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UNITED STATES PATENT OFFICE. 
CHARLES A. SAWTIELLE, OF DETEROIT, VIICHIGANT, ASSIGN OER, OF ONTE-HALF TO SARAH J. 

PORTER, OF DETROIT, MICHIGAN. 

INTERSAL-COMBUSON ENGE. 

Specification of Letters Patent. Eaterated May 23, 1919. 
Application filed July 27, 1928. Serial No. 247,000, 

To (til thon it may concern: 
Be it known that I, CHARLES A. SAwTELLE, 

a citizen of the United States, residing at 
Detroit, in the county of Wayne and State 
of Michigan, have invented certain new and 
useful improvements in Internal-Combus 
tion Engines, of which the following is a 
specification, reference being had therein to 
the accompanying drawing. 
This invention relates to internal combus 

tion engines, and more particularly to in 
ternal combustion engines of the four cycle 
type. 
One object of the invention is to provide 

an engine of this kind which will permit 
a substantially complete expansion, in the 
cylinder, of the gases produced therein by 
the explosion of the compressed charge, 
thereby utilizing the full power of the ex 
plosion and materially increasing the effi 
ciency of the engine and enabling the same 
power to be secured from a smaller charge 
than is secured from the larger charge that is 
required in the ordinary internal combus 
tion engine, which exhausts the gases before 
they are completely expanded. further, tie 
gases, having fully expanded within the cyl 
inder, are exhausted with less velocity, as 
well as in smaller quantity, and the noise 
caused by the exhaust is greatly reduced. 
A further object of the invention is co 

automatically regulate the volume of gas 
which enters the cylinder according to at 
mospheric pressure, or altitude, thus main 
taining a uniform compressionat all alti 
tudes. - . 

Other objects of the invention will appear 
as the mechanism is described in detail. 

In the accompanying drawings Figure 1. 
is a sectional view taken vertically of an en 
gine embodying my invention ; Fig. 2. is a 
plan view, partly in section, of the engine 
shown in Fig. 1; and Fig. 3 is a sectional de 
tail view of the air pump. - 

In carrying out my invention I so con 
struct the engine and so control the opera 
tions of the several parts thereof that the 
suction stroke of the piston will create a 
partial vacuum in the cylinder and that the 
charge of combustible mixture which enters 
the cylinder, at maximum load, will be in 
sufficient to completely destroy this partial 
yaeum, thus causing the charge in the cyl 
inder to be maintained, at the beginning of 

the compression stroke of the piston, at less 
than atmospheric pressure. The compres 
sion space is reduced in size to enable the 
necessary compression to be had. As a re 
sult the cylinder is of sufficient capacity to 
permit of the full expansion of the exploded 
charge and the full force of the explosion is 
converted into power, the exhaust valve be 
ing retained in its closed positicin until the 
piston has coinpleted, or practically com 
pleted, its power stroke. 
The intake valve may be of any suitable 

character, but prefer a valve which will be 
automatically opened by the suction in the 
cylinder, although a positively operated 
Valve maybe used. This valve may be con 
trolled in various ways, as by means of a 
yieldable controlling medium which will 
yield, under the suction in the cylinder, to 
permit the valve to open but which will 
maintain such pressure on the valve that the 
latter will be moved to its seat when the 
combustible mixture has entered the cylinder 
in sufficient quantities to reduce the vacuum 
in the cylinder to the desired extent, without 
entirely destroying the same. By adjusting 
the controlling means to regulate this pres 
sure the closing of the valve can be timed to 
regulate the volume of combustible mixture 
which enters the cylinder, that is, to regulate 
the size of the charge. 
Where the engine is intended for use at 

varying altitudes as in airplane work, I pre 
fer to employ air as the controlling medium 
for the intake valve. The air in the control 
ling device will be subjected to the same 
variations of pressure, at different altitudes, 
to which the mixture in the cylinder is sub 
jected and will, therefore, automatically ac 
commodate itself to the needs of the engine, 
and will yield to a greater or lesser extent to 
admit a larger or smaller charge, as may be 
necessary to secure a uniform compression of 
the successive charges at different altitudes. 

In the present drawings I have, for the 
purpose of illustration, shown the invention 
as embodied in a single cylinder engine, with 
the intake port at the botton of the cylinder, 
and an air controlled intake valve. It will 
be understood, however, that engines of va 
rious kinds, either single cylinder or multi 
ple cylinder, may be used that the intake 
port is not necessarily located at the botton 
of the cylinder: and that controlling devices 
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of different kinds hay be used. For 
ple, a non-yield alle controlling device can be 
timed to imaintain the partial Vacuum in the 
cylinder at the beginning of the connipression 
stroke of the piston, although it would not 
perform all the other functions of the yield 
abie controlling device. 

in these dira Wings the engine is sho Wºan as 
comprising a cylinder i n) Olinted on a base 2 
and having there in a pist on 3, which is con 
nected by a connecting rod 4 with a crank 
shaft 5. The cylinder has a single exhalist 
port 6 arranged centrally in the cylinder 
head, which is shown as formed integral 
with the cylinder prope'. An exhaust valve 

controls the port 6 and is held normally 
on its seat by a spring 8 coiled about the 
sten 9 of the valve. The exhaust valve is 
opened in properly timed relation to the 
movements of the other parts of the engine 
by a can 10 mounted on a cam shaft 11 
which is driven from a moving part of the 
engine, and is preferably geared to the ci'aik 
shaft in the usual manner. The can 10 acts 
on a rod which is operatively connected by 
means of a lever 13 with the valve sten 9. 
in the present construction the operation of 
the exhaust valve is so timed that it will not 
open until the piston has completed, or 
nearly completed, its power stroke. As here 
shown the spark plug. 14, is mounted in the 
cylinder head at one side of the exhaust 
port. . 

In that form of the invention here illus 
trated the intake, port is located near the 
inner end of the cylinder so that it will be 
uncovered by the piston just before the lat 
ter reaches the end of its inward travel, and 
comprises a narrow slot 15 extending cin'- 
cumferentially of the cylinder. The intake 
port or slot, 15 opens into a circumferential 
intake chamber 16 which communicates with 
a conduit 17 leading to a source of fuel sups 
ply, such as the carbureter. The intake 
chamber 16 is, preferably, gradually reduced 
in size toward that side of the cylinder op 
posite the intake conduit to provide a more 
equal distribution of the combustible mix 
ture, or fuel. The intake conduit is con 
trolled by an intake valve 18 which is held 
on its seat by a yieldable pressure which 
permits it to be automatically opened by the 
suction in the cylinder but again closes it 
when the suction, or vacuum, in the cylin 
der is so reduced by the entering mixture 
that it will no longer holl the valve against 
tle pressure of the controlling device. Ob 
viously, by regulating the pressure on the 
valve the length of time that the valve will 
remain open can le varied and the annount 
of combustible mixture, that is, the size of 
the charge, entering the cylinder can be reg 
ulated. 
As is well understood, in the operation of 

a four cycle engine the exhaust port re 

1,305,773. 

in ains el «sed (i; ing the Stiction stroke of 
tlhe 1?}istO il. :rih (l i:::2 sirR ticl? :ass the ii)take i) {)i?t. 
is not in covered intil he piston has nearly 
completed its suction stroke, it will be lip 
pal ent that the pressure in the cylinder will 70 
pe reduced to a very lovv degree, and a joa"- 
tial vacuum created therein, before the in 
take port is opened. When the intake (it 
is opened the the lial pressures will callse 
the intake valve to open and the conubius 
tible mixture to pass from the intake con 
dit to the cylinder. The mixture contin 
uues to eter the cylinder until the pressure 
therein has 'isen to such a point that the 
valve controlling device is able to seat the 
intake valve. The pressure exerted on the 
intake valve by its controlling device is so 
regulatei that the valve will be seated be 
fore atmospheric pressure has been restored 
in the cylinder. Consequently, with the 
engine Operating at maximum load, less 
than atospheric pressure, or a partial Yacil 
un, will be nuairtained in the cylinder at 

the beginning of the next outward stroke, 
the compression stroke, of the piston. To 
secure the necessary compression of the 
charge the compression space is nade 
smaller than is usual in engines of similar 
capacity. Becaise of the fact, that the 
charge is compressed from less tham atìì1Os 
pheric pressure a relatively large expansion 
of the exploded charge is possible within the 
cylinder and by retaining the exlialist valve. 
closed until te piston has reached, or 
nearly reached, the end of its power stroke 
the full expansion of the gases is caused to 
act on the piston and is converted into 
power, thus anaterially increasing the power 
derived from a given quantity of fuel, that 
is, the efficiency of the engine. 
To prevent the possibility of the combus 

tible mixture which remains in the intake 
chamber 16 being ignited when the intake 
port is opened on the power stroke of the 
piston, I admit air to this chamber so as to 
form a wall of air between the combustible 
mixture and the intake port, or, should the 
air so admitted intermingle with the con 
bustible mixture, to so diliate the mixture 
that it will not ignite. This may be ac 
complished in various ways, but I prefer to 
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provide a series of ports 19 in the wall of 
the piston just below its head, which ports 
will be brought into a linement with tie in 
take port on the compression stroke of the 120 
piston, and, inasmucl.as the contents of the 
chamber are at less than atmospheric pres 
stre, air will pass from the interior of the 
piston to the chamber. This arrangement 
of the air ports has the additional advantage 125 
of causing the air to circulate in contact 
with the head of the piston, and the reby 
tending to cool te latter. It will also be 
noted that the collistible inixture enters: 
the cylinder across the face of the piston and 130 
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has a cooling action thereon. As a result 
the piston is very effectively prevented from 
overheating. 
As has been stated the controlling device 

for the intake valve may take various forms, 
but where the engine is intended for use at 
different altitudes I prefer an air actuated 
controlling device. In the present embodi 
ment of the engine I have shown an air 
chamber, or cylinder, 20 mounted at one side 
of the engine cylinder and having therein an 
air actuated member, such as a piston 21, 
which is operatively connected with the in 
take valve. Any suitable means may be pro 
vided to maintain the desired pressure in the 
air chamber. In the present instance I have 
provided an air pump 22 which is connected 
with the air chamber by a pipe 23 and is 
driven by the engine itself. As here shown 
the piston 27 of the air pump is acted upon 
by a cam 24, on the camshaft 11, which im 
parts the compression stroke thereto, and by 
a spring 25 which imparts the return stroke 
thereto. The degree of pressure at which 
the air in the chamber 20 is maintained may 
be varied, preferably by adjusting the pump 
to vary the size of its compression space. 
The ?????? here illustrated has its cylinder 
head in the form of a screw threaded plug 
26 having a squared end which may be 
gripped by a wrench to adjust the plug. 
Only a certain amount of air can enter the 
cylinder of the pump and by varying the 
size of the compression space the degree of 
pressure to which this air will be subjected 
by the piston may be varied. The compres 
sion of the air in the air chamber 20 will be 
affected by the different altitudes in the same manner that the compression of the charge 
in the engine cylinder is affected thereby, 
and consequently any falling off of the com 
pression in the engine cylinder will be met 
by a corresponding reduction of pressure in 
the air chamber, which will permit the in 
take valve to remain open a longer time and 
a larger charge to enter the engine cylinder, 
thus maintaining a uniform compression 
therein at all altitudes. 
While I have shown and described one em 

bodiment of my invention, I wish it to be 
understood that I do not desire to be limited 
to the details thereof, as various modifica 
tions may occur to a person skilled in the 
art. 
Having now fully described my invention, 

what I claim as new and desire to Secure by 
ILetters Patent is: 

1. In an internal combustion engine of the 
four cycle type, a cylinder having an intake 
port and an exhaust port, valves to control 
the intake and exhaust through the respec 
tive ports, a piston in said cylinder, and 
means for so controlling said intake valve 
that the charge will be admitted to said cyl 
inder near the end of the suction stroke of 

stroke of said 

8 

the piston and, at maximum load, will be 
less than the displacement of said piston, 
thereby causing a partial vacuum to exist 
in said cylinder at the beginning of each 
compression stroke of said piston. 

2. In an internal combustion engine of the 
four cycle type, a cylinder having an intake 
port and an exhaust port, valves to control 
the intake and exhaust through the respec 
tive ports, a piston in said cylinder, and 
means to cause a partial vacuum to be cre 
ated in said cylinder by the suction stroke of 
said piston, when said engine is operating at 
maximum load, and to cause a charge of com 
bustible mixture to enter said cylinder 
through said intake port when said piston is 
near the end of its suction stroke and before 
it begins its compression stroke, without 
completely destroying said vacuum. 

3. In an internal combustion engine of the 
four cycle type, a cylinder having an intake 
port and an exhaust port, valves to control 

80 

the intake and exhaust through the respec 
tive ports, a piston in said cylinder, means to 
cause a partial vacuum to be created in said 
cylinder by the suction stroke of said piston, 
when said engine is operating at maximum 
load, and to cause a charge of combustible 
mixture to enter said cylinder through said 
intake port, when said piston is near the end 
of its suction stroke, and means for control 
ling said intake valve to prevent said mix 
ture from entering said cylinder in sufficient 
volume to establish atmospheric pressure 
therein at the beginning of the compression 

piston. 
4. In an internal combustion engine of the 

four cycle type, a cylinder having an intake 
port and an exhaust port, valves to control 
the intake and exhaust through the respec 
tive ports, a piston in said cylinder, means 
to cause a partial vacuum to be created in 
said cylinder by the suction stroke of said 
piston, when said engine is operating at 
maximum load, and to cause a charge of 
combustible mixture to enter said cylinder 
through said intake port, when said piston is 
near the end of its suction stroke, and yield 
able means for controlling said intake valve 
to prevent said mixture from entering, said 
cylinder in sufficient volume to establish at 
mospheric pressure therein at the beginning 
of the compression stroke of said piston. 

5. In an internal combustion engine of 
the four cycle type, a cylinder having an 
intake port and an exhaust port, valves to 
control the intake and exhaust through the 
respective ports, a piston in said cylinder, 
means to cause a partial vacuum to be creat 
ed in said cylinder by the suction stroke of 
said piston, when said engine is operating 
at maximum load, and to cause a charge of 
combustible mixture to enter said cylinder 
through said intake port when said piston 
is near the end of its suction stroke, and ad 
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justable means for controlling said intake 
valve to prevent, said mixture from entering 
said cylinder in sufficient yolitime to estab 
lish atmospheric pressure ºherein at the e 
ginning of the compression stroke of Saidi 
piston. 

6. In an internal combustion engine of the 
four cycle type, a cylinder having an intake 
port and an exhaust port, a piston mounted 
in said cylinder, a waive to control the flow 
o fue through said intake porá, and ineans 
controlled by the pressure in said cylind 
to automatically close said intake 58: 
when a predetermined quantišy of tie 
entered said cylizade: 

'. In an internal combustion engin 
the Ëotir Cycle type, e cyli - 

motiated in said cylinder, 2. 
y of ihrough sai 

in saidi 
vallye y her: ë: 
as raised the pressure & 
termined point. - - 

in an internal combustion engine of C. : 

the four cycle type, a cylinder having an 
intake port, and an exhaust port, a waive for 
said exhaust port, a pistoia in said cylinder 
adapted to create a partial vacuum in said 
cylinder upon the suction stroke thereof, a 
valve to control the flow of fuel through 
said intake port and arranged to be opened 
by the suction in said cylinder, when said 
piston is near the end of its suction stroke, 
and a device acting on the last mentioned 
valve to seat the same when the vacuum 
in said cylinder has been reduced to a prede 
termined degree. 

9. In an internal combustion engine of the 
four cycle type, a cylinder having a nor 
mally closed exhaust port, a piston adapted 
to create a partial vacuum in said cylinder 
upon its suction stroke, said cylinder also 
having an intake port arranged to be 
opened by said piston near the end of the 
suction stroke thereof, a valve to control 
the flow of fuel through said intake port 
and arranged to be opened by the suction in 
said cylinder, and a device to exert a con 
stant pressure on the last mentioned valve 
in a direction opposed to the suction in said 
cylinder. 

10. In an internal combustion engine of 
the four cycle type, a cylinder having a nor 
mally closed exhaust port, a piston adapted 
to create a partial vacuum in said cylinder 
upon its suction stroke, said cylinder also 
having an intake port arranged to be 
opened by said piston near the end of the 
suction stroke thereof, a valve to control 
the flow of fuel through said intake port 
and arranged to be opened by the suction in 
said cylinder, and a fluid operated device to 
exert a pressure on the last mentioned valve 

in a direction opposed to the siction in said 
cylinder. ‰? 

ii. in an internai combustion engine of 
the four cycle tre, a cylinder having a 
inori)aliy closed e:h:aust, po;'t, t piston 
Adapted to create II partial vacui ilim in said 
gy inder upon its suction stroize, said 
cylinder also having an intake port arranged 
to be opened by said pist on near the end of 
le suction Stolze aereo, a valve io co 
trol the io vªr oë ªtei ?aroligh saidi intake p(i't 

2 to a joined by tie suction in 
iei", and a device to exert & con 

s? ?????{{}e {{} 
:: ixi in saidi 

i : 32.333 ?? 

tede: 3 

cy:inci: 

ed to create partial ya 
he suction sti'oke of S -- ,? 8, 

vaiye () control ine iow of fuel through said 
intake port, and arranged to be opened by 
the suction in said cylinder, a controlling 
device for said last mentioned valve compris 
ing an air chamber, a movable member 
announted in said chamber and connected with 
said valve, and means for maintaining a 
constant air pressure within said chamber. 

13. In an internal combustion engine of 
the four cycle type, a cylinder having an 
intake port and an exhaust port, a valve for 
said exhaust port, a piston in said cylinder 
adapted to create a partial vacuum therein 
upon the suction stroke of said piston, a 
valve to control the flow of fuel through 
said intake port and arranged to be opened 
by the suction in said cylinder, a controlling 
device for said last mentioned valve com 
prising an air chamber, a movable member 
mounted in said chamber and connected with 
said valve, and means for maintaining a con 
stant air pressure within said chamber, and 
for regulating the amount of said pressure. 

14. in an internal combustion engine of 
the four cycle type, a cylinder having an 
intake port and an exhaust port, a valve for 
said exhaust port, a piston in said cylinder 
adapted to create a partial vacuum therein 
upon the suction stroke of said piston, a 
valve to control the flow of fuel through said 
intake port and arranged to be opened by 
the suction in said cylinder, a controlling 
device for said last mentioned valve com 
prising an air chamber, a movable member 
mounted in said chamber and connected 
with said valve, an air pump connected with 
said chamber, and an operative connection 
between said pump and said engine. 

15. În an internal combustion engine of 
the four cycle type, a cylinder having an 
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intake port and an exhaust port, a valve for 
said exhaust port, a piston in said cylinder 
adapted to create a partial vacuum therein 
upon the suction stroke of said piston, a 
valve to control the flow of fuel through said 
intake port and arranged to be opened by 
the suction in said cylinder, a controlling 
device for said last mentioned valve com 
prising an air chamber, a movable member 
mounted in said chamber and connected 
with said valve, an air pump connected with 
said chamber, and means for adjusting said 
pump to cause different air pressures to be 
maintained in said chamber. 

16. In an internal combustion engine of 
the four cycle type, a cylinder having a 
valve-controlled exhaust port, a piston 
mounted in said cylinder and adapted to 
create a partial vacuum therein on its suc 
tion stroke, said cylinder also having an 
inlet extending circumferentially thereof 
near the inner limit of movement of said 
piston, and means to control the flow of 
fuel through said inlet. 

17. In an internal combustion engine of 
the four cycle type, a cylinder having a 
valve-controlled exhaust port, a piston 

mounted in said cylinder and adapted to 
create a partial vacuum therein on its suc 
tion stroke, said cylinder also having an 
inlet near the inner limit of movement of 
said piston, means to control the flow of fuel 
through said inlet, and means to cause air to 
pass outward through said inlet after said 
piston has begun its compression stroke. 

1S. In an internal combustion engine of 
the four cycle type, a cylinder having a 
valve - controlled exhaust port, a piston 
mounted in said cylinder and adapted to 
create a partial vacuum therein upon its 
suction stroke, said cylinder having an inlet 
extending circumferentially thereof and ar 
ranged to be uncovered by said piston when 
the latter is near the end of its suction 
stroke, means to control the flow of fuel 
through said inlet, said piston having an 
apron provided with a circumferential series 
of openings arranged to register with said 
inlet after said piston begins its compression 
stroke. 

In testimony whereof I affix my signature 
hereto. 

CHARLES A. SAWTELLE. 
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