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Patented Sept. 14, 1954 2,688,845 

UNITED STATES PATENT OFFICE 
2,688,845 

TWO-STAGE FUE, REGULATOR FOR PULSE 
JET ENGINES 

Harold H. Ostroff, Ferguson, Mo., assignor to 
McDonnell Aircraft Corporation, St. Louis, Mo., 
a corporation of Maryland 
Application July 13, 1948, Serial No. 38,527 

(C. 60-39.28) 12 Claims, 
1. 

This invention relates to fuel regulating sys 
tems for pulse jet engines of the type shown in 
application Serial No. 2,466, filed January 15, 
1948, for Fuel Regulator Responsive to Speed and 
Atmospheric Pressure, and is more particularly 
directed to an improvement in the systern dis 
closed in said application by providing for two 
different rates of fuel flow to the pulse jet en 
gine under specified Operating conditions. 

It has been found that during certain periods 
of pulse jet engine operation, as, for example, in 
starting, it is desirable that for a predetermined 
length of time a fuel flow somewhat lesser in 
rate be supplied to the engine than when it is op 
erating under normal conditions. It is also de 
sirable that during other periods of operation a 
greater rate of fuel flow be supplied to the pulse 
jet engine for a predetermined length of time 
than when it is operating under normal condi 
tions. The two-stage fuel flow system about to 
be described is intended to comprehend the lat 
ter condition of Operation as Well as the former. 
Under either condition, after the specified time 
or period of Operation has elapsed, the normal 
flow of fuel to the pulse jet engine is resumed. 
One of the objects of this invention is to pro 

wide a fuel regulating System for a pulse jet or 
other type of jet engine in which two distinctly 
different rates of fuel flow may be Supplied there 
to, and that these rates of fuel flow be propor 
tioned to both air speed and altitude pressures. 
Another object of the invention is to provide a 

fuel regulating System for a pulse jet engine in 
which the fuel supplied therefor is responsive to 
pressure conditions in the pulse jet engine. 
A further object of the invention is to provide 

a fuel regulating System for a pulse jet engine 
in which two rates of fuel flow may be supplied 
thereto and in which means are provided for the 
selective Operation of either rate of fuel flow. 

Still another object of the invention is to pro 
vide a fuel regulator containing operating 
mechanism that may be responsive to remotely 
stationed mechanism for controlling the rate of 
fuel flow under specified operating conditions of 
the pulse jet engine. 

In the drawings: 
Fig. 1 is a plan view of a fuel regulator in 

corporating the invention, 
Fig. 2 is an elevational view thereof, 
Fig. 3 shows a section view taken Substantially 

along the line 3-3 of Fig. 1 and in addition 
shows the complete regulator System; and 

Fig. 4 is a section view of a modified fuel regul 
lator and a pulse jet fuel Supply System. 
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The fuel regulator comprises a valve housing 
to which one end of a conduit 2 is connected 

and whose opposite end is connected to a pump 3 
which pumps fuel from a reservoir 4 through a 
suitable conduit and into a cavity in the valve 
casing . The valve member 5 is movable in the 
casing and is engageable with the valve seat 
6 that is formed in casing . A projection is 
formed on a cover plate 8 for the lower end of 
the casing and it is received in a socket or cavi 
ty formed in the valve 5. The slope of the valve 
member 5 and the seat 6 is such that there is a 
line contact between the two. In order to equal 
ize the forces acting on valve 5 arising from the 
difference in fuel pressures existing in cham 
bers to and , the stem is provided with bores 
9 that communicate with the cavity in valve 5. 
Since there is a close sliding fit between pro 
jection 7 and the valve cavity, the pressure in 
chamber fa and in chamber will be substan 
tially equal. The diameter of the valve cavity 
is substantially equal to that of the valve seat 
and there will be no resultant force imposed on 
the valve system. After being admitted into 
chamber f, fuel is conducted to the combustion 
chamber of pulse jet engine 2 by means of con 
duit 3, one end of which is connected to the 
outlet port 4 in valve Casing and its opposite 
end is suitably connected to the fuel injection 
nozzles (not shown) in the pulse jet engine 2. 
A casing 5 is disposed above and mounted on 

the casing and a suitable diaphragm and mask 
assembly 6 is interposed therebetween, to which 
diaphragm the stem 7 of valve 5 is secured in 
the manner illustrated. The diaphragm mask 
assembly comprises a flexible membrance and a 
washer that is interposed between the casings 
and 5. The washer has a diameter somewhat 
less than the diameter of chamber , thereby re 
ducing the effective area of the diaphragm. The 
Substitution of One Washer for another controls 
the effective area of the diaphragm. The two 
housings are properly secured together by means 
of Screws 8 that also secure the cover plate 8 
to the casing , the screws extending up into the 
casing f 5. The casing 5 is provided with a port 
9 that communicates with the atmosphere and 

Suitably disposed within the cavity in casing 5 
and supported on a shoulder 5a therein is a 
Sealed bellows member 20 containing a Spring 2, 
the bellows member being preferably evacuated 
So that it will not be responsive to temperature 
changes but only to the particular altitude pres 
Sure at Which the engine is operating. 
A casing 22 is mounted on casing 5 between 
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which a suitable diaphragm and mask assembly 
23 is interposed with the two casings being Se 
cured together by a plurality of bolts 24. Con 
nected to the diaphragm assembly and in con 
tact with the bellows 20 is a fitting 25 in which 
the valve stem 7 is threaded and threaded into 
the upper end of the casing 22 is an adjusting 
screw 26 that engages a washer 27. A spring 28 
is interposed between the fitting 25 and the 
Washer 27 which normally urges the diaphragm 
and valve assembly downward with a force that 
is directly proportional to the gage of the 
spring 28. 
The casing 22 is provided with a port 29 that 

has one end of a conduit 30 connected thereto 
and whose opposite end is connected to a Pitot 
tube 3. 
The force exerted by spring 28 acts upon the 

diaphragm assembly 23 and consequently on the 
diaphragm assembly 6. This force is opposed 
by the force exerted by the pressure of the fuel 
in chamber as well as by the Spring 2 in the 
bellows 20. The Spring 28 also acts in the Sane 
direction as the ram pressure in the chamber 32 
delived from the Pitot tube 3. These Several 
pressures and spring forces are balanced against 
each other so that the resultant determines the 
amount of fuel that passes between the valve 5 
and its seat 6. It has been previously pointed 
out that, under certain conditions of operation 
the normal flow of fuel from the Casing to the 
engine 2 is too rich as, for example, in Starting 
operations and, therefore, for a predetermined 
length of time a lesser fuel flow is desirable. This 
lesser fuel flow is brought about by varying the 
downward preSSure acting on the diaphragm aS 
sembly 23 produced by the spring 28 and the 
ram preSSure by means of an auxiliary Spring 
33, one end of which is anchored to a fixture 34 
secured to the casing 22 and whose other end 
is anchored to a Screw 35 mounted at the other 
end of a lever 36. The lever 36 is fulcrumed to 
the fixture 34 at 37 and also Secured to the fix 
ture 34 is a solenoid 38 whose plunger 39 is piv 
oted to the lever 36 by means of a pin 49. The 
Spring 33 acts in conjunction. With the spring 28 
by means of a fitting 4 that is pivoted to the 
lever 36 at a point between the screw 35 and the 
fulcrum pin 3. A rod 42 is threaded into the 
fitting 4 and extends through the adjusting 
Screw 26 and engages the fitting 25 Secured to 
the diaphragm assembly 23. When solenoid 38 
is energized, it lifts rod 42, disengaging it from 
the fitting 25 and thereby relieving the down 
Ward pressure on the diaphragm assemblies 23 : 
and 6 in an amount that is proportional to the 
gage of Spring 33 So that the fuel pressure in 
chamber will force the diaphragm assembly 6 
upwardly and thereby restrict the flow of fuel by 
an amount that is equal to the upward adjust 
ment of the valve 5 as viewed in Fig. 3. As soon 
as the Solenoid 38 is de-energized, the spring 33 
will pivot the lever 36 downwardly and will re 
establish the normal pressure balancing condi 
tions that exist between the combined forces of 
Springs 33 and 28 plus the ram pressure acting 
downwardly on the diaphragm assembly 23 
which combined force is opposed by the upward 
forces exerted by the bellows assembly 20 and the 
fuel pressure acting on diaphragm 6, thereby 
enabling the pulse jet engine to operate nor 
mally. 
One method of controlling the energization of 

the Solenoid 38 is by means of a pressure respon 
Sive device associated with the jet engine which 
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4 
consists of a pressure operated switch 43 which 
contains a plunger 44 reciprocably disposed in 
a cylinder 44a. The plunger is responsive to the 
pressure in the combustion chamber of the jet 
engine, the chamber being connected to the cyl 
inder 44a by means of a suitable conduit. A pair 
of switch contacts 45 are arranged in the Switch 
43 and are adapted to be bridged by a bridging 
member 46 that is connected to the plunger 44 by 
means of a suitable connecting member 47. A 
spring 48 is interposed between the bridging 
member 46 and the casing of switch 43 and nor 
mally maintains the switch closed. Conductors 
49 and 50 are connected between the terminals 
of the solenoid 38 and the contacts 45 for the 
switch 43 and a suitable source of energy, Such 
as the battery 5i, is interposed in one of the con 
ductors to provide a suitable source of power. 
Before starting the pulse jet engine there is a 
pressure in the combustion chamber thereof 
which is of such magnitude as to enable the 
spring 48 to maintain the Switch in closed posi 
tion and it is in this position that the SWitch 
stands while the engine is being started. As soon 
as the engine is in operation, the pressure there 
in increases, which forces the plunger 44 down 
wardly and opens the switch, thereby causing the 
solenoid 38 to become de-energized whereupon 
the normal flow of fuel to the pulse jet engine 
COneCeS. 
The tension of spring 33 is adjusted by means 

of an adjusting nut 53 threaded to the Screw 35. 
The entire structure supported on the fitting 34 
is enclosed in a casing 52 in order to provide 
protection for the several elements thereunder. 
The aforementioned structure is shown as 

operated by mechanism responsive to the pres 
sure conditions existing within the combustion 
chamber of the pulse jet engine and is intended 
to take care of the starting conditions thereof. 
It is also possible to control the energization of 
the solenoid 38 by a radio control means (not 
shown) which devices are well known in the art. 
It was also pointed out above that under cer 
tain conditions of operation it is desirable at 
times to supply a greater fuel flow to the pulse 
jet engine and in doing so, the operation of the 
adjusting system would be reversed from that 
illustrated in Fig. 3. The necessary re-organ 
ization of the device is believed apparent from 
the structure disclosed so that a detailed illus 
tration and description thereof is not believed 
necessary. 
A modified construction of the aforementioned 

device is illustrated in Fig. 4 in which the valve 
casing 54 is shown containing valve seat 55 With 
which valve 56 cooperates. The vertical mo 
tion of the valve, as viewed in Fig. 4, is accom 
plished by a stem 57 that is slidably received 
in an aperture provided in the projection 58 in 
tegrally associated with the cover plate 59 and 
suitably secured to the casing 54. The Casing 
is provided with an inlet port 60 to Which a con 
duit 6 is connected in which a fuel pump 62 
is inserted that Supplies fuel under preSSure from 
the reservoir 63 into the chamber 64 in the valve 
casing 54. Fuel passes valve 56 and enters the 
chamber 65 and is exhausted from the Outlet 
port 66 into a conduit 67, one end of which is 
Connected to the Outlet port and whose opposite 
end is connected to the fuel nozzles in the pulse 
jet engine 68. 
A casing 69 is mounted on the casing 54 be 

tWeen which a diaphragm and mask assembly 
70 is interposed, the two casings being connected 
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together by means of a plurality of Screws 7. 
Disposed within the chamber of the casing 69 
is an evacuated bellows 72 and a port 73 in the 
casing 69 connects the chamber 14 therein to 
the atmospheric pressure at Which the plane 
carrying the regulator is operated. Superim 
posed On the casing 69 is another Casing 75 and 
a combination diaphragm and mask assembly 
76 is disposed therebetween, the two casings be 
ing secured together by a plurality of screws 77. 
The mask and diaphragm assemblies. O and 76 
serve the same purpose as the assembly 6 de 
Scribed above. The stem 8 of valve 56 is Se 
cured to the diaphragm 70 and it is also secured 
to a fitting 79 that is secured to the diaphragm. 
assembly 76. The evacuated bellows 72 in the 
chamber in casing 69 acts upwardly on the fit 
ting 79 and rests on an appropriate shoulder 80 
formed in the casing 69. The casing 75 is pro 
vided with a port 8 to which one end of a con 
duit 82 is connected and whose opposite end is 
connected to a Pitot tube 83 so that the cham 
ber 84 in the casing 75 will be subjected to the 
ran pressure. 
Superimposed on the casing 75 and connected 

thereto, such as by threading, is a casing 85 that 
contains an adjusting screw 86 against which 
a Washer 87 abuts. A spring 88 is interposed 
between the washer 87 and the fitting 9 that 
urges the diaphragm assemblies 76 and 70 down 
Wardly, aided and assisted by the ram pressure 
derived from the Pitot tube 83. The downward 
force of the spring and the ram pressure is 
counterbalanced by the upward force derived 
from the pressure of the fuel in chamber 65 and 
of the bellows 72 so that the resultant pressure 
determines the extent that the valve 56 has been 
opened for the passage of fuel. The pressure 
of the tension of spring 88 is adjusted by means 
of adjusting nut 86. 
The two-stage fuel supply is brought about 

by means of a solenoid 89 secured to the up 
per end of the casing 85, the solenoid being pro 
vided with a plunger 90 to which a rod 9 is 
threadably connected and the other end of the 
rod engages a socket in the fitting 79. A nut 
92 is threaded onto the threaded end of rod 9 
and a spring 93 is interposed between the Sole 
noid 89 and the nut 92 SO that the tension of 
Spring 93 may be varied. The Spring 93 Sup 
plements the force of Spring 88 in the same man 
ner that spring 33 does in the Fig. 3 disclosure, 
the tension of spring 93 being adjusted by means 
of nut 92. The energization of Solenoid 89 is 
controlled by a Switch 94 that is responsive to 
pressure conditions existing within the com 
bustion chamber of the pulse jet engine 68, the 
chamber being connected to the cylinder 94a. 
in the pressure switch. 94 by means of a conduit 
95. Suitable switch contacts 96 are provided 
in the Switch which are adapted to be bridged 
by bridging member 97 that is connected to the 
plunger 98 provided in the cylinder 94a in the 
pressure responsive SWitch. 94. The Switch con 
tacts 96 are connected to the terminals of the 
solenoid 89 by means of conductors 99 and 00 
in one of which a Suitable source of energy, such 
as a battery O, is provided. A spring O2 nor 
nally causes the bridging member to engage 
contacts 96. The Operation of this device is 
identical with that described in connection. With 
Fig. 3. 
What I claim is: 
1. A fuel regulator for jet engines comprising 

an engine; a preSSured fuel Supply therefor; 
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6 
means for establishing communication between 
said engine and said fuel Supply; a valve inter 
posed in Said means; means responsive to fuel 
preSSure and to altitude pressure connected to the 
valve for regulating said valve; spring means 
Connected to the valve for regulating said valve; 
means responsive to air speed pressure connected 
to the valve for regulating said valve, said springs 
and Said air speed pressure responsive means bal 
anced against Said fuel and altitude pressure 
responsive means, thereby balancing the respec 
tive pressures and Spring means; and means re 
Sponsive to preSSures in the engine for addition 
ally regulating said valve operative on said spring 
means to thereby adjust the rate of fuel flow 
through Said valve to an amount different from 
that determined by said spring means during pre 
determined periods of engine operation. 

2. A fuel regulator for jet engines comprising 
an engine; a pressured fuel supply therefor; 
means for establishing communication between 
Said engine and said fuel supply; a valve inter 
posed in Said means; means responsive to fuel 
preSSure and to altitude pressure connected to 
the valve for regulating said valve; adjustable 
Spring means connected to the valve for regulat 
ing Said valve; means responsive to air speed 
preSSure connected to the valve for regulating 
Said valve, said springs and said air speed pres 
Sure responsive means balanced against fuel and 
altitude pressure responsive means, thereby bal 
ancing the respective pressures and spring means; 
a Solenoid for regulating said spring means; and 
means responsive to pressures in the engine for 
controlling the operation of said solenoid for 
additionally regulating said valve operative on 
Said Spring to thereby adjust the rate of fuel flow 
through said valve to an amount different from 
that determined by said spring means during 
predetermined periods of engine operation. 

3. A fuel regulator for jet engines comprising 
an engine; a pressured fuel supply therefor; 
means for establishing communication between 
Said engine and Said fuel Supply; a valve inter 
posed in Said means; means responsive to fuel 
preSSure and to altitude pressure connected to the 
valve for regulating said valve; an adjustable 
Spring means connected to the valve for regulat 
ing Said Valve; a Second Spring means for regulat 
ing Said valve; means responsive to air speed 
preSSure connected to the Valve for regulating 
Said valve, Said Springs and Said air speed pres 
Sure responsive means balanced against fuel and 
altitude pressure responsive means to thereby 
balance the respective pressures and spring 
means; and means responsive to pressures in the 
engine Operative On said Second mentioned spring 
means for additionally regulating said valve to a 
rate of fuel flow different from that normally 
determined by Said Second mentioned Spring dur 
ing predetermined periods of engine operation. 

4. A fuel regulator for jet engines comprising 
an engine; a preSSured fuel Supply therefor; 
means for establishing communication between 
Said engine and Said fuel Supply; a valve inter 
pOSed in Said means; means responsive to fuel 
preSSure and to altitude pressure connected to 
the valve for regulating said valve; an adjustable 
Spring means connected to the valve for regulat 
ing Said valve; a second adjustable Spring means 
for regulating Said valve; means responsive to air 
speed pressure connected to the valve for regul 
lating said valve, said SpringS and said air Speed 
pressure responsive means balanced against fuel 
and altitude preSSure responsive means, to there 
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by balance the respective pressures and Spring 
means; and means responsive to preSSures in the 
engine operative on the said Second mentioned 
spring means for additionally regulating Said 
Wave to a rate of fuel flow different from that 
normally determined by said second mentioned 
Spring during predetermined periods of engine 
operation. 

5. A fuel regulator for jet engines comprising 
an engine; a pressured fuel Supply therefor; 
means for establishing communication between 
said engine and said fuel Supply; a valve inter 
posed in said means; means responsive to fuel 
pressure and to altitude pressure connected to 
the valve for regulating Said Valve; a Spring 
means connected to the valve for regulating Said 
valve; a second spring means for regulating Said 
valve; means responsive to air Speed pressure 
connected to the valve for regulating Said valve, 
said springs and said air Speed preSSure reSpoil 
sive means balanced against fuel and altitude 
pressure responsive means, to thereby balance the 
respective pressures and spring means; a Solenoid 
for regulating said second mentioned Spiring 
means; and means responsive to pressures in the 
engine for controlling the operation of Said Soler 
noid for additionally regulating said valve to a 
rate of fuel flow different from that normally 
determined by said second mentioned Spring dur 
ing predetermined periods of engine Operation. 

6. A fuel regulator for an engine comprising 
an engine; a valve for regulating the flow of 
fuel under pressure to the engine; means re 
sponsive to fuel pressure connected to the valve 
for regulating said valve toward closed position; 
an evacuated bellows assembly connected to the 
valve for regulating said valve in the Sane di 
rection; means responsive to atmospheric and 
ram pressures connected to the valve for further 
regulating said valve, the atmospheric and ram 
pressures acting on opposite sides of Said means 
so that the atmospheric pressure regulates Said 
valve to closed position and the ran preSSure 
regulates said valve to open position; a Spring 
for regulating said valve to open position; and 
an electromagnet controlled by pressures in the 
engine for modifying the force of Said Spring to 
thereby enable said valve to be moved toward 
closed position. 

7. A fuel regulator for an engine comprising an 
engine; a valve for regulating the flow of fuel 
under pressure to the engine; means responsive 
to fuel pressure connected to the valve for reg 
ulating said valve toward closed position; an 
evacuated bellows assembly connected to the 
valve for regulating said valve in the Same direc 
tion; means responsive to atmospheric and ram 
pressures connected to the valve for further reg 
ulating Said valve, the atmospheric and ran preS 
Sures acting on opposite sides of Said meanS SO 
that the atmospheric pressure regulates Said 
Valve to closed position and the ran preSSUre 
regulates said valve to open position; a Spring 
connected to the valve for regulating said valve 
to open position; a second Spring for modifying 
the force of Said first mentioned Spring; and an 
electromagnet controlled by pressures in the en 
gine for removing the influence of said second 
spring for enabling said valve to be further 
regulated to closed position. 

8. A fuel regulator for an engine comprising an 
engine; a housing having fuel under pressure 
and a valve Seat formed therein; a Waive engage 
able With said seat for regulating the fuel flow 
to the engine; a diaphragm responsive to fuel 
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8 
pressure in said housing and connected to said 
valve for urging the valve to closed position; a 
second housing mounted on said first mentioned 
housing; a diaphragm in Said Second housing 
responsive to atmospheric and ram pressures and 
connected to said Wave means, ran preSSure 
acting on one side of the diaphragm and atmos 
pheric acting on the other side thereof; means 
for aiding fuel pressure in urging the valve to 
closed position; means for urging said valve to 
open position and assisting the ran pressure in 
acting on said second diaphragm; and means 
controlled by pressures in the engine for modify 
ing the force exerted by Said last mentioned 
means for adjusting the fuel flow past Said valve 
so that the flow will be different from that deter 
mined by said last mentioned means. 

9. A fuel regulator for an engine comprising 
an engine; a housing to which fuel for the engine 
is supplied under pressure; a valve Seat in Said 
housing; a valve engageable with Said Seat for 
regulating the flow of fuel through Said housing; 
a second housing mounted on Said first men 
tioned housing; a diaphragm and mask aSSembly 
interposed between said housings connected to 
said valve and responsive to fuel pressure for 
urging said valve to closed position; a Second 
diaphragm and mask assembly responsive to at 
mospheric and ram pressures connected to Said 
wave, ram pressure acting on One side of the 
Second diaphragm and atmospheric acting on the 
other side thereof; an evacuated bellows and 
Spring aSSembly in Said housing acting On Said 
Second diaphragna and mask aSSembly Con 
nected to the valve for urging said valve to 
closed position; a Spring acting On Said Second 
diaphragm and mask assembly connected to 
the Valve for moving Said valve to open posi 
tion and aided by ran pressure thereon; and 
means controlled by pressures in the engine for 
modifying the force of said second mentioned 
Spring to thereby alter the rate of fuel fow past 
Said valve to an amount different froin that 
determined by said second mentioned spring. 

10. A fuel regulator for an engine comprising 
an engine; a housing to which fuel under pres 
Sure is Supplied; a valve seat in said housing; 
a Walve engageable in Said seat for regulating 
the flow of fuel from said housing; a second 
housing mounted on said fuel housing; a dia 
phragm and mask assembly between said hous 
ings and connected to said valve and responsive 
to fuel pressure for regulating said valve to closed 
position; a Second diaphragm and mask assem 
bly in Said Second housing one side of which 
is responsive to ram pressure and the other side 
to atmospheric pressure and connected to said 
Valve for regulating the valve; an evacuated 
Spring Supported bellows acting on the side of said 
Second assembly responsive to atmospheric pres 
Sure connected to the valve for regulating Said 
valve to closed position; a spring acting on the 
Side of Said Second assembly responsive to ram 
preSSure connected to the valve for regulating 
Said valve; a Second Spring for modifying the 
force exerted by Said first mentioned spring; and 
an electromagnet actuated by pressures in the en 
gine for removing the modifying force of said 
Second Spring to thereby enable said bellows and 
the fuel pressure to regulate said valve to closed 
position. 

11. A fuel regulator for an engine comprising 
an engine; a housing to which fluid under pres 
Sure is Supplied; a valve seat in said housing; 
a valve engageable with said seat for regulating 
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the flow of fuel from said housing; a second 
housing mounted on said fuel housing; a dia 
phragm and mask assembly interposed between 
Said housings and connected to said valve and 
responsive to fuel pressure for regulating said 
valve to closed position; a second diaphragm and 
mask assembly in Said second housing one side 
of Which is responsive to ram pressure and the 
Other Side responsive to atmospheric pressure and 
Connected to Said valve; an evacuated spring 
Supported bellows acting on the side of said 
Second a SSembly responsive to atmospheric pres 
Sure connected to the valve for regulating said 
Valve to closed position; a spring acting on the 
other side of said second assembly responsive to 
ram preSSure Connected to the valve for reg 
ulating Said valve to open position; a third spring 
for modifying the force exerted by said second 
Spring; and an electromagnet actuated by pres 
Sures in the engine for removing the modifying 
force of Said third spring to thereby enable said 
bellows and the fuel pressure to regulate said 
Valve to closed position. 

12. A fuel regulator for an engine comprising 
a housing; a valve Seat in said housing forming 
tWO chambers therein to one of which fuel under 
preSSure is Supplied; a valve engageable with said 
Seat for regulating the flow of fuel from one 
chamber to the other; means for substantially 
equalizing the pressure on both sides of said valve; 
a second housing mounted on said housing; a 
diaphragm and mask assembly interposed be 
tween Said housings and connected to said valve 
and responsive to fuel pressure for regulating 
said valve to closed position; a second diaphragm 
and mask assembly in said second housing one 
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side of which is responsive to ram pressure and 
the other side responsive to atmospheric pres 
Sure and connected to said valve; an evacuated 
Spring Supported bellows acting on the side of 
Said Second assembly responsive to atmospheric 
preSSure and Connected to the valve for regulat 
ing Said valve to closed position; and a Spring 
acting on the side of said second assembly re 
Sponsive to ram pressure and connected to the 
Valve for regulating Said valve to open position, 
neans responsive to pressures in the engine for 
modifying the force of said second mentioned 
Spring to thereby alter the rate of fuel flow past 
Said Valve to an amount different from that de.. 
termined by said second mentioned spring. 
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