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UNITED STATES

1,677,305

PATENT OFFICE.

ELMER A. SPERRY,
MENT COMPANY,

OF BROOKLYN, NEW YORK, ASSIGNOR TO THE SPERRY DEVELOP-
OF BROOKLYN, NEW YORK, A CORPORATION OF DELAWARE.

TWO-CYCLE SUPERCHARGING COMBUSTION ENGINE,

v)‘riginal application filed August 5, 1922, gerial No. 579,863, Divided and this application filed October
- 7, 1924. Serial No. 742,093,

.~ My invention relates to combustion engines
and has for its objects the provision of an
improved device of this ¢ aracter. This
case is a division of my application Serial

5 No. 579,863, filed August 5, 1922. _
More specifically, my invention relates to a
novel method of. increasing the efficiency of
two-cycle combustion engines by supercharg-
 ing. Iaccomplish the supercharging of such
0 an engine by providing suitable ports m the
cylinders, and sources-of high and low pres-
sure fluids, the communication between said
‘sources and said ports being controlled by a
sliding valvg, which is arranged to permit

15 the low pressure fluid to scavenge the com-
* - bustion chariber after an explosion, and to
supercharge the, combustion chamber with
high pressure fluid on the ascending stroke of
the pisten. . - . ' ‘ §
‘Another novel feature of my invention is
the .provision of a plurality of air pumps,
each having high and low pressure cham-
bers, arranged

20

95 inders, so that a novel form of sliding valve
may cause the desired pressure to be supplied
and connect the idle chamber of the pumps
to air. : ' ‘

"Other novel features of my invention re-
30 side in the arrangement and construction of
parts to accomplish its object. .
- © My invention will be better ‘understood
- from the following description taken in con-
nection with the accompanying drawings,

35 and its scope will be pointed out in the ap-
pended claims. : : :

In the drawings, illustrating what I now
consider to be a preferred form of -my in-
vention,. o :

40 Fig. 1isa front elevation of a two cylin-

der combustion engine, with parts shown in

. section. : . _
Fig. 2 is a top view of thé engine shown

in Fig. 1.~ o L
Fig. 3 is a section taken on the line 3—3

of g, 2. o Co

Fig 4 is an enlarged detail, partly in sec-

‘tion, of mechanism for controlling -the slid-

ing valve of the engine. . S -
Fig. 5 is an enlarged detail of mechanism

employed to actuate the member shown in

Fig. 4.

45

650

oppositely with respect’ to
each other, and interconnected with the cyl--

‘stroke begins.

_dicated by

‘Figs. 6 to 10 inclusive are sectional .views
of the several ports and valves in various op-
erative positions, and . :

Fig. 11 is a diagram illustrating thé‘con-

nections between the air pumps and the cyl-

inders. ' Ce ,
Referring to the drawings, in Fig. 1, there

are shown two cylinders, 1, 2, having piston’

rods 3, 4, respectively, operatively connected
to the respective crank. pins 5, 6, on a crank
shaft 7. + o :

The construction of the two cylinders be-
ing preferably identical, it will not be neces-
sary to describe but one, for which purpose

‘cylinder 1 has been shown in section.

.56 -

o5

"A piston 8 is suitably secured to the rod 3,
and arranged to reciprocate within the cylin-

der 1 in the usual manner. The piston cham-
ber of the cylinder indicated at 9, is con-
nected by a cylindrical passage or throat 10,
having a peculiar contour, to be fully de-
scribed hereinafter, to a combustion cham-
ber 11, in which are located a fuel injection
valve or atomizer 12 and an ignition plug 13,
(if desired). A passage 14, formed in the cyl-

inder frame surrounds the space 9 as shown,

70

75

for water circulation. In operation, the |

combustion chamber 11 becomes hot enough
to ignite the charge. As shown in Fig. 1,
the combustion chamber 11 is of the hot %ulb
type and is eccentrically positioned with. re-
spect to the vertical axis of the piston cham-
ber 9. The purpose of this arrangement will

later appear. :
The cylinder is formed preferably with
two parallel series of ports 15, 16, Whic'}l‘h‘I
e

prefer to extend around the cylinder.

‘lower series of ports 16, is located so as to

fully communicate with the chamber 9, just
as the piston 8 reaches the end of its ex-

‘pansion or descending stroke. These ports

16, are closed by the piston on its compres-
sion or ascending stroke, shortly after said
The ports.16 communicate
with a closed chamber 17 formed in the cyl-
inder. casing, positioned concentric with the
piston
the dash line 18 in Fig. 1." The
chamber 17 communicates with a passage 19,
which latter passage leads to a source of

low pressure or scavenging air, preferably in

the vicinity of 3 pounds per square inch,

chamber, the bottom of which is in- .
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which source will be fully described here-

inafter. The face of the piston 8 is in the

torm of a truncated cone, as indicated at 20,
whose vortex is eccentrically located with re-
spect to. the center line of the piston cham-

ber, so as to preserit a longer and more grad-

ual slope adjacent ports 16 nearest the pas-
sage 19. A cylindrical member or plug 20’
is seated on the truncated face of the cone
portion 20. Preferably, this plug is made
of nichrome steel, better to withstand the
pressure and high temperature from the
combustion chamber. This plug is suitably
secured to the member 20, and is arranged
to cooperate with the throat 10 to create the
desired turbulent condition in the combus-

~ tion chamber, as will be later described.

From the foregoing, it will be seen that

- when the piston 8 is at the end of its de-
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scending stroke, low pressure air may enter
the ports 16, sweeping over ‘the cone por-
tion 20, by which the air is directed upward-
ly. Since the air pressure varies inversely.
with the distance, the air entering the porfs
16 nearest thé supply passage 19 is directed
upwardly by the gradually sloping face of
member 20, while the air entering the more
remote ports 16 is directed upwardly by the
steeper slope of member 20, so as to obtain
a more efficient scavenging of the piston
chamber 9, to which further reference will be
made. The passage 10 to the combustion
chamber 11, which is also shown as being

eccentric with respect to the vertical axis

of the piston chamber 9, is arranged to re-
ceive the cone member 20. Obviously, by
this arrangement, the incoming air currents
are directed by the piston face upwardly in
columns eccentric to the vertical axis of th
piston chamber to the passage 10. '
To attain the highest efficiency in turbu-
lence in the combustion chamber 11, espe-
cially with gas of the high density employed
in engines of this character, the prime con-
sideration is a gradual but rapid acceleration
of the gases confined to proportions that can
be practically carried out, with a minimum
consumption of pewer in creating such tur-
bulence. To accomplich this, I have devised
& contour or configuration of the throat 10,
which is such as to utilize the gradually de-
creasing piston velocities toget!iler with the
decreasing piston displacement as the top
dead center is approached, which will give a
gradual acceleration to the air jet itself
up to high velocities, terminating not neces-

sarily at the top, but somewhere near this

point, with the highest velocity in the cycle.
The purpose of this is to gradually though
positively energize the vortex and raise it to
very high-values through prolonged tangen-
tial impingement of the jet. o

A vortex is the ideal condition of turbu-
lence. It exemplifies the persistence of mo-
tion of high velocity as almost nothing else

1,877,305

in nature does. To.understand the condi-
tions present in'the solid injection engine, let
us contrast it with the Otto cycle, where
the fuel and the air are aswociated, con-
stantly comingling over a very extended
period starting with a very vigorous inter-
mingling at the carburetor, up through the
manifold, during all of the inhalation stroke
and also especially during the energetic com-
pression stroke, becoming in this way very

0

(]

intimately associated before the spark ignites .

them. This cycle of operation requires only
about 2 cu. ft. of air per B. H. P., whereas
with the Diesel cycle between 3 and 4 cu. ft.
of air are required because the fuel is never
brought. in contact with the air until the in-
tant that combustion is required and has no
time for anything like intimate comingling.
There is no other method of operating. In
the Diesel the fuel must not enter until the
compression is.complete, or nearly so, and
thus in an engine of say 1200 R. P. M., we
have 40 strokes per second and it is during
about 1/10th of this stroke that we would
like to have the fuel come in, become thor-
oughly comingled with the air, start and
actually complete the combustion,—all with-
in about 1/400th of a second. On its face
this is impossible, but if we can make up
for the extreme shortness of the time by ex-
treme condition of turbulence, whereby enor-
mous swirling velocities of the air are set up
and directed so as to repeatedly pass a given
point, and selecting this poinf. for the loca-
tion of the jet so that vigorous and oft re-
peated impingement between each of several

-jets and the air can be accomplished, then,

and then only, can we hope to approach or
perhaps even better the performance of the
Otto cycle, with the advantages of greatly
enhanced compression and therefore much
higher efficiency, complete elimination of
detonation and the use of extremely cheap
forms of fuel, '

_The true vrotex will accomplish this, but
to obtain high velocities of these highly
dense pressure fluids within this vortex, the
large inertia factor of the entire mass must.

be carefully reckoned with and especially -

that of the outer layers must be gradually
overcome to create the true circular motion
and bring it up to a very high velocity
without creating wasteful eddies, which are
found to use up the energization in genersl
turbulence as counter-distinguished from the
pure vortex action and defeating completely
the pure swirl of the vortex, especially at
high velocity. The vortex. properly safe-
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guarded and thus gradually built up to ex- .

tremely high velocities,
lution to the vexed question of complete as-
sociation between the fuel and the oxygen
of the air, especially when using the simple
methods of solid injection. The jet, streams
or other form of fuel projection into this

offers a complete so--
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projection of the fuel, the streams are not

“tween the top and the base.
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vortex is preferably from the center of the
ring, straight. across to its outer margin ap-
proximately in the plane of the annulus.  In

guring't e above extremely brief

only impinged_and air-washed, but repeat-
edly cut, say, ten to twenty times by the
rapid revolution of the vortex. The fluid in
the vortex, by my process of gradual though

‘positive acceleration, finally ‘attains, in one

instance, the startling velocity of semething
on-the order of 75,000 revolutions per min-
ute, affording a very complete illustration of
how velocities may be substituted for time in
producing an extremely intimate mixture of
fuel and air. It must be remembered that
the piston while accomplishing this is very

rapidly retarded and finally brought to rest.

The plug 20" is preferably of a substan-
tially conical formation, with its greatest
diameter at its base; as plug 20 tapers from
its base upwardly to a certain point 20’"
which may or may not be intermediate. be-
Beyond point
20’”” the block may or may not flare slightly
for a distance to point 20"’ from where the
plug again tapers upwardly to its top. At
its base the plug is enlarged so as to coin-
cide with and form a continuation of the
sloped surface of the cone portion 20 of the
piston.. As will later appear, the throat 10
is most constricted at one point. ~Since the
plug is of greatest diameter at a single point,
obviously, it will require less energy for the
plug to force air through the most constrict-
ed portion by this arrangement, than it
would, if the Elug were of a uniform diam-
eter, since if the plug were of & uniform di-
ameter, there would be less clearance between

it and the othér parts of the throat 10, and

of course, greater opposition to the passage
of air. _ ’ :
In order to give a gradual yet rapid ac-
ceteration to the air entering the combus-
tion chamber 11, the throat 10 is formed
with a peculiar contour or with varying di-
ameters, the smallest of which is preferably
located near its upper end, in the vicinity
of the point indicated at'10’, but at a point
adjacent or below the effective diameter 207
of the plug 20’ when it is at the end of its
compression stroke. From its' most .con-

gtrieted portion 10’ downwardly to a point

near its lower opening, say at 16”’, the di-
ameters within the throat vary, and gradu-
ally increase in size, but not necessarily in
equal steps. For instance, the upper part of
the contour of the throat between the points
10’ and 10’/ is steeper than the lower part.
The diameters of the throat 10 are deter-
mined by the piston velocity, the ratic of the
smallest diameter of the throat to the entire
area of the cylinder, the compression ratio,

‘and the ratio’of the largest part of the plug

to the most constricted portion of the throat.

3

The contour of the throat 10, will of course
vary with any of its determining factors.
It may be varied to obtain any desired air
velocity through its most constricted portion
and must be designed in view of the variable
factors mentioned present in a given case,
the general law, well known to those skilled
in tﬁe art, of the velocity of gases under
compression through orifices, controlling.
The lower portion of the throat 10 from the
point 10"’ downwardly, flares outwardly
substantially to coincide with the cone sur-
face of the plug 20’ and mémber 20, and of
course is also determined by the variable
factors mentioned to create the desired air
acceleration. : :

The collector chamber 17 (Fig. 1) is pro-

vided with a series of ports 21, in communi-
cation with a chamber 22 formed within the
cylinder casing concentric with the piston
chamber, which latter chamber has a series
of ports 23 leading to the open air.’ The
chamber 22 is provided with a series of
ports 24, leading to a collector chamber 25,
which communicates with an exhaust pas-
sage 26. Said chamber 22 is also provided
with a series of ports 27, leading to a collec-
tor chamber 28, which communicates with a
source of high pressure air, say 20 ponnds
per square inch. ' ’

The upper series of ports 15 also communi-
cate with the chamber 22, and are opened
and closed by the descending and ascending
stroke of the piston, respectively, on the
side within the cylinder.
posite end of the ports 15 is controlled by a
sliding valve 29, which may connect them
with either ports 24 or 27. The valve 29
is of cylindrical formation, concentrically
positioned with respect to piston chamber 9,
and located within' the chamber 22. Said
valve is formed with three parallel series of
circumferential ports 30, 31,.32 and is ar-
ranged to reciprocate oppositely to the pis-
ton of its cylinder with the proper lead and
lag factors. , : '

As shown in Fig. 1, the piston.rods 3, 4,
are separated 180°, which of course causes
the pistons of cylinders 1, 2, to reciprocate
oppositely.. In order to accomplish the op-
posite reciprocation of the valves 29-in their
proper phase, that is, approximately in
quadrature with their respective pistons 8,
1 have provided a rocker 33. shown in Figs.
1, 4, formed with two parallel arms 34, 35,
journaled at their middle points on bearings
36, 37 respettively. These bearings  are
formed on small plates 38, 39, which plates
are rigidly secured to a supportinig frame*40,
the arrangement being clearly shown in Fig.
3. The arms 34, 35 are suitably united by
parallel cross-pieces 41, 42 to form a rock-
ing unit about the bearings 36, 37. FEach of
the valves 29 of the respective c¢ylinders 1, 2.

are connected to the rocker 33 by rods 43, L

The outer or op-.
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43’ and 44, 44’ respectively. The rods 43,
43’ are suitably secured, preferably dia-
metrically opposite to the valve 8 at one end.
At their opposite ends, said rods are formed
with sockets to receive balls, 45, 45", the
former being indicated by dash line in Fig.
1. The rods 44, 44’ are secured to the cor-
responding valve. 8 in cylinder 2, and en-
gage balls 46, 46’ in a similar manner to that
described in connection with rods 43, 43’.
The rocker 83 is rocked by meéans of an ec-
centric connection on the crank shaft 7.
The crank pin 6 is supported by a disk 47,
on the inner surface of which is formed an

eccentric circular slot 48, shown in Fig. 5, .

and indicated by dash lines in Fig. 1. In
said slot is fitted a shoe 49, having a socket
50, to be engaged by a ball 51, rigidly sup-
ported in any suitable manner on the cross-
piece 42. The shoe 49 may slide in the slot

48, Tt is therefore obvious that when said

disk 47 rotates, the travel of said shoe, car-
rying the ball 51, will rock the rocker 33,
and thereby oppositely reciprocate the valves
29 of the two cylinders in a manner readily
understood. However, in order that the re-
spective valves 29 will reciprocate in proper
phase with the respective pistons of their
cylinders, the eccentric slot 48 has been so
positioned as to bring this about.

As previously indicated herein, two dif-
ferent air pressures are employed in my-in-
vention, namely a high pressure of say about

20 pounds per square inch and a low pres-.

sure of say about 3 pounds per square inch.
The high pressure air is employed to super-
charge the engines, and the low pressure is
employed to scavenge the combustion cham-
bers. This air may be provided in any
suitable manner, but T preferably provide
two air pumps 52, 53 (Fic. 3) for the cylin-
ders 1, 2 respectively. The air pump 52
comprises a cylinder 54, in which a piston
55 is arranged to reciprocate. said piston
being actuated by a rod 56. The cylinder
54 has high pressure and low pressure cham-
bers 57, 58, respectively, which arrangement
is well known in the art.
sure chamber 57 communicates with cylin-
der 1 through a passage 59 to the collector
chamber 28 and ports 27. The low pres
sure chamber 58 is connected by a passage
60 to the passage of cylinder 2 correspond-
ing to passage 19. The air pump 53 is in
every respect similar to the pump 52, except
that its high and low pressure chambers
are reversed. , :

The reason therefore is obvious, when it
is recalled that the cylinder 2 which it sup-
plies. operates in a direction opposite to the
cvlinder 1. The corresponding parts of
pump 2 have been given identical numbers
with those of pump 1, but primed: The
low pressure chamber 58’ is connected to
cylinder 1 by a passage 60’ to passage 19.

The high pres-

1,877,305

The high pressure 57 communicates with
cylinder 2 through a passage 59’ to ports
97’. The interconnections between the cyl-
inders 1, 2 and pumps 52, 53 are diagram-
matically shown in Fig. 11, which arrange-
ment is employed in supplying air to the
pumps, as will hereinafter be pointed out.
The pumps are so arranged that high pres-
sure air will be supplied to the respective
cylinders on the ascending stroke of the
cylinder pistons .and low pressure will be
supplied just previously. The air pumps

are driven by a crank pin 61, on the shaft

7, displaced properly from the cranks. The
pin 61 carries a pair of guide plates 62, but

one of which is visible in Fig. 3, and is ar-.

ranged to travel in a slot 63 of a frame 64,
placed at right angles to the crank shaft 7.
The piston rods 56, 56’ are respectively
rigidly secured to the frame 64 in any suit-
able manner. The frame 64 is provided
with two bearings 65, 66 journaled in guides
67, 68 respectively, slidably arranged within

the frame 40. Therefore, when the crank 7.

rotates clockwise, the crank pin 61 describes

"a circle as indicated by the dashes and ar-

rowheads 69 in Fig. 8. The pistons 55, 55’
are thereby driven in a manner readily un-
derstood. “However, it should. be observed
that by this arrangement the pin 61 is al-
ways on the side to actuate the piston which
is compressing the high pressure air on
either pump. =

Having described one embodiment of the
structural details of my invention, its op-
eration will be readily understoed by refer-
ring' to Figs. 6 to 10 inclusive, in which.
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for the sake of simplicity, a single port of

the several series is illustrated.
Assuming that the piston 8 has just

reached the end of its ascending stroke, and

that the combustion chamber 11 is filled
with air under heavy pressure, the turbu-
lence in the combustion chamber having
taken place through the vortical operation
hereinbefore’ described in detail. At this
moment the member 20’ is within the cy-
lindrical passage 10, the atomizer 12 has in-
jected ‘the fuel and the charge is ignited
either automatically or by the plng 13.
Now, since'the member 20’ is not exactly fit-
ted into the cylindrical passage 10. the ex-
plosive gases pass into the chamber 9. The
piston 8 is impelled downwardly. and as it
reaches the position indicated in Fig. 8. it is
about to open the port 15. As it continues
its downward movement, the port 15 is
opened. In the meantime, the valve 29 has
ascended bringing the port 18 through its
port 31 into communication with port 24,
leading to-the exhaust passage 26. The
combustion gases can now escape through
the passage 24. Continuing its downward
movement, the piston 8 uncovers port i8,
which admits low pressure air as shown in
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Fig. 7. This air is caused to sweep into the
chamber 9 by the peculiar formation of the
piston face in the manner described, and
thoroughly scavenge the chamber 9. The
piston 8 having reached the end of its de-
scending stroke commences to ascend, the
valve 29 simultaneously descending. The
piston being near its dead center is mov-
ing comparatively slowly, while valve 29
is moving relatively faster. As the piston 8
ascends, the port 16 is being closed by it,
the port 15 being first closed by the valve 29,
as shown in Fig. 8, at which time the cham-
ber 9 is now full of low pressure air. Then
as the piston 8 continues to slowly ascend,
the valve quickly descends bringing. port
15 into communication with port 27, con-
nected to the high pressure air source,
through the valve port 30, thereby super-
charging the chamber 9. Continuing its up-
ward movement, as shown in Fig. 9, the pis-
ton closes port 15, thereby shutting off the
high pressure air, and the valve 29 con-
tinues to descend, thereby placing port 27
in communication with chamber 22, and
bringing ports 21, 32 into communication,

~ thereby opening a passage between cham-

-30
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bers 17, 22. In the meantime, the piston 8
completes its ascending stroke, whereupon
the charge is ignited in the manner de-
scribed, and the cycle of operation re-
peated. - :

Assuming that the ports, indicated in
Tigs. 6 to 10 inclusive relate to cylinder 1,
then port 27 is in communication with high
pressure chamber 57 of pump 52, and port
94 is in communication with low pressure
chamber 58’ of pump 53. As previously
described, the respective pistons of pumps
59, 53, reciprocate simultaneously in the
same direction. Referring particularly to
Fig. 10 in which the cylinder piston 8 is
about to descend, the explosion just having
taken place; at this instant, the pistons 55,
55 of pumps 52, 53, respectively are at the
end of their ascending strokes, and com-
mence to descend. Since the port 27 is now
in communication with chamber 22, which is
connected to the open air by port 23, the
high pressure chamber 57 of pump 52, may
take in air through passage 59, chamber 28

‘and port 27. At the same time, the chamber

17 being in communication with the cham-
ber 92, through ports-21, 82, the low pressure
chamber 58 of pump 53 may take in air
through passages 607, 19 and chamber 17.
The low pressure chamber 58 of pump 52

‘and the high pressure chamber 57" of pump

53, take in air on the ascending stroke of

the pump pistons through cylinder 2 in a

similar manner,

‘While I have described my invention as -
embodied in concrete form in accordance
‘with the_provisions of the patent statutes,

AN

it should be understood that I do not limit

5

my invention thereto, since various modifica-

tions thereof will suggest themselves to
those skilled in the art without departing
from' the. spirit of my invention, the scope
of which is set forth in the annexed claims.

Having herein described my invention,
what I claim and desire to secure by Let-
ters Patent is: :

1. A combustion engine comprising in
combination a cylinder and piston, an inlet
port for said cylinder, controlled by said pis-
ton, a source of fluid pressure connected to

said port, a second port for said cylinder

controlled at one end by said piston, a sec-
ond source of fluid pressure, an exhaust pas-
sage and means for alternately connecting
the opposite end of the latter port to the ex-

“haust passage and to said second source of

fluid pressure. :

. 9. A combustion engine comprising in
combination a cylinder and piston, a port
for said cylinder controlled by the piston po-

sitioned to be open when the piston is at-

the end of its descending stroke, a source of
fluid pressure connected to said port, an ex-
haust port for said cylinder, a second source
of fluid pressure, and means connecting the
exhaust port to said second source of fluid
pressure as or after the first port is closed
by the ascending piston. v

3. A combustion engine comprising - in
combination a cylinder, a piston, a port for
the cylinder positioned to be closed on: the
ascending stroke of the piston, a source of
low pressure fluid connected to said port, an
exhaust open while said port is open, and
positioned to be closed by the piston after

said port is closed, a source of high pressure

fluid and means for connecting the exhaust

to said latter source upon the closing of said

port. v

4. A combustion engine comprising in
combination a cylinder, a piston, an exhaust
passage, a source of fluid pressure, an open
air chamber, a port for the cylinder con-
trolled at one end by the piston, means for
successively connecting said port to said ex-
haust passage and said source of fluid pres-
sure, and connecting said source” of fluid

pressure to said open air chamber.

5. A combustion engine comprising in
combination a cylinder, a piston, an open air
chamber, an exhanst port positioned to be
opened by the piston as it descends, a source
of fluid pressure, a second port in communi-
cation with said fluid source positioned to
be opened by the piston after the exhaust
port is opened, and means for connecting
said second port to the open air chamber
when that port is closed. , _

6. A combustion engine comprising in
combination a cylinder, a piston, a port for
the cylinder controlled at one end by the
piston, an exhaust passage, a source of fluid
pressure, means for varying the. connection
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of said port at its opposite end to connect the -

same successively to said passage and said
source and means for reciprocating said lat-
ter means oppositely to the piston.

7. A combustion engine comprising in
combination a cylindeér, a piston, an open air
chamber, an exhaust passage, a source of
fluid under low pressure, a source of fluid
under high pressure, a port for said cylin-
der controlled at one end by said piston and
positioned to be opened as the piston de-
scends, a second port in communication with
said source of low pressure fluid controlled
by said piston positioned to be opened after
the first mentioned port is opened, a third

port connecting said source of low pressure

fluid to the open chamber, and a sliding
valve arranged to reciprocate oppositely to

]%aving a port to connect the first
mentioned port to the exhaust passage when
the second mentioned port is open, a port to
connect the first mentioned port to the high

pressure fluid source when the second men- .

tioned port is closed, a port connecting said
low pressure fliid source to the open cham-
ber when the second mentioned port is closed
in which position the high pressure fluid

‘source is also connected to said open cham-

ber.

8. A combustion engine comprising in
combination a plurality of cylinders, Tligh
and low pressure intake ports for each of
said cylinders, and a plurality of air pumps
each having high and low pressure chambers,

% the high pressure chamber of one and the

low pressure chamber of the other of said

pumps being connected to the high and low’

pressure intake ports of one of the cylinders
respectively, and the remaining high and
low pressure chambers being connected to
the high and low pressure intake ports re-

. spectively of the other cylinder.
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9. A combustion engine comprising in
combination a cylinder having high and low
pressure fluid intake ports, two air pumps
each having high an‘f low pressure cham-
bers, the high pressure chamber of one and
the low pressure chamber of the other of
said pumps being connected to said high and
Ow pressure ports respectively, means for
closing said ports, and means connecting
sald high ang low pressure chambers to
open air when both of said ports are closed.
. 10. A combustion engine comprising in
combination two cylinfers having pistons

-arranged to reciprocate oppositely, each of

said cylinders having two ports controlled
at one end by its respective piston, means
for varying the connection at the opposite
end of one of said ports and means for re-
ciprocating said latter means of both cylin-
ders approximately in quadrature with their
respective pistons. '

11. A combustion engine comprising in
combination two cylinders having pistons

1,677,305

secured to a crank shaft to reciprocate op-

ositely, two ports for each of said cylin-

ers controlled at one end by their respec-
tive pistons, a sliding valve controlling the
opposite end of one of said ports for each
cylinder, a member pivoted between said
cylinders, means securing one of said slid-
ing valves to each end of said member, and
means actuated by said shaft for rocking
said member about its pivot to reciprocate
said valves. _

12. A combustion engine comprising in
combination a pair of cylinders and means
for supplying air of different pressures to
said cylinders comprising a "pair of air
pumps, each having oppositely arranged high
and low pressure chambers, means connect-
ing the high pressure chamber of one of the
pumps ang the low pressure chamber of the
other pump to one of the cylinders, means
connecting the remaining high and low pres-
sure chambers to the other cylinder, a crank
shaft driven by said cylinders, and means
intermediate said cylinders for operating
said pumps. :

13. In a combustion engine having a plu-
rality of cylinders and a shaft driven there-
by having a crank pin, means for supplying
air to said cylinders of different pressures
comﬁrising a plurality of pumps each hav-
ing high and low pressure chambers, a fixed
frame, sliding guides therein formed with
bearings, a carriage journaled in said bear-
ings formed with a slot at right angles to
said shaft, the pistons of said pumps being
secured to said carriage, and a sliding mem-
ber in said slot actuated by said crank pin

14. In a combustion engine, the combina-
tion with a cylinder and piston, of an ex-
haust port in the wall of said cylinder
adapted to be uncovered by the piston, means
for scavenging said cylinder, and means for
supercharging the cylinder through said
port with air under pressure.

15. In a combustion engine, the combina-
tion with the cylinder and piston, ports in
the walls of said cylinder adaptes to be
opened and closed by said piston, a sleeve
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valve cooperating therewith, air compress-

ing means for supplying said cylinder with
compressed air, and means whereby said
valve controls the said compressing means.

16. In a multi-cylinder combustion en-
gine, the combination with a plurality of
cylinders, a sleeve valve for each cylinder,
a plurality of super-charging pumps adapt-
ed to supply air to each cylinder at different
pressures, said valves serving to control both
the combustion cylinders and pumps.

17. In a multi-cylinder combustion engine,
the combination with a plurality of cylin-
ders, a sleeve valve for each cylinder, a plu-
rality of super-charging pumps adapted to
supply air to each cylinder at different pres-
sures, each valve in cooperation with the
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Eiston serving to control the intake and ex-
aust of the respective cylinder and the in-
take and discharge of the both pumps con-
nected thereto. »

18. In a combustion engine, the combina-
tion with the cylinder ‘and piston, ports in
the walls of said cylinder adapted to be
opened and closed by said piston, a sleeve
valve cooperating therewith, dual air com-
pressing -Imeans for supplying said cylinder
with compressed air at different pressures,
said valve also acting to control both of
said compressing means. '

19. In a combustion engine having a pair
of cylinders and a shaft driven thereby hav-
ing a crank pin, means for supplying air to
said cylinders of different pressures compris-
ing a pair of pumps, each having high and
low pressure ends, said high and low pres-
sure ends of the two pumps being reversed,
a fixed frame, sliding guides therein formed
with bearings, a carriage journaled in said
bearings formed with a slot at right angles
to said shaft, the pistons of said pumps be-

7

ing secured to said carriage, and a sliding
member in said slot actuated by said crank
pin. :
20. In a combustion engine having a pair
of cylinders and a shaft driven thereby hav-
ing a crank pin, means for supplying air
to said cylinders of different pressures com-
prising a pair of pumps mounted at right
angles to said shaft with one pump on each
side thereof, each pump having high and
low pressure ends, said high and low pres-
sure ends of the two pumps being reversed,

a fixed frame, sliding guides therein formed

with bearings, a carriage journaled in said
bearings formed with a slot at right angles
to said shaft, the pistons of said pumps be-
ing secured to said carriage, and a sliding
member reciprocated in said slot by said
crank pin arranged to be in the slot and
nearest the pump working under high pres-
sure.

In testimony whereof I have affixed my

signature.
ELMER A. SPERRY.

25 .

30

35

40

43



