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To all whom it may coricern:
Be it known that I, GEORGE W. LEWIS, of
Chicago, in the county of Cook and State of

" Illinois; have invented certain new and use-

ful Improvements in Explosive-Engines; and
I dohereby declare that the following isa full,
clear, and exact description thereof, refer-
ence being had to the accompanying draw-

- ings, and to the letters of reference marked

IO
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thereon, which form a
bion. |

This invention relates to improvements in
explosive gas or vapor engines of that class
in which an explosion or impulse takes place
at every forward or power stroke of the pis-
ton in the power-cylinder of the engine and
which embrace an air-compression chamber
from which air is admitted to the cylinder
behind the piston at the termination of each
power-stroke of the latter. |

The invention consists in the matters here-

inafter described, and pointed out in the ap-

pended claims. | |

In engines of the character above referred
to as heretofore commonly constructed the
explosive mixture has been introduced into
the cylinder at the time the piston is at the
forward or power end of its stroke and the
entrance of the fresh charge of air at the time
the piston reaches the limit of its forward
stroke has been employed to force from the
exhaust-port the spent gases resulting from
the previous explosion. This construction
has been found to possess the disadvantage
that the incoming mixture of gas or vapor

~and air is likely to become mixed to some ex-

40

tent with the dead gases as the latter are
forced from the c¢ylinder with the result that
the strength of the charge is reduced by the
presence of a quantity of the spent gases or
a part of the charge is lost by escape from

the exhaust-port with such gases, thus in-

volving both a loss of fuel and an objection-
able smell of gas or vapor in the atmosphere.

I propose to remedy the defects above re-
ferred to by introducing the compressed air

~ Into the cylinder separately from the charge

of vapor or gas and by-providing a mixing
space orchamberin open communication with
the eylinder, into which the charge of gas or

vapor 1s introduced and in connection with

part of this specifica-

[

which the igniting devices are arranged, the
parts being soarranged that the gas or vapor
shall remain in such chamber without the ad-
mixture therewith of a sufficient quantity of 5s
alr to make an explosive mixture until the
alr introduced into the cylinder at the end of
the power stroke is compressed by the in-
ward movement of the piston and driven by
such inward movement into the said c¢hani-.6o
ber, and thus mixed with the gas or vapor
therein to produce an explosive admixture.
 In addition to the general- features above
referred to the invention also embraces other
improved features of construction in gas-en- 65
gines, as will be hereinafter more fully set
forth. | |

The invention may be more readily under- -
stood by reference to the accompanying draw-
ings, in which— 7¢

Figure 1 is a view, partially in side eleva-
tion and partially in vertical section, taken
through the central axis of the power-cylin-
der and the air-supply pipe leading thereto,
of an engine embodying my invention. Fig. 75
2 1s a- plan view of the engine shown in Fig. 1.
~ Asillustrated in said drawings, A indicates
the power-cylinder of the engine, which is
provided with the usual water-jacket a and
has within it a piston B, which is connected 8o
with the crank-shaft C through the medium
of & pitman D, having direct pivotal connec-
tion with the piston B by means of a trans-
verse pivot-pin E. Said cylinder is open at
its end adjacent to the crank-shaft and is 8s
closed at its opposite or explosion end by
means of a head A’. The piston B is of the
form known as a ‘‘trunk-piston,” the same
consisting of a hollow cylinder open at one
end for the insertion of the pitman D, as com- go
mon in similar engines. o o

E indicates an air-compression chamber
which in this instance is connected directly

~with the open end of the cylinder A and forms

|

a casing which supports the bearings 7 f for 9s
the crank-shaft C and surrounds or incloses
the crank-shaft and connecting-rod. In the
particularconstruection illustrated said cham-
ber I is made in the form of a hollow casing .
having apertures in its sides which are eov- 100
ered or closed by separate plates F', on which
are cast the bearings f f for the crank-shaft.
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Said chamber, moreover, in the instance illus-
trated forms the main support or frame for
the engine, the same being shown as attached
to horizontal frame-bars ¥%, which may con-

stitute part of the framework of the vehicle

in case the engine is employed as a vehicle-
mosor. Air is compressed in said chamber
by the action of the piston at each power
stroke of the same in a manner heretofore
proposed. As far as the operation of said

chamber ¥ as an air-compression chamber is

concerned its attachment to the open end of

the cylinder in a manner to form a casing or

housing for the crank is not essential, and the
same general results may be produced by a
location of said chamber elsewhere than in
the position shown and by compression of the
air therein otherwise than by the direct ac-
tion of the power-piston. The said eylinder
A is provided at one side with a plurality of
admission-ports «', which are covered by the
piston except when the latter is at the out-
ward limit of its stroke. Said ports are in
communication with the upper end of an air
pipe or passage G, which is connected at its
lower end with the compression-chamber I
by means of a lateral passage g. Said pipe

(3 is provided at its lower end with air-admis-

sion openings and with an inwardly-opening
check-valve G', which is for the purpose of
admitting air to the compression-chamber If
during the upward or back stroke of the pis-

ton, the inlet-port a’ of the cylinder being

covered by the piston during such upward or
back stroke thereof, so that air can enter the
compression-chamber at such time only by
theopeningof thecheck-valve. Inthepower
or outward stroke of the piston such check-
valve G’ is closed to prevent escape of air
from the compression-chamber, and the air is
compressed within the latter until the piston
approaches the outer limit of its stroke and
uncovers the ports a’, and at such time the
air theretofore compressed within the cham-
ber passes into the power-cylinder. -

At the opposite side of the power-cylinder

is located an exhaust-port a*, communicating ;

with an exhaust-pipe A®% Said exhaust-port
is located in position to be uncovered by the
piston when it reaches the outward limit of
its stroke, and the spent or dead gases result-
ing from the explosion are forced from the
sald exhaust-port at the time the same 1s

opened by the entrance of air at the same-

time through the ports a’ from the compres-
sion-chamber. A segmental recess or rab-
bet formed in the piston opposite the air-inlet

port affords a deflecting surface or shoulder |

against which the current of entering air
strike and by which it is directed toward the
closed end of the cylinder, so that the ¢ylin-
der is filled with the incoming air from its
inner toward its outer end, and the spent
cases are thereby forced from the exhaust-
port before any considerable part of the in-
coming air reaches the same. |

As far as above described the engine illus-

|

§
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trated is substantially like that shown in my
priorapplication, Serial No. 555,973, filed July
15, 1895, wherein provision is made for the
driving out of waste gases from the cylinder
by the entrance of compressed air through the
inlet-port. | | |

T'o now refer to the novel features of con-
struction to which the invention more par-
ticularly relates, these are in the particular
embodiment of the invention illustrated con-
structed as follows: Connected with the
power-cylinder and in communication with
the power end thereof is a charge holding or
mixing chamber H,which is in open commu-

nication with the power end of the eylinder.

Said chamber H is shown as formed by means
of a cylindric extension or e¢ylinder cast inte-
oral with the eylinder-head A’ and as sepa-
rated from the main part of the cylinder by
means of a perforated plate I, which 18 se-
cured to the cylinder-head in the manner
illustrated. In thisconstruction entrance ot
the incoming charge of compressed air into
said mixing-chamber H is prevented both by
the location of the chamber and the presence
of the perforated plate I, whereby the incom-

ing current of air entering at the outer end

of the eylinder is prevented from sweeping
around or through said chamber Ii, it being
obvious that the air-ecurrent thrown toward
the head of the eylinder from the inlet-port
will move along the side wall of the same and
by reason of the central location of the cham-
ber II will strike the cylinder-head outside
of said chamber and will be deflected thereby
transversely across the eylinder-head, so that

it would have little or no tendency to enter

the chamber H even if the plate I were ab-
sent.
retaining or holding a charge of gas or vapor
without the admixture of any considerable
air therewith during the entrance of the com-
pressed air by which the spent gases are
driven out, so that any admixture of the said
charge of gas or vapor with the entering air
will be prevented and no loss of gas or vapor
will take place in case a part of the air es-

capes with the spent gases as the latter are

expelled.
To now refer to the devices used for sup-
plying a charge of gas or vapor to the cham-

special devices illustrated are intended for
the use of liquid fuel yet the same general
features of construction may be employed
where gas is used to make the explosive mix-
ture. |

Referring now to the features of construc-
tion illustrated, J indicates a pipe leading
from the air-pipe G to the chamber I, and L.
a short tube by which the said pipe is con-
nected with the mixing-chamber, said pipe J
and tube L together constituting a chamber
which will be hereinafter called the ‘‘ charge-

measuring” chamber. The tube L commu-

nicates with the chamber I through the me-
dium of a port %, provided with a check-valve
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K. Said pipe J is not in open communica- | outward limit of its stroke by means of a
tion with the pipe G, but is provided with an | coiled spring m/, located in the lower part of
air-inlet port or opening j, provided with a | the pump-barrel and acting on a valve-disk 70
check-valve J',which is held normally closed | m?, which is connected with the plunger m
5 by means of a spring 7', placed around the | by a stem m?, which is smaller in diameter
stem of the valve between a shoulder thereon | than the plunger. Said disk is arranged to
and the guide or bearing of the valve-stem, so | bear against a seat m* when the plunger is at
that air can only enter the charge-measuring | the outward limit of its movement. - Said 75
chamber when the pressure in thelatter isless | spring m’ abuts at its lower end against a
10 than that in the air-pipe G. In the particu- | cup m? by which the barrel is closed. The
lar construction illustrated the valve K is | supply-pipeNisconnected with the pump-bar-
mounted in the tube L, which is secured to | rel below the disk m?and delivery-pipe O and
the wall of the chamber H and extends | is connected with the barrel below the lower 8o
through the same, so as to form a seat for the | end of the plunger, but above the disk. Said
15 valve. The valve K is shown as attached to | pipes are provided with check-valves n o, of
a stem & and is held closed by means of a | which the valve n opensinwardly toward the
- coiled spring &', properly applied to thestem | pump, while the valve o opens outwardly or .
1n such manner as to hold the valve against | toward the delivery-pipe. This pump oper- 85
its seat. The valve K is arranged to open | ates in the manner of an ordinary force-
20 Inwardly toward the cylinder, so that the | pump, drawing the oil inwardly at each out- -
pressure produced by the explosion within | stroke of the piston and forcingit out through
the cylinder will tend to close the valve and | the pipe O at each instroke of the piston,
prevent the backward escape of gases into | while acting as a valve to positively prevent go
- the charge-measuring chamberJ. Thespring | passage of liquid from the supply and the
25 k' is shown as located within a tubular ex- | delivery pipe when the pumpis notin action.
tension [ of the tube L, which tubular exten- For actuating the pump a cam Q is mount-
sion 18 closed at its outer end by means of a | ed on the crank-shaft C, said cam being pro-
cap [ - - vided with a cam projection g, which operates g5
The liquid hydrocarbon for producing the | through suitable connections with the pump-
30 vapor is introduced into the charge-measur- | plunger to give one stroke to thesameat each
ing chamber formed by the pipe J and tube | revolution of the shaft.. The actuating con-
L, preferably at a point in the tube L just | nection between the cam and pump-plunger, |
above the said valve K. The means illus- | asshown in the accompanying drawings, con- 100
trated for supplying the liquid to the said | sists of a lever R, pivoted between its ends
35 passage L are constructed as follows: M'in- | to a bracket 7 on the adjacent crank-shaft
dicates a supply-pump, and N a pipe leading | bearing and provided with an arm ¢/, which
to the same from a tank or other source of | engages the cam, and with another arm 7%,
supply. O indicates a pipe leading from the | which bears against the end of the plunger m 1os
pump to the tube L or charge-measuring | to force the same inwardly against the action
40 chamber, with which it communicates by | ofits actuating-spring. Toafford adjustment
means of an inwardly-opening check-valve P. | of the stroke of the pump-plunger, a set-
Sald check-valve is herein shown as formed | screw 738 is inserted through thelever-arm 7=,
by means of a tube P’, secured in the side | so as to act against the plunger. The out- 110
wall of the tube L and having a valve-seat | ward movement of said plungeris limited by
45 p formed at its inner end for the said check- | contact of the valve-disk m? with its seat mt;
valve. . The valve has attached to it a stem | but the possible movement of the lever is
P, which extends outwardly through the tube | greater than the stroke of the plunger, so
P’ and has attached to its outer end oneend | that the extent of movement of the latter I 15
of a contractile coiled spring p? the opposite | may be varied by adjustment of the set-serew
50 end of which is attached to a cross-bar p® at | 73, so that the plunger will be moved either
- the outer end of said tube P'. A cap p*| the full stroke of the actuating-leveror a por-
upon the outer end of the tube P’ serves to | tion only thereof. Itfollows from the above
close the same and prevent leakage of the | that ateach revolution of the crank-shaft the 120
liquid therefrom. The pipe O is shown as | actuating-lever will be moved by contact of
55 connected with the tube P’ by connection | the cam projection ¢ therewith so as to
- with one side of the same at a point outside | thrust inwardly the pump-plunger a desired
of the valve in a manner illustrated. distance, and thereby force a quantity of liq-
The pump M is adapted to be actuated by | nuid through the pipe O into the chamber L, 125
suitable connections with the erank-shaft of | which quantity will be determined by the
6o the engine, so that at-each stroke of the pis- | length of the stroke of the pump-piston.
ton a quantity of liquid will be forced through As hereinbefore stated, the ignition device
the pipe O and past the valve P to the tube. | is connected with or located in the chamber
The feed-pump M, as herein shown, is con- | II. Said ignition device may be of any pre- 130
~ Structed as follows: M'is a pump-barrel that | ferred or desired form; butthe same as here- ~
65 18 secured to one of the bearing-sleeves f .of | in shown consists of an ignition-tube S, which
the erank-shaft. The pump-barrel contains | is closed at itsouter end and in open commu-
a piston or plunger m, which is held at the | nication with the chamber H at its inner end

e,
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and is kept constantly heated by an exter- |

nally-applied flame to such a high fempera-
ture that the explosive mixture entering the
same will be ignited, as common in such
devices. The tube S is herein shown as sur-

‘rounded by casing S’, with which will be con-

nected the burner (not shown) for heating
the tube. The casing S’ is shown as being
provided with an integral screw-threaded
plug which enters an aperture in the wall of
the chamber II and which is provided with a
central passage, in which the tube S 18 se-
cured. |

The operation of the engine illustrated is
as follows: As hereinbefore stated, the en-
gine is of that class in which an explosion oc-
curs at each revolution of the crank-shaft, so

“that every outstroke of the piston isa power-

stroke. In the outward movement of the
piston after the explosion has taken place
within the cylinder the expanding gases fol-
low the piston until the same reaches the

- outward limit of its stroke and uncovers the
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exhaust-port a® and the air-inlet port a'. As
the piston moves outwardly it compresses

the air within the chamber F, so that at the
time it reaches the outward limit of its stroke

and before the inlet-port ¢’ is uncovered the

air is under considerable pressure within the
compression chamber and pipe G, so that as

soon as the inlet-port is uncovered air rushes |

therethrough and, being directed upwardly
or toward the inner end of the cylinder by
contact with the opposing surface of the pis-
ton, the current of air is thrown against the
cylinder-head and filling first the inner end
of the eylinder forces the spent gases there-
from through the exhaust-port. The action
of the feed-pump is so timed as to force the
desired quantity of ligquid into the passage
L during the inward or back stroke of the
piston, so that when the piston reaches the
limit of its outward stroke the liguid will
be contained within the tube L. During the
outward stroke of the piston air within the
charge - measuring chamber formed by the

pipe Jand tube 1. will be compressed tonearly

the same degree as that within the air-cham-
ber I and pipe G, because as soon as the pres-
sure in said pipe G excéeds that within the
pipe J to an extent sufficient to overcome the
slieht tension of the spring ;' and open the
valve J' the air under pressure will pass into
said pipe J. As soon, however, as the piston
reaches the outward limit of its stroke and
the exhaust-port is uncovered, the cylinder
A and pipe G will be relieved of pressure,
while the air held under compression in the
charge-measuring chamber will immediately
expand through the check-valve K into the
chamber H. No air can at this time escape
backwardly from the pipe J to the pipe G and
no air can flow from the pipe Ginto the pipe
J, because the pressure in the pipe & will be
relieved as soon as the ports ¢’ are open, and
the valve J' will therefore remain closed. The

4 '. - 690,941

pipe J and tube L will be such that the ex-

pansion of the air or gas contained therein
will not more than fill the chamber H, so that
none of the vapor or gas coming from said
pipe will pass out of said chamber inta the

| eylinder. Inotherwords, the combined areas

of the charge -measuring chamber and the
mixing-chamber is such that the gas or vapor
held under compression in the measuring-

‘chamber will not more than fill that area when

allowed to expand by the removal of pressure
in the eylinder. It follows that the size of
the space formed by the pipe J and the tube

70

75

30

I. will largely determine the quantity of gas

or vapordelivered to the mixing-chamber, the
other factor, which also controls in this mat-
ter, being the pressure at which the gas or
vapor-ladened air is compressed in the said
space. A principalfunction,therefore, of the

said space is to limit the charge of vapor or

oas to the size of the mixing-chamber, and
for this reason the term ‘‘charge-measuring
chamber” is herein. applied to such space.
The liquid entering the tube L may be vap-

orized in whole or in part by contact with the

heated walls thereof, so that the compressed
air in the tube J may be largely ladened with
vapor before it enters the chamber II. If,
however, some or all of the liquid should re-
main unvaporized in the said tube L at the
time the pressure is removed from the main
cylinder, the air passing from the pipe J to the
mixing-chamber will take up or vaporize all of
the liquid in said tube L and the air entering
the mixing-chamber will be fully charged with
vapor. Inasmuch as the air will enter the in-
let-ports of the cylinder at the same time that
the exhaust-portis opened and the main ¢ylin-
der relieved from pressure, it follows that the
charge of vapor will enter the chamber H at

or about the same time the air under pres-

sure enters the cylinder for the purpose of
driving out the spent gases. DBy reason of
the location of the mouth or opening of the
chamber H and of the
rated plate I between the chamber and the
cylinder no mixing of the incoming air with
the vapor will occur, because the entering
air-current will flow across the opening and
the plate will make a partial separation be-
tween the mixing-chamber and e¢ylinder, cal-
culated to prevent or retard the mixing of
the charge with the incoming air. Moreover,
as before stated, the vapor-ladened air which
expands into the chamber I will not more
than fill the same, so that there is no liability
of its entering the body of the cylinder by its
expansive action. The vapor-ladened airso
entering the mixing-chamber will not be ig-
nited by the ignition-tube when the latter is
employed as an igniting device, because the
proportion of vapor will be so great that the
mixture will beunexplosive. Thecompressed
air entering the cylinder, as described, will

therefore drive out all of the spent gases,

leaving the body of the eylinder full of com-

‘size of the space or chamber afforded by the | pressed air, while the charge of vapor will re-

presence of the perfo-
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maininthe chamber Hunexploded. Assoon,
however, as the piston begins its backward
movement or stroke the air contained in the
cylinder will be compressed in the inner end
thereof, and as the space for the air decreases
on the approach of the piston toward the ¢yl-
inder-head the air will be forced into the mix-
ing-chamber H, with the result of becoming

mixed or commingled with the vapor therein

contained. The complete admixture of the
alr with the vapor will take place at the com-
pletion of the inward stroke of the piston,

and at this time the proportions of air and
vapor being suitable for explosion ignition

will then take place at the proper time. In
case an electric ignition device be employed
the time of explosion will be determined by
the action of the working parts of the engine;
but if a heated tube be employed, as herein
shown, thetime of explosion will be that when
the mixture is brought to an explosive state.
The use of the perforated plate described af-
fords a means of controlling the time of ex-
plosion, so that it shall not occur too soon or
too late for effective action of the engine, be-
cause by making the holes in the plate larger

the mixing of the air with the gas or vaporin

the mixing-chamber is hastened, while by
making the holes smaller such mixing is re-
tarded. By proper proportioning of the size

of the holes, therefore, the time of ignition

may be controlled with all the accuracy re-

quired for practical purposes.

have provided a governing device for the en-
gine of the character described, the same em-
bracing means by which the stroke of the feed-
pump may be varied to force a greater or less
quantity of the liquid into the passage L.
The device illustrated for giving such vari-
able stroke to the feed - pump consists in

~ adapted to slide endwise on the shaft C, and

55
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of making the projeetions q of said ¢am of ta-
pered or oblique form approaching nearer to
the central axis of the shaft at one end than
at the other, as clearly seen in Fig. 2, so that
the lever R will be moved to a greater or less

-extent, according to the position on the shaft

to which the cam is moved. For giving mo-
tion to the said cam I have provided a gov-

engines used for other purposes.
‘ture of the invention, as embodied in the
‘drawings, consists of a lever U, which is piv-
oted to the bracket v on the machine-frame

ﬁ :

and which isengaged by means of a slot-and-

erning device consisting of a collar T', which

18 secured to the shaft C outside of the ecam
and provided with two arms ¢ ¢, on which are
pivoted bell-crank levers T' TV, having at
their outer ends centrifugally - acting gov-

ernor-weights T¢ T* and transverse arms ¢' ¢/, -
‘which engage with the sleeve Q' by suitable

slot - and - pin connections. The governor-
weights T* are held at their inward position
by means of a coiled spring T?, connecting the

same, 80 that normally the cam Q will be held |

with its most elevated part in position to act

on the pump-actuating lever, and thus give a

maximum feed or supply of fuel to the en-
gine. If the desired speed beexceeded, how-

~ever, the outward motion of the governor-

| plates draws endwise the sleeve Q', thereby

bringing the smaller part of the cam opposite
said lever and lessening the stroke of the

pump and reducing the quantity of the fuel fed

thereby. | o

As a separate and further improvement in
the regulating devices of the engine I have
provided a means by which the same may be
controlled by hand as well as by the governor-

weights, this construction being more espe-

cially applicable to engines used for vehicle-
motors to provide for an increase or decrease
of the speed of the engine, as desired, inde-
pendently of the action of the governor, but
being also adapted for use in connection with
This fea-

pin connection with a collar U’, which en-
gages a groove in the sleeve Q'. To the said
lever U is connected an actuating - rod U?,

‘whichleads toa suitably-arranged hand-lever

or otheractuating device. (Notshown in the
drawings.)

the lever U the governor-cam Q can beshifted

on the shaft and the quantity of fuel fed to

the pump thereby varied to inerease or de-
crease the power developed by the engine.
stuch variations of power may be necessary
In a vehicle-motor, for instance, to give in-

| creased speed for special occasions or to give
As a separate and further improvement, I

greater power when more power is needed, as
in ascending a hill.
that when thehand controlling device is used

| the governor-weights will be moved inwardly

or outwardly thereby, in one case against the
centrifugal action of the weights and in the
other case against the action of the governor-

_ | spring F°, |
mounting the cam Q on a sleeve Q', which is |

- As an improved means for supplying lubri-
cant to an explosive-engine of the general
character herein described, I have provided
an oll reservoir or tank having feed-pipes
leading to the parts requiring lubricating and
which is connected with the air-compression
cylinder by means of a passage provided with
a check-valve which opens toward the tank,
so that an air-pressure will be maintained in
the lubricant-tank at all times. I also pro-
vide in connection with such a tank means
for preventing feeding of oil except when the
engine 18 running, the same consisting of a

| minute escape-orifice in the top of the tank,

which is so small as to have no appreciable

effect on the air-pressure therein at the time

when the engine is in operation, but which
permits leakage of the air from the tank so

By application of hand-power to

It will of course be seen

/5
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as to quickly relieve the pressure therein

when the engine has ceased to operate.
The lubricating device embracing features
of construction as above described, which ig

showninthe accompanying drawings, is made
as follows: V is a closed tank for Iubricant, -

having a filling-orifice provided with a cup or

130

lug v, in which is a minute orifice v, Said -
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tank Vis connected with the pipe G by means |

of a pipe V', opening into the top of the tank
and provided with a check-valve V* Anoil-

supply pipe V2 is shown as leading from the

bottom of the tank V to the side of the cyl-
inder, where it communicates with an orifice
which passes through the eylinder and com-
municates with a channel on the outside of
the piston B, which channel leads to a cen-
tral bore e in the pivot-pin K of the connect-
ing-rod D. From said central port ¢ radial
passages ¢ lead to the bearing-surfaces be-
rween the connecting-rod and the said pivot-
pin. At each outward stroke of the piston
the air will be forced from the pipe G through
the check-valve to the top of the tank V, so
that pressure within the said tank will soon
equal that within the compression-chamber.
The continuous air-pressure thus produced
on the top of the oil within the tank will serve
to force the same through the pipe V® to the
bearings to be lubricated in an obvious man-
ner. 1 have shown only one pipe leading to
a single bearing 1o be lubricated for purpose
of illustration; but it will of course be un-
derstood that other supply-pipes may lead to
all bearings o1 the engine.
lubricating device, operated by air-pressure
from the engine, the necessity for frequent
filling of feed-cups orother hand lubrication
is avoided and the engine may be allowed to
run without attention for a period of time de-
pending upon the quantity of oil which the
tank may hold, and the latter may be of any

size whieh is found practicable or desirable.

The purpose of the minute orifice v’ is to
permit the air to soon escape from the oil-
tank after the stoppage of the engine, so that
the tank will be relieved from pressure and

the oil will cease to flow when the engine 1s |

not running. Obviously such minute orifice
will not interfere with the operation of the
tank in the usual working of the engine, the
escape of air therethrough being so small In
proportion to the supply as to be of no con-
sequence at such time. | |
In the use of gas instead of a volatile liquid
in an engine of the kind described the gas

will be delivered to the passage L through a

alved supply-passage controlled by the mo-
tion of the crank-shaft and corresponding

with thesupply-pipe and feeding devices here- |
“eylinder provided with a piston and with a
‘mixing - chamber in open communication

in shown, the feed-pump herein illustrated
serving to show also a controlling-valve such
as would be used for gas and means ior ac-
tuating such a valve. Where gas is used, 1t
is commonly supplied under sufficient pres-

sure to enter the said passage without the use

of any forcing means, so that a regulating-
valve only will be requiréd for controlling the
supply of gas, it being obvious thatatthe time
the charge is permitted to enter the tube L
said tube will be practically free from pres-
sure, because the chargeis admitted after the

‘previous charge hasbeen permitted to expand

into the mixing-chamber. Ordinarily, there-

fore, gas will be delivered directly to the pas- |

By the use of such |
' ‘eylinder provided with a piston and with a
‘mixing - chamber in open communication
‘therewith and havingin its side wall air 1nlet
-and exhaust ports whichare un covered by the
~piston at the outer limit of its stroke, an a1r-
~compression chamber in open communication
‘with the air-inlet port and means for supply-
ing gas or vapor to the mixing-chamber, said
exhaust-port extending nearer the inner end
of the eylinder than the air-inlet port so that
it isopened before the air-inlet portin the out-
I ward stroke of the piston.

Mixing _
therewith and having air inlet and exhaust

sage L by its own pressure, and a regulating-
valve controlled by the governing device such
as that desecribed will be employed to limif
the supply in accordance with the needs of
the engine.

I claim as my invention— |

1. Anexplosive-engine comprising apower-
eylinder, provided with a piston and with a
mixing - chamber in open commuuication
therewith, a perforated plate interposed be-
tween the mixing-chamber and the cylinder,
means for introducing charges of gas or va-
por into the mixing-chamber and means for
supplying air under pressure to the cylinder
to force the spent gases therefrom.

2. Anexplosive-engine comprising a power-
cylinder provided with a piston and with a
mixing - chamber in open communication
therewith, a charge-measuring chamber con-
nected with the mixing-chamber by a valved

‘passage, means for supplying gas or vapor to

said charge-measuring chamber, means for
supplying air under pressure to said charge-

measuring chamber and means for supplying

air under pressure to the cylinder at the ter-

‘mination of each outward stroke of the piston.

3. Anexplosive-engine comprising a power-

4. Anexplosive-engine comprisinga power-
cylinder provided with a piston and with a
- chamber in open communication

ports which are located in position to be un-
covered by the piston at the outward limit ot
its stroke,an air-compression chamberin open
communication with the air-inlet opening and

in communication with the mixing-chamber

by a passage having a check-valve which

5. Anexplosive-engine comprising a power-

therewith and having air inlet and exhaust
ports which are uncovered by the piston at
the outward limit of its movement, an air-

compression chamberin open communication

with the air-inlet opening,a charge-measuring
chamber connected with the mixing-chamber
by a valved passage and connected also with
the air-compression chamber by a passage
provided with a check-valve which opens to-

‘ward the echarge-measuring chamber and

means for supplying gas or vapor to the said

charge-measuring chamber.

6. Anexplosive-engine comprisinga power-
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cylinder provided with a mixing-chamber in
open communication therewith,a charge-mix-

-ing chamber connected therewith by a pas-
sage provided with a check-valve, opening

toward the mixing-chamber, an air-compres-
sion chamber connected with the charge-

‘measuring chamber by a passage provided

with acheck-valve opening toward the charge-
measuring chamber and means for supplying
gas or vapor to the said charge-measuring
chamber. | | _

7. Anexplosive-engine comprising a power-
cylinder provided with a mixing-chamber in
open communication therewith and with air
inlet and exhaust ports, a piston in the eyl-
inder, an air-compression chamber, in com-
munication with the air-inlet port, said ports
being uncovered by the piston at the outer

1limit of its stroke, a charge-measuring cham-

ber connected with the air-chamber and with
the said mixing-chamber, by passages pro-
vided with check-valves, meansforsupplying
gas or vapor to the said charge-measuring
chamber and an ignition device in the said
mixing-chamber. |

8. Anexplosive-engine comprising a power-
cylinder provided with a mixing-chamber in
open communication therewith and with air
inlet and exhaust ports, a piston in the eyl-
inder, an air-compression chamber in com-
munication with the air-inlet port, said ports
being uncovered by the piston at the outer
limit of its stroke, a charge-measuring cham-
ber connected with the air-chamber and with
the said mixing-chamber, by means of pas-
sages provided with check-valves, means for
supplying’ gas or vapor to the said charge-
measuring chamber and a perforated plate
located between the said mixing-chamber
and the cylinder.

9. Anexplosive-engine comprising a power-

~cylinder provided with a mixing-chamber in
open communication therewith and with air |

inlet and exhaust ports, a piston in the cyl-
Inder, an air-compression chamber, in com-
munication with the air-inlet port, said ports

| being'uncovefed by the piston at the oufer

limit of itg stroke, a charge-measuring cham-
ber connected with said air-chamberand mix-
ing-chamber by means of passages provided
with check-valves, means for supplying gas

or vapor to the said charge-measuring cham-

ber, said charge-measuring chamber having
the form of a pipe connecting the air-com-
pression chamber with the mixing-chamber.

10. An explosive - engine comprising a
power-cylinder provided with a mixing-cham-
ber in open communication therewith and
with air inlet and exhaust ports, a piston in
the cylinder, an air-compression chamber in
communication with the air-inlet port, said
ports being uncovered by the piston at the
outer limit of 1ts stroke, a charge-measuring
chamber connected with the air-chamber and
mixing-chamber by passages provided with

¢check-valves and means for supplying gas or

vapor to the said charge-measuring chamber
embracing a supply-passage provided with a

.check-valve opening toward the said charge-

measuring chamber. -

11. An explosive -engine comprising a
power-cylinder provided with a pisfon and
with a mixing-chamber in open communica-

‘tion therewith, meansforsupplying air under

pressure to the cylinder, and means for in-
troducing charges of vapor into the mixing-

‘chamber, comprising a feed-pump, a revolv-

ing shaft, a cam on the shaft which actunates
the pump, said cam having an inclined or
oblique cam projection and being constructed

to move endwise on the shaft and a centrifu--

gal governor connected with said cam to give
endwise movement thereto. | o
In testimony that I claim the foregoing as
my invention I affix my signature, in pres-
ence of two witnesses, this 11th day of De-
cember, A. D. 1895. | -

‘GEORGE W. LEWIS.

Witnesses:
WILLiAM L. HALL,
WILLIS D. SHAFER.
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