No. 745,704, . - PATENTED DEC. 1, 1903,
G, WESTINGHOUSE, .
GAS ENGINE.

~ APPLIOATION FILED APR. 30, 1901,

- N0 MODEL,

2 SEEETS—SHEET 1.

. WITNESSES:

5%@%&/ 1 . % IWVENTOR
CQgWW N . o BY Zo“t?&“

THE NORRIS PETERS £O., PHOTO-LITHO., WASHINGTON, . C.

L Ll S . . .
. . -




No. 745,704, PATENTED DEC. 1, 1903.

@, WESTINGHOUSE.
 GAS ENGINE. .

APPLICATION FILED APR, 30, 1901.

N0 MODEL, ‘2 SEEETS—SHEET 2.

i
i

|

et sl e s s Wi H——_.-Il N ek e Bl Tk WS Sl

e

=

[}~
\
.

Y

ety sy STk il bl e ke L L I . . SN L
4

- WITNESSES :

éﬂ@%{

‘%Q\
;




0 3

IS

20

tw

LX)

30

- L2

L

LA

Q)

_' No. 74%,7b4.

UNrrep StATES PATENT OFFICE.

| i’é._tented beceﬁlher i, 1903:.

GEORGE WESTINGHOUSE, OF PITTSBURG, PENNSYLVANIA..

'GAS-ENGINE.

SPECIFICATION forming part of Letters Patent No. 745,704, dated December 1, 1903.

Application f1ad Aprﬂ 30, 1901,

S.ﬂrml No. 58, 192. {NEJ model.) -

To all whom it may concer:
Beitknownthatl,GEORGE WE&TNGHOUQE

a citizen of the Umted States,residing at Pltts

burg, in the county of Allegheny a,nd State of

Pennsylvania, have invented new and useful
Improvements in Gas-Engines, of Whlch the=
following is a appmﬁeamon |

My invention relates to inter nal—eombus-

tion gas-engines;-and it has for its object to
pr G‘Vlde a two- -Gy cle engine of this character at |
a minimum cost of construction which shall

be compact and symmetrical in structuré and |
‘engine, only a p01 tion of Whleh 1Isshown, may

the operation of which shall involvé a satis-

and snb%anh&l 1mmumty from plem&tme
explosions. |

- With these ends in view | have dE:VISEd the
engine and its attachments shown in the ac-

companying drawings, in which—
Figure 1 is a front elevation of 8, tWo- cylm-

der engine, the parts below the eylinders, ex=

cept a portmn of the base- castmg, being omit-
ted. Tig. 2isaview, par tially in plan and par-
tially in ‘38{313101’1 of the engine shown in Kig.

Ifig. 31saver tical seetlonal wew of 80 much of
Fig. 4is a

the engine as is shown in FKig. 1
detail 51{16 elevation of the V&lve for eontrol—
ling the air-supply to the explosion- cylinder.

Flﬂ 5 is a sectional detail view taken on line
\Y% V of Fig.
detail views mken 1eqpect1ve1y, on lines VI
VI, VII VI1I, and VIII V1II of Fig. 2.

| fhe invention is-illustrated as embodied
in engines of the vertical type, and for con-
venience it will be described as-pertaining to
such engines. 1 desire 1t to” be understood

lwwevel" that the invention is not limited to
vertical engines and that wherever terms are
employed in the description which so define

- the relative location or themovements of par ts
~astoapparentlylimit the sametosuchengines

such use of terms is for convenience -Of de-
seription only and is not to be 'so construed.

as to limit the mventwn to engines of th&t
"~ The two expl{}smn e}‘,lmde:s of the engine
and the parts contained therein and support-
ed thereby are substantial duplicates of each
other as regards both structure and mode of
operation, ewept that one of the pistons is
so connected to the main shaft (not shown

4. Figs. 6, 7, and 8 are sectional

factory scavenging of the explosion-¢ylinder |
ends with bearings for a mam crank-shaft,

‘| as.is usual.

‘dérs and codperating apparatus.

) |

downward,asisusual in two-cylinder eng mes;

and 1 sha,ll therefore, describe one of the
cylinders an d the parts contained in and sup-

| ported by it with the understanding that such
‘deseription applies to the other eylmdel and
| the parts contained in and supported by it.
Tt will be further understood that the 1llustra-

tion of a two-cylinder engine is not intended
to exclude from the seope of my invention
either single-c¢ylinderengines or those having

a oreater umber of Cy linders than two.

The casting 1, constituting the base of the

constltute a crank-case and be provided at its

As has been already stated, engines con-
structed in accordance with my mventmn
may embody one explosion- cyhﬂder and co-
operating appamms contained 1n and sup-
ported thereby or a plurality of such cylin-
Since in

general the eylinders, if there be more than

1. | one, areof the same eanstructlon and are pro-
,- wded with the same coOperating apparafus,
T shall for convenience describe one cylinder
|'and the cooperating parts located in and sup-

ported thereby with the understanding that

such description is intended to apply either
to a single- cylmdel engine or to a plural-cyl-
inder engine..

in the form of enﬂme showa in the draw-

ings the explosion- _eylinder 2 is mounted ver-
tically upon the crank-case1andis provided

with chambers or passages 8 in its walls for
the circulation of a cooling liquid, asis usual
in gas-engines, and isalso prcﬂ;’lded with one

| or more exhaust-ports 4, thaf may commtini-

cate with a smtable ezhaust pipe. (Noft

shown. )
The ignition-chamber 5 at the upper end of

the exploswn cylinder eonstitutes a continu-

ation of said cylinder, but is formed in a sepa-
rate casting 6, that is also provided with cer-
tain chambels passages, and valves that will
be hereinafter ‘described.

Mounted upon the casting 6 is a ¢ylinder 7,

‘that is preferably in axial alinement with the

cylinder 2, but of smaller diameter and has
a head 8 attached in the usual manner. The
walls of this eylmdel are provided with a
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as to move upward while the other is moving | chamber 9 for receiving and temporarily stor-
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g a compressed non-explosive mixture of air

and gas, as will be hereinafter more fully de-
scribed. The cylinder 7 and casting 6 might
constitute a single unitary structure so far
astheoperation is concerned ; but for conven-

1ence of casting I prefer to make the strue-

ture in two parts, as indicated. The cylin-
der 7 is essentially a pump-cylinder, and it
18 provided, partially in its side wall and par-
tially in the head 8, with a chamber 10 for
receiving a non-explosive mixture of air and
This chamber 10 communicates with a
mixing supply-valve 11, which is indiecated
as constructed substantially in accordance
with Patent No. 483,585, granted to Edwin
Ruud and myself June 1, 1897, and servesto
properly regulate the mixture of air and gas
supplied to the chamber 10 in the manner
substantially set forth in said patent.
chamber 10 communicates with the upper end
of the cylinder 7 through a port that is nor-
mally closed by a spring - seated inwardly-
opening valve 12. A plurality of portsand cor-
responding valves may obviously be employed
for admitting gas from chamber 10 tothe eyl-
inder 7, but ordinarily one such port and
valve will probably be found sufficient in en-
gines of moderate size. The uapper end of
the cylinder 7 communicates with the stor-
age-chamber 9 through a port 13, that is pro-
vided with an outwardly-opening valve 14.

No limitation is intended to be placed upon

the construction as regards the number, size,
or form of passages, chambers, and valves
thus far described, since these parts may be
varied as regards number, form, location,
and dimensions to suit speeific conditions of

service withoutdeparting fromthe invention. -

The casting 6 is provided at one side with
an extension 15, in which is located a rotata-
ble eylindrical valve 16. This valve is emn-
ployed to control the admission of air to a
chamber 17 in the casting 6, which constitutes
an extension of the cylinder 7, the passage of
the air and gas mixture from the chamber 9,

and a supply of compressed air for starting

the engine. The valve 16 is mounted upon
a shaft 18 and is divided by partitions 19 into
four sections 20, 21, 22, and 23, that. are re-
spectively provided with ports 202, 21*, 29°,
and 23*. Thevalveissurrounded bya bushing
16%, that has ports 20°, 21°, 22° and 23 at one

- side and similar ports 20¢, 21°, 22¢ and 23° at

55
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the otherside, with which the valve-ports co-

operate as the valve is rotated.
The two valve-sections 20 and 23 are sub-
stantially alike both as regards their structure

and the service pertormed, and consequently

detailed illustration and description of one
of them will suffice for both. |

The extension 15 is provided at the outer

- side of the valve with chambers 24, 25, 26,

and 27, corresponding to the valve-sections
and bushing-ports, and at the inner side with
two end chambers 28 and 29 and a single mid-
dle chamber 30. The chamber 26 is con-

The
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sage o1, and chambers 24 and 27 are open to
the atmosphere. A partition-wall 31* is lo-

cated at each side of the inlet from chamber .

J to passage 31, so that water which may leak
from the cooling-pipes into the e¢ylinder 7 and

be carried with the mixture into chamber 9
may be prevented fromn entering said passage.

The water may be withdrawn from the bot-
tom of chamber 9 by means of an ordinary

stop-cock. The chamber 30 extends to a port
82 in the ignition-chamber 5, that is provided
with an inwardly-opening valve 33, and the
chambers 28 and 29 communicate directly
with the air-chamber 17. The chamber 25 is
provided with a port 25*, through which com-
pressed air may be supplied from a suitable
source for starting the engine.

The valve-shaft 18 is rotated by the gov-
ernor-shaft 34 and bevel-gears 35, the gear-
wheels being so proportioned and the valve
so adjusted as to control the admission of air
to chamber 17 and the non-explosive mixture
from chamber 9 to the port 82 in accordance

with the stroke of the engine-pistons and

also the supply of compressed air to the port
52 for starting the engine. |
The valve mechanism for controlling the
supplies of air and non-explosive mixture to
the chamber 17 and the cylinder 2, respec-
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tively, may be varied within widely-separated

limits without departing from my invention,
provided 1t is so constructed and arranged as
to effect the desired results. |
The shaft 54 is provided with a suitable
governor 806, that operates in the usual man-
ner to antomatically adjust the mixing sup-
ply-valve 11. . . |
In the two-cylinder engine shown a right

‘and left hand arrangement of ports is indi-

cated, and the two valves 16-are indicated as
actuated by a single bevel-pinion on the gov-
ernor-shaft. Other types and arrangements
of gearing may obviously be employed what-
ever may be the number of cylinders and
valves. |

The piston 37, that is located and operates
in the explosion-cylinder 2, is actuated by
cxplosions in the eylinder to drive the main
shaft through suitable conneecting mechan-
1sm and is rigidly connected to the piston 38,
which is located in cylinder 7, by means of a
hollow stem 39, that is provided with or em-
bodies a valve device 40.
operates in a cylindrical opening 41, formed

1n the head or partition-wall 42, which sepa-

rates the chamber 17 from the ignition-cham-

ber 5 and, as shown, constitutes an integral

part of the casting 6. | |
The valve device 40 comprises two heads
45, a tubular stem 44, and a plurality of spi-
rally-inelined wings 45, the outer surfaces of
which constitute parts of a eylinder of which
the heads 453 are the ends: The inclined ar-

rangement of wings affords the same result

asregards wear upon the eylinder 41, through
which the valve moves as would a solid eylin-

nected with the storage-chamber 9 by a pas- | drical valve and at the same time provides

This valve device
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spaces between the wings for the passage of |
- air.

The valve device 40 has a tubular ex-
tension 45*, that projects through and above
the piston 38, to which it is rigidly fastened
by means of a nut 46. The extension 45 Is
provided in order to insure ready accessibil-
ity to the packing devices which surround a

stationary pipe 47, that projects through and

IQ
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terminates slightly below the piston 38. 'I'he
and shortly after the flow of air through the

pipe 47 is supported by the head 8 of the cyl-
inder 7 and communicates with a chamber 45
in the said head.
municate with cooling-chambers 3 in the
walls of-the cylinder and also with the cham-

.= ber 6*in the casting 6, and the water for cool-

ing purposes may be either introduced into
one of these chambers or withdrawn there-
from, as may be desired. Inordertocomplete
the circulatory system, I provide a pipe 49 of

relatively small diameter, that is also sup-

ported in the head 8 and projects through
the pipe 47 and to some distance beyond 1is

lower extremity. The upper end of this pipe

23
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49 is connected to a pipe 50, through which
cooling-water is supplied to the circulatory
system or withdrawn therefrom, according to
the direction of circulation.

The tubular stem 39 is shown as communi- |
cating at its lower end with a chamber 51 1n

the top of the piston 37. This chamber may

be made larger than is indicated or it may be |
ommitted altogether, according to the size of
the engine and the consequent necessity of

cooling the piston. | ~

Any suitable packing means may be ein-

ployed between the pipe 47 and the extension
452 but I have shown a satisfactory means

which comprises a plurality of metal packing-

40

rings 52, interposed between the pipe and the
valve extension, a nut 53, and a coiled spring
54. Thecylindricalopening41,through which
the valve device 40 operates, may be provided

~ with suitable packing-rings 55, seated in cor-
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responding grooves, to which a suitable liquid
may be supplied for lubricating purposes, if |

desired. - I
The igniting devices 56, which may be ot
any suitable construction, are here shown as
operated by cams on the valve-shafts 13.
In describing the operation of the engine

we will assume for convenience that the pis-

tons 37 and 38 have reached the limit of their

downward stroke as the result of an explosion

in the cylinder 2, and that consequently the
corresponding crank of the main shaft is sub-

stantially on its dead-center, this position of

parts being indicated in Fig. 3. The down-

ward movement of the piston 38 has served

to draw into the cylinder 7 a charge of non-
explosive mixture, and the air admitted to
the cylinder 2 from the chamber 17 through

the valve device 40 has driven out the greater

portion of the produects of combustion result-
ing from the preceding explosion.. W henthe
pressure in the cylinder 2 is reduced by the

~ exhaust through the posts 4 to a point below

the pressure of the non-explosive mixture in i quantities of air and

This chamber 48 may com- .

=
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the chamber 9, such difference of pressure

will unseat the valve 83, and the explosive

mixture will therefore flow into the ignition-

chamber 5, the mixture-ports in the valve 16

and its bushing 16" being in such relative
position as to admit this inflow of mixture.
The inflow of non-explosive mixture will be
timed to begin at about the time or shortly

70
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after the pistons begin their upward stroke

valve device 40 has been cut off. The infiow

of mixture will begin prior to the closing of

the exhaust-ports 4 by the piston 37 and will

therefore aid in completing the scavenging

of the cylinder 2, the regulation being such
that enough air will be left in the cylinder 2
to combine with the non-explosive mixture in
such proportions as to form a suitable ex-
plosive mixture. As the pistons move up-
ward a partial vacuum will be formed in the
cylinder 7 below the piston 38 and in the
chamber 17, and air will therefore flow in
through the sections 20 and 23 of valve 16,
the latter being so timed in its operation as to
permit the inflow of air during substantially
the entire time that the piston 33 is making
its upward stroke. The nupward movement
of the piston 38 also compresses the non-ex-
plosive mixture in the ¢ylinder 7 and forces

it through the port 13 into the storage-cham-

ber 9, thus providing a fresh charge for ad-
mission to the ¢ylinder 2 at the proper time.

 During this upward movement of the pistons

the inflow of non-explosive mixture to the

cylinder 2 will continue until the pressures.

on the two sides of the valve 33 are approxi-

80
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mately equaland bethenstopped. It follows

that the charge of mixture and air in the ¢yl-
inder 2 will become intimately mixed and also

when the pistons reach the limit of their up-

ward stroke. |

It will be both feasible and desirable to take
air into the chamber 17 at a comparatively
low temperature, and since the cylinder 2 and
the parts operated therein are necessarily
maintained at a high temperature the com-
pressed air of comparativelylow temperature
which is admitted into the cylinder 2 by the

105

compressed, so as to be ready for ignition -

110

I15

valve device 40 will be heated to.such a de-

agree as will effect its expansion, so as 1o ap-
proximately fill the eylinder 2, and thus expel
the burned gases, notwithstanding the com-

120

paratively low degree of compression to which -

the scavenging-air is subjected.
- 'While the cylinder 2 and the parts operat-
ing therein necessarily operate at a high tem-

perature, as above stated, I am enabled to
. keep the temperature down within safe limits

by the cooling means hereinbefore deseribed.

125

The type of engines here illustrated and de- -

scribed provides for wide variations in the
quality of gas used. In the case of natural

and illuminating gas the proportion of gas to

air is about one to eight. In producer-gas

oas are required, while

q_‘_‘-_-_-ﬁ_h_"-—--
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| and blast-furnace gas, however, about equal
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with other gases the proportion may be one
of gas to two or three of air. In the arrange-
mment shown it will be observed that a prede-
termined amount of air is supplied to the ex-
plosion-cylinder at each revolution of the en-
gine. In the cylinder 7, above the piston 38,
however, the proportion will vary according
to the character of the gas, and this variation
will be effected in the manner described in
Patent No. 583,585, hereinbefore mentioned.

It will be observed that this type of engine
differs materially from the ordinary explo-
sion-engines in which the required explosive
mixture of air and gas is drawn into the ex-
plosion-cylinder, and is thus in a condition to
be exploded by heat of compression or other-
wise. In the engine here illustrated and de-
seribed air is admitted to the explosion-cyl-
inder after each explosion forscavenging pur-
poses, and a non-explosive mixture of air and
gasis subsequently supplied from the storage-
chamber, so that the air and non-expiosive
mixiure are gradunally commingled during the
return stroke of the piston. By thisseparate
and subsequent admission of anon-explosive
mixture to form the explosive mixture by
combining with air previously admitted I am
enabled to operate the engine with less than
the usual clearance between the piston and the
cylinder-head, and thereby secure a greater
degree of compression and a greater result-
ant economy in the use of gas, since whai is
generally termed a ‘‘premature explosion”
will rarely occur in an engine of this type,
even with high compression, whereas prema-
ture explosions would be so frequent in the
ordinary type of engine as to make high com-
pression practically impossible.

I am aware that variations from what is
specifically shown and described may be made
not only in form, but in relative dimensions
and in the arrangement and location of parts
without departing.from the spirit of the in-

vention or materially varying the results ob-

tained, and I therefore desire it to be under-
stood that- myinvention isnot limited to struc-
turaldetails any further than limitations may
be 1mposed by the state of the art.

I claim as my invention—

1. In a gas-engine, the combination with a
compressing-cylinder and an explosion-cyl-
inder, of pistons in the respective cylinders
and a rigid connection between them which
embodies a relatively immovable valve device
for controlling a supply of compressed air to
the explosion-cylinder. |

2. In a gas-engine, the combination with a
compressing-cylinder and an explosion-cyl-
inder having their axes in alinement with
each other, of pistons for the respective cyl-
inders and a rigid connection between the
same which embodies a relatively immovable
valve device for controlling a supply of com-
pressed air to the explosion-cylinder.

5. Ina gas-engine, the combination with an
alr and gas compressing cylinder and its pis-

'T
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and a valve device operatively.connected 16
the two pistons but immovable with reference
theretoand serving to control a supply of com-
pressed air from the compressing-eylinder to
the explosion-cylinder. ) |

4. In a gas-engine, the combination with an
explosion-cylinder having exhaust-ports at or
adjacent to one end and inlet-ports at the

other end, of a compressing-cylinder having

communication from each end to the explo-
sion-cylinder, a valved inlet at one end, con-
nected pistons for the respective cylinders
and a valve device operated thereby to con-
trol a supply of compressed air to the explo-
sion-cylinder. |

5. In a gas-engine, the combination with a
compressing-cylinder and an explosion-eyl-
inder, of pistons for the respective cylinders
connected to operate in unison and a rela-
tively immovable valve device which is op-
erated thereby to admit compressed air from
the compressing-cylinder to the explosion-
cylinder to drive out the products of coms-
bustion resulting from explosions.

6. In a gas-engine, the combination with an
explosion-cylinder having an exhaust - port
and a piston serving as the valve for said port,
of a compressing-cylinder in line with the
explosion-cylinder and having a valved air-
inlet at the end adjacent to the explosion-
cylinder, a valved gasor mixture inlet and a
valved outlet at the opposite end, a storage-

chamber with which said valved outlet com-

municates, a compressing-piston and a valve
device connected to and operated by the Pis-
tons to admit compressed air from the com-
pressing-cylinder to the explosion-cylinder
when the exhaust-port is uncovered.

7. In a gas-engine, the combination with a
compressing-cylinder and its piston, of an ex-
plosion-cylinder and its piston, a stem con-

3¢
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necting the two pistons and embodying a rel-

ativelyimmovablevalve devicefor controlling
the admission of compressed air to the explo-
sion-cylinder and means for circulating a
cooling liquid through said stem and valve
device during the operation of the engine.

5. In a gas-engine having compressing and
explosion cylinders and connected pistons op-
erating therein, a valve device forming a con-
nection between the pistons and embodying
a central, tubular part, eylindrical heads and
inclined wings connecting the two heads.

J. Ina gas-enginehaving a compressing-cyl-
inder and an explosion-cylinder respectively
provided with pistons rigidly connected by
means of a hollow stem, of a valve device in-
corporated in said stem, said device having
cylindrical heads and being cut away between
said heads to form inclined wings for engage-
ment with the cylinder in which the valve de-
vice operates. I |

10. In a gas-engine, the combination with a
compressing-cylinder and an explosion-cylin-
der each provided with suitable inlet and ex-
haust ports, of pistons for said eylinders and

ton, of an explosion-cylinder and its piston, | a hollow stem rigidly connecting said pistons
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‘and embodying a piston valve device the sides

of which are cut away to form inclined or

spirally-disposed wings to guide and direct

the currents of air through the cut-away por-
tions and to engage with the walls of the cyl-
inder in which the device operates. -'

11. Ina gas-engine,the combination withan
explosion-eylinder havingexhaust-portsanda
piston serving as the valve for said ports, and
a compressing-cylinder having valved inlet
and outlet ports at one end and a storage-
chamber with which the outlet-port commau-
nicates, means for controlling the admission
of air to the other end of the compressing-cyl-
inder, a piston in said c¢ylinder, and a stem
which connects said piston to the explosion-
cylinder piston and hasa valve device for con-

trolling the supply of air to the explosion-cyl-

inder. | ]

12. In an internal-combustion engine, the
combination with an explosion-cylinder and a
compressing-cylinderin line therewith, of rig-
idly-connected pistons in the respective cyl-
inders, the piston in the compressing-cylinder
being double-acting and serving on one side to
supply the requisite amountof air for scaveng-
ing the explosion-cylinder and on the other
side to supply amixture of airand gastotform,
by combination with a portion of said supply

of air, the required explosive mixture, at each

revolution of the engine-shaft. -
13. In an internal-combustion engine, the
combination with an explosion-cylinder and a
compressing-cylinder having their axes In
alinement,of rigidly-connected pistons for the
respective cylinders, the compressing-piston
being double-acting, means for supplying air
from one end and a mixture of air and gas
from the other end of the compressing-cylin-

der to the explosion - eylinder during each
double stroke of the pistons. | g

14. In an internal-combustion engine, the
combination, with an explosion-cylinder hav-
ing inlet-ports at one end and exhaust-ports

‘at the other end and a compressing-cylinder
in axial alinement with the explosion-cylin-

der and having inlet and outlet ports at each
end, the latter of whieh constitute or are con-
nected with inlet-ports for the explosion-cyl-

inder, of rigidly-connected pistons in the re-
spective cylinders, the compressing-piston be- |

ing double-acting and means for admitting &
mixture of air and gas to one end of the com-
pressing-cylinder prior to the introduction of
air into the explosion-cylinder from its other
end. | ~ |
15. In an internal-combustion engine, the
combination with an explosion-eylinder and a
compressing-cylinder in axial alinement with
each other, of rigidly-connected pistons in the

respective cylinders, the compressing-piston

being double-acting, and mixture and air con-

nections between the respective ends of the
compression-cylinder and the ignition end of

the explosion-cylinderwhereby airis admitted
to the explosion-cylindertodrive out the prod-

uets of combustion and thereafter a mixture | compressing-cylinder and an explosion-cylin-

3
L.
A

is introduced to combine with a portion of such

“air to form an explosive mixture at approxi-

mately the time the piston reaches the igni-

tion end of its cylinder.
16. In an internal-combustion engine, the

combination with an explosion-cylinder and a

compressing-cylinder in axial alinement, of

rigidly-connected pistons in said cylinders,
the compressing-piston being double-aciing,

valves for admitting air and a mixture of air-

and gas to the respective ends of the compress-
ing-cylinder, means for admitiing a scaveng-

ing charge of air from the compressing-cylin-

derto the explosion-cylinder when the pistons
approach their limit of stroke in one direction
and means for subsequently admitting o mix-
ture charge as the pistons are beginning their
return stroke. | o

17. In an internal-combustion engine, a

power-piston having a hollow exfension, in
combination with twoliquid-conducting pipes
located the one within the other and project-
ing into said extension. -

18. In an internal-combustion engine, the.
| combination with an explosion-cylinder and &

piston therein having a hollow extension, ot

| two liquid-conducting pipes projecting, the

Ik,

I'

]
1

one within the other, into said hollow exten-
sion, one of said pipes being of greater length

than the other. *-

- 19. In an internal-combustion engine, the
combination with an explosion-cylinder and a
piston therefor, having a hollow extension, of

two liquid-conducting pipes located, the one
within the other, and projecting different dis-

tancesintosaid extension anda packingmeans
between the free end of the extension and the
outer pipe. o _

20. In an internal-combustion engine, the
combination with an explosion-cylinder and a

‘compressing-cylinder in axial alinement, of
pistons in the respective cylinders, a hollow

stem projecting from the explosion - piston
through the compressing-piston and two con-

centric pipes of different length projecting

into said holiow stem.
21. In an internal-combustion engine, the

{ combination with an explosion-cylinder and a

compressing-eylinder in axial alinement, of
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pistons in the respective cylinders, a hollow

stem projecting from the explosion - piston

through the compressing-piston and a re-

movable packing between the free end of the
hollow stem and the outer pipe. o
22. In an internal-combustion engine, the

combination with an explosion-cylinder and a

compressing-cylinder in axial alinement, of

pistons in the respective cylinders, a hollow
stem connecting said pistons and embodying

a valve device for controlling the flow of com-
pressed air from the compressing-cylinder to
the explosion-cylinder, two concentric pipes
projecting into said hollow stem and a re-
movable packing between the free end of the
stem and the outer pipe. |
23. In a gus-engine, the combination with a
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der, of pistons in the respective eylinders, the
compressing-piston being double-acting and
means for so regulating the supply of sir and
non-explosive mntm es to the explosion-cyl-
inder that the resulting mixture does not at-
tain explosive condition until thie main piston
reaches approximately the limit of its com-
pressing stroke,

24. In a gas-engine, the combination with a
compressing- cylmde1 and an explosion-cylin-
der, of plstons in the respective eylinders, the
compressing - piston being double-&ctm g, a
rigid connection between sald pistons em-
a valve device for controlling the

supply of compressed air to the expiosion-
cylinder and means for so regulating the sup-
ply of non-explosive mixture from. the com-
pressing-cylinder to the explosion - eyhnder
that the mixture thereof with air in the éx-
plosion - cylinder does not reach explosive
conchtlon until the main piston has reached

745,704

substantially the limit of its compressing

.St roke.

25. Ina gas-engine, the combination with a
Compressmmeylmdel and an explosion-cylin-
der, of pistons in the respective cylinders
and arigid connection between them, means
for audm1ttmn a non- exp]oswe mmture of air
and gas to the compressing- evhnder, a stor-
afﬁ*e~ch amberinto which the mixture is forced
by the compressing-piston, valves for succes-
sively admitting ml and mixture into the ex-
plosion -¢ylinder as the pistons begin their
return stroke, and means for 10111131110 the
resulling mixture when sald ]eturn str oke is
eompleted

In testunony wher eof I have hereunto sub-
scribed my name this 23d day of April, 1901.

GEO. WESTINGIIOUSE.

Witnesses:

A. M. Gow,
WM. II. CAPEL.
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