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’ 8 Claims.

This invention relates to external combustion
engines and particularly to an improved injec-
tion type engine. -

The principal objects of the present mventlon
are to incorporate in an injection engine op-
erating on a constant volume combustion cycle,
such as that disclosed in my Patent No. 2,364,330,
issued December 5, 1944, a greater flexibility and
wider range of compression pressures without
substantial increase In size or number of parts
of the engine; to provide an improved and sim-
plified valve arrangement in which a single sleeve
valve controls communication of a combustion
chamber with an intercooler and a power cyl-
inder, and also controls inlet and outlet valves
for each of two separate compression cylinders;
and to provide means to vary the amount of alr
admitted from an intercooler to a combustion
chamber in accordance - with the opening of a
throttle valve on the intake of a compression cyl-
inder supplying compressed air to the intercooler,
so that the fuel injector pump and the air throt-
tle. may be directly coupled and varying quan-
tities of air and fuel in substantially constant
proportions may be admitted to the combustion

chamber depending upon the position of the

throttle control,

Other objects and advantages will appear from
the following detailed description of the pre-
ferred embodiment of the invention.

Referring to the drawings:

iz, 1 is a vertical sectional view of one cyl-
inder of an external combustion engine con-
structed according to the present invention;

PFig. 2 is an end view. of the same; and

Fig. 3 is an enlarged sectional view of a fuel
inje¢tor pump with a diagramma.tic showing of
the fuel piping.

The engine illustrated includes. a cyllnder block
5 having a crankcase 6 secured to one end and
supporting a crankshaft 1. A cylinder 8 is
formed in the cylinder block and surrounded by
a water jacket 9. The upper end of the cylinder
is c'osed by a head {0 having a depending wa-
ter jacketed portion ti extending into the cyl-
inder, and the lower end is closed by a cover 2.

A valve sleeve {8 is slidably mounted within
the cylinder 8 and extends at its upper end into
the space between the cylinder 8 and the depend-
ing portion (1 of the head. - The cylinder cover
{2 is formed with a depending skirt portion 4
which is bolted at {5 to an annular flange 16
depending from the cylinder block. The flange
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16 is slotted as shown at 17 and the lower end -

of the sleeve 13 is formed with a laterally pro-

66

2

jecting lug i8 which works ln the slot. iT. The
sleeve 13 slidably bears on the inner surface -of
the cylinder 8 and on the outer surface of the
cylinder cover 12 and its skirt -14.

A piston (9 provided with suitable packing
rings slidably bears within the sleeve 13 and.
is reciprocable between the portion i1 of the
cylinder head and the cylinder cover 12. A pis-
ton rod 20 is secured to the piston 18 and pro-
jects through a central opening in the cylinder
cover 12, the joint being sealed by a suitable
stuffing box 21. The lower end .of the piston
rod 20 is secured to a cross head 22 which-is
formed as an auxiliary piston so as to bear .
throughout its circumference on the inner sur-
face of the skirt [4 of the cylinder cover 12. A
connecting rod 23 is journalled on a suitable wrist
pin 24 carried by the cross head 22 and af its
other end is journalled to & crank pin 2§ of the
crankshaft 1.

A suitable cam shaft 26 is arranged to be

_driven by the crankshaft 7 at a one-to-one ra-

tio, as for example by a gear 21 on the crank-
shaft 1, an intermediate gear 28 and a gear 29
on the cam shaft 26. The cam shaft 26 is
formed with a crank pin 30 to which is journalled
a connecting rod 31 which has its other end piv-
otally connected to the lug 18 projecting from
the lower end of the sleeve (3. The crank pin

‘30 is arranged so as to reach its upper dead

center about 90° ahead of the crank pin 285,

A poppet valve 82 opens through the center of -
the cylinder head 10 and its depending exten-
sion {1.. A suitable exhaust passage 33 is formed

in the head and is arranged to be opened to the

interior of the, cylinder 8 when the poppet valve .
32 is open. The valve 32 is operated by a suit-
able rocker arm and push rod actuated by a
cam 34 on the cam shaft 28. :

A combustion chamber 35 is formed in the '
cylinder block adjacent the upper end of the cyl-
inder 8. A port 36 is cut through the sleeve I8
and is arranged to open the combustion cham-
ber 35 to the interior of the cylinder 8 in one

position of the sleeve (3. Similarly a port 37 is =~

arranged to open communication between the
combustion chamber 35 and a passage 38 in one
position of the sleeve (3. Preferably the com-
bustion chamber is closed at its upper-end by a
plug 39 removably threaded into the cylinder
block, as indicated at £0. .

At its lower end the sleeve (3 is provided with
port openings #1 arranged to open communica-~ -
tion between the interior of the cylinder on the
under side of the piston 19 and an alr intake
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passage 82, which may be formed as illustrated
te partially or completely surround the cylin-
der. Another port €8 formed in the sleeve {3 is
arranged to open communication between an
outlet passage 44 formed in the cylinder cover

@

{2 and a passage 46 leading to an intercooler -

48. Thus the under side of the piston 19 is ar-
ranged to inspire air through the intake passage
42 and compress the same through the passages
44 and 4% into the intercooler 48.

Below the cylinder cover 12 the sleeve 13 is
provided with a port 41 arranged to open com-
munication between another inlet passage 48 and
the interior of the skirt 14 above the cross-head
22. A port 49 formed in the sleeve valve is ar-
ranged to open communication between the in-
terior of the sleeve (4 and a passage 50 which
also leads to the intercooler 48, .

The varfous ports in the sleeve valve I3 are ar-
ranged so that as the piston starts on its down-
ward stroke from the position lustrated in Fig.
1 the port 36 opens the combustion chamber 35§
to the interior of the cylinder 8, the port 43 opens
the interior of the cylinder 8 below the piston 19
to the passage 46 leading to the intercooler and
the port 47 opens the space between the cross-
head 22 and the cylinder cover 12 to the intake
passage 48. These ports remain open substan-
tially throughout the downward stroke of the
piston 18, or in other words remain open during
the lower half of the reciprocation of the sleeve
13.. As the crank pin 26 passes its lower dead
center the crank pin 30, which. is leading the
crank pin 28 by about 90°, moves the sleeve (3
into the upper half of its reciprocation. This
movement of the sleeve 13 closes the ports 36,
43 and 47 and opens the ports 41 and 49 so as to
establish communication between the intake pas-
sage 42 and the interior of the cylinder 8 on the
under side of the piston 19 and also to establish
communication between the passage 50 leading
to the intercooler 48 and the space between the
cross head 22 and the cylinder cover 12,

The port 37 in the sleeve valve I8 is arranged
to open the passage 38 in the cylinder head to
the combustion chamber 85 for a short period
during the upper half of the stroke of the sleeve
13 after the port 36 has closed the combustion

chamber from the interior of the cylinder head.

This occurs during the upward stroke of the pis-
ton, beginning, for example, about 45° after bot-
tom center and ending about 45° before top cen-
ter. Thus communication between the combus-
tion chamber and the passage 38 is again closed
by the sleeve before the port 86 again opens the
combustion chamber to the interior of the cylin-
der 8 on the downward stroke of the sleeve,

The intercooler 46 may consist, as ilustrated,
of a casing 51 which encloses a plurality of water
tubes 52 communicating at one end with a water
inlet 53 and at the other end with a water out-
let 84, The air passages 45 and 50 lead through
feather valves 55 and 56 respectively into the
interior of the casing §i so that the air passes
around the tubes 52. . :

The opposite end of the intercooler 48 opens
into an air passage 57 which communicates with
the passage 38 in the cylinder head through the
pressure ‘regulating valve 88.. This valve con-
sists of a slidable plug 59 normally pressed
against a seat 60 by an adjustable spring 6{.
When the plug 89 is positioned on the seat §0
its lower face is opened to the air pressure in the
passage 871 and one of its side surfaces closes the
port 62 leading to the air passage 38 in the cylin-

10

der head. ‘Thus the valve 58 normally closes
communication between the outlet passage 87 of
the Intercooler 45 and the passage 38 in the cyl-
inder head and opens communication between
these passages when the pressure in the passage
1 exceeds the tension of the spring 6¢.

A fuel injector pump €5 is arranged to be driven
50 as to inject fuel into the combustion chamber
38 once during each reciprocation of the piston.
Conveniently the pump may be connected di-
rectly to the cam shaft 26 as illustrated in Fig.
2. Any suitable type of pump may be used. The
llustrated embodiment consists of a casing 86
containing s crankshaft 67 driving a connecting
rod 68 pivoted to & piston 69, The piston recip-
rocates within a rotatably adjustable sleeve 10
which can be turned to different. angular posi-

~ tlons by the arm 71. An annular Passage 12 is
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“fuel.

formed to surround the portion of the casing §6
containing the sleeve 10, and is arranged to com-
municate with the interior of the sleeve through
an opening 13 cut through the wall of the casing
66. The sleeve 70 is formed with g relatively
narrow opening 74 arranged to register with the
opening 73 in different angular positions of the
sleeve 10. The annular chamber 12 is connected
through a pipe 18 to a fuel pump 76 which draws
fuel from a main tank 71, and is also provided
with a return pipe 18 leading back to the fuel
tank 77. Thus when the pump 78 is operated
the annuiar chamber 72 is maintained full of

The piston 69 has an inclined upper face 19
which cooperates with the slot 74 in the sleeve 10

5 to vary the quantity of fuel pumped on each

stroke depending on the annular position of the
sleeve 70, The interfor of the casing 86 above
the piston 68 communicates through a check
valve 80 with the pipe. 81 which leads to an.in-
Jector nozzle 82 opening into the interior of the
combustion chamber 35.

Assuming the space above the piston 9 has
first been filled with liquid fuel, the piston on its
down stroke draws in additional fuel from the
annular chamber 72 through the opening 713 and
the slot 74, On its up stroke fuel is returned
from the interior of the sleeve 10 to the annular
chamber 72 until the inclined upper face 78 of -
the piston 69 passes the upper edge of the slot -
14. Through the remainder of the upward stroke
of the piston fuel is forced through the check

valve. 80 and the pipe 81 into the combustion

chamber 35, ' With the sleeve 10 turned so as to -
position the slot T4 as illustrated in Fig. 3, the
piston 68 moves but a short distance after pass-
ing the upper end of the slot T4 so that g rela-

" tively small amount of fuel is pumped on each

80

85

stroke. By turning the sleeve 10 so as to posi-
tion the slot T4 adjacent the opposite side of the
opening 13 g greater portion of the stroke of the
piston occurs after the upper edge of the piston
has passed the upper edge of the slot 74 so that
a larger quantity of fuel is pumped on each
stroke.

The air intake passages 42 and 48 are provided
with throttle vaives 85 and 86 respectively. The

- air outlet passage 59 is also preferably provided

75

with a valve 87 which in one position opens the
passage 50 to the atmosphere through a port 88
and in another position closes the passage 50
from the atmosphere so that air forced there-
Into must pass-through the check valve 56 into
the intercooler 46. The throttle valve 85 and
the arm Tf which adjusts the position of the
sleeve 10 in the fuel pump 85 may be manipu-



lated simultsneously or separately in a,ny de-
sired manner, The valves 88 and 87 are prefer-
ably separately controlled,

‘With the controls arranged in this manner the
. engine is preferably proportioned so that the ratio
between the displacement volume of the cylinder
8 on the under side of the piston 19 and the
volume of the combustion chamber 35 is equal to
the desired maximum compression ratio of the
engine.. The displacement volume of the space
within the skirt 14 and above the cross-head 22
may then be used as a supercharger to compen-
sate for the reduction of atmospheric pressure
caused by increases in altitude,

To start the engine arranged in this manner
the throttle 85 and the control arm 11 of the fuel
injector pump may be-left in closed position, the
valve 81 closed, the valve 86 opened and the en-
gine turned over by any suitable starting motor
until the desired maximum pressure is built up in
the intercooler 46.. The valve 81 may then be
opened so that the cross-head 22 pumps idly with-
out load and the throttle 85 and injector pump
control 11 opened to admit air and fuel. Each
upward stroke of the piston 19 inspires a quan-
tity of air through the port 41 and the air intake
42, the quantity depending upon the degree of
opening of the throttle valve 85. Each down-
ward stroke of the piston forces the inspired air
into the intercooler 46. - By reason of the cooling
of the air in the intercooler a substantial part of
the heat of compression Is removed so that the
pressure in the intercooler increases substantial-
-1y in accordance with the law of isothermal com-
pression. The tension of the spring 61 is set at
some value in excess of atmospheric pressure and
less than the maximum pressure that would be
obtained by isothermal compression of a volume
- of alr equal to the displacement volume on the
under side of ‘the piston {9 into the volume of the
combustion chamber 35. ‘This can be a relative-
ly high compresssion ratio since the compression
- is not limited by the rise in temperature of the
air which occurs in the adiabatic compression in
the ordinary engine. Preferably the compres-
- sion ratio is on the order of 17 to 1, a ratio such
that if the compression were adiabatic the, tem-
perature of the air would exceed the ignition
_ temperature of the fuel.

Preferably the tension of the spring €1 is ad-
-Justed to be but slightly less than the maximum
compression pressure. After the intercooler 46
has been filled with-air at a pressure which just
balances the tension of the spring 61, the addi-
. tional quantity of air forced into the intercooler
by any given stroke of the piston 19 raises the
valve 68 against the tension of the spring 81 and
" holds the valve raised so that the outlet 57 of the
intercooler is open through the port 62 to the
passage 38 in the cylinder head until a quantity
. of air equal to that forced into the intercooler
. has passed out through the port 62. During the
next upward stroke of the piston 18 the sleeve

valve I3 closes the port 38, so that the combus- -

tion chamber 35 is separated from the cylinder 8,
‘and thereafter opens the port 37 so that air can
- enter the combustion chamber 35 from the inter-
cooler 46. - As soon as a quantity of air equal in
weight to that forced into the intercooler on the
-preceding stroke of the piston {3 has entered the
combustion -chamber 35 the valve 58 is again
closed by the spring 6f. ‘Thereafter as the pis-
ton 18 continues its upward stroke the sleeve
valve {3 closes the port 37 and fuel is injected in-
to the combustion chamber through the injector
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82. At about the time the plston {9 reachss its
upper dead center the valve 38 is opened anc the
combustible mixture in the chamber 35 is fired by
any suitable means, such as the spark piug 80.
The exact relation between the firing of the mix-
ture; the opening of the valve 36 and the pasition
of the piston {8 may be varied slightly to obtain
the best results. Preferably the firing is initigted
before the piston 19 reaches its top center-ar - the
valve 36 is opened before ignition is complete, so
as to avoid building up too great a pressure in the
combustion chamber 38.

After the mixture in the chamber 35 has been
ignited-and the valve 36 has opened so as .0 es-
tablish communication between the combustion
chamber and the interior of the cylinder 8, ex-
pansion of the gases forces the piston 19 cown-
wardly on its next stroke. At a suitable point
during the downward movement of the piston (9,
as for example at between 40° and 60° prior to
bottom dead center, the cam 34 opens the exhaust
valve 32 so that the cylinder may blow down to
or below atmospheric pressure before the piston
19 reaches its bottom dead center. After the

pressure in the cylinder 8 and the combustion

chamber 35 have been reduced substantially to
atmospheric pressure, and at a point near the

"bottom dead center of the piston 19, the sleeve

valve I8 closes the port 36 so that the combustion
chamber 35 is again separated from the cylinder
8. During the upward stroke of the piston
19 the exhaust valve 32 remains open -so
that the exhaust gases in the cylinder 8 are swept -
out By the piston.  During this exhaust stroke

5 the valve 37 again opens to admit a new charge

of air from the intercooler 46 to the comkustion
chamber 85..

By reason of the regulating valve 58 it will be
apparent that the quantity of air admitted to the
combustion chamber 35 at each stroke is equal to

© the quantity of air inspired on the under side of

45

50

the piston 19 and forced into the intercooler 46°
on the preceding stroke.  This in turn depends
upon the setting of the throttle valve 85. Thus
the control T1 for the fuel injector pump may be
adjusted simultaneously with the movement of
the throttle valve 85. The pump will inject the
correct quantity of fuel into the combustion
chamber for the quantity of air admitted from
the intercooler 46. The response of the engine

~ ‘to changes of the throttle valve 85 and the in-

55

80

75

jector pump control Tl is thus substantially in-
stantaneous, regardless of the volume of air com-
pressed in the intercooler 46.

The engine may then be supercharged to com-
pensate for reductions in atmospheric pressure
caused by an increase in altitude by closing the
valve 81 and opening the valve 86 in proportion
to the reduction in atmospheric pressure,

The engine controls may also be arranged so
that the compression space above the cross-head
22 serves as an overcharger operating through-
out the normal range of operation of the engine
at sea level. For this purpose the combustion
chamber 35 is increased in size so that the ratio
of its volume to the combined volumes of the cyl-
inder 8 'on the under side of the piston 19 and
the displacement volume above the cross-head 22
is equal to the desired compression ratio. The
valve 81 is then maintained closed and the throt-
tle valves 85 and 86 and the .control Tl for the
fuel injector pump are manipulated. The fuel
injector pump is arranged to supply a greater
quantity of fuel at any particular setting to con-
form to the greater quantity of air compressed
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7

into the intercooler 46 by the two compression
pistons 19 and 22. Thus an engine of greater
maximum capacity for a given size is produced.
This change may be conveniently effected by
simply removing the plug 8¢ which closes the up-
per end of the combustion chamber 38 and re-
placing it with a shorter plug designed t¢ in-
crease the volume of the combustion chamber
- the correct amount for the particular length of
stroke and diameter of skirt 48 included in the
engine, . )

. Although a preferred embodiment of the in-
vention has been described it will be understood
that the invention is not limited thereto. The
pressure regulating valve, for example, may be
used -either in the engine disclosed, or in an en-
gine such as that shown in my Patent No. 2,220,
826, in which a combustible mixture of fuel and
air is compressed into the intercooler. Similarly,
other variations and rearrangements of the parts
may be resorted to withoui departing from the
scope of the invention as defined in the following
clalms. =~

I claim: )

1. In combination with an external combustion
engine having a combustion chamber, g reservoir
of compressed gas, means driven by the engine
for compressing gas Into said reservoir, a throt-
tle valve confrolling the pressure of the gas com-

pressed by said means, g conduit for admitting :

gas frem said reservoir into said combustion
chamber, g valve operated by sald engine inter-
posed in said conduit, & pump for injecting con-
trollable quantities of fuel into said combustion
chamber, g regulating valve in said conduit inter-
posed between said reservoir and said first named
valve, and means exerting .g constant pressure on
sald regulating valve urging the same toward
closed position to interrupt communicsation be-
tween said reservoir gnd sald engine, said regu-
lating valve being urged toward open position
by the pressure in said reservoir.

2. In combination with an external combustion
engine having a combustion chamber, g reservoir
of compressed gas, means driven by the engine
for inspiring and compressing gas into said res-
ervolr, a throttle valve controlling the pressure
of the gas inspired by said means, g valve Np=-
erated by said engine for admitting gas from said
reservoir into said combustion chamber once dur-
Ing each cycle of the engine, a pump for inject-
ing fuel into said combustion chamber once dur-
ing each cycle of the engine, a regulgting valve
interposed between said reservoir and said engine,
and means exerting a constant pressure on said
regulating valve urging the same toward closed
position to interrupt communication between said
reservoir and said engine, said regulating valve
being urged toward open position by the pres-
sure in said reservoir. - .

3. An external combustion engine comprising a
main cylinder, a double-acting piston recipro-
cable in said cylinder, an auxiliary cylinder
aligned with sald main cylinder, means closing
the adjacent ends of said main and auxiliary eyl-
inders, a cross-head reciprocable in said auxiliary
cylinder, a piston rod connecting said piston
with said cross-head and extending through said
closure means, a combustion chamber having a
- removable pluz adapted to be varied in length
to vary the volume of said chamber, an inter-
cooler, valve means arranged to open one end
of said main cylinder alternately to a gas intake
and to said intercooler, valve means to open said
auxiliary cylinder alternately to said intercooler

[~
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and to a gas intake, a check valve interposed
between said intercooler and said auxiiiary cyl-
Inder, a second check valve interposed between
sald intercooler and said end of sald main cyl-
inder, valve means to open said combustion cham- -
ber alternately to.said intercooler and to the

-other end of said main cylinder, and valve means

to open said auxiliary cylinder to atmosphere to
render the same inoperative when desired.

4. An external combustion engine comprising
a main cylinder having power and compression
ends, a double-action piston reciprocable in said
cylinder, an auxilairy cylinder aligned with said
main cylinder, means closing the adjacent ends
of sald main and auxiliary cylinders, & cross-
héad piston reciprocable in said auxiliary cylin-
der, a piston rod connecting said double-acting.
biston and said cross-head piston and extending
through said closure means, an Intercooler, valve
mmeans arranged to open the compression end of
said main cylinder alternately to an alr intske
and to sald intercooler, valve means to open said
auxiliary cylinder alternately to said intercooler
and to an air intake, check valve means between
sald auxiliary cylinder and said intercooler, check
valve means between the compression end of said
main cylinder and said intercooler, & combustion
chamber, valve means to open said combustion
chamber alternately to said intercooler and to

the power end of sald main cylinder, pressure

regulating valve means between said combustion
chamber and said intercooler, & pump for in-
Jeeting fuel into said combustion chamber once
during each cycle of said engine while said com-
bustion chamber is closed from saiq intercooler
and from the power end of said main cylinder, and
ignition means in said combustion chamber ar-
ranged to initiate firing of the mixture in said
combustion chamber. while said combustion
chamber is closed from said intercooler and from
the power end of said main cylinder.

5. An exfernal combustion engine comprising
& main cylinder having power and compression
ends, a double-acting piston reciprocable in said
cylinder, an guxiliary cylinder aligned with said
main cylinder, means closing the adjacent ends
of said main and auxilary cylinders, a cross-
head reciprocable in said auxiliary cylinder, a pis-
ton rod connecting said piston with saiq Cross-
head and extending through said closure means,
& combustion chamber, an intercooler, and a
sleeve valve slidably mounted within said main
cylinder and surrounding said auxiliary cylinder,
sald sleeve valve having ports arranged to open
the compression end of said main cylinder alter-
nately to an air intake and to said intercooler,
a feather valve interposed between said inter-
cooler and the compression end of said main
cylinder, ports to open said auxiliary cylinder al-
ternately to said intercooler and to an air intake,
a second feather valve interposed between said
intercooler and said auxiliary cylinder, ports
to open said combustion chamber alternately to
said intercooler and to the power end of said main
cylinder, a pressure regulating valve interposed
between said intercooler and said combustion
chamber, and a pump for injecting fuel ifito said
combustion chamber after said combustion cham-
ber has been closed from said intercooler and
before said combustion chamber is opened to the -
power end of said main cylinder. - :

6. An external combustion engine comprising a
main cylinder having power and compression
ends, & double-acting piston reciprocable in said
cylinder, an auxiliary cylinder aligned with said
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main cylinder, means closing the adjacent ends
of said main and auxiliary cylinders, a cross-head
reciprocable in said auxiliary cylinder, a piston
rod connecting said piston with said cross-head
and extending through said closure means, a com-
bustion chamber, an intercooler, a pressure reg-
ulating valve interposed between said intercooler
and sald combustion chamber, and a sleeve valve
slidably mounted within said main cylinder and
surrounding said auxiliary cylinder, sald sleeve
valve having ports arranged to open the compres-

sion end of said main cylinder alternately to an.

air intake and to said intercooler, ports to open
said auxiliary cylinder alternately to said inter-
cooler and to an air intake, ports to open said
combustion chamber alternately to said inter-
cooler and to the power end of said main cylinder,
a pump for injecting fuel into said combustion
chamber after said combustion chamber has been
closed from said intercooler and before said com-
bustion chamber is opened to the power end of
said main cylinder, and ignition means arranged
to initiate firing of the mixture in said combus-
tion chamber prior to the opening of said com-
bustion chamber to the power end of said main
cylinder. a

7. In an external combustion engine of the
fuel injection type, a combustion chamber, a res-
ervoir for compressed air, means driven by the
engine for compressing air into said reservoir,
a pump driven by said engine for injecting fuel
into said combustion chamber, means for con-
trolling the quantity of fuel injected into said
combustion chamber, g conduit for-admitting air
from said reservoir into said combustion chamber,
a valve operated by sald engine in said conduit,
a second valve interposed between the first named
valve and said reservoir, means exerting a con-
stant pressure on sald second valve urging the
same toward closed position to interrupt com-
munication between said reservoir and said com-
bustion chamber, sald second valve being urged
toward open position by the pressure in said res-
ervoir and means for controlling the quantity
of air compressed into said reservoir independ-
ently of the control of said pump, whereby air
pressure sufficient to open said second valve may
be built- up in said reservoir before fuel is ad-
mitted to said combustion chamber to start the
engine, ’

10

10 ,

8. An external combustion engine comprising a
main cylinder having power .and. compression
ends, & double-acting piston reciprocable in said
cylinder, an auxiliary cylinder aligned with said
main cylinder, means closing the adjacent ends
of said main and said auxiliary cylinders, & cross-
head reciprocable in said auxiliary eylinder, a
piston rod connecting sald piston with said cross-
head and extending through sald closure means,
an intercooler, valve means arranged to open the
compression end of said main cylinder alternately
to an air intake and to said intercooler, valve
means to open said auxiliary cylinder alternately
to said intercooler and to an air intake, a com-

5 bustion chamber, means for injecting fuel into

sald combustion chamber, valve means to open

' sald combustion chamber alternately to said in-
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tercooler and to the power end of said main
cylinder, g regulating valve interposed between
said intercooler and sald combustion chamber,
and means exerting a constant pressure on said
regulating valve urging the same toward closed
position, said regulating valve being urged toward
open position by the pressure in said intercooler.
DANIEL MICHEL WEIGEL.

REFERENCES CITED

The following references are of -record in . the
file of this patent:

UNITED STATES PATENTS

Number Name Date
753,086 Mains oo Feb. 23, 1904
1,237,373 Nordberg o __ Aug. 21, 1917
1,301,036 Cage i Apr. 15, 1919
1,386,394 Cage o Aug. 2, 1921
1,393,831 . ROSSMAN wrceceee Oct. 18, 1921
1,518,983 Hyvernaud .._..____ Dec. 9, 1924
1,878,326 Ricardo . o..__ Sept. 20, 1932
1,955,620 Blchi . Apr. 17, 1834
2,131,216 Brooke noe oo Sept. 27, 1938
2,220,926 Welgel oo Nov. 12, 1940
2,227,896 Fitzgerald e Jan. 7, 1941

FOREIGN PATENTS

Number Country Date
611,212 France oo June 28, 1926
219,469 Germany -eeveeeceen Feb. 28, 1910
247,745 Germany .o - June 6, 1912




