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—efficient means for- scavenging the’ cylinder .

“ports.

UNITED STATES

?

PATENT OFFICE,

HENRY O. WESTENDARP, OF LYNN, MASSACHUSETTS, ASSIGNOR TO GENERAL ELECTRIC )
COMPANY, A CORPOBATION OF NEW YORK. .

EXPLOSIVE-ENGINE.

No. 888;374.

Specification, of Letters Patent.

. Patented‘MlZay 19, 1808,

" 'Application filed April 14, 1305, Serial No. 255,510,

Lo all whom it )na/y COTCErn:
Be it known that I, Hexry O. WesTEN-

DARP, g citizen of the United States, residing

at Lynn, county of Essex, State of Massa-

“chusetts, have invented certain new and use-

ful Improvements jn-Explosive-Engines, of

‘which the following is a specification.

.My invention reTates' to two-gyele explo-
" kive engines of thiat ,tyﬁe in which the cylin-
10

der is scavenged at the end:of the power
stroke by a charge of air, and the fuel charge
injected into the cylinder after the scaveng-
ing operation and closure of the exhaust

1t has for'its object to prdvide simple and

. and supplying the fuel charges thereto.

-1 In carrying out the invention; I.employ a

" cylinder having suitable exhaust ports and

25
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separate fuel and’air admission ports which
are adapted to be closed and opened at suit-
-able intervals with respect to the movements
of the piston. The:air for scavenging the

cylinder. may be derived from any suitable.
source, Ereferably«an air-pump driven by the

crank-shaft of the engine, anid delivering to
the air-gdmission ports. In ordeér to supply
the fueliwith sufficient force to insure com-
Pplete mixtuie with the residual air in the cyl-

-1nder, it xs)tipjected ata pressure considerably

above. that of the air. Oné convenient
method ‘of doing this is to.convey a charge of
air’at. the desired pressure, or compression,

"through a suitable vaporizer, whereby the
35-
- progduce when mixed with the air in the cylin-

air picks up the required quantity of fuel to

der a combustible mixture of the proper pro-
portions. The fuel conveying air charges
may be supplied by the scavenging pump or

-otherwise, and by means-of .a mechanically-

actuated valve between the vaporizer and
the fuel-admission ports, the fuel charges-are
injected at the proper peried. The fuel is
fed automatically, as by gravity, and for this

urpose I employ a float feed carbureter.

his is arranged so that the fuel-conveying
air. charge is passed through thé same and
thereby -incorporates a' quantity of fuel in
passing. Between the vapor chamber of
the carbureter or vaporizer and the fuel sup-

_ply tank an equalizing conduit is provided so

as to obviate differences of pressure between
them which would cause irregularity in the
feed of the fuel. When the lighter hydro-

| carbori fuels are used; such as gasolene, the
fuel chiarges may be admitted to the explo-

or aleohol, the fuel with the conveying charge
of air is preferably passed through a suitable

sion cylinder. - .
tion, attention is directed to the following de-

ings, and.to the claims,appended thereto.-

cycle’ engine, with the carbureter-and the

1 fuel supply system applied thereto; Fig. 2 is
a8 section of.the carbureter and adjacent;

parts of the engine, showing the valve ar-

the fuel-admission valve, };grtion_s of the en-
gine being broken away; Fig. 4 is a central
section of a two-cylinder engine emb_odymg

6 are respectively a side and 4 front elevation
of the two-cylinder engine, with portions

with one of the cylinders broken away to
show the carbureter and the .fuel-admission

-gle cylinder engine. ‘
I have blected to illustrate the irvention

in connection with a differential aréa piston

and cylinder construction, in order to com-

pump. This arrangement, however, is not

constructiéns may be employed. -
-Referring to Figs. 1, 2 and 3, 1 represen

the explosion cylinder, 2 the pump cylinder,

and 3-the differential area piston working in

broken away; Fig. 7 is a-transvetse section.
-on line 9 9, Fig. 4; Fig. § is a side eleyation, .

valve mechanism; and Figs. 9 hnd.10 are.
central sections of-modified forms of the sin- -

55

sion cylinder at,ordinary temperaturé. In -
the case of the heavier fuels, such as kerosene .

60

heater before being injected into the explo-
For a detail understiindiné; of. the ir&eh- _

scription, taken with-the accompanying draw-. 65
Referring to - the ‘dtawings, which illug-

‘trate one embogdiment §f the invention; Fig-.

ure 1 is.a seetion of ‘a.single cylinder two "
70 -

rangements; Fig. 3 is a side elevation of the

engine showing the actuating mechanism for 75

certain features of the invention; Figs:-5 and

80

85

90

bide in a single structure the engine and air- .

necessary to catry out the invention, as 6ther: -

95

the cylinders, which is of the trunk type and .

provided with heads 4 and 5 respectively in
the ¢ylinders 1 and 2. The pump cylinder 2
is shaped to form with the casing 6.2 closed
chamber for the crank-shaft 7. - The shaft is
meounted in suitable bearings and connected
with the piston by a rod 8. ~Extending from

supporting brackets 9. .. . 4
. The explosion cylinder, which is shcwn of
: P

100

105.

the opposite sides of the pump cylinder-are.
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the water jacketed type, is provided at its

forward end with three rows of ports,~viz: |

exhaust ports 10 connected with an exhaust
conduit 11, air-admission ports 12 and fuel-
admission poérts 13, which are covered and
uncovered by the movement of the piston.
The ports are arranged so that on the power-
stroke the fuel-admission ports are first un-
covered. These ports are controlled, how-
ever, so that fuel cannot be injected except
at the proper period. The exhaust ports are
next uncovered-to permit the products of
combustion to escape through the conduit
11 to the dtmosphere. Slightly after the
piston begins to uzicover the exhaust the air-

. admission ports are uncovered to permit a

scavenging charge of air to enter and drive
out the  products of combustion. This

© “leaves the cylinder filled with substantially

20

25

30

pure air into which the fuel charge is injected
at the time the piston on its in-stroke has
covered the exhaust ports. - - o

The pump is arranged to supfply the an' for|.
Or': CONVeying |

scaven%ing the cylinder and fi
the fuel charges theretd.' For this purpose
the displacement of the piston is.so propor-'

tioned as to provide air at the required.pres--

sure and quantity. The air charge is drawn
in through an intake 14 which is controlled
by g suction valve 15, shown in dotted lines,
Fig..1. - Separate discharge ports 16 and 17
are provided; the first of which is arranged

at & point corresponding to a definite part of |

- the piston stroke, say about three-fourths,
and the latter ports are arranged at the end of |

35

the pump cylinder. By this arrangement

- part of the air charge is delivered through

40

45

the ports 16 to a receiver 18 during the first
portion of the stroke, and the rémaining part
of the charge is delivered through the ports
17 to the vaporizer 19 during the last quarter
of the stroke. The connection: between ‘the
pump and the air receiver is controlled by a
discharge valve 20 which can be adjusted'so
as to open at any desired pressure. The air-
receiver is preferably cast integral with the

- pump cylinder 2 and is connected with the

50

55

air-admission ports. 12. by a- conduit 21.
This conduit is formed in’the walls of the re-
ceiver and the cylinder 1 and is inclined
toward the head of the latter so as to deliver
the air in a direction to facilitate coniplete
scavenging. A baffler. 22 is provided,on ithe

head 4 of the piston to assist in directing the

course of the entering air. - :

The vaporizer or carbureter 19 is prefer-’

ably of the float feed type, comprising a float

. chamber 23 and a vapor chamber 24 con-

60

65

‘nected therewith by a eonduit 25 which con-
veys fuel to the latter chanber, Fig. 2. * The’

outlet end of this conduit términates in an
annular port in the seat 27 of the inlet. valve
28. This valve is adapted to open under the
pressure of the air delivered by the pump,
and the air in passing between the valve and

‘sure  complete commingli

can be picked up by t

i

its seat tdkes up the fuel from the annular.
port'and incorporates the same. . The ‘air.is
supplied to the carbureter through a passage.
29 cored out in the wall of the receiver and = :
connected through a coupling 30, which islo- 7.
catedsbetween the vapor chamber 24 and the
passage. The outer end of the passige is "~
tapped and the coupling serews into the same,
‘the latter also screws into the tapped lower
end of the vapor chamber of the carhureter. 7
The carbureter-is thus supported close to the -
engine cylinder so as to be heated thereby.
That portion of the wall of the vapor cham- -
ber on the discharge side of the inlet valveis .
jacketed so that exhaust gases may be passed gg
through it if desired.. The inlet valve is
seated by a spring 31 whose tenston issuchas
to yleld under the pressure of the air deliv-
ered by, the pump-only during the last quar-
ter of the stroke.- In other words, its tension g3
is greater than that of the spring of the dis- -
charge valve 20. a N

The vapor: chamber 24 is connected with’
the. fuel-admission ports by a pipe or other

' conduit 32, which is controlled by an admis- 93

sion valve 33 that is operated by.an eccentric
34 through the rod 35 .and lever 36, Fig. 3.
The tubical contents of thevapor chamberand
the conduit 32 bear such relation to the dis-

“placement of the pump piston over the last g5 .

quarter of its stroke, that th¢ air delivered -
to: the vapor chamber will b¢ under a com- -
pression to & considerable ddgree above at-
mosphere so that when ‘the’ fuel-admission °
valve 83 is opened, the fuel charge is injected 145
into the cylinder with sufficient force to in-

of the charge
with the residual scavenging air in the cylin-
der. " In order to insure a regular feed of fuel
tothe float chamber 23 an equalizing pipe 37 45
is provided between the vapor chamber and.
the fuel tank 38 (shownpartFYbroken awayin
Fig. 1). The fuel feeds by gravity through a
supply pipe 39 which terminates at its lower

‘end In a valve port, Fig. 2, that is controlled ;14

by the valve 40 on the float 41. By this ar-
rangement the float maintains a constant
level of fuel in the carbureter. The quantity

“of fuel to be supplied to the annular port of :
the outlet valve 28, is regulated by a valve 42 1,5

located in the conduit 25. ‘This valve is so
adjusted that the requisite amount of fuel

(}m air delivered by the
pump to constitute the fuel chiarge.
- The invention is not limited;to the paticu- 19

‘lar carbureter illustrated because it is obvious -

that other forms of carbureters might be .
used. o _ :
" Assuming the engine to be in operation-

‘the ‘piston 1s passing its outer dead center, jo5

having finished the powerstroke. ' The prod- -
uets—-of ‘combustion are exhausting by vir-
tue of the. exhaust ports being uncovered
and the air being injected into the cylin-

der through the uncovered air-admission j3( .
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- other mechanism. The- fuel charge in the.

10

15

‘moves inwardly it

'

ports for scavenging. At this thme the pump
cylinder is filled with air, and the vapor
chamber of the.carbureter contains the next
fuel charge under pressure. As the piston
st covers the air-admis-
sion ports and the exhaust ports, and imme-

‘diately following this the fuel-admission

valve is opened by means of the eccentric or

vapor chamber is thus released and injected
into the explosion ‘cylinder under its own

ressure. The stream strikes upon the baf-

er on the piston and is forcibly deflected
into the air in the cylinder; intimateély mixing
therewith. The piston proceeding on its in-
stroke, compresses the mixture and at the

. proper time the same is ignited by the

20

sparker 43; and the impulse from the explo-
sion produces the power stroke. Simultane-
ously with the in-stroke the pump delivers

first. to the receiver, compressing the air

- therein, and ‘then to the vapor chamber of
~ the carbureter to produce the fuel charge:
~ The fuel-admission valve, being in the mean-

25

30

‘85

time closed by the eccentric, holds the fuel
charge under compression in the vapor cham-

ber, while the piston itself retains the air in’
the receiver by reason of its covering the air-.

admission ports. On. the power stroke the
pump intakes a charge of air, and adjacent

~the end of the stroke the giston first uncovers

the exhaust ports, thereby letting down the

‘pressure by permitting exit of the gases of

explosion, and.then it uncovers the air-ad-
mission ports to permit the air in the receiver
t6 enter the cylinder. This completes the
scavenging and the piston then begins the in-
stroke, repeating the cycle of operation,

-~ The two-cylindér engine shown in Figs. 4

40~

45

50

‘85
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to 8 is substantially stmilar in construction
to. the single cylinder engine already de-
scribed, as far as-the explosion cylinder is

-concerned, hence further description thereof

is unnecessary. The pistons 3 are con-
nected to a two-throw crank-shaft 66, Fig.
4, so as to produce two impulses in one revo-
lation. Between the pump cylinders 2 is
an air receiver 67 common to both, the air
being delivered thereto through discharge
passages 68, Figs. 4 and 7, which are con-
trolled by valves 69 that automatically open
inwardly toward the receiver. The pumps
draw in their charges through valve-con-
trolled intakes 70. The air-admission ports
12 of the cylinder 1 are in open communica-
tion with the air receiver, so that the con-

-tents of the. latter may pass freely to either

explosion cylinder when its piston uncovers

the ports. As the eranks-are arranged 180
_degrees apart, only one pump can deliver

~ at a time to the receiver, so that the pressure

therein is never greater than the maximum

“ pressure of each -charge delivered to the

puimnps. A single carbureter 71 is employed
to supply the fuel.- This is connected with

)

38,874 : ‘ I -

the air receiver by a ‘connection 72 and re-
ceives air directly theréefrom. Between the
carbureter and the fuel admission ports 13

"are separate conduits 73 which are con-

trolled by admission valves 74, Figs. 6 and

70

8. « The valves are opened by cams 75 which .°

are. arranged 180 degrees ‘dpart on a rock-

shaft 76 suitably mounted on  the engine -

structure. . The cam shaft 76 receives mo-

‘tion from the crank-shaft by means of an
_eccentric 77 on the latter which is connected -
with the cam shaft by the rod 78 and arm

75

79.. Any other suitable means may be em- -

periods. : . o , .
Referring to Fig. 4, the operation is as

ployed to open the’ valves. at ‘the proper

its compression stroke and the pump deliv-
ered its air-chargé to the receiver 67 and

compressed it therein. From the receiver o -

portion of the nir passed to the. carbureter

80,

follows: The left piston has just completed -

71 through the connection 72 and the inlet -

valve in the vapor chamber, thus producing

_the fuel charge and holding it under com- ~
‘pression in the said chamber. Theright pis-
tonis at the end of its out-stroke, the exhaust

and air-admission ports are open so that
the air from the receiver is passing to the
cylinder.. The . right pump -cylinder is

charged with air.. Upon further movement .

of the crank-shaft, the right piston moves
inwardly, covering the exhaust and ‘air-ad-
mission ports, and at this juncture the fuel

- admission valve 74 of the right cylinder

opens to inject the fuel charge. The left
piston is simultaneously moving outwardly
on the power stroke and thé pump draws in
a charge. . During the compression stroke
of the right piston, the right pump delivers

its charge of air to the receiver, wherein it:
is compressed and a portion passes to the

carburetér. When the left piston uncovers
its air-admission ports-the air from the re-
ceiver is relieved or injected into the cylinder
to scavenge the same. As soon gs the left
piston covers the exhaust ports and air-
admission ports, the fuel charge is inject. }

‘90

95

100

106 _

110

into the lefi cylinder from the carbureter ~
and the contents of the cylinder'is com- .

pressed by the compression stroke of the pis-
ton. The right pisbon at this intervalis mov-
ing on its power stroke. The left pump de-

115

livers its ehazge to thereceiver and carbureter -
in order to supply the air to theright cylinder

and also the fuel charge at the proper inter-

and thepistons are sgainin the positionshown
in Fig. 4. o e
. The modificaticns siown in Figs. 9.and 10

are constructions which in some réspects are

similar to thiat shown in Fig. 1 and’the cor-
responding

120
wval. This completes the cycle of operation -

125

arts are designated by corre- -

sponding reference characters.: “The modifi- "

cation resides in the pump v&'f‘hich,‘:_m;_” ch L
Figs. ¢ and 10, is _double acting,: thescranlizddn = -

s

.
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casing 6 being used for compressing the' air
for the scavenging charge, and the cylinder
2 being used for supplying the air for convey-
ing the fuel from the carbureter to the explo-
sion eylinder 1. - -
In Fig. 9 the pump supplies the air direct
to the carbureter wherein it is held under
compression until the fuel-admission” valve

"33 is opened, whereas in Fig. 10 the air is de-

livered to an intérmediate receiver 80, as the
vapor chamber of the carbureter is of com-
paratively small cubical contents.
with this arrangement, when the fuel-admis-

sion valve 33 is opened the air from the re--

ceiver sweeps through the inlet valve of the

. carbureter, and conveys the necessary fuel

therewith to produce an explosive mixture
when combined with the air in the explosion
cylinder. The scavenging air charges are
delivered to the eylinder from the crank cas-
in% through the connecting conduit 81.

n accordance with the provisions of .the
patént statutes, I have described the princi-
ple of operation of my invention, together
with the apparatus which I now consider to
répresent-the best embodiment thereof; but

I desire to have it understpod that the appa--

ratus shown is only illustrative, and that the
invention can be carried out by other means.
- What I claim as new, and desire to secure
by Letters Patent of the United States, is,—
- 1. In an explosive engine, the combina-
tion of a cylinge}r hawving exhaust ports and
separate fuel and air admission ports at its
forward end, a piston in the c¢ylinder which
moves over said pefts to open and close
them, a carbureter connecte

pressed air through the air ports while the
exhaust ports are open and also for supply-
mg it to the carbureter to produce a fuel

~ charge therein under pressure, and  means

- 48

50

- ports which helds the charge under pressure, |

60

65

whic %ermjts the fuel charge to pass from

the carbureter to-the cylinder after the ex-
haust ports are closed. -

2. In an explosive engine, the combina-
tion of a cylinder having exhaust ports and
separate fuel and air: admission ports at its
forward end, a piston in the cylinder which
moves over said ports to open and close
them, a carbureter connected with the fuel
ports, a pump driven by the engine for sup-
plying air to the cylinder for scavenging it
and to the carbureter to produce a fuel
charge under pressuge, a valve in the eonnec-
tion between the carbureter and the fuel

and a means for opening the valve shortly
after the exhaust ports are closed and: the
pressure in the eylinder is at 2 mnimum.

3. In an explosive engine, the combina-

tion of an explosion cylinder having separate |

air, fuel and exhaust ports at its forward end,

Hence

_ : with the fuel
. admission ports, -means for supplying com--

I
|
i
1
{
[

888,374

working in the explosion - cylinder and the
larger portion in- the. pump.éylinder, means

from the pump.to the air ports to scavenge
the explosion cylinder and another portion to
the carbureter to form a fuel charge therein
under pressure, and means for admitting the
fuel charge to the explosion cylinder after the
exhaust and air ports have.been opened by
the outward movement of the piston and
subsequently closed at the beginning of its
return movement.

cylinder, an axally alined cylinder of larger
diameter than the explosion cylinder, a trunk

annular pump chamber, exhaust ports and
air ports adjacent the forward end of the ex-
glosion cylinder, which are opened and closed

v the movement of the piston over them,
separate fuel ports adjacent the air and ex-
haust ports but farther removed from the end
of the cylinder, a carbureter receiving air
from the pump to form a fuel charge under
pressure, a connection between the carbureter
and the fuel ports, a valve in said connection,
and means for mechanically operating the
valve to admit the fuel charge to the explosion

ment has closed both the exhaust and the
-air ports. o B
- 5. In an explosive éngine, the combination
of differential area cylinders, the cylinders of
smaller area having scavenging and exhaust
ports, pistons working in the cylinders, the
pistons and cylinders of larger area consti-
tuting air pumps, a receiver commmon to the
pumps, connections between the receiver and
the engine cylinders for supplying air to scav-
enge them, a carbureter, & connection be-
tween the receiver and the carbureter through
which air passes to the latter to form fuel
charges, connections between the carbureter
and the engine cylinders, and meansincluded
in “said connections which admit the fuel
charges after the completion of the scaveng-
ing and the closure of the exhaust ports.

of differential area cylinders, exhaust ports
and separate air and fuel admission ports ar-
ranged at the forward end of each eylinder of
snaller area, pistons in said smaller cylinders
which move over the ports to open and close
them, pistons codperating with the cylinders
of larger area to form amw punmps, a double-
throw crank shaft to which the engine pis-
tons are connected, an air receiver which re-
ceives alternate charges from the. pumps, -

| separate connections between the receiver jos

and the air admission ports through which
scavenging charges pass when said ports sre

i opencd, a carbureter, s valved connection be-.
a pump cylinder, a carbureter, a differential | tween the receiver and the carbureter to sup-
area piston, the smaller portion of the piston ]

ply air to the latter to form fuel chargds under 139

4. In an explosive engine, an explosion -

piston having two heads, one working in each -
cylinder and forming in the larger cylinder an -

for directing a portion of the compressed air.

70

75

80
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90

cylinder after the piston on its inward move- g5

10¢

105

110

6. Inan explosive engine, the combination
115

120
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pressure, separate connections bepwéen the
carbureter and the fuel admission ports,
valves in said connections, and means which
actuate said valves to admit the fuel charges

after the exhaust and air ports have been.

closed by the pistons on their inward move-

. ment.

10

of a crankshaft, an explosion cylinder having
exhaust ports and separate scavenging and
fuel ports near its outer end, an air pump

cylinder, a double area piston having one

portion working in the explosion cylinder
and the other in the pump cylinder; the first
portion opening and closing the ports as it

moves over them, a connecting rod between |.
the piston and the crankshaft, a carbureter, |-

8

a connection between the air pump and the

scavenging ports for delivering air fo scav- -

enge the cylinder, a connection between the

air pump and the carbureter which delivers

air into and through it to form a fuel charge,
a conduit leading %r
for mechanically operating the valve to ad-
mit the fuel charge to the explosion cylinder
after the exhaust has taken place and the
cylinder has been scavenged. '

In witness whereof I have hereunto set my
hand this eleventh day of April, 1905. °
HENRY O. WESTENDARP."
Witnesses: . ‘

JouNn A. McManus, dJr.,
Jorx J. WALKER,

om the carbureter to the
, .| fuel ports, a valve in the conduit, and meéns
7. In a two-cycle engine, the combination

20
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