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 UNITED STATES

- PATENT OFFICE.

‘ ;}’(’. .

" ALFRED LEE, OF NEW WHATCOM, WASHINGTON.

" GAS-E

SPECIFICATION forming part of Letters
Application Hled April 25, 1898,
To all whomy it Mmay CORCETH:, . :
Be it known that I, ALFRED LEE, a citizen
of the United States, residing -at 900 High
street, New Whatcom, State of Washington;
have invented certain new and.useful Ini-
provements in Gas-Engines, of which the fol-
lowing is a specification. o
My invention relates to gasand similaren-,
gines, and has for its object to provide a sim-
ple, compact, and efficient construction and.
arrangement of parts, whereby a high speed.
of movement may besecured, the same being.
of the two-eycle rear-compression type, whiere-
in an explosion is produced for each stroke
of the piston. S
A further object of the invention is to pro-
vide improved means whereby the products
of combustion may be thoroughly exhausted
from the combustion-chamber prior tothe ad-
mission of a new charge of the explosive
agent, this exhanst of the produets of com-
bustion being accomplished. by admitting a
scavenger charge of air under pressure at the
proper point in the stroke of the piston, and,.
furthermore, to provide a novel arrangement
of supply and exhaust passages; whereby the
construction is simplified and the'number of
valves reduced to the minimum.. o
_ A further object of the invention is to pro-
vide such means for supplying the combus-
tion or-explosion chamber with motive agent
that a lignid fuel may be employed, the same
being vaporized in its passage to the explosion-
chamber and admitted thereto in.a gaseouns
state. ' - ) ,

Furthermore, my invention relates tomeans
in connection with an igniter whereby the
efficiency of operation of the latter may be
ascertained by the engineer. oo
Further objects and advantages of thisin:
vention will appear in the following descrip-
tion, and the novel features thereof will_be

‘particularly pointed/'o,ub in the .appended

claims.

In the drawings, Figure 1 is a'vertical cen-
tral sectional view of an engine constructed
in accordanég'with my invention, the plane
‘ “Deing at right angles to the
ank-shaft. Fig. 2 is a vertical

axis of the

sectional view.of the engine, taken parallel
with and in the plane of the axis of the crank-
ghaft. Fig. 3 tsa horizontal section taken on

NGINE.

Patent No. 634,529, dated October 10, 1899."
;S(g,}'i‘al e G"78-,776f (Mo model.) . T

. the. plane indicated by the lines 3 3 of Figs. 1
and 2, the piston being in'the elevated posi-
tion indicated in Fig. 2. - Fig. 4 is a horizon-
tal section taken in the plane indicated by
' theline 4 4 of Fig. 1.
tical -section on" the plane indicated by the
“line 5 5 of Fig. 2.. Fig. 6 is a front view of
. the igniter mechanism. . S

- Similarreference charactersindicate corre-
sponding parts in all the figures of the draw-
ings. - [ , SR

: The casing of the engine embodying my in-
ventlion consists, essentially, of a body portion
10, having an inner eylinder 11, surrounded
' by-a jacket 12, which is spaced from the cyl-
inder to form an intervening water-chamber,
_a casing-head 13, fitted in the construction
‘illustrated-upon the upper end of the body
portion of the casing and having a reduced
‘guide 14 and a tubular casing-head extension
15, bolted or otherwise secured to the casing-

vapor-chamber 16.  In the base of the exten-
sion 15 and surrounding the bore thereof is

communicates an exhaust-pipe 18, the ex-
‘haust-chamber being in communication with
the above-mentioned guide 14 in the casing-
head. . The casingisextended downward and
its bore enlarged toform a crank-pit 19, fitted

which are formed journal boxes or bearings
21 for the crank-shafts 22. The crank 23,
which preferably consists of parallel disks, is
‘ing connected transversely by a wrist - pin
‘24, Also in the side walls of the crank-pis
I have shown removable side plates25, which
‘elose the core-openings designed to give ac-
cess to the interior of the crank-pit without
removing the heads 20, in which the crank-
shaft is mounted, and also fitted in an open-
ing in the bore of the crank-disk and forming
the center of the base 26 is a tapered ‘block
27.
an air-coinpression chamber and also as alu-
bricating - chamber, the compression of air
therein being accomplished by means of a

ward and from the erank-pit to commuricate
motion through a pitman 30 to the crank.

piston 28, of which the-head 29 fits snugly in- -
the cylinder and is adapted to reciprocate to-

55

.Fig. 5is a detail ver- -

6o

65

70

head, the interior of said extension forminga .

75

an annular exhaust-chamber; 17, with which .

8o

with removable heads 20, in the centers of

85

arranged in the crank-pit,said ¢rank-disksbe- -

ga

95

1 desire to utilize the crank-pit first as -
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During the upward or outward stroke of the
pistonairisadmitted tothe crank-pit through
an air-supply port 31, controlled by an inlet-
valve 32, which is yieldingly held in its seat
by any suitable means, gravity in the pres-
ent instance being depended upon for this
purpose, the valve being arranged to operate
vertically and to close in a downward direc-
tion. Obviously the application of pressure
to the contents of the crank-pit during the
downward stroke of the piston serves to re-
tain this inlet-valve seated and prevent a re-
duction of pressure through the port 31. Core-

. openings 33 in thesides of the casing are fitted

with covering-plates 34, and communicating
with the interior of the water-jacket are inlet
and outlet pipes 35 and 36 for the admission
and exhaust of water or other cooling agent
to maintain the piston-eylinder at a suitable
working temperature. 'The piston in addi-
tion to its head 29 is provided with a re-
duced extension or stem 37 of a diameter
corresponding with that of the above-men-
tioned guide 14 in the head of the cylinder,
suitable contractile packing-rings 38 being

seated in said guide to surround the piston”

extension or stem and prevent the exhaust
of pressure through the guide.  The upper
end of the piston stem or extension is adapt-
ed to operate in the vapor-chamber 16, and
to maintain a suitable fluid - tight contact
with the walls thereof it is provided with

packing-rings 39, explosive gas or vapor being .

admitted to the chamber 6 through a port 40,
preferably at its upper end, said port being
fitted with an inlet-valve 41, normally and
yieldingly held seated by a spring 42, bearing
at-one end against an adjustable stop 43,
threaded upon the stem of the valve and lo-
cated exteriorly of the vapor-chamber. This
inlet-port is supplied by an induction-tube 44,
having an open inlet end adapted to receive
atmospheric air and also having arranged
therein a fuel-supply nozzle 45, which is of
less diameter than the induction-tube to pro-
vide for the simultaneous admission of fuel
and air into said tube. Saidsupply-nozzle is
in furn in communication with a fuel-pump-
ing mechanism 46, of. which any desired con-
struction may be employed. Inthedrawings,
however, I have illustrated a preferred form

of pumping mechanism embodying a pump-

cylinder 47, interiorly in communication with
a fuel-supply pipe 48, (see Fig. 5,) a plunger
49 operating in said pump-eylinder, and an
operating-pin 50, conneeted by an arm 51°
with the plungerand adapted to he repressed
once for each stroke of the cylinder-piston 28
by means of a pressure-block 51, carried by

a fly or balance wheel 52, fixed to the crank-
shaft 22. Also in operative relation with the

pump-plunger 49 is an actuating-spring 53,
whereby asthe pressure-block 51 represses the
operating-pin 50 this actuating-spring is com-
pressed, and upon the release of the operat-
ing-pin 50 said spring advances the pump-

plungerto discharge the contentsof the pump-
cylinder through the nozzle 45.
Inasmuch as the length of stroke of the

pump-planger regulates the amount of dis-.

charge from the nozzle 45 at each advance
movement of said plunger and as it is desir-
able to vary the amount-of discharge to suit
the requirements of the engine, T employ an
adjustable stop 54, consisting of a sleeve ad-
justably fitted in a yoke 55 and forming a
guide and bearing for the operating-pin 50,
sald yoke being bolted or otherwise secured
in a suitable manner to the casing of the en-

‘gine, as, in the construction illustrated, to the

adjacent journal-box 21 of the crank-shaft.
The extremity of this stop-sleeve is arranged
in the path of a shoulder 56 on the operating-
pin, and by adjusting the sleeve a forward
moveument of the pump - plunger may be
checked at any desired point. TIn practice I
prefer to thread said stop-sleeve in the yoke
55 and fitted at its outer end with a wrench-
seat 57, and also to reduce to the minimum
the friction due to the contact of the block
51 with the operating-pin I preferably econ-
struct said block ‘as a roller carried by a suit-
able spindle 58.

While the above-described means for vary-
ing the supply of fuel to the vapor-chamber
is sufficient to obtain an approximate adap-
tation of power to the load, it is also desirable
to provide automatic means whereby an ap-
proximately uniform speed of movement of
the meéehanism may be maintained under va-

riations of load during the operation of the

mechanism, and hence in practice I employ
a governor for varying the path of movement
of the pressure-block 51 with relation to the
extremity of the operating-pin 50. In the con-
struction illustrated this governor consists of
alever 39, having a terminal weight 60, which
is yieldingly held in its normal position adja-
cent to the axis of movement of the crank-
shaft by means of a governor-spring 61, of
which the tension may be varied by means of
adjusting-nuts 62, threaded upon a stem 63.
This governor-arm is fulerumed at 64 upon
the balance or fly wheel 52, and in it is mount-
ed the spindle 58 of the pressure-block 51,
whereby as the speed of rotation of the fly-
wheel increases and the weighted end of the
governor-lever recedes from the axis of move-
ment by centrifugal force the block 51 iswith-
drawn more or less from the plane of the ex-
tremity of the operating-pin 50 to impart less
movement to said pin, and hence less move-
ment to the pump-plunger. In case of a sud-
den reduction of load the movement of the
governor-levermay besuch as to entirely with-
draw the pressure=block from operative rela-
tion with the operating-pin 50, and thus allow

70

75

8o

85

(8]}

95

100

105

I10

115

I20

125

the engine-piston to malke one or more strokes

without a supply of fuel. . _
~The influx of air through the pipe 44 nec-

essary to induaet fuel from the supply-nozzle

45 into the vapor-chamber and a% the same
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time partially or wholly vaporize said fuel is
accomplished by the downward or inward
movement of the piston extension in the va-
por-chamber, the mixture of fuel and air be-
ing admitted to the vapor-chamber through
the port 40'during the movement of the pis-
ton under the influence of an explosion in the
chamber 65, formed by the portion of the in-
terior of the cylinderbetween the plane of the
piston-head 29 and the casing-head 13. Also
during this downward or inward stroke of the

~ piston theair which has been inducted into
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the compression -chamber formed by the
crank-pit through the inlet-port 31 is being
compressed. As the piston-head approaches
the limit of its downward or inward stroke it
exposes or opens & series of cylinder inlet-

channels 66, formed in the wall of the eylin-

der, said channels being in communication at
their lower ends with the crank-pit. - Thus at
the moment of opening the channels 66 the
compressed air in the erank-pit passes the pis-
ton-head and constitutes a scavenger charge
of air, which drives the produects of combus-
tion in the explosion-chamber through cylin-
der outlet-channels 67, which are formed in
the piston extension, and into the exhaust-
chamber 17, said channels 67 being so ar-
ranged in the piston extension as to occupy
a position in the guide 14, and hence connect
the upper end of the explosion-chamber with

the exhaust-chamber at the moment that the
cylinder inlet-channels 66 are exposed. The:

capacity of the erank-pit and the compression
of air therein during the downward orinward
stroke of the piston are such that when the
seavenger charge of air isliberated by theé ex-
posureof the eylinder inlet-channels 66 all of
the products of combustion are expelled into
the exhaust-chamber,and the explosion-cham-
ber,or the portion of the cylinderabove the pis-
ton-head, contains only pure air adapted for
immediate admixture with a charge of explo-
sive agent, which when the piston is at the
limit of its downward movement is contained
in the vapor-chamber 16."

Tormed in the piston extension is a longi-

tudinal conveyer-channel 68, in communiea-

tion at its upper end with the vapor-chamber
16 and provided at its lower end with lateral
ports 69, controlled by an inwardly-opening
valve 70, of which thestem 71.extendsthrough
the conveyer-channel to a point near its upper
end and is connected with-a valve-seating
spring 72, designed to normally cut off com-
munication between the vapor-chamber and
the interior of the c¢ylinder. Obviously dur-

- ing the downward stroke of the piston the

60

pressure of the contentsof thecylinder serves
to maintain the valve 70.in a seated position;
but when after the liberation of the scavenger
charge of air the piston starts upon ifs out-

~ ward movement and progresses in that direc-
- tion sufficiently to close the channels 66 and

65

67 the pressure applied by the upper end. of
the piston extension to the contents of the
vapor-chamber is sufficient to overcome the

tension of the spring 72 and unseat the valve
70 to allow the mixture of gasand air in said
vapor-chamber to pass through the conveyer-
channel 68 and into the explosion-chamber of

“the cylinder. The path of the piston is such

as to entirely discharge the contents of the
vapor-chamber into the eylinder, and at the
proper point in the outward movement of the
piston an igniter is actuated to explode the
contents of the cylinder, and thus impart a

succeeding downward or inward movement

to the piston. ,

Various forms of igniting devices may be
employed in connection with the mechanism
above deseribed; but that form which I have
illustrated and prefer to employ in this con-
nection embodies terminals 75 and 74, in cir-

cuit with a battery 75 and a circuit-breaking

tongue 76, pivotally mounted upon the ter-
minal 73 and having a shoulder 77 for nor-
mal contact with the extremity of the termi-

of a stud, pin, or other projection 78, carried

70

75

30

85

‘nal 74. .This tongue is arranged in the path- -

g0

by the piston and head, and it is obvious that -

when said projection comes in contact with
the tongue and lifts the shoulder of the lat-
ter from the terminal 74 a spark is produced
which serves to ignite the inflammable con-
tents of the explosion-chamber and impart
an inward impulse to the piston. The ter-
minal 74 is adjustable to vary the position of
the cireuit-breaking tongue,and thusthe point
at which the projection 78 will come in con-
tact with said tongue, whereby the desired
compression of the contents of the explosion-
chamber may be effected prior to the explo-
sion thereof. Furthermore,in order thatthe
position of the circuit-breaking tongue and
the efficiency of the spark produced at the
moment of breaking the cirenit may be viewed
from the exterior of the engine 1 employ a
peep-channel 79, in alinement approximately
with the extremity of the terminal 74 and
having a valve 80, whereby said channel may
be closed.. Furthermore, to facilitate the re-
moval of the igniting mechanism from the
engine-casing, whereby repression or adjust-
ment thereof may be made without dismount-
ing other members of the mechanism, I pref-
erably seat the terminals with the connected
circuit-breaking tongue upon a plug 81, which
is removably fitted, as by threads, in a suit-
able opening in the side wall of the casing,
the above-described peep-channel 79 with its
controlling-valvebeing arranged in said plug.

I preferably construct the piston in see-
tions, of which the head and the extension
form separate members connected by a coup-
ling-plug 83. As hereinbefore indicated, I
desire toutilize the crank-pit as a lubricating-
chamber from which oil may be conveyed to
the piston and to the joint between said piston
and the pitman, and hence in the drawings the
pitman is shown as constructed with an oil-
duct 83, havingitslowerinletend fitted with a
tube 84, of which the inner end constitutes a
seat fora valve 85, adapted to close during the
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outward movement of thepiston andto open
for the admission of oil during the: inward
movement of the piston and When the:lower
extremity of said tube 84 s submerged in the
oil at the bottom of the erank-pit.  The pit-
man is preferably connected with the piston
by a ball-and-socket joint, of: which the ball
36:is formed on the extremity of the pitman,
and the oil-duct 83:extends through the ball
and communicates at its upper end with: a
transverse oll-passage 87, formed in the pis-
ton and communicating terminally with an
annular oil-channel 88; formed in the surface
of the piston: . Furthermore, in order to re-
duce to the minimum the friction due to the
rotation of the erank-shaft I preferably avoid
the use of stuffing-boxes and in.lieu thereof
arrange annular: gibs 89 in ' theé heads 20 of
the crank-pit: to: bear: at their inner edges
against ithe exterior surfacesiof the dxsks
formingthe erank, said gibs being yieldingly

* held ‘in operative 1ela‘r1on with the eranlk-

251

disks by means of actuating-springs90;: Also
in the exterior surfaces of the: gibs are. ar-

ranged packing-rings 91 for contaet with the
adJacent surfacesof the cavities in which the
gibs are fitted. A further funection of these
gibs is' to maintain the crank-disk accurately

- centered between the heads 20 of the erank-

30

35

40
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5o

55

60

65

pit, and thus prevent axial movenient of the
crank - shaft, which will tend to cause fric-
tional contact of the crank-disks with said
crank-pit heads.

The operation of the mechamsm, including
the induction of the fuelin the form of a
spray to adapt it to be taken up byan influx
of air through the feed-tube 44, will be read-
ily seen from the foregoing description, and
it should be further understood that even if
the vaporization of the fuel is only partially
accomplished by this influx of air the com-
plete vaporization thereof will ensue during
the passage of the contents of the vapor- -cham-
ber through the conveyer-channel 68 of the
piston on 1ts way to. the interior of the ex-
plosion-chamber by reason of the fact that
the piston is maintained at a vaporizing tem-
perature by the explosions in the chamber 65.
Thus beforethe fuel can reach the explosion-
chamber it is in a state of vapor and is inti-
mately mixed with the air with which it has
been inducted and is ready for further mix-
ture with the atmospheric contents, consist-
ingof the scavengerchargeof airin the explo-
sion-chamber.

‘While I have described in detail various
accessory means—such as an igniter, a pump,
a speed-regulator, and a lubricating device,
these being the preferred devices for secur-
ing an efficient operation of the mechanism
embodying my invention—it will be under-
stood that I do not desire to be limited to the
construction of these parts, as it is obvious
that others of like funection may be substi-
tuted therefor without detracting from the
efficiéncy of the general organization of the
engine, and, furthermore, it will be under-

stood thab various other changesin the form,
proportion, and the minordetails of construc-
tion may! be resorted’ to: without departing
from i the spirit or sacrificing any of the' ad-
vantages of the invention.

Havmw deseribed my invention,
claim is—

1. A gas-engine having a eylinder, and 4
comm unieating air-compression chamber pro-
vided with 'aivalve-controlled inlet-port, and
a piston operating in the cylinder and hav-
ing a stem, said eylinder being provided with
piston-controlled:inlet-passages in communi-
cation with the air-compression chamber, and
alsa liaving piston-controlled outlet-passages
formed in said stem: and adapted for expo-
sure simultaneously with the inlet-passages,
in ‘combination with ‘means for admitting a
motive: agent to the cylinder subsequent to
the opening of said inlet-passages, substan-
tially as specified.

2. A gas-engine having a eylinder and :a

what 1

‘communieatingerank-pitforming an air-com-

pression chamber provided with a valved air-
induetion port,a crank arrangedin said crank-
pit, apiston arranged in the ¢ylinder and con-
nected with said érank, a stem for the piston,
passed outwardly of the ¢ylinder inlet-chan-
nels in ithe walls of ithe eylinder in ‘commu-
nication with theerank-pifand controlled by
the ! piston, piston-controlled exhdust-pas-
sages, formed in said :stem and means for
admitting a motive agent to theicylinder sub-
sequent Lo the opening of said inlet- -passages,

substantially as speecified:

3. Agas-engine havingacylitiderand a pis-
ton, a crank- plb havmw its contents exposed
tothe compressive force of the piston and pro-
vided with a valved air-induction port, a
crank arranged in the erank-pit and having
its shaft extending through openings in the
walls of the crank-pit, means for communi-
cating motion from the piston to the crank,
piston-controlled cylinder inlet and outlet
passages, of which the former are in commu-
nication with the interior of the crank-pit,
and gibs for cutting off communication be-
tween the interior of the crank-pit and the
openings through which the crank-shaft ex-
tends, in combination with means for admit-
ting a motive agent to the cylinder subse-
quent to the opening of said inlet-passages,
substantially as specified.

4. Agas-enginehavinga cylinderand a pis-
ton, a crank~pib having its contents exposed
to the compressive force of the piston and pro-
vided with a valved air-induction port, a
crank arranged in the crank-pit and having
its shaft extending through openings in the
walls of the crank-pit, means for communi-
cating motion from the piston to the crank,
piston-controlled cylinder inlet and outlet
passages, of which the formerarein communi-
cation with the interior of the crank-pit, and
gibs mounted in the walls of the crank-pit
around said openings therein and bearing
against opposite sides of the erank to cut off
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communication between the interior of the
crank-pit and said openings, in combination

with means for admitting a motive agent to’
the eylinder subsequent to the opening of said .

inlet-passages, substantially as specified.

5. A gas-enginehavingacylinderand a pis-
ton, a crank-pit having its contents exposed
to the compressive force of the piston and pro-

-vided with a valved air-induaction port, &

crank arranged in the ¢rank-pit and having
its shaft extending through openings in the
walls of the erank-pit, a pitman connecting
the piston with said crank and provided with
a valved oil-duct opening into the crank-pit;
said piston having an oil-passage, in commu-

. nication with said oil-duct, and terminating
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at the bearing-surface of the piston, piston-

controlled-cylinder inlet and outlet passages,

of which the former are in communieation
with the interior of the crank-pit, and pack-
ing devices for cutting off communication be-
tween the interior of the crank-pit and the
openings through which the crank-shaft ex-
tends, in combination with meansfor admit-
ting a motive agent to the cylinder subse-
quent to the opening of said inlet-passages,
substantially as specified. .

6. A gas-engine having a cylinder and pis-
ton, the piston being provided with an ex-
tension operating in a guide in the cylinder-
head; an exhaust-chamber ik communication
with said guide and normally cut off from
communication with the cylinder by the pis-
ton extension, the piston-controlled-cylinder
outlet-channels for establishing communica-
tion between the cylinder and the exhaust-
chamber, and means for admitting a scaven-
ger charge.of air, under pressure, to the cyl-
inder when said ontlet-channels are in com-
munication with the c¢ylinder and exhaust-
chamber, in combination with means for ad-
mitting a motive agent to the eylinder sub-
sequent to the closing of said outlet-channels,
snbstantially as specified. - B

7. A-gas-engine having a cylinder and pis-
ton, the piston being provided with-an ex-
tension operating in a guide in the cylinder-
head, an exhaust-chamber in communication
with said guide and normally cuf off from
communication with the eylinder by the pis-
ton extension, piston-controlled-ecylinder out-
let-channels for establishing communication
between the cylinder and the exhaust-cham-
ber, and piston-controlled means for admit-
ting a scavenger charge of air, under pres-
sure, to thé cylinder when said outlet-chan-
nels are in communication with the eylinder
and exhaust-chamber, in combination with
means for admitting a motive agent to the
eylinder subsequent to the closing of said ount-
let-channels, substantially as specified.

8. A gas-engine having a cylinder and. pis-
ton, the piston being provided with an ex-
tension operating in a guide in the eylinder-
head, an exhaust-chamber in communication
with said:guide and normally cut off from
communication  with’ the cylihder by - the

piston extension, cylinder .outlet-channels
formed in the piston extension for connecting
the interior of the eylinder with said exhaust-
chamber, and meaas for admitting a scaven-
ger charge of air, under pressure, to the cyl-

inder when said outlet-channels are in ¢om- "

munication with the -cylinder and exhaust-
chamber, in combination with means for ad-
mitting a motive agent to the cylinder subse-
quent to the closing of said outlet-channels,

‘substantially as specified.

9. A gas-engine having a cylinder and pis-
ton, the latter being provided with an exten-

sion, a vapor-receiving chamberin which the

piston extension operates, and a valved con-

veyer-passage in the piston extension for es-

tablishing communication between the vapor-
receiving chamber and the cylinder, in com-
bination with means for admitting motive

agent to the vapor-receiving chamber, sub-

stantially as specified. ) .
. 10. A gas-enginehaving a cylinderand pis-
ton, the latter being provided with an exten-

"sion, a vapor-receiving chamber, a conveyer-

passage in the piston extension communicat-
ing atoneend with the vapor-receiving cham-
ber and at the other.end with the cylinder,
and a pressure-actuated valve for controlling
said conveyer-passage, in conmbination with
means for admitbing motive agent to the va-

por-reeeiving chamber, substantially asspeci-

fied.

11. A gas-engine havinga cylinder and pis-
ton, the latter being provided with an exten-
sion, a vapor-receiving chamber, a conveyer-
passage in the piston extension communicat-
ing at one end with the vapor-receiving cham-
ber.and at the other end with the eylinder,
and a pressure-actuated spring-closed valve
for controlling said conveyer-passage, in com-
bination with means for admitting motive
agent to the vapor-receiving chamber, sub-
stantially as specified.

12. A gas-engine having a cylinderand pis-
ton, the latter being provided with an exten-

'sion, a vapor-receiving chamber in which the

piston extension operates, piston-controlled
means for establishing communication be-
tween the vapor-receiving chamber and the
cylinder, a valved induction-passage in com-
munieation with the vapor-receiving cham-
ber, and means for admitting fuel to the in-
duction-passage, substantially as specified.

- 13. A gas-engine havingacylinder and pis-
ton, the latter being provided with an exten-
sion, a vapor-receiving chamber in which the
piston extension operates, pistop-controlled
means for establishing communiecation be-
tween the vapor-receiving chamber and the
cylinder, a valved air-induction passage in
communication with the vapor- receiving

‘chamber, and means for admitting fuel to the

induetion-passage in the path of air passing
therethrough, substantially as specified.

-+ 14, A gas-engine havinga cylinder and pis-

ton, the latter being provided with an exten-
sion; a vapor-réceiving chamber in which the
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piston extension operates; piston-controlled
means  for establishing communication be-
tween the vapor-receiving chamber and the
eylinder, a valved :air-induction: passage in
communication “with -the ‘vapor - receiving
chamber, and means for admitting liquid fuel
to-the :induetion-passage ‘i -the path of air
passing therethrough, substantially as:-speci:
fied.

15. A gas-enginehaving a eylinderand pis-

sion, a vapor-receiving chamber in which the
piston-extension -operates, pisten-controlled
means for. establishing communication - be-
tween the vapor-receiving chamber aud the
cylinder, a- valved.air-induction passage in
communication with the vapor- recelving
chamber, and means for periodically admit-

ting fuelto the indnetion-passage -inthe path -

of air passing therethrough; substantially as
specified. . i

16.-A gas-engine having a ¢ylinder and pis-
ton, the Iatter being provided with an exten-
sion, a vapor-receiving chamber in which the
piston extension operates, piston-controlled
means -for establishing communication Dbe-
tween the vapor-receiving chamber and  the
cylinder, a-valved. air-induection -passage: in
communieabion - with the vapor - receiving

chamber; and a-pnmp-for: discharging fuel
into the induction-passage in-the path of air:

passing therethrough, substantially as speci-
fied.

17. A gas-engine having a eylinderand pis-
ton, the latter being provided with an exten-
sion, a vapor-receiving chamber in which the
piston extension operates, piston-controlled

cmeans -for establishing communication be-

tween the vapor-receiving chamber and the
cylinder, a valved air-induction passage in
communication with the wvapor - receiving
chamber, and a pump for discharging fuel
into the air-induction passage in the path of,
and in the direction of movement of, air pass-
ing therethrough, substantially as specified.

18. A gas-enginehaving a eylinder and pis-
ton, the latter being provided with an exten-
sion, a vapor-receiving chamber in which the
piston extension operates, piston-controlled
means for establishing communication be-
tween the vapor-receiving chamber and the
cylinder, a valved air-induction passage in
communication with the vapor - receiving
chamber, and a pump mechanism for spray-
ing fuel into the induction-passage in the path
of air passing therethrough, substantially as
specified.

19.. A gas-engine having a cylinder and pis-

ton, the latter being provided with an exten-
sion, a vapor-receiving chamber in which the
piston extension operates, piston-controlled
means for establishing communication be-
tween the vapor-receiving chamber and the
cylinder, a- valved air-induction passage in
communication with the vapor - receiving
chamber, and means for periodically dis-
charging fuel into the induction-passage si-
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multaneously with the movement of thé pis-
ton extension in receding from the communi-
cating end of the induection-passage; substan-
tially as specified.

20 A gas-engine having a cylinder and pis-
ton, the latter being provided with an exten-
sion, a vapor-receiving chamberin which the
piston extension. operates, piston-controlied
means - for establishing communication De-
tween the vapor-receiving chamber and the
cylinder;-a- valved air-induction passage in
communication with the vapor = receiving
chamber, -and . governor - controlled pump

mechanisin for discharging fuel into the in- .

duction-passage in the path of air passing

-throungh the latter; substantially as specified.

21.. A gas-enginehavingaeylinder and pis-

ton, the latter being provided with an exten-

sion, a vapor-receiving chamber in which the
piston extension: operates, piston-controlled
means for establishing .communication be-

tween: the vapor-receiving chamber and the-

cylinder;-a- valved. air-induction: passage in
communication with the vapor - receiving
chamber, -and - governor - controlled - puinp
mechanism having a nozzle arranged-in the
inlet end of the induction-tube adjacent to
an-air-influx passage, substantially as speci-
fied. '

-22,- A gas-engine having a eylinderand pis-
ton, the:latter being provided with an exten-
sion, & vapor-receiving chamber in which the
piston extension operates, piston-controlled
means for-establishing. communication be-
tween the vapor-receiving chamber and the
cylinder;-a valved air-induction passage in
communication - with “the . vapor-receiving
chamber, -and governor-controlled - pump
mechanism having a nozzle arranged in the
inlet end of the induction-passage, and of less
diameter than said passage to form a sur-
rounding air-influx channel, substantially as
specified.

23. A gas-engine having an air-chamber
and a vapor-receiving chamber, and an inter-
mediate combustion-chamber, a piston oper-
atingin the combustion-chamberand adapted
to compress the contents of the air-chamber
during its forward movement when actuated
by pressure in the combustion-chamber, a
stem for the piston entering the vapor-cham-
berand adapted to compress the vapor therein
for a portion of its motion in an opposite di-
rection, a vapor-chamber adapted to commu-
nicate at times with the combustion-cham-
ber and having means for admitting a vapor
thereto and independent piston - controlled
passages in the cylinder-wall and piston-stem
for connecting said vapor and air chambers
with the combustion-chamber, substantially
as specified.

24. Agas-enginehavingan air-compression
chamber, a combustion-chamber, a vapor-re-
ceiving chamber and an exhaust-chamber, a
piston operatling in the combustion-chamber,
piston-controlled passages for connecting the
air compression and exhaust chambers with
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the eombustion-chamber, and a further pas-
sage formed in the piston for establishing
communication between the vapor-chamber
and the combustion-chamber, substantially
as specified. : '

95. Agas-enginehavingan air-compression
chamber, a combustion-chamber, a vapor-re-
ceiving chamber and an exhaust-chamber, a

piston operating in the combustion-chamber, '

independent, piston-controlled passages for
connecting the air compression and exhaust
chambers.with the combustion-chamber at
the limit of movement in one direction of the
piston, and another valve-controlled passage
formed in the piston for establishing commu-
nication between the vappr-chamber and the
combustion-chamber during the movement of
the piston in the opposite direction, substan-
tially as specified.

26. A gas-engine having a combustion-
chamber, an air-compression chamber and a
vapor-receiving chaniber, a piston operating

in the combustion-chamber, air inlet and ex-
haust passages for respectively connecting
the air-compression chamber with the com-
bustion:chamber and the combustion-cham-

| ber with an exhaust-port, said passages being

25

piston-controlled and adapted to be opened -

when the piston reaches the limit of its power-
stroke, and a conveyer-passage formed in the
piston, for establishing communication . be-
tween ithe vapor-receiving chamber and the
combustion-chamber during the compression-
stroke of the piston, and having a yielding
check-valve for closing said conveyer-passage
during the power-stroke of the piston, sub-
stantially as specified. o
In testimony that I ¢laim the foregoing as
my own I have hereto affixed my signature in
the presence of two witnesses.
. - ALFRED LEE.
Witnesses:
T. E. CADE,
FEARLLITA C. STADELMAN,
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