition only, and of such a
strength that an induction eoil could be dispensed with.

So far as the author is aware, these devices were used for the first time
in 1889 for the petrol engines of the Gasmotorenfabrik Deutz, and were made
by the firm of Robert Bosch, Stuttgart,

Besides this new method of eurrent supply, another device connected with
the sparking arrangement was then introduced. The voltage of the current
was not great cnough to produce sufficiently strong sparking between two
fixed points, and it was found to be neecessary to separate rapidly at the
moment the current was produced two points in contact with each other.
By this means, the almost invisible spark could be inereased considerably in
length, and in spite of the use of much lower pressures, ignition was much
more reliable than with a higher tension current between two fixed points,

In its original form, the magneto-clectric device had long been known.
Originally invented by Werner von Siemens, with an I-shaped armatuve, it
was now applied to electric ignition. It consists of a powerful permanent
horse-shoe magnet, between whose limbs is rotated an I-shaped armature,
wound with insulated wire. When the armature revolves, each time the
coil-windings cross the space between the ends of the magnet, current is
formed in the windings. The greater the speed of revolution, and the more
powerful the magnet, the stronger will be the current generated.

If the ends of the wire coils of such an apparatus form a closed cirenit
through the combustion chamber, and the speed of the armature be so
governed that the windings cut the space between the ends of the magnet—
the poles—at the instant of ignition, the circuit at the ignition point being
broken at the same instant, strong sparking will take place at the point at
which the break is made, and the sparking will be stronger as the cirenit is
broken more quickly. This is referred to as breaking contact,

Both these functions—rviz., the rapid rotation of the armature and the
breaking of the eireuit-—must not only be properly performed at the normal
gpeed of the engine, but also when it is working at low speed, as in the
starting of stationary engines. In order that these conditions may be fulfilled,
the ignition device must not be driven direct from the lay-shaft, but
mechanical means must be resorted to, and the lay-shaft be only indirectly
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of service. - As shown in figs. 78 and 79, which illustrate examples of these
ignition devices, strong spiral springs are nsed for operating the shield, the
springs being stretched by a lever and pawl on the lay.shaft, and released at
the correct moment of ignition.

The reciprocating action of the heavy armature, owing to its inertia, has
a bad effect on the bearings, and efforts made to improve this have led Bosch
to insert between the armature and the sides of the magnet a light rockiug
shield. In this form, the heavy armature is stationary while the shield is
rocked. The generation of current is not influenced by this arrangement,
while the necessity of collecting the current by brush contacts is obviated,
it being taken directly from a motionless armature, as seen in fig. 78,

Fiat, 78,—-n, Horse-shoe magnet ; 4, I-shaped armature ; ¢, Wire coil winding ;
d, End of rocking shield ; ¢, Spindle for shield.

In automobile engines, which ean be turned so quickly by hand that
sufficiently strong sparking is produced at starting, it is not necessary to
rotate the armature, but it may be driven direct from the larger cam shaft
hy gear or chain transmission.

Points of great importance in magneto-eleetric ignition are connected with
the supply and breaking of the current. The advantage possessed by the
Benz electric ignition, illustrated in fig. 77, in which the current is led by
conductors inside the engine, disappears with magneto-electric ignition. In
the latter, the cireuit is broken inside the combustion chamber ; movable parts
working in glands are necessary, and these may cause numerouns failures, to
which we shall refer later on when dealing with breakdowns, to which engines
are liable. Fig. 80 shows the circuit breaker which has been most generally
adopted up to the present.

6
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IGNITION DEVICES FOR OIL AND PETROL ENGINES. 83

In order to be able to test the circuit-breaking device rapidly at any time,
hoth electrically and for leakage, it is mounted on its support or flange in
such a way ag to be easily removed from the combustion chamber by taking
out two screws. As is well known, the ignition in an engine running at full-
speed has to take place much sooner than at starting. The quick-return
motion of the armature, or rather of the shield, and also the interruption
action of the ignition lever, have therefore to take place at different periods
during running, and must be adjustable. So long as the armature and
interrupter rods are operated by the same springs, the moments of greatest
intensity of the eurrent and the breaking of the contact coincide. If, how-
ever, the armature spindle is driven direct from the cam-shaft, as is the ease
in high-speed engines, the moment.at which current is at its maximum
cannot be made to correspond readily with the various instants at which the
circuit is broken, and both must be adjusted to the altered conditions. As a
rule, this double regulation is not used, and the breaking device alone is

F1a, 80, - Ignition mounting.

1, Inside contact-breaking orignition lever.

2, Outside contact - hreaking or ignition
lever.

3, Uontact pin.

4, Insulating eone, also insuring tightness,
of soapstone or steatite,

5, Depth to which the ignition mounting
enters the engine casting.

made adjustable, while the working of the armature remains constant. The
less satisfactory positions of the armature are passed so rapidly that
sufficient pressurc for ignition is produced. It is only in engines in which
speecial reliability of ignition is required, and in which a variation of speed
within wide limits is necessary, that ignition devices in which the armature
and breaking device can be simultaneously adjusted, are needed.

The perfect insulation of the fixed contact gave rise to a number of
difficulties, and all kinds of insulation material have been tried—porcelain,
enamel, soapstone, mica, etc,,—but so far none has been found to meet all
conditions. Tt is necessary that it should not only be most reliable as an
insulator, but it must also be able to withstand the high temperature inside
the combustion chamber, and the mechanical action of the ignition lever in
striking the fixed contact. Fig, 80 shows one of these devices with soapstone
insulation. Figs. 81 to 83 illustrate magneto-electric apparatus of the
Apparatenbauanstalt Fischer, Frankfort.

The electric contact-breaking ignition, as first introduced, was not
suitable for high-speed automobile engines, in spite of its many advantages.
The rocking motion of the movable levers of the contact breaker is
immaterial in slow-speed stationary engines. At speeds exceeding 400
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revolutions per minute there is, however, such excessive wear of the ping and
joints, that for speeds of 800 revolutions and over, its use is absolutely
impossible.  The moving lever contact, though tightly packed at first, soon
wears and causes leakage, and, on account of the small capacity of the
cylinders in automobile engines, such loss is very noticeable.

The automobile builders, in the earlier days, had thercfore to be content
with tube ignition and the old system of ecleetric ignition, in which an
induction sparking coil was used ; hence they had to look for improvements
upon these methods in some other direction. Efforts towards this end were

Fia. 81.

Magneto-electric igni-
tion  apparatus,  with
rotary armatunre, foranto-
mobile engines,

e, 83, ’

Magneto - electric ignition apparatus with recking

armature shield, and different types of springs for
stationary engines,

successful at the time of the great boom experienced by the automwobile
industry in France, and to the firm of Messrs de Dion et Bouton, Puteaux,
near Paris, are due marked improvements in electric ignition. They
provided the small high-speed engines, which they were then fitting to
motor-trieycles, with an ignition device similar to that of Benz referred to at
the commencement of the present chapter. But a new departure in the
Dion-Bouton device was the removal of the induction eoil, which involved an
uneconomical consumption of current, and in which the Neef hammer had
proved to be a very unreliable fitting; while, when using the induction
coil, the cireuit breaking was effected by the electric current itself. In this
case the engine gearing was rvesorted to, The deseription given in Chapter
VIIL of the old de Dion-Bouton engine, shows the manner in which this was
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done, A further improvement in electric ignition was introduced by the
French firm when they brought out the sparking plug, which has been very
generally adopted.

Accumulator batteries had been improved, and could now be used as a
source of current supply for electric ignition. The de Dion-Bouton sparking
plug supplied with current from a battery became a sunitable ignition device
for high-speed engines ; it was simple and cheap, contained no moving parts,
and was pot dependent in any way upon the number of revolutions of the
engine. Since the current is required only at the instant at which ignition
takes place, comparatively small and
light batteries are sufficient for long
Jjourneys.

Ag already stated, the early form Fie. 84 —Sparking
plug of the Neckar-
sulmer  Fahrrad-
werke,

of sparking plug ignition device is
shown in the old de Dion-Bouton
engine, Iigs, 84 to 86 show later
f ) il ticul bei 1, Serewed holder ;
Ty Fhaoo artictilar ones ¥ " . ) .
orms, these particular ones being o ¢ ot for fix.
made by the Neckarsulmer-Fahrrad-  jng in the insulating
werke., shell 3 8, Platinum
The attempts made to be in- “';"_‘”] “L“““' "(J“;t of

. - which ¢ spark 1s

od sbpeno

dependent of the limited :.tmlc»:til produced ; 4, Current
of the current from the batteries lead; 5, Insulator;
while retaining the sparking plug, 6, Nub for lmldi_ng
soon led to the adaptation of the bhe ewrrent lead in.
side theshell ; 7, Ter-
minal connected to
tion to the production of sparks the plug with the

between two fixed points. In order contact breaker,

&

3

system of magneto-current genera-

to secure this, nothing more was
necded than to give the current

generated by the magneto-machine

a sulficiently high pressure by the use of an induetion coil  This type of
ignition device has been improved, cspecially by Ernst Eisemann & Co,
Stuttgart.

Robert Bosch, also of Stubtgart, has succeeded in rendering the current
generated by the magueto device suilable for application to high-speed
automobile engines. Bub he does nol use a separate induction coil to
obtain o high-pressure current, producing it directly in the armature
winding.

The advantages of this high-tension ignition system consist, in addition to
the abolition of the induction coil with its numerous conduetor wires, in the
fact that the discharges between the points of the plug do not occur as short
sparks, but as arcs of longer duration. The very hot are thus formed insures
regular ignition even with poor mixtures.

Beyond the one cable from the apparatus to the plug, no further leads are
required for high-tension iguition. The discovery of faults in the insulation
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is thereby much facilitated. The timing of the ignition is regulated dircetly
by the adjustment of the apparatus, to which a movement through 40° is
allowed, measured on its axis, and ignition is advanced or retarded according
as the contact breaker is turned one way or the other. This possible move-
ment of the contact breaker corresponds to an angular movement of the crank-
shaft of 50 in threc-cylinder engines, 40° in four-cylinder engines, and about
27° in those having six cylinders.

Figs. 87 and 88 illustrate a high-tension ignition apparatus; fig. 89 is a
diagram of connections for the apparatus in a four-cylinder engine; fig. 90
shows the plug used for high-tension ignition.

27 —

34 _ -

19

Fras. 85 and 86..—Contact breaker of the Neckarsulmer Fahrradwerke,
19, Casing containing the device ; 27, Contact picce pivoted on the centre 34 ; 26, Serew
contact tipped with a plativum point ; 25, Spring which forces the contact-lever 27 against
the serewed contlact piece ; 35, Avm for turning the casing for throwing the ignition out of
gear ; 33, Hard rabber insulation ; 32, Terminal nuts for clamping the wire conductor,

The great advantages of the make-and-break device, namely the high
temperature and the beneficial cffect it has in producing promptly wide-
spread ignition of the charge, have stimulated efforts to make this form of
ignition applicable also to automobile engines. The main obstacle, as already
stated, lies in the rapid wear of the interrupter rod and the liability to
leakage of the rocking ignition lever gland. By reducing the weight and
shortening the travel of the rocking parts, and by inereasing as much as
possible the length of the bearing of the ignition lever shaft, it has been found
possible to inerease their life sufliciently for them to be used on automobile
engines which do not run at too high a speed. There are to-day guite a large
unumber of automobile manufacturers who always use make-and-break ignition.
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Figs. 91 and 92 illustrate one of these devices with its magnet, made by
Robert Bosch, Stuttgart,
In place of the rods shown in fig. 91, for operating the interrupter lever,

Fres. 87 and 88.—Boseh high-tension ignition
apparatus for three., four-, and six-eylinder
automebile engines,

1, Brass end plate on the primary winding ;
2, Set screw fastening fixed contaet and contact
breaker plate; 3, Fixed contact; 4, Revolving
contact breuker plate ; 5, Long platinum serew
contact point ; 6, Contact breaker spring; 7, Mov-
able contact breaker; 8, Condenser; 9, Slip
ring ; 10, Carbon brush for collecting current ;
11, Brush holder; 12, Bridge conncetion ; 13,
Carbon for current transmission to distribvtor ;
14, Rotary distributor or commutator; 15, Dis-
tributor carbon brush ; 16, Distributor ring
containing metal segments ; 17, Metal segiuents
let into distributor rving; 18, Lead terminals ;
19, Fibre dises ; 20, Lever for adjusting timing
of ignition ; 21, Dusi-proof cover; 22, End eover;
23, Cover clamp ; 24, Terminal for short eivenit
cable; 25, Spring for holding cover of contact
bireaker ; 26, Cover of contact breaker; 27, Boss
to which is fixed spring 25 by serew and nut 28 ;
29, Short platinum serew contact ; 30, Stop to
limit adjustment movement of contact breaker.

it is usual now to employ vertical cam-shafts driven from the lay-shaft by
worm or bevel gearing, having at their upper ends suitable cams which work
the interrupter levers arranged horizontally in the cylinder head. By this
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means the working is rendered much casier.  The magnets supplied by
Bosch for this quick-acting breaking device are shown in fig. 92,
Another method of breaking circuit was introduced in America in the

FPrimary Circuit
Secondary »
— — — Earth Connection

Contact
bresker

e
e e s s e e e e e s s s s i 4t e e
Fia. 89, Diagram of councetions of a high-tension ignition apparatus for a
four-cylinder engine,

middle of the ’nineties. The break of contact was practically made by a
horizontal ignition lever inside the eylinder, worked from within the working
eylinder itself.  The action took place at the corrvect instant, that is to say,
shortly before the piston reached the end of its stroke ; all rods were abolished,

6

Fra. 90.—Plug for Boseh high-tension
ignition,

1, Serewed plug,

2, Packing,

3, Conical ring for holding insulator.

4, Steatite insulator,

5, Terminal screw for the lead.

6, Nuts for holding the current-carrying
pin in place,

7 and 8, Washers,

9, Packing,

10, Current conductor.

as was also the gas-tight gland of the interrupter lever. The speed of the
piston shortly before reaching the dead-point is, it is true, but small, and the
ocourrence of misfire when the engine is working at a very low speed, was not
improbable. Experience, however, proved that with the smaller engines these
diffieulties could easily be overcome. In spite of the fact that with this
method of ignition the advantage had to be abandoned of retarding ignition
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e, 91, —Adjustable coutact-breaking deviee by Rebert Bosch, for a four-eylinder
automobile engine.

FF16. 92, —Bosch ignition apparatus, with rotary armature for high-speed engines
with contact-breaking device,

1, Double magnet ; 2, Avmature ; 3, Insulating screws ; 4, Current collector; 5, Current
collector serews; 6, Front washer 3 7, Back plate; 8, Felt core; 9, Leather dise; 10, Core
holder; 11, Carbon brushes; 12, Brush holders; 13, Lubricating cover; 14, Serew for
lubrieating cover; 15, Spring for same; 16, Zine cover plate; 17, Screw for same ;
18, Washer of armature shaft; 19, Nut for armature shaft.
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while the engine was running, and by these means ensuring the most
favourable consumption of the fuel, * piston contact ignition ” has been fairly
widely adopted, and, owing to its great simplicity, iz still employed. The
Maurer Union, Nuremberg, are among those manufacturers who have paid
special attention to the development of this particular method which they
use to a considerable extent on their antomobile engines.

There remains to be mentioned a still more recent system of make-and-
break ignition, which combines the advantages of the plug with the older

Fie. 93. Tg, 94, Fii. 95,

Boseh magneto-ignition plug (Honold system).  Elevation ; vertical section ;
details of connections.

1, Contact- breaking lever; 2, Pole piece; 8, U-shaped spring; 4, Iron casing
5, Magnet coil winding ; 8, Current conductor ring ; 7, Current condueting pin ; 8, Mica
dise ; 9, Thumh serew for wive lvad ; 10, Current conductor plate ; 11, Insulator ; 12, Mica
ving ; 13, Upper magnet cap ; 14, Brass ring ; 15, Brass distance piece ; 16, Serewed ring ;
17, Centering washer ; 18, Mica plate ; 19, Main insulating ring; 20, Contact to breaking

lever ; 21, Contact on plug ; 22, Steatite core ; 23, Lower maguet cap,

break devices.  Attempts were made about six years ago to utilise electricity
as a means of breaking contact, in addition to its employment for the actual
formation of sparks, using in one well-known form an iron core wound with
wire, the iron forming a magnet when the current flows through' the wire,
The power so generated operates the igunition lever or point situated inside
the combustion chamber,

The firm Robert Bosch has also taken up the manufacture of one of these
ignition devices, and some time ago introduced it under the name of the Bosch
magneto-plug-ignition, Honold system. This is shown in figs. 93 to 95. The
plug is operated by a magnet of the usuul type.
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The conductors for the electric current and their connections form a very
important part of electric ignition ; the eonnections often need to be soldered,
and must be capable of withstanding great vibration. Copper wire wound
with one wrapping of insulation is not suitable for these conductors. They
are subject to repeated bendings, and the insulation quickly becomes damaged ;
the wire often breaks inside the insulation, the circuit is then broken, and as
frequently no outside defects are evident, it is difficult to locate the trouble.
These imperfections are best prevented by the use of cables, in which the
connection is not dependent upon one single stiff wire, but is formed of a
number of very thin wires wound together, and rubber insulated. Such

IFre. 96, Fie, 87,

Cable eye of the Apparatenbauanstalt Fischer, Frankfurt.

Fig. 96 shows the manner of fixing the cable in the eye,
Fig. 97 shows the connection complete,

cables are very flexible, and are also suitable for high pressures, With cables,
however, the difficulty lies in the terminal connections, and special eyes are
necessary. IFigs. 96 and 97 show a cable terminal-eye.

From the above deseription of the development of electric ignition, it will
be seen that difficulties have not been wanting tu the work of improving this
important adjunct to internal combustion engines. The latter have not been
simplified by the improved methods of electric ignition, and finality of improve-
ment has by no means been reached.
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CHAPTER VL
EXAMPLES O STATIONARY PETROL AND ALCOHOL ENGINES.

Prrror has excellent properties as a fuel for internal combustion engines,
but the great risk of fire its use entails, its high price, and the low degree of
compression which is possible for the charge, have long stimulated research
for some other kind of fuel.  As pointed out in the third chapter, the efforts
made in this direction have been successful.  Crude benxol, ““ergin,” and the
mixture of both with alechol, have resulted in fuels which can not only
replace petrol, but are even much superior to it for certain purposes. In
stationary engines and portable engines, petrol is now seldom used, except in
the case of small installations.

Crude benzol, “crgin,” and alcohol are not so volatile that the formation
of an explosive mixture can be procured by the simple spraying method as is
the case with petrol.  With the former the mixture of fuel spray and air must
be passed, us soon as it is formed, through a heated chamber so that the spray
may be converted into vapour and the mixture with air be rendered more
complete,

The heating medium for such chambers is generally a portion of the hot
exhaust gases,  This method of heating renders necessary the starting of the
engine with some other more volatile fuel.  The engine must be run with this
fuel uutil the required temperature is reached ; the power developed by the
engine by the heated and therefore less dense-charge, will be reduced. The
simplicity and relinbility of this method is, however, so great that it is
frequently adopted. It is only of disadvantage when the warming up is
carried further than is necessary.

In the construction of engines which have to work cconomically with
benzol, ‘“ergin,” and alcohol, the warming device needs to be made adjustable
to suit exactly the volatility of the fuel used.

Among the first manufacturers who applied devices utilising exhaust
gases to their liquid-fuel engines, were Messrs Gebr. Kirting, Hanover.
Figs. 98 to 102 show one of these engines, which can also be worked with
parafiin.
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2, Cylinder cover with valve chest. 27, Inlet valve lever.
5, Inlet valve chest. 28, Inlet valve cam.
6, Inlet valve, 29, Connecting rod for opening inlet
7, Inlet valve spring. valve.
10, Exhaust passage, 31, Governor spindle,
11, Exhaust valve. 32, Regulator crank.
12, Exhaust valve spring, 33, Governor rod,
16, Cover of fuel-heating chamber. 34, Throttle valve for governing,.

21, Entrance of exhaust gases used

for heating the chamber,
22, Valve for regulating heating.
26, Kxhaust valve lever.

F1e. 100.—Korting’s liguid-fuel
engine (section).

1, Striker for thearm
on the spindle
of the magneto
armature,

2, Arm on the arma-
ture spindle.

4, Lead.

7, Interrupter  or
trip-rod.

8, Img by which
ignition can be Y HMEEO2

varied,
10, Spring for draw-

ing back the

armature, ‘_
11, Lever on the ar- l

mature spindle,

13, Exterior arm of
]ni.(‘.rrupi-m'- ) Fre. 101, —Korting’s liquid-fuel

14, Dise on the side engine (ignition). .
shaft which car- o =
ries the stop 1. wll
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10il

engines of this type arve only supplied for

powers up to 10 li-p.)

Eirting's liquid-fucl engine.

Fie. 102.

Fuel consumption—
Using petrol, 0-25 to 04 kg. (*65 to *88 Ib,} per h.-p. hour,
Using petrol plus 92 per cent. aleohol, 0-87 to 0°5 ka. (*81 to 11 1bs.) per li.-p. hour,
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93 O1L MOTORS.

Stationary Liquid-fuel Engines working with Petrol, Benzol, Paraffin,
Alcohol, “Ergin,” etc., built by the Gasmotorenfabrik Deutz.

Horizontal slow-speed engines are illustrated in figs. 103 to 109. The
engines can work with petrol, benzol, alechol, “ergin,” and paraftin. The
engines have to be tested thoroughly for each kind of fuel. The formation
of the explosive mixture is effected by means of pumps and an atomiser, or
by means of a vaporiser. Cooling is earried out by water circulation or by
evaporation,  When working with “ergin,” aleohol, and paraffin, the engine
must be started with petrol.

Fia, 103, —Deutz slow-speed lignid-fuel engine, in which the mixture is formed hy
means of a pump and an atomiser (side elevation),

A, Working eylinder; %, Fuel pump; w w', Fuel pipe; o, Mixing chamber; 7, Air
regulation ; », Chamber for the atomiser; p/, Inlet valve rod ; », Inlet cam; » 7/, Lever for
working the fuel pump ; w,, Lay shaft.

Droits réservés au Cnam et a ses partenaires



EXAMPLES OF STATIONARY PETROL AND ALCOHOL ENGINES. 99

Fre. 104,—Dents liguid-
fuel engine, (Section
I, Il of fig. 103.)

e, Alrinlet,
7, Air regulating cock,
¢, Fnel atomiser,
0, Mixing chamber,
2, 2", Inlet valve lever.
», Inlet valve rod.
', Fuel pipe.
D, Exhavst flange pipe.
o, ', £, Rods connected to
magneto.
& aw, Trip rod.
U, Ignition  mounting
flange.
a’, Pump lever roller.
wy, lgnition  rod  dise
crank,

;_MJ._L,_ EJhJ:

Fia. 105, — Deutz liquid - fuel engine.
(Section through valves in engines with
pumyp and atomiser.)

p, ¢, and @/, Inlet valve levers and rod.
C, Inlet valve,
a1, Inlet cam,
1, Exhaust valve,
m, Cam for exhaust valve,
at', g, Exhaust valve lever.
7, i, Pump lever.
w, Lay shaft.
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't 106, —Deutz liguid-fuel engine, using a
vaporiser (longitudinal seetion).

H, Float chamber,

¢, Floab valve.

2, Vaporiser,
1, Outlet for fuel.

s, Fuel pipe.

I, Air inlet.

L, Holder for petrol for starting.
m, &, v, Device for effecting the change of fuel

alter starting,

16, 107.—Deutz liquid-fuel engine fitted
with evaporation cooling jacket, (Sec-
tion.)

The cooling jacket of the cylinder is
widened out at top and is closed with a
cover, The water level is shown hy a
gauge, All the water is evaporated and
the steam formed escapes into the atmo-

sphere,

Droits réservés au Cnam et a ses partenaires



EXAMPLES OF STATIONARY PETROL AND ALCOHOL ENGINES, 101

Fra. 108.—Deutz liquid-fuel engine.
Details of ignition,

W, Exterior arm on interrupter.
W', Interrupter arm.

X, X,, X;, Current conductors.
X, Mica insulation,

X;, Flange for mounting,.

Xy Terminal of conductor.

Fig. 109.-—Deutz liquid-fuel engine with vaporiser,
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102 OIL MOTORS.

Drtans ov Deuiz Liquin-Fuen Sravionary ENGines,
i sizes from 4 fo 20 f-p,

The engines of from 20 to 30 h,-p, are built of different fype.

‘ Designation of size, ! b i d i e } v ! I k i
i — ; : —77 e | ——
| Maximum { Petrol, benzol, paraffin . Lo4ves o625 825 107 [ 14 18 23
! horse-power 1 Aleohol, “ergin” ., . 48 68 | 900 | 116 16 20 25
! Price of engine for ordinary purposes, with fuel | | ! ‘
tank, silencer, attendant's tools, oil-can, spare i | i ;
parts, and belt-pulley . . . . L& 500 BB 0106 0 122 IU‘ 160 0177 10227 10276 0
! Prico of foundation accessories for masonry i ‘ |
| foundations . . . . . . ., w15 L o0 1 B6{ 1 5| 2 0] 210 3 0
Price of east-iron foundation frame . ., [ 810 s10 7 5 8 0 10 0f 11 0} 13 ©
BExtra for evaporation cooling - . P T T10 10 0 10 001210 16 0) 16 0
Speed ; revs, per minute N . . . 350 350, 330 | 300 250 250 230
; Diameter of belt-pulley . . . . Cins. | MY 13% | 15% } 191} | 234 337 | 368
[ Rim o e, 8} ol | 1§ ‘ 13 18 | 165 | 16
| Width of belt ., . P -2 EEE 2 T A S A T Ty 7
: . . et cwts,grs, [ 12 116 021 0 24 2 37 14D 1|67 0O
Approxiunite weight of engine, Leross ‘ 5 82 0 2 1 a0 2144 157 0156 5
= .’ ! 1

| Extea with engine for electric driving withont
' belt-pulley :

| 1. With keavy flywheel and outside bearing :

| (1) with foundation aceessories for masonry |
: foundations . . . . .£s | 0 0! 910 10 0. 10101110 19 9|21 ©
| {b) with cast-iron floor frame . Loy (12 01210 1M 014 0 1510 2310 25 10
2, With two flywheels . . . . . 9 0 910 10 01010 ‘111019 ol21 o

Bngine with one Hywheel :

-1
~1

Dinmeter of helt ilywheel . . . fteins. ;4 3 ' 4 7 411 5 38 511 611

Belbspeed . . . .. . persec 83 5 82 1 856 . 8p | 90
Width of helt . . . . . . ins, 23 3L 4% 444 54
From centre of eylinder to centre of outside 1
hearing: without belt-pulley . - ins a4 987 203 301 441
L E . oy L
With belt-pulley . . . . . - n 29} 34} [osr 408 | 45 495 554
Engine with two flywheels :
Diameter of belt flywheel . . . ftins, | 3 11 3 7! 811 4 31 4 71 i 5 3] 611
Belt speed .+ . . . ft.persec.| g 66 | 68 66 66 680 | 706
Width of belt . . . . . cins g 3} 313 441 5% 6] T
Price of engine for power transmission,
with two fywheels, evaporation cooling |
(without silencer) . . . . SES 100 0] 110 180 167 10187 10285 0282 10|
| |
Engine for power transwission : [
Diameter of belt fiywheel . . . o ftins.i2 6 28 29 ‘211 [211 (38 3 3 7
Rim - " . . . . ins. 6} () 7L 713 8fk 104 | 12} |
Widthof belt -~ . . . . . 21 23 3 3k 318 | 4kt B}
Belt speed -« .. . ft.persecs| 45 49 466 46 | 42'8 | 427 | 42
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EXAMPLES OF STATIONARY PETROL AND ALCOHOL ENGINES, 103

Deutz Stationary Vertical High-speed Engine, with Crank-shaft below,
in sizes from 1-25 to 36 h.-p.

These engines are on the lines of antomobile engines; they are built with
one, two, and four cylinders, and ave fitted with the vaporising device shown
in fig. 106,
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Fie. 110,
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106 OIL MOTORS.

Stationary Liquid-fuel Engine, using Alcohol, Benzol, “Ergin» Petrol,
and Paraffin, built by the Maschinenbau-Aktiengesellschaft, formerly
Ph. Swiderski, Leipzig-Plagwitz,

This vertical slow-speed engine, of 1 to 15 h.-p., is illustrated in
figs. 112 to 114,

Fie. 112,

Droits réservés au Cnam et a ses partenaires



EXAMPLES OF STATIONARY PETROL AND ALCOHOL ENGINES. 107

Fia, 113.

Fiss. 112 and 118,

1, Inlet valve; 2, Exhaust valve; 3, Magneto; 4, Rod working ignition ; b, Ignition
mounting ; 6, Regulating valve for controlling the heating of the vaperising chamber ;

7, Air-regulation valve ; 8, Hot jacket; 9, Exhaust connections; 10, Air iulet; 11, Lay-
shaft ; 12, Governor ; 13, Air pump for fuel tank ; 14, Fuel-pump lever.
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Fia. 114, —Swiderski liquid-fuel engine.

Droits réservés au Cnam et a ses partenaires



EXAMPLES OF STATIONARY PETROIL AND ALCOHOL ENGINES, 109

Stationary Liquid-fuel Engine, using Petrol and Benzol, built by the
Motorenfabrik ¢« Oberursel ” A.-G., Oberursel, near Frankfort-Main,

This vertical slow-speed engine is illustrated in figs, 115 to 118.

'______,

T

//?;/'—/F—‘

AT Iln ﬂimﬁ!}wwﬁﬂ lEl!lI‘n\lif in‘m‘mfﬁiﬁw‘l s
me”r“m klawmﬂrnuzl ‘JFH i
i I||u|s||5!u!f | I il IHJJHH

"

Fra, 115, —0herursel engine (section through base-plate),
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110 OIL MOTORS.

Fia. 116,.—Oberursel engine (side elevation),

Figs, 115 and 116,

F, Base plate; G (fig. 115), Fuel supply; H, Air valve; J, Inlet valve chest;
L, Ignition mounting; M, Fuel return pipe; p, Fuel regulating serew; V, Mixture
chamber ; ¢, Compression release gear ; %, Striker for operating the exhaust valve ; ¢, Cam
lever ; ¢, Governing gear ; », Lever for governor gear; g, Electrie current conductor ;
z, Spring casing ; n, Arm on the armature spindle ; ¢, Cam spring operating the armature
arm j ¢, Movable pin for early or late ignition.
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Cooling water
Outlet

R

T S
! il
= | 1
1 i
23 o 5

Cooling water inlet 4
ey
/)

_g@\f«\%\m

B

A

Fre. 117,—Qberursel liquid-fuel engine. |

A, exhaust valve ; N, Cover of exhaust valve chamber; D, Cooling jacket ; 2, Inter-
rupter arm ; K, Combustion chamber ; 2, s, Pawls by which the exhaust valve is held up
in governing ; », Chain sprocket for driving the fuel pump; T, Chain sprocket for
working the magneto ; R, Governor ; 8, Feeentrie operating the exhaust valve.
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NON

el

|

Fra. 118,-—Oberursel liguid-fuel engine,

Drraits or Openrurser, Horizontan ENGINE,

using pelrol, aleohol, parafing illustraled in fig. 119,
Size of engine in \ ., [ £ | oo P
eflective h.-p. 6 8 110 2| 15 18| e | 30

£ s £ 5 £ s £ s £ 5| £ s £ s £ s
Price of engine for ordinary i |
purposes, inclunding acces- ! | I
sories and spare parts 11800 0 140 0160 0 19210240 07290 0!340 0 390 0
Extra, when outside bearing, {
| longer shaft, and flywheel

| are required h D b (]! 65 6 5 7107 7 10| 10 0{ 100

| Iixtre, when for eclectric ‘ ! ] | |
lighting a flywheel gov- ; | \ I
ernot 18 supplied, increas- ‘ : i
ing uniform running to | | |

about 1 in 70 . . . P00 9 0
Foundation bolts and plates

100/ 11 0 12 0 1310] 150 200
for brick foundations . 110! 110

20 2 0| 210f 210| 30 40
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114 0IL MOTORS.

Fre. 119.—Stationary engine working with petrol, alechol, and paraflin, buils by the
Motorenfabrik Oberursel A.-G., Oberursel, Frankfort-Main,

Horizontal slow-speed type. Charge supply by pump and atomiser.
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EXAMPLES OF STATIONARY PETROL AND ALCOHOL ENGINKES, 115

Gardner Stationary Liquid-fuel Engines, built by Bieberstein &
Goedicke, Hamburg.
Figs. 120 and 121 illustrate the horizontal slow-speed type, built in sizes
of from § to 55 h.-p.

Fra. 120.— Gardner liquid-fuel engine, type 3 to 5.
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121.—Gardner liquid-fuel engine, type 1 to 2a.

Fia,
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EXAMPLES OF STATIONARY PETROL AND ALCOHOL ENGINES, 117

Drrans or Garoxer Liguin-Fuen Excin

illustrated da figs, 120 and 121,

Bk Approximate ¢ 5 | . i
. Brake h.-p. Foior Standard belt-) (oo ep Price of engine Petn ppien |
3 using: eng‘i‘neelséﬁml;z?jew | pulley. i Ilywheel. complete, u:ing‘: xtra price
=l ,‘fu — S, | e - |
ales | | i
2 :E | | Petrol |
g|=z | | | i and al- | Paraflin b for |
E R | Par | o | cohol | with [ OTEWOL gy |
g Petrol.| o | Gross. | Net. ! Din. ! Rim. with tube w]i;ly:y ﬁlg |
w 1 magneto | ignition. CelE | gy pe.
| ignition. |
| |
) | | - I N i
h.-p ewt, qr. . ins. | It. ins. | ft.ins, ft.ins, L s | £ & Los, £ 5
0 | 450 T 2 4 BIl0 551 6 [0 3 o880 110
350 3 ! ! - .
A ¢4 33 0sfon 20 03| w5 o2
LA 35‘3 é.“ T 0] 6 0[0 7L 0 BL[{2 6 04 65 0 ¢ 6L10| 3 0
300 | 25 N - | -
2 el 5 1o2] 9 slo7ilosp|s0 04| o ysolso0
o
aal f00) 33 13|10 0|0 |0 6130 04| S| 8 o) 5o |
260 1 b | |
3 280 54 17 4| 14 071 13:0 9718 3 & 5 | 107 10 10710 | 610 |11 16
[300| #8 |
| 200 6 i
4 | 20| ©b 20 1| 15 41 3310 93,8 6 {0 5 120 0 120 0 710 1210
L om0 | 6T !
| 240 | 85 |
44,260 98 95 3 22 01 TEi011Ei3 0 0 8 140 0 M40 0| 910 [ 15 O
270 | 90 !
32 2| 27 al11gl1 04 0 0G| 1865 0 | 165 011 O |
40 1| 85 22 8301 1[4 6 0 7 | 190 o | 190 01315

66 0| B8 3.8 331 2L 5 2 0 7 | 250 0 | 270 01815 |81 b
Two flywheels | |
"

S R

we 0| 92 1 54 0 7 s 0| s 0 s o0
i | ‘
| |
1 1] 09 2 Bo5olo s | 880 0} 420 0 87 10
i | |
17 3|12 2 b6 |0 9 | 440 0 | 480 0 L40 0
i i
151 2| 133 3 | 58 [0 B | o0 | 560 0 i3 15
157 2 137 3 58 (09 i 575 0 | 000 b 43 15
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118 OIL MOTORS,

Liguid-fuel Stationary Engines, built by Tangyes Ltd., Cornwall
Works, Birmingham,

Horizontal slow-speed engines, in sizes of from 2 to 40 h.-p,, are illustrated
in figs, 122 to 129,

—/

%%%Fs;mﬁsﬁ;ﬁ /
g
i
\\.X/

NN

=

F1a. 122.—Vertical section of Tangye engine.

Fra. 123.— Horizontal section of Tangye engine,
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T16.125,— Feed pump
for starting with
petrol,

e — 3 STt L e
Fre. 124.—Cross-seclion of Tangye Frc. 1268, -—Electric ignition.
ongine,

A S — W ; e

‘F1e. 127,—Tangye liquid-fuel engine, using petrol, benzol, and paraffin, for small powers,
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Fia. 128, —Tangye liquid-fuel engine, using petrol, benzol, and paraffin, for large powers.

F1a. 129, —Tangye alcohol engine,
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Liquid-fuel Stationary Engines, using Petrol, Benzol, “Ergin,” and
Aleohol, Sohnlein System, built by the «Solos ” Motorengesellschaft,
Wieshaden,

The two-stroke-cycle slow-speed engine is illustrated in figs. 130 and 131,

Fie, 130, —Sohinlein two-stroke-cycle, valveless engine.

1, Fuel inlet port ; 2, Mixture chamber ; 8, Cock for speed governing ; 4, Air passage
from crank chamber; &, Air inlet; 6, Air passage to working cylinder; 7, Deflector
on the piston to guide the new charge into the combustion chamber; 8, Lxhaust port ;
9, Exhaust pipe ; 10, Opening for ignition device ; 11, Jacket water inlet ; 12, Jacket water
outlet ; 13, Feed needle valve ; 14, Fuel inlet ; 15, Air inlet,

Droits réservés au Cnam et a ses partenaires
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Tic. _13'i —Sihnlein twb-'s.troke-éyolé' valveless 'ehgiﬁe;"_ .
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124 OIL MOTOLS.

Liquid-fuel Stationary Engines, using Petrol, Benzol, “Ergin,” and
Alcohol, constructed on the Banki System, by Ganz & Co., Buda-
pest, Ratisbon and Loebersdorf.

These are illustrated in figs. 132 and 133, When petrol is used, the

engine works with a water spray.

F1a. 132.—Banki engine {vertical section),
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EXAMPLES OF STATIONARY PETROL AND ALCOHOL ENGINES, 1

O e e AT T e =

A=

B e =

Fro. 133, —DBanki engine (side elevation),

L I, Combustion chamber ; n, 2, Petrol spray and water spray ; £, Regulating nozzle
for petrol and water ; 7%, Exhaust valve ; s, Inlet valve ; I, Exhaust pipe; G, Strengthen-
ing ribs in cover cooling jacket.
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CHAPTER VIL

RECENT STATIONARY ENGINES WORKING WITH PARAFTIN
AND CRUDE OIL.

As already mentioned, there have been recently no striking improvements in
the construction of engines using paraffin and crude oil, in which the
mixture formation takes place during the suction-stroke. The Capitaine
engine and the Oberursel engine *
ones of this kind which have hitherto stood their ground in Germany with-
out modification of design. To these may be added, as regards Austria, the

inom” referred to above, are the only

Banki engine shown in figs. 134 and 135.

Similar remarks apply to the class of engines in which the mixture is
formed during the compression stroke. In these, the old form of combustion,
introduced by Akroyd and described in the third chapter, is still to the fore,
Neither do the newer two-stroke-cyele engines working on this principle, and
in which a water spray is added to the paraffin spray, present any really novel
feature ; they form a kind of combination of the Silhnlein valveless two-cycle
engine, with the Akroyd engine, in which the Banki water spray is utilised.

In eontradistinetion to the small progress made with engines working on
the mixture-forming principle, the construction of those working without
carburation has been pushed to a high state of development. This system
is represented by the well-known Diesel engine ; this engine ranks among the
prime movers, and for cheapness and reliableness, both in medium size and
large types, it far exceeds all other internal combustion engines.

The fuel consumption for a 200 horse-power Diescl engine, supplied with
parafin of 9789 calories (17620 B.Th,U.} is from about 179 and 133
grammes (-39 and *40 Ib.) per horse-power hour.

Aun engine very similar to the Diesel motor, is built by the CGebr.
Korting Company, Hanover. In this engine the air alone is highly com-
pressed, and the fuel is driven in at the commencement of the working-stroke
by specially high compressed air, In contrast, however, to what takes place
in the Diesel engine, the air used for foreing in the charge is not supplied by
a separate pump drawing direct from the atmosphere, but, towards the end
of the compression stroke, a certain amount of the cylinder air at this stage
already highly compressed, is drawn off and further compressed. This is

126
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STATIONARY ENGINES WORKING WITH PARAFFIN AND CRUDE OIL. 127

used to spray in the fuel deposited in the spraying nozzle, and ignition then
takes place automatically, as in the case of the Diesel engine,

Stationary Paraffin Engine, Banki System, built by Ganz & Co.,
Budapest.

(Figs. 134 and 135.)

This engine works with a vaporiser, which has been described in Chapter
IV. The ignition tube is heated only when starting up.

Fie. 134, "1, 135,

A, water jacket; B, Cylinder liner; C, Crank chamber and engine base ; B, Cover of
erank chamber ; F, Cylinder top cover; G, Vaporiser ; H H', Exhaust jacketed air heater ;
@, Petrol feed sprayer; b, Water sprayer ; ¢, Air regulating device ; p, Cateh for holding
up the inlet valve when regulating by eutting out explosions ; m, Lifting lever ; ¢, Spindle
lifting the exhaust valve ; K, Eecentric; %, Hecentric rod ; #, Governor rod; o s, Trip
mechanism for keeping the exhaust valve open to rogulate the speed of the engine.
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128 OIL MOTORS.

Stationary Diesel Engine, working with Paraffin and Crude Oil, built
by the Vereinigte Maschinenfabrik, Augsburg and Maschinenbau-
gesellschaft, Nuremberg, Augshurg.

(Figs. 136 to 143.)
The method of working of this engine has been explained in Chapter IIL

The cost of fuel, including cost of transport by rail of the crude oil, may be

reckoned at § to 2 pf. (0-03d. to 0°24d.) per horse-power hour, according to

the size of the engine and the locality.

§ MY 37 R —
Stroke 6E0

NN
N
N
A
N
A
N

N
N

R A i,

Fras, 136 and 137,
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STATIONARY ENGINES WORKING WITH PARAFFIN AND CRUDE oL, 129

Cooling Water

:’!“" Overflow

Fics, 138 and 139,—Diesel engine pump, for second stage of air compression, for
supplying the air for spraying the fuel,

o and b, Suetion and pressure valves of the first stage,
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STATIONARY ENGINES WORKING WITH PARAFFIN AND CRUDE OIL. 131

Fic, 142,—120 h,-p, Diesel engine, built by the Maschinenfabrik Augshurg (front view).
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132 OIL MOTORS.

- Fro. 143,120 h.-p. Diesel engine, built by the Maschinenfabrik Augsburg (rear vxew)
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STATIONARY ENGINES WORKING WITH PARATFIN AND CRUDE OIL. 135

Fia, 145.—Trinkler engine, built by
the Gebr. Kirting Co., Hanover
(section through valve).

C, Piston for delivering the highly-
compressed air into the eylinder,

D, Chamber for the highly compressed
air.

E, Equilibrium passage connecting the
chamber D with the combustion
chamber,

G, Overflow passage to F.

F, Spraying nozazle.

I, Fuel valve.
K, Fuel conduit,
11, Mouth of spraying nozzle.

The fuel consumption of a 12 h.-p,
engine supplied with crode oil at a
calorific value of 9863 calories (17,753
B, Th.U.) ameunts to 221 grammes
(48 1b.) per horse-power hour.

Fie. 146,—Trinkler engine, built by the Gebr, Korting Co., Hanover.
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136 OIL MOTORS.

A very interesting parvaffin engine has quite recently been brought out by
the Bronsmotorenfabrik, Appingedamm, Holland. This motor works on a
special system, in that a mixture containing a very slight proportion of fuel
vapour is formed during the suction and compression peried, the charge
becoming gradually more inflammable as compression increases. By the
combustion of this mixture, 4.e. with an increase in temperature and violent
collision of the separate particles, a quantity of fuel, which up to this stage
has been prevented from mixing with air, is all at once atomised and

Fre. 147.—Paraflin and crude oil engine built by the Bronsmotorenfabrik, Appingedamm
(Holland).

vaporised. The fuel vapour thus suddenly formed, comes in sutbiciently
intimate contact with the additional air to form a mixture which forthwith
ignites. The combustion prossure is thus kept uniform for a short time, as
in the Diesel engine. The fuel consumption is for these engines very moderate
with the small sizes. An 8 h.-p. engine takes } litre (‘44 pint) per horse-
power hour,

Compression is so great thabt ignition takes place automatically, The
exhaust is clear and odourless,

Fig. 147 is a view of the engine. No details of construction were forth-

coming,
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CHAPTER VIIL
AUTOMOBILE ENGINES,

TeE attempts made to drive vehicles on common roads by power, date
further back than the invention of the steam engine for hauling loads on
tracks. Even before Watt's time, attempts were made to apply the steam
engine, in its very crude, carly form, to road vehicles; French engineers had
given the preblem special attention. We find it recorded that as early as
1769, engineer Cugniot, of Paris, had succeeded in building a road vehicle
fitted with a two-cylinder steam engine, with which he made trial runs in
the streets of Paris, and obtained speeds up to 4 kms. (24 miles) an hour.
English engineers also made many attempts to solve the problem. All these
efforts, however, failed, for the steam engine was not then sufficiently
developed to meet the many and varied requirements connected with road
traffic.

A more favourable field for the development of the steam engine offered
itself at that time in traction on rails, and in this dircetion the efforts of
BEnglish engincers were soon crowned with success. George Stephenson
succeeded in building a locomotive engine in 1829 ; this was put into actual
service, and has, to this day, remained the model upon which all locomotives
have been built.

In view of the experience thus gained with engines for truetion on rails,
it was thought possible to follow out the same type of engine for road vehieles,
and experiments in this direction were continued down to the carly 'sixties,
but without any very satisfactory results. The road vehicle thus evolved was
not an actual carriage for the teansport of passengers and goods—this
desideratum was not attained,—but the well-known, but then more or less
primitive road locomobile, such as is used now for operating steamn ploughs
and for road rolling. It was only when the gas engine was introduced, and
when liquid-fuel was found to be suitable in the place of gas for engines of
this latter type (i.e. about the late 'seventies and early ’eighties the outcome
being the petrol engine), that the correct method was forthcoming,

Numerous experiments carried out with rail traction engines, fitted with
the earlier motors originally built for stationary purposes, had given satis-
factory results. It was mnecessary, however, to still further improve the

137
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138 0IL MOTORS.

motors by reducing their weight, and to increase their power by raising their
speed ; the reciprocating parts had also to be balanced, in order to overcome
vibration of the vehicle frame.

The following remarks with regard to decrease in weight, will show to
what extent progress has been made in the course of a few years.

The first petrol stationary engines utilised in 1880 for driving railway
engines weighed about 500 kgs. (over 1100 lbs.) per horse-power. By 1886,
owing to Daimler’s improvements, the weight had been reduced to 40 kgs.
(over 88 1bs,), In 1896, a further decrease in weight was obtained—for
instance, in the case of the air-cooled bicyele motor built by the French
Company, De Dion et Bouton ; this weighed 12 kgs. (over 26 1bs.) per horse-
power, At the present time the Socic¢té “ Antoinette,” Paris, builds engines
which weigh only 1} to 1 kg. (2'75 to 22 1bs.) per horse-power. In the
course of twenty-seven years, therefore, the weight has decreased from 1100
lbs. to 2'2 lbe. All these engines, further, work on the fourstroke cycle,
only one half of a revolution to every two run by the engine being effective.
It is quite possible that the valveless two-cycle engine, referred to above,
will also be found to be applicable to vehicles ; also that fuels will be obtain-
able which will allow of a higher compression than the petrol now used. If
such changes occur, automobile engines will be largely increased in power ;
there are also probabilities that the weight of the engines will be reduced
considerably below the present limit,

Besides their smaller weight, internal combustion engines have many
other important advantages over steamn engines, which render them specially
suitable for driving road vehicles. Among these advantages may be men-
tioned their high thermal efficiency ; the fact that they are always ready for
working ; the small amount of attention they require ; the highly concentrated
character of the liguid-fuel they use, which renders storage on the vehicle
a matter of but little difficulty. All these are points satisfied only to a very
small degree by steam engines.

But with all these advantages, internal combustion engines have certain
disadvantages which should also be mentioned. They are not easily revers-
ible, and are not readily started, as are steam engines; their power, also,
decreases out of all due proportion when speed is much reduced. There is
lacking also uniformity of design: so much so, in fact, that it cannot yet be
said that a 1'eprc:sei'1tative type has been evolved, as is the case, for example,
in steam locomotives.

In the construction of automobile engines the following features may be
said to have become standardised :-—the vertical construction of the engines ;
the plarality of cylinders ; the arrangement of the valves opposite each other ;
the mechanically operated inlet valve; the casting in one piece of cylinders,
covers, and valve chests. There is still much diversity in ignition devices and
carburettors.

Notwithstanding the rapid development in the construction of automobile
engines, there is yet much room for further improvements. They are still
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deficient, more especially as regards durability and economical working,
features which, if satisfactorily secured, would render them suitable not only
for pleasure and sport vehicles, but also for ordinary traflic and commercial
purposes. The improvement in heavy vehicles is thus a wide field full of
promise, open to young engineers. In any attempt made in this direction
these workers will be helped by the fact that the gradually increasing use of
the engine in daily life will lead to a more general understanding of all things
mechanical.

Benz Automobile Engine.

When referring, in the third chapter, to the development of the petrol
and paraffin engines, we gave details of the Daimler petrol engine, which has

—
SN

Fic, 148,—DBenz automobile engine of 1896 (horizontal section),

A, Working eylinder ; B, Engine frame ; C, Crank shaft bearing ; 1), Small, and
K, Large, pinions driving the valve gear; ¢, Kxhaust cam ; &, Compression reliel cam ;
Jy Hand crauk for throwing out of gear the cam roller @, for operating the compression
reliel ; g, Spring which presses against the dise «, for normal running ; Q, Contact dise
for ignition ; «, Contact springs; ¢ and », Wire leads ; (i, Extension of engine frame ;
L, Ignition mounting to suit the methods of ignition : 7, Insulation; K, Wire lead ;
m, Sparking points ; N, Exhaust passage ; M, Additional air valve.

served as the model for the present automobile engines. Benz, the founder
of the Rheinische Gasmotoren Aktiengesellschaft, Maunheim, carried out,
contemporaneously with Daimler, experiments with the object of constructing
an engine suitable for road vehicles. He first made trials with a horizontal
engine built exactly on the pattern of the stationary ones for driving his road
vehicles, and adhered to this pattern, with but slight alterations, up to the
middle of the ‘nineties.

This older engine is illustrated in figs. 148 and 149. The charge was
formed in the carburettor then commonly used, in which the air was drawn
through a large quantity of petrol.
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De Dion-Bouton Automobile Engine,

Another important automobile engine was the French De Dion et Bouton
engine introduced in the first half of the nineties.

Alaminium was used, for the first time, for certain parts of these engines.
For the first time, also, batteries were used for supplying current for ignition,
and cooling ribs cast perpendicularly to the cylinder axis, which, besides
having a good cooling effect, made it possible to reduce the thickness of the
cylinder walls,

As new features, mention may also be made of the ignition plug, the use
of the circuit contact-breaker instead of the Neef hammer, and the increased

I'ia. 149.—Benz automeobile engine of 1896 (side view).

R, Lever for retarding ignition ; A, Exhaust lever; ¢, Intermediate lever for reducing
side-thrust on the exhaust valve spindle; I, Exhaust valve; K, Automatic inlet valve
n, Contact spring ; p, Make and break device; @, Roller on exhaust valve eam lever ;
I, Exhaust valve cam lever,

speed, up to 1500 revolutions per minute and over. This engine, as will be
seen, contained a uwumber of important improvements. All these stood the
test of actual service, and are in use at the present time.

Figs. 150 and 151 illustrate the De Dion-Bouton engine as originally
designed,

The Canello-Diirkopp Automobile Engine (1900).

Another forerunner of the present type of automobile engines for heavy
vehicles is the Cancllo-Diirkopp system, illustrated in figs, 152 and 153. As
will be noticed, this is a two-cylinder engine, both ecylinders being close
together and cast in one piece; the placing of the valve chests on opposite
sides is also an arrangement now followed.
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The engine still works with hot-tube ignition and automatic inlet valve.
A marked disadvantage of this type is the practice of keying the cranks in
line on the same side of the crank axis and the use of a heavy counterbalance,
With this arrangement the working-strokes may be made to follow one
another vegularly, but balanecing by means of n counterweight on the erank

F1a. 150.—De Dion-Bouton engine in its
original form {vertical seetion),

Fra. 151, —De Dion- Bouton engine
(side elevation).

A, Crank chamber of aluminium ; B,
Working eylinder with radiating ribs ;
C, Combustion chamber; 1, Exhaust
valve ; F, Inlet valve; G, Cock for re-
ducing compression to facilitate starting;
H, Sparking plug ; L M, Shaft journals ;
K, Crank pin ; O, 0", Distribution pinions ;
P, Make and break dise for ignition ;

A, Crank chamber of aluminium ;
D, Bolts conneeting the eylinder cover
and the erank chamber; a, b, Current
leads for ignition ; ¢, Pins of contact
breaker spring; e, Adjustable screw
contact point; f, Contact breaker
spring + %, Head of contact breaker
spring,

R, Movable dise for retarding ignition ;
n, Sparking points ; ¢, Current lead,

is at the best very imperfect. The cranks of such engines are now keyed at
180°, and hbalancing is thus automatically effected by the employment of
similarly shaped parts of equal weight, in as perfect a manner as possible.
The working-strokes, however, are no longer regular, the two following each
other immediately, after which there occurs an interval of a full revolution.
Then the two working-strokes again follow one another directly, and so on,
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Notwithstanding this irregular succession of working-strokes, the vibrations
on the vehicle frame are not nearly so great as in the case of engines with
cranks keyed side by side at 0° in line and balanced by a counterweight.

A special feature of this engine, and one not of sufficient value to be
adhered to, was the method of speed-governing. This was a hit-and-miss
gystem of governing, by keeping the exhaust valve closed and working about
of the exhaust gases inside the cylinder, in the manner alluded to in the
fourth chapter, which deals with the various methods of governing.

Fies, 152 and 153.--Canello-Ditrkopp automobile engine,

A, Working eylinder ; B, Crank chamber ; C, Cylinder cover with valve-chests cast on ;
D, Automatic inlet valve ; B, Exhaust valve; F, Exhaust valve cover; G, Inlet valve
cover ; H, Counterbalance ; I, Flywheel ; K, Lay shuft; O, Crank webs; b, o, ¢, Cam
shaft gear ; &, ¢, Governor which shifts the lay shaft in order that the exhaust valve may
be kept closed,

Recent Automobile Engines. Four-cylinder Engine of the Adlerwerke,
vorm, Heinrich Kleyer, Aktiengesellschaft, Frankfort-Main,

(Figs. 154, 155, and 156.)

The engine casing is cast in one piece with the gear ease, as shown in
fig. 156. The engine is fastened by a separate steel base plate (fig. 155) to
the vehicle frame ; by this means a stiff and safe support is obtained for the
crank shaft, forming at the same time a covering for the mechanical parts
against dust and dirt.
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All the gears run in oil. The cylinders are cast together in pairs,
surrounded by a common water-jacket. The ignition devices and ecarburettor
are easy of access below the casing,

Ignition is by the Bosch high-tension device. The ecarburettor and
governor are described in the fourth chapter.

Fre. 164, — Four-eylinder engine of the Adlerwerke, vorm, Heinrich Kleyer A,-G,,
Frankfort-Main (front view),
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e

Fre. 165, = Four-cylinder engine of the Adlerwerke, vorm. Heinrich Kleyer A.-G.,
Frankfort-Main (vertical seetion),
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Four-cylinder Engine of the Daimler-Motorengesellschaft, Cannstatt.
(Figs. 157, 158, and 159.)

The valves are arranged on opposite sides of the cylinder, The
carburettor is described in the fourth chapter. Ignition is by contact-
breaker, in connection with the Bosch magneto-electric apparatus. '

Fie. 157.—Four-cylinder engine of the Daimler-Motorengesellschaft (exhaust side)
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Fio. 158, —Four-cylinder engine of the Daimler-Motorengesellschaft (front view).

Six-Cylinder “Hexe ” Engine, built by Achenbach & Co., Hamburg.
(Figs. 160 to 163.)

In this engine the gylinders are cast separately, and the valves are placed
on opposite sides of the cylinder. The cooling jacket over the combustion
chamber is fitted with an easily removable cover. The crank shaft is of
nickel steel; the cranks are keyed symmetrically at an angle of 1207
Ignition takes place in the following order, in eylinders 1, 2, 3, 6, 5, 4, and
is effected by contact breaking., When desired, the engines are provided with
double ignition, being fitted with both contact breaker and plug.

The Claudel carburettor is used; this allows of a variation in speed
between 120 and 1800 revolutions. "
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l
ala___b __nla

F16. 160 — Six-eylinder ** Hexe engine, built by Aclienbach & Co., Hamburg (side elevation).
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Fre. 163,—Crank shaft of the six-cylinder *“ Hexe ™ engine, built by Achenbach & Co,,
Hamburg,

Four-cylinder Engine of the “Bayard” Automobile, built by A.
Clément, Levallois, Paris,

(IFigs. 164 to 167.)

[8

"The cylinders of this engine arve cast separately, and the valves are fitted
on opposite sides.  Ignition is on the Simms-Bosch system.  The carburettor
is of the Clément pattern, described in the fourth chapter.

Fra, 164, —Four-cylinder * Bayard ” engine (side view).
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s

Fre. 165, —Four-eylinder ©* Bayard ™ Fie, 166.—*¢ Bayard " engine (vertical
engine (front view). section).

PV

Flo. 167.-—* Buyard 7 engine (Simms-Bosch ignition deviee),

Four-cylinder Engine of the Maschinenbau-A,-G., vorm. Ph.
Swiderski, Leipzig-Plagwilz,
(Fig. 168.) .
This engine runs with paraffin ; it is built on the design of the Swiderski
paraflin engine described in the third chapter, and is used for driving heavy

vehicles, such as those used by Messrs . Troost, Berlin, for their under-
taking in South-West Africa.
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Automobile Engine of the Niirnberger Motorfahrzeugfabrik “ Union”
Ltd., Nuremberg.

(Figs. 169 to 171.)

These engines run at comparatively low speeds; they have only one
eylinder for powers of from 4 to 12 h.-p,, two cylinders from 12 to 16 h.p.,
and four cylinders for 16 to 30 h.-p.  As will be seen from fig. 170, the one
cylinder engine works with piston. contact ignition as deseribed in the fifth

| MAURER
. MoD:13905

F16. 169.—Four-cylinder ** Maurer-Union ” engine (side view).
chapter. The pin fitted to the bottom of the piston comes in contact, at the
end of the stroke; with the interrupter lever, and breaks contact. Current is
supplied by a Bosch magneto.

Recent Cycle Engines.

The prototype of the engines as now used for the propulsion of cycles
and light cars, is the De Dion-Bouton engine, to which allusion has already
been made. Besides its light construction, this engine is characterised by
the system of air-cooling adopted, cooling being facilitated by the radialing
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& i

Maurer-Union ™ engine (side view),

Fie.. 171. —Omne-cylinder

%

section in eylinder

ey
gssmﬂ_-v.m

F16,170.~~One-cylinder ** Maurer-Union” engine (
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ribs cast on to the cylinder, the combustion chamber, and valve chests. The
fact that water-cooling could not be employed in small combustion engines,
and that radiating ribs were quite cffective, was well known in the seventies,
bhis method having then been used in the Bisschop engine, built about that
tirne by the late Firm of Buss and Sombart, Magdeburg. In this instance,

Air
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! Throttle
s ol Pecrol
5 Tank
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. | 3
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MOT |+ + o~
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o

- Batcenr

= ¥

Y

-

Breaker

Exhoust Box
Fi1. 172, —Neckarsulmer eycle engine,

the cylinder was made with longitudiual ribs, to satisfy special conditions.
In cycle engines, which work in the open and move in a current of air at a
high speed, transverse ribs had naturally to be adopted, as these allow the air
to strike divect into the spaces between the ribs.

Without watcr-cooling, the construction of the engine is greatly simplified ;
the vehicle is also lightened considerably, and at the same time made much
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more independent. These considerations are of special importance in the
case of engines for air-ship propulsion,

There are, of course, limits to air-cooling. Its applicability depends upon
the dimensions of the cylinder and the speed of the engine, therefore upon
the quantity of fuel which is burned in a given time. For some time now,
the current of air passing has been inereased by fauns; in this connection it
should be noticed that in order that there should be a sufficient cireulation
of air, and that cooling should not be effected only on one side of the engine,
two fans are now usually provided, one in front and one in the rear, the
latter having for its object to carry off the air blown on the cngine. The air

F1e. 173.—Carburettor of ** La Motosacoche.”

A, Mixture chamber ; B C, Float chamber ; D, Serewed joint for A, B, C; E, Float ;
F, Float valve spindle; G J, Fuel supply; I, Float wvalve; K, Air regulation ;
M N, Dipper for driving down the float on starting the engine ; O, Lever for air supply
regulation ; I, Cold air supply ; T, Connection to inlet valve ; U, Main air pipe.
can only have a cooling effect when it is, to start with, as cool as possible,
and it is not to be expected that, in the case of an engine of several cylinders
placed one in the rear of the other in the direction of travel, the rear
eylinder can be as effectively cooled as the first one. The heat to be dis-
persed by cooling can be estimated as follows :—

Of the 10,300 calories contained in a kilogramme (18540 B.Th.U.) of
petrol used in these engines, about 15 per cent. is converted into work, 30
per cent. goes out with the exhaust gases, and no less than 55 per cent, has
to be removed by cooling. The development of air-ship engines will lead to
greater attention being paid to air cooling, with a view to its improvement,

Fig. 172 illustrates, diagrammatically, the eycle engine of the Neckar-
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sulmer Fahrradwerke, The carburettor and ignition device of this engine
are described in the fourth and fifth chapters.

Cycle Engine ¢ La Motosacoche,” built by H. and A. Dufaux &
Co., Geneva, Switzerland,

(Figs. 173 to 177.)

3
3
"l‘urc Q

F1o. 174.—Vertical section of cycle engine built by H. and A. Dufaux & Co., Geneva.
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The engines and fittings are mounted in a three-cornered frame of the
shape of a cycle frame, so that every ordinary bicyele can be converted into a
motor cycle by insertion of the engine frame. The valve chests are on the

Fre, 176.—Cross-section of cycle engine built by H. and A, Dufaux & Co., Geneva,

Fros, 174 and 175, A, Cylinder ; B, Casing ; C, Cylinder head; D, Starting cock ;
E, Regulating screw for equalising pressure in erank chamber ; ¥, Exhaust pipe ; G, Nut
for holding down the inlet valve mounting ; ,, Pressure equaliser ; H,, Guide for exhaust
valve rod 3 M;, Central point of cam lever slot ; P P, Disc of erank ; 8, Driving pulley ;
U, Crank lever for working the exhaust valve; V, Inlet valve; V,, Exhaust valve;
X, Valve lifter ; ¥, Block working in the cam slot.

front side, and are therefore struck first by the air. The exhaust valve is
operated by a cam lever working in a slot. Toothed gears are only used for
operating ignition.

The 1} h.-p. engine ouly weighs 74 kgs. (16-5 Tbs.).
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Fu 176.—CGeneral view
of the engine complete

(left side). P

16, 177, —CGeneral view of the engine
cotplete (vight side).

A, Frame; B, Screws lor
lixing the engine frame
intheeycle ; K, Battery ;
C _ P, Electric wire condne-
tor; H, Clamp plate of
battery ; I, Tgnition plug;
J, Conduetor to ignition plug;
K, Petrol tank ; I, Petrol ceut-
off cock ; M, Petrol pipe; N,
0 Carburettor ; 0, Lubricating

oil tank and pumyp; Q, Silencer;
T, Pressure equaliser for crank casing ;
U, Ignition current contact breaker ;
Y, Ignition eontrol lever. There is
a Hexible trausmission for throttling
charge 3 Z, Driving pulley.
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Cycle Engine of the Wanderer-Fahrradwerke, Schonau, near Chemnitz.
(Fig. 178.)

This engine develops 2% h.-p. at 1800 revolutions. Ignition is by
magneto and ignition plug,

108

77 32
Fre. 178, —Cyele engine of the Wanderer-Fahrradwerke,

1, Cylinder; 140, Exhaust conneetion ; 107, Charge entrance; 61, Exhangt valve
spindle ; 211, Ignition plug; 69, Exhaust valve rod; 65, Exhaust valve lever; 57 and
53, Gears driving the valve cams 5 65 and 56, Gears for working muagneto,
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Engine of the Maschinenfabrik «Cyklon,” Rummelsburg, near Berlin,
(Fig. 179.)

This engine develops 35 h.-p. The radiating effect of the cooling ribs is
increased by a fan.

Fre. 179.—Engine of the Maschinenfabrik ¢ Cyklon.”

1, Working eylinder ; 2, Piston ; 4, Connecting rod ; 18, Gear pinions ; 15, Crank
shaft ; 16, Counterbalance ; 44, Exhaust valve,
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CHAPTER IX.
SHIP, BOAT, AND AIRSHIP ENGINES,

Waen in the commencement of the last century the American inventor
Robert Fulton had suceceded in building a steam engine suitable for ship
propulsion, it was soon found that the steam engine was suited to the larger
clagses of ships only. For boats and small vessels, there was not sufficient
space available for the boiler and for stoking, and the first cost and the cost
of working were besides much too high to allow of the general use of small
steam-driven craft. A suitable source of power for small craft was only
forthcoming on the advent of the liquid-fuel internal combustion engine.
Engines of this type were found to be of suificiently low cost; they occupied
comparatively little space, and required no very skilful attention in serviee.
In these new engines, however, reversibility and automatic starting were
qualities the lack of which was badly felt. Propellers with reversible blades
or reverse-acting propellers had to be resorted to, in order to cause the craft
to travel with certainty either forward or backward. Risk of fire, which in
stationary installations is only, comparatively speaking, an unimportant
consideration, had te be taken seriously into account in the case of boat
engines. The lack of a fuel completely free from fire risk is one of the main
causes which have hitherto prevented motor-driven boats and ships being
used to the extent that would be desirable for maritime traflic and fisheries.
In this instance, as in the case of transport by land, safe working and
cheapness are requirements which remain still to be fulfilled. Most of the
types of engines would not stand the rough handling they would be likely to
have to put up with at sea. The first internal combustion engines for the
propulsion of boats were built by Daimler; in 1886, he fitted a boat with a
2 h.-p. two-cylinder engine he had huilt specially for that purpose, and this
gave good results. He subsequently further successfully developed his
petrol engine for marine work. The design of these first petrol boat engines
is shown in figs. 180 and 181.

The carburettor used was on the pattern of that described on page 26,
The exhaust valve was operated by the sliding piece j7 working in the
groove g¢'. From the accompanying illustrations, it will be seen that
governing was effected by cutting out the charge by holding the exhaust
valve ofl its seat. The lever which thus held the exhaust valve open by the

163
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action of the governor is marked m n. A valve J is shown in the piston ; this
was operated on the outer dead centre and allowed the entrance of fresh air.
Tgnition was by a platinum tube.

Two-cylinder Paraffin Boat Engine, built by the Maschinenbau A.-G.,
vorm. Ph. Swiderski, Leipzig-Plagwitz, in 1895

This engine works with paraffin and heavy oils in the same way as the
apitaine engine described in the third chapter. In this engine also, the

Exhaust Valve

e 4 indles .
Exhaust §° Spmd e
Valve i

& /)
—— == 2 5
F1cs, 180 and 181, ——Daimler boat engines built in 1890,

cranks arve set at 0°,  Speed is regulated by hand lever. These engines are
built by the firm in large numbers, both for use in the country and for
export, and give good results, These engines are shown in figs. 182 and 183,

“Sleipner ” Boat Engine, built by the Gebr. Korting A.-G.,
Kortingsdorf-Hanover.
(Figs. 184 and 185.)

This engine can work with petrol, benzol, alcohol, or paraffin.  When
using the latter fuel, the engine has to be started with petrol, and run with
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it until the combustion chamber has reached the required temperature.
Ignition in the case of engines up :
to 30 h.-p. is high-tension magneto-
clectric. For larger engines, the
low-tension magneto-ignition is used.
If desired, plug ignition and an ac-
cumulator are added to the latter.

Oiling is not effected by splash-
lubrication from the erank chamber,
but every part has its own lubri-
cator by which the required amount
of oil is distributed.

The silencer is water-cooled.

Fros, 182 and 183, —Swiderski hout
engine,

A, Exhaust valve chest; b, 5, Re-
duction gear; e, Exhaust valve lever;
d, ¢, b, ¢, Hand lever regulation ; «, Lay
shaft 5 /, Hand lever for speed governing ;
Py ¢, , Starting device ; o, Tightener for
starting belt ; m, Lenz pump.

Fro. 182.-— Vertical section,

Fie. 183.—8ide elevation,
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I'1c. 184, —'¢ Sleipner ™ boat engine (section through cylinder).
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The Korting Paraffin Engine for Submarine Boats.
This is a valveless two-cycle engine. The crank chamber does not act as

a mixture pump, a special pump being provided for the purpose. This is a

il
[} \l',\|
|1 A
'l,. [ )
A I
A\ |
!
[ i
b I
) [
H [
| .
I 1 -
L 1
L ‘ P
. P
i L
! =
— ,‘
e /
LA )
b\ ;
\ b
)
by
N
‘\\l\\
b
Y
0
\
)
W

Fre. 187.—8ection through the engine-room of a submarine fitted with the Kérting
paraffin engine,

scavenging machine. DBetween the introduction of a fresh charge and the

exhaust of combustion gases, a charge of air is drawn in.
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The engine has six cylinders waterjacketed in pairs. There is a
vaporiser and one exhaust pipe for every two cylinders. The only mechanism
besides the main driving gear—i.e. pistons, connecting rods, and shaft—is
that for the ignition contact-breaker. As mentioned in the third chapter,
the heating of the vaporiser and combustion chamber is done by electricity.
The submarine boat being driven under water by an electric motor supplied
with current from a large aceumulator, there is sufficient current available
for starting the engine and for heating purposes. The electric heating is so
rapid that the engine can run on paraffin after four or five minutes. Petrol

¥16. 188, —Deutz boat engine driven with paraflin.

and other dangerous liquid-fuels liable to eause explosions are not taken on
board the submarine at all.

Fig. 186 is a side clovation of the cngine, and fig. 187 a section through
the engine-room of a submarine.

Fig. 188 illustrates a paraflin boat-engine built by the Deutz Gasmotor-
enfabrik,

Figs. 189 to 191 illustrate a parafiin boat-engine on the Gardner system,
a8 built by Bicberstein & Goedicke, Hamburg,

According to their size, the engines run at 500 to 800 revolutions per
minute, They work with cut-out governing, but the exhaust valve is not
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held up, the charge inlet valve, on the other hand, being kept closed. In
addition to the positively controlled charge valve, these engines are fitted
with a second automatic inlet valve, through which air only is drawn
in.  Air also enters the cylinders through this valve when the charge
inlet valve is closed by the governor. Warm water drops on to the

Fic. 180.—Gardner one-cylinder boat engine, using paraflin,

latter valve, and is removed in the form of steam and waterspray by
the inrushing air; this lowers the internal temperature and ecnables a
higher compresgion to be used.

The working of the engine is thus rendered more economical ; it runs also
more smoothly, and inside cleaning is but seldom required. The fuel-evapor-
ating chamber is kept heated by a lamp.
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Boat-engines built by Heinrich Kimper, Berlin-Mariendorf.
(Figs. 192 and 193.)

These engines work with petrol, aleohol, and paraflin. The fuel-tank is
placed on a lower level than the carburettor, and is not under pressuve, A

Fre, 191.—Gavdner two-cylinder boat engine, using paraflin (eross-section).

pump delivers the fuel into a small overflow tauk, from which that not
utilised Hows back to the main tank. Low-tension magneto-electric ignition
is used.

In all the engines, the inlet valve is positively controlled. Both the ex-
haust and inlet valves are made of nickel steel, and cannot therefore become
rusty. The waterjacketed spaces are provided with a cover for cleaning-out
purposes. In the engines having several eylinders, the exhaust pipe is water-
cooled.
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-

Fro. 193.—The Kimper
© thyee - cylinder boat -
~ cngine,
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Derains oF Boar avp Wincn-Drivine ENGINES,

bwilt by Heinrich Kamper, Berlin-Mariendorf.

! ] i I
Size . . . . . . .8 . 8b ¢ BF SDDh ¢ 8G SFF |
Number of Lyiz:ld{,rs . . . . . . . P2 2 4 8 4
Brake h.-p. at normal speed . . . . . 65 8 13 6 | 19 26
Normal speed : revs, per min. . . . . . 650

| 700 50 | 700 | 550 650

Price of engine, including magneto ignition, com-
plete central lubrication, cooling pump, starting |
handle, fuel-tank for ten hours’ running and | |

silencer . . . . £ 8. 90 0112 10 155 O | 207 10

0300 0
| Price of tl'mqmisslnn "cm on frame, with lever {
‘ and couplings . £ 1 47101 4710 60 0 60 O 75 0 75 0
| Price of shaft in two ;hl.ll,s (l)ﬂ» lmw) with mt«:v | | i | |
i mediate bearing and 111‘0]’)01]('{ . £ s, PIL o 15 01 15 0
Price of stern tube, up to 39 ins, in length £os. 1 0 5 0| & 0
Price of protective cover . . £ s 1210 15 0 15 0
Total price of engine an;)lcte £ s 205 01360 0410 0

Approximate weight in 1bs.

Engine .

Transmission L,e,n‘
Foundation frames
Shaft in two parts
Intermediate bearing .
Propeller

Stern tube

Protective cover .

Total

Boat-engines of various types, built by John I. Thornycroft & Co. Ld,,
Chiswick, Southampton and Basingstole.

(These are illustrated in Figs. 194 to 197.)

i, 194 —Thornyeroft boat engine.
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Airship Engines.

The success which has attended the manufacture of dirigible airships in

Fic. 195, —Thornyeroft boat engine,

F16, 196.—Thornyeroft boat engine.

various countries is largely due to the improvements which have been made
in the construction of internal combustion engines of great power combined
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with lightness of weight. The power required for propelling airships and
rendering them steerable with safety, can only be determined by experiments.

Fic. 197, —Thornyeroft boat engine.

Formerly where trials were carried out with 5 or 10 h.-p, 50 to 100 h.-p.
engines are now available, Count Zeppelin uses for his airship—with which,
after long trials, he has obtained excellent vesults; attaining speeds up to
thirty miles per hour—two engines of 110 h.-p. each,

As stated in the eighth chapter, when dealing with the development of
cycle engines, there is still a possibility of veducing the weight of the engines,

Fie. 198.—Korting airship engine of 1887,

lby using new kinds of fuel and running on the two-cyele system. Owing
to the great dangers which the use of petrol for airships entails, it is
absolutely necessary to look for fuels which will be less likely to cause the
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airship to catch ﬁre, while being at the same time suitable for the airship
engines.

But little publicity has been given to the attempts made in former times
in regard to the construction of engines for airships. The firm of Gebr.
Kirting, Hanover, built an airship in 1887, supplied to the State Airship De-
partment in Berlin. In order to avoid all danger of fire, this engine was sup-

Fic. 199.—100 h.-p. ‘* Antoinette ” engine, carried by a man,

plied with lighting gas which was carried in a separate balloon ; ignition was
by battery on a system similar to the sparking plug ignition of the present day.
Owing to the slow speed at which combustion engines then ran, and to the
absence of light metals, this engine was too heavy to glve good results. It is
illustrated in fig, 198, -

The manufactarers who have given most attention to the construction of
airship engines are the Daimler Motorengesellschaft and the Somé!;é
* Antoinette,” Paris.
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Tigs. 199 and 200 show a 100 h.-p. engine built by the Société
“ Antoinette,” which weighs only a little over 1 kg, (2'2 1bs.) per horse-power.

F1e. 200,—Sixteen-cylinder 100 h.-p. engine, built by the Soeiété ** Antoinette.”
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CHAPTER X,

ROAD AND RAIL VEHICLES, AND AIRSHIPS, DRIVEN
BY INTERNAL COMBUSTION ENGINES.

As already stated, internal combustion engines cannot start automatically,
and cannot be reversed by simple means; the power they develop also falls
ofl exceedingly rapidly and at a rate out of all proportion to any reduetion of
speed. To these features are due several of the difficulties encountered in
the construction of motor vehicles, and in consequence the drive is not direct
on to the wheels, but the power is transmitted to them through gears and
clutches. A steam locomotive starts running under the pressure of the steam ;
it commences to run slowly, but its speed will gradually inerease. Such is
not the case with the internal combustion engine. These engines even lack
the means to enable them to commence running, and extraneous power has to
be applied in order to start the fuel and airsupply and compression; it is
only then, if all works well, that they can commence working. TUnlike a
steam engine, an internal combusbion engine cannot have the full load thrown
on to it at once, but must be started up and allowed to acquire a certain
speed before it will develop any appreciable amount of power,

This lack of power at starting in the case of internal combustion engines
is of especial disadvantage, for it is just when a vehicle is being set in motion
and the inertia is being overcome, that a greater amount of power is needed
than is required for maintaining an acquired speed. In the design and con-
struction of road and rail vehicles for traction by internal ecombustion engines
due account must be taken of these features. The engine requires a starting
device, this being usually either a hand-erank or some compressed-air arrange-
ment. The transmission between the engine and the wheel must not be of
a rigid type, but should be easily removed and elastic. Both forward and
backward running and different speeds must be provided for. 1In cases where
two driving wheels are mounted on the same axle, a differential gear is re-
quired to allow of turning by driving one wheel faster than the other.

The first eycle driven by a combustion engine was that illustrated in figs.
201 and 202, built by Daimler; this motor cycle was brought out in the
early ’eighties.

Daimler followed this up by bringing out, in 1886, the first motor-car,
illustrated in figs. 203 and 204, In this, the engine was mounted in the space

180
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between the two axles; power was transmitted by means of two belts and an
intermediate shaft and gears. Starting
was effected by means of a friction
coupling on the engine shaft.

At the same time as Daimler had
succeeded with his motor-car, C. Benz,
of Mannheim, was also suceessful ; he
brought out, also in 1886, a car which
is shown in figs, 205 and 206. The
engine flywheel, in this car, was hori-
zontal, and power was transmitted by
bevel gear and pulley to an intermediate
belt pulley, and from this to the driving |
wheels through chains. The car had
only one steering wheel. This first
Benz car is still fit for service.

The Ibenz works then Luilt in 1888
a new type of car, in which, however,

they retained practically the same . .
. . o . Fie. 201.—The first Daimler motor eycle.
mechanical devices; they exhibited this

at the time in Munich, and it was the first road-car driven by a petrol

engine ever shown at an exhibition.

Fig. 202,—The first Daimler motor cycle (side elevation).

A, Crank chamber and working eylinder ; B, Saddle; C, Carburettor ; F, Silencer ;
, Exhaust pipe ; M, N, Belt pulleys ; K, Belt tightening jockey pulley ; H, Hand lever
for belt tightening jockey pulley: o, p, Brake which works by slackening the belt :
i, Handle-bar.

This car travelled at a speed of 16 kms., (about 10 miles) an hour, and
could travel on gradients of 6 in 100 (one in 16-6).
Since those carlier days, both the Benz works and the Daimler-Motoren-
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gesellschaft have been untiring in their efforts to further the development
of automobile construction,
and have met with very
good success. After their
first caxs, the Benz works
brought out a type of car
which was found to be most
serviceable and durable,
several of which are even
now quite fit for service.
The Benz car built in
1891 is shown in figs. 207 to
200.  As will be seen, the
belt drive is retained ; steer-
ing wheels pivoted on the
axle were used for the first
time in this automobile.

i, 203.—The first Daimler car, 1886,

Recent Automobiles,

It does not fall within the scope of this publication to describe in detail
the various types of chassis and gear; these will only be considered so far
as is necessary to couvey a clear general understanding of the subject.

From the opening remarks of the present chapter dealing with the

Fie. 204.—The first Daimler car, 1886 {side elevation),

A, Engine ; ¥, ¢, Belt pulleys on the motor shaft ; ¢, 7, Belt pulleys on the intermediate
shaft ; g, Intermediate shaft ; b, Steering wheel ; m, 7, Pivoted steering frame,

characteristic features of the internal combustion engines, it will be evident
that the construction of really serviceable chassis and gear, likely to give
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thorough satisfaction in service, is no easy matter. The modern types of
motor-car construction are the vesult of constant labour and the outlay of
vast sums of money during the last ten years.

- No lengthy consideration of the development of powebdmven vehxcles is.
n__acessarj for it to be recognised that the vibrations and shocks on the

_Ij‘m.' 205.—The first Benz motor-car, 1886, i o _

s.utomohlle obassxs, nsmg fmm 1ron-t.yred wheels, even at the elow spee«is
that were practicable in the earlier days, must have had a very demment__ I
effect on all the parts of the automobile frame and of the engine itself.” “The
spring suspensions until then used for passenger vehicles were not in the
least suitable for power-propelled cars. The numerous shocks due to the
small and great uunevennesses of the road surface could only be properly
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counteracted by the use on the wheels of tyres of great elasticity; the shock
must be neutralised at the very point of origin. In spite of all the attempts
made in this direction, nothing has so far been found more suitable than the
india-rubber pneumatic tube such as is used on bieycles. It is only by the
use of pneumatic tyres that travelling at the high speeds now possible is
really feasible, and the desire for fast travelling is so great that people are
willing to pay more for tyre expenses than for the power for propelling the
car, The cost of rubber exceeds that of the fuel.

The need for satisfactory steering arrangements inereased with the higher

Fig. 207.—View of Benz automobile of 1891, seating three or four persons. 5 h.-p. engine ;
weight, 15 ewts. 1 qr. ; cost, £225.

speeds. The old steering device, in which the front axle and wheels turned
on a centre, required a considerable amount of power and was slow in action.
It was therefore necessary to modify this in some way, and this was done by
pivoting the frout wheels at the ends of the axle, acting on them directly and
swivelling them in the direction of travel. The necessity of working the
back wheels with some compensating gear, the so-called differential gear, has
already been alluded to.

For transmitting the power to the driving wheels, for changing the speed
and for backward travelling, toothed gears running in oil are used.

As it is not advisable to throw the pinious in and out of gear, and to
change speed while they are being driven by the engine, the clutch between
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il
1
|
|
|

Fie, 208, —Benz antomobile of 1891 (side elevation).

Fro. 209.— Benz automobile of 1891 (plan).

A, Working cylinder ; D), Carburetfor; E, Petrol tank ; ¥, Induction sparking coil ;
L, Silencer; G G, Cooling water tank; C, K, Expansion chamber for cooling water ;
H, Belt for slow speed ; H’, Belt for fast speed; e and b, Steering wheel and handle ;
¢, d, Belt shifting device ; ¢, Hand control of throttle valve ; M, M’, Brake lever pedals.
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188 01L MOTORS.

the latter and the gearing is in frequent use and has to be made specially
light and easy of operation.

The suspension of the chassis on the axles has to be such that no detri-
mental effect whatever on the transmission gear will be caused by the frequent
relative movement of these parts. This is provided for by the use of slightly
slack chains for heavy cars, and of a Cardan shaft in lighter vehicles.

Little attention was paid at first to the cooling of the working cylinders
of automobiles, The first power-propelled cars were equipped with a “ribbed
cooling device” of the type used in stationary engines. The weight of the
larger quantities of cooling water ab first carried, especially in the case of
the larger engines, was very considerable, and endeavours to reduce it led
to the manufacture of flat-tube radiators which have now been in general
use for the last five or six years. With these radiators, the water is circulated
through the cylinder jacket, and, by means of a small rotary pump, through
a large number of flat tubes having a large cooling surface, by which means
a greatb cooling effect is obtained with a very small quantity of water,

Figs. 210 and 211 illustrate the chassis and gear of an automobile of
the “Hexe type” built by Achenbach & Co., Hamburg; these drawings
gshow the manner in which the various parts forming a modern car are
arranged. The radiator is placed directly over the front axle; behind this
is the fan which increases the cooling effect. Then comes the six-cylinder
engine, the cluteh, and the gear, the latter running in oil. To this is coupled
the inclined Cardan shaft, and lastly on the rear driving axle the differential
gear. The automobile complete is illustrated in view, fig. 212.

In figs. 213 to 217 are shown the chassis, gear, and different types of
 Merecdes Simplex ” automobiles built by the Daimler-Motorengesellschaft ;
and also various other types of ears.

Figs. 218 to 220 illustrate the chassis and gear, and various cars of the
“Bayard ” type, built by A. Clément, Paris.

In figs. 221 and 223 are shown the chassis, gear; and carriage body of
a fourcylinder automobile built by the Niirnberger Motorfahrzeugfabrik
“Union,” Ltd. The gear of this automobile does not take the form of toothed
wheel transmission, but is of the friction type. By shifting the friction wheel,
any speed can be obtained up to 70 kms. (43'5 miles) per hour, as well as
running on the reverse. There are no shocks on starting, nor in changing
over from one speed to another. With friction gear, gradients up to 30 per
cent. (1 in 3-3) can be taken easily.

Figs. 224 and 225 illustrate a three-wheeled motor-car built for two or
three persons by the Maschinenfabrik ¢ Cyklon,” Rummelsburg, near Berlin,
The drive is arranged on to the front axle, a flat belt and a chain being used ;
the front axle is also the steering axle. The engine is fitted to the fork, and
turns with the steering.

As the front axle is the driving axle, the risk of skidding at the rear is
abolished. The engine is of 3'5 h.p., and speeds up to 35 kms. (21'7 miles)
per hour can be attained.
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Fia. 212, — View of the six-cylinder ¢ Hexe ™ automobile 35/40 h.-p.  Price, £870.
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Fie, 214.—View of an 18 h.-p. motor car ** Mercédés Simplex,” built by the Daimler-Motorengesellschaft (supplied to H.M. King Edward).
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5 tons,

2

To carry

10 hi.-p. military transport car, built by the Daimler-Motorengesellschaft,

F1c. 216.
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Fre. 218, —Chassis of o *“ Bayard » 14/18 h.-p. antomobile,

Mo, 219, —View of a 10/14 h.-p. ** Bayard ” antomobile.

Fra, 220, —View of a 14/18 h.-p. ** Bayard ” automobile,
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F1e, 221,—Chassis and gear of a
four-eylinder ““Maurer-Union ™
antomobile.

Fig, 223,12 to 22 h.-p, four-cylinder *“ Manver-Union ™ automobile,  Price, £750,
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Fia. 224 -t Cyklonette” delivery car, built by the Maschinenfabrik < Cyklon,”
Rummelsburg, near Berhn

Fm. 995, — '"Cyklonette ? with hoad see.tmg two or t‘hree persons. Price, £137 IUs. o
Tength, 8 ff. ¢ in.; width, 4 f&. 8 in.; height, 4 ft. 7 in.  Distance between raar'
wheels at tread, 4 {t. 2 in.; weight, 3 ewt.
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Fig. 226 shows a motor-tricycle with detachable side-seat, built by the
Neckarsulmer Fahrradwerke-A.-G., Neckarsulm. The engine has two eylinders,
and develops 5 h.-p.  The cycle is fitted with back-pedal brake, double trans-

Fic. 226.—Neckarsulmer motor tricycle with detachable side seat.

mission, and free wheel. Fans can be fitted also to increase cooling of the
cylinder.

A 21 h.-p. motor-cycle by the Wanderer-Fahrradwerke, Schinau, near
Chemnitz, is illastrated in fig. 227. The back-wheel can run free, and is pro-
vided with back-pedalling brake.
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Fig, 228 illustrates the motor-cycle built by H. & A. Dufaux & Co.,
Geneva, Switzerland, of the **Motosacoche” type. The engine is so
designed that it may be fitted to an ordinary bicycle frame. The 11 h.-p.
engine costs £19, 15s,

Price, £42,

Fie. 227, —23 h.-p, motor eycle of the Wanderer-Fahrradwerke.

[Mustrated in figs. 229 and 230 is the fractor already veferred to, built by
Lieutenant Troost for his undertaking in South-West Africa. Owing to the
tracks being largely through sand in that part of the world, the ordinary
power wagons cannot be used, and Lieutenant Troost has met the case by
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providing his tractor with a strong wire rope wineh. In the more difficult
parts the car travels forward alone, and the wire rope is paid out completely.

['1e., 228, —Bicycle fitted with a 13 h.-p. ** Motosacoche ” engine.

1

Fia, 229, —Troost tractor.

1, Driving wheel; 2, Chain wheel ; 3, Driving belt pulley ; 4, Driving belt ; 5, Steering.

The car'is then'seotched, and it hauls the trailers by winding the rope back
on to the drum.

The: design of this car differs entirely from the ordinary power wagons.
Extreme simplicity and safe working are the main features of this thoroughly
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practical wagon. All the repairs that are likely to be required can be effected
by the appliances with which it is provided. In order to prevent skidding,
it is arranged something like a giant tri-car. The wide rear wheel, 7 ft. 7 in,
in diameter, acts as the driver; steering is performed with the front wheels,
which are fitted with swivelling axles.

Power is supplied by the 70 h.-p. Swiderski engine above referred to,
transmitted to the toothed wheel gearing at the back by a belt, The large
driving wheel is driven from the toothed wheel gearing by a chain.  The wire
rope drum is fixed to the driving wheel ; when it is necessary Lo use the drum,

1 R 7
_ Fre. 230.—Troost tractor. )

1, Engine; 2, Flywheel ; 8, Fuel regu]atidn; 4, Lever for changing gear ; 5, Rod for
change gear; 6, Chain wheel; 7, Roller bearing for power wheel ;: 8, Chain tightening
device ; 9, Gear ; 10, Ratehet rod ; 11, Coupling ; 12, Driving belt pulley 5 13, Wire rope
drum ; 14, Driving wheel. } '

the car frame is jacked up and the driving wheel revolves with the drum,
acting as a flywheel. Additional gears and couplings which would otherwise
be necessary for operating the drum, are thus obviated,

_ Rail Vehicles driven by Internal Combustion Engines.

As has been already stated, the first petrol engine built y the Maschinenbau-
Aktiengesellschaft vorm. G. Egestorff, in 1879, was also at once used for
driving a railway vehicle. This is illustrated in fig, 281, _ :

Daimler then brought out in 1887 a rail car, provided with a high speed
petrol engine, which worked for a long period the passenger traffic between
the Wilhelmsplatz and the Kureaal, Cannstatt. The same car was also used
during the Bremen Kxhibition of 1890, . .

This Daimler “Summer car” is shown in fig. 232, As will be seen, it
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consists of two seats carried on wheels; the 2 h-p. engine is fitted in a casing
at the back, The driver sits at the back on a saddle.

Fra, 281.—YFirst rail vehicle driven by a petrol engine, built in 1880.

a, b, Toothed pinion gears ; ¢, &, Uncrossed and crossed belts for forward and bauckward
) by g HEAA
running ; ¢, Handle for shifting the belts ; £, Foot-brake ; g, Silencer.

Fre. 232.—The Daimler * summer car,” 1887,

The power is transmitted to the axle by two sets of toothed gear for 7 and
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15 kms. (435 and 9-35 miles) speeds. No provision was made for reversing.
The gauge was 600 mm. (233 in).

T 4 -
S PRI

'rG, 234.- -The Daimler motor-driven railway carriage.

Other rail cars of that date arc illustrated in fig. 233, which shows a trolley,
and in fig. 234, this latter being a view of a motor-driven railway carriage
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built for Fr. Krupp, for service between the firing ground and the township
of Meppen.
Recent Locomotives.

Locomotives driven by high-speed engines have not met with much suceess.
Engines working at a more moderate speed, capable of running during longer
periods, of greater economy and safety in working, were more suitable to this
class of vehicles, as they have also proved in factory driving. The (Gasmotoren-
fabrik Deutz and the Motorenfabrik Oberursel are among the few German
firms whose names are connected with the construction of locomotives fitted
with internal combustion engines. The peculiar features of these engines, and
their present development, have led to the building of locomotives of this
type for light traffic only, and not for main lines.

They are now used mainly in mining, in contractor’s works, in the exploita-
tion of forests, for tunnel and canal construction, in brick works, sugar works,
bridge building, cte.

The petrol or benzol cousumption of the locomotives, according to the
conditions of track and traftie, amounts to 005 to 0:09 kg. per km. (*17 to
*29 1b.) per mile run.

Figs. 235 to 239 show various locomotives of this deseription built by
the Gasmotorenfabrik Deutz and the Aktiengesellschaft Oberursel.

Boats Fitted with Internal Combustion Engines,

The first boat to bedriven hy a petrol engine was that illustrated in fig. 240,
built by Daimler in 1886. TVig. 241 shows the internal arrangement of a
Daimler boat built in the carly 'nincties in America. The boat is fitted with
the two-cylinder engine deseribed in the ninth chapter.

Recent Motor-boats.

The fact that internal combustion engines do not start automatically, and
the difficulty of reversing, has always been u hindrance to the adoption of
these engines to motor-driven hoats ; the lack of a simple and cheap means
of reversing has always formed a great impediment to the development
of motor-boats,

In his first boat, Daimler used a friction-driven gear for ruuning astern.
Later builders turned their attention to the device known as the “Sail
propeller,” which was used in former times in sailing ships. In this device
the propeller blades were made to swivel in the boss, being worked by means
of a rod placed in the hollow propeller shaft. When there was a good wind,
the sails were used for driving the ship, the propeller ceased working, and its
blades were so placed that they offered the least resistance to the movement
of the vessel. .

In adapting this device to motor-boats, it was only necessary to inerease the
shifting of the blades in the boss in order to make the boat travel astern while
the engine continued to run in the same direction as when moving ahead,
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In the early nineties this reversible propeller had been improved to such
an extent that it was suitable for the propulsion of boats ; the Firm Karl
Meissner, Hamburg, has given especial attention to the manufacture of this
type of propeller.

built by the Gasmotorenfubrik Deutz.

Fie. 235.—Field and forest track locomotive, equipped with a 32 h.-p. engine,

It was only quite recently, with the construction of still larger eraft—full-
sized ships, in fact—fitted with internal combustion engines, that the efficiency
and the reversibility of this type of propeller were found to be unsatisfactory.
For large powers, intermediate transmission gear is quite out of the question
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F1a, 236.—-8hunting locomotive, equipped with a 60 h.-p. engine, built by the
Gasmotorenfabrik Deutz,

Fra. 287, —Mining locomotive, equipped with a 32 h.-p,engine, built by the
Gasmotorenfabrik Deutz,
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Fre, 238.— Shunting locomotive, equipped with an aleohol-petrol engine, built by the
Motorenfabrik Oberursel.

it

F1g. 238, —Mining locomotive in service at the Bergbau- Aktiengesellschaft Friedrichssegen,
Friedrichssegen, Lahn,
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Fra, 240,—The first Daimler motor-boat, built in 1886,

Fie. 241.—Arrvangement of a Daimler boat, builf in Americs in 1890,

W, Seat for the steersman ; V, Steering lever ; U, Lever for reversing the propeller ;
H, Carburettor lever,
All the necessary levers and handles for controlling the engine are within easy reach of
the steersman.

Droits réservés au Cnam et a ses partenaires



VEHICLES AND AIRSIIPS DRIVEN BY INTERNAL COMBUSTION ENGINES. 209

. 0 14 L. b " S The
Also in large sizes the reversing of the propetler has its disadvantages. The
frictional resistance which has to be overcome in operating the blades when

P16, 242.—The Daimler friction gear for motor-boats.

For running astern, the cluteh is drawn back from the- flywheel, and at the same time
the friction dise R is pressed by a hand lever against the conical surface of the dise m
and of the flywheel.

uuder the full working pressure, requires such an amount of power that.
reversing cannot be effected quickly enough by hand. As still another

Fics, 243 and 244, —Reversible propeller manufactured by the Motorenfabrik
Grob & Co., Leipzig,
consideration, it may be stated that the shocks caused by early ignition and
by the hit and miss governing, may have a very detrimental effect on the
toothed gear and on the blades of the reversible propeller, since the flywheels
14
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with which the engines can be fitted are only light. In many instances,
the remarkable cases of the fracture of teeth and the loss of propeller
blades, have been principally due to these shocks,

All these disadvantages have resulted in
active endeavours in the direction of making
internal combustion engines as effective as
steam engines, in regard to running and reversi-
bility, while using propellers with fixed blades
such as are used with steam propulsion, the craft
being the whole time completely under control.
Boat-engines arc now built of about 100 h.-p.

and upwards, provided with compressed-air start-
ing and reversing devices, Messrs Gebr. Sulzer,
Winterthur, build, for example, two-cycle Diescl
engines for driving torpedo boats, which are fitted
with such devices; the Korting engines for sub-
marines, and also the “ Autoinette ™ engines, are
fitted with similar arrangements. Gunboats are
built in Russia propelled by four-cycie Diesel
engines. In these, the power of the engine is

not transmitted direct to the propeller shaft,
but to an electric dynamo supplying an electric
motor driving the propeller shaft. The engine

and dynamo act as an ordinary generating set,
and the current is supplied to the electric motor.
The latter can drive the propeller shaft as desired

in ecither direction in the usual way. Aftempts
were made several years ago to build electric
locomatives and motor-cars on this principle; but,

5.-~Device for reversing propeller blades in motor-hoats.

0 4

quite apart from the heavy first cost, the losses
in actual running were so great, that the small
advantage gained in the shape of greater flexi-
bility in working, was purchased at far too great

=t

Fis.

an expense ; attempts have, however, lately beem
made to revive this system.

Fig. 242 illustrates the friction gear used by
Daimler in his first boat ; figs. 243 and 244 the re-
versible propeller as introduced in the late nineties:
by the Motorenfabrik Grob & Co., Leipzig; and
fig. 245 a reversing device. A reversible propeller
of the latest type for larger boats, made by Karl
Meissner, Hamburg, is shown in fig. 246, and Meissner motor-boats in figs.
252 to 256.

In figs. 247 and 248 are shown two reversing gears, constructed by
Messrs Bieberstein & Gudicke, Hamburg, and Heinrich Kimper, Berlin-
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Mariendorf. Figs. 249 to 251 show an overhanging propeller made by the
Cudell-Motoren-Geesellschaft, Ltd., Berlin, N., for small craft. The engine
propeller shaft, and propeller, form a self-contained
apparatus pivoted at the stern of the boat; the
propeller shaft can be lowered, raised, and moved
sideways at will. The device can also be fixed at =
any desired height. .

Fre. 247, —Transmission gear for ship propellers, built by Bieberstein & Giidicke, Hamburg.

Tigs. 267 and 258 are views of a Thornyeroft racing motor-boat, and of a
Bieberstein & Giidicke motor-boat for passenger trafiic.
Figs. 2569 and 260 show the engine-room of a passenger and cargo ship
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containing three Diesel engines, developing together 3000 h.-p., with electrie
transmission to the propeller shaft.

Fio. 248 —Transmission gear for ship propellers, built by Heinrich Kamper,
Berlin-Mariendorf,

5

1

=
s
A
>
Fra. 249.—25 h.-p, motor-driven propeller for small boats and yachts, built by the
Cudell-Motoren-Gesellschaft, Ltd., Berlin, N,

In figs. 261 and 262 is illustrated a gunboat belonging to the Russian

Navy, fitted with two Diesel engines anl with electric transmission to the
propeller shaft.
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s _ * Airship Engines. LT
~ The first attempts at construction of divigible balloons were made in
~ France by Renard, who, in the early ‘eighties, succeeded in manufacturing a

F16. 250.—2 h.-p. motor di iven pm]nel]ea bmlt by the Cudell-Motoren- Gese!lschnft Ltd
Berlin, N,

~ balloon which was driven by a gas engine at a speed sufficient to enable it to
be steered -Shortly afterwards, experiments were also ds.rned out in Germany,
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Fic. 264,

Fies, 252 to 254, —DMotor-boats built by Karl Meissner, Hamburg.

5.—Longitudinal section of a Karl Meissner motor-boat.

o

Fra, 2

Droits réservés au Cnam et a ses partenaires



 VEHICLES AND AIRSHIPS DRIVEN BY INTERNAL COMBUSTION ENGINES. 215

Droits réservés au Cnam et a ses partenaires



OIL. MOTORS.

216

‘BInquIB] ‘eN21pos) ¥ UIIsI0q0Tg SISSAIY Aq HINq 380q-1030T¢— "Rz O]

rvés au Cnam et a ses partenaires

rése

Droi



VEHICLES AND AIRSHIPS DRIVEN BY INTERNAL COMBUSTION ENGINES 217

¢ ]

bt
ik ;mih{h;{ﬂj
fhiiian

e

Fic. 260,

Fras, 269 and 260.—Engine-room of a passenger and cargo ship, with three four-cylinder
Diesel engines of 3000 h.-p. in the aggregute, with clectric transmission to the pro-
peller shaft,

Cylinder diameter, 27°5 in.; stroke, 30°3 in.; speed, 150 revs. per minute ; weight
of each engine, 110 tons ; normal power of each electric motor, 670 h,-p.; weight of each
electric set, 60 tons; weight of an electro-magnetic clutch coupling, 3 tons; weight of
one propeller with shaft, 156 tons ; total weight of mechanical equipment, 564 tous; weight
of equipment per horse-power developed, 188 kg, (414 1hs.).
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Otto Lilienthal then experimented with an apparatus which had no gas
balloon, but with it he endeavoured to secure a motion similar to the flight
of birds., He succeeded so far, that when he dropped with his machine from
a height he was able to cover the distance of several hundred yards. But
Lilienthal also met his death in the course of one of his experiments.

In the meantime the petrol motor had come to the front, and had been so
greatly improved that fresh hopes could be entertained of building steerable
balloons.  For the older type of balloons, the spherical shape was at once the

I

L

U

Fres. 261 and 262, —Russian gunboat, with Diesel engines and electrie transmission

to the propeller shaft,

Extreme length, 220 ft. 6 in.; breadth amidships, 87 ft.; draught, 10 ft. 9 in.; dis-
placement, 1316 fons ; maximum speed, 13 knots; power developed, 1400 h.-p,; fuel
consumption per horse-power hour, 0-200 kg, (440 1b,) ; uel capacity, 155 tons.

A, 120 mm, and 75 wm. gun ammunition; B, Biscuit stores; C, Crude petrolenm
tanks ; D, CGlun spare parts ; B, Deck stores ; F, Steering room ; G, Provisions ; H, Officers’
quarters ; J, Captain’s cabin ; K, Engines ; L, Engine spare parts ; M, Dynamo room.

most simple and the most correct, for the greatest possible quantity of gas
could be enclosed with the least possible surface. But with the new condi-
tions imposed by the desive for dirigibility, this shape had to be abandoned,
and a eylindrical shape with pointed ends adopted. The design up to that
time followed in the construction of the car had also to be modified to meet
the new conditions, and to take the engine. The balloon netting had also to
be replaced by rigid conneetions, so that the car and the balloon should act
together.

The efforts made in these directions have resulted in the production of the
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various types of airships now available. In the Zeppelin rigid system, the
balloon body is built of a rigid aluminium-bronze frame, on which the gas-
tight canvas is spread. All parts—the car, the propellers, the vertical and
horizontal steering gear—are fitted to the bars forming the frame, It is
evident that an airship of this rigid type ean only be transported over land
under great difficulties, and cannot descend on solid ground without previous
preparation, For these reasons Zeppelin has built his airship, from the time
he commenced, in a floating shed, and always starts his journeys from this

Fra. 263,—Dirigible aivship of Count von Zeppelin (rigid system).

shed. Being dependent in this way upon a large expanse of water, which
must be as ealm as possible, for alighting, is oue of the great disadvantages
of the rigid system. For this reason, other makers, both German and French,
have gelected a less rigid type; these have retained the collapsible balloon
cover, giving it the necessary rigidity by increasing the gas pressure. The
gas bag, contrary to the practice in the older type of balloon, must be com-
pletely closed in the case of steerable airships. The ear is made long and

Fra. 264,

Dirigible airship ¢ La Ville de Paris » (semi-rigid system).

rigid ; this carries the engines, and is fitted with the gear and propelling
devices. Iustead of the netting, the balloon is surrounded by wide canvas
bands.

Since the gas in the balloon expands or contracts by 1 of its volume for
each degree centigrade difference in temperature, the gas pressure inside the
balloon inevitably rises or falls, quickly following the variations in tempera-
ture, and the cover may thus easily be subjected to too high a pressure. In
the older type, the pressure was regnlated automatically through the boftom
opening. In the closed balloons, internal air-sacks or ballonets are resorted
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to, fitted with an exterior pendant hose-pipe. The ballonet can be inflated
through this pipe by a fan, and kept in an inflated state.

Fig. 263 shows the Zeppelin rigid airship, and fig. 264 the semi-rigid
French airship *“La Ville de Paris.”

Fre, 265.—Locomobile with belt transmission, built by the Gasmotorenfubrik Deutz,

Portable Engines,

The internal combustion motor has been developed to a very considerable
extent in the form of portable engines. The fuel used in such cases is either
crude benzol,  ergin,” or paraffin.  Petrol, owing to its comparatively high
cost and the risk of fire that accompanies its use, is but little employed.
As in the case of locomotives, stationary slow-speed engines are mostly used
for locomohiles, In the latter, evaporation cooling is usually employed,
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Fic. 267.—2 to 6 h.-p. Incomobile, built by the Motorenfabrik ** Oberursel,”
Price £118 to £180.
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though surface and air cooling, to which reference will be made further on,
are also used. In order that the portable engines may be utilised for various

48. — Locomobile built by Bieberstein & Gidicke, Hamburg,

Iy

‘16

E

machines. running at a high speed, they are as a rule provided with belt
transmission gear.

Figs. 265 to 272 show a number of portable engines built by various
manufacturers.
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Fie. 270.— Locomobile built by Tangyes, Ltd., Birmingham.
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Fia. 271.—Locomebile built by Ganz & Co., Budapest,
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Motor-Driven Water- and Air Pumps.

Internal combustion engines have also been largely employed for driving
=1 o =]
pumping plants for supplying water to small towns, railway watering stations,

Fia, 272.—Locomobile built by the Maschinenbau A, G., vorm, Ph. Swiderski, Leipzig.
agricultural districts, kitchen gardens, and so forth. The larger pumps are
driven by belting, gears, or chains; in small installations, the engine and
pump are direct coupled.  Several applications are shown in figs, 273 to 284,

Internal combustion engines are also put to many other uses. They are

Fia. 278, —Engine-driven waterwork installation, built by the Gebr. Kirting Co.,
Kirtingsdorf-Hanover,

employed, for stance, in building construction, for operating fire-engines,
driving portable dynamos, ploughs, turntables, traversers, ete. Several

examples of such applications are llustrated in figs. 285 to 292,

15
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If1e. 274, —The Swiderski engine-driven pump.
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Fres. 275 and 276.—Korting engine-driven pumps.
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Fias. 277 and 278,—Engine-driven pumps, built by the Gasmotorenfabrik Deutz.
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Fres. 279 and 280, —Pumps built by the Gasmotorenfabrik Deutz,
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I1e, 281, ~~Tump built by Tangyes, Ltd., Birmingham.

F1a. 282.—Pump built by Tangyes, Litd., Birmingham.
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Air compressors, built by the Gasmotorenfubrik Deutz,

Fies, 283 and 284,
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Fie, 285.— Winding winch for use on building construction, by the Motorenfabrik
2 g s OY
¢ Oberursel.”

Fre. 286.—Engine-driven fire-engine, built by the Daimler-Motorengesellschaft,
Untertiirkheim.
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Fie. 289.—Dynamo car, motor-driven, by Bieberstein & Gidicke, Hamburg,
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& Godicke, Hamburg,

by Bieberstein &

Fic. 290.—Dynamo with three-cylinder engine,
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Fir, 291, —Engine-driven traverser,
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CHAPTER XI.

ERECTION AND ATTENDANCE OF ENGINES DRIVEN
WITH LIQUID-FUEL.

AN engine may be installed within the boundaries of the German Kmpire
without a permit from the local authorities being first obtained; in the
kingdom of Saxony, however, such a permit is necessary. If the plant is to
be insured against fire, certain requirements established with special reference
to this matter have to be complied with ; thesc conditions are given at the
end of the present chapter,

In selecting a site for the erection of stationary engines, the following
points should be taken into account :—

I. The firmness of the ground which is to carry the foundations.

2, The possibility of locating the engine in a convenient position with
respect to the machinery in order to obtain a simple system of
transmission or drive.

3. Facility of transport of the heavier parts of the engine to the site on
which it is to be put down,

-

Accessibility all round the engine,

o

. The possibility of carrying off the exhaust gases,
The adequate supply of cold water, or a suflicient space to allow of
the erection of a cooling tower.

=}

7. The eanvassing of local opinion on such points as the noise of the
engine and the smell of the exhaust gases.

8. The possibility of damage to the engine-house and the neighbouring

buildings from vibration caused by the engine.

These questions are easily solved in the case of small engines; with larger
engines, however, such as Diesel engines, for example, all matters dealing with
the ercction, and also those relating to cost, must be very carefully considered.

Firm ground for foundations.—Made grouud, or ground containing a
large proportion of clay, or again rubble, is not suitable for the foundations
of an engine. Care must first be taken, with regard to the depth to which
the foundation must be carried, that it reaches down to a really firm bottom.
Attention must also be paid to the level of the ground water, The cost of

: 237
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foundations may, in some instances, reach so high a figure that this reason
alone may justify the selection of another site.

When the engine has to be erected otherwise than on the ground, the
strength and satisfactory condition of the flooring must be properly ascor-
tained beforehand.

Location for good transmission,—In settling on the correct place for the
engine with reference to machines and drives already installed, care must be
taken that the machines requiring the most power are nearest to the engine ;
there should be ample room for the belts so that they can be easily handled.

Transport of the heavy parts of the engine.—Facility of transport of
the engine to the site it is to oceupy, and for the carrying out of repairs, is
of great importance ; this point is often given insufficient attention, when the
engine must be located either in an underground room or above ground level.
It must be ascertained whether there is sufficient room all along the path
over which parts of the engine will have to be carried, and whether the
strength of the fooring is sufficient for the heavy parts to be taken over it.
In this connection staircases and landings must be carefully examined. The
carrying capacity of staircases can be much increased by stiffening the
landings and covering the treads with stout planks.

The transport into and out of underground rooms is the most difficult.
Great mistakes are often made in this respeet even in new buildings destined
to contain an engine installation, and in many cases completed partitions
have to be knocked down and entrances widened in order that the larger
engine parts may be taken into the site. It sometimes happens thab old
engines cannot be got rid of and replaced by new ones erected in their stead,
because in the course of time additions have been made to the buildings
which prevent the removal of the older engines from the underground room
and the introduction -of a newer machine.

Accessibility of the Engine.—Neither is sufficient attention given in
many cases to the matter of safety in starting the engine, and to that of
ease of inspection and repair. The belt-pulley is frequently so close to the
wall that there is no room left for putting on or removing the belt. Or else
between the rim of the flywheel and the wall there is very little space and
the driver is able to make use of the wall as a fulerum when turning round
the fiywheel.

[n vertical engines, it happens in some instances that there is insufficient
height to allow of the removal of the piston and piston-rod from the
eylinder.

In cities, the matter of the exhaust piping is one of considerable difficulty,
ag it has to be carried up to a height greater than that of one’s own and of
neighbouring roofs,

The supply of cooling water and veturn of the water used must also be
duly considered. The underground engine-rooms may be so low down that
the water, after having served its purpose, cannot be easily drained away.
The cost of the water must also be studied if the supply is from town
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mains, Where no outflow pipes or drains are available, percolating pits
must be sunk.

A most important peint connected with engines constantly at work is that
the neighbourhood should not be inconvenienced by the noise of the engine
or the smell of the exhaust gases. The noise may be much reduced by
regorting to several exhaust heads or by inserting in the piping lengths of
ribbed pipe.

The vibrations which are frequently set up by the engines should not be
transmitted to the walls of houses or buildings. Even when the revolving
masses of the engines are balanced as perfectly as possible, complete absence
of vibration is rarely attainable.

The masonry forming the engine foundation should not, under any circum-
stance, be directly connected to the wall of the building ; neither should it
touch even, but a certain amount of space should be allowed between them.

Foundations. - Internal combustion engines up to 6 hp. can be
mounted on a cast-iron base-plate secured to a concrete foundation 20 to
25 ems. (7°8 to 9°8 ins.) in thickness, When erected on the floor of a building
or factory, the base-plate should be placed near the wall, and bolted to the
beams of the flooring.

In erecting large engines on brick foundations, care should be taken to
see that the holding bolts are not tightened before the cement grouting is
quite set. When they have been tightened, the position of the engine should
be carefully checked in every detail. The running hot of new engines is not
by any means an inevitable evil, but is nearly always due to settling of the
engine frame and bearings.

The oil used for lubrication, if allowed to ruu on to the masonry founda-
tion, ends by completely impregnating the cement mortar, and converting it
into a kind of thick mud, and the support of the engine is thereby endangered,
Most builders remedy this by fitting trays round the engine, in which the
overflow oil is collected. TIf no such collectors are used, sawdust must be
seattered round the engine to absorb all the oil that may run out.

The drawings for the foundations should be got out before ordering the
engine, in order to obtain an idea of the total cost of the installation.

Exhaust pipe.—Masonry chimneys, or rain-water pipes and waste-water
pipes made of galvanised sheets, must not be used for carrying off the exhaust
gases, because they cannot withstand the pressure of the exhaust, which is
considerable in some circumstances. Zine is, moreover, destroyed by the
action of the exhaust gases. Zine roofs also suffer when the gases are
allowed to escape close to them. Masonry, smoke, or ventilation flues which
are not used for their original purpose, can, however, be turned to account
with advantage for the accommodation of wronght- or cast-iron exhaust pipes.
Thick cast-iron pipes are always preferable to the thinner wrought-iron ones,
as they are far less quickly damaged by the action of the gases than is the
case with the latter.

Where there are long horizontal lengths of piping, these should end in a
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very steep length, so as to prevent the gases from carrying off with them the
water that forms in the pipes, which would be liable to cause damage to the
roofs and rain-water guttering.

When the exhanst pipes are led through wooden floors, or are fixed to

"1, 298.—Cooling with water under pressure and exhaust pipe for a small vertical engine

wooden partitions, they should be insulated with fire-proof material at all
points that may become heated,

Air-supply pipes.-—Long airsupply pipes reduce the power of the engine,
and should only be used where air free from dust is required ; the air, more-
over, should be cool and dry. The air piping should be of sufficiently large
dinmeter to prevent any excessive air resistance; no thin sheets should be

Fie, 294.—Arrangement of cooling tank with a 2 h.-p. engine.

used in its manufacture, as the pressure on the inside may rise momentarily,
at times to 2 or 3 atms. (294 or 44 Ibs. per sq. in.) in case of back fire.
Cooling.—The most simple method of cooling, and that most generally
used for stationary engines, is that by water under pressure. The water is
delivered at the lower part of the water jacket, and on becoming heated up to
50" or 60° (1127 or 140° Fahr.), is allowed to flow out freely in a funnel, so
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that the rate of circulation of the cooling water and the temperature are
ensily ascertained. Fig. 293 shows a cooling device of this kind.

This method of cooling presupposes the existence of a drain through which
the hot water may be led away, Water consumption for this purpose may
be estimated at from 30 to 40 litres (6°6 to 8'8 gallons) per horse-power-hour,
With large engines, the quantity of cooling water required is considerable, and
it is advisable in these cases to have o well, with water supply provided by a
pump driven from the engine. Where water is scarce, cooling towers or

i
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Fra. 295 —The Kirting radiator. F1a, 296, —Radiator with deviee for heating
or ventilating,

cooling ponds must be provided in the same way as with some steam-engine
installations.

With small stationary engines, up to about 8 h.-p., instead of the cooling
arrangement just described, the cooling tank system is found advautageous,

The cooling tank is usually of galvanised iron, and its capacity is so
proportioned that the quantity of water it contains, omitfing to take into
account the effect of radiation, becomes heated up to 50° or 60” (112° or 140°
Fahr.) in 10 hours. Taking 40 litres (88 gallons) of water heated per horse-
power-hour, the capacity of a tank for, say, a 2 h.-p. engine will be 40 x 2 x 10
=800 litres (177°7 gallons). Whenever possible, the tank should not be in
the same room as the engine, but exposed to currents of air, so that the water
shall be cooled during the night ; it should not, however, be directly exposed
to the cold in winter. On hot summer days, it may happen that the

16
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temperature of the whole quantity of water becomes raised to the boiling
point, when a certain quantity should be drawn off and replaced by cold
water. The attendant should always be careful to see that the water level is
always above the upper pipe opening.

The engine being lower than the tank, the water becomes heated by
circulating round the engine, and is delivered from the water-jacket to the
upper part of the tank, cold water flowing from the tank in ejqual volume to
the lower part of the waterjacket, Circulation on this principle can only
work properly when the upper connecting pipe is of sullicient diameter, given
sufficient rise and without sharp bends,

The cooling water-tank occupies a good deal of room, is of considerable
weight, and does not produce a constant temperature throughout the time the
engine is ruuning.  Radiators are more satisfactory in this respect; they are,

Fic, 297. —Air cooler,

however, much more expensive in first cost, but they keep the temperature
of the engine constant and require but a small quantity of water. The space
they oceupy is also very small.

Circulation of the water takes place in the same way as with the tank
installation, but its cooling is greatly accelerated by the very large radiating
surface of the ribs; the circulation is also much more rapid, and a much
smaller quantity of water suffices. The larger the piping and the higher the
radiator is placed above the engive, the more rapid is the cooling effect. As
the water by heating inereases considerably in volume, the radiator must not be
closed up, but must be provided as shown in fig. 295, with an expansion tank.

When the radiator is placed as shown in fig. 296, the heat which radiates
from it may be used in winter for heating a room, and in summer for ventilat-
ing purposes. In winter, the opening in the wall is closed by a flap as shown
in dotted lines ; it is kept open in summer,
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With portable engines, the water-cooling is also carried out on the
system adopted in the cooling towers used in connection with steam engines,

Petrol _Engine

it

Petro! Tan,

l

Wing Pumy y

W
\\

| .
: af///////////

777 000

Exhaust Pipe

N
{

e

Petrol Cask

|

Fre, 298, —Installation consisting of a small engine using petrol, henzol, or paraftin,

Vaporiser or
fuel Pump

and is ealled an air-cooling plant.  As seen in fig. 297, the cold water supplied
by a pump is sent through the water-jacket and sprayed by means of a rose
in the upper part of a cooling tank, whence it flows down drop by drop over
a number of wooden laths. A current of air flows up the tank, and cools the

7

e

] AR

A

Fic. 299, —Engine installation for agricultural purposes,

water as it falls. The cooled water collects at the bottom of the tank, and is
pumped through the water-jacket again.
The adjoining illustrations show various installations, Fig, 298 is g
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F1es. 300 and 301, Engine installa-
tion for agrienltural purposes.

M, 2 h.-p. engine.

T, Line shafting.

E, Coarse grinding mill.

R, Maize husking machine.

H, Chaft eutter (fig. 299)..

P, Water pump in well,
W, Water tank.

A, Belt pulley for various purposes,
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general view of a stationary plant with a small engine using petrol, benzol, or
paraflin, showing also the location of the fuel-tank.

& — - "

Figs. 302 and 303, —Mechanically worked dairy and agricultural installation,
(For references see next page.)
Figs. 299 to 301 show installations for agricultural purposes as buils hy
Ganz & Co., Budapest. Figs. 302 to 305 illustrate a mechanically worked
dairy, and fig. 306 a motor-driven roll mill.
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Migs. 302 to 305,

M, 2 h,-p. engine ; T, Line shafting; E, Coarse
grinding mill ; H, Chafl cutter ; R, Maize husk-
ing machine ; P, Water pump; C, Centrifugal
separator ; Z, Pulley for helt drive for same;
B K, Butter-making maehines; W, Water tank ;
W M, Water tap.

Fra. 306. —Roll mill driven by a 8 h.-p. engine.
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Conditions in force from 1st August 1906, relating to the Installation of
Stationary Engines, using for fuel Petrol, Ligroine, Gasoline, Naphtha,
or other liquid hydrocarbons whose flash-point is below that of the
best refined paraffin.

A —Fngines whose gas producer or vaporiser is installed in a separate
room,—1. The engine must only be laid down in rooms in which no casily
inflammable articles or materials are stored or manufactured, and must be
crected on a fireproof foundation. Where the foundation does not extend
for at least 30 cms. (12 ins.) round the engine on all sides, the flooring, if made
of wood, must be covered over with iron sheeting for the remainder of this
distance all round. No woodwork or inflammable material must be nearer
than 1 m. (39:37 ing.) from the top, and 30 cms. (12 ins.) from the sides of the
engine.

An engine must be at a distance of ab least 1 m. (39-37 ins.) from any
heated oven or heated pipes.

2. The gas producer or vaporiser must be put down in a strongly built
room which is put to no other use. The room must be well ventilated, have
a fireproof floor and a strong ceiling, or one protected with fireproof material
and without any opening ; it should be heated with water or steam only.
Openings for driving shafts, rope or belt drives, and doorways, or window
openings into adjoining rooms, are only to be allowed when in the latter rooms
there is no easily inflammable material stored or in course of manufacture.
The door openings are to be provided with iron or iron-covered doors; the
windows are to be made with wired glass. The above limitation as to the
passage of the driving shaft is not applicable when the passage only affords
the necessary opening for the shaft.

3. When artificial lighting is resorted to in the gas-producer room, this
must only be done by electric incandescent lamps, Davy safety-lamps, or by
outside lamps partitioned off from the room by thick glass panes fitted so as
to be air- or gas-tight.

4, The filling of the gas-producer or vaporiser must only be done from
an iron tank placed inside the gas-producer reom or in the open, and through
closed-in pipes, using a rotary pump, or by using portable explosion-proof
tanks.

The stock of hydrocarbon must not exceed 500 kgs. (10 cwts.), and must be
kept in wrought-iron tauks, in separate, fireproof, and well-ventilated rooms,
which are not to be artificially lighted at all, or, if lighted, the provisions
given under (3) must be followed ; or else in the open, in a pit sunk in the
ground, lined with masonry and provided with an iron cover.

5. The exhaust pipe leading from the engine must be made fireproof.

B.—Engines with their gas-producer or vaporiser in the same room.—
1. The engine, and the producer with which it is connected, must be laid
down in a room used for no other purpose. This room must be builé with
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thick walls, fireproof floor, and a strong ceiling, or one protected with fireproof
material and without any openings. Openings for shafts, rope or belt drives,
and doorways and window openings into adjoining rooms, are ounly to be
allowed when in the latter room there is no easily inflammable material stored
or in course of manufacture, The door openings are to be provided with iron
or iron-covered doors ; the windows are to be made with wired glass. The
above limitation as to the passage of the driving shaft is not applicable when
the passage only affords the necessary opening for the shaft.

2. When artificial lighting is resorted to in the room containing the pro-
ducer and engine, this must only be done by electric incandescent lamps,
Davy safety-lamps, or by outside lamps partitioned off from the room by thick
glass panes fitted so as to be air- or gas-tight.

3. Ignition may only be performed by electric current or air compression,
and without heating Jamps.

4. The filling of the producer must only be done from an iron tank placed
in the engine-room, and through closed-in pipes, uging a rotary pump, or by
using portable explosion-proof tanks.

The stock of hydrocarbon must not exceed 500 kgs. (10 ewts.), and must
be kept in wrought-iron tanks placed in separate, fireproof, and well-
ventilated rooms, which are not to be ariificially lighted at all, or, if lighted,
the provision given under (2) must be followed; or else in the open in a
pit sunk in the ground lined with masonry and c¢overed with an iron cover.

5. The exhaust pipe leading from the engine must be made fireproof.

C. Engines without gas-producer or vaporiser.—1. The engine must
only be put down in a room in which no easily inflaimmable material is
stored or manufactured, and must be crected on a fireproof foundation. If
the foundation does not extend for at least 30 ems. (12 ins.) round the engine
on all sides, the flooring, if made of wood, must be covered with iron sheeting
to that distance. No woodwork and inflammable material must be nearer
than 1 m. (3937 ins.) from the top, and 30 ems. (12 ins.) from the sides of
the engine.

2. 1f a heating lamp is used for starting the engine, the engine-room is
only to contain suflicient fuel for this lamp for the day’s run, stored in an
explosion-proof tank.

3. The fuel-tank, which supplies directly to the engine the necessary
hydrocarbon for its working, is to be made of iron, and must be placed
outside the engine-room in the open air, or in a separate well-ventilated
room, heated by steam or hot water, and lighted only by incandescent lamps,
Davy safety-lamps, or by an outside light partitioned off from the room by
thick, gas-tight-fitting glass panes. This room must have thick walls, a
fireproof flooring, and a strong ceiling, or one covered with fireproof material
and without any openings. Openings for driving shafts, ropes, or belt drives,
and. doorways or window openings into adjoining rooms, are only allowed
when in the lather rooms there is no easily inflammable material stored or in
course of manufacture. The door openings are to be provided with iron or
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iron-covered doors; the windows are to be made with wired glass. The
above limitation as to the passage of the driving shaft is not applicable when
the passage only affords the necessary opening for the shaft. If the engine
is fitbed with electric or compression ignition, and is started up without the
use of a heating lamp, the fuel-tank may be placed in the engine-room
provided this meets the conditions set forth for rooms containing fuel-
tanks.

4. The filling of the fuel-tank must only be done from an iron tank kept
in the fuel-tank room or in the open, through closed-in pipes, using a rotary
pump, or by using portable explosion-proof tanks,

The stock of hydrocarbon must not exceed 500 kgs. (10 ewts.), and must
be kept in wrought-iron vessels, in separate, fireproof, and well-ventilated
rooms, which are not to be artificially lighted at all, or, if lighted, the
provisions given under (3) arve to be followed ; or else in the open, in a pit
sunk in the ground, lined with masoenry and provided with an iron cover.

5. The exhaust pipe leading from the engine must be made fireproof,
and mounted at a safe distance from the fuel-supply pipe.

Conditions for Alcohol Engines,

1. The engines must not be put down in buildings containing corn, straw,
or other easily inflammable material, or run in close proximity to hayricks or
sheds containing haystacks ; when working, they must be at a distance of at
least 1 m. (about 1 yd.) from the latter, or at least at a distance of 3 ms.
(about 3 yds.) from corn, straw, or other easily inflammable material.

2. They should be worked with commercial alcohol containing a maximum
of 90 per cent. pure alcohol. An addition of 20 per cent of benzol is
allowed.

3. When using an addition of benzol, the process of mixing must be done
in daylight only, in the open, or in a room with fireproof flooring ; in both
cases, at a safe distance from all combustible material,

4. When using petrol or benzol for starting the engine, electric ignition
only must be used ; no carburettor heated in any manner whatever is allowed.
The use of tube ignition is permissible provided that the heating flame for it
is surrounded by a sheet-metal covering, in which all openings must be
covered with well-fitling wire gauze sereens.

5. Aleohol and petrol tanks must be so far removed from the heated
parts of the engine, that no noticeable heating of the tanks occur. The
receiver on the engine containing the petrol for starting should not have a
capacity of more than 1} litre (2:65 pints), and must be covered with a self-
cleansing tight-fitting metal cover.

6. The fuel-tanks may only be filled by daylight. The alcohol tank may
only be filled by using a rotary pump ; for filling the petrol tank an explosion-
proof vessel is to be used.

7. No stock of fuel for supplementing the supply of alcohol in the tank is
to be kept.in proximity to the engine; the stock is only to be replenished
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when it has become exhausted. During replenishing of the supply of fuel
the engine must be stopped running.

8. The stock of benzol or petrol must not exceed 250 kgs. (5 ewts.), and
must be kept in iron vessels, stored in a separate fireproof room, which must
never be entered with a light ; or in a pit sunk in the open, lined with walls,
provided with an iron cover, and at a distance of at least 10 ms. (about 10
yds.) from buildings or inflammable material. When the stock of petrol or
benzol together does not exceed 20 kgs. (44 lbs.), it may be kept in vessels
made of other metal.

Conditions for Stationary Alcohol Engines,

1. The engine may only be installed in a room in which no easily com-
bustible material is stored or in process of manufacture, and only on a five-
proof foundation. When the foundation does not extend for at least 30 cms.
(12 ins.) round the engines on all sides, the flooring, if made of wood, must
be covered with iron sheeting to make up that distance. No woodwork and
inflammable material must be nearer than 1 m. (39-37 ins.) from the top of
the engine, and 30 ems. (12 ins.) from the sides,

2. The engine and the tanks containing the fuel must be at a distance of
at least 2 ms. (about 2 yds.) from heated ovens or pipes, and from all lighting
lamps (electric incandescent lamps excepted),

3. The exhaust pipe leading from the engine must be rendered fireproof.

4. The engine may only be supplied with commerecial alcohol containing at
most 90 per cent. pure alcohol.  An addition of 20 per cent. benzol is allowed.

5. The vessels from which fuel is supplied to the engine through closed
pipes must not be brought over the engine, but must be kept to the side at a
distance of at least 1 m. (about 1 yd.).

6. The mixture of the fuel and the filling of the fuel vessels must only
take place in daylight ; in ease of need this can also be carried out by artificial
light if the conditions under (2) be fulfilled.

7. The stock of petrol and benzol must not exceed together 250 kgs.
(b cwts.), and must be kept in wrought-iron vessels, stored in a separate
fireproof room, which is not to be entered with a light, or in a pit sunk in the
open, lined with walls, provided with an iron cover, at a distance of at least
10 ms. (over 10 yds.) from buildings and material liable to eateh fire. When
the stock of petrol and beuzol together does not exceed 20 kgs. (44 Ibs.), it
may be kept in vessels made of another metal,

Conditions relating to Stationary Engines using Paraffin or Liquid
Hydrocarbons whose flash-point is above that of the richest
Paraffin.

1. The engine must only be supplied with the richest paraffin, or with a
fuel whose flash-point is above that of the richest paraffin.

2. The engine may only be laid down in a room in which there are no
easily inflammable materials stored or in course of manufacture, and only on
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a fireproof foundation. If the foundation does not extend for at least 30 cms.
(12 ins.) all round the base of the engine, the flooring, if of wood, is to be
covered over the remaining distance with iron sheeting, No woodwork and
inflammable material must be nearer than 1 m. (39:37 ins.) from the top of
the engine, 30 ems, (12 ins.) from the sides.

3. The engine and fuel-tanks must be at a distance of at least 1 m.
(8937 ins.) from heated ovens or pipes. .

4. The exhaust pipe leading from the engine must be rendered fireproof.

5. The stock of fuel must not exceed 500 kgs. (10 cwts.), and must be
kept in a room which is not to be entered with & naked light, or in the open
at a distance of at least 10 ms. (over 10 yds.) from buildings.

Attendance of Engines.

The hand levers for starting and stopping the engine should always be
placed in the same positions ; by practice, the attendant scon gets to operate
these mechanically.

Instructions for starting.

It is necessary

1. To light the heating lamp if one is used.

2. To fill the oil-cups and lubricators always in the same order, and to
watch the action of the sight-feed Iubricators.!

3. To apply paraffin to the exhaust valve spindle and to the ignition
interrupter lever spindle. To ascertain that the exhaust valve and the
ignition interrupter lever work freely.

4. To throw into gear the compression relief arrangement and to retard
the ignition.

5. To open the fuel feed-cock to the usual mark required for starting.

6. To turn the flywheel with the hand-crank or barring-gear. In large
engines, the starting-gear must be set in motion.

7. As soon as ignibion occurs regularly, and the engine has acquired a
certain amount of speed, to set in operation compression, to regulate for early
ignition, and to place the fuel supply-valve in the running position.

8. To start the cooling water supply.

9. To shift the transmission belt on to the driving pulley.

Attendance when running.

1. To ascertain the cooling water temperature.
2. To ohserve the working of the lubricators.
3. To regulate the fuel supply.

4.

In winter to repeatedly drain off the water from the exhaust pipe.

! In cold weather, the lubricating oil may become so thick that it only flows slowly
from the oil-ean, and the lubricators may not act efliciently as long as the engine remains
eold. The oil-cans should in such. cases be warmed, so that the lubricators may be filled
with a more liquid lubricant.
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For stopping the engine,

1. To remove the belt.

2. To cut off the fuel supply ; put out the heating flame and open the oil
drain-cock on the combustion chamber.

3. To stop lubrication.

4. To stop the working piston at the end of the outward stroke, the gear
leaving the exhaust valve open.

5. Cut off the cooling water after complete cooling down of the engine,
(By this means the deposit of scale is prevented; scale is due mainly to the
water cooling down in the engine and being heated up again.)

6. Draining the water off from the exhaust pipe.

7. Should frosty weather be anticipated, the water must be emptied out
of all cooling jackets, also out of the ribbed radiators,

Cleaning of the engine.

The engine should be cleaned on the outside every evening immediately on
stopping, and while it is still warm. All polished and varnished parts
should be rubbed down with soft clean waste.

Internal cleaning should include the valve chest, valves, exhaust passages,
exhaust piping, combustion chamber, piston and rings, and cylinder walls,
The time for internal cleaning ecannot be preseribed, as this cleaning depends
upon the type of engine and the care with which it is worked. Under normal
conditions, it may be taken that stationary engines working with petrol or
benzol for ten hours a day, require to have their valves and electric ignition
device seen to about every eight weeks. With paraffin engines working with
vaporisers, internal cleaning should be done more often. Diesel engines
require less frequent cleaning.

If the valve heads become covered with oil, this should be removed, and at
the same time, the valve spindles, the parts operating the electric ignition,
and the inside of the valve chests, should also be cleaned. The carbonised oil
is removed with iron or copper scrapers.

Seeing that the greater part of the lubricating oil supplied to the eylinder
is carried out through the exhaust valve in the form of oil vapour or il
spray with the exbaust gases, it is clear that lubrication must not be carried
to excess. In paraflin engines working with a vaporiser, a large quantity of
unconsumed paraffin finds its way through the exbaust valve, In all such
cases, therefore, one must expect the opening in the exhaust valve, exhaust
head, and exhaust pipe, to become quickly narrower, even to the extent of
being stopped up, and frequent—often weekly-—cleaning is necessary. Such
conditions, of course, arise from bad workmanship and neglect in attendance.
In these cases the power is reduced and the consumption of fuel increased.

Among the most important duties of the driver is the maintenance of the
valves in good working condition, The development of the full power of the
engine, its economical running and easy starfing, depend mainly upon the
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valves remaining tight, The valve chests must therefore be easily opened and
the valves easily removed. Foreign bodies of all kinds—sand, dust, filings,
ete,—carried in with the air for combustion, are liable to become attached to
the valve faces. The excessively hot combustion gases which flow through
the exhaust valve port, lead to the formation of scale; the oil residues also,
already referred to, may cause both valves to work badly. The inlet valve
suffers less by heat, the regular inflow of cool air for the charge forming a
most efficient method of cooling.

It is important that the air for the charge should be drawn from a certain
height above the floor level and from a place where there is no dust ; it isa
very unwise arrangement to have the air-suefion orifice on the floor level.
In automobiles, the air should be drawn from the place the least exposed
to dust.

Foreign bodies which become attached to the valve faces should be
removed with care, and the valve heads and spindles cleaned of coomb by
using paraffin, Valves that are not tight are ground in with medium fine
emery ; valves made of brass or copper, occasionally used in internal com-
bustion engines, are ground in with glass powder.

In engines which receive good attention, the combustion chamber and
piston rarely require cleaning. So long as the piston rings are free, they
need not be removed. The ring lying nearest to the combustion chamber will
be found to become fixed only after a comparatively long period of working ;
when this occurs all the rings should be removed and cleaned thoroughly, the
grooves being also thoroughly cleaned out at the same time. The removal
and replacing of the rings and of the piston must be earried out with great
care.  The rings which become tight may be loosened by using paraffin ; it is
advisable to steep the whole piston in paraflin, after which the rings will be
easily moved if struck with a wooden mallet.

For facilitating the replacing of the cleaned piston, a piston-clamp is
generally used, supplied by the engine-builder.

All parts which are removed from the engine and cleaned, should be
deposited in a clean place where they are not likely to be damaged. When
removed, the connecting rods should not be left leaning against a wall, for in
such a position sand and dust can easily find its way to the bearings, When
for any reason the lay-shaft has to be removed, care must be taken in replac-
ing it that the teeth of the pinions mesh together in exactly the same manner
as before, or else the valves will not work well.

When the engine is re-erected, and all the nuts and bolts have been
properly tightened up, it is turned round in the reverse direction in order to
test it for tightness, and then set running. It is tested for power by means
of a brake on the flywheel and a lever; small engines are tested for power
with a pad of cleaning waste as a brake. After a run of a few minutes,
the bearings are examined in order to aseertain whether they are running
hot or not,
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CHAPTER XII.

ON CORRECTING IRREGULARITIES IN RUNNING. DANGERS,
AND PRECAUTIONS TO BE TAKEN, IN CONNECTION WITH
THE USE OF INTERNAL COMBUSTION ENGINES.

OrE of the essential qualities of a really capable engine attendant or chauffeur
is the ability of finding out quickly any cause of irregular working of his
engine, and to make it good expeditionsly. In this respect, internal com-
bustion engines present greater difficulties than steam engines. An internal
combustion engine supplies itself with fuel and air for combustion in the
quantities required for the work it has to perform. It has no reserve of
power on which it can draw, in the same way as a steam engine can draw on
its boiler. A small amount of leakage in a steam engine does not give rise
to trouble in running, but in internal combustion engines leakage forms the
main cause of such troubles. Moreover, the fuel vapours and air with which
one has to deal in these engines, are both invisible, and this renders it
necessary to have recourse to indirect ways and means in seeking for the
cause of leakage, this being traced by following up the effects it has produced.

In finding out the cause of any irregularity in running, one must proceed
methodically, By haphazard tests no eclear opinion is possible as to the
most satisfactory measure to adopt, and the real source of the evil. The
following are a few directions for tracing the principal causes of troubles that
may occur, together with the means of remedying them.

The troubles that occur mostly in internal combustion engines are :(—

1. The engine refuses to start, and explosions oceur in the exhaust pipe.

2. It refuses to start, without the oceurrence of accompanying explosions.

3. 1t starts running, but stops after a few ignitions.

4, It can be started running, but each time only after a number of idle
revolutions,

5. Running is irregular.

6. The engine refuses to run after it has heen working for some time.

7. The power developed is too small.

8. Explosions occur in the air-pipe while drawing in the charge,

9. Knocking oceurs.

10. The engine runs at too high a speed.
264
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1. The Engine refuses to start, and Explosions occur in the Exhaust Pipe,

Cause of the trouble.—The exhaust valve spindle fits too tightly in its
guide, or the valve is not tight.

Remedy.—(a.) To pour paraffin in the small tube provided for the
purpose in the valve spindle guide, and to work the valve up and down. Oil
must not be used for lubricating the valve spindle, as the result would be the
reverse of what is wanted, for the oil would carbonise at the high temperature
of the spindle, thus preventing it from working ; paraffin, on the other hand,
evaporates without leaving a deposit.

(b.) Should easing the exhaust valve not meet the case, then it must be
removed and its scat cleaned of any foreign substance that may have become
attached to it. Eventually it may be necessary to grind the valves in.

Lxplanation.—When the valve does not work freely in its guide, or when
foreign substances prevent it from closing down tight, a part of the uncon-
sumed charge enters the exhaust head and exhaust pipe during the com-
pression period. On ignition, the portion of the charge in question becomes
ignited also inside the exhaust head and exhaust pipe through the opening
left by the exhaust valve, the gases of combustion being driven through the
exhaust pipe with a more or less loud explosion ; the pressure is not e:xelLecE
on the piston, and the engine cannot start. ¥

ing Explosmns in the Exhaust Pipe.

Cause of the trouble.—Ignition does not take place, (@) in engines wit
hot-tube ignition, because the tube is not hot enough or because it becomes
foul inside. -

Explanation and remedy.—In petrol, benzol, and aleohol engines, the hot
tube only acts when it is ved-hot. It is necessary to sece whether the heating
lamp is burning well ; its supply must be regulated and the cinder removed
from the wick.

Should the valves be tight and the lamp burning well, the trouble can
only be traceable to the stopping up of the ignition tube or of the carburettor,
This oceurs mostly in paraflin engines working with vaporisers, when these
engines are too freely lubricated or when the fuel supply is too abundant.
In the latter case, the objects near the exhaust pipe outlet are frequently
wet with paraffin over a large radius.

(b.) In engines fitted with electric ignition. Klectrie ignition is subject
to many disturbing influences. In cold weather, water is deposited on the
internal parts of the device, this water coming from the products of com-
bustion ; or lubricating oil is deposited on the sparking points; or again the
insulation is covered on the inside with a coating of soot and carbonised oil.
In low-tension ignition devices, the lever frequently works stifily, or its
spring is damaged, broken, or it falls off. The current conductor may
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become loose at the engine terminal or be broken; or it may be badly
insulated and may touch a metallic part of the engine.

Feplanation and remedy.—The most common cause is the ““sweating” of
the parts in the combustion chamber. This oceurs in cold weather, when the
mixture drawn in is much hotter than the inside of the engine. The
moisture of the air and the fuel vapours resolve themselves into a damp
coating on some fittings of the ignition device, and sparking is prevented.

Preventive measures.—The ignition mountings or the plug should be
removed for a short time before starting the engine, and deposited in a warm
place. The engine should be started immediately the device is replaced.

The ignition interrupter lever spindle sticks fast.

Faxplanalion and  remedy.-—This spindle becomes very hot when the
engine is running, and its working may be interfered with by the formation
of rust, or by clogging owing to the coagulation of the oil that is sprayed
against it, while the strength of the weak spring driving the lever against the
contact point becomes insufficient. The spindle is wetted with paraffin and
worked up and down until it moves freely. A good attendant always sees
that the ignition lever works freely before starting his engine.

The dgnition interrupter lever spring falls off, is damaged or Iroken.
Ezxplanation and vremedy.—The ignition interrupter lever spring being
repeatedly strained and released, the ends by which it is fixed may become
slightly bent, or the spring may become stretched. In either case it may
happen that the ignition lever does not complete its return movement, and
sparking is not regular. A number of spare springs must be kept at hand.

Chireuit s broken.

Eaplanation and remedy.—The conductors should often be inspected.  The
contact serews which hold the wire or the conductor easily become loose;
it is most important always to test the current before starting. In plug
ignition, when the plugs become loose, sparks may be noticed, a sign that the
metallic parts holding the plug and the engine come in contact with each
other. With low-tension ignition, the fingers may be placed in connection
with the contact serew and ignition interrupter lever, and the apparatus is
given a slight rocking motion ; a slight shock will then be felt if the device
is in working order.

3. The Engine, fitted with an Electric Ignition Device, stops
after a few Ignitions.

Cause of the trouble.—(a.) Electric ignition refuses to aet, because in cold
weather the inner portion of the device is wet from the water vapours due to
the first explosions.

FEaxplanation and Remedy.—The gases resulting from the combustion of
the charge in the cylinder are water vapour and carbonic aecid. The water
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vapour is turned into water in the combustion chamber, because its sides are
still cold and absorb the heat rapidly, and it is ounly after a number of
successive explosions that the walls become sufficiently hot to prevent any
further condensation of the vapour. As already stated, the plugs or the
mountings should be removed and heated.

(b.) The oil sprayers may also refuse to work after the first few ignitions.
While the engine is standing, large quantities of oil collect at the bottom of
the cylinder, or, in vertical engines, on the piston head, The working of the
piston drives this oil towards the combustion chamber, where it spreads after
the first few ignitions. If a drop of the oil reaches the sparking points or
comes between the interrupter lever and point, this would be quite sufficient
to prevent ignition. In this case the plug or ignition mountings should be
removed and cleaned. In order to prevent this trouble in horizontal engines,
many builders now fit the combustion chamber with a drain-cock, through
which the excess of lubricating oil should be blown off after siarting. 1t is
also as well to open this cock, and to turn the engine for a little while without
supplying it with fuel. An oil blow-off cock cannot be fitted to vertical
engines.

This cock is also useful for ascertaining whether an inflammable mixture
is properly formed, and whether ignition takes place or not. When the fucl
supply is open, the engine revolved slowly and the oil-cock opened before
completing compression, if mixture formation and ignition are working
properly, a light-blue flame is driven with a good deal of noise through the
cock. Should no such flame be produced, either the mixture formation or
ignition is out of order. If a flame be held at the cock opening, and the
out-rushing current of gas becomes ignited, it is o proof that ignition is in
default. Should a yellow flame appear at the cock, it is a sign there is too
much fuel in the mixture. In automobiles, the pet cock may be used for
such tests. These tests, of course, must be ecarried out with care. For
lighting the wmixture, an aleohol lamp burning with o long flame should be
used preferably to any other. The wick of the lamp should not be opposite
the cock opening. One’s body, and especially one’s head, should be held well
out of the way, for the tlame issuing from the cock may canse dangerous
burns.

4, Running is effected only after a large number of Idle Revolutions ;
the Engine develops no power, because Ignition fails periodically.

This trouble may be due to several caunses.

Cause a.—The exhaust valve spring has become fatigued ; is too weak or
broken. h.—The fuel proportion in the charge is not normal. c.—In tube
ignition, the tube is not sufficiently hot.

Eaplanation and Remedy.—(a.) 1f the exhaust valve spring has become
fatigued, or is too weak or broken, it does not offer sufficient resistance during
the suction period, and the exhaust valve opens during this period as well as
the suction valve, In this case air or combustion gases remain in front of

17
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the exhaust valve, in the exhaust head or exhaust pipe, enter the cylinder and
reduce the quality of the mixture to such a degree that it becomes uninflam-
mable, This uninflammable mixture, whieh, however, contains fuel, is driven
into the exhaust head, and part of it returns to the cylinder on the next
suction-stroke. On the first stroke there entered only into the cylinder gases
of combustion ; on the next a weak mixture is formed, and at each suceessive
suction-stroke this becomes enrviched until it becomes inflammable and results
in a working stroke, when the same sequence is rvepeated. The length of
the period between explosions is dependent on the strength of the spring,

(b.) Iguition ceases periodically, because the preportion of fuel in the charge
18 too low.

Ewplanation.—Iere also the charge becomes richer gradually as in the
case pointed out under («). Should the weak mixture formed be inflammable
of itself, it becomes transformed, on mixing with the produets of combustion
remaining in the combustion chamber, into an uninflammable mixture, and it
is only when the products of combustion are, as it were, overcome by a
second, third, or fourth suction-stroke, when therefore a pure though perhaps
poor mixture is formed in the combustion chamber, that ignition takes place.
Then fresh combustion gases are produced, and the sequence is repeated.

(e.) Tynition becomes irregular, becuuse the ignition tube /s not sufliciently hot.

The poorer the charge and the colder the engine, the higher must be the
temperature of the ignition tube to insure regular ignition, It is possible for
a mixture supplied pure from the carburettor to become ignited by a tube
having only a low temperature, but this does not happen when the mixture is
adulterated by the products of combustion which remain in the combustion
chamber. In this case also ignition fails periodically until the mixture

gradually becomes sufficiently enriched.

5. Irregular Running,

The engine vuns fast, then slows down.

Cause of the trouble.—Faulty action of the governor.

Lixplanation and remedy.—In the case of engines fitted with a centrifugal
governor, regularify in running depends very much upon the careful handling
of this mechanical device. The arms, slides, guides, ete., all the parts in fact
which constitute the governor, must always be kept well lubrieated, otherwise
it works stiffly and jams occasionally, this, of conrse, greatly reducing its
sensitiveness.  When it acts well at first and gradually becomes irregular in
its action, the fault is attributable to lack of proper attention, It is not
advisable that the driver should take it to pieces, but he should use turpentine
or paraflin at the lubricating parts to dissolve the coagulated lubricating oil,
until it runs freely. Then thinner lubricating oil should be used.

In small engines, in most of which absolutely regular rumning is not
essential, inertin governors should be used, as they are easier to keep in order
than centrifugal governors. In inertin governors the sharp tripping edges
may wear down in time, but this may be remedied by resharpening them or
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by renewing the tripping piece. In the latter ease, care should be taken to
see that the new edges are of correct length.

6. The Engine stops after running for some time,

This may be attributable to—(a.) Ignition not taking place. (5.) The
valves leaking. (e.) The asbestos joints being damaged. (J.) The nuts on the
valve chest cover or on the ignition mountings having slackened back, (e.)
The fuel supply pipes being stopped up. (/.) The presence of too much
water in the exhaust head. (g.) Lubrication heing defective.

Faxplanation and remedy.—(a.) The most delicate part in any engine is the
ignition, especially when this is one of the electric systems. It is necessary in
the first place to ascertain whether ignition occurs regularly or not. This is
done in the quickest and safest way by opening the oil or blow-off cock, the
flame which appears from this showing whether ignition does take place or
not. The failure of the ignition may be due to loosened terminal screws on
the current conductors ; holding down of the ignition interrupter lever ; broken
or damaged spring on the exterior arm of the ignition lever; soot or
carbonised oil on the insulation inside the combustion chamber; oil drops,
water condensed on the ignition insulation; or fracture of the insulator.
Testing for ignition is carried out in the manner above deseribed.

( and ¢.)—1t is possible to discover immediately whether leaky valves or
other leaky parts arve the cause of the trouble when the resistance to compres-
sion is small and the pressure quickly falls. Resistance to compression is
tested more quickly when the flywheel is turned backwards. The cause of
any leak is traced by a hissing noise, which occurs when the flywheel is
turned backwards. The point which leaks is found by means of an uncovered
light, by using oil or soap-water (when air-bubbles arve formed), or by the
action on fine threads of waste.

(d.)—The nuts on the inlet or exhaust valve chests, or on the ignition
mountings, may become loose; especially is this liable to occur when new
packing has been inserted. The material used, asbestos pulp, absorbs damp
rapidly, the water evaporates after starting the engine, the asbestos pulp
dries, and the first serewing up of the nuts becomes insufficient. Where this
asbestos pulp is used, the nuts should be tightened down after the engine has
started running. If this be not done, the joint is damaged and blown out,

(e.)—Notwithstanding the fact that some kind of filter is used in every
engine installation, stoppages may occur in the fuel supply pipe from filings
or other foreign matter finding their way in between the filter and the engine
during erection of the plant. The openings in the carburettor are very small,
and very fine particles suffice to stop them up. The filters also may become
stopped up in course of time, especially if they have not a sufficient filtering
surface.  When an engine stops, therefore, the carburettor and the float valve
should be removed and inspected, to sce whether the fuel has a free passage
or not,

(f.y Presence of too much water in the exhaust head.—-The exhaust head, or
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silencer, frequently receives too little atfention. Usually, and this is a grave
mistake, it is not made easily accessible, The exhaust head, as is well known,
is not only intended to stifle the noise of exhaust, but is also required to
collect the water condensed from the gases of combustion, In cold weather,
and with long exhaust pipes, the quantity of this water becomes so large that
‘it must be run off several times a day. If this be not done, the water, especi-
ally with “hit and miss’
of the engine and cause the latter to stop, either by disturbing clectric igni-
tion, by causing the hot ignition tube to break, or by having an unfavourable
influence on the mixture formation., The removal of water from the cylinder

’ governing, may easily find its way to the eylinder

is frequently an intricate operation ; it involves the removal of the inlet valve
and soaking up the water with a ball of rolled-up waste, Al such difficulties
are prevented when, in cold weather, the blow-off' cock, or the exhaust head
is left open so that the water can drain away.

{g.) Defective lubrication of cylinder or bearings.—When using ring lubri-
cation, splash lubrication, or lubrication under pressure, defects under this
head rarely ocour.  The oil supply pipes or the lubricating ports may become
stopped up, or the screws fixing the covers of the bearings may be too tight,
and the delivery of oil may be hindered, and one or more bearings become
hot and a resistance suflicient to stop the engine may result.  When the engine
is cleaned, the driver should therefore see that the flow of oil to each lubri-
cating point is perfect; he should alse make sure that no bearing runs hot
after the engine has been working for any length of time.

7. The power developed is too small, or the Engine runs too slowly.

Causes of the trouble,—(a.) The ignition is timed too early or too late.
(f.) TIf an antomatic inlet valve is used, the spring is too stiff or the valve has
too short a travel. (e.) Misfires oceur. (d.) The valves or the piston are no
longer tight, or leakage occurs at the other points. (e.) The exhanst valve
is stopped up. (7.) The exhaunst valve spring is damaged or too weak. (g.)
The parts forming the gearing, or bolts or washers, have become worn. (h.)
The gear wheels have become relatively displaced, and the wrong teeth engage
one another. (¢.) Too small a quantity of fucl is supplied.

The decrease in power developed is one of the most common and most
annoying of troubles ; it occurs as a rule with engines worked to the limit of
efficiency.

(a.) The dynition iz timed too early or foo late—The great influence which
an accurate timing of the ignition has on the power developed, was only
realised as recently as about ten years ago, since the construeciion of high-
speed automobile engines and larze gas engines, and since the introduetion of
electric ignition, by which means the instant of ignition can be very simply
controlled.

The greater the speed ; the greater the dimensions of an engine; or the
poorer the charge, the earlier must the ignition take place. Devices for con-

trolling the time of ignition when the engine is running, are therefore of the

o)
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greatest importance for a large development of power, and the driver must
thoroughly understand the action of these devices.

(b.) The inlet valve spring is too wealk or the valve has too short a travel.
An important point in the development of power in a gas engine is the
action of the inlet valve. If the capacity of the cylinder is to Le properly
taken advantage of, it must be filled with as large a charge as possible. An
automatic valve cannot satisfy this condition of working, as its action cannot
be controlled. It opens only when suction on the suction-stroke has become
sutficient to overcome the weight of the valve or the strength of the spring,
The valve then does not remain steadily open, but vibrates, providing a
passage of constantly varying size. This results in two disadvantages: (1) the
quantity of the charge is reduced, and (2) there is also a possibility that the
valve only closes when at the end of the stroke a part of the charge in the
cylinder back-fires, air being a compressible medium.

The irregularities duc to the closing of the inlet valve too late, give rise
to: (1) reduction in the power developed ; (2) loss of fuel; and (3) odour
in engine-room. In order to ascertain whether the charge is driven back
through the inlet valve, an uncovered flame or a fine thread is held in front
of the air inlet port ; if the flame or the thread is blown oufwards on comple-
tion of the suction-stroke, the charge is wasted. By altering the tension of
the spring, or by replacing the spring by a stronger or a weaker oune, the
defect can usually be remedied.

(e.y Migfiring.~—Ilgnitions periodically missed, or retarded ignitions, oceur
with tube ignition when the tube is not sufficiently hot. This can be
remedied by renewing the asbestos in the flame chimney and by reducing
cooling.

(d.) Leakage of valves, piston, or covers.—Leakage in the engine leads to loss
of fuel. The smaller the dimensions of the engine and the higher compression
is, the greater are the disadvantages due to leakage. Leakage of the valves
can only be traced by inspecting their ground faces. The piston is not tight
when there is a hissing noise when the engine is running. In engines with
enclosed crank casings (automobile engines, ete.), the cover must be removed
and the engine turned round by hand, to ascertain whether the hissing noise
is produced. Leaks in the covers of the valves, ignition mountings, ete., can
be traced, as alveady stated, by using oil or soap-water,

(e.) Stopping up of exhaust pipe and echaust head.—Loss of power due to
the stopping up of the exhaust pipe always occurs gradually. The cause of
this is the formation of carbonised oil, the deposit of coagulated Iubricating
oil, and, in petrol engines, of unburnt fuel residues, which settle down in
course of time on the sides of the exhaust head and pipe. The more copious
the lubrication of the piston, and the less frequent the use of the oil blow-off
cock, the more rapidly does this trouble arise. In course of time, in every
internal combustion engine, the exhaust pipe opening becomes constrieted.
‘When the lubrication of the piston is done carefully, the blow-off cock made
use of regularly, and the fuel in paraflin engines supplied in correctly pro-
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portioned charges, the narrowing down of the exhaust pipe occurs more slowly.
But the exhaust pipe has from time to time to be unserewed from the exhaust
head and inspected. The carbonised oil and paraffin residues should be
burnt out by placing the pipe on a smith’s hearth,

(f.) Damaged or too weak exhaust valve spring.—Fvery spring gradually
loses its strength, and the exhaust valve requires a spring which has always
the same strength. During the suction period, there iz a partial vacuum in
the working cylinder, against which the exhaust valve must offer resistance.
On the other band, the spring must not be too strong for the exhaust gear to
overcome the end pressure when performing the opening movement. The
driver should ascertain occasionally by hand whether the strength of the
exhaust valve spring is correct.

(1.) The parts of the valve gear, bolts, washers, and bearings have become worn.
—The wearing of these parts reduces the opening period of the valves, the
products of combustion eannot be completely discharged, the charge contains
more gases of combustion and less mixture, resulting in low working
pressures.

(h.) The gearing pinions are displaced, and the teeth are not in mesh correctly.
—The taking down of the gearing of internal combustion engines is a rare
oceurrence, but just because it is but seldom necessary, it may happen that
on putting the engine together again the driver does not pay sufficient heed
to the marks made on the teeth, If the teeth are shifted to any great extent,
the engine will not run ; if there is a difference of only one or a few teeth,
the eugine will run, but it will develop a much smaller power. When an
engine is found to develop less power after the lay-shaft has been removed
and replaced, it is practically certain that the wrong teeth in the pinions are

in gear.
8. Explosions occur while drawing in the Charge.

The cawses of this are: (a.) Formation of slowly burning mixtures. (%) Im-
perfect cooling.  (e.) Burning of lubricating oil vapours. () Red-hot earbon-
ised oil particles or ashestos fibres. (e.) “Pockets” inside the combustion
chamber.

Faplanation. — Explosion during the suction period, or back-firing, is
always due to u premature ignition of the charge on entrance into the work-
ing cylinder, while the inlet valve is still open. This belongs to the most
aunoying class of troubles, and is frequently most dificult to remedy. As :
possible course, under () is given the formation of slow-burning mixtures, due
to insufficient amount of fuel or too large a proportion of combustion residues.

If there is only a small proportion of fuel, the combustion of the charge
proceeds so slowly, that the flame remains in the cylinder during the exhaust
period and also during the commencement of the suetion period, producing
there an undesirable means of ignition which comes into action at quite the
wrong period, and the suddenly formed gases of combustion rush out with
more or less noise through the open inlet valve.
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(b} Impenfeet cooling.—The higher the temperature of the combustion
chamber walls, the higher is the temperature of the residues that remain
there, and the greater the risk of the fresh charge becoming ignited on enter-
ing. The larger the engine, the thicker are the walls of the combustion
chamber and, in this case, the longer it takes to cool them, resulting probably
in more frequent back-fires, especially when the engine is running at a high
speed. In large engines, therefore, the temperature of the cooling water
must not rise so high as with small ones.

(c.) Burning of lubricating oil vapours.—The cylinders are usually lubri-
cated with mineral oil. As the combustion temperature in the cylinder rises
much higher than the temperature of distillation of the oil, oil vapours are
produced which, under normal conditions, burn with the charge, doing useful
work, But should the mixture of these oil vapours with the charge be incom-
plete, or should it not contain a sufficient proportion of air, it burns much
more slowly than the correet charge, and this slow burning may result in the
firing of the following charge.

A peculiar point about back-fiving is that the explosions always oceur
singly, after short or long intervals. This is easily explained. When a back-
fire oceurs, more or less of the cylinder surface has been laid bare, almost the
whole of the oil-covered surface is exposed to the high temperature of com-
bustion, aud large quantities of oil vapours are formed and driven out through
the inlet valve. Another ignition does not follow immediately, because the
air-pipe and suction passages do not contain air, but the produets of combus-
tion resulting from the back-firing. The cylinder cools down somewhat, the
excess of lubricating oil has been carried away, and for a time normal running
proceeds. By using a heavier lubricating oil and reducing lubrication, the
irregularity may be minimised.

(.Y Incandescent carbonised oil or ashestos fibres.—When the combustion
chamber, the exhaust valve, and piston are not sufticiently cleaned, particles
of carbonised oil are casily deposited, become red-hot, and lead to premature
ignition of the entering charge. Small pieces of asbestos fibre which find
their way into these parts may have similar effects. The asbestos packing
must always be cut clean and held securely in place. Good engines, however,
have no asbestos packing, but are made throughout with ground joints;
these need to be handled with care, but they ave the hest and most reliable
and do not leak.

(2.) “Pockels” which are in divect connection with the explosion chamber.—
This cause of back-firing is but little known, The space need not be large,
and the 10 nums. (§ in.) bore of the indicator mounting, or the bore for the oil-
cock, or that for the water drain-cock, which is found still in the older types
of engines on the ignition tube, may be quite sufficient to cause this trouble.

FExplanation.—The blind holes of different length become filled with gases
of combustion after the working-stroke ; on compression, inflammable mixture
is driven inside them, and there is thus formed a slow-burning mixture which
increases while the new charge is being drawn in.  Towards the middle of the
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suction-stroke, when the piston travels faster and a greater vacuum is formed
inside the cylinder, the flame issues from its  hiding-place” and ignites the
mixture in the ecylinder.

The boring for indicator cocks must thercfore be closed by a screw plug
which fills it up completely. The oil drain-cocks must be made very narrow
or replaced by valves,

9. Knocking Occurs in the Engine.

Sinee the time when high-speed engines working ~with high compression
and electrie ignition were built, it has become necessary to make it possible to
regulate the timing of ignition, and one of the duties of the driver is to be
familiar with present-day conditions. When ignition is too late, power is
lost; if it oceurs too early, the engine runs more stiffly, and bad knocking
oceurs from time to time. With a hot tube, ignition may also occur prema-
turely, and the engine runs stiffly, power is decreased, and the life of the
engine reduced, Premature and irregular ignition with the tube occurs with
short, wide, and also conical-shaped tubes. The evil is lessencd by reducing
the opening of the tube in the combustion chamber, by inserting inside it a
wrought-iron ferrule.

Knocking of a special character occurs in parafin and petrol engines.
These fuels, and especially parafiin, withstand only a low compression, as they
have a very low ignition temperature. If, added to this, the engine is in-
sufficiently cooled and runs at a high speed, the charge ignites before the
dead point is reached, simply owing to the heat of compression. This kind of
ignition is of quite a different nature to the ordinary ignition which starts
from one point ; it has the character of a veritable explosion, resulting in
the general and complete ignition of the mixture. The knocks so caused are
violent and extremely detrimental to the engine, and the fracture of crank-
shafts and erank-shaft bearings may be the result. This explaing the loss of
propeller blades in motor-boats.

Knocking caused by the wear of separate parts of the mechanism is
régular in ocourrence, while compression ignitions occur singly in most cases,
and only after running temperatures have been reached.

The parts the most liable to wear are the gudgeon pin, the flywheel key,
and the crank bearing. Since about the middle of the ’eighties, when the
greater number of engine-builders ceased to key the flywheel on the eylindri-
cal seating of the shaft, and took to shrinking it on to a tapered fit, knocking
due to a loosened key no longer occurs. When, however, the flywheel and
locking nut are not sufficiently tight, and no safety arrangement is provided,
the engine stops still with a sudden jerk and the flywheel works loose on the
shaft.

10. The Engine runs at too high a Speed.

The cause of periodical or constant excessive speed in the engine is
always traceable to the governor. A periodic increase pnd decrease in speed
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occurs when the governor is insufliciently lubricated or is worn. When the
engine runs steadily at too high a speed, this is usually due to defective
governot gear. When the governor is not carcfully attended to, the lubrica-
tion ports become foul and no oil reaches the governor spindle or ring, friction
is set up, the teeth of the pinions break, or, if the governor is driven by a
belt,! this may fall off and the engine get out of control. Should the belt
fall by reason of the high speed of the engine, the oceurrence is a most serious
one. The flywheel may break, the connecting rod bolts may shear off, and
the engine in such a case will break down completely.

Dangers and Precautions with Internal Combustion Engines,

Every engine has its own peculiar dangers, and the driver must make
himsell acquainted with these in order to guard against them. With internal
combustion engines the prinecipal dangers are from fire or explosion due to
the kind of fuel they use.

Fire and explosion risks are entailed by leakage of the fuel supply pipes,
and the driver must therefore make sure that all connections arve tight,
When pipes have been removed and replaced, all connections and flanges must
be serewed up tight and tested for leaks. Most of the petrol engines now
used are so built that the fuel is supplied to them under a very low pressure,
either by placing the fuel tank at a level slightly higher than the engine, or
by creating a pressure inside the tank. As soon, therefore, as a leak oceurs
at any part of the piping, the whole tank empties itself. The fuel runs into
the engineroom, and fires or explosions canuot be prevented if this should
cateh alight.

Notwithstanding all the regulations laid down by the Insurance Companies,
the greatest care must be exerted.

The greatest risks for the driver himself arise from the easily volatilised
fuel residues which may remain in the engine.  When an engine in which an
nnignited mixture has remained, is opened out, either by removing a valve
or removing the pistou, the mixture may become ignited if the ignition is
electric and the engine is revolved. A large flame then issues from the open
ralve or from the cylinder epening.

In such cases, the driver has often been severely burnt ; the accident may
be provided against by taking carc to see that before any work be wndertaken
on the engine, dgnition is cut out ; then a light is held, from a distance, inside
the cylinder to ignite the charge or portion of a charge that may remain.

All persons occupied in such inspection of engines must receive due notice
of the risks in question. No man must be allowed to revolve the flywheel
by pressing with his foot on the wheel arms, or taking hold of the rim in such
a way that his arm extends through the wheel between the spokes. The
flywheel must always be drawn towards one either by taking hold of the arms
or the rim, and not driven away from one. In this operation a firm foothold

! The driving of the governor by a belt is dangerous and should never be adopted.
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must be secured ; efforts should be abandoned as soon as it is found that they
are not guflicient to overcome compression.

Inspection of the inside of a heating-lamp chimney or cowl should never
be permitted during running. It has very often happened that the ignition
tube has cracked at the very instant it was being seen to, and hot porcelain
splinters and particles of hot asbestos fibre have been driven in the attendant’s
eyes. The danger is greatly increased when, during inspection, the lamp or
the chimney ave displaced in any way.

In a general way, mention may also be made of the dangers arising from
lack of protection of flywheels, belts, shafts, and toothed gearing. In these
directions protective measures have only too often been ignored. Protective
wire-netting guards for flywheels, belts, ete., are effective only when made
high enough to prevent persons leaning on them. As far as it is practicable,
all engines should be provided with compressed-air starting arrangement.

The wiping and handling of moving engine parts should be forbidden,
and the driver should not, above all things, approach toothed gears with
cleaning waste, for even when these are protected with covers, threads of the
waste may become seized by the gear and may draw in the driver’s hand
before he can free himself. The action of a number of fitters and drivers of
taking hold of the connecting rod when the engine is running, or in allowing
the connecting rod end to touch the hand to sec whether the bearing is loose
or is running hot, is always a dangerous practice.  All works now fit a cover
over the crankshaft and conneeting rod, so that this cannot be done with
wmodern engines.
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Airship construction, history and develop-

ment, 213,
engine, ‘* Antoineite,” 178.
engine, Korting’s, 177.
engines, 213,

Akroyd paraffin engine, 32,
pump, 34,

Aleohol and henzol mixtures, 16, 17.
and petrol stationary engines, 92,
ag liquid fuel, 7,
as liquid fuel, prices of, 7.
calorific value of, 16.
characteristics of, 16.
compressibility of, 17,
engines, decrease in number of, 8,
fire and explosion risks, storage, 17.
future of, for heat, power and light, 8.
mixture formation and ignition, 17,
stationary engines : conditions ruling their

installation in Germany, 243.

Aluminimm in automobile engines, first use

of, 140,

American oil-fields, 1,

Aunimal life the origin of petroleum, 2,

** Antoinette”  sixteen - eylinder  aiship

engine, 178.

Asphalt, 1ts orig

Attendance of liquid-fuel engines

Automobile construetion, history

velopment of, 180,
engines, history and development of, 187,
Automobiles of recent construction, 182,

1, 2,

237, 251,
and de-

Barrnoox engines, 913,

3inki carburettor for oil and petrol, 50, 57.
stationary liquid-fuel engines, 124, 127,

Barnett English patent of 1838, 18.

“* Bayard ” chassis, gear and cars, 188,
four-cylinder sutomobile engine, 151.

Benz automobile engine, 139,
early atlempts at motor-car construetion,
181.

ignition deviece, 84.
Benzol and aleohol mixtures, 16, 17.
calorific value of, 15,
characteristics of, 15.
distilled from coal tar, 5.
extracted from eoke-oven gases, 6.
fire-risks of, 15.
high compressibility of mixture of, 15.
in lighting gas, 6.
mixture of, with air, 15,
prices of, 6, 15,
resolved into its component parts, 6.
ses of, 6.
ein dynamo ear, motor-driven, 233,
engine-driven dynamo, 234.
locomobiles, 222,
motor boat, 216.
Bituminous substances, their ori
Blade-shifting device for motor-boat pro-
pellers, 204, 210.
Blunke & Rast lubrieating pump, 74.
oil-filter, 75.
Boat and ship engines, their history and
development, 163.
Boats driven by internal combustion engines,
204,
Boring for pefroloum, first carried out in
1859, at Titusville, 2.
Bosch adjustable contact heating device, 89,
electric ignition, 80,
high-tension ignition apparatus, 87,
plug for, 88.
ignition apparatus, with rotary armature,

magneto-ignition plug (Honold system), 90.
Brayton petrol engine, 20
Bronsmotorenfabrik  stationary

engine, 136,
jrown coal distillate : <* Solarol,” 7.

distillation, by-products of, 7.

liquid distillates of, b.
By-products of brown coal distillation, 7.

paraffin

CABLE terminal eye, 91.

Calorific value of aleohol, 16.
of ““ergin,” 16.
of paraflin oil or kerosene, 12.
of petrol, 10.

Canadian oil-fields, 1.

67
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Canello-Diirkopp automobile engine, 140,
Capitaine carburettor, 56,
oil-heating lamyps, 63,
paraflin engine, 29,
carburettor, 31.
governor, 31,
Carburettor, Adler Fahrradwerke sutomatic,
52,
Banki’s, 50.
for oil and petrol, 57.
Capitaine’s, 56,
Clément’s, i
Daimler’s, 26, 51, 163.
for heavy fuels, 55.
for light fuels, 48,
Korting’s, for stationary engines, 50,
Longuemare’s, 53.
for heavy fuel, 57.
latest type, b4. .
Neckarsulmer Company’s, 54.
of Capitaive engine, 31.
of “ La Motosacoche,” 157.
Centrifugal governor, Adler-Fahrradwerke’s,
68,
Daimler Co.’s, 68,
Characteristies of liquid fuels, 9.
of six-cylinder *“ Hexe » car, 187.
of various cars, 188,
Claudel carburettor with ** Hexe ™ automo-
bile engine, 148,
Cleaning of engines, how to proceed in the,
252,
Clément’s carburettor, 53,
Coal gases, b.
liquid distillates of b.
origin of, 5,
~tar distillates, 5.
Coke-oven gases, benzol extracted from, 6,
Combustion chamber, its construction, 42,
Component parts of paratfin and petrol
engines, 41.
Compressed air starting and reversing for
boat engines, 210,
Compression pressure suflicient for igniting
paraffin, 14.
Conditions ruling in Germany for stationary
’ liquid-fuel engines, 247,
Connections of high-tension ignition appur-
atus, 88,
Construction of paraffin and petrol engines,
39,
Contact-breaker of the Neckarsulmer Co., 86.
Contact-breaking device, Bosch adjustable,
89,
ignition, 83.
Cooling jacket of Deuts stationary engines,
00,
of liquid-fuel engines, 240.
tank arrangement, 240,
with water under pressuve, 240,
Crane, engine-driven, the ** Oberursel,” 232,
Crank chamber of engines, 41.
shaft of six-eylinder *‘ Hexe” nutomobile
engine, 151.
Crude benzol distilled from coal tar, 5.
uses of, 6.
oil and paraffin stationary engines, 126,

INDEX.

Crude petroleum : its composition, 3.
and its distillates, 1.

Cut-out governing, 66,

Cycle engines, 154,

“Cyklon " three-wheeled motor car, 188,

{ Uylinder lubricating apparatus, 73.

lubrieation, 71.

of engines : its construction, 41,

! DAIMLER car, driven by combustion engine:
the first attempt, 180.
carburettor, 26, 51, 163,
Co’s. centrifugal governor, 68.
| eycle, driven by eombustion engine, the
i first attempt, 180,
| engine-driven fire-engine, 231.
‘ rail car of 1887, 201.
i engine: the first boat engine, 163.
| engines for boat propulsion, 204.
four-cylinder automobile engine, 146.
friction gear for motor boats, 204.
inventor of automutic hot tube ignition,
76.
motor boat internal arrangement, 208.
the first, 208.
motor-driven railway carriage, 203.
trolley, 203.
motor omnibus, 192.
petrol engine, 24.
pressure devices for heating lamps, 62,
** summer car,” 201,
tube ignition device, 25, 76.
Dairy mechanically driven, 245,
Dangers, and precautions to be taken, with
engines, 254,
De Dion-Bouton automoebile engine, 140,
ignition device, 84.
sparking-plug, 84,
Deutz engine-driven air-comypressors, 280.
Tocomotives, 204,
pamps, 227,
liquid-fuel stationury engines, 48.
locomobiles, 220.
Tubivieator, 74,
paraflin boat engine, 170.
piston ring stud, 45.
pressure pump for lubrication, 74.
stationary engines, details of, 102.
stationary vertical high-speed engines,
103.
vertical stationary engines, details of, 105.
Diesel engine air-pump, 129,
engine fuel-pump, 59,
engines, 28,
in passenger and cargo ship, 217.
in Russian gunboat, 218,
experimental engine, first builf, 35,
second built, 36,
stationary paraflin engine, 128.
details of, 180, 133,
two-eyele engines for boats, 210.
| Dirigible balloon engines, 213.
Distillates, liquid, of mineral coal, 5.
of petroleum, 1.
classification of, 3.
grouping of, 4,
their uses, 4.
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Dynameo ear, motor-driven, by Bicberstein,
233.
engine-driven, by Bieberstein, 234.
used for driving propeller shaft, 210.

EveeTrIC contact-breaking ignition, 83,
drive of propeller shaft, 210.
of vehicles coupled to liquid-fuel engine,
210.
ignition, 79.
mounting, 83,
of Tangyes engines, 119,
Fngine frame and crank chamber, 41,
o1l, distilled from petrolenm, 4.
Engine-room of passenger and cargo ship,
showing Diesel engines, 217,
Ereetion and attendance of liquid fuel
engines, 237.
“ Ergin,” a mixture of benzol distillates, 6.
and alcohol mixtures, 16, 17.
fire risks and regulations, 16.
mixture formation with, 16,
production, ealorific valne and price of, 16.
Ernst Eisemann & Co.s fmprovemeuts fo
eleetric ignition, 85.
Exhaust pipe of liquid-fuel engines, 239.
Extraction of liguid fuels, 1.

Fars, liquid fuel from, 7.

Feed pump for starting Tangyes e

Filter, the Blanke & Rast oil, 75.
Korting's wire gauze, 60.
Longuemare’s, for antomobiles, 60,

wire gauze, 60,

Fire-engine, Daimler engine-driven, 231,

Fire visks with paraffin engines, 14.
with petrol engines, 11.

IMischer cable terminal eye, 91.
magneto-electric ignition apparatus, 83
safety crank for starting, 70,

Flywheel governor, Korting’s, 68.

Foundations for liquid-fuel engines, 287, 239,

Four-eylinder Adlerwerke automobileengine,

142,
“ Bayard " automobile engine, 151.
Daimler automobile engine, 146.
Swiderski automobile engine, 152,

Friction gear for motor boats, Daimler, 204.

Fuel filters, 60,
liguid, derived from coal, 5,
pumps, 58.

Funk, patentee for an ignition tube, 77,

German oil-fields, 1.
Y“Gunom ™ vertieal engines, details of, 113,
Governing of engines, methodsavailable, 65,
Governor of Capitaine engine, 31,
Governors for engines, 63,
Grob & Co.’s reversible propeller, 209,
valveless oil-pump, 59.
wood-sawing and cutting machine, engine-
driven, 236.
Ground for foundations of liquid-fuel engines,
237,
Gudgeon pins, types of, 44,
Guuboat equipped with Diesel engines, 218,

Haxover oil-fields at Peine, 1.
Haselwander and Trinkler engines, 27,
Heating lamps for oil and petrol engines,
61,

Heavy fuel carburettors, 55.
““Hexe” six-cylinder automobile engine,
six-cylinder car, chassis of, 187.
High-tension ignition, advantages of, 85,

diagram of conneetions for, 88,

plug, Bosch, 88
Hit and miss governing, 66.
Hock engine built in 1873, 18,
Homogengas from petrolenm distillates, 4.
Honold system of magneto-ignition plug, 90,
Horizontal engine frame, with eylinder

liner, 41.

trunk piston type, 40.

type with crosshead guide, 40,
Hornsby-Akroyd paraflin engiue, 32,
Hot-tube ignition, 25, 76.

sections, 78,
Hydvirene, specific gravity of, 4.
Hydrocarbons, liquid, from coal tar, 5,

TextTioN devices for oil and petrol emgines,
76.
methods aud regulations with petrol
ines, 11,
of Deutz stationary engines, 101,
of Kurting stationary engines, 95,
of paraffin, 13,
INuminating oils, specific gravity of, 4,
Inclined engine type, erank-shaft below, 40.
Inertia governor, Krupp's, 67.
Inflammability of petroleum distillates, 5.
Installations driven by liquid-fuel engines,
243,
Irregularities in running, correction of, 254,

GALTCIAN oil-fields, 1,
Gtanz engine-driven plough, 232.
locomobiles, 224, Kerosene, calorific value of, 12,
Gardner one-cylinder paraflin boat engine, characteristics of, 12.
1, i+ distillated from petrolenm, 3.
stationary engines, 115. price of, 12,
details of, 117. Kjelsberg paratfin engine, 28.

Kimrer boat engines, 173,
and wineh-driving engines,details of, 175.

two-cylinder paraffin boat engine, 172,
Gases from coal, 5.
Gasolenes, specific gravity of, 4.

Korff, Bremen, distillates obtained by, 3,
petrol, specifie gravity of, 4.
Korting airship engine, 177,

(lasoline gas engines of Otto & Langen, 18,
(terman conditions ruling the installation of
liquid-fuel engines, 247,

carburettor for stationary engines, 50.
cylinder lubricator, 74,
engine-driven pumps, 227,

Droits réservés au Cnam et a ses partenaires



270

Korting engine-driven traverser, 235,
flywheel governor, 68.
liquid-fuel stationary engines, 92.

ignition, 95.
poaraffin engine for submarines, 169.
radiator, 241,
stationary engines, details of, 97.
water-work installation, motor-driven,
225,

wire gauze [ilter, 60,

Krupp inertia governor, 67.

“ La Motosacocng ™ carburettor, 157,
cyele engine, 158,
maotor cycle, 199,

Lamps, heating, for oil and petrol engines,

Lenoir’s electric ignition, 79.
Lieut. Troost's motor-driven tractor, 109,
Light fuel earburettors, 48.
Lighting oils, specific gravity of, 4,
Ligquid distillates of mineral coal, 5.
Liquid-fuel engines and steam engines com-
pared, 180, )
coupled o dynamos on boats and vehicles,
210.
driving various installations, 243,
engine installations: conditions in force
in Germany, 247,
Liquid fuels, characteristics of, 9.
classifiention of; 9.
for power production, 9.
from various substaneces, 7.
their origin and extraction, 1.
Loeation of liquid-fuel engines, 238,
Locomobiles, liquid-fuel engine-driven, 220
Locomotive, motor-driven, for field and forest
track, 205,
Locomotives, engine-driven, 204,
Longuemare earburettor, 53.
for heavy fuel, B7.
latest type, b4,
filter for automobiles, 60.
wire gauze filter, 60.
Lubricating apparatus for cylinders, 73,
oils distillated from petroleum, 3.
pump, the Blanke & Raste, 74.
the Deuts, 74.
Lubrication of cylinders, 71.
Lubrieator of the Deutz Co., 74,
of the Korting Co., 74.

MAGNETO-ELECTRIC ignition, 84.
Muschinenfabrik “Cyklon™ eycle engine,

¢ Maurer-Union ” automebile engines, 154.
chassis, gear and carriage body, 188,

Mechanically driven agricultural plants

i 243,

ible propeller, 211,

édos Simplex ™’ chassis, genr and cars,

and

Mineral oil and its distillates, 1.

tar : its origin, 2.
Mining locomotive, motor-driven, 206, 207,
Mixture governing, 66.

|
;
|

INDEX.

s

Mixture of aleochol and ¢ ergin,” method of
making, 17.
of fuel in paraffin and petrol engines, 47.
of paraflin and air, diffieulties experienced
with, 12.
of petrol and air : rapidity of their forma-
tion, 11.
Motor boats of recent construction, 204,
car engines: their history and develop-
ment, 137,
cars of recent construction, 182,
eyele construetion, history and develop-
ment of, 180,
~driven water- and air-pumps,
omnibus, Daimler, 192,
petrol, specitic gravity of, 4.

995

Liady

Narvurna and its distillates, 1.
Neckursulmer Company’s carburettor, 54,
contact-breaker, 86.
eycle engine, 156.
motor tricycle, 198,
sparking-plug, 85.
North American oil-fields, 1.

“OprrURsEL ” engine driven crane, 232,
locomotives, 204,
winding winch, 231,
horizontal engines, details of, 112,
locomobiles, 220,
stationary engines, 109,
vertical engines, details of, 113,
0il engine development, 27,
fields : their loeation, 1.
filter, the Blank & Rast, 75.
of turpentine substitute, specific gravity
of, 4.
pump of the Swiderski engine, 58.
Oils for lubrieation : their characteristies, 71,
Ommilius, Daimler motor-driven, 192,
Omnibuses driven by liguid-fuel engine and
dynamo, 210.
One-cylinder, Gardner, paraffin boal engine,
171.
“ Mauver-Union ” engine, 154,
n of liguid fuels, 1.
N. A., invents four-stroke-cycle com-
pression gasengine, 22.
& Langen engines of 1867, 18,
Overhanging propeller by the Cudell Co.,
211,
Qzokerite: its origin, 2.

Panarrix and air, diffienlty in forming mix-
ture of, 12.
and erude oil stationary engines, 126
and petrol engines, component parts of, 41,
construction of, 39,
first built, 18,
working of, 88,
boat engine, Dentz, 170,
Gardner one-cylinder, 171,
Gardner two-cylinder, 172,
Karting, for submarines, 169,
distillated from petroleum, 3.
engine development, 27.
engine-driven installations, 243.
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Paraffin engines, characteristics of, 27.
ignition, fire risks and regulations, 14.
inflammability of, 13,
oil, ealorific value of, 12,
characteristics of, 12,
price of, 12.
precautions for transport and storage of,

stationary engines : conditions ruling their
installation in Germany, 250.
two-cylinder, Swiderski, boat engine, 164.
Peat, liquid fuel from, 7.
Peine (Hanover) oil-field, 1.
Pennsylvanian oil-fields, 1.
Petrol-air mixtures, inflammability of, 11,
Petrol and alcohol stationary engines, 92,
and paraflin engines, component parts of,
41.
construction of, 39,
first built, 18.
working of, 38,
Petrol, calorifie value of, 10,
characteristics of, 10.
engine-driven installations, 243,
engine, the first, driving a railway vehicle,
24, 201,
engines, ignition, fire risks and regulations,
for automobiles, specific gravity of, 4.
for cleaning, speeific gravity of, 4.
for lighting, specific gravity of, 4.
for stationary engines, specifie gravity of,
4.
methods of ignition, 11.
price of, 10,
stationary engines : conditions ruling their
installation in Germany, 247,
vapours : rapidity of mixture with air, 11,
Petroleum and its distillates, 1.
us fuel, 3.
composition of, 3.
distillates, classification of, 3,
inflammability of, 5.
speeifie gravity of, 4.
their uses, 4.
ether, speecific gravity of, 4.
for medicinal purposes, 3.
Refining Co.’s distillates, 3.
specific gravity of, 3.
Piston of engines : its construction, 43.
ring manufacture, 44.
ring studs, 45.
with fixed gudgeon, 44.
with movable gudgeon, 44,
Pivoting propeller and engine by the Cudell
Co., 211,
Plough, engine-driven, the Ganz, 232,
Plug for Bosch high-tension ignition, §8.
Porcelain hot-tube sections, 78.
Portable engines, 220,
Potato spirit as liquid fuel, 7.
Power-driven vehicles, history and develop-
ment of, 180,
Power production, liquid fuel for, 9.
Precantions to be taken with engines, 254,
Pressure pump {or lubrication, the Deutz,
74.

" Reversing of engines by compress

27

Propeller and engine, pivoting device by the
Cudell Co,, 211.
blade reversing device, 210,
types for motor hoats, 204.
Pump, Diesel engine [uel-, 59,
air-, 120.
Grob valveless oil-, 59,
of the Akroyd paraffin engine, 34.
oil-, of the Swiderski engine, 58,
Pumps, motor-driven, 225,
Putzil, specific gravity of, 4.

QUALITATIVE regulation of engines, 66.
Quantitative regulation of engines, 66.

RaDIaTING ribs on cycle engine eylinders,
156,
Radiators for engine cooling, 241.
Rail ear built by Daimler in 1887, 201,
vehicles driven by combustion engines,

201.
driven by internal combustion engines,
180.
Railway carriage, Daimler motor-driven,
9

vehicle driven by a petrol engine, the fivst,
24, 201,
Retarding ignition for governing, 67,
Reversible propeller, by Grob & Co., 209,
by K. Meissner, 211,
propellers [or motor boats, 205,

«l air, 210,
gears for boat engines, 211.

Rhigolene, specific gravity of, 4.

Road vehicles driven by infernal eombustion

engines, 180,

Rock oil and its distillates, 1.

Roll-mill driven by liquid-fuel engine, 246.

Rosins, liquid fuel from, 7.

Roumanian oil-fields, 1,

Rununing of engines: attendance required,

251,
Russian gunboat, showing Diesel engines,
218.
oil-fields, 1.
Riitgerswerke Co.’s improvements in benzol

production, 16.
treatment of benzol, 6.

Savwry crank for starting, Fischer’s, 70.
Sail propeller for motor-hoats, 204.
Ship and boat engines: their history and
development, 163.
Shunting locomotive, motor-driven, 206, 207,
Simms-Bosch  ignition  with  ** Bayard
engine, 151.
Six-cylinder **Hexe” putomobile engine,
148.
Hexe” car, chassis of, 187.
Korling submarine engine, 169.
““Sleipner” boat engines, 164,
details of, 167.
Stlmlein stationary engines, 121,
details of, 123,
““Solaril,” obtained from brown coal, 7.
Sparking plugs, 84,
Specific gravity of crude petroleum, 3,
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Specific gravity of petroleum distillates, 4.
Speed governors for engines, 67,
Spirit, potato, as liguid fuel, 7.
Standardisation of automobile engines, 138.
Starting and reversing engines by compressed
air, 210.
crank, Fischer's safety, 70.
‘devices, 69.
of engines, instructions for the, 241,
Stationary engine carburettor, Korting’s, 50.
engines on railways, 138,
engines using paraflin and erude oil, 126.
Longuemare's, 53
liquid-fuel engines: conditions ruling in
Germany, 247,
petrol and aleohol engines, 92.
Steam engines and liquid-fuel engines com-
pared, 180,
Stopping the engine, how to proceed for,
262,
Submarine boat engines nsing paraflin, 169,
Supply and mixture of fuel, 47.
Swedish oil-heating lamp, 64.
Swiderski engine-driven pumps, 226,
engine oil-pump, 58,
engine on Troost tractor, 201,
four-eylinder automobile engine, 152.
locomobiles, 225,
paraflin engine for heavy cars, 153.
stationary engines, 106,
two-eylinder paraflin boat engine, 164,

Taxcyr’s aleochol engine, 120,
engine-driven pumps, 229.
locomobiles, 223,
piston-ring stud, 45,
stationary engines, 118,
Tar distillates, 5.
Terminal eye for cables, the Fischer, 91,
Thornyeroft boat engines, 175.
racing boat, 215.
Titusville (Penusylvania), first tube well
at, 2.
Traction engines: their history and develop-
ment, 137.
Tractor, moter-driven, by Licut, Troost, 199,
Transmission of lignid-fuel engines, location
for, 238,
gears for boat engines, 211,
Transport of heavy parts of engines, 238,
Traverser, engine-driven, by Korting, 235.
Trinkler and Haselwaunder engines, 27,

INDEX.

Trinkler stationary engine, 134,
Trolley, Daimler, motor-driven, 203,
Troost’s motor-driven tractor, 199,
Troubles with engines: their cause and
remedies, 264,
Tube-ignition device, the Daimler, 25, 76.
the FFunk, 77.
Tube well, the first, 2.
Two-eylinder, Gardner, paraflin boat engine,
172,
Swiderski, paraffin boat engine, 164.

“Uxtox " autoinobile engines, 154,
chassis, gear and carriage body, 188,
Uses of petrolenm distillates, 4.

VALVE arrangement of engines, 42,
of Trinkler engine, details of, 135,
Valves : their arrangement, 46,
Vaporiser of Deutz stationary engines, 100,
Vehicles driven by liguid-fuel engine and
dynamo, 210,
power-driven, history and development of,
180.
Veloyene, specific gravity of, 4.
Verdau Company’s piston ring stud, 45.
Vertical engine frame, with eylinder liner,
42,
type, crankshaft above, 40,
erankshaft below, 40.
““ Ville de Paris” airship, 219,

Waxperer-Fahrradwerke cyele engine, 161.
motor cycle, 198,
Water- and air-pumps, motor-driven, 225,
cooling of liquid-fuel engines, 240,
Weights of engines for traction purposes,
138.
Well, the first tube, 2.
Wineh-driving  engines,
of, 175,
Winding winch, engine-driven, the * Ober-
ursel,” 231,
Wittig & Hees petrol engine,
Wood, liquid fuel from, 7.
-sawing and euntting machine, engine-
driven, 236.
Working eylinder of engines, 41.
of parallin and petrol engines, 38.

Kamper, details

99

ZerprLiN airship, 219,
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SEA WATER DISTILLATION, By FRANK NORMANDY, - -~ -net. 68 0d
THE THEORY OF THE STEAM TURBINE By ALEX. JupE. SECOND

EDITION - net, 183 0d
GAS, OIL, AND AIR ENG!NES l)thIN GRAVES ‘Emm, and BURSTALL

Tirrn T'DITION - . - net. 2bs 0d
ALRO ENGINES. By G, A, I’URIS, ’\1 IustC I‘ “s[ VENTH L‘m’rION -net. 8s 6d
INTERNAL COMBUSTION ENGINES By C. W. ASKLING and E. ROESLER,

e‘b. 128 6d
DIESEL ENG[NES. LAND AND MARINE. By Prof SUPI&O 'l‘r.msiat.cd by

A. G. BREMNER and A. RICHARDSON, - - net, 128 6d
EVOLUTION OF THE INTERNAL COMBUSTION ENGINE B} EDWARD

ByUTLER, - ~net, 8z 0d
THE GAS TURBINE Construetlon zmd Wopkmg of Two Actual

Machines), By H. HoLZwARTH and A. P. CHALKLEY, - -net, Ts 6d

SUCTION GAS PLANTS. By Prof. C. A. SMITH, bhOUWD I}[Pm‘nmN -neb. 58 0d
OIL MOTORS: Their Development, Construetion, and Management

By G. LIROKFELD. In Handsome Cloth. Fully Illllstrn.tL(i - - - net. 158 0d
BOILERS, LAND AND MARINE. ByT.W. TRAILL FOURTH I‘MTIDN, net. 108 6d
STE&M BOILERS ; Their Defeets, Management, and Construeuon By

D. Musro, FOURTH EDITION, - - 45 6d

OIL FI}EL By EDWARD BurLER. THIRD EDITIO’W ]Leused - . -net. 7s 6d
AUTOGENOUS WELDING. By GRAN.)’ON'. i{O';P)LI}MlG AND RICHULDEO\T.

Fourry EDITION, - -net. 5z 0d

SMOKE ABATEMENT. By W]![ ‘\TIUHOLSON Wltll 50 'Illust.ra.tmns, - net, 6s 0d
LUBRICATION AND LUBRICANTS. By L. Ancupurr and R. M. DEELEY.

THIRD EDITION, Thoroughly Revised, - net, 26s 0d
EMERY GRlNDING MACHINERY. ByR B I[ODGSO]\ A, \I Inst C. E - net. b8 0d
THE POWER REQUIRED IN ROLLING MILLS. ByJ. l’UPl’F - net. 12s 6d
LOCOMOTIVE ENGINEERING. By W. F. PETTIGREW, M.Inst.C.H. Tumn

EDITION, Revised throughout, New Illustrations, - - 21s Od

LOCOMOTIVE COMPOUNDING AND SUPERHEATING. By J. F. GA[RNS, - 8z 6d
LIGHT RAILWAYS at Home and Abroad, By W. i, Cork, M.Inst.C.E., . 16s 0d
MECHANICAL DRAWING. ByJ.E. JAGGER, M.8c. SECOND EDITION, -net, 7 6d
MECHANICAL ENGINEEB!NG FOR BEGINNERS. By R. 5. MoLAREN.

Cloth. With 126 Illustrations, SECOND EDITION, - - net, Bz 0d
BONUS TABLES: for the Caleulation of Wages on the Bonus System

By H. A GOLDING, A.M.Inst.M.E,, - net, 78 6d
THE CALCULUS FOR ENGINEERS AND PHYSICIST‘S Bv Prof. R. I{

SarrH, A M. Inst.C.E., &, SECoND EDITION, - -net. 78 6d
MEASUREMENT CONVERSIONS (English and Fr'eneh} T3 Gl‘aplm: Tables

or Diagrams on 28 Plates. By Prof. R. H, Smrrm, A. M.Inst.C.E., &e., - 7s 6d
MATHEMATICS AND MECHANICS. By C. A, A. CAprTo, M.Sc., - net. 125 6d

PRACTICAL SURVEYING AND FIELD-WORK, By V. G. SALMON, At Press.
PRACTICAL CALCULATIONS FOR ENGINEERS. ByC. E. LAIMRD A, M. Inst.

, &a., and H, A, GorpINg, A M. Inst. M.E, THIRD EDITION, - net 38 6d
ELEMENTARY GRAPHIC STATICS, By W, J, CRAWFORD, D. Se. y - t. 28 6d
CALCULATIONS ON THE ENTROPY TEMPERATTJRE CHAR'I‘ By W J

CRAWFORD, -net. 2s 6d
THE FFECTS OF ERRORS IN SURVEYING By IIY Bmscs, M e, In
Cfown 8vo. Cloth, - - -net. 58 0d
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GRIFFIN'S ENGINEERING PUBLICATIONS—Continued.

‘TRANSMISSION GEARS. By EpwARD BUTLER, -~ - - At Press,
VALVES AND YALVE GEARING. By CHARLES HURST. b}.\'ENTB EDITICN,
With fmportant Appendix, - net, 9s 0d
SCIENCE AND INDUSTRY : THEIR CO [)PERATION By S R ILLIKG
WORTH, A.R.C.8C., &e.  In Pocket Size, - net, 1s 0d

‘THERMO-DYNAMIC PRINCIPLES OF DNGINE DESIGN By L. I‘lomss net. 45 6d
ENGINEERING DRAWING AND DESIGN, By 8. H. WELLS, Wh.8ec,, de.

Yol. I.—Practical Geometry, Plane, and Solid. SEVENTH EI:IHON - - ds6d
Vol. II.—Machine and Engine Drawing and Design. ¥irra l'DlTiO\, - - 48 6d
HANDBOOK ON TOWN PLANNING. By J.JULIAN, - -net, 58 0d
REFUSE DISPOSAL. By Prof. E. R. MATTHEWS, llully lllustzated -net, 6s 0d

CIVIL ENGINEERING PRACTICE. By F, NoEL TAYLOR. 1,086 llius, net. 2bs 0d
THE MAIN DRAINAGE OF TOWNS. ByF. NoBL TAYLOR, I‘ully Illus., net. 12s 6d
MODERN DESTRUCTOR PRACTICE. By W.F. GoopRIcH. Fully Illus., net. i6s 0d
ROAD MAKING AND MAINTENANCE, By THOMAS AITREN SECOND ED., net. 21s 0d
DUSTLESS ROADS: TAR-MACADAM. By J. WALKER SMITH, -  net. 108 6d
MODERN ROAD CONSTRUCTION. By FRANCIS WooD, M.!nsb.C.E. -net, 4s éd
PETROL MOTORS AND MOTOR CARS. ByF. STRICKLAND. SECOND Fn., net. 185 0d
MOTOR CAR MECHANISM AND MANAGEMENT. By W P. ADAMS

Part 1.—The Petrol Car. THIRD EDITION, - - -neb. 58 od

Part I1.—Eleetrical Cars, - net. bs 0d
CARBURETTORS, VAPORISERS "AND DISTRIBUT{NG VALVES By

Ep. BUTLER, - -net. 08 0d
VAPORIZING OF PARAFFIN FOR HIGH-SPEED MOTDRS Bv EDWARD

BUTLER, -net. 83 6d
‘SCIENCE IN SMITHY AND FORGE By W. II. CATHOART. SEQOND Enumv "
net 45 0d

THE AEROPLANE, By A. Fage. SECOND EDITION, - - - -net. 6s 0d

COMPENDIUM OF AVIATION. By Lieut.-Col. HOERNES. i’nnkct Size, - net. 2s 61
THE PROBLEM OF FLIGHT. By Prof. H, CHATLRY. SECOND EDITION, het. 108 6d
THE FORCE OF THE WIND. By Prof. HERBERT CHATLLY, B.sc.,-neﬁ, 3 0d
STRESSES 1IN MASONRY. By Prof. HERRERT CHATLEY, B.8e., - - -net. 3s 6d
BUILDING IN EARTHQUAKE COUNTRIES. By A Momrn, -« «  -net. 8sad
-CENTRAL ELECTRICAL STATIONS (Design, Organisation, and
Management)., By C. H. WorbiNeHAM, A K.C. SucoNp EDITION, net. 245 0d

ELECTRICITY METERS. By H. G. BoLOMON, - - -net. 16s 0d
"TRANSFORMERS, By Prof. H. BoHLE and Prof, D. RDBER’I‘SUN - - -net 218 0d
ELECTRIC CRANE CONSTRUCTION. By €. W. Hinp, AMLCE., -net 2s 0d
ELECTRICAL PHOTOMETRY . By Prof. H, BoHLE, M.LE.E. Fully Illus., net. 105 6d
ELECTRO-METALLURGY. By WALTER (. MeMiLLaR, F.I.C., F.C.8. 'THIRD

Epition, Revised and Enlarged hy W. R, Co0PER. Demy 8vo., - - net, 128 0d
ELECTRICAL PRACTICE IN COLLIERIES. By Prof. D. BURKS, M.E.

Cloth. TFOURTH EDITION, Revised. With numerous Illustratmns . net, 7s 6d
ELECTRICITY IN MINING. By SyesMpxs Bros,, Ltd., - -net, 10s 0d
WIRELESS TELEGRAPHY. By GusrTav Emunmm Ph. D - - -net. 8s 6d

“TELEGRAPHIC SYSTEMS, and Other Notes. By 'ARTHUR CROTOH, net. fs 04

ELECTRICAL RULES AND TABLES (A Pocket-book of), By JoHN MUNRO and
Professor JAMIRSON. NINETEENTH ED., Revised. Pocket size. Leather, net. 6s 0d

ELECTRICAL THEORY AND THE PROBLEM OF THE UNIVERSE. By

G. W. de TUNZELMANN, - - - net, 165 0d
THE THEOBY OF STATICS. ByG UDSY YULE. THIRD ]"l)]TIO‘W - uet. 108 6d
WORKS BY W. J. MACQUORN RANK!NE. LL.D.y &c»
CIVIL ENGINEERING (A Manual of). TWENTY-FOoURTH EDITION, - - 16s od
A MANUAL OF APPLIED MECHANICS, NINTEENTH EDITION, - < - 123 6d
A MANUAL OF MACHINERY AND MILLWORK. SEVENTH EDITION, 128 6d
A MANUAL OF THE STEAM ENGINE AND OTHER PR!ME MOV RS.
SKEVENTEENTH EDITION, - 125 6d
A MECHANICAL TEXTwBOOK A Simp]e Intr’oductlon to the Stud)
of Mechanies. By Prof. RANKINE and C. E. BAMBER. Firru EpirioN, - 0s 0d

‘USEFUL RULES AND TABLES: For Architects, Builders, Engineers,
Founders, Mechanics. Shipbuilders, Sur-veyoz’s, &e. EicHTn Eprrion, 10s 6d

WORKS BY PROF. re JAI\’I]ESON. M.Inst.C.E.

-STEAM AND STEAM ENGINES (Advanced). SEVENTEENTH EDITION, - - 10s 6d

APPLIED MECHANICS AND MECHANICAL ENGINEERING. Vol I—
Applied Mechanics, 63, net. Vol. IL—Strength of Materials, bs. Vol.
ITI.—Theory of Structures, 8. Vol. IV.—Hydraulies, 58, net. Vol, V,—
Theory of Machines, 7s @d.

HEAT ENGINES: STEAM, GAS, AND OIL (Elementary Manual of), ¥Four-
THENTH EDITION, Revised and Enlarged by E. 8. Andrews, B,Sc., - ~net, 38 0d

‘MAGNETISM AND ELECTRICITY (Practieal E]ementary Manual of).
NINTH EDITION, - 8s 6d

APPLIED MECHANICS (Elementarsf Manual of) '1‘} NTH ED]TIQN Rcvmed
by E. 8. Andrews, B.Sc., . - ~ 3s6d
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4 CHARLES GRIFFIN & C0.S PUBLIOATIONS,

FirtH EpITION, Revised. In Large 8vo. Pp. i-xxiv+ 511, With 255
Diagrams, Examples, and Tables, and a Chapter on Foundations. 16s,

THE DESIGN OF STRUCTURES:

A Practical Treatise on the Building of Bridges, Roofs, &e.
By 8. ANGLIN, C.E.

¥

Master of Engineering, Royal University of Ireland, late Whitworth Scholar, &c,

CONTENTS.—Stresses and Strains.-—Elasticity and Fatigue of Materials.~—Propertios
of Materials as used in Structures.—Mechanical Laws relating to Stresses on Structures.——-
External Loads on Beams (supporting Forces).—Bending Moments for Fixed Loads,
—TFor Moving Loads.—Shearing Torees on Beams.—Centre of Gravity and Moment
of Inertia of Plane Surfaces.—Internal Stresses on Beams, Columns, and Long Struts.—
Braced Girders.—Bollmana I'russ—Trapezoidal Truss—Fink Truss,—Warren Girders.—
Lattice Girders,—Linville Trusses.—Braced Girders with Curved TFlanges,—Cranes.—
TFramework.—Arches,—Roofs,—Deflection of Girders.—Camber of Girders.—Connections,
—Rivetted Joints—Punching, Drilling, and Rivetting—Bridges, Loads, and Stresses,
Foundations and Piers; Superstructure; Suspension Bridges.—Movable Bridges, Weight.
—Wind Pressure on Structurcs.-— Lifting Tackle.— Specifications. — Foundations of
Bulldings —INDEX,

“We can unhesitatingly recommend this work not only to the Student, as the BrsT
Trx7t-Book on the subject, but also to the professional engineer as an EXCEERDINGLY
VALUABLE book of reference.”—Meckanical Worid.

In Large Crown 8vo. Pp. i-xiv+236. With 201 Illustrations. 6s. net..

AN INTRODUCTION TO THE DESIGN OF BEAMS,
GIRDERS, AND COLUMNS IN MACHINES AND STRUCTURES,

With Examples in Graphic Staties.
By WILLTAM H. ATHERTON, M.Sc.,, M.I.Mzou.E,

CoXTENTS.—Introductory.—Applied Forces and Reactions,—Equilibrium of a Beam.—
Stress, Strain, and Elasticity.—Strength of Rectangular Beams.—Applications,—Non-
rectangular Beams.—Shearing Action in Beams,~—Dingrams of Shearing Force and Bending
Moment Strength of Rolled Joists,—Moment of Inertin.—Numerical Applications.—
Experiments on Beams.—Deflection of Beams,—Types of Girders.—DBraced Girders.—
Stress Diagrams.—Strength of Columns,—INDEX.

‘A very useful source of information. . . . A work which we commend very-
highly."—Nature,

FourtTH EbrrioN, Thoroughly Revised. Royal 8vo. Pp. i-xxx + 456.
With 239 Illustrations in the Text, and 13 Lithographic Plates, Hand-
some Cloth. Price 30s.

A PRACTICAL TREATISE ON

BRIDGE CONSTRUCTION :

Being a Text-Book on the Construction of Bridges in Iron and Steel.
FOR THE USE OF STUDENTS, DRAUGHTSMEN, AND ENGINEERS.
By T. CLAXTON FIDLER, M.Inst CE,

Late Prof. of Engineering, University College, Dundee.

CoNTERTS.—Definitions,—The Opposition and Balance of Forces.—Bending Strain,—
Graphic Representation of Bending Moments.—Comparative Anatomy of Bridges.—
Combined or Composite Bridges.—Theoretical Weight of Bridges.—Deflection.—Con-
tinuous Girders,~Theoretical Strength of Columns.—Design and Construction of Struts.
—8trength and Construction of Ties.—Strength of Iron and Steel and Stress in Bridges.—
Toad on Bridges.—Movable Load.—Parallel Girders.—Parallel Girders, Weight of Metal
~—Parabolic Girders, Polygonal Trusses, and Curved Girders.——Suspension Bridges and
Arches, Flexible and Rigid Construction.—Bowstring Girders.—Rigid Arched Ribs,—Con-
tinuous Girders and Cantilever Bridges.—Wind Pressures and Wind Bracing.—INDEX.

“The new edition of Mr, Fidler's work will again occupy the same coxsricvous
POSITION among professional text-books and treatises as has been accorded to its pre-
decessors, SOUND, SIMPLE, AND FULL "~ Tke Engineer,

LONDON : CHARLES GRIFFIN & CO., LTD., EXETER STREET, STRAND.
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THIRD EDITION, Thoroughly Revised and Enlarged. Pp. i-xvi+227.
With 6o Plates and 71 other Hllustrations, Handsome Cloth. 2%s. net.

HYDRAULIC POWER
AND HYDRAULIC MACHINERY.
By HENRY ROBINSON, M.Inst.C.E., F.G.S,,

FELLOW OF KING'S COLLEGE, LONDON ; PROF. EMERITUS OF CIVIL ENGINERRING,
KING'S COLLEGE, RTC., ETC.

ConTBNTs —Discharge through Orifices.—Flow of Water through Pipes,—Accumulators.
—Presses and Lifts.—Hoists.—Rams.—Hydraulic Engines.—Pumping Engines.—Capstans.
— Traversers, — Jacks. — Weighing Machines. — Riveters and Shop Tools, ~- Punching,
‘Shearing, and Flanging Machines. —Cranes, — Coal Discharging Machines. — Drills and
Cutters.—Pile Drivers, Excavators, &c.—Hydraulic Machinery applied to Bridges, Dock
‘Gates, Wheels and Turbines,~—Shields,—~Various Installations —Meters.—INDEX.

“The standard work on the application of water power."—Cassier's Magazine.

Second Hdition, Greatly Enlarged. Pp. i-xiv+336. With Frontispiece,
12 Plates, and 279 other Illustrations. 21s. net.
THE PRINCIPLES AND CONSTRUCTION OF

(STEAM AND WATER PRESSURE).
‘With Practical Illustrations of EngINEs and Pumpes applied to MiNing,
Town WATER SuPPLY, DRAINAGE of Lands, &ec., also Economy
and Efficiency Trials of Pumping Machinery.
By HENRY DAVEY, M.Inst.C.E, M.Ixst.Mecn.E., &c.

“By the ‘one English Engineer who probably knows more about Pumving Machinery
'than ANY OTHER. . . . A VOLUME REUOEDING THE RESULTS OF LONG EXPERIENOE AND
-8TUDY."=-The Engineer.

In Handsome Cloth, with 160 Illustrations, including 16 Plates, and with
Many Tables. 10s. 6d. net.

CENTRIFUGAL PUMPING MACHINERY.
By HEL W. SARGEANT.

CoxreNTs.—Historical—Fundamental l’rinciéﬂes.—l’rinciplns of Design,—The Dise.
—Pump Casings.—Pattern Making, Moulding, and Machining.—-Various Types of Casings
—Pumps in Series —Parallel Ceuntrifugal Pumps.—Charging Apparatus—Testing.—Pipe
Arrangements and Valves.—Machinery for Drainage and Irrigation.—Sewage Pumping
Machinery.—Machinery for Docks—For Salvage of Wrecks,—Fire Pumps.—Pumps
-driven by Steam Turbines.—Rotary Air Pumps~Pumps for Dredging and Conveying
Solids.—Cutter Gear.—Dredgers.—Transporter Dredgers.—Cost Prices.—Index.

“The letterpress is commendably clear, as are the illustrations . . , sure to be
of value."—Shipbuilder.

In Medium 8vo. Cloth Pp, i-xvi + 473, With 345 Illustrations. 18s net,

MODERN PUMPING AND HYDRAULIC MACHINERY.

By EDWARD BUTLER, M.I.Mrcr.E.

CONTERTS.—Introductory Remarks.—Early Direct-acting Steam Pumping Engines,—
Waterworks Pumping Engines, Rotary Class—Waterworks Pumping ¥Engines, Direct-
acting Duplex Class—Differential Non-rotative Pumping Engines— Mine Pumps,
Force Pumps, and Sinking Pumps.~—Suction and Delivery Valves.—Boring Appliances
for Artesian Tube Wells.—Artesian Well or Borehole Plunger and Air-lift Pumps.—
Appliances for Raising Petroleum from Artesian or Borehole Wells.—DBoiler-feed and
General Service Pumps.—Injectors, Jet Pumps, and Bjectors,—Vacuum and Condenser
Pumps.—Hydraulic Power Pumps, Ram Pumps, and Steam, Air, and Gas-power Dis-
placement Pumps.—Fire Pumps and High-speed Plunger Pumps—Variable-delivery
Pumps and Variable Transmission by Hydraulic Power.—Massecuite, Rotary, Oscillating
and Wind-power Pumps.—Low-lift and High-lift Centrifugal Pumps.—Hydraulic Power
Wheels.—INDEX.

** This work is a veritable encyclopedia . . . with excellent and abundant dia.
{grams,"—Times Engineering Supplement,

See also Practical Hydraulies for Mining Students, Prof. J. PARE, p. 65 Gen. Cat.
LONDON : CHARLES GRIFFIN & (0., LTD,, EXETER STREET, STRAND
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6 CHARLES GRIFFIN & C0O.S PUBLICATIONS.

In Medium 8vo. With over 800 Pages and over 1000 Illustrations.
Cloth, 25s. net.

A MANUAL OF CIVIL ENGINEERING PRACTIGE,

8pecially Arranged for the Use of Municipal and County Engineers.
By ¥. NOEL TAYLOR, Civi ENGINEER.

CONTENTS,—Ordnance Maps.—Chain Surveying.—Surveying with Angular Instru-
ments.—Levelling.—Adjustment of Instruments.—Mensuration of Areas, Volumes,
&o,—~The Mechanies of Engineering, &c.—Beams.—Pillars, Stanchions and Shafting.
—Design of Structure, —Arches.—Graphic Statics.—Materials of Construction,—
Engineering  Foundations,—Brickwork and Masonry.—Walls.—Constructional Car-
pentering.—Road Materials,.—Road Construction,—Reinforced Cencrete Construction.
~—Magonry Bridges and River Work.—Hydraulics.—Land Drainage.—Pumping Machinery
and Stations.—The Use of Water-Power.—Main Drainage.—Bewage Disposal.—Royal
Commission on Sewage Disposal.—Salford Sewage Works.—8anitation, House Drainage
and Disinfection.—Refuse Disposal.—Waterworks, Preliminary Considerations and
Sources of Supply.—Construction, Filvration and Purifleation.—Water-works,—Dis-
tribution.—Chimneys, Brick and Steel.—Steel Construction; Stanchions, Rivets and
Bolts.~8teel Construction; Beams and Girders.—Combined Structures in Iron and
Steel,—Specification.-Blectric Tramways.—Appendix,—INDEX.

“ A veritable vade mecum . . . would prove an acquisition to the library of any
Municipal Engineer.”—Surveyor.

In Medium 8vo. Pp. i-xi + 318, With over 350 Illustrations. Cloth. 12s. 6d. net

THE MAIN DRAINAGE OF TOWNS.

By F. NOEL TAYLOR, Civil Engineer.
Conrexrs.—Maps, Plans, Sections, and Preliminary Considerations.—Principies of
Hydraulies and Hydrostatics.—Caleulations in reference to Design of Sewage Works.—
Practical Construction, Trenches, and Tunnels,—Forms of Sewers.—Ventilation of Sewers.
—>Manholes, Lampholes, Storm Overflows, ete.~—~Pumping Sewage,—House Drainage.—
Hewage Disposal from a Theoretical Standpoint,—Sewage Disposal Works.—Speciak
Constructions.—TABLES.~ -INDEX,
“*The Author may be congratulated on the production of a work that can safely be
placed in the hands of students, and which will serve as a useful guide to the municipal
engineer.”— Times,

In Medium 8vo, Cloth. Pp. i-xvi + 278, With 116 Illustrations. 158, net.

MODERN DESTRUCTOR PRACTIGE.

By W. FRANCIS GOODRICH, Assoc.Inst.C.E., F.I.8an. Engrs.

OoxTERTS.—Bome Alternative Methods of Refuse Disposal.—Representative Types
of Britlsh Destructors.—Systems of Charging Destructors.—Destructors combined with
Sewage Works,—With Electricity Works,—Refuse Destruction in U, i.—8ite,—Specifi=
satlons.—Design and Operation.—Operative Costs.—Residuals.—Foreign and Colonial
Practice.~—~INDEX.

‘““Well illustrated and thoroughly up-to-date . . . should be in the hands of every
engineer who is responsible for destructor design or maintenance.” —Swrveyor.

In Handsome Cloth, Pp. 1-xiii 4 160, With 8 Detailed Drawings and
91 Illustrations in the Text. 6s. net.

REFUSE DISPOS A L.
By Pror. E. R. MATTHEWS, A M. Inst.C.E., F.R.5.E., &e.

COoNTENTS, —Collection of House Refuse — Disposal of Refuse.— Conversion to
MAnure.—Destruction by Burning.—Types of Destructors.—The Meldrum Destructor.—
Heenan Destructor. —Other Destructors.—Dawson-Manfleld Destructor.—Installations
for Villages, Workhouses, Hospitals, Factories, ete.—Use for Clinker.—Chimney Con-
struction, — Vacuum Cleaning and Dust Collecting.—IXDEX.

“ Absolutely reliable . , . The value of such a Treatise to the Municipal Engincer,
to members of Loeal Authorities and others interested in the subject cannot well be
over-estimated.” —Municipal Jowrnal,

MODERN SEWAGE PURIFICATION. G. B. Kursuaw. [See page 23,

SEWAGE TREATMENT. Duxgar and CALVERT. [, 23
TRADE WASTE WATERS. Wirson and CALVERT. [ , 23
PRACTICAL SANITATION. Dr. Gro. R, [, 23
SANITARY ENGINEERING. Frawcs Woob., [ , 23
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SEVENTEENTH EDITION. Thoroughly Revised and Re-set Throughout, and Greatly
Enlarged. Large 8vo. Cloth. Profusely Illustrated. Nearly 1000 Pages. 28s, net,

A MANUAL OF MARINE ENGINEERING:

Comprising the Designing, Construetion, and Working of Marine Machinery.

By A. E. SEATON, M.L.C.E., M.I.Mech.E., M.I.LN.A.

CoNTENTS.—General Introduction.—Resistance of Ships and Indicated Horse-power
Necessary for Speed.—Marine Engines, their Types and Variations of Design.—Steam
used Expansively.—Steam used after Expansion.—Turbines,— Efficiency of Marine
Engines.—Engines, 8imple and Compound.—Horse-power: Nominal, Indicated, and
Shaft or Brake.—General Design and the Influences which effect it.—The Cylinder and
its Fittings.—The Piston, Piston-Rod, Connecting-Rod.—Shafting, Cranks and Crank-
Shafts, &c.—Foundations, Bedplates, Columns, Guides, and Framing.— Condensers.—
Pumps.—Valves and Valve Gear.—Valve Diagrams.—Propellers.—Sen-Cocks and Valves.
~-Auxiliary Machinery.-—Boilers, Fuel, &c.; Evaporation.—Beilers; Tank Boiler Design
and Details.—Water-Tube Boilers.—Boilers Construction and Detail.—Boiler Mount-
ings and Fittings.—Fitting in Machinery.-—8tarting and Reversing of Engines, &e¢.—
Weight and other Particulars of Machinery relating thereto.—Effect of Weight, Inertia,
and Momentum ; Balancing.—Materials used by the Marine Engineer.—0il and Lubri-
cants, Engine ¥Friction, —Tests and Trials, their Objects and Methods. APPENDICES, —
The Diesel and other 0i1 Engines, also Lloyd’s Rules relating to.—Valve Gear.—Cotterell's
Method of Constructing Inertia Curves.—Spare Gear, and B.0.T. and other Rules,—
Boilers: B.0.T., Lloyd’s, Admiralty, &e., &e., Kunles relating to.—Electric Light, Rules, —
Safety Valves, Rules.-—Testing Materials, Rules, &c., &o.~INDEX,

A monumental work . . . up-to-date.”—Marine Engincer.

TwELFTH EDITION, Thoroughly Revised Throughout and Enlarged.
Pocket-8ize, Leather.  Pp. i-xix + 718. 8s. 6d, net,

A POOEET-BOOK OF
MARINE ENGINEERING RULES AND TABLES,

For the Use of Marine Engineers, Naval Architects, Designers,
Draughtsmen, Superintendents, and Others.
With various Lloyd’s, B.0.T., Bureau Veritas, and German Government Rules.
By A. E. SEATON, M.Ixst.C.H.,, M.LMeci. E., M.LN.A,, anp
H. M. ROUNTHWAITE, M.LMEeci. K., M.LLN.A.

CoNTeNTS.—Prime Movers on Shipboard.—Engine Power Measurements.—Eflicicncy
of Marine Machinery.—Propulsion of Ships and Resistance.—Compound Engines.—Steam
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Mountings and ¥ittings.—Furnace Fittings—Engine and Boiler Seatings—Steam
Trawlers.—Surveys of Machinery,—Spare Gear—Chains and Ropes—Strength of
Materials.~Strength of Materials, Composition and Cost.—Plates, Bars, Beams, Girders,
ete.—0ils and Lubricants,—Miscellaneous Tables and Rules—Distances of Various
Portz apart.—INDEX.

“The best book of its kind, both up-to-date and reliable.” — Engineer.

In Large 8vo. Handsome Cloth, With Frontispiece, ¢ Plates, 65 Other Ilustrations,
and 60 Tables, 12s, 6d. net,
THE SCREW PROPEILILER
And other Competing Instruments for Marine Propulsion.

By A. E. SEATON, M.Ixst.C.E., M.LMgcu.E,, M.LN.A.
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Sampling and Assaying of Precious Metals. E. A. Smirm, Net 15s. 0d.
Stratigraphical Geology and Pal®ontology, Ermmriver, . . 34s. 0d.
A Text-Book of Geology. DProf. J. PaArg, . . . Net 158 0d.
Geology for Engineers. ILieut.-Col. Somsmip, . . . Net 10s. 6d.
Aids in Praectieal Geology. Prof. G. CoLg, . . . . 10s, 6d.
Open Air Geology. Prof. G. Covg, . . . 8s. 6d.
The Earth : Ifs Genesis and Evolution, A.Swaing, . Net 7s. 6d.
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MINING PUBLICATIONS. i5

WOREKES BY
SIR CLEMENT LE NEVE FOSTER, D.Se,, F.R.S.

SixTH EpitioN, Pp. i-xxx+799. With Frontispiece and 712 Illustrations.
Price 28s. net.

ORE & STONE MINING.

By Sir C. LE NEVE FOSTER, D.Sc, F.R.S,

LATE PROFESSOR OF MINING, ROYAL COLLEGE OF SCIENCH.
REVISED, AND BROUGHT UP-TO-DATE

By Pror. S. H, COX, Assoc.R.S.M.

GENERAL CONTENTS.

INTRODUCTION. Mode of Oceurrence of Minerals.—Prospeeting.—Boring.
—Breaking Ground.—Sup%rting Execavations,—Exploitation.—Haulage or
Transport.—Hoisting or Winding, —Drainage,— Ventilation. — Lighting.—
Descent and Aseent.—Dressing—Prineiples of Employment of Mining Labour.
KL? tsltaticrll g.ﬂ‘eet[ng Mines and Quarries.— Condition of the Miner.—

celdents,—Index

““We have seldom had the pleasure to review a work go thorough and complete as
the present one. Both in manner and in matter it is FAR SUPERIOR TO ANYTHING OXN
ITS SPEOIAL SUBJECT HITHERTO PUBLISHED IN ENGLAKD."—dtheneum,

' Not: only is this work the acknowledged text-book on metal mining in Great Britain
and the Colonies, but that if is so regarded in the United States of America is evidenced
by the fact that it is the book on that subject recommended to the students in most of
the mining schools of that conntry.”"—The Times.

Tamp Eprtrow, Revised. In Crown 8vo. Pp. i-xviii+323. Handsome
Cloth, With nearly 300 Illustrations. Price 7s. 6d. net.

THE ELEMENTS OF MINING AND QUARRYING.

An Intreductory Text-Book for Mining Students.
By Sir C. LE NEVE FOSTER, D.Sc, F.R.8,

Late Professor of Mining at the Royal College of Science.
Revised by Prof, 8. H. Cox, A.R.8.M., &ec.

GENERAL CONTENTS. — INTRODUCTION, — Occurrence of Minerals. — Pro-
specting.—Boring.—Breaking Ground.—Supporting Execavations.—Exploita-
tion.—Haulage or Transport.—Hoisting or V inding.—-l)rainage.—-\”entilmti{m.
— Lighting.—Descent and Ascent.—Dressing, &c.—INDEX.

‘“ A remarkably clear survey of the whole fleld of mining operations.”—Engineer.

‘* Rarely does it fall to the lot of a reviewer to have to accord such ungualifiea praise as
this book deserves. . . . The profession generally have every reason to be grateful to
8ir C. Le Nove Foster for having enriched educational literature with so admirable an
elementary Text-bool.”"—Mining Journal,

In Crown 8vo. Handsome Cloth. Pp, i-xii+300. 8s. 6d. net.

MINING LAW OF THE BRITISH EMPIRE.
By CHARLES J. ALFORD, F.G.8., M.Inst.M.M.

CoxnTENTB.—The Principles of Mining Law.—The Mining Law of Great
Britain.—British India.—Ceylon.—Burma.—The Malay Peuinsula.—British
North Borneo.— Egypt. — Cyprus. — The Dominion of Canada. — Britigh
Guiana.—The Gold Coast Colony and Ashanti.—Cape of Good Hope.—
Natal. — Orange River Colony. — Transvaal Colony. — Rhodesia. — The
Commonwealth of Australia,—New Zealand, &c.—INDEX.,

“Cannot fail to be useful . . . we cordially recommend the book.”—Mining World,

LONDON : CHARLES GRIFFIN & CO0., LTD., EXETER STREET, STRAND.

Droits réservés au Cnam et a ses partenaires



16 UHARLES GRIFFIN & C0.’S PUBLICATIONS.

WORKS ON COAL-MINING.

SixtE EpitioN Pp. i-vii+563. With 4 Plates and 690 Illustrations,
Price 24s, net.

A TEXT~-BOOK OF COAL-MINING:

FOR THE USE OF COLLIERY MANAGERS AND OTHERS
ENGAGED IN COAL-MINING.

By HERBERT WILLIAM HUGHES, FGS,

Assoe. Royal 8chool of Mines, General Manager of Sandwell Park Colliery.

Generan Conrtents.—Geology.—Search for Coal.— Breaking Ground.—
Sinking. —Preliminary Operations. — Methods of Working. — Haulage.—
Winding. —Pumping. —Ventilation.—Lighting. —Works at Surface.— Pre-
paration of Coal for Market.—INpux.

“Quite TEE vrsT BoOK of itskind . . . as PRACTICAL in aim as & book ean be . The
illustrations are BXCELLENT."—dthenwum,

“We cordially recommend the work."—Qolliery Guardian.

““Will soon come to be regarded as the STANDARD WORK of ils kind.” - Birmingham Daily Gazette.

Frrrn Eprrion, Thoroughly Revised and Greatly Enlarged. Re-set
throughout. Large Crown 8ve. Handsome Cloth. Pp. i-xi+778.
With 755 Illustrations. 12s. 6d. neb.

PRACTICAL COAL-MINING:

4 MANUAL FOR MANAGERS, UNDER-MANAGERS,
COLLIERY ENGINEERS, AND OTHERS.

With Worked-out Problems on Haulage, Pumping, Ventilation, d&e.
By GEORGE L. KERR, M.E., M.Iwxsr.M.E,

CoNTENTS.—Sources and Nature of Coal.—Search for Coal.—Sinking.—Explosives,—
Mechanical Wedges, Rock Drills, and Coal Cutting Machines,—Coal Cutting by Machinery,
—Transmission of Power.—Modes of Working.—Timbering Roadways.—Winding Coal.—
Haulage. — Pumping, — Ventilation, — Safety Lamps.-— Rescue Apparatus. — Surface
Arrangements, Coal Cleaning, ete.—Surveying, Levelling, and Plans.—INDEX.

“““I'hig is one of the best known treatises on the technical aspect of the Coal-Mining
Industry . . . the book is an admirable one, and may be placed with confidence in
the hands of all students of coal-mining.""—A»Alining Journal.

Fourta Epirion, Revised. In Crown 8vo.  Handsome Cloth.
Pp. i-vii+225. 3s. 6d. net.

ELEMENTARY COAL-MINING:

FOR THE USE OF STUDENTS, MINERS, AND OTHERS
PREPARING FOR EXAMINATIONS.

By GEORGE L. KERR, M.E, M.Ixst.M.E.

CorTENTS.—Sources and Nature of Coal.—Exploration and Boring for
Coal.—Breaking Ground,—Explosives, Blasting, &c.—Sinking and Fittin[i
of Shafts.—Modes of Working, — Timbering Roadways.—Winding anc
Drawing.-—Haulage,—Pumping and Drainage.—Ventilation.—Cleaning and
Sorting Coal. —SBurveying, &e.

“* An abundance of information conveyed in a popular and attractive form. . . . Will be
of great nse to all who are in any way interested in coal miniug,"—Seottish Critic.
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SURVEYING AND MINE VALUATION, 17

FOURTEENTH EDITION, Revised. Greatly Enlarged. Pp. i-xviii+477.
Re-set. With Numerous Diagrams, Cloth. ¥s. 6d. net.

A TREATISE ON MINE-SURVEYING:

For the use of Managers of Mines and Collieries, 8tudents
at the Royal School of Mines, &e.

By BENNETT H. BROUGH, Assoc.R.S.M., F.G.S.

Revised and Enlarged by IHIARRY DEAN, M.Sc., A, R.S. M.

CoNTENTS.—General Explanations.—Measurement of Distances.—~Chain Surveying.—
Traverse Surveying.— Variations o fthe Magnetic-Needle.—Loose-Needle Traversing,—
Local Variations of the Magnetic-Needle.—The German Dial.—The Vernier Dial.—The
Theodolite.—Fixed-Needle Traversing, —Surface-Surveying with the Theodolite.—Plot-
ting the Snrvey.—Plane-Table Surveying.—Caleulation of Areas.—Levelling.—Under-
ground and Surface Surveys.—Measuring Distances by Telescope.—Setting-out line-
Surveying Problems.—Mine Plans.—Applications of the Magnetic-Needle in Mining,—
Photographic Surveying.-—~APPENDICES.—INDEX,

“The last word on the subject of mine-surveying . . . the new edition is a
masterly production.”—Minging World.

In Handsome Cloth. DIp. i-xi 4 179. Fully Illustrated. 5s. net.
THE EFFECTS OF
ERRORS IN SURVEYING.
By HENRY BRIGGS, M.Sc.

COoNTENRTS.—Introduction.—Analysis of Error—The DBest Shape of Triangles.—
Propagabion of Error in Traversing.—Application of the Methods of determining Average
Error to certain Problems in Traversing.—Propagation of Error in Minor Triangulation,—
Summary of Results,—APPENDIX.~—INDEX.

“Likely to be of the highest service to surveyors . . . it is a most able
treatise.”-—fngineer.

Tuirp Epitior, Thoroughly Revised and greatly Enlarged. In Crown
8vo. Pp. i-xiii-+430, Handsome Cloth. Fully illustrated. 10s, 6d. net.
A HANDBOOK ON

THEODOLITE SURVEYING AND LEVELLING.

For the use of Students in Land and Mine Surveying.
By Prormssor JAMES PARK, F.G.8.

CONTENTS.—Scope and Object of Surveying.—Theodolite.—Chains and Stecl Bands -~
Obstacles to Alignment,—Meridian and Bearings-—Theodolite Traverse.~—Co-ordinates
of a Station.—Caleulation of Omitted or Connecting Line in a Traverse.—Caleulation of
Arcag,—Subdivision of Land.—Triangulation.—Determination of True Meridian, Lati-
tude, and Time.—Levelling.—Railway Curves,—Mine Surveying.—INDEX.

A Dbook which should prove as useful to the professional surveyor as to the
student."—Nature.

In Handsome Cloth, With Diagrams.

PRACTICAL SURVEYING AND FIELD-WORK.
Including the Mechanical Forms of Office-Calculations,
By VICTOR G. SALMON, M,A.

For Contents sce page 31 General Catalogue.

In Medium 8vo. Fully Illustrated. Pp. i-xi+ 160. 10s. 6d. net.

MODERN MINE VALUATION.
By M. HOWARD BURNHAM, B.Sc.,, M.A.ILM.E,,
Late H.M. Inspector of Mines for the Transvaal.

ConrENTS. —Preliminary Considerations,—Block Calculations,—Bases of Sound Valua-
tion,~—Sampling.—Explanation of Sinking Fund Table (XXID),—APPENDIX,—IKDEX.
*“ One of the best volumes of its kind that we have seen.”’—>Mining World,
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Griffi's Wetallwrgical Series,

Standard Works of Reference for Metallurgists, Mine-
Owners, Assayers, Manufacturers, and all interested
in the development of the Metallurgical Industries.

EDITED BY

SIR W. ROBERTS-AUSTEN, K.C.B, D.CL., F.R.S.

In Lavge 8vo, Handseme Cloth, With Illusirations.

For further particulars refer to Index.

INTRODUCTION to the STUDY of METALLURGY. Dy Sir WM. ROBERTS.
AvustEN, K.C.B, &c. 18s. net. ’

GOLD (The Metallurgy of). Sir T. K. RosE. =22s. 6d. net.

LEAD (The Metallurgy of). H.F. CoLLINS. 215. net.

SILVER (The Metallurgy of). H. F. Corrins. SeEconD EpITioN. At Press.

ERON (The Metallurgy of). T. TurNER. 10s. net,

STEEL (The Metallurgy of). I'. W. HarBorD and J. W, HaLL, 36s. net.

THE NON-FERROUS METALS. W. GowrAND. SECOND EDITION. Af Press.

ALLOYS. Epwarp F. Law. Sreconp EpITION. 12s. 6d. net.

ANTIMONY. C.Y.Wane. 12s. 6d. net.

SAMPLING and ASSAYING of PRECIOUS METALS. E.A. SwiTu. 15s. net.

OTHER METALLURGICAL WORKS.

MODERN COPPER SMELTING. D.M.Lgvy. 1os.6d.net.

CAST IRON, in the Light of Recent Research, W. HATRIELD. 10s. 6d. net.
METALLIC ALLOYS. G.H.Guiiiver. 1os. 6d. net.

MICROSCOPIC ANALYSIS of METALS. Osmonp and STEAD. 8s. 6d. net
TEXT-BOOK of ASSAYING. J.J.and C. BERINGER, 10s. 6d.
PRACTICAL ASSAYING. Prof. J. PARK, 7s. 6d. net.

METALLURGICAL ANALVSIS and ASSAYING, MacrLEop and WALKER.

12s. 6d. net. :

QUANTITATIVE METALLURGICAL ANALYSIS TABLES. J. J. Morcan.

48,

ELECTRIC SMELTING. Borcurrs and McMILLAN. 2z1s. net,

ELECTRO-METALLURGY. McMinLan and COOPER. 12s. 6d. net,

INTRODUCTION to PRACTICAL METALLURGY. T. TURNER. 3s.net,

ELEMENTARY METALLURGY., A.H.SExTOoN, 0s.

GENERAL FOUNDRY PRACTICE. McwiLLiaM and LONGMUIR. 155, net.

LECTURES on IRONFOUNDING. T.TurNER. 3s.6d. net.

BLAST FURNACE PRACTICE. J.J. MorGaAN. 1s.6d. net.

NOTES on FOUNDRY PRACTICE. J.J. MorcAN. 2s.6d, net.

ROBERTS-AUSTEN : Addresses and Scientific Papers. S. W. Smta,
215, net.

Also Works on Petroleum.
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ORE TREATMENT, ETC. 1g

Srconp Epirion, Revised Throughout. In Medium 8vo. With Numerous
Plates, Maps, and Illustrations, Pp. i-xxiv + 460, 21s. net.

CYANIDING GOLD & SILVER ORES.

A Practical Treatise on the Cyanide Process; its Application,
Methods of Working, Design and Construction of
Plant, and Costs.

By H. FORBES JULIAN,
Axp EDGAR SMART, A M.I.OE,

Civil and Metallurgical Engineer,

CoNTERTS.—Farly History of the Cyanide Process.—Preliminary Investigations.—
Crushing.—Weighing and Measuring.—Percolation and Leaching—Principles involved
in Dissolution and Precipitation of Metals.—Dissolution of the Gold and bilver—Tem~
perature BEffects—Absorption of Air by Solutions.—Action of Various Cyanide Solutions.
—Bources of Loss of Cyanide.—Precipitation.—Precipitation by Zine-—Electrical Pre-
cipitation.—Other Methods of Precipitation.—Cleaning-up, Relining, and Smelting.—
Applications of the Cyanide Process—Double Treatment.—Direct Treatment of Dry
Crushed Ore.—Crushing with Cyanide Solution.—S$limes.—Dissolving the Gold and Silver
in Slimes.—XExtraction by Successive Washings.—Agitation and Natural Settlement.—
Filter Presses.—Vats,—Issential Parts of a Cyanide Plant (Construction),-—Piping,
Cocks, Launders, and Buildings.—Handling Materinl.—Ropes and Gears for Haulage.
—Belt Conveyors—Pumps.—Spitzlutte and Spitzkasten.—Cost of Plant.—Cost of
Treatment.—Complete Plants.—Roasting.—INDEX.

‘“ A bandsome volume of 400 pages which will be a valuable book of reference for all
associated with the process.”—Mining Journal,

In Handsome Cloth. With Portrait and Several Plates.
Pp. i-xii + 310, 6s. net.

MEMORIALS OF HENRY FORBES JULIAN

(who perished in the *‘Titanic* Disaster).
By HESTER JULIAN,

““ A faithful record of the life of a righteous man, whose memory will remain fragrant.”
w=Mining World.

Frrru Excrisa Epirion.  In Large Crown 8vo.  With 22 Plates and
many Ilustrations in the Text.  Handsome Cloth. Pp. i-xiv + 347,
8s. 6. net.

THE CYANIDE PROCESS OF GOLD FXTRACTION.

A Text-Book for the Use of Metallurgists and Students at
Schools of Mines, &e.

By JAMES PARK, F.G.5., M.Ixsr.M.DM.,

Professor of Mining and Director of the Otago University School of Mines; late Director
Thames S8chool of Mines, and Geological Surveyor and Mining Geologist
to the Government of New Zealand.

Thoroughly Revised and Greatly Enlarged. With additional details
concerning the Siemens-Halske and other recent processes.

CoNTENTS,—The MeArthur-Forrest Process.—Chemistry of the Process.—Laboratory
Experiments.—Control, Testing, and Analysis of Solutions—Appliances and Plant for
Cyanide Extraction.—Actual Lxtraction by Cyanide.—Production and Treatment of
Slimes.—Cyanide Treatment of Concentrates—Leaching by Agitation.—%ine Precipi-
tation and Treatment of Gold Slimes.—Application of the Process in Different Countries,~
The Siemens-Halske Process.—Other Cyanide Processes.—Antidotes for Cyanide Poison-
ing.—INDEX.

" Deserves to be ranked as amongst the BRST OF EXISTING TREATISES. —Mining Journal.
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GRIFFIN’S METALLURGICAL SERIES.

Epirion, Thoroughly Revised Throughout. With 51 Folding
Plates, Comprising 112 Figures, over 500 Illustrations in the Text,
and nearly 80 Photo-Micrographs of Steel Sections. Large 8vo.
Two Volumes. In all 1000 pages. Handsome Cloth. 36s. net.

With Additional Chapter on The Electric Smelting of Steel,

THE METALLURGY OF STEEL.

By F. W. HARBORD, Assoc.R.S.M., FIC,,
Axwp J. W, HALL A MInst.CE.

Vol. I.—Metallurgy. Vol. II.—Mechanieal Treatment.
(N.B,—These Volumes are not Sold Separately.)

ABRIDGED CONTERTS.—The Plant, Machinery, Methods and Chemistry of the Bessemer
and of the Open Hearth Processes (Acid and Basic).—The influence of Metalloids, Heat
Treatment, Special Steels, Microstructure, Testing, and Specifications.—The Mechanical
Treatment of Steel comprising Mill Practice, Plant and Machinery.

The Engineersays, at the conclusion of a review of this book :—'“ We cannof_conclude without
earnentl{ recommending all’'who may be interested ag makers or users of steel, which practically
MeAns hblle \,‘,'hole of the engineering profession, to make themselves acquainted with it as speedily
a8 possible,

Fourte EpirroN, Revised and Enlarged. Pp. i-xv + 486, With
130 Illustrations. 16s. net.

THE METALLURGY OF IROR.

By THOMAS TURNER, M.Sc, Assoc.R.8.M., F.IC,

Professor of Metallurgy in the University of Birmingham.

General Contents.—Early History of Iron.—Modern History of Iron,—The Age of Steel.
—Ohief Iron Ores,—Preparation of iron Ores.—The Blast Furnace,—The Air used in the
Blast Furnace. — Reactions of the Blast Furnace, —The Gascous Products of the Blast
Furnace —The Fuel used in the Blast Furnace,—8lags and Fuxes of iron Smelting.—
Properties of Oast lron. — Foundry Practice, — Wrought Iron, — Indirect Production of
Wrought Iron.—The Puddling Process.—Further Treatment of Wronght Iron, —Corrosion
of Iron and Stesl. —Recent Progross. —INDEX.

‘“ A THOROUGHLY USRFUL BOOK, which brings the subject vr 10 pATE, OF
GHEAT VALUE to those engaged in the iron industry.”~Mining Journal,

*o* For Professor Turner's ** Lectures on Iron-Founding,” &c., see page 67
General Catalogue,

In Medium 8vo. IHandsome Cloth, Pp. i-xv + 460. With 166
IHustrations. 15s. net.

The Sampling & Assay of the Precious Metals:

Comprising Gold, Silver and Platinum, in Ores, Bullion and Products,

By ERNEST A. SMITH, A.R.8.M., M.IxsT.M.M.,
Deputy Assay Master of the Sheflield Assay Office ; Late of the Royal School of Mines

CoNTERTS. —Introduction.—Design and Equipment of Assay Offices.—Furnaces and
Appliances.—Precious Metal Ores.— Valuation of Ores.—Sampling of Ores.—Preparation
of Samples for Assay.—Fluxes and Principles of Fluxing.—Assay Operations—(a) Roast-
ing ; (&) Fusion ; (¢) Scorifiention ; (d) Cupellation.—Systems of Working.—Assay of Gold
and Silver Ores.—Of Complex Ores.—Calculating and Reporting Resnlts.—Special
Methods of Ore Assay.—Bullion.—Valuation of Bullion.—Sampling of Bullion.—Assay
of Gold, Silver, and Base Bullion.—Of Auriferous and Argentiferous Products.—Assay
Work in Cyanide Mill —-Platinum and the *Platinum Metals.”—Assay of Platinum
in Ores, Bullion and Products.—~APPENDICES, —INDEX,

“ May safely be placed in the hands of students, and will be of the greatest value to
agsnyers as a book of reference."’—Nature.

“Unique . . . the book should be added to the Mining Engincer's Library.”—
AMining World.
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» In Medium 8vo. Handsome Cloth. Pp. i-xii+259. With 19 Plates (2 Coloured),
and 60 other INustrations. 10z, 6d. net.

LECTURES ON

MODERN COPPER SMEILTING
By DONALD M. LEVY, M.Se.. A.R.8.M.,
Aspistant Lecturer in Metallurgy, University of Birmingham.

ABRIDGED CoNTENTS—Tistorical—Price and Cost of Production and Statistics.—
Uses of Copper as Metal and Alloy.—Effect of Impurities.—Compounds,—Ores.—Pre-
liminary Treatment.—8ampling.—Concentration~—Prineiples of Copper Smelting.—
Bintering.—Reverberatory Smelting Practice—Blast Furnace Practice.—DBessemerising
of Copper Mattes,—Purification and Refining of Crude Copper.—Casbing.—INDEX.

* A welcome addition to existing literature on the subject,”—Chemical Trade Jovrnal.

In Medium 8vo. Handsome Cloth Pp. i-xiii + 240. With Frountispiece and 164
Tustrations, including many Photo-Micrographe. 10s. Gd. net.

CAST IRON
IN THE LIGHT OF RECENT RESEARCH.
By W. H. HATFIELD, D.Sc., A.M.LMech.E.

CoNTENTS.—INTRODUCTION.—The Non-Carbon Alloys and Cast Iron from the Stand-
point of the Equilibrium Diagram.—Influence of Silicon.—Of Phosphorus—Of Sulphur.
—0f Mangancse.—O01{ Other Elements.—Of Casting Temperature—Shrinkage and Con-
traction.—Growth of Cast Iron under Repeated Heatings,—Iiffect of Superheated Steam
upon Cast-iron Fitbings.—Mulleable Cast Iron.—Ieat Treatment of Cast Iron.—De-
carburisation of Cast Iron without further Iusion.—>Mcchanical Properties of Cast and
Malleable Cast Irop.—TFurnaces and Slags.—APPENDICES.—INDEX.

“A valuable addition to Griffin’s noted metallurgical publications.”—Mining
Magazine,

Seconp Epition, In Crown 8ve. Handsome Cloth., Pp. i-xxvii 409,
Thoroughly Revised and very greatly Enlarged. With many New,
and in all 310 Ilustrations, 10s. 6d. net.

A HANDBOOK ON

METALILIC AILILOYS:

Their Structure and Constitution.
By GILBERT H. GULLIVER, B.Sc, F.R.EEH

NTENTS.—Methods of Investigation.—The TPhysico-Chemical Equilibrium of
Mixed Substances.—Binary Alloys in which no Definite Chemical Compounds are formed.
—-Do, which show Hvidence of the Formation of Definite Chemical Compounds.—/I'rans-
formations in Completely Solid Metals,—Alloys~—Equilibrimin Conditions in Metallio
Mixtures,—The Structures of Metals and Alloys.—The Bronzes, Brasses, and other
Alloys of Copper.—S8teel and other Alloys of fron—Alloys of more than Two Metals,—
The Microscope in Engineering Practice,—INDEX.
“This book offers most exbaustive information, and is profusely illustrated.”—23fetal
Industri.

Secoxp Epirion, Thoroughly Revised. Pp. i-xvii+313. With 195
Photo-Micrographs, Diagrams, and Figures. 8s. 6d. nef

THE MIGCROSCOPIC ANALYSIS OF METALS.
By FLORIS OSMOND awxp J. E. STEAD, D.MeT., F.R.8.
Revisep axp Correcrep By L. P. SYDNEY,
CONTERTS.—PART 1. Metallography considered as a Method %f Assay.—PART Il
he Science of Polishing.—PArT I1I. The Microscopic Analysis of Carbon Steels.—
APPENDIOES,—INDEX,

“ The subject is treated in a masterly manner . . . altogether the mew edition
should prove invaluable to metallurgists.”—>Mining World.

“ Of all the books which have dealt with this subject in its many aspeets, surely this
one remains supreme."—Chemical World,
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Traiep Epirion, Thoroughly Revised, Enlarged, and Re-set Throughout.
In Three Volumes, with Valuable Bibliography, New Maps,
Illustrations, &e¢. 50s. net.

A TREATISE ON
PETROIL E U M.

By SIR BOVERTON REDWOOD, Barr,
D.Sc., F.R.8.E.,, Assoo.Ixsr.O.E., F.1LO,

CoNTENTS. —8ECTION I.: Historical Aceount of the Petroleum Industry,—SEoTION IL.:
Geological and Geographieal Distribution of Petroleum and Natural Gas.—8rcrion I11.:
The Chemical and Physical Properties of Petroleum and Natural Gas..—SE0TION IV.:
The Origin of Petroleum and Natural Gas.—S8E0TION V.: The Production of Petroleum,
Natural Gas, and Ozokerite.—8EcTIoN VI.: The Refining of Petroleum.—SucorioN VIL:
The Shale Oil and Allied Industries.—SEoTIoN VIII,: The Transport, Storage, and Dis-
tribution of Petroleum.—SECTION IX. : The Cesting of Crude Petroleum, Petroleum and
Shale Oil Products, Ozokerite, and Asphalt.-~SE0TION X.: The Uses of Petroleum and
its Products.—8gcrioN XI.: Statutory, Municipal, and other Regulations relating to
the Testing, Storage, Transport, and Use of Petroleum and its Products.—BIBLIO-
GRAPHY,—APPENDICES, —INDEX.

“Tt 1s indisputably the most comprehensive and complete treatise on petroleum, and this
statement is true, no metéer on what branch of the industry a test of its merits is made. Itis
the only book in existence which gives the oil man a clear and reliable outline of the growth and
present-day condition of the entire putroleum world. . . . There is a wonderfully completa
collection of plates and illustrations."—Petrolenm World,

Trmrp Epitiow, Revised. Pp. i-xix+340. Price 8s, 6d. net.

A HANDBOOK ON PETROLEUM.
FOR INSPEGTORS UNDER THE PETROLEUM ACTS.

And for those engaged in the Storage, Transport, Distribution, and Industrial
Use of Petroleum and its Products, and of Calcium Carbide. With
suggestions on the Construction and Use of Mineral ¢il Lamps.

By CAPTAIN J. H. THOMBON,
H.M. Chief Tospector of Explosives,
Axp SIR BOVERTON REDWOOD, BARrT,
REVISED BY MAJOR A. COOPER-KEY AND SIR BOVERTON REDWOOD.

ContenTs.—Introductory.—Sonrces of Supply.—Production, Reflning, ete.—Com-
mereial Products.—Flash Point and Fire-Test.—Testing.—Legislation.—Precautions,—
Qil Lamps.—Caleinm Carbide.—Appendices.—INDEX.

“ Of unigue value. . . . The book has attained the reputation of a eclassic, and is
an extremely handy and useful work for all interested in the oil business.”—Chemical
Trade Journal.

In Pocket Size. Pp. i-xxi + 454, Strongly Bound in Leather.
Fully Illustrated. 8s. 6d. net.

THE PETROLEUM TECHNOLOGIST'S POCKET BOOK.

By SIR BOVERTON REDWOOD, Bart., D.Sec., &c.,
And ARTHUR FASTLAKE, M.ILM.E., A.M.I.Mech.E., &ec.

Syxopsts or CoNTENTS.—PART I : General Information about Petroleum (Origin,
Qccurrence, Prospecting, acquiring Land, Raising, Storage, Refining, efe.). Parr IL:
@Geological (Identiflcation of Rocks, Angle of Dip, Maps, Uil-bearing Areas, Oil per acre,
Bitumens, ete.). PArT. IIL. : Physical and Chemical (8pecific Gravity, Analysis of Gag,
Viscometry, Calorific Value, Flash Point, Distillation, Candle Power, efc., ete.). PART
IV.: Production (Drilling, Casing, Water, Raising Oil, Plugging, Cost of Drilling, ete.,
eto.). PaArr V.: Refining, Transpor$, Storage and 'Testing (Tanks, Flow of Gasin Pipes,
Pipe Lines, Pumping, Railway Cars, Barrels, ete., efe.). PArT VI.: Uses (Liquid Fuel, Air
tequired, Oil Engines, Natural Gas, Asphalt, ete.). PArRT VIL : Weights and Measures
(Tnglish and Foreign). PArT VIII : Miscellaneous. PAwr IX. : Statistics (of Production,
Asphalt, 0il Shale, Ozokerite, Natural Gas).

“Excellent in every way . . . the tables and statistics appear to be exactly
those which will be of most use.”— FEngineer.
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~ Griffin’s Local Government Handbooks.

WORKS SUITABLE FOR MUNICIPAL AND COUNTY
ENGINEERS, ANALYSTS, AND OTHERS.

For further particulars of the following, see Index.

Civil Engineering Practice. By F. Norr Tavror. With over 800
Pages and over 1,000 Tllustrations, Cloth, 25s. net.

The Main Drainage of Towns. By F. Nozr Tavror. Pp, i-xi+313.
With over 850 Ilustrations. 12s. 6d. net.

Practieal Sanitation: A Handbook for Sanitary Inspectors and others,
By Gro, REID, M.D., D.P.H, SEVENTEENTH Epit1oN, Thoroughly Revised. 6s.
Sanitary Engineering. By Francis Woop, A.M.Inst. C.E. Tuirp

EDITION, Revised. Pp. i-xv + 300. 8s. 6d. net.

Modern Methods of Sewa%e Purification. DBy . BrrTRAM
Kursuaw, Engineer to the Sewage Commission.  Fully Illustrated. 2is. net.

The Principles of Sewage Disposal., By Prof. Dussax of Hamburg,
Translated by H, T. CALVERT, M.Sc.” 158, net.

Trade Waste Waters. By H. Witson, M.D., and H. T. Canvexnr,
Ph.Dd, Fully Illustrated. 18s. net,

Trades’ Waste: Its Treatment and Utilisation. By W. Navror,
F.C.8.,, A M.Inst.C.E. 21s. net. )

Modern Destructor Practice. By W. F. Goovrici, A M.Inst.C. E.
Pp. i~xvi_+ 278. 1bs. net. i )

Refuse Disposal. By Prof. E. R. Marrnews, A.M.Inst.C.E, Very
fully Ilustrated, Gs. net.

Water Supply: Selection of Sources and Distribution. By REGizaLp
E. MIDDLETOR, M.Inst.C.E., M.Inst. Mech.E., F.8.1.  Crown gvo. 83, 6d. net.

Water Analysis for Sanitary and Technieal Purposes. By
H. B. 8rocks, F.I.C., ete.  4s. 6d. net.

Caleareous Cements: Their Nature, Preparation, and Uses. By
GILBERT REDGRAVE, Assoe. Inst.C.E,, and CHAS, S8PACKMAN, F.C.8. SECOND EDITION
168. new.

Handbook fotr Cement Works Chemists. By F. B. Garenovse,
F.C.5, b5s. net.

Handbook on Town l?lanning. By Juriax Jurniax, B.E.  5s. net.

Road Making and Maintenance. By Tros. Arrguex, A M.Inst.C. K,
SrcoND EprrioN.  Fully Illustrated. 21s. net. )

Dustless Roads: Tar-Maeadam. By J. Warken Sarm  Fully
Tlustrated. 10s, 6d. net, . ) )

Central Electrical Stations : Their Design, Organisation, and Manage-
ment. By C. H. WORDINGHAM, A.K.C., M.Inst C.E. Skcoxp EDITION, 248, net.

Transformers. By Hermasx Bomre, M.LE.E, and Prof. Davip
ROBERTSON, B.Se. Pp. i-xiv+4356. Profusely Illustrated. 21s. net. ]

Electrical Photometry and Illumination. By Prof. H. Bouik.
Pp. i-xi + 222, Profusely Illustrated. 10s, Gd. net.

Electricity Meters. By Hexry G. Sonomor, Assoc.M,Inst.E.E. In
Medinm Svo, Handsome Cloth, i’rolzusely INustrated. 1Gs. net.

Gas Manufacture (The Chemistry of). By W. .. A, BurrerrisLp,
M.A,, I\I.C,, F.C.8. With Illustrations. TOURTE EDITION, Revised. Vol. I.,
78, 6d. net. Vol. IL, in preparation.

The Calorific Power of Gas. DBy J. H. Cosre, I.1.C,, F.C.8
Tlustrated. 6s. m-et‘._ ) . )
Fuel: Gaseous, Liquid, and Solid. By J. H. Costr, F.1.C,, and L,

ANDREWS, FLLC. Gs. net.

Smoke Abatement. A Manual for Manufacturers, Inspectors,
Engineers, and others. By WiLLiax NicROLSoN. Fully Hlustrated. 6s. net.

Fire and Explosion Risks. The Detection, Investigation, and Pre-

. vention of Fires and .EXDIOSEONS. By Dr. Vox ScHWARTZ. Cloth. 106s, net.

Wilk: Its Production and Uses. With Chapters on Dairy Farming,
The Disenses of Cattle, and on the Hygiene and Control of Supplies. By EpWwArD F,
WILLOUGHBY, M.D,, D.P.H. 6s. net.

Flesh Foods: With Methods for their Chemical, Microscopical, and
Bacteriological Examination. By C. AINSWORTH MITOHELL, B.A., F.LC, Illus-
trated. 10s. 6d. A ) ;

Foods: Their Composition and Analysis. By A, Wysrer Bryra,
M.R.C.8,, F.C.8,, and M. W. BLYTH, B.A., B.8¢c. BSI1XtH EprmioN, Thoroughly
Revised. 21s.

LONDON : CHARLES GRIFFIN & C0., LTD., EXETER STREET, STRAND.,
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In Large 8vo. Cloth, Pp. i-xxiii+271, With 147 Illustrations,
158. net.

A MANUAL OF

THE PRINCIPLES OF SEWAGE TREATMENT.
By Pror, DUNBAR, Director of the Institute of State Hygiene, Hamburg.
Exgrisa Evrrron sy HARRY T. CALVERT, M.Sc., Pu.D.,, F.I1.C.,

Chief Chemical Assistant, West Riding of Yorkshive Rivers Board.

ABRIDGED CONTENTS.—IISTORICAT, DEVELOPMENT OF THE SEWAGE PROBLEM.—Growth
of River Pollution.—TLegal Measures of Central and Local Authorities~—Rise and Develop-
ment of Methods of Sewage Treatment.—Earlier Views, their Object and Utility, PRESENT
POSITION OF SEWAGE TRUATMENT.—The Characteristica of Sew age.—0Objects of Pre-
cipitation Works.—Description for the Removal of Suspended Matters—Methods for the
Removal of Putrescibility.—The Disinfection of Sewage.—Supervision and Inspection
of Sewage Disposal Works,—The Utility and Cost of the various Methods of Sewage
Treatment,—INDEX,

“We heartily commend the book as a peculiarly fair and impartial statement of the
present position of the sewage problem,”—Lancet,

In Medium 8vo. Cloth. Pp. i-xiii + 356. With Tables, Illustrations
in the Text, and 36 Plates. 2l1s. net,
MODERN METHODS OF

SEWAGE PURIFICATION.
A Guide for the Designing and Maintenance of Sewage Purifieation Works.
By ¢. BERTRAM KERSHAW, F.R.8.1, F.R.M.8., F.G.8., &c.,

Tngineer to the Royal Commission on Sewage Disposal.

CONTENTS. — Introduction. — Historical. *—Cuuscrvtmcy Methods, d&e.— Sewerage
Systems.~—Rainfall, Storm Water.—Variations in Flow of Bewage.—Classification and
Composition of bm\agea —~Considerations to be observed in se]coting the Site for Sewage
Disposal Works.—Preliminary Processes,—Disposal of Sludge—~Land Treatment of
Sewage.—Contact Beds.—Percolating Filters—Trades’ Wastes,—NMisccllancous,—Pre-
cipitation Works in Actual Operation.—INDEX,

‘A large and comprehensive work ., , . replete with information."—Jowrnal
Royal Savitary Institute. - o

Large §vo. Ha.ndsoma CIuL]l. Prico 16s. net.

FIRE AND EXPLOSION RISKS:

A Handbook of the Detection, Investigation, and Prevention of Fires and Explosions.
By Dr. VON SCHWARTZ
Translated from the Revised German Edition by C. T, C. SALTER.

ABRIDGED GENERAL CONTENTS, —TWires and Fxplosions of a General Character..—
Dangers arising from Sources of Light and Heat.—Dangerous Gases,—Risks Attending
Special Industries. — Materials Employed. — Agrieultural Produets. — Fats, Qils, and
Resing.—Mineral Oils and Tar.—Alcohol, &c.—Metals, Oxides, Acids, de.—Lightning
Ignition Appliances, Fireworks.

“The work affords a wealth of information on the chemistry of fire and kindred
topies."—Iire and Water,

A complete and useful survey of a subject of wide interest and vital importance.”—
0 and Colowrman's Journal.

In Handsome Cloth. Pp. i-xiii+ 256, With 59 Illustrations, 6s. net.

SMOKE ABATEMEN'T.

A Manual for the Use of Manufacturers, Inspectors, Medical Qfficers of
Health, Engineers, and Others.
By WILLIAM NICHOLSON,
Chief Smoke Inspector to the Sheffield Corporation.
“ We welcome such an adequate statement on an important subject.”— British

Medical Journal. e
See also-
’i’Hh MAIN DRAINAGE OF TOWNS, . . . page 6.
REFUSE DISPOSAL, . . . . b O,
Axp MODERN DESTRUCTOR PRACTICE, . . . DG

LONDON : CHARLES GRIFFIN & CO., LTD., EXETER STREET, STRAND.
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Szcown EpitioN. In Large 8vo. Handsome Cloth. Beautiyully
Tllustrated. With Plates and Figures in the Text. 21s. net.

ROAD MAKING AND MAINTENANCE

A Practical Treatise for Engineers, Surveyors, and Others.
By THOS. AITKEN, M.Ixst.O.E,

Member of the Association of Municipal and County Engineers; Member of the Sanitary
Inst. ; Surveyor to the Oounty Council of Fife. Oupm‘ Division.

CONTENTS,—Historical Sketch.—Resistance of Traction.—Laying out New Roads.—
Earthworks, Drainage, and Retaining Walls.—Road Materials, or Metal.—Quarrying.
—>Stone Breaking and Haulage.—Road-Rolling and Scarifying.—The Construction of
New, and the Maintenance of existing Roads.—Carriage Ways and Foot Ways.:

““The Literary style is RXCELLENT, . . . A COMPERHENSIVEand EXCRLLENT Modern Book, an
UP-TO-DATE work. . hould be on the reference ghelf of every Munieipal and Couuhy
Hngineer or Surveyor in the United Kingdom, and of every Colonial Engineer,”—The Surveyor.

In Handsome Cloth. Fully lllustrated. 10s. 6d. net.

DUSTLESS ROADS.

TAR MACADAM.
By J. WALKER SMITH,

City Engineer, Edinburgh,

ConTrrTs.—Necessity for Improved and Standard Road Construction.—Tar.—Standardisation
of Mat.l"m.—Aggresf"u.e for Macadnm.—Different Modes of Preparing and Laying.—Mechanical
Mixing.—Effects of Wear, Density, Porogity, Distribution of Weight.—Secavenging ; Wateriug and
Maintenance, — Camber ; Gradient, Noisclessuess, Hygienic Advantages. — liolluw — Traetive
Effort.—Statistics.—Tar Bpraying on Ordinary Macadam Surfaces.—APFENDICRS.—INDEX.

“The book is in every respect up-to-date and very suggestive. It is practical in
the hest sense of the term.”—County and Municipal Record.

In Crown 8vo, Cloth, Pp. i-xi+ 187. With 25 Tlustrations, Coloured Map, and a
Chart, 4s. 6d. net.

MODERN ROAD CONSTRUCTION.

A Practical Treatise for the Use of Engineers, Students,
Members of Local Authorities, &e.

By FRANCIS WO0OO0D, M.Inst.C.KE., F.G.8.

CoRTERTS.—Introductory.—Macadam Roads.—Wear of Roads,—Effect of Traffic on
Roads.~—Tarred Roads.—Bitumen,.—Methods of Using Tar and Bitumen.—XRollers and
Rolling.—Paving.—Cost of Maintenance of Roads.—APPENDIOES.—INDEX,

‘t A little volume that should find its place on the shelf of every road and highway
surveyor and engineer in the Local Government world.,”—Municipal Journal.

In Crown 8vo, Cloth, Pp. i-vii+ 149, With Illustrations. Bs. net.
AN INTRODUCTION TO

TOWN PLANNING.

A Handbook dealing with the Principles of the Subject, and a Consideration of the Problems
Involved, Powers of Lecal Authorities, etc.

By JULIAN JULIAN, B.E

CONTENTS.—Ancient Town Planning—Medizeval and Modern Town Planning.—
Authorities and Bye-Laws—Powers of Local Authorities—Practical Considerations in
the Preparation of Town Plans.—A Town-Flanning Tour.—APPENDICES.~—INDEX,

“There are many books on Town Planning, but none that covers guite the same
ground as this one traverses so ably . . . a valuable addition to the Town Planner's
]ibr:s.l'y Y—Surveyor.

I.ONDON : CHARLES ('RiFFlN & 0., LTD., EXETER STREET STRAND.
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TECHNOLOGICAL WORKS.

Chemistry for Engineers and Manufacturers By B. BrLouxrt, F.1.0., and A. G. BLoxay,
F.I1.0, Vol, L—SECOND EDITIOR, 148, Vol. II.—SEcOND EDITION, 16s.

Qils, Fatls, Butters, and Waxes. DBy ALDER WRIGHT and MITOHELL. SECOND HDITION.
25s. neb.

Olls, Resins, and Paints (Analysis and Valuation). Dy HARRY INGLE, D.Sc. neb: 3s. 6d.

Physico-Chemical Tables. By J. CASTELL-EvaN3, F.I.C. Vol I.—Chemical Engineering,
248, net. Vol IT.-—Physical and Analytical Chemistry, 36s. net,

Quantitative Inorganic Analysis, By Dr. J. W. MELLOR. 30s, net:
Water Analysis for 8an. and Tech. Purposes. Dy H. B. STOCES. 48. 6s. neb.
Methods of Air Analysis. By J 8. HALDANE, M.D., LL.D. F.R.8. Bs. net.

The Principles and Practice of Browing. By Dr. W. J. SYEEs. THIRD EDITION, Revised
by A. R. Lixag, F.LC. 21s. net.

Technical Mycology. Dr. I, Larar. SECOND EpitioN. In Two Vols. Vol I., 15s. net,
Vol. 11., 24s, net.

Micro-Organisms and Fermentation, By ALFRED JORGENSEN. FourTH EDpITiON, Com-
pletely Revised, Translated by 8. H. Davius, B.Sc, 16s. net,

Ferments and their Actions. By C. OPPENHEIMER. Translated by (. A. MITOHELL, B.A.
¥.LC, In Cloth. 7s. 6d. net.

Vinegar : Its Manufacture and Examination. By C. A. Mirourry, B A., F.LC. 8s. 6d. net,

Peat ; Its Use and Manufacture, By BIURLING and GISsING. 68, net.

Gommoercial Peat ; “Iis Uses and i{s Possibilities. By F. 1. Gissixg. 6s. nct.

Paper Technology. By R. W. SiNpaLn, ¥F.C.8. Spconp Epirion, Revised. 125 6d. net.

Stationery Testing. By H. A. BRoMLEY. Fully 1lustrated. ©s. 6d. net.

The CGlayworkers’ Handbook., DBy A. B. SBARLE. SECOND LDITION. 06s. net.

British Clays, Shales and 8ands. Dy A. B. Spanvp. Illustrated. 7s. 6d. net.

Ceramic Literature. Compiled, Classified, and Described by M, L. SoLoN. 4%2s. neb.

Art of the Goldsmith and Jeweller. By T. B. WigLey. SEcoND EDITION. 78, 8d. net.

Smoke Abatement. By Wx. NIoHOLSON, With Illustrations. ©s. net.

Galcareous Cements. By G. B. REDGRAVE and CHARLES SPACKMAN, F.C.8. SEcoNp
EpiTiox, 158 net.

Handbook for Cement Works' Chemists. By Franx B. GATEROUSE, F.(.8, In Iandsome
Cloth. bg. net.

Gas Manufacture. By W J. A, BUTTERFIELD. Vol, I. 7s. 6d. net, Vol, IL Shortly

Caloritic Power of Goal Gas. DBy J. II. CosTr, F.I.C. 6s. net.

Fuel: Gaseous, Liquid, and Solid. Dy J. . Costr and B, R. ANDREWS, 68, net.

Acetylene. By F. I. LEEDS and W. J. A, BUTTERFIELD. SECOKD EpITION. 8s. 6d. net.

Fire and Explosion Risks. By Dr. Vox Senwartz. In Cloth. 16s. net.

Enamelling on Iron and Steel. By Junius GrUNWALD., Cloth. Illustrated. 6s. net.

Technolegy of Iron Enamelling and Tinning. By Juiius GRUNWALD. 0s. net.

The Chemistry of the GColicid By Dr. V. PiscHL. Translated by Dr. H. Hopasox
3s. 6d. net.

Coliuloid ; Its Manufacture, Appiication, and Substitutes. From the French of MASSELON,
RosERTS, and CILLARD. By Dr. H. H. HopGSON. 258, neb.

Chemistry of india Rubber. By C. O. WEBER, Ph.D. THIRD IMPRESSION. With many
Illustrations. 16s. net.

The Manulacture of Rubber Goods. By Aponr Hrein and Dr, W. EscH. Translated by
B, W. LEws, A.C.G.L. In Cloth. Illustrated. 10s. 6d. net.

Giue, Gelatine, and their Allied Products, Dy THomas LAMBERT. In Large Crown Svo.
Fully THustrated. 5s. net.

Leather Trades Chemistry. By S. R. TRoTMAN M.A. F.I.C. In Handsome Cloth. Fully
Hlustrated, 15s. net.

ink Manufacture. By C. A. MircueLy, B.A., F.LC., and T. C. HEPWORTH. SECOND
Eprrror, Revised. In Cloth, With Plates and Hlustrations.

Inorganic Chemistry., By A. DUPRE and WILSON HAKE. THIRD EDITION. 6s neb.
Elements of Chemical Engineering. By J. GrossMANN, Ph.D. Srcowp Ep, 8s. 6d net.
Elementary Practical Chemistry. Myers and FirTH. 4s. net.

Outlines of Quantitative Analysls. By A. H. SExToN, F.I.C. Firra EpimoN, 3s
Qutlines of Qualitative Analysis. DBy A. H. Sexrox, ¥.I.C. FourtH Eprtios 3. 6d,

LONDON : CHARLES GRIFFIN & C0., LTD., EXETER STREET, STRAND.

Droits réservés au Cnam et a ses partenaires



CHEMISTRY AND TECHNQOLOGY, 27

THE FERMENTATION INDUSTRIES.
Trirp EpirioN. In Handsome Cloth. Fully Illustrated, 21s. net.

PRINCIPLES AND PRACTICE OF BREWING.

FOR THE USE OF STUDENTS AND PRACTICAL MEN.
Br WALTER J. SYKES.

Revisep BY ARTHUR R. LING, F.I.C,, F.C.5,
Editor of the Journal of the Institute of Brewing.

CONTENTS. — Physical Principles Involved.— The Chemistry of Brewing. — The
Microscope. -— Vegetable Biology, — Fermentation. — Water, — Barley and Malting, —
Arrangement of Brewery Plant.—Quantities of Materials.—Fermentation.—Antisepties.
~—Finings.—Characteristics of Beer,—Diseases of Beer.—INDEX.

“ A thorough and eomprehensive text-book . upto-date . . . astandard
text-book.”—Brewers' Journal.

In Large 8vo. Complete in Two Volumes.
Each Volume Complete in Iiself, and Sold Separately.

TECHNICAL MYCOLOGY:

The Utilisation of Micro-organisms in the Arts and Manufactures.
By Dr. FRANZ LAFAR,

Prof. of Fermentation-Physiology and Bacteriology in the Technical High 8chool, Vienna.
TRANSLATED BY CHARLES T. C. SALTER.

Vol. L-SCHIZOMYCETIC FERMENTATION. I5s net.
Vol. IL—EUMYCETIC FERMENTATION. 2s net.

Nore.—Part I. of Vol. IL was issued separately at 7s. 6d. Copies of Part II.,
Voal. I1., have, therefore, been bound up to enable those possessing Part I. to complete
their copies. The price of Vol. II., Part I1., is 18s. net.

“*The first work of the kind which can lay elaim to uampleteneaa in the treatment of
e fascinating subject. The plan is admireble, the classification simple, the style is good,
?nd the tendency of the whole volume is to couvey sure information to the reader."—
Lancet,

Frrra Eprtion. In Demy 8vo. Revised Throughout. Pp. ixi + 489.
With 101 Illustrations. In Cloth. 15s. net.

MICRO-ORGANISMS AND FERMENTATION.
By ALFRED JORGENSEN.
TraxsnaTep By SAMUEL H, DAVIES, M.Sc

CONDENTS.—Microscopical and Physiological Examination—Biological Examination
of Air and Water—Bacterin—Moulds—Yeasts—The Pure Culture of Yeasts on a Large
Scale,—INDEX.

* The student taking up this subject would do well to work through this book first
and then take Lafar's.”—Brewing Trede Review,

e

In Crown 8vo, Handsome Cloth., Price 7s. 6d. net.

FERMENTS: AND THEIR ACTIONS.

A Text-book on the Chemistry and Physics of Fermentative Changes.
By CARL OPPENHEIMER, Pu.D., M.D.
TRANSLATED BY C. AINSWORTH MITCHELL, B,A., F.I.C., F.C.5.
CoxrENTS.—Introduction.—Definition of Ferment.—Chemical Nature of Ferment,~
Influence of External Factors on Ferments.—Mode of Action.—Physiological Action.—
Secretion of Ferments.—Ferments and the Vital Processes.—A. THE HYDROLYTIO
FERMENTS : Proteolytic Ferments.—Trypsin.~—Bacteriolytic and Heemolytic.—Proteo-
Iytie Vegetable Ferments.—Coagulating Ferments.—S8accharifying Ferments.—Animal
Diastases.—Enzymes of the Disaccharides.—Ferments which decompose Glucosides.—
Lactic Acid Fermentation.—B. THE OXIpIsinG FERMENTS : Alcoholic Fermentation,—
Biology of do.—The Oxydases.—Acetic. Oxalic, and similar Fermentations.—Biblio-
graphy.—INDBX,
“Bueh & veritable mulium in parve hos never yet appeared.”—Brewers’ Journal
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In Cloth. Pp.i-xxxi -+ 778. With 2 Coloured Plates ﬁnd 206 other
Tllustrations. 30s. net.

A TREATISE ON

QUANTITATIVE INORGANIC ANALYSIS,
With Special Reference to the Analysis of Clays, Silicates, ete.

By J. W. MELLOR, D.Sc.

Part L. General :—Introduction.—Weighing.—Measurement of Volumes.—Volumetria
Analysis,—Colorimetry and Turbidimetry.—Filtration and Washing.—Heating and
Drying.—TPulverisation and Grinding—~Sampling.—The Reagents. Parr II, Typical
Bilicate Analyses—Glays :—Volatile Matters.—Opening up Silicates,~Determination of
Silica.—The Ammonia Precipitate.—Iron.—Titanium,~Calcium and Magnesium.—The
Alknlies,—Abbreviated Analysis and Analytieal Errors.—Illectro-Analysis. Parr IIL
@lasses, Glazes, Golours, and Complex Silicates :—Analysis of Glass, Glazes, Enamels and
Colours,—Determination of Arsenic.—Antimony.—7in.~~TLead.—Bismuth and Mercury.
~—Copper and Cadmium —Zine.~~Manganese.~—~Cobalt and Nickel. Parr IV. BSpecial
Mothods—Bases : Determination of Molybdenum.—Tungsten, Columbium, and Tantalum.
—@Gold and Selenium.——Aluminivm and Beryllium,—Special Methods for Non-Compounds.
—Chromium, Vapadium, and Uraninm.—Zirconium, Thorium, and the Rare Earths.—
Barium, S8trontinm, Calcinm, and Magnesium.—Alkalies and their Salts. PARTV, Special
‘Mothods—Acids and Non-Metals:  Carbon.—Water.—Boron Oxide.~—Phosphorus.—
Bulphur.—1'he Halogens.—Rational Analysis of Clays.—APPENDICES.— INDICES.

“The ceramic chemist has waited many years for a thorough and comprehensive
treatise on the guantitative analysis of the materials with which he has had to
<leal, and here at last is what he had so long and so urgently neceded.”—Nature.

In Demy 8vo, Cloth. Pp. i-xvii + 411. With 4 Coloured Plates.and
263 other ITllustrations, 15s. net.

CLAY AND POTTERY INDUSTRIES,
Being Vol. I. of the Collected Papers from the County Pottery
Laboratory, Staffordshire.

BY SEVERAL AUTHORS.

Epirep BY J. W. MELLOR, DSec
*o " For Full List of Contents, send for Prospectus.

“ A fund of information on varied subjects of importance to the potter.”— Poitery
Gazeite.

In Imperial 8vo. Strongly and Elegantly Bound in Half Leather.
Enclosed in Case. Pp. i-xviii 4+ 660. £2 2s, net.

CERAMIC LITERATURE
Compiled, Classified, and Described by M. L. SOLON,
President of the English Ceramic Society.

An Analyftical Index to the Works Published in all Languages on the History and
the Technology of the Ceramic Arb; also to the Catalogues of Public Museums, Private
Collections, and of Auction Bales in which the Description of Ceramic Objects occupy
an important place ; and to the most important Price Lists of the Ancient and Modern
Manufactories of Pottery and Porcelain.

“A work of inestimable value to all serious study of Ceramics.”—Burlington
Magazine.

In Two Large Volumes, Large §vo, Strongly Bound. Each complete in
itself and sold separately.

BRIQUETTING.
Coal, Shale, &e.; Ores, Furnace Products, Metal Swarf, &e.
By G. FRANKE. Translated and Edited by ¥. LANTSBERRY, M.Sc,
Yol. L—Pp. i-xxx + 631.  With 9 Folding Plates and 225 other Illustrations. 50s, net.

**Messrs, Griflin & Company have once again rendered service to the nation hy
providing this useful addition to the manufacturers’ library.”—Iron and Coal Trades
Aeview,
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In Med. 8vo. Cloth. Pp.i-vii+ 171, With Many Tables, 6s. net.
The Theory and Practice of

Enamelling on Iron and Steel.

By JULIUS GRUNWALD, Dr., IxG.
Translated by H. H, Hopasox, M.A,, B.8c,, Ph.D.

CoNTENTS.—Introduction. —The Raw Materials.—The Mixing, Dissolving, and Application of
Enamel.—Heating and Pickling Goods in the Rough.—Correct laying on.—Baking Enamelled
Ware.—Decoration of Enamelled Objects,—Photo-Ceramics in thelr Application to Enamels.—
General and Btatistical Chapter.—The History of Enamels and their Uses.—INDEX,

"Col‘nhmcs the theory and practice of enamelling in a most effective manner.”"—Iron and Steel
Trades’ Jourial.

In Med. 8vo. U;;Efgglll with the above. 6s. net.
The Technology of

Iron Enamelling and Tinning.

By JULIUS GRUNWALD. Dz., Ira.
Translated by H. H. Honeson, M.A., B.Se., Ph.D.

Conrexrs.—The History of the Enamels and their Technology.—Economic Signiticance of the
Sheet-Iron Enamelling Industry.—Chemical Teelmology of the Enamelling Industry.—Enamel
Manufacture and the Function of Clay in the Enamel.—Purple of Cassius.—The Examinalion of
Enamels for Cast Iron.—The Stiffening of Enamels when ground Moist by means of Vehicles,.—
Heating and Pickling of Rough Iron Wares.—The Pickling Process.—Chemieal Composition of an
Enamel. —Tinning.—Tin Recovery.—Danger of Lead Compounds.—Tin Disease.—Procedure in an
Enamel Works.—Educational T ring of Managers for Enamel Works —INDEX.

“The author of this book . . . has done mueh to put our knowledge of the subjeet upon'a
scientitic basis,"—Foundry Trade Jowrnal.

THE RAW MATERIALS OF THE ENAMEL INDUSTRY
AND THEIR CHEMICAL TECHNOLOGY.
By JULIUS GRUNWALD, Dr., Ixe.
Translated by H. H. Honasox, M.A., B.Se¢., Ph.D.

CoxrenTa.—Felspar.—Quartz.—Fluorspar or Flnorite.—Clay {Alumino-Silicates), Borax and
Borie Acid.—Cryolite and 1ts Substitntes and its Funetions in Enamel Manufacture—Pyrolusite,
—Tin Oxide.—Other White Colouring Agents.—Nickel Oxides.~—Cobult Oxide and its Compounds.
—Sodinm Carbonate.—Saltpetre, — Potagh, — Some Important Enamelling Pigments.—General
Enamel Recipes.—IXDEX,

In Medium 8vo. Handsome Cloth. Illustrated. Pp.i-xix+359. 25s. net.

CELLULOID.

ITS MANUFACTURE, APPLICATIONS, AND SUBSTITUTES.
Translated from the French of Masseron, RoerrTts, and CILLARD.
By H. . HODGSON, M.A.(Camb.), B.Sc.(Lond.), Ph.D.(Heidelberg).
ConreNTS.—Composition, Origin, Properties. —Nitrocellulose.—Commereinl Nitration
Processes.—Bleaching of Cellulose.—Drying. eeping.—Staining of Celluloid.—Rolling,
Compression.-——Cutting and Dressing. —Tubes.—Waste.—Analyses.—Mechanical Tests,
Inflammability.—Precautions in Celluloid Works,—INDEX.

SECOND EpITioN, Thoroughly Revised, Re-set Throughout. In Large Svo. Cloth,
Pp. i-xvi+266. With Frontispiece and 58 other Ilustrations. 7s, 6d. net,

THE MANUFACTURE OF INK.

A Handbook of the Produetion and Properties of Printing, Writing, and
Copying Inks.
By C. A, MITCHELL, B.A,, F.I1.C,, F.C.8., & T. C. HEPWORTH.
CoXTENTS.—Introduction.— Carbon and Carbonaceous Inks.—Tannin Materials for
Inks.—Nature of Inks.—Manufacture of Iron Gall Inks.—Logwood, Vanadium, and
Aniline Black Inks.—Coloured Writing Inks—Esamination of Writing luks.—Early
Methods of Manufacture,—NManufacture of Varnish.—Preparation and Incorporation cf
the Pigment.—Coloured %riuting Inks.—Copying Inks—Marking Inks.—Safety Inks and
Papers,—Sympathetic Inks.—Inks for Special Purposes ——English Patents—INDEX.
““Thoroughly wellarranged . . . and of a genuinely practical order."—B87 itfsh Prinder.
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PAINTS, COLOURS, DYEING, AND THE TEXTILE
INDUSTRIES.

‘TREATISE ON COLOUR MANUFACTURE (Preparation, Examination, and
Application of Pigmenis). By Grorer Zerr and Dr. RUBENcaMr.
English Edition by Dr. C. Maysr, of Burgdorf. Profusely Illustrated.
30s. net,

TESTS FOR COAL-TAR COLOURS IN ANILINE LAKES. By Grores
Zrrr. Translated by Dr. C. Maver. In Medium 8vo. Cloth.
10s. 6d. net.

PAINTING AND DECORATING. A Complete Practical Manual. By W. J.
Prarce. Fourrn EpitioN, Revised and Enlarged. Profusely Illus-
trated, and with many Plates in Colours. 12s, 6d.

IDEAS AND STUDIES FOR STENCILLING AND DECORATING. By A.
Desaine. In Medium Quarto. With Designs in Colour and Colour
Scheme.

PAINTERS' COLOURS, OILS, AND VARNISHES. G. H. Hursr, F.C.S.
Firra EprtioN, Revised and Enlarged, by Nozu Hzarow, B.Se.,
with Chapter on Varnishes by M. B. BrackrLer. 10s. 6d. net.

PAINTERS’ LABORATORY GUIDE. By G. H. Hurst, F.C.8. In Crown
8vo. Cloth. With Illustrations. B&s.

OILS, RESINS, AND PAINTS. By Harry Ixcrr, D.Sec, Ph.D., F.I1.C.
In Three Volumes. Sold separately.

A MANUAL OF DYEING. By E. Kxgcur, Ph.D., Cur. Rawsox, F.I1.C,
and R, LoewenTtHAL, Ph.D. Tumrp Eprrrow, Thoroughly Revised
and Rewritten.

SYNTHETIC DYESTUFFS, and the Intermediate Products from which they
are Derived. By J. C. Caix, D.Se., and J. F. Trorrk, Ph.D. Szcoxp
Eorrion, Revised. With 7 Folding Tables. 16s. net.

THE ANALYSIS OF DYESTUFFS. By A, E. Grerw, M.Se. Spcoxp
Evrrion, 8s, 6d. net.

DICTIONARY OF DYES, MORDANTS, AND OTHER COMPOUNDS. By
Cur. Rawsox, F.I.C.. W, M. GarpxEr, F.C.8., and W, F. Lavcocs,
Ph.D. InLarge8vo. Cloth, Library Style. Reprinted. 16s. not.

SPINNING AND TWISTING OF LONG VEGETABLE FIBRES (Flax, Hemp,
Jute, Tow, and Ramie). By H. R. Carrer. With Plates and Illustra-
tions in the Text. 16s. net.

THE COTTON WEAVERS' HANDBOOK. By H. B. Heviiy. In Cloth,
Fully Hllustrated. 63, net,

BUYERS AND SELLERS IN THE COTTON TRADE. By H, B. Hrvux
With Chronological and Statistical Chart. 8s. 6d. net.

TEXTILE FIBRES OF COMMERCE (Ocecurrence, Distribution, Preparation,
and Uses). By W.IL Hanwan. InCloth. With Illustrations, 9s, net.

BLEACHING AND FINISHING OF COTTON. By S. R. Troryax, M.A,
and E. L. Trore, M.I.Mech.E. 16s. net,

TEXTILE PRINTING. By E. Kwxrecar, Ph.D., and J. B. ForarrcinL.
With 13 Plates and 86 Patterns in the Text. 36s. net.

TEXTILE PRINTING. By C. F. S. Rorawzrt, F.C.8. Ilustrated. 21s.

DYEING AND CLEANING. By Fraxk J. Famrgpri, M.Se. In Cloth
With 76 Illustrations. Tuirp Epiriox. Enlarged. 5s. net.

BLEACHING AND CALICO PRINTING. By Grorar Duirg, Assisted by
Wum. Torxsvre. Cloth, 12s. 6d.
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THE TEXTILE INDUSTRIES. 31

In Medium 8vo. Handsome Cloth. Pp. i-xvi + 615, With 13 Plates
and 80 Illustrations, also 86 Patterns inset in Text, 36s. net.

The PRINCIPLES & PRAGTICE of TEXTILE PRINTING

By E, KNECHT, Pu.D.,, axp J. B, FOTHERGILL.

CoxtTENTS.—Part I. Introduction.—Part I1. Methods of Printing.—Part ITI. Pre-

aration of Cloth for Printine.—Part IV, Preparation of Printing Colours,.—Part V.
‘reatment of Goods after Printing.—Part VI. Mordants,.—Part VIIL 3tyles of Printing :
{a) Direct; (b) Dyed; (¢) Insoluble Azo-Colour; (d) Discharge; (e) Resist or Reserve;
{7) Raised ; (y) Printing of Linings; (&) Metal Printing; () Crepon or “Crimp."—
Part VIIL Finishing of Printed Calicoes.—Part IX. Wool and Hall Woel Printing.—
Part X, Silk and Half Silk Printing. —INDEX,

“ This important book . . . fills an admitted gap in textile literature

very systematic.”—Journal of Sociely of Dyers and Colourists.

In Medium 8vo. Handsome Cloth. Pp. i-xi + 347, With 131
Ilustrations. 16s. net,

THE BLEACHING AND FINISHING OF COTTON.

By 8. R. TROTMAN, M.A,, F.I.C,, axp E, L. THORP, M.I.Mgcm. E.

CoNTENTS.—8tructure of Cotton ¥ibre.—Constituents of Cotton Fibre.—Cotton Testing.
—Carbohydrabes,—Water.—Bacteria in Bleaching.—Cotton Piece Goods,—H8teeping.—
Transmission of Cloth.—Alkali Boiling —S8oap.—Soap Making.—Organic Solvents,—
Keirs.—Washing Machines.—Bleaching and Bleaching Powder.—Rleaching and Souring
Apparatus.—Sodium Iypochlorite and Electrolytic Bleaching Solutions.—Other Bleach-
ing Agents.—Souring Acids and Souring Apparatus.—Processes.—Coloured Goods.—
Stains and Discolourations.—Finishing and Materials Used.—-Mangling, Drying, and
Conditioning. —Stiffening and Mangles.—Auxiliary Machines and Processes.—Stenters,—
Beetling.—~Calendering.—¥inishing Processes.—INDEX.

‘* Degerves the attention of practical bleachers, and we can recommend it to them
with confidence,”"—T'extile Mercury.

In Medium 8vo. Cloth. Pp.i-xvi-} 360. With 161 Illustrations.
16s. net.

THE SPINNING AND TWISTING OF LONG
VEGETABLE FIBRES

(FLAX;, HEMP, JUTE, TOW, & RAMIE).

A Practical Manual of the most Modern Methods as applied to the Hackling, Carding,
Preparing, Spinning, and Twisting of the Long Vegetable Fibres of Commerce.

By HERBERT R. CARTER, of Belfast, Ghent, and Lille.

CoORTENTS.—Long Vegetable Tibres of Commerce.—Rise and Growth of the Spinning
Industry.—Raw Fibre Markets and Purchase of Materials,—Storing and Preliminary
Operationg of Batching, Boftening, Knifing, Breaking, and Cuting.—Hackling by Hand
and Machine, Cost and Speed of Machining.—Sorting, and Management of Hackling
Dept.—Preparing Department.—Sliver Formation—Tow Carding and Mixing —Pre-
paring, Drawing and Doubling, and Tow Combing.—Gill Spinning.—~Rope Yarn,~Binder
Twine.~Trawl Twine and Shoe Threads.—The Flax, Hemp, Jute, and Ramie Roving
Frame.—Dry and Demy-Sec Spinning of Flax, Hemp, Jute, and Ramie.—~The Wet Spinning
of Flax, Hemp, and Ramie Yarns.—Flax, Hemp, Jute, and Ramie Waste Spinning,—
Yarn Reeling, Winding, Drying, Cooling, and Bundling.—Manufacture of Threads, Twines,
and Cords~—Rope Making—Welght of Ropes.—Mechanical Department: Repairs,—
Fluting.—Hackle-Setting.—Wood  Turning—Oils and _Oiling,~Mill Construction ;
Heating. TLighting, Ventilation, and Humidiflcation.—Boilers, Engines, etc.—Power
Transmission.~—INDEX, .

* The WHOLE SUBJECT is EXHAUSTIVELY AND ABLY DEALT WITH by Mr. Carter, and
the letterpress is illustrated by an ABUNDANCE OF EXCELLENT PLATES. . . ., The
book is THE WORK OF A TECHRIOAL EXPERT, who can put his knowledge into plain Engligh,
and it is WORTH the ATTENTION OF ALL concerned with the industries treated of.”—TWe
Dyer and Calico Printer.
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A TEXT-BOOK OF PHYSIGCS.

By J. H. POYNTING, Se.D.,, F.R.8.,
Professor of Physics, Birmingham University,
And Sir J. J. THOMSON, O.M.,, M.A., FR.S,,

Professor of Experimental Physics in the University of Cambridge.
In Five Volumes. Large 8vo. Sold Separately.

InrropUcroRYy VorLume, Firra Eprriow, Revised, Fully Illustrated.
10s. 6d.

PROPERTIES OF MATITER.

OoxrEnTa. — Gravitation. — The Acceleration of Gravity, — Elasticity, — Stresses and
Strains.—Torsion.—Bending of Rods.—Spiral Springs.— Collision.— Compressibility of
Lignids.—Pressures and Volumes of Gases.—Thermal Effects Accompanying Strain. -
Ga.giuurlty. —Burface Tension.—Laplace’'s Theory of Oapillarity.~Diffusion of Liquida s
Diffusion of Gases.—Viscosity of Liquids.—~Ixprx.

*'We regard this book as quite indispensable not merely to teachers but to physicists of every
grade above the lowest.”"— University Correspondent.

Vorume II. Sixre Eprriox, Fully Illustrated. Price 8s. 6d.

SO UND.

Conrenrts,—The Nature of Sound and its chiet Characteristics,—The Velocity of Sound
in Air and other Madia,—Refleation and Rofraction of Sound.—Frequency and Piteh of
Notes,—Resonance and Forced Oscillations.—Analysls of Vibrations,—The Trangverse
Vibrations of Stretched Strings or Wires.—Pipes and other Air Cavities,—Rods.—Plates.
wMembranes,~Vibrations maintained by Heat.—Sensitive Flames and Jets.— Musical
Band.~The Buperposition of Waves,-- INnprx,

“Thework . . , maybe recommended to anyone desirous of possessing an Easy
UP-TO-DATE STANDARD TREATISE on Acoustles.”—Lileralure.

Vouune III. Foumru Eprrion, Revised, Fully Illustrated. Price 158,

HEAT'T.

ConTENTS, —Temperature. — Expansion of Solids. — Liquids, — Gases, — Circulation
and Convection.—Quantity of Heat; Specific Heat.—Conductivity.—Forms of Energy;
Conservation ; Mechanical Equivalent of Heat.—The Kinetic Theory.—Change of State;
Liquid, Vapour. — Critical Points. —8olids and Liguids. — Atmospheric Conditions, —
Radiation.—Theory of Exchanges.—Radiation and Temperature.—Thermodynamics,—
Isothermal and Adiabatic Changes,—Thermodynamics of Changes of State, and Solu-
tions.—Thermodynamics of Radiation.—INDEX,

“Well up-to-date, and extremely clear and exact throughout. . . . As clear as

would he possible to make such a text-book "—Nature.

Vorome IV, Ix Turee Paprs—Two Bouxp Vorumes.

ELECTRICITY & MAGNETISM.

PARTS I. & II. In Cloth. Pp. i-xiv + 246. Price 10s. 6d.
STATIC ELECTRICITY AND MAGNETISM.

CoNTERTS.~Common Phenomena.—Quantity of Hlectrification.—" Inverse Square*
Byatems,—Electric Strain produced in a Field.—Force on a Small Charged Body in the
Fleld—Potential.—Energy in Electrifled Systems.—Measuring Potential and Capacity.
—Dieclectric, Specific Inductive Capacity, Residual Effects.—Spec Ind. Capacity and
Refractive Index.-—Stress in Dielectric.~——Alteration in Dielectric under Btrain.~—Pyroe
and Piezo-electricity.—Magnetic Actions.—DMolecular Hypothesis of Magnets.—Magnets
other than Iron.—Inverse Sguare Law.—Magnetic Fields.—Induced Magnetism.—
Permeability.—Measurements of Susceptibility and Permeability.—Terrestrial Magnetism,
—Magnetism and Light.-—INDEX.

“ The student of Physics has only to know of its existence and its authors in order to
possess it."—EBlectrical Times.

PART III.—Is in the Press,

VOLUME V. XE«X G EI T —Is in Preparation.
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GRIFFIN’S ENGINEERING PUBLICATIONS,
THE DESIGN OF BEAMS, GIRDERS, AND COLUMNS in Machines and

Structures., By W. H. ATHMLTON,- -net. 6s 0d
BRIDGE CONSTRUCTION (Practical Treamse on}. By Prof c. FIDLER,
Inst.C.E. FourtTH EDITION, Revigsed, - 308 0d
REINFORCED CONCRETE (Ppinclples and Des1gn) By 'R. zmd K.
COULSON, - - At Press.
CONSTRULTIONAL STEELWORK By A, W. FAMSWORTH, - - -mnebt 10s 6d
DOCK ENGINEERING. By BryssoN CUNNINGHAM. SECOND EpITION. With
F¥olding Plates and other Illustrations, - - - - - net. 30s 0d
HARBOUR ENGINEERING. By BRYSSON CUNN[NGHAM In Large 8vo. Cloth.
Profugely Ilustrated, - - - net. 168 0d
DOCK AND HARBOUR ENGINEER S REFERENCE BDOK In Pocket Size,
Leather. Fully Tllustrated. DBy BrYSSON CUNNINGHAM, - - -net, 78 6d
HYDROGRAPHIC SURVEYING. By Commander 8. MESSUM, RN - net. 128 0d
COAST EROSION AND PROTECTION. By E. R. MATTHEWS, - - - net. 108 6éd
THE CONSTRUCTION OF DAMS. By Prof. E, R. .\lATTHEWS, - At Press.
HYDRAULIC POWER AND HYDRAULIC MACHINERY. By Prof. H.
RosinsoN, M.Inst.C,E. THIRD EpITION, Revised, - - net. 268 0d

MODERN PUMPING AND HYDRAULIC MACHINERY. B)’E BLTI %R, net. 18s 0d
PUMPING MACHINERY (Steam and Water Pressure) By HENRY

DAvEY, M.Ingt.C.E. SrECOND EDITION, - - - net. 21s 0d
TEXT-BOOK OF PRACTICAL HYDRAULICS, Prof. T I’uu; ~  -met 128 6d
CENTRIFUGAL PUMPING MACHINERY. By W. ‘SARHAM' - - net. 10s 6d
WATER SUPPLY : Selection of Sources and Dist.ributlon By R. R,

MIDDLETON, M. Tnst. C.E. ., &c,  With Plates and.other Illustrations, -net, Bs 6d
SEA WATER DISTILLATION. By FRANKE NORMANDY, - - -net. Gs 0d
THE THEORY OF THE STEAM TURBINE By ALEX. .hmF; SRCOND

Eprriox - - net. 188 Od
GAS, 0OIL, AND AIR ENGINES T}Ol\hm GRAVES SMITH zmd BURSTALL.

Frern "EDITION, - - net. 258 0d
AERO ENGINES. By a, A, Bmus M. Ingt.C. 1“ ‘i]u\Mr:l{ BI)IJ'IUV, - -net. 8s6d

INTERNAL COMBUSTION ENGINES ]iy C. W. ASKLING and E, ROESLER,
net. 12s 6d

DlESEL "ENGINES, LAND AND MARINE. Bmer SuprNo. "rm:]smla by

. G. BREMNER and A. RICHARDSON, - - net. 12s 6d
EV(%?UT!DN OF THE INTERNAL COMBUSTION ENGINE By Emmnn a
UTLER net. 8s 6d
THE GAS TURBIN‘E (Constructmn a.nd Workmg of Two Actua,l
Machines). By H. HoLZWARTH and A. P. CHALKLEY, - “net, s 6d

SUCTION GAS PLANTS. By Prof. C. A, SMITH. SHOOND Dlmmssw\r - net. b5s 0d
OIL MOTORS: Their Development, Construection, and Managemem

By (. LIECKFELD, Tn Handsome Cloth, Fully lustrated, - - -net, 158 0d
BOILEES LAND AND MARINE. ByT.W.TRAILL, FOURTH EpIr 10N, net. 10s 6d
STEAM BOILERS Their Defects, Mananement. and Cnnstruﬂtlon By

R, D. MUNRO. FOURTH EDITION, - 48 6d
QOIL FUEL., By EpwaArD BurLer, THIRD Fm PION, Reuss d - neL. 78 6
AUTOGENOUS WELDING. Uy GRANJON, 1»051 \nmm AND chmmsmm.

Founra EDITION, - -net. 55 0d

SMOKE ABATEMENT. By WM NIUHOISO\ Wlth 59 Illuqtmtlonq -net. 6z 0d
LUBRICATION AND LUBRICANTS. By L. ARCisuTT and R. M. DEELEY,

THIRD EprTioN, Thoroughly Revised, - net, 26s 0d
EMERY GRINDING MACHINERY. By R. B, Homsnh AML Inst CE. - net, 65 0d
THE POWER REQUIRED IN ROLLING MILLS. Byd.Pvu PP)< - ~net. 123 6d
LOCOMOTIVE ENGINEERING. By W. F. Perrienrw, M.Inst.C.E. THIRD

EpitioN, Revised throughout. New Illustrations, - - 921s 0d

LOCOMOTIVE COMPOUNDING AND SUPERHEA’IING B_‘, J F. G‘AIRNS - 8s 6d
LIGHT RAILWAYS at Home and Abroad, By W. fl. CorLr, M,Inst.C.E., - 165 od
MECHANICAL DRAWING. ByJ. E. JAGGER, M.Sc. SE0OND Emmox, net. 7s od
MECHANICAL ENGINEERING FOR BEGINNERS. By R. 8. McLAREN.

Cloth. With 126 Illustrations. SECOND EDITION, - -net. 58 0d
BONUS TABLES: for the Caleulation of Wagee on che Bonus System
By H. A GonpIing, A M.Inst. M.E., -net. 78 6d
THE CALCULUS FOR ENGINEERS AND PHYSICISTS Bv ont‘ R. H,
SmrrH, A M. Inst,C.E., &, SECOND EDITION, - -nes, s 6d
MEASUREMENT CONVERSIONS {English and Freneh) a3 Gl‘ﬂ.ph:c Tables
or Diagrams on 28 Plates. By Prof. R, H. SmirH, A.M.Inst.C.E,, &e., - - 7s6d
MATHEMATICS AND MECHANICS. By C. A. A, CariTo, M.Se., - -net, 123 6d

PRACTICAL SURVEYING AND FIELD-WQORK, By V. G, SALMoN, 4t Press,
PRAC’I‘ICAL CALCULATIONS FOR ENGINEERS. ByC. E.LARARD, A, M,Inst.

C.E., &c., and H. A. GorpiNg, A M. Inst. M. E. THIRD EDITION, - -net. 32s o6d
ELEMENTARY GRAPHIC STATICS. By W. J. CRAWFORD, D.Sc., - -neft. 2s 6d
CALCULATIONS ON THE ENTROPY- TEMPEBATURE CHART. By w.J.

CRAWFORD, -net. 2s 6d
THE EFFECTS OF ERRORS IN SHRVEYING B:F ]TY BRIGGS, M Se. In
Crown 8vo. Cloth, - - -net. b8 0d
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GRIFFIN'S ENGINEERING PUBLICATIONS—Continued.

‘TRANSMISSION GEARS. By EbwarD BUTLER, - - - At Press
VALVES AND VALVE GEARING. By CHARLES HURST :am FNTH EDITION,
With Important Appendix, - - net. B8 0d
SCIENCE AND INDUSTRY: THEIR CD OPDRATIDN By S R ILLIVG
WORTH, A.R.C.Sc., &e.  In Pocket Size, - - net, 1804

THERMO-DYNAMIC PRINCIPLES OF ENGINE DESIGN B} Ir l:IoBBE; net. 4s 6d
ENGINEERING DRAWING AND DESIGN, By 8. H. WELLs, Wh, SL, &e.

Vol. I.—Practical Geometry, Plane, and Solid. SEVENTH EDIT{ON - - 48 6d

Vol. IT.—Machine and Engine Drawing and Design. Firra LDIlID‘ﬂ', - - 48 6d
HANDBOOK ON TOWN PLANNING. By J.JULIAN, - -net, bs 0d
REFUSE DISPOSAL, By Prof. E. R. MATTHEWS, Fully ]1111al,1ated - net, 6s 0d

CIVIL ENGINEERING PRACTICE. By F, NoEn TAYLOR. 1,086 Illus., net. 268 0d
THE MAIN DRAINAGE OF TOWNS. Byk NOEL TAYLOR, ZBtu Illus., net. 12s 6d
MODERN DESTRUCTOR PRACTICE. By W. ¥, GoopricH, Fully Illus., " net. 155 0d
ROAD MAKING AND MAINTENANCE. By THOMAS AITREN SECOND E[) net. 218 0d
DUSTLESS ROADS: TAR-MACADAM, By J. WALKER SMITH, < - net, 108 6d
MODERN ROAD C(}NSTHUCTION By FRANOIS WooD, M. Tnst.C E., -net. 4s6d
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4 CHARLES QRIFFIN & 00,’S PUBLICATIONS,

FirtH EpiTioN, Revised, In Large 8vo. Pp. i-xxiv+ 511,  With 235
Diagrams, Examples, and Tables, and a Chapter on Foundations. 16s,

THE DESIGN OF STRUCTURES:

A Practieal Treatise on the Building of Bridges, Roofs, &e.
By S. ANGLIN, C.E,

Master of Engineering, Royal University of Ireland, late Whitworth Scholar, de.

CONTENTS.—Stresses and Strains,—Elasticity and Fatigue of Materials.—Properties
of Materials as used in Structures.—Mechanical Laws relating to Stresses on Structures.—
External Loads on Beams (supporting Forces).—DBending Moments for Fixed Loads.
—Tor Moving Loads.—Shearing Forces on Beams—~Centre of Gravity and Moment
of Inertia of Plane Surfaces.—Internal Stresses on Beams, Columns, and Long Struts.—
Braced Girders.—Bollmann Truss.—Trapezoidal Truss.—Fink Truss,—Warren Girders.—-
Lattice Girders,—Linville Trusses—DBraced Girders with Curved TFlanges,—Cranes,—
Framework.—Arches.—Roofs.—Defleetion of Girders.—Camber of Girders.—Connections;
—Rivetted Joints.—Punching, Drilling, and Rivetting.—DBridges, Loads, and Stresses;
Foundations and Piers; Superstructure; Suspension Bridges.—Movable Bridges, Weight,
~Wind Pressure on Structures. — Lifting Tackle. — Specifications. — Foundations of
Buildings —INDEX.

“We can unhesitatingly recommend this work not only to the Student, as the BasT
TexT-Boox on the subject, but also to the professional engineer as an EXCEEDINGLY
VALUABLE book of reference."'—Mechanical World.

In Large Orown 8vo. Pp. i-xiv+236. With 201 Illustrations. 6s. net..

AN INTRODUCTION TO THE DESIGN OF BEAMS,

GIRDERS, AND COLUMNS [N MACHINES AND STRUCTURES,

With Examples in Graphic Statics.
By WILLTAM H. ATHERTON, M.Sec.,, M.I.Mrcu.E.

CoNTERTS.—Introductory.~Applied Forces and Reactions,—Equilibrinm of a Beam.—
Stress, Strain, and Elasticity.—Strength of Rectangular Beams.—Applications,—Non-
rectangular Beams.—Shearing Action in Beams,-—Diagrams of Shearing Iorce and Bending
Moment Strength of Rolled Joists,—Moment of Inertin.—Numecrical Applications,—
Bxperiments on Beams,—Deflection of Beams.—Types of Girders.—Braced Girders.—
Stress Diagrams,—=Strength of Columns.—INDEX,

““A very useful source of information. . . . A work which we commend verp
highly.”—Nature,

FourtH EpiTioN, Thoroughly Revised. Royal 8vo. Pp. i-xxx + 456.
With 239 Illustrations in the Text, and 13 Lithographic Plates. Hand-
some Cloth., Price 30s.

A PRACTICAL TREATISE ON

BRIDGE CONSTRUCTION :

Being a Text-Book on the Construection of Bridges in Iron and Steel.
FOR THE USE OF S8TUDENTS, DRAUGHTSMEN, AND ENGINEERS.
By T. CLAXTON FIDLER, M.InsT CE,

Late Prof. of Engineering, University College, Dundee.

CoxteENTS.—Deflnitions.—The Opposition and Balance of Forces.—DBending Strain,—
Graphic Representation of Bending Moments—Comparative Anatomy of Bridges.—
Combined or Comvposite Bridges.—Theoretical Weight of Bridges.—Defleetion.—Con-
tinuous Girders.—Theoretical Strength of Columns.—Design and Construction of Struts.
~Jtrongth and Construction of Ties.—Strength of Iron and Steel and Stress in Bridges.—
Toad on Bridges.—Movable Load.—Parallel Girders—Parallel Girders, Weight of Mectal
—Parabolic Girders, Polygonal Trusses, and Curved Girders.—Suspension Bridges and
Arxches, Flexible and Rigid Construction.—DBowstring Girders.—Rigid Arched Ribs.—Con-
tinuous Girders and Cantilever Bridges.—Wind Pressurcs and Wind Bracing,—~INDEX.

“The new edition of Mr. Fidler's work will again cccupy the same cowspicuous
POSITION among professional text-books and treatises as has been accorded to its pre-
decessors, SOUND, SIMPLE, AND FULL."-~The Enginees,
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ENGINEERING AND MECHANICS. 5

THIRD EpITION, Thoroughly Revised and Enlarged. Pp. i-xvi+ 227,
With 60 Plates and 71 other lllustrations. Handsome Cloth. 235s. net.

HYDRAULIC POWER
AND HYDRAULIC MACHINERY.
By HENRY ROBINSON, M.Inst.C.E., F.G.S,,

FELLOW OF KING'S COLLEGE, LONDON ; PROF. EMERITUS OF CIVIL ENGINEERING,
KING'S COLLEGR, ETC., ETC,

ConTENTS ~Discharge through Orifices.—Flow of Water through Pipes.—Accumulators.
—Presses and Lifts.—Hoists.—Rams.—~Hydraulic Engines.—Pumping Engines.—Capstans.
— Traversers, — Jacks. — Weighing Machines. — Riveters and Shop Tools. — Punching,
Shearing, and Flanging Machines. — Cranes. —Coal Discharging Machines. — Drills and
Cutters.—Pile Drivers, Excavators, &c.—Hydraulic Machinery applied to Bridges, Dock
(ates, Wheels and Turbines.—Shields.—Various Installations — Meters.—INDEX,

““The standard work on the application of water power.”—Cassier's Magazine.

Second Edition, Qreatly Enlarged. Pp, i-xiv--336, With Frontispiece,
12 Plates, and 279 other Ilustrations. 21s, net.
THE PRINCIPLES AND CONSTRUCTION OF

(STEAM AND WATER PRESSURE).
With Practical Ilustrations of Exeines and Pumes applied to MiNine,
Towrx WarEr SuprpLyY, DraINAGE of Lands, &c., also Economy
and Efficiency Trials of Pumping Machinery.
By HENRY DAVEY, M.Ixst.C.H, M.Insr.Mecn. E., &e.

"By the ‘one English Engineer who probably knows more about Pumving Machinery
than ANY OTHER., . . . A VOLUME KECORDING THE RESULTS OF LONG EXPERIENCE AND
.810DY."—The Engineer.

In Handsome Cloth, with 160 Illnstrations, including 16 Plates, and with
Many Tables. 10s. 6d. net.

CENTRIFUGAL PUMPING MACHINERY.
By B. W. SARGEANT.

CONTERTS,—Historical.—Fundamental I’rincié)lc.s.—l’rinciplcs of Degign.—The Disc.
—Pump Casings.—Pattern Making, Moulding, and Machining—Various Types of Casings.
—Pumps in Scries —Parallel Centrifugal Pumps.—Charging Apparatus.—Testing.—Pipe
Arrangements and Valves~—Machinery for Drainage and Irrigation.—Sewage Pumping
Machinery,~—Machinery for Docks.—For Salvage of Wreeks—Fire Pumps.—Pumps
<driven by Steam Turbines.—Rotary Alr Pumps—Pumps for Dredging snd Conveying
Solids.—Cutter Gear.—Dredgers.—Transporter Dredgers.—Cost Prices.—Index.

“ The letterpress is commendably clear, as are the illustrations . . . sure to he
-of value."—Shipbuilder.

In Medium 8vo. Cloth Pp. i-xvi 4 473. With 345 Illustrations. 185 net,

MODERN PUMPING AND HYDRAULIC MACHINERY.

By EDWARD BUTLER, M.L Mecu. E.

CoNTENTS.—Introductery Remarks.—Early Direct-ucting Steam Pumping Engineg.—
Waterworks Pumping Engines, Rotary Class.—Waterworks Pumping Engines, Direct-
acting Duplex Class.—Differential Non-rotative Pumping Engines— Mine Pumps,
Force Pumps, and Sinking Pumps.—Suction and Delivery Valves—Boring Appliances
for Artesian Tube Wells.—Artesian Well or Borehole Plunger and Air-lift Pumps—
Appliances for Raising Petrolcum from Artesian or Borehole Wells—Boiler-feed and
General Service Pumps.—Injectors, Jet Pumps, and Ejectors.—Vacuum and Condenser
Pumps.—Hydraulic Power Pumps, Ram Pumps, and Steam, Air, and Gas-power Dis-

lacement Pumps.—Tire Pumps and High-speed Plunger Pumps.—Variable-delivery

umps and Variable Transmission by Hydraulic Power.—Massecuite, Rotary, Oscillating,
and Wind-power Pumps.—Low-Iift and High-lift Centrifugal Pumps.—Hydraulic Power
Wheels.—INDEX.

“This work is a veritable encyclopmdia . . . with excellent and abundant dia-
Lrams,""—Times Engineering Supplement.

Sce also Practical Hydraulics for Mining 8tudents, Prof. J. PARK, p. 56 @en. Cat.
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6 CHARLES GRIFFIN & €08 PUBLICATIONS.

In Medium 8vo. With over 800 Pages and over 1000 Illustrations.
Cloth. 25s. net,

A MANUAL OF CIVIL ENGINEERING PRAGTICE,
Specially Arranged for the Use of Municipal and County Engineers.
By F. NOEL TAYLOR, Crvin ENGINERR,

CorTERTS.—Ordnance Maps.—Chain Surveying.—Surveying with Angular Instru-
ments,—Levelling.—Adjustment of Instruments.—Mensuration of Areas, Volumes,
&c.—The Mechanics of Engineering, &c.—Beams,—Pillars, Stanchions and Shafting.
—Design of Structure.—Arches,-—Graphic Statics.—Materials of Construction.—
Engineering ¥oundations,—Brickwork and Masonry.—Walls.—Constructional Car-
pentering.—Road Materials.—Road Construction.—Reinforced Concrete Construction.
~Masonry Bridges and River Work, —Hydraulies.—Land Drainage.—Pumping Machinery
and Stations.—The Use of Water-Power.—Main Drainage.—Sewage Disposal.—Royal
Commiseion on Sewage Disposal.—Salford Sewage Works.—Sanitation, House Drainage
and Disinfection.—XRefuse Disposal.—Waterworks, Preliminary Considerations and
Sources of Supply.—Construetion, Filtration and Purification.—Water-works.—Dis-
tribution,—Chimneys, Brick and Steel,—3teel Construction; Stanchions, Rivets and
Bolts.—Steel Construction; Beams and Girders.—Combined Structures in Iron and
8teel.—Specification.—Electric Tramways,—Appendix.-——INDEX.

“ A veritable vade mecum . . . would prove an acquisition to the library of any
Municipal Engineer.”—Surveyor.

In Medium 8vo, Pp. i-xi + 818. With over 860 Hlustrations. Cloth. 12s, 6d. net

THE MAIN DRAINAGE OF TOWNS.

By F. NOEL TAYLOR, Civil Engineer.
OONTENTS.~—Maps, Plans, Sections, and Preliminary Considerations.—Prineiples of
Hydraulics and Hydrostatics.—Caleulations in reference to Design of Sewage Works.—
Practical Construction, Trenches, and Tunnels.—Forms of Sewers.—Ventilation of Sewers.
—Manholes, Lampholes, S8torm Overflows, ete.—Pumping Scwage.—House Drainage.—
Sewage Disposal from a Theoretical Standpoint.—Sewage Disposal Works.—Special
Oonatructions,—TABLES.~ -INDEX. -
“The Author may be congratulated on the production of a work that can safely be
placed in the hands of students, and which will serve as a nuseful gnide to the municipal
engineer.”— 7'imes.

In Medium 8vo, Cloth. Pp. i-xvi + 278, With 116 Illustrations. 15s. net.

MODERN DESTRUCTOR PRACTICE.

By W. FRANCIS GOODRICH, Assoe.Inst.C, E., F.I.8San, Engrs.

CONTENTS.—Bome Alternative Methods of Refuse Disposal.—Representative Types
of British Destructors.~——Systems of Charging Destructors.~—Destructors combined with
fSewage Works.—With Eleetricibty Works.—Refuse Destruction in U..—Site.—Hpecifl-
cations,—Design and Operation.—Operative Costs,—Residuals,—Foreign and Colonia}
Practice,—~INDEX,

“ Well illustrated and thoroughly up-to-date . . . should be in fhe hands of every
engineer who is responsible for destructor design or maintenance.” —Surveyor,
In Handsome Cloth. Pp. 1-xiii + 160. 'With 8 Detailed Drawings and '
91 THustrations in the Text. 6s, net.

REFUSE DISPOS A L.
By PrROF. E. R. MATTHEWS, A.M.Inst.C.I., I.R.8.5., d&e.

CoNrENTS.—Collection of House Refuse — Disposal of Refuse.— Conversion to
Mannre.-—Destruction by Burning.—Types of Destructors.—The Meldrum Destructor.—
Heenan Destructor.—Other Destructors.—Dawson-Manfield Destructor.—Installations
for Villages, Workhouses, Hospitals, Factories, ete.—Use for Clinker.— Chimney Cou-
struction, — Vacuum Cleaning and Dust Collecting.—INDEX.

‘ Absolnfely reliable . . . The value of such a Treatise to the Municipal Engineer,
to members of Local Authorities and ofhers interested in the subject cannot well be
over-estimated.”—Municipal Jowrnal.

MODERN SEWAGE PURIFICATION, G. B. Kursuaw, [See page 23,

SEWAGE TREATMENT. Duxsar and CALVEET. [ . 23
TRADE WASTE WATERS. Wirsox and CALveRT. [, 23,
PRACTICAL SANITATION. Dr. Gro. Remn. r , 23
SANITARY ENGINEERING. Franos Woon, [ , 23
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ENGINEERING AND MECHANICS, 7

SEVENTEENTH EDITION. Thoroughly Revised and Re-set Throughout, and Greatly
Enlarged. Large 8vo. Cloth. Profusely Illustrated. Nearly 1000 Pages. 28s. net.

A MANUAL OF MARINE ENGINEERING:

Comprising the Designing, Construction, and Working of Marine Machinery.

By A. E. SEATON, M.I.C.E., M.I.Mech.E., M.L.N.A,

CoNTENTS.—CGeneral Introduction.—Resistance of Ships and Indicated Horse-power
Necessary for Speed.—Marine Engines, their Types and Variations of Design.—-Steam
used Expansively.—Steam wused after Expansion.—Turbines.— Efficiency of Marine
Engines.—Engines, Bimple and Compound.—Horse-power: Nominal, Indicated, and
Shaft or Brake,—General Design and the Infiluences which effect it.—The Cylinder and
fts Fittings.—The Piston, Piston-Rod, Connecting-Rod.—S8hafting, Cranks and Crank-
Shaits, &c.—Foundations, Bedplates, Columns, Guides, and Framing.— Condensers.—
Pumpes.—Valves and Valve Gear.—Valve Diagrams.—Propellers.—S8ea-Cocks and Valves.
—Auxiliary Machinery.—Boilers, Fuel, &e.; Evaporation.—Boilers ; Tank Boiler Design
and Details.—Water-Tube Boilers.—Boilers Construction and Detail.—Boiler Mount-
ings and Fittings.—Fitting in Machinery.—Starting and Reversing of Engines, &c.—
‘Weight and other Particulars of Machinery relating thereto.—Effect of Weight, Inertia,
and Momentum ; Balancing.—Materials used by the Marine Engineer,.—Oil and Lubri-
cants, Engine Friction.—Tests and Lrials, their Objects and Methods. APPENDICES.—
The Diesel and other 0il Engines, also Lloyd’s Rules relating to.—Valve Gear.—Cotterell's
Method of Constructing Inertia Curves.—Spare Gear, and B.0.T, and other Rules,—
Boilers: B.0.T., Lloyd’s, Admiralty, &c., &e., Rules relating to.—Electric Light, Rules,—
Safety Valves, Rules.—Testing Materialg, Rules, &c., &c.—INDEX,

A monumental work . . ., up-to-date.”"—AMarine Engine

TwrLFrE EDITION, Thoroughly Revised Throughout and Enlarged.
Pocket-8ize, Leather., Pp. isxix + 718. 8s. 6d. net.

A POCEET-BOOK OF
MARINE ENGINEERING RULES AND TABLES,

For the Use of Marine Engineers, Naval Architects, Designers,
Draughtsmen, Superintendents, and Others.
With various Lioyd’s, B.0.T., Bureau Veritas, and German Government Rules.

By A, E. SEATON, M.Ixst.C.E.,, M. Meou.BE., M.I.N.A., axp
H. M. ROUNTHWAITE, M.L.Mecn.E., M.LN.A.

CONTENTS.—Prime Movers on Shipboard.—Engine Power Measurements.—EMeicncy
of Marine Machinery,—Propulsion of Ships and Resistance.—Compound Engines—Steam
Expanding and Doing Work.-~Piston Speeds and Revolutions of Engines.—Oylinders.—
Pistons.—Piston Rods, Connecting Rods—Shafting.—Thrust Shafts and Blocks,—
Stem Tubes—Main Bearings of Crank Shafts—Condensers.—Air Pumps.—Cooling Water
Pumps.—Feed and other Pumps.—Bilge Pumps, Pipes, and Fittings,—Pump Levers and
Gear.—8lide Valves for Steam Distribution, ete—Valve Gears—Reversing Gears for
Valve Motions.—8team Turning Gears.—Screw Propellers.—Paddle-wheel Propellers,—
Sea Valves for Water Supply.—Steam Turbines.—Internal Combustion Engines.—Motor
Boats, cte, uging Petrol—Superheated Steam.—Skin Iittings and Valves.—Results
of Trials of Engines—Wire Gauges.—Copper Pipes.—~Wrought-iron Pipes.~—Copper
Pipe ¥langes and Fittings.—DBronze and Cast Stecl Pipes.—Pipes in General.—Stop and
Regulating Valves—Balancing Tngines.—Geometry of Balancing Engines—DBoilers:
their Fittings, Proportion, Construction, Evaporation (B.0.T. Raules, ete.).—DBoiler
Mountings and Fittings—TFurnace Fittings—Engine and Boiler Seatings.—Steam
‘Trawlers.—Surveys of Machinery.—8pare Gear,~—Chains and Ropes—=Strength of
Materials.—Strength of Materials, Composition and Cost.—Plates, Bars, Beams, Girders,
ete.—0ils and Lubricants.—Miscellaneous Tables and Rules—Distances of Various
Portz apart.—INDEX.

“The best book of its kind, both up-to.date and reliable.” — Engineer.

In Large 8vo. Handsome Cloth, With Frontispiece,.(.; Plates, 65 Other Illustrations,
and ¢0 Tables. 12s. 6. net.

THIE SCREW PROPEILILER
And other Competing Instruments for Marine Propulsion.

By A. E. SEATON, M.Ixst.C.E.,, M.LMecm.E.,, M.LN.A.

CoxrenTs—Early History of Marine Propellers—~Modern History of Propellers.—
Resistance of Ships—On Slip, Cavitation and Racing.—Paddle Wheels.—Hydraulic Pro-

ulsion,—The Screw Propeller: Thrust and Efficiency —Varibus Forms of Propeller.—~

umber and Positions,—Biades, Number, Shape, ete.—Details of Screws.—Pitch of
the Screw.—Materials.—Trials and Experiments.—INDEX.

“ Contains all that is useful to know about the screw propeller. . . . Thoroughly
up-to-date.”—Steamship.
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Frrru EDITION, Revised and Enlarged. Pp. i-xxiii + 639. With
243 Ilustrations, Large 8vo, Handsome Cloth. 25s. net.

TEXT-BOOK ON

GAS, OIL AND AIR ENGINES.

By B]\YAN DONKI\I, M.Inst.C.E.,, M.InsT.MECH.E,

Revised throughout by T. Graves SmITH., With important New Matter
by Prof. BURSTALL.

CoNTENTS.—Part I.: Gas Engines,—General Description of the Action and Parts of
4 Gas Engine.~~Heat “ Cyeles " and Classification of Gas Engines.—History of the Gas
Engine.—The Atkinson, Griffin, and Stoekport Engines—The Otto Gas Engine,—
Modern British Gas Engines. —Modern French Gas Iingines,—German Gas Engines.—Gas
Production for Mofive Power,—Utilisation of Blast-furnace and Coke-oven Gases for
Power.-~Theory of the Gas Engine.—Chemical Composition of Gas in a Cylinder.—
Utilisation of Heat in a Gas Engine.—~Explosion and Combustion Part II.: Petroleum
Engines.—Discovery, Properties, , and Utilisation of Oil.—~0il Testing, Carburotters, Early
Qil Engines.—Working Methods.—The Pricstman Engine.—Other British 0il Engines.—
American Gas and Oil Engines.—I'rench and Swiss Oil Engines.—German 0il Engines,—
Applications of Gas and Oil Engines, Part IT1.: Air Engines.—Appendices,.—INDEX,

“ A very much up-to-date classic."—Duaily thlegmph.

Seventi EprtioN. In Handsome Cloth, Pp. i-x + 196, With 76
Illustrations, including & Folding Plates. 8s. 6d. net.

AERO ENGINES.

With a General Introductory Account to the Theory of the Internal
Combustion Engine.
By G. A. BURLS, M.Irvst.C.H., &c.

(ENERAL CONTENTS.~Weight; Cycles; ZXEfficiency.—Power and Efficiency.—Aero
Engines, Nl‘(:..asxty for Lightness, ete., etc—Horizontal Engines.—Radial Engines—
Diagonal or “ Vee” Engines.—Vertical Engines.—Rotary Engines.—APPENDIX, ——IM)F);.

“ This excellent and useful work . , . a most valuable theoretical basis for practi-
cal training. As a work of reference it is at present unigue.”—dAeronautics.

In Handsome Cloth, Pp. i-x + 303. With Plate and
178 Illustrations. 12s, 6d. net.

Infernal Gombustion Engines and Gas Producers,

By C. W, ASKLING, M.E., axp E. ROESLER, M.E.

“Internal combustion engineers will do well to add this volume to their library of
text-books."—Gas and Ol Power,

In Demy 8vo. Pp.i-xiv +237. With Illustrations. 8s. 6d. net.
EVOLUTION OF THE

INTERNAL COMBUSTION ENGINE.

By EDWARD BUTLER, M.ILMzcu.E.

GENERAL CONTENTS.—Introductory,~Caloric Engines.-—Constant-pressure Fogines,—
Free-piston Engines.—Non-compression Engines.—Compression of Mixture.—Four-stzoke
Engines.—Removal of Inert Gases.—Two-stroke Engines.——Compound Explosion Engines,
~The Thermo-dynamics of Int. Comb, Engine.—Difficultics of the Turbine Principle.~—
Valves.—Mixing and Governing and Carburetting.—Ignition.—Starting and Reversing,—
Evolution of the Internal Combustion Engine.—Industrial Oil and Gas Engines.—Large-
power Engines.—High-speed Engines.—Rotary and Revolving Cylinder Engines.—Single-
gleeve or Liner Valves.—Cooling and Lubricating.—IKNDEX

“ The Author's experience gives him excellent qualifications for the fask he has under-

taken . all who are interested in the practical working of combustion engines
will find this volume interesting and worthy of a place on their bookshell,”'—Mechanical
Engineer.
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SeventeENTH EDITION, Revised. With over 800 Pages, over 400
Tlustrations, and 12 Plates. 10s. 6d.

A TEXT-BOOK ON

STEAM & STEAM ENGINES,
INCLUDING TURBINES AND BOILERS.

Specially arranged for the use of Engineers qualifying for the Institution
of Civil Engincers, the Diplomas and Degrees of Technical Colleges
and Universities, Advanced Science Certificates of British and Colonial
Boards of Education, and Honours Certificates of the City and Guilds
of London Institute, in Mechanical Engineering, and for Engineers
generally.

GENERAL CONTENTS,—Early Forms of Steam Engine—Temperature, Thermometry,
Pyrometry.—Quantity of Heat, Thermal Units, Tables, Calorimeters, Specific Heats
of Gases and Steam.—Diffusion, Radiation, etc., of Steam, Ebullition of Water.—Nature of
Heat, Conversion of Work info Heat, First Law of Thermodynamics, The B./I.U.—
Sensible and Latent Heats of Water and Steam, Temperature and Pressure of Bteam.—
Pressure and Vacuum Gauges—Eyvaporation and Condensation.~Jet and Surface Con-
densers,—Work.—@Gencration of Stham in a Closed Vessel—Boyle's Law, Watt’s Diagram
of Work,—Charles’s Law.—Absolute FZero.—Adiabatic Expansion.—Heat Engines,
Carnot's Principle—Entropy and Thermodynamies.—Lap and Lead of a Valve, Admission,
Cut-off, etc.—Zouner's Valve Diagrams.—Behaviour of Bteam in a Cylinder.—Loss between
Boiler and Cylinder.—8team Jacketing.-—Superheated Steam.——Cushioning.—Compound-
ing,—Watt’s, Croshy, and other Indicators, Indicator Diapgrams.—Nominal and Indicated
H.P, Brake H.P., Apparatus for finding ¥.P. — Cranks, Conneeting-rods, and other
Moving Parts, Effect of Inertia of ; Crank Effort Diagrams.—8tationary Engines.—Corliss
Valve Gear.—Lubrication.—Willans’ Engine.—Marine Engines.—Pnaddle Wheels.—
The Serew Propeller, Pitch, Angle, 8lip, Thrust, ete., ete—Triple-Expansion Engines,
Quadruple-Expansion Engines,—DETAILS 0F ENGINE: Valves, Pistons, Crossheads,
Bearings, ete., etoe.—Pumps.—Condensers.~—STEAM TURBINES ; Definition, Types, S8peed
of Rotor, Steam Consumption, Stresses, Balaneing, ete., ete.—Mathematical Explanation
of Heat Units, Work done, ete,, otc., as expressed for Ideal Steam Engines, with Special
Reference to Turbines,—Examples of Types of Turbines.—BOILERS : Vertical, Horizontal;
Cornish ; Lancashire; Water Tube; Belleville; Yarrow, etc., etc.—Forced Draught,—
Mechanical Stokers.-—Materials in Boiler Construction,—Joints, 8tays, cte.—The Loco-
mofive Engine, Injectors, Compounding, Efficicncy, etc.— APPENDICES.~—INDEX.

*4* Contains many Board of Education and City and Guilds Questions and Answers,
Bli? ail the Inst, C,E. Exams. ever seb, in The Theory of Heat Engines, up to time of publi-
eation.

“ The best book yet published for the use of students.”"—Engineer.

“ We consider the volume a splendid text-book for all readers.,”—Marine Engincer.

NinereentH Epirion. Leather, Pocket Size, with 810 pages. 6s, net.
‘A POCEET-BOOK OF
ELECTRICAL RULES AND TABLES

FOR THE USE OF ELECTRICIANS AND ENGINEERS.
By JOHN MUNRO, C.E., & Pror. JAMIESON, M.Ixst.C.E.,, F.R.8.E.

GENERAL CONTENTS,—Electrical Engineering Symbols.—B, of T. Standards of Measure-
ment,~Units of Measurement.—Weights and Measures.—Testing.-—Conductors.—
Dieleetrice.—Telegraphy,—Telephony.—Radio or Wireless Telegraphy.—Electro-chemistry
and Metallurgy.—Rontgen Rays.—DBatteries.—Dynamos and Motors.—Transformers,—
Lighting.—~Wiring Rules (Lighting and Tramways).—Miscellaneous.—Magnetic Measure-
ments,—TLogarithms,—INDEX.

" WONDERYULLY PERFEOT, , . . Worthy of the highest commendation we can
give it.""—Electrician.
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By ANDREW JAMIESON, M.Inst.C.E., M.Inst.E.E.
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Fourreeyt EprrioN, Revised and Enlarged. Pp. i-xv 4 375. 3s. net.
AN ELEMENTARY MANUAIL OF

HEAT ENGINES: STEAM, GAS AND OIL,

Specially arranged for First Year Students under all Boards of Education,
City and Guilds of London Institute, Colonial and ether Engineering
Students.

Rrvisen sy EWART 8. ANDREWS, B.So.,
Lecturer in the Engineering Department of the Goldsmiths’ College,
New Cross.
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mometry.~Heat,~—Evaporation.—Ebullition.—Work.—Pressure  and Temperature of
Bteam.—Properties of Gases.—The Parts of a Steam Engine.—Valves and their Setting.
—Indicators.—8ingle and Compound Engines.—Details of Engines.—Valves and Fittings.
—Condensers.—Crank Shaft, Bearings, ete., ete.—DBoilers and Boiler Mountings.—Loco-
motives.—Turbines.—Guas Engines.—0il Engines.—APPENDICES.—INDEX.,
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AN ELEMENTARY MANUAL OF
APPILIED MECHANICS.
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Lecturer in the Engineering Department of the Goldsmiths’ College,
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ABRIDGED CONTENTS.—Force.—Matter.—Scale and Vector Quantities.—Work, Units
of Work.—Moment of a Force, Couples, ete., ete.—Practical Applications of the Lever,
Balance, ete., eto.—The Principle of Work, Work Lost, Useful Work.—Pulleys, Blocks,
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~—Reversing Motions.—Measuring Tools.—Limit Gauges.—APPENDICES.—INDEX.

o ““ No better book on the subject has hitherto been published."— Railway Officia
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Eraurn Eprrion, Thoroughly Revised and Enlarged. Pp. i-xv 4- 398. 3s. 6d.
A PRACTICAL ELEMENTARY MANUAL OF
MAGNETISM AND ELECTRICITY,

Specially arranged for the use of Science Teachers and Students in Great
Britain and the Colonies, and for other Electrical Students.

APRIDGED CONTENTS.—Magnets, Natural, Permanent.—Methods of making Magnets.
=~-Lines of Force.—Molecular Theory of Magnetisation.—Magnetic Induction.—The Earth
as a Magneb.—Mariners' Compass,—Units of Measurement.—HElectrical Units,~Fleetro-
Magnetism.—Magnetic Field due to a Current.—Solenoid.—Galvanometers.—Polarity
due fo Current—Magnetisation by Eleetric Current.—FEloctro-dynamics.—Electro-
magnetic Induction,—Ohm's Law.—Primary Batteries.—Conductors and Resistance.—
Polarisation of a Cell.—Electrolysis.—8tatic Electricity.—Positive and Negative Electri-
fleation.—Conductors and Insulators.—Induction—Charges on a Surface.—Frictional
Machines.—Potential—Condensers,—Leyden  Jar.—~Gold TLeaf Ilectroscope.~—Volt-
meters.—APPENDIORS,—INDEX,
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APPLIED MECHANICS

AND MECHANICAL ENGINEERING.
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and Universities, Advanced Science Certificates of British and Colonial
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generally.
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APPLIED MECHANICS.
Revigenp ny EWART S. ANDREWS, B.Sc.

CoNTENTS,—Definitions of Matter and Work.—Diagrams of Work.—Moments and
‘Obuples.—Principle of Work applied to Machines.~—Friction of Plane Surfaces.—TFriction
of Cylindrical Surfaces and Ships.—Work absorbed by Friction In Bearings, ete.—Friction
wsefully applied by Clutehes, Brakes, and Dynamometers.—Inclined Plane and Screws.
~—Velocity and Acceleration.—Motion and Energy.—Energy of Rotation and Centrifugal
Force.—APPENDICES.—INDEX,

§“ Indispensable to all students of engincering.”—Steamship.

Voruwe II. Niwru Eviriow, Revised and Enlarged. Pp. i-xviii-}-314. Bs.

STRENGTH OF MATERIALS.
Revigep iy EWART S. ANDREWS, B.Sc.

CoRTENTS,—Stress and Strain, and Bodies under Tension.—Strength of Beams and
@irders.—Deflection of Beams and Girders.—Strength of Shafts.—S8trength and Elasticity
of Maberials.—Testing.—8tress-Strain Diagrams and Elasticity of Materials.—8trength
and Elasticity of Columns,—APPENDIOES,—INDEX.

“The author is to be congratulated upon the care he bestows in keeping his works
gystematically up to date.”—Practical Engineer.

Vovome ITI. Eieuru Epirion, Thoroughly Revised. Cloth,
Pp. i-xviii + 260. B5s.
' THEORY OF STRUCTURES.

CoNTENTS.—Framed Structures.—Roof Frames.—Defleient Frames.—Cranes,—DBeams
and Girders.—APPENDIOES.—INDEX.
““We heartily recommend thig book."—Steamship.
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T2 CoNTERTS.—Hydrostatica —Hydraulic Machines.—Efficiency of Machines.—Hydraulic
Appliances in Gas Works.——Hydrokinetics.—Water Wheels and Turbines.—Refrigerating
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M.LE.E. In Medium 8vo. Fully Illustrated. 25s. net.

TELEGRAPH SYSTEMS AND OTHER NOTES. By Artnur Crorcm, of
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Practical Hydraulics for Mining Students, Prof. J. Parg. Net 128, 6d.
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Cyanide Process of Gold Extraction. Prof, J. PARk, . Net 8s. 6d.
Getiing Gold. J. C.TI'. Jounsown, . . . . . 3s. 6d.
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Bibliography of Mineral Wealth and Geology of China. C. W ANG, N et 3s. 0d.
Sampling and Assaying of Precious Metals. E. A. Syurm, Net 15s. 0d.
Stratigraphical Geology and Palseontology. ErusripOE, . . 34s, 04,
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WORKS BY
SIR CLEMENT LE NEVE FOSTER, D.Se., F.R.S.

S1xTH EDITION. Pp. i-xxx+Y%99. With Frontispiece and 712 Illustrations.
Price 28s. net.

ORE & STONE MINING.

By Sir C, LE NEVE FOSTER, D.Sc, F.R.S,

LATE PROFESSOR OF MINING, ROYAL COLLEGE OF SCIENCE.
REVISED, AND BROUGHT UP-TO-DATE

By Pror. 8. H. COX, Assoc.R.S.M.

GENERAL CONTENTS.

INTRODUCTION. Mode of Oeeurrence of Minerals.—Prospeeting.—Boring.
—Breaking Gmund.—Sup%ming Execavations.—Exploitation.—Haulage or
Transport.—Hoisting or inding. — Drainage. — Ventilation, — Lighting.—
Deseent and Aseent.—Dressing—Prineiples of Employment of Mining Labour.
—Legislation affeeting Mines and Quarries.— Condition of the Miner.—
Accldents.—Index

“We have seldom had the pleasure to review a work so thorough and complete as
the present one. DBoth in manner and in matter it is FAR SUPERIOR TO ANYITHING ON
ITS SPECIAL SUBJECT HITHERTO PUBLISHED IN ENGLARD."—Athenwuwin.

' Not only is this work the acknowledged text-book on metal mining in Great Britain
and the Colonies, but that it is so regarded in the United States of America is evidenced
by the fact that it is the book on that subject recommended to the students in most of
the mining schools of that country.”—The Times.

Turro Borrrow, Revised. In Crown 8vo. Pp. i-xviii+323. Handsome
Cloth. With nearly 300 Illustrations. Price 7s. 6d. net.

THE ELEMENTS OF MINING AND QUARRYING.

An Introductory Text-Book for Mining Students.
By Bir C. LE NEVE FOSTER, D.Sc, F.R.8,

Late Professor of Mining at the Royal College of Science.
Revised by Prof. S. H. Cox, A.R.8.M., &e.

GeNErRAL CoONTENTS. — INTRODUCTION, — Ocourrence of Minerals. — Pro-
specting.—DBoring.—Breaking Ground.—Supporting Excavations.—ExFlnim—
tion.—Haulage or Transport.—Hoisting or Winding.—Drainage.—Ventilation.
-- Lighting.—Descent and Ascent.—Dressing, &c.—INDEX.

‘* A remarkably clear survey of the whole fleld of mining operations.”—Engineer,

‘" Rarely does it fall to the lot of a reviewer to have to accord such ungualified praise as
this book deserves. . . . The profession generally have every reason to be grateful to
Jir C, Le Neve Foster for having enriched educational literature with o admirable an
elementary Text-book,"—Mining Journal.

In Crown 8vo. Handsome Cloth. Pp, i-xii+300. 8s. 6d. net.

MINING LAW OF THE BRITISH EMPIRE.
By CHARLES J. ALFORD, F.G.8., M.Inst.M. M.

ContENTS.—The Principles of Mining Law.—The Mining Law of Great
Britain.—British India.—Ceylon.—Burma.—The Malay Peninsula.—British
North Borneo.— Egypt. — Cyprus. — The Dominion of Canada. — British
Guiana.—The Gold Coast Colony and Ashanti—Cape of Good Hope.—
Natal. — Orange River Colony. — Transvaal Colony. — Rhodesia, — The
Commonwealth of Australia.—New Zealand, &e.—INDEX.

“Cannot fail to be useful . . . we cordially recommend the boolk.”~Mining World.
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WORKS ON COAL-MINING.

SixteE EprmioN Pp. i-vii+563. With 4 Plates and 690 Illustrations,
- Price 24s. net.

A TEXT-BOOK OF COAL-MINING:

FOR THE USE OF COLLIERY MANAGERS AND OTHERS
ENGAGED IN GOAL-MINING.

By HERBERT WILLIAM HUGHES, FGS,

Asgoc. Royal 8chool of Mines, General Manager of Sandwell Park Colliery,

GENERAL ConNTENTS.— Geology.—Search for Coal.— Breaking Ground.—
Sinking. —Preliminary Operations.— Methods of Working. — Haulage.—
Winding. —Pumping. —Ventilation.— Lighting. —Works at Surface,— Pre-
paration of Coal for Market.—INDEX.

“Quite T pese Boox of Hakind . . . as prAcTICAL in aim as & book ean be . The
dllustrations are BXCELLENT,"— A thenceum. :

"*We cordially recommend the work."—Qolliery Guardian.

' Will soon come to be regarded as the STANDARD WoRE of its kind.” - Birmingham Daily Gazette.

Frrra Bpiriow, Thoroughly Revised and Greatly Enlarged. Re-set
throughout, Large Crown 8vo. Handsome Cloth, Pp. i-xi-778.
With 755 Illustrations. 12s. 6d. net.

PRACTICAL COAL-MINING:

4 MANUAL FOR MANAGERS UNDER-MANAGERS,
COLLIERY ENGINEERS, AND OTHERS.

With Worked-out Problems on Huaulage, Pumping, Ventilation, dc.
By GEORGE L. KERR, M.E, M.Inst.M.E.

CONTENTS.—Sources and Nature of Coal.—Search for Coal.—Sinking.—Explosives,—
Mechanical Wedges, Rock Drills, and Coal Cutting Machines,—Coal Cutting by Machinery,
—Transmission of Power.—Modes of Working.—Timbering Roadways.—Winding Coal.—
Haulage. — Pumping, — Ventilation. — Safety TLamps.— Rescue Apparatus. — Surface
Arrangements, Coal Cleaning, ete.—Surveying, Levelling, and Plans.—INDEX.

“ This is one of the best known treatises on the technical aspect of the Coal-Mining
Industry . . . the book is an admirable one, and may be placed with confidence in
¢he hands of all students of coal-mining.”—Mining Journal,

Fourrr Epition, Revised. In Crown 8vo. Handsome Cloth.
Pp. i-vii+225. 3s. 6d. net. .

ELEMENTARY COAL~MINING:

FOR THE USE OF STUDENTS, MINERS, AND OTHERS
PREPARING FOR EXAMINATIONS.

By GEORGE L. KERR, M.E., M.Ixst.).E.

ConTents.—Sources and Nature of Coal.—Exploration and Boring for
Coal,—Breaking Ground,—Explosives, Blasting, &c.—Sinking and Fittin
of Shafts, —Modes of Working. — Timbering Roadways.—Winding aug
Drawing.-—Haulage,— Pumping and Drainage.—Ventilation.—Cleaning and
Sorting Coal.—Surveying, &c.

* An abundance of information conveyed in a popular and atiractive form. . . . Will be
of great use to all who are in any way interested in coal mining,"—Secottish Critic,
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SURVEYING AND MINE VALUATION. 17

FOURTEENTH EDITION, Revised. Greatly Enlarged. Pp. i-xviii+477.
Re-set. With Numerous Diagrams. Cloth., 7s. 6d. net.

A TREATISE ON MINE-SURVEYING:

For the use of Managers of Mines and Collieries, Students
at the Royal School of Mines, &e,
By BENNETT H. BROUGH, Assoc.R.SM.,, F.GS.
Revised and Enlarged by IIARRY DEAN, M,Sc,, A.R.S. M.
COoRTENTS.—General Explanations.—Measurement of Distances.—Chain Surveying.—
Traverse Surveying.—Variations o fthe Magnetic-Needle,—Loose-Needle Traversing,—
Local Variations of the Magnetic-Needle.—The German Dial.—The Vernier Dial.—The
Theodolite.—Fixed-Needle Traversing.—Surface-Surveying with the Theodolite.—Plot-
ting the Survey.—Plane-Table Surveying.—Calculation of Areas.—Levelling.—Under-
sround and Surface Surveys.—Measuring Distances by Telescope.—Setting-out.—Mine-
Surveying Problems.—Mine Plans.—Applications of the Magnetic-Needle in Mining,~—
Photographic Surveying,—APPENDICES.—INDEX,
“The last word on the subject of mine-surveying . . . the new cdition is a
masterly production.”— Mining World.

In andsome Cloth. DPp. i-xi 4+ 179, Fully Illustrated. 5s. net,
THE EFFECTS OF
ERRORS IN SURVEVYING.
By HENRY BRIGGS, M.Sc.

CoNTENTS.—Introduction.—Analysis of Error.—The Best Shape of Triangles.—
Propagation of Xrror in Traversing.—Application of the Methods of determining Average
Error to certain Problems in Traversing.—Propagation of Error in Minor Triangulation.—
Summary of Results, —APPENDIX.—INDEX.

“Likely to be of the highest service to surveyors . . . it is a most able
treatise.”-— fngineer,

Tuikp Eorrrox, Thoroughly Revised and greatly Enlarged. In Crown
8vo. Pp. i-xiii+430. Handsome Cloth. Fully Illustrated. 10s. 6d. net,
A HANDBOOK ON

THEODOLITE SURVEYING AND LEVELLING.

For the use of Students in Land and Mine Surveying.
By Prormssor JAMES PARK, F.G.8,

CONTENTS.—S3cope and Object of Surveying.—Theodolite.~—Chaing and Steel Pands —
Obstacles to Alignment.~—Meridian and Bearings.—Theodolite Traverse,—Co-ordinates
of a Station.—Calculation of Omitted or Connecting Line in a Traverse.—Calculation of
Areas.—Bubdivision of Land.—Triangulation.—Determination of True Meridian, Latis
tude, and Time.—Levelling.—Railway Curves.—Minc Surveying.—INDEX,

‘“A book which should prove as useful to the professional surveyor as to the
student.”—Nature. :

In Handsome Cloth, With Diagrams.

PRACTICAL SURVEYING AND FIELD-WORK.
Including the Mechanical Forms of Office-Calculations,
By VICTOR G. SALMON, M.A.

For Contents see page 31 General Catalogue.

In Mediom 8vo. Fully Illustrated, Pp. i-xi + 160. 10s. Gd. net.

MODERN MINE VALUATION.
By M, HOWARD BURNHAM, B.Sc.,, M.A.LLM.E,,
Late IL.M. Inspector of Mines for the Transvaal.

CorTeNTS.—Preliminary Considerations.—Block Caleulations.—Bases of Sound Valua-
tion.—Sampling.—Explanation of Sinking Fund Table (XXII).—APPERDIX,—INDEX.
“ One of the best volumes of its kind that we have scen.”—Mining World.
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Grtin's letallurgieal Series,

Standard Works of Reference for Metallurgists, Mine-
Owners, Assayers, Manufacturers, and all interested
in the development of the Metallurgical Industries.

EDITED BY

SIR W. ROBERTS-AUSTEN, K.C.B, D.C.L.,, FR.S,

Im Large 8ve, Handsome Cloth. With Hiustrations.

For further particulars refer to Index.

INTRODUCTION to the STUDY of METALLURGY. By Sir Wu. ROBERTS-
AvsteNn, K.C,B,, &c. 18s. net.

GOLD (The Metallurgy of). Sir T. K. R0osE. 22s. 6d. net.

LEAD (The Metallurgy.of). H.TF. COLLINS. 215. net.

SILVER (The Metallurgy of), . ¥. Corrins. SEconD Epition, Af Press.

IRON (The Metallurgy of). T. TURNER. 16s, net.

STEEL (The Metallurgy of). F.W. Harporp and J. W. HaLL. 36s. net.

THE NON-FERROUS METALS. W. GowrLAND. SECOND EDITION. At Press.

ALLOYS. Epwarp F. Law. Secoxp EpIrtioN, 12s. 6d. net,

ANTIMONY, C.Y.WaNG, 12s. 6d. net.

SAMPLING and ASSAYING of PRECIOUS METALS., E.A. SmitH. 158, net.

OTHER METALLURGICAL WORKS.

MODERN COPPER SMELTING. D.M.Levy. ros.6d. net.

CAST IRON, in the Light of Recent Rescarch. W. IIAtFIELD. 108, 6d. net.
METALLIC ALLOYS. G.H.GULLIVER., 10s. 6d. net.

MICROSCOPIC ANALYSIS of METALS. OsmonDp and STEAD. 8s. 6d. net
TEXT-BOOK of ASSAYING. J. J. and C. BERINGER. 1o0s. 6d.
PRACTICAL ASSAYING. Prof. J. PARK. 7s. 6d. net.

METALLURGICAL ANALYSIS and ASSAYING. MacrLEoD and WALKER.

1258, 6d. net.

QUANTITATIVE METALLURGICAL ANALYSIS TABLES. J. J. Morcan.

48.
ELECTRIC SMELTING. BorcHERS and MCMILLAN. 21s. net.
ELECTRO-METALLURGY. McMiLraN and COOPER. 12s. 6d. net.
INTRODUCTION to PRACTICAL METALLURGY. T.TuURNER. 3s.net,
ELEMENTARY METALLURGY. A.IL SExTON. 6s.
GENERAL FOUNDRY PRACTICE. McwiLtiam and LONGMUIR. 158, net,
LECTURES on JRONFOUNDING. T.TURNER. 3s.6d. net.
BLAST FURNACE PRACTICE. J.J. MoRGAN. 1s. 6d. net,
NOTES on FOUNDRY PRACTICE. J.J. MorGAN. 2s. 6d. net.
ROBERTS-AUSTEN : Addresses and Scientific Papers, S. W. Smrm.

218. net,

Also Works on Petroleum.
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Srcoxp Kpirioxn, Revised Throughout. In Medium 8vo. With Numerous
Plates, Maps, and Illustrations. Pp. i-xxiv + 460. 21s. net,

CYANIDING GOLD & SILVER ORES.

A Practical Treatise on the Cyanide Process; its Application,
Methods of Working, Design and Construction of
Plant, and Costs.

By H. FORBES JULIAN,
Axp EDGAR SMART, A M.ICE,

Qivil and Metallurgical Engineer,

CoXTERTS —Early History of the Cyanide Process.—Preliminary Inveatigations—
Crushing.—Weighing and Measuring.—Percolation and Leaching.—Prineiples involved
in Dissolution and Precipitation of Metals,—Dissolution of the Gold and Silver—Tems-
perature Bffects.—Absorption of Air by SBolutions.—Action of Various Cyanide Solubions.
-—Sources of Loss of Cyanide.—Precipitation—FPrecipitation by Zinc.~—Xlectrieal Pre-
cipitation.—Other Methods of Precipitation.—Cleaning-up, Refining, and Smelting.—
Applications of the Cyanide Process.—Double Treatment.—Direct Treatment of Dry
Crushed Ore,—Crushing with Cyanide Solution.~Slimes.—Dissolving the Gold and Silver
in 8limes.—Extraction by Succcssive Washings—Agitation and Natural Settlement.—
Filter Presses.—Vats.—Essential Parts of a Cyanide Plant (Construction).—Piping,
Cocks, Launders, and Buildings.—Handling Material—Ropes and Gears for Ilaulage.
—Belt Conveyors.—Pumps.—>Spitzlutée and Spitzkasten.—Cost of Plant.—Cost of
Treatment.—Complete Plants—Roasting.—I¥DEX.

A handsome volume of 400 pages which will be a valnable book of reference for all
associated with the process.”—Mining Journal.

In Handsome Cloth. With Portrait and Several Plates.
Pp. i-xii + 310. 6s. net.

MEMORIALS OF HENRY FORBES JULIAN

(who perished in the ** Titanic” Disaster).
By HESTER JULIAN.

‘“ A faithful record of the life of a rightcous man, whose memory will remain fragrant.””
—Mining World.

Frrra Enerisa Eprriow.  In Large Crown 8ve.  With 22 Plates and
many [llustrations in the Text.  Handsome Cloth. Pp.i-xiv 4 347,
8s, 6d. net.

THE GYANIDE PROCESS OF GOLD EXTRACTION.

A Text-Book for the Use of Metallurgists and Students at
Schools of Mines, d&e.

By JAMES PARK, F.G.8., M.Ixsr.M.M,
Professor of Mining and Director of the Otago University School of Mines; late Directoz
Thames Schooel of Mines, and Geological Surveyor and Mining Geologist
to the Government of New Zealand.

Thoroughly Revised and Greatly Enlarged. With additional details
coneerning the Siemens-Halske and other recent processes.

ConTeRTS,—The McArthur-Forrest Process.—Chemistry of the Process—Laboratory
Txperiments.—Control, Testing, and Analysis of Solutions.—Appliances and Plant for
Cyanide Ixtraction.—Actual Extraction by Cyanide—~—Production and Treatment of
8limes,—-Cyanide Treatment of Concentrates.—Leaching by Agitation.—Zinc Precipis
tation and Treatment of Gold Slimes.—Application of the Process in Different Countries,—
The B‘icmcns-llalsku Process.—Other Cyanide Processes.—Antidotes for Oyanide Poisons
ing.~—INDEX,

" Deserves to be ranked as amongst the BEST 0F EXISTING TREATISER. —Mining Journal.
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GRIFFIN’S METALLURGICAL SERIES,

Eprrion, Thoroughly Revised Throughout., With 51 Folding
Plates, Comprising 112 Figures, over 500 Illustrations in the Text,
and nearly 80 Photo-Micrographs of Steel Sections. Large 8vo.
Two Volumes. Inall 1000 pages. Handsome Cloth. 36s, net.

With Additional Chapter on The Electric Smelting of Steel.

THE METALLURGY OF STEEL.

By F. W. HARBORD, Assoc.R.S.M., FILC,,
Axp J. W, HALL A M.Ixst.C.E.
Vol. L—Metallurgy. Vol. II.—Mechanical Treatment.

(N.B.—These Volumes are not Sold Separately.)

ABRIDGED CONTERTS.--The Plaut, Machinery, Methods and Chemistry of the Dessemer
and of the Open Hearth Processes (Acid and Basic).—The influence of Metalloids, Heat
Treatment, Spacial Steels, Microstructure, Testing, and Specifications,—The Mechanical
Treatment of 8teel comprising Mill Practice, Plant and Machinery.

The Engineersays, at the eonclusion of a review of this boolk :—* We cannof; conclude without
«n,mcstl{ recommending all’who may be interested ag makers or users of steel, which practically
means b};le \}:hole of the engineering profession, to make themeselves acquainted with it as speedily
&a possible.

Fourrn Ebprrion, Revised and HEnlarged. Pp. i-xv 4486, With
130 Illustrations. 16s. net.

THE METALLURGY OF IRON.

By THOMAS TURNER, M.Sc,, Assoc.RS.M., FIC,

Professor of Metallurgy in the University of Birmingham.

General Contents,—Early History of Iron.—Modern History of Iron.—~The Age of Steel,
—Chief Iron Ores,—Preparation of Iron Ores.—The Blast Furnace,-~-The Air used in the
Blast Furnace.— Reactions of the Blast Furnace, —The Gascous Produets of the Blast
Furnace —The Fuel used in the Blast Furnace.--8lags and Fuxes of Iron Bmelting. —
Properties of Qast Iron. — Foundry Practice, — Wrought Iron, — Indirect Production of
Wronght Iron.—The Puddling Process.—Further Treatment of Wrought Iron,—Corrosion
of Iron and Stes).—Recent Progress.—INDex.

‘A THOROUGHLY USEFUL BOOE, which brings the subject ve To pare, O
@REAT VALUE to those engaged in the iron industry.”—Mining Journal.

** For Professor Turner's ‘* Lectures on Iron-Founding,” &e., see page 67
General Catalogue,

In Medium 8vo. Handsome Cloth, Pp. i-xv + 460. With 166
Illustrations, 15s. net.

The Sampling & Assay of the Precious Metals:

Comprising Geld, Silver and Platinum, in Ores, Bullion and Products.

By ERNEST A. sMITH, A R.8.M,, M.Ixsr MM,

Deputy Assay Masfer of the Sheffield Assay Office; Late of the Royal School of Mines

CoNTENTS,~Introduction.—Design and Equipment of Assay Offices.—Furnaces and
Appliances,.—Precious Metal Ores.— Valnation of Ores.—Sampling of Ores.—Preparation
of Bamples for Assay.—Fluxes and Principles of Fluxing.—Assay Operations—(a) Ronst-
ing ; (b) Fusion ; (¢) Scorifleation ; (@) Cupellation.—Systems of Working,—Assay of Gold
and Silver Ores.—Of Cowmplex Ores.—Calculating and Reporting Results,—Special
Methods of Ore Assay.—Bullion.—Valuntion of Bullion.—Sampling of Bullion.—Assay
of Gold, Silver, and Base Bullion.—Of Auriferous and Argentiferous Products.—Assay
Work in Cyanide Mill —Platinum and the “Platinum Metals.”~—Assay of Platinum
in Ores, Bullion and Products.—APPENDIOES.—INDEX,

“ May safely be placed in the hands of students, and will be of the greatest value to
assayers as a book of reference.”—Nuature.

“Unique . . . the book should be added to the Mining Engincer’s Library.”—
Mining World,

LONDON : CHARLES GRIFFIN & C0., LTD., EXETER STREET, STRAND.
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v In Medium 8vo, Handsome Cloth., Pp. i-xii+250. With 19 Plates (2 Coloured),
and 60 other Illustrations. 10s., 6d. net.

LECTURES ON
MODERN COPPER SMELTING
By DONALD M. LEVY, M.8c.. A.R.8.M.,

Asgistant Lecturer in Metallurgy, University of Birmingham,

ABRIDGED CONTENTS.—Historieal,—Price and Cost of Production and Statistics.—
Uses of Copper as Metal and Alloy—Effect of Impurities—Compounds.—Ores,—Pre-
liminary Treatment,—Sampling.—Concentration.—Principles of Copper Smelting.—
Bintering.—Reverberatory Smelting Pracbice.—Blast Furnace Practice.—Bessemerising
of Copper Mattes.—Purification and Refining of Crude Copper,—Casting,~-INDEX.

“ A weleome addition to existing literature on the subject,”— Chemical Trade Journal-

In Medinm 8vo. Handsome Cloth Pp. i-xiii + 240. With Frontispiece and 164
Illustrations, including many Photo-Micrographs, 10s. 6d. net.

CAST IRON
IN THE LIGHT OF RECENT RESEARCH.
By W, H. HATFIELD, D.Sec., A.M.I.Mech.li.

CONTENTS.—INTRODUCTION.—The Non-Carbon Alleys and Cast Tron from the Stand-
point of the Bquilibrium Diagram.—Influence of Silicon,.—Of Phosphorus,—Of Sulphur.
—Of Manganese.—Of Other Elements,—Of Casting Temperature—Shrinkage and Con-
traction.—Growth of Cast Iron under Repeated Heatings—Iffeet of Superheated Steam
upon Cast-iron Fittings—>Malleable Cast Iron,—Heat Treatment of Cast Iron.—De-
carburisation of Cast Iron without further Fusion.—Mechanical Properties of Cast and

Malleable Cast Iron.—¥Furnaces and Slags.—APPENDICES.—INDEX,
“A vaoluable addition to Grifin’s noted metallurgical publications.””—AMining

Magazine,

Secoxp Eprrion. In Crown 8ve. Handsome Cloth, Pp. i-xxvii+400,
Thoroughly Revised and very greatly Enlarged. With many New,
and in all 310 Hlustrations. 10s. 6d. net.

A HANDBOOK ON

METALLIC ALILOYS:

Their Structure and Constitution.
By GILBERT H. GULLIVER, B.Sc, F.R.S.E.

NTENTS.—Methods of Investigation.—The Physico-Chemical Equilibrivm of
Mixed Substances.—Binary Alloys in which no Definite Chemical Compounds are formed.
—Do. which show Evidence of the Formation of Definite Chemical Compounds.—'Trans-
formations in Completely Solid Mectals.—Alloys—quilibrium Conditions in Metallic
Mixtures.—The Structures of Metals and Alloys.—'The Bronzes, Brasses, and other
Alloys of Copper.—Stecl and other Alloye of Iron.—Alloys of more than Two Metals.—
The Microgcope in Engineering Practice,—INDEX,
*“ This book offers most exhaustive information, and is profusely illustrated.”—23lelal
Industry.

Seconp Epition, Thoroughly Revised. Pp. i-xvii+313. With 195
Photo-Micrographs, Diagrams, and Figures. 8s. Gd. net

THE MICROSGOPIC ANALYSIS OF METALS.
By FLORIS OSMOND axp J. E. STEAD, D.Mgr., F.R.S.
Revisep aND CorrecteEp 3y L, P. SYDNEY,
CoNTENTS.—PART I, Metallography considered as a Method of Assay.—PAnT II,
he Science of Polishing.—Parr I11. The Microscopic Analysis of Carbon Steels,~—
APPENDICES —INDEX. .
“ The subject is treated in a masterly manner . . , altogether the new edition
should prove invaluable to metallurgists."—Mining World.
“ Of all the books which have dealt with this subject in its many aspects, surely this
one remains supreme.” —Chemical World,
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Trairp Eprrion, Thoroughly Revised, Enlarged, and Re-set Throughout.
In Three Volumes, with Valuable Bibliography, New Maps,
Illustrations, &c. 50s. net.

A TREATISEH ON
PE TR OIL E T M.

By SIR BOVERTON REDWOGOD, Barr,

D.8o., F.R.5.E., Assoc.Ixs1.0.E,, F.LC.

CorTERTS.—8ECTION I.: Historical Account of the Petroleum Industry,—SroTIoN IL:
‘Geological and Geographical Distribution of Petrolenm and Natural Gas.—SecrioN IIL.;
The Chemical and Physical Properties of Petroleum and Natural Gas..-S8EQTION IV.:
The Origin of Petroleum and Natural Gas.—SECTION V.: The Production of Petroleum,
Natural Gas, and Ozokerite.—SEOTION VI.: The Reﬁnmg of Petroleum.—SEeTION VIL:
The Shale Oil and Allied Industries,—SEOTION VIIL: The Transport, Storage, and Dis-
tribution of Petroleum.—SE0TION IX, : The Cesting of Crude Petroleum, Petroleum and
Shale Oil Products, Ozokerite, and Asphalt.—SEoTION X.: The Uses of Petroleum and
its Products.—Suo1ToN XI. ¢ Eat.ltubory, Municipal, and other Regulations relating to
the Testing, Storage, 1r1nsport. and Use of Petrolenm and its Products.—BIBLIO-
GRAPHY, —AP[’FNDIOES —INDEX.

Tt is indisputably the most comprohensive and complete treatige on petroleum, and this
statement is true, no matter on what branch of the industry a test of its merits is made. Itis
the only book in existence which gives the oll man a clear and reliable outline of the growth and
present-dey condition of the entire Jetrolenm world. . . . There is a wonderfully complete
collection of plates and illustrations.”—Petroleum World.

Tnirp Eprrion, Revised. Pp. i-xix+340. Price 8z, 6d. net.

A HANDBOOK ON PETROLEUM.
FOR INSPECTORS UNDER THE PETROLEUM ACTS,

And for those engaged in the Storage, Transport, Distribution, and Industrial
Use of Petroleum and its Produets, and of Calecium Carbide. With
suggestions on the Construction and Use of Mineral 0il Lamps.

By CAPTAIN J. H  THOMSON,
.M. Chief Inspector of Explosives.
Anp SIR BOVERTON REDWOOD, BarmT,
REVISED BY MAJOR A. COOPER-KEY AND 8IR BOVERTON REDWOQOD.
CoxTENTS.—Introductory.—Sources of hnpply.fﬁ oduction, Refining, ete.—Com-
mereinl Produets.—Flash Point and Fire-Test. ting. —nLl-ﬂ-Nlatmn —Precautions,—
Qil Lamps.—Caleium Carbide.—Appendices.—INDEX.

“Of unique value. . . . The book has atbtained the reputation of a classie, and is
an extremely handy and uscful work for all interested in the oil business.-—Chemical
Trade Journal.

In Pocket Size. Pp. i-xxi -+ 454, Strongly Bound in Leather.
Fully Illustrated. 8s. 6d. net.

THE PETROLEUM TECHNOLOGIST’S POCKET BOOK.
By SIR BOVERTON REDWOOD, Bart., D.Sc., &e.,
And ARTHUR EASTLAKE, M.LM.E., A.M.LMech.E., &e.

Syxorsis or CoNTENTS,—PART L@ General Information about Petroleum {(Origin,
Occurrence, Prospecting, acquiring land, Raising, Storage, Refining, ete.). Part 1L :
Geologieal {Identification of Rocks, Angle of Dip, Maps, Oil-bearing Arveas, Oil per acre,
Bitumens, ete.). Parr. IH. : l‘llyslml and Chemical (Specific Gravity, Annlysm of Gas,
Vlscmlwhrv, Calorific Value, ¥lash Point, Distillation, Candle Power, etc., ete.). PART
Iv.: I’mrlucmnn (Drilling, C'wmf' Water, Raising Oil, Plugging, Cost of Dn]lmg ete.,
ebc) PART V. : Reflning, Transport, Stumg,e and Testmt' (Tanks, Flow of Gasin P:p(\s
Pipe Lines, Pumpmg, Railway Cars, Barrels, ete., ebe.). PART VI.: Uses (Liguid Fuel, Air
required, Oil Engines, Natural Gas, Asplnlt ctc) Panrt VIL : Weights and Measures
{English and Foreign). PART VIIT : Miscellancous, Pirt IX.: Statistics (of Produetion,
Asphalt, 0il 8hale, Ozokerite, Natural Gas).

‘ Excellent in every way . . . the tables and statisties appear to be exactly
those which will be of most use.”—Engineer.
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LOCAL GOVERNMENT HANDBOOKS. 23

L] a2 ]

Griffin's Local Government Handbooks.
WORKS SUITABLE FOR MUNICIPAL AND COUNTY
ENGINEERS, ANALYSTS, AND OTHERS.

For further particulars of the fol]o“mg sce Index,

Civil Engineering Practice. By F. NorL Tavior. With over 800
Pages and over 1,000 Illustrations. Cloth. 26s. net.

The Main Drainage of TOwns. By F. NorL Tavror., Pp, i-xi+3818.
With over 850 Illustrations. 12s. 6d. net.

Practieal Sanitation : A Handbook for Sanitary Inspectors and others,
By Gro. REIp, M.D., D.P.H, SEVEXTEENTH Epir1oN, Thoroughly Revised. 6s.
Sanitary Engmeermg. By Frawcis Woop, A.M.Inst.C.E. THIrD

Ep1rrioN, Revised, Pp.i-xv 4 806. 8s, 6d, net.

Modern Methods of Sewa%"e Purifieation. By . Berrram
EERSHAW, Engineer to the Sewage Commission. Fully Illustrated. 21s. net,

The Prineiples of Sewage Disposal. By Prof. Dussar of Hamburg.
Translated by H. 'l CALVERT, M.8¢.” 158, net.

Trade Waste Waters. By H. Wiison, M.D., and H, T. CALVERT,
Ph.D. Fully Hllustrated. 18s. net.

Trades’ Waste: Its Treatment and Utilisation, By W. Navron,
F.C.B.,, A M.Inst.C.E. 21s. net.

Modern Destructor Praetice, By W. F. Gooprick, A.M.Inst.C.E.
Pp. i-xvi 4 278.  15s. net.

Refuse Disposal. By Prof. E. &. Martaews, A M.Inst.C.E. Very
fully HMustrated. 6s. net.

Water Supply: Selection of Sources and Distributiofi. By Recinanp
E. MIDDLETON, M.Inst.C.E., M.Inst.Mech.E., ¥.8.1. Crown 8vo. Ss. 6d. net.

Water Analysis for Sanitary and Technieal Purposes. By
. B. 8rocks, F.I.C., ete, 4s. 6d. net.

Caleareous Cements: Their Nature, Preparation, and Uses. By
GILBERT REDGRAVE, Assoc.Iust.C.E., and CHAS. SPACKMAN, F.C.8. SECoND EDITION
168, net.,

Handbook fotv Cement Works Chemists, By . B. Gatunouse,
F.C. 8, s net.

Handbook on Town Planning. By Juitax Juniax, B.E. 5s. net.

Road Making and Maintenanee. By Tuos. Ammx AM.Inet.C.E,
SECOND EDITION., Fully Illustrated. 21s. net.

Dustless Roads: Tar-Macadam. By J. Wanker Swmira,  Fully
Ilustrated. 10s. 6d. net.

Central Eleetrical Stations : Their Design, Organisation, and Manage-
ment. By C, H. WonpINGHAM, A K.C., M.Inst.C.E. SECOND EDITION, 248, net.
Transformers. By He »x BoHLE, M.LE.I., and Prof. DAvID

RoBERTSON, B.8c. Pp. i-xiv4-866, Profusely Illustrm:cd 218, net.

Electrical Photometry and Illumination. By Prof. H. BonLk.

Pp. i-xi + 222, Profusely Tlustrated. 10s. 6d. net.

E}eetmelty Meters. By Hexny G. Sonomox, Assoc.M.Inst.B.B. In
Medium Svo, Handsome Cloth. Profusely Ilustrated. 16s. net.
Gas Manufacture (The Chemistry of). By W.J. A, Borresrrery,

M.A., F.IC, F.C.8.  With Ilustrations. FourRTH EDITION, Revised. Vol. L,
78, 6d. net. Vol I1., in preparation.

The Calorific Power of Gas. DBy J. H. Cosrr, I"LC.,, F.C.8.
Tlustrated. 6s. net. . .

Fuel: Gaseous, Liguid, and Solid. By J. H. Costr, F.I.C., and E.
AXDREWS, F.I.C. 6s. net.

Smoke Abatement. A Manual for Manufacturers, Inspectors,
Engincers, and others. By WrILLIAM NicHoLsoN., Fully 1llustrated. s, net.

Fire and Explosion Risks. The Detection, Investigation, and Pre-
vention of Fires and Explosions. By Dr. Vox ScHWARTZ. Cloth. 10s. net.,

Milk: Its Produetion and Uses. With Chapters on Dairy Farming,
The Diseases of Cattle, and on the Hygiene and Control of Supplies. By EDWARD I,
WILLOUGHBY, M.D,, D.P.H, 6a. net.

Flesh Foods: With Methods for their Chemical, Microscopical, and
Baeteriological Examination. By C. AINSWORTH MITCHELL, B.A., ¥.1.C. Illus-
trated. 10s, 6d.

Foods: Their Composition and Analysis. By A, Wynter Bryra,
M.R.C.8., F.C.S5,, and M., W. BLYTH, B.A., B.8c. SixtH Epition, Thoroughly
Revised. ‘>15
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In Large 8vo, Cloth. Pp. i-xxiii+271. With 147 Illustrations.
15s. net.
A MANUAL OF

THE PRINCIPLES OF SEWAGE TREATMENT.

By Pror. DUNBAR, Director of the Institute of State Hygiene, Hamburg.
ExgrisH Eprrron 3y HARRY T. CALVERT, M.8c., Pu.D., F.I.C.,

Chief Chemical Assistant, West Riding of Yorkshire Rivers Board.

ABRIDGED CONTENTS,~—HISTORIOAT DEVELOPMENT OF THE SEWAGE PROBLEM.—Growth
of River Pollution,—TLegal Measures of Central and Loeal Authoritics,—Rise and Develop-
ment of Methods of Sewage Treatment.—arlier Views, their Object and Utility, PRESENT
POSITION OF SEWAGE TREATMENT,—The Characteristics of Sewage—Objects of Pre-
pipitation Works,—Deseription for the Removal of Suspended Matters.—Methods for the
Removal of Putrescibility.—The Disinfection of Sewage.~—-Supervision and Inspection
of SBewage Disposal Works,—The Utility and Cost of tho various Methods of Sewage
Treatment,—INDEX,

“We heartily commend the book as a peculiarly fair and impartial statement of the
present position of the sewage problem,”— Lancet,

In Medium 8vo. Cloth. Pp. i-xiii + 356. With Tables, Illustrations
in the Text, and 36 Plates. 21s, net,
MODERN METHODS OF
SEWAGE PURIFICATION.

A Guide for the Designing and Maintenance of Sewage Purification Works.
By . BERTRAM KERSHAW, F.R.S.I, F.R.M.8., F.G.8., &,
Engineer to the Royal Commission on Sewage Disposal.

CONTENTS, — Introduction. — Historical. — Conservancy Methods, &c. — Sewerage
Systems.—Rainfall, Storm Water.—Variations in Flow of Sewage.—Classification and
Composition of Sewages.—Considerations to be observed in selecting the Site for Sewage
Disposal Works,~Preliminary Processes,—Disposal of Bludge—Land Treatment of
Sewage.—Contact Beds,—Percolating Filters.—Trades' Wastes,—Misecllancous.—Pre-
cipitation Works in Actual Operation.—INDEX.

A large and comprehensive work . . ., replete with information."—Jowrnel
Royal Sanitary Institute.

Large Svo. Handsome Cloth, Price 16s. net.

FIRE AND EXPLOSION RISKS:
A Handbook of the Deteciion, Investigation, and Prevention of Fires and Explosions.
By Dr. VON SCHWARTZ,
Translated from the Revised German Edition by C. T, C. SALTER.

ABRIDGED GENERAL CONTENTS. —-Iires and Fxplosions of a General Character.—
Dangers arising from Sources of Light and Heat.—Dangerous Gases.—Risks Attending
Special Industries. — Materials Employed, — Agrieultural Products. — ¥ats, Oils, and
Resins.—Mineral Oils and Tar.—Alcohol, &c.—Metals, Oxides, Acids, &c.—Lightning
Ignition Appliances, Fireworks,

“The work affords a wealth of information on the chemistry of fire and kindred
topies."—Fire and Water,

“ A complete and useful survey of a subject of wide interest and vital importance.”—
08 and Colourman's Journal,

In Handsome Cloth. Pp. i-xiii+266. With 59 Illustrations, 6s. net.

SMOHKHE ABATEMENT.

A Manual for the Use of Manufacturers, Inspectors, Medical Officers of
Health, Engineers, and Others.

By WILLIAM NICHOLSON,
Chief Smoke Inspector to the Sheffield Corporation.
‘' We welcome such an adequate statement on an important subject.”—Britisk
Medical Journal.

See also—
THE MAIN DRAINAGE OF TOWNXNS, . . page 6.
REFUSE DISPOSAL, . . . . N . . 4 B,
AND MODERN DESTRUCTOR PRACTICE, . . . , G
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CHEMISTRY AND TECHNOLOGY. 25

Srconp EprtioN. In Large 8vo. Handsome Cloth. Beautijully
Lllustrated. With Plates and Figures in the Text. 21s. net.

ROAD MAKING AND MAIRTENANCE

A Practical Treatise for Engineers, Surveyors, and Others.
By THOS. AITKEN, M.Ixst.O.E,

Member of the Aspociation of Muniecipal and Oounty Engineers; Member of the Sanitary
Inat.; Surveyor to the County Couneil of Fife. Oupar Division.

CorTENTS.—Historical Sketch.—Resistance of Traction.—Laying out New Roads.—
Earthworks, Drainage, and Retaining Walls.—Road Materials, or Metal,—Quarrying.
—=8tone Breaking and Haulage.—Road-Rolling and Scarifying.—The Construction of
New, and the Maintenance of existing Roads.—Carriage Ways and Foot Ways.:

“The Literary style is EXCRLLENT. . . . A COMPRERHENSIVE and RXCELLENT Modern Book, an
op-To-pATE work. . . . Should be on the reference shelf of every Municipal and County
Engineer or Surveyor in the United Kingdom, and of every Colonial Engineer.”—The Surveyor,

In Hoandsome Cloth. Fully Illustrated. 108, 6d. nef.

DUSTLESS ROADS.
TAR MACADAM.
By J WALKER SMITH,

City Engineer, Edinburgh,

CoNTRNTE, ~Necessity for Improved and Standard Road Construction.—Tar.—Standardisation
of Matrix.—Aggregate for Macadam.—Different Modes of Preparing and Laying.—Mechanical
Mixing.—Effects of Wear, Density, Poros Distribution of Weight.—Seavenging: Watering and
Maintenance. — Camber ; Gradient, Noisclessnuess, Hygienic Advantages. — Rolling. — Traetive
Effort.—Statistics. —Tar Bpraying on Ordinary Macadam Burfaces.—APPENDICES, —INDEX.

“The book is in every respect up-to-date and very suggestive. It is practieal in
the hest sense of the term.”—County and Municipal Record.

In Crown 8vo, Cloth. Pp.i-xi-+ 187, With 25 Illustrations, Coloured Map, and a
Chart. 4s. 6d. net.

MODERN ROAD CONSTRUCTION.

A Practical Treatise for the Use of Engineers, Students,
Members of Local Authorities, &e.

By FRANCIS WOOD; M.Inst.C.E., F.G.S.

CoRTENTS,—Introductory.—Macadam Roads.—Wear of Roads.~—Efiect of Traffic on
Roads.—Tarred Roads.—Bitumen.—Methods of Using Tar and Bitumen.—Rollers and
Rolling.—Paving.—Cost of Maintenance of Roads.—APPENDICES.—INDEX,

A little volume that should find its place on the shelf of every road and highway
surveyor and engineer in the Local Government world.”—Mundeipal Journal.

In Crown 8vo, Cloth. Pp. i-vii+ 148, With Illustrations. §s. netb.
AN INTRODUCTION TO

TOWN PLANNING.

A Handbook dealing with the Principles of the Subject, and a Consideration of the Problems
Invoived, Powers of Local Authorities, etc.

By JULIAN JULIAN, B.E

CONTENRTS.—Ancient Town Planning.—Medimval and Modern Town Planning,--
Authorities and Bye-Laws-—Powers of Local Authorities—Practical Consideratiops in
the Preparation of Town Plans,—A Town-Planning Tour.-—APPENDICES.~—INDEX.

“There are mauny books on Town Planning, but none that covers quite the same
ground as this one traverses so ably . . . a valuable addition to the Town Planuer’s
library."—Surrveyor.
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 TECHNOLOGICAL WORKS.

Chemistry for Engineers and Manufacturers By B. Brouxr, P.I.C,, and A, G. BLoxay,
¥.1.C. Vol, I.—8ECOND EDITION, 14s. Vol, I1.—SECOND EDITION, 168.

Oils,zl-'ais ?ut!ers, and Waxes. By ALDER WRIGHT and MITCHELL. SECOND EDITION.
58, ne
Olis, Resins, and Paints (Analysis and Valuation)., By HARRY INGLE, D.Sc. net. 8s. 6d.
Physico-Chemical Tables. By J. CASTELI-EvaNs F.I.C. Vol, I.—Chemical Engineering,
248, net,  Vol, IL-—FPhysical and Analytical Chemistry, 38s. net.
Quantitative Inorganic Analysis. Dy Dr. J. W. MELLOR. 30s, net,
Water Analysis for San. and Tech. Purposes. By H. B, STo0KS. 4s. 6s. net.
Methods of Air Analysis, By J 8. HALDANE, M.D., LL.D. F.R.S. 5s. net.
The Principles and Practice of Brewing. By Dr. W. J. 8ygEs. TaIRD EpiTIoR, Revised
by A. R. Ling, F.1.C. 21s. net.
Tenhnmal Mycology. Dr. I LAFAR. BECOND EpIrtioN. In Two Vols. Vol. I., 16s. net,
Vol. I1., 24s. net.

Micro- Orgaz;isms and Formontation. By ALFRED JURGENSEN. FourtH EpIirioN, Com-
pletely Revised, Translated by 8. H. DAvies, B.Sc. 158, net,

Ferments and their Actions. By C. OrPENHEIMER. Translated by . A. MITOHELL, B.A.
F.IC. In Cloth. 7s.6d. net.

Vinegar * iis Manufacture and Examination. By C, A, Mrrcneny, B A, F.I.C, 8s.6d. net.

Peat ¢ Iis Use and Manutacture. By BaonruiNg and GISSING. 6s. net.

Gommercial Peat : Rés Uses and its Possihilities. Dy 1. T. Gissing. €s. net,

Paper Technology, Dy R, W. 8INpaLL, F.C.8. SecoNp Epition, Revised. 123 6d, neb.

Stationery Testing. By H. A. BroMLEY. TFully Illustrated. 2s. 6d. net.

The Clayworkers’ Handbook, Dy A. B. 3garre. SEcoND EpITION. 8. net.

British Clays, Shales and 8ands. By A. B. Searie. Dlustrated. 7s. 6d. net.

Ceramie Literature. Compiled, Classifled, and Described by M. L. SOLON. 428, net.

Art of the Goldsmith and Jeweller. By T. B. WieLEY. SECOND EDITION. 7s. 6d. net.

Smoke Abatement. By Wi. NICHOLSON. With Illustrations, 6s. net.

Calearcous Cemenis. By G. R. REDGRAVE and CHARLES SrACKMAN, F.C.S. SEgcoND
Eprriox. 158, net.

Handbook for Gement Works' Chemisis. By FrANK B. GATYEHOUSE, F.C.8. In Handsome
Cloth, bs, net.,

Gas Manufaciure. By W J. A. BUTTERFIELD. Vol I. 7s, 6d. net. Vol. II. Shorily.

Galoritic Power of Goal Gas, By J. H, Cosre, ¥.1.C. 05, nct.

Fuel: Gaseous, Liguid, and Solid. By J. H, Coste and E. R. ANDREWS. 6s. net.

Acelylene. By F. H, LEEDS and W, J. A, BUTTERFIELD. SECOND EDITION. 8s. 6d. net.

Fire and Explosion Risks. By Dr. VoN Beuwarrz. In Cloth. 18s. net.

Enamelling on lron and Steel. By JuLivs GRUNWALD. Cloth. Illustrated, 6s. net.

Technology of Iron Enamelling and Tinning. By Junivs GRUNXWALD, 6s. net.

The chaﬂislry of the Colioids. By Dr. V. PiiscEL. Translated by Dr, H. 1lopasox
3s. 6d, net.

Gelluloid ; Hs Manufacture, Application, and Subsfitutes. T'rom the I'rench of MASSELON,
ROBERTS, and CILLARD. By Dr, H. H. HopasoN, 25s. net.

Chemistry of india Rubber. By €. O. WuBER, Ph.D, THIRD IMPRESSION. With many
Ilustrations. 16s. net,

The Manufacture of Rubber Goods. By Aponr HEIL and Dr, W, Egcl. Translated by
E. W. Lewis, A.C.G.I. In Cloth. Ilustrated. 10s. 6d. net.

Glue, Gelatine, and their Allied Products. By Tomomas LamperT. In Large Crown 8vo.
Fully IHustrated. B§s. net.

Leather Trades Chemistry. By 8. R. TRotMAN M.A. F.IC. In Handsome Cloth. Fully
Illustrated. 158, net.

ink Manufacture. By C. A. MrroHeELy, B.A., F.I.C., and T. C. HEPWORTH., SECOND
EpirioN, Revised. In Cloth. With Plates and Iustrations.

Inorganic Chemistry. By A. Dupki and WILsoN HAKE. THIRD EDITION. 6a net.
Elements of Chemical Engineering, Dy J. GrossMANN, Ph,D. Secoxp Ep. 8s. 6d net.
Elementary Practical Chemistry. MYERS and FIRTH. 4s. net.

Quilines of Quantitative Analysis. By A. H. Sexron, F.I.C. Firre EDITION, 38
Qutlines of Qualitative Analysis. By A. H. Sexrtox, F.I.C. FourrtH EprrioN 8s. 6d.
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CHEMISTRY AND TECHNOLOGY. 2y

THE FERMENTATION INDUSTRIES.
Tuirp EprrioN. In Handsome Cloth., Fully Illustrated, 2ls. net.

PRINCIPLES AND PRACTICE OF BREWING.

FOR THE USE OF STUDENTS AND PRACTICAL MEN.
By WALTER J. SYKES.
Revisep sy ARTHUR R. LING, F.I.C, F.C.8,

Editor of the Journal of the Institute of Brewing.

CONTENTS. — Physical Principles Involved.— The Chemistry of Brewing. — The
Mieroscope. — Vegetable Biology, — Fermentation, — Water. — Barley and Malting. —
Arrangement of Brewery Plant.—Quantities of Materials.—Fermentation.—Antiseptics.
—Finings.—Characteristics of Beer.—Diseases of Beer.—INDEX,

*“ A thorough and comprehensive text-book . . . upo-date . . . astandard
text-hook."—Brewers' Journal.

In Large 8vo. Complete in Two Volumes.
Each Volume Complete in Itself, and Sold Separalely.

TECHNICAL MYCOLOGY:

The Utilisation of Micro-organisms in the Arts and Manufactures.
By Dr. FRANZ LATFAR,

Prof. of Fermontation-Physiology and Bacteriology in the Technical High Bchool, Vienna.
TRANSLATED BY CHARLES T. ¢, SALTER.

Vol. L—SCHIZOMYCETIC FERMENTATION. 15s. net.
Vol. IL-EUMYCETIC FERMENTATION. 24s net.

Nore.—Part 1. of Vol. IL. was issued separately at 7s. 6d. Copies of Part 1L,
Vol, IL, have, therefore, been hound up to enable those possessing Part 1. to complete
their copies. The price of Vol. II., Part IL., is 18s. net.

“The first work of the kind which can lay claim to completeness in the t{reatment of

& fagcinating subject, The plan is admirable, the classificrtion simiple, the style is good.

znd the tendeney of the whole volume is to convey sure information to the reader.--
Gnee,

Frrru Eprrron. In Demy 8vo. Revised Ti-n_rc)ughout. Pp. ixi + 489,
With 101 Illustrations. In Cloth. 15s. net.

MICRO-ORGANISMS AND FERMENTATION.

By ALFRED JORGENSEN.
TransraTep By SAMUEL H. DAVIES, M.Sc

CONDENTS.—Microscopieal and Physiological Examination—Biologica) Examination
of Air and Water—Bacteria—Moulds—Yeasts—The Pure Culture of Yeasis on a Large
Scale.—INDEX.

* The student taking up this subject would do well to work through this book first
and then take Lafar's.”—Brewing Trade Review.

In Crown 8vo, Handsome Ciuot; Price Ts. 6d. net.

FERMENTS: AND THEIR ACTIONS.

A Text-book on the Chemistry and Physics of Fermentative Changes,
By CARL OPPENHEIMER, Pu.D., M.D.
TRANSLATED BY C. AINSWORTH MITCHELL, B.A., F.1.C., F.C.8.
CORTENTS.—Introduction.~Definition of Ferment.—Chemical Nature of Ferment.~—
Infiuence of External Factors on Ferments.—Mode of Action.—Physiological Action.—
Secretion of Ferments.—Ferments and the Vital Processes.—A. THE HYDROLYTIC
FERMENTS : Proteolybic Ferments.—Trypsin—Bacteriolytic and Hemolytic.—Froteo-
Iytic Vegetoble Ferments.—Coagulating Ferments.—Saccharifying Fermenis.—Animal
Diastases,—Enzymes of the Disaccharides.—Ferments which decompose Glucosides.—
Lactic Acid Fermentation.—B, THE OXIpisixG FERMENTS : Alcoholic Fermentation.—
Biology of do.—The Oxydases.—Acetic, Oxalic, and similar Fermentations,~—Biblio-
graphy.—INDEX,
“ Buch a veritable multum in parve has never yet appeared."—Brewers' Journal
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In Cloth. Pp.i-xxxi -+ 778. With 2 Coloured Plates and 206 other
Illustrations. 30s. net.

A TREATISE ON

QUANTITATIVE INORGANIC ANALYSIS,
With Special Reference to the Analysis of Clays, Silicates, ete.

By J. W. MELLOR, D.Sc.

Part I. General :—Introduction.—Weighing.—Measurement of Volumes— Volumetria
Analysis—Colorimetry and 'Turbidimetry.—Filtration and Washing.—Heating and
Drying.—Pulverisation and Grinding—Sampling.—The Reagents. Panrr II. Typical
Bilicate Analyses—~Glays (—Volatile Matters.—Opening up Silicates.—Determination of
Silica.—The Ammonia Precipitate.—Iron.—Titanium.—Calciuin and Magnesium.—The
Alkalies.—Abbreviated Analysis and Analytical Errors.—IElectro-Analysis. Part IIL
Qinsses, Glazes, Golours, and Complex Silicates :—Analysis of Glass, Glazes, Enamels, and
Colours.—Determination of Arsenic.—Antimony.—Tin—Xead —Bismuth and Mercury.
—Copper and Cadminm —Zinc.~Manganese.~Cobalt and Nickel. Pamrr 1V. Special
Methods—Bases : Determination of Molybdenum.—Tungeten, Columbium, and Tantalum,
—Gold and Sclenium,—Aluminium and Beryllium.—Special Methods for Non-Compounds.
—Chromium, Vanadium, and Uraninm.—Z%irconium, Thorium, and the Rare HEarths.—
Barium, Strontium, Caleium, and Magnesium,.—Alkalies and their Salts. PArT V. Special
Mothods—Arids and Non-Metois : = Carbon.—Water—Boron Oxide—Phosphorus,—
Bulphur.—The Halogens—Rational Analysis of Clays.—APPENDICES,— INDICES.

“The ceramic chemist has waited many years for a thorongh and comprehensive
treatise on the guantitative analysis of the materials with which he has had to
deal, and here at Iast is what he had so long nand so urgently needed.”—Nature.

In Demy 8vo, Cloth., Pp. i-xvii + 411, With 4 Coloured Plates and
263 other Illustrations, 15s. net.

CLAY AND POTTERY INDUSTRIES,
Being Vol. 1. of the Collected Papers from the County Pottery
Laboratory, Staffordshire.

BY SEVERAL AUTHORS.

Epitep BY J. W. MELLOR, DSc
* . For Full List of Contents, send for Prospectus.

“ A fund of information on varied subjects of importance to the potter,”—Pottery
Gazette,

In Imperial 8vo. Strongly and Elegantly Bound in Half Leather.
Enclosed in Case. Pp. i-xviii + 660. £2 2s. net.

CERAMIC LITERATURE
Compiled, Classified, and Described by M. L. SOLON,
President of the English Ceramic Society.

An Analytical Index to the Works Publiched in all Languages on the History and
the Technology of the Ceramic Art; also to the Catalogues of Public Museums, Private
Collections, and of Auction Sales in which the Deseription of Ceramic Objects occupy
an important place ; and to the most important Price Lists of the Ancient and Modern
Manufactories of Pottery and Porcelain.

“A work of inestimable value to all serious study of Ceramics.”—Burlington
Magazine.

In Two Large Velumes, Large 8vo, Strongly Bound. Each complete in
itself and sold separately.

BRIQUETTING.
Coal, Shale, &e.; Ores, Furnace Produects, Metal Swarf, &e.
By G. FRANKE. Translated and Edited by F. LANTSBERRY, M.S8c.
Vol. L—Pp. i-xxx + 631, With 0 Folding Plates and 225 other Illustrations, 30s. net.

“Messrs. Griffin & Company have once again rendered service to the nation by
providing this useful addition to the manufacturers' libravy.”—Iron and Coal Trades
Review.
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In Med. 8vo. Cloth. Pp.i-vii4 171. With Many Tables. 6s. net.
The Theory and Practice of

Enamelling on Iron and Steel.

By JULIUS GRUNWALD, Dr., Ixa.
Translated by H. H. Hopasow, M.A., B.Se., Ph.D.

Cosrerrs.~Introduction, —The Raw Materials.—The Mixing, Dissolving, and Application of
Enamel.—Heating and Pickling Goods in the Rough.—Correct laying on,—Baking Enamelled
‘Ware.—Decoration of Enamelled Objects.—Photo-Ceramics in their Application to Enamels,~
General and Statistical Chapter.—The History of Enamels and their Uses.—INDEX.

** Combines the theory and practice of enamelling in a most effective manner.”—Iron and Steel
Trades' J ournal.

In Med. 8vo. Uniform with the above. Gs. net.
The Technology of

Iron Enamelling and Tinning.

By JULIUS GRUNWALD. D=r., Isa.
Translated by H. H. Hongsow, M.A., B.Se., Ph.D.

Coxrrnts,—The History of the Enamels and their Techuology,—Heonomic_Significance of the
Sheet-Iron Enamelling Industry.—Chemical Techuology of the Enamelling Industry.—Enamel
Manufacture and the Funetion of Clay in the Enamel.—Purple of Cassius,—The Examination of
Enamels for Cast Iron.—The Stiffening of Enamels when ground Moist by means of Vehicles.—
Heating and Pickling of Rough Iron Wares.—The Pickling Process.—Chemical Composition of an
Enamel.~Tinning.—Tin Recovery.—Danger of Lead Compounds,—Tin Disease.—Procedure in an
¥namel Works.—Edueational Tl‘:\illinTr of Managers for Enamel Works —INDEX, .

“The author of this book . . . has done much to put our knowledge of the subject upon'a
geientific basis.”—Foundry Trade Journal.

In Cloth. Pp.i-xi+ 225, Uniform with the Author’s other Works, 8s. 6d. net

THE RAW MATERIALS OF THE ENAMEL INDUSTRY
AND THEIR CHEMICAL TECHNOLOQGY.
By JULIUS GRUNWALD, Dg., Ixc.
Translated by H. H. Honesox, M.A., B.Sc., Ph.D,

CoxtenTs.—Felspar,—Quartz.—Flnorspar or Fluorite.—Clay {Alumino-Silicates), Borax and
Boric Acid.—Oryolite and 1ts Substitutes and its Functions in Enamel Manufacture.—Pyrolusite.
~Tin Oxide.—Other White Colouring Agents.—Nickel Oxides.—Cobalt Oxide and its Compounds,
—Sodium Carbonate.—Saltpetre, — Potash, — Some Important Enamelling Pigments,—General
Epamel Recipes.—INDEX,

CELLULOID.
ITS MANUFACTURE, APPLICATIONS, AND SUBSTITUTES.

Translated from the French of MasserLox, Roserts, and CILLARD,
By H. H. HODGSON, M.A.(Camb.), B.Se.(Lond.), Ph.D.(Heidelberg).

Coxrexrs.—Composition, Origin, Properties.—Nitrocellulose.—Commercinl Nitration

Processes.—Bleaching of Cellnlose.—Drying.—Steeping.—8taining of Celluloid.—Rolling,
Compression.—Cutting and Dressing. —Tubes.—Waste.—Analyses.—Mechanical Tests.
Inflammability. —Precautions in Celluloid Works,—INDEX.

SECOND EpITION, Thoroughly Revised. Re-set Throughout. In Lavee 8vo. Cloth,
Pp, i-xvi+206, With Frontispiece and 68 other Illustrations. 7s. 6d. net.

THE MANUFACTURE OF INK.

A Handbook of the Produetion and Properties of Printing, Writing, and
Copying Inks.

By C. A, MITCHELL, B.A,, F.I1.C,, F.C.5,, & T. C. HEPWORTH,

Cox1rENTs,—Introduction.—Carbon and Carbonaceous Inks.—Tannin Materials for
Inks.—Nature of Inks.—Manufacture of Iron Gall Inks—Logwood, Vanadium, and
Aniline Black Inks.~Coloured Writing Inks.—Examination of Writing Inks.—Early
Methods of Manufacture.—Manufacture of Varnish.—Preparation and Incorporation of
the Pigment.—Coloured Printing Inks.—Copying Inks.--Marking Inks.~Bafety Inks and
Papers,—Sympathetic Inks.—Inks for Special Purposes ~—English Patents.—1xnux,

““Thoroughly wellarranged . . . and of a genuinely practical ovder,"—2ZB7#tish Printer,
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PAINTS, COLOURS, DYEING, AND THE TEXTILE
INDUSTRIES.

TREATISE ON COLOUR MANUFACTURE (Preparation, Examination, and
Applieation of Pigments). By Grorer Zerr and Dr. RusrNoamr.
English Edition by Dr. C. MavEr, of Burgdorf. Profusely Ilustrated.
30s. net.

TESTS FOR COAL-TAR COLOURS IN ANILINE LAKES. By Groree
Zerr. Translated by Dr. C. Maver. In Medium 8vo. Cloth.
10s. 6d. net.

PAINTING AND DECORATING. A Complete Practical Manual. By W. J.
Prarce. Fourre Eprriow, Revised and Enlarged, Profusely Illus-
trated, and with many Plates in Colours, 12s. 6d.

IDEAS AND STUDIES FOR STENCILLING' AND DECORATING. By A.
Desarst. In Medium Quarto. With Designs in Colour and Colour
Scheme.

PAINTERS' COLOURS, OILS, AND VARNISHES. G. H. Horst, F.CS.
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