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This invention relates to external combustion 
engines and particularly to an improved injec 
tion type engine. . . 
The principal objects of the present invention 

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 air 
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 
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: 
Fig. 1 is a vertical sectional view of one cyl 

inder of an external combustion engine con 
structed according to the present invention; 

Fig. 2 is an end view of the same; and 
Fig. 3 is an enlarged sectional view of a fuel 

injector pump with a diagrammatic showing of 
the fuel piping. 
The engine illustrated includes a cylinder block 

5 having a crankcase 6 secured to one end and 
supporting a crankshaft 7. 
formed in the cylinder block and surrounded by 
a water jacket 9. The upper end of the cylinder 
is cosed by a head to having a depending wa 
ter jacketed portion extending into the cyl 
inder, and the lower end is closed by a cover 2. 
A Valve sleeve 3 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 of the head. The cylinder cover 
2 is formed with a depending skirt portion 4 
which is bolted at 5 to an annular flange 6 
depending from the cylinder block. The flange 

the position of the 

A cylinder 8 is 
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6 is slotted as shown at 7 and the lower end . 
of the sleeve f3 is formed with a laterally pro 55 

2 
jecting lug 8 which works in the slot. T. 'The 
sleeve 3 slidably bears on the inner surface of 
the cylinder 8 and on the Outer surface of the 
cylinder cover 2 and its skirt - 4. 
A piston f 9 provided with suitable packing 

rings slidably bears within the sleeve 13 and 
is reciprocable between the portion of the 
cylinder head and the cylinder cover 2. A pis 
ton rod 20 is secured to the piston 9 and pro 
jects through a central opening in the cylinder 
Cover 2, the joint being sealed by a suitable 
stuffing box 2. 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 at its 
other end is journalled to a crank pin 25 of the 
crankshaft T. 
A suitable cam shaft 26 is arranged to be 

driven by the crankshaft T at a one-to-one ra 
tio, as for example , by a gear 2T on the crank 
shaft , an intermediate gear 28 and a gear 29 
on the cam shaft, 26. The cam shaft 26 is 
formed with a crankpin 30 to which is journalled 
a connecting rod 3 which has its other end piv 
otally connected to the lug fB 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. 25. 
A poppet valve 32 opens through the center of 

the cylinder head 0 and its depending exten 
sion . 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 an and push rod actuated by a 
cam 34 on the cam shaft 26. 
A combustion chamber 35 is formed in the 

cylinder block adjacent the upper end of the cyl 
inder 8. A port 36 is cutthrough the sleeve 3 
and is arranged to Open the combustion cham 
ber 35 to the interior of the cylinder 8 in one 
position of the sleeve f3. 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 40. ? w 
At its lower end the sleeve 3 is provided with 

port openings arranged to open communica- . 
tion between the interior of the cylinder on the 
under side of the piston 9 and an air intake 

  



2,449,23@ 

passage 62, which may be formed as illustrated 
to partially or completely surround the cylin 
der. Another port 38 formed in the sleeve 3 is 
arranged to open communication between an 
outlet passage 44 formed in the cylinder cover 5 2 and a passage 45 leading to an intercooler 
46. Thus the under side of the piston 9 is ar 
ranged to inspire air through the intake passage 
42 and compress the same through the paSSages 
64 and its into the intercooler 6. 
Below the cylinder cover 12 the sleeve 3 is 

provided with a port 47 arranged to open Com 
munication between another inlet passage 8 and 
the interior of the skirt above the cross-head 
22. A port 49 formed in the sleeve valve is ar 
ranged to open communication between the in 
terlor of the sleeve 4 and a passage 50 which 
also leads to the intercooler 6. 
The various ports in the sleeve valve f3 are ar 

ranged so that as the piston starts on its down 
ward stroke from the position illustrated 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 f 
to the passage 45 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 (9, or in other words remain open during 
the lower half of the reciprocation of the sleeve 
13. As the crank pin 25 passes its lower dead 
center the crank pin 30, which is leading the 
crank pin 25 by about 90, moves the sleeve 8 
into the upper half of its reciprocation. This 
movement of the sleeve 8 closes the ports 36, 
48 and 47 and opens the ports 4 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 f and also to establish 
communication between the passage 50 leading 
to the intercooler 46 and the space between the 
cross head 22 and the cylinder cover 2. 
The port 37 in the sleeve valve f3 is arranged 

to open the passage 38 in the cylinder head to 
the combustion chamber 35 for a short period 
during the upper half of the stroke of the sleeve 
3 after the port 86 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 communicatlon between the combus 
tion chamber and the passage 38 is again closed 
by the sleeve before the port 36 again opens the 
combustion chamber to the interior of the cylin 
der On the downWard stroke of the sleeve, 
The intercoolier 46 may consist, as illustrated, 

of a casing 5 which encloses a plurality of water 
tubes 52 communicating at one end with a water 
inlet 58 and at the other end with a water out 
let 4. The air passages 45 and 50 lead through 
feather valves 55 and 56 respectively into the 
interior of the casing 5 so that the air passes 
around the tubes 52. 
The opposite end of the intercooler 46 opens 

into an ait passage 57 which communicates with 
the passage 38 in the cylinder head through the 
pressure regulating valve 58., This valve con 
sists of a slidable plug 59° normally pressed 
against a seat 60 by ari adjustable spring 6. 
When the plug 59 is positioned on the seat 60 
its lower face is opened to the air pressure in the 
passage 57 and One of its side surfaces closes the 
port 62 leading to the air passage 38 in the cylin 
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der head. Thus the valve Sß normally closes 
communication between the outlet passage 3 of 
the intercooler 6 and the passage 33 in the cyl 
inder head and opens communication between 
these passages when the pressure in the passage 
57 exceeds the tension of the spring 6 a. 
A fuel injector pump B5 is arranged to be driven 

so as to inject fuel into the combustion chamber 
35 once during each reciprocation of the piston. 
Conveniently the pump may be connected di 
rectly to the can shaft 26 as illustrated in Fig. 
2. Any suitable type of pump may be used. The 
illustrated embodiment consists of a casing 86 
containing a crankshaft 67 driving a connecting 
rod 68 pivoted to a piston 69. The piston recip 
rocates within a rotatably adjustable sleeve 70 
which can be turned to different angular posi 

An annular passage 2 is 
formed to surround the portion of the casing 66 
containing the sleeve T0, and is arranged to com 
municate with the interior of the sleeve through 
an opening 73 cut through the wall of the casing 
66. The sleeve 70 is formed with a relatively 
narrow opening 74 arranged to register with the 
opening 73 in different angular positions of the 
sleeve T0. The annular chamber 2 is connected 
through a pipe 75 to a fuel pump 76 which draws 
fuel from a main tank 7, and is also provided 
with a return pipe 78 leading back to the fuel 
tank 77. Thus when the pump 76 is operated 
the annular chamber 2 is maintained full of 
fuel. 
The piston 69 has an inclined upper face 79 

which cooperates with the slot 74 in the sleeve to 
5 to vary the quantity of fuel pumped on each 
stroke depending on the annular position of the 
sleeve 70. The interior of the casing 66 above 
the piston 69 communicates through a checks 
valve 80 with the pipe. 8 which leads to an in 
jector nozzle 82 opening into the interior of the 
combustion chamber 35. 
Assuming the space above the piston 69 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 73 and 
the slot 74. On its up stroke fuel is returned 
from the interior of the sleeve T0 to the annular 
chamber 72 until the inclined upper face 9 of 
the piston 69 passes the upper edge of the slot 
74. Through the remainder of the upward stroke 
of the piston fuel is forced through the check 
valve. 80 and the pipe 8 into the combustion 
chamber 35. With the sleeve 70 turned so as to 
position the slot 74 as illustrated in Fig. 3, the 
piston 69 moves but a short distance after pass 
ing the upper end of the slot 4 so that a rela 
tively small amount of fuel is pumped on each 
stroke. By turning the sleeve 70 so as to posi 
tion the slot 4 adjacent the Opposite side of the 
opening 73 a greater portion of the stroke of the 
piston occurs after the upper edge of the piston 
has passed the upper edge of the slot 4 so that 
a larger quantity of fuel is pumped on each 
stroke. 
The air intake passages 42 and 48 are provided 

with throttle valves 85 and 86 respectively. The 
air outlet passage 50 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 7 which adjusts the position of the 
sleeve 70 in the fuel pump 65 may be manipu 
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into the intercooler 46 by the two compression 
pistons 9 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 39 which closes the up 
per end of the combustion chamber 38 and rea 
placing it with a shorter plug designed to in 
crease the volume of the combustion chamber 
the correct amount for the particular length of 
stroke and diameter of skirt & 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, 
926, 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 without departing from the 
scope of the invention as defined in the following 
claims. . 

claim: 
1. In combination with an external combustion 

engine having a combustion chamber, a reservoir 
of compressed gas, means driven by the engine 
for compressing gas into said reservoir, a throte 
tie valve controlling the pressure of the gas con 
pressed by said means, a conduit for admitting : 
gas from said reservoir into said combustion 
chamber, a valve operated by said engine intern 
posed in said conduit, a pump for injecting Con 
trollable quantities of fuel into said combustion 
chamber, a regulating valve în said conduit inter 
posed between said reservoir and said first named 
valve, and means exerting. a constant pressure om 
said regulating valve urging the Sane toward 
closed position to interrupt communication be 
tween Said reservoir and said 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, a reservoir 
of compressed gas, means driven by the engine 
for inspiring and compressing gas into Said res 
ervoir, a throttle valve controlling the pressure 
of the gas inspired by said means, a valve op 
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 regulating 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 said main cylinder, means closing 
the adjacent ends of said main and auxiliary cyl 
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 plug 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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8 
and to a gas intake, a check valve interposed 
between said intercooler and said auxiliary cyl 
inder, a second check. valve interposed between 
said intercooler and said end of said 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 said main and auxiliary cylinders, a cross 
head piston reciprocable in said auxiliary cylin 
der, a piston rod connecting said double-acting. 
piston and said cross-head piston and extending 
through said 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, check valve means between 
said auxiliary cylinder and said intercooler, check 
valve means between the compression end of said 
Emain cylinder and said intercooler, a combustion 
chamber, valve means to open said combustion 
chamber alternately to said intercooler and to 
the power end of said main cylinder, pressure 
regulating Valve means between said combustion 
chamber and said intercooler, a pump for in 
jecting fuel into said combustion chamber once 
during each cycle of said engine while said con 
bustion chamber is closed from Said 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 external combustion engine comprising 
a main cylinder having power and compression 
ends, a double-acting piston reciprocable in said 
cylinder, an auxiliary cylinder aligned with said 
main cylinder, means closing the adjacent ends 
of Said main and auxiliary cylinders, a cross 
head reciprocable in said auxiliary cylinder, a pis 
ton rod connecting Said piston with said cross 
head and extending through said closure means, 
a combustion chamber, an intercooler, and a 
sleeve valve slidably mounted within said main 
cylinder and surrounding said auxiliary cylinder, 
said 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 into 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, a 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 said combustion chamber, and a sleeve valve 
slidably mounted within said main cylinder and 
surrounding said auxiliary cylinder, said 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 plimp for injecting fuel into Said combustion 
chamber after said combustion chamber has been 
closed from said intercooler and before said con 
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. 

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, a conduit for admitting air 
from said reservoir into said combustion chamber, 
a valve Operated by said engine in said conduit, 
a second Valve interposed between the first named 
valve and said reservoir, means eXerting a con 
stant pressure on said second valve urging the 
same toward closed position to interrupt com 
munication between said reservoir and said com 
bustion chamber, said 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. 
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8. An external combustion engine comprising a 

main cylinder having power and compression 
ends, a 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, a cross 
head reciprocable in said auxiliary cylinder, a 
piston rod connecting said piston with said cross 
head and extending through said 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 
bustion chamber, means for injecting fuel into 
said combustion chamber, valve means to open 
said combustion chamber alternately to said in 
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tercooler and to the power end of said main 
cylinder, a regulating Valve interposed between 
Said intercooler and said 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. 

DANIE MICHE WEGEL. 
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