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o T o all whom, it may.‘concem :

UNITED STATES PATENT OFFICE.

CORY W. ANDERSON, OF BUFFALO, NEW YORK.

INTERNAL-COMBUSTION ENGINE.

1,058,026.

_ 'Spébc‘iﬁbcation of Letters Patent.

R .| the: ball -:t‘y.pe, in which.
-Be:it known' that' I, Cory ‘W. ANDERsON; . ;

a ‘citizen of : the  United States; residing at -
Buffalo, in-the county of Erie and State of:

NewYork, have invented:new:.and -usefut -

.+ Improvements: in Internal-Combustion: En-

10

- impulse" is- produced during ‘each stroke :of*
the working:piston.-. -+ i o iy
It is-the-object of this: invention':to pro- ]

15

20

- .of the power piston’in both directions, which::

25

30

35

tron. o s

“This invention relates té-an internal com=:

gines; of ‘which the: following is a;speciﬁeaf

H

bustion engine of thatitype in-which'a-power:!

duee an*engine -of .this eharacter:in - which-
thorough' scavenging of the burnt -or: dead:
- gases is effected before the new or live charge

of gaseous fuel is admitted to the cylinder,:
which is so constructed. that: the live: gas or

fuel is- admitted under high- pressure . dur::

ing the-last portion of ‘the :working: stroke

provides for thoroughly mixing the live fuel::
while admitting the: same tothesworking:
cylinder, and in which the admissionof live:
fuel or gas-and the discharge of spent or]
. ~dead gas’ is:effected  positively and- noise:

lessly and by the use of comparatively few:

parts which can be readily produced at-low:
cost. p T e

:In the accompanying drawings -consisting:

of-3 sheets: Figure 1 15 a side elevation” of.

a gas-engine embodying my-invention. - Fig.

21s a-vertical longitudinal section thereofiin:

line 2--2, Fig. 1. Fig. 3 is a fragmentary. |
vertical section, on-an enlarged:scale, taken .

- inline 3—3, Fig.:1 and showing the cam for-

40

45

50

95

-strokes.

‘operating the exhaust valves. “ Fig:i4 is a¢

vertical longitudinal section‘of the engine!

cylinder and associated parts on'a line:icor-

responding to Fig. 2 but'showing the piston:
- and plunger at the opposite ends of “their:

IFigs. 5 and 6 are horizéontal . séc-
tions in' the correspondingly numbered lines
in Fig, 4. N PE A

Similar : nurmerals of - reference

views.

bodied either in-a horizontal or in a ‘vertical

enigine, and: either in a single cylinder ora’
“multi-cylinder engine the same; for example,
1s'represented in: the drawings as embodied:

in a'single eylinder upright engine, .- - -
‘1-represents the hollow base or main: fram

ofthe engine which is provided with besr-:

ings; 2'2 con its opposite. sidesy preferably of

zontal crank shaft 3. SEE T
" “Above the base is:arranged an upright
working:or: explosion cylinder 4-the upper
and:-Jower ‘ends of ‘which -are. preferably

. Patented Apr.8,1913.
~ Application filed June 14, 1911. - Serial No. 633,052,

is"journaled ‘a: hori-*

60

closed by upper and lower heads 5, 6 which.

aré detachably sectured : to-:the- upper:rand-
*| lower ends:-of “the cylinder. by means: of .

serews' or: bolts 7, as shown:in "Figs. 2'and: g5

4;:or'by-any other:suitable means. -«

: The’lower head{of the cylinder iS‘préfeﬁ; o
1 ablyprevided with: g::downwardly: project-::

ing pedestal: 8 which is:formed integrally

therewith and which is secured .at-its-lower

end ‘to the upper. end of the hollow base:and
1pward -extension . of . ..

practically ‘forms ‘an .1
the:latter: ST fa Tene
-Midway of the-length of the working-cyl:

inder:the same-is provided with an annular -

fuel distributing inlet passage 9-which opens

through: the bore of the cylinder and which:

isrprovided- with: an inlet-nipple 10 through

which:-the explosive fuel .may.-be supplied .
from-any suitable source:to the distributing:

passage. oo o

70

75

-80

- .iThe products of‘édxﬁbﬁétio‘n..br;dea'd rases -

are: withdrawn from:epposite. ends of :the
working: cylinder: through wpper.and: lower-
‘| exhaust-passages:11;.12 which are preferably::
formed: in ‘lateral extensiors 13, 14 of the.

85

upper and-lower cylinder heads. These ex-" .-

‘haustipassages: are adapted:to.be .opened and.

closed : alternately: by - a valve - mechanism -
comprising-upper and lower exhaust ports:
15;-16..formed in::the-upper -and. lower-ex-

haust: passages, upper-and-lower:valves 17, .

18..adapted- to: move . toward:.and from' the
upper and. lower exhaust.ports, respectively,

upper and lower valve rods 19, 20 arranged

vertically in line-and guided in suitable ways
on:the:-head. extensions 13;:14.'said upper

valve :rod supporting the upper: exhaust’

95

valve and: the lower -valve:rod supporting

01 o the:lower exhaust valve, and springs.21. 21
‘indicate: ’
- corresponding ‘parts throughout -the several

which:-operate to hold the exhaust ‘valves

yieldingly in their closed position, each. of
, g - o these  springs - being - preferably . of spiral
Although: my ‘improvements may ‘be:em-

100

form and bearing at one end-.against.a-col- :

lar or shoulder 22 on one of the valve rods

while. its opposite end bears ‘against one of

'the cylinder head extensions.

- Various means may be employed for opén-
ing and closing: the exhaust valves but the

means.which are shown in the drawings and.

105
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which  are :suitable complise.’ a ~vertically:

$swinging rock lever 23 pivoted on a suitable -
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stationary part of the engine and having its
front arm arranged between the opposite

“ends of the exhaust valve rods 19, 20, an up-

right shifting rod 24 guided on a stationary
part of the engine and connected at its up-
per end with the rear arm of the rock lever
23, a cam 25 having a groove 26 which is
engaged by a projection 27 on the lower
end of the shifting rod 24, a horizontal
transverse shaft 98 journaled on the base

-and carrying the cam 25, and an upright

intermediate shaft 29 journaled in suitable
bearings on the base and operatively con-
nected by a lower pair of intermeshing
spiral gears 30 with the crank shaft and also
operatively connected with the cam shaft by
means of an upper pair of intermeshing
spiral gears 31, as shown in Figs. 1, 2 and 8.
By means of this mechanism the exhaust
valves are alternately held in an open and
a closed position during about one half of a
rotation of the main or crank shaft.

32 represents the working piston which
reciprocates lengthwise within the working
cylinder and which is itself of hollow or cy-
lindrical form so as to constitute the barrel
of a pump whereby the live gaseous fuel is
supplied alternately to opposite ends of the
working cylinder under high pressure.
The working piston has its tubular body
closed at its upper and lower ends by upper
and lower heads 33, 34 which are preferably
screwed into the upper and lower ends of
the piston body. This piston may be op-
eratively connected with the main or crank
shaft of the engine in various ways but pref-
erably by means of an upright piston rod 85
passing through a stuffing box 36 arranged
centrally in the lower head of the working
cylinder and connected at its upper end with
the lower head of the piston, a vertically mov-
able cross head 37 guided in suitable ways on
the pedestal and connected centrally with the
lower end of the piston rod, and two pit-
men or connecting rods 38 which are pivot-
ally connected at their upper ends with said
cross head on opposite sides of the piston
rod while their lower ends are pivotally
connected with the wrists 39 of two cranks
formed on the main or crank shaft within
the hollow base. The length of the piston
connecting rod and the pivotal connections
between the same and the cross head and
crank shaft are the same and therefore op-
erate as one.

Near opposite ends of the working piston
the same is provided with two rows of fuel
transferring ports 40 extending from its
periphery to the bore of the piston. 1In the
uppermost position of the working piston
its lower set of transfer ports 40 opens into
the annular fuel distributing passage 9 of
the cylinder as shown in Fig. 2, whereby
fuel is permitted to enter the lower end of
the hollow piston, and in the lowermost

1,058,026

position of this piston its upper annular
row of fuel transfer ports opens into the
annular fuel distributing passage, as shown
in Fig. 4, so as to admit gaseous fuel into
the interior of the hollow piston at the up-
per end thereof.

41 represents the pump plunger which re-
ciprocates lengthwise within the hollow
piston and whereby the fuel is alternately
drawn into and expelled from opposite ends
of the hollow piston. This plunger is posi-
tively reciprocated lengthwise of the piston
which movement may be produced by any
suitable means but preferably by the means
which are shown in the drawings and which

comprise an upright plunger rod 42 secured’

at its upper end to the plunger and passing
lengthwise through the piston rod which
latter is made hollow for this purpose, and
a plunger connecting rod or pitman 43 piv-
otally connected at its upper end with the
lower end of the plunger rod while its lower
erd is pivotally conmected with the wrist 44

of a crank formed on the main or ecrank’

shaft between the wrists of the cranks which
are connected with the piston.

The relative throw of the piston and plun-
ger and the timing of these parts, is prefer-
ably such that the throw of the working
piston is equal to one half of thé throw of
the pump plunger and the piston and plun-
ger always move in the same direction
although at different speeds. This relative
movement of the piston and plunger is ob-
tained by making the radial length or dis-
tance from the center of the crank shaft to
the centers of the wrists 39 of the piston
cperating cranksequal to one half the radius
or distance from the center of the crank
shaft to the center of the wrists 44 of the
cranks which operate th. pump plunger.
It follows from this construction and ar-
rangement of the parts that while the piston
is traveling from one end of the working
cylinder to the opposite end thereof, the
pump plunger will be moving in the same
Jirection but at a higher speed and there-
fore move from one end of the hollow piston
to the opposite end thereof by the time the
latter reaches the end of its stroke.

Within the bore of the cylinder at oppo-
site ends thereof the same 1s provided with
a plurality of parallel longitudinal fuel
inlet passages or grooves 45 which give these
parts of the cylinder a fluted appearance.
Each set of these grooves is preferably
formed partly in the body of the cylinder
and partly in the adjacent head thereof, as
shown in Figs. 2 and 4. The arrangement
of these two sets of fuel inlet passages or
grooves relatively to the piston and the
transfer ports therein is such that when a

piston is 1n its uppermost position, as shown

in Fig. 2, the upper set of transfer ports
in the piston will be in register with the
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lower ends of the upper set of fuel inlet
grooves 45 while the upper end of the piston
terminates below the upper end of these

ooves so that fuel is permitted to pass
rom the upper end of the interior of the
piston through the upper transfer ports
thereof and the unper set of* fuel passages
into the upper end of the working cylinder.

When the piston reaches its lowermost
as shown in Fig. 4, its lowe. set
of transfer ports register with the upper
ends of the lower set of fuel inlet grooves
or passages 45 and the lower end of the
piston stops short of the lower ends of
these grooves, thereby permitting the fuel
to pass from the interior of the piston at
the lower end thereof through the lower set
of transfer ports and fuel passages into the
lower end of the working cylinder. After
the piston has effected the initial portion of
its stroke in one direction and before reach-
ing the last part of its stroke in this direc-
tion both sets of transfer ports 40 at oppo-
site ends thereof are closed by the solid por-
tions of the bore of the working cylinder.
This causes the plunger which is moving in
the same direction as the piston, but at a
greater rate, to produce a partial vacuum
within the trailing end of the piston and to
compress the fuel within the advancing end
of the piston. This vacuum and compres-
sion in the trailing and advancing ends of
the piston increases in tension until the
piston and plunger have nearly completed
their strokes in one direction. At the end
of this stroke of the piston and plunger the
transfer ports at the trailing end of the
piston are brought into register with the
fuel distributing passage 9 whereby a charge
of fuel is drawn rapidly into the trailing
end of the piston owing to the vacuum with-

* in this end of the piston and also owing to

45

50

k)

60

the plurality of fuel transfer ports being

arranged around the circumference of the
iston so that the fuel can enter the same
rom all of its sides.

At the same time that fresh fuel is being
admitted into the trailing’ end of the piston
the advancing set of fuel transfer ports are
in line or in register with the fuel transfer
passages arranged at that end of the cylin-
der toward which the piston is moved,
thereby causing the gaseous fuel which has
been compressed by the plunger within the
advancing end of the cylinder to be rapidly
discharged therefrom through the advanc-
ing transfer ports 40 and the respective
longitudinal fuel passages into the com-
panion end of the working cylinder.

The exhaust valve which controls the ex-
haust passage at that end of the cylinder

~ toward: which the piston and plunger are

65

moving is so timed that it is opened during
practically the entire stroke of the piston
and plunger in this direction. By this

means the burnt or spent gases contained
within that end of the cylinder toward
which the piston is moving, are expelled al-
most entirely mechanically by the piston
while the small remaining portion of spent
gas still lying betsveen the piston and the
adjacent head of tue cylinder at the end of
the stroke of the piston is pushed out
through the exhaust passage by the incom-
ing stream of fresh fuel which enters this
end of the cylinder under high pressure
from the respective end of the hollow piston,
thereby causing a complete scavenging of
the spent gases by the combined mechanical
action of the piston and pneumatic action
of the compressed gases, whereby the least
possible contamination of the fresh charge

.of fuel is possible and the maximum purity

of the discharge is maintained.

The exhaust valves are so timed that when
the piston reaches the end of its stroke in
one direction the exhaust valve in the pas-
sage leading to the respective end of the
cylinder is also closed, thereby preventing
the escape of any live or fresh gaseous fuel
through the exhaust at this time. It will
thus be apparent that this engine can be run
with a minimum waste of fuel and that
practically all of the fuel is utilized in de-
veloping power, thereby.enabling the fuel to
be used economically and the greatest effi-
giexicy to be obtained for a given amount of

uel.

While the piston is at or near the end of
its stroke in one direction the charge of fuel
is ignited within the respective end of the
cylinder so as to produce an explosion for
effecting the next following working stroke
of the piston in the opposite direction. Any
suitable means may be provided for effect-
ing the ignition of the compressed charges
of fuel at opposite ends of the cylinder at
the proper time, the means for this purpose
shown in the drawings comprising spark
plugs 46 which are secured in openings
formed in the heads of the cylinder and
which are associated with suitable and well
known means for producing an electric jump
flpark at the proper time within the cylin-

er.

During the operation of the engine the
cycle of operations just described is repeated
during each successive stroke of the piston
and plunger.

Tn order to avoid leakage from the trans-
fer ports while the piston is moving through
the intermediate portions of its strokes the
periphery of the piston is provided with
packing rings 47, 45 which are arranged on
opposite sides of cach set of transfer ports
and engage with the bore of the cylinder.

As the fresh fuel passes from the piston
through the longitudinal fuel grooves or
passages into the ends of the cylinder this
fuel is thoroughly mixed, thereby putting
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the same in the best condition for obtaining
the highest efliciency of the same.

Each set of fuel passages or grooves may
be variously distributed arcund the bore of
the cylinder but it is preferable to omit these
grooves in that portion of the bore of the
cylinder immediately adjacent to the ex.
haust passage and arrange the same remote
from the exhaust passage. . By this means
the fuel from the hollow piston enters the

cylinder at points remote from or opposite .

to the exhaust passage, whereby the pre-
viously burnt or spent charge or gas con-
tained within the end of the cylinder are
more effectively pushed out through the ex-
haust by the incoming fresh chaige of a
gaseous fuel and the possibility of fresh gas
escaping with the spent gas is reduced to a
minimum, ;

Inasmuch as the piston itself operates as
a valve for controlling the admission of fuel
into the piston and also the discharge from
the same into the cylinder it is unnecessary
to employ any check valves in the path of
the fuel supply conduits, thereb materially
simplifying the construction ofy the engine
and reducing the cost of the same accord-

inély. T
nasmuch as two working impulses are
produced by this engine during each com-

. plete rotation of the main or crank shaft

85
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the same runs very even and steady, thereby
rendering the same particularly suitable for
electric lighting and other purposes where g
uniform speed is desirable.

I claim as my invention : ,

L An internal combustion engine com-
prising a cylinder having exhaust assages
at its opposite ends and a fuel inlet etween
its ends, a hollow piston reciprocating with-
in the cylinder and adapted to have each
end of its interior alternately connected with
said fuel inlet and one end of said cylinder,
and a plunger reciprocating within the pis-
ton.

2. An internal combustion ‘engine com-
prising a cylinder having exhaust passages
at its opposite ends and a fuel inlet between
its ends, a hollow piston reciprocating with-
in the cylinder and adapted to have each end
of its interior alternately connected with
sald fuel inlet and one end of said cylinder,
a plunger reciprocating within the piston,
and means for causing positive relative
movement of said piston and plunger.

3. An internal combustion engine com-
prising a cylinder having exhaust passages
at its opposite ends, fuel passages arranged
in the bore of the cylinder at opposite ends
thereof and a fuel inlet arranged in the cyl-
inder midway between its ends, a hollow pis-
ton reciprocating within the cylinder and
having
leading from the periphery of the piston to
the bore thereof, said transfer ports being

transfer ports at its opposite ends |.

1,058,026

so disposed that when the piston is at either
end of its stroke.the transfer ports at its
advancing end will register with the fuel
passages at the corresponding end of the
cylinder and the. transfer ports at the trail.
ing end of the pistcn will register with said
fuel inlet, and a plunger reciprocating with-
in said piston. . , o

4. An ‘internal combustion engine com-
prising 2 cylinder having exhaust passages
at its opposite ends, fuel passages . arranged
in the bore of the cylinder at- opposite ends
thereof and a fuel inlet arranged in the cyl-
inder midway between its ends, a hollow
piston reciproeating within the cylinder and
having, transfer ports at its opposite ends
leading from the periphery ‘of the piston to
the bore thereof, said transfer ports being so
disposed. that when the piston is at either
end of its stroke the transfer ports at its
advancing end will register with the. fuel
passages at the corresponding end of the
cylinder and the transfer ports at the trail-
ing end of the piston will register with said
fuel inlet, a plunger reciprocating within
said piston, and a crank shaft having a short
crank connected with said piston and a.long
crank connected with said plunger.

5. An internal combustion engine . com-
prising a cylinder having exhaust passages
at its opposite ends, fuel passages arranged
in the bore of the cylinder at opposite ends
thereof and a fuel inlet arranged in the
cylinder midway between its ends, a hollow
piston reciprocating within the cylinder and
having transfer ports at its opposite- ends
leading from the. periphery of the piston to
the bore thereof, said tramsfer ports being
so disposed that when the piston is at either
end of its stroke the transfer ports at its
advancing end will register with the fuel
passages at_the corresponding end of the
cylinder and the transfer ports at the trail-
ing end of the piston will register with said
fuel inlet, a plunger reciprocating within,
said piston, a hollow piston rod connected
with the piston, a plunger rod arranged
within the hollow piston rod and connected
with the plunger, and a crank shaft having
a short crank connected with the piston rod 1315
and a long crank connected with the plun-
ger rod. ,

6. An internal combustion engine com-
prising a cylinder having exhaust passages
at its opposite ends and a fuel inlet between 120
its ends, a hollow piston reci rocating with-
in. the cylinder and adapteg to have each
end of its interior alternately connected
with said fuel inlet and one end of said cyl-
inder, a plunger reciprocating within fhe 125
piston, and valves for controlling said ex-
haust passages. \

7. An internal combustion engine com-
prising a cylinder having exhaust passages
at its opposite ends and a fuel inlet between 130
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its ends, a hollow piston reciprocating with-
in the cylinder and adapted to have each
end- of its interigr alternately connected
with said fuel inlet and one end of said cyl-
inder, a plunger reciprocating within the

piston, and means for controlling said ex-

haust passages comprising valves arranged

in said passages and mounted on opposmg'

‘valve stems, springs operating to hold sal
valves yieldingly in a closed position, and

'a rock lever arranged between said valve.

stems and adapted to engage the same al-
ternately. ‘ ' )

8. An internal 'combti_st‘ion" engine com-
prising a cylinder having exliaust passages
at: its opposite ends and a fuel inlet between |

its ends, a hollow piston reciprocating with-

in the cylinder and adapted to have each’
" end of 1its interior alt’ernate(liy

connected
with said fuel inlet and one end of said cyl-

- inder, a plunger reciprocating within the

25

piston, and means for controlling ‘said ex-
haust passages comprising valves arranged
-in, said passages and mounted on opposing

‘valve stems, springs operating to hold said’

valves yieldingly in a closed position, a rock

_lever arranged between said valve stems and

30

adapted to engage the same alternately, a

rotary cam, and a shifting rod connected
with said lever and engaging with said cam.

9. An internal combustion ‘engine com-
_ prising .a cylinder provided at its opposite

. ends with exhaust passages and with longi-

35

40

- tudinal fuel passages, and midway of ifs

length with an annular fuel distributing
inlet passage, a hollow piston provided at

each end with an annular row of fuel frans- |

fer ports which are adapted to register alter-
nately with said longitudinal and annular
fuel passages. U

10. An internal combustion éngine com- .
prising a cylinder provided at each end .-
‘with an exhaust passage and with a plural-

ity .of fuel conducting grooves arranged
lengthwise in the bore of.the cylinder, -a

hollow piston. movable lengthwise in the -

cylinder and having an annular ‘row of

transfer ports st each end, said piston when

45

at the end of its stroke in'either: direction .

having its end arranged short of the outer
ends of said longitudinal fuel passages and
its transfer gorts registering with the inner
ends of said longitudinal passages and a

‘plunger reciprocating within' the piston.

" 11.” An .internal combustion -engine com-
prising a cylinder provided at-each end with
an exhaust passage ‘and ‘with a plurality of

fuel conducting. grooves-arranged length--

50

55

wisé in the bore of the cylinder; a hollow -

piston movable'len%thwi_se in the: cylinder
and having an annula _
at each end, said piston when at the end of

60.

r row of transfer ports -

its stroke in either direction having its end

arranged short of the outer ends of said-
86

longitudinal fuel passages and its transfer

ports registering with the inner ends of said
longitudinal passages; and a plunger recip-.

rocating within the piston, each of said ex- -

haust passages opening into said-cylinder
on one side thereof and the companion longi-
tudinal fuel passages being arranged in an
annular row remote from said exhaust pas-
sage. T T
“Witness my hand. this. 12th day of June,
1911 R S

| . CORY W.-ANDERSON.
. Witnesses:

B, M. GRaHAM,.

 Abovs Hooms.
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Disclaimer in Letters Patent No. 1,058,026.

=

DISCLATMER.

1,058,026. —Cory W. Anderson, Buffalo, N. Y. IvreghaL-CossusTion Exciave
Patent dated April 8, 1913, Disclaimer filed July 18. 1918, by the assignee.
(file Ikngine Company.

Enters this disclaimer— :

“To thut part of the claim in said specification which 1s 1 the following words
towit:

«0 1. Aninternal combustion engine comprising a cylinder having exhaustl passages
at its opposite ends and a fuel inlet between its ends, a hollow piston reciprocating
within tEe cyvlinder and adapted ta have cach end of s mterior alternately con-
nected with said fuel inlet and one end of ssid eylinder, and a plunger reciprocating
within the piston.

2. An internal combustion engine comprising a cylinder having exhaust passages
al its opposite ends and & fuel inl>t between its ends, a hollow pnston reciprocating
within the cylinder and adapted to have each end of its interior alternately con-
nected with said fuel inlet and one end of said cylinder, a plunger reciprocaung
within the pision, and means for causing positive relntive movement of snid piston
and plunger.

3. Aninternal combustion engine comprising a cylinder having exhaust passages
at ils opposite ends, fuel passages arranged in the bore of the cylinder ut opposite
ends thereof and a fuel inlet arranged in the cylinder midway between its ends. »
hollow piston reciprocating within the cylinder and having transfer ports at it oppo-
site ends leading fgom the periphery of the piston to t-hc%)oro thereof, said transfer

orts being so disposed that \vRen the piston is at either end of its stroke the trans-
er ports at its advancing end will register with the fuel passages at the correspond-
ing cad of the cylinder and the transfer ports at the tratling end of the piston will
register with said fuel inlet, and n plunger reciprocating within said piston.

6. An internal combustion engine comprising a cylinder having ex{:nust Passiuges
at its opposite ends and a fuel inlet between its ends, a hollow piston reciprocating
within the cylinder and adapted to have each end of ils interior alternately con-
nected with said fuel inlet and one end of said cylinder, a plunger recipracating
within the piston, and valves for controlling said exhaust passages.

9. An internal combustion engine comprising a cylinder provided at its opposite
ends with exhaust passeqes and with longitudinal fuel passages, and midway of
its length with an annular fuel distributing inlet passage, a hollow piston provided
et each end with an annular row of fuel transfer ports which are adapted wo regis-
ter altérnately with said longitudinal and annular fucl passages.

10. An internal combustion engino comprising o cylinder provided at cach end
with an exhaust passage and with a plurality of fuel conducting grooves arrunged
lengthwise in the%orc of the cylinder, a hollow piston movable lengthwise in the
cylinder and having an annular row of transfer ports st each end. sl piston when
at the end of its stroke in cither direction having its end arranged shoet of the outes
ends of said longitudinal fuel passages and its transfer ports registening with the

‘inner ends of said longitudinul passages and a plunger reciprocating within thie

iston.

“11. An internsl combustion engine comprising a cytinder provided av cach end
with an exhaust passage and with & plurality of fuel conducting grooves arranged
lengthwise in the bore of the cylinder, a hollow piston movable lengthwise 1n the
cylinder and having en annular row of transfer ports at each end, sald piston when
at the end of its stroke in either direction having its end arranged short of the oute

_endls of said longitudinal fuel possages and its transfer ports registering with the

inner ends of said longitudinal passages, and a plunger reciprocating within the
wiston, each of snid oxhaust passages opening iuto said eylinder on one side thereol
afid the companion longitudinal fucl passages being arranged in an annular row
remote {¥om said exhaust passage.”



