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UNITED STATES

PaTEnT OFFICE.

GARL L. GROHMANN, OF HARTFORD, CONNECTICUT.

GAS-ENGINE.

SPECIFICATION forming part of Letters Patent No, 574,535, dated January 5, 1897.
_ appliostion fled March 31, 1896, Serial No. 586,647, (No medel) '

To all whom it inay concern: ’

Bé it known that I, CARL L. GROHMANN, a
citizen of the United States, residing in Hart-
ford, in the county of -Ilartford and State of

5 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 analogousdevices of this char-
arter; will.

- tion, and to furnish the same with an im-
15

" anisms, in. connection with improved and ef-

fective means for making.and supplying gas-

cous fluid to the engine, whereby an explo-
+sion-at each revolation of its crank-shaft is
&-obtained, thus constituting a continuously-
" -bperating engine without- requiring a m ulti-
‘plicity of independently-actuating pistons..

‘Ini the drawings accompanying and form-.

_ing a part of this specification, Figure 1 is a
7§ vertical sectional view of this improved en-
" -gine, partly in elevation. Tig. 2is a right-
hand side view thereof, showing in dotted
lines aliquid-reservoir, a pump, aud an over-
flow-tank in operative connection therewith

.20
3 “moved. TFig. 8 is a vertical cross-sectional

view of the valve-chest and evaporator, taken

in line .« a, I'ig. 1, and looking toward the
‘left hand. Figs. 4, 5, 6, and 7 are vertical

‘35 sectional views similar to the view shown in

Fig. 1 with portions of the operating mech-

anisin removed and illustrating different po-
‘'sisions of the piston and the valve mechan-
isms, Figs. 8 and 9 are vertical sectional
views similar to Fig. 1 with parts of the de-
vice removed and showing another construe-
‘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. W0 is a cross-sectional view of the
valve-chest, substantially taken.in lines ¢ a,
Fig. 1, and looking toward the left hand and
showing a'part of the piston-cylinder in ele-
vation. ‘ ' .

Similar characters designate like partsin
all the figures.of the drawings.

4

45

50

This improved explosive gas-engine ccm- |

plosive” gas-engines; and the object of the-

I1'be simple and effective in construc-.

proved organization of piston and valve mech-

and having the pulley-wheel and goveruor 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 compression-piston,
reciproecates, 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 gaseounsfluid from the com-

lating the action of the engine,

the valves—may be widely varied withont
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 constiuction, preferably, however, in
the nature of a eylinder 1 and 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-
-spond with the differential diameters of the
cylinder, separates said chambered casing or

ber 4 and a compression compartment ot
chamber 3, in which the working piston 2 and
the compression-piston 3, respectively, simul-
taneously reciprocats.. This piston is con-
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 siitable eduction or exhaust valve 9 is
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-

pression -chamber of the piston-cylinder to
the "working chamber thereof, and suitable
means (designated generally by D) for regu- -

. Tt will pe understood that the various de-

tails of construction—such, for instance, as
the particular construction and disposition of

cylinderintoa working compartmentorcham--

w
w
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of and comprises a spring-actuated valve op-

eratively conneeted by a swinging or.pivot-.

ally-supporfed lever 11 and a suitable con-
necting-rod- 12 to an eceentrie 10, disposed on
the crank-shaft 7, Wwhereby. at a certain pre-
determined period in the reciprocation of the
piston the valve will be:opened to permit the

outflow of the products of combustion, as-
_hereinbefore set forth, This valvecomprises,

in a gencral way, a valve member 13, a stem
14, extending through the upper.wall of the
casing, and a spring 135, intermediate: said
wall, and a collar or disk 16 on the upperend
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

26

35

AC

45

“bustion away from the engine.

*11 is Lifurcated at_its inner end and pivot~

ally -donnected to an inverted-cup-shaped

‘member or sleeve 18,inclosing the upperend-

of the valve-stem 14, whereby on the down-
ward movement of the sleeve 18 the stem 14

"will- he depressed to actuate or-depress the

valve member 13.

. Asuitable packing 19 may ije disposed in-

termediate the end of the stem and the upper
end of the sleeve member, if desired. -

- The valve-seat 17 consisutes the end of a.
port or passage 20, opening into the working-
_chamber 4 when the valve is open and which

communicates, with ‘a main port or passage
21, -adapted. to convey the products of com-

J.eading from the lower end of the working

chamber 1 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 workingchamber 4isalso provided
with an inlet or induction.port or passage 23,
disposed at any suitable place (herein shown
opposite to the, eduetion or passage 22, but
prsfembly slightly below the same) and in
pogition to communicite with the chamber of
the compound piston by means of a port or
passage 24 of the working piston 2 when said
compound piston has reached the completion

" of its downward stroke, for the purpose here-

60

63

inafter specified.  Instead of these ports or
passages 23 and 24 a suitable valve miglit be
disposed in the upper end of the working pis-

-ton, such asa puppet-valve, and operative to

permit the fresh air toTush into the working
chamber in a manner hereinafter set fortn
in connection with said ports 23 and 24.

Suitably connected with the eylinder adju- |

cent to the érank-chamber 5, which is prefer-

ably a part of thecylinder and a closed cham--

‘ber, and.below the compression-piston 3 is-a

suitable air-intet orinduetion-valve 24, pret-.

erably constructed in the nature of a puppet-

valve, comprising the valve member 26, a
‘stem 27, and arelatively low-power compres- .

sion -spring 28, carried thereby, said sten
King in snitable-guides 29, adjacent tothe

ralvéiséat 30 and the removable cap or closure.

31 of thé valve-chamiber 32, and said valve be-
ing adapted to be actnated by suction cansed

- amount of air.

-suitable overflow-tank 150, which is opera

"900; for forcing the surplus liquid back into .

1

by the piston on its reciprocation in a man-

ner hereinafter set forth. -~ -~ -

The guide 29, which is in'the nature of a 70
socket, of the closure 21 is adapted-to limit .
the opening movement of the valve in aman-
ner that will be obvions.. - Lo

Connected with'the cylinder in any suitable
manner, preferably in position adjacent to 75
botl the working chambeér + and the compres-
sion-chamber 5 6f the engine,is a valve-chest
35, preferably embodying’ a ‘compression-
chamber 36. Operatively connected with
this valve-chest 35, preferably adjacent to the 8o
under side thereof, by any suitable means; - -

‘but herein shownzonnected thereto by means -

of the tubular member 38 of the cvaporator
(hereinafter describéd) and which isprovided

avith a serew-threaded end 38, adapted to en- 85/

‘gage a screw-threaded opening in the valve--
chest, is an-evaporator:or gas-producing.de-
vice B, which may be of:any stiitableconsteue-.
tion adapted for the purpose; but in the-pre- -
ferred form shown it comprises a chambered go .
casing or cylinder 37, baving a.gas-conductor .
therein and shown herein in the nature of a,

.tubular membeér 38, and which:tubular mem-,

beris preferably provided witht a spiral chan-

pel or way 39,-leading from.its upper to.its g5 f )

lower end, whereby the area of surface over .
which the gas-producing fluid, preferably gas- .
olene, is distribrted is increased and thelig- v
uid brought into more intimate contagt With

thé air, and thusthe rapid eviporation 6€'the oo,

liquid promoted with a rclatively small” "7~
‘ The inner wall of the'evapo-’
rator - casing may also/be corrugated or pro-
vided with a spiral groove or changel, if dé-*
sired, to increase {he evaporating-surface.” rog
Opening into this chambered casing 87, adjas o
cent to the upperend thereof, and preferably '
into an annular chaniber 40 above the spiral -
way 39, is & liguid pipe or cond tetor4t;whiel -+
is connected with a suitable liguid-reservoir ‘110
100, whereby the liquid isconducted 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 cvaporated and absorbed Dy the. air 115
admitted into the chamber, as above stated.
That portion of the liquid.which is not evap- .+
orated is collected. in a suitable trowigh 42, adx |
jacent to the bottoni‘of the tubular membey,,
33, from which an overflow-pipe 43 leads to &, 120

tively connected to ‘the reservoir 100 inany. .
suitable manner, such as by ineans of apump., .

the main reservoir. ) TP ¥ 1
Connected with the evaporator-chamber:is
a hot-air conductoror pipe 44, leading to.any .’
suitable source of supply, whereby the liguid = .
injeeted inté the evaporator from the veger-" -
voif 100, which liquid may be of anysuitable 130
character, such as gasolene, will be vaporized'”
and drawn into the interior of’ ihe tubular
member 38 through a passage 45, where it
unites with cold or fresh airconducted 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

~epld or fresh air to the evaporator or gas-pro-

dacing device B, the hot-air conductor 44 and
the cold-air conductor 46.are each provided
with a suitable valve 47, operated by anysuit-

able means to.regulate the supply thereof to

the evaporator. -These valves may be of any

suitable construection, but in the form shown
comprise suitable cocks connected by levers,
48 with a rod 49, the eénd of which in turn is.

connected by a lever in the nature of a bell-

erank lever 50, pivotally joined to any suyit-
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 bifar-

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, adjaecent to the
power receivingor transmitting pulley-wheel
55, whichis 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:
thé engine, and which governing mechanism,.
in the preferred form thereof shown, com- |
prises a pair of suitable weighted bell-crank

“levers or armis 56, pivotally supported by ex-

35

40

45

50

6o

tending arms 57, carried by the hub 58 of the-

pulley. The weighted ends of these armsare
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 pul-
.ley the governor will ghift 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
andecoldair. It will also be understoed,-how-
ever, that any suitable governing and con-
necting mechanism, as well as-any suitable

.evaporator or other mears, 4s 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 meniber, 38.

Connected with the valve-chest, adjacent

the upper end of the tubular member 38 of

- the evaporator, is a suitable valve 61, oper-

6s.

ative on the downward movement of the pis-
ton A by the suction created thereby to per-

it the fiow of gaseous fluid from said evap-.

arator through the chamber 36 of the valve-

chest and by means of a suitable port.or
passage 62 tothe compression-chamber 5 of
the piston-cylinder. This valve 61 may be
of any suitable construction; butin the pre-
ferred form thereof.it is in the natuare of a

70

puppet-¥alve .comprising the valve member

63 and its stem . 64, having a suitable rela-

tively low - power helical spring G5 carried-
thereon. The upper epd of the stem 64 is -

guided in. & suitable aperture or socket 66 of
a removable closure or threaded plug 67, ear-

75

ried by thevalve-chest, and the lower énd .of

said stem is. guided sdjaeent to, the valve-
seat 68.. Dy means of this recessed or sock-
eted closure or plug 67 the opening move-
ment of the valve is liniited in a mannper that
will be obvious. o

- One'means or mechanism for regulating or.
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 thé

¢ycle of movements of the apparatus to per-

mit said working chamber 4 to be supplied
irith the gaseous fluid drawn by the action of

pression-chamber 5 of the engine,and in the
preferred form of one construetion thereof
this valve mechanism, which is disposed. in
thevalve:-chest 35, comprises 4 suitable valye
70in position intermediate a passage or port
leading to the working chamber 4 and.the
chaibber 36 of the valve-chest, through whick

‘chamber ‘the gaseous fluid passes from the.
eyaporator.to the compression-chamber 5.0f -
‘the piston-cylinder,’and which valve. in its
-preferred form. comprises a suitable valve

8o

85

90

_the piston from the evaporator B to said com-

95

102

to5

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 4 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 & simi-
lar soeket 76, carried by the lower wall of said

velve- chest 35. . This stem.73 is provided:
with a collar or bearing 77, upon which an
arm 79 bears for normally holding the valve:
élosed. This arm is shown fixedly secured.
‘to a shaft 80, journaled in the valve-chest 35,

and which carries, adjacent to its outer end,

- a valve-closing lever 81, which is normally

operated in one direction during one part of

the eycle of movements by a relatively low-

power spring 82. . (Shown connected at one
end to the lever8l and at its opposite end to

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

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 sueh
gascous fluid when under eompression;atim-

110

~I15

120

‘125

130
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proper times in theeycle of movements, suit-
able means or mechanism operativeatcertain
periods in the movements of the piston is pro-
vided to secure the valve closed with an in-
areased power—such, for instance, as during
the explosion in the working chamber 4—so

_ as to prevent-the returii of gases and the en-

.valve, and which means or mechanism,; in |

10

o

87 of- the lever 81,

tranee of the flame to the passages below the

on.e_form thereof, comprises a leveractuator
84, in’ the nature of a stem or rod 85; having
its upper end guided by an apertured exten-

gion 86 of the valve-chest 35 and having its:

ipwer énd projecting through a perforation
7 e THis stem has a coliar
88, adapted to bear onsaid lever 81,'and car-

ries s compréssion-spring‘ 89 of relatively high-
power acting between said collar-and the ex-,

- tension 86 of the valve-ehest,. whereby. the

25

..3.0'

35

40

wi

"of the gasecus fluid.

7ive will be leld elosed agrinstithe passage

ing this lever-actuator 84 to permit the gase-.

ous fluid to open-the valve and fiow into the’

working chamber 4 at certain periods in the
operation of the device, said lever-actuatoris
connected by suitable mechanism with the

-erank-shaft 7, and which mechanism is here--
in shown comprising an ¢ecentrie.0, earried |

upon said shafs, and a suitable rod 91, having
& strap 92 encireling said eccentric 90 and

having its upper. end provided with means,.
such as a socket 93, adapted to receiveibe.
icwer end of said lever-actuator, whereby:
- during one period of theé-cycle of movements

the eonnecting-rod 91 will be thrown upward

" Dy the eeeentric 90, to thereby movo the lever-

attuator 84 upward against the pressure of its
spring 89, and thus release the bearing of said

__sictuator upon the lever 81, whereby the gas-

eous 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 snitable; passage 95 into the

working ehamber4 of the piston-éylinder to.

.

" charge the same, said fluid being then ignitéd

o

Dy any suitable weansto thereby éxplode the
saine in the working chamber 4. The means
herein shewn for. this purpose consists of a
suitable- tubular. exploder 96, opening into
said passage 93, although it will- be obvious
that it might be located at-any other suitable
place, and which in practice will be kept-suf-

. figiently hot to ignite the gascons finid by

5. : v ‘
5 ' of. . It will be understoed, however, that any

Go

means of a flame applied to the outside there-

‘other saitable means might be used. for this
purpose, such asan cleetric spark.

"I the opcration of this improved explosive

gas-engine, the.liquid having been conveyed

-6 $he evaporator and there vaporized by the
" Liot ait and then united with the cold air lead-

ing to said evaporator, and the action of the
eompound’ piston A on. its downward moye-

-ment having eaused sufficient suction.to raise.

the valve 61—which isalsosomewhat assisted
in its opening movement by the gaseous fluid

‘As & means for operat-

beneath the valve in the evaporator —the
gaseous fluid is drawn from the evaporator
through the chamber 36 of thevalve-ehest 35
to the compression-chambeér 5 of the cylinder
1 until the piston has reached the end--of’/ﬁts
downward stroke, Fig. 3.

chamber 5', and thus causes the same to rush
into the chamber of the compound piston and

* through the port 24 of thé 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 thelimit

WIW, At the same timo .
‘said piston compresses the air in the crank-

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 main 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 & de-:
flector 101, adapted to direct the fresh air up-.

ward. - On'tlie inanguration of the return or

10, rod 12, and lever11, whereby the fresh airy

-admitted into the workingchamber throngh

the ports 24 and 22 from the ‘crank-chamber,
forces out the remaining burned gases during.

the greater portlonw()‘f the upward moveinent
of the pistoh, to thereby permit the elearing

85

- permitted a portion -of the. products of ¢om-
bustion, resultant from the previous explo-.

90

925

“upward stroke of the piston, Fig. 6, the ex-"
haast:valve 9 Is opened by means of the con- .
neoting mechanisin; comprising the eccentrie™ = -

180 "

1 105 .
_of the chamber-preparatory to the nextex-

plosion. = Thisupward stroke of the piston. A
creates a vacuum ainda suctionin the erank:" "~

‘fresh air preparatory to compressing thesame
and foreing it into the working chamber 4 by

means of the ports or passages. 24 and 23, ds
described in connection with' Fig. 5.

sameé time the piston. during the major por-

_echamber ' sufiicient to open the fresh-air-in-, -
les valve 25 to fill sajd crank-chamber with

At the -
115

tion of its upward stroke greatly compresses -

the gaseous fluid previously conveyed from’

the evaporator through the valve-chestcham-:

ber 36 to the compression-chamber 4 of the:

cylinder—and which substantially filled both
the ecylinder - compression - chamber 5 and

‘valve-chest chamber 3¢ when the piston was

“at the end of its downward stroke—backinto -
the valve-chest chamber 36 alone, therehy . _
125
61 having been cloged by its spring 65 when - ..
‘the piston practically reached the end of its
"downstroke, and when said piston reaches a .

bringing itunder great com pression,the valve

predetermined point in said npward moye-
‘ment and adjacent ta the top: of the cylinder.
“and also p‘ract.i‘ea.lly‘simultatiebusly with the
“¢losink of the exhaust-valve the eceentric 90,

on- the -erank-shaft is rotated into position

120

1 and actuates. the'rod 91, which operates the. ‘

136'
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valve-actuator 84 to release the valve 70,

whereby the pressure of the gaseous fluid.

opens said valve 70 against the pressare of its

low-power spring 82, and thereby permits;

such fluid to flow into the passages 71 and 935,
Fig, 7, where it is ignited and exploded in'the
working chamber to force the piston down-

ward to again draw a fresh supply of gaseous-

" - fluid, whereby the operations just stated.are

10

continued, to thereby permit an explosion at
each rotation of the crank-shaft and at the
completion or. termination of each upward

-_sprol;eof 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

- px‘efera.blyadjacent.toi’hecompression-cham- '

25
l3"o
35
40
45
.
55
6o

6s

fluid from the compression-chamber 5 of the
eylinder to. the working -chamber 4 thereof.
Figs. 8, 9, and 10, the.valve-chest 35 com-
municates with the cyiinder 1 of the engine,

ber 5 thereof, by a, port-or passage 62’, which
leads from a compression-chamber 8¢’ in the
valve-chest, substantially similar to the com-
pression-chamber.36, Fig. 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 YVaive
is open, said passage.97 communicates with
the port or passage 71, leading 10 the passage
95', which opens into the working chamber 4
‘of the cylinder. o ’ .
The compression-piston 3 isshown 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
to 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’ duoring the down-
ward stroke of the piston and has been com-
pressed. back during'the major portion of the
upward stroke of said piston into said valve-
‘chest compression-chamber 30’ alone, rushes
By means of the piston-port 98 into the pas-
sageor port 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 chamber4
with Figs. 1 to 7. Suitable ‘packing -rings
(not shown) may be disposed on the piston

‘in any suitable way to prevent leakage from

oné passage to the other. Inthis 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 727 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 79" is guided
inasocket 74" of & removable plug or closure
75 and is adapted to limit the opening move-

' preferably
.othersuitableagent

of the cylinder in a similar way
‘to that shown and described in connection.

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
paits in this construction of the improved en-
gine being substantially similar to that here-

Ztofore deseribed, the operation thereof will be-
“obvious from the foregoing deseription, and

it ivill also be obvious that the necessity of
having the valve 70' operated from the crank-
shaft ‘is unnecessary in this particular con-
struetion, as said valve 70’ is held in position
by its relatively low-power spring 33’ until
that predetermined period in the cycle of
movements when the eompression-piston 3 in
its upwarad 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 7 1’ and
95', where it will be ignited and then explode
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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-
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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. o

While I have described air as the diluent
employed, yet, as is obvious, any
may besubstituted there-
for and conveyed through the pipe 46, if
deemed desirable.

Having described my. invention,-I claim—

1. The combination of a casing having &
working chamber and a compression-cham-
ber; & 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 frem 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 workirg cham-
ber during a predetermined period in the cy-
cle of movements of the apparatus.

9. The combination of a casing having a
working chamber and a compressi_on-cham~
ber; & piston working in said casing; an evap-

orator or gas-producing device provided with .

a spiral way in which. the gaseous fluid is
completely formed; means for conducting the

completely-formed gaseous fluid from the

evaporator to the compression-chamber and
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.from thence to the working chawmber; and

means for controlling the flow of gaseous fluid
from the compression-chamber to the working
chamber during a predetermined period in
the eycle of movements of the apparatus.

3. The combination of a casing having a
compression-chamber and a working cham-
ber; a piston working therein; means for con-
ducting gaseods fluid to the compression-
chamber of the casingand from thenceto the
working chamber thereof; means ip pesition
for resiricting or eontrolling the flow of such
gaseons fluid to the working chamber during
a certain predetermined period in the eycle
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 gaseons fluid therein. . .

4, The combination of a casing having a
compression-chamber and a working cham-
ber; a piston working therein; means for con-
ducting gascous flaid to the compression-
chamber 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 restrieting or
controlling the flow of such gaseous fluid to
the working ¢hamber throughout the entire
downward stroke and the major portion of

‘the upward stroke of said piston; means for

permitting the induetion of fresh air to the
cazing below the compression-chamber at the
inauguration of the upward stroke of the pis-
ton; and-means for permitting the flow thercof.
from said compression-chamber through the

-easing and the piston aud into the working

chamber at the completion of the downward
stroke of said piston.

5. The eombination 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 [rom thence to the working chamber
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 ehamber throughout the entire

_downward stroke and during the major por-
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tion of the upward stroke of such piston;
means for permitiing the induction of fresh

air into the casing Delow the compression-
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 echamber at the completion
of the downward stroke of said piston.

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

comprising a working piston and a compres- |

"sion-piston; a valve-chest conneeted

1th
said casifig; means for conducting gasecus
fluid into'the valve-chest and from thence o

the compression-chamber of the casingonihe

downward stroke of the piston, whereby

will be compressed back into said valve-chest
on the upward stroke of said piston; means
for conducting the eompressed fluid from the

15

valve-chest chamber tothe working chamber; -

means disposed in-said .valve-chest and op--

erativé during one part of the cyele of move-
ments to prevent the flow of sneh gaseous
fluid to the working chamber and. operative
during another part of the cycle of move-

ments to permit the flow of such gaseous.

flnid to the working chamber to actuate the
piston; and means for permitiing the indue-
tion of freshairintothe casing below the com-
pression-chamber and from thence. into the
working chamber at certain periods in the
¢ycle of movements of the apparatus.’

7. Inagas-engine,the combination of a cas-
ing having a working and a compression
chamber; a erank-shaft; a compound piston

therein comprising a workingand a compres-

sion-piston and operatively connected with

said casing; means for conducting the gas-
eous fluid.to the valve-chest; n 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; apassage connecting said val ve-chest.

with the working chamberof the casing; and

&

8s

9C

.the crank-shaft;. a valve-chest connected to-

95-

valve mechanism operatively connected with

the erank-shaft and operative during a eer-
tain period in the rotation thereof to permit
the compressed gaseous fluid to flow from
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the valve-chest into the working chamber df '

the eylinder to actuate the piston.
8. Inagas-engl ‘ ;
ing having a working and a compression

chamber; a crank-shaft; acompound piston

therein comprising a working and a conipres- .

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 a part of the
eyvcle of movemeuts of the apparatus; and
an eccentrically - actuated lever conpected
with the erank-shaft and operative to actuate
gaid valve-closing mechanism to release the
valve and permit the flow of the gaseous fluid

‘to the working chamber.

9. Ina gas-enginge, the combinatioh of a cas-

ing having a working-'and a compression-
chamber; a crank-shaft; a compound piston

ne, the conibination of acas-
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therein comprising a working and & compres- -

sion piston; & valve-chest connected to said.

easing means for conducting ‘the gaseous
fluid to the valve-chest; a passage connect-
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ing said valve-chest with the compression- .

chainber; a passage.connécting the valve-
chest with the working chamber; 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 levei/mlso conneected to

‘said shaft; means for holding said .valve

closed with increased pressure during a part

of the cyele of movements of the apparatus |

and comprising a spring-actuated rod engag-
ing said springactuated lever; and mecans
for operating said spring-actuated rod at a
certain predetermined period in the ¢ycle 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 therein'com-
prising a working and a compression piston; a
valve-chest connccted tosaid easing; anhevap-
orator or gas-generator connected with said

ralve-chest and provided with a spiral way;

a valve operative by the action of the piston-

to permit the inflow of the caseous fluid from
the evaporator or gas-generator; a passage

coninecting the valve-chest with the compres- -
sion-chamber; a passage connceting thevalve- -

chest with the working chamber; and valve
mechanism operatively conngcted with the
crank-shaft to permit the opening thereof at
a predeterminéd period in the eycle of move-

‘ments of the apparatus, to thereby permit

the compressed fluid to How. from the valve-
chest to the working chamber of the easing to
actuate the piston. ‘

71. Anevaporator comprising a chambered
casing having a liguid-conductor connected
therewith; a tubular member thercin havinga
spiral way; an overflow-conductor connected.

10 said evaporator: & hot-air eonductor con:

nected with said casing; and & cold-air con-
duetor 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 valve
mechanism therein; an evaporator connected
with said valve-chest and comprising a cham-

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 conduetor connected with the cas-
ing and the tubular.:
and valve mechanism in said hot and cold air
conductors and operatively connected with
the crank-shaft, whereby the supply of air to
the evaporator is-regulated.

13, The combination of a casing; a crank-
shaft; a pistoninsaid casing and operatively
connected with the erank-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-conduetors connected therewith;
a liquid-conductor also connected.therewith;

1omber, respectivelys;.

and.valve mechanism in said hot, and eold
air conductors and operatively connected to.
‘thie erank-shaft, whereby the supply of air to
‘the gas-producing device is yegulated.

14. The combination of a.casing; a ciank-
shiaft; 4 piston in said casing and operatively
connected withitthe crank-shaft; a gas-pro-
ducing device operatively conneeted with said
piston-casing and comprising a c¢hambered
casing: aliquid-cunductor connected thereto:
a hot and a cold-air conductor also eonnected

air conductors: a governor operatively eon-
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-
shaft; a piston operatively connected to said
erank-shaft; a valve-chest connected to said
casing and liaving valve mechanism therein:
a gas-producing device connected to said

‘valve-chest and operatively conneeted with a
liguid-rescrvoir; an overflow-conduetor also

connccted with said gas-producingdeviceand
with an overflow-tank; & pump operatively
connecting the overflow-tank gnd liquid-res-
ervoir; a hotandeold air conduetor connected
with said gas-producing device; and valve
mechanism in the hot and cold air conductors
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-
ingin said-casing and comprising a compres-

sion-piston and & working piston and opera-

tively connected with the erank-shaft, said
working piston-and working chamber having
ports communicating with each other at the
end of the downward stroke of the pistonj an
air-inlet valve operative on the upward move-
ment of the piston to admit fresh air info the
casing, whéreby on the n&&kt'downwardmove-
ment of said pistonthe same will, by means
of the communicating ports, flow into the
working chamber; an exhaust-valve opera-
tively conunected with the crank-shaft, where-
by on the inanguration of the ups ard stroke
of the piston said valve will be opened to per-
mit the fresh air to force thé produets of com-
bustion from said working chamber; a valve:
chest connected with said easing.and having

a-passage communieating with the compres-

sion-chamber theréof and a passage commil-

‘nicating with the werking chamber thereof;

afluid-controlling valvein saidchest; avalve-
actuator operative throughout the entirc

-downward movement of the piston and the

major portion of the upward movement there-
of to hold said valve clpsed; means opera-
tively connected with the crank-shaft and op-
erable at a predetermined period in each ro-
tation thereof to releasc the valve-actusitor
and thereby permit the gaseous fluid fo open
said valve and rush into the working cham-
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Ler to charge the same when the piston has

-roached a predetermined period in its upward

_.1novement; & gas-producing device connected

with the valve-chest; a valve operative on
the downward stroke of the piston to permit,
the gaseous flnid from. the evaporator to be
drawn therefrom through the valve chest Lo

~the compression-chamber of the cylindor; a
" liguid-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-

 !5

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 devico, and all combined

. and operative to obtain an explosion of the

20

gaseous fluid in the working chamber at each
rotation of the cvank-shaft and at the com-

‘pletion of each upward stroke of the com-

674,
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pound piston, to thereby drive said piston
downward. )

17. The combination with a casing having
a working chamber and a eompression-chan-
ber; a piston working in said casing; & valve-
chest connected to said casing; an evaporator
or gas producing device connected to. sad
valve-chest; means for conducting the gasc-
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-chest 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. DOLE,‘

1

F. N. CHASE.
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