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UNITED STATES

1,536,780
PATENT OFFICE.

ORVILILE HIRAWN ENSIGN, OF PASADENA, CALIFORNIA.

AUTOMOTIVE ENGINE ART.

Application filed Angust 24, 1920,

o oll wliom it may concern:

Be it known that I, Orvirne Hiram E
s16N, a citizen of the United States, 1e.>1d—
ing at Pasadena, in the county of Los An-
geles and State of California, have invent-
ed and discovered new and useful Improve-
ments in the Auntomotive Emngine Art, of
which the following is a specification.

This invention is an improvement in the

art of utilizing internal combustion in the
two stroke compkte expansion constant
volume cycle for power purposes and is
broadly new, basic and pioneér in that I

provide an oscillating clearance which is a

combined combustion chamber and valve
which receives a highly compressed charge
from a compressor, isolates said eharge from
the compressor, and openg the charge to the
working cylinder and I then combust the
charge within the valve. The early Clerk
engine is an ilustration of the type of en-
aine to which this improvement applies.

In carrying out this improvement in'its
preferred fonn, a compressor cylinder and
piston and a power cylinder and piston hay-
mg practically no piston clearance within
the cylinders are provided with an oscillat-
ing clearance chamber alternately applica-
ble to each, and in practice a cold comburent
charge is drawn in and highly compressed,
is then isolated from the compressor, and
quickly combusted in communication with
a working space which is expansible in large
volumietric ratio and i there almost com-
pletely transformed  into -power through
complete expansion; after which the burnt
products are exhausted. ’

By this pmwsq the heat logses from De-
ginning to end of the eycle are minimized.

In this invention, the charge of coni-

pressed comburent from the compressor cyl-

“inder is completely delivered into & movable
ckndnce space and is instantly thereafter
closed off from the compressor ¢ylinder; and
pmctlcallv in the same instant it -is opgned
to the power cylinder and is ignited, and
combustion is completed; taking place ex-
actly under the same initial pressure and
temperature conditions as though the charge

were compressed in the power d¢ylinder
itseldf. lhe conditions invelved indicate
that the_efficiency that may be obtained by

this method is possibly the highest that is
practical in any heat engine of This type be-
e the loss of heat of compte ession to the
receiver walls 1s minimized and theve is an

Serial Mo. 405,720,

addition to the charge in the mowrble clear-

ance chamber; of heat from previous com-

bus‘mon thus compensating for any tendency
to loss of heat of compression.

In the combpressor cylinder of an engine
constructed in accordance with this inven-
tion, lowering of the weight of the charge
does not oceur in connection with this heated
clearance space which is common to both
eylinders, because the charge is drawn into
the compressor cylinder while the alternat-
ing clearance is shut off from the com-
pressor cylinder, and only opens at the be-
ginning of thc compression stroke after the
m@buah(m charge is locked in-the com-
pressor cylin der. In two movements of
comburent, viz, inspiration of cold com-
burent into the compressor eylinder, and de-

- livery of the compressed comburent to the

power cylinder, the operations are completed
in such manner that stored heat from pre-
vious combustion does not alter the state of
the charge in a detrimental manner. That
is to say; the compressor cylinder fills with-
out modification of or interference with the
charge weight by any heat except the heat
of compression and that of the water jacket.
The charge, after being locked in the com-
pressor cylinder, is opeqed to and 1is then
compressed into the movable clearance and
is afterward opened up to the power cylin-
der after the working space. has been
brought. to the point of minimum eclearance
and locked t19ht by its valves; and An}
heat that is picked up from the waﬂs by th
charge is regenerative heat recovered hom
the previous c\ploqmn o1 combustion,

An object of this invention is to make
censtant Volmne working more nearly pos-
sible, than in any two stroke high expznsion
englne heretofore proposed.

An object is to subject the comburent to

excessive turbulence immediately mevmu%'

to and during combustion.

Anmnother obwc* is to make it possible to
build an automotive engine .in which high
compression can be bLOUOhL flbo ub wﬁ,hout
difficulty.

An object of the invention i 1s to make pos-
sible the use of fuel injection in an aufomo-
tive eéngine of high compression and high
rate of expansion, thus tending to maximize
possible economy.

‘The invention relating to the apparatus
is broadly new, basic and pioneer in that I
have provided in combination with a crank
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shaft and erank, a compressing cylinder and
a power cylinder in such angular relation
to each other as to provide between their
heads a space adapted to accommodate a
mlve bearing containing an  oscillating
clearance chamnber into which a charge of
comburent from the compressor may be com-
pressed.  The angle that the compressor and
power cylinder bear to each other may be
made any desivable degree in order to ob-
tain the proper timing of the relation be-
tween the completion of the compressing
stroke and the beginning of the power stroke
with its coordinating valve timing; said
compressing cylinder having small displace-
ment relative to the power cylinder; and
I provide means whereby said clearance
chamber is adapted to rapid oscillation and
to the instantaneous reception and isolation
of the compressed charge -of comburent;
quick communication with the power cham-
Der, instant combustion while In communi-
cation with the power chamber; expansion
to large volume and then exhaust of the
burned gases. In this manner the heat
losses are minimized in numerous ways. Dy
this means and in carrying out the invention
I have provided an oscillating clearance
chamber timed with the pistons and ar-
ranged in said valve bearing; said oscillat-
ing clearance chamber being so constructed
and arranged that the transfer and firing
of the comburent is as direct as possible and
that the ecxpansion ratio can be made as
high as may be found practical.

1 am not aware that there has been con-
structed any practical engine in which the
unlimited control of the expansion ratio
within practical limits was possible.

The imvention is interchangeably appli-
cable to the use of carburation and to fuel
injection; and both forms of fuel applica-
tien will be described herein and it is undex-
stood that features of the invention are ap-
plicable to engines of the Diesel type.

Another object of the invention is to make
possible the operation of a constant com-
pression engine having a high compression
and 2 high expansion ratio.

Another object of the invention is-to pro-
vide by simple means an engine over which
the control of the expansion ratio may be
retained. :

Another object of the invention is to cre-
ate an engine with as few parts as possible
with a large power output. The operation
of all the valves of this mnvention is brought
about through the medium of one excentric
connecting to all the valves through rocker
arms and rock shaft,

An object is to bring about a. practical
working engine of the Clerk general type
with its-attendant high capacity and high
economy. . ’

Gtlier objects, advantages and features of

1,538,780

invention may appear from the accompaiiy-
ing drawings, the subjoined detail descrip-
tion and the appended claims.

The improvement in the art may be
understood by reference to the accompany-
ing drawings which illustrate one embodi-
ment of thisinvention and itsadaptation to
operation with gas, with carburetion and
vith fuel injection.

Figure 1 is a fragmental developed plan
of the top of a complete single engine con-
structed in accordance with this invention
as applied to use with a carbureter.

Fig. 2 is a sectional elevation on line #?
Fig. 1 of the engine supplied with a car-
bureter.

Fig. 8 is a sectional detail of the combined
receiving, transferring and combusting
chamber, which is termed .the oscillating
clearance chamber, or alternating clearance.

Fig. 4 is an elevation of one side of the
engine, omitting the carbureter and showing
the walve and ignition action.

Fig. 5 is an edge elevaticn viewing the
engine from the right of Figs. 1, 2 and 4.

Fig. 6 is a fragmental sectional diagram
of the spray nozzle and metering pnmnp con-
nections for liquid fuel injection.

Set screws in some of the views are dis-
placed with respect to the same in other
views for convenience of full illustration.

The mechanieal arrangements for the ap-
plication of comburent or comburents in va-
rious forms will be such that gaseous fuel
or liquid fuel used with a carbureter may
be introduced with air; or that the air will
be introduced alone, and after compuression,
opened to communication with the power
cylinder, and then the fuel may Dbe injected
and the charge fired either by heat of com-
pression or by the application of electric
spark as will be understood from the follow-
ing description.

The air compressor comprises a cylinder
1 having an inspiration port 2 and valve 3
in its head and a charge delivering port -
opening through a wall of a valve bearing
Said compressor also comprises a piston 6
operating in the compressor c¢ylinder 1 prac-
tically -with no clearance between the com-
pressor piston and the cylinder head.

The valve bearing 1s provided with a
power cylinder admission port 7 opening
nto the power cylinder § in which the
power piston 9 operates. Said compressor
cylinder and power cylinder converge to-
ward the crank shaft 10 at an angle which
allows appropriate connection with the
crank 11 of the connmecting rods 12 and 13
for the compressor piston 6 and power
piston 9. :

Said pistons are each adapted to operate
with practically no clearance between the
pistons and the cylinder heads respectively.
An oscillating alternating clearance cham-
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ber 14, which is constructed as a hollow cy-
lindrieal oseillating valve having imperto-
rate ends 15, 16 and provided with lateral
receiving and discharging ports 17, 18, and
serving as a charge receiving, transferring
and combustion chamber is mounted inside
said valve bearing 5; and the ports 17, 18
are adapted and arranged to communicate
respectively with the compressor cylinder at
cne position through port 17, and with the
power cylinder 8 through the delivery port
18, at another position. :

The poswer piston -9-is connected by the
connecting rod 13, crank pin 11 and crank
arm 19 to the crank shaft 10. The compres-
sor piston 6 is connected with the connecting
rod 13 through the wrist pin 20 and the
connecting rod 12, so that the movenient of
the crank shaft 10 actuated by the power
piston 9 will operate the compressor piston
6 in timed relation. o

The wrist pin 20 is attached to the lower
end of the connecting rod in a manner com-
mon to V type engines. ‘

‘he two cylinders are set at a convenient
angle to allow for clearance of connecting
rod 12 with the walls of the lower end of the
cylinder 1. Thig angle also provides for the
completion of the compressor stroke in time
ahead of the completion of the exhaust
stroke of the working cylinder so as to make
possible the delivery of the compressed

charge into the oscillating clearance cham-

ber sufficiently in advance of the time of
opening the same to communicate with the

power cylinder, to allow closing the com-

munication between the compressor cylin-
der and the clearance chamber for the pur-
pose of isolating the compressed charge be-
fore opening communication with the power
cylinder; thus protecting against leaks of
the compressed charge back into the com-
pressor cylinder when ignition and explo-
sion take place in the clearance chamber
which at that time operates ag the combus-
tion chamber. This is especially necessary
because imniediately that the -compressor
stroke 1g finished, the compressor - piston
starts downward on the infake stroke and
opens communication with the atmosphere
or other comburent source. :

This advance of the closing of .the com-
pressor cylinder to the clearance chamber

has been found to be in. a practical way

about 80° of the movement of the crank
shaft. Closing communication between the
compressor cylinder and the elearance cham-
ber, 80° ahead of the completion of the re-
turn stroke of the power piston allows com-
munication from the clearance chamber to
be opened to the working eylinder 15° ahead

of the dead center of the working cylinder;

thus making possible .that desived advance
of ignition of the charge in communication

a8

with the power cylinder which is so essen-
tial to comiplete combusbion. .

Port 4 opens flush with the compressor
cylinder head 22; but port 7 i§ pavtly ex-
tended into head 23 of the power cylinder
to avoid exposing any piston ving and to
allow sofficient admission port area.

To bring about the proper timing of alter-
nate communication of the elearance cham-
ber with the compressor and power cylin-
ders; the valve operating exceniric 24 is
mounted. upon the crank shaft with its
working center 25, at right angles to the
crank arm 19,
through the excentric rod 25’, the vocking
arm 26 -and rocker pin 27, to vock the valve
stem 28, thus to move the clearance chamber
14 in timed oscillation. This position of the
excentric makes possible extremely rapid
opening and closing of the delivery port 4
and admission port 7. The oscillating dis-
charge ports 17 and 18, at the time of open-
ing and closing, are being impelled by the
excentric while its center is moving through
the vertical portion of its stroke; thus pro-
viding for an exceedingly ‘quick opening
and closure of ports on both sides of the
oscillating chamber so that the time which
elapses between the closing of communca-
tion with the compressor eylinder and open-
ing communication to the power eylinder
is minimized, thus holding the compressed
charge in the clearance chamber the shortest
possible length of time with the smallest
possible loss of heat of compression to such
walls. v : : ‘

To operate the intake and exhaust valves
in proper time the rocker arm 26 is con-
nected to the rock shaft 29 through the me-
dium of the rock arm pin 30, the connecting
rod 31, pin 32 and the rock shaft arm 33.
The rock shaft 29 carries two cams 34 and
35. The cam 34 is shown in contact with
the lever 36 which pivots about the pin 37
and ig shown in Figs. 2 and 4 at the moment
of depressing the inlet valve 3, and hoiding
the same open against action of the spring

88 to admit air or mixture throngh the valve

3 while the piston 6 is moving on the intake
stroke. - The exhaust cam 85 1s shown out of
contact with the cperating lever 89, but is'so
arranged that when the piston has ‘com-
pleted its power stroke, it will move the
lever 89 to open the spring closed exhaust
valve 40 so as to hold open the exhaust valve
during the whole of the exhaust stroke;
allowing the same to be closed just before
the piston reaches the end of the exhaust
stroke, subject to the usual adjustment.
This closure may take place at some: point
from 1/ to s of an inch more or less from
the end of the piston travel.

The clearance chamber -14 is mounted to
freely oscillate in the valve bearing 5 which
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is closed at one end by imperforate plate
41 and at the opposite end by the perforated
plate 42 through which the valve stem 28
projects for cengagement of the rocker
arm 206. »

The clearance chamber 14 constitutes o
valve opening and closing to the two cylin-
ders separately, and containg a cylindrical
cavity 43 which is made of such capacity
relative to that of compression cylinder 1,
that the desired compression may be cb-
tained. This chamber performs three func-
tions; first, to receive the charge from the
compressor; second, to isolate and hold the
charge closed against the compressor cylin-
der until the proper time for admitting the
charge to the power cylinder; and third, to
afford the clearance necessary for combus-
tion in connection with the power cylinder
and it becomes a combusticn chamber open-
ing into the power cylinder when used with
a carbureter; the combustion gtarted in the
admission port 7 moves through the dis-
charge port 18 into the chamber 43, and
combustion is completed in that manner.

The description just completed, applies
to the method of operation when using a car-
bureter and delivering a mixture of air and
liquid fuel spray through the inlet valve 8.

The engine may be supplied with fuel
injected. in liquid form into the cylinder ad-
mission port 7. To accomplish this the fuel
pump shown in Fig. ¢ is a metering pump
arranged to feed, in timed relation to move-
ments of the piston, the amount of fuel de-
sired for each individual out stroke.

It is operated from the movement of the
rock shaft 29 through the medium of
rocker arm 44, the pin 45, connecting
46, pin 47, arm 48 and the shaft 49.

These elements are so connected in time
with the movement of the eylinders and the
pistons that the cam 50 which is depressing
tappet 51 which is mounted upon the end
of the plunger 59, so that the plunger will
be operated ; and by displacement of the fuel
at its lower end, will meter out the: desired
amount, Tor each stroke.

The plunger 52 when released after being
operated on by the cam 50, is returned on
the suction stroke by the spring 53, and com-
pletely opens the suction port 54, allowing
liquid fuel to fill the displacement space
below the plunger; so that on the return
stroke of the plunger, such fuel will be
forced out past the spring closed check valve
55 and through the spring chamber 56, pipe
57 and injection valve 58 into the ignition
port 7. The injection valve 58 is held

rod

7.
against its seat with gentle pressure by
means of spring 59, so that it will be closed
through the major portion of every revolu-
tion of the engine and it is timed to open
by oil pressure caused by the inward move-

the
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ment of the plunger 52, and to immediately
discharge the same amount of fuel that is
displaced at the lower end of the plunger 52.

The lower end of the plunger 52 is aslant
as at 59, at an acute angle to the axis of
the plunger. The upper portion of the
plunger 52 is provided with an angular
hody 60 which is preferably square and con-
stitutes a guide for the plunger and moves
in and out through the square hole 61 in
the guide sleeve 62 which bears in the cylin-
drical bearing 63 in the pump body 64. The
guide sleeve 62 is proyided with an arm 65
and is operated by a reach rod 66 shown only
in end section and pinned to the arm 65 to
operate the same. This reach rod may con-
nect in well knosvn manner with a governor
or with hand control, not. shown, and
through the arm 65, the guide sleeye may
be turned through any desired, or necessary
angle. If it is turned 180° from the posi-
tion shown, the plunger on its downward
stroke will not close off the suction pert 54,
while in the position shown, it will close it
off early in the stroke and will deliver the
maximum capaeity of the pump at each en-
gine stroke. By adjustment to any point be-
tween those two positions, any desired frac-
tional amount of maximum fuel will be de-
livered through the injection valve 58 be-
cause of adjusted delayed closure of suction
port 54 ; thus giving control over the amount
of fuel injected at each cylinder stroke.

The timing of the delivery of fuel through
the injection valve should be such that the
delivery is completed just previous to open-
ing the discharge port 18 to admission port
7 of the power cylinder.

It the fuel is completely delivered by this
means in advanee- of the beginning of the
opening of the outlet port 18 there will be
some fuel sprayed out into the admission
port 7 while the bulk of it remains in the
cup 67; and this remainder aill be blown
into the port 7 and thus form a mixtnre
with the air in and moving through the said
port during the first movements of the pis-

ton after the clearance chamber is open to

the power cylinder.

The complete operation will be as fol-
lows: Adr inspiration, air compression, iso-
lation of the compressed air, injection of a
metered fuel charge into a space closed to
the compressed air and opened to the power
cylinder, delivery of a portion of the com-
pressed air through such space to the power
cylinder and thereby foreibly mixing por-
ticns of fuel and compressed air causing ex-
plosive action of the first increments of air
and fuel causing a regurgitation of the
ignited mass back to the main body of com-
pressed air, thereby forming throughout the
compressed air a rapidly burning mixture;
said regurgitation and explosive action
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thereby causing huutmg and expansion with-
in the power cylinder. The regurgitation
and e\plosw dCthll emuely blows out of
the cup 67 the fuel remaining therein and
thoroughly completes the mixture for com-
plete combustion. :

The fuel pump tank 74 shown in Fig. 6,
may be supplied with fuel oil by any well
known means not shown; such as a pump
with an overflow pipe to veturn the excess to
the storage tank.

This invention is especially designed as a
constant volume engine; that is, an engine
in which explesion takes place when the pis-
ton is at the top of the stroke; and it is
therefore more particularly Ldapted to the
use of gasoline or kerosene or other refined
oils from which an- explosive mixture can
be made. The idea of fuel injection is to
enhance the economy by stratified mixtures
instead of having the whole volume of the
charge to constitute a mixture at each stroke.

The injection valve 58 is carried in a body
68 which is threaded into the cylinder head
23 and passes through the engine structure
in the fit 69 to the admission pmt 7. Tt-is
provided with a threaded cap 70 cnlym
gland nut 71 for holding the pipe 57. The
valve 58 is held in D()Sltlon through the me-
dium of the spring 59 within the Lody 68.

The COlllplGSSul' piston 6 is provided with
a hot pmte 75 and power cylinder 8 with a

- hot-plate 76. Both plates are mounted so

35
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that heat resisting medium may be retained
underneath them wuh suflicient strength to
resist the plessmﬂ upon the surface of the

, phueb

As the Lombuquon does not take place in
the same cylinder In which compression
talkes place, pre-ignition from the hot piston

'he(uh cannot take place; therefore these hot-

plates provided with Tieat insulation under-

reath them ave placed on both pistons. In
the compressor piston they help hold the
heat of compression from being dissipated
to the piston pmpel while in the power pls-
ton the heat the plate assists ignition and
the heat Qt()l(‘(] at the beginning of the stroke
at the highest temperature is given out on
the expansion stroke- and thus not lost to
the pxston. The cylinder heads are not
water juacketed for the same reasons.

In pm\ er eylinder 8, dotted line 77 repre-
sents the position of the piston on the ex-
stroke when the e,\hdum valve 40
would be closed and pert 7 would be openefl
by the oscillating valve 14 through the port
18: and the dash and dot line 7S chlesents
the top of the piston tr avel.

The ignition is supplied through the me-
dinm of a spring resmie& rm a adaptgd o

contact with the excentric rod 25" when it is
in its extreme noumntal position. When the
crank pin 11 is at the extreme top position.
This will deflect the arm ¢ to bring about

\‘7

power piston exhaust stroke.

&

contact with the contact screw 0 which is
fastened to the insulated block ¢ in contact
with the terminal ¢ which leads to the bat-
tery ¢ and thence to the spark coil f from

which a high tension wire ¢ leads to the-

spark plug A. The contacting of the arm «

will close the circuit and cause the spark to

be made in the cylinder in the desired time
for proper ignition.

in plactlml operation in use with a car-
bureter, a mixture of fuel and air will be
drawn into the compressor cylinder through
the inlet port 2 when the L()mpmsso piston
6 is on the suction stroke and-the power

piston 9 is on the power stroke; so that the:

cxpansion of the gases in cyhnder 8 will
fuuush the power to draw the charge of
fuel and air into the compressor cy Ainder.
During this stroke the cylinder 1is closed
to the clearance 43; on thn return. stroke
completed by the fly wheel ¢, the valve 3 will
be closed and the compressor piston will
compress the charge in the compressor cyl-
inder 1, into the interior of the alternating
clearance space 48 within the oscillating
valve 14, the port 17 being- open during the
compressing stroke. Said oscillating valve,
when piston 6 is at the top of its stroLe,
moves at.a high rate and on reaching the
top of its stroke cuts-off the opening be otwoen

the discharge port 4 and the inlet port 17

locking the chwrge from the compressor cyl-
inder mthm‘the clearance 48..- This may
occur 30° ahead of the. completion of the
The rate of
cireular movement of the oscillating valve
14 around its axis is so timed that it will
bwln to open delivery port 18 to communi-

cate through admission port 7 to the. cyl-
mdu- 8 at a point 15° on the cmnk travel
before piston 9 reaches the top of its travel
as shown by dash line 77 when the exhaust
valve 40 1s closed. At the same instant
that this communication takes place, with

the piston at line 77, ignition will ocour at

the 1gnition plug /. The oscillating valve
14 18 still moving at a high rate and The de-
livery port 18 very qmchly takes the p()E:I—
tion wide open to the admission port 7, as
is shown by the position of port 18 and of
piston 9, which on the drawing is shown on
the downward travel about one-fifth the
strolce with the complete alinement of ‘the
two ports. As the delivery port 18 opens
with- the piston al the position 1 and mov-
ing upward, a portion of the compressed
(lhuoe goes into the locked cylinder and 1s
1omted und immedintely thereafter is forced
back again by the ‘completion of the piston
travel to the dot and dash lines 78.

This regurgitation of the ignited mix-
ture "IG?IUY facilitates combustion and pro-
duces a high rate of turbulence which tends
to Dle\rent detonation of heavy fuels. Port
18 remains open and does not finally close
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until the piston 9 has completed its power
stroke, and 380° after port 18 has closed,
inlet port 17 again opens -to the discharge
port 4 aiid a new chaige is being delivered
from the compressor cylinder into the clear-
ance space 43 for the repetition of the cycle
of operations. The oscillating valve 14 is
driven through these timed movements by
means of excentric 24 and rod 25 operating
through the arm 26; and by this common
means the motion of the excentric rod is
transmitted through arm 26 and through the
rod 31 to the rock shaft arm 383 to rock
the shaft 29 with the cams which control the
movements of the intake valve 8 and exhauist
valve 40. ,

The operation of this invention may also
be carried out by the injection of fuel and
such injection. may be as shown in the
drawings by means of the pump and injec-
tion nozzle shown in TFig. 6 or it may be car-
ried .out by the usual method of Diesel en-
gines when the compression in cylinder 1 is
sufficiently high to ignite the fuel by heat of
compression. ' :

Injéction for tefined fuels may be ac-
complished by mieans of a pump shown in
Jig. 6 which operates to regulale either
by hand or by governor the amount of fuel
injected ‘4t dach stroke into- the admission
port 7. The operation herve, will be, so far
as movement of the valves and pistons is
toncerned, identical with that adapted to use
of the earbureter, except that the fuel is
injected into a cup 67 from which it may be
partly blown with the force of injection
intto ‘the admission puit 7; the first rush of

‘corhipressed air upon opening of the oscil-

liting valve 14, giving commmunication from
clearance chamber 43 to c¢ylinder 8 will be
to cause ignition of a poition of this fuel
in port to take place; ‘as at this instant
the piston will be at the position shown by
line 77, and traveling upwards, the heat and
explosive foice, as well as the regurgita-
tion caused by compression of the piston
stroke to Iine 78 will blow the remainder of
the fuel out of cup 67 forcing it violently
toward and into the receiver chamber 43,

‘causing a rapid production of mixture and

combustion of the mixturve, so that the en-
gine will operate satisfactorily whether
with a carbureter or by injection of fuels
into compressed air adjacent to the clear-
ance chamber, when ignition, combustion,
expansion and exhaust will take place in the
usual manner.

T claim:

1. In the att of producing power from in-
ternal combustion, the method set ' forth
which comprises isolating a unit of highly
compiessed expansible comburent, in an os-
cillating clearance chamber to constitute an
isolated compressed combustible charge; os-
cillating the clearance chamber to communi-

1,536,780

cate with an expansible chamber previously
contracted to approximately zero and pro-
cducing combustion of the charge and a con-
sequent expansion within both chambers to
a comparatively low pressure for moving a
wall of the expansible chamber and produc-
-Ing power throughout a period of high ex-
pansion.

2. The production of power by internal
combustion comprising beriods of Inspira-
tion of a comburent, compression of the same
to a pre-dimensioned body, isolation of such
body in an oscillating chamber ; opening such
body to communication with a constracted
expansible chamber; combustion of the com-
burent, and expansion of the products in
both chambers, thereby moving a wall to
produce power throughout a period of high
expansion; and exhausting the products of
combustion from the expanded chamber.

3. In the art of producing power by-in-

ternal combustion, the method of applying
an expansive meditm to 4 power chamber;
wvhich comprises opening an isolated oscil-
lating chamber containing a charge of com-
burent to such power chamber, and combust-
ing the same at a peviod when piston clear-
ance in the power chamber is approximately
Zero. '

4. A two-stroke internal combustion en-
gine comprising a compressor eylinder, and
a power cylinder, the piston clearance of
which is outside of said cylinders; an oscil-
Inting chamber constituting such clearance
and provided only witlt lateral ports adapt-
ed to alternately open separately to the cyl-
inders at the heads thercof; a crank shaft,
a crank on said erank shaft, pistons opevat-
ing in said cylinders through w common
crank pin: ameans operuble through .said
erank shuft to cause the clearance chamber
to close to the compressor ¢ylinder and open
to the power cylinder wlien the elearance of
each cylinder Is ab a mipimum and vice versa
at the return stroke of the pistons; and
ignition meuans operable at the head stroke
of the power piston to ignite a charge in the
clearance when said clearance is open to said
poswer piston.

5. A two-stroke internal combustion en-
gine compiising a compressor cylinder, and
a power cylindei, the piston clearances of
which are outside of said cylinders; a cham-
ber constituting such clearance and provided
with ports connecting the cylinders at the
heads thereof; a crank ghatt, a érank on said
crank shaft, pistons operating in said cyl-
inders through a common crank pin; oscil-
lating hollow valved means in such clear-
ance chamber operable through said crank
shaft to cause the clearance chamber to close
to the compressor cylinder and open to the
power cylinder when the cleavance of each
cylinder is at a minimuin and vice versa at
the retarn stroke of the pistons; and igni-
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tion means operable at the head stroke of
the power piston to ignite a charge in the
clearance open to said power plston

6. A two-stroke internal combustion en-
gine comprising a compressor cylinder, and
a power cylillflel, the piston clearance of
which is outside of said cylinders; a cham-
ber constituting such clearance and provided
with ports adaptcd to alternately open sepa-
rately to the cylinders at the heads thereof;
a crank shaft, a crank on said crank shflft,_
pistons operating in said cylinders through
a common crank pin; means operable
throngh said crank shaft to cause the clear-
ance chamber to close to the compressor cyl-
iiider and open to the power cylinder at the
head stroke of the pistons and vice versa at
the return stroke of the pistons; said cyl—
mder being arranged at the proper angle
to produce the desired timing of the move-

ment of the piston and the oqcﬂlatmg valved”

means to allow for the necessary advanced
ignition of the charge.

7. The method of conducting internal com-
bustion for power purposes substantially set
forth; comprising ntroducing
of comburent in a compréssor chamber that
can be veduced to practically zero volume;
opening an oscillating clearance to said
dmnlbel, compressing the whole of such
charge into said movable clearance; moving

such clearance to isolate such compressed
continuing the movement of the
clearance to open such charge with a power
clmmbﬂl ‘at the instant when it is of prac-
Lically zero volume and combusting the com-
burent in that condition.

8. The method of conducting internal com-
[)11%1()11 for power purposes comprising in-
troducing a celd charge of comburent in a
COMPLessor cndmbm thiat can be reduced to
practically zero volume; opening an oscil-
lating doamnce to Ua1d chamber comipress-
ing the whole of such charge into said oscil-
lating clearance; moving such clearance to
isolate such compressed ch:noe continuing
the movement of the clearance fo open su el
charge to a power chamber when the same is
<11)pmachlno the condition of zero clearance,
and completing ignition of the comburent
while ihe earance is approaching zero.

9. An internal combustion engine compris-
ing a compressor cylinder dnd a working
cylinder, the cempressor cylinder being of
clﬂaﬂer dimensions and smaller ecapacity
than the working cylinder; an oscillating
clearance for tmns*e*lmo the comp*'eswd
charge from the compressor cylinder to the
working cylinder ‘md means for igniting the
charge “within the working Cyhnder as 1t
l“n es the oscillating valve. :

_ An internal combustion engine com-
p1mm a compressor cylinder and a work-
ing cylinder, the.compressor cylinder being

“minimum clea

a cold charge
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of smaller dimensions and simaller capacity
than' the working cylinder, both eylinders
completing their displacement stroke with
rance to the cylinder head at
approximately the same instant; a rvocking
chamber with ports for receiving and iso-
Iating a charge of uomp”essrid mixture and
for transferr ing the charge from the com-
pressor cvhndm to the “7011\1110 eylinder,
and means for
the working cylinder as it Jeaves the vocking
chamber.

11. An internal combustion engine com-
prising compressor and power cylinders; an
alternating clearance between and for the
compressor and power cylinders to receive
the complete charge and 1solate such charge
of compressed conbuirent and to deliver s saicl
charge to the power cylinder; and means
for 1gn1t1ng the delivered charge.

-12. An internal combustion engine com-
prising ‘an expansible chamber having a
movable wall adapted to transmit power; a

compressor adapted to compress comburent

charges; means adapted to receive within

itself and thereby isolate each single com-
pressed charge of comburent ~from = said

_compressor and to open the same to said ex-

pansible chamber by the wiovement of said
means; and means to ignite the charge im-
mediately: it is openod to Lhe e\pansﬂne
chamber.

18. The combination with an expansible
combustion chamber; of a compressor adapt-
ed to compress comburent (,h‘usg ; means to
receive ‘and isolate each single charge of

comburent from’ the compressor means to-
oscillate said receiving means and to there-

by open said charge of comburent to the ex-
pansible chamber while said chamber is con-
tracted; and means operable by the move-
ment of a wall of said expansible chamber
during ‘expansion of said chamiber to trans-
mit power.

14. The combination with an_expansible
chambei of an internal combustion engine;
of a COIpIessor adapted to compress coi-
burent charges; an oscillating valve between
the compressor and the O\pwmmlo chamber
adapted to receive within itself the complete
compressed charge of comburent from the
compressor and to isolate the same and
thereafter to open said isolated charge to the
contracted expansible chamber; and means
for igniting the comburent at-the time it is
so delivered. ' - :

15, The combination with a crank shaft;
of an oscillating chamber having an inlet

nd an outlet port; a compressor el uited to
compress comburent charges; uﬂmcm hav-
ing a discharge port rumnoed to register
\Vlﬂ] the inlet port of the oocﬂ]atmo cham-
ber in only one position of such chamber'
an internal combustion engine cylinder hav-

igniting the chiarge within®
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ing an admission port arranged to register
with the outlet port at another position of
said oscillating chamber; a piston in the in-
ternal combustion cylinder; a main connect-
ing rod connecting said piston with a crank;

-8 pls‘con in the compressor cylinder; a con-

necting rod connecting the compressor pis-
ton to the main conpectmo rod at an acute
angle thereto; a valved inlet for the com-
pressor cylinder; a valved exhaust for the

mnternal combustion cylinder; and means for.

operating the oscillating chamber in time
with the movements of the pistons of the
two cylinders. ,

16. The combination with a crank shaft;
of an oscillating chamber having an inlet
and an outlet pmt a compressor cylinder
having a discharge port arranged to regis-

ter with the 1n1et port of the oscﬂhtmo,

chamber in only one position of such cham-
ber; an internal combustion engine cylinder
having an admission port arranged to regis-
ter with the outlet port at another pocutlon
of said osecillating chamber; a pisten in the
internal combustion cylinder; a connecting

rod connecting said piston with a crank of

said shaft; a piston in the compressor cyl-
inder; a connecting rod connected fo the
compressor piston and to the main connect-
ing rod; a valved inlet for the compressor
ceylinder; a valved exhaust port for the com-
bustion cylinder; means for operating the
oscillating chamber in. time with the move-
ments of the pistons -of the two cylinders;
and means common to both compressor-and
power cylinders for operating the intake
valve of the compressor, the osullatmo valve
and the exhaust valve of the power cylinder.

. In a two-stroke internal combustion
enmne the combination of a compressor and
power cylinder having pistons moving in
difterential timed 101&1;10;1, the compresscr
cylinder being fitted with an intake valve,
and the power cylinder fitted with an ex-
haust valve; a clearance chamber between
the two cylinders constructed and arranged
to be moved to be alternately opened and
closed to the cylinders separately and re-
spectively so as to prevent the heat of the
previous combustion from lmiting the
weight of working charges of LOIDDIU‘OI
passing through the engine.

10
engine the combination of a compressor and
a power cylinder having pistons moving in
differential timed relation; the compressor
cylinder heing fitted with an intake valve,
and the power cylinder fitted with an ex-
haust valve; a cleavance chamber between
the two cylinders constructed and arranged
to be moved to be alternately opened aud
closed to the cylinders separately and rve-
spectively for the purpose of instant trans-
fer of a compressed charge of comburent

In a t\\o strolke internal combustion -
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from the compressor cylinder to commulicate

“with the power cylinder for instant comibnis-
tion therein without change of volume and
a lowering of pressure.

19. In a two-stroke internal combustion
engine the combination of a compressor and
power cylinder having pistons moving in
differential timed relation; the compressor
cylinder fitted with an intalte valve; the

power cylinder fitted with an exhaust valve;
a clearance chamber between the two cy]m-
ders constructed and arranged to be moved
to alternately open to the cylinders sepa-
rately and respectively to mwnke possible
compression of comburent in a separate cyl-
inder of smaller volume than the power cyl-
inder and transfer of the compressed charge
to the power cylinder with extreme tur-
bulence to facilitate combustion and con-
trol expansion ratio.

20. In a two-stroke internal combustion
engine the combination of a compressor and
power cylinder having pistons moving in
differential timed 1’9L.t10n the compressor
cylinder fitted with an intake v alve; the
power cylinder fitted with an exhaust valve;
a cleavance chamher between the two eylin-
ders constructed and arranged to be moved
to alternately open to the cylinders sepa-
ately and vespectively so as to allow fer

advanced admission and ignition of the !

charge in the power cylinder to male pos-
sible compression of comburent in n sepa-
rate cylinder of smaller volume than the
power cylinder and trainsfer of the com-
pressed charge to the power cylinder with
extreme turbulence to facilitate combuston
and control expansion ratio.

An internal combustion engine com-
prising compressing and power cylinders
each provided with intake and exhaust
valves; movable clearance means belwoun
the compression and power cylinders to re
ceive the whole of the charge from the com-
pressing cylinder without leaving appreci-
able piston clearance; means to move said
clearance to close communication with the
compressor cylinder, and to open the wm—
pressed charge to the power cylinder, when
the power (:thdel is in position of prac-
 tically no piston Clemdnce. v*d means to
ignite the compressed charge at the instant
it is in contact with the power piston.

22, An internal combustion engine com-
prising compressing and power evlinders each
provided with intake and exhaust vn.}ve
movable clearance means between the com-
pressing and power cylinders to receive the
whole charge of the compressing cylinder
without leaving appreciable piston clear-
ance; means to move said clearance to close
communication with the compressing ecyl-
inder and open communiecation to the power
cylinder to admit the compressed churge
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thereto when the power cylinder is in pesi-
tion of practisally no pisfon clearance ; means
to receive the desired increment of fuel for
each compressed charge in such communica-
tion to the power cylinder, that will cause
the movement of the compressed charge to
blow the fuel into the stream of compressed
air flowing to the power cylinder; and means
to ignite the compressed charge at the in-
stant it s 1n contact with the power piston.

23. In a two-stroke internal combustion
engine the combination of a compressor and
power cylinder having pistons moving in
differential timed relation, the compressor
cylinder being fitted with an intake valve,
and the power cylinder fitted with an ex-

haust valve; a clearance chamber between
the two eylinders constructed and arranged
to be moved to be positively alternately

-opened and closed to the cylinders separately

and respectively so as to prevent the heat
of the previous combustion from limiting
the weight of working charges of comburent
passing through the engine and provided

with menns for timed introduction of fuel ¢

to such opened charge of comburent.

In testimony whereof, I have hereunto set
my hand at Los Angeles, California, this
19th day of August, 1920.

ORVILLE HIRAM ENSIGN.
Witness: ‘
Jamzs R. TownNseND.
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