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The present invention relates to improve--

ments in the art of generating thermo-dy-
namic energy and it is applicable more partic-
ularly to internal combustion engihes of the
conventional forms employing a cylinder and
cooperating piston, and especialiy to such
engines which operate on the two-cycle prin-
ciple. ' :

The primary object of the invention is to-

provide a novel and improved means for gen-
erating thermo-dynamic energy from hydro-
carbon or other suitable fuel which is mixed
with air, compressed and exploded to drive
the piston on its power stroke, whereby great-
er power may be obtained from a power unit
of given dimensions by obtaining greater effi-
ciency in the combustion of the fuel, avoid-

- ing loss of unburned fuel and by providing
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a-fuller and more complete charge of explo-
sive fuel for each explosion,. :

As applied to internal combustion engines
of the usual types, the present invention in-
‘sures substantially complete scavenging of
the products of combustion remaining in the
cylinder frofn the preceding explosion and
the drawing in of a fuil fresh charge of ex-
plosive by the creation and maintenance of a

" vacuum pressure at the exhaust outlet of the
engine, such vacuum acting, at-the end of each
working stroke of the piston, to not only

_draw the products of combustion from the

cylinder, but also serving to first draw a cur- .

rent of air into and through the cylinder,

. sweeping before it and into the exhaust outlet

33

. subsequently draw a:fresh charge of fuel or.
explosive mixture into the cylinder, prepara- ..

40

any remaining products of combustion, and to

tory to compression and the next following

explosion. The’ invention may be applied -

with particular advantage, to-two-cycle en-
gines of the type having piston-controlled
ports arranged in the side walls of the cylin-
der, as it insures substantially complete evac-

- uation of the exhaust gases and the scaveng-

ing of any remaining exhaust gases and 1t

- also insures the induction of a-full charge of
. fresh explosive inixture, and moreover, these

50 means of compressing the explosive charge

b5

-known objections. .

results are attained without the necessity of

employing crank-case compression or other

or either constituent thereof exteriorly of the
cylinder, in order te introduce such charge
into the cylinder, as has heretofore been
found necessary, but which presents well-

-phere.

the engine shown.

* The vacuum is created by condensation of
the exhaust. gases as they are discharged
from the cylinder, and according to the pres-
en invention, the escape of the exhaust gases

_to the atmosphere is regulated or controlled

so that a vacuum will be produced at the ex-
haust outlet of the cylinder and any gases at
the outlet end of the condenser which reach
a Ppressure above atmospheric pressure will
be immediately discharged into’ the atmos-
By this method, the correct function-
ing of the engine with respect to the discharge
of products of combustion, induction of air
to scavenge the cylinder and the introduction
of a fresh explosive charge can be attained
with efficiency and in a manner which is sim-
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ple and doés not require further attention .

after it has been properly regulated. - .

The invention may be applied to or car-
ried out by the aid of apparatus of different
kinds, it being shown applied, in the accom-
panying drawings, to an internal combustion
engine of the two-cycle type. ' :

In these drawings:— .

Figure 1 represents a section taken along
the longitudinal axis of a two-cycle engine
constructed to embody and to operate in ac-
cordance with the present invention;

Figure 2 is a detail enlarged view showing

the inlets for the scavenging air and the fuel .

mixture;
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Figure 3isa detail view of the escape valve

which regulates or controls the éscape of the
condensed products of combustion from the
outlet end of the condenser to the atmosphere,
and the condenser.. ’

Fig. 8* represents, on an enlarged scale, a
section on the line 3*—32 Fig. 1; and
Figures 4 to 7, inclusive, are diagrammatic
views illustrating the cycle of operation of

Similar parts are designated by the same.
reference characters in the several figures.
The. internal combustion.engine shown in

~the present instance comprises a cylinder 1

which may be provided with the usual water
jacket 2, a piston 3 which reciprocates in the
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cylinder, a crank shaft 4 provided with a fly-.

wheel 5 and, as shown, a guide 6 'is pro-.
vided for the outer end of the piston rod
7, the latter being -operatively - connected

105

to the crank pin on the crank shaft, by the -

connecting rod 8. A spark plug 9, or equiva-
lent ignition device, is provided for igniting

. the-explosive charge within .the cylinder,

s

110
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 this spark plug orignition device being timed
. by any suitable and well known arrangement

[

to ignite a compressed explosive charge in

‘the cylinder each time the piston is about

to commence its out stroke. The piston is
preferably provided with a fin or baffle 10
which projects a suitable distance toward

" the cylinder head, and the purpose of this

X

baflle will be hereinafter described. In'the
present instance, the engine is of the type
having its controlling ports arranged in the
side walls of the cylinder, these ports being
covered and uncovered at appropriate times
in consequence of the reciprocating move-
ments of the piston. As shown, an exhaust

- port 11 is formed in one side -wall of the

20
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cylinder to be uncovered by the piston when
the latter approaches the limit of its out

stroke, and the opposite side wall of the

cylinder is formed with an air inlet port 12
and an adjacently located fuel inlet port 13,
the air-inlet port 12 being located nearer tg
the cylinder head and so arranged relatively
to the exhaust port that the air-inlet port

3 will be uncovered shortly after the exhaust
. port has been uncovered, and the fuel-inlet

port 13 is arranged to be uncovered by the
piston after the latter has moved past the
air-inlet port on its out stroke. The baffle
10 on: the head of the piston extends trans-
versely of a plane between the exhaust port
11 and the air and fuel inlet ports 12 and 13,
and it is arranged to be interposed between
these ports when the piston has reached the

.points where it uncovers the air and fuel
ports 12 and 13 respectively. The air-inlet

port 12 may receive air from the atmosphere

throxfh an air inlet 14 and the amount of air

introduced into the cylinder through the
port. 12 may be regulated or governed by a
suitable valve, the valve shown in the present
instance comprising a blade or vane 15 which

is pivoted at 16 and is provided with an oper-

ating arm or handle 17, whereby -the blade
or vane may be set to adjust the size of the
passage through which air is supplied to the
air inlet port 12. The fuel inlet port 13

 communicates with a passage 18 and this pas-

- 50

sage is connected to receive suitable fuel,

. such, for example, as one of the hydrocarbons

commonly used as fuels in the operation of

internal combustion engines, or a suitable

" combustible or explosive gas.. This passage

55
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18 may be connected to receive either fuel
alone or it thay receive a combustible or ex-

plosive mixture of fuel and air, in which
latter case it will be convenient to connect

a carbureter to such passage 18. o
.~ The exhaust port. 11 is connected to an
apparatus which will receive the products of -

..combustion and will produce a vacuum at the.

and to introduce a fresh

‘exhaust outlet of the engine, which vacunm
-will function to withdraw. the products of

combustion resulting from each explosion,
explosive charge

o

‘ber of tubes 20 of appropriate diameter and

1,693,910

into the cylinder. In the engine shown, the
vaceum will induce a flow of air through the
cylinder from the air inlet 12, this current of -
alr sweeping the remaining products of com-
bustion through the ¢ylinder and out through 70
the exhaust 11 and it will draw a supply or
charge of fuel into the cylinder through the
fuel inlet port-13, these operations taking
place in the order named during each revo-
lution of the crank shaft and while the ex- 75
haust, air-intake and fuel-intake ports 11, 12
and 13 are uncovered by the piston. It will
be understood that after these ports have
been closed by the return or in-stroke of the
piston, the mixture of air and fuel contained
in the cylinder will be compressed and when

80

“the piston reaches the limit of its in stroke

or substantially, so, the spark plug or other
ignition device will ignite the compressed
explosive charge and the pressure thus de-
veloped will drive the piston on its immedi-
ately following out-stroke, the pressure of
the exploded gases continuing to drive the
piston until the latter uncovers the exhaust -
port 11, whereupon the exhaust gases will 90
discharge from the cylinder, and air and
fuel will be drawn successively into'the cylin-
der through the ports 12 and 18, as before.
The baffle. 10 on the piston serves to deflect
thé current of air introduced into the cylin- 9
der through' the port 12, so that this current
of air will sweep around and through the
combustion chamber at the head of the cylin-
der and thence out through the exhaust pert
11, thus scavenging the cylinder of substan-
tially all products of combustion remaining
in the cylinder following the discharge of
the bullt of these products of combustion,
due’ to the opening of the exhaust port 11,
and the vacuum pressure which acts to draw
these products of combustion from the cylin-
der; and the baffle 10 also functions to deflect. - -
the fuel admitted through the port 13 toward
the head of the cylinder, thus avoiding escape
of fuel through the exhaust port 11.

The vacuum pressure which is created in
the exhaust discharge is attained by cooling
the highly heated products of combustion,
thus reducing their volume considerably be-
low the volume of the fuel and air mixture

100
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" from which such gases resulted and by per- -

mitting the condensed products of -combus-

"tion while above atmospheric pressutre, to es-

cape to the atmosphere under conditions

which insure the production 6f the vacuum 120

‘pressure at the exhaust port 11. " Preferably .

and. as shown, a condenser 19 is employed,
this-condenser comprising a suitable num-

length the ends of the tubes being fitted in

Theaders 21. - The header 20 at the inlet end

of the eondenser is attached to a fitting 22 - .

which receives.the products of combustion -

from the exhaust port 11. ‘The other header .

at the outlet end of the condenser is cen--'30
. v \
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nected to'a ,(ievice 23 through which the prod-
uets of combustion discharge or escape to the
atmosphere. The escape device 23 preferably

comprises a valve which is so constructed that
it will open when the pressure of the prod-

uets of combustion exceed atmospheric pres-

sure, to permit escape of such gases, but will
quickly close when the pressure of the:prod-
tcts of combustion in the condenser or evac-
nating chamber are at or below atmospheric
pressure, thus insuring the maintenance,
during this operation, of a vacuum pres-
sure, at the exhaust port 1i. This valve
is also’ preferably adjustable, whereby the
extent to which it opens may be regulated,
thus enabling the degree of vacuum at the ex-
haust port 11 to be governed to insure cor-
rect and efficient functioning 'of the engine.
Preferably and as shown, the valve comprises

‘2 tubular member 24 which may be connected

by a plug 25 of otherwise to the header 21 on

25

40

the outlet end of the condenser, this tubular
body 24 being beveled on its outer end :to
form a pair of valve seats 26, and a bar or
cross-piece 27 extends across the apex pf the
tubular body. A pair of flap valves 28, which
are preferably composed of spring steel or

other suitable resilient material of appropri-

ate thickness are arranged to cooperate with
the seats 26, these valves, owing to their resil-
ience, having a tendency to normally form
fluid-tight fifs upon the seats 26 and thus pre-
vent entrance of air from the atmosphere into
the discharge end of the condenser, but such
valves will be easily and quickly forced from

their seats when the products of combustion
at the outlet end of the condenser reach a

pressure slightly above atmospheric pressure,
the valves, however, immediately closing
when such gases have been permitted, to és-

cape to the atmosphere.- The valves 28 are

shown secured to the opposite sides of the
tubular body 24, by screws 29, the opposite

ends of the valves, however, being free to vi--

brate, incident to the escape of the accumu-

- lated condensed products of combustion.

50

Means is provided for regulating the ampli-
tude of movement of the valves 28 and to thus
govern the degree of vacuum’ maintained at
the exhaust port 11. Preferably and as

shown, a frame 30 is rigidly attached to the

- tubular body 24 of the valve and this frame

b5
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~ ther manipulation.

Aps

is provided with adjusting screws 31 which

are located opposite to the respective valves
98 and these screws may be set to provide va-

‘riable limit stops which will regulate the
‘amplitude of movement of the valves.  These .

adjusting screws enable the degree of vac-
uum to be governed so as to insure correct
and efficient functioning of the engine, and
when once adjusted, should require no fur-

-The condenser is proportioned to the en-
gine with which it is used, in order to attain

the action above deseribed, by which vacuum

¢

3

preésure is maintained at the exhaust port 11,

and accumulated condensed products of com-
bustion from the condenser are permitted to

escape to the atmosphere without destroying’

the vacuum at the exhaust port 11. We have
found that with a cylinder of 2 inch bore and
2 inch- stroke, a condenser having 33 tubes
about 8 inches in length and with an internal
bore of ¥ inch produces high efficiency.
Cylinders of larger sizes should be provided
with condensers of appropriately larger di-
mensions. ‘In using a condenser of the dimen-

ssions given with a cylinder of the dimensions
given, it was found that the desired vacuum -

was obtained, without the necessity of sub-
jecting the condenser exteriorly to a cooling

medium, other than the exposure of the con-

denser to the surrounding air at ordinary
temperature, and it was also found that un-
der such conditions, the condensed products.
of combustion were discharged from the con-
denser at substantially thé temperature of the
surrounding air. e o

The cycle of operation may be described
briefly in connection with Figures 4 to 7 in-
clusive, as follows: Figure 4 shows the pis-
ton approaching the limit of its power stroke,
the piston being about to uncover the exhaust
port 11. As soon as the exhaust port 11 is
uncovered, the products of combustion will
discharge through the exhaust port 11 and in
so doing will be assisted by the vacuum pres-
sure which is produced and maintained dur-
ing these operations at the exhaust port. The
continued: outward movement of the piston
brings the same into a position to uncover the
air inlet port 12, as is shown in Figure 5, and
owing to the vacuum pressure existing at the
exhaust port 11, a current-of air will be drawn
into the cylinder through the air port 12 and
this current of air sweeping through the cyl-
inder and its combustion chamber will carry
before it the remaining products of combus-
tion. Further movement of the piston on its
out stroke causes it to uncover the fuel port

18, ag is shown in Figure 6, the vacuum main-

tained at this time in the cylinder, due to the
vacuum pressure at the exhaust 11 thereod,

_causing a charge of fuel or an explosive mix-

ture to be drawn into the cylinder through
this port 18. During the return stroke of the

" piston, the ports 18, 12 and 11 are closed in

the order named, the air and fuel contained
in the cylinder, as represented in Figure 7,
being compressed during the in stroke of the

‘piston,.and when the piston. reaches the limit

of its in stroke, the compressed explosive

-charge is ignited by the spark plug or other

ignition device and the piston is driven on its
power stroke until it reaches the position rep-
resented in Figure 4, whereupon the cycle
will be repeated, there being a power impulse
for each revolution of the crank shaft.

-In order to obtain efficient operation of
the engine at low speed, the amount of air

70
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admitted through the port 12 may be regu-
lated as by the blade 15 so that efficient scav-
enging of the cylinder will be obtained, but
a slight vacuum may exist in the cylinder
after the exhaust port 11 is closed and the
compression stroke has commenced, the
weight of the explosive charge under such
conditions being reduced to correspond with
the amount of power to be developed by the
engine. : : :

. The present invention provides a method
of and apparatus for generating thermo-
dynamic energy from suitable fuels whereby
substantially complete withdrawal and scav-
enging of the products of combustion from
the combustion 'chamber, immediately fol-
lowing each explosion, without loss of fuel,
and the introduction of a full fresh charge of
fuel into the combustion chamber are effected
through the influence of a vacuum which is
created and maintained during these opera-
tions at the outlet through which the products
are discharged from the combustion chamber.

A particularly advantageous feature. of the

25

cycle provided by the present invention is

- that the body of scavenging air precedes the

fuel in entering the cylinder, and this body
of scavenging air which is thus interposed
between the exhaust port and the following
and subsequently introduced body of fuel, pre-
vents substantially the escape andloss of the’
subsequently introduced fuel through the
exhaust port. By this cycle of operations,
high efficiency is attained by insuring the-
introduction of a full and complete fresh ex-
plosive charge for each explosion, back-pres-
sure on the exhaust discharge of the combus-
tion chamber is reduced and the combustion

* chamber is cooled intérnally by the scaveng-

40
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ing air which sweeps through it. These,ad-
vantages render the invention particularly

applicable to internal combustion engines of,

the so-called two-cycle type, as they not only
cause an efficient explosion to be obtained at

“each revolution of the crank shaft, but they

insure removal of substantially all of the
products of combustion resulting from each
explosion and the introduction of a full and
complete fresh explosive charge substantially

without loss of fuel ‘and also without the-

complication and other disadvantages result-
ing from the use of crank-case compression

_or other forms of external compression as

55

heretofore found necessary, and moreover,
the successive or consecutive introductions
of the scavenging air and fuel at definitely-

. 'timed periods or intervals to secure substan-

60

tially .complete removal of the products of
combustion and the introduction of a full
fresh fuel charge, without appreciable loss

.of fuel by its escape through the exhaust out-

1,603,010

let, under the influence of the vacuum exist-
ing therein, can be accomplished easily and
efficiently by arranging ports for the admis-
sion of ‘the scavenging air and fuel adja-
cently and in proper order in the side wall of
the cylinder so as to be opened and closed in
proper order, and at the proper periods by
the working piston. L ' '
‘We claim

L. In combination with an internal com-

bustion engine embodying fuel admission and
exhaust ports, a tubular member. connected
to the exhaust port for the discharge of the
exhaust gases from the engine therethrough
and_having escape means to allow the gases
while above atmospheric pressure to escape
from said ‘member to the atmosphere but re-
lieving the remaining products-of combus-
tion in said member at or below atmospheric
pressure of back pressure from the .atmos-
phere, thereby causing the exhaust gases dis-
charged into said member to create a vacuum
therein which will induct a fuel into the en-
‘gine through the fuel admission port, and
means for controlling the operation.of said
escapé means and thus governing the degree

65
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of vacuum acting on the fuel admission port. . -

2. In combination with an internal com-
- bustion engine embodying air, fuel admission

90

‘and exhaust ports, a tubular member con-- -

nected to the exhaust port for the discharge
of the ‘exhaust gases from the engine and
having escape means to allow the gases while
above atmospheric pressure to escape from
said member to the atmosphere but relieving
the remaining products of combustion in
said member at or below atmospheric pres-
sure of back pressure from the atmosphere,
thereby causing the exhaust gases discharged

inte said member to create a vacuum therein’

which will successively induct first a current
of air and then a fuel into the engine through

“said air and fuel admission ports respectively,

and means for controlling the operation of
said escape means and thereby governing the

100
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degree of vacuum acting on the-air and fuel - -

admission ports. ‘ : I
8. In combination’ with an internal com-

bustion engine, a device connected to receive

products of combustion exhausted therefrom

110

and operative to produce a' vacuum in such ~

products of combustion, and an escape valve
at the outlet of said device embodying a vi-
_bratory valve member arranged to open under
the influence of pressure at said outlet, and

115.

means for regulating the amplitude of vibra- .

tory movement of the valve member. .

In testimony whereof we have hereunto set,
our hands. = * : B
: HENRY RICHARDSON.

~

ANTON HOLM.
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