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- Our invention relates to a fuel supply system 
and more particularly to a fuel supply system 
utilized to supply fuel under variable pressure to 
a reaction motor carried on the tip of a helicopter 
rotor blade. 
In Supplying a fuel to a reaction motor located 

at the tip of a rotating blade, a problem arises 
in that the fuel which is carried in the fuel lines 
running from the hub of the rotors to the tip 
of the rotor blades has a centrifugal pressure head 
developed from the rotation of the rotor blades. 
As a result of this pressure head, the fuel de 
livered to the reaction motor is at a pressure 
which is equal in magnitude to the fuel pump 
pressure and the centrifugal preSSure head. Since 
the centrifugal pressure head is dependent on the 
angular velocity of the rotating blades, the pres 
sure of the fuel delivered to the reaction motor 
varies with the speed of the rotating blade. The 
reaction motor requires fuel under controlled 
preSSure, and, therefore, it is necessary to provide 
a means to compensate automatically for the 
centrifugal pressure head. 

It is, therefore, an object of our invention to 
provide a fuel Supply System which is solely re 
sponsive to the fuel pump pressure regardless of 
the magnitude of the centrifugal pressure head 
even though it be much greater than the fuel 
pump preSSure. 
The novel features which we believe to be chair 

acteristic of our invention are set forth with par 
ticularity in the appended claim. The invention, 
itself, however, together with further objects and 
advantages thereof, may be best understood by 
reference to the following description taken in 
connection with the accompanying drawing in 
which Fig. 1 shows a reaction motor powered 
helicopter rotor having a fuel Supply System emi 
bodying our invention. Fig. 2 is a cross-sectional 
view showing constructional details of the fuel 
supply valve shown diagrammatically in Fig. 1 
and Fig. 3 is a section taken along the line 3-3 
of Fig. 2. . . . 

Referring to Fig. 1 of the drawing, we have 
shown diagrammatically a jet powered helicopter 
rotor comprising a lifting blade extending from 
the hub 2 and carrying adjacent to its outer tip 
reaction motor 3. Mounted substantially concen 
trically with the center of rotation of the rotor 
assembly is a fuel pump 4 whose discharge is 
controlled by a suitable control 5 which is oper 
ated by the pilot. The fuel pump 4 is mani 
folded to supply line 6 and delivers fuel at vary 
ing pressures. The fuel supply line 6 is carried 
within the lifting blade and runs the length of 
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the blade towards the tip to fuel valve 7 which 
is mounted at the same radius from the hub as 
the reaction motor 3 substantially in the same 
position indicated. Connected to the outlet of the 
fuel valve 7 is a fuel conduit 8 leading to the 
combustion chamber of reaction motor 3. 

Referring to Fig. 2 of the drawing, which is 
a CrOSS-Sectional view of the valve shown con 
ventionally in Fig. 1, we have shown the valve 
aS comprising a valve barrel 9 and a valve barrel 
extension 9. Lying Within the valve barrel 9 
and its extension 0 are the valving pieces con 
sisting of a fuel flow governing piece which 
cooperates in action with a weighted valving 
piece 2 through rod 3. The fuel flow govern 
ing piece is Supported by an end member 4 
which is threaded to the inner peripheral Sur 
face of one end of the valve barrel 9 and termi 
nates in a threaded open end portion adapted to 
receive an axially extending fuel line. Tightly en 
circling the end member 4 is a resilient ring T 
which cooperates with shoulder 8 to form a fluid 
tight Seal between the valve barrel 9 and end 
member 4. According to the preferred form of 
the invention, the interior of end member 4 is 
provided with an axially extending uniform cyl 
indrical bore 5 which abruptly tapers into a 
larger uniform cylindrical bore 6. Slidably 
mounted within the Smaller internal bore 5 is a 
fuel flow governing piece f having an internal 
cavity 9 which is connected with outlet pressure 
chamber 20 by the vertical apertures 2, 22 and 
the horizontal apertures 23, 24 when the fuel 
flow governing piece f l is in an open position. 
With an axial Spaced arrangement of apertures 
2, 22, 23, 24 as shown in Fig. 2, the amount of 
fuel transferred from the fuel line increases with 
movement of the fuel flow governing piece 
toward the outlet pressure chamber 20 and while 
We have shown a plurality of circular apertures, 
it will, of course, be evident that the same result 
may be obtained by a single elongated aperture. 
A Series of parallel circumferential grooves 25 

arranged in a space relationship along the fuel 
flow governing piece form a seal which de 
creases leakage of fuel from the cavity 9 to the 
outlet pressure chamber 20 when apertures 9, 20, 
2, 22 are not in communication therewith. 
Mounted on the end of the fuel flow governing 
piece f by means of a circular resilient washer 
26 and a snap ring 27 is a stabilizing piece 28 
Which dampens the natural oscillation of the 
fuel flow governing piece it. A second end mem 
ber 29 is threaded to the inner peripheral sur 
face of the remaining end of valve barrel 9 and is 
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adapted to support rod 3. Tightly encircling 
the end member 29 is a resilient ring 3 which 
cooperates with shoulder 30 to form a fuid tight 
seal between the valve barrel 9 and end member 
29. Slidably mounted in end menaber 29 is rod 
13 having a series of axially spaced circumfer 
ential grooves 32 in the outer blade. Thus, at any 
point in the fuel lines, the pressure is equal to 
the Sum of the pressure caused by the centrifugal 
force plus that supplied by the fuel pump. It 
is desirable, however, that the fuel Waive respond 
only to the fuel pump pressure. To accomplish 
this object, the valving pieces in the valve are 
built of such mass that their ceintrifugal force 
balances the centrifugal pressure of the body 
or mass of fuel in the fuel line. The length of 
the supporting portion of end Inernber 23 de 
pends on the number of circumferential grooves 
32 in rod 3 which are required to for an ef 
fective seal between the atmospheric preSSure of 
chamber 33 and the fuel pressure in chamber 23. 
In this connection it will be noted that chanbei 
33 is maintained at atinospheric pressure by pas 
sageway 34. The rod i3 is provided with a ta 
pered section adapted to receive tine weighted 
valving piece 2 which is secured thereto by a 
nut 35 which cooperates with the threaded end 
portion of rod 3. 
In operation, the fuel pump 4 provides the 

amount of fuel required at a pressure which is 
impressed upon the fuel along the fuel lines to 
the valve . . where the fuel pressure opens the 
valve to permit fuel flow. When the rotor is ro 
tating, the fuel in the fuel line is also being ro 
tated about the center of rotation and is conse 
quently submitted to additional pressure caused 
by the centrifugal forces on the fuel itself. The 
pressure due to this force increases along the 
fuel lines and reaches a maximum at the tip of 
the valve where the centrifugal force of the valv 
ing pieces opposes the centrifugal pressure of the 
fuel in the fuel lines. The only unbalanced forces 
acting on the valving pieces are those exerted by 
the fuel pump pressure and the fuel outlet pres 
Sure. When the force exerted by the latter ex 
ceeds the force exerted by the fuel punp pres 
sure, the resutlant force acting on the valving 
pieces partially, closes the apertures 9, 2, there 
by reducing the amount of fuel transferred to 
the outlet pressure chamber 28 and reduces the 
preSSure therein. In operation, an equilibrium 
pOSition is reached in which the airlount of fuel 
transferred to the outlet pressure chamber is 
just sufficient to maintain the product of the 
fuel outlet pressure and the area, on which it 
acts equal to the product of the fuel pump pres 
Sure and the area, on Which it acts. With an 
arrangement such as that described the auto 
matic balancing of forces provides a means of 
varying the fuel outlet pressure by varying the 
area, on which the fuel outlet pressure is exerted. 
Since the product of the fuel outlet pressure and 
the area, on which it acts must be a constant for 
any given pump pressure, a decrease in the area, 
on which the fuel outlet pressure acts decreases 
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the fuel outlet pressure, and Similarly, a de 
crease in the area, increases the pressure. It 
will, of course, be obvious to one skilled in the 
art that the operation of the valve requires that 
the fuel inlet pressure exceeds the fuel Outlet 
preSSure by an amount Sufficient to cause a 
transfer of fuel between pressure chambers 23 
and 33. Hence the operation of the valve requires 
a minimum rotational Speed of the fuel line. 
Thus, while we have illustrated and described a 

particular embodiment of invention, modifica 
tions thereof will occur to those skilled in the 
art. We desire it to be understood, therefore, 
that Our invention is not to be limited to the 
particular arrangement disclosed, and We intend 
in the appended claim to cover all modifications 
which do not depart from the spirit and scope 
of our invention. 
What We claim as new and desire to Secure 

by Letters Patent of the United States is: 
A fuel Supply System for a reaction motor 

in Ounted on a rotor powered by Said notor and 
comprising a fuel pump having an adjustable 
output pressure, a fuel line interconnecting said 
motor and said pump, said fuel line extending 
radially OutWard along said rotor so that due 
to rotation of said rotor the fuel pressure there 
in is affected by both the fuel pump pressure 
and the centrifugal force acting on the fuel 
thereiin, a fuel pressure responsive valve inter 
posed in Said fuel line at Substantially the same 
radius as Said motor for regulating the pressure 
between Said connections, said control valve com 
prising a valve barrel having inlet and outlet con 
nections adapted to receive said fuel line, a fuel 
fiOW governing piece for regulating the flow be 
tween said connections, said fuel flow governing 
piece being slidably mounted in said inlet con 
nection and having a fluid passageway adapted 
at its outer end to receive fuel from said fuel 
line and terminating in at least one aperture 
connecting Said passageway to said outlet con 
nection when Said valve is open, said aperture 
being gradually closed by axial movement of 
Said fuel flow governing piece, a member slidably 
mounted in Said valve barrel substantially in 
alignment with said fuel flow governing piece 
and adapted to butt against said fuel flow gov 
erning piece, a weighted valving piece mounted 
On Said member and having a predetermined 
maSS of Such magnitude that when the motor 
is in operation, the centrifugal force of said 
Valving piece opposes the centrifugal force of the 
fuel in the fuel line. 

THOMAS B. MURDOCK. 
RICHARD. H. BALL. 
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