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3,233,652
FUEL FEED SYSTEM FOR CHARGE
FORMING APPARATUS
Berpard C. Phillips, Toledo, Ohio, assignor to The
Tillotsen Manufacturing Company, Tolede, Ohio, a
corporation of Glifo
Filed June 18, 1962, Ser. o, 203,157
6 Claims, (CL 158—36.4)

This is a continuation-in-part of my application Serial
No. 8,448, filed February 12, 1960, now abandoned.

‘This invention relates to a fuel feed system especially
usable for supplying liquid fuel to a charge forming ap-
paratus. or carburetor and which is inclusive of an .ar-
rangement: for preventing the transmission of an ab-
normal or excessive fuel pressure to fuel inlet means of
the charge forming apparatus.

In the use of both two cycle and four cycle types of
internal combustion engine, fuel pumps have been uti-
lized to deliver liquid hydrocarbon fuel under pressure
to a valved inlet port of a carburetor or charge forming
device particularly in installations where the fuel supply
receptacle or tank is disposed beneath or at a lower level
than the carburetor. = Diaphragm fuel pumps have been
used with two cycle engines actuated by varying pneu-
matic or fluid pressure, as for example, by a connection
from the pumping chamber or pumping means with the
crankcase of a two cycle eéngine to set up a pumping
action of ‘a diaphragm for delivery of liquid fuel to a
carburetor.

Installations of this character are particularly usable
with marine engines where the fuel supply tank is dis-
posed below the carburetor or charge forming apparatus,
and it has been conventional practice to pressurize the
fuel tank by the use of a hand pump.

If the hand pump generates an excess pressure of
a magnitude tc overcome the bias maintaining the fuel
inlet valve of the carburetor in closed position, then flood-
ing of the carburetor enstes.

In internal combustion engines where a mechanically
actuated pump is employed, such as a cam driven dia-
phragm pump .on a four cycle engine, means is provided
for normalily interrupting the mechanical operation of
the pump to prevent the transmission of excessive fuel
pressure to the carburetor.  Such arrangements as have
been heretofore used have several disadvantages and have
no venting or overflow means to avoid the transmission
of abnormal fuel pressure at the carburetor inlet valve
means.

The present invention embraces a system for convey-
ing liquid fuel to a charge forming apparatus or carbure-
tor embodying an arrangement for avoiding or prevent-
ing the transmission of fuel under excessive pressures to
a charge forming apparatus or carburetor and for return-
ing excess fuel to the fuel supply receptacle or tank.

An. object of the invention embraces a system for con-
veying fuél to a carburetor wherein the system embodies
a pumping means and an arrangement for returning ex-
cess fuel to the fuel supply receptacle wherein the latter
is under atmospheric pressure.

Another object of the: invention resides in the provi-
sion of a by-pass and valve arrangement associated with
a fuel conveying system for a carburetor wherein minor
overflow of excess fuel is accommodated by the by-pass
and wherein a substantial amount of excess fuel under
pressure is effective to. open a relief valve to facilitate
return flow of ‘the excess of fuel under pressure to the
supply tank.

Another object of the invention is the provision of
a fuel conveying system and apparatus for a carburetor
embodying a pressure relief associated with a chamber
disposed to collect or accumulate bubbles of volatilized
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fuel or gas that may be formed or entrained in the liquid
fuel transmitted to the carburetor whereby bubble-free
fuel is delivered to the carburetor.

Another object of the invention is the provision of a
fuel feed system especially usable with diaphragm type
carburetors, the system embodying an arrangement for
priming the fuel pumping means in conjunction with an
excessive pressure relief means to avoid transmission of
fuel under excess pressure to the carburetor, the arrange-
ment including means for visually indicating operative
condition of the fuel feed system.

Still another object of the invention resides.-in the
provision of a pressure relief and excess fuel return for
a fuel feed system for a carburetor in which the fuel
pumping means maintains a bubble-free supply of liguid
fuel at the inlet region of the carburetor and a circulation
of fuel in the return tube to-the fuel tank to. promote
cooling of the fuel, thus minimizing tendency for vapor-
lock in the fuel feed system when operating in warm
temperatures.

Another object of the invention is the provision of a
fuel conveying system and apparatus for a carburetor em-
bodying means arranged to separate and convey away
bubbles of volatilized fuel or gas that may be formed or
entrained in the liquid fuel whereby bubble-free liquid
fuel is delivered to the carburetor. :

Further objects and advantages- are within the scope
of this invention such as relate to the arrangement, opera-
tion and function of the related elements of the struc-
ture, to various- details of construction and to combina-
tions of parts, elements per se, and to economies of manu-
facture and numerous other features:as will be apparent
from a consideration of the specification and drawing
of a form of the invention, which may" be. preferred,
in which:

FIGURE ‘1 is a semidiagrammatic illustration -of the
fuel feed system of the invention associated with an inter-
nal combustion engine of the two cycle type;

FIGURE 2 is an elevational view of the carburetor or
charge forming device shown in FIGURE 1;

FIGURE 3 is a transverse sectional view taken substan-
tially on the line 3—3 of FIGURE 2;

FIGURE 4 is an elevational view of a four cycle engine,
certain parts being shown in section, illustrating the fuel
feed system and arrangement of the invention associated
therewith;

FIGURE 5:is an elevational view -of a carburetor and
fuel conveying system illustrating a modified form of the
invention;

FIGURE 6 is a vertical sectional view through.the
carburetor illustrated in FIGURE 5, and

FIGURE 7 is a sectional view illustrating  a further
form of the invention.

While the fuel feed system and arrangement of the
invention ‘has particular utility in combination with a
charge forming device or carburetor of the diaphragm
type employed in conjunction with both two cycle and
four cycle engines, it is to be understood that the fuel
feed system and arrangement of the invention may be
utilized with charge forming devices or carburetors of the
float type wherein a float-controlled valve means regulates
the flow of liquid fuel into the carburetor.

FIGURE 1 of the drawings illustrates in semidiagram-
matic form the apparatus of the system of the: invention
utilized with a carburetor or charge forming device of the
diaphragm type employed for delivering a mixture of
hydrocarbon liquid fuel and air into the crankcase of
an internal combustion engine of the two cycle type
usable: for propelling small boats or other engines of this
type where it is usual for'the fuel tank or fuel receptacle
to be disposed or positioned beneath the carburetor and
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requiring fuel pumping means to deliver fuel from the
tank or receptacle to the carburetor.

With particular reference to FIGURE 1, there is illus-
trated a support 18 upon which is mounted a sheet metal
housing or closure 12. Disposed within the housing 12
is an engine 14 of the two cycle or two stroke type, the
crankcase 16 of the engine being illustrated in FIGURE
1. The crankshaft 18 of the engine is disposed vertical-
ly and is provided at its upper end with a fly wheel 28.
The fly wheel may be equipped with an extension 22
fashioned with a peripheral groove 23 adapted to re-
ceive a starting cord or other means for starting the en-
gine in conventional manner.

A cylinder {not shown) is associated with a crankcase
16 in which is mounted a reciprocable piston connected
to the crankshaft by means of a usual connecting rod,
the crankshaft extending downwardly tkrough a tubular
extension 26 of the crankcase and is associated with
power transmission gearing or means for driving a pro-
peller where the engine is employed for marine use.
The crankshaft of the engine may be connected with other
mechanism to be driven thereby where the engine is used
for other purposes.

As particularly shown in FIGURE 2, the crankcase
16 is provided with a boss portion 2§ adapted to mate
with a mounting flange 38 of a carburetor or charge
forming device 32, the flange 3¢ being integrally formed
with the body 34 of the carburetor. The fiange 39 is se-
cured to the crankcase 16 by means of securing bolts 3§,
one of which is shown in FIGURE 2 extending through
openings in the flange and threaded into bores formed
in the boss 28 on the crankcase.

The carburetor body 34 is formed with a mixing pas-
sage 38 which includes an air inlet region 49, a Venturi
construction 42 and a mixture outlet passage 44 which
registers with a passage provided in the boss 28 on the
crankcase. A shaft 46 extends across the air inlet pas-
sage 40 and is equipped with a conventional disk type
choke valve (mot shown) for use in restricting the air
inlet during engine starting operations. Ths mixture cut-
let passage is provided with a disk type throttle valve (not
shown) of conventional construction mounted upon a
throttle operating shaft 58, the shafts 46 and %% being
journaled in bores provided in the walls of the carbure-
tor body 34.

The charge forming device or carburetor 32 illustrated
in FIGURES 1 through 3 is of the diaphragm type. With
particular reference to FIGURE 3 it will be seen that the
carburetor body 34 is formed with a circular portion §4
engaged by a diaphragm 56 of impervious material such
as nylon fabric impregnated with a synthetic rubber-like
material or resin which is not subject to detericration by
contact with hydrocarbon liguid fuels.

The diaphragm is highly flexible and forms a wall of
an unvented fuel chamber or diaphragm chamber 68
adz}pted to receive fuel from a supply as hereinafter de-
scribed. A circular cover or closure 62 is secured to the
annular portion 54 of the carburetor body by means of
screws 64, the central zone of the closure 62 being recessed
to provide a clearance space 65 to accommeodate flexing
movements of the diaphragm. The clearance space 65
is vented to the atmosphere through an opening 64, or it
may be vented to the air inlet region 40.

The carburetor body is provided with a boss 67 bored
to provide a fuel inlet passage 72 which intersects a fuel
passage 73 as shown in FIGURE 3. The body %4 is pro-
vided with a threaded bore accommodating a fitting or
valve cage 76 which is bored to accommodate a valve
member 78 of triangular or polygonal cross-section pro-
vided with a tapered valve portion 86 which extends into
a port provided by an annular valve seat 82 of synthetic
rubber or other material resistant to hydrocarbon fuels.
The valve seat 82 is supported in a recess formed in the
upper end of the fitting 75.

The position of a valve 80 with respect to the port in
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the seat 82 controls the admission of fuel or fuel flow’
into the diaphragm chamber 9. Pivotally supported by
a pin or fulecrum 84 carried by the body 34 is a lever
86, the long arm 87 of the lever being in contact with the
head of the rivet 79, the short arm 88 of the lever con-
tacting the end of the valve body 78. The lever 86 is
biased under the influence of a spring 96 in a direction
to engage the arm 87 of the lever with the rivet head 79
whereby flexure or relative movement of the diaphragm
55 effects movement of the valve menmiber 78.

A main nozzle or fuel discharge orifice 92 is in com-~
munication with the chamber 69 through a suitable duct
provided with a manually adjustable metering needle or
valve {(not shown) for regulating delivery of fuel through
the main nozzle 92. The aspiration or reduced pressure
in the mixing passage 38 set up by reduced pressure in
the crankcase 16 of the engine 14 effects delivery of
fuel from the diaphragm or fuel chamber 60 through
the nozzle $2 into the mixing passage where it is mixed:
with incoming air to form a combustible mixture de-
livered into the engine crankcase.

The amount of fuel is increased as the engine speed
increases, the reduced pressures in the mixing passage
influencing the diaphragm 56 to be flexed in a direction
to open the inlet valve 88 to admit fuel in accordance
with requirements of the engine. A low speed and idle
system (not shown) of conventional character may be
embodied in the carburetor 32 through the addition of
an idle orifice and a low speed orifice (not shown) open-
ing into the mixing passage for engine idling and low
speed purposes.

A suitable fuel pump 108, which as illustrated in FIG-
URE 1 is secured to or mounted by the engine crankcase
16 for pumping fuel to the inlet passages 72 and 73 in
the carburetor body. The pump may be of any suitable
type and one form of diaphragm actuated pump is illus-
trated in my Patent 2,796,838, granted Jume 25, 1957.
A pump of the character shown in my patent is actuated
by varying pressures in the engine crankcase.

Where the pump 168 is of the diaphragm type, the
pumping chamber of the pump may be connected with
the engine crankcase through a passage 182 in communi-
cation with the crankcase whereby the pump diaphragm
is actuated by varying crankcase pressures to effect pump-~
ing of fuel to the carburetor from the fuel tank or fuel
receptacie 104 disposed in a region below the carburetor.

YWhen it is desired to start the internal combustion:
engine 14 and little or no fuel is contained in the fuel
chamber 68 of the carburetor, a priming means is essen-
tial in order to initially lift fuel from the fuel tank 184
to the pump. As illustrated in FIGURE 1, the fuel re-
ceptacle 194 is disposed beneath the carburetor 32 and
contains a sepply of liquid hydrocarbon fuei 185. The
receptacle or tank 164 is provided with a filler opening
normally closed by a filler cap 166 which may be re-
moved to replenish the supply of fuel in the tank 104.
The cap 186 is provided with a vent opening of con-
ventional character which may be closed by a manually
operable valve 168 threaded into the vent opening in
the cap 1866.

The upper wall of the receptacle or tank 184 is pro-
vided with a fitting 118 fixedly sealed in an opening in
the wall of the receptacle. The fitting 118 accommo-
dates a tube 1i2 which terminates at the lower region
of the tank and is adapted to convey fuel out of the
tank. The fitting 11¢ accommocdates a second tube 114
for returning excess fuel into the tank 184. In the em-
bodiment illustrated in FIGURE 1, two sections 116 and
158 of flexible tubing are adapted to convey fuel from
the tube 112 to the fuel chamber in the fuel pump 1¢§.

Disposed between the adjacent ends of the tubes 116
and 118 is a priming means by which fuel may be ele+
vated from the tank 184 to the pump 190 by manual
operation. In the form of priming means illustrated in
FIGURE 1, an oval shaped bulb or member 12§ of
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flexible synthetic rubber or other material which is not
effected by hydrocarbon fuels is interposed between adja-
cent ends of the tubes 116 and 118. Disposed in the
respective end regions of the bulb 120 are check valves
122 and 124 at the inlet and outlet ends of the bulb
respectively.

The bulb 129 is of conventional construction and upon
repeated squeezing of the bulb, fuel is elevated at each
pulsation or squeezing action of the bulb 120 in a direc-
tion to elevate fuel through the tubes 112, 116 and 118
to the fuel chamber of the pump 108, the valves 122
and. 124 being arranged so.as to effect flow of fuel only
in the direction to supply fuel to the pump 100.

The fuel feed system of the invention includes an
arrangement for returning excess fuel into the fuel tank
104 and preventing excessive fuel pressure on the inlet
valve 8¢ in the carburetor. Mounted. at the fuel inlet
region of the carburetor 32 is a T-shaped member or
fitting 128, the stem or branch 13@ of the T-shaped fitting
being provided with a threaded portion 132 which is
received in a threaded entrance formed in the carburetor
in registration with the fuel inlet passage 72.

An arm 134 of the T-shaped fitting -is interiorly
threaded to receive a threaded spigot 136 of a coupling
138, the latter being provided with a nipple portion 140
over which the end region of the tube 119 is telescoped
as shown in FIGURE 3. The coupling or member 138
is.provided with a passage or duct 142 which is in com-
munication with a duct 133 formed in the branch 130
of the T-shaped fitting. The tube 112 connects. the out-
let of the fuel pump with the coupling 138.

The other arm 144 of the fitting 128 is provided with
an interiorly threaded bore to receive a threaded spigot
146 of a second coupling 148, the latter having a nipple
portion 150 over which is telescoped the end of a tube
152 which forms a component of a fuel return line. The
section- 152 of flexible tubing may be connected with a
sight glass ‘or tubular member 154, the latter being con-
nected by a second tubular section 156 which is con-
nected with the tube 114 extending into.the tank 194.

The sight glass or transparent tube 154 provides a
convenient means for visually indicating to an operator
that a priming operation has:been completed and, dur-
ing engine operation, that fuel is being delivered to
carburetor in excess of the engine requirements, the
excess fuel being returned to the receptacle through the
tube sections 152 and 156, the tubular sight glass 154
and the tube 114. A suitable grommet 158 ‘may be
employed where the tubes 118 and 152 pass through an
opening in the cover mounting portion of the support 10
as shown in FIGURE 1.

As particularly shown in FIGURE 3, the T-shaped fit-
ting is formed with a partition 16¢ provided with a port
or opening 162 which is normally clesed by a valve means
1684 such as a ball shaped valve, the latter being contained
in a compartment 165 and is biased toward closed position
under the influence of an expansive coil spring 166. The
interior surface of the pariition porticn 160 spaced from
the end of the tenon 13§ of the fitting 138 is of generally
partial spherical shape providing a semi-spherically shaped
chamber 168, the spherically shaped wall porticn thereof
being above the entrance region of the duct 133 with the
carburetor disposed i a substantially horizontal position
as shown in FIGURE 3.

The partition portion 168 of the fitting 128 is also fash-
ioned with a by-pass channel around the port 162 and the
check valve 164 and establishing communication between
the chamber 168 and the compartment or chamber 1865.
As shown in FIGURE 3, the by-pass means includes a first
channel 17@ cpening into -the semi-spherically shaped
chamber %68 and a second channel 172 of lesser cross-
sectional area than the by-pass channel 17¢ and in com-
munication therewith.

The second by-pass channel 172 is of comparatively
small cross-sectional area to provide a restriction limiting
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the flow rate of fuel under normal opeérating conditions
into the return tube 152. If excess fuel pressure is de-
veloped by squeezing the priming bulb 128, the excess
pressure elevates the ball valve 164 to facilitate increased
fuel flow through the port 162.

The operation of the arrangement illustrated in FIG-
URES 1 through 3 is as follows: In initially operating the
engine where the diaphragm chamber or fuel chamber 69
contains little 'or no fuel, the vent valve member or screw
188 is rotated in a direction to open the vent in the cap 186
on the recepiacle.

The operator-then manually exerts successive squeezing
pressures on the priming bulb 128 which elevates fuel from
the tank 104 through the tubes 112 and 116, the priming
bulb 128 past the check valves 122 and 124 and through
the tube 118 into.the fuel chamber of the fuel pump 108
thence through the tube 119 into the fitting 228 filling the
ducts 133, 72 and 73 providing fuel at the poit in the valve
seat 82 for admission into the carburetor fuel chamber 68,

The spring ‘166, which biases the valve 164 toward
closed pesition, is calibrated or fashioned to be compressed
under a predetermined fuel pressure, as for example, five
pounds per square:inch, to avoid excess pressure being
transmitted to the inlet valve 88 to avoid cpening the valve
80 which would cause fuel flow into the carburetor chams-
ber 69 and cause flooding of the chamber and fuel fow
into the mixing passage 38 before the internal combustion
engine is started.

Thus if the priming bulb 128 is vigorously activated by
the operator setting up substantial pressure in the chamber
168, the spring 166 will be compressed by fluid pressure
acting through the port 162 on the valve 164 elevating the
valve to facilitate flow of excess. fuel into the return line
or tube 152 and into the fuel tank 104.

Return flow of fuel may be observed through the sight
glass tube 154 indicating to the operator that the fuel feed
arrangement has been primed viz that.the supply tubes
116, 118 and 119 and the fuel chamber of the pump 199
are filled with liquid fuel.

The engine may then be started in the riormal manner
by rotating the fly wheel 20. . As soon as the cranking of
the engine is begun, the fuel pump 169 is activated to con-
tinue. to supply fuel through the inlet tubes through the
fitting 228 and through the ducts or passages 133, 72, 73.
The valve 8@ is opened by reason of the upward flexure of
the diaphragm 5§ under the influence of reduced pressure
or aspiration in the mixing passage 38. The mixture is
thereby formed by delivery of fuel from the chamber &
through the main orifice 92 or through the idle or sec-
ondary orifice system (not sliown) that may be embodied
in the carburetor.

The fuel pump 160 normally supplies an amount of fuel
greater than the requirements. of the engine. When the
throttle of the engine is only partially opened or the fuel
demand on the carburetor is comparatively small under
light loads, the fuzl consumption may be ‘so reduced that
fuel pressure set up by the fuel pump becomes excessive.
If the by-pass channels 179 and 172 are insufficient to
accommodate return flow of the excess fuel into the fuel
tank, the pressure in the chamber 168 elevates the valve
164 to increase flow of fuel into the return line 152 and
thereby relieve the passages conveying fuel to the car-
buretor iniet valve §8 from excessive fuel pressure:

When fuel consumption of the carburctor is high as at
high speeds or under substantial loads, the valve 164 may
remain in closed position where the by-pass channels 179
and 172 are adequate to convey excess fuel into the return
line. 'The restricted by-pass channel 172 is comparatively
small in cross-sectional area so that under normal opera-
tion it effects only a small reduction in the maximum
pumping capacity of the fuel pump.

Where the arrangement of internal combustion engine
and fuel feed system of the invention is utilized in power-
ing small boats or in instailations where the components
are subjected to elevated temperatures by the sun’s rays or
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inadequately vented regions, the heating of the tubular
components conveying fuel from the fuel tank 184 to the
pump 186 may cause vapor bubbles to form in the fuel
and, if the same are not eradicated, may cause “vapor-
lock™ and impair the flow of liguid fuel into the inlet pas-
sages of the carburetor thus impairing or interrupting the
operation of the carburetor.

The semi-spherically shaped chamber 163 provides a
region in which the bubbles of vapor or volatilized fuel
are collected and dispersed through the by-pass channels
176 and 172 and through the return line 152 into the fuel
tank 1904, Through this arrangement the vapor is diverted
from the fuel so that a continuous supply of bubble-free
liguid fuel to the carburetor is assured by diverting the
vapor into the return line.

Another advantage of the system ensuing through the
continuous pumping of fuel slightly in excess of the re-
quirements of the carburetor is that the increased fuel
moving through the pump absorbs heat from the pump
transmitted to the pump from the engine crankease which
is dissipated into the fuel tank by the return of fuel in
the line or tube 152. The heat absorbed into the fuel
and carried by the fuel through the return line into the
tank 184 is more readily cooled in the fuel tank by reason
of the large surface area of the tank. Through this ar-
rangement the fuel pump is maintained at a reduced tem-
perature.

While the arrangement illustrated in FIGURE 1 is
associated with a carburetor of the diaphragm type where-
in the aspiration or reduced pressure in the mixing pas-
sage controis the fuel flow rate through the carburetor,
it is to be understood that the fuel feed system and
apparatus of the invention may be empioyed with carbu-
retors of the so-called float type wherein a float-con-
trolled inlet valve regulates the fuel flow into the carbuie-
tor dependent upon variations in the level of fuel in a
bowl or fuel chamber in the body of the carburetor.

FIGURE 4 illustrates the arrangement of fuel feed
system utilized in conjunction with an engine of the
four cycle or four stroke type embodying a mechanicaily
operated pump for conveying liquid fuel to the carburetor.
The internal combustion engine construction of the four
cycle type illustrated in the drawing is inclusive of a
stationary base 180, a crankcase 182 and a cylinder 184,
the latter being provided with cooling fins 185, the en-
gine being of the air cooled type.

A crankshaft 186 is journaled for rotation in the crank-
case 182 and a crankportion of the crankshaft connected
by a connecting rod 188 with a piston 1%9 reciprocable
in the cylinder 184. A camshaft 192 is journally sup-
ported in the crankcase 182 and is driven by means
(not shown) connected with the crapkshaft at one-half
crankshaft speed in the conventional manner. The cam-
shaft 192 is provided with cams for operating the inlet
and exhaust valves of the engine, the cam 134 for oper-
ating the mixture inlet valve 196 being shown in FIG-
URE 4.

The valve 196 is of the poppet type actuated by a
tappet 198 which is elevated by the cam 124, an ex-
pansive coil spring 269 normally biasing the valve toward
closed position. The cylinder 184 is equipped with a
head 202 providing a combustion chamber 284, a spark
plug 206 being provided for igniting the mixture in the
combustion chamber 284, the expansion of the burning
gases in the chamber 234 effecting reciprocation of the
piston: 199.

Secured to a bracket 203 mounted upon the craunkcase
182 is a foel tank or receptacle 210 provided with a
vented filler cap 212. Connected with the lower region
of the fuel tank 218 is a fuel conveying pipe or tube
214 adapted to convey fuel to a fuel strainer unit 216
of conventional construction. The fuel strainer or filter
unit 216 is provided with a fitting 228 cennected with
the fuel chamber of a diaphragm type fuel pump 222
of the mechanically operated type. The fuel pump unit
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222 is of conventional comstruction and is inclusive of
a member 224 and an enclosure 224, a flexible diaphragm
or membrane 228 being disposed between the members
224 and 226.

An operating lever 236 is fulcrumed within the hous-
ing member 226 and is mechanically connected to the
diaphragm 228 in a conventional mamner to effect recip-
tocation of the diaphragm through oscillating move-
menis of the actuating lever 23¢. The camshaft 192
is provided with a cam 232 engaging the pad portion
234 of the lever 230. Rotation of the camshaft 192
and cam 232 effects swinging or oscillatory movements
of the pump actuating lever 236, the latter effecting
flexure of the diaphragm 228 to establish pumping strokes
of the diaphragm to elevate fuel from the fuel receptable
210,

The member 224 of the fuel pump usnit is provided with
inlet and outlet valves to effect pumping of fuel in
one direction through the pumping unit. The member
224 of the fuel pump unit is equipped with a fitiing 238
which is connected with the T-shaped unit 128" by means
of a tube or pipe 248. The unit or component 128’ illus-
trated in FIGURE 4 is of the same construction as the
unit 128 illustrated in detail in FIGURE 3. The unit
128’ is connected with the charge forming device or
carburetor 32’ in the same manner as illustrated in FIG-
URE 3.

The mounting flange 30 of the carburetor 32’ is sectred
to a mixture intake manifold 244 cast integrally with
the cylinder construction 184, the passage 246 provided
by the manifold 244 conveying fuel and air mixture from
the carburetor 32’ into the combustion chamber 204
when the inlet valve 196 of the engine is opened during
engine operation. The unit 128" is connected with a
return tube or line 258 to the upper region of the fuel
tank or receptacle 218 and corresponds to the return tube
or line 152 in the arrangement illustrated in FIGURE L

The operation of the carburetor 32" and the unit 128’
of the fuel feed system illustrated in FIGURE 4 are
substantially the same as the operation of the arrange-
ment shown in FIGURE 1. During operation of the
four cycle internal combustion engine illustrated in FIG-
URE 4, the rotation of the camshaft 192 continuously
oscillates the diaphragm actuating lever 238 to effect a
pumping action of the diaphragm 228 of the pump unit
222 whereby fuel is being continuously elevated from the
fuel tank 216 through the supply tube 214 and fuel
continuously delivered through the cutlet tube 249 to
the unit 128’ which is secured to the carburetor 32".

The excess of fuel supplied to the unit 128’ is returned
into the fuel tank through the return pipe or tube 258
in the same manner as hereinbefore explained in con-
nection with the form of the invention shown in FIG-
URES 1 through 3. It is to be understood that the fuel
feed system and arrangement of the invention may be
employed with any type of fuel pump.

As the internal combustion engine shown in FIGURE
4 continuously and mechanically operates the lever 236
to effect reciprocation or flexure of the diaphragm 228,
liguid fuel is always maintained in the pump and filter
units and hence a priming means is not required with
the arrangement or system illustrated in FIGURE 4.
While the engines illustrated in FIGURES 1 and 4 are
of the single cylinder type, is is to be understood that
the fuel feed system and arrangement of the invention
is usable with muiti-cylinder engines.

FIGURES 5 and 6 illustrate a modified form of ar-
rangement for providing for returning excess fuel to the
fuel supply receptacle and for venting or bleeding off:
vapor or bubbles of gaseous fuel or air in the fuel to
provide bubble-free liquid fuel to the carburetor. - The
arrangement shown in FIGURE 5 is similar to a portion
of FIGURE 1 and includes a support 19" upon which is
mounted a housing cr closure 12, Disposed in the
housing is an engine 14’ having a crankcase £6’, the
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crankshaft extending through a tubular extension 18’
thereof extending through the support 10’ ‘

The crankshaft may be provided with a fly wheel
similar to that shown in FIGURE 1. The engine 14’ is
of the reciprocable piston type and the engine illustrated
is of the two cycle type. The crankcase 16’ is provided
with a boss portion of the character shown in FIGURE 2
and the mounting flange 268 of the carburetor or charge
forming device 262 is secured thereto by suitable bols.

The carburetor 262, as shown in FIGURE 6, is formed
with'a body 264 provided with a mixing passage 38’, a
Venturi construction and a mixture outlet passage of the
character iilustrated in FIGURE 2 registering with a
passage provided in the boss of the crankcase supporling
the carburetor through which mixture is delivered to the
engine. . The carburetor shown in FIGURE 5 is of the
same general character as that illustrated in FIGURE 2
and includes a choke valve mounted upon a shaft 46’
journaled in suitable bores formed in the carburetor body
262. ° The carburetor shown in FIGURE 5 is also pro-
vided with a conventional throttle means.

As shown particularly in FIGURE 6, the carburetor
is .of the diaphragm type, the body 264 being formed
with a circular boss portion 54’ engaged by a flexible
diaphragm 56’ of impervious material. The diaphragm
forms'a wall of the fuel chamber or diaphragm chamber
60" which is adapted to receive fuel from a supply. The

circular cover 62’ accommodates screws 64’, which extend.

through registering openings in the cover 62‘, the di-
aphragm 56’ and a gasket 266, securing the diaphragm to
the carburetor body 264.

The carburetor body is fashioned with a threaded bore
accommodating a fitting or valve cage 76’ having a bore
accommodating a slidable inlet valve member 78’ pro-
vided with a conically-shaped valve portion $9’ which
cooperates with an annular valve seat 82’ to meter or con-
trol. fuel flow into the chamber 68’. - A lever 86’ is ful-
crumed-on the body by a pin 84’, the long arm 87 of
the lever being arranged for engagement with the head of
a rivet 70’ carried by the diaphragm 56’, the short arm
88’ of the lever contacting the end of the valve body or
member 78,

The lever 86’ is biased under the influence of a spring
90" in a direction to engage the arm 87’ of the lever with
the rivet 70’ carried by the diaphragm whereby relative
flexure or movements of the diaphragm 56’ are transmitted
to ‘the valve member 78’ to control the position of the
valve member,

The carburetor body 264 is provided with a main nozzle
or fuel discharge orifice (not shown) in communication
with a suitable duct provided with an adjustable meter-
ing- or needle valve (not shown) for metering delivery
of fuel through the main orifice into the mixing passage
38’

The aspiration or reduced pressure in the air and fuel
mixing passage 38', established by reduced pressure in
‘the crankcase 16’ of the engine 14’, effects delivery of
fuel from the chamber 60’ into the mixing passage, the
air-and fuel mixture being delivered into the cramkcase.
The reduced pressures in the mixing passage influence
the diaphragm 56’ to be flexed in a direction and to an
extent to open the inlet valve 88’ to admit fiuel in accord-
ance with the requirements of the engine.

The carburetor embodies a secondary fuel delivery
system . (not shown) of conventional character for de-
livering fuel into the mixing passage for low speed and
idling operation- of the engine. A suitable fuel pump
100’ which is preferably of the diaphragm type actuated
by varying pressures in the engine crankcase functions to
provide a supply of fuel to the carburetor during engine
operation. - A fuel supply tube 118" is connected with the
fuel pump 108" and with the fuel tank or receptacle of
the character illustrated at 164 in FIGURE 1. It is to
be understood ‘that other types of fuel pump, such as
piston or gear pumps; may be employed in the system.
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The fuel feed system of the invention embodies ‘an
arrangement for bleeding off or returning fuel delivered
by the pump in excess of the requirements of the car-
buretor and prevents excessive fuel pressure building up
which might otherwise overcome the spring pressure %9
acting on the lever 86" and open the valve 88 and there-
by impair the metering function of the carburetor dia-
phragm 56’ as well as to vent the system of vapor or
gas bubbles in the liquid fuel so that bubble-free liquid
fuel is delivered to the carburetor.

With particular reference to FIGURE 6, the end region
of the fuel supply tube 119’ is telescoped over a nipple
portion 268 of an elbow-shaped fitting or coupling 276.
The elbow 270 is formed with a threaded end region 272
which is threaded into a bore formed in a boss 274 pro-
vided on the carburetor body 262. The carburetor is
fashioned with a fuel passage or chamber 276 which is
in communication with the fuel conveying tube 119’ by
a hollow interior or passage 278 provided in the L-shaped
fitting or coupling 276,

The passage or supplemental chamber 276 in the car-
buretor is in communication with the port in the annular
valve seat 82’ by a duct or passage 289. A boss 282, ex-
tending upwardly from the body 262 of the carburetor,
is provided with a threaded opening accommodating a
threaded portion 284 of a fitting or coupling 286.  The
fitting 286 is provided with a nipple portion 288 to re-
ceive an end region of the flexible tube 152’

The fitting 286 is provided with passages 29¢ and 292
which are interconnected by means of a restricted passage
2%4 of preferably lesser cross-sectional area than the
passages 296 and 292 to restrict the flow of fuel from the
passage or supplemental chamber 276 into the fuel return
tube 152’, which may be formed of metal or nonmetallic
material.

It is to be understood that in Lieu of the restricted
passage 294, the passages 20 and 292 may be of a cross-
sectional area providing a restriction to limit or restrict
return flow of fuel into the fuel tank through the return
tube 152’. However, the arrangement of coupling 286
illustrated in FIGURE 6 with a resiriction 294 is pre-
ferred as the restriction 294 may be varied in size to
thereby regulate or limit the flow rate of fuel inio the
return line or tube 152" as may be required for a particular
carburetor or dependent upon output of the fuel pump.

It should be noted that the passage or supplemental
chamber 276 formed in the carburetor body 262 is of sub-
stantial size and that the passage 238 is directly above the
supplemental chamber 276 when the carburetor is in nor-
mal upright position as viewed in-FIGURE 6, this ar-
rangement providing for bleeding off any bubbles of vapor
or gas caused by emulsion of the fuel so that only liguid
fuel is delivered through the inlet port in the seat 827
past the.valve 80’ into the carburetor.

Bubbles of gas or air entering with the fuel would im-
pair the normal metering function of the diaphragm 56
and thereby adversely effect the operation' of an engine
connected - with the carburetor.

Through this arrangement any bubbles of gas in the
fuel entering chamber 276 will be bled off or vented
through the passage means in the coupling or fitting 286
into the return line 152’, :

The restriction 294 provides a relief vent to bleed off
excess fuel which may be supplied to the chamber 275 by
the fuel pump and thereby prevent excessive pressure be-
ing built up in the fuel chamber 276 which rmight other-
wise exert pressure on the valve 88 sufficient to cause the
valve 1o be opened and thereby impair the normal opera-
tion of the carburetor.

FIGURE 7 illustrates a modified arrangement of the
invention. The carburetor illustrated in FIGURE .7 is
substantially the same as that shown in FIGURE 6. The
carburetor 262" is fashioned with a mixing passage. 38"
and a fuel chamber 66", one wall of which is formed by
the flexible metering diaphragm 56’". The carburetor is
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provided with an inlet valve body 78" having a valve
portion 88" cooperating with an annular valve seat 82",
the port of which is in communication with a supplemental
chamber 288 through a connecting passage 2807,

The relative position of the valve member 80" is con-
trolled by movements of the diaphragm 56 transmitted
through the medium of a lever 86’ in the same manner as
in the arrangement shown in FIGURE 6. The arrange-
ment of FIGURE 7 is inclusive of a fitting 380 fashioned
with a threaded projection 302 which extends into a
threaded opening in the body 262" in communication
with the supplemental chamber or passage 298.

The fitting 386, including the portion 382, is provided
with a fuel passage 3#4 which is in communication with
the fuel chamber 298 and in communication with a region,
passage or chamber 385 provided in the fitting 309.

The fitting 389 is formed with a threaded bore accom-
modating a threaded proiection 388 formed on a fitting
319, the latter having a nipple portion or projection 332
to accommodate the end region of the fuel conveying tube
119" connected with the fuel pump such as the fuel pump
189" shown in FIGURE 5. The fitting 319 is provided
with a central fuel passage 314 to admit fuel into the in-
termediate fuel chamber or region 386 for delivery
through passages 304 and 2$8 into the carburetor when
the fuel inlet valve 8¢” is opened under the influence of
the diaphragm 56".

The region of the fitting 360 directly above the chamber
306 is formed with a threaded bore accommodating a
threaded projection 316 of a fitting or nipple 318. The
end region of the return tube 152" is telescoped over the
nipple 318. The central region of the nipple 318 is fash-
joned with passages 328 and 322 which are connected by
a restricted opening or passage 324 of lesser cross-sec-
tional area than the passage 329.

It is imperative that the fitting cr nipple 318 be dis-
posed above the chamber 366 in the normal position of
the carburetor, as shown in FIGURE 7, so that gas bub-
bles or air bubbles in the liquid fuel flowing into the
chamber 366 will be bled off or vented through the pas-
sage 320 past the restriction 324, thence through passage
322 into the line 152" which returns them into the fuel
tank.

The metering restriction 324 not only serves to vent
off vapor or gas bubbles in the fuel but alse provides a
vent means through which liguid fuel may flow for return
to the fuel tank should the fuel pump develop excessive
pressure in the passage 298 and thereby prevent excessive
fuel pressure building up which might otherwise open the
fuel inlet valve 86" and interfere with the proper opera-
tion of the carburetor.

As explained in connection with the form shown in
FIGURE 6, the passages 320 and 322 and restriction 324
may be of the same diameter t¢ provide a restriction of a
cross-sectional area equal to that of the restriction 324.
However, it is to advantage that the restriction 324 be of
substantial lesser cross-sectional area than the passages
320 and 322 so that the size of the restriction 324 may be
varied depending upon the size of characteristics of the
carburetor or fuel pump with which the fuel system may
be utilized. It is to be understood that the fitting 316
may be disposed in other positions relative to the cham-
‘ber 386 but that it is essential to the successful venting of
‘bubbles from the liquid fuel to position the nipple fitting
318 substantially directly above the chamber 396.

The arrangement shown in FIGURES 5, 6 and 7 may
be wsed with or without the priming means 120 shown in
FIGURE 1. With certain types of fuel pump, the valve
arrangement therein is such as to check the reverse flow of
fuel in the supply line or tube 118 when the engine is
stopped. Under these conditions fuel is maintained at
the Tegion of the fuel inlet valve of the carburetor render-
ing priming unnecessary for starting the engine.

1t is to be understood that the arrangement illustrated
in FIGURES 6 and 7 is usable with a four cycle engine
of the character illustrated in FIGURE 4.
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it is apparent that, within the scope of the invention,
modifications and different arrangements may be made
other than as herein disclosed, and the present disclosure
is illustrative merely, the invention comprehending all
variations thereof.

I claim:

1. A fuel feed system including a carburetor for use
with an internal combustion engine, a fuel pump con-
nected with a fuel supply tank, a fitting providing a first
duct and a second duct, passage means establishing com-
munication of the first duct with a valved fuel inlet chan-
nel of the carburetor and the fuel pump, tubular means
establishing communication between the second duct and
the fuel tank to accommodate fuel flow from the second
duct to the fuel tank, manually operable means for
priming the pump with liquid fuel from the fuel tank, a
pressure relief means arranged to establish communica-
tion between said ducts under the influence of excessive
fuel pressure set up by the fuel pump in said first duct,
and a by-pass of comparatively small cross-sectional area
providing a restricted passage between the ducts in the
fitting.

2. A fuel feed system including a carburetor for use
with an internal combustion engine, a fuel pump con-
nected with a fuel tank, a member formed with a first
chamber and a second chamber, passage means' estab-
lishing communication of the first chamber with a valved
fuel inlet channel of the carburetor and with the fuel
pump, tubular means establishing communication between
the second chamber and the fuel tank to accommodate
fuel flow from the second chamber to the fuel tank, a
pressure relief valve adapted to establish communication
between said chambers under the influence of excessive
fuel pressure in said first chamber, said first chamber
being formed with a partial spherically shaped region, and
a by-pass of comparatively small cross-sectional area in
communication with the spherically shaped region of the
first chamber and the second chamber to convey vapor
in the liquid fuel into the second chamber for return
through the tubular means to the fuel tank.

3. A fuel feed system including a carburetor, a tank
adapted to contain liquid fuel, a fuel pump, a hollow
member formed with a partition providing a first chamber
and a second chamber, passage means establishing com-
munication of said first chamber with a valved fuel inlet
of the carburetor and the fuel pump, a first tubular means
connecting the fuel pump with the fuel tank for conveying
fuel to the fuel pump, a second tubular means connecting
the second chamber with the fuel tank, a restricted by-
pass of small cross-sectional area between said chambers
through which vapor is returned to the fuel tank, pres-
sure relief means in said hollow member adapted to be
actuated by excessive fuel pressure in the first chamber
to accommodate increased flow of fuel through the sec-
ond chamber into the second tubular means, and a manu-
ally operable squeeze bulb of flexible material associated
with the first tubular means for priming the fuel pump
with liguid fuel frocm the tank,

4. A fuel feed system including a carburetor adapted
to deliver a combustible mixture to an internal combus-
tion engine wherein the carburetor is of the diaphragm
type arranged to deliver fuel into a mixing passage under
the influence of subatmospheric pressure in the mixing
passage, a fuel pump, a fitting defining a first chamber
and a second chamber, passage means connecting the
first chamber with a valved inlet duct of the carburetor
and with the fuel pump, a first tubular means connecting
the fuel pump with the fuel supply tank, manually op-
crable means connected with the first tubular means for
priming the pump with liquid fuel, a second tubular
means connecting the second chamber with the tank, a
surface of the first chamber being curved providing a re-
gion to accommodate vapor bubbles in the liquid fuel,
a restricted by-pass formed in said member for con-
veving vapor bubbles from the curved region into the
second chamber for return through the second tubular



3,233,652

i3
means to the fuel tank, a port formed in the partition, and
resiliently biased valve means associated with the port to
relieve excessive fuel pressure in the first chamber,

5. A fuel feed system including a carburetor adapted
to deliver a combustible mixture to an internal combus-
tion engine wherein the carburetor is of the diaphragm
type arranged to deliver fuel into a mixing passage under
the influence of subatmospheric pressure in the mixing
passage, a fuel pump, means connected with the carbu-
retor defining a first chamber and a second chamber, pas-
sage means connecting the first chamber with a valved
inlet duct of the carburetor and with the fuel pump, a
first tubular means connecting the fuel pump with the
fuel supply tank, a second tubular means connecting the
second. chamber with the tank, a surface of the first
chamber being curved providing a region to accommo-
date vapor bubbles in the liquid fuel, a restricted by-pass
formed in said member for conveying vapor bubbles from
the curved region into the second chamber for return
through the second tubular means to the fuel tank, a port
formed in the partition, and resiliently biased valve means
associated with the port to relieve excessive fuel pressure
in the first chamber, manually operable means for
priming the pump with liquid fuel from the fuel tank,
and means for visually indicating fuel flow in the system.

6. A fuel feed system including a carburetor having
an unvented fuel chamber, an integral T-fitting having
a first duct, a second duct, and a passage means for es-
tablishing communication of the first duct with a valved
fuel inlet channel of the carburetor, a fuel pump con-
nected to a fuel supply tank and to the first duct, a bubble
collecting chamber formed in the fitting and in com-
munijcation with the first duct and the passage means

14

so that the fuel passes from the first duct to the chamber
before reaching the ‘passage means, tubular means es-
tablishing communication between the second duct and
the fuel tank, a by-pass of comparatively small cross-sec-

5 tional area connecting the bubble chamber and the sec-
ond duct, a relief valve in parallel with said by-pass, the
by-pass positioned above and away from the passage
means so that vapor bubbles and fuel vapor are conveyed
therethrough for return to the tank.
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