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This invention relates to a system for feeding fuel under
pressure to an internal combustion engine and, more
specifically, to a system of this type wherein the fuel flow
to the engine is metered by varying either the fuel pres-
sure differential across one or more fuel fow metering
restrictions or the area of these restrictions in proportion
to or in accordance with the rate of air flow to the engine,
which can, in turn, be measured directly or regarded as a
parameter determined by one or more of the engine vari-
ables—density, engine speed, and throttle opening.

According to this invention, the engine is supplied with
air through a suitable air induction system, the entrance of
which is contrelled by a manually operated throttle valve.
If the engine has a plurality of cylinders, which is usually
the case, a manifold with a plurality of outlets connects
with the inlet ports of the several cylinders. The fuel is
supplied from a substantially constant pressure source,
which may be a closed reservoir, and flows through a fuel
bassage to one or more nozzles opening into the air induc-
tion passage adjacent the engine inlet port or ports. . Be-
tween this source and the nozzle inlet is a fuel flow meter-
ing restriction.

A source of air under constant pressure connects with
the fuel source to urge the fuel to flow through the fuel
passages and the flow metering restriction. Another con-
nection from the air pressure source to the fuel passage
downstream of the metering restriction and upstream of
the nozzle cutlet tends to retard the flow of fuel through
the flow metering restriction. The air pressure in this
connection is contrelled to vary in accordance with varia-
tiens in air density posterior of the throttle valve or by
engine speed and the degree of throttle opening.

It will be readily apparent that in such a system any
differential between the fuel pressure at the fuel source and
the air pressure downstream of the fuel flow metering
restriction will cause the fuel to flow at a rate propor-
tional to the square root of the pressure differential
across the fuel flow metering restriction or orifice. - When
this pressure differential is suitably controlled, fuel flow
can be maintained substantially proportional to air flow
through the engine induction system.

A separate hydraulic circuit having a variable -output
pressure acting on an air pressure regulator controls the
air pressure differential applied to the fuel by variably
controlling the air pressure supplied downstream of the
fuel flow metering restriction.

The hydraulic circuit includes a constant displacement
pump driven at engine speed, a direct pressure connection
between this pump and the air pressure regulator, and
a by-pass hydraulic circuit around the pump, including a
variable area orifice suitably operated by either throttle
opening and/or manifold pressure posterior-of the throttle
valve. For any given setting of the orifice in this hydrau-
lic circuit, the output pressure imposed on the air pressure
regulator will vary as a square function of engine speed.

The action of the air pressure regulator responds to this
output pressure from the -hydraulic ‘circuit -to produce
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changes in air pressure which are inversely proportional to
the pressure changes in the hydraulic circuit.

As an alternative to the above-described arrangement
for regulating the air pressure differential, a modification
centemplates a structure in which a separate hydraulic
circuit connects with the air pressure regulator by way of
& metering restriction. The hydraulic pressure in the
regulator is varied according to variations in air flow to
the engine bﬁy a controlled ontlet downstream of the meter-
ing restriction in a discharge line leading to the intake
of the pump. The controlled -cutlet may be a varjable
orifice such as a tapered needle in 2 restriction operated
linearly by movements proportional to the air flow to the
engine to obtain pressure changes in the hydraulic circuit
proportional to air fiow to the engine,

The advantages and novel results obtained with this
system will become more apparent from the accompanying
detailed description taken with the accompanying draw-
ings, in which:

Fig. 1 is a schematic representation illustrating the fuel
and air circuits with their controls.

Fig. 2 is a schematic representation of a modification of
the invention illustrating the fuel and air circuits and their
contrels.

Fig. 3 is a schematic representation of a second modifi-
cation of the invention iltustrating the fuel and air cir-
cuits and their controls.

Fig. 4 is a detailed view illustrating one form of fuel
nozzle which is used in the third modification, .

Fig. 5 is a schematic representation of a third modifica-
tion of the system shown in Fig. 1.

Fig. 6 is a cross-sectional view of the nozzle used in
Fig. 5.

Fig. 7 is a schematic representation of a fourth modifi-
cation of the system shown in Fig. 1.

The system about to be -described is adapted to be ap-
plied to the air induction system of a conventional piston
engine. - It is well understeod in the art that-such systems
include a singlé or dual manifold arrangement with one
or more throttle controlled intake stacks leading to a mani-
fold with plural outlets connected to the intake ports in
the engine. Since the intake system or manifold forms
no pari of the present invention, the specific features there-
of ‘are not shown or described in detail.

In Fig. 1 such an induction system has been shown
diagrammatically as comprising an air intake stack 1 which
is connected with and forms a portion of an intake mani-
fold 2 having a plurality of outlets 3 and 4 for connection
with the several intake ports in the engine. It.is also as-
sumed that the engine has a suitable ignition system con-
trolled by a suitable ignition switch of the key type, for
example, as illustrated at 6. In addition to controlling
the ignition of the engine, the key switch .6 alse controls
a circuit from the battery B through a solenoid operated
valve 7, which is spring closed. The purpose. of the
valve is'to cut off the fuel to the engine when the ignition
switch 6 is turned off, The manner in which it.operates
to perform this function will appear more clearly as .this
description proceeds.

In the system schematically illustrated in Fig. 1, a pul-
ley 9 on a shaft 10 is arranged to be suitably driven at
engine speed by means of a belt between the pulley ¢
and a suitable pulley on the engine (not shown). The
shaft 10, in turn, powers a plurality of pumps 11, 12
and 13, all of which are connected fo be driven from
the line shaft 19.

The pump 11 supplies fuel to the engine as regulated
by a fuel system hereinafter described, of which it forms
a part.. Fuel may be supplied to this system from a suit-
able source, such as a tark, connecting with line 15. The
outlet 16 from the pump has a by-pass 17 containing a
pressure responsive reliefl valve 19 operated by a spring
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29, so that the excess delivery from the pump 11 may be
by-passed from the outlet to the inlet, and thereby limit
the pressure in the supply line 16 extending to the res-
ervgir 22. For example, if the pressure in the supply line
16 is 30 pounds or less gauge, the outlet from the supply
line 16 may be easily controlled by a float valve 23 of
conventional design operated by a float 24 in a fuel res-
ervoir 22 charged with air at about 25 pounds gauge.

A line 25 extends from the outlet of the fuel bowl 22
to and through the solenoid operated valve 7 to a plu-
rality of branches 26, 27, etc., connecting with fuel noz-
zles 36, 37, etc., usually arranged to supply fuel adjacent
each manifold outlet 3 and 4. Each branch 26, 27, etc.,
has a restricted metering outlet 46, 47, etc., in the con-
nection to the fuel nozzles 36, 37, etc.

The fuel restrictions 46, 47, etc., above described com-
prise the main fuel metering restrictions in the fuel system.
and, in order to control the amount of fuel delivered
through these fuel restrictions or metering orifices, it is

necessary to control the pressure drop across each. The ~

system for directly performing this function is pneumatic
and comprises an air blower 12 driven from the shaft 10
having an air inlet 50, which may, if desired, be con-
nected with the inlet stack 1 above the throttle. An air
discharge line 51 connected with the outlet from the
blower 12 has a by-pass line 52 controlled by a suitable
spring-pressed relief valve 53. The setting of this valve
is such that the discharge air pressure is maintained at
approximately 25 pounds pressure gauge. This pressure
is supplied to a regulating device (generally designated R)
by the line 51, and through line 54 to fuel reservoir 22. ‘

The regulator R has a diaphragm operated inlet valve
55 operated to and from a seat by air pressure acting
downstream of the valve 55 on a diaphragm 57 backed
by a compression spring 58 acting in a direction to open
the valve 55 and increase the pressure acting on the dia-
phragm 57. A stem 59 integral with the valve 55 is con-
nected by a reverse linkage 69 with a stem 51 secured to
a diaphragm 62 exposed to fluid pressure in the line 63.
The line 63 is supplied with fluid under pressure from an
hydraulic circuit which is regulated by an engine speed
responsive and throttle position responsive mechanism to
be later described herein, and this pressure acting on the
diaphragm 62 is opposed by the force of a spring 64 act-
ing in a balancing direction. The springs 58 and 62
determine the minimum air pressure supplied by reeunlator
R. Diaphragm chamber 56 is connected by a line 65
having a plurality of branches 66, 67, etc., in turn con-
nected to the fuel nozzles 36, 37, etc.

The outlet from each of these nozzles is a metered
restriction such as 76, 77, etc., which is so selected as to
size that when the pressure drop across each restriction i«
as much as 15 pounds, the flow through the nozzle will
always be at critical speed, and variation in manifold
pressure will therefore have no effect upon the pressure
inside the nozzle, and consequently no effect upon fuel
metering.

Tn order to vary the pressure in the air line 65, and
thus the pressure suprlied to each fuel nozzle, a regulating
pressure is generated and supplied to the line €3, which
regulating pressure varies according to anv change in
throttle position or engine speed. This circuit includes »
fluid pump 13 driven from line shaft 10 and connected
to the reservoir 80 by means of a supply line 81. A fluid
discharge line 82 connects with the pump 13 and with
a variable metering restriction device 83 which bas a
return line 92 to the reservoir 80. This variable meterine
device contains an orifice controlled by a tapered needle
84 biased to an open position by a spring 85 acting be-
neath the head 86. The motor vehicle or engine of ths
motor vehicle mounts the usual accelerator pedal 87
connected by rod 88 with a pivoted cam 89. Within the
air intake to the manifold is a throttle valve 90 positioned
by a lever arm connected by a rod 91 with the same cam
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89. The face of the cam 89 rides on the head of the
metering stem or rod 84, varying its open position with
throttle movement. The pressure generated by the pump
13 is communicated to the regulator R by the line 63, as
has been described.

Operation

When the engine is not in operation, the ignition key
6 is turned to the “off” position, and the spring-pressed
solencid operated valve 7 is closed, thereby sealing off the
line 25 so as to maintain the fuel supply part of the
system under charging pressure. This means that the fuel
source 22 remains pressurizeéd at 25 pounds, which is
the limited output pressure from the blower 12. A suit-
able check valve may be provided anywhere in the line
54 for this purpose. Any fuel beyond the valve 7 may
leak into the nozzles 36, 37, etc., where it will be trapped.
This trapped fuel in the fuel nozzles forms a reservoir of
fuel which is useful on engine starting, and eliminates the
necessity of an oversized fuel pump for this purpose.

"To start the engine, the ignition switch 6 is turned to
the “on” position, energizing the solenoid valve 7 and
opening communication through the line 25 from the
source of fuel 22 under pressure to the fuel nozzles 36,
37, etc. 'The engine is then cranked, which rotates the
pulley 9 and drives each of the pumps 11, 12 and 13. At
cranking speed, the pressure delivered by the pump 13
against the diaphragm 62 will be at a minimum, so that
valve 55 will be opened by spring pressure, allowing air
under pressure to leave the blower 12 and reach the noz-
zles 36, 37, etc., by way of the connecting line 65. This
air pressure is sufficient to discharge fuel through the
metering orifices 76, 77, etc., in the direction of the in-
take ports of the engine connected with the cutlets 3 and
4 of the manifold. Since some fuel will be trapped within
the nozzles, and since the pressure on the fuel bowl is
high, this mixture will be on the rich side, suitable for
starting purposes. If the fuel level within the float bow!
22 drops during the cranking operation or after the en-
gine starts to run, float 24 will open valve 23, permitting
fuel to enter from the pump 11 by way of the line 16.
When normal fuel level is reached in the bowl 22, float
valve 23 is closed so as to hold the proper fuel level.
The proper level for the fuel is adjacent to but not above
the outlets 76, 77, etc., of the fuel nozzles in the manifold.

After the engine begins to run under its own power,
full air pressure will be delivered by the blower 12, and
the pump 13 will reach full output. Thereafter, the
output from the blower 12 will be limited to approxi-
mately 25 pounds by the by-pass control 53, while the
output of pump 13 will vary directly as engine speed,
since it is a constant displacement pump driven at engine
speed through the pulley 9.

The needle 84, at closed throttle, is in a position to

form a minimum restriction to flow from pump 13 to
reservoir 8¢. The regulating pressure in line 63 will be
relatively low under these conditions with the engine
idling. This pressure imposed on diaphragm 62 is not
sufficient to overcome spring force alone, and the regu-
lator will move to a position opening valve 55 until fluid
pressure on diaphragm 62 and air pressure on diaphragm
57 balance spring forces. When regulator R is properly
adjusted, valve 55 will have little throttling effect at
engine idling speed—only sufficient to produce a pres-
ure drop of a few inches of water from full blower
pressure of 25 pounds gauge. Full blower pressure is
always imposed upon the fuel within the float bowl 22.
Consequently, with only a few inches of water pressure
drop available between the air pressure upstream and
downstream of the fuel metering orifices 46, 47, etc., to
cause fuel flow, the rate of fuel flow will be relatively
low. To obtain the proper rate of fuel flow demanded
by the engine at idling speed, either the needle 84 or the
spring pressure in the regulator R can be adjusted.

When the throttle 90 is opened by the accelerator
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pedal, tapered needle 84 moves into the orifice, causing’
an immediate pressure rise in ‘the regulating system.
This gain in pressure acting on diaphragm 62 unbalances
the regulator, moving the valve 55 toward closed position
until spring force again balances the fluid pressures on
diaphragms 62 and 57. Valve movement will be limited
by decreasing air pressure on the diaphragm 57 as a re-
sult of the increased throttling by valve 55. As-the air
pressure is decreased by valve 55, the pressure differen-
tial across the metering restrictions 46, 47, etc., increases
because the air pressure drops downstream of each meter-
ing restriction to cause an increase in fuel flow from
each nozzle to enrich the mixture of fuel to air for accel-
eration.

As engine speed increases, the demand for fuel will
increase, requiring increasing rates of fuel flow past the
fuel metering restrictions to each nozzle. - Since the pump
13 is a constant capacity pump driven at engine speed,
then delivery from the pump increases linearly with
engine speed. ‘Flow past the needle 84 dces not increase
linearly, however, but at a rate increasing as the square
root of the increase in pressure from the pump. This
causes a pressuie rise in line 63 proportional to the square
of engine speed, and the action of the regulator R in re-
sponse to this rate of pressure rise will increase the
throttling effect of valve 55 to produce a pressure drop
in line 65 which is inversely proportional to the tate of
pressure rise in line 63, so that the flow of fuel. through
metering restrictions 46, 47, etc., will increase linearly
with engine speed.

Closing the throttle 8¢ from any open position causes
a decrease in regulating pressure from pump 13, and
thereby a sudden increase in air pressure, as springs 58
and. 64 expand, opening valve 55. A decrease in fuel
flow occurs as the pressure differential across the orifice
decreases, causing the rate of fuel fiow to decrease. “Since
the mixture ratio of fuel to air varies directly with the
rate of fuel flow, the mixture becomes temporarily lean
when the throttle is closed at engine speeds above idle.
This effect increases with engine speed so that, when the
throttle is closed, fuel is substantially cut off.

The use of air pressure to regulate the pressure drop
across each fuel metering orifice provides for equal di-
vision of the flow to the several nozzles. The air pres-
sure regulation of fuel flow means an equal pressure. dif-
ferential at each metering restriction.

Instead of controlling the regulating pressure to the
regulator R by throttle position, it is possible by a simple
change to control the position of the needle 84 by mani-
fold pressure. Such' a medification of the invention is
disclosed in Fig. 2. Thes same reference characters have
been used to indicate the same parts.

The regulating pressure line 82 from the pump 13
connects with the metering device 83 and with the re-
turn line 82 to the reservoir 8. - The regulating pressure
line 63 connects the metering device 83 with the regu-
Iator R in the same manner as disclosed in Fig. 1.

in this modification, the cam 89 has a cam face co-
operating with the headed end on the metering pin 84;
which is biased against the cam by a spring 85, all in
the manner described above. The position of the cam,
however, is controlled by a suction motor 24 connected
thiough line 95 with the intake stack 1 of the manifold
posterior of the throttle 9. Within the suction motor
is a diaphragm 96 urged to the right by a spring 97.
An operating rod 98 forms a mechanical connection be-
tween the cam 89 and the diaphragm 96.

Operation

According to this modification, when the engine is
being cranked, there is very little suction in the intake
manifold. Diaphragm 96 is not effective, and the spring
97 rotates the cam 89 to a position to hold the métering
pin 84 in flow-restricting position to produce substan-
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tially its full throttling effect on fluid circulation by pump

- 13. Even though, during cranking, pump speed is low,

nevertheless, the regulating pressure will increase in the
line 63. As the regulating pressure increases, spring
force in regulator R will be overcome, causing valve 55
to move toward a flow restricting position. - Regardless
of blower speed, the pressure differential across the fuel
metering orifices 46, 47, etc., will remain high, causing a
substantial fuel flow as soon as ignition key 6 is turned
on and the engine cranked. Under these conditions, the
starting mixture will be suitably rich. - Some of this fuel
will accumulate within the nozzies 36, 37, etc., so as to
be always available for enrichment on acceleration, but
most of it will be ejected by air pressure in"an atomized
condition. 1t is one of the features of this system that,
after the engine begins to run under its own power, the
air pressure available to atomize the fuel will be at
least 15 pounds, even at full throttle. - The outlets of the
separate nozzles are each chosen as to size to produce
an air flow at critical speed on less than a fifteen pound
drop or differential, which means that the air flow ca-
pacity of the nozzles will be limited to a constant amount
unaffected by changes in manifold pressures.

After the engine starts, the air pressure from the
blower 12 will increase to pormal, say 25 pounds, so as
to - decrease the pressure drop across the. fuel metering
restrictions 46, 47, etc.  Then the regulator R functions
to adjust this pressure drop precisely, so that.at closed
throttle it will amount to only a few inches of water
pressure. . The flow of fuel depends upon the air pressure
differential, which, in -turn, depends upon the. action of
valve 55. Regulator R is, in turn, ‘responsive to fluid
pressure in line 63, which is a function of engine speed
and density, as hereinafter described.

Manifold suction during engine operation apens needle
valve 84, lowering the pressure in line 63 and on dia-
phragm 62, tending to close valve 55. The springs 58
and 64 tend to open valve 55 and, because spring forces
are the greater, the valve will open or remain open. The
degree of opening depends upon the degree of force
exerted on the diaphragms 57 and 62 by fluid pressures.
At idle, the springs are so calibrated as to produce a
few inches of water pressure drop across valve 55. Thus
the air pressure to the nozzles is only slightly under 25
pounds gauge. This differential causes a low rate -of
fuel flow through the metering restrictions 46, 47, etc.,
which corresponds to the fuel requirements of the engine
at dead idle engine speed.

Any time the throttle 98 is opened, however; there will
be a change in density (manifold pressure), which change
will be reflected by a corresponding change in the posi-
tion of needle 84, increasing the throttling effect of the
metering device 83. The resulting increase in'thes regu-
lating pressure in line ‘63 unbalances the forces in regula-
tor R, moving valve 53 toward a closed position until
equilibrium is  reached between spring force and dia-
phragm force. - Any degree of movement of the valve 55
in a closing. direction increases its throttling effect to
increase the pressure drop and the pressure differential
across the fuel metering orifices 46, 47, etc., to increase
the rate of fvel flow. ~ Accordingly, any degree of density
change operates directly on fuel flow rate. Opening the
throttle effects an enrichment of the mixture and, con-
versely, closing the throttle acts to lean out the mixture.
This latter effect can shut off the fuel entirely if engine
speeds are much above idle speed when the ‘throttle is
closed.

As the engine speed increases, the engine demand for
fuel will increase in a near linear relation. The delivery
of the pump 13 will also increase in a near linear relation
with increases in engine speed. The flow through the
metering ‘device -83 ‘increases as the square root-of the
pressure output of pump 13, and therefore the pressure

in line $3+increases as the square of engine speed. The
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response of the regulator R produces a pressure drop
across valve 55 inversely proportional to the pressure
rise in line 63, so that air pressure downstream of the
fuel metering orifices 46, 47, etc., will cause a pressure
differentizal to act on the fuel, which varies directly as the
square function of engine speed. Translated into terms
of rate of fuel fiow through fuel metering restrictions 46,
47, etc., a pressure differential which varies as the square
of engine speed causes a varying rate of fuel flow bearing
a near linear relation to variations in engine speed.

When the throttle 98 is closed, manifold pressure de-
creases, moving needlz §4 to decrease the throttling effect
of metering device 84. A sudden decrease in regulating
pressure follows, and regulator R responds, moving valve
55 toward open until a new equilibrium is reached be-
tween spring force and fluid force. As valve 55 opens,
the air pressure differential decreases because the pres-
sure acting dewnstream of each fuel metering restriction
46, 47, etc., increases.

Translated into terms of rate of fuel flow, a decrease
in air pressure differential means a lower rate of fuel
flow. With the speed density system described, the rate
of fuel flow varies directly with manifold pressure, and,
since the latter is an indication of the rate of air flow
through the manifold to the engine, it follows that the
rate of fuel flow varies directly with the rate of air flow
to the engine.

In the modification shown in Figs. 3 and 4, a system
similar to those previously described is illustrated in
which the principal difference resides in a novel form of
fuel nozzle. According to this modification, the pres-
sure drop across each of the fuel orifices in the respective
nozzles increases the size or area of the nozzle discharge
orifice.

As in the previous views, the system is schematically
illustrated, and the engine is not shown, since it forms no
part of the invention. An air induction system suitable
for use on an engine having a plurality of inlet ports is
schematically illustrated. The elements in Figs. 3 and 4
which correspond with those previously described in Figs.
1 and 2, will be indicated by the same reference characters
preceded by 100.

Fig. 3 shows an engine induction system comprising an
air intake stack 101 which is connected with and forms a
portion of an intake manifold 162 having a plurality of
outlets 103 and 184 for connection with the several intake
ports of the engine. The engine has a suitable ignition
system (not illustrated) controlled by a suitable ignition
switch 106 of the key type. In addition to controlling
the ignition of the engine, the key switch 106 alsc con-
trols a circuit from the battery B through a solenoid
operated valve 107 which is spring closed.

In Fig. 3 a pulley 109 on a shaft 116 is arranged with
respect to the engine to be suitably driven at engine speed
by means of a belt between the pulley 109 and a suitable
pulley on the engine (not shown). Shaft 118, in turn,
powers a plurality of pumps 111, 112, and 113, all of
which are connected to be driven directly at engine speed
by the pulley 109. The pump 111 supplies fuel to the
engine as regulated by a fuel system hereinafter described,
of which it forms a part. Fuel may be supplied to this
system from = suitable source such as a tank connecting
with the line 115. The outlet 116 from the pump has
a by-pass 117 containing a pressure respousive relief valve
119 operated by a spring 120, so that the excess delivery
from the pump 111 may be by-passed from the outlet to
the pump inlet, and thereby limit the pressure in the
supply line 116 extending to the reservoir 122. Prefer-
ably, the pressure in the supply line 116 is maintained at,
say 30 pounds or less, so that the outlet from the supply
116 may be easily controlled by a float valve 123 operated
by a float 124 in the reservoir 122 which is under an air
pressure of 25 pounds all the time.

A fuel line 125 extends from the outlet of the fuel
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bowl 122 to and through the solenoid operated valve 107
to a plurality of branches 126, 127, etc., connected with
fuel nozzles 136, 137, etc., arranged to supply fuel adja-
cent each manifold outlet 193 and 104. FEach branch
126, 127, has a restricted metering outlet 146, as shown
in Fig. 4.

The fuel restrictions 146 are at the fuel inlet for each
of the nozzles 136, 137, etc., and each forms a part of
the main fuel metering in the fuel system. In order to
control the amount of fuel delivered through each of
these fuel restrictions or metering orifices, it is necessary,
of course, to control the pressure drop across each. This
system includes a pneumatic circuit for this purpose
which will be variable according to the engine require-
ments, and uniform in its effect in each nozzle. The
pneumatic circuit performing this function comprises an
air blower 112 driven from the shaft 110 having an air
inlet 150 which may, if desired, be connected with the
inlet stack 101 above the throttle. An air discharge line
151 connected with the outlet from the blower 112 has
a by-pass 152 controlled by a suitable spring pressed re-
lief valve 153. The setting of this valve is such that the
discharge air pressure is maintained at approximately 25
pounds pressure gauge.

This pressure supply is conunected to a regulating de-
vice generally designated as 2R, and also to the fuel noz-
zles and fuel source. As will be noted, a line 154 sup-
plies the fuel bowl 122 with air under full pump pressure.
Likewise, a line 168 from blower 112 is connected by
branches 169, 170, with each of the nozzles 136, 137,
etc. Fig. 4 illustrates the manner of connection of the
pressure line 169 with one of the fuel nozzles 136.

The regulator 2R has a diaphragm operated inlet valve
155 operated to and from a suitable seat by the air pres-
sure acting downstream of the valve 355 against a dia-
phragm 157 in a chamber 156. The diaphragm 157 is,
in turn, connected to a second diaphragm 162 by a re-
verse linkage 159, 16§, and 161. Fach diaphrgam, in
turn, is backed up by a compression spring such as 158
and 164.

The diaphragm 162 is exposed to fluid pressure from
an hydraulic circuit communicated thereto by the line
163, which, in turn, is a regulated fluid pressure varying
in a controlled manner in response to throttle position
and engine speed. This pressure acting on the diaphragm
162 is opposed by the force of spring 164 acting in a
balancing direction. Diaphragm chamber 156, of course,
is exposed to the pressure downstream of the valve 155,
which pressure is, in turn, opposed by the spring 158.

An air line 165 is connected with the chamber 156
of the regulator 2R and with each of the nozzles 136, 137,
etc., through suitable branches 166, 167, etc. The man-
ner of connection to the nozzle is specifically illustrated
in Fig. 4, and the operation and function of each will be
later described.

As will be realized by those skilled in the art, in order
to control the amount of fuel delivered through each
nozzle, it is mecessary to precisely control the pressure
drop across the metering restrictions 146, etc., in each
nozzle. To do this, it is necessary to control the differ-
ence in pressure between the fuel pressure in the bowl
122 (upstream of the fuel metering orifice) and line 166
{downstream of the fuel metering orifice). This is ac-
complished by variations in a regulating or reference
pressure which is generated and supplied to the line 163
from the hydraulic circuit about to be described acting
on the regulator 2R. This hydraulic circuit includes the
fluid pump 113 driven from line shaft 110 and connected
to the reservoir 188 by a supply line 181. A fluid dis-
charge line 182 connects with the pump 113 and with a
variable metering restriction device 183 which has a re-
turn line 192 to the reservoir 18¢. This variable metei-
ing device 183 contains an orifice controlied by a tapered
needle 184 biased to an open portion by spring 185 acting
beneath the head 186. The motor vehicle or engine of
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the motor vehicle mounts the usual accelerator pedal 187
connected by a rod 188 with a pivoted cam 189, Within
the air intake stack to the manifold is a throttle valve
199 positioned by a lever arm connected by a rod 191
with the same cam 189. The face of the cam 189 rides
on the head of the metering stem or rod 184, varying the
open position of the metering rod with throttle move-
ment,

‘The mechanism so far described in Fig. 3 differs from
that in Figs. 1 and 2 only in the addition of the extra
air pressure line 168, its branches 162 and 178, and the
type of fuel mozzle used; otherwise, the system is the
same and operates in the same manner. The nozzle coi-
struction is best illustrated in Fig. 4.

According to this figure, nozzle 136 has a barrel con-
taining a cylinder 194 which reciprocably mounts a piston
195 for operating a discharge valve 196. A spring 187
resists valve opening. Within the head of the valve is
a passage 198 which extends upwardly into the stem to
communicate with inlet ports 199 which are located a
substantial distance above the nozzle outlet.

Operation

As stated above, the operation of the system in Fig. 3
is similar to that in Figs. 1 and 2 above explained ex-
cept for the difference in nozzle construction. In this
modification, the upper side of the piston 195 is exposed
to constant blower output pressure through the lines
1€8, 163, 170, etc. The lower side of the piston 195
is exposed to the pressure in lines 165, 166, 167, etc.,
from the regulator 2R. The spring 197 is suitably cali-
brated fo resist small differences in pressure above and
below the piston 195 and retain the valve 196 seated.
Accordingly, when valve 196 is seated; all of the fuel
entering at 146 will accumulate in a small puddle up to
the inlet ports 199. When it reaches this level, it will
be swept outwardly through the small passage 198 by
the continuous passage of air supplied by the pressure
regulator 2R through the lines 165, 166, 167, etc. The
ports and passages 198 and 199 are so dimensioned that,
at about 15 pounds air pressure, the flow through the
passages 198 will be at critical speed, so that changes in
pressures downstream or within the manifold have o
effect upon the amount of air flowing through the noz-
zles, and therefore no effect upon the pressure within
the nozzle beneath piston 195.

As in the previous modifications described, a check
valve may be placed in the line 154 to maintain the
fuel bowl 122 under pressure after the engine stops
operating.

When the engine is stopped, valve 196 will remain
closed in each injector nozzle, due to the fact that the
pressure in the lines 165 and 168 will decrease simul-
taneously. Although the pressure in the fuel bowl 122
is retained, the flow of fuel to the nozzles is cut off
by the solenoid valve 107,

To start the engine, the ignition switch 166 is turned
on, supplying fuel uader pressure to each of the nozzles.
As the engine is cranked, this fuel under pressure will be
forced out through the ports 199 in the passages 198,
in the form of a spray, by the air pressure delivered form
the pump 112.

After the engine starts, full blower pressure from. the
air pump 112 will be available to .operate the system,
and substantially the same pressure will exist above and
below each of the pistons 95 in each of the injector
nozzles. Spring 197 holds each of the valves seated, so
that the air through the lines 166, 167, etc., forces the
fuel out through this restricted passage 198 in the valve
of each of the nozzles.

The hydraulic circuit, including the pump 113 and its
effects upon the pressure regulator 2R, is the same as
that described in the operation of Fig. 1,.and a description
of it will not be repeated here,

When the throttle 187 is opened, which indirectly causes
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an’increase in the pressure differential on the ‘fuel up-
stream and downstream of the metering orifices 146, the
same differential will operate on the oppasite sides of
the piston 1985, producing a force, eventually, which
is great enough to compress the spring 197 and unseat
each of the valves 196 in each of the nozzles. With the
valves 196 unseated, the fiow capacity of each nozzle is
increased a like amount, depending, of course, upon the
amount of displacement of the piston 195 against the spring
in each nozzle, As each. of the valves 196 opens, or as
each is forced from its seat, the amount of fuel which
has accumulated between the valve seat and the orifices
or ports 199 will be discharged so as to enrich the fuel
mixture delivered to the engine, and thus smooth out the
acceleration in engine speed.

By the use of the nozzle shown in Fig. 4, several
distinct” advantages are gained. A like amount of fuel
will accumulate in each nozzle for umiform charging
of each 'engine intake port. This can be determined by
the distance of the inlet port 199 above the outlet of the
nozzle. " These can be made uniform in each nozzle for
uniform. metering. In the prior construction, the mini-
mum size of the nozzle outlets 76, 77, etc., would be
determined by the maximum amount of fuel supplied to
the engine. This size would require a large air pump to
supply enotigh air to the nozzle and still maintain the
required pressure in the chamber to control the fuel flow.
By using the valve which opens as the fuel flow in-
creases, the amount of air used at low pump speeds and
engine speeds is thereby drastically reduced.

In the modification shown in Figs. 5 and 6, a system
similar to those previously described is shown in which
the principal difference resides in two features.  Accord-
ing to this modification, the pressure drop across each
of ‘the fuel metering orifices in the respective nozzles is
controlled in response to the rate of air flow to the engine
measure directly by a flow responsive valve. The sec-
ond difference resides in the particular fuel nozzles in
which the fuel metering orifices are located. In this
modification, the rate of air flow to the engine not only
controls the pressure drop across the fuel metering ori-
fices in all the nozzles, but also the size or area of these
orifices simultaneously producing a like variation in the
outlet for each of the nozzles.

As in the previous views, the engine is not shown,
since it forms no part of the invention, and the air induc-
tion system which is merely schematically illustrated, is
one adapted to serve a multiple of cylinders having suit-
able inlet ports. Elements in Figs. 5 and 6 corresponding
with those previously described will be indicated by the
same reference characters preceded by 200.

The air induction system has an air intake stack 201
connecting with a manifold 202 having a plurality of out-
lets 283 and 284, two of which are shown. In the intake
stack 201 are two pivoted valves 208 and 290, the latter of
which is a manually controlled throttle valve.

in order to retain the fuel end of the system under
pressure at all times, even when the engine is inoperative,
and at the same time shut off the fuel from the engine,
this system is provided with a similar control to those pre-
viously described, operated from the ignition switch 206
which conmects the battery B with a solenoid operated
valve 207 when the ignition is on. When the ignition is
off, the solenoid valve 207 is de-energized so that the
valve can close, shutting off the fuel from the engine.

The fuel part of the system inclides a pulley 209 suit-
ably driven at engine speed on a line shaft 216 which, in
turn, drives the fuel pump 211 and the air blower 213.
Fuel is supplied to the pump 211 from a suitable source
215, and is delivered by that pump to a line 216. Around
the pump 213 is a by-pass 217 containing a pressure limit-
ing valve 219. This by-pass insures a constant supply of
fuel under pressure through the line 216 to a float bowl
222. The admission of fuel to the float bowl 222 is
under conirol of float valve 223 operated from the float
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224. Fuel is discharged through a line 225 past the sole-
noid operated valve 207 to a plurality of fuel nozzles 236,
237, etc., by way of branch lines 226 and 227.

The fuel enters each of the nozzles 236, etc., through
a line 226 as illustrated in Fig. 6, and flows out of the
nozzle through a metering restriction 246 into a chamber
where it mixes with air supplied to the nozzle through
the line 266. Fuel mixed with air is discharged through
the metered outlet nozzle 276 adjacent the outlets 203,
284, etc., of the intake manifold and into the engine. The
modification in Fig. 6 differs from prior nozzles shown in
the other modifications in that the fuel metering orifice
246 and the nozzle area 276 are simultaneously variable
in response to variations in air pressure differentials, as will
be described hereinafter. Within the body of the nozzle
236 is a double-tapered metering rod 239 actuated by a
diaphragm 240 and spring 241. Air pressure from the
line 266 is supplied to one side of the diaphragm 240,
while fuel pressure from the line 226 is supplied to the
opposite side of the diaphragm 240. As in prior devices,
the pressure drop across the metering orifice 246 is con-
trolled by the air pressure drop through the pressure regu-
lator 3R connected with each line 266, 267, by the supply
line 265.

The air pressure to the nozzles is supplied by a sepa-
rate circuit including the blower 213 driven by the engine
through the pulley 209 taking air in through an inlet 250,
which may be connected with the inlet stack 201 posterior
of the throttle 299, if desired. The discharge pressure
from the blower 213 is regulated by the pressure relief
valve 253 in the by-pass line 252, and the air is discharged
through the line 251 to the pressure regulator 3R.

In the pressure regulator is a valve 255 controlled by
a diaphragm 257 and a balance spring 258 calibrated to
give a maximum output pressure only slightly lower than
the output pressure from the blower 213. Air passing the
valve 255 enters a chamber 256 where it acts in a closing
direction against the opposition of the calibrated spring
258. The pressure in the chamber 256 is communicated to
the supply line and the nozzles by the branch lines 266,
267, etc., from line 265.

In this modification, the regulating pressure is supplied
through a by-pass around the fuel pump controlled by
an air flow responsive device in the inlet stack of the
manifold. This system includes a line 282 containing
a fixed metering orifice 291 communicating fuel pump
output pressure to the opposite side of the diaphragm 257.
An orifice 283 controlled by the tapered needle 284 throt-
tles the discharge of fuel from this side of the diaphragm
257 to a by-pass relief line 292 leading to the inlet of
the fuel pump 211. The position of the tapered needle
284, and therefore the exposed area of the orifice 283
is controlled directly by the rate of air flow through the
inlet stack 201 by an unbalanced valve 288 having a
counterweight. A link 298 connects needle 284 with
arm 289 on the shaft of the unbalanced valve 268. As the
regulating fuel pressure increases, it tends to open the
valve 255, aiding the action of the spring 258. On the
other hand, as the datum fuel pressure decreases, the
force tending to open the valve 255 decreases.

The air pressure supplied by the blower 213 is im-
pressed upon the fuel in the fuel bowl 222 by way of a
line 254, so that the pressure differential across the fuel
metering orifice 246 in the nozzles 236, 237, etc., de-
pends upon the degree of throttling of the valve 255,
whese position, in turn, is influenced by the fuel pres-
sure in the hydraulic circuit 282, 283, and 292, from
the pump 211, and the pressure of the air acting on the
upper side of the diaphragm 257.

Qutput pressure from the pump 211 is limited by the
relief valve 219 in by-pass passage 217 to a maximum
slightly greater than the maximum output pressure from
blower 213 as limited by relief valve 253 in by-pass line
252. Accordingly, the pressure available in the hy-
draulic circuit to regulator 3R is always sufficient to
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overcome the air pressure acting on the opposite side
of the diaphragm tending to close valve 2535. In order
to regulate the degree of opening of valve 255, line 282
directly from pump 211 has a metering orifice 291, so

. that, when the open areas of restricting device 283 and

291 are equal, pressure beneath diaphragm 257 re-
mains constant. When the open area of 283 is larger than
the open area of 291, the pressure will fall beneath dia-
phragm 257. When the open area of 283 is less than
291, the pressure beneath diaphragm 257 increases.

Operation

When the engine is not operating, the parts are in
the position as shown in Figs. 5 and 6. To start the
engine, the ignition switch 206 is turned on, thereby sup-
rlying fuel under pressure through the connection 225
to the separate fuel nozzles 236, 237, etc. During crank-
ing of the engine, surplus fuel flow into the nozzles, due
to the pressure differential between the fuel bowl and
the nozzles, will accumulate above the orifice 276, valve
255 will open wide, and air under pressure will be sup-
plied from the blower 213 to each of the nozzles through
the line 265. The accumulation of gasoline in the noz-
zles will supply a rich mixture—in other words, little
air and a great deal of fuel—so as to make starting easy.

After the engine begins to run, both fuel pressure
output and air pressure output come up to operating lim-
its, say 30 and 25 pounds, respectively. With valve 288
slightly open to accommodate low air flow rates suitable
at engine idling speeds, restricting device 283 will have a
minimum open area, causing the pressure in the hy-
draulic circuit to build up to maximum, opening valve
255 so that it produces only a slight throttling efiect cn
air flow to the nozzles, sufficient to give a slight pressure
drop across the fuel metering orifices 246 for low fuel
flow. 1In this phase of the operation, the air pressure on
diaphragms 240 will be almost equal to the fuel pressure
acting on the diaphragms 240 in each of the nozzles, and
springs 241 will move the double tapered necdles to their
lower position within the orifices 246 and 276 to reduce
their open area to minimum. When the amount of open-
ing in the orifices 276 is minimum, a pressure drop of
15 pounds produces a flow at critical speeds. This main-
tains an air pressure downstream of the fuel metering
orifices 246 to the regulated pressure. The fusl pressure
upstream of the orifices 246 will be the same as blower
discharge pressure, or 25 pounds.

As the throttle 296 is opened manually, valve 248 will
respond according to the rate of air flow through the
intake stack 201. Needle 284 will then take up a new
position, opening orifice 283 to lower the fuel pressure
below the diaphragm 257. Regulator 3R is unbalanced
by lowering the pressure below diaphragm 257 in a di-
rection tending to close valve 255. As the valve moves
toward closed, its throttling action lowers the air pres-
sure on the upper side of diaphragm 237 until air pres-
sure balances spring pressure and the decreased fuel pres-
sure. - Since the pressure in chamber 256 of the regulator
3R drops with threttle opening, while the fuel pressure
from the source 222 remains constant, diaphragms 249
in each of the nozzles overcomes the force of springs 241
to take up a new position, enlarging the metering orifices
246 for fuel to accommodate increasing fuel flow. Simul-
taneously, orifice 276 is enlarged to facilitate the de-
livery of larger quantities of fuel. It will be understcod
that each change in throttle setting and each change in
engine speed will produce a different setting for the air
valve 208, and thereby a change in the air pressure in
regulator 3R supplying the fuel nozzles 236, 237, etc.
Each change in air pressure in turn varies the fuel deliv-
ery from the nozzles by changing the pressure drop
across the metering orifices 246 and their area in each
nozzle. The area adjustment may be effected through
either a part of the range of pressure variations or through-
out the full range.
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When the ignition switch 206 is turned off, the fuel

flow to the nozzles is stopped by the closing of the sole-
noid valve 207.

Fig. 7 shows. a modification in which the regulating
pressure supplied to the regulator R is controlled by en-
gine speed, throttle position, and manifold pressure.
When all three are combined as illustrated, the regulat-
ing pressure includes a compensation for .change in alti-
tude or density.

As in the previous views described, this system is sche-
matically illustrated, and the engine is not shown, since
it forms no part of the invention. The elements shown
in Fig. 7 which correspond with those previously  de-
scribed in- Figs. 1 and 2 will be indicated by the same
reference characters preceded by 360.

This description will be limited to the differences over
those previously described in Figs. 1 and 2.

In this embodiment, the variable regulating or refer-
ence pressure is generated by a pump 313 driven at
engine speed and supplied by a line 363 from an hy-
draulic circuit about to be described.

The output of pump 313 connects by way of a line
382 and 382’ with two metering devices 383 and 383".
Within these metering devices are variable metering rods
384 and 384’ which control the flow of fuel through each
metering device into a return line 392’ and 392 leading
back to a sump 380¢. The hydraulic fluid in the sump 386
feeds to the pump 313 through aa input line 381.

Within the metering device 383 is an orifice controlled
by a movable tapered needle 384 positioned by a spring
385 acting under a fixed head 386 on the needle 384.
The position of the needle 384 in the orifice is controlled
through a cam 389 connected by a link 388 with the ac-
celerator ‘pedal 387 of the motor vehicle. A link 391
connects with the throttle valve 390 within the intake
stack 201 which supplies the air to the intake manifold
of the engine.

Within the metering device 383’ is an orifice controlled
by a tapered needle 384, in turn positioned by a spring
385" acting beneath the head 386" of the needle. A
cam ‘389 engages the head 386’ and limits the -outward
movement of the needle from the orifice. The cam is,
in turn, positioned by a link 398 connected with the
diaphragm 396 of the suction motor 3%4. A pipe 395
connects- the suction motor 394 to the intake stack of
the manifold 391 posterior of the throttle 390.. Suction
beneath the throttle valve 320 acts on the “diaphragm
3%6 in a direction to compress the 'spring 397, and the
diaphragm is moved to the left by the pressure differ-
ential existing between atmosphere and. the pressure
posterior to-the throttle 399, which will be greatest when
throttle 398 is in closed position. - Spring 397 is suitably
calibrated to move the link 398 to the right as the pres-
sure differential on ‘the diaphragm 396 decreases:

The regulating pressure in the line 363 'will therefore
be a function of engine speed, throttle opening, and mani-
fold pressure, so that, with this system, ‘decreases in at-
mospheric pressure operate ‘on the mixture control.

In all other respects, this system ‘is identical with that
shown in Fig. 1, and a further description of the con-
struction and operation is deemed ‘unnecessary in view of
the preceding description.

A structure has been described which will fulfill all the
objects of this invention, but it is contemplated that other
modifications will ‘occur to those skilled in the -art which
come within the scope of ‘the appsnded claims.

We claim:

1. A fuél injection system for an internal comibustion
engine having an air passage for supplying air ‘to the
engine comprising, in combination, a sonrce of fuel, 2
fuel passage connecting said soirce and said engine, a
fuel metering restriction  in ‘said passage, pump means
for supplying a fliid under positive pressure to said
source, separate passages connecting said pump means
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with said fuel passage at spaced Iocations upstream and
downstream of said fuel metering restriction, means act-
ing to control the fluid pressure in said separate passagzes
to control the pressure differential across said fuel meter-
ing restriction and thereby the rate of fuel flow to said
engine, means responsive to changes in the rate of air
flow to said engine. for regulating the action of said con-
trol means, and means for injecting the fuel passing said
fuel metering restriction into said engine.

2. A fuel injection system for an internal combustion
engine having an air passage for supplying air to the
engine comprising, in combination, a source of air under
pressure, a source of fuel, a fuel passage connecting said
source of fuel and said engine, a fuel metering restric-
tion in said passage, air passages connecting said source
of air under pressure with said fuel passage at spaced
locations upstream and downstream of said fuel meter-
ing restriction, respectively, means acting 'to control
the air pressure in said air passages to conirol the pres-
sure differentia] across said fuel metering restriction and
thereby the rate of fuel flow to the engine, means re-
sponsive to changes in throttle position and engine speed
for regulating the action of said control means, and
means for injecting the fuel passing said fuel metering
restriction into said engine.

3. A fuel injection system for an internal combustion
engine having an air passage for supplying air to the
engine comprising, in' combination, a source of fuel, a
fuel passage connecting said source and said engine, a
fuel metering restriction in said passage, an air pump,
separate air passages connecting said air pump with said
fuel passage at spaced locations respectively upstream
and downstream of said fuel metering restriction, means
acting to control the air pressure in said separate passages
to control the pressure differential across said fuel meter-
ing restriction and thereby the rate of fuel flow to said
engine, means responsive to air pressure in said engine
induction air passage and engine speed for regulating
the action of said control means, and means for injecting
the fuel passing said fuel metering restriction into said
engine.

4. A fuel injection system for an internal combustion
engine having an air passage for supplying air to the
engine comprising, in combination, a source of fuel, a
fuel ‘passage comnecting said source and said engine, a
fuel metering restriction in said passage, a source of air
under positive pressure, separate air passages connect-
ing said source of air under pressure with said fuel pas-
sage at spaced locations respectively upstream and down-
stream of said fuel metering restriction, means acting to
control the air pressure in said separate passages to con-
trol the pressure differential across said fuel metering
restriction and thereby the rate of fuel flow to said engine,
means responsive to changes in throttle position and
engine speed for regulating the action of said control
means, and a fuel nozzle having an outlet in said air
passage for supplying air to the engine, forming a part
of said fuel passage between said source and said engine
and a part of one of said separate air passages between
said source of air under pressure and said fuel passage
downstream of said fuel metering restricticn.

5. A fuel injection system for an internal combustion
engine having an air passage for supplying air to the
engine comprising, in combination, a source of fuel, a
fue]l passage connecting said source and the engine, a
fuel metering restriction in said passage, a source of air
under pressure, separate air passages connecting said
source of air under pressure with said fuel passage at
spaced locations respectively upstream’ and downstream
of said fuel metering restriction, means to control the
air pressure in said separate passages to control the pres-
sure differential across said fuel metering restriction and
thereby the rate of fuel flow to said engine, means re-
sponsive to changes in throttle position and engine speed
for regulating said control- means, ‘and .means for in-
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jecting the fuel into said engine, including a fuel nozzle
having an outlet of variable area opening into said air
passage for supplying air to the engine and forming a por-
tion of said fuel passage between said source of fuel and
said engine and a part of one of said separate air passages
connecting said source of air under pressure with said
fuel passage downstream of said fuel metering restric-
tion, a valve for varying the outlet from said nozzle hav-
ing a metered opening constantly in communication with
said engine, and means for varying the area of said out-
let by valve movement including means for operating said
valve in an opening direction in response to the differ-
ential in pressure between said separate air passages.

6. A fuel injection system for an internal combustion
engine having an air passage for supplying air to the
engine comprising, in combination, a source of fuel supply
for the engine, a fuel passage between said source and
the engine, a fuel metering restriction in said passage, a
source of air under pressure, separate air passages con-
necting said source of air under pressure with said fuel
passage at separate locations respectively upstream and
downstream of said fuel metering restriction, means to
control the air pressure in said separate passages to con-
trol the pressure differential across said fuel metering
restriction and thereby the rate of fuel flow to said engine,
means responsive to changes in throtile position and engine
speed for regulating the action of said contrcl means,
and means for injecting the fuel metered into said engine,
including a fuel nozzle opening into said air passage for
supplying air to the engine and forming a part of one of
said separate air passages connecting said source of air
under pressure with said fuel passage downstream of said
fuel metering restriction and a part of said fuel passage
including said fuel metering restriction, means responsive
to fuel pressure upstream of said fuel metering restriction
and said air pressure downstream of said fuel metering
restriction for varying the area of said fuel metering
restriction and the outlet from said nozzie.

7. A fuel injection systemn for an internal combustion
engine having an air passage for supplying air to the
engine, comprising, in combination, a source of fuel supply
for the engine, a fuel passage between said source and
said engine, a fuel metering restriction in said fuel pas-
sage, a source of air under pressure, separate air passages
connecting said source of air under pressure with said
fuel passage at separate locations upstream and down-
stream, respectively, of said fuel metering restriction,
means to control the air pressure in said separate passages
to control the pressure differential across said fuel metering
restriction and thereby the rate of fuel flow to said engine
including a valve in one of said separate air passages con-
necting said source of air under pressure with said fuel
passage downstream of said fuel metering restriction,
means responsive to air pressure dowastream of said valve
for urging said valve toward a closed position, a hydraulic
circuit having an output pressure variable in response to
changes in throttle position and engine speed, and means
responsive to changes in hydraulic pressure in said hy-
draulic circuit for urging said valve toward a closed
position. ]

8. The combination of an engine, an air induction sys-
tem for said engine, and a fuel injeciion system for supply-
ing fuel to a plurality of nozzles located in said induction
system adjacent the air intake ports of the engine, com-
prising, a source of fuel for supplying said engine,
branched fuel passage means connecting said source and
each of said nozzles, a fuel metering restriction in each
of the branches of said passage means to said nozzles, an
air pump for supplying air under positive pressure, sepa-
rate passages connecting said air pump with said fuel
passage means at spaced points located respectively up-
stream and downstream of each of said fuel metering
restrictions, means to control the fluid pressure in. said
separate air passages to uniformly contro! the pressure
differential across each of said fuel metering restrictions
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and thereby the total rate of fuel flow to said engine from
said source of fuel and maintain equal rates of flow past
each of said fuel metering restrictions, means responsive
to changes in the rate of air flow to said engine through
said induction system for regulating the action of said
control means, and means in said nozzles for injecting
the fuel passing said fuel metering restrictions into said
engine.

9. In combination, an engine, an air induction system
for said engine, and a fuel injection system for supplying
fuel to a plurality of nozzles located in said air induction
system adjacent the air intake ports of said engine, com-
prising a source of fuel supply for said engine, a fuel
passage between said source and each of said nozzles, a
fuel metering restriction in each of said fuel passages, an
air pump, separate air passages connecting said air pump
with said fuel passages at spaced locations respectively
upstream and downstream of each of said fuel metering
restrictions, means to uniformly control the air pressure
in said separate air passages to control the pressure dif-
ferential across each of said fuel metering restrictions and
thereby the total rate of fuel flow to said engine from said
source of fuel and maintain equal rates of flow past each
of said fuel metering restrictions, means responsive to
changes in throttle position and engine speed for regulating
the action of said control means, and means in said nozzles
for injecting the fuel passing said fuel metering restrictions
into said engine.

10. In combination, an engine, an air induction system
for said engine, and a fuel injection system for supplying
fuel to a plurality of nozzles located in said air induction
system adjacent the air intake ports of the engine, com-
prising a source of fuel supply for the engine, a fuel
passage between said source and each of said fuel nozzles,
a fuel metering restriction in each of said fuel passages,
an air pump driven from said engine, pairs of separate air
passages each connecting said air pump respectively with
one of said fuel passages upstream of the fuel metering
restriction therein and the corresponding fuel nozzle down-
stream of said fuel metering restriction, means to uni-
formly control the air pressure in said separate passages
to control the pressure differential across said fuel meter-
ing restrictions and thereby the total rate of fuel flow to
said engine from said source of fuel and maintain equal
rates of flow past each of said fuel metering restrictions,
means responsive to air pressure in said engine induction
air passage and engine speed for regulating the action of
said control means, and means connected with said nozzles
for injecting the fuel passing said fuel metering restrictions
into said engine.

11. In combination, an engine, an air induction system
for said engine, and a fuel injection system for supplying
fuel to a plurality of nozzles located in said induction
system adjacent the air intake ports of the engine, com-
prising a source of fuel supply for said engine, a fuel
passage between said source of fuel supply and said engine
and each of said nozzles, a fuel metering restriction in
each of said fuel passages, a source of air under positive
pressure, pairs of air passages each connecting said source
of air under pressure with one of said fuel passages at
spaced locations respectively upstream and downstream
of the fuel metering restriction therein, means to uni-
formly control the air pressure in the groups of separate
air passages at points connecting with said fuel passages
respectively upstream and downstream of said fuel meter-
ing restrictions to control the pressure differential across
each of said fuel metering restrictions and thereby the
total rate of fuel flow to said engine from said source
of fuel and maintain equal rates of flow past each of said
fuel metering restrictions, means responsive to changes
in throttle position and engine speed for regulating the
action of said control means, and an outlet for each of
said nozzles opening into said air induction manifold for
said engine selected to produce air flow at critical speeds
from the nozzle to eliminate the effects of pressure varia-



2,813,592

17
tion in said air -induction system: on the fuel metering
function, ' :

12. In combination, an engine, an air induction system
for said engine, and a fuel injection system for supplying
fuel to a pluraiity of nozzles located in said induction
system .adjacent the air intake ports of said engine, com-
prising a source. of fuel supply for the engine, a fuel
passage between said source of fuel supply and said
fuel nozzles, a fuel metering restriction in said fuel passage
upstream of ecach of said nozzles, a source of air under
pressure, separate air passages connecting said scurce of
air .under pressure with. said . fuel passage at separate
locations upstream and downstream, respectively, of each
of said fuel metering restrictions, means to uniformly
control the air pressure in said separate air passages
leading upstream and downstream of said fuel! restric-
tions to control the pressure differential across said fuel
metering restrictions, and thereby the total rate of fuel
flow to said engine from said source of fuel and main-
tain equal rates of fuel flow past each of said fuel meter-
ing restrictions, means responsive to changes in throttle
position -and engine speed for regulating said control
means, outlet means in said fuel nozzles opening into
said. air induction system for said engine and forming
a portion of said fuel passage between said source of fuel
and said engine and also forming a portion of said
separate air passages connecting said source of air under
pressure with said fuel passage downstream of each of
said fuel metering restrictions, a valve for varying said
outlet means from each of said fuel nozzles having
metered openings constantly in communication with said
engine, and means for varying the area of said outlet
means by valve movement including means for operating
said valves in-an opening direction in response to the
differential in pressure between said separate air passages.

13. In combination, an engine, an air induction system
for said engine and a fuel injection system for supplying
fuel to a plurality of nozzles located in said air induc-
tion system adjacent the air intake ports of the engine,
comprising a source of fuel supply for the engine, a
fuel passage between said source of fuel supply and each
of said nozzles, a plurality of fuel metering restrictions
in said passage, each between said source of fuel supply
and one .of said nozzles, a source of air under pressure,
separate air passages connecting. said source of air under
pressure with said ‘fuel passage at separate - locations
respectively upstream and downstream of each of said
fuel metering restrictions, means to uniformly control
the air pressure in said separate passages leading down-
stream: of said’ fuel metering: restrictions to control the
pressure differential across each of said fuel metering
restrictions and thereby the total rate of fuel flow to
said engine from said source of fuel supply and maintain
equal rates of flow past each of said fuel metering restric-
tions, means responsive to changes in throttle position and
engine speed for regulating the action of said control
means, means forming an outlet in each of said- fuel
nozzles for receiving air from said separate air passages
connecting with said source of air under pressure and
fuel from said fuel metering restrictions, and means in
each of said nozzles responsive to fuel pressure upstream
of said fuel metering restrictions and air. pressure. down-
stream of each of said fuel metering restrictions for vary-
ing the area of said fuel metering restrictions and the
outlet from each of said nozzles.

14. In combination, an engine, an air induction sysiem
for said engine and a fuel injection system for supplying
fuel to a plurality of nozzles located in said induction
system adjacent the air intake ports of said engine com-
prising a source of fuel supply for said engine, a fuel
passage between said source of fuel supply and each of
said nozzles, a fuel metering restriction in said fue] passage
between said source of fuel supply and each of said
nozzles, a source of air under pressure,  separate air
passages - connecting said source of air under pressure
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with .said fuel passage at separate locations respectively:
upstream and downstream of each of said fuel metering
restrictions, means to uniformly control the air pressure in
said separate air passages to control the pressure differen-
tial across. each .of said fuel metering restrictions and
thereby the total rate of fuel flow to said engine from
said source of fuel and maintain equal rates of flow
past each of said fuel metering restrictions including a
valve in each of said separate air passages dowastream of
each of said fuel metering restrictions, means responsive
to air pressure downstream of each of said valves for
urging said valves toward a closed position, an hydraulic
circuit having ‘an output pressure variable in response to
changes in throttle position.and engine speed, and means
responsive to changes in hydraulic pressure in said hy-
draulic circuit for operating said valves.

15. A system for maintaining a proportional flow of air

and fuel suitable for combustion comprising an air flow
passage with means for varying the air flow through said
passage, a hydraulic circuit, means in said circuit for
generating an output pressure, means in said circuit mov-
able with changes in air fiow through said air passage
for varying the output pressure in said. circuit, a fuel pas-
sage including a supply of fuel and a fuel outlet opening
into said-air flow passage, and a pneumatic circuit in-
cluding a source of air under pressure, an -air pressure
regulator. controlled by the output pressure of said hy-
draulic circuit, and passages connecting said pneumatic
circuit upstream and downstream. of said regulator with
said fuel passage for varying the fuel pressure head on
the fuel in said fuel passage. .
. 16. A system for maintaining a proportional flow o
air and fuel suitable for combustion comprising an air
flow passage. with means for varying the air flow through
said passage including a valve, a hydraulic circuit, means
in said circuit for generating an output pressure, means
in said circuit connected ‘with said valve for varying the
output pressure in said hydraulic circuit, a fuel passage
including a supply of fuel and a fuel outlet ppening into
said air flow passage, and a pneumatic circuit including ‘a
source of air under pressure, an air pressure regulator
controlled by the output pressure of said hydraulic-cir-
cuit, and passages connecting said pneumatic circuit up-
stream .and downstream of said regulator with said fuel
passage for varying the fuel pressure head on the fuel in
said fuel passage.

17. A system for maintaining a proportional flow of
air and fuel suitable for combustion comprising an air
passage with means for varying the air flow thirough said
passage including a valve, pressure indicating means con-
nected with said air passage, a hydraulic circuit, medns in
said circuit for: generating an output pressure, means in
said circuit connected with said pressure indicating means
for varying the output pressure in said hydraulic circnit,
a fuel passage, a supply of fuel connected with said fuel
passage, a fuel outlet for said fuel passage opening into
said air passage, a pneumatic circuit including a source
of air under pressure, an air pressure regulator controlled
by the output pressure of said hydraulic circuit, and pas-
sages connecting said pneumatic circuit upstream and
downstream of said air pressure regulator with said fuel
passage for varying the fue] pressure head on the fuel in
said fuel passage.

18. In combination, an engine, an air induction system
for said engine having a throttle, and a fuel injection
system for supplying fuel to a plurality of nozzles located
in said air induction system, comprising a source of fuel
under pressure, fuel passages between said source of fuel
under pressure and each of said fuel nozzles, a fuel
metering restriction having the same fuel flow character-
istics in each of said fuel passages, a source of air under
positive pump pressure, air passages connecting said
source of air under pressure with said nozzles down-
stream of said fuel metering restriction, means to wuni-
formly control the air pressure in said air passages to
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control the pressure differential across said fuel metering
restrictions and thereby the total rate of fuel flow to said
engine from said source of fuel under pressure and main-
tain equal rates of flow past each of said fuel metering
restrictions, and means responsive to throttle opening
and engine speed for regulating the action of said control
means.

19. In a fuel metering device for an internal combus-
tion engine having a throttle controlled air intake with
branches extending to the engine combustion chambers,
the combination of a system for maintaining the flow of
fuel to the engine combustion chambers proportional to
the flow of air to the engine comprising a source of
fuel under a constant charging pressure, a plurality of
passages connecting said source with said engine com-
bustion chambers, a fixed metering orifice in each of said
fuel passages all having substantially identical flow char-
acteristics, a variable regulating pressure system includ-
ing-a source of air under pump pressure, means to vary
the regulating pressure in said system in response to
changes in the rate of air flow to the engine, and means
for controlling the pressure downstream: of each of said
metering orifices connected to said regulating pressure
system. .
+-20. In an engine charge forming device having a
throttle controlled air intake with branches leading to the
combustion chambers of the engine, the combination of
a source of fuel under charging pressure, a plurality of
fuel passages connecting said source with the combustion
chambers of the engine, a variable area fuel metering
orifice in each of said fue] passages, a regulating pressure
system, means for generating a regulating pressure in
said system which varies in response to changes in the
rate of air flow to the engine through said air intake, and
a motor means to vary each of said variable fuel metering
orifices operated in response to the difference between
said charging pressure and said regulating pressure.
-.21. In -an engine charge forming device for an in-
ternal combustion engine having a throttle controlled
air intake with branches extending to the separate com-
bustion chambers of the engine, the combination of a
source of fuel under charging pressure, a fuel nozzle dis-
charging into each of the combustion chambers of the
engine, separate fuel passages connecting said source of
fuel under pressure and each of said fuel nozzles, a
variable metering restriction between the source of fuel
under pressure and each of said nozzles, a motor means
for operating each of said variable metering restrictions,
a source of air under pressure connected to each of said
fuel passages downstream of the metering restriction
therein, means for varying the air pressure from said
source in response to changes in the rate of air flow to
the engine, and means for operating said motor means
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for varying the area of each fuel metering restriction in’
response to change in the differential between fuel charg-"
ing pressure and air pressure.

22. In a fuel metering device for an internal com-’
bustion engine having a throttle controlled air intake
with branches extending to the combustion chambers
of the engine, the combination of a fuel pump, a fuel
bowl supplied from said pump, a float valve for con-
trolling the fuel level in said bowl, a plurality of fuel
nozzles located in said branches, fuel passage means’
connecting said bowl and said nozzles, a fuel metering
device for controlling the fuel discharged from each
nozzle, means for charging said fuel bowl with air under
positive pressure, air passage means connected with
each of said fuel passage means downstream of each of
said fuel metering devices, and means responsive to vari-
ations in the rate of air flow to the engine past said throt-:
tle for controlling the differential between air pressure in’
said fuel bowl and in said air passage means.

23. In an engine charge forming device, the combina-
tion comprising an intake manifold having branches
connected with the combustion chambers of the engine,
a throttle valve in said manifold, a regulating fluid pres-
sure system, means for controlling the pressure in said
regulating pressure system, means responsive to vari-
ations in engine speed and throttle opening for operat-
ing said control means in said system, a source of fuel,
a fuel pump supplied from said source, a plurality of fuel
nozzles located in said branches, branch fuel passages
extending between said pump and said nozzles, fuel
metering devices for restricting the rate of fuel flow
through each of said branches, means for varying the
fuel pressure downstream of said metering devices, and
a connection between said means for varying the fuel
pressure and said regulating system.

..24. In an engine charge forming device, the combina-
tion comprising an intake manifold having branches con-
nected with the combustion chambers of the engine, a
throttle valve in said manifold, a regulating fluid pres-
sure system, means for generating a pressure in said
regulating pressure system, means responsive to vari-
ations in engine speed and throttle opening for con-
trolling - the pressure in said regulating pressure system,
a source of fuel, a fuel pump supplied from said source,
open fuel nozzles in said branches, branch fuel passages
between said pump and said nozzles, a plurality of fuel
metering: devices in said fuel passages, means for vary-
ing the opening in said open fuel nozzles, and separate
connections from said regulating system and said fuel
pump to operate said means to vary the fuel nozzle open-
ing.
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