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NOTE TO THE FOURTH EDITION.

Trais Edition has been brought up to date by the late Mr. Bryan
Donkin’s Secretary, who desires to take this opportunity of grate-
fully acknowledging the invaluable assistance rendered by scientific
friends, both in England and abroad. Special thanks are due to
Professors Hudson Beare, Meyer, Capper, Hutton (of Columbia
University), and Boulvin ; to Messrs. Dugald Clerk, Bellamy, Cecil
Cochrane, Diesel, the Secretary of the Institution of Mechanical
Engineers, and others; and also to various English and foreign
engineering firms, for valuable information courteously afforded.
The chief changes to note since the publication of the Third
Edition are, firstly, the increase in size and efficiency of internal
combustion engines. Motors driven with cheap power and blast-
furnace gases are now built up to 2,000 to 4,000 H.P., and among
the pioneers in this movement are the Cockerill firm at Seraing,
in whose hands a French engine, the Simplex, has become one of
the leading types. The utilisation of blast-furnace gases has been
rapidly developed on the Continent. For the large powers now
required, double-acting engines bave come much to the front, and
the great heat developed is carried off by an efficient system of
water cooling. Special attention has been given to the internal
working of gas and oil engines, and compression pressures ranging
from 160 to- 850 Ibs. per square inch have been realized, with a
corresponding increase in the heat efficiency. The regulation of
the speed has been carefully studied, and large gas engines are
now governed with as much precision as the best steam engines,
the “hit-and-miss” principle being no longer applied to any but
small motors. In oil engines it is still usual. The problems
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connected with the utilisation of the heat supplied have been
elucidated, to which the analysis of the exhaust gases, which forms
a part of all good tests, has much contributed.

~ The Tables of Trials have been brought up to date, and several
interesting additions will be found in them.

November, 1905.




PREFACE TO THE FIRST EDITION.

THE subject of Internal Combustion Motors, or engines for
obtaining power without a boiler, is one of great and increasing
importance, and it was, therefore, with pleasure that I undertook
the following work at the request of the publishers.

It is divided into three parts, treating respectively of Gas,
Air, and Oil Engines. Part I, Gas Engines, is divided into two
sections, the first dealing with the early history of these motors,
and the second with modern gas engines. In this latter part par-
ticularly I am much indebted to numerous recognised authorities
on the subject, especially to the excellent works of Professors
Schottler and Witz, Mr. Dugald Clerk, Professors Jenkin and
Robinson, M. Chauveau, and others. Information has also been
obtained from the Proceedings of the Institution of Civil Engineers,
Proceedings of the Institution of Mechanical Engineers, Comptes
Rendus de la Société des Ingénieurs Oivils, Zeitschrift des Vereines
deutscher Ingénieure, The Engineer, Engineering, and various
other scientific and technical periodicals. A list is given of the
literature of the subject, both English and foreign, which, it is
hoped, will be found fairly complete.

The Theory of the Gas Engine is briefly discussed, and here
I have had the advantage of the remarks and valuable criticism
of Professor Capper, of King’s College, London, who also kindly
made for publication in this work a new test upon the experi-
mental Otto-Crossley gas engine in the Engineering Laboratory of
King’s College—a test which is, perhaps, as complete as any that
have been published. The chapter on the “Chemical Composition
of Gas”—an important part of the subject—has been entrusted
to Mr. G. N. Huntly, A R.C.S. of the State Medicine Laboratory,
King's College, who is responsible for this chapter only.

Care bas been taken to consult the best authorities in England
and on the Continent who have written on the theory and practice
of gas engines, and to bring the matter up to date. I have much
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pleasure in acknowledging my special obligations under this head
to M. Delamare-Deboutteville of Rouen, and Professor Schriter
of Munich, for their kind assistance. To Professor Kennedy,
F.R.S,, also, who has made many exhaustive and reliable tests on
English gas engines, my acknowledgments are due. Not much
original work appears to have been done in the United States, but
the subject has been thoroughly studied in France and Germany.

An Appendix is added, containing information which it was
not found possible to incorporate in the text. Omne of them gives
an abstract of the valuable experiments recently made by Dr.
Slaby of Berlin, and published after the main portion of this work
was complete.

In conclusion, there only remains for me to emphasize the fact
of the constantly increasing use of these motors in all countries
for industrial purposes. Undoubtedly, there is a great future
before them. There still exists, however, a large field for economy.
In both Oil and Gas Engines, about 40 per cent. of all the heat
received now goes off in the exhaust gases, and about 35 per cent.
in the jacket water. The better the economic results obtained,
the greater will be the demand for these convenient motors. At
present their chief recommendation is the absence of a boiler,
which is of great advantage, especially for small powers. Even
with the very high temperatures in the cylinders there is also
little or no difficulty with lubrication. They are yearly increasing
in size and power, and will certainly before long, as more know-
ledge and experience are brought to bear on their construction,
enter into formidable competition with the best steam engines.
They may even constitute the principal heat motors of the future.

A list has been added of the chief tests on Gas, Oil, and Air
Engines that have been published up to date.

BRYAN DONKIN.

LoNDoN, November, 1898.
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DEVELOPMENT OF THE MODERN @A4S ENGINE.
APPROXIMATE DATES.

First horizontal Lenoir French engine, water jacketted, with slide valve Your
(40 cubic feet of gas per I.H.P. hour). Eleotric ignition, . . 1861
Hugon gas engine. First with ignition slide valve, . . . . 1863
Otto & Langen’s atmospheric engine, . . 1866
Practically very few English makers of gas engmes, porhnps one or two, . 1870
Bisschop engine, made by Andrews, . . . . . 1872
Robson, compression on one side of piston, and ignition on the other, . 1877
First Clerk engine with air pump and compression, . . 1877
First horizontal Otto engine, Crossley (25 cubic feet gas per L. H P. hour), . 1879
Robeon, first starter of compressed gas in a reservoir, . 1879
Firms making gas engines in England—S8imon, Andrews, Tangye, Robson,
and others, . . . . . . 1880
Dowson first gas produoer, . . . . 187&1880
Heat efficiency of the best engines, 10 to 15 per cent., . . . . 1882
First porcelain tube ignition, Watson, . 1881
Best heat efficiency of Otto engine (6 to 15 I H.P. ), 15 per oent. (tslnng .
indicated work), . . . . 1887
First Otto-Croesley without slide, . 1888
Society of Arte’ cmls—Otto-Crouley engme, 22 per cent. heat eﬂicxenoy
(taking B.H.P.), . . . . . 1888
First Daimler gas engine, . . . 1889
First timing valve, Ot.to-Croesley engme over 100 B. H P, . . . 1889
Expiration of Otto patent in England, . . 1890
Maximum power, 200 to 300 I.H.P. engines in England ance. md
Germany, . . 1890-1894

Approximate number of ﬁrms mskmg ga.s engmes—Engla.nd 30 Germany 30,

France 20, Switzerland 5, . .
Power gas, §1b. to 11b., goodanthmnt.ecoa.lperBHP 50to200EP, .
Heat efficiency, 16 per cent. to 25 per cent. in best engmes (taking B.H.P.),. + 1895
Maximum initial pressure in cylinder about 200 lbs., . . .
Largest engines made about 300 to 400 L.H.P., . . .
First application of blast-furnace gases, . . . . .
Largest gas engine made, 1,500 L.H.P.,. . .
Heat efficiency of the best engines per B.H.P., 25 per cent (23 B.H. P ) } 1899
Number of firms making gas engines—about 50 in Great Britain, . .
Mean pressure in latest engines about 110 lbs. per square inch, . .
Largest gas engine made, 4,000 H.P., . }1905
Heat efficiency of the best engines per B.H.P., 29} per eant. (65 B.H.P » .
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DEVELOPMENT OF THE MODERN 0OIL ENGINE.

APPROXIMATE DATES.

Year
First oil engine exhibited at the Royal Agricultural Society’s Show at New-

castle (Spiel’s petroleum engine) by Shirlaw & Co., Nottingham, . . 1887
Messrs. Priestman first exhibited a 4 H.P. petroleum engine at the
Nottingham Meeting of the Royal Agncultuml Sooleby, using on'lma.ry

lamp oil, . . . . . 1888
One or two makers in England 1888
A 6 H.P. portable oil engine exhibited at the Wmdsor Meetmg of the Roy&l

Agricultural Society by Messrs. Priestman, . 1889
Royal Agricultural Society, Plymouth Meeting. Light port.a.ble moton.

Prize awarded to Messrs. Priestman for 4} H. P. portable, . 1890

Royal Agricultural Society, Cambridge Meeting. Fixed engines, 4 to 8
B.H.P., 11 exhibited. Portable engines, 9 to 16 B.H.P., 6 exhibited.
Prizes a.wa.nded to Messrs. Hornsby and Messrs. Crossley, . 1894
Approximate number of firms making oil engmes—Germa.ny 30, Enghud 20
France 10, Switzerland 5, . .
Heat efficiency in the best engines, takmg B. H.P 10 per cent. to 20 per oent., 1895
Largest engines made about 60 L. H.P., .
First Diesel oil engine about . . .
Number of firms making oil engmes—a.bout 30 in Great Bnt.mn, .

Heat efficiency of the best engines per B.H.P. about 27 per cent. for 25
1899
B.H.P. engine, . . . . .
Largest engine made, 60 H.P., a.bout .
Meaux tests—Professor Ringelmann, . . . . . . 1894
Berlin Tests—Professor Hartmann, . . . . . 1894
Largest engines made, 200 H.P. and upwards, . . . . } 1905
Heat efficiency of the best engines per B.H.P., 32 per cent . . .
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A TEXT-BOOK OF
GAS, OIL, AND AIR ENGINES.

PART I.—GAS ENGINES.

CHAPTER 1.

GENERAL DESCRIPTION OF THE ACTION AND PARTS OF A
GAS ENGINE.

ConTENTS. —Introduction—Advantages of a Gas Engine—Waste of Heat—Source
of Power—Utilisation of Motive Force—Parts of a Gas Engine—Transmission
of Energy—Admission of Gas and Air—Ignition—Explosion and Expansion—
Exhaust—Compression—Oiling—Regulation of Speed.

THE principles governing the construction and action of a gas motor
are almost the same as those of a steam engine. In both the object
is to obtain useful work from heat. This is effected by raising water
or gas to a certain temperature, producing in the one case steam, in
the other flame, and, with the pressures resulting from the increase
of heat in the steam or flame, driving forward a piston connected
to a shaft. The science of thermo-dynamics proves that there exists
a strict ratio between the heat evolved and the work performed. The
laws governing the production of this heat energy are always the same,
whatever the medium or agent of motive force.

In mechanical motors there are three points to be considered .—
1st. The cause of motion, varying according to the type of motor. In
thermal engines it is heat obtained from the combustion of coal in a
boiler or air furnace, or by the explosion of inflammable gases. 2nd.
The effect produced, or the energy into which the heat is transformed ;
this usually takes the form of pressure upon a piston working on to
a crank. So far, all heat motors are alike. 3rd. The particular
mechanism, differing in each kind of motor, by which this trailslation
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of heat into work is utilised. The difference between steam and other
kinds of motors, such as gas, air, petroleum, &c., lies in the means
employed to generate the heat, and turn it into work.

A steam motor consists of three indispensable parts, the furnace,
the boiler, and the cylinder containing the motor piston. These may
be in close proximity to each other, but there is usually a separate
building for the boiler, &c. The process of starting a steam engine is
relatively slow and laborious. The fire must be kindled and com-
bustion obtained #n the furnace, and the water in the boiler brought
to boiling point and evaporated into steam. The temperature must
then be raised until the pressure of the steam, produced by the increase
of temperature, is sufficient to propel the motor piston.

~, Advantages of a Gas Engine.—In a gas engine these operations
\Are much simpler, because it is so constructed that, for the work it has
to perform, it is complete in itself, containing on one foundation the
equivalent of furnace, boiler, and cylinder. It is in the cylinder that
the production and utilisation of the heat take place, and the entire
cycle, or series of operations, is completely carried out. Highly in-
flammable gases and air are first admitted into the cylinder. They
are, at a given moment, exploded by the application of heat or flame;
the pressure and the temperature are at once considerably raised, and
the piston is driven forward. In a steam engine the working agent
is produced separately and continuously, but in a gas motor the explosive
charge, which acts as the medium of heat, must be formed afresh at
each stroke of the piston. With gas there is very little difficulty in
obtaining an explosion, and a corresponding backward and forward
stroke, as many times in a minute as is required. As combustion takes
place in the cylinder itself, pressures and temperatures much greater
than those developed in steam engines are easily and quickly produced.
Gas motors are called “internal combustion” engines, and the same
name is used for all motors in which the heat is generated inside,
instead of outside, the cylinder.

This brief outline of the working of a gas motor shows the advan-
tages it possesses in practice over the steam engine—namely, compactness
and facility in starting. Theoretically, it is also superior, because higher
initial temperatures are available, to act upon the piston. But in all
heat motors hitherto made, there are defects which the skill of the
best constructors has not yet been able to overcome—namely, waste of
the greater part of the heat generated, and consequent loss of pressure,
or of useful work done upon the piston.

Considering, first, the practical advantages of the gas engine, as
far as compactness is concerned, it leaves little to be desired. The
space it occupies is small, a few square feet being sufficient, instead of
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the separate boiler and chimney necessary with a steam engine.* A
gas motor can be fixed almost anywhere, but it should stand on a solid
foundation, to counteract the vibrations caused by the repeated ex-
plosions. To place it in proper working condition, all that is required is
a gas supply pipe and a water tank with pipes for cooling the cylinder.
The high temperatures produced by the explosion of the gases necessitate
the use of a jacket round the cylinder, through which water circulating
automatically from a tank passes continuously, to keep it cool ; this
jacket water is used over and over again. These pipes, with a third com-
municating with the outer air, and providing an outlet for the burnt
gases, constitute all the necessary working connections.

A gas engine thus easily fixed, can also be set in motion and started
in a few minutes. If a gas jet or hot ignition tube is used to fire the
charge, the gas is previously lighted; where combustion is obtained
electrically, the generation of the sparks is produced before the engine
. is started. A few turns by hand or other means are given to the fly-
wheel, while the exhaust is kept open, and the engine is then fairly at
work. To stop it, nothing is needed but to turn off the supply of gas.
For small manufactures the convenience of having a motive power at
hand, easy to start or stop in a few moments, is so great, that small gas
motors are rapidly superseding, not only steam, but manual labour. It
cannot be denied that they are rather more costly than steam, but of
late years their consumption of gas per H.P. has been much reduced.
In proportion as the quantity of gas required to drive them is
diminished, and the economy obtained is greater, the more popular
and cheaper will they become. Practically, there is less danger of fire
than with steam boilers, and thousands of gas engines are now used
in places where steam could never be employed.

It is in the smaller gas engines that these practical advantages are
chiefly felt, but the theoretical superiority of these motors, obtained by
the high temperatures at which they can be worked, applies equally to
engines of all sizes. But as soon as large powers are required, and the
gas engine enters into active competition with steam, it becomes of far
greater importance to economise the consumption of gas. The tempera-
tures and pressures obtained by the inflammation and explosion of gas
in a cylinder are so high, that engineers have not yet succeeded in utilis-
ing them to their full extent. Hence, there is much waste of heat and
consequent loss of pressure, and these defects in the working of a gas
engine affect injuriously the expenditure of gas. If heat be wasted, more
must be supplied, and more gas must be used to produce it.

Waste of Heat.—In a steam engine the main object should be to

* This applies only to smaller motors, and not to gas engines of 1,000 H.P.
and upwards, now constructed by several makers (1904).
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keep the cylinder walls as hot as possible, to prevent the condensation
of the steam. The difficulty of generating steam, and maintaining its
temperature and pressure, is increased, because there is a change of physi-
cal state from a liquid to steam. With a gas engine the reverse process
is necessary, and the cylinder walls must be cooled. The gas is dry, and
the heat developed by the explosion taking place in the cylinder acts
directly on the piston. A considerable amount of steam is condensed in
the pipes of a steam engine, whereas in a gas motor there is no similar
waste, because all the heat is generated in the cylinder itself. Neverthe-
less heat is lost, but in a different way. The temperature of the gas
at the moment of explosion is relatively high. It is generally about.
2,730° F. (1,600° C.); but this is not the highest temperature reached.
Whatever the actual temperature, the heat is always too great to be
retained ; a large portion is sacrificed, to prevent injury and destruction
to the parts, and heat is also carried off continuously by the cooling water:
round the cylinder. In the early double-acting engines, not more than
4 to 6 per cent. of the total heat received was employed in doing work,
and more than half was wasted, that the walls might be kept cool. If to-
this be added the heat escaping from the cylinder in the exhaust gases,
or the products of combustion, it is not difficult to understand how,
formerly, from 94 to 96 per cent. of the heat was dissipated.

It is this waste of heat in a gas motor that causes the loss of pressure,
or diminution in the work done on the piston. With all gases the pres-
sure increases with the rise in temperature, and therefore the higher the
temperature, the greater will be the pressure produced, or the expansion
of the gases. If this pressure be expended in doing work, and acting on
the piston, the whole may, if expansion be continued long enough, be
utilised in useful work. But to obtain this result with the pressures
generated in a gas engine, the cylinder and piston must be of a certain
length, and the piston allowed to move out as long as there is any
expansive force left in the gas, to act upon it. As this is practically
impossible, the other plan is to diminish the quantity of gas admitted
into the cylinder. Before compression was employed, it was not easy to
proportion the supply of gas and air to the expansion, but now that high
compression is always used in all modern engines, no difficulties in this
respect are experienced.

When the theory of the gas engine began to be really understood,
the principal problem was, how to obtain sufficient expansion from the
exploded gases. The test of efficiency in any heat engine is the propor-
tion between the total heat supplied and the total useful work obtained.
As far as work is concerned, all the heat which is not employed in pro-
ducing it is wasted. Thus to be really efficient, a gas engine ought to
furnish a maximum amount of useful work with & minimum consumption

-
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of gas. This is only possible if the expansion of the gases is rapid and
prolonged. The greater the time allowed them to act upon the piston,
and the further they drive it, the more heat energy will be expended
in work, and the less will be discharged as waste into the atmosphere.
Expansion should also be rapid, because the more quickly the piston un-
covers successive portions of the cylinder walls, the less time there will be
for useful heat to be carried off from the hot gases to the cooler walls.
This important question of expansion will be more fully examined when
considering the theory and utilisation of heat in a'gas engine.
The study of a gas engine falls naturally into two divisions :—

I. The source of power, or motive force.
I1. Its mechanical utilisation.

I. Source of Power.—In all heat engines the source of power is
heat, and gas is the medium or agent through which it acts in a gas
motor. The gas is ignited, and the explosive force thus generated is used
to drive forward a piston. Many different kinds of gas, varying in
heating value, are employed, and the effects obtained by ignition and
explosion cannot be determined without a knowledge of the chemical
constituents of the gas, and the proportions in which they combine with
the oxygen of the air. Since the gas used in an engine cylinder does not
contain the oxygen necessary for combustion, it can never be burnt by
itself, but must always be diluted with a certain quantity of air. Unless
the composition of the gas and the ratio of its dilution With air are
known, it is impossible to ascertain the temperatures and pressures
attained in the cylinder, and to calculate the theoretical work, or the
work it ought todo. The study of gases has led to the discovery of the
law of dissociation, or the property they possess, after they have attained
a certain high temperature, of resolving into their separate elements.
The phenomena of ignition in a cylinder also prove that the whole heat
of the gases is never developed at once, whatever the gas used, or the
proportions in which it is diluted with air. It appears probable that
combustion is seldom complete and instantaneous, but continues during
the forward motion of the piston, after the first propagation of heat
which causes the explosion. These and other questions connected with
the phenomena of combustion in a gas engine are only mentioned here,
and will be discussed later.

II. Utilisation of the Explosive Force, &c.—In the second part
of the subject we have to consider the mechanical utilisation of the
motive force, or the method by which it is turned into rotatory motion.
This includes a study of the construction and parts of a gas engine, as
the apparatus used for the transformation of heat into useful power.
There is this peculiarity in its structure, that the cylinder contains in
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itself furnace and boiler, and in it the metive power is developed.
Before examining in detail the various types, it will be well to explain
the principal parts of a gas motor and its internal organisation. We will
first enumerate these parts, and then describe the functions they have to
perform, as also the different operations taking place in a gas engine.

Base.—The base plate on which the engine is fixed and the cylinder
bolted is of cast iron, and usually very solid. In oil engines the interior
of the base plate is often utilised as a reservoir for oil.

Cylinder.—The cylinder, firmly bolted to the base, is either vertical
or horizontal, according to the type of motor. In the smaller sizes, gas
engines have usually one motor cylinder, working single-acting; it is
almost always open to the atmosphere at the crank end, and closed only
by the piston. No second cylinder is needed to increase the motive
power, sufficient force being obtained by the succession of explosions in
one cylinder. For larger types two or more single- or double-acting
cylinders are used. As tlie great object in a gas engine is to allow the
gases to expand as completely as possible, it seems at first as though
this end would be best attained by making the engines compound, like
steam engines, and causing the gases to expand successively in different
cylinders. Though often tried, this arrangement has not been found
successful. Sometimes an auxiliary pump is used for compressing the
mixture, or a charging cylinder for receiving and mixing the gas and
air. Compression is nearly always obtained in the motor cylinder itself,
and the motor piston acts on one side as a pump. A special feature of
gas engine cylinders is that, on account of the great heat developed, they
are always provided with some apparatus for cooling the walls. In the
smallest types it has been found sufficient to make the outer radiating
surfaces of the cylinder ribbed or deeply indented, exposing a large
cooling area to the air. In engines developing above two or three
horse-power, a jacket with water constantly circulating through it is
indispensable. As one end of the cylinder is almost always open to
the air, the cylinder metal is kept cooler, and over-heating is diminished
by contact with the outer air, but chiefly by the water jacket.

Pistons.—The pistons of gas motors are very similar to those of
steam engines, but much longer. They are generally plunger pistons,
and three or four sets of Ramsbottom rings, well fitted, are now nearly
always used.

Valves.—The valves of a gas engine perform functions different to,
but not less important than, the admission and exhaust valves of a
steam engine. Not only do they admit the gases into the cylinder and
discharge the products of combustion, but they also assist a little in
mixing the gas and air, and a special kind, known as a timing valve,
causes ignition at the proper time. In the older types of engine, as in
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the early Otto, there was generally one slide valve for admitting and
igniting the charge. It contained ports to receive and pass on the gas
and air to the cylinder, and carried a lighted flame within a cavity to
kindle the charge, after it was mixed and compressed. In most modern
engines lift valves alone are used, but occasionally the mixture is admitted
to the cylinder through cylindrical or piston valves. In most engines
the valves are worked by cams on a side shaft driven from the main
shaft, or by eccentrics; in others they are automatically lifted or closed
by the pressures in the cylinder.

Transmission of Energy.—As in a steam engine, the pressure of
explosion is generally transmitted direct to the revolving crank shaft.
Usually there is no connecting-rod, especially in smaller engines, the piston-
rod working direct on to the crank. To obtain greater regularity in the
action of the engine, the flywheel is usually made larger and heavier than
in steam engines. Most gas engines have only one explosion per two
revolutions, and the energy of the flywheel is required to carry the piston
forward, take in a fresh charge of gas and air, and to bring it back to the
dead point after explosion.

In all gas engines five operations are required for a complete cycle : —
I. Admission and mixture of the charge of gas and air. II. Ignition.
III. Explosion. IV. Expansion. V. Exhaust, or the discharge of the
gases and products of combustion. To these another has been added in
modern engines—namely, Compression.* This cycle of work corresponds
to each explosion, but not necessarily to each revolution; indeed, in
many engines the number of revolutions and of explosions are independent
of each other. The nature of these operations is as follows : —

I. Admission of the Gas and Air to the Cylinder.—This was
formerly supposed to be a complicated process, and great care was taken
to provide separate valves for admitting the air, and conducting the
charge to the cylinder. Experience has shown that the air enters freely
through any aperture, which is usually placed in proximity to the gas
admission valve. Gas, unless made specially on the spot, is admitted
through a pipe from any ordinary gas main. In the older engines,
admission of the charge was made through a slide valve, as already
described, moving to and fro between the slide cover and the cylinder.
The gas pipe communicated with a passage in the slide cover, and a hole
in the slide valve leading to a cavity. As soon as the cavity was filled
with gas, the movement of the slide brought it opposite a similar opening
in the cylinder, through which the gas entered. In later engines
admission is effected through ordinary lift valves. Before entering the
cylinder, the gas usually passes through a chamber where it is thoroughly

*In some engines part of a stroke is devoted to cleansing the cylinder of the .
burnt products.
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mixed with its proper proportion of air, admitted through a separate
inlet. Much importance was attached to this process of mixing before
the use of compression, and different methods were resorted to, either to
mix the gas and air, or to keep them in separate layers, and stratify them
as they entered the cylinder. It is now almost universally admitted
that these arrangements do not influence the explosion, and that strati-
fication does not take place in the manner supposed, owing to the
compressive force exerted by the piston. The gas admission valve is
usually connected to the governor, which regulates the quantity of gas
entering, and consequently the number or strength of the explosions.

II. Ignition.—The gases being admitted into the cylinder, the next
operation is to fire or ignite them. In the early days of gas ‘engine
construction with flame ignition, this was a delicate process, because the
return stroke of the piston exerted a considerable pressure upon the
charge, and sometimes blew out the flame. The difficulty was increased
by the previous compression of the gas and air. Two methods of ignition
are now employed—1. The electric spark. 2. A tube maintained at a
red heat by a gas burner. Electricity was the first means proposed and
adopted for igniting the gases, and it is largely used in foreign engines.
A current of electricity passes along wires placed close to the valve or

chamber admitting the charge of gas and air, sparks are continually.

formed and fire the mixture. Magneto-electric ignition is also usual,
especially if the engine is driven by producer or blast-furnace gases; the
spark is generated by a contact-breaker worked from the cam shaft.
With flame ignition the charge, after being admitted into the slide valve
and mixed, was, in compression engines, carried past a flame burning in
a hollow of the valve. When the mixture was ignited the pressure of
the burning gas often put out the flame, and it was then relighted by an
external permanent burner. The slide valve was held by springs against
the cylinder, and worked by an eccentric, but more often by a cam on the
auxiliary or counter shaft driven from the main shaft. Ignition by a
flame is now obsolete, and in England the most general method is by a
hot tube. At a given moment the opening to this tube is uncovered,
a portion of the charge at high pressure is brought in contact with it and
fired, and explodes the remainder in the cylinder. The tube is kept at a
red heat by a gas burner, and is easily replaced from time to time
when worn out. Formerly these tubes were made of iron, and were
“short-lived,” as it is termed; very small tubes of platinum and other
metals are sometimes used, which last much longer.* In some of the
older types of engines, where the charge was admitted at atmospheric
pressure, the gas and air were drawn in at one end of the cylinder by the

* Porcelain tubes are also much employed, but are scarcely suitable for oil
engines, as they are apt to crack.
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suction of the forward stroke of the piston. At a certain moment a small
flap valve covering a flame burning on the outside of the cylinder was
lifted by the pressure, the flame drawn forward, and the mixture thus
ignited. Sometimes the piston itself, in its out stroke, is used to uncover
the gas and air valves. In other engines the gases are ignited in a
separate chamber ; there is no explosion, but they enter the cylinder in
a state of flame, and force the piston forward.

III. and IV. Explosion and Expansion.—It is in the motor
cylinder that explosion and expansion of the ignited gases always take
place. To allow room for the compression and ignition of the charge,
the clearance space is usually much larger than in steam engines, some-
times sb large that it forms a separate chamber, into which the gas mix-
. ture is compressed.* In the earlier types of gas motors, the charge was
drawn in during the first part'of the forward stroke, explosion taking
place only when the piston had almost reached the middle of the cylin-
der. It was soon found that this tardy explosion greatly limited the
number of expansions, and the work performed by the gases on the
piston. Modern engines are designed to procure the explosion as near
the beginning of the stroke as possible, so as to allow the maximum
volume of the cylinder for the expansion of the gases. In some vertical
non-compression engines the clearance space was exceedingly small. Ex-
plosion of the gases took place when the piston was at the bottom of its
stroke, free of the crank and shaft, and drove it to the top of the cylinder.

V. Exhaust, or discharge of the gases.—Various methods are em-
ployed in gas engines for getting rid of the products of combustion, but
the best authorities are now agreed that they should be expelled from
the cylinder as quickly and as completely as possible. Most modern
gas motors being single-acting, or acting on one side of the piston only,
the exhaust valve is seldom opened during the forward stroke. In some
engines it only opens during half the return stroke, in others the whole
of this stroke is utilised to expel the previous charge, while in a few
engines a complete stroke, forward and return, is sacrificed to discharge
the products of combustion, and cleanse the cylinder. Air under pres-
sure is admitted to help the discharge in some modern engines. The
exhaust valve plays an important part in a gas engine, because the high
pressure in the cylinder is, of course, instantly reduced as soon as it is
opened. Most gas engines are so constructed that the unburnt gases are
allowed to escape at a relatively high pressure and temperature, which
are thus wasted, instead of being utilised. This is one of the defects of
these motors which engineers should be most anxious to remedy. In
some of the older vertical engines the piston was forced up by the

* The tendency in modern engines is greatly to reduce the compression space,
and thus to increase compression.



10 GAS, OIL, AND AIR ENGINES.

explosion and driven down by atmospheric pressure, a partial vacuum
being formed below by the cooling of the gases. The opening of the
exhaust valve at the bottom of the cylinder, by causing the air to enter,
equalised the pressure above and below the piston, and checked its
descent. In these earlier motors the exhaust was usually connected to:
the admission and ignition valves, and one slide valve was made, during
its motion to and fro, to uncover the three different openings. In others,
and generally in the modern horizontal engines, the exhaust is under
the cylinder, distinct from the admission valves, but worked from the
same side shaft.

Compression of the charge.—To compress the gas and air before
ignition in an engine cylinder is necessary for economy. This is the
most important modern improvement introduced into the cycle. As
compared with the other operations, compression has certainly the greatest
influence on the lower consumption of gas, and the economical working
of the engine. It is effected in the following way:—A certain quantity
of gas and air, in definite proportions, is admitted into the cylinder.
Instead of being immediately ignited the mixture is compressed, and its
pressure raised—that is, the volume of gas and air is forced into a much
smaller space than before, by the return stroke of the motor piston. If,
for example, the charge occupied a space of 5 cubic feet, it is driven back
by the piston till it occupies only, say, 1 cubic foot, or onefifth the
previous space, and the pressure is raised five fold. The method usually
adopted is to allow the piston to move out, and take in gas and air
behind it till the whole cylinder is filled ; the piston then returns, all
the valves and ports being closed, and the mixture is driven into the
clearance space and compressed. The advantages of this process are,
that the particles of gas and air are forced much more closely together,
and when they are ignited, their power of expansion has been found by
experiment to be much greater. Nor do they part with their heat so
quickly, being confined in a smaller space. Writers on the gas engine
are unanimously of opinion that compression, previous to ignition, is the
one great source of economy in gas motors, and this is confirmed by
experiments. In the older non-compressing gas engines, it was always
difficult to raise the pressure of the gases high enough to obtain much
work on the piston. In modern compression engines, on the contrary,
the expansive force of the gases is greater than can be properly utilised. -

The advantages of compression are—(1) The smaller size of cylinder
required. In the early engines, to obtain an effective working pressure,
the cylinders were made large, and as much gas and air as possible
admitted at a time, and even then the pressure was often very low.
But with engines using compression, since the same charge occupies a
smaller space, the cylinder can be made smaller. (2) Greater certainty



GENERAL DESCRIPTION. 11

and rapidity of explosion, because the particles of gas, being forced closer
together, and their temperature raised by compression, ignition proceeds
more rapidly, and a more vigorous explosion is obtained. The flame is
easily and surely transmitted, permeates the whole mass almost instan-
taneously, and the entire force of the explosion is developed. (3) Greater
economy of gas, because, inflammation being certain, a poorer quality of
gas can be used. Not only may the quantity be smaller in proportion
to air, but the weaker charge, if compressed, will still explode, even when
further diluted with the products of former combustion. (4) 4 smaller
cylinder is required for the same power (see Chapters xv. and xvi., where
this subject is fully treated). i

" Compression is carried out in two ways. As a rule, the engine has
a single motor cylinder, in which it takes place, two strokes, forward and
return, being generally sacrificed to obtain it. If a pump is added, the
charge is compressed by it ; every stroke of the motor piston is then a
working stroke, and the flywheel obtains an impulse at every revolution.
The pump is worked from the crank shaft, and the six operations are
divided between it and the motor cylinder. The pump piston admits
and compresses the charge, which is then exploded and expanded, and
the products of combustion driven out from the motor cylinder. The
two pistons work more or less simultaneously, and the forward stroke
of the pump draws in the fresh mixture, during expansion of the charge
in the motor cylinder. In other engines the pump is worked from a
separate crank, set slightly in advance of the main crank. This cycle
of operations is good, but its advantages are counterbalanced by the
additional power required to drive the pump. Occasionally the gas
and, air are compressed into a separate receiver, and in a few engines
the front part of the motor piston takes the place of the pump, and
compresses the charge.

Oiling, &c.—Lubrication, starting, and regulation of the speed in
a gas engine, each require a few words of explanation. Oiling the piston
is a matter of much importance, and must be carefully performed. The
high speeds and temperatures at which gas motors work necessitate a
continuous and skilful use of good mineral oil. In steam engines there
is generally a certain amount of water, but the flames of a gas engine
dry the internal surfaces, and unless oil is continuously applied, the
cylinder soon becomes hot and begins to suffer. Hence the importance
of internal lubrication in all gas engines. They are usually fitted with
a special apparatus for oiling the various parts automatically.

Small gas engines can be quickly started, but with larger powers the
process is not always easy. The engine should be at work in a few
minutes, and the inertia of the working parts has to be overcome. All
the larger motors are provided with special means of starting, such as
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a receiver, into which a reserve charge is compressed, a handle or cam
acting upon the exhaust valve to keep it open, thus reducing the pressure
in the cylinder, or a reservoir of compressed air. Sometimes a small
auxiliary gas engine is used.

Regulation of 8peed.—To regulate the speed of an engine is rather
a complicated process, and is effected in a variety of ways. Many dif-
ferent kinds of governors are used, though the majority are constructed
on the principle of a weight acting by centrifugal force. A common
type is the ball governor, but pendulum and inertia governors are also
employed, while many are made with weighted arms or levers. The
governor is generally in connection with the gas valve, but sometimes
with the exhaust, or with the valve for admitting the charge. ~ The
following are the usual methods of governing : —

1. By regulating the opening, more or less, of the gas admission
valve.

2. By completely cutting off the supply of gas during a certain
number of strokes.

3. By admitting more or less of the explosive charge at a time.

4. By acting on the exhaust valve and holding it open.

Sometimes two or more methods are used with the same engine,
according to the greater or less fluctuations in the speed. To vary the
quantity of gas within certain limits is an effectual check. But if a
smaller quantity be admitted than will ignite when mixed with air, a
certain amount of unburnt gas passes through the cylinder, and into
the exhaust. The speed is reduced because there is no explosion, but
the gas is wasted. To reduce the total amount of the charge admitted
may have a similar result, and give a weak stroke. In some modern
engines the governor acts upon the gas valve to cut off the supply
entirely for a time, when the speed is too high. Air alone being ad-
mitted, there is no explosion.

Modern engines are usually governed on the *hit-or-miss” principle,
or by cutting off the charge, except precision engines for driving dynames,
in which misses are not allowable. Sometimes in these the gas valve is
so connected to the governor that a rich mixture enters if much power
is required, and a poor mixture for small powers, or when running empty.
However poor the charge may be, so long as it is highly compressed,
ignition is practically certain. Sometimes the governor acts on the gas
and admission valves, and “throttles” them at varying periods of the
stroke, the quality of the charge being always the same, but its quantity
varied, like the cut-off of a steam engine. This method is said to give
longer expansion in proportion to admission, and therefore a better heat
utilisation. For the maximum power and best indicator diagrams an
engine should work at full load and the highest compression, because
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with a smaller charge compression will be less, the size of the compres-
sion space being always the same. Engines so governed do not consume
less gas or oil than others. Their allowable variations of speed are very
small, and the governor must be delicately adjusted. In governing on
the “hit-or-miss” principle the admission valve closes above a certain
speed, below this speed it remains open.

The tendency in modern gas motors is to simplify construction, and
reduce the number of parts. Where only two lift valves are employed,
one for admission, the other for discharge of the gases, the governor is
usually connected to the latter. Under normal conditions of speed the
suction of the forward stroke lifts the admission valve, and allows the
charge to enter. This valve closes as soon as compression begins, during
the return stroke, and remains closed as long as the pressure in the
cylinder is greater than that of the atmosphere. The opening of the
exhaust valve reduces the pressure, and when the gases are all dis-
charged the automatic admission valve rises, and a fresh charge is
admitted. If the speed be too great the governmor acts upon the ex-
haust valve, keeping it open. As no vacuum is formed in the cylinder
during the return stroke, the admission valve remains closed, and no
fresh charge can enter until the governor has released the exhaust. In
oil engines in which the charge is admitted through an automatic lift
valve, the action of the governor on the exhaust is generally sufficient to
prevent any fresh mixture reaching the cylinder. To cut off entirely
the admission of oil is an undesirable method, because the cylinder and
vaporiser rapidly become too cool to work efficiently. It must be borne
in mind that in both gas and oil engines the governor can act only by
reducing, never by accelerating, the speed.
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CHAPTER II.
HEAT ¢CYCLES” AND CLASSIFICATION OF GAS ENGINES.

ConTENTS.—Theoretical Cycle — Heat Efficiency — Classification of
Gas Engines by Types.

Theoretical Cycle.—The word “cycle,” derived. from the Greek, has
the same signification as circle. As applied to mechanical motors it
denotes a series of operations, at the end of which the working agent
returns to its original condition, as at starting. The celebrated French
engineer, Sadi Carnot, was the first to use the word in this sense, and
for convenience it has been retained. Engineers have agreed to designate
as a “cycle” the successive operations taking place in a heat motor,
though these can never form what is termed a perfect or closed cycle.
In every heat motor the same. phenomena are repeated each time the
gas, steam, or other working agent is introduced into the cylinder. In
this sense, therefore, a given cycle of operations is periodically performed
in these engines. The heat generated passes into the engine cylinder
to perform the work. That portion of heat which has not been utilised
in the engine is transferred to a source of cold, and the difference be-
tween these two sources (of heat and cold) represents theoretically the
heat expended in work. A working agent is necessary, to which the
heat must be imparted, and from which it is withdrawn.

The theoretical cycle imagined by Carnot, and called after him, was
a perfect cycle—that is, the heat generated was employed solely in
doing work, and none was wasted. The medium or “power agent,”
steam, gas, &c., was expanded, a piston was propelled, a given amount
of work performed, and a given quantity of heat transformed into
energy to produce this work. As the piston returned, it compressed
the agent, restoring by compression all the heat that had been expended
in work. A perfect cycle was realised, since the whole heat was thus
returned to its source, and the working agent to its original condition.
In practice a perfect cycle is impossible. Whatever the agent employed,
it can never really return to its original condition, and all the heat be
refunded, because a considerable quantity is irrecoverably lost. Much
heat will escape through the cylinder walls ; some will be wasted owing
to imperfect expansion, passing out into the exhaust, and some will be
expended in the friction of the engine. The more nearly, however, an
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engine approximates to the condition of a perfect cycle, and the more
heat is expended in work on the piston, the greater will be the efficiency
of the engine, and the higher the proportion between the useful work
performed and the heat received.

Heat Efficiency.—It has been shown that the higher the temper-
ature of the mixture of gas and air produced by combustion in the
cylinder, the greater the pressure, and, therefore, the greater should
be the force exerted on the piston. On the other hand, the lower the
temperature of the discharged gases, the more heat will be expended
theoretically in work. The heat efficiency is the ratio of heat turned
into work to the total heat received by the engine. In practice this
efficiency is always affected by waste of heat through various circum-
stances. Nevertheless, it is necessary to expand the gases as much as
possible, because it is only by complete expansion that all the available
heat can be utilised in doing work. If the gases are compressed by
the return stroke of the piston, this heat will, theoretically, be refunded.
Such a cycle of operations can, of course, be only obtained in theory,
but in any case the more complete the expansion, the- miore the tem-
perature and pressure of the gases discharged into the exhaust will be
Teduced. Less heat will be carried over from the cylinder, and more
will remain to be utilised in it. Hence it is of the utmost importance
to obtain as perfect a working cycle in a gas engine as possible.

Types of Engines.— Different authors have adopted different
methods of classifying the various types of gas engines. An obvious,
but not very satisfactory, way is to divide them into horizontal and -
vertical. As a rule, engines for large powers are horizontal, and for
small powers vertical ; but in England almost all sizes are made hori-
zontal. There is said to be less vibration than in vertical engines, and
greater power is obtained for a cylinder of the same size, but many
foreign and some English makers are of opinion that the advantages of
vertical engines outweigh their defects.

A more logical classification of gas motors, based on their internal
working, is to divide them into engines drawing in the charge of gas
and air at atmospheric pressure, and engines compressing the charge
before ignition. This is the classification employed by the best authori-
‘ties, and here adopted. In this way we get:—

I. Non-compressing engines ; and

Type { I1. Compressing engines.

Each of these types may be subdivided into classes a and b.
Type 1., Class a, includes non-compressing motors drawing in and

igniting the charge at atmospheric pressure. The force of the explosion
-drives the piston forward, and the return stroke expels the products of
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combustion. This type of engine is also made double-acting, giving an
explosion or motor impulse per stroke on each side of the piston, and all
the operations of admission, ignition, and expansion are effected while
the piston moves once out and back again. The gases are discharged at
the end of the stroke. These double-acting engines are no longer used ;
the original Lenoir is the best example of the type.

Type 1., Class b, also represents engines, chiefly vertical, which draw
in and ignite the charge at atmospheric pressure. The piston is forced
up from the bottom of the cylinder, and performs no work, not being
connected to the crank. In the return stroke it is locked to the crank
shaft, and descends only by the force of atmospheric pressure. This is
the motor or working stroke. In a certain sense this class of engine is
also double-acting, like Class @, the piston receiving two impulses per
revolution ; the first from the explosion of the gas below, the second
from the pressure of the atmosphere abgve. The best representative of
this type is the Otto and Langen engine. In one variety, the Bisschop,
the piston is driven up with great force, but is permanently connected to
the motor shaft, instead of being free during its ascent. Both these
classes, a and b, of T'ype 1., are now obsolete.

Type I1. comprises all engines using compression, and, like the first
type, is divided into two classes. In Class a the whole cycle of work,
including compression, takes place in the motor cylinder itself, and in
order to effect the various operations in one cylinder, it is necessary to
sacrifice one complete stroke. Compression is obtained at the expense of
power, and the piston moves twice backwards and forwards for every
explosion or motor impulse given to the crank shaft. The well-known
Otto engine is a typical example. At least three-fourths of all gas
engines, and all oil engines now made, belong to this type.

In Type I1., Class b, there is the same cycle of operations as in
Class a, but instead of sacrificing a stroke of the motor piston, one or
more pump cylinders are added. Admission of the charge in the pump,
and expansion in the motor cylinder, are effected simultaneously; the
return stroke in the pump compresses the charge, while the motor piston
drives out the products of combustion, as in the Clerk engine.

There are very few engines which do not belong to either of these
types. These are chiefly six-cycle engines, where the operations are
similar to those described in 7Type II., Class a, but a third complete
stroke is added, in order to cleanse the cylinder thoroughly of the pro-
ducts of previous combustion by what is called a “scavenger” charge
of pure air. To avoid the difficulty of having only one motor stroke in
six, these engines are sometimes made double-acting—that is, an ex-
plosion takes place alternately at either end of the cylinder at every
third stroke. Thus there are two impulses for every three revolutions,
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as in the Griffin engine. The action of these different types will be fully
explained later on. ‘

It must be remembered that, in describing the to and fro motion of
the piston of an engine, and its action on the crank, there are always two
strokes, the forward or motor stroke, and the return or exhaust stroke.
‘The forward or out stroke is towards the crank, the return or in stroke
is away from the crank. The position of the piston corresponding to
the outer dead point is when it is nearest to the crank shaft, and that
corresponding to the inner dead point when it is furthest away from the
crank. These terms will be used in this work.

The following table exhibits the different types and their cycles.

The engines are assumed to be horizontal except when otherwise
mentioned :— . ’

Type L—Non-compressing.

Cycle of operations.

Class . 1. Forward or motor stroke—admission
One explosion per revolution — one of charge of gas and air; ignition,

cylinder. explosion, expansion.

(Example, Lenoir.) 2. Return stroke— discharge of gases.
Class b (vertical only). 1. Up stroke — admission of gas and
One explosion per revolution — one air ; ignition, explosion, expansion.
cylinder. 2. Down or motor stroke—discharge of
(Example, Atmospheric engine.) gases.

Type II.—Compressing.

Cycle of operations.
Class a. : 1. Forward stroke—admission of gas and
. : air.
One ;nxl‘;lomon per two revolutions—one 2. Return stroke—compression.
cylnder. (Example, Otto.) 3. Forward or motor stroke—ignition,
¢ ) explosion, expansion. '
(Called the Otto cycle, or four-cycle.) l 4. Return stroke—discharge of gases.
Class b. 1. Forward or motor stroke—in oylinder
One cylinder and one pump—one ex- —ignition, explosion, expansion ; in
plosion per revolution. pump—admission of gas and air.
(Example, Clerk.) 2. Return stroke—incylinder—discharge
(With modifications, Oechelhaueser.) of gases ; in pump—compression.

1. Forward motor stroke—in cylinder—
ignition, explosion, expansion, ex-
haust ; in pumps—compression and
admission of gas and air.

2. Return motor stroke—same cycle of
operations in working cylinder and

pump.

Class ¢ (double-acting).
One cylinder, one or two pumps—two
explosions per revolution.
(Example, Koerting).

2
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The following classification has been adopted by Mr. Roots :—

Class 1.—Non-Compression Engines (two types).
Type 1. Power developed directly by explosion.
» 2 " » indirectly by atmospheric pressure.
Class I1.—Compression Engines (seven types).
Type 3. One revolution. With the aid of separate pumping piston.

w 4 ’ Use of opposite face of working piston as pump.

w B0 4y ' Without a pump.

» 6. Two revolutions. Ordinary Beau de Rochas cycle.

s T ey . Modified B. de R. cycle, reducing the charge fired to
increase expansion.

»» 8. Three revolutions.

»» 9. Compound engines (Expansion in two cylinders).

Class III.—Continuous Combustion Engine (one type).
Type 10.

This classification, illustrated by numerous drawings and descriptions
of engines, is fully described in Mr. Roots’ book, Cycles of Gas and Oil
Engines. It is an exhaustive list, and under one or other of these ten
types most internal combustion engines hitherto produced may be classed.
For a student it is, perhaps, somewhat complicated, and the fundamental
division into compressing and non-compressing engines adopted above is
more easily remembered. The author’s classification, however, scarcely
represents modern gas engine work, as only compression engines are
now made.
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CHAPTER IIIL

HISTORY OF THE GAS ENGINE.

CoNTENTS.—Early Combustion Engines—llmbet‘euillé—Huyghena—Papin-—Bo.rber-—
Street —Lebon—Brown — Wright—Barnett—Drake—Barsanti and Matteucci—
Lenoir—Hugon—Schmidt—Beau de Rochas Patent.

Barly Combustion Engines.—The earliest attempts to obtain motive
power from heat were made by igniting inflammable powder, and utilising
the force of the explosion thus generated. As a source of energy, this
combustible powder was the first agent used ; it preceded the production
of coal gas, or steam. Strictly speaking, cannons are the oldest heat
motors, and the principles on which they are constructed are identical
with those of internal combustion engines. Heat is applied to explosive
powder, and the combustion and expansion of the powder furnishes the
motive force to propel a ball forward. In modern heat engines a piston
takes the place of the ball. In the early days of mechanical science, the
energy shown in the projection of a cannon ball seemed to afford a simple
solution of the problem how to obtain power and motion by heat. But
the power produced by exploding powder in a cannon could not be used
for practical work, because it was not generated continuously and regu-
larly. To apply the expansive force of the gases given off during combus-
tion, the combustible was exploded in a closed vessel, and made to act
upon a piston. These early combustion engines were the forerunners of
modern gas motors, in which the power is also obtained by explosion.
But though they were introduced nearly a hundred years before the first
steam engine, they were soon abandoned, because it was found impossible
to control the power generated. Steam was easier and safer to work
with, and, for more than a century, explosive engines were wholly
relinquished.

Hautefeuille.—The first to propose the use of -explosive powder to
obtain power was the Abbé Hautefeuille, the son of a baker at Orleans.
To him belongs the honour of designing, not only the first engine worthy
of the name, but the first machine using heat as a motive force, and
capable of producing a definite quantity of continuous work. As such,
he may be considered one of the originators of heat motors. In 1678 he
suggested the construction of a powder motor to raise water. The
powder was burnt in a vessel communicating with a reservoir of water.
As the gases cooled after combustion a partial vacuum was formed, and
the water was raised by atmospheric pressure from the reservoir.
Another machine described by him in 1682 was based on the principle of
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the circulation of the blood, produced by the alternate expansion and
contraction of the heart. Here the water was raised by the direct ex-
pansive action of the combustible gases given off by the powder when
ignited. This was the first instance of a direct-acting engine, but no
machine could be made strong enough to resist the spasmodic expansion
of powder, as here proposed.

_ Huyghens, Papin.—Hautefeuille does not seem to have actually
constructed the machines he designed ; but Huyghens, who was the first,
in 1680, to employ a cylinder and piston, constructed a working engine,
and exhibited it to Colbert, the French Minister of Finance. The powder
in this motor was ignited in a little receptacle screwed on to the bottom
of a cylinder. The latter was immediately filled with flame, and the air
in it was driven out through leather tubes, which by their expansion
acted for the moment as valves. The piston was forced by the pressure
of the atmosphere into the vacuum thus formed. This is the action
shown in modern atmospheric gas engines, but Huyghens found a diffi-
culty in getting his valves to act properly, and in 1690 an endeavour was
made by Papin to improve upon his principle. By providing the valves
with hydraulic joints, Papin contrived to make them tighter, and to
obtain a better vacuum, but he found that, in spite of all his efforts, a
. fifth part of the air still remained in the cylinder, and checked the free
descent of the piston. After various attempts to overcome this difficulty,
he abandoned the use of explosive powder, and devoted his attention to
steam.

Barber.—For more than 100 years after these early attempts, all the
efforts of scientific men and inventors were directed to the study of steam,
and its applications to produce power. For the time there was no other
known agent that could compete with it. Gas extracted from coal had
not yet been applied as a motive force in engines, and experience had
shown that explosive powders were too dangerous, and too intermittent in
their action, to be used with safety. The first to design and construct an
actual gas engine was John Barber, who took out a patent (No. 1833) in
1791. Various circumstances contributed to the success of his invention.
The steam engine already occupied an important position in mechanical
science, thanks to the genius of Watt, Newcomen, Smeaton, and others.
Workmen had by this time been trained, able to turn out and adjust with
fair precision the different parts of an engine, though good tools were still
hardly to be obtained. The distillation of gas from coal had already been
discovered by Dr. Watson, though it was not till 1792 that Murdoch, a
Cornish engineer,* applied it to practical use. Barber made the gas re-

* The first practical application of gas to lighting purposes was in 1798 at the
Boulton and Watt Soho Factory near Birmingham, where Murdoch was then
employea. :



HISTORY OF THE GAS ENGINE. 21

"quired for his engine from wood, coal, oil, or other substances, heated in
a retort, from whence the gases obtained were conveyed into a receiver
and cooled. A pump next forced them, mixed in proper proportion with
atmospheric air, into a vessel termed the “ Exploder.” Here they were
ignited, and the mixture issued out in a continuous stream of flame
against the vanes of a paddle wheel, driving them round with great force.
Water was also injected into the explosive mixture to cool the mouth of
the vessel, and, by producing steam, to increase the volume of the charge.
Barber’s engine exhibits in an elementary form the principle of what is
now known as combustion at constant pressure, but it had neither piston
nor cylinder.

S8treet.—The next engine, invented by Robert Street, and for which
be took out a patent (No. 1983) May 7th, 1794, was a great step in
advance. Inflammable gas was exploded in a cylinder and drove up a
piston by its expansion, thus affording the first example of a practical
internal combustion engine. The gas was obtained by sprinkling spirits
of turpentine or petroleum at the bottom of a cylinder, and evaporating
them by a fire beneath. The up stroke of the piston admitted a certain
quantity of air, which mixed with the inflammable vapour. Flame was
next sucked in from a light outside the cylinder, through a valve un-
covered by the piston, and the mixture of gas and air ignited. The ex-
plosion drove up the piston, and forced down the piston of a pump for
raising water. In this engine many modern ideas were foreshadowed,
especially the ignition by external flame, and the admission of air by the
suction of the piston during the up stroke, but the mechanical details
were crude and imperfect.

Lebon.—A great improvement in the practical application of gas
engines was made by Philippe Lebon, a French engineer, who obtained a
patent, Sept. 28, 1709, and a second in 1801. The first was more parti-
cularly intended to describe the production of lighting gas from coal ; in
the latter he proposed to utilise this gas to drive a piston in an engine
very similar to that designed by Lenoir, sixty yearslater. The inflammable
gas and “sufficient air to make it ignite” were introduced separately into
the cylinder on both sides of the piston, and the inventor proposed to fire
the mixture by an electric spark. The machine was double-acting, and
the explosions of gas took place alternately on each side of the piston.
The most striking peculiarity of the engine was the piston-rod, working
not only the motor shaft, but through it two pumps, in which the gas and
air were compressed, before they entered the motor cylinder. Lebon also
suggested that the machine generating the electric spark should be driven
from the motor shaft. The excellent theoretical principles on which this
machine had been designed were striking at that early period, and marked
a new era in gas engines. More than sixty years elapsed before the great
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advantages Lebon had so clearly understood, of compressing the gas and
air before ignition, were fully realised. The progress of mechanical
science was perhaps retarded for many years by the assassination of this
skilful engineer in 1804, before he had time to perfect the details of his
invention. But in any case Lebon’s engine was too much in advance of
the times to have achieved immediate success. The manufacture of gas
from coal was still in its infancy, and it was too expensive and difficult to
produce to be used for driving an engine, while electricity was at that
period so imperfectly understood, that the ignition of the charge by an
electric spark was alone sufficient to condemn the motor.
Brown.—Lebon had many imitators, especially in France, but the
next to invent a practical engine was an Englishman, Samuel Brown, who
took out two patents, No. 4,874, in 1823, and No. 5,350, in 1826.
Brown’s gas engines were the first actually at work in London and the
neighbourhood, and also the first in which the pressure of the atmosphere
was utilised as & motive power. The principle in both was the same—
viz., to produce a partial vacuum in a cylinder by filling it with coal gas
flames, which drove out the air; the products of combustion were
instantly cooled, and the vacuum thus obtained utilised to drive a piston.
Instead of explosion, combustion of the gases was obtained by lighting
them at a small flame as they entered the cylinder. The temperature of
the latter was reduced by a water jacket, and water was injected to help
the vacuum. In his first engine Brown employed two cylinders and
pistons, connected by a beam. One piston was driven down by atmo-
spheric pressure at one end of the beam, while the other, connected to
the other end, was simultaneously raised. Part of the air escaped
through valves in the piston, and the burning gases being instantly
cooled by the water injected, condensation was produced, and a-vacuum
formed. In his second gas engine several cylinders were used to obtain
a continuous vacuum. The working action was the same, but the air
escaped through the valve covers of the cylinders, which were successively
lifted. As in the other engine, the gases were cooled, after combustion,
by the injection of water. These engines were, however, cambrous and
difficult to work, and the expense of driving them with coal gas soon
stopped their manufacture. A drawing is given in Robinson’s Gas and
Petroleum Engines, p. 40, 2nd edition. ’
Wright.—The next improvement in gas motors was the use of a
governor to control the speed, introduced by Wright in his vertical
double-acting engine, patented 1833 (No. 6,625). Wright's engine had
one cylinder and piston, and an explosion was obtained alternately at
either end of the cylinder. The piston and piston-rod were hollow, and
the cylinder had a water jacket to counteract the intense heat of the
double explosion. Ignition was obtained by an external flame and a
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touch hole. The gas and air were slightly compressed in separate
reservoirs, before entering the motor cylinder; their admission was
regulated by a centrifugal governor, and the richness of the mixture, or
the greater or less quantity of gas passing the valve, varied with the
speed. The design of this engine was carefully thought out, and its
practical working details had not been overlooked, but it appears doubt-
ful whether it was ever made.

Barnett. — Five years later, in 1838, William Barnett, another
Englishman, took out patents for three vertical engines. These engines
contained so many novel and interesting features, and anticipated in so
many ways the latest improvements of modern science that they mark an
important advance in the construction of gas motors.* The first (patent
No. 7,615) had one working cylinder, single-acting. Gas and air were
drawn in and compressed by two pumps, and passed into a receiver below
the motor cylinder, where they were mixed. During the down stroke of
the pumps, while the charge was being forced into the receiver at a
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Fig. 1.—Barnett’s Engine Gas Ignition Cock—Longitudinal and Tmnsverse
Sections, 1838.

pressure of about 25 1bs. per square inch, the return stroke of the motor
piston was discharging the burnt gases through the exhaust. All three
pistons moved simultaneously up and down. As the motor piston
reached the bottom of its stroke, a valve at the side opened communica-
tion with the receiver. At the same time a revolving ignition cock
immediately above the exhaust fired the mixture issuing from the
receiver, and the burning gases entered the motor cylinder through the
admission port, and impelled the piston upwards, as the crank passed
the dead point.

The conical ignition cock, two views of which are shown in Fig. 1, is
well designed, and has formed the type for many similar arrangements.

* A drawing of Barnett’s engine is given in the Proceedings of the Inst.
Mechanical Engineers, 1889.
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It consists of a hollow revolving plug A in a shell B. There are two
openings, ¢ communicating with the outer air, and e facing the cylinder ;
the conical plug itself has only one port. At the bottom of the shell is a
gas jet, which, when lighted, is in the centre of the hollow plug. As the
plug revolves, the slit in it is brought opposite the port e of the shell
communicating with the cylinder, and part of the highly-compressed gases
passes into the hollow plug, and fires the charge. The flame itself is
blown out by the force of the explosion ; but, as the plug continues to
revolve, the slit is brought to face port d, opening to the atmosphere, on
the outside of which is a permanent second gas flame H. Here the light
is rekindled, each time it is brought round by the revolving plug.
Barnett’s second engine was double-acting, but in principle it re-
sembled the first. The third engine in its mechanical details differed
very little from the gas motors now in use, and modern inventors have
found it difficult to improve upon it in theory. One defect of Barnett’s
former engines was that, as the receiver or charging cylinder was never
swept out by the piston, a portion of the gases of combustion was not
displaced by the new compressed charge of gas and air, but always
remained in it. In Barnett’s third engine both pump and receiver were
abolished, and the gas and air were compressed in separate cylinders, and
delivered direct into the motor cylinder. The engine was double-acting,
and the compressed gas and air were admitted alternately to each face of
the piston. The piston being at the bottom of the cylinder, the com-
pressed charge below it was fired by the ignition cock, the piston drove
up the products of combustion from the last explosion, and discharged
them during the first half of the stroke into the atmosphere, through a
port in the centre of the cylinder. As this port was closed by the piston,
the pressure below it fell to that of the atmosphere. The gas and air
from the pumps were then delivered into the top of the cylinder, and
further compressed by the continued up stroke of the motor piston,
together with a certain residual quantity of the gases of combustion.
The mixture at high pressure was fired, and the piston in its descent
first forced out the burnt gases below it, and compressed the remainder
with the fresh charge during the second part of the stroke. At the
bottom of the cylinder a fresh explosion took place, and the cycle was
repeated. ' '
Barnett may justly claim the honour of having been the first to
introduce compression of the gas and air in a practical shape, as now used
in gas engines. Lebon, it is true, proposed to compress the mixture
slightly before igniting it, but he did not work out the details, or put his
method to the test of actual practice. There are three points distinguish-
ing Barnett’s from previous engines. Ignition was effected at the dead
point, and gave an impetus to the crank and piston during the whole
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forward stroke; the gas and air were compressed before ignition; and
part of the products of combustion were utilised to incresse the pressure
in the motor cylinder. It is generally admitted, however, that Barnett
did not recognise the merit of his own suggestions. Experience has
shown that compression is essential to economy in a gas engine, and
ignition at the dead point is also important, but Barnett apparently used
both without realising their value. Nor did he seem aware of the
difficulties of disposing of the gases of combustion, a point on which later
inventors have differed so widely; for although he attempted to discharge
the greater part, he evidently did not regard the presence of the
remainder as affecting the explosion of the mixture. In the opinion of
Mr. Clerk, insufficient expansion was the fault of the later Barnett
engine, a defect which it has been found difficult to avoid in double-
acting motors.

Two or three smaller engines were designed during the next twenty
years, although none of them seem to have been constructed. In 1841
Johnston described a motor in which he proposed to introduce oxygen
and hydrogen gas into the cylinder, and fire them. The force of the
explosion drove up the piston, and a vacuum was produced by the
condensation of the gases. The same process was repeated at the top of
the cylinder, and the piston was forced down by the fresh explosion,
ascending and descending alternately in a vacuum. The great cost of
these gases was sufficient to condemn Johnston’s project.

Between the years 1838 to 1860 a large number of patents were taken
out both in England and France, but most of the engines never advanced
beyond the specification. Sixteen patents were granted from 1850 to
1860, a few of which are described below, because, as inventions, they are
interesting.

Drake.—An ingenious gas engine was exhibited by Dr. Drake at
Philadelphia in 1843 ; the English patent (No. 562) was taken out in
1855. In this horizontal engine ordinary lighting gas was used, mixed
with nine or ten times its volume of atmospheric air. Much care was
taken to admit the mixture in proper proportions, and the supply of gas
was regulated by valves controlled by a governor. The charge entered
the cylinder at atmospheric pressure, and was fired by a small tube kept
at white heat by an external flame. The force of the explosion drove
out the piston, giving a maximum pressure of about 100 lbs. per square
inch ; the mean effective pressure during the stroke, with a speed of 60
revolutions, and 20 indicated H.P.,* was about 36 lbs. per square inch.
The cylinder had a water jacket, and the piston was hollow. The engine
was afterwards modified, and worked chiefly with petroleum.

* H.P. = Horse-Power. LH.P. = Indicated Horse-Power.
B.H.P. = Brake Horse-Power.
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An important suggestion, which has since formed the basis of many
successful engines, was made by Degrand in 1858. He proposed to
compress the charge in the cylinder by the motor piston, but the idea was
premature, and was abandoned at the time.

None of these engines worked successfully, and many were never

made. One cause of their failure, which has not been much noticed by .

writers on the subject, was the difficulty of procuring lighting gas from
coal, except in a few of the large towns. The art of distilling gas was
still in its infancy, and possibly few of the early inventors foresaw the
day when gas would become a household commodity, as easily obtained,
even in small villages, as water. Sixty years ago it was costly and
seldom available, and numerous substitutes, none of them very practical,
were proposed. As gas was more extensively made it became much
cheaper ; engineers saw in it & new motive power, concentrated their
efforts to utilise it, and finally achieved success. Another mistake made
by the early inventors of gas motors was, that they attempted to sup-
plant, instead of to supplement, the steam engine. They did not perceive
the real advantages of the gas engine as a motor for small powers, but
tried to make economical engines up to 20 H.P., or 50 H.P., before the
constructive details were thoroughly understood. A third difficulty in
constructing practical gas engines lay in the ignorance prevailing on the
subject. They were designed too much on the lines of steam engines.*
Most of the latter were double-acting, and the inventors of the day could
not divest their minds of the idea that a similar method, if adopted with
gas, would give the same favourable results. Experience has shown that
the action of gas in a cylinder is very different from that of steam, and
that gas engines must be differently designed.

Barsanti and Matteucci.—At about this period, however (1860),
and especially after the production of the Lenoir and Hugon engines,
three defects had come to be recognised as the inevitable results of an
explosion at each to and fro stroke of the piston. The heat generated
was 8o great that it had to be carried off as quickly as possible, and, even
with water jackets to the cylinder, parts of the engine sometimes became
red hot. It was also impossible, in a double-acting engine, to compress
the gas and air before ignition ; and lastly, expansion of the gases was
greatly limited. The stroke of the piston was too short to utilise to the
full the expansive force produced by the explosion, and the products of
combustion were discharged at a pressure much above atmospheric. In
this way almost all the heat generated by the ignition and explosion_of
the gases was wasted. Many experiments were made, and many engines
constructed, before it was realised that the greater the amount of heat

* The present tendency in gas engine construction is to approximate to steam
engine design. ’
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utilised by doing.work on the piston, the lower would be the temperature
and pressure of the gases at discharge, and the less heat would be wasted.
The next engine, invented by two Italians, Barsanti and Matteucci,
showed a better knowledge of the principles of economy. In it a distinct
step in advance was made, and an important principle exhibited for the
first time in practice—namely, the use of a free piston, and unchecked
expansion of the charge. For this reason their motor deserves attention
and study, though, like many others, it was not a practical working
success.

Two patents were taken out by Barsanti and Matteucci in England,
the first in 1854, the second in 1857. In the first the free piston was
supplemented by a lower auxiliary piston
immediately below it in the same cylin-
der. An outline drawing of the engine
is shown at Fig. 2. A is the cylinder
and P the motor piston; p is the auxiliary
piston, S the flat slide valve actuated
by a lever F connected with the rod E
of the auxiliary piston, which passes
through the bottom of the cylinder. The
crosshead at E is attached by two levers,
not shown in the drawing, to the wheel
D and the crank J, driven from the
main shaft, but not revolving so rapidly.
As soon as the free piston P has reached
its lowest position, p begins to descend,
and air is admitted between the two
pistons through the passages a, b, ¢ of
the slide valve 8. As the auxiliary
piston descends, the slide valve is lowered
with it by the lever F, the air port a is Fiz. 2.—Bareanti and Mattencof’
closed, and the gas port d uncovered, Ggo:s A.tmospheric Engim: lggil.s
admitting gas to .the cylinder between
the pistons through d, b, and ¢. The slide valve next shuts off d,
when the mixture is fired by a series of electric sparks, the circuit
being put on by the lever F. The piston P, which has been at a stand, is
now projected upwards, free of the crank shaft, and p is forced still lower,
driving out the products of combustion below it through the openings < ¢
in the bottom of the cylinder. The pressure in the cylinder beneath the
free piston is now below atmosphere, the valves i i close automatically,
the channel f is uncovered, and as the piston rises communication is
established between the contents of the cylinder above and below the
piston p through f; ¢, and b The working piston descends in the
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vacuum, driving out the exhaust, and the same process is repeated. This
is the first instance of the slide valve, afterwards much used.

The arrangement of the catch is novel and ingenious. The rod.of the
free piston P carries a rack, and as soon as the piston begins to descend,
the rack gears into the toothed wheel L, running loose on the main shaft
K. The wheel L has a pawl C. As the rack falls, and drags L round to
the right, the spring s presses the pawl C into the teeth of the ratchet
wheel B, which is keyed on to the main shaft K, and causes B and there-
fore K to rotate to the right. When the piston rises the main shaft
continues to turn to the right, but the movement of the wheel L is
reversed ; it revolves to the left with the up stroke of the piston, and C.,
slipping past B, loses connection with the main shaft.

In the second engine patented by Barsanti and Matteucci the
auxiliary piston was abolished, the slide valve was worked by a valve-
rod, and the details were much simplified. There was an auxiliary as
well as a motor shaft, both having pawls acting upon the rack. In both
engines a much better and freer expansion was afforded to the combust-
ible gases than had hitherto been obtained. In fact there was no check
to their expansion, except the weight of the piston, &c. But, notwith-
standing its excellent cycle, this motor was never in the market, probably
because the working details and the mechanism were defective. That
the main lines on which it was constructed were good, is proved by the
fact that they were adopted and successfully put in practice by Otto and
Langen, though the German engineers appear to have designed their
motor independently. The fundamental principle of the Barsanti and
Matteucci engine, to utilise the whole force of the explosion in as com-
plete expansion as possible, was excellent, and has not been improved
upon. Few modern inventors have been able to approach as closely the
conditions of a perfect theoretical cycle.

About the year 1860 the importance of the gas engine had become
widely recognised. Great as was the perfection to which steam engines
had been brought, it was felt that they did not, and could not, supply
the various requirements for an economical motor. The necessity for
some other kind of engine had already been pointed out by Cheverton
in 1826. In a letter to the Mechanic's Magazins he says—¢ It has long
been a desideratum in practical mechanics to possess a power engine,
which shall be ready for use at any time, capable of being put in motion
without any extra consumption of means, and without a loss of time
in its preparation. These qualities would make it applicable in cases
where but a small power is wanted, and only occasionally required.
They are so numerous, and the consequent saving of human strength
would be so great, that the advantages accruing to society would be
immense, if even the current expense were much greater than that of
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steam.” No words could better describe the advantages of the gas
engine. .

Application.—In the history of gas motors three periods may be
distinguished—1, Invention; 2, Application; 3, Theoretical and prac-
tical improvement. The first, the period of invention, was over. Hydro-
gen, inflammable powder, and other explosives were no longer used in
engine cylinders, and gas was already recognised as the most suitable
medium, next to steam, for utilising heat as a motive power. In the
construction of the gas engine, much had been achieved by mechanical
ingenuity. All the parts had been designed, and the details thought out.
Scarcely a single improvement has been suggested in modern engines
which may not be found in the drawings of Lebon, Barber, Street,
Barnett, and others. In the words of Professor Witz—* The gas motor
had been invented ; the problem was how to make it & working success.”
It is here that we enter on the second period, that of Application. That
time, too, has now passed. Practical experience has long been brought
to bear on the construction of the gas engine, but the maximum utilisa-
tion of the heat is still a problem of the future.

Lenoir.—From this point of view, the honour of having invented
and introduced the first practical working gas engine justly belongs to
Lenoir. His specifications set forth no new features, but he was able,
not only to make his engine work, which no one had hitherto succeeded
in doing, but to work rapidly, silently, and, as at first supposed, more
economically than steam. Cost and space were reduced by the absence
of a boiler, and nothing could apparently be simpler, nor better suited to
drive machinery of every kind, than the new motor. Its success was
undoubted, and every one was eager to use it. It was made, however,
at a time when very little was known of the theory of the gas engine,
its action was imperfectly understood, and the economy with which the
new motor was credited was soon found to be a fallacy.

Lenoir took out his first patent in France, Jan. 24, 1860 ; in Eng-
land, No. 335, Feb. 8, 1860. The engines were made by M. Hippolyte
Marinoni, a French engineer, whose mechanical skill undoubtedly con-
tributed to their success. During the first year one was constructed of
6 H.P. and another of 20 H.P., and so great was the demand that, in
five years, between three and four hundred motors were made in France,
and a hundred in England. The construction of these was undertaken
by the Reading Iron works in England, and the Compagnie Lenoir at-
Paris; in 1863 the patent of the latter was acquired by the Compagnie
Parisienne de Gaz.

The usual reaction from undue praise and indiscriminate adoption
of the new engine followed. The chief cause of its sudden fall in popular
esteem was the discovery that it consumed much more gas than it was.
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said to do. In practice, from 88 to 105 cubic feet of Paris gas were
burnt in the Lenoir engine per H.P. per hour. A brake experiment
gave a mean of nearly 106 cubic feet, and this was about the average
consumption for small powers. The quantity of water required for the
cooling jacket was considerable. The heat generated was so great that
unless the engine was copiously oiled the working parts were injured,
and it was brought to a stand. Hence it was sarcastically said that “the
Lenoir motor did not require heating, but oiling.”

The sweeping condemnation bestowed upon these engines was hardly
justified, for they possessed many advantages, which were as completely
overlooked as their defects had been at first. They were easy to trans-
port, to fix, and to set to work, and, when constructed for small powers,
were very useful in many cases for superseding manual labour. They
could be started at a moment’s notice, and when not running, no
expense for gas was incurred, while they have hardly been surpassed
for silent, smooth, and regular working. But these were not the chief
merits of the Lenoir engine. It was the first to compete with steam
for small powers, and to familiarise the public with the idea of obtaining
motive power from gas. The advantages of these motors were so great
and so patent that, when the Lenoir was gradually superseded, it was
replaced by other engines driven by gas. Its very defects acted as a
stimulus to fresh efforts, and kept the subject before the minds of in-
ventors. Once accustomed to the easy action of the gas engine, in which
it was only necessary to turn a valve on the gas main, and another on
the water supply, to set the machine in motion, many people refused
to return to the laborious process of generating steam in a boiler.

Lenoir was himself fully alive to the faults of his engine, and
continually studied to overcome them, but he started from a wrong
basis. He attributed the extravagant consumption of gas to the rapidity
of explosion, which affected the action of the engine injuriously, by
producing a sudden rise and fall in the pressure. In common with
later inventors, he endeavoured to diminish the force of the explosion,
and to obtain a slower combustion of the gases by stratification, and in
a second patent, No. 107, 1861, he proposed to inject a little water
into the cylinder for this purpose. The injection of steam into a gas
engine cylinder has since been often suggested, and put in practice ;
the subject will be considered later on. Lenoir himself does not seem
to have carried out his proposal.

The much vaunted and much abused Lenoir gas engine resembled
in construction a double-acting horizontal steam engine, and the gas
was ignited electrically. Gas and air were admitted at both ends,
drawn in by the piston during the first part of the stroke, then fired
and expanded. Admission of the charge was cut off, either at half-
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stroke or a little later. As ignition with the electric spark was some-
times retarded, it occasionally happened that the piston had passed
through a considerable portion of the stroke before explosion occurred,
and incomplete expansion was the result. The cylinder, both covers,
and the chamber into which the gas was admitted, were water-jacketed,
and the circulating water was used over and over again.

In the original drawing of the engine, shown at Fig. 3, A is the
motor cylinder, in which is the piston P. The piston-rod works the
connecting-rod C, and crank shaft K, through the crosshead D. Two
eccentrics, G and H, on the crank shaft work two flat valves, 8 and S},
on either side of the cylinder. The slide valves 8 8 admit gas and air
into the cylinder, and those at S! 8! allow the products of combustion
to escape. The latter each contain one exhaust port; and these are
brought into line with the exhaust openings shortly before the end of
the stroke, to discharge the gases of combustion, and close over them as
the fresh mixture enters. Through the exhaust ports the gases pass
into a discharge pipe, and thence into the atmosphere. The slide valves
8 S perform the functions of admission and distribution, and the two
chambers L L are filled with gas. These valves are made with small
cylindrical holes 4, inch in diameter, alternating with larger apertures
4 inch by } inch diameter. The gas enters from L through these holes,
while the air is admitted through the ends of the slide valves, which are
open to the atmosphere, and passes through the apertures in the pro-
portion of about 1 of gas to 12 of air. This arrangement of comb-shaped
grooves and passages is continued throughout the whole thickness of
the slide, and the effect is to cause the gas and air to flow to the cylinder
in separate streams. By thus forcing them to enter without mingling, a
better stratification of the charge was supposed to be obtained, but this
appears doubtful. At either end of the cylinder is a small projection at
b and b1, to which wires are attached from the coil and electric battery M.

The action of the engine is as follows:—The exhaust valves being
closed when the piston is at the extreme end of the stroke, as shown
in the drawing, the energy of the flywheel is sufficient to carry it for-
ward. The air port (which is very large to prevent throttling) is already
slightly open, the gas valve now opens, and the charge is mixed in the
main port of valve S, before being drawn into the cylinder by the for-
ward stroke of the piston. Meanwhile the pressure on the other side
of the piston has been reduced to that of the atmosphere. Before the
admission valve is completely closed the electric spark fires the mixture,
and the piston is thus propelled forward to the end of the stroke, the
pressure rising to 5 or 6 atmospheres, but the action of the water jacket
cgols the cylinder, and reduces the pressure. The exhaust valve has a
slight lead, and opens a little before the end of the stroke, allowing the
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gases of combustion to eseape at a pressure of 1-5 to 1-8 atmosphere.
The same process is repeated during the return stroke. A certain

lde valve

1860.

Fig. 3.—Lenoir Horizontal Engine.

proportion of the gases of combustion is always left in the cylinder,
but their pressure is low, and the clearance spaces are very small. The
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temperature of the escaping gases is given by Professor Schittler at
about 200° C. In an experiment by Tresca it was 220° C.

Fig. 4 gives a sectional plan of the cylinder, in which the admission
of gas and air are slightly modified ; the parts are lettered as in Fig. 3.
Here the main admission port is open to the atmosphere, and is covered
with a perforated brass plate, which extends downwards, so as also to
cover the gas port. As the gas enters, it is forced to pass up and down
through small holes in the metal plates, and to mix thoroughly with the
air before entering the main port, but this arrangement, like that already
described, was not found to work quite satisfactorily.

i Air

Fig. 4.—Lenoir Engine:Sec—:;ion of Cylinder. 1860. '

Like most of the early gas engines, the Lenoir was ignited by an
electric spark, as shown at M, Fig. 3. A battery with two Bunsen cells,
connected by & Ruhmkorff induction coil and an electric hammer, pro-
duces a continuous stream of sparks. The contact maker N is in
connection with the crosshead D and piston-rod, through which the
negative current passes, and the mass of the engine is negative. The
positive current passes through wires insulated in porcelain tubes, lead-
ing from the two ends of the contact maker to the two projecting points,
b and b, at each end of the cylinder. Contact is formed alternately
between them by a projection moved to and fro by the crosshead.*

The speed of the engine was regulated in the ordinary way by a
centrifugal governor acting on the gas admission valve, and the supply of
gas was wholly cut off, as soon as the speed exceeded the normal limits.
The oiling was always defective. Ordinary lubrication by hand was at
first used, but this was soon found insuflicient to counteract the great

* In the Lenoir Engine, as then made at the Reading Iron Works, this electrical
arrangement was modified. 5
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heat generated in a double-acting gas engine. The piston frequently
became red hot and heated the incoming charge bdefore ignition, a defect
which later inventors have always carefully endeavoured to avoid ; and
the temperature was so high that, unless frequently and copiously oiled,
the engine would not work.

It was always less difficult to start a noncompressing gas engine fired
electrically than a compression engine, and the Lenoir motor was very
easily set in motion. The flywheel was turned by hand, and the piston
moved forward, drawing in the explosive mixture. At the same moment
electric contact was established, a spark fired the charge, and the explosion
drove out the piston over the dead point, after which the engine worked
automatically.

The earliest trials on record of any gas motor are those made by
Tresca in 1861 on the Lenoir engine. The first experiments were on an
engine of } H.P. with a speed of 130 revolutions per minute. The
proportion of gas to air was one-tenth, the maximum pressure obtained
4-87 atmospheres, the consumption of Paris gas was 112 cubic feet per
H.P. per hour. In a second trial of a 1 H.P. engine, the quantity of gas
used was reduced to 96 cubic feet per H.P. per hour, or about five times
the average present consumption. The maximum pressure in the cylinder
was 4:36 atmospheres, number of revolutions 94, and the proportion of
gas to air 1 to 74. In both engines more than half the total heat was
carried off in the water jacket, and Tresca calculated that only 4 per cent.
was utilised in useful work, the remainder being discharged with the
exhaust gases. Other experiments were made by Lebleu, Eyth, and
Auscher, and by Mr. Slade in America. Fig. b shows an indicator
diagram of the Lenoir engine.

o~ L/
Fig. 5.—Lenoir Engine—Indicator Diagram (Slade). 1860.

Twenty-five years later Lenoir, who was incessantly endeavouring to
perfect his invention, brought out a single-acting compression engine,
using the Beau de Rochas’ four-cycle. It will be described among
modern motors.

The success of the Lenoir engine produced a host of imitators and
rivals, several of whom set up a prior claim to the invention. Reithmann,
a watchmaker at Munich, declared that he had designed an engine similar
to Lenoir’s, for which he had taken out a patent, September 11, 1858. It
was described in the “ Bayerische Kunst- und Gewerbeblatt,” but, if ever
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made, it never reached a practical stage. A more formidable opponent
was Hugon, the Director of the Paris Gas Company, whose original
patent also dates from September 11, 1858. It is certain that Lenoir
worked independently, and ‘that his invention as a practical engine was
the first in the market.

Hugon.—Hugon’s vertical gas engine did not appear till 1862, and
he soon abandoned it in favour of a direct-acting engine similar in
principle to Lenoir’s, which he patented in France in 1865 (No. 66,807).
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Fig. 6.—Hugon Gas Engine—Vertical. 1862.

Flame ignition was substituted for electricity, and a small quantity of
water was injected into the cylinder at every stroke. The flame was
carried to and fro in a cavity inside a slide valve, and the engine afforded
the first practical illustration of this method of ignition, afterwards so
generally used. The consumption of gas was still very high, and the
engine did not find much favour, even in France.

In this vertical, single-cylinder, double-acting motor, air and gas at
atmospheric- pressure are admitted, as in the Lenoir, on both sides of
the piston. The piston P and piston-rod in cylinder A drive the shaft
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through a forked connecting-rod and crank, as shown in Fig. 6, taken
from Schéttler’s* careful description of the engine. An eccentric on the
same shaft works the rubber gas reservoir C, from which the gas is
pumped under slight pressure through the pipe a to the cylinder. A
smaller gas reservoir D supplies gas for the ignition flames. The valve-
rod, actuated by a second eccentric on the crank shaft, works the two
admission valves S8 and $,. A small pump B is driven from it, and
injects water into the cylinder through the supply pipe d and the small
openings d; and d,. The main slide valve S has five openings—e and ¢,,
the igniting ports containing the two gas jets for lighting the mixture at
each end of the cylinder ; g and g,, the admission ports which receive the
mixture of gas and air from the tube @, through the openings in the
auxiliary slide 8,; and A, the exhaust valve discharging through K into
the atmosphere. In the second and smaller slide valve S,, there are only
two ports for opening communication between the main slide valve and
the gas reservoir C, and by its action the sudden admission and cut-off are
obtained, which form a principal feature of the Hugon engine ; fand f;
are permanent gas jets to rekindle the flame at ¢ and e, when blown out,
as it is each time, by the force of the explosion. There are two main
ports, serving alternately for admitting the charge to the cylinder and
igniting it, and for discharging the gases of combustion into the exhaust;
this arrangement has since been altered.

The action of the engine is as follows:—When the piston is at the top
of its stroke and begins to descend, the principal slide valve 8 is driven
down, and the port g comes immediately opposite the upper main cylinder
port, forming a connection between it and a port in the outer slide valve
8,, admitting gas and air from C through a. At this part of the stroke,
the position of the slide valves is the following:—The light at e is in
process of kindling by f, g is opening on to the main port, while at the
bottom of the piston the products of the last explosion are discharging
through % into the exhaust. The port g being much smaller than the
main port, the supply of gas and air through 8, is soon cut off, but the
communication of g with the main port is still open when the slide is
suddenly driven down by the movement of the eccentric on the shaft.
The gas flame ¢ is brought opposite the inflammable mixture, and spreads
through it, and back into the admission port. Explosion takes place
when the piston has passed through about four-tenths of the stroke, and
drives it down through the remainder. The piston and slide valve now
begin to rise, and the same process is repeated at the lower end of the
piston and cylinder. As, however, the vaive in its upward progress must
again cross the admission passages in slide S, before reaching the top of
the cylinder, gas and air would be admitted at the wrong moment, and

* Schottler, Die Gas Maschine, 2nd edition, p. 23.
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rapid admission and cut-off could not be obtained, unless this valve were
closed. It is driven down by the pin projecting from the main valve,
which catches and carries it in the same direction. A spring then holds
it in position, and does not release it until the slide 8 has begun to
return. The engine was tested by Tresca in 1866-67. Fig. 7 gives an
indicator diagram of a trial by Mr. Clerk.

Qe pressure

1 A~

Fig. 7.—Hugon Engine—Indicator Diagram. 1862.

Siemens.— About this time the subject of heat motors engaged the
attention of Sir William Siemens, and he took out several patents for gas
and hot air engines. His regenerative engine is described in Chap. xviii.

The defect of both the Hugon and Lenoir engines was the large
consumption of ‘gas in proportion to work done. This extravagance
checked the sale of these engines, and they ceased to be extensively made,
even before others had been invented to take their place. Their failure
was attributed to want of stratification. Inventors long thought it
possible to distribute the admission of the charge in such a way that the
gas and air were introduced either in separate layers or thoroughly
mixed. Both Lenoir and Hugon were of opinion that the shock given
by the explosion was too violent, and needed to be weakened. These
erroneous notions were gradually abandoned, and the real reasons of the
want of economy were at last perceived—namely, insufficient expansion,
and the absence of compression.

Schmidt—Million.—In 1861 Gustave Schmidt, in a paper submitted
to the Institution of German Engineers,* declared that more favourable
results would be obtained, greater expansion, and better transformation
of the heat of combustion into work, if the gas and air were previously
compressed to two or three atmospheres. In the same year Million
either re-discovered or was the first to apply Lebon’s and Barnett’s idea
of previous compression of the gas and air by means of a separate pump.
His proposals helped to develop the theory of the gas engine, but he does
not seem to have put them into practice.

Thus the principle of compressing the charge of gas and air in an
engine before ignition had already been foreshadowed, when a very
remarkable descriptive patent upon the subject appeared in France in
1862 by M. Beau de Rochas. Hitherto the construction of gas engines

* Zeitschrift des Vereines deutacher Ingénieure, 1861, p. 217.
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had not been designed and worked out on a scientific basis. Inventors
did not fully understand the effect of the different operations they
proposed to carry out. They were ignorant of the reason why one
engine gave more economical results than another, and what methods
should be adopted to control the extravagant consumption of gas. They
were ready to recognise, without being able to remedy, the defects of
their engines. Nor were study and perseverance wanting. Many of the
earlier gas motors were the result of much labour and repeated experi-
ments, and failed only for lack of a scientific comprehension of the
subject.

Beau de Rochas.—The real reasons of the uneconomical working
in the Lenoir and other motors were want of compression, incomplete
expansion, and loss of heat through the walls.* In both the Lenoir and
Hugon engines the pressures in the cylinder were always low and diffi-
cult to maintain, and this showed that the pressure. generated by the
explosion alone was insufficient, and must be increased by previous com-
pression of the charge. Time was also lost in obtaining an explosion,
and the heat, applied too late to the gas, was speedily dissipated, some
of it going to heat the jacket water, and some being discharged at exhaust.
M. Beau de Rochas, a French engineer, was the first to formulate a com-
plete theory of the cycle of operations which ought to be carried out in
a gas engine, to utilise more completely the heat supplied. Four con-
ditions were laid down by him as essential to efficiency—

I. The largest cylindrical volume, with the smallest circumferen-
tial surface.
II. Maximum speed of piston.
III. Greatest possible expansion.
IV. Highest pressure at the beginning of expansion.

These working conditions are now generally admitted to be necessary,
but at that time they created a revolution in the study of the gas engine.
The first shows the reason why the consumption of gas was so much
greater in small, as compared with larger engines. On this subject
Mr. Dugald Clerk says, “ As an engine increases in size, the volume of
gaseous mixture used increases as the cube, while the surface exposed
only increases as the square ; so that the proportion of volume of gaseous
mixture used to surface cooling is less, the larger the engine.”

In the second and third conditions increased expansion and speed are
insisted on. It was already known, or at least surmised, that unless the
gases were as completely and quickly expanded as possible, much of the
energy generated in the explosion was wasted. Only a small proportion

* The two latter defects, although to a certain extent controllable, are found
more or less even in modern gas motors.
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was expended on the piston in doing work, and the gases escaped at too
high a pressure. It was evident also, since small cylinder wall surfaces
were desirable, that the more rapidly the piston performed its stroke,
the less time were the hot gases exposed to their action. “Other things

Lenofr. Beau de Rochas.

Dugald Clerk. Atkinson.
Fig. 8. —Gas Engine Pioneers.

being equal,” says Beau de Rochas, “the slower the speed the greater
the cooling.” Moreover the higher the speed of the piston, the more
rapid will be the expansion.

In Beau de Rochas’ fourth condition a principle was embodied which
contains the essence of the question, and the true secret of economy in
a gas engine. The utilisation of the elastic force of the gases by pro-
longed expansion depended upon the high pressure of the charge, and



40 GAS, OIL, AND AIR ENGINES.

this pressure could not be realised unless the gas and air were compressed
previous - to ignition. Compression was to be effected while the gases
were cold, and the heat thus applied prolonged the expansion by increas-
ing their pressure. By thus compressing the particles,” an originally
larger volume of the charge, containing more gas, can be introduced per
stroke into the cylinder, and the pressure of explosion considerably
raised. The advantages of compression are shown by the fact that the
greater the pressure, and the more instantaneous the admission, the
greater the economy within certain limits.

Beau de Rochas’ Cycle.—To obtain these results Beau de Rochas
considered it necessary to use one cylinder only, first, that it might be
as large as possible, and secondly, to reduce the piston friction. In this
cylinder the following cycle was to be carried out in four consecutive
piston strokes : —

I. Drawing in the charge of gas and air.
II. Compression of the gas and air.
ITI. Ignition at the dead point, with subsequent explosion and ex-
pansion.
IV. Discharge of the products of combustion from the cylinder.

By ignition of the charge at the dead point, the crank obtained the
benefit of the impulse communicated by explosion and expansion during
the whole of a forward stroke. This was not, however, the object
. specially aimed at by Beau de Rochas. He proposed to compress the
gases to such an extent that they ignited spontaneously at the dead point.
In almost all modern gas engines ignition at the dead centre is now con-
sidered essential, though it has generally been found difficult to ignite
the gases by compression only. Each of the four operations generally
requires one stroke of the piston, though in some cases compression is
obtained in a separate pump.

This cycle, known as the four-cycle of Beau de Rochas, is the one
now chiefly used in gas motors. It differs from that of Carnot because
it is not a perfect or theoretical, but a practical, cycle. Many improve-
ments have been effected in the mechanism of the gas motor, but they
have all been founded on the sequence of operations and the working
conditions described by Beau de Rochas. Next to compression, the most

valuable innovations introduced by him were, carrying out all the opera-

tions in a single motor cylinder, and ignition at the dead point. But
like many other scientific innovators, Beau de Rochas was in advance of
his time. Fifteen years elapsed before what Professor Witz aptly calls /
“the programme traced of what ought to be attempted ” was a.ctually
adopted, although now its merit is universally recognised and the cyclet-
employed.
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An award was presented to the veteran worker by the Société d’En-
couragement pour I'Industrie Nationale in recognition of his valuable
labours to advance the knowledge of the gas engime, and another by the
Académie des Sciences. M. Beau de Rochas died in 1892. A transla-
tion of that part of his patent which relates to gas engine cycles will be
found in the Appendix. On p. 39 the portraits are added of MM.
Lenoir and Beau de Rochas, Mr. Dugald Clerk, M.I.C.E, and Mr.
Atkinson, four distinguished men who have greatly contributed to our

knowledge of gas engines.
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CHAPTER 1IV.

HISTORY OF THE GAS ENGINE—(Continued).

CornTeNTs.—Otto and Langen Engine—Gilles—Bisschop—Brayton—Simon—Clerk
Two-Cycle Engine—Beck Six-Cycle Type—Wittig and Hees—Compression—
Martini Early Gas Engine—Tangye—Various—Baldwin.

TaE construction of gas engines was meanwhile developed in a different
direction to that indicated by Beau de Rochas. As it was seen that the
expansion in the engines hitherto produced was insufficient, an attempt
was made to improve it by employing a free piston, giving in theory
unlimited expansion. At the Paris Exhibition of 1867 attention was
drawn to an engine patented by MM. Otto and Langen in 1866, and
apparently of a new type, though it was really constructed on the same
lines as that of Barsanti and Matteucci. It seems doubtful whether this
new engine was more or less copied from the Italians’ atmospheric motor,
or whether the Germans worked independently. In any case they suc-
ceeded in making a practical engine, based on a principle which, owing
to some mechanical defect, had been relinquished.

Otto and Langen.—In their main features the German and Italian
engines were identical. At that time the idea was prevalent that the
failure of the Lenoir and Hugon engines was due to the slow movement
of the piston after ignition. Scientific men were agreed that the energy
generated by explosion was rapidly diminished by the cooling action of
the walls; if therefore expansion was retarded, much of the force ob-
tained was dissipated. Hence, the principle of the Otto and Langen
engine was to obtain the most rapid and complete expansion possible
after explosion. Theoretically this idea was right, but the mechanical
difficulties of working it out have never been completely overcome, and
though the construction of the engine was continued for some years, it
was eventually abandoned.

At the time of its first appearance, the Otto and Langen was the
most economical engine yet introduced. Its consumption of gas, always
comparatively low, was ultimately reduced to about 26 cubic feet per
H.P. per hour. About 5,000 motors were constructed in ten years, and
though never popular in France, the engine was at one time in great
demand in England and Germany. As a practical working motor it was
not satisfactory, but it marked an epoch as the first single-acting engine,
and the first in which economy in consumption of gas was realised as a
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consequence of better expansion. It was, however, large for the power
generated, noisy and irregular in action, and the very rapid ascent of the
piston caused so much vibration, that it could only be used for small
powers.

Otto and Langen, 8ingle-Piston Atmospheric Engine.—Fig. 9
gives a sectional elevation of this engine. A is the long vertical cylinder,
surrounded at the bottom with a water_jacket, and open at the top to the
atmosphere. P, the piston, is
shown almost at the end of the
down stroke. C is the rack in
lieu of a piston-rod, gearing into
the toothed wheel T on the main
shaft K. The slide valve S,
worked by an eccentric O, admits
the gas and air, which are
ignited by a flame in the slide
valve cover, and also discharges
the products into the exhaust
pipe. There are two eccentrics
side by side, O and B; both are
connected to the auxiliary shaft
M during the down stroke, but
run loose on the up stroke of the
piston. In the same way the
wheel T, which is also free of
the shaft during the up stroke,
becomes wedged to it by an
ingenious clutch arrangement as
the piston descends. The action
of the Otto and Langen engine
necessitates the use of three
special mechanisms, the friction Fig. 9.—Otto and Langen Vertical Engine —
coupling or clutch gear, on the Transverse Section. 1866.
outer wheel T of the main shaft,
the device for lifting the piston to admit a fresh charge, served by
eccentric B, and the valve motion driven by eccentric O.

The violence of the explosion in a free piston engine is so great, that
much care is necessary to make the clutch act freely and instantaneously.
At the moment when the movement of the piston is reversed, the whole
energy of the engine being stored up in it, the least recoil might result in
an accident. This was one reason why the Barsanti and Matteucci engine
failed ; the ratchet and pawl were not sufficiently prompt in action. The
clutch gear of the Otto and Langen engine, shown at Fig. 12, was the
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result of careful study, and formed one of the most ingenious parts of the
engine. Upon the main shaft K there is a circular disc @, which is
solidly keyed to it, and carries on its outer edge at e four steel wedge-
shaped slips or projections. The inner rim of the outer toothed wheel T
is hollowed out in four places at regular intervals, just below the bolts &,
and corresponding to the steel wedges ¢ upon the disc a. In each of the
grooves thus formed are three small cylindrical rollers. The main shaft

Fig. 10.—Eugen Langen.

K revolves always in the direction of the hands of a clock. When the
piston flies up with the force of the explosion, and drives round the
toothed wheel T in the opposite direction, the rollers run loose in the
open space in the wider part of the hollows, and no pressure being exerted
- on the wedges e, the connection between the main shaft K and the yack,
piston, and outer toothed wheel T is severed. The piston having reached
the end of the up stroke, begins rapidly to descend (motor stroke), the
motion of T is reversed, and it also revolves in the same direction as the
motor shaft. The rollers are driven forward into the narrowest part of
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the space, and wedged against the steel slips e, which grip the solid disc
a, and the whole ass from T to K is driven round in the direction of the
descending piston. The cooling of the gases below the piston forms a
vacuum, but this is counteracted near the end of the stroke by the opening
of the exhaust. 8light compression of the gases of combustion takes place
at the bottom of the cylinder, and the motion of the piston is slackened.
The toothed wheel T, therefore, revolves more slowly than the main shaft
and disc a ; the rollers run back, and loosen their grip of the wedges, and

Fig. 11.—Nicolas Otto.

before the piston has reached the end of the stroke, the motor shaft is
again disconnected.

The working of the eccentrics driving the slide valve 8 is also shown
at Fig. 12. The valve is somewhat similar in principle to Hugon’s flame
ignition valve, but more simple, as only one ignition per up stroke or per
revolution is required. There is one main port i (Fig. 9) leading to the
cylinder, and just above it are two small openings, 4 and j, for admitting
the gas and air. In its lowest position the slide valve port forms a com-
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munication between ¢ and the atmosphere, the exhaust outlet in the valve
cover being closed by a flap valve, which is lifted only when the pressure
in the cylinder is greater than the atmosphere—namely, when the piston
has nearly reached the bottom of its stroke. The products of combustion
being thus discharged, the slide S worked by the eccentric O begins to
rise, and the piston with it, lifted by the other eccentric B ; gas and air
enter through j, & in the proportions of 9 to 1, mix and pass through to
the cavity m. Communication is now made between m and the outer
permanent flame f, and the mixture of gas and air is ignited. The
upward progress of the valve shuts off the flame at f; and the burning
gases being brought opposite the main port ¢ rush into the cylinder,
explode, and drive up the piston.

The movement of the two eccentrics O and B is given by the
auxiliary shaft M, on which is fixed a ratchet wheel W. The

>
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Fig. 12.—Otto and Langen Engine. 1866.

eccentrics are set to each other at an angle of 90° and run loose on
the shaft during the down stroke. Eccentric O carries the rod
working the slide valve S, B has a bell crank » working on a
pivot, and a lever N, and these establish the connection between the
eccentrics and the auxiliary shaft. The gases being ignited at low
pressure, the ignition by flame, as in all non-compressing engines,
worked satisfactorily. The speed was regulated by a ball governor. If
the speed of the engine exceeded the proper limits, the governor, by
means of a pawl and ratchet, disconnected the levers working the
slide valve and piston, and no charge was admitted until the speed
was reduced.

As the engine was single-acting, working open to the atmosphere,
the heat generated was not so great as in the earlier motors. The
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number of strokes per minute being relatively small, the cylinder was
kept comparatively cool. It was not difficult to start the engine, a
few turns of the flywheel being sufficient to draw in the charge, and
cause it to ignite. The action of the walls, which has so injurious
an effect in most engines, was here of use. During the upstroke the
walls, by rapidly cooling the expanding gases, assisted in forming the
vacuum, while in the down stroke they carried off the heat, and
retarded the increase of pressure below the piston.

A number of experiments have been made upon the Otto and
Langen engine. Of these the best known is Tresca's trial at the Paris
Exhibition, 1867, on a half H.P. engine, when the consumption of
Paris gas was 44 cubic feet per I.H.P. per hour. Another series of
experiments was made in 1868 by Meidinger in which the gas
consumption per H.P. per hour varied from 49 to 29 cubic feet.

Fig. 13 shows a diagram taken during a trial made by Mr.
Dugald Clerk.

LPressure lbs per Sg inch
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Fig. 13.—Otto and Langen Engine—Indicator Diagram (Clerk). 1866.

The great defect of the Otto and Langen engine was its noisy
and unsteady action, due to the rack and wheel, and the excessive
vibration and recoil. Several efforts were made in the course of the
next few years to improve upon it, though the working principle
remained the same.

Gilles.—In 1874 an engine was brought out by Gilles, with two
pistons working vertically, one above the other, in the same cylinder ;
the lower was the motor, and the upper the free piston. The ex-
plosion of the gas and air drove up the latter; the working piston
was forced up into the vacuum thus fornted by the pressure of the
atmosphere. Two drawings of the engine will be found in Schéttler’s
book.

Bisschop.—A useful little engine for small powers, which was
popular for many years, although now no longer made, was introduced in
1870-72 by Bisschop, and exhibited at Paris in 1878. It appeared
about four years after the Otto and Langen non-compression atmo-
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spheric engine, and resembled that type of motor in principle, but
was intended specially to avoid- the noise and recoil of the free
piston, rack and clutch gear. The charge of gas and air was admitted
at atmospheric pressure, and the force of the explosion drove up the
piston, but it was attached in a special way to the crank, and did
not run free. The pressure of the atmosphere, and the energy stored
up in the flywheel, then forced the piston into the vacuum formed
below by the cooling of the gases. The action of the walls was
turned to good account by reducing the temperature of the exhaust

2

Fig. 14.—Bisschop Engine— Fig. 15. —Bisschop Engine—
Sectional Elevation. 1870. Section of Piston Valve.

gases, and helping to form the vacuum. In a certain sense the Biss-
chop, like other atmospheric engines, may be called double-acting, the
force of the explosion being used on one side of the piston, and the
pressure of the atmosphere on the other.

The engine had a vertical unjacketed cylinder closed at both ends,
and ribbed externally to prevent overheating. Above was a crosshead
from which the connecting-rod worked direct on to the motor shaft,
and was parallel to the piston-rod during the up stroke. Explosion
occurred immediately after the piston had passed the lower dead
point. The shock forced up the piston rapidly, the crank was carried
round through more than half a revolution, and expansion was
practically [instantaneous. The distribution of the gas and air and
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the discharge of the exhaust gases were effected by a trunk piston
valve, driven from an eccentric on the crank shaft. Ignmition was by
an external flame, and the little engine had no governor.

Fig. 14 gives a sectional elevation, and Fig. 15 a section of the
piston valve. The parts are lettered alike in the two drawings; the
piston valve admits, distributes, and expels the charge. A is the motor
cylinder and P the piston, ¢ is the connecting-rod and C the crank, K
the crank shaft. G is the crosshead, and r the piston-rod working in
it. In Fig. 14 the piston is half way through the up stroke. The
eccentric ¢ on the crank shaft drives the piston valve p (Fig. 15)
through lever !. The exhaust is seen at E; & is the small opening
about half way up the cylinder, covered by a flap valve; an external
flame burns behind it at », and at o is a second auxiliary flame to
rekindle the other when blown out. Fig. 15 shows the air valve with
the holes for regulating the supply, and the action of the piston
valve p,; the gas enters at 1 (Fig. 14).

Deutz Engine.—MM. Otto and Langen bad by this time formed
their business into a company at Deutz, near Cologne, and the firm was
henceforth known as the * Gas-Motoren Fabrik Deutz.” They had beem
working incessantly to improve their engine, but after introducing
several modifications, they finally abandoned ‘altogether the idea of a
free piston. At the Paris exhibition of 1878 they brought out the
celebrated Otto engine, described in Chapter vi., which rapidly super-
seded their former and all other motors, and created a revolution in the
construction of gas engines. '

Brayton.—This American gas engine was introduced by Brayton at
Philadelphia in 1873. In 1878 Messrs. Simon, of Nottingham, brought
out the motor in England. As in the Otto, the charge was compressed,
but otherwise this engine differed from all earlier types, and illustrated
the principle of ignition at constant pressure, instead of at constant
volume. It was a single-acting, twocycle motor, with an impulse at
every revolution. After compression in a separate pump, the gas and
air were delivered into the motor cylinder, but they were not admitted
cold and then ignited and exploded, according to the usual cycle of
operations. A small flame in direct communication with the cylinder
was kept constantly alight, and kindled the gases as they passed it.
Thus they were gradually ignited, and entering as flame, drove the piston
forward, not by the pressure of explosion, but of combustion. The heat
was imparted to the gas at constant pressure—that is, the piston moved
as soon as the flames began to enter the cylinder, but there was no
sudden explosion. A wire gauze was fixed behind the light, to prevent
the flame from striking back into the compression cylinder. This method
of ignition worked well as long as the wire gauze remained inf;wt, but
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it was liable to burn into holes, and if the gases found their way back
through any aperture, an explosion followed, and the light was extin-
guished. On this account Brayton abandoned the use of gas in his
engine, and substituted petroleum vapour. A description of this later
engine will be found in Chap. xviii.

Simon.—To this gas engine Messrs. Simon added a small boiler above
the cylinder, the water in which was evaporated by the heat from the
exhaust gases. The engine,* first exhibited at Paris in 1878, was ver-
tical and single-acting. The steam injected into the motor cylinder

increased the expansive
force of the gases, and
helped to lubricate the
piston. This idea was not
a novelty. It had been
tried by Hugon, but neither
his engine nor the Simon
was practically improved
by it. On this point Pro-
fessor Schattler pertinently
asks—“Whether it can be
considered an advantage,
since the gas engine is ex-
pressly designed to avoid
the defects and dangers of
a steam boiler, to add the
latter to it?”

Fig. 16 gives a section
of the engine; a descrip-
tion will explain the
method of working. Like
the Brayton, it is a two-
‘cycle engine. A is the

o . motor, B the pump cylin-
Fig. 16.—Simon Vertical Engine. 1877. der, and K the crank
shaft. Gas and air are
admitted by the slide valve 8, at the top of the pump cylinder, and drawn
in through the valve a at the down stroke of the piston; the up stroke
compresses and drives them through another valve b into the receiver c.
From here they pass into the motor cylinder A, through the slide valve
S; j is a gas jet burning continually in front of a wire gauze, at which
the gases are ignited in their passage, and by their expansion drive down
the piston P. The exhaust is worked by the slide valve d driven from
* Partly founded on Mr. Beechey’s design.
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the main shaft. The products of combustion are led through the coiled
tubes e in the small boiler F before discharging into the atmosphere. As
soon as some of the water in the boiler is evaporated by the heat of the
exhaust gases, the steam passes through the pipe f and the slide valve S
into the motor cylinder. A small cam % on the governor G acts upon the
slide valve 8, for admitting the gas and air, and cuts off the admission
entirely as soon as the speed of the engine becomes too great ; this .is
shown in Fig. 16.

Several experiments have been made upon the Brayton and Simon
engines. In 1873 Professor Thurston tested a Brayton engine in
America, of 5 nominal H.P., and found that the maximum pressure
in the cylinder was about 75 lbs. per square inch at the beginning of the
stroke, decreasing to 66 lbs. at the cut-off. The indicated H.P. was 8-62,
brake power 398, and consumption of gas 32 cubic feet per I.H.P. per
hour ; but the power used for driving the pump caused the effective
horse-power to be less than half the indicated. Deducting this, Mr.
Clerk calculates the expenditure at 55°2 cubic feet per L. H.P. per hour.
Another experiment made by Mr. M‘Mutrie, of Boston, showed a maxi-
mum pressure in the cylinder of 68 lbs. per square inch, the piston speed
was 180 feet per minute, and the total power developed 9 I.H.P., the
friction and other resistance amounting to nearly 5 I.H.P. Fig. 17 shows
a diagram of this trial. The diagram of a S8imon engine at Fig. 18 was
taken by Dr. Slaby.
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Fig. 17.—Brayton Gas Engine— Fig. 18.—S8imon Engine—Indicator Diagram.

Indicator Diagram.

In a history of the development of the gas engine it is important to
study not only modern working motors but those engines which, although
no longer made, were good in design and principle. During the last
twenty-five years many have been brought out, excellent in theory and
often in workmanship, which have not permanently succeeded only
because they were found to infringe previous patents, or were superseded
by more practical types. None of these engines date earlier than 1878.
In describing them it will no longer be necessary vo distinguish between
single-acting and double-acting engines. The double-acting type of
motor, in which the charge was introduced alternately at either end of
the closed cylinder, was abandoned after the failure of the Hugon, for
reasons already given. For many years all gas engines, with the excep-
tion of the Griffin and one or two foreign motors, were single-acting,
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admitting the charge at one end only of the single cylinder. Since 1900
double-acting engines have again been successfully made.

With the advent of the Otto gas engine a new era began. Until the
appearance of this motor in 1876, not one of the many engines produced
had utilised the cycle of operations indicated, many years before, as the
best and most economical by Beau de Rochas. Neither invention nor
practical application were wanting, and as none had proved a real success,
we may at least assume that their failure was due partly to the neglect of
this cycle. It was Otto’s special merit that he was skilful enough to put
the principles of the French savant into working operation, and the
success of his engine proved their value. It has, however, defects which
in a few years began to be generally recognised. As in all other gas.
engines expansion is not complete, and the gases are discharged at a
relatively high temperature and pressure. The engine has only one:
explosion and one motor stroke in four—that is, three strokes out of
every four of which the cycle consists are spent in negative, and one in
positive work. It is a four-cycle motor, and an impulse is obtained for
every two revolutions.

Clerk.—It was to remedy the second defect, the one working stroke:
in four, that Mr. Clerk applied himself, in the important two-cycle engine
he produced and exhibited in 1880. Its special feature was that an ex-
plosion at every revolution was obtained. Of the four operations of the
cycle Clerk proposed to transfer the first only, admission, to an auxiliary:
cylinder, called the displacer, into which the gas and air were drawn,.
slightly compressed, and delivered into the working cylinder. Here they
drove out before them the products of combustion. The motor piston in:
returning compressed this charge into a chamber at the further end of the
cylinder. It was then fired and drove the piston forward, the displacer-
piston taking in a fresh charge of gas and air. The exhaust ports in the-
front part of the cylinder were uncovered by the piston as it moved out.
The discharge of the exhaust gases constitutes another fundamental
difference between the Otto and the Clerk engines. Otto considered that.
the presence of a certain quantity of unburnt gases, by retarding the
progress of combustion, contributed to the efficiency of his engine. Olerk
held that this residuum of unconsumed gas was highly injurious to the
fresh charge, which it diluted and rendered more difficult to ignite. If
the motor cylinder were previously cleansed, as far as possible, of the pro-
ducts of combustion, a weaker mixture might be used for the charge, and
more perfect ignition and greater economy obtained.

Figs. 19 and 20 give a sectional elevation and plan of the Clerk
engine. A is the motor cylinder with piston P, B is the displacer
cylinder with piston D, which is set on the crank at an angle of 90° in
advance of the motor piston, G is the conical compression space at the
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back of cylinder A. There are two automatic lift valves, shown at Fig, -
19, H, from which the gas and air pass through the pipe W (Fig. 20)
into the displacer cylinder, and F, which is raised to admit the charge
under slight pressure into cylinder A. Both the valves are provided

Fig. 19.—Clerk Engine—Sectional Elevation. 1880,

with “ quieting pistons,” to prevent noise or shock. The ignition slide
valve 8 has a flame o which is continually relit from the permanent
Bunsen burner at 5. Near the front of the motor cylinder are the two
exhaust ports E, and E,, uncovered by the piston P when it reaches the

Fig, 20.—Clerk Engine—Sectional Plan. 1880.

end of its stroke, and from whence the gases of combustion pass into
the discharge pipe E.

The action of the engine is as follows :—The piston D of the displacer
moves out, and draws in a charge of gas and air through H. The seat
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of this valve is pierced with holes to admit gas from the supply pipe, the
forward movement of the displacer piston lifts the valve, the air enters
from chamber R below, and mixes thoroughly with the gas penetrating
through the holes. The number and size of the holes, in proportion to
the lifting area of the valve, regulate the supply of gas, and therefore
the richness of the mixture. The air valve H falls back on its seat by
its own weight, but the gas supply is cut off before the piston D has
quite reached the end of its stroke. The last part, therefore, of the
charge in the displacer cylinder, first expelled as the piston begins to
return, is pure air. Meanwhile the out stroke of the motor piston has
begun, at an angle of 90° behind that of the displacer, and near the end
of the stroke the exhaust ports E, and E, are uncovered. The pressure
inside the motor cylinder is immediately reduced to that of the atmo-
sphere. The displacer piston has already
nearly completed its return stroke, and
the slight pressure exerted on the charge
is sufficient to lift the automatic valve
F, and to admit the gas and air into
the conical chamber G, at the end of
' the motor cylinder. As the motor piston
passes over the exhaust ports, the fresh
charge entering from the cool displacer,
and immediately expanded by the heat
of the motor cylinder, drives out the
products of combustion before it. Mr.
Clerk admits that a small part of the
fresh charge escapes with them, but,
owing to the-arrangement of the admis-
sion valves, this is mostly pure air. The
motor piston in returning first covers the exhaust ports, the valve F is
instantly closed by a spring, and admission from the pump cylinder cut
off. The mixture is then compressed into the chamber G, while the
displacer piston begins the out stroke, and takes in a fresh charge.
Ignition follows by a flame in the slide valve S. The method adopted,
shown in Fig. 20, but more clearly in Fig. 21, differs from that used in
engines having only one motor stroke in four, because an ignition is
required at every stroke. The small combustion chamber or cavity 1 (Fig.
21) in slide valve S has two openings. On one side it communicates
with the Bunsen burner &6 through the port 2, on the other by port 3
with the outer air, or with the explosion port of the cylinder, according
to the position of the slide. A small portion of the compressed mixture
is admitted from the explosion port 5, through an opening 4, into a
grooved hollow in the slide valve, and is carried round to the cavity or

Fig. 21.—Clerk Engine—Ignition
Valve. 1880.
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chamber 1, which it enters behind a grating 7. At 8 is shown the pin in
the slide regulating the supply of gas to the grating. At the moment
when port 2 of the cavity is open to the Bunsen jet burning against the
face of the valve, port 3 communicates through 6 with the outer air.
The gases ignite gradually as they enter the cavity through the grating,

. the products of combustion discharging into the atmosphere, and the
gases being fed with air through port 6. As the slide moves up, carry-
ing the burning mixture, port 2 is closed and the flame cut off, and port
3 is brought opposite the cylinder explosion port. Explosion follows at
the inner dead point, the piston is driven forward, the displacer takes
in a fresh charge, and the cycle is repeated. The volume of the two
cylinders is so proportioned in this engine as to prevent the escape of
any considerable part of the incoming charge with the exhaust gases.
The mixture originally admitted is in the proportion of 1 part of gas to
8 of air, but a small part of the products of combustion remains in the
cylinder, and mixes with it. The composition of the actual charge is,
therefore, 1 of gas to 10 of air and products.

Clerk Governor.—The governor in the Clerk engipe is simple.
Between the upper and lower lifting valves for admitting the charge
to the motor and displacer cylinders is a gridiron slide. ~While the
engine is working under normal conditions, this is kept open during the
charging stroke by a spring and lever, worked from the slide valve 8;
but if the speed becomes too great, the balls of the governor moving out
raise a lever, which catches into the lever moving the gridiron valve, and
lifts it. The valve is drawn forward and closed, and the admission of gas
and air wholly cut off.

For starting, a special apparatus was designed by Mr. Clerk. The
pipe through which the gases pass from the displacer to the motor
cylinder communicates with a small reservoir, into which a supply of
gas and air is forced while the engine is running, and compressed to
60 lbs. per square inch. To start the engine, the crank is brought round
to the inner dead point, and communication established between the two
cylinders and the reservoir. The compressed air thus admitted drives
back the displacer piston to take in a charge, and the motor to uncover
the exhaust ports.

Tests and experiments on the Clerk engine have been made by the
inventor and the makers. The engines varied from 2 H.P. to 12 H.P,,
and the number of revolutions from 212 to 132. With the 2 H.P.
engine the average pressure in the cylinder was 432 lbs. per square
inch, und the consumption of gas per I.LH.P. per hour 29:8 cubic feet ;
in the 4 H.P. the average pressure was 639 lbs., and the gas consumption
24-19 cubic feet The 8 H.P. engine gave an average pressure of 603 lbs.
per square inch, and a gas consumption of 2094 cubic feet; while in the
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larger 12 H.P. engine, the diagram of which is shown at Fig. 22, the gas
consumption was 20-39 cubic feet, with an average pressure of 648 lbs.
Glasgow gas was used in these trials. The heat efficiency per B.H.P.
varied from 10 per cent. to 13 per cent. (See Table No. 1 at end of
book.)

Although good in theory and practice, the Clerk engine did not com-
pletely overcome the defect of the Otto and many other gas engines, the
want of sufficient expansion. As the exhaust ports opened when the
motor piston had passed through three-quarters of its stroke, expansion
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Fig. 22.—Clerk 12 H.P. Indicator Diagram.

was necessarily limited. This was a disadvantage, but the engine, though
it has not been made for many years, was more economical in working
than previous motors.

Beck Bix.Cycle Type.—The Beck engine is the first example of a
new cycle of operations. It belongs neither to the original double-acting
two-cycle type, giving an explosion every revolution, nor to the four-cycle
type of Beau de Rochas, but is known as a six-cycle engine. In other
words, there is an explosion every sixth stroke, or the piston makes three
forward and three return strokes for three revolutions of the crank. The
object of thus lengthening the ordinary sequence of operations is to drive
out more completely the products of combustion by introducing, between
every explosion and motor stroke, one stroke, forward and return, called
a ‘“scavenger charge,” during which pure air is drawn in and expelled.
Engineers are still divided in opinion respecting the best method of dis-
posing of the products of combustion. By Otto they were purposely
retained, in order to diminish the force of the explosion, and he and
others thought that there was an advantage in diluting the incoming -
charge with the burnt gases. Others are so strongly convinced of the
injurious effect of leaving behind any portion of the products of combus-
tion that they sacrifice a complete stroke to get rid of them, and maintain
that, the cylinder being thoroughly cleansed, the incoming charge is so
pure that a much weaker mixture may be employed. With only one
explosion every six strokes, there is, of course, great difficulty in regula-
ting the speed of the engine, and the cooling action on the cylinder walls
of the charge of fresh air is also considerable. For these reasons the six-
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cycle type has found little favour, and is now seldom seen. It is best
adapted to double-acting engines, adjusted to give an explosion every
three strokes, first at one, then at the other side of the piston.

The Beck engine was of the original six-cycle type, single-acting,
single-cylinder, and gave one explosion per six strokes. The working
cycle of operations was as follows :—

Rewa. of
Crank.
First stroke, Admission of Negative strokes
1 Sef:;mrd. charge. absorbing
nd stroke, } Compression of J power.
return. charge. Positive (mot Three
Third stroke, Ignition, explosion, : l;:( . ‘.”') revolutions
2 forward. expansion. strokes giving per
Fourth stroke, ) Discharge and ex- power. explosion
return. haust. (one
Fifth stroke, Admission of pure | Negative strokes §  cylinder),
3 forward. air. abeorbing
Sixth Stroke, Discharge of air to power.
return. atmosphere.

Except with regard to the scavenger charge of pure air, the engine
resembled the Otto. Admission and ignition were effected by a slide
valve adjusted to make one-third as many strokes as the motor piston.
The compression space was separ-
ated from the water jacket by a
cylindrical layer of non-conducting
materials, and the mixture was
thus ignited in a chamber kept con-
tinually at a high temperature. By
introducing the scavenger charge
of pure air, and by adjusting the
admission valves, the richest mix-
ture entered the cylinder first,
and the poorest was retained round
the ignition port. An electrical
governor was used, and the in-
tensity of the current was made ST 78y B3 oeTHT |
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to vary with the speed of the en- o ne Indicator
gine, the admission of gas being Di 1888,
either throttled or wholly cut off.

Beck Trials.—A series of very careful experiments upon a 4 H.P.
nominal Beck engine were made in London by 8ir A. Kennedy, F.R.S,,
in 1888. The indicated and brake power, speed, consumption of gas, and
jacket water were all carefully observed in six successive trials. Two of
these were made at full power and at full speed, at 206 and 212 revolu-
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tions per minute, the next two at a mean speed of 166 revolutions, the
fifth at 180 revolutions, and the sixth with the engine running empty.
The highest power developed was 8 IL.H.P., with 6:3 B.H.P., and the
maximum pressure during the working stroke was 74:6 lbs. The B.H.P.
varied from 6-31, with 206-5 revolutions, to 4'84, with 169 revolutions.
The average consumption of gas was 2142 cubic feet per I.H.P.,and 26-79
cubic feet per B.H.P. per hour. The calorific value of the gas used was
611 thermal units per cubic foot. An indicator diagram of this trial is
given at Fig. 23.

Wittig & Hees,—This vertical engine was made for some time in
Germany, and tested by Professor Schéttler in 1881. It was a two-cycle
engine, of the same type as the Clerk, with pump and motor cylinders,
between which the Beau de Rochas cycle of operations was divided.
Ignition was by an external flame in the slide cover, which communicated
with the charge in the cylinder through a port in the slide valve.

Compression.—In the engines hitherto described, expansion of the
charge during one forward stroke, or part of a stroke, was only in the
same ratio as the other operations. Of the two great improvements
on the original type, compression and expansion, the first, compression of
the gas and air after admission, already formed a part of almost every
cycle, but expansion was still imperfect. Even now, inventors have not
succeeded in increasing it so as to utilise to the utmost the high pressures
and temperatures obtained. Various schemes have been proposed, and
methods suggested to remedy this defect, which, with its correlative loss
of heat, still remains one of the difficulties of gas and oil engines.
Two attempts to solve the problem were made in the Seraine and the
Sturgeon engines ; drawings of both will be found in Schéttler’s book
(2nd edition). ‘

Martini.—This engine, patented in 1883, and shown at the Paris
Exhibition of 1889, presents an interesting development of the idea
of increased expansion. It is a four-cycle motor, in which admission
and compression are effected during one revolution with a shorter
stroke, and expansion and exhaust during the next with a longer
stroke. A larger circle is described by the crank during expansion
and exhaust, and a smaller circle during admission and compression,
and the length of either stroke can be modified. Thus the piston
approaches the explosion end of the cylinder more nearly during
compression than during exhaust. Drawings of this curious engine,
which bears much resemblance to the Atkinson ¢“Cycle” motor, are
given in M. Richard’s* book.

Tangye.—A compact and handy horizontal two-cycle motor, re-
sembling the Clerk in certain respects, was formerly constructed by

* Les Moteurs @ Gaz. Par G. Richard, Paris.
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Messrs. Tangye of Birmingham. There was one cylinder closed at
both ends, and the piston-rod worked through a stuffing-box. Ex-
plosion took place at the back end of the cylinder, furthest from the
crank, and with the help of an auxiliary chamber, an impulse every
revolution was obtained. At the crank end the charge was admitted
at atmospheric, and passed on at slightly increased pressure into an
auxiliary chamber, from which it was drawn in at the other end of
the cylinder, compressed, ignited, and expanded. The openings for the
exhaust were at the crank end. Thus on the crank face of the
piston the return stroke admitted the mixture of gas and air, and
the forward (expansion) stroke compressed it into the auxiliary
chamber. At the end of this stroke the piston overran the exhaust
ports, reduced the pressure in the cylinder below atmosphere, and
communication between it and the receiver was established. A fresh
charge entered, drove out the products of combustion, was compressed
by the return stroke, and ignition at the dead point followed. Thus
one revolution completed the whole working cycle, and by storing
up the pressure in an intermediate receiver, and utilising both faces
of the piston, one explosion per revolution was obtained. A drawing
of this ingenious little engine is given by Clerk.* The makers have
now adopted the usual Otto type, as described in the modern section.

Various.—Several small gas motors, including the Economic,
Bénier and Lamart, and the Forest, were brought out abroad about
twenty years ago, though they do not appear to have found their
way into England. In all of them the charge was introduced at
atmospheric pressure. It was difficult at that time, without infring-
ing the Otto patent, to produce single cylinder engines using com-
pression. For small powers, therefore, compression and the resulting
economy not being of so much importance as simplicity, the easier
method of firing the charge without previous compression was pre-
ferred. =~ As the temperature in the cylinder was thus reduced, a
water jacket could be dispensed with, and the cylinders were ribbed
externally to afford a larger cooling surface to the air.

Drawings of the Forest engine are given by Schéttler and Witz,
and of the Economic by Witz.t A description of the Bénier air engine
will be found in Part III., and of his gas engine at p. 152. The
Noel and the Durand, both made only for small powers, also achieved
a certain measure of success in France, and were exhibited at Paris
in 1889. The Durand was adapted for working either with gas or
carburetted air, and the inventor gave much study to the subject.

* Clerk, The Gas Engine, p. 196, 3rd Edition.
t Traité Théorique et Pratique des Moteurs & Gaz., vol. i. Par Aimé Witz,
Paris,
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Baldwin.—This was an interesting engine of the Clerk type,
introduced from America in 1883. It had one horizontal cylinder
divided into two parts, the back forming the motor end, and the front
the pump. Ignition was effected electrically from a small dynamo
driven from the main shaft. Three different methods were employed
to regulate the speed, first, by diminishing the volume of the mix-
ture, secondly, by partial, and thirdly, by total suppression of the
gas, according to the greater or less excess of speed. A drawing of the
engine is given by Witz, vol. i, p. 254.

A short description of many other small gas engines, now only of
historical interest, will be found in the first and second editions of
this book, to which readers desirous of studying the subject are
referred.
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CHAPTER V.
THE ATKINSON, GRIFFIN, AND STOCKPORT ENGINES.

CoxTeNnTs.—Principle of Atkinson Engines—Differential Engine—Cycle Engine—
Trials—Griffin Gas Engine—Trials—Stockport Engine, Earlier Type.

THE ingenious mechanism of the Otto engine described in Chapter
vi, and the fact that it was the first .to realise the cycle of Beau de
Rochas, has made it so popular that practically bardly any other
type of engine is now constructed. But that it has defects its
warmest supporters will admit. The question often arises whether,
with a different cycle, a lower gas consumption and better design are
not possible. Experiments prove that not more than onefourth of
the heat given to the best Otto engine is utilised as power.* Defec-
tive expansion is one of the chief causes of this loss of heat, and
how to remedy it is the problem still occupying the minds of en-
gineers. To increase the length of the piston-stroke enlarges the
cylinder volume, and admits more of the charge, and at the same
time allows greater scope for the expansion of the gases. It is the
proportion of the volume of admission to the total volume, or number
of expansions, which may be altered, and the piston made to travel
through a shorter distance when admitting and compressing, than
when expanding the charge. The solution of the problem presented
by Mr. Atkinson some years ago was original and ingenious.
Principle of Atkinson Engines.—This inventor introduced two
engines, the main principle in which was the same, although carried out in
different ways. The whole cycle was performed in one cylinder; there
was one motor-stroke in four, and this stroke corresponded to one revolu-
tion of the crank only. The four operations of the Beau de Rochas cycle
—admission, compression, explosion plus expansion, and exhaust—were
effected in four separate strokes of different lengths. Hence the compres-
sion or clearance space varied according to the operations taking place in
the cylinder, whether the piston was admitting, compressing, or expand-
ing the charge. Like others who have studied the subject, Mr. Atkinson
considered that the two main sources of waste of heat were the exhaust
and the water jacket, and he attempted to reduce these losses by ar-

+ The heat efficiency of the best Otto-cycle gas engines is now [1905] from 28
to 30 per cent. See Table of Tests.
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ranging the connection between ‘the piston and the crank, so as to give
different lengths of stroke. If the piston travels more quickly, there is
less time for the heat to be carried off by the jacket; if a longer expan-
sion stroke is obtained, the heat and pressure of the gases have more time
to act in doing useful work on the piston, before the exhaust opens. The
more rapid and longer expansion obtained by Atkinson, after many trials,
formed the chief novelty in his engines. He claimed to expand the charge
to the original volume during one-eighth of a revolution, as compared
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Fig. 24.—Atkinson Differential Engine. 1884.

with half a revolution during which it is expanded in the Otto. In the
latter engine the charge is drawn in during one out stroke of the piston,
or half a revolution, and expanded during the next, while the crank
makes another half revolution, to the original volume—namely, the total
volume of the cylinder. In the Atkinson engine, the stroke expanding
the charge was nearly double as long as that admitting it, and hence the
charge expanded to almost twice its original volume. In a 6 H.P. motor
the suction or admission stroke was about 6} inches, the expansion stroke
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about 11} inches. As the whole cycle was carried out during one revolu-
tion of the crank, this increased expansion was obtained in one-quarter
revolution, and expansion to the original volume in one-eighth revolu-

tion, or one-quarter the time occupied in
the Otto engine. The heat transmitted
through the walls to the jacket should
be in proportion—first, to the time the
wall surfaces are exposed, and secondly,
to the differences of temperature between
them and the gases they enclose. Rapid
and prolonged expansion ought, there-
fore, to check the waste in both direc-
tions. The quick moving out of the
piston brings the ignited charge in
contact with the walls for a much shorter
time, and, the heat being absorbed in
expansion, by the time the exhaust
opens the gases are comparatively cool.
Differential Engine.—As early as
1879 Mr. Atkinson took out a patent
for a compression engine of the Otto
type, in which ignition was obtained by
a red-hot tube. This was one of the
first instances of a working engine firing
the gas in this way ; the same method
was employed in the same year by Leo
Funck. Atkinson soon abandoned this
type of construction, and began to work
on new lines. Fig. 24 gives a sectional
elevation of his first or Differential
engine, lshown at the Inventions Exhi-
bition in 1885. The horizontal motor
cylinder A contains two pistons, both
working outwards, and joined by their
connecting-rods C, and C, to the bent
levers F, and F, which act through
H, H, upon the crank shaft K. Of
these two pistons the left-hand one, P,
may be called the pump piston, and
chiefly compresses the charge; the right
hand one, P,, is the working piston, and
effects the greater part of the working-
stroke, but both pistons co-operate in
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Fig. 25.—Atkinson Differential Engine—Piston and Links, Positions. 1884.
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utilising the explosive force of the gases. There is only one cylinder,
open at both ends ; during the compression of the charge the pistons hold
the exhaust port and the ignition tube closed. Air is admitted through
an sutomatic lift valve, gas through a valve opened by a rod from an
eccentric on the main shaft. The rod terminates in a knife-edge acting
on the lever of the gas valve, and if the speed be too great the governor,
which is driven by a pulley from the crank shaft, shifts the valve-rod
out of position, and no gas is admitted. Ignition is by a hot tube
without a timing valve. The exhaust, uncovered by piston P, in its out
stroke, is closed by an automatic valve.

The method by which the two pistons act upon the crank is given in
the four positions at Fig. 25, showing the links, the levers, the movement
of the connecting-rods, and the variable clearance space. p, and p, are
the pump and working pistons, and A the ignition tube. In the first
position, a, the two pistons are shown close together, and both at one end
of the cylinder. The products of combustion have been completely ex-
pelled, the clearance space between the pistons is reduced to its smallest
limits. The energy of motion in the flywheel now lifts the crank, the
pump piston p; moves rapidly to the left, the other piston following it
slowly, the automatic admission valves are uncovered at B, and the
charge (position ) enters between the two pistons, through the openings.
In position ¢ the admission valves are closed, the working piston has
followed the pump piston rapidly to the further end of the cylinder, and
the charge is shut into the diminished volume between them. A slight
further movement of the pump piston uncovers the ignition tube, the
compressed gases enter, the charge is fired, and the working piston moves
rapidly out to the extreme limit of the cylinder, uncovering the exhaust
valve. The pump piston follows more slowly, driving out the products
of combustion (position d). The ratio of admission and compression to
expansion and exhaust is as 2:58 to 4-44.

In theory the action of the Differential engine appears to realise
almost complete expansion, but the practical results obtained were not
satisfactory. Professor Schottler found that the consumption when
running empty was very high, and the mechanism of transmission was
also defective. The levers, links, and connecting-rods were rather un-
wieldy, and after a few years Atkinson improved upon the engine by
the production of the “Cycle” (1886) in which the same principle was
retained, embodied in a much simpler form.

¢ Cycle”” Engine.—In outward appearance this engine seemed to
differ little from the ordinary type of a compression gas engine. Never-
theless, in it, as in the Differential, the expansion and exhaust strokes
were longer than the admission and compression, and the whole cycle of
operations was completed during one revolution of the crank, with one
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piston and cylinder, without the aid of a pump. This constituted the
novelty of the “Cycle” engine. Instead of using two pistons, the four
unequal strokes were all obtained with one piston, working upon the

1888.

Fig. 26.—Atkinson Cycle Engine—Elevation.

motor crank through a series of rods, links, and levers. The admission
and exhaust were operated with valves in the ordinary way. There was
no valve to the ignition tube, but the charge was ignited automatically
during the compression stroke.
Fig. 26 gives a sectional elevation of a “Cycle” engine. A is the
5



66

GAS, OIL, AND AIR ENGINES,

cylinder, P the piston, at W the water enters the jacket. The cylinder
is placed upon a strong base-plate B, in the interior of which is the
mechanism for transmitting power to the crank. E is the lever, H the
small crank or vibrating link, the end of which only is seen, C is the
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Fig. 27.—Atkinson Cycle Engine—Foul: f)gmi-

tions of Link and Toggle Motion. 1886.

connecting-rod, M the lever
joining H to the crank shaft
K, and L the fixed point in the
base, about which the lever E
and the small crank H oscillate.
The ball governor acts upon the
gas admission valve by a lever
and rod. As long as the speed
is regular, the valve opens to
admit the gas. The valve-rod v
rests against it, but is not solid-
ly connected, and if the speed
be increased it is drawn back,
the valve remains closed, and
no gas is admitted. The valves
for admitting and discharging
the gases are worked by two
rods, one of which is shown at
m, and opened by two cams on
either side of the crank shaft.
The ignition tube ¢ is perman-
ently open to the cylinder, and
has no timing valve. The igni-
tion of the charge was based
upon the theory that a small
quantity of the gases of combus-
tion always remained in this
narrow passage. The pressure
of the return stroke drove these
gases and a portion of the fresh
compressed mixture up the red-
hot part of the tube, where they
ignited, and spreading back into
the cylinder fired the remainder.

The method worked well, owing probably to the purity of the charge
obtained by the long exhaust stroke, and the moment of firing was
determined by raising or lowering the chimney, and altering the

position of the tube.

The distinguishing feature of the Atkinson engine was the link and
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toggle motion shown in four positions at Fig. 27. A is the cylinder and
P the piston. ¢ is the connecting-rod to the small vibrating link H,
which, through E, is joined to the fixed point L. M is the lever con-
necting through the crank M, to the crank shaft K. The relative
positions of these parts during the four successive strokes of the cycle
are shown in the drawings. The ratio of the cylinder volume utilised
for compression was 2'5, and for expansion 4-3. '

The proportion of expansion to admission and compression could be
varied to suit any kind of gas, by adjusting the centre L and link H.
The prolonged exhaust stroke was a source of economy. The gases were
discharged at a pressure of only 10 lbs., and the cylinder being thoroughly
cleansed after each explosion, ignition was said to be more certain.

Trials.—Trials on the Atkinson engine are given in the table at the
end of the book. It was often tested, among others, by Professors
Unwin, Schéttler, and Thurston. In an experiment made in 1887, the
consumption of London gas was 225 cubic feet per B.H.P. per hour, and
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Fig. 28.—Atkinson Cycle Engine Fig. 29.—Atkinson Cycle Engine
—Indicator Diagram. Society —Indicator Diagram. 1891.
Arts. 1888,

the ratio of expansion 3%, as compared with 2} in the Otto. The Society
of Arts’ experiments are mentioned at p. 94. In these the consump-
tion of gas for the Atkinson engine was 19-22 cubic feet per I.H.P. per
hour, the lowest figure recorded for any of the competing engines. A
diagram of this trial is given at Fig. 28. A very complete test was made
in October, 1891, by Mr. Tomlinson, in which the efficiency of the engine
and the value of the Dowson gas used to drive it were determined. The
engine indicated 2195 H.P., aud the consumption of anthracite was
106 lbs. per I.H.P. per hour. Fig. 29 shows a diagram taken at this
trial.

This ingenious engine is no longer made, and Mr. Atkinson is now
with the firm of Messrs. Crossley Bros. .

The Grifin Gas Engine.—This horizontal engine, constructed by
Messrs. Dick, Kerr & Co., has had some success in England, in cases
where steadiness and regularity of speed are required for electric lighting.
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It belonged originally to the sixcycle type, was in a certain sense double-
acting, and both sides of the piston were used for expansion of the charge.

At page 57 will be found a description of the method of operations in
a six-cycle engine. There are six strokes, comprising—1, Admission of’
charge ; 2, compression; 3, explosion and expansion ; 4, expelling pro-
ducts of combustion ; 5, drawing in air or scavenger charge ; 6, expulsion
of charge of air. The defects of this cycle are—the want of regularity in
the speed, and the loss of power due to the small number of ignitions,
there being only one motor stroke in six. These disadvantages were to-
a certain extent avoided in the Griffin, by making it double-acting, and
it virtually became what may be called a threecycle engine. Instead of
one ignition and one working impulse every three revolutions, a charge
of pure air was admitted and an ignition obtained, alternately on either
face of the piston, at every one and a half revolution of the crank, and
for every three strokes. Thus the action was much more regular, but
the heat generated by the explosions taking place on both sides of the
piston was almost as great as in the Lenoir engine. This was partly
counteracted by the scavenger charge of air which, by cooling the
cylinder, had a beneficial effect on the temperature of the walls. To
diminish further the heat of the explosion, there was not only a water
jacket to the cylinder barrel, but to the cylinder cover next the crank,
through which the piston-rod worked. This had a cooling effect on the
rod, and the indicator diagrams, taken during the trials of the Society
of Arts, showed that the mean pressure in the front end of the cylinder
was from 6 to 14 lbs. lower than at the back, where there was no cover
jacket. In the twin-cylinder engine used for electric lighting, where
great regularity in working is required, there were two horizontal
cylinders side by side, each single-acting, and having one motor stroke
in six. In the one cylinder the cycle was three strokes in advance of
the other. The forward motor stroke of one piston corresponded with
the expulsion of the scavenger charge of air in the other, and admission
in one cylinder with exhaust in the other.

Fig. 30 gives a side elevation, and Fig. 31 a plan of the engine.
Power is transmitted by the connecting-rod to the crank shaft K. The
counter shaft R is driven from the crank shaft by worm gearing D, in
the proportion of 3 to 1. It revolves, therefore, once for every three
revolutions of the crank shaft. The cylinder itself, closed at both ends,
stands on a base B, through which the air is drawn for the motor and
scavenger charges. The slide valves S8, driven by eccentrics from the
counter shaft, contain the distributing and ignition ports; the two ex-
haust valves E E, worked by cams ce¢,, and levers, are on the opposite
side of the cylinder to the slide valves. In Fig. 31 the gas is admitted
through two valves, d and d;, controlled by the graduated cock =, the
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air enters at a a, Fig. 30, from B, and the two mingle at the admission
valves mm,. These valves are opened by cams on the counter shaft

1886.

Fig. 30.—Griffin Six-Cycle Engine—Side Elevation.

Fig. 31.—Griffin Six-Cycle Double-Acting Engine—Plan.

o

twice in one revolution, or every one and a half revolution of the crank
shaft ; the gas valves dd, open only once every revolution, or once for
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every three revolutions of the crank shaft. Consequently every other
time the valves m m, open, they admit only pure air to form the scavenger
charge, and every other time they admit air mixed with gas from the
valves dd,, to form the explosive charge. The gas admission valves are
controlled by the governor G, by means of a cam with steps of varying
width ; the quantity of gas admitted is first diminished, then totally cut
off, on one or both sides of the piston, according to the excess of speed.
The charge of gas and air being thus admitted at either end of the
cylinder, the slide valves S 8, worked by the eccentrics r , are alternately
raised once in every revolution of the counter shaft, and the fresh mix-
ture is made to communicate through the passages shown in Fig. 30 with
the permanent burners 65,. The charge is thus fired, and the mixture
explodes, driving the piston forward. The exhaust valves at E E,, Fig.
31, are worked as in the Otto, by cams cc, and levers passing beneath
the cylinder. These cams on the counter shaft R open the exhaust first
at one end, then at the other of the
cylinder, every half revolution of the
counter shaft. TT, are the oil cups
N\ lubricating the cylinder.
& Three trials were made upon the
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0 engine, the first by Professor Jamieson,
i e the second by Professor Kennedy, both
o st at Kilmarnock, the third at the Society
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Fig, 32 —Grifin Engine ~Indiotlor tested of 142 B.H.P., with 236 cubic

1agram- y 4 " feet of gas consumed per B.H.P. hour.
At the trials of the Society of Arts (diagram Fig 32), the engine
indicated 1547 H.P., and the consumption of gas was 28 cubic feet
per B.H.P. hour ; the London gas used was poorer than the Scotch.

The Griffin engines were afterwards worked with the Otto cycle, the
scavenger charge of air being omitted. For all powers above 12 H.P.
they were constructed double-acting, with explosion of the charge and
motor stroke on each side of the piston. The following table shows the
working method :— '

Front of Piston (Crank end). Back of Piston.

1. Forward stroke—Admission of 1. Back stroke—Exhaust.
charge. One

2. Back stroke—Compression of | revolution. } 2. Forward stroke—Admission of
charge. charge.

3. Forward stroke—Explosion and 3. Back stroke—Compression of
expansion. " One charge.

4. Back stroke—Exhaust. revolution. | 4. Forward stroke—Explosion and

0L expansion.
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Lift valves were used, worked from the valve shaft, and performing a
double set of functions at either end of the closed cylinder. Motors
intended to drive dynamos were fitted with an especially sensitive
governor worked by bevel wheels from the valve shaft, which acted by
controlling, but not by cutting off, the supply of gas until the load was
reduced to one-third. The former arrangement of & cam with steps was
discarded in some of the larger sizes, but retained in the smaller. In the
doubleacting engines the governor usually cut out the ignitions on one
side of the piston, while the cycle was carried out as before on the other.
In a later type of twocylinder engines there was an explosion and a
motor impulse at each stroke, the charge being ignited and expanded in
each cylinder alternately at either end, while it was admitted, compressed,
and discharged in the other. The following diagram explains the working
action of the Griffin, as compared with the Otto engine : —

a m (a) Otto—1 explosion—2 revs.—one cylinder,
single-acting, open end.
b M (b) Griffin—1 explosion—1 rev.—one cylinder,
double-acting, closed ends.
o~ (c) Otto—1 explosion—1 rev.—two cylinders,
¢ single-acting, open ends.

d o~ (d) Griffin—2 explosions — 1 rev.—two cylinders,
W double-acting, closed ends.
Fig. 33.—Diagram of Single- and Double-Cylinder Explosion Engines.

Note.—Dark mark represents explosion, 1 circle 1 rev., 2 circles 2 revs. All with
four-cycle—1 stroke taking in charge, 1 stroke compressing, 1 stroke exploding, and
1 stroke exhausting.

For large powers, the Griffin engines were usually driven with Dowson
or other generator gas. In a large tandem engine there were three
cylinders, side by side, the two outer high-pressure, the inner low-
pressure. One of the high-pressure cylinders exhausted into the latter,
the other into the atmosphere. The engine indicated over 600 H.P.
with generator gas, and ran at 120 revolutions per minute.

Griffin engines were installed in the electric light station at Belfast,
but were latterly used as a reserve. They were started by the dynamos,
and the speed regulated by the governor acting on cams divided into
layers, thus varying the time during which the gas was admitted to the
cylinders, and the strength of the explosion, but not cutting out any
ignitions. The plant consisted of six engines—four with two cylinders,
and two single-cylinder, all double-acting. The larger engines indicated
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up to 120 H.P., and generated 77 electrical H.P. Trials made on it
showed a consumption of 18-2 cubic feet of lighting gas per LH.P., and
239 cubic feet per electrical H.P. per hour, during a continuous run of
six hours, the engines indicating 111 H.P. at a speed of 161 revolutions
per minute. The diameters of the tandem cylinders were 13} inches and
13% inches respectively ; stroke 20 inches.

8tockport.—The Stockport engine, made by Messrs. Andrew & Co.,
and introduced in 1883, was originally a two-cycle single-acting motor, in
which compression took place in an auxiliary pump, and an explosion
every revolution was obtained. This division of the cycle of operations
between two cylinders added to the size and cost of an engine, but
increased its steadiness in running. In this respect the motor resembled
the Clerk. About 2,000 have been made.

The two horizontal cylinders, motor and pump, were placed opposite
each other on the same axis, upon a base through which the compressed
charge was conveyed from one to the other. Each had a trunk piston
with the crank shaft placed between them. The motor carried two slide
valves, a vertical valve for admitting the charge, driven from an eccentric
on the crank shaft, and a horizontal slide valve, carrying the ignition
flame in a hollow cavity ; the latter was afterwards superseded by hot-
tube ignition. The two pistons moved alternately in and out, the
forward stroke of the pump drawing the charge through the admission
slide valve, while the corresponding back stroke of the motor piston
uncovered the exhaust port, and drove out the products of combustion.
The following back stroke of the pump, corresponding with the forward
expansion stroke of the motor, compressed the charge through the same
slide valve into a hollow chamber in the base-plate. The pressure then
opened a valve into the working cylinder, and the exhaust port being
uncovered, the incoming charge helped to drive out the products of
combustion. The return stroke of the motor piston closed the exhaust
port, ignition followed, and the cycle recommenced.

The hot-tube ignition was a novel feature of this engine. At first
these tubes were always made of cast iron, and lasted only about thirty
hours. Under ordinary conditions, they are rapidly burnt out by the
great heat to which they are subjected, and the quick variations of
temperature produce great changes and deterioration in the metal. The
fresh compressed charge entering the tube at each stroke is always at a
high temperature, while the residuum of exhaust gases left in it during
the out stroke is relatively cooler, and owing to these alternations of heat
the tube speedily burns away. In the Atkinson and other engines a
high chimney was placed round the tube to protect it from draught, and
some makers use porcelain tubes. Messrs. Andrew introduced a special
composition, made of an alloy of silver, &c., which is said to last for
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several months, and not to fuse or cake. Ignition tubes have the
advantage of being easily removed and changed when worn out, and are
almost universally used in England. They are simple and regular in
action, but their temperature is not so high as that of the electric spark,
and ignition is perhaps more difficult. For this and other reasons, the
charge is generally fired by electricity on the Continent.

In the second double-acting type there were two motor cylinders and
two pumps, all horizontal. The motor pistons worked on to the single
crank placed between them, while the pumps actuated a second smaller
crank on the main shaft, revolving slightly in advance of the main crank.
An impulse was obtained at every half revolution, and the engine ran
with great. steadiness. The third type, with onme cylinder and one
differential piston, was vertical. The lower side, on which the charge
was expanded and discharged, was smaller in diameter than the upper,
on which it was admitted and compressed. Thus, the piston virtually
divided the cylinder into two parts of unequal area, in which two
different sets of operations took place simultaneously.
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CHAPTER VI
THE OTTO GAS .l.BNGINE, 1876.

CoxTENTS. —Original Type—Slide Valve—Exhaust—Ignition Hot Tube—Deutz
Otto—Crossley-Otto—Scavenging Engine—Trials—Lanchester Self-Starter.

It is to Otto, the celebrated German engineer, that the honour belongs of
having first produced a practical working gas engine using compression,
and giving an economical cycle of operations. The Otto engine was
brought out at & time when, in the competition between gas and steam,
the balance inclined so much in favour of the latter, that it even seemed
possible that gas engines would be driven altogether from the field. The
construction of the Lenoir and Hugon engines had been more or less
relinquished, on account of the quantity of gas they consumed. Of all
their successive imitators, none supplied the long-felt want of an engine
working as steadily and economically as steam, always ready for work,
where a steam engine could not be used. The Otto and Langen engine,
which followed the Lenoir and Hugon, was never popular, owing to its
unsteadiness, noise, and irregularity. The inventors were fully cognisant
of these defects, and for years they laboured to remedy them, working on
the principle of admitting the gas and air at atmospheric pressure. At
length, however, to the surprise of the engineering world, they gave up
altogether this method of construction, and patented in 1876 an engine,
shown at the Paris Exhibition of 1878, which differed considerably from
any hitherto made.

Compression.—The important innovation introduced in the Otto
engine was the compression of the charge of. gas and air before ignition.
The advantages of this method have been already described. Beau de
Rochas had in 1862 laid down the axiom in his patent that no gas engine
could be economical unless its cycle included compression of the mixture
after admission. Yet, although the extravagant consumption in gas
engines was universally admitted, no one proposed to adopt compression
as a means of diminishing it till Otto’s engine appeared. Even the in-
ventor himself did not seem to understand the radical nature of the
change he introduced. He attributed the reduction in the consumption
of gas and the popularity of his engines, not to compression, but to the
stratification of the charge as it entered the cylinder. The novel method
of admission and ignition was expressly protected in the patents. What-
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ever the cause, the success of this engine was from the first undoubted,
and practically, for many years after it was brought out, few others were
sold to any large extent. For this reason, on account of its excellent
design and workmanship, and because the Otto or fourcycle, as it is
called, practically superseded all others for many years, it will be useful
to consider carefully the constructive details and working of the Otto
engine, although it was patented as early as 1876.

Original Otto.—In this motor, the whole cycle advocated by Beau
de Rochas is effected in one cylinder, in accordance with his patent. The
cycle is divided between four piston strokes, two forward and two back
(two revolutions), and one explosion or motor impulse is obtained for
every four strokes. The original type of the engine is horizontal, and the
end of the cylinder nearest the crank is open. The first stroke of the
piston towards the crank (forward) draws in the charge; the second stroke
(return) compresses it, and ignition follows at the inner dead point. In
the third stroke (forward) the force of the explosion drives out the
piston, and in the fourth stroke (return) the products of combustion
are discharged. The third is the only motor stroke, in which the
pressure of the gases produced by explosion causes them to expand,
forcing out the piston, and performing actual work. All these operations
are carried out and completed at the end of the cylinder away from the
crank, and on one side of the piston only.

At this working end there is a clearance space, comprising originally
about four-tenths of the whole volume of the cylinder, into which the
charge is compressed, and where ignition takes place. As the piston does
not enter this clearance, the gases of combustion can never be completely
expelled, but a portion is always left in the compression space to mingle
with the incoming charge. Otto considered that it was an advantage
thus to retain a part of the products of combustion, to act as a cushion
against the piston, and deaden the shock of the explosion. As only one
motor impulse is given in four strokes, the motion for the other three
must be obtained from the impetus of the moving parts. Hence the fly-
wheel is made larger and heavier than usual. There is one other
peculiarity of structure to be mentioned, in studying the original Otto
type. In most gas motors the charge itself is carried past the flame, or
ignited by an electric spark. Here the gas was supplied for three
different purposes through separate pipes. There was first the supply
pipe, providing gas to mix with air for the charge, and controlled by the
governor ; another for the permanent outside flame ; and lastly, a branch
pipe feeding a small intermediary chamber in the slide valve, which com-
municated first with the outside flame, then with the compressed mixture,
and fired the charge. This arrangement has been abandoned in the later
engines.
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Fig. 34 gives a side elevation, Fig. 35 a plan of an 8 H.P. motor,
and Fig. 36 an end view of the Otto engine. The different parts are
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similarly lettered in the three drawings. A is the motor cylinder, and
P the piston, shown in Fig. 35 at its furthest point in the in stroke, with
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the compression or clearance space behind it. At the crank end the
cylinder i open. The piston-rod is keyed to the crosshead P, to which

Fig. 35.—Otto Engine, 1876—Sectional Plan.

;}le. Comnnecting-rod C, working on to the crank shaft K, is also attached.
18 the counter shaft, driven by the wheels E and F from the crank
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shaft, and revolving at half the speed of the latter. This shaft R has
many functions to perform. Through a crank H and small lever I it
drives the slide valve S, where the charge is admitted, ignited, and ex-
ploded. Below is the ball governor G, acting upon the gas valve L, and
regulating the supply ; a cam and tappet ¢ upon the counter shaft open
the exhaust valve e once in every revolution ; and, lastly, a strap from it
drives the oiling gear D above the cylinder, and supplies oil as long as
the engine is working. The cylinder is surrounded by a water jacket W.
It has two openings, a and b—a is the charging port, filled first with gas
and air at atmospheric pressure from the distributing chamber in the
slide valve, and then with part of the compressed charge, and through
this port a tongue of flame shoots into the cylinder, and explodes the
remainder ; b is the opening for the exhaust, and the gases of combustion

Fig. 36.—Otto Engine—End View. 1876.

pass out at e. Below at m is another opening through which air is ad-
mitted into the slide valve, mingles with the gas, and is carried forward
until, at a, it enters the cylinder.

In Fig. 36 the double branching of the gas pipe to supply the per-
manent outside burner, and the temporary flame, is seen at B. The
slide valve S is worked by crank H and lever I ; e is the exhaust opened
by lever %, and the cam ¢ on the counter shaft. The governor works
upon the gas valve L by a series of levers, », 7/, while a handle at »”
regulates the admission of gas to the valve from the rubber gas bag.

Slide Valve.—The slide valve of this engine is an ingenious piece
of mechanism. There is first the face next the cylinder, secondly, the
valve proper, and, thirdly, the cover on the outside; the latter is held
against the valve by springs and screws. The slide valve alone is driven
to and fro; the other parts are fixed. Fig. 37 gives a sectional plan of
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the three parts, and their connection with the cylinder. Here A repre-
sents the cylinder, E the slide face, S the slide valve, and D the cover.
W is the water jacket, a the charging port introducing the mixture into
the cylinder, m the opening in the slide face for admitting the air, which
passes at o into a chamber in the slide valve with three openings, Q and
M, and n opening to the slide cover. Shortly after, as the slide valve
passes from right to left, the gas is admitted from L in the cover,
through n into the chamber. Continuing its motion in the same direc-
tion, the slide next brings the opening Q of the chamber opposite a, and
its contents are discharged into the cylinder, to be there compressed by
the next back stroke of the piston.

Meanwhile, at the other end of the slide valve, a different series of
operations have been taking place at the same time. At B is the per-
manent burner in the slide cover, open to the atmosphere. While the
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Fig. 37.—Otto Engine, 1876—Sectional Plan of Slide Valve.

slide valve passes from right to left, the chamber N is brought opposite
B, but as it contains no gas no ignition occurs. But as soon as it reaches
d, gas from the third pipe is introduced into it through a grooved hollow
in the cover. Before the slide valve commences its return movement,
and while the mixture is being compressed in the cylinder, the chamber
N is filled with gas from d, ignites on passing before B, and when brought
opposite the cylinder port a fires the charge. It is necessary, however,
to equalise the pressure of the gas flame and of the charge, lest the flame
be blown out. As long as the small lighting port is in communication
with the atmosphere through B the flame is easily maintained, but as the
slide moves onward, and connection is cut off, it begins to fail. There-
fore, before it reaches a, a hole is passed in the slide face, communicating
through a T-shaped passage with the charging port. A small portion of
the compressed charge passes through it to the flame in N, and establishes
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an equilibrium of pressure between the mixture in the cylinder and the
flame, before the latter reaches and fires the charge.

Figs. 38 and 39 give a vertical view of the slide and slide cover. In
the latter L is, as before, the pipe to admit the main supply of gas, B’ is
the smaller gas pipe feeding the permanent flame B, Fig. 37. Through
another small pipe the gas passes at d, Fig. 39, and through the grooved
passage d' to the lighting chamber N, Fig. 38. Above this chamber is
the hole at ¢ through which, and a passage in the slide face, communica-
tion is established between the cylinder and the light, as soon as the
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Fig. 38.—Otto Engine—Vertical View of
8Slide. Valve.

slide passes the opening of the passage. At cc, Fig. 38, are the holes
for the gas entering the admission and distribution chamber M Q. Figs.
40 and 41 show a vertical section of the slide valve and cover, with the

Fig. 39.—Otto Engine—Vertical View of
Slide Cover. 1876.

arrangement of the ignition flame. The parts are lettered as before.
N is the lighting chamber in the slide, B the permanent burner in the
slide cover. In Fig. 40 the flame at N is shown while being formed.
Air enters from below, gas through the groove d', corresponding with
the opening d in the slide cover, Fig. 37, and passes through this T-shaped
channel into N. The chamber being in communication with the flame
burning in the chimney, the: charge in it is ignited. Fig. 41 gives a
view of the intermediary flame in chamber N, after it has been cut off
from the outer burner, and from the gas pipe d. The T-shaped passage
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d’ here opens on the other side into the cylinder port through i, and a
small portion of the compressed charge passes through into N. Shortly
after, the port is brought opposite the cylinder port a and ignition
follows. Thus during one piston stroke three operations take place,

Ey
g
Fig. 40.—Ignition Flame Fig. 41.—Ignition Flame
and Slide Valve. and Slide Cover.

and the slide valve has to form and kindle the intermediary flame,

equalise the pressure between it and the charge in the cylinder, and
ignite the latter.

The method by which all these various actions are timed to occur is
ingenious. Fig. 42 gives a diagram of the proportional movements of
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Fig. 42.—Otto Engine—Positions of Crank,
Counter Shaft, and Slide Valve.

the motor crank, the counter shaft, and the slide valve. The Roman
figures represent the positions of the crank, the Arabic figures those of
the counter shaft, while the letters a, b, ¢, d show the movement of the
slide valve.

6
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As the motor crank moves from I. to II. in the direction of the
arrow, the crank on the counter shaft which is set at an angle of 45°
behind it passes from 1 to 2, and the slide valve moves from a to b and
back again. During this time the piston moves out, and the fresh charge
is drawn at atmospheric pressure into the cylinder. Fig. 43 gives this
position at A. Air is admitted at m, gas at N, and both after mixing
in chamber M Q (Fig. 37) pass through a into the cylinder. The next
crank movement completing the first revolution is from II. to III. (Fig.
42); the counter shaft moves from 2 to 3, the slide valve from a to c.

" Fig. 43, B, indicates the position of the slide valve. All the ports of
the cylinder are closed, while the piston compresses the charge. The
lighting chamber is brought opposite the permanent flame and fired, and,
through the port for equalising the pressure, part of the charge in the
cylinder is also compressed into it by the return movement of the piston.
Position III. (Fig. 42) represents the inner dead point; ignition and
explosion take place, and drive the piston through its second forward

I ¢ B A

| o 4 v o

Fig. 43.—Otto Engine—Positions of Ports and Passages. 1876.

and only motor stroke. The crank shaft revolves from III. to IV., the
counter shaft from 3 to 4, the slide valve passes from ¢ to d and back
again. Fig. 43, C, shows the progress of the slide during and after the
ignition of the charge. From IV. to I. the crank completes its second
revolution, the counter shaft passing from 4 to 1 concludes one revolu-
tion, and the slide valve moves from ¢ to a and takes up position D
(Fig. 43). All the admission ports are closed to the cylinder, while the
products of combustion are driven out through the exhaust by the
second return stroke of the piston.

By this arrangement air enters the mixing chamber M (Fig. 37), and
is passed on into the cylinder during nearly the whole of the admission
stroke, but gas is only admitted during the latter part. The two ports
are so proportioned that the ingress of air is first cut off, and gas enters
alone at the end of the stroke. The effect of this distribution on the
stratification of the charge will be discussed further on. A diagram
showing the working cycle in the Otto engine will be found in Roots’
Cycles of Gas and Ol Engines, p. 47.
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Fig. 44 gives a view of the exhaust valve. The lever opening it, K,
shown also in Fig. 36, passes beneath the motor cylinder A, and is worked
by a cam ¢ on the counter shaft R. The end of the lever is held against
the counter shaft by a spring. At a given moment the cam ¢ presses one
end of the lever down, and the other raises the lift valve &; b is the
opening into the cylinder, and ¢ the discharge into the exhaust. When
valve & is raised, the action of the piston drives the products of combus-
tion through b and e. The cam being one-quarter the circumference acts
upon the valve during one-quarter of a counter-shaft revolution, or one
stroke of the piston. A second cam upon the other side of the shaft can
also be adjusted to push down the lever, and hold open the valve, when
starting the engine, during the compression as well as the exhaust stroke.
This method of diminishing the pressure in the cylinder while starting
has been adopted in other engines besides the Otto. The second cam is
easily disconnected from the shaft, as soon as the engine is at work.

The speed of the engine is regulated as shown in Figs. 35, 36 (pp. 77,
78). Upon the counter shaft R is a socket with a tappet o, having a
similar action to the exhaust cam.
When the shaft is revolving at
ordinary speed, this tappet regularly
catches and pushes up one end of
the lever ¢, resting upon it, the other
end of which terminates in the rod
7, opening the gas admission valve L.
But if the speed increases, the balls Fig. 44.—Otto Engine—Exhaust
fly out and push up another small Valve. 1876.
lever u, which, forcing the socket to
one side, causes the tappet o to miss the end of the lever ¢. Nothing
but air is admitted, and po explosion follows until the speed is reduced,
and the tappet being again in position acts upon the gas valve. The
handle s (Fig. 34) is intended to raise the balls only when starting the
engine, and falls back automatically after the first explosion.

Two methods were available for regulating the speed, either to cut off
wholly the supply of gas, or to decrease the quantity admitted ; the
former was preferred as being more economical. No gas could then pass
unburnt through the cylinder, but, as an explosion was missed every
time the gas valve was closed by the governor, the speed became irregular.
Otto was obliged, therefore, to modify the governing gear when the
engine was used to drive dynamos for electric lighting, where a very
steady speed is required. Instead of the tappet, a cam with graduated
steps acted upon the lever q. When the speed fluctuated within
slight limits, the cam opened the gas valve for a longer or shorter time,
and varied the strength of the charge. The explosions were sometimes
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weak, sometimes strong, but never wholly missed, unless the speed was
80 greatly increased that the wheel of the lever slipped quite off the cam.
Latterly, for small motors, Otto adopted the pendulum type of governor,
which is frequently met with in modern engines. It consists of an
oscillating weight at the end of a rod, swinging backwards and forwards
with the motion of the engine and of the slide valve, to which it is
- attached. As long as the speed is normal, a horizontal rod, connected to
the pendulum, fits at each revolution into the notched end of the valve-
rod opening the gas valve. But if the speed and the motion of the slide
valve increase, the swing of the pendulum cannot overtake them. The
weight shifts the rod out of position, a miss fire occurs, and no gas
is admitted until the speed of the engine is reduced.

The lubrication of the Otto engine is simple and ingenious. Great
care was necessary in oiling all the parts, especially the slide valve. Fig.
45 shows a vertical section of the oiling apparatus. An external view,
with the two lubricating pipes, is shown at
D, Fig. 34 (p. 76). This apparatus is worked
by means of a small pulley a and a strap on
the counter shaft. The cup is filled with oil
into which a small wire b, on the same shaft
as the pulley, dips at every revolution. The
drop is wiped off on a fixed pin ¢ placed over
a trough. From the trough it runs into one
of the two pipes, and is carried either to the
piston or the slide valve. Sometimes this
Fig. 45.—Otto Gas Engino— a.rrang'en.lent is n'mde in duplicai:.e, and th_e

Oiling Apparatus. cup divided vertically. Two kmd.s of oil

. can then be used at the same time, the

better quality for lubricating the slide valve, and a coarser oil for the

piston. In this apparatus the oil is kept cool, and lubrication is auto-
matic and continuous.

For starting small power engines, the additional cam to keep the
discharge valve open during compression as well as exhaust was found
sufficient. But the Otto motors were soon applied to larger powers, and
it then became impossible to start them without a special apparatus.
Compressed air is now chiefly used. It is forced by a small air pump
driven from the engine, or from an auxiliary motor, into an air-tight
reservoir, and stored ready for use.

Few engines more ingeniously constructed than the Otto have yet
appeared, and the cycle has now been extensively adopted by many other
firms. More than 30,000 engines were sold in the first ten years, and
according to the German firm 45,000 engines, with a total of about
200,000 H.P., had, up to about 1895, been constructed by them. Con-
siderably more than 100,000 engines are now at work.

Sectional elevation.
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Otto himself attached, as we have said, the greatest importance to his
system of admitting the charge. The slide valve is so constructed that
pure air enters first, and mingles with the products of combustion left
from the previous charge, which the piston cannot expel. Gas next
enters the slide valve and mixes with the air, forming a charge in the
proportions of about 7 of air to 1 of gas. Finally, by the movement of
the slide valve, gas alone is admitted into the cylinder, feeds the burning
light, and causes it to shoot into the poorer mixture like a tongue of
flame. Thus there are three strata in the cylinder, of three different
degrees of richness, and the flame is supposed to leap from one to
another, producing the slow combustion so much desired by Otto. Many
eminent scientific men supported his theory of stratification, while others
were strongly opposed to it, and it has now been discarded.

The patents for the Otto engine,
which have long since expired, were
formerly acquired in England by
Messrs. Crossley, of Manchester ; in
Paris, by the Compagnie Francaise
des Moteurs & Gaz; in America, by
Schleicher, Schumm & Co., of Phila-
delphia. The German firm have
long been established at Deutz, near
Cologne.

Several of these firms, while
adhering to the principle of the
original type, have made many alter-
ations in the working details. Igni-
tion by a hot tube has been sub- ) . .
stituted for the flame carried in the Fig. 46'—,(1,)‘::; Enlgsl;se —Ignition
slide valve. Fig. 46 gives two views ) )
of this method of ignition, as used for many years; it has recently
been again modified. C is the passage into the cylinder, T the cast-
iron tube, and R the asbestos lining of the chimney. The tube is
closed at the top, and kept at a red heat by a Bunsen burner B.
During the compression stroke a cam on the counter shaft lifts the
lever L, and pushes up the timing valve E into the port D. No portion
of the compressed charge can, therefore, enter the tube, and any burnt
gases left in it escape through A into the atmosphere. At the inner dead
point, when the piston has completed the compression stroke, the cam
leaves the lever L free, E is drawn down by the spring S, and the
compressed mixture, rushing into the red-hot tube, is there fired and
ignites the charge. G and F are outlet channels for discharging the
burnt gases through A. Thus a rich mixture alone enters the tube, and
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ignition is certain. By this method the pressure of the charge is utilised,
and is made to fan the flame instead of blowing it out. Porcelain tubes
are now generally used in the Crossley-Otto, as in most other English
gas engines, and the top of the tube is often left open to the air. On
the Continent, the charge, except in very small engines, is always fired
by electricity. Messrs. Crossley and Holt are also said to have been
the first to introduce the pendulum governor, and Mr. Holt brought
out an ingenious oiler, which lubricates according to the amount of
work on the engine.

As the Otto engine became more popular, and larger sizes were
made, the cost of working it with town gas was found to be heavy,
and several methods were introduced for making gas more cheaply than
by distillation from coal. These will be described later on; the system
most generally used is Dowson’s cheap gas producer, which reduces
considerably the cost of working an' engine, as compared with town gas.
This gas, generated on the spot, is, however, economical only when
employed for larger engines. As it is much poorer than lighting gas,
it requires to be diluted with a smaller proportion of air; the ratio is
generally about 1 of Dowson gas to 1} of air.

Deutz-Otto.—For powers over 20 H.P., the makers of the Otto
brought out engines having two cylinders side by side, and two sets of
valves, driven from an auxiliary shaft placed between them. One
governor regulated the speed. The two motor cranks worked on one
shaft, and were 180° apart, thus giving a motor impulse alternately from
each piston for every revolution of the crank shaft. A two-cylinder
engine indicating 30 H.P. was shown at the Electrical Exhibition at
Frankfort in 1891. Gas was supplied from a receiver controlled by
the governor, which could be disconnected from one cylinder, and made
to act upon the other only, if less power was required. At Chicago the
Deutz firm exhibited seven gas engines from 2 to 20 B.H.P., besides oil
motors. A vertical 6 H.P. engine, driven either by gas or oil, and
running at 360 revolutions per minute, was also shown. It had no
timing valve or side shaft, and the exhaust only was driven by an
eccentric, the other valves being automatic. A flexible membrane
connected to the exhaust valve, and depressed during each suction
stroke, was acted on by the governor, and this method of regulating
the speed is still retained in a few small engines. Automatic valves
have now been discarded, and the valves of all modern Deutz engines are
driven from the cam or valve shaft, geared two to one to the crank shaft.

In governing the engine, the hit and miss principle has been practically
abandoned. Until recently the governor acted on a stepped cam, and
reduced the admission of gas, a proportionally larger volume of air being
admitted. Thus the quality of the charge was varied, but the quantity,
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and therefore the compression, remained the same. In the latest type, as
shown at Fig. 47, which is a section through the cylinder head, the spindle
of the admission valve carries the gas valve, and a piston valve to admit
the air, and the three open simultaneously. The governor, driven from
the valve shaft, acts upon a bell crank carrying a lever, the fulcrum of
which is connected to the rod opening the inlet valve. The position of
the fulcrum is shifted by the governor according to the load. The valve

Fig. 47.—Deutz-Otto Gas Engine—Section through Cylinder Head.

is held open for as long a time as before, but the governor acts upon the
lift—a.e., the descent of the valve, throttles the charge, and thus varies the
quantity of gas and air admitted to the cylinder. As the proportions are
not affected, an explosion, weak or strong, is always obtained. Ignition
is by electricity, a magneto-electric machine and contact breaker being
generally used. 1In all the larger engines the valves, cylinders, and covers
are separately cooled, and the exhaust valve is often relieved by admitting
compressed air beneath it. Both sight feed and crank-pin lubrication are
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employed, and the consumption of oil is said not to exceed 1 to 1}

Fig. 48.—Deutz-Otto Double-acting Engine.
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grammes per B.H.P. hour. All engines above the smallest sizes are
started by compressed air admitted behind the piston, which after two or
three revolutions communicates sufficient impulse to the engine to draw
in a charge of gas and air, and the usual cycle commences. A friction
coupling, preferably on the crank shaft, is generally necessary to enable
the engine to start without a load, but other means are sometimes adopted.
All Deutz engines are now made horizontal, except a small vertical type,
with hot-tube ignition, in sizes from 1 to 5 H.P., which runs at 250 revo-
lutions per minute. Horizontal engines are single cylinder up to 160
H.P,, with a speed of 250 to 170 revolutions per minute ; above this size
they have two cylinders side by side. The single-acting tandem arrange-
ment has now been abandoned in favour of the new double-acting type.

This interesting engine, shown at Fig. 48, resembles a horizontal steam
engine, with cylinder closed at both ends; the four-cycle has, however,
been retained, and is carried out alternately, on either face of the piston.
The thrust of the piston working through stuffing-boxes is taken by the
crosshead and connecting-rod, as shown. The cylinder is longer than in
the single-acting type, to allow space for the double set of admission and
exhaust valves, the ignition, and the starting valves, which are placed one
above the other at either end. The governor acts upon the admission
valverod, and varies the lift by adjusting the fulerum of the admission
lever; in this as in other respects the action is similar to that of the
single-acting Deutz engine. Especial care, as in all double-acting motors,
is bestowed on the cooling water system. The cylinder, cylinder covers,
valve chest, and exhaust valves are all separately cooled, and the tempera-
ture of each independently regulated. The piston-rods are hollow, and
both pistons and rods are cooled by water at a pressure of 35 to 40 lbs.
per square inch, supplied in some engines by a separate pump. Another
pump delivers oil under pressure for lubricating the cylinder, pistons, and
stuffing-boxes. The engine is made in sizes from 150 to 1,500 H.P. with
one cylinder, and from 300 to 3,000 H.P. with two cylinders, either
tandem or side by side. For larger powers up to 6,000 H.P. two tandem
engines side by side are used. Up to the present (1905) the Deutz firm
have made, or have in hand, 45 of these double-acting engines, with an
aggregate of 21,350 H.P., to work with blast furnace, coke oven, brown
coal, Dowson, or suction-producer gases. Of single-acting engines above
100 H.P. they have, during the past ten years, constructed 175, developing
37,000 H.P. The consumption of lighting gas of 560 B.T.U. per cubic
foot heating value varies from 15 to 24 cubic feet, according to the size of
the engine. There are now 70,000 Deutz engines at work, giving a total
of 400,000 H.P.

Crossley-Otto.—The Otto engine, described in detail in the begin-
ning of this chapter, is of the original type brought out in 1876,
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and various modifications and improvements have since been made,
especially by Messrs. Crossley. For all sizes of their engines the
slide valve has now been abolished, and air and gas are separately
admitted through lift or mushroom valves, worked by cams on the
valve shaft, which is driven by worm gear two to one from the
crank shaft. The exhaust valve, worked by a cam and levers, has
been retained. In their large power engines the exhaust valves and
spindles are made hollow, and cooling water is circulated through
them. Sometimes equilibrated exhaust valves are used, and the mush-
room valve is balanced by a piston valve sliding to and fro, the
pressure above and below being equalised by a hole through the
stem of the valve. The back pressure in exhaust valves of large
dimensions is always considerable, and various methods of overcoming
it are employed. Ignition by hot tube, instead of a flame in a
cavity, has been already described. = Communication between the
cylinder and the tube, for all sizes of Crossley engines above 8 H.P.,
is made through a timing valve worked by a cam, but in the larger
engines, especially if driven by producer or blast- furnace gases,
electric ignition is preferred.

Messrs. Crossley have been among the first to recognise the
necessity of great accuracy in governing gas engines, especially if
intended to drive dynamos for electric lighting. Pendulum or rotary
ball governors are used, and in the latest types for large engines the
quantity, but not the quality of the charge varies with the load. To
produce this result a cylindrical cut-off valve, placed between the gas
and air valves and the admission valve, slides to and fro inside the
latter, and carries ports corresponding with others in the casing of the
admission valve. The exact moment of uncovering these ports is
determined by the governor acting on the pivot of the eccentric
working the cut-off valve. Two methods of lubrication are adopted,
and both are used in the larger engines. The crank pin dips at each
stroke into an oil bath in the base, and oil is thus continuously
supplied to the internal working parts; and it is furnished to the
external parts from sight-feed lubricators. Most Otto engines are pro-
vided with a safety apparatus to prevent them from starting backwards,
and many have special starting gear. Larger sizes are started by com-
pressed air, as described, no explosmns being permitted till the piston
has moved out.

Messrs. Crossley have now given up the two-cylinder type side by
side, described at p. 86, in favour of the end to end arrangement shown
at Fig. 49. In this engine both connecting-rods work on to the same
crank, and an explosion is obtained at every revolution. It is made from
160 to 540 B.H.P., and runs at 160 revolutions per minute with lighting
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gas. Fig. 50 shows the latest design of their smallest horizontal engine,
giving 1 and 2 BH.P. with a speed of 330 revolutions per minute.
Engines for electric lighting are made from 400 to 500 B.H.P., to work
with town or producer gas, and nearly 10,000 H.P. have been supplied
for this purpose, generated by single-cylinder, two-, and four-cylinder
engines. For working hoists, pumping water or sewage, they are some-
times coupled direct on one base plate. One of the latest types is a
vertical engine with two inclined inverted cylinders, developing with
producer gas 55 H.P. Each cylinder has an automatic cut-off valve,
acted on by the governor, which regulates the supply of air and gas
without cutting out explosions. Ignition is by a porcelain tube with
a timing valve. Mention must also be made of a compound gas engine
brought out in 1900, with two outer high-pressure cylinders, and a low-

Fig. 50.—Crossley Horizontal 2 B.H.P. Engine. 19065.

pressure cylinder between them. Each cylinder is coupled to a separate
crank, and gas is admitted through a reciprocating valve, moving at half
the speed of the engine. In a trial made in September, 1900, the con-
sumption of lighting gas was 14-8 cubic feet per B.H.P. hour, but the
economy realised did not compensate for the increased cost of construc-
tion, and the type has not been repeated.

Of large power Crossley engines a 1,000 H.P. plant driven with
producer gas is now working. An important and typical example of a
pumping plant at Madely in Shropshire is described in The Engineer,
February 6, 1903. There are two 90-H.P. Crossley engines, and two
Dowson generators, the plant being in duplicate to avoid any stoppage in
the water supply. Engines developing more than 3,000 H.P. are now at
work with Mond gas, and nearly 50,000 engines are said to be now
running (1905), 38 of which give over 200 H.P. each.
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An ingenious arrangement was introduced some years ago by Mr. F.
W. Crossley and Mr. Atkinson (who is now with the firm), which,
although no longer used, was one of the first attempts to procure a
scavenger blast of air, and cleanse the cylinder of the products of com-
bustion. The exhaust pipe was lengthened to about 65 feet, and the
admission of the charge was slightly modified, the air valve being opened
in advance of the gas valve, and a little before the end of the exhaust
stroke. The pressure of the gases in the cylinder combined with the
speed created by the long exhaust pipe to cause a strong current of, fresh
air through the compression space, sweeping out the burnt products, and
cleansing the cylinder from the residuum of the former charge, before the
gas valve opened and a fresh mixture began to enter. The process was
assisted by the partial vacuum caused by the reduced pressure in the
cylinder.

A scavenger charge is now recognised as of special advantage in
engines worked with Dowson or other power gas, and renders ignition
more certain and regular, independently of the varying quality of the gas.
The volume of cold air drawn in also helps to cool the cylinder walls, and
a higher compression pressure can be attained. In a test carried out by
Messrs. Crossley and Atkinson in 1894, the engine with their system of
scavenging developed 399 H.P. on the brake, 46-45 I.H.P., and showed
a consumption of 14-5 cubic feet of Openshaw gas per L.H.P., and 16:48
cubic feet per B.H.P. hour. It ran at 173 revolutions per minute, the
mechanical efficiency was 86 per cent., and thermal efficiency per B.H.P.
24 per cent. The heating value of the gas was taken at 640 T.U. per
cubic foot.

The Otto engine is made in France by the Société Frangaise des
Moteurs & Gaz et des Constructions Mécaniques, and is constructed
horizontal with one or more cylinders. A two-cylinder engine, giving
300 H.P., or 150 H.P. per cylinder, has been made by them to work with
blast-furnace gases, and also another of double the power, with four
cylinders of equal diameter, and two cranks. Their latest plant, intended
for the Société des Aciéries de Longwy, consists of three sets of blowing
engines and gas engines, driven by blast-furnace gases, and developing
1,200 H.P. One of these, which is already at work, comprises two
twincylinder double-acting engines, working the blowing engines direct
through a prolongation of the piston-rod. The cylinders, cylinder
bottoms, stuffing-boxes, and exhaust valves are all cooled with water.

Trials.—More experiments have probably been made on the Otto
than on any other gas engine. Details of these will be found in the
Tables, but a few of the earlier are here summarised. - The earliest
published trials were carried out by MM. Brauer and Slaby, in
Germany, in 1878. The engines indicated 3:2 H.P. and 6 H.P.; the
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first ran at 180 revolutions, the second at 159 revolutions per minute,
Between 38 and 40 cubic feet of gas were used per I.H.P. per hour.
This was a large consumption for an Otto engine, though at the time
the economy, as compared with the expenditure in other motors, was
striking. For the next ten years the consumption of gas gradually
diminished, as various improvements were effected in the engines, and
the amount used varied inversely with the size of the engine tested.
In an experiment* by Dr. Slaby in 1881 on a 4 H.P. engine, making
157 revolutions per minute, the gas consumption was 28:3 cubic feet

—  AtmehericLine
Fig. 51.—Otto—Indicator Diameter. 1881.

per I.LH.P. per hour. An Indicator diagram of this trial is given at
Fig. 51. A 14 L.H.P. engine, tested by Garrett, consumed 19-4 cubic
feet of Glasgow gas per I.H.P. per hour (diagram Fig. 52). An early
trial was made by Teichmann & Bicking in 1887 on an Otto engine
of 50-8 B.H.P., using Dowson gas, in which the consumption was 103
cubic feet per hour per B.H.P. In 1881 a series of trials was
carried out at the Crystal Palace by Professor Gryll Adams on Otto
engines of various powers.

In 1888 a series of trials of motors for electric lighting was made
in London, under the auspices of the Society of Arts, and a 9 H.P.
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Otto-Crossley, an 8 H.P. Griffin, and a 6 H.P. Atkinson engine
were tested under the following heads:—Regularity of speed under
varying loads ; power of automatically varying the speed ; noiselessness;
cost of construction, of maintenance, and of fuel. All three engines
worked satisfactorily. The lowest consumption of gas was obtained

* Full details of this experiment will be found in the Appendix to Professor
Fleeming Jenkin’s Paper on ‘“Gas and Caloric Engines.” Lecture delivered
before the Institution of Civil Engineers, 21st Feb., 1884.
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with the Atkinson engine, but the Griffin ran with great regularity,
and the Otto was also economical. The gas used in all the trials
(Gas Light & Coke Co.) was analysed, and its mean heating value
determined at 629 B.T.U. per cubic foot. The quantity of jacket
water per hour was noted, as also its temperature on entering and
leaving the jacket, and each of the engines was tested at full power,
at half power, and running empty. Fig. 53 gives a diagram of the
Otto engine taken during the trial.

In a trial made in 1895 by Professor Kihler, the consumption in
a 30 B.H.P. Deutz-Otto engine, running at 200 revolutions per minute,
was 169 cubic feet per B.H.P. per hour of gas, having a heating
value of 560 B.T.U. per cubic foot. Details of most of the modern
trials will be found in the Appendix.

A description of the Lanchester self-starter is given at p. 90 of
the Third Edition. It is now no longer used, except to start certain
sizes of the Robey engine (see p. 119).
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CHAPTER VII

MODERN BRITISH GAS ENGINES.

ConTENTS.—Modern Gas Engine Development—Compression—Governing—Tangye
—Stockport—Acmé—Fielding and Platt— Premier —Campbell—Westinghouse
—Forward—Midland—Trusty—Robey—National —Griffin —Clarke-Chapman—
Gardner—Roots —Dudbridge — Newton — Birmingham — Globe —Ideal — Small
Engines—Vogt.

Two circumstances have chiefly contributed to the great development of
gas engines within the last few years in England. The first is the ex-
tensive and increasing application of electricity to lighting, and the
demand which has arisen for gas engines to drive dynamos in country
mansions, &c., as being more suitable and economical than steam. No
cost is incurred with gas engines when not running, and as it is seldom
necessary to furnish power for electric light for more than a few hours
at a time, a gas motor, easily started and stopped, is preferable to a steam
engine and boiler. The economy of gas engines for electric installations
is also marked, even where town gas is used. Sir W. Siemens was the
first to draw attention to the fact that coal gas gives more light when
furnishing power electrically through a gas engine and dynamo, than
when the same quantity of gas is burnt in the ordinary way. At
Dessau in Germany an electric light installation has been driven by
engines worked with town gas since 1886. Where gas generators are
used supplying Dowson or other power gas to the engines, the economy
is much greater, the fuel costing less than half that required in a steam
engine and boiler, to give the same power. All the larger firms, both in
England and on the Continent, make gas engines for electric lighting,
and installations of this kind, worked with Dowson, Mond, or other
producer gas, are now too numerous to specify.* These engines run
at a higher speed than ordinary motors, and the governing is more
delicately adjusted, to vary the quality and quantity of gas admitted.
The expiration of the Otto patent also gave an additional impetus
to the manufacture of gas engines. Hitherto the four-cycle has been
found the simplest type, working practically with as much economy as
others of more elaborate construction. Some authorities are almost
inclined to regret its universal adoption, as tending to check the in-
vention of new types. Progress has consisted rather in perfecting the
mechanical details of existing engines, than in the production of novelties.

* More than 500 Electrical Works in Germany are now worked with gas engines
driven by producer gas.
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Since the beginning of this century, however, double-acting engines, more
or less on the Clerk system, with motor cylinder and pump, have come
much to the front. The development of gas engines in England is shown
by the fact that the output is estimated by Mr. Clerk at about 100,000
motors, with an average of 20 H.P.*

Special features in the latest development of internal combustion
engines are their great increase in size, increased compression, and
improvements in construction. It has been more fully realised that
the future of large gas engines lies chiefly in adapting them to work
with gases of poor quality, such as Dowson, Mond, or blast-furnace
gases, and this has necessitated a much larger type of engine. Distinct
progress has been made in double-acting and two-cycle engines. Of the
latter the most notable examples are the Koerting and the Oechelhaueser.
The Deutz firm in Germany, the Cockerill in Belgium, and the Letombe
in France have introduced a double-acting type, but it has not hitherto
found much favour in England. Double-acting engines give larger
power for the same size of cylinder, greater uniformity in running, and
a better mechanical efficiency, but the working parts must be carefully
cooled. Two-cycle engines necessitate the complication of pumps, and
for this reason they have practically been given up for small powers, but
for large engines, in which a second cylinder is almost indispensable,
they have proved very successful. An eminent German authority,
Herr Koerting, distinguishes four types of gas engines, viz.:—

1. Four-cycle, single cylinder, single-acting. (Example, Cockerill.)

2. Four-cycle, single-acting, multicylinder. (Example, Deutz-Otto.)

3. Two-cycle, singlé-acting, single cylinder. (Example, Oechelhauneser.)

4. Two-cycle, double-acting, single cylinder. (Example, Koerting.)

Another point to be noted in large power engines is the arrangement -
of the cylinders, and the power allotted to each. The Deutz firm con-
sider that not more than 250 to 300 H.P. should be assigned to each
cylinder, and with this view most English firms agree. Greater regu-
larity in running, and more reserve of power is said to be obtained by
this multiplication of cylinders. The Cockerill firm, on the other hand,
develop up to 600 and 700 H.P. in one cylinder, and a few foreign firms
follow them. A 750 H.P. Nuremberg engine is probably one of the
largest single cylinder motors now at work. The introduction of the
twocycle type, especially when double-acting, will probably materially
affect this question.

In the arrangement of the cylinders three systems, known as the
side-by-side (or twin), the end-to-end, and the tandem, have been adopted.

*See Mr. Dugald Clerk’s valuable paper on ‘Internal Combustion Motors,”
¢ James Forrest ” lecture, Institution of Civil Engineers, 1903-1904, and Mr. H. A.
Humphrey’s pamphlet, Recent Progress in Large Gas Engines. 7
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In the first the pistons of the two cylinders work on to two cranks at
the same angle, the flywheel being generally between them. The four-
cycle is carried out successively in each cylinder, the admission stroke
taking place in one, the expansion stroke simultaneously in the other,
and an explosion is obtained at every revolution. This arrangement is
now perhaps the most usual. In the end-to-end type the cylinders are
opposite each other, and both pistons work on to the same crank, at an
angle of 180°. The admission stroke in one corresponds with the com-
pression stroke in the other, and there are two explosions during one
revolution, and two negative strokes during the next. In the tandem
system, which is much used both in England and abroad, the two
cylinders are placed one behind, and in line with the other, and both
pistons work on to the same crank. An explosion per revolution is
obtained alternately in one or the other cylinder, and the admission
stroke in one corresponds with the expansion stroke in the other. This
arrangement necessitates a stuffing-box between the two cylinders, and
the valves are not easily accessible.*

The advantages of compression have also been more fully realised,
and pressures have notably increased. Compression pressures of 120 lbs.
per square inch are now usual in Crossley engines ; in the Koerting they
are carried to 160 and 180 lbs., and in other foreign engines even higher.
If to increase compression the clearance space be reduced within very
small limits, the quantity of inert gases remaining in the cylinder at
exhaust will also be diminished. With this question, that of the
ignition of the charge is closely connected. Beyond a certain limit
increased compression may, if the engine be driven with lighting gas,
produce premature ignition. To avoid this difficulty two methods
have been employed, the introduction of a ‘“scavenger” blast of air
(“Spiilluft ”), as in the Premier, and to a certain extent in the National,
the Koerting, and the Oechelhaueser ; and the injection of water, adopted
in the Bénki. With poor gases this danger is minimised, but in all
large engines ignition by hot tube, especially abroad, has practically
been abandoned in favour of electricity, which may be relied on to
ignite the charge, without danger of missfires. Ignition tubes cannot
be used in engines driven with blast-furnace gases, because the dust in
them acts injuriously on the material of the tubes.

Among recent improvements one of the most notable has been the
greater attention bestowed on governing the engine. The admission of
the charge is regulated with almost the same precision as in a steam

*See on these subjects two excellent German pamphlets, Professor Meyer,
¢ Grosse Gasmotoren,” Zeitschrift des Vereines deutscher Ingénieure, vol. xliii., and
Herr Karl Reinhardt, ¢ Verschiedene Constructionen von Grossgasmotoren,” Stah!
und Eisen, 1902, Nos. 21 and 24.
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engine, with which the best gas motors can now fairly compete in regu-
larity of running. Governing on the * hit-and-miss ” principle was
formerly the rule in engines driven with lighting gas, that no gas might
be wasted. Now that cheaper gases are utilised, economy of consumption
is not so necessary as steadiness in running. The quantity of air ad-
mitted being less, and of gas much more, it is comparatively easy to
reduce the richness of the charge without cutting out ignitions. In one
respect gas engines may even be more easily governed than steam engines,
because each cylinder being a motor cylinder, the governor can act directly
upon it. As a rule, a throttle valve of some kind is used, through which
the governor regulates the amount of the charge admitted to the cylinder,
and hence the compression, and the power developed. Sometimes the
quality, but not the quantity, of the charge is varied, the degree of com-
pression remaining constant. With this method variations in the load do
not affect the quiet running of the engine. German authorities, who are
strongly in favour of electric ignition, claim to run even small engines
economically with it, because if the governor reduces the quantity of gas
and air admitted, but not their proportional volumes, the charge will
always ignite. Practically, therefore, the consumption of gas for the
power developed will be no more than when the governor wholly cuts off
the supply.

The cooling of the working parts is another point of much importance.
The great heat developed, especially in double-acting engines, makes it
necessary to cool, not only the cylinder, but the piston, piston-rod, and
valves. The quantity of cooling water and method of applying it are now
carefully regulated, and the temperatures in the cylinder thus controlled.
As the ratio of wall surface to cylinder volume does not increase in the
same proportion as the size of the cylinder, the cooling water jacket can-
not exert the same effect on the charge in large as in small engines. The
expansion of the inner cylinder walls exposed to the maximum heat of
explosion is greater than that of the outer walls in contact with the
jacket water only, while that of the piston is greater than either, and
more care is required in cooling it. In engines above 150 H.P. the
piston-rod and the spindle of the exhaust valve are generally made
hollow, and the piston separately water-cooled. Large engines have
sometimes two exhaust valves, one opening before the other, or balanced
valves, to divide the power necessary to lift them.

Lubrication is also an important matter, and is generally supplied to
some parts of the engine under pressure from a pump. Crank-pin lubri-
cation is also the rule for large power engines. The difficulty of starting
has now been practically overcome, and the various types of self-starters,
a3 the Lanchester and Edmondson, are seldom used. Starting by com-
pressed air, except in the Cockerill engines, is universal, and the process
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is simplified where there are several cylinders. Compressed air from a
reservoir, supplied either by an auxiliary motor or by the engine itself,
is admitted into one or more cylinders, and as soon as an impulse is
-obtained, a charge of gas and air is sent into another cylinder, and the
engine starts.

Another noteworthy feature is the increased tendency to base the
work of an engine on its heat efficiency—that is, the number of heat units
it is capable of turning into useful work. Most of the important gas
engine makers now state the consumption of their engines in heat units
per H.P., independently of the combustible used.

Mention must lastly be made of the great development in gas pro-
ducers, and the introduction of suction producers, a description of which
will be found at p. 202. The problem of utilising bituminous coal in both
types of producers is also now carefully studied both in England and
abroad, and several successful attempts have been made to deal with it.

Tangye.—This important firm have ceased to construct the engine
described at p. 58 (Robson’s patent), and since 1891 have made engines
only on the Otto four-cycle principle, with Pinkney’s improvements.
Next to Messrs. Crossley they at present build some of the largest motors
in England. Their singlecylinder horizontal engines range from 2% to-
340 B.H.P. with lighting gas, and the maximum piston speed in them is
750 feet per minute. The smaller sizes have no timing valve, punctual
ignition being obtained by adjusting the chimney of the tube. In the
larger horizontal engines porcelain tube igniters are used. The combus-
tion chamber is carefully constructed to prevent shock, and render the
engine suitable for driving a dynamo direct, and also to ensure steady and
complete combustion of the charge during the whole of the motor stroke.
The cylinder casing, combustion chamber, and exhaust valve-box are all
made in one casting.

" Messrs. Tangye have lately introduced a new vertical type, especially
adapted for driving dynamos, with two or three cylinders, developing
from 32 to 340 B.H.P. with town gas, and 27 to 320 B.H.P. with pro-
ducer gas. The speed is about 250 revolutions per minute. The charge
is fired by a small magneto-electric machine. As there is an explosion in
each oylinder every second revolution the crank receives a motor impulse
at each two-thirds of a revolution, and increased steadiness in running
is thus obtained. Compression in the Tangye engine is kept within
moderate limits; in a trial by Professor Witz of a 26 B.H.P. engine,
details of which will be found in the Tables, the mean pressure at
ordinary load was about 84 lbs., and at maximum load 97 lbs. per square
inch. The smaller engines are started by hand, in the larger a low-
pressure starter is used, and a charge of gas and air sent by a small hand
pump into the cylinder. For powers above 80 H.P. the engines are
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started by compressed air from a reservoir charged either by a small
starting engine, or the main engine. Governing is on the “hit-and-miss”

Fig. 54.—Tangye Horizontal Engine.
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principle in the horizontal engines, a sensitive centrifugal governor being
used. By an ingenious arrangement the next impulse after a missed
explosion is stronger than usual. When the governor cuts out the supply
of gas, the air, which alone enters the cylinder, drives out the products of
combustion. The governor then moves up a small wedge, opening the
gas valve more than before, and a specially rich charge is obtained. In
the vertical type the governor on the flywheel acts by throttling the
admission valve, and varies the quantity of the charge admitted, the pro-
portions of gas and air remaining the same. Both the compression
pressure and the strength of the impulse are thus reduced according to
the load. The lubricating oil is contained in a receiver in the base, into

Fig. 55.—Tangye Three-cylinder Vertical Engine.

which the end of the connecting-rod dips, and throws the oil over the
working parts.

A large Tangye gas plant was erected in |1903 for the Ryde Electrical
Works. There are two sets of three-cylinder vertical engines driven by
producer gas from a Tangye generator; the consumption is about 1-9 lbs.
anthracite per unit of electricity. The engines have two horizontal cam
shafts driven from one vertical side shaft; the lower carries cams for
opening the three exhaust valves. The upper shaft has two cams for each
cylinder, one for breaking contact and producing the electric spark, the
other works the admission valves.
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Messrs. Tangye make gas producers as described at p. 210, and have
lately brought out a suction gas producer (see p. 211). The consump-
tion in their larger engines per B.H.P. hour is about 14} cubic feet of
lighting gas of 700 B.T.U. per cubic foot. Fig. 54 shows a horizontal
engine developing 186 H.P., with water-cooled piston and exhaust valve ;
Fig. 55 the new vertical three-cylinder type. They have supplied 500
H.P. to work with Mond gas. They were also the first to bring out a gas
hammer for forging purposes. A description of this useful little instru-
ment will be found in the 3rd edition, p. 94.

The Fawoett engine, brought out by Fawcett, Preston & Co., Liver-
pool, from the designs of Mr. Beechey, is no longer made. A trial was
carried out by Mr. Miller in February, 1890.

8tockport.—As soon as the Otto patent expired, the Stockport firm,
among others, adopted the Otto cycle for all classes of their engines, with
various improvements in detail. In their latest motors all valves are
of the mushroom type, and are worked by levers from cams on the
auxiliary shaft, geared 2 to 1 to the crank shaft; the valve seats are
cooled by water. Compressions up to 85 lbs. per square inch for coal gas,
and 100 lbs. for power gas, are now used, and the combustion space or
cylinder end is cast in one piece with the exhaust valve box. The gas
valve is controlled by the ball governor, and the admission is cut off if the
normal speed is exceeded. All engines are governed on the ‘hit-and-
miss” principle. In larger motors, and in those intended for driving
dynamos, the governor actuates a small bell crank lever below the gas
valve spindle, and shifts it to one side, if the speed is too great ; no gas
then enters the cylinder during the cycle. In the smaller engines a very
simple governor is used, consisting of a weight on a spring, moved by a
vibrating lever. For the low-pressure starting gear the advantage is
claimed that the engine itself performs the whole operation, as soon as the
gas is turned on. The crank is first placed in position with the ignition
tube open to the cylinder, and all other valves closed. The Bunsen burner
is lit, and as soon as the ignition tube is red hot, gas is admitted through
a small auxiliary valve, thrown out of gear by the first explosion. The
gas drives out the air in the cylinder through the ignition tube, and when
it is all expelled, and the gas begins to follow it, the heat of the tube fires
the gas, the flame strikes back into the cylinder, an explosion occurs, and
the engine begins to work. Larger engines are started by means of com-
pressed air. The oil to lubricate the cylinder is contained in a tank above
the crank, from whence it flows by gravity to the lubricating pipes. Con-
tinuous lubrication by the crank pin, as in the Tangye engine, is also used.

Ignition is by a metal tube with a timing valve. Large engines are
fitted with a double ignition tube so that, if one gives way, the second
may be put into action at once, without stopping the engine. The latest
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types, especially engines driven with poor gas, are fitted with magneto-
electric ignition. The spark is produced by a small machine worked from
the valve shaft, a cam from which releases the magneto lever, breaks the
contact between two spindles, and causes a spark. A modification of the
scavenging principle is also employed, and although the exhaust pipe is
mnot exceptionally long, the valves are so arranged that air alone enters

Fig. 56.—The Stockport Engine.

first, just before the charge is admitted, thus reducing the consumption of
gas. The latest engines are made horizontal, single cylinder, single-acting,
in sizes from 1} to 150 B.H.P. (see Fig. 56), and run at 240 to 150 revolu-
tions per minute, and at a maximum piston speed of 750 feet per minute.
Above this size two cylinders are used, either tandem or side by side, up
to 300 B.H.P. Messrs. Andrew also make portable engines from 4 to 16
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BH.P, and a small vertical type in two sizes, 4 and 5 B.H.P., running
at 220 and 200 revolutions. The larger engines are driven with Dowson,
Mond, or coke oven gas. They have supplied engines of 1,400 H.P. for
electric generators, and nearly 1,000 H.P. to work with Mond gas. Some
of their motors have been working continuously for months with coke
oven gas.

In a 65 I.H.P. motor driving a corn mill near Tonbridge, the results of
a test made with Dowson gas gave 0:93 1b. of fuel consumption per I.H.P.
hour, or 116 lbs. per B.H.P. hour. A test was carried out in 1898 on an
engine driven with Dowson gas at Portadown, in which the indicated H.P.
was 52, and the mean consumption of best Welsh anthracite 0-78 lb. per
LH.P. hour, the speed being 134 revolutions per minute. Ina 47 BH.P.
engine tested at Belfast the consumption was 16:83 cubic feet of lighting
gas per B.H.P. hour. Another trial was carried out in 1898 at Dartford
under ordinary working conditions on two Stockport engines of 85-5
BH.P., fed with producer gas from a Paisley generator, in which the
consumption of anthracite was 0-88 Ib. per B.H.P. hour. A careful trial
was made in June, 1901, by M. Mathot on a 63 B.H.P. single cylinder
Stockport engine driven with Dowson gas. The consumption of Belgian
anthracite was 1 1b. per B.H.P. hour, including the boiler, and the thermal
efficiency 188 per cent. Another important series of trials was made in
April, 1904, on two single-cylinder emgines driven with Wilson gas, and
developing a total of 217 B.H.P. The consumption of bituminous slack
was 1'4 lbs. per B.H.P. hour. Details of both trials will be found in the
Tables. All the power required for Messrs. Andrews’ Works at Stock-
port is supplied by their own gas engines, which drive all the shafting
(see on this subject Mr. Bellamy’s paper, “ Gas Engines as Motive Power
in Engineering Works”). During nearly a quarter of a century the firm
made about 8,000 motors, 2,000 of these being of the original type, and
3,000 Bisschop engines.

Aomé.—The first Acmé engine, patented by Messrs. M‘Ghee, Burt &
Co., showed a novel attempt to solve the problem of how to increase ex-
pansion of the explosive gases in proportion to admission and compression.
In this engine there were two horizontal cylinders, two pistons, and two
crank shafts connected by spur wheels in the proportion of 2 to 1. The
cylinders were alongside each other, one being shorter and smaller than
the other. 'While the piston of the larger cylinder made one stroke, the
piston of the smaller made two, one crank and one shaft ran therefore at
half as many revolutions as the other. The cylinder volumes and lengths
of stroke also differed, and the cranks being at different angles the pistons
did not work together. When the first or larger piston bhad completed
the in or out stroke, the smaller second piston was about 45° behind.
The cycle of operations was divided between the two cylinders. Hot-
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tube ignition without a timing valve, and discharge of the gases of com-
bustion both took place in the smaller cylinder, the piston of which
uncovered these openings near the beginning and end of its out stroke.
The firing of the charge and the exhaust were timed to occur when the
first piston was at positions corresponding to the inner and outer dead
points.

Several sizes of this engine were tested, both with full load and
running light, by Professor Rowden, of Glasgow. In 1888 and 1889 he
experimented upon 2 H.P. engines, running at 170 revolutions per
minute. A trial at full power gave 3-14 B.H.P., and a corresponding
consumption of 18:1 cubic feet of gas per hour.

A fourcycle type of this engine has been brought out, and is now
made by the Acmé Engine Co., of Glasgow, in which the usual functions
of admission, compression, ignition and expansion, and exhaust, are carried
out in one horizontal cylinder. Gas and air are admitted through mush-
room valves to the water-jacketed combustion chamber at the back of the
cylinder. Both admission and exhaust valves are worked by cams from
a side shaft geared in the usual way, and cooled with water. The
governor acts on the ‘“hit-and-miss” principle upon the gas valve, and
regulates the consumption. Ignition is by hot tube heated by a Bunsen
burner, and controlled by a timing valve. The engine is made horizontal,
single cylinder, in sizes from 1} to 100 B.H.P. The consumption in a
40 H.P. engine recently tested was 12:7 cubic feet per B.H.P. hour of
Glasgow gas of 670 B.T.U. heating value. A new vertical compound
engine, having three pistons in one cylinder, two of which are motor,
while the third is driven by the pressure of the exhaust gases, is described
in the Electrical Ttmes, September 10, 1903, but does not appear to be yet
working.

Fielding.—This engine, made by Messrs. Fielding & Platt, of
Gloucester, is constructed on the principle of the Otto, and has the
same four cycle, but the slide valve is replaced by simple mitre valves.
Ignition is by a tube maintained at red heat by a Bunsen burner, but
there is no timing valve to the smaller engines, though for larger sizes it
has been found necessary. A timing valve is constructed to open the
port leading to the hot ignition tube, at the exact moment when an
explosion is required. Punctual ignition is a necessary feature of nearly
all gas engine cycles. Some inventors, however, have succeeded in
dispensing with the timing valve, and they maintain that, by varying
the length of the ignition tube, and the distance from the red-hot metal
to the motor cylinder, accurate ignition ean be obtained. The gases do
not reach this heated part of the tube until the end of the in stroke,
when compression is greatest. Ignition at the dead point has been one
of the main features of the gas engine theory since the time of Beau de




THE FIELDING GAS ENGINE. 107

Rochas, and it may be doubted whether it is really so easily obtained as
these inventors assert. The practice of dispensing with the timing valve
is, however, sanctioned by no less an authority than Mr. Atkinson. It
is more usual in oil than in gas engines.

In the latest large power Fielding & Platt engines the charge is
fired by electricity. The organs of distribution and exhaust are driven,
asin the Otto, from a side shaft worked by worm gear from the main
shaft. The valves are opened by cams. Another cam actuates the
governor, which is of the rotary ball type, and regulates the amount of
the charge admitted in accordance with the speed. Large power engines
are provided with a self-starter connected to the engine, into which air
is compressed at a pressure of 60 lbs. per square inch. The ordinary
ignition is then sufficient to procure a motor impulse, and this method
is said to be powerful enough to start an engine with partial load on. A
well designed horizontal type, indicating 100 H.P., has been brought
out. There is one “mitre-seated” valve for admitting the charge and
expelling the burnt products. A piston valve driven by an eccentric on
the crank shaft opens communication between the inlet and exhaust
cylinder ports and this valve, the rod of which is worked by a cam.
Ignition is by hot tube, and there is a timing valve in this engine,
acted on by the same eccentric as the piston valve. Both tube and
timing valve are made in duplicate, an arrangement found in other large
English engines. The timing cam can be adjusted by hand, and thus
the moment of firing altered at will, while the engine is running. All
these organs are contained in a valve chest at the side of the motor
cylinder. The rotary ball governor, worked from the crank gear wheel,
controls both the air and admission valves. The quality of the charge is
varied in proportion to the speed, but there are no ¢ cut-outs” or miss
fires. Another method is to reduce the supply of air and gas simultane-
ously. Less of the charge enters the cylinder, compression is reduced,
and the following explosion is weaker.

The latest type is a four-cylinder vertical engine giving two impulses
per revolution, and developing 150 H.P. with producer gas, at a speed
of 250 revolutions per minute. The mitre valves in this engine are
driven from a horizontal cam shaft, the electric ignition is obtained from
a smaller shaft driven from the vertical governor shaft, which times the
moment when the spark is produced. The governor acts upon two small
pistons, which throttle respectively the gas and air inlets, more or less,
according to the load ; the maximum variation of speed is said to be only
3 per cent. The speed and the time of ignition can be varied by a small
thumb screw while the engine is running. It is started by compressed air
introduced into one cylinder only, and the others receive their impulse
from it. Fig. 57 gives a sectional elevation of the engine, showing the
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oil bath in the base, into which the crank pin dips. The admission valve
is seen at A and the exhaust valve at B, C is the starting valve for one
cylinder out of the four, I the inlet to admit the air under pressure,
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Fig §7.—150-H.P. Four-cylinder Fielding & Platt Engine—Sectional Elevation.
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and J the rod working it. D is the electric ignition. Gas and air
are admitted on the opposite side to the exhaust. The engine is made
in sizes from 150 to 780 B.H.P.

Several large sizes of the Fielding and Platt engine were exhibited at
the Royal Agricultural Society’s Show at Doncaster in 1891, when it was
brought to public notice for the first time. The makers claim a gas
consumption of 15 to 20 cubic feet per H.P.-hour, according to the size of
the engine and quality of gas used. The horizontal single-cylinder type
is made from 1% to 125 B.H.P., and runs at 350 to 185 revolutions per
minute. It is on a Fielding and Platt engine that experiments have
been made by the Gas Engine Research Committee of, the Institution of
Mechanical Engineers, London. See Appendix A, Table 2, for details.

Premier. — Next to Messrs. Crossley, the Premier Gas Engine
Company, of Sandiacre, near Nottingham, now make engines for larger
powers than any other English firm, and their motors have been exten-
sively adopted for use with producer, Mond, and blast-furnace gases.
They were among the first to introduce the method of cooling the piston
and valves, and by this means, and by a scavenger charge of air to cleanse
the cylinder, with which all their engines are now provided, a mean
pressure of 120 lbs. per square inch may be attained, without the danger
of premature ignition. The Premier engine works on the four-cycle,
with hot tube and a timing valve, and the side shaft is geared 2to 1
to the main shaft in the usual way. In the smaller engines an inertia
governor was formerly used, consisting of a bar with a weight at one end
and a notched jaw at the other, working on to a lever opening the gas
valve. The governor acted on a disc rotating at the same speed as the
engine, and caused a pin upon it to miss the gas valve if the normal
speed was exceeded. In the larger engines, especially those at high
speed for electric lighting, the centrifugal governor is driven from the
crank shaft, and acts by throttling the supply of gas. Thus the quality
of the charge, the degree of compression, and the strength of the explosion
are varied. Smaller engines are started by a pump which injects gas
and air, while a catch holds the ignition valve closed. As soon as the
mixture is sufficiently compressed by the pump, the timing valve is
released while the engine is still at rest, the mixture enters the ignition
tube, an explosion follows, and the engine begins to work. Engines for
larger powers are started by compressed air, or by barring gear, which
consists of a pinion gearing by means of a hand-wheel into teeth cast on
the fiywheel.

The Premier is made singlecylinder in sizes from 4 to 250 B.H.P.,
above that with two cylinders up to 1,200 H.P., and a piston speed of
750 feet per minute. All sizes are horizontal, the vertical type having
now been discarded ; engines for large powers have electric ignition, and
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are specially intended to work with producer gas. All engines are now
constructed on the system of introducing a scavenger charge of pure air
to cleanse the cylinder of the burnt products. In the single-cylinder,
and in some types of the tandem two-cylinder engines, the air cylinder is
formed by enlarging the front end of the motor cylinder. The working
and air-pump pistons are bolted together, and form one piece of two
different diameters. The smaller motor piston fits into the cylinder as
usual ; the larger, nearest the crank, works to and fro in an enlarged
prolongation of the cylinder, forming a single-acting air pump. Into this
a charge of pure air is drawn during the out stroke, and compressed by
the next back stroke into a passage, from whence it enters the combustion
chamber of the motor cylinder when the motor piston is halfway through
the exhaust stroke, and drives out the products of combustion. The exhaust
valve is kept open until after the crank has passed the dead point, and a
free passage to the air is afforded. But as soon as the suction or admis-
sion stroke begins, the opening of the gas valve throttles the air ports,
and less air is admitted to mix with the gas. Thus, a rich charge is
obtained, undiluted by the burnt products, and a pressure of 120 lbs. per
square inch is reached. In the latest types of tandem two-cylinder
engines, the scavenging air cylinder is placed obliquely above the front
motor cylinder, as seen at Fig. 58, and driven from the connecting-rod.
Where two cylinders are placed side by side, the same valve shaft and
set of cams may be utilised for both.

A large and important Premier gas engine plant was erected in 1896
at the Electrical Central Station of the Leyton District Council, and was
tested by Professor Robinson in 1897. The gas for driving the engines
was supplied by three Dowson generators, from a gasholder 20 feet in
diameter and 10 feet high. The plant consists of four Premier engines,
each driving a dynamo. The heating value of the Dowson gas was 156
B.T.U. per cubic foot, and the consumption of anthracite (not including
the coke for the boiler) 0:84 Ib. per L. H.P.-hour. During the trial each
engine indicated 59-5 H.P., and gave with a dynamo 43-7 electrical H.P.,
making the electrical efficiency 73 per cent. An excellent trial on a
500-H.P. Premier engine of the scavenger type, and driven with Mond
gas, in which the consumption was 60 cubic feet of gas, and thermal
efficiency 25'6 per cent. per B.H.P., was| made by Mr. Humphrey in
July, 1900. Particulars will be found in the Tables. Of these engines
30 above 200 H.P. have been made, with a total of nearly 12,000 H.P.,
and they have supplied 13,750 H.P. to work with Mond gas alone.
Premier gas engines have also been the first motors applied in England
on a large scale to work with blast-furnace gases (see Chapter xii.).

Campbell.—The engine of this name, manufactured by the Campbell
Gas Engine Company, Halifax, is another important four-cycle motor of
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the Otto type, with hot-tube ignition, a timing valve, and ball governor.
The cylinder, as in many other modern English gas engines, is fitted with
a loose lining, which can be easily renewed. The engine is started by
forcing a mixture of gas and air by hand into the cylinder, and the
¢ Edmondson ” starter is also sometimes used. It is made horizontal,
with one or two cylinders, in sizes from 1 B.H.P. upwards, and vertical
up to 300 and 400 B.H.P., with four cylinders; speed 250 to 160
revolutions per minute. The Campbell Gas Engine Company are

Fig. 59.—Sectional View, Westinghouse Engine,

among those English firms who have, of late years, made a special point
of constructing large power engines to work with producer and other
cheap power gases.

Westinghouse.—Although this engine was brought out by the
Westinghouse Machine Company, of Pittsburg, and was thus originally
of American construction, it has now, in the hands of the British
Westinghouse Company, taken such a foremost place among British gas



THE WESTINGHOUSE ENGINE. 113

engines that no account of them would be complete without & description
of it. In size and importance it ranks among the leading types, and is
probably made for larger powers thun any other engine (1905). It has,
from the first, been built on the lines of a firstclass steam engine, for
horse-powers from 250 to 1,500 and upwards, with two or more vertical
cylinders, though the smallest size now made is 10 H.P. It is dis-
tinguished by its excellent design and careful workmanship. As it is
intended, among other purposes, for driving dynamos, much attention has
been paid te the governing gear; the ¢ hit-and-miss” principle has been
abindoned, and, by duplicating the cylinders, an impulse is obtained at
every motor stroke.

Fig. 59 gives a sectional elevation of a Westinghouse engine. The
crank and connecting-rod are in an enclosed chamber, and the latter is
coupled direct to the plunger piston. This chamber is filled with oil,
into which the connecting-rod dips at every revolution, and dashes an
abundant supply of oil over all the internal working parts, no other
lubrication being required for the cylinder and piston. A is the auxiliary
shaft geared 2 to 1 to the main shaft, and carrying a cam which acts
upon a roller just below the exhaust valverod E. This shaft is hori-
zontal, and where there are two or more vertical cylinders placed side by
side (the arrangement usually adopted), it carries a series of cams
actuating successively the exhaust valve-rods of each cylinder. O is the
exhaust passage, G is a guide lever, B is the admission cam shaft driven
from the shaft A by bevel wheels through two smaller shafts, horizontal
and vertical ; on the latter is the ball governor. Air and gas enter at
the side, and pass to the mixing chamber M. The two handles seen at L
regulate the supply ; the upper acts on the admission of gas, the lower
controls the air valve. The mixture passes through N to the admission
valve J, which is worked by the horizontal lever C and a cam on the
shaft B. As the cam raises one end of this lever, the other is depressed,
J descends, and the charge enters the cylinder. The sensitive governor
acts by varying the quantity of the charge admitted to the mixing
chamber M, according to the load. The proportions of gas and air are
determined once for all, in conformity with the quality of the gas, by
means of two indices at the top and bottom of the mixing chamber. The
rotary ball governor is directly connected to the spindle of the vertical
regulating valve, which works up and down in this chamber. As the
balls move in and out, responding to the change of load, the valve
increases or decreases the supply of the charge to the cylinder, and
hence the force of the explosions; the quality does not vary, there are
no miss-fires, and great regularity in running is said to be obtained.
The shaft B carries a second cam actuating a horizontal rod through the
guide D, which breaks the electric current at the wire S. In thg larger
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engines, the igniter F has two sets of terminals enclosed in one box.
One of these only is used, the other is retained as a reserve, and thus the
danger of a miss-fire or break is avoided. Starting, not a difficult process
where two or more cylinders are used, is effected by compressed air,
usually stored in tanks at a pressure of 250 lbs. per square inch. The
admission valve in one of the motor cylinders is closed, the exhaust valve
held open once in every revolution by a special cam. The starting valve,
driven by a cam on the lower valve shaft, is then thrown on, connected
to the air tank, and compressed air admitted to the cylinder at each down

Fig. 60.—Westinghouse Vertical 650 B.H.P. Three-Cylinder Gas Engine, with
Direct-Driven Dynamo.
stroke of the piston. After a few impulses have been obtained in this
way, energy is communicated to the other cylinders, and the engine is
fairly started.

Fig. 60 gives a view of a 650 B.H.P. three-cylinder vertical engine of
the same construction as that here described. 'The dynamo is on the
crank shaft. Each cylinder is 25 inches diameter by 30 inches stroke, and
the normal speed is 150 revolutions per minute. The same auxiliary and
cam shafts serve the three cylinders. Where two cylinders are used a
motor impulse is obtained at every revolution, and with three cylinders
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at every two-thirds of a revolution ; in the latter type, which is the most
usual, the cranks are set at an angle of 120° to each other. In all
engines for large powers, the valves and pistons, as well as the cylinders,
are water-jacketed.

Fig. 61.—Westinghouse Horizontal Double-Acting Engine.
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Westinghouse gas engines are now built in sizes up to 2,500 H.P., and
are much used to work with blast-furnace, coke-oven, Mond, and other
cheap power gases, for all of which large engines are in increasing
demand. Of sizes developing over 200 H.P., 45 engines have been
constructed, with an aggregate of 17,600 H.P., or nearly 400 H.P. per
engine, and over 7,000 H.P. have been supplied to work with Mond gas
alone. The consumption is about 14 to 16 cubic feet of lighting gas per
B.H.P. hour, or 1 lb. anthracite in a producer. This important and
enterprising firm have not been behind others in adopting the double-
acting type for large powers, and a two-cylinder engine of this kind,
developing 1,500 B.H.P, has lately been brought out. It is made both
vertical and horizontal ; the latter type is shown at Fig. 61, coupled
direct to an alternator. In construction it is similar to the single-acting
engines, but the parts are in duplicate, as shown, and the charge is
admitted and fired alternately at either end of the closed cylinder. In
the vertical double-acting type, with two cylinders, the dynamo is
placed on the crank shaft between them.

Forward.—This engine, made by the Forward Engineering Company
(Kynoch), of Birmingham, is a simplified Otto. The Beau de Rochas
cycle is used, but several improvements have been introduced. As in
most modern English gas engines, ignition is by a hot porcelain tube. .
In the earlier engines the device for obtaining punctual ignition of the
charge without a timing valve was ingenious. The opening of the tube
was covered by a rotating disc, with “hit-and-miss” slots; the surface
of the disc was divided into radiating sections, alternately pierced and
" solid, which, as the disc revolved, were brought successively across the
ignition port. According to the section of the disc facing it, the ignition
port communicated with, or was shut off from the cylinder. The
governor regulated the speed of the engine by controlling the admission
of gas and air into the combustion chamber, and also the rotary
motion of the disc. If the normal speed was greatly exceeded, it also
wholly cut off the gas supply. All the latest engines have a timing
valve to determine the precise moment of ignition; the smaller sizes
have a pendulum, and the larger a sensitive rotary governor, which acts
on the “hit-and-miss” principle. They are fitted with a special starter,
through which a minute quantity of light petrol is introduced into the
cylinder ; an explosion is produced, and an impulse communicated to
the engine. It is made horizontal, single-cylinder, in sizes from 1 to
125 B.H.P,, and runs at 550 to 160 revolutions per minute. The con-
sumption of gas of 525 B.T.U. per cubic foot is said to be about 163
cubic feet per B.H.P. hour.

Tests have been made on the Forward engine by Prof. Robert Smith
and by Mr. Holroyd-Smith, and both these experts have reported favour-
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ably. During trials of several hours the engine ran very steadily, and
was found to work well, even under the severe test of counting the
revolutions every ten seconds, instead of every minute, and varying the
weight on the brake as rapidly as possible. The real test of regular
working in an engine is absence of fluctuations in the speed when the
load is suddenly put on or taken off, as in electric installations. In a
test made by Prof. R. Smith at full load the speed was 177 revolutions
per minute, with 59 explosions, or one in three. The consumption of
Birmingham gas per I.LH.P. per hour was 20-79 cubic feet, and 23-97
cubic feet per B.H.P. hour. The mechanical efficiency was 86 per cent.
Another trial was made at the Birmingham Gas Works in 1894 on a
22-85 B.H.P. engine, in which the gas consumption was 21 cubic feet per
B.H.P. and 17§ cubic feet per I.H.P. hour. The mechanical efficiency
was 84 per cent.

Midland.—The first engine of this name, manufactured by Messrs.
John Taylor, of Nottingham, had two cylinders, motor and pump, both
single-acting, and fixed upon the same frame. In the vertical type the
two cylinders were side by side. The charge was admitted and com-
pressed in the pump, and exploded, expanded, and discharged in the
motor cylinder, thus giving an explosion every revolution. The admission
valves were driven by an eccentric and rod on the main shaft, and the
gas valve connected to a centrifugal governor. Ignition was by hot tube,
without a timing valve, the length of the tube determining the moment
of ignition. .

Messrs. Taylor gave up the manufacture of this type, and, like many
other firms, constructed engines exclusively on the four-cycle principle,
single-cylinder, and chiefly horizontal. One small vertical type was made
from 1 to 4 H.P. The horizontal engines ranged from } to 150 H.P,,
and were chiefly constructed with the cylinder supported on a cast-iron
foot, but not overhanging. All the valves were worked by cams on a
side shaft, driven 2 to 1 from the main shaft, and the gas supply was
controlled by a ball governor. The smaller sizes had no timing valve;
engines above 20 H.P. were fitted with a timing valve and starting
apparatus. The Midland has been largely applied to drive dynamos,
mills, pumping engines, &c., in England and abroad, and used with
producer gas with good results. A test was made at Nottingham in 1897
on a 47 B.H.P. engine, driven with power gas made from coke, &c. The
cylinder diameter was 16 inches with 21-inch stroke, and the engine ran
at 218 revolutions per minute. The consumption of this poor fuel was
1:53 lbs. per B.H.P. hour ; mechanical efficiency 81 per cent. Another
trial was carried out at Worcester on a 70 B.H.P. motor driven by power
gas from a Midland producer, and especially adapted for such work.
The speed of the engine was 176 revolutions per minute; cylinder
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diameter 19 inches, stroke 24 inches. There were no miss-fires. The
mean pressure was 723 lbs,, and the engine indicated 77 H.P. The con-
sumption of cheap small anthracite was 065 1b. per I.H.P. hour. An
engine of the same size at Nice consumed 17 cubic feet of town gas per
B.H.P. hour. This engine is now made by the Railway and General
Engineering Co., Nottingham, in sizes from 4 to 20 B.H.P.

Express.—The Express, made by Messrs. Furnival & Co., of Red-
dish, near Stockport, was another single cylinder gas engine which
appeared after the expiration of the Otto patent. In design, con-
struction, and cycle of operations it closely resembled it. Four
engines, of sizes varying from 2 to 25 H.P., were shown at the Brussels
Exhibition in 1897, but its manufacture has now been discontinued.

The same remark applies to the small single cylinder horizontal
engine, formerly made by Mr. John Robson, of Shipley, on the Otto
principle, which has disappeared from the market.

Trusty.—This engine, made by the Shillingford Engineering Co., of
Cheltenbam, is a well-constructed motor using the four-cycle, and having
an explosion every two revolutions. The valves, of the mushroom type,
are worked by a side shaft driven from the main shaft, the water-
jacketed valve-box being placed at the side of the cylinder. Hot-tube
ignition is used without a timing valve, the tube being made of a metal
alloy. Governing is on the hit-and-miss principle, and the speed of the
engine can be adjusted while at work. In some engines the governor
consists simply of a weight attached to one arm of a lever swinging on
a pivot, the other shorter arm of which opens the gas valve, unless the
normal speed be exceeded. An 8 B.H.P. engine was tested at the
Crystal Palace Exhibition in 1892, when the consumption of gas was
24 cubic feet per B.H.P., and- 15'45 cubic feet per I.H.P. per hour.
This engine is made horizontal, single cylinder, in sizes from } to 80
H.P., and runs at 180 to 300 revolutions per minute. A special feature
claimed for it is that it can be converted into an oil engine, and vice
versd, without difficulty.

Robey.—This horizontal four-cycle engine is made by Messrs. Robey
& Co., of Lincoln (Richardson and Norris patents), for driving dynamos
for electric lighting, and other purposes. Coming from so well-known
a firm, this motor seems to be well designed and constructed, and is
already popular. It has heavy flywheels, and, as usual with this class
of motor, the hit-and-miss centrifugal governor, driven from the cam
shaft, is extremely sensitive; it acts on the gas valve in the smaller
engines by means of a lever and small roller. In the larger, it carries
a tripper blade, which engages with the end of the gas valve, and cuts
off the supply if the speed is increased. Ignition is by a tube heated by
a Bunsen burner; a double-headed valve, with two seats, is used to fire
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the charge, and great accuracy of ignition is obtained. By a special
arrangement the moment of ignition can be adjusted to suit the speed.
The number of revolutions can also be readily altered, and the engine
made to run, if required, at a low speed during the day and a higher
speed at night. A patent ‘safety combination” is provided to prevent
starting backwards, and by altering the eccentric lever the motion can
be reversed, and the engine run in either direction in a few minutes.
Engines above 9 H.P. are fitted with balanced cranks, and a Lanchester
self-starter is used to start all sizes above 15 B.H.P. The Robey engine
is made horizontal, single cylinder, single-acting, in sizes from 1} to 40
B.H.P., and runs at 350 to 170 revolutions per minute, according to size.
For electric lighting the speed is increased. The piston speed is about
600 feet per minute, and the consumption of lighting gas of 650 B.T.U.
heating value is 14 cubic feet per B.H.P. hour. This engine can also be
adapted to work with a suction gas plant.

National.—This engine, made by the National Gas Engine Co., of
Ashton-under-Lyne, is another four-cycle motor of an improved Otto type,
the manufacture of which has greatly developed within the last few years.
The special features claimed for it are the strength of the crank shaft
and working parts, and the care bestowed on their design for small as
well as large power engines. The vertical centrifugal governor is on the
side shaft. The porcelain ignition tube is placed at the side instead of
the back of the engine, and is isolated from the metal holder in which it
is fixed, an arrangement said to make it last longer, and to reduce con-
siderably the consumption of gas for the burner. All motors, except
the smallest sizes, have a timing valve. Engines worked with producer
gas, and in general all for large powers, are fitted with electric ignition.
The curfent for producing the spark is generated by a small magneto
machine, the contact breaker being inside the cylinder. This gives a
more certain ignition, especially where the quality of the gas varies, as
with power gas. The crank pin is lubricated by a sight-feed oil cup fixed
on the engine bed. A test made by Professor Robinson on a 25 B.H.P.
engine showed a consumption of 16 cubic feet per B.H.P. hour, of gas
baving a heating value of 630 B.T.U. per cubic foot. In another trial of
a 54 B.H.P. engine, the consumption of gas of the same quality was
15 cubic feet per B.H.P. hour.

A new type of engine with “super-compression” and a scavenger
blast of air has lately been brought out, based on the principle of
increasing the mean pressure in the cylinder, while reducing the tempera-
ture of ignition. As a rule, the temperatures developed in the cylinders
of large power engines have so greatly increased with the compression of
the charge, that water-jacketing, especially of the piston, is necessary. It
is claimed for this new type, by no less an authority than Mr. Dugald



GAS, OIL, AND AIR ENGINES.

120

TMITA _.s:o_\.oom.l.o:_m:m. [euoryeN—-z9 ‘Sig



THE NATIONAL GAS ENGINE. 121

Clerk (who is now a director of the Company), that in it the thermal
efficiency is raised, while the temperature in the cylinder is kept within
such moderate limits that the engine works without water circulating
through the piston.

A sectional view of a 250 B.H.P. engine is given at Fig. 62. The
working parts, as shown, are the same as those of an ordinary four<cycle
engine. While, however, the back end of the motor piston draws in,
compresses, and exhausts the charge in the usual way, the front end is
utilised as a pump, and sucks 1n at the same time a charge of air through
a valve operated by a cam on the valve shaft. As the valve closes, the
piston compresses the air into a reservoir forming a clearance space, and
communicating with the admission end of the cylinder through ports.
The pressure of air in the reservoir is about 16 lbs. per square inch. At
the end of the charging stroke, the ports in the reservoir are over-run by
the piston, and the air is drawn into the cylinder, raising the pressure of
the charge by about 7 lbs. per square inch. The further motion of the
piston closes the ports before -all the air in the reservoir is exhausted.

Mean Press., 108 lbs.
@00"C. Supercompression Press., 8 Ibs.
Compression Press., 180 lbs.
/200°C. Maximum Explosion Press., 500 lbs.
Maximum Temp. of Explosion, 1300° C.
Estimated 8uction Temp., 60° C.

}Abou Atmos.

Preocsure (n Yo per 3 n

Qo

Fig. 63.—Diagram of National ‘Super-compression” Engine.
Mean Pressure 103 lbs. per sq. inch above atmos.

At the next return (exhaust) stroke, the piston again opens communica-
tion between the reservoir and the motor cylinder, and draws in the
remainder of the slightly compressed air, which forms a scavenger charge,
driving out the exhaust gases before it. Thus the air-admission valve is
only opened once in every two revolutions, but the air under pressure is
utilised at each revolution—during the first stroke to increase the com-
pression of the charge, during the second to cleanse the cylinder of the
burnt products. To prevent the charge of compressed air from increasing
the temperature as well as the pressure in the cylinder, the reservoir is
cooled with water. In this way, as shown in the diagram (Fig. 63), the
mean pressure of the charge is raised to over 100 lbs. per square inch,
while the pressure of compression is 180 lbs. per square inch. All
engines above 250 H.P. are built on this principle of ¢super-com-
pression.” TFig. 64 gives an external view.

The National engine is made with one cylinder, horizontal only, from
2 to 160 H.P., to work with lighting gas, and runs at 500 to 160
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revolutions per minute, according to size, and for electric lighting, for the
same powers, with slightly increased speeds. A horizontal twin-cylinder
type is also made from 250 to 300 H.P. The output of this enterprising
firm is one of the largest in England, and they claim to manufacture
180 engines per month.

The Duplex, also called the Griffin, and made by Messrs. Griffin, of
Bath, is a small vertical fourcycle single-acting engine of rather novel
design. It has two cylinders and two pistons working downwards on to .
the crank shaft through one crosshead and connecting-rod. The two
parallel pistons are connected at their lower ends to a box crosshead, to
which the connecting-rod is attached. Ignition is by incandescent tube,
and the governor acts on the “hit-and-miss” principle on the single gas
valve supplying both cylinders. The admission and exhaust valves at the
top open directly into each cylinder, and are driven by a single cam from
the valve shaft in the usual way. All the parts, cylinders, and covers
are enclosed in one water jacket, the passages and chambers are kept cool,
and a good thermal efficiency is said to be obtained. Ignition takes
place alternately in either cylinder, with an impulse at every revolution.
In an engine made for driving a dynamo, the diameter of each
cylinder was 10} inches by 15 inches stroke, mechanical efficiency 86 per
cent. When run at 180 revolutions per minute the engine developed
46 I.H.P., with a gas consumption of 18} cubic feet per I.H.P. hour, and
40 B.H.P. with 21} cubic feet of gas per B.H.P. hour. If driven at 200
revolutions per minute, the engine will give 80 L.H.P. Drawings and a
description will be found in Engineering, May 20, 1898. This engine
is now worked almost entirely with oil as a marine motor.

Clarke, Chapman & Co. (Butler’s patent).—An engine has been
brought out by this firm which, although not entirely new, since several
foreign makers have utilised the idea with slight variations, does not
seem to have been previously introduced into England. The usual
ignition, admission, and exhaust valves have been replaced by a single
circular rotary valve, worked by an auxiliary shaft geared to the crank
shaft by worm wheels 4 to 1, thus rotating once every four revolutions or
eight strokes. This slow motion is intended to prevent wear and tear,
the various functions being carried out alternately on opposite sides of
the piston valve. The revolving valve has two ports for the supply
of gas and air, and two for exhaust, corresponding with the two passages
to the cylinder. If hot-tube ignition is used, the circular valve also
carries two ports for opening communication between the tube and the
cylinder at the proper moment.

The gas and air are first admitted, the air through a nozzle, and the
gas through a small screw regulating valve to an annular space round
it, and thence to & mixing chamber beyond. This device is called the
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inspirator. The charge then passes to a throttle valve controlled by the
governor, as in a steam engine. It is admitted through the ports in the
circular valve to the cylinder, and compressed, ignited, expanded, and
discharged in the usual way. The makers prefer to ignite the charge
electrically, and supply a coil and battery ; a timing commutator is then
fixed on the valve shaft. This method of ignition is said to facilitate
starting, but if tube ignition be required, the hot tube is fixed immedi-
ately over the valve casing. There is no timing valve, explosion at the
right moment being effected through the circular valve. The engine is
regulated by a weight governor on the flywheel. If the normal speed is
exceeded the weights fly out, and act through a shaft upon the throttle
valve in the admission pipe, diminishing the quantity entering the
cylinder more or less according to the excess of speed. The quality of

Fig. 65.—Clarke-Chapman Gas Engine—Single Cylinder. 1894-1899.

the charge is never varied, and as the governor does not interfere with
the working of the circular valve, there is an explosion at every cycle,
whatever the load. The pressure of admission is regulated by the
governor, according to the work, the speed being kept practically the
same. The engine is started by a small hand pump, which forces a
properly proportioned mixture of gas and air into a chamber, from whence
it passes through a valve into the cylinder, and is ignited either by the
burner or, preferably, by electricity. An external view of the engine is
shown at Fig 65, but its manufacture has now been discontinued.

A description of the Dawson high-speed four-cycle engine will be
found at p. 107 of the Third Edition. It is no longer made.

Small Motors.—Of the numerous gas engines brought out within
the last few years in England and abroad, many are made almost ex-
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clusively for small powers. These little engines do not vary much in
make, all being of the Otto four-cycle type; their main recommendation
is not so much economy of gas as lightness, simplicity, and the ease with
which they are started and worked. In many industrial operations the
use of small gas motors often makes the difference between profit and
loss to the employer, particularly with the difficulties of modern labour.

Gardner.—According to the makers of this engine, whose works
are at Colne, in Lancashire, over 1,000 have been sold in five years. It
is made fourcycle, single cylinder, single-acting, both horizontal and
vertical, in sizes from } to 20 B.H.P. Hot-tube ignition, without a
timing valve, is used for the smaller sizes; in the larger, electrical
ignition has been successfully employed. The engines run at 450 to 190
revolutions, and have a piston speed of 300 feet per minute in the
smallest to 500 feet in the larger sizes.

Roots.—In this engine, invented by Mr. Roots, the pressure of the
exhaust gases was utilised to give a second working stroke. In other
words, the engine was partly double-acting, having a motor impulse on
either side of the piston, but combustion taking place on one side only.
The usual operations were gone through on one side of the piston, and
the exhaust gases then passed through ports to a space on the other side,
containing compressed air, and acted on the piston to drive it back.
This motor is no longer made ; the Roots engine is now driven only with
oil, and used in motor cars.

The Dudbridge, by Messrs. Humpidge & Holborow, Stroud, is
a motor of the four<cycle Otto type, with one or two cylinders, presenting
no novel features. The air and exhaust valves open directly into the
cylinder without connecting ports, an arrangement said to reduce the
amount of cooling surface affecting the incoming charge, and hence to
give a better combustion. Ignition is by a metal tube heated by a ring
burner, and there is no timing valve for sizes below 20 H.P. All engines
are fitted with a self-starter, the larger sizes being started by compressed
air. Lubrication is automatic, and the supply of oil is stopped if the
engine is not running. The centrifugal governor acts on the “hit-and-
miss ” principle. The engine i made horizontal only, in sizes from § to
110 B.H.P. with one cylinder, and up to 220 B.H.P. with two cylinders,
and runs at 350 to 160 revolutions per minute. For driving dynamos
the power is increased up to 250 B.H.P. with two cylinders, and the
speed is greater. The power at the Dudbridge Iron Works is supplied
by a gas producer on the Dowson system, fired with anthracite.
Engines from 15 to 250 B.H.P. can be fitted with these ‘fuel-gas”
plants. The consumption of lighting gas of 650 B.T.U. per cubic foot
is said to be about 154 cubic feet per B.H.P. hour.

The gas engine made by the Newton Electrical Works, Taunton,
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is another of the usual four-cycle type, of simple design. Air is drawn
in from the base of the engine, and both the gas and air valves are
worked by one cam from the side shaft. The rotary ball governor acts
upon the gas admission, and varies the supply of gas in proportion to the
load. Ignition is by hot-tube ignition without a timing valve. The
water-jacketed exhaust valve is driven by another cam on the side shaft.
The engine is made horizontal only, in sizes from 2 to 34 B.H.P., and
runs at 340 to 190 revolutions per minute.

Messrs. Grice & S8ons, Birmingham, have brought out the ¢ Birming-
ham* gas engine (Grice and Rollason’s patents), a four-<cycle, single
cylinder, horizontal motor, specially intended to supply power for small
industrial purposes, for which it is much in demand, such as printing,
metal working, &c. The engine is very simple, with few parts; lift
valves are used, with hot-tube ignition, and & rotary governor. It is
made in sizes from 1 to 90 B.H.P.,, and runs at 250 to 150 revolutions
per minute.

The Globe, made by Messrs. Pollock, White & Waddel, of Johnstone,
near Glasgow, is an engine of the ordinary Otto type, with hot-tube
ignition and mushroom valves, worked by cams from a side shaft driven
in the usual way. The inertia governor acts on the gas-admission valve,
and wholly cuts off the supply if the normal speed is exceeded. The
engine is made horizontal only, single cylinder, single-acting, in sizes
from 1 to 50 B.H.P., and the piston speed is about 500 feet per minute.
It was exhibited at Brussels in 1897.

The Ideal, by Messrs Hardy & Padmore, of Worcester (South-
all’s patents), is a well-designed engine of the usual type, the admission
and exhaust valves being at the back of the engine, and worked by cams
on the side shaft, geared 2 to 1 to the main shaft. The ‘ hit-and-
miss ” governor acts by cutting off the supply of gas if the normal speed
is exceeded ; air only is then drawn in by the piston, compressed, and
discharged to atmosphere, till the speed has fallen. Ignition is by a hot
tube, and a timing valve in the smallest sizes is dispensed with. The
engine is made from 1 to 8 H.P. with a speed of 450 to 300 revolutions
per minute.

A small engine of the same class is the Drake, made by Messrs.
Drake & Fletcher, of Maidstone, and similar in type to their oil engine.
1t is bailt horizontal only, from 1 H.P. upwards, and runs at a somewhat
high speed. The Capell (R. L. Capell, Northampton) and the Smith-
fleld (Green & Sons, Blackfriars) are two small gas engines of the
ordinary type ; the latter is made from 1 to 20 H.P., and runs at 235 to
160 revolutions per minute.

A description of the Edmondson starter will be found at p. 110 of
the Third Edition. Like the Lanchester, it is now seldom used, most
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gas engine builders supplying their own starters, which chiefly consist
of a reservoir of compressed air, with starting valve and connections.

Vogt.—This engine, designed by Messrs. Vogt and Recklinghausen,
is at present in the experimental stage, but the principles it embodies
and the working method are so novel that a brief description of it must
be given. It is a double-acting engine, giving two impulses per revolution
in one cylinder. The most striking peculiarity is that the explosions
take place over water, with which the motor cylinder is filled, and
neither a water jacket nor lubricating oil are required. The engine
consists of a horizontal motor cylinder, with two vertical combustion
chambers above it, one at either end. The cylinder is completely, and
the combustion chambers partly, filled with water, which in the latter is
maintained at a level varying with the pressure of explosion. The air,
gas, and exhaust valves are all in the upper part of each combustion
chamber, and, together with a water valve below the cylinder, are driven
by eccentrics. Air and gas are supplied under pressure from pumps, the
air pump being directly connected to the piston, and the gas pump
driven slightly in advance, from the crank shaft.

The action of the engine is as follows:—Gas and air being com-
pressed in the usual way in the combustion chamber at one end of the
cylinder, are fired by electricity. The explosive pressure forces down
the column of water below it, and the impact drives the motor piston to
the other end of the cylinder, where the same action is repeated. Just
before the end of this stroke the exhaust valve opens, the level of water
sinks, uncovering the air valve, and the incoming air during the return
stroke drives out the products of combustion. As the exhaust valve
closes the gas valve opens, and the charge of gas and air is compressed
and ignited as before. One of the characteristic features of the engine
is the action of the governor on the water valve at the bottom, through
which a little water is withdrawn at each stroke, a small quantity being
injected to supply the deficiency. If the engine is running under a
heavy load more water is withdrawn, the compression space is thus
increased, and the governor at the same time closes the exhaust valve
and opens the gas valve earlier in the stroke. More gas enters the
cylinder, more air remains in it, and therefore the compression does not
vary. If the engine is running light the process is reversed ; less water
escapes through the valve, the closing of the exhaust and opening of the
gas valve are delayed, and both the compression space and volume of the
charge are reduced. In this way the size of the compression chamber is
varied, the degree of compression remaining constant. By adjusting the
spring of the water relief valve, compression may be regulated to suit
the load on the engine, and the quality of gas used. The electric igniter
being almost at the top of the combustion chamber, the water does not
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reach it and throw it out of gear. Both the air and gas may be stored, and
delivered from an intermediate receiver, an arrangement also proposed in
other motors.

The Vogt engine has at present been made only in a small 1§ H.P.
size, which was tested by Professor Capper and Mr. H. A. Humphrey.
In the latter trial it gave a consumption of 16 to 18 cubic feet of light-
ing gas per B.H.P. hour, a remarkable result for so small an engine. An
advantage claimed for it is that, if poor gas charged with a considerable
amount of dust be used to drive it, the water would eﬂ'ectua.lly clean the
gas. The engine is started by compressed air.
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CHAPTER VIIL

MODERN FRENCH GAS ENGINES.

CoxTeNTS. —Simplex—Delamare-Cockerill—Second Lenoir—Charon—Tenting—Niel
— Letombe — Small French Engines — Brouhot — Bénier — Duplex—Gnome —
Belgian Engines.

S8implex.—Among the various engines which have appeared to com-
pete with the Otto, one of the best is the Simplex, brought out by MM.
Delamare-Deboutteville and Malandin in 1884. The Deutz firm con-
tended that their patent had been infringed, but the law suit which
ensued was decided in favour of the Simplex. Although the Beau de
Rochas cycle is used, the engine differs in the ignition and regulation of
the speed, and the cycle is slightly modified. Ignition takes place when
the piston has moved out a little, and not at the dead centre. The
engine is horizontal, single-acting, and, till quite recently, single cylinder
only in all sizes. In the Simplex cycle the usual sequence of operations
is adhered to, giving one explosion for every two strokes forward and
two strokes return, or one motor impulse in four. The compression
space was from the first rather smaller, and the gases more highly com-
pressed than in the Otto, and these high initial pressures and tempera-
tures are a source of economy, because a poorer mixture can be used, and
less gas is required. The charge is ignited electrically by a series of
sparks. The- piston, being allowed to move out a little before the ex-
plosion takes place, works more easily and quietly, and there is less
shock to the bearings. Not only the pressure of the gases, but the
pureness of the mixture is increased, and the products of combustion
more completely expelled, because of the smaller space into which the
charge is driven.

The system of electric ignition adopted by M. Delamare-Deboutteville
obviates most of the attendant drawbacks, except that a battery and coil
are required to generate the sparks. Of all the many devices hitherto
resorted to for firing the explosive mixture, none of them can be called
perfect. The plan originally adopted by Otto, of carrying a lighted flame
to and fro in the slide valve, was open to many objections, and the great
heat to which the slide valve was exposed soon deteriorated the quality
of the iron, and made the joints shrink. Ignition by a hot tube has not
these disadvantages, but firing by electricity has been universally adopted
abroad. As employed by Lenoir and his successors, the system was

9
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defective, and there were frequent miss-fires and premature ignitions,
while sometimes no sparks were produced. In the Simplex, the ingenious

Fig. 66.—Simplex Engine—Side Elevation.

Elevatiorn.

Side

Simplex Engine 1884-1899.

$
X <
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method has been adopted of introducing the two ends of the wires into
an isolatedfchamber in the slide cover, and allowing a continuous stream
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of sparks to play between them. A slide valve moves to and fro between
the slide cover and the cylinder, at half the speed of the crank shaft.
At a given moment, a zig-zag passage in the slide valve is brought
opposite the ignition chamber, and opens communication between it and
the admission port into the cylinder. Part of the charge, already highly
compressed by the back stroke of the piston, rushes through the passage,
is fired, and ignites the mixture in the cylinder. The moment of igni-
tion, therefore, is regulated, not by the generation of the electric sparks,
but by the movement of the slide and the edges of the port, and pre-
mature ignition cannot take place. This method of ignition requires a
very pure explosive mixture. At the moment, therefore, when the com-

Fig. 67.—Simplex Engine.

pressed gases, driving before them the residuum of burnt products, pass
from the cylinder into the slide valve, and just before the edges of the
passage are brought opposite the firing chamber, a small hole opens
communication with the outer air. The fresh mixture is at so high a
pressure that all the burnt gases are instantly discharged through this
opening, and the new charge is ready to be exploded.

Fig. 66 gives a side elevation, Fig. 67 a back view, and Fig. 68 a
sectional plan of the Simplex engine. It has a single horizontal cylinder
open at one end, working direct through a connecting-rod on to the crank,
and a counter shaft driving the admission, distribution, ignition, and
exhaust by worm gearing from the crank shaft. A is the motor cylinder,
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P the piston, C the connecting-rod, and K the crank shaft. E and F are
the wheels actuating the side shaft R, which makes one revolution for
every two of the crank shaft. B is the base plate, M the mixing chamber

1884-1899.

Fig. 68.—Simplex Engine—Sectional Plan.

<

for the gas and air at the back of the cylinder, S the horizontal slide
valve driven by the side shaft R; V and V’are_the flywheels,"and U
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and U’ the pulleys. The cylinder is cooled by a water jacket; the
water enters at ¢, and is discharged at ¢, Fig. 66. e is the exhaust

1884-1899.

Fig. 69.—Simplex Engine—Sectional Plan of Admission Valves, Air Governor, &c.

opening at the bottom of the cylinder, communicating with it through
the valve 8. The air enters at H, the gas at g, through a pipe at right
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angles to it. Both pass into the distributing chamber M, and from
thence through slide valve S into the small chamber B’ in the rear of
the cylinder, where they are compressed by the back stroke of the piston.
In an engine of 6:7 B.H.P. tested with town gas by Professor Witz, the
volume of the compression space was 32:4 per cent. of the total cylinder
volume ; with power gas it is only 256 per cent.

The side shaft terminates in a small crank £ working the slide valve,
and moving it once to and fro for every two revolutions of the crank
shaft. The discharge pipe for the exhaust gases is seen at Fig. 66. The
exhaust pipe e is closed by the valve S,, held upon its seat by the spring
J- At a given moment, a little before the end of the stroke, to avoid back
pressure on the piston, a cam upon the side shaft R presses down one end
of the lever L, the other end rises, releases the valve S, from the spring j,
and pushes it up, and the exhaust gases pass out through e.

Fig. 69 shows a sectional plan of the organs of admission, distribution,
ignition, and the air governor, all at the back of the cylinder. S is the
slide valve, £ the small crank on the counter shaft working it, and M the
distribution chamber, with three openings, for the air at H, the gas ad-
mission at g, the valve of which is controlled by the air governor G ; the
third is the cylinder admission port, as shown by the arrows. At I is the
ignition chamber, into which the ends of two electric wires surrounded
by porcelain insulators are introduced, and a continuous stream of sparks
plays between them. The slide valve has two openings, a rectangular
passage ¢, in line with the cylinder port and distribution chamber, and an
oblique opening f, which, as the slide moves to the right, brings the
lighting chamber I into communication with the cylinder through the
same port.

To regulate the speed, a sensitive air-barrel governor is used in some
engines. If the speed be too great, the governor wholly cuts off the
supply of gas, and admits air only for one or more revolutions. The
slide valve S, Fig. 69, carries a small horizontal cylinder ¢, cast with it in
one piece. The piston and rod of this cylinder are fixed to the slide
cover, and the cylinder slides to and fro over them with the movement of
the slide valve. At the opposite end of the cylinder ¢ is a small opening
k', through which air is admitted and driven out by the piston at each
forward movement of the slide, the quantity being regulated by a micro-
meter screw. At right angles to the cylinder ¢ and the slide valve is a
second smaller cylinder =, the piston-rod of which ends in a knife edge o
fitting into the rod opening the gas valve. If the speed is normal, a
cylinder-full of air is taken into and expelled from cylinder ¢ at each to
and fro movement of the slide valve, the piston of cylinder n does not
move, and the knife edge o pushes the gas valve open. But if the speed
be too great, more air is admitted into cylinder ¢ than can be driven out
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during one revolution, the pressure acting upon the piston in = drives it
down, the knife o misses the edge of the gas valve-rod, and no gas is
admitted.

In other engines a pendulum governor was formerly used, constructed
on the principle of two pendulum weights, a lighter and a heavier, swing-
ing on a fixed pivot at either end of a rod (see Fig. 67). The variation in
the speed was obtained by a weighted knife-blade acting upon the gas
valve. The lower heavier weight carried a notch, which at normal speed
engaged with the knife-blade, and the gas valve was opened. If the
speed of the engine was too great, the knife-blade was carried forward too
soon, missed the notch, and the gas valve remained closed. A simple
* method of starting, by introducing the explosive mixture during the
third or compression, instead of during the admission stroke, was
patented by M. Delamare. The piston was stopped at the end of com-
pression, and the compressed gases allowed to escape. The flywheel was
then turned by hand, until the piston had moved through three-quarters
of the stroke, and gas and air were admitted through a three-way cock to
the cylinder. The movement of the flywheel was next reversed, the re-
turning piston slightly compressed the charge, the electric current was
switched on, and the engine fairly started.

The single cylinder 100 H.P. Simplex engine attracted much attention
at the Paris Exhibition of 1889. The diameter of the cylinder was 23
inches, length of stroke 3 feet 2 inches, mean speed 100 revolutions per
minute, and the initial pressure of the gases 6 atmospheres. For further
particulars see Table of Trials.

The Lencauchez system of power gas has been adopted for driving
larger engines, and several important plants, combining the Lencauchez
generator and the Simplex engine, have been erected. One of these at
the Pantin Flour Mills, near Paris, worked well for several years with
gas supplied by two Lencauchez generators. During a long run test the
indicated H.P. was about 280, brake power 220 H.P., mechanical
efficiency 78 per cent. The consumption of non-bituminous Anzin coal
(French) was 0:80 lb. per I.LH.P., and 10 lb. per B.H.P. hour. The
heating value of the gas was 152 B.T.U. per cubic foot.

Another plant at Aubervilliers, near Paris, consists of three Simplex
80 H.P. gas engines working a set of dynamos, which transmit power
electrically to the different machines of some large chemical works. In a
test made in 1894 the consumption was 1-4 lbs. of coal per B.H.P., and
11 lbs. per LH.P. hour. At Etrepagny, in Eure (France), the town is
lighted electrically by a 62 B.H.P. Simplex engine driven by Lencauchez
gas. During a trial the consumption of French coal in the generator was
1:3 lbs. per B.H.P. hour. The water supplied to the town of Laval is
also raised by pumps driven by an 80 H.P. Simplex engine worked with
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generator gas. Most of the tests on these motors will be found in the
Tables. Professor Witz’s experiment on the 100 H.P. engine at the Paris
Exhibition was one of the best. Fig. 70 shows an indicator diagram
taken during the trial. .

A new impetus has been given to the construction of the Simplex
engine by the application of blast-furnace gases to drive it, at the large
works of the Société Cockerill, at Seraing, in Belgium. The importance
of the new industry, in which this distinguished firm have been pioneers,
is shown in Chapter xii. They are now the makers of the Simplex, and
to work it under these new conditions they have introduced various
modifications. The engine has for some time been known as the
“ Delamare-Cockerill,” or more briefly the ¢Cockerill.” It has been
adapted for very large powers, the shape of the cylinder head being, it is
said, peculiarly well suited for use with producer and blast-furnace gases,
which contain a certain quantity of dust. The method of electric ignition
has been retained, and a “ Bosch ” electric apparatus is sometimes used.
The valves are placed as far as possible from the cylinder, where the
highest temperatures are developed, and the exhaust valve, the piston and
piston-rod, as well as the cylinder and cover, are water jacketed. The

s
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Fig. 70.—Simplex Engine—Indicator Diagram.

quantity of cooling water is said to be rather more than in other single-
acting engines, to counteract the greater heat developed in the large
cylinder. It varies from 13 gallons per H.P. hour in single-acting to 11
gallons in the double-acting engines, and the temperature of the water is
raised from 60° F. to 120° F. A pressure of about 14 to 20 lbs. per
square inch is required for the water to the valves and cylinder jacket,
and of 35 to 70 lbs. for that to the piston and rod. The quantity of
lubricating oil is from 14 to 2 grammes per H.P. hour.

As soon as the engine was applied to large powers, a change in the
method of governing became necessary. The 200 and 600 H.P. single-
cylinder engines, mentioned at pp. 255, 2566, are both governed on the
original “hit-and-miss” principle by an air barrel governor, as described
above. But when compression in motors driven with blast-furnace gases
was increased to a maximum of 185 lbs. per square inch (13 atmospheres),
this system was no longer applicable to single-cylinder engines, because
of the great variations in the speed. The Cockerill firm, therefore, while
retaining the air governor, decided to govern by varying the volume
of the charge, its composition remaining constant. Air and gas are
admitted into the combustion chamber through a vertical double-seated
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valve, which is lifted for a shorter or longer time during the admission
stroke, according to the load, and ¢ variable admission ” is thus obtained.
The side shaft works a second shaft driving the governor, which consists of
a small cylinder in which two vertical pistons move in opposite directions.
The lower is connected to the engine, and rises more or less according
to the speed. The air between it and the upper piston can only escape
through an orifice of given size. If therefore the speed is increased, the
pressure of the air drives up the upper piston, and a catch connected to
the admission valve is released, by means of a series of levers and rollers.
The valve is closed earlier in the suction stroke, and a smaller portion
of the charge thus enters the cylinder. This method is suited to single-
cylinder, or side-by-side engines, but not for tandem engines, of which
the Cockerill firm now build many. In the latest types a rotary ball
governor is used, and the admission, air, and gas valves are all placed one
above the other at the top of the cylinder. The admission valve, carry-
ing the air valve with it, is worked by levers and a cam on the auxiliary
shaft, and closed by a spring; the gas valve immediately above it is
driven by a separate lever. A catch worked from the cam shaft holds
the gas valve lever stationary, while the admission and air valves descend.
At a given moment of the stroke, the governor releases the catch, and
gas enters the mixing chamber. Thus if the speed be too great, air alone
is first admitted and less gas afterwards, but as it enters near the
ignition port the charge will always ignite, to whatever extent the
governor may diminish the quantity of gas per stroke. Some of the
large Cockerill engines are now started by compressed air, but in general
this firm prefer to use a small benzine “ Longuemare ” carburator for the
purpose. The flywheel is turned by an electric motor, and the explosion
is produced by admitting carburetted air behind the piston.

The Seraing firm are almost alone among builders of large gas engines
in retaining the single-cylinder type for powers up to 600 H.P., and they
have constructed one engine single-acting, developing above 700 H.P. in
a single cylinder. In view of the large powers now and probably in the
future required for gas engines, they maintain that if, as in Deutz engines,
the power in each cylinder is limited to 250 H.P., the number of cylinders,
in engines developing 2,500 H.P. and upwards, will be inconveniently
increased. Where great regularity in running is not required, as in
blowing engines, they advocate the use of one cylinder, but two or more
cylinders, giving at least one impulse per revolution, are desirable for
driving dynamos. Like most of the chief firms they have brought out
a double-acting type, in which the four-cycle is carried out on either
face of the piston, in a cylinder closed at both ends. By this means the
power developed in each cylinder is doubled, but as the two motor
impulses succeed each other during ome revolution, the engine doing
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only negative work during the next, perfect regularity in running is not
obtained. This is a defect inherent in all double-acting four-cycle engines.

The Cockerill firm make singlecylinder engines, as described ; engines
with two cylinders, either side by side or tandem, up to 1,250 H.P., and
a double tandem type with four cylinders and two motor impulses per
revolution. These arrangements are duplicated in the double-acting type,
developing powers up to 5,000 and 6,000 H.P. As a rule, the Cockerill
engines require from 10,300 to 11,000 B.T.U. per B.H.P. hour. The
consumption, therefore, with blast-furnace gases having a heating value of
100 B.T.U. per cubic foot would be about 103 to 110 cubic feet, and
about 70 cubic feet of producer gas of 156 to 168.B.T.U. per cubic foot.

The manufacture of the Cockerill engines has now been acquired for
England by Messrs. Richardson & Westgarth, of Middlesbrough, who
make them of the type already described, governing by variation in the
volume of gas admitted, with constant compression. " They have con-
structed a plant, shown at Fig. 71, to work with coke-oven gases, the
~ largest installation of its kind at present in England ; and have supplied
an 800 H.P. singlecylinder engine to drive the blowing engines at Sir
A. Hickman's Works, Bilston. They claim to be builders of the largest
gas engines in England, and have in hand or already constructed twelve
single-cylinder engines of powers varying from 250 to 800 H.P., and
three tandem double-acting, developing 500 and 750 H.P.

The Cockerill engines are made in France by the Creusot firm; in
Austria by Breitfeld & Danek, of Prague; and in Germany by the
Markische Maschinen-Bau Anstalt, Wetter. The Seraing and affiliated
firms have already built 126 engines, with an aggregate of nearly 100,000
H.P., the bulk of which are worked with blast-furnace gases. Fig. 72
gives a view of the Central Electric Station at Seraing, consisting of
three Cockerill engines, all driven with blast-furnace gases. In the fore-
ground is a tandem double-acting 1,500 H.P. engine, with 3 feet 3 inches
cylinder diameter, and 3 feet 7 inches stroke ; speed, 100 revolutions per
minute. Behind are two single-acting tandem engines, developing 700
H.P. Diameter of cylinders, 3 feet; stroke, 3 feet 3 inches; number of
revolutions, 135. These engines were started in February, 1904.

Second Lenoir.—Since the introduction of his first motor in 1860,
Lenoir, the pioneer of gas engines, had been incessantly working to
perfect his invention and to remedy its defects, especially the large
consumption of gas. Sixteen years later, in 1876, a new direction was
given to the efforts of mechanical engineers by the appearance of the
Otto, and Lenoir, abandoning the lines on which he had formerly worked,
introduced, in 1883, an engine in which the Beau de Rochas cycle was
closely followed. This engine has one motor impulse in four. The
charge is fired electrically, and the piston moves out so little during
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explosion, that ignition practically takes place at constant volume. The
cylinder is divided into two parts, the water-jacketed motor cylinder, in -

Fly Wheel

R Gas & air inlet
Fig. 73.—8econd Lenoir Gas Engine—Sectional Plan.

which the piston works, and the compression chamber, which is cooled
only by air in contact with radiating cast-iron ribs. The incoming gases,
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as they pass through this chamber, are heated prior to ignition, their
" pressure is thus increased, and although a poor and greatly diluted
mixture is used they ignite easily. The motor is not made in large sizes.

Fig. 73 gives a sectional plan of the engine. A is the motor cylinder,
with piston P, B the compression chamber surrounded by external
ribs, E is the opening for the exhaust at the further end of the com-
pression chamber, D the valve chest at the side of the cylinder, containing
chambers for the admission, mixing, and ignition of the charge. A por-
tion of the piston-rod is seen at p, working through the connecting-rod
and a strong cylindrical guide g on to the crank shaft K. The various
organs are worked by a counter shaft R, driven from the main shaft by
two spur wheels ¢ and /] in the proportion of 2 to 1. Upon it are two
cams ¢’ and ¢”, and a projection ». The exhaust E is opened by the lever
N and the rod O from the cam ¢". The valve chest D is divided into J
the admission, and I the mixing and ignition chambers, with valve H
between them. The air enters from below at m, and the gas from above ;
the governor acts upon the gas admission
pipe. The cam ¢’ admits the gas, and the
charge passes through the channel g into
the cylinder, and is fired electrically at k.
Contact is established or interrupted by
the projection » on the counter shaft R,
which at a given moment in the cycle
of the engine closes the circuit, and pro-
duces the spark. The passage ¢ is always open to the cylinder, but the
charge cannot ignite until the maximum pressure is reached. For
starting, the valve shaft carries a second smaller cam, opening the
exhaust valve during the compression stroke.

M. Tresca, who had been the first to experiment upon the original
Lenoir motor, made trials upon the modern engine, in which the con-
sumption was 24 cubic feet of gas per I.H.P. per hour. The indicator
diagram is shown at Fig. 74. In a 16 H.P. engine the consumption of
Paris gas per B.H.P. per hour was a little over 21 cubic feet.

Charon.—This engine was patented in 1888, and shown in the
French section of the Paris Exhibition in 1889. It is a horizontal
fourcycle motor, resembling the Otto in outward appearance and
mechanical details, with lift valves and electric ignition. To obtain
greater expansion in proportion to admission and compression of the
charge, a novel feature has been introduced in the construction of this
engine. The student will already be familiar with various devices of
this kind, but the method employed by M. Charon, although complicated,
is original and ingenious, and gives a real economy in the consumption

of gas.

Fig. 74.—Second Lenoir Engine—
Indicator Diagram.
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The engine has two valves, one to admit gas alone, the other for the
admission of the charge of gas and air to the cylinder. In the latter
valve the air enters centrally from below, and the gas circumferentially
through a number of small holes immediately below the valve seat.
When the piston has reached the end of the first out stroke, with the
full charge of gas and air behind it, the gas valve closes, but the ad-
mission valve remains open during the first part of the return stroke.
This valve communicates through a pipe with a spiral coil in a cylindrical
chamber shown to the left in the drawing, Fig. 75. At the top of the
latter the air enters, and is drawn through the spiral coil before it

—
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Fig. 75.—Charon Gas Engine.

passes to the admission valve. As this valve does not close at once, a
portion of the gases, instead of being compressed in the cylinder, passes
into;the spiral passage, driving out the air in the latter. The valve then
closes, and during the remainder of the stroke the charge is compressed
bylithe piston in the usual way, ignited, expanded, and discharged.
When the cycle recommences, the admission valve again opens as well
as the gas valve, and part of the gases stored up from the previous
charge are first drawn in, then air from the atmosphere through the
chamber. The next compression stroke refills the spiral coil.

The usual operations are effected by lift valves worked by cams on a
side shaft. There are four cams, actuating respectively the gas valve, the
valve admitting the charge to the cylinder, the ignition and exhaust.
The electric wires are carried into a small chamber at the back of the
cylinder, immediately above the admission valve. Contact is interrupted
by a lever moved by a cam on the side shaft, and the spark is produced
just before the crank reaches the inner dead point. Great care is taken
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in this engine to determine the precise moment of ignition. The speed is
ingeniously regulated in the following way :—The ball governor acts not
only on the gas cam, but upon the cam opening the admission. Both
cams are slightly conical. If the normal speed is exceeded, the governor
alters the position of the cones horizontally on the side shaft, the effect
being that the gas valve is opened for a shorter, the admission valve for a
longer, period. The greater the excess of speed, the longer the latter is
kept open. More of the gas and air pass into the spiral coil, less are re-
tained to be compressed in the cylinder, and the charge will be poorer in
quality and less in quantity, until the speed is reduced within normal
limits. In this way the strength of the explosion, the expansion of the
charge, and the compression are varied by the governor, in accordance
with the work done, but no ignitions are missed. The exhaust is similar
to that of the Otto engine.

The difficult problem of varying the compression and expansion of the
charge seems in this engine to have been ingeniously treated, and the
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Fig. 76.—Charon Gas Engine— Vary- Fig. 77.—Charon Gas Engine—Vary-
ing mechanical efficiencies according ing consumption of gas according to
to power, on same engine. power, on same engine.

makers claim a considerable economy of gas. A trial by Witz in 1895 on
a 60 B.H.P. engine showed a consumption per hour per B.H.P. of 16
cubic feet of lighting gas, having a heating value of 588 B.T.U. per cubic
foot. For details see Table. In a 60 H.P. engine officially tested at
Bordeaux in 1897, the consumption was the same. M. Rateau made a
trial on a 50 B.H.P. engine at St. Etienne, in which 166 cubic feet of gas
were used per B.H.P. hour. A series of trials upon a 50 H.P. Charon
engine were also carried out by MM. Cuinat and Allaire in 1894. The
engine had two cylinders, each 13-7 inches diameter, and 236 inches
stroke, and ran at 150 revolutions per minute. The novelty of these ex-
periments was that fifteen separate trials were made at powers rising by
degrees from 16} B.H.P. up to a maximum of 53 B.H.P, and for each
power a corresponding indicator diagram was taken. These successive
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diagrams showed that when the engine was worked at a power much below
normal, the explosion line was almost horizontal ; in other words, com-
bustion of the charge took place. As the weight on the brake increased,
the line rose until at the maximum power it became vertical, proving
that explosion was almost at constant volume. The sixteen indicator
diagrams are given in the original report. The following diagram, Fig.
76, shows the varying mechanical efficiencies, according to the power on
the engine. It will be seen that the efficiencies rise in a regular curve
in accordance with the work done. With 16} B.H.P. developed on the
brake, the mechanical efficiency was 52 per cent., and rose to 91 per cent.
at 53 BH.P. The next diagram, Fig. 77, gives the curve of varying
consumption of gas, according to the B.H.P. upon the engine. At 16}
B.H.P. this consumption was 38 cubic feet per B.H.P. hour, at 24}
B.H.P. it was 26} cubic feet, and at 53 B.H.P. it was 17 cubic feet per
B.H.P. hour, being 2} times higher with the minimum than with the
maximum power developed on the brake. '

An interesting application of these engines to electric lighting has been
made at the National Printing Office in Paris by the Société des Indus-
tries Economiques, the makers of the Charon. Till within the last few
years this large establishment, with a staff of 1,800 workmen, was
lighted by gas. The building is old, but electric light, though urgently
needed, could not be installed, it was said, on account of the expense.
Some years ago the Société des Industries Economiques undertook at
their own cost to set up a complete plant of engines driving dynamos.
They agreed to supply electric light throughout the printing office for
thirteen years at a lower cost than was formerly paid for gas, and at the
end of that time the whole installation is to become the property of the
Government. The plant comprises four Charon engines of 45 H.P., and
four dynamos, supplying 2,500 electric lamps at present, but the number
can be increased to 3,000 for the same power. The dynamos are driven
by straps from the engines, which are worked by town gas, and run always
at full load. The price now paid for lighting is the same as formerly, with
double the light, and the Société will be able to cover their original outlay
and make a good profit before the expiration of their term. A complete
account of this development, with drawings, will be found in Witz,
vol. iii., p. 435.

The Charon engine is made horizontal, single cylinder, from 1 to 100
H.P, and with two cylinders side by side from 25 to 200 H.P., and runs
at 270 to 150 revolutions per minute. A small vertical single-cylinder
type has been introduced, in sizes from 1} to 4 H.P., running at 270 to
240 revolutions per minute. About 1,500 of these engines have been
made in France in nine years.

The Tenting is a horizontal, single cylinder, single-acting engine,

10
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using the Beau de Rochas cycle. It presents no remarkable features, but
is simple in construction, and has been adapted for propelling carriages.
The various types of the Ravel engine are now no longer made. M.
Ravel introduced a new type in 1888, drawings of which will be found
in Witz and Chauveau, but its construction has now been given up. A
few Forest engines are worked with gas, but they are now mostly driven
with oil, for motor cars and marine work. One was exhibited at Paris in
1889.*%

Niel.—The Niel, which first appeared at the Paris Exhibition of 1889,
is a horizontal engine of the Otto type, with several ingenious modifica-
tions. The exhaust is a vertical lift valve ; the admission gear is worked
from a side shaft geared to the main shaft by worm wheels. In the
original type this valve shaft actuated a conical revolving valve, with two
apertures for the admission and ignition of the charge. Air was admitted
from a reservoir, or through the base of the engine. By the rotary motion
of the valve the charge was drawn into the cylinder through one of the
ports, and to diminish the shock admission lasted only during two-thirds
of the stroke, the charge expanding slightly during the last third. This
is shown in the indicator diagram, Fig. 79, where the initial pressure of
the gas and air falls slightly below that of the atmosphere. At the end
of the return stroke the conical valve opened communication through the
other port with the hot ignition tube. A thin metallic diaphragm in this
conical valve, acted upon by the pressure of the gas in the cylinder, pre-
vented leakage while the charge was fired. The oscillating governor
consisted of a T-shaped, three-armed lever, driven from an eccentric on
the crank shaft. If the speed became too great, the arm opening the gas
valve was displaced, and no gas admitted. The engine was started by
compressing a charge of gas and air by hand into a reservoir. Communi-
cation was then opened with the motor cylinder, and the products of
combustion in the latter were expelled by the fresh compressed mixture.
Drawings of this engine, and a description by M. Moreau, will be found
in the Comptes Rendus de la Société des Ingénieurs Civils, October, 1891,

A new type of the Niel engine has lately been brought out, in which
compression pressures of 140 to 170 lbs. per square inch are realised.
As seen at Fig 78, the exhaust valve is below the cylinder, and driven
from a cam on the side shaft. The cooling water is admitted at the
bottom, close to the exhaust valve and combustion chamber, where the
temperature is highest and circulates first round the valve, being dis-
charged at the top. The exhaust opens when the crank is 50° behind
the dead point, the temperature in the front part of the cylinder is there-
fore not so high as at the back, and the water jacket is here made smaller.
The governor acts on the gas and admission valves, and through them on

* For descriptions see the earlier editions of this book.
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the air supply, but the “hit-and-miss” principle has been abandoned.
As in other modern motors, these valves are arranged vertically, one
above the other, at the top of the cylinder. The section of the gas valve
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is varied according to the calorific value of the gas used, and by adjust-
ing the opening of the valve the engine can be run with any kind of
explosive gas. The air enters at right angles to the gas, through a

Fig. 78.—Niel Engine—Sectional Elevation.
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narrow opening which imparts a certain speed to it, and thorough mixing
of the charge is said to be obtained.

The stem of the admission valve passes through the hollow stem of
the gas valve, both being held on their seat by a spring, and worked
through two levers from a cam on the valve shaft. The action of the
lower lever, opening the gas valve, does not vary; the movement of the
upper is regulated by the governor. Under normal conditions the gas
and admission valves open together, and the required amount of air is
drawn in between them. At the top of the valve stem is a small “ dash-
pot,” consisting of an air cylinder and piston. If the load varies, the
governor acts by obstructing the passage of air to the dash-pot cylinder,
a partial vacuum is thus formed in it, the piston and the valve stem
cannot act, and the admission valve is only slightly opened. Less of the
charge passes to the cylinder, and compression is diminished. In this
way the speed of the engine and number of impulses are maintained
constant, but the strength of the impulse per stroke is reduced. As, how-

to sapAtmosph.

Fig. 79.—Niel Engine—Indicator Diagram. 1891.

ever, the opening of the gas valve does not vary, the same quantity of
gas is always drawn in, but a smaller quantity of air; the charge is
richer, certain ignition is obtained at all loads, and the engine is said
to run with great regularity. The crank and connecting-rod have centri-
fugal lubrication, and oil under pressure is sent to the piston and
cylinder. Ignition is by a magneto-electric machine, producing sparks
at a very high temperature, and the moment of ignition may be varied
according to the speed and quality of the gas used. It is the variation
in the compression, which ranges from 50 to 150 lbs. per square inch,
and thus the degree of intensity of the explosion, which forms a special
feature of this engine.

Trials.—Experiments upon a 4 H.P. Niel engine were made by M.
Moreau in 1891. Fig. 79 gives an indicator diagram taken during the
trial. At a speed of 160 revolutions per minute, with a maximum
pressure of 12 to 14 atmospheres, the mean consumption of Paris gas was
27-2 cubic feet per hour per BH.P. The mechanical efficiency was 75 to
80 per cent. A trial made by MM. Witz and Moreau in November, 1901,
showed a consumption of 15-3 cubic feet per B.H.P. hour of lighting gas
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of 634 B.T.U. per cubic foot. The heat efficiency per B.H.P. was 255
per cent. Particulars will be found in the Tables.*

The Niel has proved one of the most successful of French motors.
A large number of these engines are now at work in France and else-
where, and 130, for powers of from } to 25 H.P., are said to have
been sold in nine months. They are made horizontal only, with one
or two cylinders, in sizes from 1 to 200 B.H.P., and run at 230 to 150
revolutions per minute. The Compagnie des Moteurs Niel, at Paris,
have lately taken up the generation of poor gas on the Taylor system, for
driving their larger motors. The gas producer is made in France by
MM. Fichet and Heurtey, and is described at p. 223. A test in 1896 on
a 22 L.H.P. engine driven with this gas showed a consumption of 1-7 lbs.
coke per I.H.P. hour. Niel engines of 56 H.P. are also worked with
Fichet and Heurtey gas at Eu in France. At the Electrical Station at
Rheims, the power is furnished by three Niel gas engines, two of 80
H.P.,, with two cylinders side by side, their cranks being at an angle of
180° ; the third is of 85 H.P. At Calais, the electric light station is
provided with two 85 H.P. Niel engines, each with two cylinders side by
side, and at Cognac and at Royan there are similar gas plants.

Letombe.—This engine, one of the largest and most important of
French motors, is made by the Compagnie de Fives-Lille, at Lille, and by
the Société des Moteurs Letombe, at Paris. It is a four-cycle, single- or
double-acting engine, with variable compression and expansion. The
charge is fired electrically, and the exhaust port below the cylinder is
uncovered by the piston at the end of the stroke, and worked by cams
from the valve shaft in the usual way. The novelty of the engine is that
the volume of the charge admitted is independent of the stroke, and the
quantity is increased by the action of the governor as the quality
diminishes. In the engine as at first made, this effect was produced by
slide valves, with ports adjusted to vary the time during which they
established communication between the mixing chamber and the motor
cylinder. Drawings of this type are given by Witz. In the later type
the same result is obtained by means of two vertical valves; one, the
ordinary admission valve, which remains open during the whole of the
first forward stroke, while the other valve, which is connected to it by a
chamber, carries the gas valve immediately above it; between them is
the passage for the admission of air. The lift of this double valve
depends on the ball governor acting on a finely graduated cam on the
valve shaft. This cam is made with two sets of gradations; one set acts

* A novel method by M. Ringelmann of determining and representing graphic-
ally the consumption in a gas engine, as a function of the power developed, with
special application to the Niel engine, will be found in the Bulletin de la Société des
Ingénieurs Civils, August, 1902
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on the admission of gas, the other, in inverse ratio, on the quantity of
the charge passing through the lower valve to the ordinary admission
valve, and so to the cylinder. As the governor rises, the cam is shifted,
and the longer the step brought into play for opening the lower valve and
drawing in the air, the shorter is that acting on the gas valve. In the
latest engines the gas and air valves are separated, and the three valves—
for gas, air, and admission—are placed side by side, and worked by
separate cams on the valve shaft. The stepped cam for admission of air
is acted on by the governor, and, according to the greater or less amount
of air admitted and the corresponding vacuum produced in the admission
chamber, more or less gas is drawn in.

Fig. 80.—Letombe Gas Engine—Double-acting.

By this ingenious arrangement the quantity of the charge entering
the cylinder is made independent of the amount of gas. The higher the
speed of the engine, the less gas enters, but more of the total mixture of
gas and air ; that is, the quantity of air is increased as that of the gas
diminishes. The volume of the mixture being thus larger, and the
compression space the same, its compression pressure is increased and
ignition is always obtained, however poor the charge. In other words,
instead of reducing the area of the indicator diagram by reducing the
height of the pressure of explosion, M. Letombe diminishes it by
lengthening the lines of admission and compression. The degree of the
latter, or maximum lbs. on the compression line (“super-compression”),
varies with the amount of gas and air to be compressed. The inventor
claims to reduce the area of work on the indicator diagram while actually
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increasing the thermal efficiency. If the load is greatly reduced, the
supply of gas is wholly cut off, the energy stored up in the flywheel
sufficing to maintain a regular speed for a time.

This interesting engine was from the first made double- as well as
single-acting. Fig. 80 shows the 50 H.P. double-acting engine exhibited
at Brussels in 1897, where it attracted much attention. Double-acting
engines are sometimes started by pumping a small quantity of gas by
band into one side of the cylinder, while an explosive charge is sent into
the other. The electric current is applied, and an explosion is produced
strong enough not only to start the engine, but to compress the charge on
the other face and to throw the starting gear automatically out of play.
The engine is also so arranged that it stops of itself at the right point in
the stroke. Some engines are started by compressed air, one face of the
piston being utilised to compress the air into a reservoir. One admission
of air is said to be sufficient to start the largest engine. Lubrication is
provided by oil under pressure from a small pump, and in all engines
above 200 H.P. the pistons are cooled by water.

The double-acting engine led to the adoption of the latest, or *“ Mono-
triplex,” type, formed by substituting for the long guide required to take
the double-acting piston a second single-acting cylinder, which occupies
no more space than the guide, and serves the same purpose of supporting
the piston. By the addition of this single-acting to the double-acting
cylinder, M. Letombe obtains three motor strokes in two revolutions, and
claims to develop 50 per cent. more power without any increase in the
space occupied. In an engine developing 400 H.P., the cylinder diameter
was only 3-28 feet. A further advantage is that the engine can, by
adjusting the cams, be worked single-, double-, or treble-acting. Two
double-acting cylinders may also be conjoined for powers from 500 to 1,500
H.P. The engines are made specially for use with producer or blast-
furnace gases. Many have already been constructed, including sixteen
for powers above 200 H.P., with a total of 4,400 H.P. One of the most
important installations is at Valenciennes, where four 200 H.P. mono-
triplex Letombe engines driven with poor gas from two Letombe
producers (see p. 230) have been working successfully since 1901. This
plant was tested by Professor Witz in July, 1903. The consumption of
Anzin anthracite was 0-8 lb. per B.H.P., and the heating value of the
gas produced 147 B.T.U. per cubic foot. Particulars will be found in the
Tables. In a smaller 20 H.P. engine, also worked with poor gas, the
consumption was just under 1 lb. coal per B.H.P. hour. Letombe
engines and generators are also working at Toulouse, Lille, and elsewhere
in France. They are made single-acting from 7 to 28 B.H.P., double-
acting and “mono-triplex” from 27 to 360 B.H.P., and run at 280 to 140
revolutions per minute.
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Several small French engines have dropped out of public notice, and
are no longer made. Among these are the Pelloree, the Perrin, the
Crouan, constructed by the Société Francaise du Gazomoteur, and the
Durand ; all are for very small powers, and of the ordinary four-cycle
Otto type. The Delahaye is now worked only with oil, and is chiefly
used to drive motor cars. The same remarks apply to the Roger, made
by M. Roger, of Paris, patentee of the Benz engine in France, who
brought out a small vertical gas engine of the Otto type, with hot-tube
ignition and centrifugal governor. The interest of this firm has now
been transferred to M. Serpollet, the well-known maker of steam motor
cars.
Brouhot.—The engine made by Brouhot & Cie., at Vierzon (Cher), is
especially intended for agricultural purposes, such as making wine,
distilleries, breweries,- saw, flour, and other mills, and for electric
lighting ; it may be driven either by gas or petroleum. It is of the
ordinary four<cycle type, with a valve shaft driven by wheels from the
crank shaft. The charge is fired by an electric spark from a small
battery, or from a magnetiser. Gas and air are admitted into an external
mixing chamber through apertures, the orifices of which are exactly
proportioned. The ball governor acts upon the openings, and varies the
quantity of the charge without altering its quality. The engine is made
horizontal in sizes from 1 to 25 H.P. single cylinder, and 10 to 30 H.P.
for two cylinders, and vertical from 1 to 4 H.P. For very small powers
the latter are preferable, because they occupy less space. It can also be
adapted for use with poor gas. Several hundreds of these engines are
at work.

The Otto engine, made in France by the Compagnie Francaise des
Moteurs & Gaz, is described in Chapter vi.

Bénier.—One of the latest developments in gas engines is the intro-
duction of suction gas producers attached to the motor, the gas being
made per stroke and passing direct to the engine, without intermediate
storage in a gasholder. The idea is not new; the Gardie gas plant,
described in former editions of this book, was brought out several years
ago in France, but was not successful. The Bénier is an interesting
typical example, which, for a time, met with some favour. The success
of the suction gas producers now made by most of the leading English
and Continental firms (see p. 202) shows that Bénier’s plant was designed
on the right lines. According to a German authority, the failure of his
generator was due to its combination with a gas engine, the type of which
was not suited for work with a suction producer.

The generator, which is an improvement on the Arbos system, is
connected to a two-cycle gas motor, and the gas is produced automatic-
ally per stroke as required, by the suction of the motor piston. The gas
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producer consists of a cylindrical chamber lined with fire-brick, and
surrounded by an outer casing and an inner annular space. The anthra-
cite or coke falls through a horizontal slide valve on to the hollow
revolving circular grate, which makes one-quarter of a revolution ‘per
hour. Steam, generated in the grate itself from a stream of water
constantly passing over the bars, is mixed with air, and the two are
drawn by the suction stroke of the motor piston to the grate, through the
annular space between the furnace and the outer casing, and superheated.
The gases from the furnace are passed through a washer, and thence to
the motor cylinder. The engine has two parallel cylinders, motor and
pump, in which the usual working method in the two-cycle type is carried
out. The pump piston draws the gas through the generator, and air from
the atmosphere, and sends them on to the motor cylinder. The exhaust
is in front, the holes being uncovered by the motor piston, near the end
of the explosion stroke, and closed on its return. During the last period
of the pump stroke a small quantity of air is drawn in, and delivered
first into the motor cylinder, to prevent the escape of the fresh charge
through the exhaust. The charge is fired electrically.

Two trials of a Bénier gazogene motor were made by Professor Witz
at Lille in 1894. In the first, English anthracite was used, the calorific
value of which was taken at 14,400 T.U. per 1b., and the consumption
was 1'5 Ibs. per B.H.P. hour. The second trial was made with broken
gas coke, the heating value of which was estimated at 12,240 T.U., and
the consumption was 16 lbs. per B.H.P. hour. Heat efficiency about 12
per cent. For further particulars, see Table of Trials.

The Compagnie Parisienne au Gag, who are the makers of the
modern Lenoir, brought out a useful engine of their own design some
years ago. It is a compact and handy motor of the ordinary four-
cycle type. The exhaust and gas valves are worked by cams on the
side shaft driven 2 to 1 from the crank shaft, the automatic air
valve is lifted by the suction of the piston. Ignition is by electricity,
the spark being produced by a contact maker on the side shaft connected
to the ignition chamber. The centrifugal governor acts upon the conical
cam regulating the gas admission valve, and more or less gas is admitted
according to the speed. To start the engine there is an additional cam
on the valve shaft, acting on the exhaust valve during the compression
stroke. The consumption of lighting gas is said to be from 19-4 to 24
cubic feet per B.H.P. hour. ,

The Duplex, made by the company of that name at Paris in sizes
from 1} to 80 B.H.P., horizontal only, is an ordinary four-cycle motor,
with a speed of 450 to 160 revolutions per minute. Ignition is by hot
tube in engines up to 20 H.P., above that size the charge is fired by an
electric spark. The ball governor acts upon the gas, and regulates the
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supply according to the power required. Small sizes of this engine are
much used in various industrial trades in France, and it is also made up
to 250 H.P. to work with producer gas. A 150 H.P. plant is working at
the La Touche mines, Ile-et-Vilaine. A new double-acting type, with an
impulse at every revolution, was brought out in 1896, and described by
Witz, vol. iii., p. 292, but it does not seem to have made much progress.
The valves for the admission of gas and air are at one end only of the
cylinder, and the mixture is conveyed to either side as required, through
a passage below, but admission lasts only during half a stroke, and is then
cut off by the piston. )

A description of three small engines, the Champion, made by MM.
Caloin & Marc, of Lille, the Regent, by Béhu, of Paris, and the Noél,
by Fritscher & Houdry, of Provins, will be found at p. 129 of the third
edition of this book. The last was one of the earliest gas motors pro-
duced in France. None of them seem to have held their ground against
the keen competition to which all gas engine makers are now exposed,
and they have practically disappeared from the market.

The Gnome, made by Thevenin, Fréres, and by Séguin, of Genne-
villiers, is a form of the Seck, a German engine described at p. 185, and
is chiefly worked with oil. When made as a gas engine, the gas valve is
placed below the air valve on the same spindle, and forms with it a
double-seated automatic valve. There is no cam shaft, the exhaust valve
alone being mechanically driven from an eccentric on the crank shaft.
Ignition of the charge, lubrication, and governing on the ‘“hit-and-miss”
system, are the same as in the Seck oil engine. By the French firms it is
made in sizes from 14 to 22 B.H.P., with a speed of 400 to 250 revolu-
tions per minute.

Belgian Engines.—Practically all gas engines now made in Belgium
are of the Otto fourcycle type. The following list of the chief makers
has been kindly supplied by a distinguished firm of Belgian Engineers:—
Ragot, Daelstorm, Nagel & Hermann, Société Belge des Moteurs & Gaz et
& Pétrole, Société Economique, H. Bollinckx, all at Brussels; Allard
Fréres, Société des Forges et Usines de Gilly, Société Anonyme des
Haies, Veuve Michel, B. Lebrun, in Hainault; Fétu, Defise et Cie.,
Société des Moteurs & Grande Vitesse, and Longdoz, all at Liége ; Société
Pheenix at Ghent, and J. Gilain at Tirlemont. For the important de-
velopments of the Simplex engine by the Société Cockerill at Seraing,
near Lidge, see p. 136.
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CHAPTER IX.

GERMAN GAS ENGINES.

CoxrxNTs. —Koerting— Siegener Maschinen-Bau Gesellschaft—Vereinigte Maschinenr
Fabrik Augsburg and Maschinen-Bau Gesellschaft Nuremberg—Soest—Dingler
— Oechelhaueser — Borsig — Adam — Giildner — Benz — Daimler — Diirkopp —
Dresdener Gas Motor — Kappel — Liitzky — Sombart — Capitaine — Berlin-
Anhaltische — Bechstein — Langensiepen —Gnome — Austrian Engines—Bénki—
Swiss Engines — Schweizerische Maschinen - Fabrik, Winterthur — Martini —
Escher-Wyss.

Koerting.—Next to the Otto, no gas engine is so extensively made ir
Germany as the Koerting. It was first brought out as a vertical motor
in 1879, and may therefore claim to rank as an historical engine. Since
then many improvements have been introduced, and the mechanical
details are continually undergoing change. MM. Koerting are among
the foremost makers of large engines, and have of late years devoted
special attention to the construction of engines for very high powers, to
work with producer, blast-furnace, coke-oven, and other poor gases. The
success which has attended the introduction of their two-cycle double-
acting motor may be said to mark an epoch in gas-engine construction.

In the original engine brought out by MM. Koerting and Lieckfeldt
a method of ignition by propagation of flame in a conical tube was
adopted, but in all the present engines ignition is by electricity, except in
horizontal motors below 10 H.P., in which hot-tube ignition is still used.
The method of regulating the speed was, at the time of its introduction,
a novelty. If the normal number of revolutions was exceeded, the
governor acted upon a lever, one end of which kept the exhaust valve
open, while the other held a return valve in the mixing chamber closed.
As the gas and air were admitted through an automatic valve lifted by
the vacuum in the cylinder, no charge could enter while the exhaust was
open.

There have been several distinet periods in the construction of the
Koerting-Lieckfeldt engine. In the type of 1881, to which a return with
important modifications has lately been made, an auxiliary pump was
introduced ; the four operations of admission, compression, explosion plus
expansion, and exhaust were divided, as in the Clerk engine, between
two cylinders, and an impulse was obtained at each revolution. The
cylinders were vertical, and there were two cranks, motor and pump,
working upwards on to the same crank shaft. If the speed was too
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great the ball governor opened communication between the pump and a
reservoir, into which part of the compressed mixture was driven. Draw-

Ply Whoel

K ¥« -
) o
i d '
s i 2
:’ i
1
j Ha
1A a1
in u
a +
ik
4 E5
A
[, !
I H
N
Gas
1.0 =
o — \-—dir

1

Fig. 81. —Koerting Gas Engine—Sectional Elevation. 1888-1899.

ings'of .this engine will be found in Schéttler. The firm has long been
known as Koerting Bros., of Hanover, and the engine as the Koerting.
Type of 1888.—In this vertical motor, of which Fig. 81 gives a
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sectional elevation, the four<cycle of Beau de Rochas was adopted, giving
one working stroke in four. A is the moter cylinder, P the piston, d the

M IR
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Fig. 82.—Koerting Four-cycle Horizontal Engine.

1905.
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connecting-rod working direct on to the crank shaft K. All the valves, with
the exception of the automatic admission valve, are worked from a rocking
shaft u, driven 2 to 1 from the crank shaft; o is the mixing chamber,
N the admission, and M the charging valve. Ignition was originally by
an external flame through a groove, and the governor acted on the
exhaust valve, as already described, on the “hit-and-miss” principle. This
method of regulating the speed has now been given up in all the Koerting
engines. For a full description of this vertical type see Third Edition,
p. 135. .

Horizontal Type.—This is the construction Messrs. Koerting have
now adopted for all their motors, except a small vertical engine lately
brought out for marine work and motor cars. In the earliest type
ignition was by a hot tube open to the cylinder, a special arrangement
being made to prevent premature ignition. There were three valves—
the automatic gas and air valve, the admission valve to the cylinder, and
the exhaust. The two latter were driven by eccentrics on the crank
shaft, and a lever acted on by the governor worked between them. A
description of the method used to prevent the eccentrics from opening the
valves at every revolution, instead of every other revolution, is given by
Schéttler (third edition).

Fig. 82 shows the latest type of the Koerting four-cycle horizontal
engine, up to 1560 H.P. There are three valves, the admission and
exhaust, driven by cams from an auxiliary shaft geared to the crank
shaft, as shown, and the double-seated mixing valve, opened by the
suction of the piston. Air enters through the lower, and gas through
the upper seat of this valve, through a number of fine jets, to ensure the
thorough mjxing of the charge, on which great stress is laid in all the
Koerting engines. The stroke of the valve is always the same, therefore
the proportions of gas and air do not vary. The governor acts upon a
throttle valve placed between the mixing and the admission or inlet
valve. The lift of the latter is constant, but the governor regulates the
quantity of the charge passing through it to the cylinder, and hence the
degree of compression. As pressures up to 160 and 180 lbs. per square
inch are attained during compression, much care is necessary in cool-
ing the cylinder and combustion chamber. Ignition is by electricity,
except in engines below 10 H.P. Smaller engines are started by hand,
by shifting the exhaust cam on the valve shaft, and holding the exhaust
open during the compression stroke; for engines above 12 H.P. com-
pressed air is used, to supply which, either from the engine itself or from
an auxiliary motor, about 2 H.P. are required. Single-acting Koerting
engines are made with one cylinder from 2 to 165 H.P., above this size
up to 350 H.P. with two cylinders side by side, and run at 260 to 135
revolutions per minute. The pistons of engines above 100 H.P. are
cooled with water.
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An important novelty in gas engines has been the introduction of
the Koerting two-cycle double-acting type, which in its construction some-
what resembles a steam engine. This interesting and well-designed motor
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Fig. 83. —Koerting Two-cycle Engine—Sectional Plan.
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has, like the Clerk, one working cylinder and two pumps for gas and air.
There is one crank, and one admission valve at either end of the cylinder,
driven by cams from a small shaft worked by the main shaft; the same
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shaft serves the two electric igniters at either end. There is no exhaust
valve, and its absence is an advantage in large engines, in which the
exhaust valve is a source of difficulty, because of the power required to
lift it, and the high temperature of the burnt gases. These are dis-
charged through a ring of slots round the centre of the cylinder, un-
covered by the piston at each stroke. The double-acting gas and air
pumps, which deliver to each end of the motor cylinder, are worked by
a common rod, driven from a crank disc at the end of the motor shaft ;
and two piston valves-worked by an eccentric uncover and close the
suction and delivery passages. The pumps are set 110° in advance of
the motor piston, and the slight pressure in the delivery passages is
utilised to procure a scavenger blast of air, and a stratification of the
incoming charge. The length of the motor piston is equal to-that of
the stroke, less the exhaust ports, which occupy about one-tenth of the
cylinder.

Fig. 83 shows the working method and Fig. 84 the action in the
motor cylinder, which is as follows:—Beginning with ignition of the
charge on one face of the piston at the dead point, the expansion of

Fig. 84.—Koerting Engine—Section of Cylinder with Diagram.

the gases drives out the piston. At nine-tenths of the stroke the exhaust-
ports are uncovered, and the pressure falls to atmosphere. Immediately
after, and before the dead point is reached, the admission valve opens;
a charge of air enters, drives out the products of combustion, and is said
to form a neutral cushion between them and the incoming’charge. Gas
and air in suitable proportions are next admitted, the piston begins to
return, covers the exhaust ports, the charge is compressed during the
remainder of the stroke to about 150 lbs. per square inch, and the cycle
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recommences. The same operations are repeated on the other face of the
piston. Thus expansion and compression occupy nine-tenths of each
stroke, and admission and exhaust only one-tenth.

The method of obtaining the scavenger charge of air is shown at
Fig. 83. The gas and air pumps have the same stroke, but the diameter
of the air pump is about onefifth larger. Gas and air are drawn in
through piston valves p p, which uncover first the suction and next the
delivery passages to the cylinder, through ¢, b, and d. When the charg-
ing stroke of the air pump is ended, the suction passage is shut off by
the piston valve, the delivery passage is uncovered and air, at a pressure
of about 7 lbs. per square inch, is forced into the passages leading to one
or other end of the motor cylinder. In the gas pump the piston valve
keeps the connection between ¢ and b open, not only during the suction,
but also during part of the return stroke. As the pumps are in advance
of the motor piston, the opening of the gas delivery passages coincides
with that of the admission valve. Air has already filled the air passage
and the end of the gas passage, and when the admission valve opens it
rushes into the cylinder, and displaces the burnt products, before the
charge of gas and air, in regulated proportions, enters. As shown in
Fig. 83, the two do not mix till they reach the admission valve, striking
as they enter the cylinder against a projection below the valve (Fig.
84) to ensure their thorough mixing. The scavenger charge of air is
said to prevent the escape of any fresh gas, it cleanses and cools the
cylinder, and premature ignition cannot take place.

The governor acts upon the throttle valve f (Fig. 83). The gas pump
being so arranged that during the first half of its delivery stroke part of
the gas drawn in is returned to the suction passage, the governor, working
through a series of levers and a slot link, regulates the opening of the
throttle valve, and sends on more or less gas to the cylinder, according
to the load. As the quantity of air is always the same, the compression
of the charge is only slightly reduced, and ignition is always assured,
because the richest mixture is forced by the projecting spur to pass near
the igniter. This method of governing is especially suited to blast-
furnace gases, which being weak are diluted with a relatively small
quantity of air. The cylinder and working parts are carefully cooled,
and the combustion chamber is ribbed externally, to afford a large cooling
surface to the water in contact with it. The hollow piston-rod carries
an inner concentric tube, through which water passes to the piston, and
returns through an outer tube. The water is supplied under pressure
from a small pump, and passes to and from the piston-rod through tele-
scoping tubes ; jointed rods are also sometimes used. The exhaust ports
are covereg at each stroke by the cooled piston. The engine is started

by compressed air admitted through a slide valve, at a pressure of 90 to
11
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150 Ibs. per square inch, according to the size of the engine, and sent
to the cylinder from a small compressor, usually driven by an electric
motor.

The two-cycle Koerting engine has been extensively adopted for large
powers, especially abroad, where many important installations, chiefly
driven with blast-furnace gases, are at work. It is made with one
cylinder from 400 to 1,500 H.P., with two cylinders side by side up to
3,000 H.P.; piston speed 700 to 800 feet per minute. Including the
engines supplied by their licencees, MM. Koerting have up to now built
over a hundred two-cycle engines, of powers varying from 150 to 2,000
H.P., and developing a total of about 100,000 H.P. Of these, 4,300 H.P.
are supplied by Mond gas, 76,500 H.P. by blast-furnace gases, 7,200 H.P.
by producer gas, and 600 H.P. by coke-oven gases. The engines are
made in England by Messrs. Fraser & Chalmers for blowing engines,
compressors, and roller mills, and by Messrs. Mather & Platt, of Man-
chester, for driving dynamos and other purposes. The De La Vergne
Machine Company, New York, are the American patentees, and have
built the largest plant yet at work, comprising 16 two-cylinder engines
driven with blast-furnace gases, each developing 2,000 H.P., thus giving
a total of 32,000 H.P., which is shortly to be increased to 42,000 H.P.

Messrs. Mather & Platt construct the Koerting engine, single
cylinder, double-acting, in sizes from 500 to 1,000 B.H.P., and twin
cylinder from 1,000 to 2,000 B.H.P., with a speed of 125 to 83 revolu-
tions per minute. They have built a 700 H.P. single cylinder engine
worked with producer gas for the Castner-Kellner Alkali Company, the
largest of its kind in England, and have two others in hand, each de-
velaping 1,000 H.P., to work with blast-furnace gases, and two of
700 H.P. and 500 H.P. respectively, to be driven with producer gas.
Fig. 85 shows the 700 H.P. singlecylinder engine mentioned above.
The largest Koerting installation in Germany 'is at the Gutehoffnungs
Hiitte, where there are five engines worked with blast-furnace gases, and
developing a total of 4,000 H.P.

A large number of tests have been made on Koerting engines, in-
cluding several on the earlier types. Trials were carried out at Hanover
in 1890 by Prof. Fischer on a 20 B.H.P. engine, giving a consumption
of 25 cubic feet of German gas per B.H.P. hour. A later trial by Dr.
Epstein in Frankfort in 1893 on a 35 B.H.P. engine showed a consump-
tion of 19 cubic feet of gas per B.H.P. hour. An important test was
made in 1900 by Prof. Meyer on a 350 H.P. twocycle engine, worked
with producer gas from a Koerting generator. The engine gave at full
load 480 B.H.P. Particulars of the trial will be found in the tables.
The consumption of gas was 815 cubic feet per B.H.P. hour, and the
heat efficiency per B.H.P. 24°1 per cent.
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The Koerting two-cycle engine is also made to work with blast-
furnace gases by the Siegener-Maschinen-Bau Gesellschaft, who
exhibited a 700 H.P. engine at the Diisseldorff Exhibition of 1902,
where the new type was first brought to public notice. This firm build
these double-acting motors in sizes from 200 to 1,600 H.P., and have
already constructed eight single-cylinder engines from 200 to 800 H.P.,
and two twin-cylinder engines, one of 1,000 H.P., and the other of
1,600 H.P. These have been supplied to various iron works in
Germany and Luxemburg; two are at the Horde Works, the first in
Germany to utilise blast-furnace gases to drive engines. The blowing
engines make from 80 to 100 revolutions, with a piston speed of about
600 to 700 feet per minute. A Koerting two-cycle engine was also
shown at Diisseldorff by Geb. Klein, of Dahlbruch.

The Vereinigte Maschinen-Fabrik Augsburg and Maschinen-
Bau Gesellschaft Nuremberg hold a front rank among German
firms who have of late years especially devoted themselves to the
production of large power gas motors, built on steam engine lines,
and worked with producer or blast-furnace gases. Like other first-
class houses abroad, they seldom make the smaller sizes, but build
large engines of two types, the Diesel (see Part II.), and engines of
the usual fourcycle kind. For the latter they have adopted the
double-acting system, as seen at Fig. 86. There is one cylinder
closed at both ends, with two exhaust valves opening one before
the other, two admission valves above them, and a mixing -valve,
through which the gas and air pass alternately to either end of the
cylinder. The piston works on to the crank through a connecting-rod
and crosshead. In a 750 H.P. singlecylinder engine put down in 1902
at the Rhenish Steel Works, Meiderich, the valves were worked by cams
from the valve shaft, and remained open throughout the admission stroke.
The governor acted on the automatic mixing valve, and regulated the
quantities of gas and air passing through it to the admission valve,
according to the load. The latest arrangement, shown at Fig. 87, re-
sembles the Deutz and Crossley governing gear. The admission valve
is held open by the rod de and lever efg throughout the admission
stroke, and closed by the spring F. The double-seated mixing valve in
the same valve chest, worked by levers m f1, and the rod !, is closed by
a weaker spring F,, admits gas and air in constant proportions, and
under normal conditions is also opened throughout the admission stroke.
If the load increases, the governor shortens the time of contact of the
rod ¢ with ¢ and 4, and the mixing valve is opened for a shorter period,
and closed by the spring F,, when roller & slips off the cam e. As the
movement of the admission valve is always the same, the quantity, but
ot the quality, of the charge is varied.
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The type adopted by the Nuremberg firm for two-cylinder motors is
the tandem, and for large powers two tandem engines side-by-side, with
four cylinders, all double-acting. This method of construction gives very
large powers, with relatively small cylinder dimensions. The weight of
the piston and rod is taken by slides ; the frame carries the front slide,
forming the crosshead, the bearings for the crank shaft, and the oil tank.
In the latest type the valves are worked by eccentrics from the auxiliary
shaft, which, as the engine is double-acting, makes the same number of

Fig. 87.—Nuremberg Engine—Valve Gear and Governor.

revolutions as the main shaft. The time of electric ignition can be varied
while the engine is running. All the internal parts are separately lubri-
cated by oil under pressure, which can thus be supplied to any particular
part, if necessary. The external parts are lubricated from the oil tank
in the base of the engine. Special care is bestowed on cooling the
working parts, the supply of water is carefully regulated, and its tem-
perature taken by thermometers at the various outlets. About
6} gallons are required per B.H.P. hour. The piston and piston-rod
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are cooled by water from a special pump, worked direct from the crank
shaft. The engine is started by compressed air.

The Nuremberg gas engines are made in sizes from 150 to 1850 H.P.,
with one, two, or more cylinders, and run at 90 to 150 revolutions per
minute. During the last two years (1904) the firm have made, or have
in hand, sixty-six engines worked with blast-furnace, producer, Mond,
and coke-oven gases for driving dynameos, mills, and blowing engines.
Of the latter they make a speciality. Their largest plant is at Madrid,
where there are six engines, each developing from 1,800 to 2,000
H.P., directly coupled to dynamos, and worked by Mond gas made
from Spanish lignite. The gas has a heating value of 123 B.T.U. per
cubic foot, and the exhaust gases are used to generate steam in the
producer.

S8oest.—The firm of Louis Soest, of Reisholz, are also makers of gas
engines, chiefly for large powers, of the ordinary horizontal four-cycle
type. In their motors the front part of the long piston serves as the
crosshead. The engine and valve chest are cooled with water, and in
the larger engines the exhaust valve also. The admission and exhaust
valves are placed one above the other, and are worked by levers and
cams from the valve shaft, geared 2 to 1 to the main shaft. The
valve seats are so placed that the inner cylinder wall is cooled both
inside and out, an arrangement also found in the Nuremberg engine.
The admission, first of air, then of gas, is through a piston valve, the
movement of which can be adjusted by a screw, and the proportions thus
varied. The governor acts through rods on throttle valves in the gas
and air passages; the quality of the charge is always the same, the
quantity alone being regulated according to the load. As the charge
is fired by an electro-magnetic apparatus driven from the crank shaft,
ignition is always assured. The cylinder and bearings are lubricated
by sight feeders, the crank by centrifugal lubrication. Engines above
30 H.P. are started by air from a compressor, at a pressure of 200 to
280 1bs. per square inch, the exhaust valve being meanwhile kept open
during the compression stroke. The engine is made in sizes from
10 H.P. upwards, and runs at 220 to 170 revolutions per minute. Up
to 150 H.P. it is built with one cylinder, double-acting, or two cylinders
side-by-side, single-acting ; above that size, tandem, double- or single-
acting. MM. Soest have supplied a large plant with two cylinders,
each developing 700 H.P., at Aix La Chapelle, to work with blast-
furnace gases. A 300 H.P. two-cylinder engine was shown at
Diisseldorff.

The Dingler Maschinen-Fabrik, Zweibriicken, are another import-
ant German firm, who confine themselves wholly to the construction of
#as engines above 150 H.P. These they build of the four-cycle type,
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double-acting, single cylinder, or, if more power is required, with two
cylinders, tandem. The water-cooled exhaust valve is in the lower part
of the cylinder, thus any dust or dirt is blown out with the gases. All
the valves are driven from the auxiliary shaft, which rotates at the same
speed as the crank shaft, to which it is geared by helical wheels. The
opening of the admission valve is constant, and air and gas pass to it
through a piston valve, the stroke of which is also constant, hence the
proportions of the two do not vary. The centrifugal governor on the
valve shaft acts on the closing of the admission valve, and thus regulates
the quantity of the charge entering the cylinder, and hence the com-
pression. By a special patented arrangement, it also determines the
exact moment of ignition, in accordance with the load, and the amount
of the charge admitted. When the governor rises it shifts a small shaft
through a series of levers, and causes the admission valve to close, and
the charge to ignite sooner. If the engine is made tandem, it carries a
carefully packed piston-rod, on which the two plunger pistons run.
There are no stuffing-boxes, but the two cylinders are joined by a con-
necting piece, cooled, like the piston and rod, with water, through which
the latter works. For double-tandem engines two pairs of cylinders are
coupled. The engine is started by compressed air. The piston and
piston-rod are lubricated by oil under pressure, the other parts by
centrifugal lubrication. The Dingler engines are made double-acting,
single cylinder, from 150 to 600 H.P., and run at 145 to 100 revolutions
per minute, and tandem from 500 to 1,400 H.P. for blast-furnace gases.
The consumption is given at about 250 to 280 B.T.U. per cubic foot per
B.H.P. hour. An experiment was made in 1904 by Prof. Meyer on
a 150 H.P. engine, driven with producer gas, in which the consumption
of coke was about 1:2 lbs. per B.H.P. hour.

Oechelhaueser.—The demand for large power engines, and the
application of blast-furnace and coke-oven gases to drive them, have
brought this striking motor to the front. In some respects it resembles
the first Atkinson engine, known as the Differential. The latter had not
an air pump, like the Oechelhaueser, but in both motors valve gear is
practically dispensed with. As hitherto made, the Oechelhaueser has
one long cylinder open at both ends, with two pistons, performing
between them the functions of admission and compression of the charge,
and discharge of the exhaust gases. There is no cam shaft, and the valves
usually driven by it are replaced by ports uncovered and shut off by the
motor pistons during their stroke. These pistons work in the horizontal
cylinder in opposite directions on to the same crank shaft, through three
cranks 180° apart. The two outer cranks are connected by rods and
crossheads with a cross piece at the back of the cylinder, through which
the piston of the back cylinder works. The double-acting pump on the
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same axis as the motor cylinder is at the back of the cross piece, and its
piston is driven from it.
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F%g. 88.—600 Horse-power Oechelhaueser Two-cycle Engine.
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Fig. 88 gives a plan of the engine, and illustrates the action. G is
the air pump, K, and K, the two motor pistons. Beginning with the
point in the stroke, where the two pistons are almost close together, the
charge of gas and air between them is compressed within very small
limits to a pressure of 8 or 10 atmospheres above atmospheric pressure.
Electric ignition follows, and the two pistons are driven apart by the
pressure of explosion, which is in proportion to the heating value of the

_gas used, and sometimes reaches 355 lbs. per square inch (25 atmo-
spheres). Work is thus done by both pistons on the crank (double motor
stroke). Meanwhile the piston of the air pump G has drawn in fresh air
through the automatic valve 8, and the return stroke of this piston com-
presses it on its front face, and passes it at a slight pressure through D
and the air chamber R into the compression space. On the back face of
this piston another series of operations are simultaneously carried out.
Here a mixture of gas and air is drawn in through another automatic
valve N, and compressed by the pump piston through O into the mixing
chamber P, which it enters at the same pressure as the air in R. Piston
K, having passed the outer dead point of the centre crank, now begins to
uncover the exhaust ports C,, and the products of combustion are driven
out. Piston K, next uncovers the air port A, and the air under pressure
rushes from R into the motor cylinder, sweeping out the burnt products
before it, and forming an effective scavenger charge. The admission port
Q is then uncovered by piston K,, and the charge of gas and air, com-
pressed to about 7 lbs. per square inch, enter the motor cylinder. The
makers of the engine assert that none of this fresh charge escapes
through the exhaust with- the scavenger blast of air, because the volume
of the cylinder is so proportioned that, even when running at maximum
load and power, the charge only occupies about 70 per cent. of it. Both
motor pistons now begin the return stroke, the mixture is compressed
between them, and the cycle recommences.

If there are only slight variations in the speed, the governor acts upon
the relative proportions of gas and air, and alters the composition of the
charge ; if the speed is varied within wider limits, it regulates the
quantity of the charge through the mixing valve cock H and the return
slide valve V in the passage D. Part of the compressed charge passes
from O into the suction pipe N, and is thence transferred to the other
side of the pump, instead of passing, as usual, to the motor cylinder. In
the latest system, the governor acts separately upon the admission of gas
and of air.

In this interesting engine compression, ignition, and expansion of the
charge occupy respectively seven-eighths of the stroke, while admission
and exhaust are effected during the remaining one-eighth of each stroke.
Fig. 89 shows an indicator diagram ; the exhaust opens at a, and at ¢
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compression of the gases up to 140 lbs. per square inch begins. An
unusual feature is that water is sprayed on to the' exhaust gases to cool
them. The latest engines are fitted with two electric igniters. In some
motors, gas alone enters through the admission ports, and the charge is
formed in the motor cylinder itself ; this arrangement depends upon the
kind of gas used.

The advantages of the Oechelhaueser cycle are that a motor stroke is
-obtained at each revolution instead of at every other revolution, and as
this is effected by two working pistons, the power is said to be increased
fourfold. The necessity for two cylinders, motor and pump, does not
cause difficulty, because for large powers two cylinders are practically
indispensable. -Admission and exhaust are effected in one stroke instead

a

c
Fig. 89.—Oechelhaueser Engine—Indicator Diagram.

of in two, and the cylinder dimensions are smaller for the same power
than in the fourcycle type. Thus a 1,000 H.P. single-cylinder Oechel-
haueser engine has a cylinder diameter of only 36-8 inches = 935 mm.
For work with poor gases, the simplicity of the long smooth cylinder,
without the complication of a cylinder head and valve chest, and the
absence of valves are also advantages, because dust cannot settle in the
working parts. The only external gear required is a small auxiliary
shaft to drive the governor, igniters, and the starting valve. When used
for blast-furnace work, the blowing engines can, it is said, be driven
direct from the motor piston without a stuffing-box, and can themselves be
utilised, as at Horde, to supply the scavenging charge of air. On the
other hand, the engine has three cranks and three pistons, and the con-
nections are somewhat complicated. The governing at first was said not
to act efficiently, but this has now been remedied.

The Oechelhaueser engine (Fig. 90) is made for large powers by several
important German firms. The Deutsche-Kraft Gesellschaft are the
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chief makers, and hold the patents ; they build engines from 250 to 3,000
H.P., with a speed of 150 to 90 revolutions per minute, to work with
blast-furnace, producer, and coke-oven gas. Affiliated firms in Germany
are MM. Borsig, of Berlin-Tegel ; the Berlin-Anhaltische, Kolnische,
and Aschersleben Maschinen-Bau Gesellschaft, Lang, in Hungary ;
and Messrs. Beardmore, of Glasgow. MM. Borsig have adapted the
engine to work with lighting gas, and build it single cylinder from 250 to
1,500 H.P., and with two cylinders from 500 to 3,000 H.P., with a speed
of 1560 to 94 revolutions per minute.

An excellent trial was made in October, 1903, by Professor Meyer on
a 500 H.P. Borsig-Oechelhaueser engine, driven with coke-oven gas, and
directly coupled to a blowing engine. Full details will be found in the
Tables. The mechanical efticiency of the engine was about 80 per cent.,
mean heating value of the gas 363 B.T.U. per cubic foot, heat efficiency
per B H.P. 27'6 per cent. As the engine was originally constructed to
work with blast-furnace gases of little more than one quarter the heating
value of coke-oven gas, it was found necessary to utilise the pump to
deliver air only, and to admit the gas to the cylinder through a small
separate pump. Doubts had been raised whether the three cranks might
not prove a source of weakness. Professor Meyer determined this ques-
tion by calculating the stresses on the crank shaft, and found that it
might be rotated at a much higher speed than the normal without danger.
About 45 Oechelhaueser engines, of powers varying from 250 to 3,200
H.P., have been made by the various firms. Of these the Borsig firm
have supplied twenty, with an aggregate of about 12,000 H.P., driven
by coke-oven, blast-furnace, and producer gases. The most important
plants are at Gijon, in Spain, where there are nine single cylinder
engines worked with Mond gas, developing 3,400 H.P., and used to
drive dynamos, and at the Ilsede Iron Works, where six engines are
worked with blast-furnace gases, two of 1,000 H.P., two of 1,600 H.P.,
and two of 500 H.P. These powerful motors drive dynamos and
blowing engines, and supply power to the rolling mills at Peine, five
miles distant. Fig. 90 gives a view of the latest Borsig-Oechelhaueser
engine, shown at the St. Louis Exhibition.

Adam.—The Adam vertical gas engine, formerly constructed by the
Maschinen-Bau Gesellschaft at Munich, resembled the earlier Koerting
in some respects. Ignition was effected by propagation of flame; the
governor acted on the exhaust valve, and the products of combustion
were re-introduced into the cylinder, instead of a fresh charge, if the
speed was too great. The engine was of the usual four-cycle, single-
acting type, of which Fig. 91 gives a sectional elevation. The organs of
admission, distribution, ignition, and exhaust were worked by a small
auxiliary shaft K,, driven from the crank shaft K. Gas and air were
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admitted into the mixing chamber, and passed through an automatic
valve and the wide passage b into the cylinder A with piston P. The
ignition chamber V was enclosed within another, in which a small verti-
cal piston p worked. At the moment of ignition the compressed gases
from the motor cylinder entered the tube from below, and ignited at the
opening d. The valve piston then descended, shutting off communication
from above, and the flame shooting back into the cylinder ignited the rest

Fig. 91.—Adam Gas Engine—Sectional Elevation. 1888-1899.

of the charge. The speed was regulated by the ball governor G, which
kept the exhaust valve open a longer or shorter time, by shifting the
roller ¢ from a smaller to a larger cam.

A 25 H.P. twin-cylinder vertical engine was shown at the Munich
Exhibition in 1888 ; and another of 30 H.P., with four cylinders, at the
Frankfort Electrical Exhibition in 1891. In these engines the cylinders
were placed diagonally to each other, the centre of the axis of each being
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in line with the centre of the crank axis. The four pistons worked oppo-
site each other in pairs on to two cranks 180° apart, and one crank shaft ;
the up stroke of one of the pair of pistons was always more rapid than the
corresponding down stroke of the other. A trial upon a two-cylinder 11
B.H.P. engine was carried out by Professor Schriter at Munich in 1889.
At Nuremberg in 1888, in an 11:7 B.H.P. engine, the consumption was
27 cubic feet of town gas per B.H.P. hour, including the external flame.
Later experiments on a 6 B.H.P. engine showed a consumption of 23
cubic feet of German lighting gas per B.H.P. hour.

The construction of this engine has now been given up, and the
Maschinen-Bau Gesellschaft Miinchen make the Gildner engine, more
especially for work with suction gas producers. A small two-cycle type
was brought out in 1893, of which the present engine appears to be a
development. The motor is vertical, with the crank shaft below, sur-
rounded by a reservoir of air. In the down stroke of the piston, the
exhaust gases are first discharged ; compressed air is then forced from
the crank chamber, through a vertical passage into the upper part of the
cylinder, where it acts as a scavenger charge, and effectually clears out the
burnt products before the admission valve opens to admit gas and air.
The return stroke compresses the charge, the gases are fired electrically,
and are expanded in the next down stroke. A description of several
engines more or less on the same lines, notably the Day, will be found in
the earlier editions of this book. In a test made in September, 1903, by
Professor Schréter on a 30 H.P. engine driven with lighting gas, the high
heat efficiency of 42'7 per cent. per indicated H.P. was attained at maxi-
mum load, and a mean heat efficiency of 28-5 per cent. per I.H.P. hour,
when worked with a suction gas producer fired with anthracite. The
Giildner engine is made vertical only, single cylinder, in sizes from 10 to
100 B.H.P., two cylinder from 75 to 200 H.P., and runs at 260 to 150 re-
volutions per minute.

Benz.—One of the best designed of German engines was the Benz,
patented in 1884, and constructed by the Rheinische Gas-Motoren Fabrik
at Mannheim. In it the problem was again treated, how to obtain a
motor impulse per revolution, without the additional complication of a
second pump cylinder. The loss of power and want of regularity in four-
cycle engines, giving an explosion only every two revolutions, were thus
avoided. In the opinion of Professor Witz, the difficulty was more
completely and satisfactorily solved in this than in any other engine.

Fig. 92 gives an elevation, and Fig. 93 a plan of the Benz engine. A
is the horizontal motor cylinder closed at both ends, in which the piston
P works, A! the small gas pump with plunger piston P!. The air receiver
in the base of the engine B is shown at Fig. 92, and the compressed air
Ppasses through D to the cylinder. 8 is the slide valve, worked by eccentric
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g on the crank shaft, through which and the port m air is drawn into the
front part of the cylinder. During the next forward stroke, the side of the
piston next the crank compresses it into the receiver below, from whence
a charge of compressed air enters the back of the cylinder. The lift valve
a and the exhaust E are worked from the crank shaft by an oblique rod
indicated by dotted lines in Fig. 92, the lever C and cam d. The piston
P! of the gas pump is fixed to the crosshead, and moves with it. The gas
is admitted into the pump Al through a valve connected to the governor,

Fig. 92.—Benz Gas Engine—Elevation.

Fig. 93.—Benz Gas Engine—Plan.

which lifts it for a longer or shorter time, according to the speed. The
return’stroke of the pump compresses the gas into the motor cylinder,
through the lift valve /; which at the end of the pump stroke is pushed
up from the lever n and eccentric 4 on the main shaft. Electric ignition
was employed from the first. The manufacture of the Benz engine has
now practically been given up, except for motor cars.

Daimler.—This engine was constructed by the Daimler Motoren
Gesellschaft at Cannstadt, near Stuttgardt; the French makers are
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MM. Panhard and Levasseur at Paris. A Daimler motor was shown
at the Paris Exhibition of 1889. It had several novel and interesting
features, the chief of which were its great speed and the purity of the
charge, due to the complete expulsion of the products of combustion.
The original motor had one cylinder ; the later type is vertical with two
cylinders. It is now chiefly driven with oil, and as a petrolenm motor
for small powers has had much success.

In the modern engine the parts are enclosed, to protect them from
dust, and a reservoir is thus formed, into which air is introduced, and
compressed by the action of the piston. There are two cylinders and
two pistons, placed diagonally at a slight angle above the horizontal
motor shaft, and working down through two connecting-rods upon two
cranks. The explosion in one cylinder is sufficient to drive both cranks
through one revolution. The engine is of the four-cycle type, the usual
operations being performed alternately in each cylinder. The gases are
admitted through an automatic valve during the down stroke of the one
piston, and simultaneously expanded by the down stroke of the other,
which is the working stroke. The next up stroke compresses the charge
in one cylinder into the hot ignition tube, where it is fired without a
timing valve, and expels the burnt products in the other. There are
two air admission valves to each cylinder. One in the centre of the
piston is lifted by forks during the up stroke, and closed by the pressure
above it. The other air valve at the side opens automatically to admit
air from without to supply the reservoir. As the latter fills, the pistons
descend, compressing the air below them. Having reached the lower
dead point, they begin to return, the products of combustion being
behind the one, and the fresh charge behind the other. The piston
valves are then lifted, the air from below mingles with the fresh charge
in one cylinder, and is further compressed ; in the other it drives out
the products before it. The speed is regulated by the governor acting
on the exhaust valve by means of a lever, and keeping it closed a longer
or a shorter time, according to the load.

Diirkopp.—The Diirkopp gas engine, made by the Bielefelder
Nihmaschinen-Fabrik, is another four-cycle motor, now little made.
In the vertical type the cylinder, and the admission, ignition, and ex-
haust valves are below, and the connecting-rod works upward on to the
crank. The motor shaft is above, and carries on one side the flywheel
and driving pulley, on the other a vertical side shaft worked by wheels
2to 1. In both the horizontal and vertical engines all the valves are
driven by cams. Air and gas are admitted at the side, and pass into the
mixing chamber through a valve lifted by a cam, which also opens the
exhaust. To obtain a quiet discharge, part of the gases are allowed to
escape through a smaller valve, before the main exhaust valve opens.

2
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Ignition is by hot tube. The rotary ball governor acts on the *hit-and-
miss ” principle on the gas admission valve, and closes it if the normal
speed is exceeded.

Dresdener Gas- Motor.—The gas engine brought out by the
Dresdener Gas-Motoren Fabrik (Hille’s patent) is a compact and well-
made engine, single-acting, both vertical and horizontal. About 600
engines are sold annually, and the makers claim to have supplied a total
of 5,500, developing 35,000 H.P. Like many engines which have
appeared since the expiration of the Otto patent, it adheres very closely
in working details to that type. It has the usual sequence of operations,
admission, compression, explosion plus expansion, and exhaust, and there
is one explosion for every two revolutions. The admission and exhaust
valves are ‘worked by cams from a valve shaft driven from the crank
shaft in the usual way. A slide valve at the side of the cylinder, acted
on by a valve-rod from the same shaft, governs the hot-tube ignition in
some of the smaller sizes, in others there is no timing valve. Engines
above 12 H.P. are fitted with electric ignition. For small powers, from
4 to 6 H.P., these engines are made vertical, with a pendulum governor,
and run at 180 to 230 revolutions per minute. For-powers from } to
100 H.P., a horizontal single-cylinder type, making 250 to 150 revolu-
tions per minute, is used, with a centrifugal governor. Where great
regularity is required, as for electric lighting, the engines have two
flywheels, and are made in sizes from 3 to 100 BH.P. In the latest
types the speed is regulated by a pendulum governor, acting on the
valve admitting the charge to the cylinder. Under normal working
conditions this valve is always held open by a spring, the gas and air
valves being driven by gearing. A lever worked by a cam carries a pro-
jection, which usually passes another on the lever of the admission valve,
and the latter remains open. If the normal speed is exceeded, the
pendulum governor causes the two projections to strike against each
other, the admission valve is closed, and no charge reaches the cylinder.
In other engines the governor acts in the same way on the gas valve.
Trials on the Dresdener engine have been made by Professors Schittler
and Levicki. The former tested a 163 B.H.P. engine at Dresden, and
found the consumption to be 24 cubic feet of town gas per B.H.P. hour.
Professor Levicki experimented on a 6-8 B.H.P. engine, the consumption
in which was nearly 26 cubic feet of town gas per B.H.P. hour, and the
mechanical efficiency 90 per cent. These engines are also made to work
with power gas from generators on the Dowson system, supplied by the
makers, and with suction gas producers, more than fifty of which are at
work.

Kappel.—The Maschinen-Fabrik Kappel, at Chemnitz, Saxony, have
introduced a gas engine, similar in many respects to the Otto. In the
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earlier type the exhaust was opened by two projections and a roller
worked from an eccentric on the valve shaft; the second projection
opened the exhaust at starting, during the compression stroke. Air and
gas were admitted through lift valves, and ignition was through a small
slide valve at the side of the cylinder. As now made, the exhaust, gas,
and air admission valves are worked by cams from a side shaft. Hot-
tube ignition. is only used for the small sizes, above 10 H.P. ignition is
by electricity. The engine is governed by a pendulum or rotary ball
governor, which shifts the stepped cam opening the gas valve according .
to the load. In engines worked with producer gas the governor acts on
both the gas and the air passages. The engine is started in various ways.
If a steam engine is available, it can be connected by friction coupling.
Sometimes compressed air is used ; the smaller sizes are set in motion by
a handle on the crank shaft with a patent safety arrangement, to prevent
the engine starting backwards. The method most recommended is a
small auxiliary motor which, if the engine is driven by gas from a
suction gas producer, can also be used for the air blast to start com-
bustion. The piston is lubricated by oil under pressure, the bearings
and driving gear by oil from a tank below the crank shaft. The engine
is made horizontal from 1 to 120 H.P., and runs at 240 to 160 revolu-
tions per minute. A small vertical type for domestic use is also made,
to work with either gas or oil, from 1 to 3 H.P., with a speed of 350
revolutions per minute.

Liitgky.—The construction of this interesting little engine by the
Nuremberg Maschinen-Bau Gesellschaft has now been relinquished in
favour of the larger and more important engines they make in conjunction
with the Augsburg Maschinen-Fabrik (see p. 165), but it had several
ingenious features, which should not be passed over. As made a few
years ago, the engine was vertical, with the cylinder at the top, the
piston working down through a connecting-rod upon the crank shaft,
placed in a hollow conical base plate below. Admission was by two
automatic lift valves at the top of the cylinder. Through the first the
gas passed into the mixing chamber, the second rose to admit the charge
of gas and air into the cylinder, the two being so connected by levers
that the lift of the admission valve also raised the gas valve. Neither
valve could act while the exhaust was open. The governor regulated
the speed by holding the exhaust closed, on the “ hit-and-miss” principle.
In a type described by Schéttler, the admission valve was opened by rods
acted on by a tappet on a disc, rotated by a lever from the crank shaft.
The governor operated on the disc in the same way as already described.
A 6 H.P. Liitzky engine was tested by Professor Schéttler in Germany.
At a mean speed of 200 revolutions per minute, the consumption of town .
gas was 24 cubic feet per I.H.P. hour. Good drawings of this engine
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will be found in the Zeitschrift des Vereines deutscher Ingénieure, August
22, 1891.

The construction of gas and oil engines by the Berliner Maschinen-
Bau Gesellschaft, formerly Schwartzkopf (Kaselowsky’s patent) has now
been discontinued.

8ombart.—The Sombart engine, formerly made by the firm of Buss,
Sombart & Cie., afterwards by Fried. Krupp, Grusonwerk, Magdeburg,
and by the combined firms of the Maschinen-Fabrik Augsburg and
Nuremberg, was first exhibited in 1886. It is one of the oldest German
engines, and was originally made vertical, the charge being admitted
through a slide valve and fired. In some respects it resembled the
Adam and Koerting, and the ordinary four-cycle was used. Ignition
was obtained by the propagation of an external flame through a passage
in the slide valve, an arrangement afterwards superseded by hot-tube
ignition. The gas and air were admitted through a slide valve acted on
by a rod from an eccentric on the valve shaft, the exhaust was opened
from it by means of a roller and levers.

The makers of the engine considered that a high speed was inadvis-
able, and few of their motors were intended to be driven at more than
150 revolutions per minute. They maintained that it is more advan-
tageous to run a gas engine at a comparatively low speed, and that the
gain in power obtained by increasing the number of revolutions is
counterbalanced by the wear and tear, and the greater consumption of
gas and oil. Two vertical and two horizontal engines were exhibited
at Chicago. In the horizontal type all the valves were worked by cams
on a valve shaft driven 2 to 1 from the crank shaft. The speed was
controlled by an inertia governor, acting by the partial or total sup-
pression of gas, and could be varied while the engine was running. In
some types ignition was effected by a lift valve driven by a lever from
the rod working the admission valve, and in engines intended for driving
dynamos the quantities, both of gas and air, were automatically varied by
the governor, in accordance with the load. Drawings of the earlier type
of the Sombart engine will be found in Schottler, and of the later in Witz.

Capitaine—Theory.—Among engines introduced within the last
twenty years, an interesting and original motor is the vertical Capitaine.
In a paper communicated to the Verein deutscher Ingénieure (vol. xxxiv.
of the Zeitschrift), the inventor, Herr Capitaine, maintains that the
greater the number of revolutions, the better results will be obtained.
At the same time he advances the somewhat novel ipoint, that the piston
speed may be quite different from, and independent of, the speed of expan-
sion of the gases. Though usually classed together, the two are not
synonymous, and their effect is by no means the same. If an engine be
constructed, running at a certain speed, with a small diameter of cylinder
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and a long stroke, the speed of the piston will be considerable, and the
speed of expansion relatively small. On the other hand, if another
engine, going at the same speed, have a short stroke and a large diameter
of cylinder, the piston speed will be relatively small, and the speed of
expansion great. Combustion, however, can never be instantaneous, and
therefore the speed of the piston should be limited to the rate of com
bustion of the charge. In Capitaine’s opinion, the Otto engine owes its
success partly to the carefully designed ratio between combustion and
the speed at which the gases expand. To every speed of revolution in a
gas engine, a certain rate of combustion corresponds. Hitherto attempts
to increase the efficiency have been made by—1, More or less rapid com-
bustion ; 2, Raising the temperature of the cylinder walls; 3, More
perfect expansion of the gases; 4, More complete expulsion of the pro-
ducts of combustion ; 5, Greater compression. All these improvements,
combined with a suitable rate of combustion, have yielded good experi-
mental results. To obtain greater economy in a gas engine, Capitaine
considers that expansion ought to be more rapid, and explosion practic-
ally instantaneous ; the diameter of the cylinder should be increased, and
the stroke shortened.

The disadvantages of running at high speed are, the wear and tear of
the engine, uncertain ignition, incomplete combustion, and the vibration.
Against these drawbacks Herr Capitaine sets the gain of reduction in
size and cost. If an engine can be made, without overheating, to run at
twice as many revolutions per minute as another, its dimensions may be
smaller, it will be lighter, less expensive, and the cost of transport lower.
Hitherto, when engines have been tested at high speeds, no great gain in
economy has been observed. Being constructed to run at a given number
of revolutions per minute, and their ports proportioned to this speed,
and to a given rate of combustion, they cannot be expected to work as
efficiently, when they are driven at a much higher speed. The whole of the
charge cannot reach the igniting chamber of the cylinder at the moment
of explosion ; part of it is ignited afterwards, and expands too late to act
usefully on the piston. Capitaine found, when testing an engine con-
structed to run at a high speed, that, when making 320 revolutions per
minute, an excellent indicator diagram was obtained. When the speed
was increased to 800 revolutions, the efficiency was much lower, and
diminished in proportion to the increase of speed. The number of revolu-
tions should not be in excess either of the speed of propagation of the
flame, or the development of pressure in the gas.*

* See on the subject of speed in gas engines the summary of Dr. Slaby’s experi-
ments in Appendix C. The remarks in the text scarcely apply to the latest gas engine
practice, in whioh motors are made for powers so much larger than were usual ten
years ago, that the speed of revolution is of necessitykept within moderate limits (1905).
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Capitaine Engine.—The piston speed in feet per minute is the same
in the Capitaine as in other motors, but the number of revolutions, or
speed of expansion of the gases, is said to be doubled. It is also claimed

Fig. 94.—Capitaine Gas Engine-—Sectional Elevation.
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for this engine that the incoming charge is separated from the products of
combustion, and not allowed to mingle with them. The engine is of the
single-acting vertical four-cycle type, and the disposition of the valves and
working parts is similar to that of the Liitzky. As originally made the
cylinder A (Fig. 94) is at the top, and the piston P works down upon the
crank shaft K. Gas and air are admitted from above, through a double-
seated automatic lift valve, with spring 8. The air-enters at D, and
passes down into the wide port through the bottom of the valve at ¢, the
gas through the upper seat at /. Thus they mingle in the annular
chamber formed by the valve, which imparts to them a rapid circular
motion, and then impinge against a projection g, but the wide diameter of
the port is said to check their velocity. By this means the fresh charge
does not mix with the gases of combustion, which are discharged through
the exhaust port E at the side.

The piston having drawn in the charge, the up compression stroke
drives it into the hot ignition tube B, into which a portion of the incomn-
ing charge has already been directed. As there is no timing valve the
gases enter freely, and the mixture is said to ignite more readily, because
part of it is already in contact with the hot ignition tube. The exhaust
valve E is driven by a rod from an eccentric H on the crank shaft.
Above the termination of this rod is a hollow lever, into which the pro-
jecting end of the exhaust spindle fits at every revolution. But it is only
at every other revolution that a second lever is interposed between them,
and the eccentric, pushing up both levers, reaches and opens the exhaust
valve. A drawing of the arrangement will be found in Schottler, third
edition.

The centrifugal governor G on the crank shaft acts through a rod r,
and a catch on the lever opening the exhaust. If the speed be too great
the rod is drawn outwards, the knife edge of the lever misses the catch,
the exhaust valve remains open, and no fresh charge can enter till the
speed is reduced. In a trial on a 3:36 B.H.P. engine, with a cylinder
diameter of 6-6 inches and 6-4 inches stroke, and making 300 revolutions
per minute, 27 cubic feet of town gas were used per B.H.P. hour. The
engine is now made by the Maschinen-Bau Gesellschaft, Leipzig-Plagwitz,
and in England by Messrs. Tolch, of Fulham. It has been often exhibited,
but is now chiefly worked with petroleum (see Part II.).

The Berlin-Anhaltische Maschinen-Bau Gesellschaft were, till
lately, makers of engines of the usual four-cycle type. At the Berlin
Exhibition of 1896 they showed a 60 H.P. horizontal engine running at
158 revolutions 'per minute. The gas, admission, and exhaust valves, and
a timing valve for the hot tube, were worked by cams from the valve
shaft. The engine was started by means of alittle vertical § H.P. motor,
filled with compressed explosive mixture from the larger engine while
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running. This motor carried a second valve in the compression space,
through which the compression chambers of the two engines were placed
in communication. The ignition tube being shut off, the larger engine
was filled with the compressed mixture, the timing valve then released,
and the charge fired. As connection with the auxiliary engine was made
through an automatic valve, the pressure in the larger cylinder when at
work disconnected the two. In an engine giving 14:8 B.H.P. at a speed
of 198 revolutions per minute the consumption, in a trial by Professor
Meyer, was 17-8 cubic feet per B.H.P. hour of gas of 560 B.T.U. heating
value per cubic foot., This firm now devote themselves entirely to the
manufacture of the Oechelhaueser two-cycle engine (see p. 173).

The same may be said of the important firm of Borsig (Berlin-Tegel)
who exhibited a small four-cycle engine at Berlin in. 1896, but now build
only the Oechelhaueser for large powers, as described at p. 168.  In this
earlier engine the automatic gas and air admission valves were connected,
and both were lifted by the vacuum in the cylinder. The exhaust was
driven by an eccentric through vibrating levers working in a slot. A
knife-blade connected these levers with the eccentric-rod during the
exhaust stroke, but when the admission valve rose it carried with it the
vibrating lever and the exhaust valve-rod, and the connection with the
knife-blade was missed, till the pressure in the cylinder fell. Through
this knife-blade the governor acted on the exhaust valve, and held it
closed if the normal speed was exceeded.

Three small engines of the usual four-cycle type, the manufacture of
which has now been discontinued, are the Werdau, the Januschek,
and the engine made by the Sachsenburger Maschinen Fabrik. A
description of them will be found in the third edition.

A gas engine, vertical and horizontal, has been made for many years
by Baldwin Bechstein, of Altenburg. It is a comparatively slow-
running motor of the ordinary four-cycle type, and carries a slide valve
for admitting the gas and air, and a flame for igniting the charge, worked
from the crank shaft by geared wheels, 2 to 1, and a rod. The governor
acts on the gas valve, and regulates the supply according to the load ; the
exhaust is driven from the auxiliary shaft. Another type has lift valves
driven by gearing and hot-tube ignition; in most respects the engine
resembles the Otto. In the vertical type the crank and connecting-rod
are enclosed in a chamber filled with oil, which is picked up by the
crank, and dashed over the working parts; in the horizontal engines
centrifugal lubrication, with sight feeders to supply oil to the piston, is
used. The Bechstein motors are fitted with a patented arrangement to
show the quantity of oil used per stroke, thus enabling the consumption
to be verified at any moment. The engine is made vertical from § to 3
H.P.,, horizontal from 2 to 20 H.P., and runs at 350 to 160 revolutions
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per minute, according to size. It is also coupled to a suction gas pro-
ducer (see p. 234).

Langensiepen.—Like many other German firms, Richard Langen-
siepen, of Magdeburg, has lately brought out a horizontal gas engine, to
work chiefly with a suction gas producer of his own construction. The
motor is of the usual four-cycle type, with valves driven by gearing from an
auxiliary shaft. The governor acts on the hit-and-miss system in engines
intended for ordinary work ; for driving dynamos, the quantity of the
charge is regulated, the composition of the mixture remaining the same.
Ignition is by hot tube in engines worked with lighting gas, and by
electricity where the motive power is furnished by suction producers.
The engine is made vertical for 1 and 1} H.P., horizontal from 2 to
125 H.P., and runs at 300 to 180 revolutions per minute.

The engine made by Seck, of Oberursel, and known as the ¢ Gnome,”
is chiefly intended for use with petroleum, and a description will be found
in the Oil Engine Section. It is now constructed also for gas, especially
to work with a suction ‘gas producer (see p. 234). A distinguishing
characteristic is that the engine has no valve shaft, the valves being
driven by eccentrics from the main shaft. Ignition is usually by a hot
tube. As a gas engine the “ Gnome ” is made vertical only in sizes from
4 to 20 H.P., with a speed of 400 to 250 revolutions per minute.

Austrian Engines.—Bénki.—This engine is made on the Bénki and
Csonka system, by Ganz & Cie., of Buda-Pesth, and is much used in
Austria, especially when driven with oil, for agricultural and other
industrial purposes. Several motors were shown at the Buda-Pesth
Exhibition in 1896. The gas engines are of the ordinary four-cycle type,
vertical only, and are similar to the Bénki oil engine, described in detail
in Part II.; it is in fact the latter which has been adapted to work with
lighting and power gas. The principle of water injections in the admis-
sion passage has been retained, but a double-seated automatic valve, to
admit the gas and air, has been substituted for the oil pulveriser. The
inertia governor, as in the oil engine, is on the valve shaft. If the
normal speed is exceeded a lever is interposed below the exhaust valve-
rod, and prevents its descent, while the admission valve is so connected to
it that the governor holds the latter closed at the same time. The exhaust
valve of this engine is driven by gearing from a cam shaft, and ignition
is by hot tube without a timing valve. The engine is made for lighting
gas in sizes from 5 to 50 H.P., and runs at a slightly lower speed than
when driven with oil. The consumption is said to be about 15} cubic
feet of gas per B.H.P. hour.

A description of the Bénki gas hammer will be found in the Third
Edition, p. 166.

Langen and Wolf, of Vienna and Buda-Pesth, make engines of the
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ordinary four<cycle Otto type, with lift valves and hot-tube ignition.
They claim to construct the ¢ original Otto” engine with various im-
provements. Motors intended for driving dynamos are governed by
varying the supply of gas. They are made in sizes from 1 to 125 H.P.
with one cylinder, and up to 160 H.P. with two cylinders, and are also
adapted for use with power gas.

Swiss Engines.—By far the largest and most important firm con-
structing engines in Switzerland is the Schweiserische Maschinen-
Fabrik, at Winterthur, who exhibited several gas and oil engines at
Geneva in 1896. They were all of the usual four-cycle type, with valves
driven by gearing from the crank shaft through a counter shaft 2 to 1.
Like many other Continental makers, this firm now build engines on a
large scale, to work chiefly with Dowson and suction gas producers. So
far these motors are all single-acting, although experiments with double-
acting engines are now in progress. In a 50 H.P. engine, constructed
for use with Dowson gas, the timing valve to the hot tube, the exhaust,
and the starting gear are worked by cams from the valve shaft, the
admission of gas and air by an eccentric on the same shaft. The governor
acts upon this eccentric, and cuts off the admission earlier or later, ac-
cording to the speed. The engine is started by compressed air intro-
duced into the cylinder from a separate air reservoir, the exhaust being
held open by a special cam, shifted or brought into play by a handle.

In their latest type of gas engine the speed is regulated by a rotary
ball governor, driven from the auxiliary shaft. All the valves are con-
tained in a valve chest which, together with the exhaust valve, is cooled
by a separate circulation of water. The admission chamber has two
double-seated valves, one for introducing the gas and air, the other
regulates their admission to the cylinder. Both are opened at the same
moment of the stroke, but their lift and time of closing are varied accord-
ing to the load. The quality of the charge is not affected, but the
governor acts on the volume, and therefore on the degree of compression.
Expansion being the same, however reduced the volume of the charge, the
pressure is lower if the load diminishes, and there is said to be less strain
on the working parts. The exhaust valve is worked by a system of
levers, the proportional lengths of which diminish the stress of lifting
the heavy valve, and ensure its quiet action. Ignition is by eleotricity,
and the engine is lubricated by automatic sight feeders and oil under
pressure. The most important plant the firm have yet built is at the
Embrach Potteries, near Winterthur, where there are three Dowson gas
producers, three of their engines, each developing 100 H.P., and one of
40 H.P. The producers are placed below the floor of the engine-room,
the hoppers to receive the fuel being on a level with the ground; drawing
out the ashes and cleaning the fires take place in a basement space. All
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the machines in the Potteries are driven by electricity furnished by the
three 100 H.P. engines, the 40 H.P. engine supplies the electric light.
- They are started by compressed air from a small electric motor. Careful
tests on this well-arranged plant determined the consumption at 0-87 1b.
of fuel per B.H.P. hour. The Schweizerische Maschinen-Fabrik make
horizontal engines with one cylinder from 2 to 150 H.P., with two
cylinders up to 300 H.P,, the speed varying from 240 to 150 revolu-
tions per minute. With suction gas producers they claim to have
achieved much success, and have hitherto supplied engines and plants
from 20 to 50 H.P. They are now putting down a plant with three
suction gas producers and three engines, each of 220 H.P., at Bilboa
in Spain. Several hundreds of these producers are at work, with a total
of nearly 3,500 H.P.

The Actien Gesellschaft, formerly MM. Martini, of Frauenfeld,
make oil and gas engines of the Otto type, with hot-tube ignition, but
since 1900 they have not built many. A small gas engine was exhibited
at Geneva in 1896, in which the vertical valve shaft was at right angles
to the axis of the crank shaft, from which it was driven by wheels 2 to 1.
A cam on this shaft worked the gas valve through a rod, and if the
normal speed was exceeded the ball governor on the top of the shaft
shifted the rod, and the valve’ was not opened. The admission valve
was automatic, the exhaust driven from an eccentric, and the products of
combustion were discharged through the base.

MM. Escher, Wyss & Cie. also make gas engines of the ordinary
four-cycle type, single cylinder, with hot-tube ignition and rotary ball
governor. The valves are driven by cams from a side shaft geared to
the crank shaft. The horizontal engines are in sizes from 2 to 60 H.P.,
and run at 250 to 180 revolutions per minute. In a new vertical type,
the ‘Meteor,” the crank and crank shaft are enclosed in a casing; to
preserve them from dust. The engine is made from 1 to 12 H.P., and is
said to work very quietly, in spite of a speed of 370 to 330 revolutions
per minute.
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CHAPTER X.
GAS PRODUCTION FOR MOTIVE POWER.

CoNTENTS. — Gaseous Fuel — Natural Gas — Coal Gas — Distillation — Combustion—
Water Gas—History—Dellwik System—Gas Producers—Bischof —Thomas and
Laurent — Kirkham — Siemens — Pascal — Tessié du Motay — Strong — Lowe—
Loomis—Chemical Processes.

THE first attempts to produce gas from coal were made as an experiment
to obtain light, without any intention of utilising it as & motive force.
The process of extraction was too costly for the gas to be employed to
drive the motors invented at the beginning of last century, and many
were the devices described by the patentees, to obtain a suitable explo-
sive gas. In one of the earliest gas engines, brought out by Street in
1794, he proposed to generate a gas to act on a piston, by sprinkling a
few drops of petroleum or turpentine on the bottom of a cylinder kept at
ared heat. The liquid was evaporated, exploded, and drove up the piston.
Barber obtained gas for driving his engine by heating coal, wood, &c., in
a retort, according to the method now practised in gas works. The
process of making gas was in its infancy, carried out only in large towns
and cities, and there was much prejudice against it. It was also very
dear. Practically in those days there was no gas to be had, and it was
impossible to produce it cheaply, for driving small motors.

Gaseous Fuel.—As a fuel, however, coal gas was used long before
its advantages as a motive force were perceived. During the first half
of -last century, as soon as the great value of steam was recognised, the
economical use of coal became an important question. Without fuel,
steam could not be generated, but although this is still usually done
by burning coal under a boiler, it has long been known that it is rather
wasteful. It is difficult by direct combustion to obtain temperatures as
high as when gases previously extracted from the fuel are burnt. For
chemical purposes, where great heat is required, gaseous fuel has been
in'use for many years. Cheap gas, made in producers or generators, is
extensively employed in the manufacture of iron and steel, and other
metallurgical processes, as being better and cheaper than burning the coal
itself. A fresh stimulus was given to its production as soon as gas engines
began to attract public notice and favour. It was seen that the maxi-
mum economy in driving them could never be attained as long as they
were worked with town gas, and inventors have for more than a quarter
of a century laboured to produce a cheaper and equally efficient gas. a
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There are many ways of extracting gas from fuel. The composition
of different gases will be found in Chapter xiv., and it is only necessary
here to mention, without going into details, the methods by which it is
obtained. These consist in bringing together, with or without combus-
tion, the chemical constituents of the coal and air, carbon, oxygen,
hydrogen, and their compounds. If the hot fuel is moistened with
water or steum, the quantity of hydrogen is increased ; if air be intro-
duced, a much greater amount of oxygen is added. In either case the
carbon in the fuel unites with the oxgyen of the air or of the water, and
more carbon monoxide is produced than when the gas is formed from the
chemical elements contained in the coal only. 1f the fuel is burnt in a
closed vessel, and steam added and evaporated, the gas produced is richer
.in hydrogen than if air is admitted. When air is introduced, the same
process tekes place, but, instead of hydrogen being liberated, there is a
large residuum of inert and useless nitrogen.

Gaseous fuel may be divided into six classes, namely :—I. Natural
gas. IL Oil gas, obtained from petroleum, vegetable oil and refuse,
shale, fat, resin, &c. III. Carburetted air, or air saturated with volatile
spirit. IV. Gas extracted from coal, wood, peat, and other varieties of
fuel, either by distillation, or with the addition of air or water. In the
latter case it is called power gas, water gas, or producer gas. V. Blast-
furnace gases, or gases generated during the production of pig iron from
iron ore. VI. Coke-oven gases, or gases given off from coal when con-
verted into coke for these furnaces. We will now proceed to consider
generally the first four methods of gas-making ; the two last have lately
assumed such importance that their applications are treated in a separate
chapter (Chap. xii.).

I. Natural Gas.—The process of generating gas from coal, or from
the vegetable substances which form the basis of coal, is carried on by
Nature as well as by man, though on an infinitely larger and more
gradual scale. The gas is produced by the heat of the earth and the
slow combustion of chemical decomposition. Gases exhaled from swamps
and commonly known as “will o’ the wisp” or marsh gas, are only a
variety of lighting gas, which when artificially produced contains about
40 per cent. of marsh gas. As the decaying vegetation of swamps, bogs,
and forests undergoes further decomposition or slow combustion, a fresh
layer of soil is formed over it, and it passes very gradually during ages
of time through the stages of peat, lignite, brown coal, and eventually to
coal. Time, the earth’s heat, decomposition and oxidation, apd pressure
frequently cause the escape into the atmosphere of the gases thus
generated. Of this the disastrous explosions in mines afford an example.
Marsh gas (usually termed fire damp” or ‘“choke damp”) distilled, so
to speak, from coal, and at a high pressure, and carbon monoxide, are



190 GAS, OIL, AND AIR ENGINES.

liberated by excavation, and rush into the mine workings, often with
fatal consequences. When the gases find a natural outlet at the surface
through fissures in the ground, as in many places in the United States,
and in Russia along the shores of the Oaspian Sea and elsewhere, they
are given off from the earth harmlessly. This natural gas, consisting
almost entirely of marsh gas, is of excellent quality for lighting and
heating purposes, and contains more heat than artificially made gas.
Formerly it was allowed to escape to waste, but it is now utilised, and
furnishes much of the lighting gas in several towns of the United States,
and is also extensively used to drive gas engines. For its composition,
see Table, p. 300. Two trials on a three-cylinder, vertical, four-cycle 90
I.H.P. Westinghouse engine at Lafayette, U.8., will be found in the
Tables. The consumption of natural gas was about 13 cubic feet per
L.H.P. hour. Several other tests have also been made.

Natural gas has also been found in working quantities at Heathfield,
in Sussex, and a considerable supply is believed to exist within a radius
of 12 to 20 miles. The gus is of the following composition :—Methane,
934 per cent.; ethane, 3 per cent.; nitrogen, 27 per cent.; carbon
monoxide, 0°9 per cent. ; showing that it is almost pure marsh gas. It
is found at a depth of 300 feet, and is of about 12 candle-power. It is used
to light the railway station and part of the village, and also to drive gas
engines, in which the consumption is from 13 to 15 cubic feet per B.H.P.
hour, and a pressure of 134 to 200 lbs. per square inch is attained.

II. and III. The methods of producing gas from oil, and of charging
air with petroleum or other spirit (carburetted air), will be described in
the second part of this work.

IV. Coal Gas.—The gas used for lighting and heating is extracted
from coal in two ways, either by—

1. Distillation, or the application of external heat to the coal.

2. Combustion, or actual ignition of the coal.

Distillation produces a much richer gas, and is the process universally
used in gas works. The cheaper and inferior kinds of gas, such as water
or producer gas, are obtained by combustion. These are employed as
fuel instead of coal, and to drive gas engines. Professor Witz draws a
further distinction between hot and cold distillation ; the latter is chiefly
employed for carburetted air.

1. Distillation of Coal.—The earliest method of obtaining gas from
coal, first practised by Murdoch, was to heat the coal in closed retorts,
and distil the gas from it. By this process the gases are given off, leaving
a residunm of coke, &c. As the air is carefully excluded, the distilled
products contain practically no gases except those already in the coal.
Roughly speaking, two-thirds of the constituents are hydrogen, carbon,
and their combinations. It is only of late years, since gas motors have
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been made for larger powers, that the need of a cheap substitute for this
distilled or town gas has been felt. As long as it was required only for
illumination, the quantity used by each consumer was too small to make
economy of production a relatively important question. As far as the
heating value of town gas is concerned, it is well suited for driving
a motor, but it is unnecessarily pure for this purpose, and the price per
1,000 cubic feet is relatively great. To produce town gas separately for
driving small motors is, of course, impracticable, on account of the cost
of production, &c. For some time, therefore, much attention has been
paid to the production of a cheaper gas, less pure, but not liable to
deposit carbon in the passages and ports of & motor.

2. Combustion of Coal.—The second method of manufacturing gas
is by burning the coal, and three processes are employed, each producing
a different kind of gas. In all of them, ordinary atmospheric air is
required to assist combustion.

In the first process a forced air blast is used. The gases are rapidly
generated by driving a current of air through the glowing coal, and com-
bustion is thus stimulated. This furnishes what is called producer gas,
and sometimes Siemens’ gas, because it was first introduced by Sir William
Siemens, as a fuel or substitute for solid coal. This gas is often used for
heating purposes, but is not rich enough by itself to drive a gas motor.

In the next kind, known as water gas, the method followed is also
to burn the coal or coke, and when it is a state of incandescence a jet of
steam is injected into it. As a rule, water gas and producer gas are
made alternately in the same apparatus. The third system is a com-
bination of the two methods. Instead of alternately injecting steam and
air into the mass of incandescent fuel, both are admitted simultaneously.
The jet of steam carries with it into the fuel a current of air duly pro-
portioned, and the gas, though poorer in quality, can be made continu-
ously. Applications of this system are now very numerous. It was
first brought out and patented in England about 1878-79, by Mr. J. E.
Dowson, and another method was introduced into France by M. Len-
cauchez about 1887. Practically it is now used with all large gas engines,
except those worked with blast-furnace or coke-oven gases. Engines
driven with this cheap gas give from 10 to 20 per cent. less power for
the same cylinder dimensions than when worked with lighting gas.

These three last kinds of gas—producer, water, and power gas—are
usually made from anthracite or gas coke. If ordinary coal is used, the
tar, ammonia, and other residual products are rather difficult to get rid
of. Efforts are now, however, being made to utilise ordinary coal, and
some of the modern producers make gas from poor, and even from bitu-
minous coal. A distinguishing characteristic of these gases is that they
contain a much larger quantity of carbon monoxide than lighting gas.
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Carbon monoxide is highly poisonous, but has no smell, and care is needed,
in using it, to prevent any escape.

Water Gas consists in theory of about equal parts by volume of
carbon monoxide and hydrogen—namely, 50 per cent. H and 50 per cent.
CO, or by weight 6-67 per cent. H and 93:33 per cent. CO. If the
temperature be allowed to fall during the process of gas mmking, CO,
will be formed. The gas is of great heating value, because of its large
percentage of hydrogen. According to Naumann lighting gas contains
only from 20 to 30 per cent. of the heat of the carbon in the coal from
which it is made, producer gas 70 per cent., while water gas contains
92 per cent. It is, therefore, especially suitable for motive power, and
when the difficulties of using it are overcome, it will probably be much
employed for this purpose. 'When burnt it generates half as much heat
as lighting gas, though costing very much less, and four times as much
us producer gas, and it is not susceptible to cold or changes of pressure.
The carburation of water gas is one of the latest developments in this
brauch of science. Sometimes, as in America and England, oil vapour
is added to it, and the mixture is then combined with lighting gas. In
Germany, France, and Belgium the same result is produced with benzol,
a product obtained by distillation from bituminous coal.

In making water gas there are two successive stages. During the
first, hot air is blown into the furnace to stimulate combustion ; during
the second, steam is passed through the column of coal or coke, pre-
viously brought by the air blast to a state of incandescence. While the
water gas is being made, its composition is analysed from time to time,
and, as soon as the percentage of CO, (of which there should be very
little) exceeds a certain limit, gas making is stopped, and hot air again
blown in. The plants are worked intermittently or continuously, and
the gas made either in retorts, or by actual combustion in a generator;
the latter is the more modern system. Anthracite, gas coke, or charcoal
are used in the generators, and a high temperature is essential, as shown
by the following table of experiments by Dr. Bunte (summarised from
Geitel, Das Wassergas, &c., p. 15) :—

TABLE OF VOLUME OF GASES AT DI¥FERENT FURNACE TEMPERATURES,

Composition of Water Gas Produced. Steam.
-l e
'emperature. .
Hyd) N Carbo Carbo! Not |

I v éoge " Mono‘xlide?co. | Dloxﬁe, 2‘0,. 1 Decomposed. ’ Deoom;ooed.
l Degrees C. per cent. per cent. per cent. per cent. per cent.

674 652 49 29°8 88 912 I
' 861 599 181 l 219 482 51-8
I 1,125 509 485 06 994 06
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Thus the higher the temperature in the generator, the better the
quality, and larger the quantity of water gas produced.

The discovery of water gas is usually attributed to Fontana, in the
middle of she eighteenth century, but the first working apparatus was in-
vented by Donovan, in Dublin, in 1830. Carburetted water gas—that is,
gas into which schist oil or tar was injected to render it luminous—
was introduced by Jobard and improved by Selligues in 1834. From this
time numerous patents were taken out in England and abroad. The
gas was used for furnaces, but does not seem to have been applied to
give light until 1865, at Narbonne, where it was manufactured by direct
combustion in a furnace, instead of by distillation in a retort. The
combustion of the fuel having first been stimulated by an air blast,
steam was admitted until the temperature fell too low to make water
gas, when air was again blown in. This intermittent process is known
as the “blow and run” principle. In 1888 there were in Europe 24
water-gas generators, chiefly for non-luminous gas. At present about
two-thirds of the gas works in America are said to produce water gas
from nearly 300 generators, and it is increasingly used in England. Its
carburation by neans of naphtha has been applied to the improved
Teasié du Motay-Wilkinson system in the Municipal Works at New
York, and also to the Lowe process. These are the two types most used
in America, although many others have been introduced. For further
particulars as to the manufacture of water gas the original paper of
Herr QGeitel, Das Wassergas und seine Verwendung in der Technik,
should be consulted. In this valuable treatise 58 producers are de-
scribed, about 40 being illustrated with good drawings.

The main difficulty which long stood in the way of utilising water
gas to any large extent was the simultaneous production of four times
its amount of producer gas, necessitated by the process of manufacture.
The problem how to get rid of the latter has been solved by carburating
the water gas with oil vapour. The producer gas is led off into super-
heating chambers and burnt, and the heat thus furnished decomposes
the oil by “cracking” it. Thus the process of water-gas manufacture
now forms almost a perfect cycle of heat, as exemplified in the Lowe
system, and still more completely in the Dellwik. If the gas is made
intermittently, the large quantity of CO generated during the “blowing”
process, owing to the deep layer of fuel and small quantity of air forced
through it, causes a great loss of heat. In burning 1 lb. of carbon to
CO, 2,400 calories are liberated, while if it be burnt to CO,, 8,080
calories will be evolved, or 3:3 times as much heat. If producer gas
containing a large proportion of CO be used to heat a vaporiser, and
generate oil vapour, this heat will be utilised, but with non-carburetted

water gas it is wasted. 13
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The Dellwik S8ystem meets this difficulty. In it CO,, instead of
CO, is generated in the producer, and practically there is no producer
gas as a bye-product. A much larger quantity of hot air is blown in
at high pressure, and the layer of combustible kept very thin, with the
result that only the ordinary products of combustion, CO, and N, both
inert gases, are generated and discharged. As combustion is more
complete, steam can be admitted and water gas produced for a much
longer, and air blown in for a much shorter time, than with the ordinary
system. Usually water gas is produced for about 15 minutes per hour,
and hot air blown in for 45 minutes. In the Dellwik process the
proportions are reversed, water gas is made for 45 minutes per hour,
and its production is said to be doubled. From 1 ton of common gas
coke Professor Vivian Lewes found that 70,000, instead of 34,400, cubic
feet of water gas were produced. Steam being only admitted in small
quantities at a time, there is no more CO, in the gas than before, and
no excess of water vapour to oxidise the CO, and convert it into 0O,.
The proper regulation of the quantities of steam and air is the main
feature of the Dellwik system. In a six-hours’ test at Warstein, in
Westphalia, it was found that 1 kilo. of coke produced on an average
2:5 cubic metres of water gas, equal to a consumption of 25 to 30 lbs,
of gas coke per 1,000 cubic feet of gas. The production per kilo. of
carbon depended on the relative proportions of CO and CO,. The heat
utilisation, or the percentage of heat in the coke transferred to the water
gas varies from 72 per cent. to 82 per cent., instead of some 40 per cent.,
as in other systems. In Germany, at Frankfort, and at the Kénigsberg
Gas Works, there are large water-gas plants on the Dellwik system ; the
gas is produced for about 3d. per 1,000 cubic feet, but it is made on a
large scale. The process is a good deal used in Germany, though in
England it has hardly made much way at present. The composition
of water gas will be found at p. 300; its average heating value is
from 270 to 300 B.T.U. per cubic foot. It is the high proportion of
poisonous CO which constitutes its chief danger; about 16 per cent. is
the limit of safety.

Water gas has been used with good results to drive gas engines at
Essen since 1891, when an Otto engine was started, and at Witkowitz
Iron Works, where it has provided an aggregate of 223 H.P. To obtsin
the maximum pressure of explosion, and practically the same as in a
gas engine, the percentage of water gas to air should be about 3 to 7,
and an engine of the same dimensions gives from 10 per cent. to 15 per
" cent. less power than when driven with lighting gas. Herr Croissant,
the director of the gas works at Ludwigshafen, in Germany, has drawn
up a useful table, showing by calculation the heat efficiency of st-am,
lighting gas, Dowson, and water gas in engines of 100 H.P. to 50 H.P,,
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taking the separate efficiency of the engine, the plant, and the two
together, including heating up.

TaBLE oF HeaT EFFicIENCIES IN ENGINES FOR STEAM AND DIFFERENT
GASES AND FOoR DIFFERENT PowERs.

Heat Eftciency of | Hoat Eftcloncy of Boat Efclency of
Engine driven with $ine. " heating up.

100 n.r.i 50 n.r.l 10 B.P.{100 H.P.| 50 B.P.| 10 H.P.[100 n.r." 50 H.P.| 10 H.P.
p.ct. [p.ct. | p.ct. | p.ct. | p. ct. | p. ct. p.ct.|p.ct. p. ct.

Steam,. . . 125 | 83| 40 88| 58| 28 69 46|22

Lighting gas (town), .| 2564 ({231 (212|109 | 99| 91 | 109 | 99| 91
Dowson ges, . . 235|187 |13-3| 188 |11'3 | 96 | 129 | 102 | 7-31
Watergas, . . . . 236|187 (133 | 188 {113 | 96 | 129 (102 | 7-31

)

The great merit of water gas for motive power is its relative cheap-
ness. When not carburetted it costs little more than power gas to
produce, and is of far higher calorific value.

A series of interesting tests were made by Mr. Paterson, in 1898, at
the Birkenhead Gas Works, on a 10 H.P. Crossley gas engine driven
with (1) & mixture of equal parts of lighting and carburetted water gas ;
(2) pure carburetted water gas; (3) ordinary or non-carburetted water
gas. The engine was not of the newest type. The following table
shows the results obtained :—

TABLE oF CONSUMPTION AND HmaTING VALUR, &cC., oF THREE
DIFFERENT GASES IN A CrossLEY ENGINE.

Consumpti

cublic fee
Kind of Gas Used. of Gas

lleut.lnlg Value
"’ bic ft.
B.H.P. hour. Percul o

Heat
B.H.P. Efficiency.

Town gas, . .o 249 6187 106 | 16°7 per cent.
Carburetted water g&s, .. 276 5683 1116 | 163
Non-carburetted water gas, . 41 2764 1024 | 214 ,,

The heat efficiency of the water gas plant was 71 per cent.

Although much the cheapest, pure or “straight” water gas here gave
the highest heat efficiency.

As made in England for power purposes by Messrs. Dempster & Co.
of Manchester, the gas has a calorific value of 280 B.T.U. per cubic foot.
It has been used to drive several engines, the consumption in which is
from 30 to 32 cubic feet per B.H.P. hour. One engine has been worked
with it for over twelve months, and two small engines driven with
“blue” water gas have been running for some time at Ilford.
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As the author was of opinion that there is a great future for this
gas for power purposes, especially for driving large power gas engines,
this detailed account of it is here given, although it has not been much
applied in this direction. We pass to a description of different gas
producers, marking the successive stages in their development.

Bischof.—The earliest attempts to obtain gas for heating purposes
from the combustion of coal, instead of from distillation, were made by
Bischof in 1839. Peat fuel was burnt in a brick chamber, air at atmo-
spheric pressure was admitted from below, through holes in the covering
of the ashpit, and the gases generated during combustion were drawn off
through a chimney and damper from the top of the furnace chamber.
In 1840 Ebelmen made a furnace for generating gases, worked by a blast
of air, and a much larger quantity of gas was produced by this means
than in Bischof’s apparatus.

Thomas and Laurent.—But the merit of being the first to design
a practical gas producer belongs to MM. Thomas and Laurent, who,
between 1838 and 1841, constructed a gas generating furnace, in which.
many modern improvements were anticipated. Air compressed by a
blower was admitted at the bottom of the furnace, and the decomposition
of the air was assisted by the injection of superheated steam, in the pro-
portion by weight of 35 parts of air to 1 of steam. The height of the
generator was sufficient to cause the oxygen of the air to combine with
the carbon of the fuel, and carbon monoxide and carbon dioxide were
formed.

Kirkham.—Another remarkable apparatus was brought out in 1852
by Messrs. Kirkham, who, working independently but on the same lines
as Thomas and Laurent, produced their gas by direct combustion of the
fuel in a furnace, instead of by applying external heat to the coal, and
distilling the gas from it. They were the first to use what is called the
“intermittent’’ system of gas making—that is, the alternate admission
of steam and air to the coal, and the gas was produced continuously.
The fuel being kindled in the generator, a blast of air was turned into-
it, until combustion was thoroughly established ; the air was then shut
off, the producer gas blown off to waste, and steam was injected and
quickly decomposed by the heat. After a short time the admission of
steam was stopped, and air again introduced to revive combustion.
Other gas producers were brought out by Ekmann in Sweden about
1845, Beaufumé in France in 1856, and Benson in 1869.

Siemens.—Several important gas producers were introduced with
successive improvements by Sir W. Siemens, who gave his attention
to the subject as early as 1861. His main object was to produce a gas
which could be used as a substitute for ordinary fuel in furnaces, and
he was the first to bring the question of gaseous fuel prominently
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forward. In his producer a very slow draught of air and slow rate of
combustion are employed, and the gases are cooled as they leave the
generator. His designs have since been perfected, and the Siemens
improved gas generator is now largely used for all sorts of metallurgical
and wanufacturing purposes. The two forms of gas producers introduced
into France by Minary in 1868 and his later recent apparatus were
invented with the same object of replacing solid fuel in furnaces. A
useful little generator was brought out by Dr. Kidd in 1875, intended
to provide a cheap gas for domestic use and cooking. With the excep-
tion of the Siemens apparatus these were all on a small scale, and none
-of them were originally intended to generate gas for working motors.

Pascal.—Pascal in 13861 was the first to develop the ideas of Thomas
and Laurent, and those of Kirkham, and to test practically a system for
manufacturing cheap gas, by the addition of steam and air to the incan-
-descent fuel. Except in its application, his method differed little from
theirs. A cylindrical gas generator filled with coal was surrounded by
a boiler, with which it communicated. The coal was fired, and steam
from the boiler admitted alternately with air from a blower, worked by
the motor. Pascal’s system of making gas has long been discontinued.

Tessié du Motay.—Another method brought out by Tessié du
Motay in 1871 is still used, with improvements, in America at the
Municipal Gas Works, New York. A brick furnace, enclosed in a
wrought-iron cylindrical shell, is charged with fuel from above, and the
gas drawn off through an annular space at the top. Air is introduced
through a blast pipe running across the centre of the furnace, and the
ashes and clinker are discharged below. To carburate the gas it is led
through a chamber fitted with ledges, over which naphtha trickles down
from above, is volatilised, and the vapour mixed with the water gas.
It is then passed through red-hot retorts, to prevent condensation when
the gas cools. This is said to be one of the best of the intermittent gas
producers, and is simple and efficient.

These different generators exhibit the successive steps in the pro-
duction of gas from coal. The first improvement on the process of dis-
tillation was the substitution of internal for external combustion.
Instead of the outward application of heat to retorts, the fuel was burnt
in the furnace, and the gas led off from it in pipes. A blast of air was
next introduced, to accelerate the production of gas; the last and per-
haps the most important innovation was the addition of a jet of steam.
About 1862 two systems were proposed on the Continent for making
water and generator gas. In the first, designed by M. Trébouillet,
" retorts filled with charcoal were brought to a red heat, and superheated
steam forced through them. Charcoal was also used in the other
method, invented by M. Arbos of Barcelona. The generator was in



198 GAS, OIL, AND AIR ENGINES.

two divisions. The upper part contained water, and formed a kind of
boiler and superheater, and steam mixed with air was admitted at the
bottom of the furnace. A modification of this process was applied to
the Bénier generator. :

Strong.—Two systems, both of American origin, the Strong and the
Lowe, for making gas by admitting steam and air intermittently into
burning fuel, were introduced about 1874. The Strong apparatus con-
sisted of a generator filled with anthracite or coke, charged through a
hopper ubove, or through doors at the side, and communicating with two
heating chambers loosely stacked with firebricks. A forced blast of air
was admitted both above and below the furnace, and produced active
combustion, and the gases generated were driven into the first heating
chamber. Here they were ignited by the current of air, and burned
down through the firebricks and up through the second chamber, pass-
ing thence to the reservoir. As soon as the fuel in the furnace was at
a red heat the air was shut off, steam introduced in the reverse direction
to the air, and superheated in its passage through the red-hot firebrick.
At the top of the furnace finely powdered fuel was sprinkled into it, the
steam separated into its elements, and these combined with the carbon
to form rich water gas. After a few minutes combustion slackened,
and the process was reversed. A drawing of this producer will be found
in the Third Edition, p. 168.

Lowe.—The Lowe process resembled the Strong in several respects,
but contained a generator, a single superheating chamber, a carburator,
and a scrubber for purifying the gases. The producer was worked
intermittently. The generator being charged with anthracite, combus-
tion was started by a blust of air. The hot gases given off were conveyed
to the lower part of the superheater, where a fresh current of air kindled
them, causing the flames to rise through the loosely stacked bricks. As
soon as the generator was at a red heat, or at a temperature of about
1,600° F., the gases were discharged, the air was shut off, superheated
steam blown into the furnace, and water gas generated. A small stream
of petroleum was dropped from above on to the glowing fuel, and as the
oil was ¢ cracked ” and vaporised by the heat, the gases were carburated.
They were then purified by passing them through water and the scrub-
bing chamber.

Loomis.—An interesting example of the intermittent system of gas
making, as applied to drive engines, is furnished by the Power and
Mining Machinery Company of New York, makers of the Loomis
generator. They have long used this gas to drive small engines, but have
of late years constructed large plants to work engines especially for mining
operations. A noteworthy feature is that the generator can be fired
with any kind of fuel most plentiful in a given locality, anthracite, coke,
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bituminous coal, or wood. The apparatus consists of two generators,
with a small vertical tubular boiler between them. The generators are
lined with firebrick, and are from 5 to 11 feet in diameter, and 12 to 18
feet high. Combustion is started by means of an exhaustor, which
draws down a current of air through the glowing fuel in the generator.
The producer gas thus formed is led upwards through the boiler, its
heat converting the water in the tubes into steam, and thence to a gas-
holder. When the fuel is red hot, the air valve is closed and one
generator shut off. Steam is then turned from the boiler into the other
generator, and in its upward passage through it is converted into water
gas, passes thence to the top of the other generator, downwards through
the fuel, and up through the boiler to a scrubber, and finally led off to
a gasholder. The processes of making water and producer gas are
alternated every five minutes, more or less, according to the quality of
gas desired. Thus the two generators are used to make producer
gas, and only one or the other successively for water gas.

It is claimed for this system that, as all the gas is passed through the
fire, the tar in it is converted into a fixed gas. By an ingenious con-
trivance, producer gas alone may be mnde in the generator, air being
forced in by the exhauster as before, and steam admitted at various places
to mingle with it. The change from one method of working to the other
is easily effected by means of hydraulic valves. Water gas made by this
process from bituminous coal has a heating value of 300 to 350 B.T.U.
per cubic foot. For driving engines the two gases, producer and water,
are led from their holders to a mixing valve, where they are combined in
any desired proportions. The special characteristic of the producer,
which makes it applicable in outlying districts remote from civilisation,
is its adaptability to any kind of fuel. At Sonora, in Mexico, all the
power required for working a large copper mine is furnished by electric
motors. These are operated by eight four-cycle 110 H.P. gas engines, with
a speed of 200 revolutions per minute, the gas for which is supplied by
two Loomis generators, one in use, the other in reserve, each capable of
yielding 1,000 H.P. The generator has two gasholders attached, the
one for water gas, having a capacity of 5,000 cubic feet; the other for
producer gas, of 15,000 cubic feet. The consumption in the generators is
1} lbs. of inferior local coal, or 2} 1bs. wood per B.H.P. hour. At another
mine in Mexico there are five 140 H.P. gas engines driven with Loomis
gas made from wood. Elsewhere in Mexico there are various mines and
mills worked with this power gas, which supplies a total of nearly 2,000
H.P. The generators are made in sizes from 50 H.P. upwards.

Chemical Processes.—The chemical process involved in making
the two kinds of gas here described, producer and water gas, one or
other of which is the basis of all power gas, is as follows :—Producer
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or Siemens gas consists of 0O and N, and is formed by the incomplete
combustion of the coal. The formula expressing it is C + O = CO.
The carbon in the coal combines with the air to form a gas in the
proportion of 35 per cent. CO to 65 per cent. N by volume. The
theoretical heating value of this gas is 113 B.T.U. per cubic foot (1,015
cals. per c. metre). For water gas the formula is C + H,0 = CO + 2H.
One Ib. of carbon in the coal burns with 1:5 lbs. of H,O to a gas of
which the constituents are 50 per cent. by volume of CO, and 50 per
cent. by volume of N. Its theoretical heating value is 303 B.T.U.
per cubic foot (=2,710 cals. per c. metre) In the one case 1 lb. of
carbon yields by combination with 73 cubic feet of air 88-3 cubic
feet of producer gas ; in the other, 1 lb. of carbon furnishes by combina-
tion with 15 lbs. of water vapour 614 oubic feet of water gas. The
decomposition of the H,O, however, in the latter requires more heat
than is liberated by the formation of the CO. If the two processes be
combined, as in Dowson gas, and steam and air injected together into a
furnace, 2 lbs. of carbon will burn with 15 lbs. of water vapour and 73
cubic feet of air, producing 61-44 cubic feet of water gas, and 88:32 cubic
feet of Siemens gas = 14976 cubic feet of Dowson gas, in the proportions
of 41 per cent. CO, 21 per cent. H, and 38 per cent. N. These values
are theoretical, because in practice the oxygen and hydrocarbons cannot -
be wholly eliminated.

The diagram on page 200, showing graphically the composition of com-
bustible gases, with their heating value and bye-products, is reproduced
by kind permission of the Vereinigte Maschinen-Fabrik Augsburg and
Maschinen-Bau Gesellschaft Niirnberg.
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CHAPTER XIL
GAS PRODUCTION FOR MOTIVE POWER (Continued).

CoxTEnTs. —Modern Gas Producers—Dowson—Experiments—Béle Trials—Tangye—
Stookport—Fielding & Platt — Thwaite — Crossley — Paisley — Wilson— Duff—
Mond—French Gas Producers, Lencauchez—Taylor—Pierson—Letombe—Ger-
man Gas Producers, Deutz — Koerting— Nuremberg — Kappel — Bechstein —
Oberursel —Langensiepen—Pintsch—Riché—Heat Efficiency.

It is to Mr. J. E. Dowson that the merit belongs of having inaugurated
the process by which superheated steam and air are admitted to a
furnace together, to furnish power gas for driving engines. The gas
obtained is poorer than water gas, but richer than producer gas; it can
_be rapidly and continuously generated, and with the proper admixture
of air is perfectly suited for this purpose. It possesses the further
advantage of being much cheaper than lighting gas. Before its intro-
duction, it was considered impossible to work larger gas engines as
economically as steam engines of about the same power. With few
exceptions, only small motors were made, and, owing to the expense of
town gas, it was supposed that large power ga