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Patented May 17, 1927.

UNITED STATES

1,629,327

PATENT OFFICE.

GEORGE W. WALDO, OF BROOKLYN, NEW YORK.

INTERNAL-COMBUSTION ENGINE.

AppHcatjon filed February 26, 1921 Serixl No. 448,034,

This invention relates to internal combus-
tion engines and particularly o engines of
the four-cycle type. .

This application is a continuation in part
5 of my copending application Serial. No.

298,895, filed May 22, 1919 which has been
- merged herewith, T

‘The action of four-cycle internal combus-
tion engines of the types at present in use,
in. which gasolene. and kindred fuels ‘are
“hurned, does not permit of the maximum
cconomy of fuel -hecause the mixiure of air
and fuel cannot, after ignitio: , be properly
expanded within the available space withifi -
the evlinders. This is due ta the fact that
the cntire cylinder space is filled with the
fuel mixture at atmaspheric pressure before,
compression and ignition take place. Such
a quantity of gas after compression and ig-
nition requires a much lavger space in which
to expand efficiently, and the rate of change
of volume, due to movement of the-piston,
must also he an efficient proportion of the
natural and unrestricted rate of expansion
of the gas, otherwise a large proportion of
the expansive power of the gas is delivdred.
as a dead blow upon the piston and a large
peveentage of the heat energy of the .gas is
expended in heating the cylinder walls..

Most ecarbureters and mixing devices in
nse at the present time depend upon the ac-
{iotr of a current of air passed across a small
jet supplied with fuel from a small constant
level reservoir usually located in such o man-
nei- as to fornish a slieht head to assist the
is=ne of fuel from the jet which is controlled
hy some form of needle valve. The amount
of lignid which issues from the jet depends
upon the opening of the needle valve and
the suction action of the atr curfent over
the jet.  After issuing from the jet. the lig-
uid is carried along and miked with the air
current. becoming more or less. vaporized
according to the grade of fuel used and the
temperatyures obtaining. '

If an“ »
used in o carbureter or other mixing device,
it will.he found that .a fairly close regu-
lation can he obtained in supplying suit-
able quantities.of fuel for the formation of
a dry vapor within the air curvent passing
through the carbureter into the engine. 1t
<hoald he notéd! howover, that the forma-
tion of vapor “ikes place within the air
during its p¥ssage into the engine. It is
doubtfulif diiy vapor is formed in the car-

exceptionally volatile liquid fuel is -

hureter itself. If the proper quantity of fuel
is injected into the gir current,.a dry vapor
mixturé will be formed, which, if of -sufli-
ciént quantity, will constitute an explosive
andefficient mixture for use -within the en-
gine, Sinte 2 dry vapor cannot be condensed
under. conditions met in gis engine practice '
as to temperatyre and pressure changes, it~
follows that such a mixture will undergo
compiession without liquefaction of any of
the fuel content. - '
Consider, now, the lower grades of fuel
passing through a carbureter ot other mix-
ing device, It is found that it is very dif-
ficult. even if at all possible, to obfdin a
dry vapor mixture for uso in the engine.
This is due to the lower vapor pressure of
the fuel at atmospheric terapevature and
pressade and to the inadequate means of the ¢
carbareter for' injecting the fuel into the
air. current in proper quantity. Various
plans have been proposed for obviating this -
difficulty. such as heating the carbureter .
from the exhaust manifold. or breaking up .
the jet or spray intd fine particles. - %i'l

such: methods, however, there.is no positive

way of assuring the production of a dry -
vapor because there is no means of ascer- :

taining that the navticular fuel has been

supplied at a sufficient temperature.to re-. -
main in vapor form in the- original quan-
tity throughout ‘the compression: stroke: of

the particnlar engine. That this -condition

exists is horne out hy the formation of ear-
hon depasits in all gasolene and kindred .en- .
eines regavdless of the most ecareful ecarba- -
veter adjustment, such formation being un--
donbtedly due to combustion of fuel in lig-
uid instead of in vapor or gaseous form. .
It appears from the foregoing considera-
tions that internal combustion engines of the
types at present in use require radical de- .
parture, not -only as to the means of ex~ -
panding o heated gas, but as to carbureters
and mixing devices, and also as to the meth-
ods -of forming the vapors in order that
the existence of a 'dry vapor will be de-."
finitely assuted at all times. Particularly is
this the case on account of the Ipw vapor

tensions of present day liquid fuels at the -

intake pressures and temperatures obtain-
ing in practice. T have found that it is pos-
sible to reduce the pressure of the air within

‘the c¢ylinders of an internal combustion en-

gine to such a point that if & given quan-
tity of fuel be injected, or admitted in lig-
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uid form in suspension, the vapor pressure

_of the fuel will'allow a dvy vapor mixture
‘of air and fuel to be formed, provided the

fuél be accurately metered to prevent satu-
ration pressure and other conditions from
being realized. A gaseous mixture will thus

- result which, after combustion, can be most
efficiently expanded within the engine. This
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reduction of pressure may he obtained hy
expanding a given quantily of wir alone ov

“air with fuel iu. Jiquid suspension. within
the cylinder of the engine. or withiu a sui(-

able auxiliary cylinder, to a presswe suif.
able for mixture with the particular fuel
to be used. Preferably the fuel should he
injected when the greatest veduclion of air
pressure obtains and where movement of the
piston may be utilized for metering, that
i, at the end of the intake stroke. The
greater the reduction in #ir pressure, the
more rapidly will the particular quantity
of fuel projected into the cylinder, or pres-
ent in suspension in the air, hecoine dry
vapor.

Tt is accordingly an object of the present
inveution to provide a cylinder space where-
in & most cflicient rate of change of volume
way be possible and in which the'heated gas
mdy be expanded. to or slightly below at-
mospheric pressure. In.accordance with the
invention, this is accomplished by closing
the intake valve during a certainr propartion
of the intake stroke of the piston so that
only that quantity of air will.enter the cylin-
der which, when compressed and heated by
the fuel combustion, will be capahble of the
most efficient expansion rate. The heated
gas should be expanded to a point =omewhat

below the pressure of (he atmosphere in

order that air may be admit{ed to the cylin-
. B . Ly N . ! r
der just previous {o and 'during (he wave-

- ment of the piston on its explosion stroke
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past a port having connunication with the
uf’nmsplwm througly a switable valve. The
air thus entering the ¢ylinder is transferrved
to The clearance space of the engine by the

piston on its exhaust or scavenging strole,

(hus permitiing a much more cfficient condi-
tion of clearance space than would otherwise

obtain.

1t results from the abeve construction that
flie exhaust from -the engine will be practi-
cally noiscless. in so far as would obtain
from the velease of gas at high pressures
such as arenow used in gas-engine practice,
the release of the gas. in accordance with

‘the presest invention, being entirely accom-
plisficd by the movement of the piston on ity

scavenging trake and in no sense by the
excess of pressire obtaining within the cyl-
inder when the exhaust valve is opened.

Ta considering the action wineh occurs
during the exhaust stroke of the engine, it
will be scen thut the gases discharged from

“the cylinder which were originated from a

1,620,887

partial vacuum will immediately cool to at-
mospheric temperature and hence to the ovig-
inal ‘pressure of the partial vacuum, the
gases within the cylinder thereby tending
always to expand 2nd cool to the initial pres-
sure and temperature of the partial vacuum
from which they originated, or to the orig-
inal volume at atmospheric pressure and tent-
perature.  Thos a stroke \\'}li(‘-ll, in the nsual
coustruetion oCinternal condnedion engiues,
= an idle steoke sgaingt a back poesuce,
tins, in the engtine of the preseat fnvention,
heen converted jnto a power stroke, with
the result that the engine may be considered
to have two power strokes—a major oue due
to the combustion of the fuel, and a minor
one due fo the cffect of the air pressure act-
ing upon the exterior of the piston against
a partial vacnum within the cylinder, which
has a tendeney to exist throughout the ca-

tire exhaust stroke.

The present invention is not, however,
confined {0 a notseless engine or to one in
whieh the gas is expanded to the limits re-
ferred ‘to ahove, hut it also provides for
the augmentation of the vaporizing tenden-
cies of various more or less volatile liquid
fuels by providing a construction wherein
a suitable partial vacuum is provided for
vaporizing fuel to the extent that the fuct
may be injected directly into the cylinder
and vaporized without special provision for
preheating and i quantities desivable for

an’ cfficient combustion, such as low grade.

easolene, kerosene, aldohol .or other similar
fuels, by merely injecting e suitable quantity
into the eylinder during any part of the in-
tuke stroke, the amount. of liquid injected
being regulated by the piston movement past
a pott, henee by the width of the port, or by
the piston movement during the time When
injection of fuel takes place, and by timing
{he movement of fucl to the spraying device

so {hat just the proper amount of fuel is
admitted hy Loth means which will give the

proper quantity of dry vapor necessary for
the ameount of aiv-within the cylinder. This
timing is accomplished by the change of
level of a fuel reservoir or by the air pres-
sure upon the surface of the fuel within the

reservoir, or by both means, By spraying.

fuel into a partial vacumn I obtsin s d
fuel vapor which readily mixes with the air

in the evlinder and cannot be condeénsed to

liquid form while undergoing compression
and olher pressures. -

‘The invention alse provides an internal
combustion engine in which the compression
muy be varied in accordance with different
operatiug conditions due, for instance, fo
the kind or ginde of fuel employed or the
atmpspheric pressure existing, but for any
particular condition will remain constant
so long as the condition dees hot change.

Other objects and advantages of the inven-
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. tion will appear more clearly from a de-
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gcription ‘of a preferred embodiment as

shown in the sccompanying drawings in

which L '
Fig. 1 is.an eclevation in section of onc

- eylinder of an engine constructed in accord-

ance with the invention, :
Fig. 2 is a sectiorial view of the cylinder
taken at,right angles to Fig. 1,
Fig. 3 is a sectional view of the fuel res-
ervoir, S _
Fig. 4 is a sectional -view of the fuel

“nozzle, -

_Figs. 5, 6 and 7. are diagrammatic views
showing the position of the parts at the
beginning, an intermediate point” and the

* end, respectively, of the intake stroke,

- 20

25

.30

. Fig. 8 shows the position of the parts
shortly after the beginning of the compres-

sion stroke, . :

Fig. 9 shows the position-of the parts at
the beginning of the working stroke,

Fig. 10 shows the position-of the parts
near the termination of the working strole,
and o

Fig. 11 shows their position shortly after

“the beginning of the exhaust stroke.

Referring to the drawings in which sinii-
1ar reference characters denote similar parts
throughout. the several views, 20 is one of
the cylinders of the engine, which is mount-
ed upon a suitable base 21 which also serves

- as a portion of the crank case, the latter

35
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being completed by means of a member: 22
attached to the bottom of the base.. Within
the cylinder is a piston 23 provided with
suitable packing rings-24 and connected by
means of a rod 25 with a crank 26 attached
to a crank shaft 27 which is mounted in suit-

able bearings at the end of the crank case.

The cylinder issurrounded by outer walls 28
forming a chamber within which, if desired,
a cooling liquid may circulate in accordance
with the usual construction of internal com-

- bustion engines, or the engine may be air

- cooled instead. The cylinder head 29 is also

e
<
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provided .with an buter wall 30 forming-a
chamber within which cooling liquid may
circulate,  In case the clearance space at
the top Of the cylinder is too"great, as may
be ‘the. case if the invention is ‘applied to
engines of ordinary design, a member 31 of

‘snitable shape may he immovably attached

to the inside of the cylinder head to fill up

‘the central portion of the e¢learance space

leaving an annular chamber 32, This cham-
ber is provided at one side with a port 33
which, is closed by a valve 34 the stem 35
of which is normally drawn down by means

of a spring 36 and is provided at its lower

end with a roller 87 or the like resting upon

" a cam 38 on'a cam shaft 39 carrying a gear

86

40 meshing with a gear 41 on the crank
shaft 27. The valve 34 may be

‘the cam being designated: 63’.

] rovided -
with a detachable member 42 by which the

free space within the chamber 32 above the
valve may be altered by the substitution of
members of diffcrent volumes in: case it
should be desired to alter an engine -to ac-
complish the cycle herein described. The
intake port 33 commmunicates with a cham-

_her 43 having a valve 44 hetween it and a

conduit 45 leading to the external atwios-
phere or to an intake manifold and provid-
ed with a throttle valve 46 if desired: - The
stein 47 of the valve 44 is surrounded by
a spring 48 .which normally holds the valve
on its seat. In order to limit the upward
movement of the valve and thus vestrict the
opening between. the chamber 43 and. the
conduit 45, there is provided anadjusting
screw 49 adapted to be engaged by the up-

per end of the valve stem 47 when the valve

is in open position. .

The annular chamber 82 is provided with %%

an exhaust port 50, preferably arranged
diametrically opposite” to_the intake port
33, and communicating with a passageway
51 connected to the exhaust manifold of.the
engine, or opening directly to the afmo:-
phere.  The port 50 is controlled by an ex-
haust valve 52 the stem 53 of which is pro-
vided with a spring %4 for holding the valve
on its seat. The exhaust valve may he pro-
vided with a detachable member 55 by
which the freec space ahove the valve may

‘be altered: It will be nnderstood that the

valve stem 53 is extended and provided at
its Jower end with a roller adapted to en-
gage a cam driven from the crank shaft,
the arrangement being similar to that show
in connection with the intake valve. " °
The cylinder is provided with a saitable
spark plug 56. preferably placed ahove the
intake valve 34. and. if desived. a priming
device 57 of an appropriate construction

00
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may be placed ‘above the exhaust .valve 52,

or in any other suitable position.
‘The cylinder 20 is provided with a port

58 at the inner end of & passage 39 having 1

s .

communication - with the ‘external atubs- -

phere through a valve 60. the stem 61 of
which is provided with a roller 62 hearnig
upon a cam 63 on a cam shaft 64 which ear-
ries a gear 65 meshing with a. gear on the
crank shaft 27, such. for instance. as  the
gear 41. ; The stem of the, exhanst valve 52

115

may conveniently be operated: from the cam -

shaft 64. The lower portion of this stem,
its roller and actuating-cam do nol -appear
in Fig. 1, but the roller and eam are showi

120

in the diagrammatic views Figs. 5 to 11,

Extending into the cliamber 49 and ter-
minating near the porf 58 is a nozzle. 66
preferably inclined at a slight angle .and
having the construction shown meost clearly

in Fig, 4. This nozzle comprises a casing -

67 having a pointed inner end. Within the -
outer casing is a tube 68 having an exten-

130
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. may be controlled.

sion 69 communicating with the atmosphere
or other source of air supply. The tui= is
provided with a ncedle valve 70 by which
the amount of air admitted to the nozzle
The eusing G7 is pro-
vided with an extension 71 Laving a valve
72 for controlling the supply of fuel Trom
a pipe 3 leading to the fuel re~ervoir shown
nost: ¢learly in Fig, 3.

© This reservoir comprises a main tank 74
inta which suitable Tiquid fuel may flow
through o pipe 76 leading Lo a supply (ank
nof_shown m the drawing. ™ The flow of [uel
{rom the pipe 7i into the tank T4 is con-

* (roifed By a valve 76 adapted to be operated

Ly u float 77 to maintain a-substantially con-
stant level of liquid within the tank. The
main tank is provided with an air vent 78 of
any suitable construction. Associated with
the main tank 74 is an auxiliavy tank 79

“liaving communication with the main tank

through ports 80 adapted to be closed by a
valve 81 cantrolled by = spring 82.  The top
of the unxiliavy tank is provided wilh an ex-
tensionn 83 within which s a valve 84 nov-
mally held off of its seat by a spring 8.
The top of extension 83 is open to the atmos-

. phere through a port which is controlled by

0

it

e
<4

60

a valve 86 connected to a hell-erank lever 87
adapted to Le operated by a controlling rod
83. The auxiliary fank is alse provided
with a suitable check valve 89 whicl allows
the escape of air from the tank, but prevents
it from flowing into the tank.-

The cylinder 20 is also provided with a
relief port 90 (sce Fig. 2) located at a suit-
able distance below the tep of the eylinder
for 4 purpose which will hereinafter appear.
‘The relief port is provided with a valve 91
held normuhy against its seat by means of a
spring 92 surrounding its stem. Cooperat-

ing with the outer end of the stem 93 is a4

cam 94 upon the end of a handle 95 which
is connected to the outer end of the stem of
a rotary valve 96 in a conduit 97 communi-
cating with the relief port. - The parts ave so
arranged that under normal conditions.with
the valve 96 closed the cam 94 will hold the
valve 91 locked on its seat, but if the handle

95 is. turned to open valve 96 the cam will’

release the stem of valve 91 to permit the
latter to be opened by pressure within the
cylinder. '

The operation of the engine will appear
most clearly from the diagrammatic views
Figs. 5 to 11 inclusive. Commencing with
the intake stroke the parls will occupy posi-
tions substantially as shown in Fig. 5. with
the piston 23 having just passed over its up-
per dead center point and the intake valve 34
having just been opened by cam 88, The

_ downward movement of the piston on its in-

85

take stroke will dvaw air into the cylinder
through the mannally controlled throttle
valve 46, condiitt 45, adjustable throttling

1,629,827

valve 44 which is lifted by the air cntering
the cylinder, chamber 43, and port 3.
When the piston 23 has completed approxi-
mately one third of its downward inove-
ment on the intake stroke, the intake valve
Howill have completed its opening .ang! clos-
ing movenment and the parts will be in the
positions substantially as shown in Fig, 6.
Turther movement of the piston,. dewnisvard
will permit the air previously drawri into
the cxlinder to expand. "This expajsion
will continue until the parls are-in position
substantially as shown m g, 7. The airv
will then have been expanded to the Timit
of the cylinder volume provided and as far
as possible with the parts shown. A partial
vacuum will therefove exist within the eviin-
der at this time. I T
At the instant when port 58 is uncovered
by piston 23 on its dewnward movement: a
flow of fuel may take place from auxiliary
tank 79 throungh pipe 73, and nozzle casing
67 into the cylinder, since full or any parvt
of full atmospheric pressuve may he caused
to obtain in the air space over the liquid in
tank 79 by admitting alr or vestricting the

admission of aiv through manually eon-.

trolled valve 86. The valve $4 is held open
by its spring 85 to permit entrance of air
to the auxiliary tank. Air at atmospheric
pressure will also enter the cylinder through

70

Kt

8t

alr jet tube 68, the amount of this air being -

controlled by needle valve 70. Since hoth
air and fuel must enter the eylinder through
the same port the fuel entering the cylinder,
if in liquid condition, will be in the form of
fine spray. However, it is possible that the
fuel, due to its vapor pressure will become

-vaporized directly at the needle valve and

will be drawn into the cylinder as fuel vapor
mixed with air at the end of the air jet G8.

From -the foregoing it will be readily seen.

that a mixture of air and liquid fuel.shray,

or of air and fuel vapor or, assuming jef
68 to be eliminated, liquid fuel alone or fuel

vapor alone may enter the cvlinder at any
particular time or during all of the time
that the port 48 is uncovered by the pisten,

‘and that any liquid fuel entering the cylin-
“der will, due to its vapor pressure. become

vaporized and will mix with the air in the
cvlinder in direct proportion to the pressurc
of the air and the particular vapor pressure
of the fuel. It -will alsn he seen, consider-
ing the proportion of fuel to ait for efficient
combustible mixtures. that if the fuel sup-

Wwill be obtained within the evlindir. which
ceannot he condensed under any pressure to
which it may be subjected - while in the evl-
inder. v p :
Referring to Tig. 4 and assuming « liquid
level as shown, it will be seen that in order
to reach the needle valve 70 of nozzle 66 the
liquid will have to travel a definite dis-

10

o

1

ply iz suitably regnlated a dvv fuel vapor -

130
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-the fuel in main tank 74, thus permitting

. ¥4, or by suction from auxiliary fank 79, will

40

_‘tions that- any movement of liquid out of

My

, means. In desxgning the fuel system, con-
‘sideration shoul pzﬁe
78 and to the location of tank 79 so that the’

1,629,397

tance through pipe 73 and that for 2 given
pregsure on the surfaco of the liquid in the
tunk 79, the liquid will accomplish the travel
to the needle valve 70 in .a proportionate
length of time. If tlre volume of ‘the air
space over the surface of the liquid is prop-

erly propoxtioned and the -air permitted to-

enter'{n s properly regulatcd amount, the
tnu.}éi’%@ thg li'(fuidycangbe regulated to sup-
ply just-the smount of fuel required for any
engine speed. The regulation can also be ac-
complished by reising and lowering the
reservoir, using flexible pipe connections to
the nozzle, or by a combination of both these

be given to the size of

travel and amount of movement of liguid out
of the tank will causé a change of volume of
the air space over the liquid in the tank
such as will give a sensitive control due to
the change 1n air pressure in this space
caused by the change of volume due to the
movement of the liquid out of the tank,
‘The flow of fuel from the supply tank
through the pipe 75 to,the main tank of the
reservoir .will be controlled by float valve
76. The check valve 81 is held .open nor-
mally by spring 82, the force of which is
just sufficient to evercome the liquid head of

normal passage of liquid for a proper quan-
tity in auxiliary tank 79. Any considerable
flow of liquid such as might be caused by air
pressare on the surface of the liquid in tank

result in closing the check valve 81 and sto

_ping communication between the two, The

tank is provided with an air space

auxilia
1g'e,liq'uid which is of such prepor-

above i

the tank will result in-considerable change
of volume of this space. Air is admitted
freely to the main tank 74 by means of pipe
78 50 as to permit liquid to flow freely in and

- ¢ut of thig tank. Air js admitted to the aux-
“iliary tank 79 through the manually con-

trolled valve 86 located in the' entrance ‘to
the air space, ‘The check valve 84 is nor-
mally held off-of its seat by light spring
tension sufficient to hold the valve open un-
der-normal condjtions to permit the passage
of air admitted through valve 83, but in éase
«f u sudden change ofgliquid flow out of tank
7%, such as might be caused by slowing down
of the engine speed due to abnormel condi-
tions, the pressure of air entering through
valve 85 will canse the check valve to close

- and thus gutomatically restrict the pressure

G0

exerted on.the top of the fucl, such pres-
sure being due primarily to the partial
vacuum obtaining. within the cylinder. . Air
may cscape from tank 79 by means of check
valve 8. Such cscape of air is nedessary in

order that _nm'mu{ Higuid level paay be estab- -

- 3

lished in tank 79. .Assuming valve 86 to

have been previousmlg opened to admit air
‘pressure to this tank and change ‘of liqud
level caused therein, and .then closed for

regulating purposes, it will be seen that the:

original volume of air in the tank has been
increased and the liquid-could not reestab-
lish its former level when relieved from the
suction of the jet, unless means were pro-
vided for the escape of air previously ad-
mitted to the tank. This is accomplished
through the check valve 89 should the valve
86 have been closed after admitting air.

70
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Considering now the subsequent operation

of the engine, the piston 238 will move up-

ward on its compiession stroke, and just as

its upper edge coincides with the upper edge
of the port 58, as shown in Fig. 8, or at suc
other suitable time as practice may demon-

.gtrate to be most efficient, valve 60 will be
apened by its stem 61 having. been lifted by

cam 63, Such opening of valve 60 will con-
tinue for gn interval sufficient to establish
atmospheric pressure in chamber 59, thus
stopping further flow of fuel through nozzle
66, since no difference of pressure will then
obtain between chamber 59 and the air space
in auxiliary tank 79. Or under certgin oper-
ating conditions, supposing valve 86 re-
mained closed, an excess of pressure wiil
exist in chamber 59 and such excess pressure
will act to force the liguid back down pipe
73 until normal level obtains in tank 79 and
pressure equilibrium is established between
‘chamber 59 and air space in-this tank. Con-
tinuing upward on its’ compression stroke

-the piston will compress the mixture of air

and fuel into the clearance space provided
by -annular chamber 32, which 'is propor-

tioned to give suitable compression to the

quantities of air and fuel which have previ-
ously entered the cylinder. Air will have

‘been supplied through intake port 33, and

also ‘through port 58 from chamber 59 in
Jimited amount, while fuel will have been
supplied by nozzle (6. Ignition takes place
in the usual manner from spark plag 56 and
may be suitably controlled by eitﬁer advanc-

95

105
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ing or retarding the spark in the usual man- -

ner. Since a partial vacuum of considerable
degree exists within the cylinder at the end
of the intake strolee, the compression may be

carried to « high degree as the pisten:is very

néar the end of its upward movement when
compression begins. Fig. 9 represents the

sition of the parts after the -fuel mixture
1s ignited. The piston will then be driven
down on its power stroke, and during this
movement cam 63 will operaté to open valve
60. or this eam may be surfaced to retain the

115
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125

valve in open position from the time of open- .

ing previously described in connection with
the fuel intake. Just before again uncover-
ing port 58 the burned or exploded mixture
will have expanded to or slightly below

130
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atmospheric pressure so that when port 58 is
imeotered on thi- stroke (see Fig. 10), valve
60 being held open by eam G, air ab at-
mospherte pressure will enter the cylinder,
such entrance of air continuing during the
further movement of the piston to its Jower
dead center. Upon reaching its lower dead
conter eam 63 will have operated to close
valve 60 and exhaust valve 52 will be opened
hy eam 63, Tig. 11 represents the position
of the parts just after the exhaust strole has
hegua, Upwared movement of the piston will
expel the products of combustion from the
evlinder and transfer the air previously ad-
mitted throGgh valyve 60 and port 58 to the
clearance space, thas leaving the latter in &
hietter condition for the next intake stroke.
The exhaust stroke of the engine amounts to
a minor power strole since the exhaust.gas
as discharged is iimmediately cooled to. at-
inosplierie temperature and thus substantial-
ly to the pressure of the partial vacuum ob-
taining ‘within the cylinder at the end- of
{he intake stroke, the whaole exhaunst stroke
being sccomplished with the aid of air pres-
sure acting on the bottom of the piston from

the crank cuse which is open fo the atmos- -

phere through « port 98. Thus the exhaust
stroke, which in ordinary engines is an idle
stroke against’ a back pressure, is in this

engine converted into a minor power stroke,

witl'; consequent advantages of operation.

After: the exhaust stroke has been com-
pleted; the piston pusses over its upper dead
center poiunt-and t}'ie parts again occupy the
position shown in Fig. 0 at the beginning of
the noxt intake stroke. )

With an enging designed for operation
with different grades and kinds of fuel, it is
desirable to change the compression pres-
sure making it gveater or less nccording to
the fuel used. Referring to Fig. 1, the ag-
justable throttling valve 44 permits of the

- above to a certain extent by adjusting. the

=
Tt
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stop 49 so that the amount of opening of
valve 44 will permit a prédetermined anount
of air to enter the epgine on its intake stroke,
the stop 49 being adjusted according to the
compression desired for the particular fuel
to be used. However, the use: of this valve
together with the cut off point of the intake
\a%ve 34 must be co-ordinated in the engine

design so as not to endanger the degree of.

vacuum required for properly vaporizing the
fuel {0 e used and for expanding the gas
in the cylinder after ignition and combus-
tion. Tt is also-desirable to vary the com-
pression zccording to the atmospheric pres-
sure obtaining. so that an engine may oper-
ate at full efficiency at Iieh altitudes where
w cousiderable reduction in atmospherie pres-
swre is enconntered.  Thoe adjustable tlmnt»
tling valve pennits of this fu the mwanner
as above described for fuels of different
grades.
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. It is the present practice to control the
speed of internal combustion engines, other
than the Diesel, and fgepxi-Diese? types, by
the use of an artargenjent similar to- the
hutterfly valve 46, eithey

nutically operatec’l. With such a method of
speed control, a loss of efficiency occurs at
low speeds due to decresse in compression

pressure. With the engine hevein embodied,

variation in speed is accomplished -by regu-

manually or auto- ¢

lating the amount of fuel supplied and ad-

Justing the iguition point accordingly by
advancing ov retarding the same, thus vary-
ing the combustion or e

fuel _mil]llirc(.l by the particular load and to
adjust the ignition to give the maximum
combustion pressure for the amount-of fuel

used. Since the compression pressurere--
mains the same at. all engine es(i)eeds, a very °°

desivable condition is obtained in. this en-
gine, due to the fact that a maximum ecffi-
ciency is thus obtained for all engine speeds.

If an engine of tho kind described were
stopped with the piston 23 in the position ™

shown in Fig. 7, air would enter the cylin-
der througlh the air jet tube G8, or leak past

the ‘piston rings, until the partial vacuum.

within the cylinder was destroyed. To start

the engine under the above eondition would *

require considerable power, for the piston 23
would immediately commerce to compress

- air from atmospheric pressure, and since the

clearance space is proportioned for the coin-
pression of a much smaller voluwe of air at

> ! losion pressures.-
the object being to supply an amount of

atospheric pressure, the -effort required.to -

complete compression or to turn the engine
over might require power in excess of that

required for the ordinary starting of gus.

engines. To obviate.this difficulty, the com-

bined relief valve aud stop. cock, shown in
Tig. 2. is lovated atjthe point in the cylin-
der from which compidssion. from. atmos:
phieric pressure should normally, begin. - The

_operation is a5 follows: Upon starting the
‘engine. handle 95 will be. turned’ to-open’

valve 96 and release stem 93, thus permitting

Yia

valve 41 to he;opened by the pressure within.

the crlinder due to.the mavement. of the
piston. from. the position shown in Fig. 7. 'V

Air will therefore escape from the cylinder
through port 90, conduit 97, and“¥alve 96 to

the atiuaspheve. A fter the engifie has taken.

up its cycle,.the valve 96 may be closéd by
wovement of Mandle 95, and at the samc
time' the stem 93~ will he locked down ‘to

if the valtes shouldbe left open no air cai
enter the cylinder, hécatise. diiring the intake
stroke. the spring 92 will seat valve 91 and
atinospherie pressure will be exerted on the
outer surface of thig valve
in holding it closed. "
"~ While tn the embodiment of the invention
shown and described a single fuel nozzle has

to aid the spring

.prevent further opening of valve 91. Tiven
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bean shown; it will be understood that addi-

tional nozzjés‘. may be provided, some or all

of which may be used atcording to. the de-

"‘mands upon the engine. These nozzles may

be supplied from a cominon fuel reservoir

or from separate reservoirs. ' The -engine

- may consist of any desired number of cylin-

It

o
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- vided with a movable piston iith a. com-.

ders, the several valves of which will be

operated in timed relation in accordance
with the usual arrangements for this pur-

pose. - While in the embodiment of the in-’

vention shown and described a special form
of fucl system has been.used, it will be
nunderstood that a carbureter may be -used
for supplying 'a mixture of foel and air
through the inlet port-in the usual manner,
but with distinct advanfages as to vaporiz-
ing the fuel and without lessening the other
advantages of the invention. It will also

T understgod that various -other changes
mey be made in the details of construction -

of the engine without depdrting from the
principle. of the invention as defined in the

‘appenided claims.

Tecaim: .
1. The method of charging a cylinder pro-

bustiblé ‘mixture which consists in supply-
ing air to the cylinder during:-a portion of

a0 the stroke of the piston, maintaining ‘the

evlinder out of communication with the air

supply - during substantially the remainder.

ofthie stroke of the piston to pormit the air
in {lie- cylinder to expand to a pressure be-

5 low that of the supply and at the end of the

" stroke injecting liquid fuel into the cylinder
- and.vaporizing it therein by the effect of the

o

&
St
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<
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losw pressure in the cylinder.
. 2. The method of charging a ¢ylinder pro-
vided with a movable piston with a com-

bustible: mixture -which consists in supply-.
ing air to the cylinder during substantially

one third of the stroke of the piston, nain-
taining the cylinder out of communication
with the air supply during substantially the
remainder of the stroke of the piston to

perniit the air in the c¢ylinder to expand to.

a pressure helow that of the supply and 4t
the end of the stroke of the ‘piston inject-
ing Yiguid fuel into the cylinder and vapor-
izing it therein by the effect of the low pres-

snre in the eylinder. ; ‘

3. The method of operating a four-cycle
internal combustion engine which consists in
supplving air to the cylinder during a por-
{ion.of the intake stroke of the piston, main-

taining the cylinder out of communication -
with the atmosphere .during substantially-

the remainder of the intake stroke to permit
the air therein to expand to a pressare Lelow
that of the supply, injecting liquid fuel into
the cvlinder and vaperizing it thercin at
the end of the intake stroke bhv the effect
of the low pressure in the. cyvlinder. com-
pressing and igniting the charge of air and

‘after the piston has performed a part

4

cylinder at thé termi-

'vaporizing fuel gnd sﬂppfying' air at atmos-
- pheric pressure to the

nation of the working stroke to aid in dis= - -

charging the products of combustion there- - .
: A g0

from. ‘ . o
4. The method of operating a four-cyele

-internal combustion engine which_ consists
.in supplying air to the cylinder during a

portion of the intake stroke of the -piston,

maintaining the cylinder out of communica- ¥

tion with the atmosphere during substan-
tially the remainder of the intake stroke to
permit the air therein. to expand to a pres-

sure below that of the supply, injecting

Liquid fuel into the cylinder and vaporizing
it therein at the end of the intake stroke by
the effect of the 6w pressure in tlie cylinder,
compressing and igniting the charge of air
and vaporized fuel and cooling the exhaust

products of combustion to reduce their pres- 8

89°

sure below that of the atmosphere in order
that external pressure may be effective upon

the piston during the exhaust stroke.
5.- The method. of charging a cylinder pro-

vided with & movable piston with a gaseous

mixture which consists in admitting 4 gas
to the cylinder during a'part of the stroke
of its piston, maintaining the cylinder out’
of communication with the gas supply
during substantially the remainder of the
stroke of the piston to permit the. gas in the

96

cylinder to expand to a pressure below that -

‘of the supply and at the end of the stroke

of tho piston injecting a liquid into.the
cylinder and vaporizing it therein by -the
effect of the low pressure in the cylinder. -
6. The method of charging a cylinder
with a combustible mixture which consists
in supplying a predetermined quantity of
air to the cylinder, increasing the free space.
within the cylinder while maintaining it out

of communication with the air supply to per-

100

mit the air in the 2vlinder to-expand to 2™ -

supplyving liquid fuel to. the.cylinder and
vaporizing if by the low pressure therain. .
%. In an engine, the combipation of a

.pressure less than that of the slupgly and .-

1o

cvlinder provided with an intake. port com- -

municating with a sourceof supply. a piston

‘in the cylinder, méans for maintaining the

o
iy
(2

cylinder out of copminication’ with the .

source of air supply by closure of the

Fs

intake stroke to permit the air in the

lin-.
der to expand, during the remainder of the.
. intake strolke to a pressure less than that of -

120

the air supply and means whereby at the -

end of the intuke stroke liquid fuel m;f ll))e'
zed by

“supplied to the cylinder and vaporiz
the effect of the low pressure-in the cylinder.

8. In an -engine, the  combination .of a
eylinder provided with an intake port com-
municating with a source of air supply, a
piston in the cvlinder, means for maintain-
ing the eylinder out of communication with

Lnd
10
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the source of air supply by closure of the in-
take port when the piston has performed
substantially one thiml of its intake stroke
to permit the air in the evlinder to expand
during the remainder of the intake stroke
to a pressure less than that of the atmos-
Phiere and means. whereby at the end of the
mtake stroke - fuel may be supplied to the
evlinder and vaporized by the effect of the
low pressure in the cylinder.

9, Ina four-cyele internal combustion en-

- gine, the combination of a eylinder provided

2}

23

30

[

o
©

with a fuel supply port and an inlet port
communicating with a source of air supply,

a pgston in the evlinder adapted to uncover

the\fuel supply port when it approaches the
endJof the stroke, meansifor opening the
inlet port at the beginning of thesintake
strokg and Tor cloging it when the piston has
performed a part of such stroke to maintain
the evlinder out of communication with- the
source of aiv supply to permit the air in
the eylinder to expand during the remainder
of the stroke to a pressure less than that of
the atmosphere and means for supplying
Hquid fuel to the cylinder through the fuel
supply port and vaporizing it hy the dif-
ference 1 pressure between tlie interior and
exterior of the cylinder. o

10. In a four-cycle internsl combustion
cngine, the combination of a cylinder pro-
vided with an inlet port, an exhaust port,
and a frel supply port. a piston udapted to
uncover the supply port when it approaches
the end of its stroke, means for opening the

inlet port at the beginning of the intake’

stroke and for closing it when the piston has
performed a part of its stroke to permit the
aiv in the evlinder to expund during the re-
wmninder of the stroke, means for supplying
liquid fitel to the eylinder through the fuel
supply port and vaporizing it by the differ-
ence in pressure between the intevior and
exterior of the cylinder, means for opening
the exhaust port at the beginning of the ex-
haust stroke, and means whereby air may be
admitted to the cevlinder through the supply
port when it is uncovered by the piston on
its working streke to ald in driving out the
products of combustion during the follow-
iy exhaust stroke. :

11. Tn a four-evele internal cembustion.

eneine. the combination of a cylinder pro-
vided with an inlet port and:a fuel supply
port. n E;iston adapted to uncover-the supply
port. when it approaches the' end of its
strole. means for opening the inlet port at
the Leginning of the intake stroke and fov
closing it when the piston has performed a
part of its stroke to permit the air in the
evlinder to expand during thé remninder of
the stroke, means for injecting fuel into the
cylinder through the fuel supply port by

_ the difference in pressure hetween the inte-

rior and the exterior of the cylinder, and

-sure in the eylinder. .
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means for equalizing the pressure upon the
Tuel after the piston has closed the fuel sup-
ply port on its ¢ompression stioke.

I2. In a four-eyele internal combustion |

engine, the combination of a eylindei pro-

vided  with an inlet port commuanicating -

wiile a source of air supply, a valve for the
port. a piston in the cyvlinder, means for
apening the valve at the beginning of the
intake stroke and for closing it after the
piston has performed a part of such stroke
to maintain the eylinder out of communica-
tion with the source of air supply to permit
the air in the exlinder to expund during the
remainder of suel stroke to a pressure less
than that of the source of supply, an ad-
justable automatic valve for controlling the

adnission of air frem the source of supply.

to the inlet port and means whereby at the
end of the intake stroke fuel may be sup-

Z()

o
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plied to the eylinder and vaporized by the

effect of the low pressure in the cylinder.

13, In a four-cycle internal combustion
engine, the combination of a cylinder pro-
vided witli an inlet port communicating
with a source of air supply, a valve for the
port, a piston in the cylinder, means for
opening the valve at the beginning of the
intake stroke und for .closing it after the
pi:ton’has performed a part. of such stroke to
tmaintain the cylinder out of communica-
tion with the cource of air supply to per-
it the air in the cylinder to expand dur-
ing the remainder ¢f such stroke to & pres-
sure less than that of he source of supply,
an adjustable automatic valve for ‘control-
ling the udmission of air from ‘the source of
supply to the inlet port and manually con-
trolled means for determining the amount
uf air sapplied to the automatic valve and
means whereby at the end of the intake
Sstroke fuel muy be supplied -to the cylinder
and vaporized by the effect of the low pres-

14. In an internal combustion engine, the
combination of a ¢ylinder provided with an
inlet port. an ‘exhaust port. a relief port
and a fuel supply port. a valve £6r the re-
lief port. means for locking the relief valve
in.closed position, a piston adapted to un-

cover- the supply port when it approaches

the end of its stroke, neins for opening the
inlet port at the heginning of the intake
stroke and for closing it when the piston

has performed.a part of this stroke to per-.

mit the atr in' the evlinder to expand during
the remainder of the stroke, and means for
drawing fuel into the cylinder at the termi-

nationn-of the intake stroke hy the suction

effect of the low pressure therein. |

14, In an internal comhustion. engine, the

combination of a cylinder provided with a
relief port, a valve for the relicf port, a con-
duit communicating with the relief port, a
valve in the conduit, and means for simul-

90
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- taneously locﬁng the Telief valve in closed

15

position and closing the valve in the. con-
doit. - . ; - B :
16. In s four-cyele internal combustion
engine, the combination of a cylinder pro-
vided with an inlet port and a fuel supply
port, a piston adapte& to uneover the supply
port when- it approaches the end of its

.stroke, meaxns for ‘opening the inlet port at
10.

the beginning of the intake stroke and for
closing it  when the piston has perforined a
part of its stroke to permit-the air in the
cylinider to expand during the remainder of
the stroke, a nozzlé extending into the sup-
ply port, melins fot causing fuel to be sup-
plied to the nozzls. by the difference in: pres-.

" sure between the: interior and the exterior

20
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of the cylinder axid means for supplying air
to the nozzlé to mix with the fuel as 1t is
injected into the cylinder.

- 17.'Tn_a four-cycle internal combustion
engine, the combination of a cylinder pro-
vided with an inlet port.and a fuel sup-
ply port, s piston adapted to uncover the.
supply port when it approaches the end of

- its stroke, means for opening the inlet port

- 86

at the beginning of the intake stroke and

_ for closing.it when the piston has performed

& Ert of its stroke to permit the air in the
cylinder to expand during the remainder
of the stroke, & nozzie extending into the

- supply port, & reservoir adapted. to contdin

. admitted to the reservoir. _

£0

46
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Tiquid fuel, & conduit between the reservoir -

and the nozyle, and means for admitting air
to the regervoir above the fuel therein to
force fuel throuch the conduit and nozzle
into the cylinder by the pressure of the air

18. Tn &~ four-cvcle internal combustion
engine, the combination of a cylinder pro-
vided with an inlet port and & fuel supply
port, s piston adapted to uncover the snun--
ply port when it approaches the end of iis
stroke, means for openine the inlet nort at the
heginning of the intake strole and forclosing
it when the piston has performed & part ot its
stroke to permii the air in the cvlinder-to ex-.
pand during the remainder of the stroke, n
‘nozzle extending into the supply port, & ves-
ervoir adapted o coniain Hquid fuel, a con-
duit betweén the reservoir and the nounle,
means -for admitting air to the reservolr
above the fuel therein to force fnel through
the conduit and nozzle into the cylinder by
the pressure of the air admitted to the res-
ervoir, and means for controlling the amount
of gir admitted to the reservoir,

19. In a four.cycle internal combnstion
engine, the combination of & cylinder pro-
vided with an inlet port and a fusel supply
‘port, a piston adapted to uncover the supply
port when it approaches the end of its
stroke, means for opening the inlet port at
the beginning of the intake stroke and for
closing it when the piston has- performed &

=)

part of its-stroke to ;iérgnit the air in the
cylinder to expand during the remainder of

the stroke, a nozzle extending into the sup- -

ply port, a veservoiv adapted to confain lig-
uid fuel, & conduit hetween the reservoir and

“the nozzle, a port in the top of the reservoir

for admitting air above the fuel therein to

70

force fuel through the conduit and wozzle

into the cylinder by the pressure of the air
admitted to the reservoir, a- valve for con-
trolling the port to regulate the amount of

air admitted to the reservoir, and an euto-,
wptic valve between the port and the reser--

voir adapted to close when the pressure of
air in the reservoir is reduced to a predeter-
mined_point. o ' S
- 20. In o four-cycle internal combustion
engine, the combination of a cylinder pro-
vided with an inlet goﬂ: and a fuel supply
port, a ?iston‘adapte to uncover the supply
port when it approaches the énd of its
stroke, means for opening the inlet port at
the beginning, of the intake stroke and for’
closing it when the piston has performed a
part of its stroke to permit the air in the
cylinder to expand during the remainder of
the stroke, a nozzle extending into the sup-
ply port, n tank adapted to contain liquid

fuel, a_conduit between the tank and the

nozzle, means for admitting air to the tank
above the fuel therein to force fuel through

5

80
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the conduit and nozzle into the cylinder by

the pressure of the air admitted to the tank,
s supply tank communicating with the first
named tank. a check valve for controlling

“communication between ~the tanks, and

100

means fer maintaining a substantially con- .

. stant Tevel of fuel in the supply tank. .
21. The. method of reducing air pressure
to a degree wherehy fuels of low vapor pres--

sure may readily become vaporized to mix
with air in quantities snitable for the pro-

duction of a mixture ronsisting of e dry

fuel vapor mixed with air, which consista
in admitting a limited quantity of air from
& source of supply to a confined space, in-
ereasing the volume of thse space while main-
taining it out of ‘commupication with the
source of zir supply to pérmit the air to ex-
pand to 2 pressure less then thet of the
source of supply and thereafter placing the
space in communication -with & source of
fuel supply whereby fuel may be supplied
to the space and vaporized by the effect of
the low pressure of the-apace. '

e for the pro-
duction of a mixture consisting of a

fuel vapor mixed with. air, which consists in
admitiing air at‘atmospheric pressure to a
confined space. cutting’off all communice-
tion petween the space and the atmiosphere,
increasing the volume of the space to permit

" '992. The method of reducing air pressure .
- to & degree whereby fuels of Jow vapor pres-

sure may reedilv hecome vaForize, to mix.
_with air in quantities suitab

103
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the air to expsnd to & pressure considerably
below that of the atmosphére ang plagi
the space in cominunicetior with & source ¢
fuel supply in order thai fuel may be sup-
plied to the space and vaporized by the ef-
fect of the low pressure therein.

23. The cycle uf operstion of an intefnal
combustion engine comprising an inlet
stroke during the initial peried of which
air is admitted to the cylinder of the engine
from a source of supply and thercafter al-
lowed to expand to @ pressure less than that

1,620,887

of the source of su p‘lj: during the remain-
der of the stroke w is performed with-
out communication with the source of su
ply and at the termination of which fuel

1s supplied to and vaporized in the cylinder
‘by the effect of the reduced il-:iessure therein,

& compression stroke, 8 working stroke and
an exhaust stroke at an early geriod of
which air is supplied to the cylinder to aid
in driving out the products of combustion.
In testimony whereof 1 affix my signature.
: - GEORGE W. W, ).
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