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TRANSLATOR’S NOTE

Ar the express wish of the Author, the translator has con-
densed or omitted some descriptions of little known types of
European construction of no particular interest to British and
American readers, and has included some new matter to record
recent progress.

The original work has been entirely rearranged and recast in
order to deal with the subject in a systematic manner. Thus, the first
_ three chapters include the Author's remarks upon the subject generally
and are principally concerned with the progress in the past, scope in
the present, and possibilities in the future. ChaptersIV. to XIIL. have,
been arranged to bring under review all matters concerned with design
and construction. Chapters XIV. to XVI. similarly co-ordinate the
Author’s valuable hints upon the determination of power and efficiency,
and upon the adequate classification of test results.

The lists of Gas and Oil Engine and Gas Producer Makers, and of
various books, articles and papers published upon the internal com-
bustion engine, have been brought up to date, separated from the
context, and appear as appendices.
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PREFACE

AvtHougH the internal combustion engine has been applied to
industrial use only during the last fifty years, it can well substantiate
the claim to have attained a degree of perfection closely approximating
to that held by the steam engine of to-day. The studies and researches
of numerous scientists, and the many experiments conducted by skilled
engineers in charge of constructional workshops, have enabled certain
general principles to be established and formmulated, the application of
which must be considered indispensable to the proper construction of
internal combustion engines.

A list of the more important books that have been published in
different countries, of valuable papers read before technical societies,and
of informative articles in the technical press, is given in an appendix
to the present volume. From these different contributions it would
appear that the internal combustion engine has been dealt with by
80 many people, so frequently, and from so many different points of
view, that the whole subject has been exhausted, and, therefore, a
further volume could be merely a repetition of statements that have
already been made several times over, and could not contain any fresh
matters of interest, seeing that the most complete books are of some-
what recent date, and, consequently, record the state of progress pre-
vailing at the present time.

Such an objection would be well founded if viewed from a purely
descriptive stand-point, because this has been the position more
frequently taken up by the various authors mentioned. But the
objection cannot be sustained if the subject be examined with regard
to the precepts of theory and of practice as far as experience permits
at the present day. It is precisely from this point of view that the
Author has written the present work.

He has reviewed the well-known arrangements adopted by the chief
gas engine builders, that in a sense have become standardised, but,

L
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as far as is possible, he has avoided giving descriptions that have
already been made public by several authors.

He has endeavoured to discuss the various mechanical details
critically, and from a comparative point of view, and therefore has
been compelled to give brief descriptions of the general features of
the types adopted by some of the makers. Each time occasion has
offered, he has given expression to his appreciation of various
methods employed, some of which have been adopted as the out-
come of the Author’s conferences with the engineers connected with
the principal constructional establishments. He has also dealt with
the various details that go to make up the complete engine, and
has given a series of practical formule for calculating their principal
dimensions. In this manner, it is hoped that interesting, useful and
original material has been provided.

In order to keep the size of the book within bounds, that portion
allotted to descriptions of leading features and information of a
general character has been condensed, with the knowledge that those
requiring more information upon such poinis have already many
valuable works to refer to.

The Author takes the present opportunity of expressing his
obligations to those firms who have been good enough to send him
information for incorporation in this volume, and for the manner
in which they bave permitted him to make a critical examination
of their work. In so doing, they have presented a striking contrast
to some of the smaller firms from whom it is practically impossible
to obtain any particulars of what, according to the makers’ claims,
must be unsurpassed inventions, and upon the true value of which,
alas! the public are precluded from forming an opinion.
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CONSTRUCTION AND
WORKING OF INTERNAL
COMBUSTION ENGINES

CHAPTER 1
THE PROGRESS OF GAS POWER

WhaiLst the excellent qualities of town gas ‘assured its acceptance
as the best fuel for internal combustion engines by reason of the
readiness with which it could be employed, the application of
the gas engine, previous to the introduction of apparatus for
producing low grade gas, was greatly restricted, owing to the fact
that, for powers exceeding from 50 to 75 =.pr., the cost of working
became prohibitive. In order to compete effectively with steam
engines, it has become a matter of paramount importance to produce
a gas, cheaply and readily, capable of yielding good results from a
simple and inexpensive plant.

Power-Gas Producers.—The low grade gas produced from the older
forms of apparatus of the Dowson ‘ pressure’ type encouraged the
utilisation of gas power in installations requiring 100 H.P. and over,
but, beyond this figure, the complicated apparatus necessary for the
production and purification of the gas, the capital outlay involved,
and the amount of space occupied by the engine and producer, rarely
showed to advantage when compared with a steam engine and boiler,
especially as the latter could be used whatever kind of fuel was
available—gaseous, liquid, or solid.

The above remark does not hold good in connection with pressure
power-gas. producers of the Duff, Mond, and similar types, equipped
with apparatus intended for the recovery of ammonia and other
by-products. With such installations it is possible to produce power
with remarkable economy. Unfortunately, however, for remunerative

1.C.E. B
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application, experience has shown that the power developed should
be at least 2,000 m.p., although Mr. Thomas Rigby, one of the
competent engineers in the service of Messrs. Crossley Brothers, of
Manchester, in a paper presented in 1907 to the KEngineering and
Scientific Association of Ireland, has declared that similar installa-
tions, but of a simpler character, with ammonia recovery, constructed
by his firm, have now proved remunerative from 1,500 H.p. capacity.

“ Suction " power-gas producers have solved the problem for general
manufacturing purposes, and the processes of cleansing and washing
the waste gases from blast furnaces and from coke ovens have proved,
in an unexpected manner, the possibility of applying internal com-
bustion engines for the highest powers demanded by the metallurgical
industries.

The employment of certain low grade fuels, such as lignite and
peat, have also given remarkably economical results, one effective
H.p. per hour being readily obtained with 8} lbs. of peat, or with
1} 1bs. of lignite. But the deposits of these fuels are sparsely
distributed over the surface of the globe, frequently far away from
industrial centres, so that it is of very rare occurrence that the full
economy can be realised by the utilisation of the fuel in the neigh-
bourhood of its production, that is to say, when high transport charges
are not incurred.

In connection with the utilisation of these low grade fuels, it is of
particular importance to realise that the cost of transportation
depends not so much upon the fuel itself as upon the number of
heat units that it furnishes.

The figures given above are rather higher than the average, as,
from trials made by the Saxisher Dampykessel Revisions Verein on two
¢ Otto-Deutz’ gas engines, of electric lighting type, about 160 m.p.,
the following results were noted :—

1st engine—Load 170 r.p. . Consumption 575 grammes
(say 1-251bs.)

2nd engine—Load 1028 n.p. . Consumption 600 grammes
(say 1-321bs.)

The tests were carried out with peat briquettes having a calorific
value of 9,180 B.Th.U. per 1b.

Another trial, made with an 80 H.r. engine of the same manufacture,
has given, for a load of 80 n.p., a consumption of 544 grammes (say
1-21bs.) of ligneous peat of 9,200 B.Th.U. per lb., costing, delivered
on works, 9-4 shillings per ton (say 0°6 pence per H.p. hour).

The Gasmotoren IFabrik Deut: have given the utilisation of lignite



THE PROGRESS OF GAS POWER 3

a considerable amount of attention. Lignite contains a large quantity
of water, generates a large proportion of carbon dioxide, and produces
from 8 to 5 per cent. of tarry residue, containing about 63 per cent.
of water, 17 per cent. of paraftin, and 20 per cent. of carbon and ash.
There have been numerous difficulties to overcome, and the Gas-
motoren Fabrik Deutz appear to have been successful. Their
apparatus gives a practical efficiency of 88 per cent. and the purifica-
tion is such as to ensure continuous operation for several months
without cleaning the pipe connections or the engine cylinder.

The Gasmotoren Fabrik Ehrenfeld have also constructed a generator
for burning lignite, and the following particulars give the result of a
test made upon a 40 u.r. engine served by a generator fed with
lignite briquettes :—

1. Fuel composition—Water . . . . 14°1 per cent.
Ash . . . . 53
Carbon . . . . 528
Hydrogen . . . 4] ’

Oxygen and Nitrogen . 242
Lower calorific value of fuel 8,100 B.Th.U. per 1b.
2. Fuel consumption per B.H.P. hour, 800 grammes (say 17} 1bs.).
3. Calorific value of gas at 32° F., and 299 inches of mercury=
118 B.Th.U. per cubic foot.

Liquid Fuels.—For central electric generating stations, steam power
plants constitute a serious rival to gas engines, on account of their
great reliability. Spirit engines have been adopted for vehicular
traffic, and, owing to the marvellous qualities of these small engines,
motoring and aeronautics have opened up new fields for the
application of internal combustion engines in which steam power is
entirely unsuitable.

The ‘ Diesel” and * Trinkler” (Koerting) engines, with high
compression pressures designed for utilising heavy or crude oils, have
also brought a satisfactory solution in cases where it seemed steam
power could never be displaced.

Benzol.—Amongst those products which are of a suitable nature
for utilisation in internal combustion engines, benzol should be
mentioned. Ninety per cent. benzol is a colourless liquid with an
empyreumatic odour (that is to say, with a smell as of a slightly
burnt substance) very fluid and perfectly neutral, composed exclusively
of carbon and hydrogen with a slight trace of sulphur. ‘The

B 2
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hydrocarbons belong to the aromatic series for the most part of
the type CgHe. Its demsity at 15° C. (59° F.) is from 0880 to 0-881.

Benzol distils between 80 to 82° C. (175 to 180° F.), and 118 to
120° C. (245 to 248° F.) at the normal pressure of 760 mm. (299
inches) of mercury. Its vapour tension at 59° F., is 2:'04 inches of
mercury. Freezing commences—appearance of the first crystal—at
20°F. The crystals form a greasy mass of laminated, square cornered
pyramids. Its flash point is lower than 32° F.

Its ascensional power by capillary action is, other things being
equal, at 59° F., 8} times
that of petrol and 2} times
that of ethyl alcohol. It
d burns completely away with-

a out residue, and, when
properly mixed with air,
gives a very hot blue flame
which is peculiarly steady.

Benzol is not affected by
dull red heat, but becomes
- decomposed beyond 980 to
1100° ¥. The molecular
weight is 78 grammes. Its
combustion in air, at
constant normal pressure
evolves 766,000 small
calories or 766 large calories
(for 78 grammes) equivalent
to 9,960 calories per kilo-
gramme, or 17,920 B.Th.U.

d per lb. gross. When the

F1a. 1-—’mpﬁﬁ:";;‘;gr‘;?ugfg:"ik Deutz water produced by complete

combustion is not con-

densed, the heat given out is 9,588'5 calories per kilogramme, say
17,250 B.Th.U. per Ib.

L

Naphthaline.—The Gasmotoren Fabrik Deutz has been able to utilise
naphthaline in engines. This substance is a solid by-product of the
distillation of coal, becoming liquefied at 173° F., and costing in
Germany only 04 pence per lb.

The Gasmotoren Fabrik Deutz naphthaline engine comprises a
reservoir for naphthaline briquettes placed above the cylinder, around
which the hot water passing from the cylinder is made to boil within

——
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an outer jacket or envelope. Water is fed into the funnel i (Fig. I.—1),
and the vapour escapes from the double envelope of the reservoir
by the pipe d, and, after circulating round the carburettor ¢, passes
away to the exhaust pipe by the pipe ¢. The melted naphthaline is
conveyed to the carburettor e by a copper tube disposed within the
tube d. The air required for combustion is drawn through the
casing f, which encircles the exhaust pipe, and the heat thus fur-
nished prevents the crystallisation of the naphthaline during the
formation of the mixture in the carburettor.

The engine is first set to work with benzol or benzine, by means of
a special carburettor, and at the end of half an hour the water in
circulation becomes sufficiently heated to melt the naphthaline, and
thereupon the engine is ready to work with the latter product. The
consumption of naphthaline has been found to equal 0°66 lbs.
per B.H.p. in a 10 H.P. engine.

Blast Furnace Gas.—The idea of utilising blast furnace gas to furnish
power by means of gas engines should, apparently, be attributed to
W. Lurmann, who propounded it in 1887, but its application to
engines of large power has only occurred during the last seven or
eight years.

Twelve or thirteen years ago, the first experiments were conducted
simultaneously in Germany, Belgium, and England, and thus opened
a wide field for the application of large engines. Although these early
trials were made with only small engines, the technical information
that the experimenters derived soon encouraged them to make further
progress.

The Société Cockerill in Belgium, built a 200 H.p. single-acting,
four-cycle engine, and for more than ten years this machine has been
in regular operation in their works.

A further step was successfully made by the construction of a
600 u.p. engine on the Delamarre-Debouteville system by the Cockerill
Co., and exhibited by them at Paris Universal Exhibition in 1900.
This large engine was single-acting, and had a cylinder 1,300
mm. (51 inches) diameter and stroke of 1,400 mun. (55 inches).
It was designed to give its power at 80 revolutions per minute, and,
with an initial explosive pressure of about 825 lbs. per square inch,
gave a total pressure of over 800 tons at the back of the piston.

Soon after several firms of repute commenced to build large engines
destined to utilise the gases set free by the diverse reactions set up
during the manufacture of iron, coke, &c., and the metallurgical
industry, generally, was not slow to take advantage of this path to
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further progress, replacing steam engines and boilers by powerful
groups of gas engines as opportunity offered.

A double-acting, four-cycle engine was built by Koertings’ in 1898.!
This engine worked for several years. Koerting Brothers, however,
did not follow up this type of engine, for meanwhile, they had designed
and constructed their two-cycle motor, which they patented and
exhibited at the Dusseldorf Exhibition. Following the success obtained
in 1902 by the firms Cockerill, Deutz, and Nurnberg, with their
double-acting, four-cycle engines, Koerting Brothers again took in
hand the construction of their engine of this class making extensive
modifications to the original design.

It has been stated recently that out of fifty German ironworks,
forty-eight have already given orders for blast furnace or coke oven gas
engines. These orders represent nearly 360 units, aggregating about
420,000 m.p. The largest installation consists of 35,000 n.p., and
about fifteen central stations in ironworks have from 10,000 to
12,000 u.p. In some instances gas producers have been installed,
so that, in case of need, the engines can be kept at work when the
blast furnaces are inoperative.

In collieries, and for coke oven purposes, the competition between
gas and steam power has not been so keen, owing to the fact that
the waste gases from the old style of ovens used in a great many
works can only be utilised for firing steam boilers. In these installa-
tions, however, the number of gas engines at work, or in process of
erection, amounts to thirty or thirty-five, equal to 45,000 to 50,000 H.P.

The greater number of gas engines used in blast furnaces and
collieries are of the double-acting type, some two-cycle and others
four-cycle. The latter are more usually adopted on account of their
high efficiency.

An ordinary blast furnace producing 100 tons of iron in twenty-four
hours gives off about 140,000 to 160,000 cubic feet of gas per ton of
iron of 90 to 100 B.Th.U. per cubic foot, being equivalent to 560,000
to 640,000 cubic feet per hour. The heating of the blast absorbs about
45 per cent. of this quantity. Therefore, there remains for gas pro-
duction about 77,000 to 88,000 cubic feet per ton of iron, or, say,
800,000 to 850,000 cubic feet per hour. This volume of gas in a

! The conception of a double-acting gas engine appears to be due to Griffin who
took out an English patent, No. 4,080, of 23rd August, 1883, for a six-cycle motor,
of which several examples are still at work.

In 1898, Dick Kerr & Co., Ltd., built a 90 H.r., two-cylinder, double-acting
tandewm gas cngine of 124 inches diameter, 20 inches stroke at 180 revolutions per
minute.

f—-\{“' Letombe built his double-acting engine in the ycar 1893.
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steam power plant represents from 1,200 to 1,500 m.r. With gas
engines, from 3,500 to 4,000 u.r. can be obtained from the same
quantity, a difference of something like 2,400 u.p. The mechanical
devices required to serve the blast furnaces absorb about one-fourth
of this power. There remains, therefore, from 2,600 to 3,000 H.P.
available for disposal.

These figures are sufficient to show why increasing favour is given
to large gas engines in metallurgical works.

The following statements have been set forth by the Cockerill Co.
to show the relation between the metallurgical apparatus and the dis-
posable power that can be obtained by the use of gas engines.

Coke Ovens.—The disposable power in B.H.r. hours by gas engines is
equal to a figure representing the production of coke in tons per week.

Blast Furnaces.—The disposable power in n.H.p. hours by gas engines
(the blowing engines being operated by gas) is equal to the figure
representing the production of iron in tons per month.

Such results, however, can only be obtained when the installation
includes all the improvements of modern practice, amongst which the
most important relate to the systems of washing the gas. This
operation has latterly been the object of attention of large firms of
gas engine builders as well as of those engaged in the production of
iron and steel.

To separate the gas from the different impurities that it contains,
such as dust, tar, and the chemical constituents that are prejudicial
to the good working of the engine, and in order to reduce the tem-
perature of the gas before its admission to the cylinder, very complete
washing, purification, and cooling is necessary. These operations are
carried out by means of fans, rotary washers, and similar apparatus
which involve a consumption of water varying from 90 to 125 gallons
per 1,000 cubic feet.

The amount of gritty dust is reduced by this method from 8 to 0-2
grammes, or about one-fifteenth of the original figure. The power
absorbed by the fans and washing machinery depends upon the system
employed as well as upon the quantity of impurities that have to be
eliminated, and varies from 007 to 0227 B.n.p. per 1,000 cubic feet,
being less than 2 per cent. of the power recovered in the utilisation
of gas.

Some very interesting information regarding the amount of heat
capable of utilisation in steam engines and in gas engines for the steel
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industry have been derived from practice by the Maschinenfabrik
Augsburg Niirnberg, and are reproduced below.
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Fira. I.—2. Thermal Balance Sheet of Blast Furnace of 250 tons per day capacity.
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F1. I.—3. Thermal BalanceSheetof Coke Oven of 200 tons per day capacity.

Figs.1.—2 and 1.—3 represent a thermal balance sheet of a 250-ton
blast furnace and of a coke oven producing 200 tons per day.
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Fig. I.—2 shows that with gas from a blast furnace of this capacity,
allowing a coke consumption equal to 10 tons per hour, gas engines
of a total of 10,000 H.r. could be permauently served. The blast

GRS ENGINE
e

] -
THE BEST GAS ENGINE WITH SMALLS (= &)

10,000 B.H.P. WITH GAS ENGINE
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Comparative Thermal Balance Sheets of Steam and Gas Engines.

4000 B.H.P.WITH STEAM ENGINE
STEAM ENGINE

FiGg. I.—4.

THE BEST STEAM ENSINE WITH BORER-COAL (o)

rut 2,500 H.P. for blowing, management,
H.P. remains for the rolling mills, or for
other purposes.

rens, a production of 200 tons per twenty-
us of coal per lour, and with regenerators,
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Fig. I.—3 shows that in permanent work, gas engines of from 1,800
to 2,000 H.P. could be served according to the quality of the fuel.

When the waste coke is gasified in a lean coal generator of the type

‘made by the Maschinenfabrik Augsburg Nirnberg, it is possible to
produce & further 900 to 1,000 H.r. by means of gas engines, so that,
in this way about 8,000 H.p. are continuously available.

The undoubted economic superiority of the gas engine as compared
with the steam engine is clearly shown from a comparison of the
figures given in Fig. I.—4.

The construction of large gas engines has been greatly developed
during recent years, and especially since their manufacture has been
undertaken in the United States of America, upon lines inspired by
German practice.

The table here given, which includes all the largest gas engines
throughout the entire world, shows the relative output of these engines
from builders in various countries. It only mentions those engines of
more than 1,000 m.p., and has several gaps, owing to some firms not
having furnished the particulars asked for.

Blast furnace gas is used for the largest number of these engines,
and for a lesser number, coke oven gas. Natural gas, oil gas, and
illuminating gas are employed only in some parts of the United
States.

The general classification adopted by grouping the engines under
the headings of the type of construction : Deutz, Koerting, Nurnberg,
Oechelhauser, Cockerill, &c., is no longer rational, because a certain
number of firms in Germany and elsewhere, building this or that
engine under licence, have gradually proceeded, guided by the
experience acquired in their own shops, to a more or less complete
transformation of the original design, so much so, that, as a con-
sequence, the characteristic features often disappear.

From the point of view of the relative number and aggregate power,
Germany secures the first place with a considerable lead. However, a
formidable impetus has been given to the construction of large gas
engines in the United States, and it seems likely that Germany will
soon be overtaken.

The backwardness of the English industry in this branch is
indicated in the {able.
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CHAPTER Ii
GAS VERsUs STEAM ENGINES

Gas engines have still to conquer the vast field of manufacturing
industries. It is in this particular domain that the contest between
the gas engine and the steam engine will take place. During the
course of long years, the steam engine has been endowed with valuable
improvements both in design and workmanship, and, up to the present,
has retained its preponderance in factories requiring motive power to
the extent of between 200 and 1,000 u.r.

In the course of frequent visits to Switzerland, Germany, and
America, the author has visited the principal firms who to-day
specialise in the construction of large gas engines, and he has been
struck by the paucity in numbers of gas engines of over 100 H.P.
to be served by producer gas, although numerous gas engines of from
1,000 to 2,000 H.p. were everywhere under construction, destined to
work with blast furnace or coke oven gas.

This state of things is certainly due less to the apprehensions that
are aroused by gas engines and producers of 100 to 500 and 1,000 =.p.
in the industrial field, than to the ever-increasing difficulty that
is found throughout Europe in procuring poor coals at a low price
suitable for gas production by *“ suction ” plants.

The physical laws which govern the generation and application
of steam as a motive force have long been formulated. They were soon
disengaged from the obscurity which enveloped their interpretation
and the science of thermo-dynamics has given them a definite sanction
in many forms of application.

Improvements in construction have marched step by step with the
progress of scientific theory to accomplish mechanical marvels. But
steam is a fluid of a much less complicated nature than explosive
mixtures. The steam during work obeys precise laws appertaining
solely to physics, whilst the production of combustible gases and the
manner in which they exist in the form of explosive mixtures in gas
engines, apply as much to chemistry as to physies and mechanies.

From an economical point of view the special properties of the
working fluids bring about advantageous or disadvantageous conse-
quences according to the type of cngine used. It is therefore
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impossible to speak of absolute superiority or inferiority between
steam and gas engines. The one outweighs the other according to
circumstances.

In a paper read before the Institution of Electrical Engineers in
January, 1907, by Mr. C. E. Douglas, the choice between the two
engines was considered in relation to the economy obtained by each
system at different loads.
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Fic. I1.—1. Relative Fuel Consumption C'urves of Steam and (ias Engines at
various out-puts.

The diagram (Fig. II.—1), in which the ordinates represent con-
sumptlon and the absciss® the loads expressed as a percentage of the
maximum power in kilowatts, shows clearly by the comparative curves
for different loads, the corresponding consumption per kilowatt hour
for turbines, reciprocating steam engines, ‘“pressure’ producer gas
engines, and “ suction ”’ producer gas engines.

It will be noticed that at half load the turbine and the reciprocating
steam engine have practically the same efticiency. The consumption
of the turbine diminishing to a far greater extent than that of the
reciprocating engine under increase of load, while, when the load

IS
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is lessened, the reciprocating engine is more economical than the
turbine.

The consumption of producer gas plants, “ suction” and “ pressure,”
remain practically in parallel relation throughout, except that towards
low loads the “ pressure ” plant becomes more inefficient.

Apart from motive power derived from wind and water, the
remaining sources may be classed in one or other of the following
categories :-—

1. Reciprocating stationary steam engines and boilers.

2. Steam turbines and boilers.

8. Semi-portable steam engines.

4. Internal combustion engines.

One of the principal considerations to take into account in respect
of these installations is that relating to the cost of fuel. For installa-
tions of large size in districts where the fuel, delivered on site, is
expensive, this consideration outweighs all others.

In many cases, however, perfect reliability is the most important
question, and, at the present time, a decision upon this point must be
given in favour of the steam engine, unless a sufficient number of gas
engines are installed to act as reserve in case of failure.

Stationary Steam Engines and Turbines.—In these two categories the
engines fed by the boilers are placed some distance apart. In instal-
lations of considerable size, a distance of about 40 feet usually intervenes.
This, naturally involves loss by condensation and radiation which
sensibly affects the efficiency of the combined plant.

For stationary steam engines of not less than 500 u.r., many
makers are prepared to guarantee a steam consumption not exceeding
8 to 11 lbs. per L.H.P. The overall efficiency of such installations,
judging from the results of the most favourable tests made by
the author, or from those carried out by others, has never yet been
less than 1-76 1bs. of coal per B.H.P. hour.

Turbines of more than 1,000 H.p. consume about 12 lbs. of steam per
B.H.P. hour. From tests madein 1905 at the central electric generating
station at Liege, with the turbine supplied by the John Cockerili
Co., a consumption of 15-2 lbs. of superheated steam per kilowatt
hour was noted, equivalent to 9°95 lbs. per B.H.P. hour.

Semi-Portable Steam Engines.—Semi-portable engines of high
efficiency and low consumption are generally constructed of the
compound condensing type, with superheaters, from 80 to 400 and
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500 m.p. The consumption of such engines is about 1 lb. of coal
(gross) per B.H.P. hour; 600 H.p. seems to be the practical limit
for installations of this class, owing to the difficulty of indefinitely
augmenting the dimensions of the boiler and its steam generating
capacity. However, German makers have built semi-portable engines
capable of developing about 1,000 H.r.

As regards fuel consumption, good progress has recently been
realised. The following results have been sent to the author of a trial
made in 1908 by Prof. Guthermuth, on a Wolf semi-portable engine:—

Length of test . . . . . 7 hours.
Temperature of superheated steam
before admission to high pressure

cylinder . . . . . . 626° F.
Power developed . . . . . 105 B.u.p.
Mechanical efticiency of engine . . 92-5 per cent.
Consumption of coal . . . . 1:04 1bs. per B.H.P.
Consumption of steam . . . . 87 lbs. per B.H.P.

Gas Engines.—The competition between gas engines and steam engines
on the question of economy depends mainly upon the difference in the
price of fuel. It being, of course, understood that an improved steam
engine is compared to an installation of gas engine and producer, each of
the best design and workmanship in respect of regularity and reliability
of operation.

The majority of gas engine and producer makers of high repute now
guarantee a consumption as low as 086 1b. of coal per B.1m.p. hour, for
work varying between 80 and 100 per cent. of the normal power, in
installations of from 50 to 200 n.p. capacity.

The larger gas power installations are generally fed by ‘ pressure *’
producers by means of a fan or boiler. The cost of fuel used in the
latter must be taken into account in reckoning that of the generator,
and generally amounts to from 15 to 20 per cent. of the fuel burnt in
the producer.

The figures quoted for engines of 50 to 200 u.p., refer to the fuel
consumption noted during full load tests under the most favourable
conditions. In practice, these would be increased by 10 to 20 per
cent., because of the losses incurred due to variations of load, firing
of producer, &c.

Under similarly favourable conditions, a compound condensing
steam engine fed with superheated steam requires at least 1°75 lbs.
of semi-bituminous coal per H.r. hour.
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Lean coals, containing from 6 to 8 per cent. of volatile matter, and
5 to 7 per cent. of ash, and screened to about  to 1 inch pieces, as
generally employed for “suction ” plants, usually cost about double
the price of steam coal which contains from 15 to 25 per cent. of
volatiles, and 12 per cent. of ash, of about the same average calorific
value as the lean coal, namely, 15,500 B.Th.U."s per 1b.

The fuel cost per mH.r. hour, for ‘‘suction” gas producer and
engine is therefore practically the same as that for the up-to-date
steam plant, the latter requiring double the weight of fuel but at half
the price.

Taking into consideration that the consumption of lubricating oil
for the gas engine is very little more than that needed for the steam
engine, and that the initial outlay is practically the same for one as
for the other, it is not to be wondered at that the manufacturer gives
preference to the steam power plant, with its undoubted reliability and
great elasticity of output.

As things stand, the future of the gas power plant for powers
exceeding 100 to 150 H.p., depends entirely upon the possibility of
using ordinary coal at normal prices, or some other cheap fuel, such
as lignite or peat.

The heavy liquid fuel engines of the Diesel type work with a
consumption of about 0-44 lbs. per effective u.p. hour.

Blast Furnace Gas Engines.—In connection with blast furnace gas
engines, it is interesting to note the figures published in 1907 by
M. Leon Greiner in a pamphlet entitled * Production economique de
la force motrice dans les Usines Metallurgiques,” published by
H. Le Souvier, 174, Boulevard Saint Germain, Paris.

The Cockerill Co. estimate that the average cost of a central
station, consisting of blast furnace gas engines, gas mains, washing
apparatus, dynamos, foundation and buildings is £16 per kilowatt.
The sum provides for an annual allowance for depreciation at 18 per
cent., of £2:08.

The cost of working during the first six months of 1906—7 was
0'0653 pence per kilowatt. The average number of working hours
per year is estimated at 4,380, corresponding to a load factor of
50 per cent.

The total cost per kilowatt is therefore, including depreciation,
0183 pence.

The Cockerill Co. find that the working costs per kilowatt hour
during recent years has been as follows :—
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Year, Production. }!‘?rrl“‘":"":':;:‘
1900—1 steam only 1,789,781 kw. hours 088  pence
1901—2 gas and steamn 1,930,740 ,, ” 0776 »
1902—-3 ,, " " 2,007,290 ” ” 0-599 ”
1908—4 ,, ,, 5,387,612 ,, " 0-296 ”
1904—5 ,, ., . 9,999,216 ,, ’ 0-206 "
1905—-6 ,, ,, 14,915,919 ,, » 0163 »
1906—7 gas only 20,000,000 ,, » 00653 ,

Regularity.—\Vith respect to regularity, mention may be made of the
installation of two-cycle gas engines by the Siegener Maschinenbau, A.G.,
for driving three-phase, alternating current dynamos. These engines
work with a degree of uniformity of 135 to 5.

Messrs. Mather & Platt, of Manchester, have lately installed a twin
two-cycle engine of 600 H.p. in a Lancashire cotton mill. This is the
first successful installation of large power gas engines for such a
purpose. The chart reproduced in Fig. II.—2, was taken by a Moscrop
recorder during a day’s run, and shows the great regularity of this
particular engine.

The principal considerations of a general character that have to be
taken into account when making a decision between gas and steam
power will now be discussed, and for this purpose some particular
applications will be passed under review, and certain examples
mentioned of existing large gas power installations.

Rolling Mills.—Some experiments have been made with a view to
the utilisation of gas power for driving rolling mills. Their partial
failure appears to be principally due either to the insufficiency of the
power provided for the work, or to the lack of knowledge with regard
to every-day working conditions.

It is very necessary to allow for the variations that occur in the
quality of the gas obtained from blast furnaces from time to time.
This gas is generally used for rolling mill engines, and sometimes is
of about 100 to 110 B.Th.U. per cubic foot, while occasionally it is
only of about 85 to 90 B.Th.U. In the latter case, the degree of
inflammability of the mixture is sensibly affected, and if the engine
is not fitted with some device for counteracting these variations, the
power produced is materially lessened. Gas of 85 B.Th.U. per cubie
foot is practically the lowest limit with which it is possible to produce
combustion, owing to the fact that the combustible elements (hydrogen
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and carbon monoxide) are so diluted with inert
gases that the oxygen cannot combine with
them.

If this lower limit of 85 B.Th.U. be frequently
found to exist, it is necessary to arrange for
some method of enrichment, as, for example,
by means of a certain proportion of producer gas
of about 185 B.Th.U. per cubic foot.

Another consideration, peculiar to rolling mill
work, is that without warning, and for relatively
short periods, a very large amount of power is
demanded, while usually it is necessary to
arrange for the engines to be reversible.

A rolling mill may be driven either by a direct
coupled steam engine, or by a gas engine; or
by a dynamo taking current from a central
electric station in which it is generated either
by steam or gas engines.

The direct coupled steam engine has the
advantage of assuring thoroughly reliable opera-
tion, owing to its great elasticity and capacity for
overload, amounting on occasions to 50 per
cent. of the normal output. It can be reversed
with great ease, but it involves a high fuel
consumption.

When comparing a direct-acting steam engine
with a central electric installation and steam
engine driving rolling mills only, allowance
must be made for the cost of running the engines
and dynamos for intermittent idle periods of
from 10 to 80 minutes’ duration.

The direct coupled gas engine is very econo-
mical with regard to fuel consumption. It can
be readily served, and without great cost, by a
gas main coming from the blast furnaces. To
ensure reliability, however, it should be about
100 per cent. larger than actually required to
deal with the normal resistances. This results
in the charges for capital and depreciation being,
in some cases, excessive. Besides this, the
ordinary type of engine does not readily lend
itself to reversing. Rotating always in the same

L.C.E. c
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** Moscrop " speed variation record of 600 H.P. Mather & Platt two-cycle Gas Engine (Koerting type).

Fic 11.—2.

E



18 INTERNAL COMBUSTION ENGINES

direction, it demands special mechanical appliances to be fitted to
accomplish the reversing movements, which, in addition to causing
further complication, involves loss in efficiency.

Indirect driving of rolling mills by a central electric power station,
similarly involves a high capital outlay. If such a station serves
rolling mills absorbing, for instance, 1,000 H.p. a8 an average, it will
be found to be subjected to variations of load ranging between 700 and
1,500 H.p. or 100 per cent. Such conditions of working are therefore
unsuitable. But if the central station supplies current for other
purposes of a larger total capacity, and deals with a load of from 10,000
to 20,000 H.p., the load variation due to the rolling mill, will represent
only 5 to 10 per cent. of the total power, and, in such a case, the cost
of working per u.p. would be greatly decreased if blast furnace gas
engines were installed to drive the dynamos.

Sundry Examples.—Under this heading authoritative figures will be
given respecting several producer gas power installations known to the
author. .

The Pittsburg Plate Glass Co. has installed inits works at Crystal
City (Missouri) an engine of 1,800 u.p. built by the Allis Chalmers
Co., and coupled to a 1,000 kw. alternating current dynamo. This
engine is of the double-acting, twin-tandem type. The stroke is
42 inches and speed 107 revolutions per minute. It is served with
‘““pressure ” producer gas made from bituminous Illinois coal. The
engine and its alternator work in parallel with other units. The
alternator is fitted upon the main crank shaft between two sets of
cylinders. The engine is part of an installation totalling 5,000 u.v.
supplied by the same makers. '

The Snow Steam Pump Co., of Buffalo, have installed 14 gas
engines of 1,000 H.r., 2 of 4,000 H.pP., and several of 500 u.r., for
pumping natural gas from the shafis at low pressure, and delivering
it into high pressure service mains. The same company has also
supplied to the Californian Gas and Electric Co., of San Francisco,
for tramway service, 4 engines each of 5,400 H.pr. direct coupled to
4,000 kw. dynamos. Three of these dynamos are 25 cycles, one is
60 cycles, and the voltage of the system is 5,500 volts. These engines
are 4 cylinder double-acting, twin-tandem, four-cycle type and are
illustrated in Fig. II.- 3. Their principal dimensions are as follows:—

Diameter of piston—42 inches by 60 inches stroke.
Piston rods—15 inches diameter.
Speed—90 revolutions per minute.

The flywheel weighs 50 tons without reckoning the weight of the rotor.
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5,400 H.P., constructed by the Snow

as and Electric Co. of San Francisco, direct coupled to 4,000 k.w.

v
]

Four-cylinder, double-acting. twin-tandem, four-cycle Gas Engine of

Steam Pump Co., of Buffalo, for Californian (

generator for tramway service.

F16. 11.—3.

The fuel used is oil gas of 600 B.Th.U. per cubic foot, containing as
much as 60 per cent. hydrogen, produced by means of Lowe gas
generators from crude petroleum of 20,000 B.Th.U. per 1b. The
petroleum is heated to about 800° F., and the gas produced is mixed
with super-leated steam. The saturated mixture of petroleum vapour

¢ 2
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is fixed in the apparatus at a temperature of about 600° F'., the average
analysis being as follows :—

Hydrogen . . . . . . . H, 584
Methane . . . . . . . CH, 288
Hydrocarbons . . C . . CHn 34
Carbon monoxide . . . . . . (eo] 44
Carbonic acid . . . . . . CO, 1-2
Nitrogen . . . . . . . N 3-8
Oxygen . . . . . . . . 0, Traces.

The Western New York and Pennsylvania Traction Co., which
owns about 85 miles of inter-urban lines in the vicinity of Olean
(New York), several months ago gave proof of their confidence in gas
engines by disposing of all the steam engines in their central
station. The company now place entire reliance upon their central
station at Ceres for the necessary power to work their trains. The
station comprises two double-acting, tandem, Westinghouse engines,
and one twin-tandem, double-acting, Snow engine, all of the same
output, driving General Electric Co.’s alternating current dynamos,
three phase, 800 kw,, at 150 revolutions per minute.

The Snow engine has pistons 16 inches diameter by 80 inches stroke.
The two cranks are at 90 degrees giving four impulses on the shaft per
revolution. The distinguishing feature of these engines is that the
combustion chambers are placed at the side of the cylinder with
admission valves ahove, and exhaust valves below. The engines are
fed with natural gas averaging 900 B.Th.U. per cubic foot, taken
from shafts belonging to the company. 'The gas is fed into the main
service pipes at a pressure of 200 lbs. per square inch, and passing
through reducing valves the pressure falls successively to 50 lbs., and,
finally, to 1'8 lbs., at which pressure it is admitted to the engines.

Days. Period. Average load. | (ias consumption, B‘m'l’;og;f B.H.P.

Per kw. hour

Hours, Kw, cubic feet.
Sunday . . . . 21 192-4 26°5 16,350
Monday . . . . 20 2025 25°0 15,200
Tuesday . . . . 21 2329 235 14,250
Wednesday . . . 19 2487 22+5 13,500
Thursday . . . 18 2805 220 13,250
Friday . . . . 20 256 225 13,500
Saturday . . . 19 272:6 22:0 15,300
Average . . . . 19:7 240°8 236 14,200
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The table on p. 20 (from * Power and the Engineer ') shows the
efficiency of these engines in daily service over a period of one week
with a very variable outjut, complete stoppages ocecurring between the
hours of two and four in the morning when the engines are shut
down.

The figures in the table are based upon an average calorific value
of 900 B.Th.U. per cubic foot, and an efficiency of about 15
B.H.p. per kilowatt. The thermal efficiency per B.m.p. under such
circumstances only amounts to about 18 per cent.

Messrs. Rowan & Co., of Glasgow, installed a gas power plant
in their works in 1905, under the supervision of their consulting
engineers, Messrs. Hal Williams & Bridges. In the first place, the
total power absorlied by the existing machinery and required for new
tools was precisely determined and found to Le equivalent to about
600 r.p. Oneof the principal considerations was the great diserepancy
between the maximum and minimum loads that prevailed, and
particularly at night when reduced loads were to be dealt with, and
also by the fact that several isolated workshops were to be supplied
with power for overtime work.

It was decided to adopt gas engines in preference to steam power,
and to sub-divide the 600 m.r. into four units of 150 H.p. each. It
was arranged that the four engines should drive in parallel by belts
on to one main shaft by friction clutches, and that three of them
should each be belted to a direct current dynamo. The space
available was much restricted and, in consequence, it was exceedingly
difficult to arrange for the erection of new engines in place of the old
without stopping the works. In order to avoid this, however, two
engines were first erected and set to work, thus enabling the steam
engine to be removed and the other gas engines to be put into position.
As the headroom available was iusufficient to accommodate an over-
head crane, a special arrangement of suspended girders forming a run-
way had to be devised for use when it was necessary to remove the
pistons for cleaning purposes, &c.

The engines were supplied by the National Gas Ingine Co., of
Ashton-under-Lyne, and the producers by the Dowson Economic Gas
and Power Co., of Londoir. 'The engines have cylinders of 224 inches
diameter by 80 inches stroke, and are speeded at 170 revolutions per
minute. In order to obtain as slight a cyclical variation as possible
with * hit and miss ’ governing, the fly-wheels were made specially
heavy, each weighing about 12} tons. Generally three engines work
during the day, the fourth being set to work in the evening to generate
current for electric lighting.
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The four producer gas plants are placed in line and erected, each
behind an engine. An equalising pipe is connected to each generator.
Any engine is able to work with any of the generators, thus ensuring
continuity of operation during the cleaning of any one of the generators
during working hours. The four producers being connected to the
same service main, the effect of the suction of the engine is equalised,
and, in case of a breakdown to one of the sets, it can be isolated from
the others.

Finally when one or two engines only are required for night work
or for overtime, the four generators can be connected to the two
engines. This considerably reduces the standby losses and facilitates
starting to work next morning. In fact it is possible to start up
the four engines without blowing up by means of the electric blowing
fans. Each generator has its separate fan.

Under full load, the whole of the plant, producers, engines, and
dynamos, are intercommunicated in parallel, so that, if an accident
should happen to one of the units, the others would immediately take
up the load and keep things going. KEach unit is able to carry a
heavy overload for long periods.

The guaranteed fuel consumption with Scotch anthracite was :—

At full load . . . . 1 1b. of coal per B.H.P. hour.
,» three-quarter load . . 1125, ” " ”
,» half load . . . . 125, " ’ ”

The quantity of cooling water for the engines was not to exceed five
gallons per B.H.p. hour, and for the scrubbers and generators not more
than one gallon per n.H.p. hour for both purposes.

Tests were carried out by the consulting engineers and the
following figures obtained :—

25th I'ebruary, 1909. 26th February, 1909.
Average power developed by
each engine, B.H.P. . . 11765 136
Average fuel consumption per
B.H.P. hour, lbs. . . 0854 0845
Cooling water consnmption,
gallons . . . . 42 364

The Scoteh anthracite used was from the Barblues mines, and cost
18s. per ton at the time of the trials.



CHAPTER III
THE FUTURE OF GAS POWER

TaroveHOUT this work the author has endeavoured to give extensive
consideration to the practical side of the subject of internal combustion
engines, and it is for this reason, particularly, that in the appendices
he has given complete lists of authors, engine builders, and manu-
facturers of auxiliary apparatus. The reader should, therefore, be in
a position to obtain further and detailed information upon application
to any of the specialists who are there mentioned.

He has entirely omitted all theoretical considerations, not because
they are of little worth, but rather that experience has shown that, so
far, theory has not greatly assisted the progress of the gas engine
towards perfection. No theorist has discovered a cycle and a formula
to satisfy all the extremely complex phenomena that the practical
engineer has to accept, and that force him to exercise the more
ingenuity in overcoming the obstacles that hinder further improve-
ments. Fanciful generalisation and hastily-formed conclusions, have
often resulted in misleading inventors instead of guiding them to the
desired goal, and have been the cause of a great deal of money
being lost, owing to the fact that gas engine theory and design, as
far as present knowledge goes, is far removed from being an exact
science. It should not be forgotten that Otto, who was a true inventor,
and who first thought out the modern four-cycle gas engine, was
absolutely ignorant of theory—he was not even an engineer.

It is worth while to summarise the improvements which must still
be made to gas engines before they can claim to give the steadiness of
operation and ease of control and maintenance that is so necessary,
and which many factory owners have considered hitherto to be the
exclusive monopoly of the steam engine. In accord with all other
writers, the author claims that the gas engine is incontestably superior
to the steam engine upon economical grounds, with regard to the
quantity of fuel used to produce a certain amount of power. But low
consumption is not the only question that the factory owner takes into
consideration. . He must, before everything else, protect himself from
any risk of sudden breakdown, causing stoppage of industrial pro-
cesses, which are always costly, and sometimes disastrous, as in the
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case of metallurgical works, electric light stations, refrigerating plants,
ventilating appliances in connection with collieries, &e., &c., which
cannot be allowed to stop even for a single moment.

The principal adverse criticisms to which gas engines are subjected
are: (1) lack of overload capacity; (2) lack of regularity; and (8) the
delicate nature of some of the mechanical devices which are indis-
pensable for the operation of the engine. But the author would like
to point out that the steam engine, when first brought out, presented
similar weaknesses. More than a century and a half has elapsed
since the first application of the steam engine, and, during that time,
naturally, it has acquired a high degree of perfection, due to the
experience gained during so many years of working. On the other
hand, the first serious attempt to develop the gas engine dates only
from the year 1860, the first industrial application dates from 1878,
whilst the blast furnace and ‘‘ suction ”” producer gas engines have only
been on the market since the year 1895.

Lack of Overload Capacity.—It is frequently forgotten that a steam
engine is never sold for the maximum power that it is capable of
developing. TFor instance, a 100 H.p. steam engine is able to generate
this power with an admission of steam during one-fifth or one-sixth
of the piston stroke, a condition which corresponds to sufficiently
economical working. As a matter of fact, however, by the increase in
the duration of the admission period, or by supplying steam at a
higher pressure, the power is also increased and as much as 150 n.p.,
or 50 per cent. more than the rated power, is within the bounds of
possibility. It is clear, therefore, that the steam engine is essentially
elastic with regard to output.

With regard to the gas engine, however, the custom is to sell it on
the basis of the maximum power that it is capable of giving out.
Sometimes, a margin of 5 to 10 per cent. is allowed to provide for con-
tingent irregularity, either of mechanical adjustments or the working
fluid. In such a case, there i evidently no available capacity for over-
loads. Nevertheless, there is nothing to prevent the choice of a gas
engine powerful enough for it to be comparable to the steam engine.

The criticism relating to lack of overload capacity, therefore, should
not be attributed as a fault of the gas engine itself; it rests with the
puchaser to decide and to choose the power of the machine he may
require to suit his peculiar circumstances.

Lack of Regularity.—The single-acting, four-cycle gas engine with only
one impulse per cycle, or two revolutions, is evidently less regular in
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action than a steam engine in which an impulse is given for each
half-revolution, but nobody can ignore the fact that any desired
regularity can be obtained by means of a sufficiently heavy fly-wheel,
and a sufficiently sensible system of governing. In this case, therefore,
any lack of regularity should not be looked upon as a gas engine defect.
It is only necessary to construct the engines adequately for the work
that they are required to do. In the case of a steam engine a very
great number of different types of engines are available for special
duties. With gas engines, the number of types from which a selection
can be made amounts to three only.  The vertical engine, at a moderate
speed, for electric lighting, &c., the high speed vertical engine for
automobiles, launches, &c., and the slow-running horizonal engine for
general industrial purposes.

Mention is made elsewhere of the many examples of two-cycle gas
engines, which, as far as regularity is concerned, are at least compar-
able with, if not superior to, the best type of steam engine.

With regard to the criticisms relative to the delicate nature of some
of the working parts, the gas engine, as also the steam engine, is subject
to mechanical disorders, such as the seizure of badly lubricated
portions, or breakage of some part or other, the dimensions of which
have been incorrectly calculated, or which have been submitted to
enormous strains. The gas engine, however, does include one
particular detail that is not found in a steam engine, and that is the
ignition device. In a later chapter, the author has dealt with this
matter, and has mentioned the improvements which have been made
to assure constant and regular operation of the ignition mechanism.

Low Grade Gas.—Difficulties of a different nature have been referred
to in connection with engines using poor gas, due to the sooting up
of parts, and particularly the inlet devices by imperfectly cleaned gas.

In large installations, where stoppages must be avoided at all costs,
special means of washing and purification by centrifugal and other
types of apparatus are installed. But, although by such means the
amount of dust contained in the gas can be reduced to about
6 grammes per 1,000 cubic feet, there still remains a certain amount
of tarry constituents which involve the greatest risk of interruption
to the working of gas engines. This tar adheres to the walls of the
supply-pipes, causes the valves and piston rings to stick, and may also
become deposited in the cylinder, where it tends to cause premature
firing. Some kinds of coke oven gas contain as much as 830 grammes
of tarry vapours per 1,000 cubic feet.
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The same tar trouble makes it obligatory to exclusively use lean
coals for suction gas engines, 80 much in vogue at the present time,
on account of their simplicity and economical operation.

Tar, being a direct distillation of volatile hydro-carbons which has
escaped combustion and conversion into combustible gas, should
properly be reduced within the generator itself. Various systems have
been proposed, and, amongst others, up-draft producers, which burn
the volatile matters as soon as given off and also distil the hydro-
carbons in a separate portion of the apparatus, have been devised. So
far the efforts of the inventors have not been attended with entire
success. The caking of the fuel and the formation of cores, which
upset the regularity of combustion, constitute the principal difficulties
that must be overcome. 'The use of bituminous coal, therefore, has
not yet been industrially solved in connection with suction gas
producers.

The majority of producer plants designed up to the present, and
particularly suction gas producers, have been brought out by manu-
facturers or mechanical engineers. These firms apparently have not
specially considered the reactions which are produced during the
process of gas manufacture. It is, however, possible that if the
question were to be studied carefully by chemists, as is the case with
blast furnaces, it would be possible to mix the combustible mixtures
with some flux, 8o as to obtain, even with ordinary coal, a low grade
gas of normal composition, free from tar,and from which the dusty
residuals, without clinker, could be easily eliminated.

Gas engines should be particularly improved with regard to the
ease of access and maintenance of working parts, such as the valves.
They ought also to be made less sensitive to variations in the quality
of the gas. 'The majority of applications that have been carried out
are yet too recent to be of any real service in suggesting still further
improvements. Nevertheless, in the writer’s opinion several leading
principles can now be formulated with regard to which it seems
desirable that engine builders should undertake further researches.

1. To produce a system of governing of practically constant ratio
of mixture admitted in variable quantity without involving a vacuum
in the cylinder.

2. Increased compressions facilitated by water injection, for
example, in such a way as to permit the utilisation of the poorest
possible mixtures to burn slowly, but completely, at the commence-
ment of the expansion period. In this way the mean pressure would
be increased, permitting the reduction of cylinder dimensions and
avoiding sudden explosions, which would be replaced by combustion
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at nearly constant pressure during a certain period of the power
stroke.

8. Automatic expulsion and complete scavenging of burnt gas, in
order that the quality of the following charge of explosive mixture
should not be unfavourably influenced.

4. Design of parts to allow free expansion of the portions in contact
with hot gas, so as to permit engines to be worked at higher tem-
perature and to increase the thermal efficiency by recovering a
portion of the heat lost to the cooling water.

5. The design of details to permit automatic regulation of cooling
water circulation in proportion to the work developed by the engine,
so as to improve the efficiency under low loads.

6. The creation of vertical types of large power, both for marine
and for industrial services, in order to reduce the space required and
8o to lessen the hindrance with regard to free expansion now existent
in connection with the larger tandem horizontal engines.

7. A practical means of recovery of waste heat from the exhaust gas.

A certain number of these principles have already led to practical
improvements, and the future will suggest others which it is impossible
to foresee at the present time.

The ability and knowledge of scientists and constructors will,
without doubt, soon overcome the present difficulties. ~The high
efficiencies reported in connection with trials made on internal
combustion engines by the best known authorities emphasise the
future of gas engines.

Gas TursINEs.

A number of experiments have already been conducted with a view
to the production of gas turhines, but the author proposes to mention
only the opinion of Mr. Dugald Clerk in his presidential address to
the Junior Institution of Engineers (November, 1905). Mr. Clerk
has given close study to the question, and his competency to express
an opinion upon the matter is indisputable.

(1) It is impossible for a gas turbine to be subjected to the same -
high temperatures as are developed by the combustion of gaseous
mixtures in gas engine cylinders. Such temperatures, which are of
1,500° C. to 1,600° C., and even 2,000° C., are practicable with
reciprocating gas engines, because, on account of the “cycle,” they
are prevalent only for very short periods.

In a gas turbine, of which .the characteristic feature is the con-
tinuous flow of gaseous flame, certain details must be subjected to
the same temperature as the gas, but no material exists, as far as is
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known at the present time, that possesses the mechanical qualities
necessary for the working parts of a prime mover of this type. It
is therefore indispensable for the temperature of the gases to be
«considerably reduced before entering the turbine.

Mr. R. M. Neilson, in a paper presented in 1904 to the Institution
of Mechanical Engineers (London), estimates that the temperature
should not exceed 700° C., which is still a very high limit, for, from
trials conducted with respect to the rapidity of oxidation of iron and
steel at this temperature, it is certain that the turbine blades, under
such conditions, would rapidly deteriorate.

(2) The necessity for lowering the temperature of the gas has
brought about proposals to partially transform the thermal energy of
the particles into kinetic energy by expansion of the mixture through
an expanding jet of the Laval steam turbine type. The gaseous
mixture is then compressed in a combustion chamber having a lining
of refractory material, the gases escaping from this chamber by a
nozzle of a suitable form to direct the gases against the blades of
the turbine.

This type of turbine Mr. Clerk considers to be the most practical of
those yet proposed; but to obtain a satisfactory efficiency demands
(1) a rotary, or turbine compressor of high relative efficiency; (2) an
expanding nozzle which shall ensure that free expansion is quantita-
tively equivalent to adiabatic expansion behind a piston; (3) a
rotating turbine of such construction as to secure very high efficiency
of transformation of kinetic energy of the moving gas into effective
work available at the turbine shaft.

In order to calculate the overall efficiency that should be obtained
from this class of turbine, and assuming for each of the three details
an efficiency equal to the highest obtained in practice, Mr. Clerk has
based his figures upon the hypothesis that the gaseous fluid, following
the Joule or Brayton cycle, gives a theoretical efficiency of 48 per
cent. To obtain this theoretical efficiency the compression should be
carried to 140 lbs. per square inch; the maximum temperature would
be 1,700° C., and the temperature at the outlet of the expanding
nozzle would be 700° C.

For the compression it would be more advantageous to use a
cylinder compressor, because the efticiency of such would be higher
than that of a rotary compressor; but to doso would be equivalent to
abandoning the advantages of the turbine principle. It is necessary,
therefore, to assume an efficiency of 60 per cent. for the compressor ;
but in order to give the most favourable conditions for the turbine,
an efticiency of 90 per cent. will be considered possible.

=
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Similarly, the efficiency for the conversion of thermal energy into
kinetic energy will be upon an assumption of 90 per cent., although
this figure is much too high. The efficiency of transformation of
kinetic energy into useful work upon the turbine shaft is ceriainly
lower. It is recognised, in fact, that the mechanical efficiency of a steam
turbine is lower than that of a reciprocating steam engine at high
pressures. If the turbine gives more useful work from the energy in
the steam, this is on account of the absence of the initial condensa-
tion that takes place in the reciprocating engine. On this account it
is impossible to rely upon an efficiency of more than 80 per cent.

Using the numbers suggested, 90 per cent. for efficiency of
compression, 90 per cent. efficiency of nozzle expansion, 80 per cent.
efficiency of conversion in turbine, there would be, with a cycle having
negative work equal to 04, the following efficiencies :—To get 04 of
work in compression, 0:445 of work would have to be put into the
compression. On expanding in the nozzle only 09 of the total
energy of the flame gases would be obtained in the shape of kinetic
energy, and of that 09, only 0°8 would be returned in the shape of
available work by the turbine portion. From the turbine, therefore,
the total work obtained would be 0°9 X 08 = 072, and deducting
the negative work, 072 — 0°445 = 0'275; that is to say, that the
thermal efficiency of a turbine working on the cycle under considera-
tion would be 27-5 per cent.

But even then, no account has been taken of any losses of heat
due to radiation or carried away by the exhaust. Such losses,
according to Mr. Clerk, would amount to 25 per cent. if an assump-
tion be made upon the observations noted in connection with
reciprocating engines. Thus the efficiency would be further reduced
to 165 per cent.

A reciprocating engine, working upon the same Joule cycle of
48 per cent. ideal thermal efficiency, would give in practlce at least
80 per cent. indicated efficiency.

(8) But the preceding solution is not the only one that has been
proposed for the practical realisation of the gas turbine, suggestions
having been made to make use of the greater part of the energy of
the combustible mixture in a reciprocating engine and to utilise the
exhaust gas in a turbine. One arrangement upon this principle has
been tried by Mr. F. W. Lanchester. It would thus be possible to
obtain a high efficiency in the turbine; but it could not be accepted
as a solution of the problem of the gas turbine for large powers.

To avoid the difficulties resulting from high gas temperature,
Professor Reeve has suggested the use of steam to provide the
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working fluid, the steam when produced to be heated by a very
small quantity of combustible mixture of gas and air under pressure.

‘This would produce a turbine using highly super-heated steam, and
thus be a compromise between the flame turbine and the steam
turbine. The solution is interesting ; but to obtain a higher efficiency
than is possible with reciprocating engines it would be necessary that
the temperature of the fluid at its entry into the turbine would be
much higher than the limit that could be practicable for safe
working.



CHAPTER 1V
PRINCIPAL TYPES OF GAS ENGINES

ConsIDERATIONS of space render it impossible to refer even briefly to
every maker of gas engines or to give details as to the type of engines
constructed by them. It is intended, therefore, to review those which
present the greater interest, but for the information of the reader a
list is given in an appendix of all makers in the various countries as
far as is known by the author. Here, as in the appendix, the names
will be referred to in alphabetical order.

AMERICAN.

Allis Chalmers Co., of Milwaukee, Wisconsin, have successfully
installed some of the largest gas engines in industrial service in
the United States. At the Homestead Works a series of four-cylinder,
double-acting, twin-tandem engines comprise thirty-six double units of
4,500 B.P., but in the new works being erected for the Indiana Steel
Co. at Gary, on the River Grand Calumet, about twenty-three miles
from Chicago, the gas engine installation will be by far the largest in
the world.

The sixteen blast furnaces will have a productive capacity of 500 tons
of iron per twenty-four hours and be complete with all the improve-
ments embodied in modern practice. From this number of furnaces
about 45 million cubic feet per hour will be produced, sufficient to
serve gas engines totalling 500,000 H.p. or thereabouts; 80 per cent.
of this volume of gas will be employed in regenerative processes ;
73 per cent. will be used in the generation of steam ; 5 per cent. will
be lost in washing processes or utilised for auxiliary purposes;
124 per cent. will serve gas-driven blowing engines for the furnaces ;
and the remaining 45 per cent. will furnish electric current in a’
central generating station.

The sixteen gas-driven blowing engines are each of 2,500 mu.r.
horizontal, twin-tandem type, with pistons 42 inches diameter and
54 inches stroke, displacing 8,000 cubic feet of air per minute at a
pressure of about 183 lbs. per square inch, and will work against
30 lbs. per square inch upon occasion.
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In the central station seventeen horizontal, twin-tandem, double-
acting engines are installed running at 83-3 revolutions per minute ;
fifteen are direct coupled to alternators and two to continuous current
machines. The alternators are three-phase, 25 periods, 6,000 volts,
and the continuous current machines will generate at 250 volts.

The seventeen engines are rated at 4,000 H.r., the dynamos are
2,000 kw. and will carry an overload of 80 per cent. They have been
built by the Allis Chalmers Co. upon the lines of other similar units
supplied by them to the Illinois Steel Co. to work in parallel. The
engine frames weigh about 90 tons each, and the lower half of these

Fra. IV.—1. * Foos” Gasx Engine.

frames are embedded in the foundations flush with the floor, giving
freedom of access to the valves. The total weight of each engine is
about 750 tons. The pistons are 44 inches diameter, and the stroke
54 inches long. The crank pin is 20 inches diameter ; the shaft in
the bearings, 30 inches diameter ; and the fly-wheels, 28 feet diameter,
weigh 91 tons.

Other references to this firm will be found on pp. 18 and 316.

Blaisdell Machinery Co., of Bradford, Pennsylvania.—A reference to
the double-acting engine built by this firm is made on p. 329.

Buckeye Co., of Salem, Ohio, construct two-cycle engines, a description
of which is given on p. 129.
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De la Vergne Machine Co., of New York, have been for many years
the licensees of the well-known Hornsby-Akroyd oil engine and have
been responsible for many installations throughout America for all
purposes. They have also developed the two-cycle, double-acting
Koerting engine with success, the table facing p. 10 showing a total
of 26 units over 1,000 u.P., aggregating 42,200 H.p.

Foos Gas Engine Co., of Springfield, Ohio, build engines up to
moderate powers presenting a number of interesting features which

Fia. IV.—2. Olds Gas Power Co.’s 65 B.H.P. Engine, 16} inches diameter by 20 inches
stroke, developing 85 H.P. on brake test at 215 revolutions per minute.

are alluded to on pp. 285, 819, 885, 854, 874, and 898. An illustra-
tion of a small engine is given in Fig. IV.—1.

8. M. Jones Co., of Toledo, Ohio, construct vertical gas engines to
which allusion is made on p. 90.

0lds Gas Power Co., of Lansing, Michigan, have been licensees for
the gas producers of the Pintsch Co. of Berlin and took up the manu-
facture of gas engines three years ago in consultation with the authar.
They have produced an engine combining utmost simplicity with
highest efficiency.

1 C.E. D
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The engine has a strong frame casting, with a separate breech end,
provided with a large opening for removing the core after casting and
for cleaning the water chamber when erected (Fig. IV.—2). Govern-
ing is effected by varying the volume of mixture admitted at constant
ratio as determined by two valves, controlled by the governor and
placed in the gas and air inlet passages respectively. The ignition
system is very simple and compact and is illustrated on p. 157.

Riverside Engine Co., of QOil City, Pennsylvania.—This firm has
departed from the arrangements and methods generally adopted by
European makers in the construction of large double-acting engines.
They have designed an engine of which the valve gear and operating
mechanism and the form of eylinder differs widely fromn the principles
that are sometimes alluded to as ‘‘ American practice,” with the
exception of the side disc crank which seems to be preferred by

F1a. 1V.—3. Longitudinal section of Riverside Engine Co.'s Tandem Engine.

American engineers over the cranked shaft that has become the
standard pmctice of all European makers for engines of all sizes.

The first engine of this type, double-acting, with two tandem
cylinders, hias been supplied to the Watson Steelman Co., of Aldine,
New Jersey, and includes several interesting peculiarities. The inner
cylinders are cast with the outer casing, but both are in sections
forming two trunks with a central joint over which the piston passes
(Figs. 1V.—38 and IV.—4). These trunks are held together by four
powerful longitudinal bolts placed in each of the four corners of the
water jacket, which is of the rectangular form shown in Fig. IV.—5.
Each trunk or half-cylinder is fitted with a corresponding breech end
with the valves, and is bolted in position upon a long sole plate having
carefully-machined supporting surfaces, common to both of the tandem-
cylinders.

Above the cylinders and upon the centre line the cam shaft runs
longitudinally throughout the entire length and on either side the
inlet and exhaust valves are placed, directly operated by short levers
(Fig. IV.—5). These valves are identical and interchangeable, and
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their seats are arranged on the same horizontal plane in the breech
casting and below the cylinder level. Equilibrium valves are used
gimilar to those designed by Messrs. Crossley Brothers and referred to
on p. 898. They are made in a cylindrical block well cooled internally
and the height is sufficient to act as guides in the valve boxes. They
can be readily removed from above after the operating levers have
been dismantled, and the springs need be of a light section, since they
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are in equilibrium. No intermediate support is provided for the
central portion of the piston rod.

The method of obtaining access to the pistons is of an original
character. Instead of bringing these to the end of the cylinder, the
half-cylinder, with its valves, cam shaft bearings, &c., is removed, and
in this way the piston is inspected by the opening thus created.

The makers do not seem to have attached much importance to the
shape of the combustion chamber, which is very irregular and presents
a large cooling surface in proportion to its volume. It remains to be
seen whether the dismantling of the complete half-cylinder to get at
the piston is, in every-day practice, a simpler operation than the

D 2
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F1a. IV.—6. Longitudinal section of Stiuthers Wells Co.'s Tandem Engine.

~
[ 5 |
- .
" ‘..'af"rr'v‘f.\ <~
- Yy -:cf: ‘BN -
=
) [ fd ML )
LT (T Y e R
T /% .-:3&:» ‘
> 7 NG R N
A S N
4 N v 3
£ &
3 is
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removal of a cylinder cover. The future will decide also whether the
universal practice of providing an intermediate support for the pistons
and piston rod in a sliding crosshead can be neglected with impunity.

Snow Steam Pump Works, of Buffalo.—Several references to the
large engines made by this firm are made elsewhere (see index).

Standard Motor Co., of Jersey.—This firm have specialised upon
vertical engines for marine work, and reference is made thereto on
p- 105.

Struthers Wells Co., of Warren, Pennsylvania.—The engine made
by this firm deserves special mention as, rather than seeking to
Americanise their design, they have decided to adopt the principles
embodied in European practice. In Figs. IV.—6 and IV.—7, repre-
senting longitudinal and transverse sections of this engine, it will be
. observed that the inlet and exhaust valves are rationally disposed
above and below the cylinder respectively. The liner is independent
of the water jacket and is cast in one piece with the breech end
carrying the valve boxes. The latter are arranged so that to obtain
a tandem-cylinder engine from a single-cylinder engine it is only
necessary to add the stuffing box, a second piston with its rod, a
second cylinder, and an intermediate portion forming a water jacket.
The valve gear is copied from the Giildner system and the exhaust is
a combination of a separate box with water-cooled valve seat, while
the valve itself is also water-cooled.

Westinghouse Machine Co., of East Pittsburg, Pennsylvania, are
well-known makers of horizontal and vertical gas engines, and some
of the features of such engines are mentioned on pp. 70, 80, 215,
and 329.

Wisconsin Engine Co., of Corliss, Wisconsin, build the Sargent
engine which is illustrated and described on p. 79.

BeLGIum.

Carels Frdres, of Ghent.—For several years this firm have under-
taken the construction of Diesel engines, and many successful
installations have been carried out for both European and Colonial
purchasers.

Société John Cockerill, of Seraing.—Throughout the present volume
reference is made to the well-known engines built by Messrs. Cockerill,
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who were pioneers in the construction of double-acting engines and
also of the large single-cylinder engines for blast furnace gas.

ENaLAND.

The Anderston Foundry Co., Ltd., of Glasgow, specialise on high-speed
vertical gas engines suitable for direct coupling to dynamos, &e.

Elijah Ashworth, of Colleyhurst, Manchester, pays special attention
to horizontal gas engines of 50 B.H.P. and under.

W. J. Bates & Co., Ltd., of Denton, Manchester, have been established
for some years, and produce horizontal gas and oil engines in general

Fi1e. IV.—8. Britannia Engineering Co.'s Petroleum Engine.

accord with the majority of British engines. Recently they have
revised their models with the view of adopting continental features of
design and construction. The largest engine yet made has a 24-inch
cylinder.

Wm. Beardmore & Co., Ltd., of Glasgow, are the licensees of the
Oechelhauser engine, and have several of this type at work giving
satisfactory service at their Parkhead Forge and elsewhere.

Blackstone & Co., Ltd., of Stammford, have earned a world-wide
reputation for their oil engines for agricultural and colonial purposes,
and have lately brought out a crude oil engine which has several
distinctive features. Somewhat upon the lines of the Diesel principle
the liquid fuel is injected only after the compression of the pure air, but
instead of the lafter reaching a pressure of albout 500 lbs. per square
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inch the more moderate figure of 150 1bs. serves the required purpose.
The oil is delivered to an injection valve, the latter being provided
with two passages. In one of these the oil is first led to an ignition
bulb kept hot during normal work by the heat stored up from the
consecutive explosions, while the other passage leads to an orifice at
the end of the combustion chamber so that upon subsequent admission
of a charge of compressed air from a separate receiver at 400 lbs.
pressure, the auxiliary fuel is forced into the combustion chamber for
a longer or shorter period of the stroke according to the quantity of
oil pumped by the governing mechanism. This oil enters the cylinder
as spray at the moment when the charge just previously admitted to
the ignition bulb flashes out into the combustion chamber.

Britannia Engineering Co., Colchester.—This firm specialise upon oil
engines from 4 to 70 mH.p. The general type of their engines is
represented in Fig. IV.—8. The type of vaporiser employed is
described on p. 171. :

British Westinghouse Electric and Manufacturing Co., Ltd., of Trafford
Park, Manchester, have greatly developed and improved their original
type of vertical gas engine designed in America. An example of one
of their present engines of 750 m.p. is illustrated and described on
p. 92. Many gas-electric power stations have been furnished with
Westinghouse engines both for private and public works.

Brown & May, Ltd, of Devizes, Wilts, have an extensive connection
for their steam traction and other engines, and have for several years
taken up the manufacture of oil engines for colonial and agricultural
purposes in the smaller sizes.

Campbell Gas Engine Co., Ltd., of Kingston, Halifax, have built up a
large business both for home and export trade in both gas and oil
engines. Their vertical engines are described on p. 94.

Capel & Co., Ltd., of Dalston Lane, London, specialise mainly upon
horizontal gas and oil engines of moderate powers. A revision of
their models has recently been completed, and the general design
accords with continental practice.

Crossley Brothers, Ltd., of Openshaw, Manchester, were the English
licensees of the original Otto patents, and they so successfully
exploited the invention that the numbers made and sold by them
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exceeded the output of the Gasmotoren Fabrik Deutz itself. All
the improvements that marked the stages of gas engine progress were
applied by “ Crossley’s,” the supersession of the slide valve, scavenging,
the adoption of separate cylinder heads, the application of multiple
cylinders in different combinations, &c., &c. Until lately they have
remained faithful to the system of hit-and-miss governing, being justly
entitled to point to the satisfactory working of the very considerable
number of engines they have made upon this principle.

Recently they have undertaken the manufacture of engines of
500 and 600 m.p., for which such a method of control is utterly
unsuitable, and in Chapter XI., p. 254, a description is given of the
unique and wonderfully sensitive yet simple device invented by their
chief engineer, Mr. James Atkinson, and applied both to the large
horizontal gas engines as well as to the multiple-cylinder vertical gas
engine recently put upon the market.

The following is a statement of the output of the firm since it
first commenced the manufacture of the old Otto & Langen rack type
of engine:

Oil and spirit engines . . 5,750
Single-acting, single-cylinder
engines . 54,245
Single-acting, multiple-
cylinder engines . . 225
Double-acting . . . 1
Total . . 60,221, aggregating 978,380 m.p.

Davey, Paxman & Co., Ltd,, of Colchester, have been known for many
years as makers of steam engines, and several years ago also com-
menced the manufacture of gas and oil engines and suction gas
producers. An example of one of the largest engines made by them
was exhibited in the Iranco-British Exhibition in 1908, being a
two-cylinder, single-acting engine with opposed cranks.

The Diesel Engine Co., Ltd., hold the English rights of the Diesel
patent and have carried out many very successful installations for the
home industries as well as for those in the different countries owning
allegiance to Great Britain. The engines, however, have mainly been
built in Germany or Switzerland.

Mirrlees, Watson & Co., of Glasgow, who for many years have built
Diesel engines under licence, have recently erected a new works

~
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specially equipped at Hazel Grove. near Siockport, Manchester,
carried on under the title of Mirrlees, Bickerton & Dayx. Lid.

The Dudbridge Iromworks, Ltd, commenced the manufacture of
engines in 1892 under the name of Humpidge & Snoxell. The
history of the firm 1s one of continued progress and their engines
have always been distinguished for simplicity and strength. Hit-and-
miss governing has been the system of regulation adopted both for
gas and oil engines, the general appearance of the engine being
distinctive of the English type.

Recently an entirely new engine has been evolved, fitted with a
governing arrangement with variable admission of mixture at constant
ratio, and its simplicity of mechanism and pleasing general appearance
is conspicuous. The leading dimensions of their 90 H.p. engine are:—
Piston 17} inches diameter by 25 inches stroke, running at 160
revolutions per minute.

In addition to ordinary industrial engines, they build vertical
engines for launches and oil tractors. )

Fielding & Platt, Ltd.,, of Gloucester.—This firm is one of the oldest
engaged in the manufacture of gas engines. Mr. John Fielding was
one of the first to employ superimposed inlet and exhaust valves upon
the same axis and to govern the engine by the admission of graduated
quantities.

Several powerful engines for use with town gas were exhibited
at Antwerp in 1885. Messrs. Fielding make engines of various
designs, some with overhanging cylinders with the breech end cast in
one with the water jacket and horizontal inlet valve, and others with
the cylinder supported upon side bearers, independent breech end, and
superimposed valves.

Vertical four-cylinder engines are also built for producer gas.

L. Gardner & Soms, Ltd., of Patricroft, Manchester, are makers of
both horizontal and vertical types of gas and oil engines. They have
specially devoted themselves to the production of engines for use in
motor-boats, while a number of multi-cylinder vertical engines
running at 500 to 600 revolutions per minute have been supplied for
direct coupling to dynamos.

Grifin Engineering Co., Ltd., of Bath.—Reference is made elsewhere
to the vertical oil engines made by this firm and to the special form
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of vaporiser adopted by them. Recently an improvement in the
actuating gear for rotary magnetos has been introduced in which by
means of toothed wheels of elliptical shape, an increase in the velocity
of revolution is obtained at the moment when ignition is desired.

Richard Hornsby & Soms, Ltd., of Grantham.—This firm have a
world-wide reputation as the makers of the Hornsby-Akroyd oil
engine which has been in successful service for many years. A few

¢t

F16. IV.—9. Hornsby-Stockport governing
mechanism (variable admission).

years ago, by the amalgamation with the firm of J. E. H. Andrews, Ltd.,
of Stockport, they took up the manufacture of gas engines and have
since greatly developed this branch of their extensive business, which
also includes steam engines, both portable and stationary, and
harvesting machinery.

Reference is made elsewhere to some of the special features of their
gas engines, while within the last few months a new type of valve gear
has been brought out which is illustrated in Figs. IV.—9 and IV.—10.
As will be seen, the main inlet valve is placed in an inverted position
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on the top of the cylinder, while the gas valve is arranged horizontally
at the rear. A single lever actuates both valves, a clamping bar v
projecting from the push rod ! to make contact with the gas valve
mechanism by means of the rod w and the bell crank lever 2. Upon
the introduction of a charge into the combustion chamber b, the
cam u, through the medium of the lever ¢, lifts the link r, thus causing
it to raise the finger m and thereby the push rod ! so as to lift the
inlet valve ¢ from its seat. When ! has been raised to a predetermined
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F1a.1V.—10. Hornsby-Stockport governing
mechanism (variable admission).

extent, the tappet v strikes the lower end of w, so causing the gas
valve h to open also. As the speed of the engine varies, the governor p
moves the finger m relatively to the plunger rod [, so that more or less
lost motion has to be made up befors contact of the engaging points is
made. Thus both the time of opening and the amount of lift given to
the valves is varied in accordance with the load on the engine, but the
two valves are equally affected, ensuring constant ratio of mixture.

National Gas Engine Co., Ltd., of Ashton-under-Lyne.—This well-
known firm, which includes Mr. Dugald Clerk, F.R.S., upon its

N
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directorate, has taken a high place amongst leading gas engine
makers for the high standard of excellence and extreme simplieity
that characterise their productions. A section of one of their latest
designs for a 100 H.p. engine is shown in Fig. IV.—11, and on pp. 161
and 270 reference is made to the system of valve gear and ignition
adopted in this engine.

Premier Gas Engine Co., Ltd, of Sandiacre. near Nottingham.—This
firm have adopted a positive method of scavenging the products of
combustion from the cylinders of their engines at the end of the
exhaust strokes. The air piston works within a cylindrical portion
of the main frame to which the water jacket of the motor cyxlinder is
attached by a flange. The underside of the casing is planed and rests
upon the foundation. The combustion chamber is independent and
overhangs the cylinder. By the provision of a stuffing-box in place
of the end cover, the engine is readily converted into a tandem double-
cylinder engine.

The .positive scavenging is effected in the following manner :—
Assuming that the engine is commencing its first out-stroke, the
section given in Fig. IV.—12 shows the admission valve E open, the
exhaust valve H is partially closed and the gas valve G quite closed.
The latter opens at a more advanced position of the piston. Air is
admitted by the pipes S B and the flap valves F. One portion of the
air enters by the opening D into the cylinder .N, and another portion
enters the motor cylinder Z by the passage C, the ports P, and the
valve E.

The gas is fed by the valve G and the openings P, where it mixes
with air. During the compression stroke the air in the front
cylinder N is compressed, but on account of the large volume of the
compression chamber the pressure only reaches 4 or 5 lbs. per square
inch, falling practically to that of the atmosphere at the end of the
expansion period in the cylinder Z.

Just before the completion of the expansion stroke, the exhaust
valve H is opened and the cylinder pressure is reduced and the
succeeding stroke expels the products of combustion in the usual way,
meanwhile the air behind the piston A is compressed until the crank
reaches the position shown in Fig. IV.—12. At this point the admission
valve E opens and the air from A passes through the ports I’I> and
the inlet valve E into the space Z as indicated by the arrows. This
air, the quantity of which increases as the volume of the space Z
diminishes, sweeps all the remaining residual gases from the space
and replaces it with cold air. A considerable excess of air is furnished
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48 INTERNAL COMBUSTION ENGINES

by the piston A to ensure complete scavenging. Not only is the
space Z thus filled with cool air but the valves and internal surfaces
are cooled and prevented from getting overheated.

A large number of these engines have been supplied, and in

F16. 1V.—14. Tangye “T" type Gas Engine.

Fig. IV.—18 a view is given of a 2,000 u.p. gas-blowing engine for
blast furnace gas as installed in the works of Sir Alfred Hickman, Ltd.

Tangyes Ltd., of Birmingham, have been makers of gas engines for
wmany years, and the gas engine department of their immense works
now occupies a considerable area. The designs of their earlier engines
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conformed generally to the British style of construction with over-
hanging cylinder and hit and miss governing, but the careful designing
of the combustion chamber enabled them to obtain very efficient and
economical results. In September, 1905, the author had the privilege
of making exhaustive tests of three engines rated at 8%, 20, and
29 B.H.P. respectively, and the thermal efficiencies based upon the
number of B.Th.U. contained in the coal at full loads were as much
as 207, 22'9, and 24'1, which for such small engines must be
considered remarkable. In April, 1909, a further test was made
by the author upon an engine of new design, the general features of
which can be seen from the Fig. IV.—14. Space will not permit of the
full figures to be given here, but the following summary must suffice :
The engine had a piston 163 inches diameter with stroke of 28 inches,
and ran at a speed of 190 revolutions per minute. The trial at the
rated load of 68 B.H.p. was continued for ten hours. Five hours’ test
was made of the engine at 81 B.1.P., and an overload test of 8875 B.H.P.,
for sixteen minutes.

The mechanical efficiencies at the various ioads were 842, 868,
and 90'2 respectively. The consumption of anthracite amounted to
only 0°72 1b. for the rated u.p., and 0°665 for the maximum load test,
both on the basis of B.a.p. hour. The gross thermal efficiencies based
upon the number of B.Th.U. in the coal being 0'248 and 0-269
respectively per B.H.p. hour. The latter figure is the highest that the
author has had the opportunity to ascertain up to the present, this
being due as much to the efficiency of the producer as to the high
average pressure and high mechanical efficiency of the engine.

Messrs. Tangyes build engines either right or left hand sc that
two can readily be coupled to form a unit of considerable power.

(G ERMANY.

Benz & Co,, Mannheim.—This firm took up the manufacture of gas
engines in 1888. At that time they placed two-cycle engines upon
the market, but when the Otto patents expired these were abandoned
in favour of four-cycle engines. Horizontal engines are made for
powers varying between 2 and 150 u.p.

Governing is by variable volume of mixture at constant ratio by
means of a butterfly controlled by the governor. For the smaller
engines 2 to 8 u.p. hit and miss governing is adopted. The manufac-
ture of the engines is very carefully carried out, and the principles
that have been mentioned as indicating the features of good construction

are observed.

I.C.E. E
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Vertical two-cylinder engines are built of 40 m.p. or 80 H.p. with
four cylinders to run at 300 revolutions per minute, specially

designed for pinnaces.

Fia. 1V.—15. Dingler GGas Engine, part sectional elevation.

During the period 1883 to 1907 they have built 9,500 engines,
aggregating 20,240 H.P., or & mean power of 21'3 H.p.

Dinglersche Maschinenfabrik, A. (., Zweibricken (Alsace).—The
Dingler engine differs considerably from the usual arrangements

Plan

-

'. '.'f
[ . 5 . /ofgc RO

Fi1G. IV.—16. Dingler Gas Engine, plan,

adopted by other makers of large engines. (Fig.IV.—15 and 16.) It
comprises two open-ended cylinders joined together at the combustion
chamber. As shown in Fig. IV.—15, each of the cylinders contain a
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piston, the two being connected by one rod. The explosion takes
effect alternately on the internal face of one or other of these pistons,
The rod common to the pistons is made in sections and moves in a
sleeve which passes through the common partition of the two portions
of the cylinder. This partition, as well as the jacket of the double
cylinder, is water-cooled. The valves are arranged as in ordinary
single-acting engines.

The system gives free expansion to the casing and the internal
cylinder which are secured only at one end. The cylinders being

F16. IV.—17. Ehrhardt & Sehmer, 700 H.P. Engine.

open, inspection and maintenance is as simple as in the ordinary
single-acting engines.

Ehrhardt & S8ehmer, Schleifmiihle (Alsace).—This firm who make a
speciality of material for metallurgical works is well known as being
makers of large engines, and during the space of about five years
have made about sixty engines, together representing 69,790 u.p.
These are double-acting engines with twin or tandem-cylinders.
Fig. IV.—17 shows a longitudinal and transverse section through the
inlet valve and cylinder of a 700 m.r. tandem engine. The Ehrhardt &
Sehmer engine is distinguished for the features of good construction

E 2
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with regard to cooling, control, &ec., common to this type, mention of
which has been made in the course of this present volume.

F1G. 1V.—18.  Schmitz Enginc.

Gasmotoren Fabrik Aktien Gesellschaft, Cologne, Ehrenfeld.—This
company build the Schmitz engine originally designed by its founder
and improved by the engineers who have succeeded him. The

Fra. 1V.—19.  Sectional elevation of Schmitz Engine.

maximum power of the engines made is 190 u.pr. for one cylinder or
880 u.r. for one twin engine. Since its establishment the works have
turned out about 60,000 n.r. Above 20 m.r. the engines are fitted
with the system of valve gear described on p. 226.
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As shown in Figs. IV.—18 and 19, the engines made by this firm
are in agreement both in detail and appearance with the standard
practice obtaining in Germany, which, in the author’s opinion, is
bound to become general.

Gasmotoren Fabrik Deutz, Cologne, Deutz.—The Otto Deutz Co.’s
services in connection with gas engines are well known. Continuing
the traditions of its illustrious founders, Otto and Langen, they have
made the four-cycle engines, to which the inventor has given his name,

F1G. 1V.—20. Otto-Deutz. single-cylinder, four-cycle Engine.

for more than forty years. Since its formation this company has pro-
duced nearly 70,000 engines.

The first engines built, of course, were small single-cylinder,
horizontal and vertical types. Since 1895 large engines for blast
furnace gas have been constructed with one, two, or four cylinders,
single-acting, twin or double-twin, of 125, 500, and 1,000 u.r. and
over. (Figs. 1IV.—20, 21 and 22.)

The four-cylinder 1,200 u.r. engine exhibited at Diusseldorf in 1902
wag much admired as being the most powerful engine made in
Germany at that time. It was built to drive a blast furnace blower
delivering 85,000 cubic feet of air hourly at a pressure of 7 Ibs. per
square inch. The total weight of this fine engine was 219 tons, of
which the fly-wheel weighed 19 tons. This weight is enormous as

.
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compared with that of steam engines against which low-grade gas
engines must compete. These large single-acting engines weigh about
400 lbs. per H.p. Their price was necessarily high and the space

Otto-Deutz, double-cylinder Engine.

Fig. IV.—21.

occupied excessive. An economical solution was imperative in this
connection as otherwise the application of large engines would have
been greatly impeded. This solution has been found in the double-
acting engine which is now the standard style of constrnction of the
Gasmotoren Fabrik Deutz. 'The single-acting type is retained for
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small powers, and for a little more than two years these have been
fitted with a uniform system of valve gear described on p. 220.

For engines of 120 to 150 H.P. in one cylinder the mixture valve is
separate from that of the gas in order to make the latter more
accessible for cleaning. A similar arrangement is followed in the
large double-acting engines.

For 200 to 800 H.r. the former type of engine was with twin-cylinder,
either side by side or opposed, or with two cylinders vis-a-ris. The
latter, however, has been abandoned by the chief makers in Europe,
as experience has shown that it involves excessive wear. (See p. 71.)

Since 1901 the Otto-Deutz Co. have taken up double-acting engines,
giving preference to the four-cycle type that is more generally used.
In 1902 they set their first 200 n.p. double-acting engine to work in
their central electric station where it served as an experiment. Since
that date it has been used in their general service. Meanwhile they
have built eighty-two engines of this type representing 47,500 H.P.
either in their own works or those of their licensees.

The Gasniotoren Fabrik Deutz make every kind of internal combus-
tion engine, including small spirit and alcohol engines, marine type
engines, benzol engines, &c. Recently they have undertaken the
manufacture of Diesel engines, the original patents of which have
expired. (See p. 90.)

Since the foundation of the firm the number of engines produced,
including those of Langen & Wolf in Vienna, who are licensees, are

as follows :—
Number, l Total Power.
|
Alcohol engines . . L 859 : 6,934 B.H.P.
Oil and spirit engines . S 12,384 87,128
Single-acting gas engines : ‘
Poor gas . . . 3,405 116,383
Town gas . . o 28,547 199,653 |,
45,195 ' 410,098 ,,
Double-acting engines . . 82 47,400 ,

If the engines built by Messrs. Crossley Brothers, Ltd., of Man-
chester, were added the total figures would be 105,498 engines, aggre-
gating 1,480,878 n.p.—irrespective of the number made by the Otto
Gas Engine Works of Philadelphia, U.5.A.

™
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Gorlitzer Maschinenbau Actien Gesellschaft, Gorlitz—This company
builds engines from 50 u.p. to the largest powers. 'The smaller engines
are single-acting and the larger double-acting. In 1907 the company
was re-organised and entirely new designs adopted. Special study has
been given to the form of stuffing boxes.

Giildner Motoren Gesellschaft, Munchen-Giesing.—This firm was
founded several years ago by M. Gildner, whose excellent book * Caleul

Fi1a. IV.—23. Giildner vertical Gas Engine.

et Construction des moteurs a combustion,” is referred to elsewhere,
and in accordance with the principles enunciated in that volume in con-
nection with vertical engines (Fig. IV.—28) this type has been adopted,
with one or more cylinders in preference to horizontal.

The remarkable results obtained by Professor Shrotter from a
Giildner engine have been mentioned on p. 526, and on p. 228 a
description has been given of the system of valve gear applied.

Haniel & Lueg, Diisseldorf.—This company build single-cylinder
engines from 150 to 800 H.p., and single-acling tandem engines from
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840 to 2,000 n.p. The double-acting engines are of such dimensions
that 1,000 u.r. can be obtained from one cylinder, 2,000 H.p. from
a tandem engine, and 4,000 H.p. from a twin-tandem engine. The
consumptions guaranteed by these makers are as follows :—

Working load or overload = 9,100 to 9.700 B.Th.U. per s.H.p. hour.

3-load = 11 per cent. more.

3-load = 15 per cent. more.

Cylinder oil consumption = 0-0015 to 0-002 lbs. per ».H.P. hour.
Bearings, &e. = 000066 to 00011 lbs. per B.H.p. hour.

Fia. IV.—24.  Koerting four-cycle. single-acting Engine.

Up to the present time thirty-four engines representing 55,000 n.H.p.
have been made, including three units of 4,000 u.r. each.

Gebruder Koerting Acktien Gesellschaft, Kortingsdorf.—Messrs.
Koerting Brothers, of Hanover, began to build gas engines in 1881
and producersin 1889. Up to 1896 this firm had produced about 3,500
engines equivalent to 15,000 m.r. Since that date the Koerting shops
have made 7,200 new engines. In recent years 50,000 H.p. in two-
cycle engines have been supplied. Along with the two-cycle type four-
cycle engines have been developed, the sale of which has reached
100,000 H.p., while several thousand u.e. is in progress.

Messrs. Koerting build four-cycle, single-acting engines representing
about twenty-three different sizes from 2 to 200 u.r. (Fig. IV.—24).

™~
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60 INTERNAL COMBUSTION ENGINES

The latter has a cylinder 248 inches diameter by 85'4 inches stroke, and
runs at 150 revolutions per minute. They also build twin engines up to
400 B.P. on the same lines, while recently they have constructed a four-
cylinder 600 u.r. engine. This engine forms part of an installation in
which the gas used is impure and contains a large proportion of tar.
The design permits partial cleaning without interrupting the normal
operation. In this case it is preferable to four-cycle double-acting
engines and to two-cycle engines in which the dismantling and cleaning
of the cylinders and valves is carried out with some difficulty.
According to the dimensions given for the 200 H.p. engine the output
is obtained with a mean pressure at 77 lbs. per square inch, assuming a

F1a. IV.—26. Two 500 H.p. Koerting Engines, forming part of 7,500 H.P. installation
at Gutehoffnungshiitte, Oberhausen.

mechanical efficiency of 80 per cent. As a matter of fact the Koerting
single-acting engine often reaches 85 to 86 per cent. efficiency.

Double-acting engines, both two-cycle and four-cycle types, are
generally made for outputs exceeding 500 m.P., but the firm also make
two-cycle engines of about 800 m.p. for direct coupling to pumps. A
series of these engines working with town gas and producer gas are
installed in the Berlin Waterworks.

Finally, they build the engines with either one cylinder, Fig. IV.—25,
or two twin cylinders. The Koerting Co. is one of those who have
carried out the more important installations with regard to size.
Special mention may be made of the 7,500 H.p. central station
at the premises of Gutehoffnungshiitte, Oberhausen (Rheinland).
Fig. IV.—26 shows two of these 500 H.p. engines.

Koerting engines were the first explosion engines employed in
America to work with blast furnace gas, and this installation was the

n
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more remarkable owing to the fact that the total power amounted to
42,000 m.p. The installation was equipped by the De la Vergne

F16. IV.—27. Koerting 300 H.P. double-acting, two-cycle Engine, using gas
from lignite.

Refrigerating Machine Co., of New York, for the Lakawana Iron and
Steel Co., of Buffalo, N.Y., and consisted of ten double-cylinder

FiG. 1V.—28. Six 300 H.P. Koerting four-cycle, single-acting, twin-engines at
Julienhiitte Electricity (ienerating Station,

1,000 n.p. engines and dynamos for electrical service, and six
2,000 m.p. engines with blowing engines coupled to the crank shafts.
This installation was at that time the largest in the world.
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Several large installations have also been made for utilising lignite,
which is very abundant in many parts of Europe and America. The
lignite is treated in special pressure gas producers.

Fig. IV.—27 is an illustration of a 800 u.p. double acting two-cycle
engine fed with gas produced from lignite. Fig. IV.—28 represents a
central electric station at Julienhiuitte, Germany, where coke oven gas
is used. This consists of six four-cycle engines, single-acting, of
800 u.r. of the twin type with fly-wheel armature.

The installations of Koerting two-cycle engines have been carried
out by the parent company and by the undermentioned licensees, and
comprise 214 engines aggregating 182,240 u.p.

Siegener Maschinenbau Akt. Ges. Yorm. A. & H. Oechelhiiuser,
Siegen, Germany.

Maschinenbau Akt. Ges. Yorm. Gebr. Klein, Dahlbruch, Germany.

Donnersmarckhiitte Oberschlesische Eisen und Kohlenwerke Akt.
Ges., Zabrze.

Gutehoffnungshiitte Aktien-Verein fir bergbau und Hittenbetrieb,
Oberhausen, Rheinland.

Erste Brunner Maschinenfabrik Bes. Brunner, Oestenreich.

Ganz & Tarza, Budapest.

The De la Vergne Refrigerating Machine Co., New York.

Mather & Platt, Ltd., Salford Iron Works, Manchester.

Fraser & Chalmers, Ltd., Erith, London.

Leflaive & Co., Saint-Etienne, France.

Masgchinenfabrik Augsburg Niirnberg, Niirnberg. — This firm has
always been engaged in the construction of powerful steam engines,
and has gained well merited renown in this connection. The
experience and practice thus acquired, and the use of large and
improved plant, has enabled them to build large gas engines under
the best conditions.

They quickly recognised that the employment of single-acting gas
engines of increased dimensions and multiple-cylinders was only a
temporary solution for the provision of engines of suflicient power to
supply modern requirements. The space occupied, the enormous
weight and low efficiency of this type, were so many defects, that,
above a certain power, it was abandoned in favour of double-acting
engines. However, for small engines up to 175 u.p. the Niirnberg Co.
still build the single-acting type, and when required for even double
this power, by placing two cylinders side by side. 'The photograph
reproduced in Fig. IV.—29, is of a single-acting engine of 60 m.p., the
construction of which was first begun in 1899. From the general
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appearance, strong, simple and yet massive, design, the characteristic
features of German construction will be recognised.

The single-acting Niirnberg engine has been the outcome of
many important improvements, but it is in connection with the con-
struction of double-acting engines that this firm excels. These
engines are built up with one, two, or four cylinders according to the
power required. In one cylinder the output reaches 1,500 m.p.; in
two cylinders, 8,000 g.p.; in four, up to 6,000 H.P. ; the latter engine

F1a. 1V.—29. Niirnberg 60 H.P. single-acting, four-cycle Engine.

being two tandem engines arranged side by side on the same crank
shaft.

The Nurnberg Co. has supplied an installation of 22,500 n.p. to the
Rombach Steel Works for electrical service and for the blowers. A
1,000 u.p. tandem engine in this installation is shown in Fig. IV.—80.
Fig. IV.—381 refers to two twin engines, each of 1,100 u.p., running at
100 revolutions per minute and fed with blast furnace gas, for
generating continuous current for the electrical service of the
Micheville Steel Works (France).

Amongst the largest engines mention may be made of the 8,600 u.».
twin-tandemn engine forming a portion of the group of 9,100 u.p. at the
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works of Schalker-Griiber & Hiittenverein, Gelsenkirchen. Also the
installation of 12,000 g.p. in six units at the Central Electricity Works
of the Sociétad de Gasificacion Industrial, Madrid, served by Duff gas
producers.

Between the years 1908 and 1907 the Niirnberg Co. have supplied,
and have in progress, 239 engines of their double-acting type,
representing a total of about 800,000 H.r., served by either blast
furnace gas, coke oven gas, or by producer gas, according to their
destination.

For electric service, continuous or alternating current, they have
supplied 187 engines, equivalent to 216,000 m.r., and for blowers in
blast furnaces, steel works, rolling mills, &c., 52 engines representing
84,000 =.P.

Siegener Maschinenbau Aktien Gesellschaft. Vorm. A. & H. Oechel-
hauser, Siegen (Westphalia).—This firm make, in addition to the Siegen-
Koerting engine, steam engines, blowing engines, compressors, &e.
The arrangement of details, and particularly of the valves, ensures
their engines working with imperfectly purified gas, and even with gas
coming from a blast furnace the engines are capable of working for
several days. The current types are as follows : —

Revolutions per Minute. Output B.H.P.
Type. Stroke, " — T -

e e Slowing | Electrie Normal. Maximum.
[ 7?“(“\9.’4. o T
Light . 433 100 107 500/600 630/770
Heavy . 433 100 107 560/700 720,900
One . 492 90 95 800/970 1000,1250
Three . 5512 85 90 900/1150 1800, 2300

The twin double-cylinder engines have double the above powers.
Thus a twin double-cylinder engine may give a maximum of 4,600
B.H.P. The engine speed can be decreased for some time to 24 revolu-
tions per minute, and the engines can deal with an overload of
85 to 40 per cent. Up to the present 47 engines have been built,
representing 50,000 H.p.



CHAPTER V
HORIZONTAL GAS ENGINES

IT was originally in Germany and then in England that the
construction of gas engines made the most rapid progress. America
afterwards was the country that produced most. Each construction
has a peculiarity—some feature in its design—which reveals its
country of origin.

The German engine is characterised by its robust appearance and
its massive under-frame (Fig. V.—1). It always presents the
appearance of an extremely well-finished piece of engineering work, as
all the working parts that can be machined are habitually polished,
showing that the makers take a real pride in making their engine a
thing of beauty. The price, naturally, is increased thereby, but the
working life of these engines is sensibly augmented by it.

As an instance of longevity it may be remarked that certain engines
of the Otto-Langen rack type have been in constant service for nearly
forty years.

English builders have adopted a different point of view,—that of
building engines cheaply and in numbers, for the most part of small
industrial sizes. These engines opened a fertile field of study and
experience suitable for leading the makers forward, with advantage,
to the construction of larger sizes, but it must be said that few makers
have profited by the data thus placed within their reach.

English engines intended for service with illuminating, or town, gas,
are, in general, characterised by the cylinder being overhung, as shown
in Fig. V.—2. They compete in ingenuity in so arranging the working
parts that the mechanical devices are effective and simple. The
valve movements and method of control are generally obtained by
cams and positively moved levers. The governor itself is reduced
to its simplest form, for in “hit and miss” governing, which is a
feature of the majority of English engines, its duty is merely to
displace, or to cause a slight deviation of a small piece of metal which
is interposed or not between the point of contact of the governor
lever and the gas valve spindle, according as the necessity arises for
the latter to open or remain closed.

One cannot be but astonished that English makers have permitted

F 2
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HORIZONTAL GAS ENGINES 69

themselves to be out-paced by the Germans in matters concerning the
design of modern and improved types of engines and in the building of
engines in large units. Mr. H. A. Humphrey, in his treatise upon
large gas engines, recognised the fact and attributed it chiefly to the
feelings of prudence on the part of his compatriots who have not
desired to make adventitious experiments in this matter. Continental
builders have not been possessed by the same fear, and success has
crowned their efforts.

American constructors have been induced, by the peculiar economical

F16. V.—2. Gas Engine typical of Brifish construction.

conditions of their country, to establish types of gas engines which
are more in accord with English than with German practice. The
prime considerations which have, until now, outweighed all others in
America, as far as working is concerned, are simplicity and ease of
manipulation and maintenance. Users pay but little heed to the
consumption whether of natural gas, benzine, or petroleum. They
desire, before everything else, an engine which has but few complica-
tions, and which may be placed under the care of any kind of workman
who may have only extremely vague notions about engine mechanism,
if, indeed, he has any at all.  Makers have been compelled to build
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their engines in conformity to this desire and have standardised their
types on the general lines of the example shown in Fig. V.—8.

Several makers, however, have realised the necessity of following
the methods adopted in Europe, and particularly for the construction
of large engines. The Allis-Chalmers Co., Bessemer Gas Engine Co.,
Olds Gas Power Co., Westinghouse Co., and Snow Steam Pump Co.’s
engines are all of modern type, some being constructed with important
simplifications, such as, for instance, the use of a side crank in place
of the usual central double web crank.

It is unnecessary to dwell upon the Swiss type, as this is based

Fi1c. V.—3. Gas Engine typical of American construction.

upon the German designs. Nor do the French and Belgian engines
call for remark, for, speaking generally, these appear to have lagged
behind the trend of progress in other countries.

In the author’s opinion the German type seems likely to prepon-
derate. It has been recently adopted by several large English makers,
including Kynoch, Robey, Tangye, Stewart, Stockport, &¢. The new
design of Campbell engine is also similar. In America, the Olds Gas
Power Co., Bessemer Gas Engine Co., Muenzel Co., Struthers-Wells,
and other firms have brought out new engines upon the same model.

Various Arrangements of Cylinders.—Up to 100 H.r. producer gas
engines are built usually with one single-acting cylinder. In
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installations of 150 to 200 H.r. the same system applies, but rather
more rarely, because, a8 much from the point of view of regularity
as for reliability of working, it is preferable for the same output to
employ engines with two cylinders.

Reduction of weight, especially as regards fly-wheel and frame,
gives preference to an engine with two cylinders over one with a single-
cylinder for corresponding powers. Some makers sell a ‘ double”
engine at a lower price than for a ‘single,” for powers ranging
between 100 and 150 m.p. In all respects, therefore, it is rational to
give preference to double-cylinder engines.

Two cylinder engines, either twin or tandem, present a very
appreciable advantage when installed in new factories, where, at the
start, the total capacity of the plant is not required. One cylinder
only can be used at the outset, and will work under the best con-
ditions as to efficiency, the second cylinder being coupled up at a later
period when full power is wanted.

Above 800 m.r. a single-cylinder double-acting engine is generally
considered the most suitable. The weight is reduced to 800 to 400 1bs.
per u.P., and the space needed is considerably less than for single-
acting engines.

In Europe, the two-cylinder “ twin " engine soon displaced the type
with opposed or ris-d-vis cylinders, because the latter gave a great
deal of trouble in practical work. The crank heads working on the
crank-pin and the main bearings appeared to suffer more particularly.
Besides which, in the same direction of rotation, one of the pistons,
during the power stroke, produced a reaction normally downwards in
one cylinder while the second piston caused a reaction upwards in
the other cylinder, thus giving rise to shocks which became accentuated
with wear.

The double-acting type is generally constructed with one cylinder
up to 400 to 500 H.r., and even as far as 800 to 1,000 r.r. For the
largest engines, from 3,000 to 4,000 u.r., it is then sufficient to
arrange for four twin-tandem cylinders. Nevertheless, it is unusual
to find an engine of 800 to 1,000 u.p. with one double-acting cylinder.
1t is preferable for consideration of weight and regularity to make use
of two twin cylinders, or, better still, two tandem cylinders.

Figs.V.—4, 5, and 6, show the various arrangements of cylinders
both for four-cycle and two-cycle engines with the corresponding
pover stroke diagrams for each. These diagrams indicate the
impulses of the cycle under consideration, as would be represented by
the records obtained by means of indicators, and developed in the
order of the succession of the impulses.
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SECIION A,
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. i | . | One cylinder, single-acting.
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Two cylinders, vis-d-vis, single-acting.
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II

Two cylinders, single-acting, coupled (Dingler).

— v

One cylinder, double-acting.

9)

NECTION C.

—_—

Two cylinders, twin, single-acting.

Vi

Two cylinders, tandem, single-acting.

VL

-—

Two cylinders, single-acting, opposed on separate
cranks (180°).

F1G. V.—4. Characteristic features of various cylinder combinations with relative
frequency of impulses (four-cycle engines).
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For multiple-cylinder engines, the same diagram has been made to
include the cycle of each power stroke, so that the different impulses
occurring during the same period and for one complete cycle can be
differentiated.

The different arrangements of cylinders that realise the same
advantage as regards regularity are batched together.

In Fig. V.—4, Chart I., section a, corresponds to a single-acting,
four-cycle engine, the different strokes being indicated on the diagram :
(1) suction, (2) compression, (8) explosion and expansion, (4) exhaust.
The engine piston is represented as being in the position corresponding
to the commencement of the first stroke. One explosion is produced
for two revolutions of the fly-wheel.

Section B, Charts II., III., and IV. of Fig. V.—4, correspond to
three arrangemeants of double-acting engines. On the diagram the
full line shows the cycle of one of the power strokes, and the dotted
line that of the second. It will be noticed that, in this case, two
explosions occur in succeeding strokes, and are separated from the
two following explosions by two resistance strokes, namely : («) suction,
dotted line, and exhaust, full line, marked (4); and (b) suction, full
line, marked (1) and compression, dotted line, marked (2). There are,
therefore, two successive explosions in one revolution of the fly-wheel,
and two negative strokes in the following revolution. The pistons are
shown in the position for making the strokes 1 and 2 (suction and
compression, respectively).

From these examples it will be seen that a single-cylinder double-
acting engine has no advantage, as far as cyclic regularity is
concerned, over that with two opposed single-acting cylinders on
one crank.

Section c, Charts V., VI, and VIL, Fig. V.—4, also shows three
arrangements of double-acting engines, but in these each explosion is
separated from the next by one resistance stroke. An explosion is
thus obtained for each revolution of the fly-wheel, and, therefore, the
regularity is greater than in the preceding section.

The twin engine, by this comparison, possesses the same charac-
teristic as the tandem engine. But the latter has greater advantages
from a constructional point of view, because it is simpler, and involves
but one crank shaft, one connecting-rod, and one side shaft. On the
other hand, it necessitates a stuffing-box at the back of the foremost
cylinder.

In the twin arrangement (V.) it is customary for one engine to be
left-handed and the other right-handed, so as to be symmetrical, with
one fly-wheel placed between the two cylinders common to both. To
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JE—LIEE—,
2@‘_ = - [NE

Four Single-asting Cylinders Four Single-actirg Cylinders
in opposecpairs.

Twin, Tandem.

Two Double-acting
Tandem Cylinders

Two Double-acting
Twin Cylinders.

SECTION E.

Four Double acting Twin
Tandem Cylinders.
(Cranksat 90°)

M
1
:
Y

Fi1G. V.- -5. Characteristic features of various cylinder combinations with relative
frequency of impulses (four-cycle engines).
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facilitate supervision it is a good plan to place the side shafts
and the valve gearing towards the interior, but in this case, to permit
erection, the gear-wheels driving the side shafts, which are fixed on
the crank shaft, should be in two pieces, as well as the fly-wheel and
the pulley. The governor is fitted on one of the cylinders, and, by
means of a rod, controls the other cylinder also.

The arrangement shown in Chart VII. is very cumbersome and for
this reason is very rarely adopted.

In section p, Charts VIII., IX., X. and XL, Fig. V.—5, an impulse is
given on each stroke of the cycle, that is to say, at each half-revolu-
tion of the fly-wheel. The four cycles are depicted in the diagram,

SECTION F.

One cylinder, double-acting, two-cycle (Koerting).

F16. V..—6. Characteristic features of various cylinder combinations with relative
frequency of impulses (two-cycle engines).

and for each cylinder a figure is noted corresponding to the stroke
of the cycle, which follows the movement of the pistons from the
position shown.

The arrangement VIII. has been abandoned. There was no
advantage in setting the cranks at 180° from the point of view of
balancing the moving masses, except that it modified the sequence of
the strokes of the cycles.

In the Chart IX., the regular sequence of strokes for the diagram
represented, demands the fixing of the two cranks at 180°. These
two arrangements of single-acting cylinders are cumbersome, compli-
cated, and costly to construct. Preference, therefore, must be given
to the double-acting arrangement.

With regard to Charts X. and XI,, the latter is preferable if sufficient

-
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F1G6. V.—7. Two-cylinder, vis-a-ris, single-acting, four-cycle Hornsby-Stockport Engine.

Fie. V.—8. Two-cylinder, twin, single-acting, four-cycle Dudbridge Engine.
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EN |
-1

F1e. V.—9. Two-cylinder, tandem, single-acting, four-cycle Kynoch Engine.

length be available within the engine room, for the same reasons as
those detailed in connection with Charts V. and VI.

Section E of Fig. V.—5 is scarcely ever applied except for powers
exceeding 2,000 B.P. It has one evident advantage from the point
of view of regularity, for, with the cranks fixed at 90°, it gives one
explosion for every quarter-revolution of the fly-wheel.

SRS PP i
RS o - S
U P S S S

W7

7,407 S
T e

Fig. V.—10. Two-cylinder, tandem, single-acting, four-cycle Winterthur Engine.
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Sections F and G, Fig. V.—6, correspond to the two-cycle engines,
Oechelhiuser and Koerting, respectively.

The Oechelhiuser engine has a single cylinder giving one explosion
every revolution of the fly-wheel, whilst the Koerting engine (double-
acting) gives two. The latter, as regards regularity, is therefore
similar to those of the section p. With the Oechelhéiuser engine,
four cylinders coupled and opposed must be employed. With the
Koerting engine its multiple cylinders would be coupled or arranged
in tandem. ’

In Chapter XIII., coefficients are given for the calculation of the
weights of fly-wheels in order to obtain a suitable cyclic regularity
for each of the Charts I. to XIV.

In Fig. V.—7 is illustrated a type of vis-a-vis Hornsby-Stockport
engine. The Dudbridge Ironworks Co. arrange their engines with two
cylinders side by side upon the same base as shown in Fig. V.—8 in
which is represented a 140 H.p. engine with the fly-wheel placed on
the end of the crankshaft. Several German firms build their single-
acting engines up to 500 H.p. on a similar plan, combining two
groups of * twin” cylinders (four pistons) with the fly-wheel between.

Kynoeh, Ltd., of Birmingham, build single-acting tandem engines
of 200 u.p. and over, with the cylinder arranged as shown in
Fig. V.—9.

The Winterthur Co. have brought out a tandem type of single-
acting engine, 8300 H.p., shown in Fig. V.—10. The lower cut shows
how the pistons, connecting rod, &c., are removed.

The Wellmann-Seaver-Morgan Co., of Cleveland, U.S.A., build a
tandem engine, double-acting from 100 =H.p.,, upon the Sargent
principle.

The figures on p. 78 are given by Mr. Horace Allen in his book
“ Gas and Oil Engines,” p. 198, and it is interesting to note the great -
variation in total weight per B.H.P. for the engines there referred to.



CHAPTER VI
VERTICAL GAS ENGINES

TaE application of vertical gas engines hitherto has been somewhat
restricted. Indeed, it is only in America that this form has been
adopted to any great extent. That this should be so is not remarkable
when one considers that, with a vertical engine, the space required is
reduced to a minimum, and that, in view of the cost of building sites
in American towns, such consideration is there of the greatest
importance.

Until recent years gas engines in the United States of America
were ordinarily served with either natural gas or town gas, except
when very large units were installed, when they were fed with pressure
producer gas or by blast furnace gas. It seems that it is owing to
this fact that American gas engine builders have not experienced the
serious troubles that are sometimes occasioned by vertical engines
when fed with power gas, such as i8 produced from suction gas-
producers using lean or non-bituminous coals.

Suction gas plants are becoming more and more in favour by reason
of their advantages, and owing to the increasing demand for this
type of installation a large number of new firms have commenced to
build gas engines and producers. Several of these firms have hesi-
tated when making a decision as to the type of machine they should
construct, finding it difficult to make up their minds whether to build
horizontal or vertical engines. In the result, the majority have made
their decision in favour of the horizontal type. Many firms have
built vertical gas engines as well, and after making tests and noticing
their daily operation in the works where they have been installed,
have apparently arrived at the conclusion that the vertical engine,
except in certain cases, is unable to show any advantage when com-
pared with horizontal types for stationary purposes, when the total
output exceeds from 25 to 80 mn.p. per cylinder.

Amongst English firms who have for several years made a speciality
of vertical type engines are :— British Westinghouse Co., Ltd. ;
Campbell’s Gas EngineCo.; Crossley Brothers, Ltd. ; Fielding & Platt,
Ltd.; L. Gardner & Sons; Hindley & Sons, Ltd., and Tangyes Ltd.

In America, the Westinghouse Co. have specialised upon vertical
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engines, although they have now started to build horizontal engines
also. In Germany and Switzerland only a few firms build vertical
engines, either exclusively or in addition to horizontal types. Of
these MM. Bachtold et Cie. ; Engelhardt et Cie.; Gildner Motoren
Gesellschaft ; Hallesche Maschinenfabrik und Eisengiesserei; Gas-
motoren Fabrik Deutz; and the Winterthur Co., are the principal
makers.

The Diesel, Koerting, and Banki engines are of special construction
for liquid fuels.

The partisans of the horizontal type of gas engine justify their
preference by the following principal reasons :—

Construction. — Vertical engines of modern type for industrial
purposes with inverted cylinders are usually built with two, three, or
more cylinders. They thus become complicated and expensive to
build. The cam shaft demands special gearing, while the crank
shaft bearings require special arrangements for taking up wear.

Examination and inspection of the working parts is much more
difficult than in horizontal engines, owing to the valves, sparking
plugs, &c., being placed at the top of the engine out of reach of the
attendant, unless a ladder and platform are provided. The lubrication
of the piston and its pin cannot be supervised.

Maintenance.—With vertical engines the maintenance of working
parts in good order is a much more difficult matter, and especially
with respect to the combustion chamber and the back of the piston.
Indeed, to remove the piston, an operation which is absolutely
necessary from time to time when producer gas is used, is usually a
matter of difficulty. Producer gas is only partially cleaned, and is
always liable to contain dust and tarry matters, and consequently
frequent cleaning of the internal parts is essential. The piston rings
are apt to become set fast, and therefore useless, occasioned to a large
extent by the dirt thrown up by splash lubrication.

Lubrication.—Lubrication of the cylinder has been effected hitherto
by means of the splashing of the oil contained in the crank case by
the rotating crank. This method of lubrication is bad, because,
instead of allowing the oil to remain still and thus to encourage the
impurities to become deposited, it is, on the contrary, kept continually
in motion. Clean oil is only admitted to the frictional surfaces and

in the bearings when the old oil has been taken away.

I.C.E. G
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Splash lubrication is still less suitable in connection with producer
gas engines and of the type governed by the admission of a variable
volume of mixture of constant composition, a method frequently
employed by the best makers of gas engines.

In engines served by suction gas producers a partial vacuum is
always produced behind the piston during the admission stroke
and it necessarily follows that this vacuum is greatly increased when
the engine is working under light loads. As the frictional surfaces of
the cylinder always receive an excess of oil, projected by the crank,
there is, at each suction stroke, a tendency for the oil to be drawn to
the back of the piston. This tendency is further augmented by the
relative higher pressure produced in the enclosed crank chamber by
the forward stroke of the piston. This excess of oil becomes partially
burnt and adheres to the interior of the walls, forming carbon deposit,
which extends even to the back face of the piston, ultimately giving
rise to premature ignition and back firing.

The excess of oil occasioned by splash lubrication gives greater
trouble with vertical gas engines that are served by producer gas, than
when gas of a higher calorific power is used, because, in the latter
case, the high temperature resulting from the combustion burns and
vaporises the excess of oil, up to a certain limit, without causing
carbon deposits. In horizontal gas engines, if an excess of lubricating
oil be accidentally permitted, its ejection from the back of the cylinder
may be arranged for by means of a small blow-off valve fitted at the
lowest part of the cylinder.

The author has personal knowledge of installations of vertical gas
engines and producer gas plants, using anthracite fuel at a low
working cost, where the amount of oil consumed costs nearly as much
as the fuel, occasioned by the losses caused by splash lubrieation. It
can be accepted as an actual fact that, in an ordinary horizontal
modern gas engine of good desian, perfect lubrication can be obtained
with a consumption of two or three grammes (0°125 o0z.) of good oil
per B.H.P. per hour.

Cooling.—With vertical gas engines it is difficult to cool the cylinder
methodically, because the water enters at the lower part of the
cylinder, which is the coldest portion, and rises towards the upper
part, which has the highest temperature. It thus follows the reverse
direction to that taken by the cooling water in horizontal engines, in
which it enters at the base of the breech end and flows away from the
top of the cylinder jacket. In this way the water attains a tem-
perature sufticient to prevent an excessive quantity of heat being
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taken from the gas while burning and expanding in the interior of
the cylinder.

In a vertical engine the circulation of water cannot be reversed in
order to conform with the principle adopted with horizontal engines,
because the air contained in the water or the vapour produced by the
increase of temperature could not then escape. For these reasons
the circulation of water in vertical cylinders is insufficient to prevent
unequal expansion of metal due to excessively high temperatures
produced by the high compression pressures employed in modern
engines unless the consumption of water is increased.

Exhaunst.—In vertical engines the exhaust being placed at the upper
part of the cylinder, it necessarily follows that a greater length of
pipe is required to connect up to the exhaust muffler, which is generally
placed below ground. Unless water is injected into the interior of
these pipes, which would great]y increase the consumption of water,
this long length of exhaust pipe heats the air in the enﬂlne room and
makes the engine itself less accessible.

Efficiency.—It is universally recognised, and particularly by the
constructors of automobile engines, that the efficiency of engines
diminishes with the number of cylinders, and that it is an error to
think that by combining four eylinders, each rated at 10 u.r., for
example, it is possible to obtain a 40 H.r. engine. At the most it
would only be possible to obtain about 35 u.p., for the simple reason
that the engine with one cylinder taken separately can be regulated
experimentally from the point of view of timing of ignition, 8o as to
obtain the maximum useful effect, whilst it is very difficult to ensure
the ideal ignition point in four distinet cylinders using a distributor
common to all. This is therefore one loss of efficiency, quite apart
from the mechanical efficiency, properly so-called, which is itself
dependent in great measure on the correct proportions of frictional
surfaces and workmanship.

From the preceding remarks it will be recognised that anyone who
proposes to commence the construction of industrial gas engines ought
to give preference to the horizontal type, because it presents fewer
difticulties.

The Giildner Gas Engine.—Guiildner, who, at his works at Munich,
has undertaken the construction of vertical engines, has set forth the
following advantages in favour of vertical engines over the horizontal

G 2
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type in his excellent book. He claims that a higher mechanical
efficiency can be obtained in a single-cylinder engine. The piston can
be better kept gastight, the base casting can be much lighter, the
foundation required for the reception of the engine is much less, while
it is a much easier matter to arrange for future extensions of plant
and for coupling two engines together. But Giildner also recognises
the fact, which the author has already pointed out—namely, that

F1G. VI.—1. Sectional elevations of Giildner vertical Engine.

when imperfectly purified gas is used the horizontal type of engine is
preferable.

The Giildner vertical engine with open frame must be considered
the standard type of this method of construction. The inventor has
designed his engine so that the details are of a simple character, and
which, while being strongly built, permit of easy construction. The
valvesare arranged side by side on the top of the cylinder, the ignition
gear being placed between them. The combustion chamber is thus
arranged in a perfectly rational shape, and permits the best results to
be obtained from a thermal point of view. For large engines the
exhaust valve is arranged to be cooled by water under pressure. As
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indicated diagrammatically in Fig.VI.—1, the frame is in the form of
an A, and the upper portion forms the cylinder jacket. It rests upon
a cast iron bed-plate. A long piston fitted with at least six rings
works within a separate liner. The water-cooled cylinder cover is
flat. The valves are operated by means of a horizontal shaft placed
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F1a. VI.—2. Sectional elevation of Diesel Engine.

about mid-height. The general appearance of the engine is as illus-
trated in Fig. IV.—28.

Diesel Engine.—Figs. VI.—2 and 8 represent the Diesel engine
such as is constructed by the various licensees and particularly
the Niirnberg Co. in their works at Augsburg, and by Messrs.
Carels Freres at Ghent. This engine is classed as an internal
combustion engine, which uses heavy petroleum, unrefined, and
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without sulphur, or, at any rate, in which the sulphur is less than
1 per cent. The manner of working is as follows :—

1st stroke.—Air is drawn into the cylinder.
2nd stroke.—The air is compressed by the backward motion of the
piston.

F1Gg. VI.—3. Transverse section (Diesel Engine).

8rd stroke.—Injection of the petrolenm which immediately ignites
by the heat of the compressed air.
4th stroke.—Expulsion of the products of combustion.

The valves are four in number and are arranged at the back of the
cylinder, and include that used for starting by compressed air. The
valves are operated by a half-speed shaft, placed at the upper portion
of the cylinder, driven from the crank shaft by a vertical intermediate
shaft with gear wheels.

~
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Fig. VI.—4 shows a section of the cylinder cover. The arrangement
for the injection of petroleum is represented in Fig. VL.—5. Air at

F1G. VI.—4. Section of Cylinder Cover (Diesel Engine).

high pressure is brought into an annular space concentric to the
admission valve, and in the lower portion of this space the oil is

delivered. The liquid upon the
opening of the valve is forced
through a series of perforated plates,
the holes being arranged in fives
and about ¢ inch in diameter.
The employment of wire gauze for
the purpose has not given equally
good results. The exhaust valve
is water-cooled.

The lubrication of the piston is
obtained by means of oil under
pressure from a series of holes
arranged circumferentially in the
lower part of the cylinder jacket.
The lubricating oil valve is con-
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trolled in such a manner that the Fic. VI.—5. Section through Fuel Injec-

entry of oil takes place at the

tion Valve Box (Diesel Engine).

moment when the two upper rings of the piston arrive at the level of

the lubricating orifices.
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Engines with one, two, or three cylinders are fitted with one fuel
pump. Four-cylinder engines have two. Each pump (as shown
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F1a. VI.—6. Section through Fuel Pump, showing automatic Governing
Device (Diesel Engine).

in Fig. VI.—6) generally supplies several cylinders. It forces the fuel
towards the distributing device placed at the junction of the passage,

F1g. VI.—7. Section through Reavell Quadruplex Compressor.

each branch being fitted with a retaining valve and a screw which
permits the amount of fuel delivered to the injection valve to be
regulated.



VERTICAL GAS ENGINES R9

The piston plunger (I’) of the fuel pump is actuated by an eccentric
fastened upon the vertical shaft (V). The suction valve (4) and
retaining valve (R) are placed vertically one above the other. A
second eccentric placed under the first, by means of a rod parallel to
the axis of the plunger, gives an oscillating movement to the small
lever (L) placed in the suction chamber of the pump body, and this
lever (L), when at its highest position, keeps the suction valve open.
The mechanism is arranged so that the valve remains open during the
early portion of the backward movement of the piston, permitting the
oil to flow back towards the suction chamber. The effective pumping
portion of the stroke is determined by the instant when the-suction
valve is allowed to regain its seat.
The governor decides whether to
advance or retard the instant when
this shall occur, in giving an an-
gular displacement, by means of
a vertical shaft, to the eccentric
which works the small lever.

In the lower casing of the fuel
pump and in the axis of the valve
a rod (M), fitted with a longdouble
thread, is screwed. By means of
a rod with which it is connected,
furnished with two handles and
with three stop notches, the
screwed rod is able to receive
three different adjustments, and
by this means it may be fixed at
three determined heights. Inthe
lowest position it permits the valves to work freely; in the mean
position, which determines the stoppage of the engine, it causes the
suction valve to close, whilst in the upper position it at the same
time raises the retaining valve, and permits the oil pipes to empty
themselves by gravity. If the petroleum pump be not charged, an
auxiliary piston worked by hand must be used, the return stroke
being made by the action of the spring.

For compressing the air to high pressure, Messrs. Carels Freres
employ three-stage Reavell compressors which enable them to easily
obtain in continuous working, air at from 60 to 65 kgs. per square
centimetre (850 to 925 lbs. per square inch) and over. This
apparatus is called a quadruplex compressor. Two cylinders are
utilised for simple compression, one for the second stage and the

F1¢. V1.—8. Pistons and Connecting Rods
of Reavell Quadruplex Compresscr.
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fourth for the third stage. Fig. VI.—7 shows clearly the method of
construction of the machines. Tubular cooling arrangements are
placed round the high-pressure cylinders to keep the air at low
temperature between each degree of compression. By this means and
by suitable proportioning of the diameter of the cylinder a high
efficiency is obtained.

Reavell compressors deliver air at a pressure of 1,000 lbs. per
square inch. They have a volumetric efficiency of more than
90 per cent., and an equally high mechanical efficiency. The firm
build similar apparatus to compress air up to 3,000 lbs. per square
inch. Fig. VI.—8 shows the details of pistons and connecting rods.

Otto-Deutz Engine (Diesel Type).—The Gasmotoren Fabrik Deutz, of
Cologne, are also builders of Diesel engines, and the following figures
give the results of a test made by M. Barthe in October, 1907, upon
one of their 85 H.p. engines :—

Revolutions per minute . . 2093
Mean B.H.P. . . . . . 850 (854 Metric B.H.P.)
Consumption per s.H.p. hour . 0741 lbs.
Consumption of cooling water per
B.H.P. hour . . . . 2-65 gallons
Mean temperature of inlet water . 660 ° F.

Mean temperature of outlet water 1600 ° F.
Mean temperature of exhaust gas 53860 ° F.

The fuel cost, delivered at works, including 8-5 shillings Customs
Duty, was 11s. 10d. per ton.

The calorific value was 18,200 B.Th.U. per lb. and the solid
residuals, 19 per cent.

Gardner Engine.—Messrs. L. Gardner & Sons of Patricroft,
Manchester, build several different types of vertical engines, some
petroleum engines with open frame, as represented in Fig. VI.—9, and
others with closed crank case, as illustrated in Figs. VI.—10 and 11.
The number of cylinders vary from one to four. The speed of rotation
is from 600 to 800 revolutions per minute, and they are suitable for
consuming either petroleum, spirit, or illuminating or producer gas.
The weight of the engines amounts to about 55 to 66 1bs. per B.H.P.

Rathbun Engine.—The Rathbun engines, built by the S. M. Jones
Co. of Toledo, Ohio, are built with two, three, or six cylinders
and present several interesting features. 'I'he admission and exhaust
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F1G. VI.—9. Open frame Gardner vertical Engine.

Fia. VI.—10. Section through Gardner (enclosed) vertical Engine.
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valves are placed on the cylinder cover. The exhaust valves and
their spindles are cooled by water circulation, as shown in Fig. VI.—12.
Governing is by means of throttling, and adjustable ignition is pro-
vided. The half-speed shaft is placed at the base of the frame in a
kind of box fitted with a cover which can be removed to obtain ready
access to the cams, and to the ignition and governing mechanism.
Ignition is of the make-and-break type with water-cooled plugs.

Westinghouse Engines.—Within recent years the former method of
construction of this well-known engine has been abandoned in favour

F1G6. V1.—11. Transverse section, Gardner (enclosed) vertical Engine.

of a vertical tandem arrangement of single-acting cylinders so that
the suction stroke of one cylinder is the explosion or working stroke
of the other, the inertia of the moving parts being absorbed by com-
pression in one of the tandem cylinders on the up-stroke and by a
buffer eylinder on the down-stroke. At the Franco-British Exhibition
in London, 1908, several engines of this type were installed for
generating electric current and motive power, amongst them being one
engine of 500 kw. capacity, direct coupled to a dynamo, and erected in
the large Machinery Hall. Two other engines, of 180 kw. out-put,
were erected in a building adjacent to the Canadian section ; a third
engine of smaller power, and a fourth of 100 kw. were placed in the
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adjoining building to the Australian section; each of these supplying
the electric current for illuminating the various sections named.

The total ground area occupied by the 500 kw. engine (750 B.H.P.) as
shown in Fig. VI.—18 was 24 feet by 12 feet 6 inches. The diameter
of the lower pistons were 21 inches and of the upper pistons 28 inches,
by 24 inch strokes; the normal speed was 200 revolutions per minute.
The three pairs of cylinders are placed above the crank shaft, the buffer

F16. VI.—12. Rathbun vertical Engine.

cylinder being formed by the space between the open end of the
upper and the cylinder cover of the lower. The frame is totally
enclosed. Forced lubrication is adopted by means of duplicate
valveless pumps. The oil is made to pass through wire gauze before
passing to the pumps and the filters can be removed and cleaned
whilst the engine is at work. None of the moving parts are water-
cooled, as is often provided for in horizontal engines of the same power
which have both their pistons and exhaust valves water-cooled. This
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is one of the advantages that result from the use of a number of
small diameter cylinders, while a further important advantage is,
that the engine works with great cyclic regularity without requiring
fly-wheels of exceptional weight. Thus, the engines are peculiarly
suitable for driving alternating current dynamos working in parallel.

The engine has been designed with great care in order to obtain
simplicity and accessibility of all parts. By removing the upper
covers and disconnecting the lower part of the connecting rod
bearings, the connecting rods, pistons, and crossheads can be quickly

Fi1¢. VI.—13. Six-cylinder, three-crank British Westinghouse vertical Engine.

removed. All the valves are operated Ly cams and the push rods
work directly upon small bell crank levers pivoted on the cylinder
covers. The engine is controlled by means of throttle governing.

Campbell Engines.—The Campbell Gas Engine Co., Ltd., of Halifax,
England, have supplied over 54 vertical engines of from 60 to
860 B.H.p. up to May, 1909. The majority are in daily service in
public and private electric generating stations and seven have been
supplied as repeat orders, pointing to the fact that the engines originally
supplied have been found to work satisfactory even under exacting
conditions and in comparatively remote countries.

As special features the latest Campbell engines have their cylinders
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combined in groups of two, but each cylinder is distinct and indepen-
dent with its own valve and ignition gear, so that in case of necessity
the engine may run with one or more cylinders idle. The valve gear
is arranged quite clear of the cylinder covers, enabling the latter to be
removed or replaced with a minimum of trouble or time. The inlet
and exhaust valves are operated from one cam shaft placed within the
crank case and driven direct from the crank shaft by machine-cut gear
wheels. The inlet valve is carried in a removable plug with a ground
joint, the exhaust valve being water-cooled in the larger sizes.

F1g. VI.—14. Cylinder-heads and valve gear, Campbell vertical Engine.

Governing is effected by variable admission of a constant mixture,
the control valve being operated by a powerful governor. Low tension
magnetos are fitted to each cylinder with adjustment for advancing or
recarding the instant of ignition while the engine is in operation.
Lubrication of all bearings in the crank chamber and of the crank-
pin is effected by forced lubrication, the pressure being produced by
one or more submerged valveless ram pumps driven by eccentrics on
the crank shaft. 'The oil passes through a strainer to the pump, and
a bye-pass, relief valve, and pressure gauge are provided. Water
circulation is positively controlled by means of a centrifugal pump.
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Fig. VI.—14 shows the ignition gear, inlet valves, and controlling
valves of a 100 B.1.p. Campbell engine, with a platform all round the
upper portion. Fig. VI.—15 is from a photograph of a four-cylinder
engine rated at 125 B.H.r. on producer gas when running at 800
revolutions per minute.

Cfossl.ey Engines.—Fig. VI.—16 illustrates the four-cylinder vertical
engine introduced by Crossley Brothers, Ltd., of Manchester, in the

F1G. VI.—15.  Four-cylinder, 125 B.H.P. Campbell vertical Engine, direct-coupled to
dynamo.

early part of 1908. Forced lubrication is fitted and the oil is returned

to the engine bed-plate in which are placed two valveless oil pumps
which draw the oil through filters before its redistribution to the
various bearings. The cam shaft is placed within the crank case, the
inlet and exhaust valves, inverted in the cylinder cover, being worked
by push rods and levers. From the section given in the right-hand
bottom corner of Fig. VI.—17 it will be observed that the cylinder
cover is provided with side apertures to register with the gas and air
mains, the exhaust being led away above the covers (see Fig. VI.—16).
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The gas and air is conveyed to each cylinder in separate compart-
ments of the supply pipe, as shown in Fig. VL—17. In this way,
should the charge admitted to one cylinder through derangement
“back-fire,” a minimum of disturbance occurs, even to that one
cylinder. A gas adjusting valve is provided on all cylinders, so that
the mixture can be suitably adjusted to obtain good results from each
individually, or, if necessary, the gas charge to any cylinder can
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F1G. VI.—17, Mixture Regulation Device, Crossley vertical Engine.

be entirely shut off. The air can also be regulated, but such regulation
affects all cylinders, being placed upon the air main. Governing is
effected by altering more or less the position of two butterfly valves—
one for gas and one for air—upon one spindle although in separate
compartments. Thus the quantity of mixture admitted is varied
according to the load.

A simple method has been devised by means of which the engine
can be changed over from rich to poor gas or vice versa at a moment’s
notice and without stopping the engine. From the left-hand bottom
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diagram in Fig. VI.—17, it will be noticed that the throttle valve is of
peculiar design, having four cutting edges. The air throttle has these
four edges similar, but of the gas throttle two are similar to those of
the air and are used when the engine is served with producer gas,
while the other two are arranged with inclined surfaces of such a
shape that they give suitable proportions of gas areas, to the air areas,
when working with rich illuminating gas. It is only necessary to
disconnect the governor rod from one arm of the bell crank lever and
connect to the other arm to change from the one gas to the other.

Fi1c. VI.—18. Three-cylinder, Tangye vertical Engine.

Tangye Engine.—Fig. VI.—18 illustrates the Tangye three-cylinder
vertical engine, which is now being re-designed and improved in
details. A number of these engines are in satisfactory application
in sizes up to the maximum output of 180 or 200 B.H.p. The
governing is by throttling the mixture. Splash lubrication is relied
upon for the bearings and cylinder.

Attention has been directed to the inconveniences that apply to the
vertical engine when compared to horizontal types. These incon-
veniences are, naturally, relative but are of sufficient importance in
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the majority of industrial installations to give the preference to the
horizontal type. In a similar manner it is well known that the same
arguments hold good in connection with the steam engine where the
horizontal arrangement is generally preferred, vertical types only
being used when the amount of space available is restricted.

Such considerations particularly apply in the application of the gas
engine for marine work, a subject which is dealt with in the following
chapter.



CHAPTER VII
MARINE GAS ENGINES

THe utilisation of gas engines for marine purposes has been the
subject of very serious study by a number of makers who, in one way
or another, have specialised in this direction, and who have success-
fully built internal combustion engines fed with heavy petroleum or
even producer gas, which are working to-day with very good results.
Mr. A. Vennell Coster, of Messrs. Crossley Brothers, Ltd., has
published a series of interesting pamphlets upon this question, and
has ardently advocated the attractive proposals to substitute gas
engines for steam engines, both in warships and merchant vessels.
However, in the actual state of progress of gas engines and gas
producers, this kind of motive power is still subject to certain risks
which appear to be incompatible with the reliability of work, which, at
the present time, only the combination of steam engines and boilers
appears to realise. Having regard to the exigencies of navigation it
is none the less true that the practical solution of the problem must
be accepted as the next for gas engines to overcome. The hypotheses
considered by Mr. Coster, if somewhat bold, are not entirely premature,
and the ideas that he has put forward in this respect deserve to be
taken into consideration.

Mr. Coster has prepared a thermal balance-sheet of the three types of
motive power, from the point of view of their application for marine
service, and has drawn three diagrams, Figs. VII.—1, 2, and 8, which
show the advantages of the gas engine from the point of view of heat
utilisation in a striking manner. The figures given in these diagrams
are deduced from best examples of current practice, and take into
account, for both the boiler and producer, those fuels that are most
suitable for each of them. In the diagram, Fig. VII.—1, relating to the
marine gas engine, the efticiency of the producer is taken as 80 per
cent., which is a conservative estimate in view of the fact that some
producers have attained an efticiency of 90 per cent. of the total heat
of the fuel. In the diagrams Figs. VII.—1 and 2, the marine boilers
are internally fired and provided with tubes through which the flames
return, and the efficiency of such.has been taken as 70 per cent.,
which is somewhat over-gnted because these boilers are well recognised
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as being uneconomical, more attention being given to the steaming
qualities with regard to the production of large volumes of steam, and
to restricted ground space than to economy. An efficiency of 80 per
cent., sometimes obtained by stationary boilers fitted with economisers
and other apparatus making for low fuel consumption, is not applie-
able in the case of marine boilers.

For the gas engine, the thermal efficiency per 1.H.p. has been taken
as being 88 per cent., and this is admissible in the case of well-
constructed engines of the power under consideration.

As regards the steam turbine, Fig. VIL.—2, both the thermal
efficiency and the mechanical efficiency shown in the diagram have
been rated very highly.

From trials made with two steamers identical with respect to form
and water displacement, one driven by turbines and the other by
reciprocating engines, at the same speed, with the auxiliary machines
necessary, and working in the same limits of temperature, the thermal
efficiency indicated for the turbine has amounted to 20 per cent. with
a vacuum of 27 inches, the mechanical efficiency being 98 per cent.
It should, however, be noted that a good mechanical efficiency cannot
be maintained for as long a period in a turbine as with reciprocating
engines, and, with regard to the latter, according to the diagram,
Fig. VII.—3, the thermal efficiency is 17 per cent., and mechanical
efficiency 92 per cent. These are the best results that have been
specially obtained by the steamer Iona tested by a committee of the
Institution of Mechanical Engineers.

By comparing the dlﬂ'elent diagrams it will be seen that the gas
engine has a thermal efficiency double that of either the best
reciprocating steam engine or the steam turbine.

The lowest consumption of coal per indicated mn.r. in the case of
turbines, has varied between 11 lb. and 1'5 1b. of coal. In power gas
installations, this has amounted only to ‘6 to ‘8 lb., pointing to the
fact that the coal bunkers, on this account, may be reduced by 50 per
cent. from their present capacity, or, conversely, that the radius of
action would be increased by 100 per cent. if the vessels were fitted
with gas engines and producers.

Mr. Coster puts forward the following advantages in favour of the
gas power system :—

1st. The consumption of fuel would be reduced by 50 per cent.

2nd. The stand-by loss would be reduced by more than 75 per cent.

8rd. Working pressure confined to the engine cylinders.

4th. No boiler or main steam pipes to burst or furnace crowns to
collapse.
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5th. No priming in a heavy sea-way; no water-hammer in pipes
and cylinders.

6th. No more difficulties with the firing of boilers in a beam sea.
Gas producers may be charged only twice every twenty-four hours, and
the rolling and pitching of the vessel is rather advantageous than
otherwise in assisting the settlement of fuel down from the charging
hoppers.

Mr. Coster, however, does not conceal the great difficulties presented
by the problem in the present state of gas engine progress. He points
out that these main difficulties are :—

1st. The construction of a gas producer able to gasify all grades of
bituminous coal.

2nd. To find a simple method to cleanse the gas from tar and dust,
either before the introduction of the fuel into the producer itself, or
after the gas has left the generator on its way to the engine.

8rd. To ensure perfect control of the gas-propelled vessel, starting,
stopping, reversing, and running at all speeds.

These difficulties are certainly not incapable of solution. The
problem presents itself in different ways according to the particular
service that the ship is called upon to perform.

In pleasure boats, motor-boats, and commercial vessels generally,
for rapid transport with light loads, either vertical four-cycle motors
are installed to work with spirit or refined petroleum, or two-cycle
vertical petrol engines.

The use of light spirit involves risk of conflagration when the
power of the engine is sufficiently large to require a large reserve of
fuel. American engineers have developed the construction of two-cycle
petrol motors for such small vessels, to a great extent, and supply
them at an extremely low price.

For freight boats for river service, as well as for fishingand coasting
vessels, a considerable number of refined oil engines are in use mainly
of the vertical type, but sometimes horizontal.

The Griffin Engine—The Griftin Engineering Co., Ltd., of Bath,
have built an engine specially designed for marine work which
will burn either refined petroleum or any kind of liquid hydrocarbon.
The vaporiser is heated by the exhaust gases, and consists of a
cylinder with rough walls, into which water and the liquid fuel are
injected with a small quantity of air. The supplementary air neces-
sary is admitted through an opening at the other end of the vaporiser.
The temperature of the vaporiser never exceeds 400° F. In this way
the decomposition and gasification of the fuel is avoided, and thus no

/’\
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tar is formed within the cylinder. Consequently, all the parts of the
engine are maintained in good working condition even after long
periods of continuous work. The residuals of the oil are automatically
ejected from the vaporiser. Ignition is effected by means of a tube
heated by a blow lamp, the tube being maintained at a cherry-red
heat. It can be readily examined whilst the engine is at work, and
the regulation can be instantly adjusted.

The engines are built up to 200 u.p., with two or four single-acting
cylinders. The pistons of each pair are joined at the lower part by
a rigid cross-head which is connected by a connecting rod to the motor
shaft, the latter being fitted with a reversing clutch.

From a number of experiments with Griffin engines fed with various
fuels, the average compression pressure is shown to be 60 lbs. per
square inch. The initial explosion pressure is 240 lbs. per square inch,
and the mean pressure 70 1bs. per square inch.

The Standard Engine—The Standard Motor Construction Co., of
Jersey City, U.S.A., have built several petroleum engines of 500 H.p.
for ship-work. Several ferry boats are driven by 800 mH.p. Standard
engines, and recently a 500 H.p. double-acting engine has been installed
which is set to work by compressed air and has an arrangement for
reversing. For some time past gas engines and producers have also
been employed.

The Otto-Dentz Engine.—The Gasmotoren Fabrik Deutz have built
several vertical, reversible, producer gas engines. The first engine
built upon this principle was of the following dimensions: Diameter
of cylinder, 280 mm. (11 inches nearly) ; stroke, 300 mm. (12 inches
nearly) ; revolutions per minute, 300; B.H.P.,, 150. It consists of
four cylinders; two of these, when starting up with compressed air,
work on the two-cycle principle, but in normal work all four cylinders
are of the single-acting, four-cycle type. The mechanical details of
each of the four cylinders are completely independent from one
another. The frame is “ A” shaped, as shown in Fig. VII.—4, and
is carried upwards to form the water-jacket, within which the cylinder
liner is introduced. The breech end holds the liner in position, and
in each breech end the admission and exhaust valves and ignition
apparatus are fitted. The admission valve on each cylinder, either
of which can be worked by means of compressed air, is guided by a
piston. Each group of two cylinders is erected on an iron base
casting, the crank shaft being supported in bearings which form part
of the bed plate. Lubrication of these main bearings is effected by
means of a small force pump. The fly-wheel, 55 inches in diameter,
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is placed between the two base castings. The crank is unbalanced,
the moving parts themselves counteracting each other to give an equal
turning moment. The half-speed shaft which operates the valve
gear of the four cylinders is placed at mid-height together with the
reversing gear. It is supported on ball bearings, and is operated by
an intermediate vertical shaft from which the governor is driven.

The movement is transmitted by means of two pairs of skew gear
wheels, giving one-half the
number of revolutions of that

R - of the engine shaft. The half-
6} pl el speed shaft carries the cams
: s for working the valves. A
box, the lower part of which
is formed by the main frame,
contains the cams, levers, and
(. reversing gear, and is shown
| in Figs. VII.—5,6,and 7. In
the upper part of these boxes
are placed the valve rod guides.
Each valve can be worked by
one cam for forward or another
cam for backward direction of
rotation, these cams being
. placed side by side upon
SR the shaft. To each of the
- two cylinders, which are ar-
ranged to work with com-
pressed air for starting, two
additional cams are fitted,
F16. VII.—4. Section of Frame and Cylinder of correspondipg tO forward and
'.150 BH.P. 'four-c_vlimlcr ii:$<mgto;gnlnF€ae;r?k backward direction, when the
Deutz Marine Gas Engine. cy]inderg work as two-cycle
engines.

Finally, between the admission and exhaust cams, two others are
fitted, one for forward and one for backward movement, to control the
ignition. To make the motor reversible the movement is transmitted
indirectly to an intermediate piece, which determines the direction of
rotation of the engine when it is displaced between the cam and valve
rod guide. Every intermediate piece is operated by means of only two
reversing levers. Governing is effected by the variable admission of
mixture. For working with power gas, the air and gas pipes are
fitted with a hand-throttle. For working with liquid fuel, the latter
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is conducted directly to a carburettor at constant pressure placed
in the breech end. The quantity of air necessary is regulated by
varying the stroke of the admission valve, as determined by the
governor. Ignition is by electric magnetos.

For reversing, it is necessary to have a compressed air reservoir.
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FiGc. V11.—7.

Reversing Mecchanism of Gasmotoren Fabrik Deutz Marine Gas Engine.

The latter is maintained under a constant pressure by means of a
small compressing engine. A pressure of 90 lbs. is sufficient to
permit the engine to be reversed. Reversing can be quickly obtained
by introducing compressed air to produce back pressure.

For ships of heavy tonnage requiring units of large size, the
constructors who advocate the use of producer gas are now engaged
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in making a series of trials. Some of the conditions that must be
fulfilled, and to which attention has been directed in connection with
Mr. Vennell Coster’s statements on the subject, have not yet received
an entirely satisfactory solution.

If the question of the use of internal combustion engines for
merchants’ ships has not yet made all the progress that one could
wish for, it is to be attributed more to economical considerations than
to technical difficulties. The solution of the question with regard to

Fia. VII.--8. Koerting two-cycle, multi-cylinder Engine, for Submarine Vesscls.

warships may be considered as having already been acquired, so far
as concerns submarine vessels, although in this particular application
the problem presented some special difticulties.

Koerting Engine.—The firm of Koerting Brothers have constructed
the two-cycle engine shown in Fig. VII.—8, for service in submarine
vessels. Its characteristic feature is the entire absence of valves.
In this engine the admission and expulsion of the charge in the main
cylinder as well as in the mixture pump, and control of the scaveng-
ing air, is effected by the principal piston working as a slide valve.
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T'he cam shaft serves only the ignition and governing mechanism.
Thus the motor is particularly reliable in working. The consump-
tion of fuel is higher in these than in the Diesel engines, but their
reliability is greater. The makers have received orders from several
Governments.

The Thornycroft Engine.—Messrs. J. I. Thornycroft, of Chiswick,
London, also build engines for twin-serew submarine boats. They
have furnished, amongst others, several to the Royal Italian Navy.

Fic. V1I,—9. Thornycroft four-cycle, multi-cylinder Engine, for Submarine Vessels,

The engine consists of eight cylinders, in two groups of four, attached
to the same crank shaft (Fig. VII.—9). Each cylinder is 12 inches
diameter and 8 inches length of stroke. The crank case is com-
pletely closed. Lubrication of the bearings and those at the end of
the crank case are provided with water circulation, and, in addition,
the pistons and crank case are continually cooled by a blast of cold
air from a fan.

To facilitate the removal and replacement of the pistons and con-
necting rods, the base is provided with doors. The cylinders can also
be removed. The cooling water is circulated by a centrifugal pump,
driven either by an electric motor or by a small oil engine using the

v
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same fuel as the main engine. The advantage of this method is that
the engine can be rapidly cooled after stoppage to enable inspections
and necessary adjustments to be made, and also that the amount of
cooling water can be controlled to a nicety, according to the need of
the engine or the peculiar nature of the fuel used.

The vaporiser is connected to the first portion of the exhaust pipe
in such a manner that the temperature can be regulated to suit the
brand of petroleum employed, the quality of the latter being very
variable necessitating different treatment being given with respect to
the quantity of heat required for its vaporisation.

With proper regulation of heat neither the engine nor the
vaporiser require cleaning, and tarry deposits are not formed.

For reversing, the cam shaft is made to turn always in the same
direction, whatever the direction of rotation of the engine. This is
arranged by means ¢f bevel pinions with solid jaw clutches. Com-
pressed air is used to start the engine in either direction, the com-
pressed air admission valves remaining closed whenever the ignition
explodes the working charge. Low tension magneto is employed for
ignition.

The consumption of petroleum is about 0°7 pint per B.H.P. per
hour. The total weight per group of four cylinders is 7,700 lbs.
The result of a three hours’ test made by Messrs. Thornycroft on one
of their eight-cylinder engines gave the following figures :—

Average power . . . 825°5 B.1.P.
Average speed . . . 5825 revolutions per minute.
Consumption of petrolenm . 66 pint per B.H.p. hour.

These engines can be fed either with petroleum, as in the above
trial, or by spirit. In the latter case the vaporiser is not required.

American engineers have principally employed gasoline (petrol)
engines for this work. The United States naval authorities have six
submarines, each driven by a single-acting, four-cycle 160 B.H.p. engine.
Other submarines are under construction, and will be fitted with
250 B.H.P. Craig engines.



CHAPTER VIII
TWO-CYCLE ENGINES

Two distinet cycles are to-day favoured by manufacturers. The four-
stroke cycle of Beau de Rochas (1862) and the Clerk two-stroke cycle.
The latter was particularly studied and employed when the monopoly
claimed by the Gasmotoren Fabrik Deutz, under the name of the Otto
cycle, prevented makers from freely applying the four-stroke cycle to
their engines. It was at this epoch that Clerk (1878), Ravel (1878), Wittig
(1880), Koerting (1880), Benz (1884), produced their two-cycle engines.

From 1886, in which year the extent of the Otto patents was
considerably curtailed by the decision of the German Law Courts, the
large majority of makers began to use the four-stroke cycle, and
since then only a few attempts have been made to design two-cycle
engines. Amongst these, well in the front rank are the Koerting and
Oechelhiuser engines, which have given some remarkable results
when served with blast furnace gas. In America also the two-cycle
engine, working with gasoline, is largely adopted for driving launches.
In Chapter VII. mention has already been made of the two-cycle
engines for submarine vessels built by Koerting Brothers.

Partisans of the double-acting four-cycle engine put forward the
following as advantages of this type over two-cycle engines for large
powers :—

1. A minimum of weight of engine, which so far has not been
attained. This weight will be 200 lbs. per B.H.p. for single-cylinder
engines, and in somewhat less proportion for the tandem engine.
(Nevertheless, these low weights are not realised by the examples
mentioned on p. 78.)

2. A mechanical efficiency of 90 per cent. instead of 65 to 70 per
cent. for two-cycle engines. With regard to this point, it may be
mentioned in passing that the Sicgener M.4.G. guarantee an efficiency
of 74 to 76 per cent. under normal load for their two-cycle engines,
and 78 to 80 per cent. on overloads; this efficiency being measured
by the ratio between the indicated work in the air cylinder of a
blowing engine and the indicated work in the engine cylinder. The
work of the pumps on normal load never exceeds 6 per cent., and on
overloads 7 per cent. of the total 1.H.p. of the motor cylinder.
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8. Elimination of cylinder ports which shorten the life of the
cylinder itself and the piston rings.

M. Giildner, who has himself designed two-cycle engines, but now
builds the vertical four-cycle type, is of the opinion that the future
belongs to the two-cycle engine, and that only.

Professor Witz believes that four-cycle engines, double-acting, are
bound to prevail, seeing that the mechanical efticiency of two-cycle
engines is not usually more than 72 per cent.

Herr Reichenbach is of the same opinion, and states that the use of
the four-stroke cycle, tandem, double-aciing engines allows the com-
bination of high thermal efficiency with an equally high mechanical
efficiency. On one hand, there is no fear of wasted gas; the best
mixture of air and gas is assured ; no danger of explosion during the
suction stroke need be feared; and finally, the compression can be
raised sufficiently to assure the maximum utilisation of heat being
obtained without risk. Besides these points, the internal resistances
are reduced to a minimum, seeing that each compression is produced
by the engine piston without any intervening rotary or reciprocating
mechanism ; therefore, the preparation of the gaseous mixture entails
no frictional loss.

Professor Meyer, after having found that the negative work is 4 to 5
per cent. of the indicated power in four-cycle engines and from 10'5
to 115 per cent. in two-cycle engines, admits having thought, at one
time, that the two-cycle engine will supplant its competitor, but he
now points out the advantages of the four-cycle engine, particularly
its simplicity of operation, which make it exceptionally fit to compete
with the two-cycle type.

Herr Junge has compared the two types of engines particularly in
relation to fuel consumption, initial capital outlay, space occupied,
and ease of management. He states that the economy of fuel is a
very important subject to enquire into when the relative merits of gas
and steam engines are under discussion, but it does not enter into
consideration when a decision is to be made in connection with two-
cycle or four-cycle engines only, because, in the first place, no
sufficiently precise tests have been made to enable just conclusions
to be formulated as to the superiority of one over the other, and in
the second place, because it is of very little consequence to know if
one engine does consume a few hundreds of cubic feet more than
another. Such gain would have no real value except when the gas
thus saved could be stored and used. This cannot be arranged in the
majority of large gas-power installations.

The initial capital cost is lower for a two-cycle engine of the



TWO-CYCLE ENGINES 113

Koerting type than for a four-cycle engine, and the simplification
of the pumping arrangements made from day to day increase this
difference.

The space occupied by the Koerting is also less, and when this is
an important consideration it should be given the preference.

The absence of exhaust valves in the Koerting engine is an un-
deniable advantage, but it is usually appreciated more by the attendant
than by the proprietor.

Professor Diederichs has studied the quoestion in great detail and has
made a complete comparison between the four-cycle and two-cycle
types. His conclusions are briefly summarised as follows :—

1. Thermodynamic Actions in the Cylinder.—At the beginning of com-
pression in the two-cycle engines the temperature is lower and the
pressure of the working charge greater. The denser mixture produces
a greater specific power. In the two-cycle the loss of heat to the cool-
ing water is greater during compression; this permits higher com-
pression pressures and produces higher thermal efficiencies.

2. Fluid Friction.—The losses resulting from fluid friction are
greater in a two-cycle than in a four-cycle engine. They are lesser
or greater according to the system of pumps adopted ; the latter may
be classed in the following order of merit :—

A. Separate pump with large reservoir.

B. Separate pump without reservoir.

C. One end of the working cylinder used as a pumping cylinder.
D. Use of the crank case as a pump.

3. Mechanical Friction.—The mechanical efficiency properly so called
(making ¢ distinction between mechanical and fluid losses) appears to
be a little higher in two-cycle engines.

4. Economic Considerations.—The net cost of installation, the
running expenses, ease of maintenance and reliability are the
principal considerations. According to circumstances and the duty
to be fulfilled, the advantages of two-cycle engines may outweigh those
of the four-cycle, and rice rersd.

It is of interest to make a comparison between the two cycles with
respect to the number of essential parts that are involved in construe-
tion, working and maintenance, and particularly those which are
subjected to heavy strains and exposed to wear.

1.€.E. 1
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For instance, in a 2,000 H.p. engine, the number of such details for
the various types of present day construction are as follows:—

Two-cycle engine.
Four-cycle
l N engine.
Oechelhituser. Koerting.
Number of cylinders . . . . 2 2 4
” ,» pistons (engines and pumps) 6 6 4
" » piston-rods and stuffing-boxes 4 10 8
" ., admission valves . 2 ‘ 4 8
" ,» exhaust-valves . . . — i — 8

For the valve gear the four-cycle double-acting engine with two
cylinders will require two side shafts, operated by four or eight gear
wheels. These shafts usually carry sixteen eccentrics or cams for
inlet and exhaust, and, in some cases, eight additional eccentries or
cams for the gas. In the Oechelhiiuser engine, this complication is
balanced by the four return connecting rods with their coupling rods
and crossheads, and, in the Koerting engine by the set of distributing
valves, slides, &c., for the supply of air and gas.

M. Reinhardt, a constructor of four-cycle engines, recognises the
qualities of the two-cycle engine and even its superiority for operat-
ing blowing engines. His conclusion is that it is impossible to
definitely decide the point at issue at the present time.

The author shares this opinion and thinks that it would be pre-
mature to positively accept one system to the exclusion of the other.
He believes, moreover, that any such preponderance will never be
manifest. The two cycles each have their special spheres, and the
improvements that builders are constantly making in one or the
other present an equal interest.

The characteristics of the two systems may be recognised by
reference to the annotations to Figs. VIII.—1 and 2.

In the Oechelhiuser and Koerting two-cycle engines, the pumps
attached to them introduce the explosion charge into the cylinder,
delivering the air and gas separately under a pressure varying from
556 to 14 lbs. per square inch. In this way, not only is there no
depression at the time of admission, but, by means of the separate
control of the air and gas, a blast of air can be admitted previous to

the introduction of the fresh charge to scavenge the products of
combustion.
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It is during the period between the end of the expansion and
commencement of compression that exhausting, scavenging, and
introduction of the new charge should take place. In spite of the

d
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F1c, VIII.—1. Indicator diagram, illustrating four-stroke cycle.

1. a. to b. Induction of mixture.

2. b. to c. Compression.

3. c.d.and f.  Ignition and expansion forming the only working
stroke of the cylinder.

4. f. to a. Exhaust.

Fi1G. VIII.—2. Indicator diagram, illustrating two-stroke cycle.

1. a. to b. Induction ; b. to c. Compression.
2. c. d. and f.  Ignition and expansion ; f. to a. Exhaust.

large admission ports provided, the short time allowed for these three

operations necessitates the use of pressure to overcome the resistances

to the admission of mixture. The pumps which accomplish this
12
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operation should be of nearly equal dimensions to that of the engine
cylinder. This involves an appreciable amount of work and a reduc-
tion of the total mechanical efficiency to 75 or 80 per cent. under the
most favourable conditions, and, further, tends to complicate the two-
cycle engine.

The Oechelhiuser and Koerting systems have, however, some
peculiar advantages, foremost amongst which may be mentioned the
fact that the speed of these engines can be varied within a wide range,
thus approaching the working conditions of steam engines.

The construction of two-cycle engines is more simple and easier
than that of four-cycle tandem engines of the same power, for the
machine is shorter, and only comprises one motor cylinder. The
complicated and difficult operation of opening and closing large
exhaust valves is also avoided, but on the other hand it becomes
necessary to carefully study the operation and adjustment of the
admission valves and pumps. In one word the construction of a two-
cycle engine, and especially of the Koerting type, demands the utmost
care, but when the makers’ shops at Koertingsdorf are visited and
inspection is made of the machines that are sent out, any anxiety that
may be felt in this matter is entirely allayed. The workmanship,
finish, and the scrupulous care bestowed upon the selection of material
are traditional of the firm of Koerting Brothers.

This firm and their licensees have triumphantly responded to the
arguments of their competitors by the number of installations already
carried out or in progress. In 1907, 214 engines, representing about
182,000 u.r. were supplied, while the Oechelhiuser two-cycle engine
was represented by 60 engines amounting altogether to about
50,000 H.P.

Two-cycle engines still find serious detractors, and up to the present
time the preference of the majority of builders has been given to the
four-cycle type because of the simplicity and high efticiency of these
engines.

The following descriptions are given of the most interesting two-
cycle engines :—

Koerting Engine.—This double-acting engine is represented in eleva-
tion and in horizontal and vertical section in Figs. VIII.—38 and 4.
Its method of working is as follows :—

1. The ignition of the mixture and development of pressure takes
place, after the introduction and compression of the charge, close to
the back dead centre of the piston.
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2. The expansion of the burnt mixtare and transmission of power
to the crank shaft takes place during the forward stroke of the piston.
3. When the piston has arrived at the front dead centre, the expul-

Fia. VI11.—3. Diagrammatic elevation and part sectional plan.

Koerting two-cycle Engine.

Fi¢. VIII.—4. Diagrammatic sections of Koerting two-cycle Engine.

sion of the products of combustion and then the admission of the
new charge takes place.

4. During the return stroke the piston compresses the explosive
mixture.

o
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This work, which in four-cycle engines occupies four strokes of the
piston, is effected in two strokes in the Koerting engines, the expulsion
of the residual gases and the inlet of the new charge occurring during
the very short time that the piston remains in the zone of the front
dead centre.

The engine piston B, Fig. VIIL.—4, does not draw in the mixture.
The cylinder 4 is refilled by the pumps D and C, Fig. VIII.—3, the
new charge itself expelling the burnt products and occupying the
space thus made vacant. "The introduction of fresh mixture is made
in the following manner :—

1. It becomes diffused uniformly throughout the area of the cylinder
and thus drives out the former mixture.

2. A cushion of air becomes interposed between the new charge and
the hot residuals of the previous explosion, preventing contact of the
two mixtures and premature ignition of the fresh charge.

The outlet ports in Fig. VIII.—4 for the products of combustion
are situated in the middle of the cylinder in the form of annular
orifices. The piston (of a length equal to the stroke, less the width of
the exhaust ports—i.e., one-tenth of the siroke) alternately opens and
closes these openings in its backward and forward movement.

When the exhaust commences, the internal pressure is still from 30
to 45 1bs. per square inch, and consequently the burnt gas escapes at a
velocity of from 1,000 to 1,300 feet per second, causing the pressure to fall
to about 15 lbs. per square inch when the crank-pin is only 20° from
the outer dead centre. The expulsion of the products of combustion and
the introduction of the new charges, pushing out the last traces of the
previous explosion, occurs in the period that elapses between the dis-
closing and the obstruction of the ports by the piston.

The admission valves—plates with spring shutters—are operated by
the camns placed on the two sides of the cylinder. "The gas and air are
brought by the separate pumps D and C (Fig. VIII.—38) but only the
mixture enters the cylinder. The pumps are driven from the main
shaft, and the angle of lead of their crank is about 110° in advance of
the engine crank. They at first force pure air, and afterwards a
mixture of uniform composition of which the quantity only is varied
to regulate the power developed by the engine. The pumps introduce
the mixture at a pressure of about 8 to 4 lbs. per square inch. The
pumping pistons are at the end of their suction stroke as soon as the
engine piston has closed the exhaust ports, and then compression
begins. The two pumping pistons are placed on the same rod and
have the same movement; the composition of the mixture depends
entirely upon the ratio between the areas of the two pumping pistons.
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The supply pipes 4a (Fig. VIII.—3) for the air and Cc¢ for the gas
terminate at the admission valve. When the admission valve opens
the fluid nearest to the valves will enter first into the engine eylinder ;
therefore, if by some means, air is made to pass into the gas supply
pipe and thus push back the gas, air will then be present on both
sides of the valve, as shown in Fig. VIII.—5, and upon the opening of
the valve air only will pass through in advance of the gas until the
latter reaches the valve. »

The critics of two-cycle engines, however, say that a certain amount
of gas is always mixed with the scavenging air because the two tluids
do not remain distinct but become diffused. Analysis of the products
of combustion made in different cases have in fact revealed the presence
of combustible gas in the exhaust pipes. But this waste of gas is very

Air J
F1G6. VIII.—5. Diagram showing Method of Supplying Air ouly at first opening of Inlet

Valve (Koerting Engine).

small, because a portion of the scavenging air remains in the cylinder
-under normal loads.

The manner in which the pumps introduce and control the charge
can be readily understood from Fig. VIII.—6. As already mentioned,
being double-acting, they draw in and drive out at the same time, and
are arranged to first introduce pure air and afterwards an intimate
mixture of constant composition. The gas pump, therefore, has no
work to do during a certain period, while the air pump is operating.
Afterwards, the gas pump delivers in such manner that the com-
position desired reaches the engine instead of pure air.

The air pump works with full admission like a steam engine. In
the gas pump the opening of the suction occurs only after the piston
has completed 40 to 50 per cent. of its travel. During this time the
delivery remains closed and the gas drawn in by the preceding stroke
re-enters the suction pipe. The pump delivers during the second
period of the piston’s stroke, and the two pumps acting together from
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this moment, supply gas and air at equal velocity so that the com-
position of the mixture is uniformly maintained.

The engine inlet valve is not opened at the beginning of the delivery
stroke of the air pump piston but only after the pump piston has
nearly reached mid-stroke. During this interval the air accumulates
in the supply pipe, and by its pressure forces back the gas, the gas
pump not yet delivering. Upon the opening of the engine inlet valve,
therefore, pure air alone enters until the gas pump commences its
delivery. This produces the scavenging of the cylinder and the

1
Fig. VIII.—6. Diagram showing Method of Governing (Koerting Engine).

formation of a cushion of air against the piston previous to the
introduction of the uniformly constituted explosive charge.

The regulation of the engine is obtained in two ways:—

(1) By retarding the delivery from the gas pump, by actuating the
side valve of the pump rod by a slotted link operated by two different

- eccentrics, and controlled by the action of the governor raising or
lowering the link. This method necessitates the use of a very
powerful governor.

(2) By a bye-pass between the delivery and suction branches of the
gas pump by means of a butterfly throttle valve operated by the
governor. When the throttle is partly open during the suction stroke
and the first portion of the delivery stroke of the piston, a greater or
lesser amount of gas is bye-passed from the delivery pipe to the suction
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chamber. The column of gas flows back in the passage behind the
engine inlet valve and is replaced by air. When the engine inlet valve
opens so much more air and so much less gas enters the cylinder,
according to the position of the throttle. This adjustment is effected
by a slotted link as in the first case.

The butterfly throttle valves in some cases are now replaced by piston
valves mounted concentrically to the admission and exhaust slide valves
of the pump.

A reciprocating movement is imparted to the piston valves by the
operating eccentrics and they can also rotate upon their rod as regulated
by the governor. The two movements occur simultaneously and thus,
according to the load upon the engine, permit the gas supply pipe to
deliver more or less gas to the mixture fed to the engine cylinder.

Ignition of the mixture is obtained by means of two magnetos, with
the spark advanced 18 or 20° before the dead centre. Compressed
air is used for starting.

The normal speed of the Koerting two-cycle engines is from 80 to 140
revolutions per minute; this speed can be considerably reduced, and the
engine works very well even at 15 or 20 revolutions per minute, which
is a great advantage in certain circumstances. Owing to this great
elasticity the engine can be started and even put under load, and, in
consequence of its method of admission, it possesses a very large over-
load capacity. These qualities render it particularly serviceable for
blowing engines and rolling mills.

As the Koerting engine is built by different licensees there are
several variations from the original form in evidence. The author
would particularly mention those made by the Seigener 3M.4.G., and
the Gutehoffnungshiitte of Oberhausen, who have been referred to several
times in this book.

The Gutehoffnungshiitte Co. employ slide pistons for the air and
gas pumps operated by rods and separate levers. Governing is
effected by the turning movement of external piston valves under the
control of the governor. They also receive a reciprocating movement
parallel to the axis of rotation worked by a hand lever.  The admission
passages of the gas pump are then opened, more or less, according to
the quality of the gas employed and the load of the engine.

Mather & Platt, Ltd., Manchester, build Koerting engines for manu-
facturing purposes and for generating electricity. At the outset, they
constructed them upon the original lines, but have now made a number
of modifications in the way of simplification and for the better utilisa-
tion of producer gas and coke oven gas.
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The gas pump is double-acting and is placed on the same axis as the
two air pumps which are single-acting (Fig. VIII.—7). The pump
cylinders are separated from each other by the admission boxes,
each of which is divided into two parts by a partition, and fitted with
automatic valves.

The gas piston is hollow. Its two faces are fitted with automatic
valves and it is provided with openings in its periphery. The
admission ports are placed in the wall of the cylinder in such a

1 | (= |

Fia. VIII.—7. Section through Gas and Air Pump, Mather & Platt Engine
(Koerting type).

manner that the hollow piston places the gas supply pipe in com-
munication with first one and then the other end of the pump
cylinder. When the openings are masked by the piston, the gas must
enter into the hollow portion by the ports and then pass through the
automatic valves in the cylinder of the pumps at each suction stroke.

It is necessary to retain the gas charge until the air scavenging has
been effected; therefore the position of the piston is given a certain

Fra. VIIL.— 8. Sectional elevation, Mather & Platt Engine (Koerting type).

amount of lead according to the calorific value of the gas used, in order
to cover the openings and thus cut off the adnission of gas. By the
following movement the gas is compressed through the automatic
valves into one or other of the valve boxes and from there expelled to
the proper passage.

The different pistons are connected together by the same rod. The
boxes forming the ends of the double-acting gas pump are placed
respectively in communication with each of the engine inlet valves.
These admission valves, as shown in Figs. VIII.—8 are mounted
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on a rod, passing through the valve bhoxes and surrounded by a coil
spring which normally holds the valve to its seat. Above each valve
rod is placed a pair of rolling levers. The lower one has a nose
which rests on the end of the valve rod. As the admission valves
should open only for just about one-fourth of a revolution of the engine
crank, and remain closed during the other three-fourths, the contact
surfaces of the levers are shaped so as to give a rapid movement to the

Fic. VIIL.—9. 600 H.p. Mather & Platt Engine (Kocrting type).

valve rods on opening and closing and a prolonged inaction for the
remainder of the revolution.

The two pairs of levers are connected by a rod so as to work
together in an opposite direction, one pair being closed when the other
pair is opened. The levers are operated by connecting rods and simple
eccentrics placed on the crank shaft and have means for adjustment.
This patented arrangement dispenses with the usual side shaft with
its cams and gearing.
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Governing is effected by varying the quantity and not the quality
of the mixture. Lubrication is controlled from a central distributer.
Ignition is obtained from two magnetos placed at either end of the
cylinder. Fig. VIII.—9 represents one of the most recent 600 H.p.
engines by Mather & Platt, Ltd., distinguished by its extreme
simplicity.

Oechelhauser Engine.—The Oechelhiiuser engine was one of the first
designed for large outputs of power. It was put in practice early in
1898 in the form of a 600 H.P. engine, and has since been able to show
its excellent qualities during an active life of nearly 11 years.

The characteristic feature of this engine is the employment of two
pistons working in one cylinder, thus recalling the arrangements
designed a number of years ago by Robson, and constructed by Scott
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Fia. VIII.-10. Diagram of Oechelhiiuser Engine.

Brothers, of Halifax (Iingland). The Robson engine was of the four-
cycle type with valve gear, whilst the Oechelhiuser engine is of the
two-cycle principle with no valves whatever for the cylinder. This
peculiarity is the more interesting as in all other large engines the
valves are delicate organs, difficult to keep in good order in conse-
quence of the high temperatures they have to withstand within the com-
bustion chambers. The same remarks apply equally to stufting-boxes
and breech ends which are non-existent in the Oechelhiiuser engine.

The diagram Fig. VIIL. — 10 shows the method of working of the two
single-acting pistons. The front one is connected to the central throw of
a triple crank shaft by a connecting rod and pushes the crank forward
under the influence of the explosion in the ordinary manner, whilst
the back piston is connected by cross bar and side rods to the two
outer cranks placed at 180° and pulls the crank backward on power
strokes.

The first advantage of this arrangement is that it produces a perfect
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balance of moving parts, and the equilibrium is particularly favourable
on account of the neutralisation of working stresses in the crank-shaft
bearings. Another advantage is that the combustion chamber is formed
by the cylinder itself between the backs of the pistons when these have
been brought together at the time of ignition. This explosion chamber
is thus an enclosure presenting a minimum of surface cooled by the
circulation of water and devoid of all passages and recesses which might
be obstacles to the movement of the gas at the time of explosion.

These arrangements ought to have a manifest influence upon the
thermal efficiency of the Oechelhiuser engine. They explain the
favourable results obtained by an engine constructed by Borsig of
Tegel. This engine of 500 H.r. has developed 1 1.H.P. hour with
an expenditure of 6,350 B.Th.U., the thermal efficiency being 89-5
per cent., and the mechanical efficiency 83 per cent.

The valve action is obtained by the pistons themselves forming slides
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F16. VIII.—11. Representative indicator diagram from Oechclhiiuser Engine.

which alternately uncover and obstruct annular ports provided in the
cylinder walls (Fig. VIII.—10), serving for the admission of air (a) and
of gas (g), as well as for the expulsion of the products of combustion (e).

Before the pistons reach their dead centres on the outward strokes,
the first piston uncovers the exhaust ports (e); then the back piston
uncovers those for the admission of air («), which, entering under
pressure, scavenges the cylinder before the ports (¢9) admitting the gas
are uncovered. The gas then mixes with the air to form the explosion
charge. On the following stroke the pistons are brought back towards
the middle of the cylinder, and, having first closed the inlet and exhaust
orifices already referred to, they compress the charge previous to the
commencement of another power stroke.

These operations are therefore conducted npon the two-cycle prin-
ciples, (1) compression, (2) expansion. Admission and exhaust only
occur during a fraction of the cycle, the air and gas being admitted
under pressure.
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The double-acting pump p (Fig. VIII.—10)—the piston of which is

FiG. VIII.—12. Governor Trip Gear,
Occhelhiiuser Engine,

mounted upon a prolongation of (or
independent of) the back motor pis-
ton—supplies both air and gas to the
main cylinder. The front of the
pump piston sends gas through the
passage g’ and air through the pas-
sage a'.

These passages always contain
sufficient air and gas under pressure
(the former atabout 9 to 11 lbs. and
the latter 6°5 to 8 lbs. per square
inch) to fill the working volume of
the cylinder, which corresponds to
about 70 per cent. of the total
volume. The difference in pres-
sure between the two fluids is re-

quired by the exigencies of distribution.

The indicator diagram takes the form shown in Fig. VIII.—11, in

which the exhaust, air blast and gas
mixture admission takes place between
the points a and b.

Governing is by variation of quantity
of mixture. The compression is vari-
able, but in order not to produce a
vacuum the entire charge is introduced
into the cylinder. The governor then
regulates the opening of a return valve
which permits a portion of the mixture
admitted to be stored in an auxiliary
receiver. The valve is operated by the
medium of two levers 4 and B moving
round a point (1) (Fig. VIII.—12), the
movement of one being communicated
to the other by the fulerum block (C)
whicli can oscillate round the point (2).
Against this fulerum block, at the point
(8), bears the roller of the lever D
mounted on an eccentric (4) forming a
part of the lever IV which is operated
by the governor. The levers I) and

F1a. VHIL--13. Gas and Air Pump
Valves, Borsig Co.’s * Occhel-
hiiuser” Engine.

A are tied both together by the rod I fixed respectively at a and b.
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It will be seen that, according to the position of the eccentric (4),
the roller (3) forces the fulerum block C more or less to the right, and
sooner or later actuates the trip gear at the end of the lever B. The
sprag C is maintained by a spring R.

The Borsig Co. have fitted their new pumps with the type of
valves used in their air compressors and steam engines. The auto-
matic suction and delivery valve (Fig. VIII.—18) consists essentially

Fic. VIII.—14. Transverse section through Cylinder and Valve Box,
Oechelhiiuser Engine.

of a very thin steel sheet, about ¢ inch thick, weighing about 1} ozs.,
and stamped so that the surface presents two spirally radiating arms.
This plate is attached to the centre by means of two screws. Above
the plate forming the valve is a circular support against which bear
several spiral springs. These springs are to load the valve and to
press the disc against its seat. The circular support is fixed to the
middle of the valve plate and thus the disc is forced to lake a
convex form.

With a view to being able to modify the areas of admission of gas
and air, some slide valves are arranged round the admission slots.
These slides are generally regulated by hand. However, the Borsig
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Longitudinal section, Oechelhiiuser Engine, with Blowing Cylinder.

Fia, VIII,.—15.
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Co. advocate that the gas slide valve should be controlled by the
governor.

Fig. VIII.—14 shows a section through the wvalve chamber,
Fig. VIII.—15 a longitudinal section, and Fig. VIII.—16 a plan. The
two latter represent an engine with a blowing cylinder (on the right)
for blast furnace work. The gasand air pump is shown on the plan in
dotted lines.

The Deutsche Kraftgas Gesellschaft have built Oechelhiiuser engines
since 1899. Several other important firms build them under licence
or on their own account having acquired the patents. It is in this
way that about sixty of these engines, equivalent to a total of 50,000 u.r.,
have been installed in different countries, being used more particularly
in metallurgical industries.

Two-Cycle Buckeye Engines.—With a view to obtaining higher
mechanical efficiencies the Buckeye Engine Co. of Salem (Ohio, U.S.A.)
have thought of utilising the pistons themselves and their crossheads
as gas and air pumps. The engine works on the two-cycle principle,
single-acting, with twin-cylinders. It is built for powers varying from
25 to 500 m.p. Above that power the Buckeye Co. construct double-
acting two-cycle, and double-acting four-cycle engines.

The engine represented in Figs. VIII.—17 and 18 consists of two
cylinders with one crank with two throws set at 180°, two gas and two
air pumps. Fig. VIII.—17 is a longitudinal section of the engine. The
piston (2) performs a double duty. It transmits the motive force to
the crank and also compresses the mixture in the chamber (18) before
its delivery in the explosion chamber.

The crosshead of the piston (6) is in the form of a plunger and acts
as an air pump and compressor piston in the chamber (7). The
exhaust ports are opened by the piston as usual in two-cycle engines.
These ports are shown at (14) in Fig. VIII.—17. Each motor piston
compresses its own explosive mixture and each crosshead plunger
delivers the compressed air for scavenging to the combustion chamber
of the other half of the engine. The cycle of operations is as follows :—
When the piston uncovers the exhaust ports, the scavenging valve (11)
is opened, and compressed air at about 8 lbs. per square inch is
admitted to the combustion chamber from the air pump of the other
cylinder. This air scavenges the burnt gases ; the admission valve (10)
is then opened, admitting a charge of gas and air from the compression
chamber (18); this charge is also at a pressure of about 8 lbs. per
square inch. The motor piston further compresses the charge which
is fired by an electric igniter. Whilst the piston travels back to com-
press the charge in the cylinder, it draws a supply of fresh mixture

I.C.E. K
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into the chamber (3), and the crosshead plunger similarly draws in a
charge of fresh air. The delivery of air from the chambers and
passages (7, 20, and 19) is controlled by the valve (11), whilst the
admission of air by the piston plunger (6) is regulated by a piston fuel
valve (68) (Fig. VIII.—18), which takes the air from the chamber (68) in
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Fi1c. VIII.—17. Diagram of Buckeye Engine.

communication with the atmosphere by the base of the engine and
sends it to the chamber (69) which is in communication with the
piston plunger. The piston valve (62) takes in a mixture of air and
gas through the chamber (67), which is in communication with the fuel
supply, and then passes the mixture to the pump (8) (Fig. VIII.—17)

Fi1G. VIII.—18. Elevation, Buckeye Enginc.

through a balanced throttle valve (60) (Fig. VIII.—18). The mixture
pump then forces the charge back through the throttle valve (60) to
the principal admission valve. This throttle valve (60) under the

action of the governor thus regulates the quantity of mixture drawn
in by the pump (8) as well as the quantity of mixture pa.ssmg by the
ve (10). The mixture and air scavenging valves are
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actuated by connecting rods worked by a side shaft. The rod (88)
operates the corresponding valves for the other half of the engine.
The admission and scavenging valves are actuated by rolling levers.

The centrifugal governor adjusts the position of the balanced
valve (60) and thus controls the passage of the mixture. As the
cylinder is filled with scavenging air at every stroke, the variation of
the quantity of mixture introduced does not vary the compression,
but modifies the richness of the mixture. The engine is provided
with both high tension and low tension igniters. The valve gear can
be adjusted to vary the compression and expansion in the motor
cylinders. This changes the pressures of compression and of exhaust.
Thus, for instance, with a valve closing at mid-stroke the gas will be
expanded to one-and-two-thirds times its original volume if the free
space were one-fourth of the piston displacement.

The piston can be similarly adjusted so that the mixture after
admission in the motor cylinder is still 43 to 5 lbs. above the atmo-
sphere. This capacity is thus increased to the detriment of the thermal
efficiency. Trials made with a 75 H.p. engine have shown a mechanical
efficiency of more than 85 per cent., according to the makers.




CHAPTER IX
FOUR-CYCLE ENGINES

In the previous chapter the characteristic features of the few two-
cycle engines in vogue have been dealt with, but, owing to the great
number of four-cycle engines made, it is clearly impossible to mention
all of these in a similar manner. As a matter of fact the various
designs are adequately treated throughout the remaining chapters, and
it only remains to give here a few details of those engines of the four-
cycle type that possess features of special interest.

Dugald Clerk Supercompression Engine.—J)r. Dugald Clerk has
endeavoured to produce supercompression by means of air or of pro-
ducts of combustion. The experiments of Mr. Petavel have confirmed
the idea, advanced by engine makers, that the loss of heat by the walls
is not increased proportionately to the pressure or the density of the
gaseous mixture before explosion. With a mixture of 100 units of
density, the loss of heat is only six times the loss corresponding to the
unit of density.

The greater the diameter of engine cylinders, the greater is the
difficulty of maintaining the temperature of the combustion chamber
within proper limits during the explosion of the charge, and this leads
to the conclusion that it would be advantageous to reduce the diameter
of the cylinder and augment the pressures on the condition that the
maximum temperature would not increase at the same time.

Mr. Dugald Clerk has modified an engine to permit the addition of
air or cooled exhaust gas under pressure into the cylinder after the
ordinary charge has been introduced during the suction stroke. Some
tests made with the addition of cooled products of combustion gave an
increase of efficiency of 81°5 to 84 per cent. per .u.p. These results were
so satisfactory that the National Gas Engine Co., Ltd., of which
Mr. Dugald Clerk is a director, decided to build an engine of 800 u.r.
to work with gas of about 120 B.Th.U. per cubic foot.

In this engine, Fig. IX.—1, the back of the cylinder is of the ordi-
nary four-cycle type, but the front of it is made to act as an air pump.
The frame is closed by a cover through which the piston rod passes.
The air valve for the pump is placed above the cylinder, and is
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actuated by the cam shaft to admit air during the exhaust stroke of
the engine ; then the valve closes and the air is compressed in the
clearance space between the piston and the front of the cylinder on
the following stroke to about 15 lbs. per square inch.

The piston, at the end of the suction stroke, uncovers the ports of
the clearance space and admits air under pressure into the cylinder,
and this raises the pressure of the working charge by about 7 lbs. per
square inch. The air under pressure remaining in the clearances of
the pump is used for scavenging on the following exhaust stroke, so

F1a¢, IX.—1. Clerk supercompression Engine.

that the engine has two advantages—supercompression and positive
scavenging. .

A mean effective pressure of more than 110 Ibs. per square inch
has been obtained, whilst the maximum temperature never ‘exceeds
1200° C. (2192° F.). The working of the engine is very smooth and
an explosion can be taken at every cycle without fear of overheated
parts, and without requiring the piston to be water-cooled. The
speed of the engine is 160 revolutions per minute, the diameter of
the piston is 21 inches, the stroke is 86, which, with the mean pres-
sure mentioned, gives about 270 r.1.p.

Mr. Dugald Clerk’s theory is very attractive. It is evident that, in
the present state of construction, it is necessary to tend to increase

™~
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mean pressures in order to reduce, for a given power, the cost of
building the engines. If, by the aid of Mr. Clerk’s theory, this
becomes practicable without proportionately increasing internal tem-
peratures so difficult to deal with, a big step will have been made in the
path of improvement of gas engines.

Sargent Engine. — The inventor of this engine (Fig. IX.—2) has
endeavoured to obtain the expansion of the burnt gases down to
atmospheric pressure and to vary the duration of admission in pro-
portion to the load. The instant of ignition is further advanced as
the mixture becomes weaker.

In the ordinary four-cycle engine, the piston at full load draws in a
full charge of combustible mixture which, after compression and

-

F1a. IX.—2. Sargent Gas Engine.

ignition, is expanded to its original volume and discharged at a pres-
sure of 85 to 45 lbs. per square inch and a temperature varying
between 750 and 900° F. In the Sargent engine, the admission of gas
and air is cut off, at full load, between five-eighths or three-fourths of
the admission stroke, according to the fuel employed. After com-
pression and ignition the gases are expanded to the volume of the
cylinder and discharged a little above atmospheric pressure with a
corresponding temperature. The heavy line shown in the dingram
(Fig. IX.—38) is that of the ordinary four-cycle gas engine at full load,
while the thin prolonged line shows the increase of power obtained
with the same fuel completely expanded in a Sargent engine.

The point of cut-off, which is constant for full load, is made to occur
earlier by the governor when