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UNITED STATES 
1,629,327. 

PATENT OFFICE. 
GEORGE w, wAfDo, of BROOKLYN, NEw York. 

INTERNAL-COMBUSTION ENGINE. 
Application filed February 26, 1921. Serial No. 448,034. 

This invention relates to internal combus 
tion engines and particularly to 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, 1 - • 

The action of four-cycle internal combus 
tion engines of the types at present in use, 
in which gasolene and kindred fuels are 
burned, does not permit of the maximum 
economy of fuel because the mixture of air 
and fuel cannot, after ignitio., be properly 
expanded within the available space withifi 
fic cylinders. This is due to the fact that 
the entire cylinder space is filled with the 
fict mixture at atmospheric pressure before. 
cott pression and ignition take place. Such 
a quantity of gas after compression and ig 
nition requires a much larget space in which 
to expand cfficiently, and the rate of change 
of volume, due to movement of the piston, 
must also be an efficient proportion of the 
natural and unrestricted rate of expansion 
of the gas, otherwise a large proportion of 
the cxpansive power of the gas is delivered 
as a dead blow upon the piston and a large 
percentage of the heat energy of the gas is 
cxnended in heating the cylinder walls. 
Most carburetors and mixing devices in 

ise at the present time depend upon the ac 
{ion of a current of air passed across a small 
ict supplied with fuel from a small constant 
level reservoir usually located in such a man 

35 roi as to furnish a slight head to assist the 
issue of fuel from the ict which is controlled 
Thy some form of needle valve. The amount 
(if liquid which issues from the jet depends 
tion the opening of the needle valve and 
the suction action of the air current over 
the jet. After issuing fron the jet, the liq 
uid is carried along and mixed with the air cirrent. becoming more or less, vaporized 
according to the grade of fuel used and the 
temperatures obtaining. . 

If an exceptionally volatile liquid fuel is 
ised in a carbureter or other mixing device, 
it will be found that a fairly close rega 
lation can be obtained in supplying stit 
able quantities of fuel for the formation of 
a dry vapor within the air current passing 
through the carburcter into the engine. It 
slotill he notéd; however, that the forma 
tion of vapor kes place within the air 
during its pâssage into the engine. It is 
doubtful if tiny vapor is formed in the car 
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bureter itself. If the proper quantity of fuel 
is injected into the air current, a dry vapor 
mixture will be formed, which, if of stifi 
cient quantity, will constitute an explosive 60 
and, efficient mixture for use within the en gine. Since a dry vapor cannot be condensed 
under conditions met in gas engine practice 
as to temperature and pressure changes, it 
follows that such a mixture will undergo 65 compression without liquefaction of any of 
the fuel content. 

Consider, now, the lower grades of fuel 
passing through a carbureteror other mix 
ingle vice. It is found that it is very dif- 70 
ficult. even if at all possible, to obtain a 
ly vapor mixture for use in the engine. 
"This is dic to the lower vapor pressure of 
fhe fuel at atmospheric temperature and 
pire sinfe and to the inadequatemeans of the 5 
carbureter for injecting the fuel into the 
air. Current in proper quantity. Warious 
plans have leen proposed for obviating this . 
difficulty. Such as heating the carbureter 
from the exhaust manifold, or breaking up 60 
the jet or spray into fine particles. R 
sich methods, however, there is no positive way of assuring the production of a dry 
vapor because there is no means of asce- 3. 
taining that the particular fuel has been e 
supplied at a sufficient temperature to re 
main in vapor form in the original quan 
tity throughout the compression stroke of 
the particular engine. That this condition 
exists is horne (out by the formation of car- 90 
hon deposits in all gasolene and kindred-en 
gimes regardless of the most careful carbu 
refer adjustment, such formation being un 
doubtedly due to combustion of fuel in liq 
tid instead of in vapor or gaseous form. 95 

It appears from the foregoing considera 
tions that internal combustionerigines of the 
types at present in use require radical de 
parture, not only as to the means of ex 
panding a heated gas, but as to carbureters 109. 
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 assured at all times. Particularly is 
this the case on account of the low vapor 
tensions of present day liquid fuels at the 
intake pressures and temperatures obtain 
ing in practice. I have found that it is pos 
sihle to reduce the pressure of the air within 
the cylinders of an internal combustion en-le 
gine to such a point that if a given gun 
tity of fuel be injected, or admitted in liq 
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uid form in suspension, the vapor pressure 
of the fuel will allow a dry vapor inixture 
of air and fuel to be formed, provided the 
fuel be accurately luetered to prevent satu 
ration pressure and other conditions from 
being realized. A gaseous mixture will thus 

- rest which, after combustion, can be most efficiently expanded within the engine. This 
to 

reduction of pressure mily he oltained hy 
expanding a giveisualtity of tir aluit' 
air with fuel it liquid suspension, within 
the cylinder of the engine, or within a suit 
able auxiliary cylinder, to a pressure sit. 
able for mixture with the particular fuel 
to be used. Preferably the fuel should le 
injected when the greatest reduction of in 
pressure obtains and where novement of the 
piston may be utilized for metering, that 
is, at the end of the intake stroke. The 
greater the reduction in air press tre, the 
more rapidly will the particular quantity 
of fuel projected into the cylinder, or pres 
cnt in suspension in the air, hecoine dry 
vapor. 

ft is accordingly an object of the present 
invention to provide a cylinder space where 
in a most efficient rate of change of volume 
may be possile and in which the heated gas 
may be expanded to or slightly below at 
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mospheric pressure. In-accordance with the 
invention, this is accomplished by closing 
the intake valve during a certain proportion 
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 canalyle of tic 
most efficient expansion rate. The leated 
gas should be expanded to a point sewhat. 
below the pressure of fle at hosphere in 
order that air may be admittel to the cylin der just previous to and during ?he airive 
nicnt of the pistoi on its explosion stroke 
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past, a port having coin unication with the 
AR tl rough a suitable valve. The 
air fits entering the cylinder is transferred 
to the clearance space of the cngine by the 
piston on its exhaust or scavenging strole, 
thus permitting a nuclhunore efficient coldi 
tion of clearance space than would otherwise 
obtain. 

It results from the above construction that 
fle exhaust from the engine will be practi 
cally noiseless in so far as would obtain 
from the release of gas at high pressures 
such as are now used in gas engine peactice, 
the release of the gas, in accordance with 
the resgit invention, being intirely accou 
splished by the lovcient of the pistol oil is 
scavengi if strike and in no sense is the 
extress of prisiure obtaining within the cyl 
inter willein the exhaust valve is opened. 
Ja cunsidering the action which occurs 

during the exhaust stroke of the engine, it 
will be seen that the gases discharged fron 
the cylinder which were originated from a 
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partial vacuum will immediately cool to at 
mospheric temperature and hence to the orig 
inal pressure of the partial vacuuta, the 
gases within the cylinder thereby tending 
always to expand and cool to the initial pres 
sure and temperature of the partial vacuum 
from which they originated, or to the orig 
inal voltinae at atmosphelic pressure and ten 
heatre. Tlatls a stroke SE it the instal 
to strictiu (it rit: 'it': it in chi's, 
is ui iulle stri: ; gainst a ls livsste, 
tas, in the eigiit" of the resent. iiiviti 11, 
been converted it to a power strike, wifl 
the result that the etgine my be considered 

lave two power strokes: najor ouc duc 
to tie coloustion of the fuel, and a minor 
one due to tire effect of the air pressure act 
ing upon the exterior of the piston against 
a partial vacuum within the cylinder, which 
has a feudency to cxist throughout the en 
tire exhaust strole. 
. The present invention is not, however, 
confined to a noiseless engine or to one in 
which the gas is expanded to the limits re 
ferred to above, hut it also provides for 
the attgentation of the vaporizing tenden 
cies of variots 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 fuel 
may be injected directly into the cylinder and vaporized without special provision for 
preheating and in quantities desirable for 
an efficient combustion, such as low grade. 
gasolene, kerosene, alcohol, or other similar fuels, by merely injecting a suitable quantity 
into the cylinder during any part of the in 
talke stroke, the amount of liquid injected 
being regulated by the piston movement past 
a port, hence by the width of the port, or by 
the piston movement during the time, when 
injection of fuel takes place, and by timing 
the movement of fuel to the spraying device 
so that just the proper amount of fuelis. 
admittedly both means which will give the 
proper quantity of dry vapor necessary for 
the anotint of air within the cylinder. This 
tining 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 nucans. By spraying 
fuel into a partial vacuula. I obtain a dry 
fuel vapor which readily mixes with the air 
in the cylinder and cannot be condensed to 
liquid form while undergoing compression 
and other pressures. 
The iuvention also provides an internal 

conibustion engine in which the compression 
uay be varied in accordance with different 
ocrating conditiots due for instance, to 
the kind or grade of fuel employed or the atmospheric pressure existing, but for any 
particular condition will reinair constant 
so long as the condition dies not lange. 
Other objects and advantages of the inven 

O 

sii 

n 

O 

05 

10 

20 

30 

  



tion will appear more clearly from a de 
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scription of a preferred embodiment as 
shown in the accompanying drawings in 
which . . . 

Fig. 1 is an elevation in section of one 
cylinder of an engine constructed in accord 
ance with the invention, 

Fig. 2 is a sectional view of the cylinder 
taken at right angles to Fig. 1, 

Fig. 3 is a sectional view of the fuel res 
ervoir, - 

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, 
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Fig. 8 shows the position of the parts 
shortly after the beginning of the compres 
sion stroke, s 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 stroke, 
and s: 

Fig. 11 shows their position shortly after 
the beginning of thc exhaust stroke. 

Referring to the drawings in which simi 
lar 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 

4. 

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 stait 
able bearings at the end of the crank case. 
The cylinder is surrounded 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 
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provided with an otter wall 30 forming a 
chamber within which cooling liquid may 
circulate. In case the clearance space at the top 6f the cylinder is too great, as may 
be the case if the invention is applied to 
engines of ordinary design, a member 31 of 
suitable shape may be immovably attached 
to the inside of the cylinder head to fill up 
the central portion of the clearance 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 37 or the like resting upon 
a cam 38 on a camshaft 39 carrying a gear 

5 

40 meshing with a gear 41 on the crank 
shaft 2. The valve 34 may be 

the can 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 different volumes in case it 
should be desired to alter an engine to ac 
complish the cycle herein described. The 
intake port 33 connmunicates with a cham 
her 43 having a valve 44 between it and a 
conduit 45 leading to the external attos 
phere or to an intake manifold and provid 
ed with a throttle valve 46 if desired. . The 
stem 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 restrict the 
opening between the chamber 43 and the 
conduit 45, there is provided an adjusting 
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 32 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 atrio:- 
phere. The port 50 is controlled by an ex 
haust valve 52 the stem 53 of which is re 
vided with a spring 54 for holding the valve 
on its seat. The exhaust valve may be pro 
vided with a detachable member 55 by ' 
which the free space above the valve may 
be altered. It will be understood that the 
valve stem 53 is extended and provided at 
its lower 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 sili table 

Spark plug 56, preferably placed above the 
intake valve 34, and, if desired, a priming 
device 57 of an appropriate co?tstruction 

o 
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may be placed above the exhaust valve 52. 
or in any other suitable position. 
The cylinder 20 is provided with it frt 

58 at the inner end of a passage is: having 
at afis communication with the external 

phere through a valve 60, the stern (31 of 
which is provided with n roller 62 cariig 
upon a cam 63 on a cam shaft ?i4 which ar'- 
ries a gear 65 meshing with a gear on the 
crank shaft. 2, such, for instance, as tic 
gear 41. The stem of the exhaust valve 52 may conveniently be operated from the can 
shaft. 64. The lower portion of this stem, 
its roller and actuating can do not appear 
in Fig. 1, but the roller and can are showin 

0 

in the diagrammatic views Figs. 5 to 11, 
Extending into the chamber 59 and ter 

minating near the port 58 is a nozzle 66 
preferably inclined at a slight angle and 
having the construction shown most clearly 

25 

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- ' 30 
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sion 69 communicating with the atmosphere 
or other source of air supply. The title is 
provided witl a needle valve 70 by whic 
the arount of air admitted to the nozzic 
lay bc controlled. The casing G7 is pro 

vided with an (xtension 71 laving a valve 
72 for controlling the sibly of fuel from 
a bipo 3 leading to the fic reservoir show a 
nost clearly in Fig. 3. 
This reservoir conrises a main tank -1. 

it to which suitable liquid fuel aay flow 
thritish a line 5 leading to a supply talk 
ot, shown in the drawing. The ?low of ?tel 
from the pipe 75 into the tank 4 is con 
(rolled Iy a valve 76 adapted to be operated 
ly a float if to maintain a substantially con 
stant level of liquid within the tank. The 
nia in tank is provided with an air vent. 78 of 
any suitable construction. Associated with 
the main tank 4 is an auxiliary tank 79 
having communication with the main tank 
through ports 80 adapted to be closed by a 
valve 81 controlled by a spring 82. The top 
of the auxiliary tank is provided with an ex 
tension 83 within which is a valvo S4 o'- 
inally held off of its set loy a sing 85. 
The top of extension S3 is open to the atmos 
here through a port, which is controlled by 

5 5 

a valve 86 connected to a lic crank lever 87 
adapt cd to luc operated by a controlling rod 
8S. The auxiliary tank is also provided 
with a suittle check valve 89 wicly 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 (see Fig. 2) located at a suit 
able distance below the top of the cylinder 
for a purpose which will hereinafter appear. 
The relief port is provided with a valve 91 
led NAS against its seat by means of a 
spring 92 surrounding its stem. Cooperat 
ing with the outer end of the stem 93 is a 
cam 94 upon the end of a landle 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 are 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 can will 
release the stem of valve 91 to permit the 
latter to be opened by pressure within the 
cylinder. 
The operation of thc engine will appear 

most clearly from the diagrammatic views 
Figs. 5 to 1 inclusive. Commencing with 
the intake stroke the parts 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 38. The 
downward movement of the piston on its in 

s 

take stroke will draw air into the cylinder 
through the manually controlled throttle valve 46, conduit 45, adjustable throttling 
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valve 4 which is lifted by the air cntering 
the cylinder, chamber 43, and port 3:3. 
When the piston 23 has completed approxi 
lately one third of its downward love 
11 ent on the intake stroke, the intake valve 
- Will have completed its opening and clos 
ing movement and the parts will be in the 

sitions sustantially as shown in Fig. G. 
Further movement of the histon lowvard 
will 'cruit the air previously drawn into 
ths, cylinder to expand. "This expansion 
will continue until the parts are inosition 
substantially as shown in Fig. 7. The air 
will then have been expanded to the limit 
of the cylinder volume provided and as far 
as possible with the parts shown. A partial 
vacuum will therefore exist will in the cylin 
de' at this time. 

At the instant when port 58 is uncovered 
by piston 23 on its downward movement, a 
flow of fuel may take place from auxiliary 
tank 79 through pipe 73, and nozzle casing 
6 into the cylinder, since full or any part 
of full atmospheric pressure may he caused 
to obtain in the air space over the liquid in 
tank 79 by admitting air or restricting the 
admission of air through Janually can 
trolled valve 86. The valve S4 is held open 
by its spring S5 to permit entrance of air 
to the auxiliary tank. Air at atmospheric 
pressure will also enter the cylinder through 

. 
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air jet tube 68, the amount of this air being . 
controlled by needle valve 70. Since oth 
air and fuel must enter the cylinder 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 68. 
From the foregoing it will be readily seen. 
that a mixture of air and liquid fuelsbray, 
or of air and fuel vapor or, assuming jet 
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 58 is uncovered by the piston, 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 
cylinder in direct proportion to the pressure 
of the air and the particular vapor pressure 
of the fuel. It will also he seen, consider 
ing the proportion of fuel to air for efficient 
conhustible mixtures, that if the fuel sup 

will be obtained within the cylinder, which 
cannot he condensed under any pressure to 
which it may be subjected, while in the cyl 
inder. 

Referring to Fig. 4 and assuming a 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 

ply is suitably regulated a dry fuel vapor 

O 
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sideration shoul 
3 and to the location of tank 9 so ths 
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tance through pipe 73 and that for a given 
pressure on the surface of the liquid in the 
tank 79, the liquid will accomplish the travel 
to the needle valve 70 in a proportionate 
length of time. If the volume of the air space over the surface of the liquid is prop erly proportioned and the air permitted to 
enteria properly regulated amount, the 
E. the liquid can be regulated to sup 
ply just the sundunt of fuel required for any 
engine speed. The regulation can also be ac 
complished by raising and lowering the 
reservoir, using flexible pipe connections to 
the nozzle, or by a combination of both these 
means. In E. the fuel system con be given to the size of pi g FE 
travel and amount of movement of liquid out 
of the tank will cause 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 in 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 theR 75 to the main tank of the 
reservoir wi e controlled by float valve 
76. The check valve 81 is held open nor 
inally by spring 82, the force of which is 
just sufficient to overcome the liquid head of 
the fuel in main tank 74, thus permitting 
normal passage of liquid for a proper quan 
tity in auxiliary tank,79. Any considerable 
flow of liquid such as might becaused by air 
pressure on the surface of the liquid in tank 
4, or by suction from auxiliary tank 79, wili. 
result in closing the check valve 81 and sto 
ping communication between the two. The 
auxiliary tank is provided with an air space 
above the liquid which is of such propor 
tions that any movement of liquid out of 
the tank will result in considerable change 
of volume of this space. Air is admitted 
freely to the maintank 4 by means of pipe 
78 so as to permit liquid to flow freely in and 
out of this tank. Air is 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 conditions to permit the passage 
of air admitted through valve 85, but in ease 
if a sudden change of liquid flow out of tank 
f'), suel as might be caused by slowing down 
of the engine speed due to abnormal condi 
tions, the pressure of aii entering through 
valve 85 will cause the check valve to close 
and thus automatically restrict the pressure 

69 exerted on the top of the fuel, such pres: sure being due primarily to the partial 
vacuum obtaining within the cylinder. Air 
may escapc from tank 79 by means of check 
valve 89. Such escape of air is necessary in 
order that normal liquid level may be estab 

S. 

lished in tank 79. Assuming valve 86 to 
have been FEE opened to admit air pressure to this tank and change of liquid 
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. 

o 

75 

Considering now the subsequent operation 
of the engine, the piston 23 will moye up 
yard on its compression stroke, and just as 

8. 

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 denon 
strate to be most efficient, valve 60 will be opened by its stem 61 having been lifted by 
can 63 Such opening of valve 60 will con 
tinue for an interval sufficient to establish 
atmospheric E. 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 certain oper 
ating conditions, supposing valve 86 re 
mained closed, an excess of pressure will 
exist in chamber 59 and such excess pressure 
will act to force the liquid back down pipe 
73 until normal level obtains in tank 9 and 

96. 

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 
limited amount, while fuel will have been 
supplied by nozzle 06. Ignition takes place 
in the usual manner from sparkplug 56 and may be suitably controlled by R advanc 

Oc 
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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 stroke, the compression may be 
carried to a high degree as the pistonis very 
near the end of its upward movement when 
compression begins. Fig. 9 represents the 
position of the parts after, the fuel mixture 
is ignited. The piston will then be driven 
down on its power stroke, and during this 
movement cam 63 will operate to open valve 
60. or this eam may be surfaced to retain the 

2 

25 

yalve 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 30 
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atmospheric pressure so that when port 58 is 
Incovered on this stroke (see Fig. 10), valve 

(5th being held open by can G, air at at 
cispheric pressure will enter the cylinder, 

such entrance of air continuing during the 
further invenient of the piston to its lower 
deal center. Upon reaclhing its lower dead 
center cam G3 will have operated to close 
valve 60 and exhaust valve 52 will be opened by cam (33. Fig. 11 represents the position 
of the parts just after the exhaust stroke has 
egun. Upwird ovelent of the piston will 
exe the products of coloustion from the 
cylinder and transfer the air previously ad 
ritted thro(igl valve 60 and port 58 to the 
clearance space, this leaving the latter in a 
retter condition for the next intake stroke. 
"The exhaust stroke of the engine amounts to 
a minor power stroke since the exhaust gas 
as discharged is imediately cooled to at 
inospleric temperature and thus substantial 
ly to the pressure of the partial vacuum ob 
taining within the cylinder at the end of 
the intake stroke, the whole exhaust stroke 
being accomplished with the aid of air pres 
streacting on the bottom of the piston from 
the crankcase which is open to the atmos 
there through a port 98. This the exhaust 
stroke, which in ordinary engines is an idle 
stroke against a lack pressure, is in this 
engine converted into a mi or power stroke, 
with consequent advantages of operation. 
After, the exhaust stroke has been com 

pleted, the piston passes over its upper dead 
center point and the parts again occupy the 
position shown in Fig. 5 at Re beginning of 
the next intake stroke. 
With an engine designed for operation 

with different grades and kinds of fuel, it is 
desirable to change the compression pres 
sure making it greater or less according to 
the fiel used. Refering to Fig. 1, the ad 
justable throttling valve.44 permits of the 
above to a certain extent by adjusting the 

is 

stop 49 so that the amount of opening of 
valve 44 will permit a predetermined anout 
of air to enter the engine on its intake stroke, 
the stop 49 being a justed according to the 
compression desired for the particular fuel 
to be used. However, the use of this valve 
together with the cut of point of the intake 
s 34 must be co-ordinated in the engine 

design so as not to endanger the degree of. 
vacuum required for properly vaporizing tle 
fuel to lic used and for expanding the gas 
in tile cylinder after ignition and combus 
tion. It is also desirable to vary, the com-. 
pression according to the atmospheric pres 
sure obtaining. So that an engine may oper 
ate at fill efficiency at high altitudes where 
it cosideralile reduction it atmospheric res 
sure is encointered. Tire adjustable E. 
tling valve pchunits of this it the nanner 
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 semifies types, by 
be use of an afaigerient similar to the 

liutterfly valve 46, either manually or auto 
natically operated. With such a method of 
speed control, a loss of efficiency occurs at 
low speeds due to decrease in compression 
pressure. With the engine herein embodied, 
variation in speed is accomplished by regu 
lating the amount of fuel supplied and ad 
justing the ignition point accordingly by 
advancing or retarding the same, thus vary 
ing the combustion or e 
the object being to supply an amount of 
fuel required by the particular load and to 
adjust the ignition to give the maximuth 
combustion pressure for the amount of fuel 

losion pressures, 
s 

used. Since the compression pressure re 
mains the same at all engine Sri 
desirable condition is obtained in this en 
gine, due to the fact that a maximum effi. 
ciency is thus obtained for all engine speeds. 

If an engine of the kind described yere 
stopped with the piston. 23 in the position *" 
shown in Fig. , air would enter the cylin 
der through the air jet tube 68, or leak past 
the piston rings, until the partial vacuum. 
within the cylinder was destroyed. To start 
the engine under the above condition 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 volume of air at 

a very 

atmospheric pressure, the effort required to : 
complete compression or to turn the engine 
over might require power in excess pf. that 
required for the ordinary starting of.gits. 
engines. To obviate.this difficulty, the com 
lined relief valve and stop cock, shown in 
Fig. 2, is located at;the point in the cylin 
tler from which, compression from atmos 
lierie pressure should hormally, begin. The 

oneration is as follows: Upon starting the 
engine. handle 95 will be turned to open. 
valve :6 and release steria 93, thus permitting 

a 

Naive 91 to pe; opened by the pressure, within 
the cylinder due to the movement, of the 
piston from the position shown in Eig. 7. 
Air will therefore escape frontle cylinder 
through port 90, eonduit 97, and valve 96 to 
the atriosphere. After tie engine has taken. 
tip its cycle, the valve 96 may be closed by 
tovcient of landle.9, and at the sarine 
tine' the stem 93: will he locked down to 
present further opening of valve 9i. Even 
if the valves should be left open no air can 
enter the cylinder, because. during the intake 
stroke, the spring 92 will seat valve.92 and 
at nospheric pressure will be exerted on the 
outer surface of this valve 
in holding it closed. 
Wile in the cimbodiment of the invention 

shown and described a single fuel nozzle has 

to aid the spring 
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been shown it will be understood that addi 
tional nozzles may be provided, some or all. 
of which may be used according to the de 
mands upon the engine. These nozzles may 
be supplied from a common fuel reservoir 
or from separate reservoirs. The engine 
may consist of any desired number of cylin 
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 fuel system has been used, it will be 
understood that a carbureter may be used 

5 for supplying a mixture of fuel and air 
through the inlet port in the usual manner, 
but with distinct advantages as to vaporiz 
ing the fuel and without lessening the other 
advantages of the invention. It will also 
T;e understood that various other changes 
may be made in the details of construction 
of the engine without departing fron the 
principle of the invention as defined in the 
appended claims. 
I claim: 1. The method of charging a cylinder pro 

vided with a movable piston with a com 

: I 

bustible mixture which consists in supply 
ing air to the cylinder during a portion of 
the stroke of the piston, maintaining the 
(wlinder out of communication with the air 
stripply during substantially the remainder. 
of the stroke of the piston to permit the air 
in the cylinder to expand to a pressure be 
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 

s 

i i 

656. 

low pressure in the cylindér. 
2. The method of charging a cylinder 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, main 
taining the cylinder out of communication with the air stipply during substantially the 
remainder of the stroke of the piston to 
permit the air in the cylinder to expand to. 
a pressure below that of the supply and it 
the end of the stroke of the piston inject 
ing liquid fuel into the cylinder and vapor 
izing it therein by the effect of the low pres 
snre in the cylinder. 

3. The method of operating a four-cycle 
internal combustion engine which consists in supplying air to the cylinder during a por 
tion 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 pressure below 
that of the supply, injecting liquid, fite into 
the cylinder and vaporizing it therein at 
the cind of the intake stroke by the effect 
of the low pressure in the cylinder, com 
pressing and igniting the charge of air and 

vaporizing fuel and supplying airst atmos 
pheric pressure to the cylinder at the termi 
nation of the working stroke to aid in dis. 
from. - 

4. The method of operating a four-cycle 
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- 7 
tion with the atmosphere during substan 
tially.the remainder of the intake stroke to 
permit the air thereinto expand to 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 low pressure intle cylinder, 
compressing and igniting the charge of air 
and vaporized fuel and cooling the exhaust 
products of combustion to reduce their pres 

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

SO 

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 a movable piston with a gaseous mixture which consists in admitting a 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 
cylinder to expand to a pressure below that 
of the supply and at the end of the stroke of the 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 

90 
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mit the air in the eylinder to expand to a 
supplying liquid fuel to the cylinder and 
vaporizing it by the low pressure therein. , 

. In an engine, the combipation of a 

pressure less than that of the E. and 

cylinder provided with an intaks. pprt com 
municating with a source of supply a piston 
in the cylinder, means for maintaining the 5 

cylinder out of communication with the . 
source of air supply by closure of the port 
after the piston has performed a part of its 
intake stroke to permit the air in the cylin-. 
der to expand, during the remainder of the 
intake stroke to a pressure less than that of . 

lso 
the air supply and means whereby at the 
end of the intake stroke liquid fuel may be y by supplied to the cylinder and vapori 
-the effect of the low pressure in the cylinder. 

8. In an engine, the combination of a 
cylinder provided with an intake port com 
municating with a source of air supply, a 
piston in the cylinder, means for maintain 
ing the cylinder out of communication with 139 
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the source of air supply by closure of the in 
take port when tle piston has perforlined 
substantially one thirt of its intake stroke 
to permit the air in the cylinder to expand 
luring the remainder oftlic intake stroke 
to a pressure less than that if the athles 
pliere and neans, whereby at the end of the 
intake stroke fuel may be supplied to the 
cylinder and vaporized by the effect of the 
low pressure in the cylinder. 

$). In a four-cycle internal combustion en 
gine, the combination of a cylinder provided 

25 

with a fuel supply port and an inlet port 
continunicating with a source of air supply, 
a liston in the cylinder adapted to uncover 
the ful supply port when it appoaghes tlic 
end of the strolie, means 'For opeiing the 
inlet port at the beginning of the intake 
striks and for closing it when the piston has 
performed a part of such stroke to maintain 
the cylinder out of cominatinication with the 
source of air supply to periit the air in 
the cylinder to expand during the remainder 
of the stroke to a pressure less than that of 
the atmosphere and means for supplying 
liquit fuel to the cylinder through the fuel 
supply port and vaporizing it by the dif. 
forcince in pressure between the interior and 
exterior of the cylindler. : . . . 

10. In a four-cycle internal combustion 
engine, the combination of a cylinder pro 
vided with an inlet port, an exhaust port, 
aid a fic supply port, a piston adapted to 
uncover the supply port when it approaches 
the end of its stroke, means fur opening the 
inlet port at the beginning of the intake 
stroke and for closing it when the piston has 
perforted a part of its stroke to permit the 
air in the cylinder to expand during the re 
liainder of the stroke, means for supplying 
liquid fiscl to the cylinder through the fuel 
supply ort and vaporizing it lay the differ 
ence in pressure between the interior and 
oxterior of the cylinder, means for opening 
to (xlast port at the beginning of the ex 
last stroke, and means williereby air may be 
admitted to the cylinder through the supply 
port when it is uncovered by the piston on its working stroke to aid in driving out the 
roducts of combustion during the follow 

is exhaust stroke. 
11. In a four-cycle internal combustion. 

engine, the combination of a cylinder pro 
vided with an inlet port and a fuel supply 
port. : Rito, adapted to uncover the supply 
oct when it approaches the end of its 

stroke. mcans for opening the inlet port at 
tle (ginning of the intake stroke and for 
closing it when the piston has p(rformed a 
part of its stroke to permit the air in the 
cylinder to expand during the remainder of 
tic stroke, means for injecting fuel into the 
cylinder through the fuel supply port by 
the difference in pressure between the inte 
rior and the exterior of the cylinder, and 
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leans for equalizing the pressure upon the 
fuel after the piston has closed the fuel sup 
ly port on its compression stiroke. 

2. In a four-cyl: interial conibustion . 
engine, lie comination of a cylindler pro 
viet with in illu't port 'til tunicating 
witu a source of air supply, a valve for the 
port, a pist J1 in the cylinder, Ileans for 
opening the valve at the beginning of the 
intake stroke a titl for closing it after the 
pist on has perfoil it'l it part of such stroke 
to alaintail the cylinder out of commaunica 
tion with the source of air supply to permit 
the air in the cylinder to expand during the 
hinainder of stel stroke to a pressure less 
than that of the source of supply, an ad 
just alle automatic valve for controlling the 
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a liaission of air from the source of supply. 
to the inlet port and cans whereby at the 
end of the intake stroke fuel may be sup 
plied to the cylinder and vaporized by the 
effect of the low pressure in the cylinder. 

3. In a four-cycle internal combustion 
engine, the combination of a cylinder pro 
vided with an illet 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 and for closing it after the 
pict on has performed a part of such stroke to 
inlaintain the cylinder out of communica 
tion with the source of air supply to per 

it the air in the cylinder to expand E. 
ing the remainder of such stroke to a pres 
sure less than that of the source of supply, 
an adjustable automatic valve for 'control 
ling the admission of air from the source of 
supply to the inlet port and manually con 
trolled means for determining the and unt 
of air supplied to the automatic valve and 
means wherely at the end of the intake 
stroke fuel may be supplied to the cylinder 
and vaporized by the effect of the low pres 
sure in the cylinder, 

14. In an internal combustion engine, the 
coilination of a cylinder provided with an 
illet port, an exhaust port, a relief port 
and a fuel supply port, a valve for the re 
lief port. Ilicans for locking the 1elief valve 
in closed position, a piston adapted to un 
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cover the supply port when it approaches. 
the end of its stroke, ineins for opening the 
inlet port at the beginning of the intake 
stroke and for closing it when the piston 
has (rformed a part of this stroke to per 

it the air in the cylinder to expand during 
it? relaider of the stroke, and means for 
drawing fuel into the cylinder at the termi 
nation of the intake stroke hy, the suction 
effect of the low pressure therein. 

15. In an internal combustion. engine, the 
'timination of a cylinder provided with a 
relief port, a valve for the relief port, a con 
duit communicating with the relief port, a 
valve in the conduit, and means for simul 
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taneously locking the relief valve in closed 

15 

position and closing the valve in the con 
duit. . . 

6. In a four-cycle internal combustion 
engine, the combination of a cylinder pro 
vided with an inlet port and a fuel Supply 
port, a his to uncover the supply 
port when it approaches the end of its 
stroke, means for opening the inlet port at 

0. P 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 nozzlé extending into the Sup 
ply port, meins for causing fuel to be sup 
plied to the nozzle by the difference in pres are between the interior and the exterior 

20 
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for closingit when the pistor has 
- 8 

of the cylinder and means for supplying air 
to the nozzle to mix with the fuel as it is injected into the cylinder. 

it. In a four-cycle internal combustion 
engine, the combination of a cylinder pro 
vided with an inlet port, and a fuel sup 
ply 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 performed 
8. i of its stroke to permit the air in the xylinder to expand during the reminder 
3. the stroke, a nozzie extending into the 

... supy port, a reservoir adapted to contain 

admitted to the reservoir. 
40 
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listid fuel, econduit between the reservoir and the nozzle. and means for admitting air 
to the reservoir above the fuel therein to 
force fuel through the conduit and nozzle 
into the cylinder by the pressure of the air 

18. In a four-evcle internal combustion engine, the combination of a cylinder pro 
vided with an inlet port and a fuel supply. port, a piston adapted to uncover the sp 
ply port when it approaches, the end of its 
stroke, means for onening the inlet port at the 
heginning of the intakestroke and for closing 
it when the piston has performed a part of its 
stroke to permit the air in the cvtinder to ex 
pand during the remainder of the stroke, R 
nozzle extending into the supply port, ft res 
ervoir adapted to contain liquid fel, a co 
duit between the reservoir and the nozzle. means for admitting air to the reservoir 
above the fuel therein, to force fuel 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 air admitted to the reservoir. . 

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

9 

part of its stroke to pernit the air in the 
cylinder to expand during the remainder of 
the stroke, a nozzle extending into the sup 
ply port, a reservoir adapted to contain lit. 
tid fuel, a conduit hetween tle reservoir and 
the nozzle, a port in the top of the reservoir 
for admitting air alyove the fuel therein to 

O 

force fuel througll tie conduit and uozzle 
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 auto 
matic 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. . . . . . 

20. In a four-cycle internal combustion 
engine, the combination of a cylinder pro 
vided with an inlet E. and a fuel supply 
port, a site 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 air in the 
cylinder to expand during the remainder of 
the stroke, a nozzle extending into the sup ply port, a 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 

is 
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the conduit and nozzle into the cylinder by 
the pressure of the air admitted to the tank, 

ly tank communicating with the first. a sup 
tank, a check valve for controlling E. 

communication between the tanks, and 
06 

means for maintaining a stihstantially con 
stant level of fuel in the supply tank, . . 21. The method of reducing air pressure 
to a degree whereby fuels of low vapor pres 
sure may readily become vaporized to mix 
with air in quantities suitable for the pro 
diction of in mixture ronsisting of a dry 
fuel "vapor mixed with air, which consists 
in admitting a limited quantity of air from 
a source of supply to confined space, in ereasing the volume of the space while main 
taining it out of communication with the 
source of air supply to permit the air to ex 
pand to a pressure iess than that of the 
source of supply and thereafter placing the 
space in coinmunication with source of fied supply whereby fuel maybe supplied 
to the space and vaporized by the effect of 
the low pressure of the space. 

22. The method of reducing air pressure s 
to a degree whereby fuels of low vapor pres 
sure may readilvhecome vaporized to mix 
with air in quantities suitable for the pro 
duction of a mixture consisting of a dry 
fuel vapor mixed with air, which consists in admitting air at' atmospheric pressure to a 
confined spare cutting of all communica 
tion between the space ind the atriospher, 
increasing the volume of the space to permit 

s 
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the air to expand to a pressure considerably 
below that of the agiosphere and E. 
the space in communication with a sorce o 
fuel supply in order that fuel may be sup 

6 plied to the space and vaporized by the ef 
fect of the low pressure therei. 

23. The cycle of operatio of an iteful 
combustion engine comprising an inlet 
stroke during the initial period of which 

10. air is admitted to the cylinder of the engine 
from a source of supply and thereafter al 
lowed to expand to a pressure less than that 
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of the source of su E. during the remain 
der of the stroke w is performed with 
out communication with the source of sup 
ply and at the termination of which fell is supplied to and vaporized in the cylinder 

15 

by the effect of the reduced pressure therein, 
a compression stroke, a working stroke and 
an exhaust stroke at an early period of 20 
which air is supplied to the cylinder to aid 
in driving out the products of combustion. 

In testimony whereof affix my signature. 
GEORGE W. WALDO. 


