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pressure differential In the above formula and in the 
following ones K represents various constants dependent 
upon the geometrical unchanging dimensions ofthe meter 
ing elements and in some of the formulae also upon 
the fuel density. 
The load Papplied to the valve 85 by the diaphragm 

90 is 

wherein Dis the effective diameter of the diaphragm, 
that is?the diameter of the portion thereof which is 
notin contact with the cup-member 101. 
On the other hand the fuel flow persecond w through 

the orifice S2 is 

where s is the Wariable effective area of the orifice 82? 
and i is the fuel pressure drop across the orifice The 
load transmitted to the valve 85 by the diaphragm 89 is 

The valve 85 is subject to the light load of an idling 
spring I15 adjustable by means of a threaded cap. How 
ever when the engine operates at normal speed this 
Spring load is negligible with reSpect to the loads p and 
P. Furthermore under the oppositely directed loads p 
and P the valve is in equilibrium. Substituting the rela 
tion p=Pin the above equations we obtain the follow 
ing expression for the engine fuel-air ratio 

V5 
The diaphragm 90 and the cup member 101 are so 

designed that as the venturi air density varies and the 
bellows 104 expands or contracts and shifts the cup 
member the effective diameter of the diaphragm varies 
proportionally to the square root of the air density thus 
renderingthe fraction D/V5constant The fuel-airratio 
then becomes */?/=Ks in other words this ratio is de 
termined by the adjustment of the needle valve 33 ex 
clusively?irrespective of changes of altitude within the 
designed limitS. 
The profile of the cup member161 and diaphragm 90 

may readily be designed to satisfy the above requirement 
If the axial length of the bellows 194 when Subject to 
standard sea level air density is L and the corresponding 
predetermined efective diameter of the diaphragm is d, 
at high altitude where the venturiair density is one half 
of the standard sea level Value the length of the bellows 
is 2L and owing to the changed position of the cup 
member relative to the diaphragm?the efective diameter 
of the 1atter will have to be 0.707 d At higher altitude 
wheretheventuriair density is one fourth ofthe standard 
sea level value the length of the bellows is 4L and the 
efective diameter ofthe diaphragm will be 0.5 d. 
Manual as well as automatic control of the Valve 83 

may be provided to regulate the engine fuel-air ratio. 
Four cams are shown in the drawing for actuating this 
valve The cam116 is manually controlled by means of 
suitable linkage means Cam H17 is connected to a man 
ifold air pressure responsive bellows 113. Cam H19 is 
actuated in dependence upon the engine Speed by a re 
siliently loaded diaphragm120 responsive to the fuel pres 
sure drop determined by an orifice I21 provided on the 
discharge side of the volumetric engine-driven pump 47? 
and cam 122 is actuated by a bellows 123 connected with 
an element 124 responsive to the manifold air tempera 
ture and preferably also responsive in predetermined de 
gree to the engine cylinder temperature The number, 
character and arrangement of the automatic devices con 
nected with the fuel-air ratio control valve 83 may of 
course be varied to Suit Specific characteristics of various 
types ofengines. 
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In operation the fuel discharged underpressure by the 

pump 47 is led through the Supply manifolds 45 to the 
various injectors 9: part ofitis delivered to the engine, 
and the excess returns to the inlet port of the pump 47 
through the return manifolds 39 and the by-pass orifice 
57 controlled by the valve 8S Whenthe valve 85 is set 
in its extreme left position with the by-pass orifice 87 
fully open no appreciable amount of pressure is set up 
on the discharge side of the pump 47 or within the in 
jectors 9 and the latter therefore do not deliver any fuel 
to the engine; the fuel discharged by the pump 47 is all 
returned to the inlet port thereof no new fuelis admitted 
from the tank through the inlet pipe 81 and therefore 
no pressure drop is set up across the restriction 82 con 
trolled by the valve 83 On the other hand when the 
Same Valve 85 is in its extreme right position reducing 
to a minimum the open area of the orifice 87 the pres 
Sure of the fuel on the discharge side of the pump47 and 
in the injectors 9 attainsits maximum value the injectors 
9 deliverto the enginetheir maximum designed fuel flow, 
and the flow offuelfrom the tank through the restriction 
82 and therefore the pressure drop across said restric 
tion attain their maximum value Itis thus clearthat 
the valve 85 variably controls the pressure drop orpres 
Sure head across the restriction 82. 

ASalreadystated the diaphragm99 exerts on the valve 
85 a load whichis a measure of engine airfiow; and any 
variation in the venturi diferential pressure or in the 
preSSure and/ortemperature of the air surrounding the 
bellows 104 actuates the valve 85 to alter the pressure 
head across the restriction 82. Since any change in the 
Speed of the engine is accompanied by a corresponding 
variation in engine airflow it follows that any variation 
in engine Speed will cause operation of the valve 85. 
These embodiments of the invention have been shown 

merely for purpose ofillustration and not as a limitation 
of the scope ofthe invention Itis therefore to be ex 
pressly understood thatthe inventionis not limited to the 
Specific embodiment Shown but may be used in various 
other ways in connection with other types of prime 
movers that various modifications may be made to suit 
diferent requirements and that other changes substitu 
tions additions and omissions may be made in the con 
struction arrangement and manner of operations of the 
parts without departing from the limits or scope of the 
invention as definedin the following claims. 

In interpreting the claims where they are directed to 
less than all of the elements of the complete systems dis 
closed they are intended to cover possible uses of the 
recited elements in installations which lack the non 
recited elements. 

Iclaim: 
1 In a fuel control system foran engine havinga com? 

bustion chamber and a compressor for supplyingairto 
Said combustion chamber a fuel nozzle for discharging 
fuelunder pressureintosaid combustion chamber a con 
duitfor conductingfuel to said nozzle and fuelflow con 
trol means in Said conduitincluding a metering restric 
tion a metering valve controlling the area of said re 
striction an independent fuel pressure diferential respon 
sive regulator valve controlling the metering head across 
Said restriction and means responsive to a pressuregen 
erated by the compressor and operatively connected to 
said metering valve for varying the flow offuel through 
Said restriction as a function of Saidgenerated pressure 

2 In a fuel controlsystem for an engine havinga com 
bustion chamberanda compressorsupplyingairfor com 
bustion a fuel nozzle for discharging fuelunder pressure 
into Said combustion chamber a conduitfor conducting 
fuel to Said nozzle and fuel flow control meansin said 
conduitincluding a metering restriction a metering valve 
controlling the area of said restriction an independent 
fuel pressure diferential responsive regulator valve con 
trolling the metering head across said restriction and 
means responsive to abSolute pressure generated by the 
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compressor and operatively connected to said metering 
valve forvarying the flow offuel through Said restriction 
as a function of said abSolute preSSure. 

3. In a fuelcontrolsystem foran engine having a com 
bustion chamber and a compressor for Supplying air to 
said combustion chamber a fuel nozzle for discharging 
fuel under pressure into said combustion chamber a con 
duit for conducting fuel to Said nozzle a fuel pump ar 
ranged to pressurize thefuelinsaid conduit and fuelflow 
contiol means in said conduitincluding a metering re 
striction a metering valve controlling the area of Said 
restriction? an independent fuel pressure diferential re 

6 
sponsive regulator mechanism controlling the metering 
head across said restriction said mechanismincluding a 
regulator valve arranged to by-pass fuel from the high 
pressure side to the low pressure side of said pump and 
means for subjecting the regulator valve to a differential 
pressure varying with the metering head across Said re 
striction and means responsive to a pressure generated 
by the compressor and operatively connected to Said 
metering valve for varying the flow of fuel through said 

10 restriction as a function of Saidgenerated pressure. 
No references cited. 


