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9 Claims. (Cl. 123—68)

This invention relates to the production of power in
internal combustion engines of the reciprocating piston
type, arranged as shown in the accompanying drawings
and more fully described as follows:

Its objectives are better fuel economy and the use of
gasoline, oil fuel or alcohol in lightweight engines.

The invention possesses other objects and features of
advantage, some of which, with the foregoing, will be set
forth or be apparent in the following description thereof,
and in the accompanying drawings, in which:

Figure 1 is a sectional elevation taken through cocpera-
tive fuel-combustion and air-compressing cylinders of the
engine.

Figure 2 is a fragmentary plan view taken at the line
22 in Figure 1.

Figure 3 is a partly sectional view taken at the line
3—-3 in Figure 2.

Figure 4 is a section taken at the broken line 4—4 in
Figure 2.

A divided cycle is used, with primary and secondary
cylinders 1 and 14 respectively. The primary cylinders
1 compress air to the desired high pressure, forcing the
air through a check valve 2 into and through a transier
passage 3 to the transfer valve 4 in the secondary cylinder
head 5. I prefer that the primary cylinder have an aux-
iliary port 6 at the outer end of piston travel, to admit
extra air.

A damper 7 provided in the air intake passage 8 to
the head of the primary cylinder 1 is closable as a valve
to shut off the air supply through the passage 8, whereby
the outward (suction) stroke of the piston 9 in the cyl-
inder 1 may create a high degree of vacuum in the cylinder
until the piston uncovers the port 6 as the stroke ends.
The damper 7 is arranged to be closed only during a
starting of the engine when the engine parts are relative-
ly cold, and the effect is to provide such a high velccity
impact flow of air into the rarified air of the cylinder
through the open port é as the suction stroke ends as
will so preheat the air charge in the cylinder that the addi-
tion to the air of the heat of compression in the succeed-
ing compression stroke will provide the delivery of air
to the secondary (power) cylinder 14 through the passage
3 at such a relatively high temperature that a starting of
the “cold” engine may be readily effected without need
for the more complicated auxiliary starting devices here-
tofore used in the art. After the started engine is run-
ning “hot,” the valve 7 is opened and left open, and the
port § thereafter functions to insure the provisicn of the
fullest possible charge of air at substantially atmospheric
pressure in the chamber of the cylinder 1 at the end of
each suction stroke.

The primary piston ¢ and the cylinder head 16 and the
passage 3 may be appropriately insulated, as respectively
indicated at 11 and 12 and 13, to provide for a maximum
retention of the heat of compression provided with the
air delivered directly through the passage 3 to the corre-
sponding secondary cylinder 14 which comprises a work-
ing cylinder of the engine. The air intake valve for the
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passage 8 and the discharge valve 2 for the compressor
cylinder 1 are of the spring-loaded type, and are operative
at ports in the cylinder head to reduce terminal (com-
pression) clearance to a minimum, it being noted that the
valve for the passage 8§ is under mechanical contrel and
that the valve 2 comprises a pressure-opened check valve.

A working (secondary) cylinder 14 provides a com-
bustion-and-expansion chamber having its capacity at the
end of the power stroke greater than the capacity of the
compression chamber of the compresscr (primary) cyl-
inder 1 at the end of an air-intake stroke, whereby the
temperature and pressure of the exhaust gases are less
than if the air compression ratio in the compressor
equaled the working expansion ratio in the power cyl-
inder, and an important improvement in the efficiency
of the use of the hydro-carben fuel results. In the
present structure, the ratio of the capacity of the poewer
cylinder to that of the compressor cylinder is approxi-
mately 1.5 to 1.

Part of the exhaust gas passes through ports 15 in the
secondary cylinder at the outer end of piston travel, to
give rapid exit of exhaust, and reduce heat load on ex-
haust -valve, which opens after piston uncovers exhaust
port 5. On the exhaust stroke, piston 17 travels almost
to cylinder head 5 forcing out nearly all burned gas and
leaving a very small combustion space, exhaust valve 16
closes before secondary piston 17 reaches inner end of
piston travel, the fuel charge is admitted into the com-
bustion chamber through valve 18 at or near inner end
of secondary piston travel. Then compressed air charge
is admitted into the combustion chamber through valve 4
mixing with the fuel thereby diffusing and diluting the
fuel charge and rapidly bringing the mixture to high pres-
sure, also adding some heat by impact of the air stream.

The valves 4 and 16 and 18 of the power cylinder are
of the poppet type and respectively have usual spring-
loaded stems 4’ and 16’ and 18’ which are operative
in appropriate cyclic synchronism from the engine shaft.

I prefer to supply the fuel for each power cylinder 14
from an individual pump, such as the piston pump 19,
which draws partially carbureted fuel from a carburetor
(not shown) through a passage 29 provided with an ad-
justable control valve 21 which is cooperative with a
valve in a branch passage 22 for varying the proportion
of air in the air-borne fuel delivered to and from the
pump 19 comprising the throttle control for the fuel sup-
ply to the power cylinder. This fuel-throttling centrol
does not alter the compression ratio in the power cylinder
as the power output of the engine varies.

Combustion in the power cylinder 14 starts in that
part of the mixture that had the best propoition of fuel
and air, and continues as heated fresh air is supplied by
the primary piston 1 through the open said transfer valve
until transfer valve 4 closes, or the fuel content is con-
sumed. The crank pins 23 are so arranged that the
secondary piston 17 is traveling outward while the pri-
mary piston is still on the compression stroke supplying
air to the secondary cylinder 14. I prefer about 46°
lag in the primary crank pin. The action of the piston
$ of the air compressor cylinder 1 preferably lags behind
the action of the piston 17 of the power cylinder i4 by
about 40°, this being accomplished in the present struc-
ture, in which the pistons of the respective cylinders are
operative from the same crank pin, by disposing the
unitarily related cylinders 1 and &4 t6 have their axes
intersecting in the axis of the common crank shaft at an
included angle of the order of 40°, this relation being
shown in Figure 1 of the drawings in which, in terms of
the indicated directicn cf rotation of the crank shaft, the
piston 17 has begun its working stroke and the com-
pression stroke of the piston @ remains to bz completed,
both by reason of the disposal of the commeon crank pin
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_axis in the bisection line of said lag angle. The required
synchronized control of the four poppet valves of the
assembly is effected by rocker arms which are actuated
through push—rod and cam and gear connections with the

crank shaft, in accordance with the 1nd1cated arrange--

ment of Figure 1.

In the present engme the full compressxon of the com-
bustion-supporting air before fuel is introduced into it
permits the operation of the engine at an optimum com-
pression ratic which is greater than that possible in a
working cylinder in which fuel is added before compres-
sion is completed; the present power cylinder is able to
operate at the relatively high compression ratio of about
12 to 1." The operation of this engine at such a high
compression ratio is made possible by the novel feature
that the fuel is introduced into the power cylinder as ex-

“haust ends and before the precompressed and heated air
is introduced from the air compressor 1. Alse, noting by
reference to the relation of parts shown in Figure 1 of the

" drawings, that the fuel valve has just closed and that the
air supply valve from the compressor has just opened, it
will be understood that combustion has been initiated by
the cylinder pressure which it almost instantly created by
the inflow of hot compressed ‘air into the confined space
between the piston and the cylinder head.

Iclaim:

1. In an internal combustion engine, a power cylinder
having a piston reciprocatively operative therein, an air
compression cylinder having a piston reciprocatively op-
erative therein, means providing a passage directly con-
pecting the cylinders solely through their heads for a
direct delivery of compressed air from the compression
cylinder to the power cylinder, a normally closed spring-
loaded pressure-controlled check valve operative in the
inlet end of said passage, a normally closed spring-loaded
poppet valve operative at the discharge end of said pas-
sage, an inlet port for fuel under pressure at the head
of the power cylinder, a normally closed spring-loaded
poppet valve operative at said fuel inlet port, and means
arranged for actuation in cyclic synchronism with the
movement of the piston of the power cylinder to- succes-
sively open the fuel inlet valve and the air inlet valve
when and after the piston has reached the limit of its
stroke adjacent the head.

2. A structure in accordance with claim 1 having a
pump means supplying partially carbureted hydrocarbon
fuel at the fuel inlet port whereby the compressed air sub-
sequently received by the cylinder through the opened
air inlet port is arranged to progressively supply a major
portion of the required combusnon-supportmg air to
the delivered fuel.

3. In an internal combustion engine, a power cylinder
having a piston reciprocatively operative therein, an air
compression cylinder having a piston reciprocatively op-
erative therein, means providing a passage directly con-
necting the cylinders solely through their heads for a
direct delivery of compressed air from the compression
cylinder to the power cylinder, a normally closed spring-
loaded pressure-controlled check valve operative in the
inlet end of said passage, a normally closed spring-loaded
poppet valve operative at the discharge end of said pas-
sage, an inlet port for fuel under pressure at the head of
the power cylinder, a normally closed spring-loaded pop-
pet valve operative at said fuel inlet port, an exhaust port
provided in the head of the power-cylinder, a normally
closed spring-loaded poppet valve operative at said ex-
haust port, and mechanical means arranged for actuation
in cyclic synchronism with the movement of the piston of
the power cylinder to sequentially open and close the ex-
haust valve as the piston approaches the end of its stroke
adjacent the cylinder head and to open the fuel inlet valve
substantially at said end of the piston stroke and to finally
open the air inlet valve during a portion of the return
stroke of the piston.

4. In an internal combustion engine, a power cylinder
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having a piston operative therein, an air compression

cylinder having a piston operative therein for providing
compressed air at a relatively high pressure, means pro-
viding an air-delivery passage directly connecting the
cylinders solely at their heads, normally closed check
valves at the extremities of said passage, a normally open
intake duct terminating at an intake port in the head of
said air compression cylinder, a normally closed spring-

* loaded intake check valve at said intake port for opening

during subatmospheric pressure conditions in the cylin-
der, a normally open valve in said duct for setting to
shut off the air supply through the duct during a start-
ing of the engine, and an unvalved air intake port in-the

“ cylinder side intermediately of its length.
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5. A structure in accordance with claim 4 having a
pump means deriving partially carbureted hydrocarbon
fuel from a carburetor and delivering the same at the
fuel inlet port, and means beyond the pump adjustable
to vary the amount of air in the calbureted fuel delivered
at said fuel inlet port.

6. In an internal combustion engine, a power cylinder
having a piston operative therein, an air compressor cylin-

. der having a piston operative therein for providing the
power cylinder with solely compressed air at a relatively

25

high pressure while retaining the heat of its compression,
means providing an air-delivery passage directly connect-
ing the cylinders at their head ends, normally closed check

. valves at the extremities of said passage, a duct providing
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an intake port at the head end of said air compression
cylinder, a normally closed spring-loaded intake -check
valve at said intake port for opening during sub-atmos-
pheric pressure conditions in the cylinder, a manually ad-

- justable choke valve in said duct for setting to shut off the
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air supply through the duct during a starting of the
engine and an unvalved air intake port in the side of
the compressor and arranged for its uncovering by the
retracted compressor piston while the latter is at sub-
stantially the end of its intake stroke. )

7. In an air compressor, a cylinder having a piston
operative therein. for providing compressed air at a rela-
tively high pressure, means providing an air-delivery pas-
sage from the cylinder head, a normally closed pressure-
controlled check valve operative at the intake end of
said passage, a normally open air supply duct terminating
at a port in the head of said cylinder, a normally closed
spring-loaded poppet valve operative at said port for
opening during sub-atmospheric' pressure conditions in
the cylinder, an unvalved air supply. port in the cylinder
side intermediately of its length and arranged for its un-
covering by the retiracted piston for directly connecting
the cylinder with the atmosphere for the admission of
air to the cylinder between its head and the piston during
a limited portion of the piston suction stroke, and a
normally open shut-off valve in said air supply duct ar-
ranged for its setting to temporarily and fully shut off
the. air supply through the duct.for a charging of the
cylinder with: air received solely through said side supply
port and before compression.

cycle type, a power cylinder having a piston operative
therein, an air compresscr cylinder having a piston opera-
tive therein for providing the power cylinder with solely

- compressed air at a relatively high pressure which retains
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the heat of its compression, means providing an air-

delivery passage directly connecting the cylinders at their’

head ends, normally closed check valves at the extremities
of said passage, a duct providing an intake port at the
head end of said air compression cylinder, a normally

closed spring-loaded intake.check valve at said intake-

port for opening during sub-atmospheric pressure condi-
tions in the cylinder, a normally open valve in said duct

for setting to shut off the air supply through the duct dur--
ing a starting of the engine,” and means operative to

injtiate the delivery of carbureted fuel to the power cylin-
der at the end of the exhaust stroke of its piston and be-

8. In an internal combustion engine of the two—stroke -
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fore the admission of the compressed air from the com-
pressor cylinder to the power cylinder.

9. In an internal combustion engine, a power cylinder
having a piston operative therein in exhaust and work-
ing strokes thereof, an air compression cylinder having a
working space which is appreciably less than the work-
ing space of the power cylinder and having a piston op-
erative therein with its suction and compression strokes
of the same length as the strokes of the piston in the
power cylinder, means providing an air-delivery passage
directly connecting the cylinders solely at their heads,
normally closed check valves at the extremities of said
passage, an intake duct terminating at an intake port in
the head of said air compression cylinder, a normally
closed spring-loaded intake check valve at said intake
port for opening during sub-atmospheric pressure condi-
tions in the cylinder, and an unvalved air intake port in
the cylinder side intermediately of its length and directly
connected with atmosphere.
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