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[57] ABSTRACT 
A centrifugally controlled valve assembly for modulat 
ing the rate of flow of a ?uid includes a hollow annu 
lar housing having an inlet and outlet, together with a 
Bellville washer modi?ed by a plurality of weights at 
tached thereto and disposed within the annular hous 
ing for rotation therewith. Increased rotational speed 
operates to distort the geometry of the washer thereby 
changing the degree of obstruction which the washer 
presents to the rate of flow through the housing. 

8 Clair-11s, 6 Drawing Figures 
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CENTRIFUGALLY CONTROLLED FLOW 
MODULATING VALVE 

BACKGROUND OF THE INVENTION 

In general, this invention relates to a centrifugally 
controlled, ?ow modulating valve and more particu 
larly to a centrifugally controlled valve for modulating 
the rate of-?ow of cooling ?uid to the turbine disc and 
blades of a gas turbine engine. 
The power output and thermal efficiency of a gas tur 

bine engine can be increased by increasing the tem 
perature of the combustion gases supplied to the tur 
bine blades. In_ general, however, any such increase is 
limited by the maximum permissible operating tem 
perature of the turbine rotor and its blades. It is known 
to the art to use a portion of the compressor air for 
cooling the turbine rotor and/or its blades. However, 
any use of the compressor air for turbine cooling 
decreases the amount of compressor air available for 
the combustion chamber of the gas turbine, thereby 
decreasing the thermal efficiency of the engine. Ther 
mal efficiency could be substantially improved in cer 
tain operating regimes if the ?ow of cooling ?uid to the 
turbine rotor and blades could be scheduled to coin 
cide with increases in engine operating temperatures. 
In general, increased engine operating temperatures 
coincide with increased engine rotational speed making 
centrifugally operated valves an attractive means for 
scheduling cooling flow to the turbine. 
However, conventional spring type centrifugally 

operated valves have proved entirely inadequate for 
modulating the rate of turbine cooling flow within gas 
turbine engines. Known gas turbine shafts may rotate at 
speeds up to 45,000 rpm, generating high centrifugal 
force fields in the order of 50,000 to 80,000 “G”s. 
Suitable means for scheduling the flow of cooling ?uid 
to the turbines of a gas turbine engine must be capable 
of modulating the ?ow even under these high rotational 
speeds. Known spring-type centrifugal valves, however, 
become fully opened at substantially lower rotational 
speeds, and therefore are inadequate for modulating 
cooling flow in‘ high speed gas turbine engines. 

Conventional turbines and gas generators are 
designed to operate at high temperatures whereas 
available cooling ?ow is normally at the substantially 
lower compressor discharge temperature. Therefore, a 
cooling flow modulating valve must be capable of 
operation within a large temperature differential in 
cluding temperatures up to l,000°F. 

Therefore, it is an object of this invention to provide 
a centrifugally controlled valve for effectively modulat 
ing the rate of cooling ?ow to the turbine of a gas tur 
bine engine. 7 

It is also an object of this invention to provide a cen 
trifugally controlled valve which operates at substan 
tially higher rotational speeds and temperatures than 
heretofore possible. 

It is a further object of this invention to provide a 
centrifugally controlled valve which is made both sim 
ple and reliable by a one piece construction. 

SUMMARY OF THE INVENTION 

A valve assembly is included within a gas turbine en 
gine for modulating the rate of ?ow of cooling ?uid to a 
turbine as a function of rotational speed. The valve as~ 
sembly includes a valve housing disposed for rotation 
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2 
with the engine shaft. The walls of the housing define 
an annular plenum chamber therein, and include an 
inlet port and an outlet port therethrough. A modified 
Belleville washer is disposed within the plenum 
chamber for rotation therewith. The modi?ed Bel 
leville washer has an inner and outer frustoconical sur 
face, together with a plurality of weights disposed on 
the inner frustoconical surface. Increased engine rota 
tional speed operates to modulate the rate of cooling 
?ow through the housing by forcing the frustoconical 
surfaces of the washer to move toward a radial 
direction, after which further increased rotational 
speed causes the inner and outer frustoconical surfaces 
to invert themselves into outer and inner frustoconical 
surfaces respectively. This distortion of the washer 
changes the degree of obstruction which the washer 
presents to the rate of ?ow through the housing. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional view of a gas turbine en 
gine which includes the valve assembly of this inven 
tion. 

FIG. 2 is a detailed cross-sectional view of the valve 
assembly of this invention. 

FIG. 3(a‘) is a pictorial view of the modified Belleville 
washer which forms an integral part of the valve as 
sembly of this invention. 

FIG. 3(b‘) is a cross-sectional view taken along the 
line 3b—3b of FIG. 3(a). 

FIG. 4 is a graphical view showing washer de?ection 
as a function of engine rotational speed. 

FIG. 5 is a cross-sectional view showing an alternate 
embodiment for the valve assembly of FIG. 2. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to FIG. I, a gas turbine engine is shown at 
10 as comprising a cylindrical housing 12 having an 
axial ?ow compressor 14 journaled within the housing 
adjacent to its forward end. The compressor 14 
receives air through an annular air inlet 16 and delivers 
compressed air to a combustion chamber 18. Within 
the combustion chamber 18, air is burned with fuel and 
the resulting combustion gases are directed by a nozzle 
or guide vane structure 20 to the rotor blades 22 of a 
turbine rotor 24 for driving the rotor. A shaft 26 
drivably connects the turbine rotor 24 with the com 
pressor 14. From the turbine blades 22, the exhaust 
gases discharge rearwardly into the surrounding at 
mosphere through an exhaust nozzle 28 whereby the 
gas turbine engine is provided with forward propulsive 
thrust. The gas turbine structure so far described is 
conventional. 

In order to cool the turbine rotor, air is bled off from 
the compressor and supplied to the turbine 24 through 
an annular conduit 30 which is in direct flow communi 
cation with the compressor discharge. The cooling flow 
modulating valve assembly of this invention is shown 
generally M31 and provides modulation of cooling 
flow to the turbine rotor '24 and turbine blades 22 as a 
function of engine rotational speed. 

Referring now to FIG. 2, the cooling ?ow modulating 
valve assembly 31 is shown in substantial detail as in 
cluding a housing 32 which is either formed integral 
with, or attached to, a shaft 26 for rotation therewith. 
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Housing 32 de?nes an annular plenum chamber 34, 
through which compressor cooling air is directed. 
Cooling air is directed to the valve housing 32 through 
an annular conduit 30 which remains in ?xed position 
relative to the rotating housing. Cooling air ?ow enters 
the valve housing from conduit 30 through an annular 
inlet port 40. Sealing between the conduit 30 and valve 
housing 32 is provided by means of two axially spaced 
labyrinth seals 70, 72. Cooling air ?ow exits from the 
valve housing through an annular conduit 44, whereu 
pon it is directed radially outwardly over the turbine 
rotor disc 24 and thence through openings 45 into the 
turbine rotor blades and out through suitable openings 
in the blades (not shown). It should be noted that the 
invention is in no way limited to any speci?c turbine 
rotor structure for utilizing the cooling air supplied to 
the turbine rotor. The annular plenum chamber 34 in 
cludes an inner concentric surface 36 having a circum 
ferential groove 42 in the surface thereof, and two axi 
ally spaced, outer concentric surfaces 38, 48 between 
which the annular inlet port 40 is disposed. 
The valve assembly 31 also includes a Belleville 

washer 50, the details of which may be better un 
derstood by referring to FIGS. 3d and 3b in conjunction 
with FIG. 2. The Belleville washer 50 includes opposing 
inner and outer frustoconical surfaces 52, 54, together 
with an inner concentric edge 56 and an outer concen 
tric edge 58. The inner frustoconical surface 52 of the 
Belleville washer is preferably modi?ed by inclusion of 
a plurality of circumferentially spaced weights 60 
thereon, which may be characterized as integral radi 
ally extending ?ns. The inner concentric edge 56 of the 
modi?ed Belleville washer is preferably radiused for 
seating engagement within the groove 42. The 
minimum axial width of the outer concentric edge 58 of 
the modi?ed Belleville washer is determined by the 
axial width of the inlet port 40. The outer concentric 
surface 38 of the plenum chamber 34 is of suf?cient 
radius to clear the outer concentric edge 58 of the 
modi?ed Belleville washer. The washer is preloaded so 
as to force the frustoconical surfaces radially outward 
by abutting engagement of the inner frustoconical sur 
face 52 of the washer with the circumferential edge of 
the outer concentric surface 48 of the plenum 
chamber. Pressure on either side of the modi?ed Bel~ 
leville washer is maintained equal by means of passages 
or undercuts shown generally at 49 which establish 
?ow communication between both sides of the washer. 
At least one axially extending drive pin 62 intercon 
nects the wall of the valve housing 32 to the modi?ed 
Belleville washer 50 to insure rotation of both the hous 
ing and washer without circumferential slippage 
therebetween. The drive pin 62 is free to axially slide 
within its engaging slot so as not to constrain axial 
movement of the modi?ed Belleville washer within the 
housing. 
At low engine rotational speed the modi?ed Bel 

leville washer occupies the position shown by solid 
lines in FIG. 2. As can be seen from the drawing, the 
outer concentric edge 58 of the modi?ed Belleville 
washer obstructs compressor cooling air ?ow through 
the annular inlet port 40. As engine rotational speed is 
accelerated, increased centrifugal force acting on the 
Belleville washer and its associated weights gradually 
generates an overturning moment which forces the 
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4 
inner and outer frustoconical surfaces 52, 54 toward 
substantial radial alignment with the center axis. A 
further increase in engine rotational speed results in the 
frustoconical surfaces of the Belleville washer inverting 
themselves as shown by the phantom lines wherein sur 
face 52 becomes the outer frustoconical surface of the 
Belleville washer and surface 54 becomes the inner 
frustoconical surface of the Belleville washer. Engage 
ment of the inner concentric edge 56 with the annual 
groove 42 maintains the axial position of the inner con 
centric edge during engine rotation. The outer concen 
tric edge 58 moves out of obstructing alignment with 
the inlet port 40, thereby allowing increased cooling air 
?ow through the plenum chamber 34 and hence to the 
rotor disc and blades. in order to meet requisite tem 
perature capability, the modi?ed Belleville washer may 
be made of a spring steel alloy such as is sold under the 
trade name of lnconel. Spring steel also provides for 
return of the washer back to its original con?guration 
upon decreased engine rotational speed. 

Referring now to the graphs of FIG. 4, there are 
shown three curves representing washer de?ection, 
plotted as functions of engine rotational speed. The 
curves are non-linear due to the combination of hoop 
and bending stresses within the modi?ed Belleville 
washers. However, as may be readily observed from the 
graphs, different washers provide more or less non 
linear curves. Curve B characterizes a Belleville washer 
wherein the de?ection is a function of the engine RPM. 
A modulating valve having this washer therefore would 
allow a gradual increase of compressor cooling air ?ow 
to the turbine disc and blades for increased engine rota 
tional speed. However, it is generally desirable to have 
a modulating valve that fully opens for a relatively 
small change in engine RPM. Such a valve would in 
clude a modi?ed Belleville washer characterized by 
curve C, wherein the area of steep slope represents an 
area of rapidly changing washer de?ection for small 
changes in engine rotational speed. It has been found 
that changing the geometry of the sides of the modi?ed 
Belleville washer by axially thinning the washer results 
in the steeper sloped curve C. Also, reducing the 
thickness of the weights 60 has been found to delay the 
start of the steep portion of the curve. There may also 
be engine applications where it becomes desirable to 
have the modulating valve open at a different engine 
rotational speed from that which the valve closes. The 
de?ection of such a washer is shown graphically by 
curve A, wherein the hysteresis is the result of an even 
further axial thinning of the washer. Preloading the 
washer in the previously described manner eliminates 
the slight gradual de?ection of the washer at low engine 
rotational speeds, thereby narrowing the differential 
speed within which substantially all washer de?ection 
occurs. The variety of curves shown graphically in FIG. 
4 are indicative of the increased accuracy and ?exibili 
ty with which turbine cooling ?ow may be modulated 
by the valve of this invention. 
IN order to increase cooling air ?ow through the 

valve and to provide an added margin of safety in the 
unlikely event that one washer should seize, two 
modi?ed Belleville washers may be placed back to 
back for opening two annular ports as shown in FIG. 5 
where like numerals designate previously described 
elements. The modulating valve housing is shown 



3,712,756 
5 

generally at 32' and is either formed integral with or at 
tached to the shaft 26 for rotation therewith. Housing 
32' also de?nes an annular plenum ‘chamber 34' 
through which compressor cooling air is directed. The 
annular plenum chamber 34' includes an inner concen 
tric surface 36 having a pair of axially spaced, circum 
ferential grooves 42, 42' in the surface thereof. A pair 
of axially spaced, annular inlet ports 40, 40' direct 
cooling air through the outer concentric surface of the 
plenum chamber. 
The plenum chamber 34’ includes two back to back 

modi?ed Belleville washers 50, 50' wherein washer 50' 
may be identical with washer 50. The washers 50, 50' 
include inner ‘concentric edges 56, 56’ radiused for 
seating engagement with the grooves 42, 42’ respec~ 
tively. The inlet ports 40, 40' are axially divided by an 
annular rib 80 which is maintained in fixed relation to 
the valve housing by means of a plurality of circum 
ferentially spaced apart, axial ribs 82. An inner concen 
tric surface 84 of the annular rib 80 is of sufficient 
radius to clear the outer concentric edges 58, 58’ of the 
modified Belleville washers 50, 50'. The circum 
ferential edges of the outer concentric surfaces 48, 48' 
of the plenum chamber 34' are of sufficiently small 
radius to abut the frustoconical surfaces 52, 52' respec~ 
tively of the modi?ed Belleville washers thereby pre 
loading the washers. Cooling air ?ow through inlet port 
40’ is directed to outlet conduit 44 by means of inter 
connecting passages 49'. 
At low engine RPM the modi?ed Belleville washers 

occupy the positions shown in solid lines and the outer 
concentric edges 58, 58' obstruct compressor cooling 
air ?ow through the annular inlet ports 40, 40' respec 
tively. As engine rotational speed is accelerated, in 
creased centrifugal force acting on the modi?ed Bel 
leville washers gradually forces the frustoconical sur 
faces of the washers to invert themselves in the manner 
previously described, thereby allowing increased cool 
ing air ?ow through the plenum chamber and thence to 
the turbine rotor or blades. 

In addition to engine rotational speed modulation, it 
is possible also to combine a degree of temperature 
modulation by including a bimetallic Belleville washer 
within the valve assembly. The inner frustoconical 
layer may be of a metal having a higher coef?cient of 
thermal expansion than the outer frustoconical layer, 
such that an increased temperature causes a non 
uniform expansion of the Belleville washer, causing it 
to actuate at a lower engine rotational speed. 

Also, it is to be understood that the intended scope of 
invention is by no means limited to Belleville washers 
having weights of the integral radial ?n type and that 
the weights may be formed in shapes other than radial 
?ns without departing from the scope of the invention. 

in fact, although not preferred, it is possible to 
eliminate the weights entirely from the Belleville 
washer, in which case total washer de?ection would 
likely be reduced so as not to distort beyond a radial 
plane. 

Having above described preferred embodiments of 
the invention, though not exhaustive of all possible 
equivalents, what is desired to be secured by letters 
patent is claimed below: 
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What is claimed is: _ 
1. A valve assembly for modulating the ?ow of ?uid 

therethrough as a function of rotational speed com 
prises: 

a valve housing disposed for rotation about a central 
axis wherein the walls of the housing de?ne an an 
nular plenum chamber therein and include an inlet 
port and outlet port therethrough; and 

at least one Belleville washer having an inner and 
outer frustoconical surface, wherein the washer is 
disposed within the plenum chamber for rotation 
therewith, such that increased rotational speed 
and centrifugal force operate to modulate the rate 
of ?uid ?ow through the housing by forcing the 
frustoconical surfaces of the washer to move 
toward a radial direction, after which continued 
increased centrifugal force causes the inner and 
outer frustoconical surfaces to invert themselves 
into outer and inner frustoconical surfaces respec 
tively, thereby changing the degree of obstruction 
which the washer presents to the rate of ?ow 
through the housing. 

2. The valve assembly of claim 1 wherein the Bel 
leville washer is modi?ed to include a plurality of 
weights disposed on the inner surface thereof. 

3. The valve assembly of claim 2 as include in a gas 
turbine engine wherein the valve modulates cooling 
?ow to a turbine. 

4. The valve assembly of claim 2 wherein the inlet 
port is an annular opening through the outer radial wall 
of the housing and the outer concentric edge of the 
washer substantially obstructs the ?ow of ?uid through 
the inlet port such that increased rotational speed and 
centrifugal force operate to modulate the rate of ?uid 
?ow by forcing the outer concentric edge of the washer 
away from the inlet port. 

5. The valve assembly of claim 4 wherein the inner 
concentric edge of the washer is restrained from axial 
translation upon increased rotational speed and cen 
trifugal force by engagement within an annular groove 
in the inner concentric surface of the annular plenum 
and circumferential slippage between the washer and 
housing is restrained by an axially extending pin, the 
opposing ends of which engage a weight of the washer 
and wall of the housing respectively. 

6. The valve assembly of claim 2 wherein the weights 
I are radially extending ?ns which project from the inner 
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frustoconical surface of the washer. 
7. The valve assembly of claim 2 wherein tempera 

ture modulation is included by forming the modi?ed 
Belleville washer of two layers having different coef? 
cients of thermal expansion. ‘ 

8. The valve assembly of claim 2 including a second 
annular opening axially spaced apart from the ?rst 
opening and a second modified Belleville washer in 
back to back relationship with the ?rst washer so that 
the outer concentric edge of the second washer sub 
stantially obstructs the ?ow of ?uid through the second 

' annular opening, wherein increased rotational speed 
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and centrifugal force operate tov modulate the rate of 
?uid ?ow by moving the outer concentric edges of the 
washers away from the respective annular inlet 
openings. 


