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UNITED STATES PATENT OFFICE. 
CARL L. GROHMANN, OF HARTFORD, CONNECTICUT. 

GAS - ENGINE. 

SPECIFICATION forming part of Letters Patent No. 574,535, dated January 5, 1897. 
Application filed March 31, 1896. Serial No. 585,847, (No model.) 

to old, whon it may concern: 
Be it known that I, CARL L. GRoHMANN, a 

citizen of the United States, residing in Hart 
ford, in the county of IIartford and State of 
Connecticut, have invented certain new and 
useful Improvements in Gas-Engines, of 
which the following is a specification. . 
This invention relates to gas-engines, and 

more particularly to that class known as “ex 
invention is to provide an engine which as 
compared with analogous devices of this char 
arter, will be simple and effective in construc 
tion, and to furnish the same with an im 

i5 
anisms, in connection with improved and ef fective means for making-and supplying gas 
cous fluid to the engine, whereby an explo 

ision at each revolution of its crank-shaft is 
o; obtained, thus constituting a continuously 
operating engine without requiring a multi 
plicity of independently-actuating pistons. 

In the drawings accompanying and form 
ing a part of this specification, Figure is a 

as vertical sectional view of this improved en 
gine, partly in elevation. Fig. 2 is a right 
hand side view thereof, showing in dotted 
lines a liquid-reservoir, a pump, alud an over 
flow-tank in operative connection there with 

30 ". . . 

moved. IFig. 3 is a vertical cross-sectional 
view of the valve-chest and evaporator, taken. 
in linea a, IFig. 1, and looking toward the 
left hand. Figs. 4, 5, 6, and 7 are vertical 
sectional views similar to the view shown in 
Fig.1 with portions of the operating mech 
anism removed and illustrating different po 
silions of the piston and the valve mechan 
isms. Figs. S. and 9 are vertical sectional 
views similar. to Eig. 1 with parts of the de 
vice removed and showing another construc 
tion of means for regulating the flow of gas 
eous fluid froin the compression-chamber to 
the working chamber of the piston-cylinder; 
and Fig. 10 is a cross-sectional view of the 
valve-chest, substantially, taken...in lines ( c. 
Fig. 1, and looking toward the left hand and showing apart of the piston-cylinder in ele 
wation. 0. Similar characters designate like parts in 
all the figures.of the drawings. 
This improved explosive gas-engine com 

35 

40 

45 

losive' gas-engines; and the object of the 

proved organization of piston and valve mech 

and having the pulley-wheel and governor re 

prises in a general way a closed casing or eyl 
inder embodying a compression and a work 
ing chamber, and in which a compound pis 
ton, (designated generally by A,) comprising 
a working piston and a gompression-piston, 
reciprocates, an evaporator or gas-producing 
device (designated generally by B) and oper 
atively connected with suitable meansforsup 
plying it with a suitable fluid, means or mech anism (designated generally by C) for con 
trolling the flow of gaseous fluid from the com 
pression - chamber of the piston-cylinder to 
the working chamber thereof, and suitable. 
means (designated generally by D) for regu- . 
lating the action of the engine. 

. It will be understood that the various de 
tails of construction-such, for instance, as 

5 5 

the particular construction and disposition of 7o the valves-may be widely varied without 
departure from the scope of my invention. 

In the preferred form thereof herein shown 
and described the engine-which, in the pres 
ent instance, is shown as of the “upright' 
pattern-comprises a closed casing of any 
suitable construction, preferably, however, in 
the nature of a cylinder laid preferably of 
differential diameters. Reciprocating with 
in this cylinder is a compound, preferably 
chambered, piston A, comprising a working 
piston 2 and a compression-piston 3, which, 
however, in its preferred form is constructed 
as one member and which may be provided 
in the usual manner with suitable ring-pack 
ings (not shown) adjacent to the working 
faces thereof. This compound piston, which 
is likewise of differential diameters to corre 

75 

86 

spond with the differential diameters of the 
cylinder, separates said chambered casing or 
cylinderinto a working compartmentor cham 
ber 4 and a compression compartinent or 
chamber 5, in which the working piston 2 and 
the compression-piston 3, respectively simul 
taneously reciprocate. This piston is con- 95 
nected by a piston-rod 6 with the usual crank 
shaft 7, extending transversely through the 
cylinder, and which may be provided with 
the usual counterweights 8, if desired. 
A suitable eduction or exhaust valve 9 is Ioo 

operatively connected with the cylinder ad 
jacent to the working chamber or compart 
ment 4; and in the preferred form thereof it is preferably disposed at the upper end there 
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of and comprises a spring-actuated valve op 
eratively connected by a swinging or pivot 
ally-supported lever 11 and suitable con 
necting-rod 12 to an eccentric 10, disposed on 
the crank-shaft 7, whereby, at a certain pre 
determined period in the reciprocation of the 
piston, the valve will be: opened to permit the 
outflow of the 

in a general way, a valve member 13, a stem 
i4, extending through the upper wall of the 
casing, and a spring 15, intermediate said 
wall, and a collar or disk 16 on the upper end 
of the stem, whereby the valve member 13 is 
held tightly against its seat 17 in the work. 
ing chamber 4... The swinging or pivotal lever 
l l is bifurcated at its inner end and 
ally connected to an inverted- cup-shaped 
member or sleeve 18, inclosing the upperend 
of the valve-stem 14, whereby on the down 
ward novernent of the sleeve 18 the stem 1-4 
will be depressed to actuate or depress the 
valve member 13. . 
A suitable packing 19 may be disposed in 

termediate the end of the stem and the upper 
end of the sleeve member, if desired. . 
The valve-seat 17 consistates the end of a . 

port or passage 20, opening into the working 
. . chamber 4 when the valve is open and which 
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communicates, with a main port or passage 
21, adapted to convey the products of coin 
bustion away from the engine. 

i.eading from the lower end of the working 
chamber 4 is a second eduction port or pas 
sage 22, opening into said main port or pas 
sage 21, for assisting the outflow of the pro 
ducts of combustion from said working cham 
ber. This working chamber 4 is also provided 
with an inlet or induction port or passage 23, 
disposed at any suitable place (herein shown 
opposite to the eduction or passage 22, but 
preferably slightly below the same) and in 
position to communicate with the chamber of 
the compound piston by means of a port or 
passage 24 of the working piston 2 when said 
compound pistoi) has reached the completion 
of its downward stroke, for the purpose here 
inafter specified. Instead of these ports or 
passages 23 and 24 a suitable valve might be 
disposed in the upper end of the working pis 
ton, such as a puppet-valve, and operative to 
permit the fresh air to rush into the working 
chamber in a manner hereinafter set fortin 
in connection with said ports 23 and 2-4. 

Suitably connected with the cylinder adja 
cent to the crank-chamber 5", which is prefer 
ably a part of the cylinder and a closed cham 
ber, and below the compression-pist on 3 is a 
suitable air inlet or induction-valve 25, pref 
erably constructed in the nature of a puppet 
valve, comprising the valve member 26, a 
stem 27, and a relatively low-power compres 
sion - spring 28, carried thereby, said stem 
working in suitable guides 29, adjacent to the 
valvésé - 31 of the valve-ehamber 32, and said valve be 
ing adapted to be actuated by suction caused 

products of combustion, as. 
hereinbefore set forth. This valve comprises, 

pivot 

a hount of air. 

at 30 and the removable cap or closure. 

by the piston on its reciprocation in a man 
ner hereinafter set forth. The guide 29, which is in the nature of a 
soclet, of the closure 21 is adapted to limit. 
the opening movement of the valve in a man 
ner that will be obvious. . . 
Connected with the cylinder in any suitable 

manner, preferably in position adjacent to 75 
both the working chamber 4 and the compres: 
sion-chamber 5 of the engine, is a waive-cliest 35, preferably embodying a compression 
chamber 36. Operatively connected with 
this valve-chest 35, preferably adjacent to the 
under side thereof, by any suitable means, 
but herein shown connected thereto by means 
of the tubular member 38 of the evaporator 
(hereinafter described) and which is provided 
with a screw-threaded end 3S, adapted to en- 85. 
gage a screw-threaded opening in the valve 
chest, is an evaporator or gas-producing, de 
vice I3, which may be of any suitable construc-. 
tion adapted for the purpose; but in the pre 
ferred form shown : casing or cylinder 37, having a gas-conductor. . 
therein and shown herein in the nature of a 

... tubular member 3S, and which tubular mem 

jo 

compriscs a chambered 9o, 

ber is preferably provided with a spiral chan 
nel or way 39, leading from its upper to its 95. 
lower end, whereby the area of surface over. 
which the gas-producing fluid, preferably gas 
olene, is distributed is increased and the liq 
uid brought into more intinate contact with 
the air, and thus the rapid evaporation of the 
liquid promoted with a relatively small 

The inner wall of the evapo 
pro rator-casing may also be corrugated or 

vided with a spiral groove or channel, if de 
sired, to increase the evaporating-surface." 
Opening into this chambered casing 37, adja 
cent to the upper end thereof, and preferably - 
into an annular chamber 40 above the spiral 
way 39, is a liquid pipe or conductor 4, which 
is connected with a suitable liquid-reservoir 'i' 
100, whereby the liquid is conducted into the 
upper end of said evaporator and permitted . . . . 
to flow around the tubular member 38 on the spiral way 39, and thereby, spread to permit 
it to be evaporated and absorbed by the air. 1, 
admitted into the chamber, as above stated. That portion of the liquid which is not evap 
orated is collected in a suitable trough 42, ad-... 
jacent to the bottoni of the tubula: ) ember. ... 

t2C) 

suitable overflow-tank 150, which is opera. 
SS, from which an overflow-pipe 43 leads to a 

tively connected to the reservoir. 100 in any 
suitable mariner, such as by means of a pinp. 200, for forcing the surplus liquid back, into 
the main reservoir. . . . . . . . . . . . . . ; Connected with the evaporator-chamber is. 
a hot-air conductar or pipe 44, leading to any r 
suitable source of supply, whereby the liquid. 
injected into the evaporatoi from the re8er 
voir 100, which liquid may be of any suitable 3o 
character, such as gasolenc, will be va porized 
and drawn into the interior of the tubular member 38 through a passage 45, where it 
unites with cold or fresh air conducted thereto 
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by a suitable cold-air conductor or pipe 46, 
and which diluted mixture is then in condi. 
tion to be supplied to the valve-chest. 
In order to regulate the supply of hot and 

cold or fresh air to the evaporator orgas-pro 
ducing device B, the hot-air conductor 44 and 
the cold-air conductor 46, are each provided 
with a suitable valve 47, operated by any suit 
able means to regulate the supply thereof to 
the evaporator. These valves may be of any 
suitable construction, but in the form shown 
comprise suitable cocks connected by levers. 
48 with a rod 49, the end of which in turn is 
connected by a lever in the hature of a bell. 
crank lever 50, pivotally joined to any suit 
able, support, such as the piston-cylinder 1. 
One of the arms or members, as 51, of this 
bell-crank lever 50 is provided with a bifur 
cated end 52, having transverse inwardly-ex 
tending studs 53, working in a way or groove 
54 of a shiftable member 54, non-rotatively 
carried on the crank-shaft 7, adjacent to the 
power receiving or transmitting pulley-wheel 
55, which is also shown carried on said crank 
shaft 7 for rotation therewith. The hub of 
this pulley, is shown carrying suitable govern 
ing mechanism for the valves 47, and thereby 
the engine, and which governing mechanism, 
in the preferred form thereof shown, com 
prises a pair of suitable weighted bell-crank 
levers or arms 56, pivotally supported by ex 

35 

45 

so 

55. 

tending arms 57, carried by the hub 58 of the 
pulley. The weightedefids of these arms are 
connected by a suitable helical-spring 59, and 
the inner ends of the arms extend into a suit 
able groove or way 60 of the shiftable mem 
ber 54, whereby on the rotation of the pull 
ley the governor will shift said shiftable mem 
ber 54, and by means of the connecting mech 
anism thereby actuate the valves 47 to open 
and close the hot and cold air conductor or 
pipes, and thus regulate the inflow of air to 
the evaporator. It will be understood, how 
ever, that instead of having the hot and cold 
air valves 47 operatively connected with the 
governor mechanism such valves may be sim 
ply hand-valves and a valve be disposed in 
the tubular member 38 below the valve 61 
and operatively connected with the governor, 
whereby the flow of the diluted mixture will 
be regulated rather than the flow of the hot 
and cold air. It will also be understood, how 
ever, that any suitable governing and con 
necting mechanism, as well as any suitable 
evaporator or other means, as before stated, 
adapted for the purpose specified, may be 
used, or instead of an evaporator an injector 
or pump might be used to inject fluid, such 
as gasolene or ordinary, gas, if desired, into 
the tubular member. 38. Connected with the valve-chest, adjacent 
the upper end of the tubular member 38 of 
the evaporator, is a suitable valve 61, oper 
ative on the downward movement of the pis 
ton A by the suction created thereby to per 
mit the flow of gaseous fluid from said evap 
orator through the chamber 36 of the valve 

the piston-cylinder, and which valve. in its 
preferred form comprises a suitable valve 

with a collar or bearing 77, upon which an 

a valve-closing lever 81, which is normally 

a suitable pin or holding device.83 on the 
valve-casing.) This low-power spring 82 nor 
mally holds the valve closed with a relatively 

chest and by means of a suitable port or 
passage 62 to the compression-chamber 5 of 
the piston-cylinder. This valve 61 may be to 
of any suitable construction; but in the pre 
ferred fprm thereof...it is in the nature of a puppet-valve comprising the valve member 
63 and its stem, 64, having a suitable rela tively low-power helical spring 65 carried 75 
thereon. The upper end of the stem 64 is . 
guided in a suitable aperture or socket 66 of 
a removable closure or threaded plug 67, car 
ried by the valve-chest, and the lower end of . 
said stem is guided adjacent to the valve- 8o 
seat 68. IBy means of this recessed or sock 
eted closure or plug 67 the opening move 
ment of the valve is limited in a manner that 
will be obvious. 
One means or mechanism for regulatingor. 85 controlling the supply of gaseous fluid from 

the compression-chamber 5 of the piston-cyl 
inder to the working chamber 4 thereof com 
prises a suitable valve mechanism C, oper 
ative at certain predetermined periods in the 9o 
cycle of movements of the apparatus to per 
mit said working chamber 4 to be supplied 
with the gaseous fluid drawn by the action of 
the piston from the evaporator B to said com 
pression-chamber 5 of the engine, and in the 95 
preferred form of one construction thereof 
this valve mechanism, which is disposed in 
the valve-chest 35, comprises a suitable valye 
70 in position intermediate a passage or port 
leading to the working chamber. 4 and the 
chamber 30 of the valve-chest, through which 
chamber the gaseous fluid passes from the . 
evaporator to the compression-chamber 5 of 

- tos 
member 72, adapted to engage the valve-seat 
72'; a valve-stem 73, the upper end of which 
is guided by a suitable socket 74 in a remov 
able closure or cap-75, secured to the valve 
chest, and by means of which the opening 
movement of the valve is limited, and the 
lower end of which stem is guided in a simi 
lar socket 76, carried by the lower wall of said 
valve- chest 35.. This stem .73 is provided: 

IIo 

15. 
arm 79 bears for normally holding the valve 
closed. This arm is shown fixedly secured 
to a shaft 80, journaled in the valve-chest 35, 
and which carries, adjacent to its outer end, 

12o. 
operated in one direction during one part of 
the cycle of movements by a relatively low 
power spring 82. (Shown connected at one 
end to the lever 81 and at its opposite elad to 

25 

light pressure, not sufficient, however, to ma-. 
terially oppose the passage of the gaseous 
fluid from the compression-chamber 5 to the 
working chamber 4 of the cylinder when it 
has reached a certain degree of compression. 
Hence in order to prevent the passage of such gaseous fluid when under cornpression, at in 



. 4. 

Tipper times in the cycle of movements, suit 
ible means or mechanism operative at certain 
periods in the movements of the piston is bro 
vided to secure the valve closed with an in 
3'eased power-such, for instance, as during 
tile explosion in the working chamber 4-so 
as to prevent the return of gases and the en 
trilee of the flame to the passages below the 
valve, and which ineans or mechanism, in ge, form thereof, comprises a lever-actuator 
84, in the nature of a stem or rod 85, having its upper end guided by an apertured oxten 
ision 86 of the valve-chest 35 and having its isser end projecting through a perforation 
87 of the ever 81. . This stem has a collar 
88, adapted to bear on said lever '81, and car. 
ries a compression-spring 89 of relatively high 
gover acting between said coliar and the ex 
tension 86 of the valve-chest, whereby, the 

25 

30 

45 

0f the gaseous fluid. 
iye will be held closed against the passage 

Yi'orking chamber 4 at certain periods in the 
operation of the device, said lever-actuator is 
connected by suitable mechanism with the 
rank-shaft 7, and which mechanism is here 

is shown comprising an eccentric.90, carried. 
upon said shaft, and a suitable rod 01, having 
a strap. 92 encircling said eccentric 90 and 
having its upper end provided with means, 
such as a socket 93, adapted to receive the . 
lower end of said lever-actuator, whereby. 
during one period of the cycle of movements 
tie connecting-rod 91 will be thrown upward 
by the eccentric 90, to thereby move the lever actuator 84 upward against the pressure of its 
spring.89, and thus release the bearing of said 

... actuator apon the lever 81, whereby the gas 
eosis fluid under pressure will open the valve 
70 against the relatively light power of its: 
spring 82 and permit said fluid to rush into 
the port or passage 71 and from therice and 
by means of a suitable passage 95 into the 
working chamber 4 of the piston-cylinder to 
charge the same, said fluid being then ignited 
ly any suitable means to thereby explode the 
same in the working chamber 4. The means 
herein shewn for this purpose consists of a 
suitable tubular exploder 90, opening into 
said passage 95, although it will be obvious 
that it might be located at any other suitable 
place, and which in practice will be kept suf 

... ficiently not to ignite the gaseous fluid by 
55 of. It will be understood, however, that any 

aeans of a flame applied to the outsidd thore 

other suitable means, might be used for this 
purpose, such as an electric spark. - 
in the opcration of this improved explosive o the piston practically reached the end of its 

downstroke, and when said piston reaches a gas-engine, the liquid having been conveyed 
to the evaporator and there yaporized by the 
at air and then united with the cold air lead 

55 

ing to said evaporator, and the action of the 
compound piston A on its downward nose 
inent having eaused sufficient suctionato raise 
the walve 6-which is also somewhat assisted 
in its opening movement by the gaseous fluid 

As a means for operat 
ing this lever-actuator 84 to permit the gase 
Otis fluid to open the valve and fiow into the 

574,535 

beneath the valve in the evaporator-the 
gaseous fluid is drawa from the evaporator 
through the chamber 30 of the valve-ehest 35 to the compression-chamber 5 of the cylinder 
1 until the piston has reached the end of its 
downward stroke, Fig. 5. At the same timo said piston compresses the air in the crank 
chamber 5", and thus causes the same to rush into the chamber of the compound piston and 
through the port 24 of the working piston, and 
into the working chamber by means of the 
port or passage 23, opening into said chamber 
and communicating with the working piston. 
port 24 when said piston has reached the limit 

jo 

75 

of its downward stroke, Fig. 5, and thus re 
place to a great extent the burned gases, said. 
piston having previously uncovered the ex 
haust or eduction port or passage 22, leading 
to the nain exhaust port or passage 21, and 

sion in the working chamber 4, to pass out 
through said port, thereby assisting to clear 
the chamber and also to reduce the pressure 
on the exhaust-valve 9, in order to permit the 
same to be readily opened at the proper time. 
The working piston is provided with a de 

flector 191, adapted to direct the fresh air up 
ward. On' thie inauguration of the return or 

10, rod 12, and lever 11 whereby the fresh air, 
admitted into the working chamber through 
the ports 24 and 23 from the crank-chamber, 
forces out the remaining burned gases during. 
the greater portion of the upward movement of the piston, to thereby permit the clearing 

permitted a portion of the products of com. 
bustion, resultant from the previous explo 

95 

upward stroke of the piston, Fig. 6, the ex 
haust-valve 9 is opened by means of the con neoting mechanism, comprising the eccentric. 1do 

105. 
of the chamber preparatory to the next ex 
plosion. This upward stroke of the piston. A 
creates a vacuum ainda, suction. in the crank.' ' 

fresh air preparatory to compressing the same 
and forcing it into the working chamber 4 by 
ineans of the poits or passages. 24 and 23, as 
described in connection with Fig. 5. same fine the piston, during the major por 

chamber 5 sufficient to open the fresh-air-in-, let valve 25 to fill said crank-chanber with 11 d 

At the 
I5 

tion of its upward stroke greatly compresses 
the gaseous fluid previously conveyed from 
the evaporator through the valve-chest cham 
ber 30 to the compression-chamber 5 of the 
cylinder-and which substantially filled both 
the cylinder compression - chamber 5 and 
valve-chest chamber 36 when the piston was 
at the end of its downward stroke-backinto . 
the valve-chest chamber 36, alonethereby 
bringing it undergreat compression, the valve, 125 
G1 having been closed by its spring 65 when . . . 

predetermined point in said upward moye 
ment and adjacent to the top of the cylinder. 
and also practically simultaneously with the 

: closing of the exhaust-valve the eccentric 90, 
on the erank-shaft is rotated into position 

13o 

and actuates, the rod 91, which operates the 
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valve-actuator S4 to release the valve 70 
whereby the pressure of the gaseous fluid 
opens said valve 70 against the pressure of its low-power spring 82, and thereby permits 
such fluid to flow into the passages 71and 95, Fig. 7, where it is ignited and exploded in the 
working chamber to force the piston down yard to again draw a fresh supply of gaseous. 
fluid, whereby the operations just stated are 
continued to thereby permit an explosion at 
each rotation of the crank-shaft and at the completion or termination of each upward 
stroke of the piston, and thus obtain a con tinuous operation of the apparatus without 
requiring a multiplicity of pistons. 
According to another form of means for 

regulating or controlling the flow of gaseous 

20 

fluid from the compression-chamber 5 of the 
cylinder to the working chamber 4 thereof, 
Figs. 8, 9, and 10, the valve-chest 35 com 
municates with the cylinder 1 of the engine, preferably adjacent to he compression-cham 
ber 5 thereof, by a port or passage 62', which 

25 
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55 

6o 

65 

leads from a compression-chamber 36' in the 
valve-chest, substantially similar to the com 
pression-chamber 36, Eig. 3. Disposed above 
this passage 62' is a second port or passage 
97, having its inner end walls preferably flush 
with the piston, and which passage ends be 
neath the valve 70', whereby, when the waive 
is open, said passage. 97 communicates with 
the port or passage 71", leading to the passage 
95, which opens into the working chamber 4 
of the cylinder. r o 
The compression-piston 3 is shown provided 

with a port 98, whereby, when the compound 
piston. A has reached a predetermined point 
in its upward stroke, said port is in position 
tg connect the passages 62' and 97, whereby 
the gaseous fluid drawn from the evaporator 
B through the compression-chamber 36' of the 
valve-chest 35 into the compression-chamber 
5 of the cylinder, and which practically filled 
said chambers 5 and 36 during the down 
ward stroke of the piston and has been con 
pressed back during the majorportion of the 
upward stroke of said piston into said valve 
'chest compression-chamber 36' alone, rushes 
by means of the piston-port 98 into the pas 
sage orport 97, Fig. 9, below the valve 70' and 
opens the same, and thence rushes through 
the passages 62' and 95 to change the work 
ing chamber 4 of the cylinder in a similar way 
to that shown and described in connection. 
with Figs. 1 to 7. Suitable packing-rings 
(not shown) may be disposed or the piston 
in any suitable way to prevent leakage from 
one passage to the other. In this construction of apparatus the valve-spring 83 of the valve 
70', which is of relatively low power, is carried 
by the stem 72" thereof and is preferably 
disposed below the valve-seat 72" and inter 
mediate a socket or recess 99 in the valve 
chest and a collar 99' on said stem. The op 
posite end of this valve-stem 72" is guided 
in a socket 74 of a removable plug or closure 
75 and is adapted to limit the opening move 

ment of said valve. The valve 61' in the 
valve-chest 35, operative to admit the inflow 
of the gaseous fluid from the evaporator, is 
substantially similar to the valve 61 hereto 
fore described. In this construction, how ever, the port 24 of the working piston 2 
opens into the passage 71" instead of into a 
separate passage or port 23, as in the pre 
viously-described construction. The other 
parts in this construction of the improved en 
gine being substantially similar to that here 
tofore described, the operation thereof will be. obvious from the foregoing description, and 
it will also be obvious that the necessity of 
having the valve 70'operated from the crank 
shaft is unnecessary in this particular con 
struction, as said valve 70' is held in position by its relatively low-power spring 83' until 
that predetermined period in the cycle of 
movements when the compression-piston 3 in 
its upward stroke has its port 98 in position 
to connect the ports or passages 62' and 97, 
Fig. 9, when the compressed fluid will rush 
from the compression - chamber 36 of the 
valve-chest 35 into said passage or port 97 and 
open said valve and rish into the working 
chamber 4 by means of the passages 71' and 
95, where it will be ignited and then explode 
to depress the piston, which will act to draw 
an additional supply of gaseous material 
from the evaporator, and thus continue in op 
eration. 

In the claims and specification it will be 
understood that the words “downward' and 
upward,' or their equivalents, will be un 

o 
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derstood to mean the 'to-and-fro’ stroke of 
the piston in whichever position it may oper 
ate, whether in an upright, horizontal, or 
other character of engine. 
While. I have described air as the diluent 

preferably employed, yet, as is obvious, any 
other suitable agent may be substituted there 
for and conveyed through the pipe 46, if 
deemed desirable. 
Having described my inventiou, I claim 
1. The combination of a casing having a 

working chamber and a compression-cham 
ber; a piston working in said casing; a valve 
chest connected with said casing; an evapo 
rator provided with a spiral way connected 
with said valve-chest; means for conducting 
the gaseous fluid from the evaporator through 
the valve-chest to the compression-chamber 
and from thence back through the valve-chest 
to the working chamber; and means for con 
trolling the flow of the gaseous fluid from the 
compression-chamber to the working cham 
ber during a predetermined period in the cy 
cle of movements of the apparatus. 

2. The combination of a casing having a 
working chamber and a compression-cham 
ber; a piston working in said casing; an evap 
orator orgas-producing device provided with. 
a spiral way in which the gaseous fluidis completely formed; means for conducting the 
completely-formed gaseous fluid from the 
evaporator to the compression-chamber and 
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from tilleucc to the working chauber; and 
means for controlling the flow of gaseous fluid 
from the compression-chamber to the working 
chamber during a predetermined period in 
the cycle of movements of the apparatus. 

3. The combination of a casing having a 
compression-channber and a working chan 
ber; a piston working therein; means for con 
ducting gaseouts fluid to the compression 
chamber of the casing and from thence to the 
Working chamber thereof: means in position 
for restricting or controlling the flow of such 
gaseous fluid to the working chamber during 
a certain predetermined period in the cycle 
of movements of the apparatus; and means 
adapted to permit the induction of fresh air 
into the casing below the compression-cham 
ber and from thence through the casing into 
the working chamber after the explosion of 
the gaseous fluid therein. . 

4. The combination of a casing having a 
coln pression-chamber and a working cham 
ber; a piston working therein; means for con 
ducting gaseous finid to the compression 
chalnber on the downward stroke of the pis 
ton and from thence to the working chamber 
during a part of the upward stroke of the 
piston; means in position for restricting or 
controlling the flow of such gaseous fluid to 
the working chamler throughout the entire 
downward stroke and the major portion of 
the upward stroke of said piston; ineans for 
permitting the induction of fresh air to the 
casing below the compression-chamber at the 
inauguration of the upward stroke of the pis 
ton; and means for permitting the flow thereof 
from said compression-chamber through the 
easing and the piston and into the working 
clhamber at the completion of the downward 
stroke of Said piston. 

5. The combination of a casing having a, 
compression-chamber and a working cham 
ber; a piston working therein; means for con 
ducting gaseous fluid to the compression 
chamber on the downward stroke of the pis 
ton and from thence to the working chanber 
during a part of the upward stroke of said 
piston; means in position for restricting or 
controlling the flow of such gaseous fluid to 
the working chamber throughout the entire 
downward stroke and during the major por 
tion of the upward stroke of such piston; 
means for permitting the induction of fresh 
air into the casing 
chamber during the upward stroke of the pis 
ton; means for conducting the products of 
combustion from the working chamber and 
embodying valve mechanism operative on the 
upward stroke of the piston; and means for 
permitting the flow of fresh air from said 
compression-chamber through the casing and 
into the working chamber at the completion 
of the downward stroke of said piston. 

6. The combination of a casing having a 
working chamber and a compression-cham 
ber; a compound piston working therein and 

below the compression 

sion-piston; a valve-chest connected with said easing; means for conducting gaseous 
fluid into the valve-chest and from thence to 
the compression-chamber of the casing on the 
downward stroke of the piston, whereby it 
will be compressed back into said valve-chest 
on the upward stroke of said piston; means 
for conducting the compressed fluid from the 75 
valve-chest chamber to the working chamber; . 
means disposed in said valve-chest and op 
erative during one part of the cycle of move 
ments to prevent the flow of such gaseous 
fluid to the working clhamber and operative 
during another part of the cycle of move 
ments to permit the flow of such gaseous. 
fluid to the working chamber to actuate the 
piston; and means for permitting the induc 
tion of fresh air into the casing below the com 
pression-chamber and from thence into the 
working chamber at certain periods in the 
cycle of movements of the apparatus. 

7. In a gas-engine, the combination of a cas 
ing having a working and a compression 
chamber; a crank-shaft; a compound piston 
therein comprising a working and a compres 
sion piston and operatively connected with 
said casing; means for conducting the gas 
eous fluid. to the valve-chest; a passage con 
necting said valve-chest with the compres 
sion-chamber; a valve operative by the ac 
tion of the piston to permit the inflow of the 
gaseous fluid into said valve-chest and from 
thence to the compression-chamber of the 
casing; a passage connecting said valve-chest 
with the working clamber of the casing; and 
valve mechanism operatively connected with 
the crank-shaft and operative during a cer 
tain period in the rotation thereof to permit 
the compressed gaseous fluid to flow from 
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the crank-shaft; a valve-chest connected to . 
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the valye-chest into the working chamber of 
the cylinder to actuate the piston. 

8. In a gas-engine, the combination of a cas 
ing having a working and a conpression 
chamber; a crank-shaft; a compound piston 
therein comprising a working and a compres 
sion piston; a valve-chest connected to said 
casing; means for conducting the gaseous 
fluid to the valve-chest; a passage connect 
ing said valve-chest with the compression 
chamber; a passage connecting the valve 
chest with the working chamber; a valve in 
said chest; spring-actuated mechanism for 
holding said valve closed during apart of the 
cycle of movements of the apparatus; and 
an eccentrically - actuated lever connected 
with the crank-shaft and operative to actuate 
Baid valve-closing mechanism to release the 
valve and permit the flow of the gaseous fluid 
to the working chamber. 

9. In a gas-engine, the combinatioh of a cas 
ing having a working and a compression 
chamber; a crank-shaft; a compound piston 
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therein comprising a working and a compress 
sion piston; a valve-chest connected to said. 
casing means for conducting the gaseous 

comprising a working piston and a compres- fluid to the valve-chest; a passage connect 
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ing said valve-chest with the compression 
chainber; a passage. connecting the valve 
chest with the working clhamber; a valve in 
said chest; spring-actuated mechanism for 
normally holding said valve closed and com 
prising a shaft journaled in said valve-chest. 
having an arm operatively engaging the valve 
and spring-actuated lever, also connected to 
said shaft; means for holding said valve 
closed with increased pressure during a part 
of the cycle of movements of the apparatus 
and comprising a spring-actuated rod engag 
ing said spring actuated lever; and means 
for operating said spring-actuated rod at a 
certain predetermined period in the cycle of 
movements of the apparatus and comprising 
an eccentrically-actuated lever or rod con 
nected to the crank-shaft. 

10. In a gas-engine, the combination of a casing having a working and a compression 
chamber; a crank-shaft; a piston thereincom 
prising a working and a compression piston; a 
valve-chest connected to said casing; ail evap 
orator or gas-generator connected with said 
alve-chest and provided with a spiral way; 

a valve operative by the action of the piston 
to permit the inflow of the gaseous fluid from 
the evaporator or gas-generator; a passage 
connecting the valve-chest with the compres 
sion-chamber; a passage connecting the valve 
chest with the working chamber; and valve 
mechanism operatively connected with the 
crank-shaft to permit the opening thereof at 
a predetermined period in the cycle of move 
ments of the apparatus, to thereby permit, 
the compressed fluid to flow. from the valve 
chest to the working chamber of the easing to 
actuate the piston. 

I. An evaporator comprising a chambered 
casing having a liquid-conductor connected 
there with; a tubular membertherein having a 
spiral way; an overflow-conductor connected 
to said evaporator: a hot-air conductor con 
lected with said casing; and a cold-air con 
ductor connected with said tubular member. 

12. The combination of a casing; a crank 
shaft; a piston in said casing; a valve-chest 
connected with said casing and having vulve 
mechanism therein; an evaporator connected 
with said valve-chest and comprising a chalil 
bered casing having a tubular member therein. 
having a spiral way: a liquid-conductor con 
nected to said chambered casing; a hot and 
a cold air conductor connected with the cas 
ilag and the tubular member, respectively; 
and valve mechanism in said hot allo cold air 
conductors and operatively connected with 
the crank-slaft, whereby the supply of air to 
the evaporator is regulated. 

13. The combination of a casing; a callk 
shaft; a piston in said casing and operatively 
connected with the crank-shaft; a valve-chest 
connected to said casing and having valve 
mechanisin therein; a gas-producing device 
connected to said valve-chest and having hot 
and cold air-couductors connected thereWith; 
a liquid-conductor also connected there with: 

and-valve, mechanism in said hot, and cold air conductors and operatively connected to. 
the crank-shaft, whereby the supply of air to 
the gas-producing device is regulated. 

14. The combination of a casing; a citank 
slfa?t; all piston in said casing and operatively 
connected witlik the crank-shaft; a gas-pro 
ducing device operatively connected with said 
piston-casing and comprising a chambered 
(asing: a liquid-conductor connected thereto: 
a hot and a cold-air conductor also connected 

air conductors: a governor operatively con 
nected with the crank-shaft; and mechanism 
connecting said valves and governor for reg 
ulating the supply of air to the gas-producing 
device 

15. The combination of a casing; a crank 
slhaft; a piston operatively connected to said 
crank-shaft; a valve-chest connected to said 
casing and having-valve mechanism therein: 
a gas-producing device connected to said 
valve-chest and operatively connected with a 
liquid-rescrvoir; an overflow-conductor also 
connected with said gas-producing device and 
With an overflow-tank; a pump operatively 
connecting the overflow-tank and liquid-res 
ervoir; a hot and cold air conductor connected 
with said gas-producing device; and valve 
mechanism in the hot and cold air conductor's 
and operatively connected with the crank 
shaft, whereby the supply of air to the gas 
producing device is regulated. 

16. The combination of a casing having a 
Working chamber and a compression-cham 
ber; a crank-shaft; a compound piston work 
ing in said easing and comprising a compres 
sion-piston and a working piston and opera 
tively connected with the crank-shaft, said 
working piston and working chamber having 
ports communicating with each other at the 
end of the downwardstroke of the piston; an 
air-inlet valve operative on the upward move 
ment of the piston to admit fresh air into the 
casing, whereby on the nékt downwardinove 
ment of said piston the same will, by means 
of the communicating ports, flow into the 
working chamber; an exhaust-valve opera 
tively connected with the crank-shaft, where 
by on the inauguration of the upward stroke 
of the piston said valve will be opened to per 
mit the fresh air to force the products of con 
bustion from said working chamber; a valve: 
chest connegted with said easing and having 
a passage communicating with the compres 
sion-chamber thereof and a passage commu 
nicating with the working chamber thereof; 
a fluid-controlling valve in saidchest; a valve 
actuator operative throughout the entire 
downward movement of the piston and the 
major portion of the upward movement there 
of to hold said valve closed; meals opera 
tively connected with the crank-shaft and op 
erable at a predetermined period in each ro 
tation thereof to release thc valve-actuator and thereby permit the gaseous fluid to open 
said valve and rush into the working chain 
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bel to charge the same when thc piston has 
: reached a predetermined period in its upward 

... movement; a gas-producing device connected 
with the valve-chest; a valve operative on 
the downward stroke of the piston to permit. 
the gaseouis fluid from the evaporator to be 
drawn therefrom through the valve chest to 
the compression-clhamber of the cylindor; a 
liquid-supply conductor connected with said gas-producing-device; a hot and a cold air 
conductor also connected with said gas-pro 
ducing device; valve mechanism in said hot 
and cold air conductors; a governor opera 

is 
tively connected with the crank-shaft; and 
mechanism connecting said governor and hot 
and cold air valve mechanisms, whereby the 
valves thereof will regulate the supply of air 
to the gas-producing device, and all combined 
and operative to obtain an explosion of the 
gaseous fluid in the working chamber at each 

... rotation of the crank-shaft and at the coin 
pletion of each upsard stroke of the com 

pound piston, to thereby drive said piston 
downward. 

17. The combination with a casing having 
a working chamber and a compression-cham 
ber; a piston working in said casing; a valve 
chest connected to said casing; an evaporator 
or gaS producing device connected to said 
valve-chest; means for conducting the gase 
ous fluid from the evaporator through the 
valve-chest to the compression-chamber and 
from thence back through the valve-chest to 
the working chamber; and a 'spring-pressed 
valve disposed in the valve-clhest for control 
ling the flow of the gaseous fluid from the 
compression-chamber to the working cham 
ber during a predetermined period of the cy 
cle of movements of the apparatus. 

CARL L. GROHMANN. 
Witnesses: 

FRED. J. DoI.E, 
F. N. CHASE. 
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