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. . . . . . 1. 

This invention relates to internal combustion 
engines and is concerned more particularly with 
a novel internal combustion engine, which oper 
ates with greater fuel economy and is capable 
of producing more power than comparable prior 
engines. The increased power output of the new 
engine is... obtained without special fuels and the 
engine can be run at low loads without severe 
fuel loss and at full load without detonation on 
fuels which contain no expensive anti-knock 
agents or else only small amounts thereof. 
The new engine may be constructed to operate. 

on either the Otto or diesel cycles or on either a 
two stroke or a four stroke cycle, and it may have 
a single piston, which may be either single or 
double acting, or opposed pistons operating With 
in the cylinder. 
all the fuel introduced into the combustion 
chamber or cylinder by solid injection, with the 
major part of the fuel introduced by injection 
and a minor part introduced with air by induc 
tion, or with all the fuel introduced in the form 
of a fuel-air mixture by induction. The air may 
be supplied by induction at sub-atmospheric or 
atmospheric pressures through the usual throt 
tling range and, when high power output is re 
quired, the cylinder may be supercharged by the 
introduction of cold compressed air. As a fur 
ther means of increasing the power output, a. 
fluid that is inert and does not take part in the 
combustion, may be introduced into the cylinder 
in small quantities after combustion has been 
completed and the burned gases have begun to 
expand. Such a fluid absorbs heat and is ex 
panded and its expansion adds to the power. 
The superior performance of the engine of the 

invention is obtained in part by the provision 
of means, by which the compression ratio may 
be varied under the control of the operator and 
while the engine is running and this makes it 
possible to keep the compression pressure within 
desirable limits at all times. Thus, during idling, 
the compression ratio may be relatively high but 
the compression pressure is not excessive because. 
of the sub-atmospheric charging produced by 
throttling. At full throttle and on supercharge, 
the compression ratio is correspondingly lower, 
so that the compression pressure is kept below a 
value that would promote detonation. To 
achieve the desired result, the engine is so con 
structed that the end clearance, that is, the space 
occupied by the charge when it is under. maxi-. 
mum compression, has a variable effective. Vol 
ume, which is controllable and may be altered 
during operation. . . . . . . . . . . . . . . . . . . 

The engine can be operated. With 

3 Claims. (CI. 23-48) 
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0. 

The end clearance of a conventional engine is, 
of constant volume and is defined in part by the 
walls, of the combustion chamber and a surface: 
of the displacement member, when the latter is 
in a particular position. Thus, in a simple recipr. 
rocating piston engine, the end clearance is the 
space above the piston at the top of its stroke. 
and, in an opposed piston engine, the end clear 
ance is the space between the faces of the pist. 
tons when they most nearly approach each other. 
In the new engine, the end clearance is divided 
into a plurality of Spaces, one of which is a space 

20. 

25 

35 

of fixed volume, as defined above, which will be 
termed the "basic end clearance.'. The remain 
der of the end clearance is made up of one or, 
more chambers, which can be connected as de 
sired to the basic end clearance to vary the total 
end clearance volume effective at any time. Ref 
erably, one of the chambers is continuously conr. 
nected to the basic end clearance and fuelis in r, 
jected into and ignited in this chamber, which, 
will, aecordingly, be designated the 'primary. 
combustion chamber.'. When the engine oper, 
ates at low load and with the supply of airth 
tled, the total effective end clearance may consist. 
of the basic end clearance plus the primary.com 
bustion chamber and, as the Weight of the charge. 
is increased, additional chambers or chambers of . 
larger size are connected to the basic end clear. . 
ance to increase the total effective end clearance, 
until maximum charge is, reached. With an in 
crease, in the total effective. end clearance, the 
compression ratio decreases and thus may be 
varied inversely with the charge. The cutting 
in and out of the chambers is under the control 
of the operator through engine control means, 

40. 

45 

50 

Such as the accelerator pedal, and, in a preferred. 
construction, the control means is constructed to 
coordinate the compression ratio, and thus...the 
compression pressure, with the weight of the 
charge. - - - : - . . . . . . . . . . . . . . . 
The advantage of so constructing the engine. 

that it has a variable effective end clearance may. 
be made clear as follows. In a conventional. engine operating on the Otto cycle and supplied 
with a fuel-air mixture by the carburetor, the 
compression ratio is constant, because of the 
fixed end clearance, and the compression pressure 
then depends on the weight of the eharge, which 
in turn depends on the setting of the butterfly. 
valve of the carburetor. Such an engine is de 
signed to have a compression ratio appropriate 
for the fuel, on which the engine is to operate 
and if, for example, the desired compression ratio, 

55 is 6:1 and the piston, displacement is about 500: 
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cc., the end clearance will be about 100 cc. AS 
suming that the engine operates at perfect volu 
metric efficiency, then, when the engine is on full 
throttle, the charge taken into the cylinder on 
each suction stroke will be 600 cc. at atmospheric 
pressure, and the pressure of the charge com 
pressed into the end clearance on each comi 
pression stroke will be 6 atmospheres, disre 
garding the increase in pressure that results from 
the heating of the gas. When the throttle is par 
tially closed for a reduced power output, the 
charge enters the cylinder at sub-atmospheric 
pressure and may be only such as to fill only 
one-quarter of the cylinder at atmospheric pres 
Sure. It is obvious that, When such a charge is 
compressed into the end clearance, the compres 
sion pressure will be much less than in the first 
instance, when the charge was supplied at full 
throttle. It is well known that an internal con 
bustion engine operating with a low compression 
pressure requires a high fuel-air ratio and the 
fuel consumption of such an engine, which may 
be 0.5 to 0.6 pound per horse power hour under 
normal full throttle operation, may rise to as 
much as 4 pounds per horsepower hour, when 
the engine is operating with the low compression 
pressure resulting from throttled operation. 
Since the end clearance and compression ratio 
of such a conventional engine are fixed, and the 
compression pressure depends on the throttle 
setting, it will be evident that such an engine 
must operate with poor economy under partial 
load, since any attempt to improve that economy 
will result in the development of compression 
pressures at higher loads, which will produce 
detonation. ... 
In the engine of the invention, in which the 

compression ratio may be changed during op 
eration by changing the effective volume of the 
end clearance, the compression ratio may be 
varied inversely with the weight of the charge 
and the compression pressure may thus be kept 
substantially constant throughout the range of 
operation. As a result, it is not necessary during 
idling at part throttle, as in conventional engines, 
to use excessively rich mixtures because of the 
low compression pressure. and, at the same time, 
the compression pressure is not so high as to cause 
detonation, when the engine is operating at full 
load. - 

The subdivision of the total end clearance in 
the new engine into a plurality of separate spaces: 
or chambers serves another useful purpose, in 
that the walls of the chambers provide additional 
surface area, through which heat may be dissi 
pated. The amount of heat that must be re 
moved from the combustion zone of an internal 
combustion engine is in proportion to the weight 
of the charge and, since, in the new engine, the 
total effective end clearance is varied directly with 
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the weight of the charge, the total heat dissipat 
ing surface is also varied directly with the weight 
of the charge. The compression temperature 
may, accordingly, be kept within desirable limits 
and better economy and power output obtained. 
The desired results are further promoted by the 
provision of separate cooling systems for the com 
bustion and expansion zones of the engine, in 
order that the circulation of the coolants to re 
move heat from the two zones may be at different 
rates selected to provide sufficient cooling of the 
combustion zone to prevent detonation and to 
avoid over-cooling of the expansion zone with 
subsequent loss of power. In the combustion zone 
in an internal combustion engine, the tempera 

65 
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4. 
ture is likely to exceed 4,000°F. immediately after 
the fuel is burned, while the temperature in the 
expansion Zone, that is, the cylinder barrel, may 
be about 2,000 F. It is obvious, therefore, that 
the expansion Zone does not require and should 
not have as much cooling as the combustion zone 
and, in the new engine, proper cooling of the 
two zones is achieved. 
The provision of the primary combustion 

chamber, into which the major part of the fuel 
is injected, contributes greatly to the fuel econ 
ony of the engine, particularly at low loads, in 
that a fuel mixture sufficiently rich to be read 
ily ignited may be produced in this chamber, 
the air for complete combustion of the fuel then 
being contained within the basic end clearance 
and in the other chambers, when they are used. 
In a conventional engine, in which the fuel-air 
mixture is drawn into the cylinder and com 
pressed into a fixed end clearance, it is necessary, 
When operating on throttle and at low power out 
put, to employ an over-rich mixture to insure. 
ignition at the low compression pressure and 
much of the fuel is unconsumed, because sufi 
cient air for complete combustion is not available. 
In the new engine operating with the major part 
of the fuel Supplied by injection, the injection 
preferably takes place during the compression 
stroke So that the richest mixture fills the pri 
mary combustion chamber only, instead of the 
total end clearance volume, and the mixture in 
the basic end clearance is very lean. The total 
amount of air available is then such as to in 
Sure that little, if any, of the fuel will leave the 
cylinder unburned. 
A further feature of the new engine, which 

contributes to its performance, is the provision 
of control means, by which the operation of the 
different parts of the engine may be coordinated 
to produce optimum results. During operation, 
the total effective end clearance should be varied 
in accordance with the weight of the charge, and 
that Weight depends on the amount of fuel in 
jected, on the throttle setting, which determines 
the amount of air induced into the cylinder, and 
On the amount of Supercharge, when the latter 
is used. The weight of fuel supplied should be 
COrrelated with the weight of air charge, whether 
by induction alone or by induction plus super 
charge. Similarly, the amount of inert fluid in 
jected should be correlated to the weight of the 
fuel being burned. In order to coordinate these 
various factors, the engine is provided with a 
single control means, which may conveniently 
take the form of a shaft carrying a plurality of 
cans. The cams, operate devices for controlling, 
for example, the interconnection of the basic 
end clearance With the additional chambers to 
vary the total effective end clearance, the Weight 
of fuel injected, the weight of air supplied to the 
cylinder by induction, the weight of Super 
charged air, the amount of inert fluid injected, 
and the advance of the spark. The cams are 
formed on the basis of dynamometer tests to ad 
just the control devices to give best results 
throughout the range of operation and the oper 
ator may thus control the engine merely by rota-, 
tion of the control can shaft. 
The new engine includes various other features 

of novelty, which will be apparent from the foll 
lowing detailed description, when considered in 
connection with the accompanying drawings. In 
the drawings 

Fig. 1 is a view in side elevation of a six cylin 
der engine embodying the invention; 
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! Fig.2 is a plan view of the engine, shown in 

Eigs, 3° and 4 are sectional views on the lines: 
3-3 and 4-4 of Fig.1, respectively; 

Fig. 5 is a plan view on the lirae 5-5 of Fig. 4; 
Fig. 6 is a sectional view on the line 6-6 of 

Fig. 7 is a view in perspective of a control 
mechanism for operating the engine of Fig. 1; 

Fig. 8 is a diagrammatic view similar to Fig. 1, 
showing circulation through the cooling. Systems; 

'Elig. 9...is a view in vertical section. On the line: 
9-9., of Fig. 1:1, 0f a modified...form of engine: 
constructed in accordance with the invention; 

Figs...10: and ill are sectional. ViewS. 0n the lines. 
9-G and -t:respectively, of Fig. 9; 
Fig. 12...is a sectional view on the line; it 2-2 

of Eig. li. . 
... Fig. 1:3 is a sectional view on the line 3-3 

Of... Eig. 4; 
Eig. 13.a. is a transverse sectional view through 

a rotary valve in the position that the valve oc-. 
cupies in: Fig. 13; 

Eigs. 14, 15, and 1.6 are views similar to Fig. 
13, showing the rotary valve-in different operative 
positions; 

Figs, 14a, 15a, and -6a are sectional views 
similar to Fig.13a, showing the rotary valve in 
the positions, in which it is shown in Figs. 14, 15, 
and 16, respectively; - - 

Fig. 17 is a developed view of the rotary valve 
ShoWirag-the-ports therein; - 

Fig. 18; is a vertical sectional view 
fied form of the new engine; 
Fig.19 is a sectional view on the line 9-19 

of Fig.18; 
. Fig. 20-is-a-vertical sectional view of a modified 
form of the new engine; 

... Eig. 21... is a sectional View on the line:2-2. 
of Fig. 20; - : 

Fig. 22 is a diagrammatic vertical sectional 
view of a form of the new engine, provided with 
opposed pistors. 
'Fig.23 is a sectional view, on an enlarged scale, 

on the line. 23-23-of-Fig.22; and 
Eigs. 24 and 25 are: Sectional view.S. on the lines. 

24-24 and 25-25, respectively, of Fig. 23. 
Ehe new engine may be of any of the standard 

constructions, but, for the purpose of simplifying 
the explanation, two main forms of the engine are: 
illustrated, one being of the simple-reciprocating 
pistol-type and the other-including. Opposed pis 
tons. The engine, illustrated in. Figs. 1 to 6 is of 
the first, type and it includes a jacketed eylinder 
block 2) containing cylinders. 2, in each of which 
there is a movable piston. 22 connected by a con 
necting rod-23, to the usual crank on the ilhain 
craak shaft of the engine. The cylinder block 
is closed at its upper-end by a cylinder head 24, 
which contains a valve cavity 25 for each cylinder, 

of a 'nodia 

5. 

0. 

5. 

20. 
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55. 

60 
the major portion of the cavity lying offset from 
the cylinder-at one side thereof. The block is 
formed with a pair of valve seats; 26 at the bottom. 
of each cavity for an inlet valve. 2 and an ex 
haust valve: 28, respectively. A passage 29 in the 
block, leads to eachialet valve, and the inlet paS 
sages are connected to branches 30 of an inlet 
manifold 3, the ends of the branches being con 
nected to the block in the usual manner. Similar 
passages lead-from the exhaust, valves to branches 
32 of an exhaust, manifold 33. In successive cav 
ities, along the block, the positions of the inlet 
and exhaust valves; are reversed, so that branches 
30 of the inlet manifold lead to passages for a 
pair of cylinders, and certain of the branches 32 75. 

6. - 

of the exhaust, manifold are also connected to 
paSSageS. leading from a pair of cylinders. Each 
inlet, and exhaust valve has a stem 34 passing 
through, a guide: 35 in the Wall of its passage, and, 
at its lower end, the valve stem has a cam follower 
36 acted on by a can 37 on the engine cam 
shaft, 38. A spring 39 encircling the valve stem 
acts at One end against the outer wall of the pas 
Sage, and at the other, against a collar 40 on the 
valve stem to hold the valve. On its seat, until it 
is raised by the can. 
The head 24 is secured to the top of the block 

by bolts. With the usual gasket 4 between the 
head and the block. The head is hollow and it 
is closed at its top by a cover 42 bolted to the head 
With a gasket 43 between. The head is formed 
With a hOSs. 44 extending along the upper surface. 
of the lower Wall of the head from end to end 
thereof and, above: each cylinder, there is a ver 
tical extension, from the boss, containing a cham 
ber 45. the end of the extension projects through 
the cover 42 and has a threaded top opening, in 
Which is inserted a Spark plug 46. A collar 4 is 
threaded on the outside of the portion of the 
extension exposed above cover 42 and the collar 
has a hollow lateral projection. 4a, in which 
is inserted an atomizing nozzle, 48. The nozzle 
extends through an opening in the wall of cham 
ber 45; and is held in place by a collar 49 thread 
ed. On the outside of extension 47a. The nozzle 
is connected by a line 59 to one cylinder of a fuel 
pump 5 provided with a control rod 5 fa. 
The boss 44 has a lengthwise cavity, occupied 

by a rotary valve. 52 of rod form. The valve 
has a plurality of main channels 53 in its surface 
extending nearly completely circumferentially of 
the Waive, and a passage 54 leads from the bot 
tOral of each chamber 45 to register with a chan 
nel. Branch.channels 55,56, 57, and 58 are also 
formed in the surface of the valve to connect. 
With each main channel 53. A passage 60 leads. 
through the boss to the top of each cylinder, each 
passage 6. being aligned with a channel 53. 
The boss: 44 is formed with a pair of auxiliary 

end clearance chambers 64, 62 for each cylinder, 
and passages 63, 64 lead from the inner-ends of 
the respective chambers to the surface of the 
rotary Valve: 52. The channels 55, 56, 57, and 58. 
in the Surface of the valve are formed to connect 
passages 63, 64 for each of chambers 6-4, 62 to a 
passage 68 in different arrangements, depending 
On the angular position of the rotary valve. 
Thus, When the valve is in the position shown in 
Figs. E3 and 13a, the main channels 53 in the 
Surface of the valve; connect all the passages 54. 
to their respective passages. 69, so that each 
chamber 3 is in communication with its cyliader. 
At the same time, all passages. 63, 64 are closed. 
When Valve: 52 is turned angularly to the position 
shown in Figs. 14 and 14a, each chamber 45 re 
mains conflected through its passage 54, its main 
channel 53, and its passage 60 to its cylinder. Also, 
the chamber 6 ? for each cylinder is connected 
through its passage 63, its branch channel 55, its 
main channel 53, and its passage 60 to the cyl 
inder, so that both chambers 45 and 6? are effec 
tive. When the valve is in the position shown 
in FigS. E5 and 15a, each chamber 45 is con 
nected, as previously described, to the interior 
of its cylinder and the associated chamber 62 is 
connected through its passage 64, its branch 
Channel 56, its main channel.53, and its passage 
60 to the interior of the cylinder, so that both 
chambers 45 and 62 are effective. When the 
Valve has the position shown in Figs. 16 and 16a, 
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chamber 45 is connected to its cylinder as above 
described and both chambers 6 and 62 for each 
cylinder are connected through their branch 
channels 57 and 58 and their main channel 53 
to the interior of the cylinder. 
The wall 24a of the head lies inwardly from 

the Outer ends of chambers 6, 62 and has an 
outwardly extending flange spaced from the top 
of that part of the boss 44, in which the chan 
bers are formed. Each chamber 6, 62 is closed 
at its outer end by a threaded plug 65, which can 
be moved into or out of the chamber to vary the 
volume thereof. The plug used may be solid 
or hollow, the substitution of one type for the 
other making possible a further variation in the 
volume of the chamber. A cap plate 66 is secured 
by bolts 67 to the head to overlie the ends of the 
plugs, and the plate bears along its lower edge 
against the head and block and along its upper 
edge against the edge of the flange extending 
from Wall 24a of the head. The interior of the 
cap plate is open to the interior of the head 
through the space between the lower end of wall 
24a and the top of that part of the boss 44a con 
taining chambers 6f 62. 
The space between the face of each piston at 

the top of its stroke and the lower Surface of the 
head 24, plus the space within the cavity 25 in 
the head for the cylinder constitute the basic end 
clearance, which is ordinarily supplemented by 
the volume of chamber 25 and may also be Sup 
plemented by the volume of chamber 6 or cham 
ber 62 or the combined volumes of the two cham 
bers, by adjustment of the rotary valve 52. The 
total effective end clearance of the engine may, 
accordingly, be varied in accordance with the 
requirements of different conditions of opera 
tion and the range of variation may be increased 
by changing the positions of plugs 65 or by re 
placing solid plugs with hollow ones. The in 
terior of the head 24 is connected by lines: 68, 
69 to a radiator 79, and a coolant is circulated 
through the interior of the head and the radiator 
by a pump Ti. When chambers 6 and 62 are cut 
off from the cylinder, there is less transmission of 
heat through their walls to the coolant than when 
they are connected to the interior of the cylinder. 
Accordingly, when either or both chambers are 
connected to the cylinder, the effect is both to 
increase the total end clearance of the engine and 
also to increase the surface, through which heat 
may be conducted to the coolant fiowing through 
the head. 
The inlet manifold 3 may be provided with a 

throttle valve (not shown) and be open beyond 
the throttle valve to the air, so that only air is 
drawn into the cylinder by the downward move 
ment of the piston on the Suction Stroke, but 
preferably, the intake manifold is connected to 
a carburetor 72 through a vaporizer 13. The 
vaporizer includes a plurality of sections 74, each 
having upper and lower walls 75 and hot exhaust 
gases are supplied to the interior of the sections 
by inlet pipes 76a and led away through outlet 
pipes 76b. A plurality of tubes 77 extend through 
each vaporizer section, each tube having an en 
larged end 78 terminating fiush with the top wall 
75 of its section and a lower end 9 of diminished 
size, which projects into the enlarged upper end 
of a tube 77 in the next lower section. With this 
arrangement, as the fuel-air mixture leaving the 
carburetor passes into the vaporizer section, it is 
drawn through tubes TT, slightly compressed, as 
it passes through the Small end 79 of each tube, 
and then expanded. Any droplets of fuel that 
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leave the carburetor are broken up by passage 
through the vaporizer, and complete vaporization 
of the fuel is effected by the hot gases by the 
time the fuel leaves the vaporizer. 
The crank shaft 80 of the engine carries a 

gear 8 connected by a chain 82 to a gear 83 
On the shaft 84 carrying the valve cans. A Sec 
ond gear 85 on the can shaft is connected by a 
chain 86 to a gear 87 on the shaft 88 of the fuel 
pump 5. Between gears 83 and 85, the cam 
shaft is connected through skewed gearing 89 
to a shaft 90 running at its lower end in a thrust 
bearing 9 and connected at its upper end through 
gearing 92 to a shaft 93, the purpose of which 
will later be described. The chain drives are en 
closed. Within casings and the cam shaft 84 ex 
tends forwardly and, on its exposed end, carries 
a pulley 94 connected by a belt 95 to a pulley 96 
on the shaft 9 of a pump 98, attached to a 
housing 99 secured to the front end of the head 
24. Pump 7 may be mounted on top of pump 
98 With belt 95 driving a pulley Ta on the shaft 
of pump f. Shaft 97 carries a fan OO on its 
forward end. The intake of pump 98 is connected 
by a duct to to the interior of the jacket of the 
cylinder block 20, and the pump outlet is con 
nected by a line 02 to the top of a radiator iO3 
beneath radiator 70. The bottom of radiator 
A 3 is connected by a line. 04 to the lower part 
of the jacket of the cylinder block. 
The lower wall of the head 24 is provided with 

a pair of bosses 05, 06 extending lengthwise 
thereof and lying above the cavities 25 for the 
cylinders. Boss 95 is hollow and contains a 
rotary valve 07 in the form of a tube having 
an Opening 08 for each cylinder, the openings 
being offset angularly about the valve in the order 
in which the cylinders are fired. A passage O9 
leads through the lower wall of the boss from 
the Surface of valve OT to the interior of each 
cavity 25 above a cylinder. The shaft 93 extends 
through the front wall of the head 24 into the 
forward end of valve? O7 and is connected there 
to, and the driving connections, through which 
valve 07 is rotated from the engine crank shaft, 
are such that each cylinder is connected through 
its cavity 25, passage G9, and opening 08 to 
the interior of valve fell once per cycle. At the 
rear end of the engine, the end of a line iO ex 
tends through a gland if f into the interior of 
valve Ol. The line may be connected to a source 
of air under pressure, which may be contained 
in a tank 2 at relatively high pressure, the tank 
being connected through a reducing valve 3 
to line ff0, so that the air entering the valve OT 
is at a pressure of twenty pounds, for example. 
If desired, the pressure within the tank 2 may 
be maintained by a pump driven by the engine, 
the output of the pump passing through a cooler 
to the tank, so that the latter contains cold com preSSed air. 
The boss 06 is hollow and it contains a rotary 

Valve 4 in the form of a tube having an open 
ing 5 for each cylinder. Passages 6 lead 
through the wall of boss 06 from the several 
cavities 25 to the surface of valve 4 in registry 
With the respective openings 5. The openings 

5 are offset circumferentially about the valve 
4, and the arrangement is such that, as the 

valve is rotated, the cavities 25 of the cylinders 
are connected once per cycle through passages 

6 and openings 5 to the interior of the valve 
4. At the forward end of the engine, a shaft 
T extends through the wall of the head into 

the end of valve f4 and is connected thereto. 



9. 
Shaft.fi is connected to shaft 93 by gearing 8. 
At the rear end of the head, the end of a line 
d9 extends through a gland 20 into the interior 

of valve 4-4. Line 9 may be connected through 
a controlyalwe t2 to a supply of inert fluid under 
pressure. The construction and operation of 
Valve 4 is such that, a Small quantity of the 
inert fluid is supplied by the valve to the interior 
of each cylinder on each firing stroke after com 
bustion is complete. 
The engine may be controlled by a control can 

shaft 22 mounted for rotation in suitable bear 
ings and operable by a crank 23, a pedal, or 
other suitable means. The shaft carries a plu 
rality of Cans 24, and levers. 25, provided with 
earn follower rollers engaging the respective 
Cams, are mounted for SWinging movement on 
a rod 26 extending parallel to shaft f22. Each 
lever f25 is acted on by a spring 27 to hold its 
roller in contact with its can. The levers 25 are 
connected to the various control devices on the 
-engine, as, for example, one of the levers may be 
-connected to air control valve 3, the Second to 
the inert fluid control valve 2, the third to the 
lever 2a controlling the butterfly valve of car 
buretor 12, and the fourth to the control rod 
5-a of the fuel pump 5. The lever 25 associ 
ated with the fifth cam may be employed to con 
trol the advance of the Spark and the sixth lever 
may be utilized to vary the angular position of 
the rotary valve 52. For the latter purpose, the 
lever may be connected to arm 28 fixed on a 
short shaft 52d extending into one end of valve 
52 and secured thereto. The forms of cams 24 
are determined by dynamometer tests, so that 
as camshaft 22 is swung to different positions, 
the canas Will cause the Several control devices 
to be adjusted for pptimum performance of the 
engine under varying eonditions. 
The engine illustrated in Figs. 9 to 12, inclu 

sive, is similar to that above described, except 
that it contains no rotary valves similar to valves 
105 and 14. The water jacketed cylinder block 
29-contains a plurality of cylinders 30, each-con 

taining a piston. 134 connected by a connecting rod 
32 of a crank on the main crankshaft. Block 
29 is provided with a head 33, the top of which 

is closed by a cover 34. The bottam wall of the 
head is formed with a plurality of valve cavities 
(35, one for each cylinder, each cavity partially 
overlying the cylinder at one side thereof. The 
block is formed with a pair of valve seats 36 
beneath each cavity and an exhaust valve 37 
cooperates with one seat and an inlet valve 138 
cooperates with the other. A passage 39 leads 
from each valve, the inlet and the exhaust pas 
Sages being connected to branches of an inlet 
manifold and an exhaust manifold, respectively. 
Each valve has a stem, 40 extending through a 
guide in the Wall of its passage and having a 
roller 4 at its lower end, which engages a cam 
42 on a cam shaft 43. A spring 44 encircling 
the stem acts to hold the Valve on its seat, until 
it is raised therefrom by its cam. . 
The lower wall of the head is formed with a 

boss 45 extending lengthwise thereof, and the 
boss is hollow and contains a rotary valve 46. 
The boss...is formed with a hollow vertical exten 
ision 147 above each cylinder, the extension pro 
jecting out-of the top 9f the head and being 
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The nozzle extends through an opening in the 
wall of the extension 4 and into the interior 
of the chamber 53 within the extension. The 
nozzle is connected to one cylinder of a fuel pump 
by a line 5 a. . 
A passage 154 leads through the Wall of the 

boss 45 from the bottom of each chamber 53 
to the surface of a rotary valve 46. The rotary 
valve has a plurality of circumferential channels 
55 registering with the passages d54 and with 
respective passages 156 leading through the boss 
to the tops of the cylinders. The rotary valve 
is provided with channels corresponding to chan 
nels, 53 and 55-58, inc., of valve 52 (Fig. 17), and 
it projects beyond one end of head 33 and car 
ries an arm 57 by which it may be placed in-dif 
ferent angular positions. ... - . . . . 

Boss 145 is provided with a pair of hollow lat 
eral extensions defining chambers 58, 59 above 
each cylinder, chamber 158 being somewhat 
Smaller than chamber 59. The chambers have 
passages 58a, 59a leading therefrom to the surr 
face of rotary valve. 146. The formation of the 
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channels on the surface of the rotary valve is 
Such that, in all angular positions of adjustment 
of valve 146, each chamber f.53 is connected 
through a channel in the surface of the valve 
to its cylinder. In one position of valve 46, 
chambers. 58, 159 are both cut off from their 
cylinder, while, in other positions of valve. 146, 
chamber 58 or chamber 59 or both chambers 
are Connected to their cylinder. 
The engine illustrated in Figs. 18 and 19 in 

cludes a Water jacketed cylinder 60 containing 
a piston 6d and closed at its top by a head 62 
formed With a cavity .63 above the seats for 
Valves 64, 65. The head is formed with alon 
gitudinal hollow boss 66 containing a chamber 
6 above each cylinder. The top of the head 

is closed by a cover 168, and the wall of the 
chamber projects through the cover. A collar 
69 is threaded on the projecting end of the 
Chamber and the collar has a lateral extension 
19, in which is mounted a fuel atomizing nozzle 
l, the nozzle extending through an opening in 

the Wall of the chamber. At its upper end, the 
chamber is closed by a spark plug 72 threaded 
in place. 
A passage 13 leads through boss 66 from the 

bottom of chamber 67 to the surface of a ro 
tary Valve 174 within the hollow interior of 
the boss. Beyond the valve, there is a passage 5 
leading into the top of the cylinder. The boss 

:55 
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70 
closed at its upper end by a sparkplug A48. A 
collar 49 is threaded on the projecting end of 
the extension, the collar, having a lateral neck 
50, in which is mounted an atomizing nozzle 5 

66 has a lateral extension, T6 defining a cham 
ber 18, and a passage 77 leads from the inner 
end of the chamber to the surface of valve. 13. 
The Valve is So constructed that, in one posi 
tion, both chambers. 167 and LT8 are connected 
to the interior of the cylinder, while, in 
Qnd position, chamber 167 alone is co the cylinder. 
A piston T19 is mounted in chamber 18 and 

has a Jod 80 which projects through a cap 8 
glosing the outer end of the chamber. A spring 
82 encircling the rod bears at one end against 

the cap and, at the other end, against a disc 83 
fast on the rod, the spring tending to move the 
piston toward the outer end of chamber 178. A 
shaft 84 is mounted beyond the outer end of rod 
180 and the shaft carries a cam 85, bearing 
against the outer end of the rod. By angular ad 
justment of the shaft and cam, the piston 179 
may be moved inwardly of the cylinder against 
the resistance of spring 82. . . . . . . 

held in place by a nut 52 on the end of theneck, is The bottom wall of the head 62 is formed with 
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a longitudinal boss 86, which is hollow and con 
tains a hollow rotary valve f87. The valve has a 
port 88 for each cylinder, the port, lying in posi 
tion to be brought into registry with a passage 
89 leading through the boss into the top of the 
cavity 63 of the cylinder. Cold compressed air or 
other fiuid may be supplied to the interior of 
valve 8 and the ports f 88 in the valve are so 
positioned and the valve is rotated in such timed 
relation to the crank shaft of the engine that, 
Once per cycle and at the desired time in the cycle, 
the fluid contained within the valve is supplied to 
each cylinder. 
The Operation of a single cylinder of the engine 

shown in Figs. 1-6, inclusive, may be as follows. 
Under a light load, the primary combustion 
chamber 45 is connected through valve 52 to the 
cylinder, and the auxiliary end clearance cham 
bers 6f and 62 are cut off. The carburetor Sup 
plies a very lean mixture to the cylinder and, if 
desired, the fuel supply to the carburetor may be 
cut off, so that only air is supplied. The charge 
of air or lean mixture drawn into the cylinder on 
the Suction Stroke is compressed on the compres 
Sion stroke and a part of the charge enters the 
primary Combustion chamber 45. During the 
compreSSion Stroke, the injection of fuel through 
nozzle 48 and chamber 45 starts at about 35 ABC 
and continues to about 90° ABC. The fuel is 
Waporized in chamber 45 and the fuel-air mixture 
in the chamber is ignited by Spark plug 46 a few 
degrees before TDC. The mixture in the primary 
combustion chamber is sufficiently rich to be 
readily ignited, but the chamber contains insuffia 
cient air for complete combustion of the fuel. 
Sufficient additional air for complete combustion 
of the fuel is, however, contained in the basic end 
clearance made up of the space above the top of 
the piston at the upper end of its stroke, such 
space including the cavity 25 for the cylinder. . 
The burning mixture, accordingly, travels 
through passage 54, channel 53 in valve 52, and 
passage 60 into the cylinder, where its combustion 
is completed. At this stage of operation, the en 
gine is operating at a compression ratio depend 
ing on the relative volumes of the piston dis 
placement and the total end clearance, which 
consists of the basic end clearance plus the vol 
ume of chamber 45. 
As the load. On the engine increases, control 

camshaft 22 is noved angularly so that the fuel 
pump cam thereon causes additional fuel to be 
Supplied to the primary combustion chamber by 
the pump. Additional air is required to effect 
complete combustion of such fuel and the air is 
Supplied through the carburetor by adjustment of 
the butterfly valve thereof by its cam on shaft 22. 
With the charging of additional fuel and air, the 
compression preSSure increases and, if no change 
were made in the setting of the rotary valve 52, 
the compression pressure might, in time, reach 
Such a value that detonation. Would occur. The 
cam on shaft 22 controlling valve 52 is so 
formed, however, that, When the compression 
reaches a selected Value, Valve 5 is shifted to con 
nect chamber 6 to the cylinder. The total effec 
tive end clearance is thereby increased by the vol. 
ume of chamber 6 and the compression ratio is 
decreased accordingly. As the charge is further 
increased to meet the requirements of the engine, 
valve 52 is adjusted by its can So that at the 
proper time, chamber 6 is cut out and chamber 
62, which is larger than chamber 6 f, is connected 
to the cylinder. l ... - 

The adjustments of valve 52 as described make 
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it possible to operate the engine with four differ 
ent compression ratios and to maintain the com 
preSSion preSSure under different conditions of op 
eration. Within Such limits as to prevent detona 
tion. The Sizes of the chambers relative to one 
another and to the combined volumes of the basic 
end clearance and chamber 45 will depend upon 
the detonation characteristics of the fuel, with 
which the engine is to be operated. While it is 
desirable, in Order to obtain the best power out 
put, to use a relatively high compression ratio, a 
ratio appropriate for use with a high octane fuel 
Would be too high for a low octane fuel. When 
conditions demand, the volumes of chambers 6t, 
62 may be increased or decreased by adjustment 
of the plugs 65 in the ends thereof or use of plugs 
of different types. W 
When the engine is running at full throttle, an 

increase in power may be obtained by supplying 
Cold compressed air to the cylinder during early 
part of each compression stroke. For this pur 
pose, Valve 3 is opened at the proper time by its 
can on the control cam shaft 22 and the air 
enters the rotary valves. The valve. O7 ro 
tates at can shaft speed, so that the port O8 
therein is open to passage 09 leading to cavity 
25 once per cycle and at the desired point in the 
CompreSSion stroke. The cold compressed air 
may be introduced into the cylinder through any 
part of the operating range of the engine, but 
Will ordinarily not be used except at full throttle. 
At any time in the operation of the engine, 

Valve 2 i may be opened so that inert fluid, such 
as Water, is Supplied under pressure to rotary 
valve 6. Like valve if Oi, valve A rotates at 
can Shaft Speed, So that once per cycle, the port 
E 5 is open to passage 6 and a small quantity 
of inert fluid is Supplied to the cylinder through 
cavity 25. The fiuid is injected on the power 
Stroke after combustion is completed. The fluid 
absorbs heat and its expansion so adds to the 
power output. 
The inert fluids that may be injected through 

rotary valve i 14 may be water or gaseous knock 
SuppreSSors, Such as cold exhaust gas, but the 
valve may also be employed for the introduction 
'of Secondary fuels, such as alcohol and alcohol 
water mixtures. 
In the foregoing, the new engine has been de 

Scribed as being Supplied with fuel injected into 
the primary combustion chamber and air, either 
alone or in the form of a thin fuel-air mixture, 
supplied to the cylinder by induction. So oper 
ated, the engine provides the best economy, par 
ticularly when idling, since, under such condi 
tions, only the primary combustion chamber is 
Supplied. With a fuel-air mixture sufficiently rich 
to be easily ignited. Some of the advantages of 
the new engine, however, are made available, 
When it is operated with all the fuel supplied by 
the carburetor and no fuel supplied by injection. 
The provision of the auxiliary end clearance 
chambers 6f 62 makes it possible to operate the 
engine during idling with a compression ratio, 
which Would be undesirably high at full throttle 
operation. The high compression ratio improves 
the efficiency of the engine but does not produce 
eXceSSive Compression pressures, because the 
fuel-air mixture is Supplied at subatmospheric 
preSSure in the lower part of the throttle range. 
As the operation of the engine approaches full 
throttle operation, the total effective end clear 
ance is increased by means of the auxiliary end 
clearance chambers, SO that the compression 
ratio does not produce a compression pressure at 
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full throttle, which would be likely 
detonation. 
The provision of the means in the new engine 

for varying the compression ratio also adapts 
the engine for operation by means of producer 
gas. Operation of an engine with that fuel re 
quires a compression ratio between 10 and 15 
to 1 as compared with the usual compression 
ratios of 6 or 7 to 1 for operation with ordinary 
fuels. By proper formation and control of the 
auxiliary end clearance chambers, the engine 
may be started on gasoline with a suitable com 
pression ratio and then switched over to opera 
tion on producer gas at the necessarily higher 
compression ratios. This shift may be readily 
accomplished by proper formation of the rotary 
valve controlling the chambers So that, in One 
position of the valve, both chambers are effec 
tive and, in another position, both chambers are 
cut out. The operation of the rotary valve as 
described may be accomplished by means of a 

to producer 
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propriately for producer gas operation. Thus, 
for example, the control camshaft may carry a 
cam, which will be effective, when the changeover 
from liquid to gaseous fuel is made, to put the 
fuel pump out of operation. The new engine 
may, accordingly, be operated either on ordinary 
fuels or producer gas with the changeover 
effected by a single simple adjustment of the 
main control means. 

0 
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cam of proper form. On the control camshaft. 
The engine shown in Figs. 9 and 10 is similar 

in its mode of operation to that shown in Figs. 1. 
:to 6, inclusive, but includes no means for intro 25 
ducing fluids, such as cold compressed air, water, 
a gaseous anti-knock agent, etc., into the cylinder 
during operation. The engine, however, includes 
the chambers 58, f 59, which may be used for 
varying the compression ratio and maintaining 
the compression pressure within a desirable 
range. These chambers are utilized for this pur 
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pose in the same manner as chambers 6, 62 in 
the engine of Figs. 1 to 6, inclusive. . . . 
The engine shown in Figs. 18, 19 includes a 

primary combustion chamber 67 for each cylin 
ider and also a single auxiliary chamber 8 for 
each cylinder, which may be used to increase the 
total effective end clearance volume for the pur 
poses above described. The chamber 78 is of 
variable effective volume as determined by the 
position of the piston 79 therein and shaft 84 
with its cam 85 may be used to move the piston 
within the chamber, as desired. With the piston 
in the position illustrated, the volume of cham 
ber 78 may be such that, when it is used, the 
engine has a compression ratio of approximately 
6 to 1. This ratio may be increased by moving 
the piston farther into the chamber by means of 
the shaft and cam and, depending upon the 
shape of the cam, the piston in its innermost 
position may so reduce the effective volume of 
chamber 78 that the compression ratio. of the 
engine may reach 0 or more. 
An engine of the type shown in Fig. 18 may be if 

advantageously employed for operation with both 
ordinary fuels and with producer gas. The 
engine may be started on an ordinary fuel such 
as gasoline, and with the piston near the outer 
end of the chamber 18, so that the compression 
ratio is appropriate for gasoline operation and 
lies between 6 and 7 to 1 for example. When 
the changeover to producer gas operation is to be 
made, a much higher compression ratio of 10 Or 
more to 1 is necessary and, accordingly, shaft 84 
is moved angularly, so that cam 85 moves the 
piston to its innermost position. In an engine, 
which is to be operated alternately with gasoline 
and producer gas, the cam 85 may be mounted 
on a control shaft, such as shaft f22, or shaft 
84 may be actuated from the control can shaft. 
The cams on the control cam shaft for Such an 
engine will then be shaped so that, on movement 
of the cam shaft as described, the various con 
trol devices on the engine will be actuated ap 

changed. 
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The engine shown in Figs. 20, 21 includes a 
water jacketed cylinder f 98 containing a piston 
9, the cylinder being closed at its top by a head 
192. The head is formed with a chamber 93 
connected to the cylinder through a passage? 94 
and containing a piston f 95 having a rod f96, 
which extends through the removable end wall 
97 of the chamber. The rod carries a roller l'98 

at its outer end, which bears against a can f99 
on a control cairn shaft 200, so that, by rotation of 
the shaft, the piston can be moved to different 
positions within chamber f 93. The wall of the 
chaimber has a tapped opening, in which is inn 
serted a spark plug 20? and the Wall is provided 
With another opening, in which is inserted a fuel 
nozzle 202, the nozzle being held in place by a 
collar 23 threaded on a bOSS 205, through which 
the nozzle extends. . 

In the engine shown in Figs. 20, 21, the total 
effective end clearance consists of the space above 
the face of the piston at the top of its 'stroke, in 
'cluding the valve cavity 205, plus the volume of 
passage 94 and the space in chamber 93. The 
volume of chamber 93 available for end clear 
ance purposes varies with the position of piston 
95 in the chamber, so that the total effective end 

clearance. Volune is variable and the compression 
ratio of the engine may be correspondingly 

The engine shown in Figs. 22 to 25, inclusive, is 
of the opposed piston type and it includes a cyl 
inder 206, in which reciprocate pistons 207,208. 
Piston 2) has a rod 209 connected to a shaft 20, 
which is, in turn, connected by side rods 2 to 
rods 22 connected to cranks 2-3 of a crankshaft 
214. Piston 238 has a rod 25 connected by a rod 
2 -6 to a crank. 2 if on shaft 24, lying between 
cranks 213. The cylinder wall is formed with a 
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rOW of inlet ports2f 8 leading into the cylinder 
from an inlet manifold 29 and a row of exhaust 
ports 220 leading from the cylinder into an ex 
haust manifold 22i. 
The engine of Figs. 22, 23 is of the two cycle 

type and, as the pistons move apart on the back 
Stroke, piston 2 uncovers the exhaust ports 220, 
So that the exhaust gases may pass into manifold 
22, after which piston. 208 uncovers inlet ports 
28 to permit a fresh charge to be introduced. As 
the pistons approach each other, the exhaust 
ports and the inlet ports are closed in that order 
and the charge is compressed in the space 222 
Within the cylinder between the faces of the pis 
tions when they approach each othermost closely. 
The Space 222 is, therefore, the end clearance and, 
whereas, in a simple single piston engine, the end 
clearance is defined in part by the face of the 
piston and in part by a stationary wall, namely, 
the cylinder head, in an opposed piston engine, 
the end clearance may be considered as defined 
in part by the face of a piston and the surface of 
a movable Wall, which is the face of the other 
piston. In a conventional opposed piston engine, 
the Space 222 constitutes the total end clearance 
and it is of constant volume. 
The cylinder of the new engine, in the form 

shown in Figs, 22-25, inclusive, is provided with 
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ani outward extension 223 from its wall opposite 
the Space 222 and the extension has a vertical 
portion containing a chamber 224. The chamber 
has an outlet passage 225 at its lower end lead 
ing to a surface of a valve. 226 mounted for rotary 
movement in a passage in the extension. Out 
Wardly from the cylinder beyond waive 226, the 
extension 223 is formed with a pair of chambers 
22, 223 of different size and having outlets lead 
ing to the Surface of valve 226. Valve 226 is 
formed with channels in its surface, so that it is 
of the same general construction as valve 52, and 
Can be noved to different positions to connect 
chambers 224, 227, and 228 to a passage 229 in the 
extension leading to space 222 within the cylin 
der. A Spark plug 23) is mounted in the outer end 
of chamber 225 and a fuel nozzle 23f connected to 
a fuel pump is mounted in the Wall of chamber 
224 near its outer end in position to inject fuel 
into the chamber. 

In the engine described, the space 222 is the 
basic end clearance, and, in the operation of the 
engine, chamber 225 is at all times connected to 
the basic end clearance through valve 223. At 
the proper time in the cyele, fuzel is injected into 
chamber 224 and ignited and the burning fuel 
issuing frol chainber 22é is completely consumed 
because of the air available in the basic end clear 
ance and in chambers 22 and 238, Whan they are 
used. When the engine is idling, or operating 
under low load, the primary combustion chamber 
224 is the only one of the chainbers connected to 
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inder head having a first passage connecting 
said rotary valve with said cylinder, an exten 
Sion member integral with and extending up 
Wardly from Said boss and defining a primary 
combustion chamber connected to Said cylinder 
through said rotary Waive and Said first paSSage, 
charge igniting means positioned in Said exten 
sion member, fuel injection means positioned in 
said extension member, said cylinder head hav 
ing auxiliary end clearance chambers communi 
cating with said rotary valve, means responsive 
to throttle setting operably connected to said 
rotary valve for additively connecting said aux 
iliary end clearance chambers to Said cylinder 
as the throttle Setting is increased thereby re 
ducing the compression ratio, a Second boSS 
formed in the cylinder head, a first rotary tube 
positioned. Within said second boSS and having 
an opening therein, Said cylinde head having 
a second passage therein connecting said tube 
With Said cylinder, tube rotating means for rotat 
ing Said tube, and means for supplying fluid 
medium to said tube for delivery to said cylinder 
during the combustion phase. 

2. In an internal combustion engine as defined 
in claim 1 and including a third boSS formed in. 
Said cylinder head, a second rotary tube posi 
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the basic end clearance but, as the weight of the 
charge is increased because of an increase in the 
load, it is desirable to reduce the compression 
ratio. For this purpose, valve.226 is rotated to a 
position, in which it connects both chainbers 224 
and 22 to the basic end clearance. When a fur. 
ther reduction in compression ratio is desired, 
Valve 328 is noved to another position, in which 
chambers 224 and 228, which are larger than 
chamber 22, are connected to the basic end clear 
ance and chanber 22 is cut off. For the final 
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reduction in compression ratio, valve 223 is moved 
to a position, in which all three chambers 224, 
22, and 223 are connected to the basic end clear 
ance. The engine thus functions in the staine 
manner as the engines previously described and, 
if desired, may be constructed to include nears 
for Supercharging and for the injection of an 
inert fluid, 
The engine illustrated and described operates 

on the Otto cycle with the charge ignited by a 
Spark plug. It will be apparent that the new 
engine inay be of the diesel type, in which case 
auto-ignition of the charge occurs because of the 
Compression pressure developed. 
I Cain: 
1. In an internal combustion engine having a 

cylinder block containing a cylinder, a piston 
movably mounted in said cylinder and a throttle 
control means, the improvement which corn 
prises a cylinder head mounted on said block 
over Said cylinder, said cylinder head having a 
first bOSS positioned over said cylinder, a rotary 
valve positioned within said first boss, said cyl 
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tioned within Said third boss and having an 
opening therein, said cylinder having a third 
passage connecting said second tube with said 
cylinder, means for rotating said second tube, 
and means for Supplying fluid medium to said 
second tube for delivery to said cylinder during 
the combustion phase. - 

3. In an internal cornbustion engine as defined 
in claim 1 wherein the throttle control means 
is operably connected to said tube rotating means 
for coordinating the operation of said tube ro 
tating lineans and said throttle control means 
in a predeterrilined. Inanner in accordance With 
throttie setting. . . . .. 

- ALFRED SCHWARZ. 
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