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UNITED STATES PATENT OFFICE 
2,440,566 

FUEL SUPPLY SYSTEM FOR INTERNAL 
COMBUSTON ENGINES 

George Jeffrey Armstrong, Farnborough, England 
Application February 27, 1945, Serial No. 580,029 

in Great Britain June 26, 1943 
(C. 123-19) 6 Cams. 

The invention relates to fuel supply Systems 
for reciprocating internal combustion engines in 
which fuel is injected into an intake manifold 
along which air is passing to the engine. It is 
known that in such systems the maSS air con 
sumntion, i. e. the air consumption measured 
in units of mass per unit time, and hence the 
fuel requirements of the engine, are depend 
ent on the absolute pressure and temperature 
in the intake manifold, the absolute exhaust 
back pressure and the rotational speed of the 
engine crankshaft. With most engines having 
well designed exhaust systems the exhaust back 
pressure is nearly equal to and varies with at 
mospheric pressure, 
pressure may be measured instead of exhaust 
back pressure to control the fuel flow. More 
particularly the invention relates to such a sys 
tem in which the flow of fuel is controlled by 
an adjustable metering valve or valves whose 
effective flow area is adjusted in accordance 
with the intake manifold pressure, atmospheric 
or exhaust back pressure, and it is an object of 
the invention to provide a means for controlling 
the pressure difference across the metering valve 
or valves by an adjustable pressure-reducing valve 
which regulates said pressure difference in ac 
cordance with the square of the engine speed 
whereby for a given adjustment of the metering 
valve or valves the flow through said metering 
valve or valves is made dependent on the engine 
Speed. 
In accordance with the invention in a system 

of the kind hereinbefore specified, the output of a 
positive displacement pump driven at a Speed 
proportional to engine speed is passed through a 
passage having a pressure-reducing constriction, 
e. g. a sharp edged orifice, and the pressure dif 
ference across said constriction is applied to a 
pressure-responsive element which actuates the 
pressure reducing valve. It will be appreciated 
that since the flow from a positive displacement 
pump is proportional to the speed at which the 
pump is driven, the pressure difference at the 
two sides of the constriction will be proportional 
to the square of the engine speed and hence the 
pressure-reducing valve will be adjusted in ac 
cordance with the square of the engine Speed So 
that for a given adjustment of the metering valve 
or valves the desired proportionality between flow 
through the metering valve and engine speed will 
be maintained. 

and hence atmospheric. 
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ments, one of said elements being exposed to the 
pressure difference across the constriction and 
the other to the pressure difference across the 
metering valve or valves, so that the pressure 
reducing valve is continuously adjusted to pro 
vide a relationship between the two pressure dif 
ferences, which relationship is determined by the 
relative areas of the two diaphragms or the like. 
The invention is illustrated in the accompany 

ing schematic drawings, in which: 
Fig. 1 is a sectional view of a system embodying 

the invention and also incorporating the inven 
tion of co-pending British application No. 9250/43 
(U. S. Serial No. 580,028). 

Fig. 2 is a fragmentary sectional view showing 
an alternative means of introducing temperature 
correction, 

Fig. 3 is a fragmentary sectional view showing 
an alternative diaphragm assembly, 

FigS. 4 and 5 are views showing alternative ar 
rangements each having two positive displace 
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Conveniently, the positive displacement pump 
is the pump Supplying fuel to the engine, and the 
adjustable pressure reducing valve is a balanced 
valve whose adjustable member is connected to 
twO diaphragms Or like pressure-responsive elle 

55 

ment pumps connected in series. 
Referring to Fig. fuel passes through pipe 

to to a positive displacement pump i? driven by 
a shaft from the engine 2a to which fuel 
is to be supplied, said shaft f being the engine 
accessory driving shaft. From the pump the 
fuel is Supplied to the engine through a sharp 
edged orifice 2, passage 3, chamber 4, pres 
sure reducing valve 5, chamber 6, metering 
valve IT, passage 8, chamber 9 and discharge 
nozzle 20. The valve 7 comprises an orifice 
whose effective area is adjusted by a tapering 
needie 2 connected to a link 22 pivoted at 23 
to the wall of a chamber 24 and connected to a 
link to which are attached resilient bellows 25, 
26, bellows 25 being subject internally to the 
pressure in the intake manifold 27 of the engine 
2a, a connecting pipe 28 being provided for this 
purpose, and bellows 26 being evacuated internal 
ly. The inside of chamber 24 communicates with 
the passage f8 through a port 29 and is filled with 
fuel in which both bellows are immersed. The 
fuel in the passage 8 and consequently in the 
chamber 24 is maintained at a pressure exceed 
ing atmospheric by a predetermined amount by 
a tapering needle 30 which co-operates with the 
discharge nozzle 20 and which is anchored to a 
diaphragm 3, the right hand side of which is 
exposed to the pressure of the fuel in the cham 
ber 9 and the left hand side of which is backed 
by a spring 33 and is also acted on by the atmos 
phere entering through a vent 32. Consequently 
the needle 30 adjusts the area of the discharge 
nozzle 20 to cause the pressure of the fuel in the 
chamber 9 continuously to be at a pressure ex 
ceeding atmospheric by a quantity determined 

  



3 
by the stiffness of the spring 33. The arrange 
ment of bellows and adjustable discharge nozzle 
forms the subject of British application No. 
9250/43 and it will be appreciated that this means 
for producing adjustment of the metering valve 

forms no part of the present invention and that 
the present invention may be embodied in sys 
tems employing other means for producing such 
adjustment. The present invention is concerned 
with the regulation of the pressure difference O 
across the metering orifice , and this means 
will now be described. 
The engine driven pump it is arranged to have 

an output exceeding the maximum fuel require 
ments of the engine at any engine speed, and to 
provide for conditions in which the fuel require 
ments are less than the output of the pump 
a spring-loaded relief valve 34 is provided pref 
erably of balanced type. The whole of the out 
put of the pump f is passed through the orifice 
2 and the relief valve 34 is accordingly located 
on the Output side downstream of the orifice f2. 
Since the output of the pump f is proportional 
to the engine speed, the pressure difference across 
the orifice 2 is proportional to the square of 
said speed. A tapping 35 is led from the high 
pressure side of the orifice 2 to chamber 36 sealed 
by a flexible diaphragm 37 the right-hand side 
of which is acted upon by the pressure existing 
in the chamber 4, i. e. the pressure at the low 
pressure side of the orifice 2. The diaphragm 
37 is consequently biassed by the pressure dif 
ference across the Orifice 2. Connected to the 
diaphragm 37 is one end of a link 38 carrying 
a tapering plug 39 which forms the adjustable 
member of the pressure reducing valve 5. The 
link 38 is also connected through a pivoted lever 
40 to a further link 4 i carried by a second dia 
phragm 42. The pressure at the left hand side 
of the diaphragm 42 is that existing in the cham 
ber 6, i. e. the pressure immediately upstream 
of the metering valve 7 while at the right hand 
side of the diaphragm 42 the pressure existing 
is that immediately downstream of the metering 
valve, a port 43 being provided to admit such 
pressure to the right hand side of diaphragm 
42. Accordingly, when the system is operating, 
the pressure difference across the orifice 2 ap 
plies to the diaphragm 37 a force proportional 
to the square of the engine speed, and this force 
is transmitted through the link 38, lever 40 and 
link 4 to the diaphragm 42 and the pressure re 
ducing valve fS is thus so adjusted that the flow 
through the valves causes the forces applied by 
the diaphragms 37 and 42 to be in equilibrium. 
Such equilibrium will exist when the pressure 
differences across the two diaphragms achieve a 
relationship which is determined by the relative 
areas of the diaphragms and the relative effective 
lengths of the arms of the lever 40. The pres 
sure difference across the metering orifice T will 
therefore be maintained proportional to the 
square of the engine Speed. Temperature con 
trol may be introduced in a variety of ways, thus 
in the form illustrated, a bulb 44 filled with liquid 
is located in the intake manifold 27 and is Con 
nected by a capillary tube 45 to a capsule 46 one 
end of which is fixed and the other end of which 
is connected to a pivoted arm 4 on which the 
lever 40 is mounted. Movement of the capsule 
in response to changes in temperature in the in 
take manifold will displace the pivot of the lever 
40 in relation to the links 38, 4 to which it is 
connected and will accordingly vary the relation 
ship between the effective lengths of the arms of 
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the lever 40 and hence the ratio between the 
Square of the engine speed and the pressure dif 
ference across the metering orifice. 
The system also embodies a slow running de 

vice in which fuel from the chamber 4 is fed to 
passage 8 past a tapered plug 48 anchored to 
a diaphragm 49, the two sides of which are ex 
posed to the pressures of fuel in the chambers 
36 and 4 and on which a tension spring 50 acts 
to hold the plug 48 away from its seating. As 
the engine speed increases the pressure difference 
across the diaphragm 49 rises overcoming the re 
sistance of the tension spring 50 and diminishing 
the flow of fuel through the slow running device. 

Referring to Fig. 2, temperature correction is 
produced by varying the effective area of the ori 
foce 2 instead of by varying the effective lengths 
of the arms of the lever 40. For this purpose a 
tapered needle 60 is pivoted to one end of a piv 
oted arm 6, the other end of which is moved by 
a Bourdon tube 62 or like element which re 
sponds to changes of temperature in the intake 
manifold. 
Other alternative means of introducing tem 

perature correction are possible, e. g. any of the 
means described in co-pending British applica 
tion No. 9250/43. If the temperature correction 
is effected as shown in Fig. 2 or as in British ap 
plication No. 9250/43, the capsule 46 shown in 
Fig. 1 may be retained and made responsive to 
Some other variation for which it is desired to 
correct or vary the fuel-air ratio. Thus if the 
capsule 46 were evacuated the pressure difference 
across the metering valve would become pro 
portional not to the square of the engine speed 
but to a power of the engine speed differing from 
the square thereof. 

Referring now to Fig. 3, fuel from pump after 
passing through the orifice f2 is supplied to the 
engine through passage 3, pressure reducing 
valve f3, metering valve and passage 8. The 
effective flow passage of the metering valve it 
is varied by a tapered needle 2 which may be 
operated by means not shown but which may 
be analogous to those shown in Fig. 1. The means 
for adjusting the pressure reducing valve how 
ever differs from that shown in Fig. 1. As illus 
trated in Fig. 3 the pressure reducing valve com 
prises a tapered plug 39 attached to a link 38 
secured to four diaphragms, 37, 37, 37 and 37. 
Between diaphragms 37 and 3 is a chamber 
36 communicating with the upstream side of ori 
fice 2 through a passage 35, while the space 40 
between diaphragms 37 and 37 communicates 
with the downstream side of the orifice 2 through 
passage 30. The pressure at the right hand side 
of diaphragm 37 is the same as that at the up 
stream side of the metering valve T, while the 
space between the diaphragms 37 and 37 f is 
filled with fuel at the pressure existing at the 
downstream side of valve 7, said pressure being 
transmitted through port 29, chamber 24 and 
balance tube 24. Diaphragms 37 and 37 are 
in the nature of flexible walls the fluid forces on 
which are balanced one against the other by de 
sign and in particular by the inclusion of a duct 
7 13. The system will consequently be in equi 
librium when the pressure difference across the 
diaphragm 37, which is proportional to the square 
of the engine speed, is equal to the pressure dif 
ference across the diaphragm 37 f, which is equal 
to the pressure difference across the metering 
valve , so that said latter pressure difference 
is continuously maintained proportional to the 
square of the engine Speed. 



5 
In practice the volumetric efficiency of a posi 

tive displacement gear type pump may vary with 
the pressure difference between its inlet and out 
let, but this pressure difference may be main 
tained constant and substantially zero by feed 
ing the inlet of the positive displacement pump 
from a second positive displacement pump of 
higher output. Figs. 4 and 5 show two arrange 
ments embodying twin pumps. 

In Fig. 4 the pump is fed from a positive 
displacement pump 70 of higher capacity than 
pump ff. The output of pump it is fed through 
an orifice 2 into a passage 3 as in Fig. 1 a 
tapping 35 being taken from the upstream side 
of Orifice f2. The passage 3 also receives fuel 
direct from pump 70 through orifice 7. A de 
aerator 72 of conventional design is provided for 
de-aeration of the fuel before it enters the pump 

and passage f3. A spring loaded and bal 
anced relief valve 73 is provided between the 
passage 3 and the inlet of pump 70, so that if 
the pressure in passage 3 exceeds atmospheric 
by more than an amount determined by the 
spring bias on valve 73 the valve opens and fuel 
passes from passage 3 to the inlet of pump 70. : 
In Fig. 5 in addition to the relief valve 73 a 

second relief valve 74 is provided. This valve has 
a movable member whose head is acted on by the 
pressure at the outlet from pump 70 and which 
is secured to a diaphragm, against which a spring 
abuts and which as shown is also acted upon by 
the pressure difference between the outlet of 
pump (through passage 35 and pipe 75) and 
the inlet of pump 70. The valve 74 will there 
fore open when the pressure existing in the out 
let from pump 70 exceeds a predetermined rela 
tionship with the pressure in the passage 35. 
Although no Supercharger is shown in the 

drawings it will be appreciated that the inven 
tion may be embodied in a fuel supply system for 
a Supercharged engine. 

I claim: 
1. A fuel supply system for an internal Com 

bustion engine comprising an adjustable meter 
ing value, an adjustable pressure regulating valve 
in series with said metering valve, an engine 
driven positive displacement pump having an 
Outlet duct with a constriction therein located to 
pass the whole output of said pump, a pressure 
responsive element located to respond to changes 
in pressure difference across said constriction, 
and a Connection between said pressure-respon 
sive element and said pressure regulating valve 
to control the same in response to changes in 
the output of said positive displacement pump. 

2. A fuel supply system for an internal Com 
bustion engine, comprising an engine-driven posi 
tive displacement pump for supplying fuel 
through a duct to said engine, an adjustable 
metering valve in said duct, an adjustable pres 
sure-regulating valve also in said duct, and in 
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series with said metering valve, a constriction 
located in said duct between said pump and ad 
justable valves to pass the whole output of said 
pump, a pair of diaphragms one of which is lo 
cated to be acted upon by the pressure difference 
across said constriction and the other of which 
is located to be acted upon by the pressure differ 
ence across said metering valve, and a connec 
tion between said diaphragms whereby the pres 
sure difference across said metering orifice is 
maintained proportional to the pressure differ 
ence across said constriction. 

3. A fuel supply system for an internal Com 
bustion engine, comprising an engine-driven 
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6 
positive displacement pump for supplying fuel 
through a duct to said engine, an adjustable me 
tering Valve in Said duct, an adjustable pressure 
regulating valve also in said duct, and in Series 
with said metering valve, a constriction located 
in said duct between said pump and adjustable 
valve to pass the Whole output of said pump, a 
pair of diaphragms one of which is located to be 
acted upon by the pressure difference acroSS Said 
Constriction and the other of which is located to 
be acted upon by the pressure difference across 
said metering valve, and a pivoted lever connect 
ing said diaphragms and also actuating said 
pressure regulating valve. 

4. A fuel supply System for an internal COm 
bustion engine, comprising an engine-driven posi 
tive displacement pump for supplying fuel 
through a duct to said engine, an adjustable me 
tering valve in said duct, an adjustable pressure 
regulating valve also in said duct, and in series 
with said metering valve, a constriction located 
in said duct between said pump and adjustable 
valves to pass the whole output of said pump, a 
pair of diaphragms one of which is located to be 
acted upon by the pressure difference across Said 
constriction and the other of which is located to 
be acted upon by the pressure difference across 
said metering valve, a pivoted lever connecting 
said diaphragms and also actuating said pressure 
regulating valves, and a temperature-responsive 
member carrying the pivot for said lever. 

5. A fuel supply system for an internal com 
bustion engine, comprising an engine-driven posi 
tive displacement pump for supplying fuel 
through a duct to said engine, an adjustable me 
tering valve in said duct, an adjustable pres 
sure-regulating valve also in said duct, and in 
series with said metering valve, a constriction 
located in said duct between said pump and ad 
justable valves to pass the whole output of Said 
pump, a pair of diaphragms one of which is lo 
cated to be acted upon by the pressure difference 
across said constriction. and the other of which 
is located to be acted upon by the pressure dif 
ference across said metering valve, a tempera 
ture sensitive member for varying the flow area 
of said constriction, and a connection between 
said diaphragms, whereby the pressure difference 
across said metering valve is maintained pro 
portional to the pressure difference across said 
constriction. v 

6. A fuel supply system as claimed in raim 2, 
in which the positive displacement pump is in 
series with a second positive displacement pump 
whereby the pressure difference across the first 
of said pumps is maintained substantially zero. 

GEORGE JEFFREY ARMSTRONG. 
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