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This invention has to do with certain im-
provements in means for supplying coinbusti-
ble mixture to internal combustion engines,
and also has reference to the mode of opera-

5 tion thereof. Briefly stated the invention
relates to the foregoing features as applied
to internal combustion engines generally.
The structure and mode of operation herein
disclosed are particularly intended for use

10 with two stroke cycle engines; and more par-
ticularly the features of the invention have
been devised for use in connection with that
type of engine illustrated and described in
Letters Patent of the United States No.

1,160,419 which was issued to me on Novem-

ber 16, 1915. Inasmuch as, however, the
features of the present invention may be ad-
vantageously used in connection with many
other forms of engines, both two and four
stroke. cycle, I wish it understood that I do
not intend to limit the usefulness or sco pe ol

my invention to engines of the type particu-
larly illustrated and described .in the said
earlier patent, except as I may do so in the
25 claims.

The plesent invention lelates primarily to
improvements in the means for introducing
the individualized charges of fuel into the
different cylinders tocether with the 1elat10n-

30 ship which such means bears to the general
construction and operation of the engine as

a whole, as well as to the construction and

mode of operation of the fuel pumping de-
vice per se, and if considered as an-independ-
5 ent element. , :

The main feature of the present invention
relates to the provision of an improved con-
struction and arrangement of fuel pump for
_delivering the fuel chfu'oes to the working
_cylinders: “of the engine under the most ad-
vantageous conditions. More particularly
the invention has to do with improvements
in fuel pumps for engines of the general type
already referred to hereln but it will pres-
ently _appear that numerous features of the
invention may also be advantageously used
in connection with fuel pumps for other pur-
poses.

One of the features of the invention re-
lates to a provision of a fuel charge forming
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1928. Serial No. 189,958,
pump of a construction such that the same
delivers to the working cylinders of the en-
gines charges composed of the fuel, together
with a volume of air which is Oenerally
smaller than-the air contained within the 5
working cylinder of the engine. The air
charoes delivered by ‘the fuel pump- are of
constant volume, being uniform throughout
the range of load conohtlons but the individ-
ual charfres of fuel taken into the constant
volume charges of air are varied accorchnolv
to the load requirements of the engine. :
The charges of liguid fuel taken up by
these “air charoes are drawn into the fuel
pump itself by an aspirating or suction ac-
tion which is dependent upon the amount of
throttle opening of the air line through
which the air is admitted to the fuel pump.
As this air line is closed the flow of air
through it decreases and the suction in--7
creases with a consequent increase of the
amount of fuel drawn into the pump cyhnder
at. each stroke; and a contrary action will
take place with an increased amount of
throttle opening. The fuel pump itself is so
constructed that just before the completion
of its intake stroke, an air port or ports are
‘uncovered by the pump piston allowing a
sudden inrush of additional air which joins
the air charge previously drawn into the
pump cylinder and insures-a full charge of
combustible mixture at gtmospheric pres-
sure., This charge is then introduced into the
working cylinder of the engine as already
kexplalned - o ‘ 85
It is very difficult to meter minute quanti-
ties of liquid fuel such as gasoline with a
high degree of accuracy; and a relatively
small variation in the amount of liquid so
metered Wﬂl produce a very appreciable per-:
centage of error in the metering action. On
the contr rary it is possible to meter the rela-
twﬂiy larger charges of air and vapor with
the desired degree of accuracy ; and the same
amount of variation in the metering of this
relatively large body of air will produce only
g very small fraction of the error in percent-
age which is represented by a similar varia-
tion of amount when applied to the relatively
small charge of liquid fuel itself. :
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I have therefore provided an arrangement
such that the metering is a metering of a rel-
atively large body of air and vapor and not
a metering of a small quantity of liquid ; thus
making it possible to secure a very accurate
control of the fuel charge forming operations.

More particularly, 1 have provided a fuel
charge forming device comprising a pump
driven in synchronism with the movements of
the working pistons whose cylinders it sup-
plies. This fuel pump is in effect an air
pump, the primary source of air supply there-
tc being through a passage which can be con-
trolled by a suitable valve such as a throttle
valve. The primary supply of air flowing
through this passage to the fuel pump will as-
pirate and carry with it into said fuel pump
thecharges of liquid fuel. These chargesare
then taken into the fuel pump together with
the primary air therefor, so that this fuel

‘pump handles a rich mixture of air and fuel.

This mixture, together with a certain amount
of secondary air, is then delivered by the fuel
pump to the working cylinders of the engine.

The fuel pump itself is so arranged that
the primary charges of air and fuel are drawn
into the pump cylinder on the suction stroke
of the pump piston, and necessarily under a
degree of vacuum . dependent on numerous
factors. One of these factors is the amount
of closure of the throttle valve which controls
the primary air. . As thisvalve is opened and
closed to control the engine, greater or lesser
quantities of primary air are allowed to be
drawn into the pump cylinder during its suec-
tion stroke. ‘

The aspirating effect of the charges of air
drawn into the pump cylinder will depend
upon the amount.of such air drawn in at each
suction stroke of the pump; and I have pro-
vided an arrangement whereby the fuel is
drawn into this primary air by reason of its
aspirating effect and therefore approximate-
ly inverse in proportion to the amount of
primary air being used.

Since the pump operations are of a pulsat-
ing nature, the primary air charges are also
of a pulsating nature and this is also true of
the fuel charges. Since both the air and fuel
are delivered to the pump or the intake there-
‘of through passages it follows that the iner-
tia effect of the flow through said passage will
be aggravated as the rate of the pulsations in-
creases. 1 have provided -an arrangement

whereby the effect of this pulsating condition

will be minimized. ,
. Furthermore since the fuel is a liguid and
therefore ~ substantially’ non-compressible,

“whereas the air is highly compressible and ex-

pansible, it follows that the effect of the pul-

‘sations on the column of liquid flowing
‘through the supply passage will be very dif-
ferent from ‘its effect on the column of air

flowing through the primary air supply pas-
sage.

1,839,791

I have provided an arrangement whereby
the proper ratic of primary air and fuel will
be substantially maintained notwithstanding
the foregoing condition. I have also pro-
vided an arrangement whereby the pressure
of the mixture of air and fuel will be substan-
tially atmespheric at the instant the same is
ready for delivery to the working cylinder.

70

This result I accomplish by allowing the in- -
f =

troduction into the fuel pump cylinder, of a
sufficient amount of air just before the com-

‘pletion of the suction stroite to restore the

pressure to atmospheric. This insures the
presence of a full charge of air within the
pump cylinder, together with the metered
amount of fuel drawn in with the primary
air: - This full volume of mixture is then de-
Livered to the working cylinder of the engine.

In connection with the foregoing, this sup-
plemental or secondary air for the fuel pump
is drawn into the cylinder thereof from a
space around the-top side of the pump pis-
ton. Consequently any seepage which may
have previously taken place past the pump
piston is restored to the working side of the
pump and delivered into the working cylin-
der on the next succeeding pump delivery
stroke. As a consequence the loss and error
so occasioned by seepage, is practically elimi-
nated and the accuracy of operation corre
spondingly improved.

Another feature of the invention relates to
the provision of an arrangement whereby
the fuel nozzles can be adjusted by the oper-
ator to the desired conditions so as to insure
correct operation with fixed nozzle adjust-
ments, the control of the fuel supply opera-
tion being proportioned to regulation of the
flow of primary air.

A further feature of the invention relates
to the provision of an arangement whereby
any leakage of burnt gases from the working
cylinder backwardly cannot have any appre-
ciable effect upon the operation of the system,
and cannot seriously impair either its opera-
tion or its efficiency.

A further feature of the invention relates
to the provision of an arrangement whereby
any leak in the intake valve of the fuel pump
will simply result in a leakage of mixture
back to atmospheric and will not effect the
amount of fuel taken into the pump on the
next succeeding cycle.

A further feature of the invention relates
to the provision of & fuel pumping device
which also serves largely the function of a
supercharger, that is, 1t delivers the fuel to-
gether with a portion of the air into the cylin-
ders under a certain amount of compression,
thereby increasing the quantity of combusti-
ble introduced into each working cylinder
per working stroke.

A further feature of the invention relates

_to the provision of a fuel pump in conjunc-

tion with a plurality of individual working
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cylinders of the engine, said pump being so
timed in its operations with respect to the
working piston movements that it delivers
charges of fuel to the different working cyl-
inders 1n gequence and takes care of the re-
quirements of all of the working cylinders
for which it is intended. More particularly
1t is an object in this connection to combine
each fuel pump with two of the working
cylinders of a two stroke cycle engine, tim-
ing the operations of said pump at double
engine speed so that the fuel pump may serve
to deliver to the two cylinders in alternation.
This result is further accomplished by com-
bining the fuel pump with two working cyl-
inders whose crank throws are set in oppo-
sion or 180° apart. 7

A further object accomplished by the fore-
going is that the speed of operation of the
fuel pump is doubled so that the duration of
the injection cycles is correspondingly re-
duced and the operation improved. :

A further feature in conjunction with the
foregoing is a provision of a valve arrange-

;s ment of very simple form for insuring the
delivery of fuel to the two cylinders in alter-

nation this result being made pessible by rea-
son of the fact that during the injection move-
ment of the pump one working cylinder of the
pair is under pressure and the other work-
ing cylinder of the pair is under exhaust so
that the pressure in one of the working cylin-
dersis very high while the other is practically
at atmospheric pressure. The fuel pump will
automatically select its delivery of combus-
tible into the working cylinder of low pres-
sure, which is of course the one which should
receive the charge. ;

A further feature of the invention is the
provision of a multiple cylinder engine with
its cylinders working in palrs in opposition
to each other, together with a fuel pump for
each of said pairs working in opposition, so
that any particular pair of cylinders and the

- corresponding fuel pump may be thrown out

of commission as a pair or unit and without
throwing the engine as a whole out of balance
except so far as torque impulses are concerned.
Furthermore, the throwing of certain cylin-

« ders of the engine out of commission will not

impair the operation of the remaining cylin-
ders and fuel pump. It is further a Teature

‘of the invention to provide a needle valve

in conjunction with each fuel pump, for con-

; trolling the supply of liquid fuel thereto, to-

gether with a single control valve for the air
supply for the fuel pumps of the engine, so
that the operation of the engine as g -whole
can be controlled by the use of a single air
valve or throttle valve. Under such circum-
stances the needle valve for each fuel pump
serves to fix the adjustment thereof, and the
needle valves of the different fuel pumps may
be so related to each other as to balance the
various pumps in respect to each other.

3

Other objects of the invention are to pro-
vide -devices. for the foregoing purposes
which are extremely simple and rugged in -
construction, built up from relatively few

parts of simple form and which can be readily ~

manufactured in quantities according to
standard factory operations and at low cost.

Other objects and uses of the invention will
appear from a detailed description of the
same which consists in the features of con-
struction and combinations of parts herein-
after described and claimed. '

In the drawings: - :

Fig. 1 shows a vertical section through one

of the working cylinders together with the ~

main air valve thereof, of a two stroke cycle
engine of the general type described in my
aforesaid Patent No. 1,160,419, having ap-
plied thereto a fuel supply pump construction
-embodyihg the features of the present inven-
tion; :

Fig. 2 shows a vertical elevation of the fuel
pumping mechanism, partially in section, and
may be considered as being taken substan-

tially on the line 2—2 of Fig. 1, looking in the

direction of the arrows but on enlarged scale;

Fig. 8 shows a horizontal section on the
line 3—3 of Fig. 1 looking in the-direction
of the arrows but on enlarged scale; and may
also be considered as being a section on the
line 3—3 of Fig. 2 locking in the direction of
the arrows on same scale; ,

Fig. 4 shows a side elevation of one of the
fuel pumps, partly in section; and

Fig. 5 shows a fragmentary vertical sec-
tion on the line 5—5 of Fig. 3 looking in the
direction of the arrows.

In the drawings I have shown a single ele-
ment or unit comprising two cylinders num-

bered 10 and 11 respectively the same com-

prising a single two. cylinder unit. This
unit may be individually considered or it may
be considered as one unit of a multiple cylin-
der engine of more than two cylinders.

‘Rach of the cylinders is provided with the

usual piston 12 and the two pistons-cf each
unit are -connected to the opposing throws
13 and 14 of the crank shaft 15. These throws

80

[ ]
ct

80

I3
s

105

10

being in opposition, insure movements of the

two pistons in opposition. ,

Along the upper portion of the cylinder
structure there is placed a rotary air inlet
valve 16, the same being rotatably mounted
within a cylindrical casing 17 on the upper
end of the structure.  This valve 16 is driven
at crank-shaft speed and is connected to a
gear 18 and the valve is drivingly connected
to the crank shaft 15 on 21 to 1 ratio. Con-
sequently the valve 16 makes one revélution
for each crank shaft revolution.

The valve 16 is provided with an air inlet
port 19 in line with the upper end of each
cylinder; and air under a suitable pressure
supply is delivered to the interior of the valve

16 by any suitable source of compressed air
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supply in accordance with certain of the prin-
ciples disclosed in my aforesaid Patent No.

1,160,419, The valve 16 is so timed that it
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closes after the piston commences its upward
or compression stroke; and this timing is va-
ried so as to trap in the cylinder an amount
of air to be compressed, the amount of such
air being in proportion to the power te be
developed. For a full power stroke the valve
loses just after the exhaust ports have closed
to seal the cylinder, thus trapping a full
charge of air; for a less than full power
stroke the valve 16 does not close until some-
what later, allowing some air to be expelled
back from the cylinder so that less than a
full charge of air is trapped and compressed.

- The eylinders illustrated are for conven-
ience shown as being air cooled. for which
purpose they are provided with fins 20, but,
manifestly, as far as the present invention is
concerned, the cylinders might be jacketed
and cooled by a selected circulating medium.
~ Around the belt of each cylinder at a point
adjacent to the lower-most pistcn movement

there is located an exhaust or scavenging
passage 21, which communicates with the m-

terior of the cylinder by a series of ports
99. These ports are so placed that they are

uncovered as the piston approaches its lower

1imit of movement to thereby insure proper
scavenging and discharge of the spent gases.

The rotation of the air inlet valve 16 is so
timed that the uncovering of the port 19
takes place shortly after the exhaust ports
22 are uncovered by the piston movement,
and the port 19 is of sufficient angular length
for the varying requirements of the opera-
tions. As a consequence the inrushing fresh
charge of air materially assists the scaveng-
ing operation by positively displacing the
spent gases downwardly through the ports 22.

Means (not shown) are provided for ve-
rying the angular position or timing of ths
inlet valve 16 with respect to the crank shaft
15, in accordance with the fundamental dis
closures of my aforesaid Letters Patent No.
1,180,419 and as already mentioned. herein.
In this way it is possible to regulate the
charge of air which will be trapped in the
eylinder, and in accordance with the mo-
mentary power requirements of the opera-
tion. :

I will now describe my improved fuel
charge forming and pumping device for de-
livering the charges of fuel into the cylinder

in proper quantity and $iming and under

‘proper conditions to insure the most perfect

operating resulés.

For each pair of cylinders 10 and 11 T pro-
vide a single fuel pump 23.. This pump com-
prises a cylinder 24, open at its top end, and
within which " reciprocates the piston 25.
This piston is provided with an upwardly
reaching connecting rod 26, which is driven
by a pump crank shaft 27 through the me-

oY)

ports 40, thus reducing t

1,839,791

dium of a crank 28 as illustrated in Fig. 1.
The crank shaft 27 is in turn driven by a
pinion 29 which meshes with the gear 18, the
pinion being of one-half size so as to rotate
at double speed as compared with gear 18
and therefore at double the speed of the main
crank shaft 15. Xt thus follows that the
pump piston 25 makes a complete up and
down reciprocation for each down stroke of
the two pistons of the pair of working cyl-
inders which are served by said pump.

In the case of a four cylinder engine two of
the pumps 23 are provided, one for each pair
of cylinders, these being the pumps 30 and 31
of Fig. 2. In such case both of said pumps
may be supplied with air by a2 common T con-
nection 32, the inlet leg 83 of which is pro-
vided with a butterfly valve 34 under the con-
trol of the operator. At the inlet side of
2id butterfly valve the inlet connection 33 is
orovided with a tubular or cylinder chamber
35 within which is placed a plunger 36 hav-
ing the stem 87, said plunger being normally
raised by a spring 38 intc the uppermost po-
gsition iliustrated in Fig. 2. At this point

o

“the plunser 36 strikes against a cross piece
k & >

89 by means of which its upward movement is
Himited.

The chamber 85 is provided with a series
of iniet ports 40 immediately below the posi-
tion of the plunger 36, and upon the existence
of an unusually heavy suction beneath the
plunger it will be drawn down against the
spring 88 and thereby partially close the
he rate of air inlet.
The ports 40 are, however, never closed com-
pletely.

Trom the T connecticn 32 the air supply

lines 41 and 42 lead to the two pumps 80 and
31 respectively; and the form of these air sup-
ply lines will be explained more in detail
presently.

In the floor of each of the pump cylinders
there is located a fitting 43 having at ibs up-
per end a valve seat which receives the poppet
valve 44 having the downwardly depending
stemn 45. A light spring 46 normally draws
the valve stem down and thereby seats the
valve. 'The fitting 43 has a series of vertical
passages 47 through which the charges of air
and fuel arve drawn upward past the valve
into the cylinder. The passages 47 com-
municate at their lower ends with a small
chamber 48 immediately beneath the fitting
43, and the air drawn through the connection
41 or 42 as the case may be enters the cham-
ber 48 through a passage 49 in a right angle
dirvection.

Tmmediately adjacent to the point of entry
of the passage 49 with the chamber 48 there
is a small fuel port 50, the same being on the
bottom side of the passage 49, and being con-
trolled by a needle valve 51. This needle
valve is in turn provided with a finger piece
52 at its lower end whereby its setting can be
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adjusted. The usual packing 53 may be pro-
vided around the needle valve or the stem 52.
The fuel is supplied to each of the needle

valves 51 by a connection 54, and a float cham--

ber 55 is provided to serve the two connec-
tions 54 of the two pumps 30 and 81, said
float chamber 55 receiving its supply of fuel
from the common connection 56, and main-
taining a predetermined level of fuel below
the opening 50 of each needle valve. :
Due to the fact that the liquid fuel is draw

~into the pump in an intermittent manner

there will necessarily be a certain amount-of
resistance to the delivery of the individual
impulses of fuel due to inertia. In order to
reduce the effect of this inertia in the fiel
supply line as much as possible I have pro-
vided a small chamber 57 (see Fig. 4) in close
proximity to each of the needle valves and
connected to the needle valve by a short pas-
sage 58, the upper end of.each of the said

chambers being sealed. As a consequence the.

momentary demands for liquid fuel will be
supplied from the chamber 57 corresponding
to the impulses, and there will be a more or

less continuous and tninterrupted supply of.

fuel through the connection 54. Thus the
inertia effect on the liquid fuel line will be
greatly reduced. ‘ R
Around the wall of the cylinder 24 there are
located a series of air ports 59, the same being
located at such an elevation that they will
just be fully uncovered at the upper limit of
the plunger stroke. TUntil the piston 25
reaches a sufficient elevation to uncover the
ports 59 there will be developed a suction

-within the cylinder which will draw in a par-

tial charge of air through the connection 49;
and at the same time the necessary amount of
liquid fuel will also be drawn in and mixed
with said air above the position of the needle
valve and during the movement through the
passages 47. This small charge of air and
fuel will be extremely rich, much richer than
in fact should be used in the cylinder of the
engine, and ag has already been explained the
predominating portion of the air necessary
Tor the proper explosive mixture in the cyl-
inder is supplied independently and through
the main air supply valve 16. o

As soon as the piston 25 reaches a sufficient
elevation to uncover the ports 59 the suction
beneath the piston will be broken and the
valve 44 will seat. At the same time air or
vapors will rush into the cylinder through
the ports 59 to equalize the pressure below
the piston. Immediately thereafter the pis-
ton on its down stroke will close the ports 59
and commence to deliver the charge thus
trapped. - ‘

There is a delivery port 60 reaching back-
wardly from the lower end of the cylinder
24 and branching into a pair of branches 61
and 62 (see Figs. 83 and 5). The ends of
these branches are plugged by the blocks 63

5

as shown at Fig. 5. Reaching upwardly
from the two branches 61 and 62 are the
passages 64 and 65 which lead into chambers
66 and 67 corresponding to the two working
cylinders 10 and 11. The ball check valves

68 and 69 placed between the passages 64 and

65 and the chambers 66 and 67 respectively,
prevent any backward movement from the
respective working cylinders. The upper
ends of the chambers 66 and 67 are blocked
by the blocks 70. - :

Reaching sidewise from the chambers 66
and- 67 are the passages 71 and 72 which lead
into the working cylinders at positions close
to the upper or compression ends thereof. If
desired, spray heads 78 and 74 may be
placed at the discharge ends of the passages

70

75

80

71 and 72, said spray heads being provided

with relatively small spray openings 75 so
ds to create a turbulent condition within the
cylinder with consequent increase in the fir-
ing speed. - A

It -will be understood that the operations
of the pistons 25 are so timed with respect
to the movements of the working pistons 12
that the admission of the fuel charge into
the working cylinder takes place after the
scavenging has been completed and just be-
fore the valve 19 closes.” As a consequence
the gas pressure existing in the working
cylinder which is receiving the charge is
only slightly above atmospheric or in some
cases may be slightly below atmospheric.
At this time the gas pressure existing in the
other working cylinder of the pair is very
high since the piston of such working cylin-
der is at its upper or compressed. position.
The check valves 68 and 69 serve to prevent

‘any back flow from the working cylinders to

the fuel pump; and due to the presence of
said check valves the fuel pump will always
select and deliver its charge to the working
cylinder which is ready to receive it. '
Under rapid operation the inertia of the
liquid fuel coming to the fuel pumps may
seriously affect the siphoning action of ‘the
fuel delivered through the small ports 50

under control of the needle valves 51 and.

consequently excessive quantities of air may
be drawn in. In order to equalize the condi-
tions of air supply to the fuel pump as much
as possible at all speeds, T prefer to estab-
lish a relatively long air column in each of
the air connections 41 and 42 at a position
close to the delivery end of such connection

85

90 -

95

100

105

110

115

120

leading into the passage 49 of the pump. As

a matter of convenience these air columrs
are established by coils 76 and 77 in the air
supply pipes, said coils having a sufficient
length to establish air columns of appre-
ciable inertia in comparison to the inertia of
the fuel columns so that the effects of iner-
tia on the fuel and on the air will be substan-
tially balanced against each other.

In the operation of the device, with the
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butterfly valve 34 at a given setting, the air
for the pump will be drawn in past said but-
terfly valve and through the tube 76 or 77

. as the case may be, past the orifice 50 (the

liquid fuel standing somewhat below the
same due to control of the float chamber 55),
and will be drawn past the valve 44 into the
pump cylinder 24. Due to the rapid up move-
ment of the piston 25 there will exist a par-
tial vacuum within the cylinder, and the ex-
tent thereof will be somewhat determined by
the amount of opening of the throttle valve

84. Manifestly the amount of fuel which

will be aspirated on said stroke will be some-
what controlled by the rate of air flow
through the passage 49 and past the orifice
50. In any case however, as the pump pis-
ton reaches the top of its stroke the ports 59
will be uncovered so as to allow an inrush
of air into the cylinder, which inrush will
immediately build up the air pressure in the
cylinder to atmospheric and establish the
presence of a full charge of air in the cylin-

_der. The fuel charge will however have

been taken into the cylinder prior to the in-
rush of air.

(As the speed of the engine isincreased the
plunger 36 will be drawn down so as to par-

tially close the ports 40.) ~This action will

result in a further resistance to the flow of
air past the throttle valve, which resistance
will be increased as the motor speed increases.
The plunger 36 never moves: down low
enough to completely close the ports 40, such

" result being insured by proper desigh of the

spring 88, the turns of which will close up
before the plunger 86 can completely close
the ports 40. '

.. The inertia effect due to the pulsating na-

ture of the column of air flowing through
the pipe 76 is necessarily affected by the fact
that the air column is highly compressible
and expansible instead of being non-compres-

- sible as in the case of a solid or liquid. The

action of the valve 36 will largely serve to
offset the compressible or expansible nature
of the air column and will serve in connection
with the long air columns 76 and 77 to so

- regulate the intermittent air supplies through

the pipe 76 that the proportions of air de-
livered through the pipe 76 and fuel deliv-
ered through the orifice 50 will be substan-
tially constant through a wide range of op-

- erating rates at any setting of throttle valve

opening.

As the fuel pump -pistons 25 move down
on the working strckes there may be a slight
seepage of mixture upward past said pistons

. and delivering out of the upper ends of the

cvlinders 24, Such seepage will be extremely
small. . Nevertheless, in order to avoid any
loss 6f fuel due to this cause I have provided
an arrangement whereby such seepage will

~be trapped and returned to the interior of

the cylinder 24. For this purpose I have pro-
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vided a shell 78 surrounding the uper portion
of each of the cylinders 24 and having its up-
per end 79 flanged over and turned inwardly
2 sufficient distance to establish a relatively
small central opening 80 for the accommoda-
tion of the pump connecting rod 26. This
shell 78 establishes an annular passage 81
leading from the upper end of the cylinder
and piston downwardly into communication
with the inlet air ports 59 already referred
to. As a consequence the charges of air
drawn inwardly through the ports 59 are re-
ceived in the first instance from a position
around the connecting rod 26 and around the
upper end of the piston itself, so that any va-
pors seeping up past the piston will be
trapped and drawn down and restored into
the cylinder on the next suction stroke of the
piston. :

While I have herein shown and described
only a single embodiment of the features of
my invention, still I do not intend o limit
myself thereto, except as I may do so in the
claims:

T claim:

1. Fuel supply means for an internal com-
bustion engine comprising in combination
means for pumping intermittently in har-
mony with the working piston movements of
the engine, means for delivering primary air
charges of size variable under control of the
operator, and corresponding charges of fuel,
to said pumping means, and connections for
the delivery of secondary air supply charges
to said pumping means to supplement said
primary air charges and establish full vol-
ume charges, substantially as described.

9. Fuel supply means for an internal com-

-bustion engine comprising in combination

means for intermittently forming com-
bustible charges comprising primary- air
charges of variable size under control of the
operator, means for admitting thereto fuel
charges in inverse proportion thereto, and
means for admitting thereto secondary air
charges to supplement said primary alr
charges to establish full volume charges for
delivery to the working cylinder of the en-
gine, substantially as described.

8. Fuel supply means for an internal com-
bustion engine comprising means for inter-
mittently drawing primary air charges
through a suitable connection under control
of the operator and for drawing fuel charges
with said primary air charges and in propor-
tion thereto, connections for supplementing
said primary air charges with secondary air
charges to establish full volume charges after
the fuel charges have been drawn in, and con-
nections for the delivery of all of said
charges to the working cylinders of the en-
gine, substantially as described.

4. Fuel supply means for internal com-

bustion engine comprising in combination a .

reciprocating pump, connections for the sup-
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ply of primary air charges to said pump and
of volume under control of the operator, and
for the supply of ‘corresponding charges of
fuel into the pump together with said pri-
mary air charges, connections for the supply
of secondary air charges to said pump to sup-
plement said primary air charges, and con-
nections for the delivery of all of said
charges to the working cylinders of the en-
gine, substantially as described.

5. Fuel supply means for an internal com-
bustion engine comprising in combination a
reciprocating pump, connections for the de-
livery of charges of primary air and fuel to
sald pump intermittently, means for varying
the amount of air in said air charges, con-
nections for the delivery of secondary air
charges to said pump after the supply of said
primary charges of air and fuel, to supple-

ment the same and establish full charges in-

the pump cylinder, and connections for the
delivery of full charges to the working cyl-
inders of the engine, substantially as de-
scribed. ,

6. Fuel supply means for an internal com-
bustion engine comprising in combination &
reciprocating air pump, a connection for the
supply of primary air and fuel to said pump,
means for varying the amount of air taken
into said pump at each stroke according to
the requirements of engine operation, con-
nections for the admission of secondary air
charges to said pump to insure full charges
of air for delivery to the working cylinders
of the engine, and suitable connections from
the pump cylinder for the delivery of said air
charges and fuel to the working cylinder of
the engine, substantially as described.

7. Fuel supply means for an internal com-
bustion engine comprising in combination a
reciprocating air pump including a cylinder
and a piston working therein, an inlet con-
nection to the lower end of the cylinder,
primary air supply and fuel connections to
said inlet connection, a check valve in said
connection for retaining the charge against
back flow therethrough, a secondary air port
extending through the upper portion of the
cylinder, said secondary air port being nor-
mally covered and sealed by the piston and
uncovered by the piston at the upper limit
of movement thereof to admit a secondary
air charge into the cylinder to establish the
full volume of air within the cylinder at the
upper limit of piston stroke, together with a
suitable delivery connection from the cylin-
der to the working cylinder of the engine,
substantially as described.

8. A method of forming and supplying
fuel charges for the operation of an internal
combustion engine which consists in inter-
mittently drawing primary air charges of
variable amount under control of the oper-
ator, aspirating fuel charges into said pri-
mary air charges and in inverse proportion

thereto, thereafter drawing secondary air
charges into said primary charges in quan-
tities sufficient to establish complete charges
of definite size, and thereafter delivering
said complete charges into the working
cylinder of the engine, substantially as de-
scribed.

9. A method of forming and supplying
fuel charges for the operation of an internal
combustion engine which consists in draw-
ing intermittent primary charges of air of
variable size under control of the operator,
and simultaneously drawing fuel charges
thereinto in proportion to said primary air
charges, and thereafter delivering said pri-
mary charges of air and fuel, together with
supplemental air charges, into the working

cylinder of the engine, substantially as de-

scribed.
10. A fuel pump for the purpose specified

comprising in combination a cylinder, a pis- -

ton working therein, a mixture inlet valve in
the floor of the cylinder, a chamber beneath
said valve, an air supply connection leading
into said chamber, a fuel port leading into
the air supply connection adjacent to the
chamber, a fuel supply passage leading to
said port, means for delivering fuel to said
passage and an expansion chamber in close
proximity to the position of said port and
having its lower portion in communication
with the fuel supply connection, the upper
portion of said expansion chamber being
sealed in air tight fashion substantially as
described. v

11. A fuel pump for the purpose specified

comprising in combination a cylinder, a pis-

ton working therein, a mixture inlet valve
in the floor of the cylinder, a chamber imme-
diately beneath the said valve, an air supply
connection leading into said chamber, a fuel
supply port in the lower part of the air sup-
ply connection adjacent to said chamber, a
needle valve controlling said fuel supply
port, a connection for the delivery of fuel to
said port in regulated elevation and a sealed
chamber adjacent to the needle valve and in
connection with the fuel supply at a point
below the fuel supply port, substantially as

described,
GEORGE R. LAWRENCE.
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