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VALVE FOR CONTROLLING FLOW OF A TURBOMACHINE FLUID

BACKGROUND
[0001] This disclosure relates generally to a valve and, more particularly,
to a valve for controlling turbomachine fluid flow during positive and negative g-

force flight conditions.

[0002] Turbomachines, such as gas turbine engines, typically include a fan
section, a compression section, a combustion section, and a turbine section.
Turbomachines may employ a geared architecture connecting portions of the

compression section to the fan section.

[0003] Turbomachines may be used to propel an aircraft in flight, for
example. The g-forces acting on the turbomachine are typically positive when the
aircraft is in flight. Occasionally, the g-forces acting on the turbomachine are
negative when the aircraft is in flight. Some areas of the turbomachine require a
relatively constant supply of lubricant. These areas must receive lubricant when
positive g-forces act on the turbomachine and when negative g-forces act on the

turbomachine.

SUMMARY

[0004] A valve device for controlling flow of a turbomachine fluid
according to an exemplary aspect of the present disclosure includes, among other
things, a housing having a first inlet at a first elevation, a second inlet at a second
elevation higher than the first elevation, and an outlet. A flow control member is
within the housing. The flow control member in a positive g-force environment is
biased toward a first position that permits flow through the first inlet to the outlet,
and the flow control member in a negative g-force environment is biased toward a

second position that restricts flow through the first inlet to the outlet.
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[0005] In a further non-limiting embodiment of the foregoing valve device,
the flow control member may have a generally spherical shape.

[0006] In a further non-limiting embodiment of either of the foregoing
valve devices, the flow may be a flow of a lubricant from a lubricant supply tank.

[0007] In a further non-limiting embodiment of any of the foregoing valve
devices, the housing is disposed within the lubricant supply tank.

[0008] In a further non-limiting embodiment of any of the foregoing valve
devices, the second inlet may receive fluid when the flow control member is in the
negative g-force environment.

[0009] In a further non-limiting embodiment of any of the foregoing valve
devices, the pump may move flow through the first inlet to the outlet when the flow
control member is in the positive g-force environment, and the pump may move
flow through the second inlet to the outlet when the flow control member is in the
negative g-force environment.

[0010] In a further non-limiting embodiment of any of the foregoing valve
devices, the flow control member may be submerged within fluid when the flow
control member is in the positive g-force environment, and the flow control member
may not be submerged within fluid when the flow control member is in the negative
g-force environment.

[0011] In a further non-limiting embodiment of any of the foregoing valve
devices, a buoyancy of the flow control member within fluid may bias the flow
control member toward the first position, and a suction force may bias the flow
control member toward the second position.

[0012] In a further non-limiting embodiment of any of the foregoing valve
devices, the flow control member may be floatable in the fluid.

[0013] A turbomachine assembly according to an exemplary aspect of the
present disclosure includes, among other things, a first turbomachine fluid
container, a second turbomachine fluid container, and a valve configured to control

the flow of a turbomachine fluid between the first and second turbomachine fluid
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containers. The valve in a positive g-force environment is biased toward a first
position that permits flow through a first inlet of the valve, and the valve in a
negative g-force environment is biased toward a second position that restricts flow
through the first inlet and permits flow through a second inlet of the valve. The first
inlet is vertically below the second inlet.

[0014] In a further non-limiting embodiment of the foregoing
turbomachine assembly, buoyancy may bias the flow control member toward the
first position and suction may bias the flow control member toward the second
position.

[0015] In a further non-limiting embodiment of either of the foregoing
turbomachine assemblies, the assembly may include a pump for moving the fluid.

[0016] In a further non-limiting embodiment of any of the foregoing
turbomachine assemblies, the first inlet and the second inlet may be disposed within
the first turbomachine fluid container.

[0017] In a further non-limiting embodiment of any of the foregoing
turbomachine assemblies, the second turbomachine fluid container may be a geared
architecture of a turbomachine.

[0018] In a further non-limiting embodiment of any of the foregoing
turbomachine assemblies, the first inlet may be positioned at a lower elevation than
the second inlet.

[0019] A method of controlling a turbomachine fluid flow according to
another exemplary aspect of the present disclosure includes, among other things,
permitting flow through a first inlet to an outlet in a positive g-force environment,
restricting flow through the first inlet in a negative g-force environment, and
permitting flow through a second inlet to the outlet under the negative g-force
environment.

[0020] In a further non-limiting embodiment of the foregoing method of
controlling a turbomachine fluid flow, the method may include permitting flow

through the first inlet by floating a flow control member away from the first inlet.

-3-
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[0021] In a further non-limiting embodiment of either of the foregoing
methods of controlling a turbomachine fluid flow, the method may include
restricting flow through the first inlet by suctioning a flow control member against

the first inlet valve seat.

[0022] In a further non-limiting embodiment of any of the foregoing
methods of controlling a turbomachine fluid flow, the method may include

communicating flow from the outlet to a geared architecture of a turbomachine.

DESCRIPTION OF THE FIGURES
[0023] The various features and advantages of the disclosed examples will
become apparent to those skilled in the art from the detailed description. The figures

that accompany the detailed description can be briefly described as follows:

[0024] Figure 1 shows a schematic view of an example turbomachine.

[0025] Figure 2 shows a partially schematic view of an example valve

device in a positive g-force environment.

[0026] Figure 3 shows a partially schematic view of the example valve

device of Figure 2 in a negative g-force environment.

DETAILED DESCRIPTION
[0027] Figure 1 schematically illustrates an example turbomachine, which
is a gas turbine engine 20 in this example. The gas turbine engine 20 is a two-spool
turbofan gas turbine engine that generally includes a fan section 22, a compression

section 24, a combustion section 26, and a turbine section 28.

[0028] Although depicted as a two-spool turbofan gas turbine engine in the
disclosed non-limiting embodiment, it should be understood that the concepts
described herein are not limited to use with turbofans. That is, the teachings may be

applied to other types of turbomachines and turbine engines including three-spool



WO 2014/003985 PCT/US2013/043984

architectures. Further, the concepts described herein could be used in environments
other than a turbomachine environment and in applications other than aerospace

applications, such as automotive applications.

[0029] In the example engine 20, flow moves from the fan section 22 to a
bypass flowpath. Flow from the bypass flowpath generates forward thrust. The
compression section 24 drives air along the core flowpath. Compressed air from the
compression section 24 communicates through the combustion section 26. The

products of combustion expand through the turbine section 28.

[0030] The example engine 20 generally includes a low-speed spool 30 and a
high-speed spool 32 mounted for rotation about an engine central axis A. The low-
speed spool 30 and the high-speed spool 32 are rotatably supported by several
bearing systems 38. It should be understood that various bearing systems 38 at

various locations may alternatively, or additionally, be provided.

[0031] The low-speed spool 30 generally includes a shaft 40 that interconnects
a fan 42, a low-pressure compressor 44, and a low-pressure turbine 46. The shaft 40
is connected to the fan 42 through a geared architecture 48 to drive the fan 42 at a

lower speed than the low-speed spool 30.

[0032]1 The high-speed spool 32 includes a shaft 50 that interconnects a high-

pressure compressor 52 and high-pressure turbine 54.

[00331 The shaft 40 and the shaft 50 are concentric and rotate via bearing
systems 38 about the engine central longitudinal axis A, which is collinear with the

longitudinal axes of the shaft 40 and the shaft 50.

[0034]1 The combustion section 26 includes a circumferentially distributed
array of combustors 56 generally arranged axially between the high-pressure

compressor 52 and the high-pressure turbine 54.
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[0035] In some non-limiting examples, the engine 20 is a high-bypass geared
aircraft engine. In a further example, the engine 20 bypass ratio is greater than about

six (6 to 1).

[0036] The geared architecture 48 of the example engine 20 includes an
epicyclic gear train, such as a planetary gear system or other gear system. The
example epicyclic gear train has a gear reduction ratio of greater than about 2.3 (2.3

to1).

[0037]1 The low-pressure turbine 46 pressure ratio is pressure measured prior
to inlet of low-pressure turbine 46 as related to the pressure at the outlet of the low-
pressure turbine 46 prior to an exhaust nozzle of the engine 20. In one non-limiting
embodiment, the bypass ratio of the engine 20 is greater than about ten (10 to 1), the
fan diameter is significantly larger than that of the low pressure compressor 44, and
the low-pressure turbine 46 has a pressure ratio that is greater than about 5 (5 to 1).
The geared architecture 48 of this embodiment is an epicyclic gear train with a gear
reduction ratio of greater than about 2.5 (2.5 to 1). It should be understood, however,
that the above parameters are only exemplary of one embodiment of a geared
architecture engine and that the present disclosure is applicable to other gas turbine

engines including direct drive turbofans.

[0038] In this embodiment of the example engine 20, a significant amount of
thrust is provided by the bypass flow B due to the high bypass ratio. The fan section
22 of the engine 20 is designed for a particular flight condition -- typically cruise at
about 0.8 Mach and about 35,000 feet. This flight condition, with the engine 20 at its
best fuel consumption, is also known as “Bucket Cruise” Thrust Specific Fuel
Consumption (TSFC). TSFC is an industry standard parameter of fuel consumption

per unit of thrust.

[0039] Fan Pressure Ratio is the pressure ratio across a blade of the fan section

22 without the use of a Fan Exit Guide Vane system. The low Fan Pressure Ratio
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according to one non-limiting embodiment of the example engine 20 is less than 1.45

(1.45 to 1).

[0040] Low Corrected Fan Tip Speed is the actual fan tip speed divided by an
industry standard temperature correction of Temperature divided by 518.7 ~ 0.5. The
Temperature represents the ambient temperature in degrees Rankine. The Low
Corrected Fan Tip Speed according to one non-limiting embodiment of the example

engine 20 is less than about 1150 fps (351 m/s).

[0041]1 Referring to Figures 2 and 3 with continuing reference to Figure 1, a
valve device 60 controls flow of a fluid within the engine 20. In this example, the
valve device 60 controls flow of a lubricant 62, which is a type of fluid, from a
lubricant supply 64 to the geared architecture 48 of the engine 20. In this example,
the lubricant supply 64 and the geared architecture 48 are both types of
turbomachine fluid containers. A pump 66 draws lubricant from the lubricant
supply 64 to the geared architecture 48. Portions of the lubricant supply 64 that are
not filled with lubricant contain air, other portions contain a mixture of air and

lubricant.

[00421 The example valve device 60 includes a first inlet 70 and a second inlet
74. Fluid moves into a housing 78 of the valve device 60 primarily through the first
inlet 70 or the second inlet 74. Fluid exits from the housing 78 at an outlet 82. Fluid

moves from the housing 78 to the geared architecture 48, in this example.

[0043] The valve device 60 includes a flow control member 86 within the
housing 78. The example cross-section of the housing is circular and flow control
member 86 has a generally spherical shape. Other shaped flow control members
such as cylindrical, cone shape, are also contemplated. The example flow control

member 86 is floatable within the lubricant 62 held by the lubricant supply 64.

[0044] The engine 20 typically operates in a positive g-force environment

when an aircraft propelled by the engine 20 is in flight. In the positive g-force
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environment, positive g-forces act on the engine 20, the lubricant 62, and the valve
device 60. In positive g-force environments, the positive g-forces cause the lubricant
62 within the lubricant supply 64 to collect at a vertical bottom region 90 of the

lubricant supply 64.

[00451 The flow control member 86 is submerged within the lubricant 62 in
the positive g-force environment. Since the flow control member 86 floats within the
lubricant 62, the flow control member 86 is forced upwards against a stop 94 of the
valve when the flow control member 86 is submerged. Biasing the flow control
member 86 away from the first inlet 70 allows lubricant to pass through the first inlet

70 into the housing 78, and to the geared architecture 48.

[0046] The engine 20 occasionally may operate in a negative g-force
environment when the aircraft is in flight. In the negative g-force environment,
negative g-forces act on the engine 20, the lubricant 62, and the valve device 60. In
such environments, lubricant within the lubricant supply 64 is forced vertically

upward toward a top vertical region 96 of the lubricant supply 64.

[0047]1 The flow control member 86 is not submerged when the lubricant 62 is
moved to the vertical top region 96 of the lubricant supply 64. The stop 94 prevents

the flow control member 86 from moving to the vertical top region 96.

[00481 When the flow control member 86 is submerged (Figure 2), the
associated buoyancy force is enough to overcome the suction of the pump 66
drawing the flow control member 86 toward the stop 94, which keeps the first inlet

70 open when the flow control member 86 is submerged.

[0049] When the flow control member 86 is not submerged (Figure 3), suction
of the pump 66 drawing lubricant through valve device 60 provides sufficient force
to draw the flow control member 86 to a seated position against a valve seat 100.
Drawing the flow control member 86 against the valve seat 100 effectively closes the

first inlet 70, which prevents air from being drawn into the housing 78. In one
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specific example, the flow control member 86 closes when level of lubricant drops
and the pump suction is greater than -0.2 G the weight of the flow control member
86. The displaced volume of lubricant 62 and the resultant force caused by the
submersion of the control member 86 in a positive g-force environment is greater
than the suction force required to overcome -0.2G weight of the control member 86

in a negative ‘G” environment.

[0050] In the negative g-force environment, the second inlet 74 is submerged
within the lubricant concentrated at the top vertical region 96 of the lubricant supply
64. Lubricant moves through the second inlet 74 to the housing 78 when operating in

the negative g-force environment.

[0051] The second inlet 74 is exposed to air when operating in the positive g-
force environment. A trap portion 110 of the housing 78 blocks flow of air through
the second inlet 74 from exiting the housing 78. The trap portion 110 works in a
similar manner is a common household sink trap which prevents sewage gas from

entering thru a common pipe connection.

[0052]1 In this example, the first inlet 70 is a vertically lower than the second
inlet 74. That is, the first inlet 70 is less elevated than the second inlet 74. As used
herein, elevation and vertical relationships refer to distance or height above a

reference height when the engine 20 is on level ground or in straight and level flight.

[0053] The preceding description is exemplary rather than limiting in
nature. Variations and modifications to the disclosed examples may become
apparent to those skilled in the art that do not necessarily depart from the essence of
this disclosure. Thus, the scope of legal protection given to this disclosure can only

be determined by studying the following claims.
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CLAIMS

I claim:

1. A valve device for controlling flow of a turbomachine fluid, comprising:

a housing having a first inlet at a first elevation, a second inlet at a second
elevation higher than the first elevation, and an outlet; and

a flow control member within the housing, wherein the flow control member
in a positive g-force environment is biased toward a first position that permits flow
through the first inlet to the outlet, and the flow control member in a negative g-
force environment is biased toward a second position that restricts flow through the

first inlet to the outlet.

2. The valve device of claim 1, wherein the flow control member has a generally

spherical shape.

3. The valve device of claim 1, wherein the flow is flow of a lubricant from a

lubricant supply tank.

4. The valve device of claim 3, wherein the housing is disposed within the lubricant

supply tank.

5. The valve device of claim 1, wherein the second inlet receives fluid when the flow

control member is in the negative g-force environment.

-10-
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6. The valve device of claim 1, wherein a pump moves flow through the first inlet to
the outlet when the flow control member is in the positive g-force environment, and
the pump moves flow through the second inlet to the outlet when the flow control

member is in the negative g-force environment.

7. The valve device of claim 1, wherein the flow control member is submerged
within fluid when the flow control member is in the positive g-force environment,
and the flow control member is not submerged within fluid when the flow control

member is in the negative g-force environment.
8. The valve device of claim 1, wherein a buoyancy of the flow control member
within fluid biases the flow control member toward the first position, and a suction

force biases the flow control member toward the second position.

9. The valve device of claim 1, wherein the flow control member is floatable in the

fluid.

-11-
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10. A turbomachine assembly, comprising;:

a first turbomachine fluid container;

a second turbomachine fluid container; and

a valve configured to control the flow of a turbomachine fluid between the
first and second turbomachine fluid containers, wherein the valve in a positive g-
force environment is biased toward a first position that permits flow through a first
inlet of the valve, and the valve in a negative g-force environment is biased toward a
second position that restricts flow through the first inlet and permits flow through a

second inlet of the valve, the first inlet vertically below the second inlet.

11. The turbomachine assembly of claim 10, wherein buoyancy biases the flow
control member toward the first position and suction biases the flow control member
toward the second position.

12. The turbomachine assembly of claim 10, including a pump for moving the fluid.

13. The turbomachine assembly of claim 10, wherein the first inlet and the second

inlet are disposed within the first turbomachine fluid container.

14. The turbomachine assembly of claim 10, wherein the second turbomachine fluid

container is a geared architecture of a turbomachine.

15. The turbomachine assembly of claim 10, wherein the first inlet is positioned at a

lower elevation than the second inlet.

~12-
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16. A method of controlling a turbomachine fluid flow, comprising:
permitting flow through a first inlet to an outlet in a positive g-force
environment;
restricting flow through the first inlet in a negative g-force environment; and
permitting flow through a second outlet to the outlet in the negative g-force

environment.

17. The method of claim 16, permitting flow through the first inlet by floating a flow

control member away from the first inlet.

18. The method of claim 16, restricting flow through the first inlet by suctioning a

flow control member against the first inlet.

19. The method of claim 16, including communicating flow from the outlet to a

geared architecture of a turbomachine.

-13-
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