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VALVE CONTROLLED VACUUM SYSTEM

BACKGROUND

[0001] Exemplary embodiments of this disclosure gener-
ally relate to fuel systems, and more particularly, to stabi-
lization of fuel via deoxygenation systems.

[0002] Aircraft fuel is often utilized as a coolant for
various aircraft systems. The presence of dissolved oxygen
in aircraft fuel may be objectionable because the oxygen
supports oxidation reactions that may yield undesirable
by-products. When aerated fuel is heated above 250° F., the
oxygen contained therein initiates free radical reactions
resulting in deposits commonly referred to as “coke” or
“coking.” Coke may be detrimental to the fuel lines and may
inhibit combustion. The formation of such deposits may
impair the normal functioning of a fuel system, either with
respect to an intended heat exchange function or the efficient
injection of fuel.

BRIEF DESCRIPTION

[0003] Disclosed is a vacuum system for use with a
deoxygenator system includes a housing, a movable assem-
bly positioned within the housing, and a biasing mechanism
coupling the movable assembly to the housing. The movable
assembly is movable between a first position and a second
position within the housing to form a low pressure area
between the housing and the movable assembly. A control
system including at least one pressure source is arranged in
fluid communication with the low pressure area. The control
system is operable to selectively communicate fluid from the
at least one pressure source to the housing to form the low
pressure area.

[0004] In addition to one or more of the features described
above, or as an alternative, in further embodiments the
control system is operable to repeatedly move the movable
assembly between the first position and the second position.
[0005] In addition to one or more of the features described
above, or as an alternative, in further embodiments the at
least one pressure source includes a high pressure source.
[0006] In addition to one or more of the features described
above, or as an alternative, in further embodiments commu-
nication of fluid from the high pressure source into the
housing overcomes a biasing force of the biasing assembly.
[0007] In addition to one or more of the features described
above, or as an alternative, in further embodiments the
control system further comprises a controller.

[0008] In addition to one or more of the features described
above, or as an alternative, in further embodiments the
control system further comprises a valve operably coupled
to the controller and to the at least one pressure source.
[0009] In addition to one or more of the features described
above, or as an alternative, in further embodiments com-
prising a venting valve operable to vent oxygen from the low
pressure area, the venting valve being operably coupled to
the controller.

[0010] In addition to one or more of the features described
above, or as an alternative, in further embodiments the
control system further comprises a pressure sensor for
monitoring a pressure within the low pressure area, the
pressure sensor being coupled to the controller.

[0011] In addition to one or more of the features described
above, or as an alternative, in further embodiments the
controller is configured to open the venting valve in
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response to a signal from the pressure sensor indicating that
a pressure of the low pressure area exceeds a predetermined
threshold.

[0012] In addition to one or more of the features described
above, or as an alternative, in further embodiments the low
pressure area is fluidly connected to a deoxygenation sys-
tem.

[0013] In addition to one or more of the features described
above, or as an alternative, in further embodiments the
movable assembly includes a piston.

[0014] In addition to one or more of the features described
above, or as an alternative, in further embodiments the
movable assembly includes a rolling diaphragm.

[0015] In addition to one or more of the features described
above, or as an alternative, in further embodiments the
deoxygenator system is associated with an engine of an
aircraft.

[0016] Also disclosed is a method of operating a deoxy-
genator system includes supplying a high pressure fluid to a
housing, moving a movable assembly from a first position to
a second position in response to the high pressure fluid, and
creating a vacuum within a chamber defined between the
movable assembly and the housing.

[0017] In addition to one or more of the features described
above, or as an alternative, in further embodiments supply-
ing the high pressure fluid to the housing opposes a biasing
force retaining the movable assembly in the first position.

[0018] In addition to one or more of the features described
above, or as an alternative, in further embodiments moving
the movable assembly from the first position to the second
position creates the vacuum within the chamber defined
between the movable assembly and the housing.

[0019] In addition to one or more of the features described
above, or as an alternative, in further embodiments com-
prising: monitoring a pressure within the chamber and
venting oxygen from the chamber when the pressure within
the chamber exceeds a predetermined threshold.

[0020] In addition to one or more of the features described
above, or as an alternative, in further embodiments com-
prising: ceasing the supply of the high pressure fluid to the
housing and moving the movable assembly from the second
position to the first position.

[0021] In addition to one or more of the features described
above, or as an alternative, in further embodiments the
movable assembly is repeatedly cycled between the first
position and the second position.

[0022] In addition to one or more of the features described
above, or as an alternative, in further embodiments oxygen
is drawn from a fuel within the deoxygenator system in
response to creating a vacuum within the chamber defined
between the movable assembly and the housing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The following descriptions should not be consid-
ered limiting in any way. With reference to the accompa-
nying drawings, like elements are numbered alike:

[0024] FIG. 1 is a schematic diagram of a fuel system;
[0025] FIG. 2 is perspective view of a deoxygenator
system according to an embodiment;

[0026] FIG. 3 is a cross-sectional diagram of a vacuum
system of the fuel system according to an embodiment;
[0027] FIG. 4 is a cross-sectional diagram of another
vacuum system of the fuel system according to an embodi-
ment;
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[0028] FIG. 5 is a cross-sectional diagram of a vacuum
system of the fuel system according to an embodiment.
[0029] FIG. 6A is a cross sectional view of a deoxygenator
system in a first position according to an embodiment;
[0030] FIG. 6B is an end view of a deoxygenator system
according to an embodiment;

[0031] FIG. 6C is an end view of a deoxygenator system
according to another embodiment; and

[0032] FIG. 7 is a cross-sectional view of a deoxygenator
system in a second position according to an embodiment.

DETAILED DESCRIPTION

[0033] A detailed description of one or more embodiments
of the disclosed apparatus and method are presented herein
by way of exemplification and not limitation with reference
to the Figures.

[0034] Referring now to FIG. 1, an example of a sche-
matic of a basic fuel system 10 for use with an energy
conversion device 12 is illustrated. In an embodiment, the
energy conversion device 12 includes a gas turbine engine,
such as commonly used in vehicle including but not limited
to a fixed or rotary wing aircraft for example. In embodi-
ments where the energy conversion device 12 is an engine,
the fuel configured to power the energy conversion device
12 may additionally serve as a coolant for one or more
subsystems of the vehicle and becomes heated as it is
delivered to the fuel injectors immediately prior to combus-
tion.

[0035] The fuel system 10 includes a deoxygenator system
14 that receives a liquid fuel F from a reservoir 16, for
example a fuel tank. The fuel F is typically a hydrocarbon,
such as aircraft fuel for example. The energy conversion
device 12 may exist in a variety of forms in which the fuel,
at some point prior to eventual use for processing, such as
combustion or some form of energy release, acquires suffi-
cient heat to support autoxidation reactions and coking if
dissolved oxygen is present in the fuel to any significant
extent.

[0036] A heat exchange system 18 represents a system
through which the fuel passes in a heat exchange relation-
ship. It should be understood that the heat exchange section
18 may be directly associated with the energy conversion
device 12 and/or distributed elsewhere in the larger fuel
system 10. The heat exchange system 18 may alternatively
or additionally include a plurality of heat exchanges distrib-
uted throughout the system 10.

[0037] As generally understood, fuel F stored in the res-
ervoir 16 normally contains dissolved oxygen, such as at a
saturation level of 70 ppm for example. However, it should
be understood that a fuel having any level of dissolved
oxygen is contemplated herein. A fuel pump 20 draws the
fuel F from the reservoir 16. The fuel pump 20 communi-
cates with the reservoir 16 via a fuel reservoir conduit 22 and
a valve 24 to a fuel inlet 26 of the deoxygenator system 14.
The pressure applied by the fuel pump 20 assists in circu-
lating the fuel F through the deoxygenator system 14 and
other portions of the fuel system 10. As the fuel F passes
through the deoxygenator system 14, oxygen is selectively
removed into a vacuum system 28.

[0038] The deoxygenated fuel F, flows from a fuel outlet
30 of the deoxygenator system 14 via a deoxygenated fuel
conduit 32, to the heat exchange system 18 and to the ECD
12 such as the fuel injectors of a gas turbine engine. A
portion of the deoxygenated fuel F, may be recirculated, as
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represented by recirculation conduit 34 to either the deoxy-
genator system 14 and/or the reservoir 16. It should be
understood that although a particular component arrange-
ment is disclosed in the illustrated embodiment, other
arrangements are also considered within the scope of the
disclosure.

[0039] Referring to FIG. 2, in the illustrated, non-limiting
embodiment, the deoxygenator system 14 includes a multi-
plicity of gas/fuel micro-channel assemblies 36. The assem-
blies 36 include a composite oxygen permeable membrane
(not shown) between a fuel channel (not shown) and an
oxygen receiving vacuum system 28 which permits the flow
of nitrogen and/or another oxygen-free gas (FIG. 3). It
should be understood that the channels may be of various
shapes and arrangements to provide a pressure differential,
which maintains an oxygen concentration differential across
the membrane to deoxygenate the fuel. The composite
oxygen permeable membrane preferably includes oxygen
permeable membranes, which allow dissolved oxygen (and
other gases) to diffuse through angstrom-size voids but
exclude the larger fuel molecules, and permeable mem-
branes which use a solution-diffusion mechanism to dissolve
the oxygen (and/or other gases) and allow it (or them) to
diffuse through the membrane, while excluding the fuel.
[0040] With reference now to FIGS. 3-5, an example of
the oxygen receiving vacuum system 28 is illustrated in
more detail. As shown, the vacuum system 28 includes an
enclosure or housing 42 having a generally hollow interior
within which a movable assembly 44 is located. An outer
diameter at a first portion 46 of the movable assembly 44,
such as near a first end 48 for example, is generally
complementary to the inner diameter of the adjacent housing
42. In an embodiment, an o-ring or other suitable device 50
extends between the first portion 46 of the movable assem-
bly 44 and the housing 42 to form a seal preventing the flow
of a fluid there between. As a result, a first chamber 52 is
defined within the housing 42 between a first end 54 of the
housing 42 and the first portion 46 of the movable assembly
44.

[0041] A second portion 56 of the movable assembly 44,
located near a second end 58 of the movable assembly 44,
similarly has an outer diameter generally complementary to
the inner diameter of an adjacent portion of the housing 42.
An additional o-ring or sealing mechanism 60 extends
between the second portion 56 of the movable assembly 44
and the housing 42 to prevent a flow of fluid there between.
Accordingly, a second chamber 62 is defined within the
housing 42 between a second, opposite end 64 of the
housing 42 and the second portion 56 of the movable
assembly 44.

[0042] The first portion 46 and the second portion 56 of
the movable assembly 44 are spaced apart from one another
by a distance. A third chamber 66 is formed generally within
the housing 42 between the first portion 46 and the second
portion 46 of the movable assembly 44. The third chamber
66 may be formed by varying an outer diameter of the
movable assembly 44 between the first and second portions
46, 56 and/or by varying an inner diameter of the housing 42
between the first and second portions 46, 56.

[0043] In the illustrated, non-limiting embodiment of
FIGS. 3-4, the movable assembly 44 is a piston and the first
and second portions 46, 56 are integrally formed therewith.
Alternatively, in the embodiment illustrated in FIG. 5, the
movable assembly 44 includes a rolling diaphragm 70
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coupled to a piston 68. In such embodiments, the third
chamber 66 is defined between seal 72 of the diaphragm 70
and the upper surface of the piston 68.

[0044] Multiple ports are formed at various locations in
the housing 42. In an embodiment, a first port 74 is disposed
adjacent a first end 54 of the housing 42. The first port 74
fluidly couples the first chamber 52 to the deoxygenation
system 14. A second port 76, disposed adjacent the second
end 64 of the housing 42 is in fluid communication with
ambient air, such as exterior to the energy conversion device
12, and in some embodiments to the vehicle. A third port 78
is arranged in fluid communication with the third chamber
66 and is associated with the fuel pump 20.

[0045] The movable assembly 44 is configured to move
within the housing 42 in response to the pressure generated
by the fluids communicated to each of the chambers 52, 62,
66 via ports 74, 76, 78. For example, a first pressure,
indicated by arrow P1 is applied by a fluid within the first
chamber 56 to the first end 48 of the movable assembly 44,
a second pressure, indicated by arrow P2 is applied by the
ambient air to the second portion 56 of the movable assem-
bly 44, and a third pressure, indicated by arrow P3, is applied
by the exhaust from the fuel pump 20 within the third
chamber 66 to a portion of the movable assembly 44
between the first portion 46 and the second portion 56. In an
embodiment, a biasing mechanism 80, such as a coil spring
for example, couples the second end 58 of the movable
assembly 44 to an adjacent surface 64 of the housing 42. The
biasing force of the biasing mechanism 80 is configured to
bias the movable assembly 44 towards a first position, such
as shown in FIG. 3 for example.

[0046] The fluid communicated to the interior of the
housing 42 through each of the plurality of ports 74, 76, 78
is dependent on a mode of operation of the vehicle. For
example, when an aircraft is grounded and the energy
conversion device 12 is non-operational, or is operating in a
reduced mode, the pressure P2 generated by the ambient air
is greater than the combination of the pressure P3 of the fuel
pump 20 and the pressure P1 of the fluid within the first
chamber 52. As a result, the biasing mechanism 80 biases the
movable assembly 44 to the first position.

[0047] When the energy conversion device 12 is opera-
tional, for example when the aircraft is in a flight condition
where the ambient air pressure is substantially reduced, such
as when the aircraft is cruising at altitude, the pressure P2
generated by operation of the fuel pump 20 is greater than
the pressure P3 of the ambient air. As a result, pressure P2
overcomes the biasing force of the biasing mechanism 80,
causing the movable assembly 44 to transition within the
housing 42 towards a second position, shown in FIG. 4. As
the movable assembly 44 slides within the housing, such as
along an axis for example, a vacuum is created within the
first chamber 52. This vacuum is applied via port 74 to the
deoxygenator system 14 causing the first chamber 52 to fill
with oxygen evacuated from the fuel within the deoxygen-
ator system 14.

[0048] A fluid flow path 82 fluidly couples the first cham-
ber 52 and the second chamber 62. A valve 84 is disposed
within the fluid flow path 82 and is operable to selectively
expel the evacuated oxygen from the first chamber 52. In the
illustrated, non-limiting embodiment, the valve 84 includes
a sealing member 86 biased into a first position to block a
flow through the flow path. When the pressure within the
first chamber 52 exceeds a threshold, the pressure will
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oppose the biasing force of the biasing member 88 of the
valve 84, causing the sealing member 86 to move to a second
position. In the second position, oxygen is able to flow
through fluid flow path 82. Further, because of the low
pressure within the second chamber 62, the fluid is drawn
there into and then expelled into the atmosphere by move-
ment of the aircraft. Alternatively, or in addition, the valve
84 may be selectively opened, such as via a solenoid for
example, to allow oxygen to be removed from the first
chamber 52 on demand. In an embodiment, the valve 84 is
operated during the descent and/or landing of the aircraft.

[0049] With reference again to FIG. 3, the vacuum system
28 may additionally include a control system 90 for oper-
ating the vacuum system 28, i.e. moving the movable
assembly 44 on demand, such as in response to a signal
generated by a controller 92. The signal generated by the
controller 92 may occur in response to an input provided by
an operator or other system, or alternatively, may be gen-
erated on a predetermined schedule. As shown, the control
system 90 further includes a solenoid valve 94 operably
coupled to a controller 92 and configured to supply either a
low pressure fluid, such as from a boost pump inlet 96 for
example, or a high pressure fluid, such as from a boost pump
outlet 98 for example, into the third chamber 66 of the
vacuum system 28. When no fluid or a low pressure fluid is
provided to the third chamber 66, the biasing mechanism 80
acting on the movable assembly 44 biases the movable
assembly 44 toward the first position.

[0050] Inresponse to the signal generated by the controller
92, the valve 94 may transition to a position where a supply
of the higher pressure fluid is provided to the third chamber
66. The combined pressure of the first and third chambers
52, 66 causes the movable assembly 44 to translate within
the housing 42 toward the second position. As the movable
assembly 44 moves, a vacuum is created and drawn over the
plurality of membranes in the deoxygenator system 14, and
the extracted oxygen fills the first chamber 52. As the
oxygen collects within the first chamber 52, the pressure of
the first chamber 52 gradually increases. A pressure sensor
99 configured to monitor the pressure within the first cham-
ber 52 will communicate a signal to a controller 92. Once the
sensed pressure exceeds a predetermined threshold, the
controller 92 will operate the valve 84, thereby allowing the
oxygen within the first chamber 52 to transfer to the second
chamber 62. In an embodiment, once the oxygen has trans-
ferred to the second chamber 62, the controller 92 operates
the valve 94 such that no fluid or the lower pressure fluid is
supplied to the third chamber 66. As a result of the change
in pressure, the movable assembly 44 will transition from
the second position to the first position. Accordingly, valve
94 can be operated to control generation of a vacuum and the
expulsion of oxygen from a chamber 52. By repeatedly
drawing oxygen from the deoxygenator system 14 at inter-
vals via controlled operation of valve 94, the overall size of
the vacuum system 28, and specifically the size of the first
chamber 52 may be reduced. Further, in some embodiments,
oxygen within the second chamber 62 may be be forced out
of'the housing 42 through the second port 76 as the movable
assembly 44 transitions between the first position and the
second position.

[0051] With reference now to FIGS. 6A-6C, and 7,
another example of a deoxygenator system 14 is shown. In
the illustrated, non-limiting embodiment, the vacuum sys-
tem 28 is integrated directly into the deoxygenator system
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14. As shown, the deoxygenator system 14 includes a first
housing 100, a second housing 102, a third housing 104, a
movable assembly 106, an outlet cap 108, an end cap 110,
and a valve assembly 112. The first housing 100, the second
housing 102, the third housing 104, the movable assembly
106, the outlet cap 108, and the end cap 110 are disposed
concentrically with each other. The integration of the above
identified components into a single unit may eliminate
plumbing lines that connect the individual elements of the
deoxygenator system 14 as well as to reduce the overall size
of the deoxygenator system 14.

[0052] The first housing 100 extends along a first axis 114
between a first housing first end 116 and a first housing
second end 118. The first housing first end 116 is provided
with a first inner diameter and the first housing second end
118 is provided with a second inner diameter that is less than
the first inner diameter. An inner surface of the first housing
100 is configured as a tapered surface having a taper that
extends inwardly from the first housing first end 116 towards
the first housing second end 116.

[0053] The first housing 100 defines a support rib 120 that
extends from the first housing second end 118 towards the
first housing first end 116. The first housing 100 further
defines a first plurality of holes 122 and a second plurality
of'holes 124 that are disposed transverse to the first axis 114.
The first plurality of holes 122 extend between the first
housing first end 116 and the first housing second end 118.
[0054] The first housing 100 may be arranged as a fuel
filter housing that receives a fuel filter 126. The fuel filter
126 includes sealing elements that engage the inner surface
of the first housing 100. The fuel filter 126 is arranged to
receive fuel along the first axis 114, turn the fuel, and enable
the fuel to exit or be discharged in a direction that is disposed
transverse to the first axis 114 and through the first plurality
of holes 122 of the first housing 100 towards the second
housing 102.

[0055] The second housing 102 is disposed about and is
spaced apart from the first housing 100. The second housing
102 extends along the first axis 114 between a second
housing first end 130 and the second housing second end
132. The second housing 102 includes a skirt 134 that is
disposed proximate the second housing first end 130 and
radially extends away from the first axis 114 towards the
third housing 104. The skirt 134 includes a sealing element
that slidably engages the third housing 104. The second
housing second end 132 is configured as an open end.
[0056] A membrane filter 140 is disposed between the first
housing 100 and the second housing 102. The membrane
filter 140 includes a tube bundle or a plurality of hollow
tubes 142 that extend along the first axis 114 between a first
membrane end 144 and a second membrane end 146. The
plurality of hollow tubes 142 are formed into a hollow
cylindrical shaped bundle that are supported by potting or an
epoxy 148 at the first membrane end 144 and at the second
membrane end 146. The potting or epoxy 148 adheres the
plurality of hollow tubes 142 together but allows the first
membrane end 144 and the second membrane end 146 to be
open to be subject to the vacuum generated by the movable
assembly 106.

[0057] Referring to FIGS. 6A-6C, the plurality of hollow
tubes 142 are selectively permeable membrane tubes that are
disposed within a first flow circuit that is defined between
the first housing 100 and the second housing 102. The
plurality of hollow tubes 142 are disposed at least partially
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about a circumference of the first housing 100 that includes
multiple holes that are axially spaced apart along a length of
the membrane filter 140. The multiple holes ensure a uni-
form fuel flow through the plurality of hollow tubes 142 to
maximize the efficiency of each tube. Fuel flows radially
through the first plurality of holes 122 of the first housing
100 and flows over the plurality of hollow tubes 142 of the
membrane filter 140. As the fuel passes over the plurality of
hollow tubes 142 of the membrane filter 140, oxygen is
drawn from the fuel through the membrane filter 140 and
into the center of each tube of the plurality of hollow tubes
142. A second flow circuit fluidly communicates with an
inner channel or center of the tubes of the plurality of hollow
tubes 142 such that a vacuum draws or carries away oxygen
that is pulled from the fuel that flows around the plurality of
hollow tubes 142 of the membrane filter 140 and is within
the inner channel of center of a tube of the plurality of
hollow tubes 142. The center of a tube of the plurality of
hollow tubes 142 is partially isolated from the first flow
circuit such that the vacuum does not pass through a wall of
a tube of the plurality of hollow tubes 142. The fuel flows
across or over the plurality of hollow tubes 142 of the
membrane filter 80 and exits the membrane filter 140
through the second plurality of holes 124 of the first housing
100 and then is turned to flow axially towards an outlet of
the oxygen removal system 10.

[0058] In the embodiment shown in FIG. 6B, the plurality
of hollow tubes 142 may be disposed between the first
housing 100 and the second housing 102 and may at least
partially disposed about a circumference of the first housing
100. The support rib 120 may at least partially define the first
plurality of holes 122 and a plurality of holes 150. A first
grate 152a may be disposed between an opening to the first
flow circuit and the plurality of hollow tubes 142 and a
second grate 1525 may be disposed between an opening to
the second flow circuit and the plurality of hollow tubes 142.
A divider wall 152¢ may extend between the first housing
100 and the second housing 102 that prevents flow from
short circuiting from the inlet to the outlet such that fuel is
forced to flow around the entire circumference of the first
housing 100 and through the plurality of hollow tubes 142
of the membrane filter 140.

[0059] The flow may pass over an outside surface of a tube
of the plurality of hollow tubes 142 as the flow travels
circumferentially, as shown in FIG. 6B, while a flow that
passes through the inner channel of a tube of the plurality of
hollow tubes 142 may be drawn out through the second flow
circuit.

[0060] In the embodiment shown in FIG. 6C, a first wall
152d and a second wall 152¢ are disposed between the first
housing 100 and the second housing 102 to cause flow
within the first flow path to move radially outward and
inward as the flow flows around the circumference of the
first housing 100. For example, the first wall 152d and the
second wall 152¢ may define a labyrinth path such that the
first wall 1524 extends from the first housing 100 towards
but does not reach the second housing 102 and the second
wall 152¢ extends from the second housing 102 towards but
does not reach the first housing 100.

[0061] An inner grate 152/ may overlay one or more inner
pass through channels, IC, between each wall pair 1524,
152¢. An outer grate 152g may overlay one or more outer
pass through channels, OC, between each wall pair 1524,
152¢. The plurality of hollow tubes 142 of the membrane
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filter 140 may be disposed between the inner grate 152/ and
the outer grate 152g such that flow is radial through each
tube section of the plurality of hollow tubes 142.

[0062] The flow may travel radially outward through each
section of tubes of the plurality of hollow tubes 142 into the
outer pass through channels, OC, where the flow may travel
circumferentially to the next section of tubes where the flow
travels radially inward to the inner pass through channels,
IC.

[0063] The third housing 104 is disposed about the second
housing 102 and the movable assembly 106. The third
housing 104 extends along the first axis 114 between a third
housing first end 160 and a third housing second end 162.
The third housing 104 has a first flange 164 that is disposed
proximate the third housing first end 160 and extends
towards the first housing 100 and the first axis 114. The first
flange 164 engages the skirt 134 of the second housing 102.
The first flange 164 facilitates securing the third housing first
end 160 to the second housing first end 130. The third
housing 104 has a second flange 166 that is disposed
proximate the third housing second end 162 and extends
towards the first housing 100, the movable assembly 106,
and the first axis 114.

[0064] The movable assembly 106 is at least partially
disposed about the second housing 102 and is disposed
between the second housing 102 and the third housing 104.
The movable assembly 106 includes a piston housing 100.
The piston housing 170 extends along the first axis 114
between a piston housing first end 102 and a piston housing
second end 104.

[0065] The housing 170 of the movable assembly 106
includes a piston skirt 172 that is disposed proximate the
housing first end 174 and radially extends towards the third
housing 104. The piston skirt 172 includes an extension or
a spacer 176 that extends axially towards the skirt 134 of the
second housing 102. The combination of the skirt 134 of the
second housing 102, the spacer 176, and the piston skirt 172
of the housing 170 define a first chamber 178. The first
chamber 178 is arranged to receive oxygen that is removed
from the fuel by the membrane filter 140. The second end
180 of the housing 170 of the movable assembly 106 defines
an opening 182 that is disposed about the first axis 114. A
cavity 188 is defined by the housing second end 180, the first
housing second end 118, and the second housing second end
132.

[0066] A biasing member 190 extends between the second
flange 166 of the third housing 104 and the piston skirt 172
of the housing 170 of the movable assembly. The biasing
member 190 is arranged to bias the housing 170 towards a
first position in which the housing first end 174 approxi-
mately abuts the second housing first end 130.

[0067] The housing 170 of the movable assembly 106 is
movable between a first position, as shown in FIG. 6 A and
a second position, as shown in FIG. 7, relative to the first
housing 100, the fuel filter 126, the second housing 102, the
membrane filter 140, and the third housing 104. The spacer
176 of the piston skirt 172 of the housing 170 engages the
skirt 134 of the second housing 102 while the housing 170
of the movable assembly 106 is in the first position, and
pressurized fuel is not provided to the deoxygenator system
14. As pressurized fuel enters the deoxygenator system 14,
the pressure acting on the deoxygenator system 14 over-
comes the force provided by the biasing member 190 and
moves the housing 170 of the movable assembly 106

Jul. 25,2019

towards the second position. The housing first end 174 is
spaced apart from the second housing first end 130 such that
the spacer 176 of the piston skirt 172 does not engage the
skirt 134 of the second housing 102 while the housing 170
of the movable assembly 106 is in the second position. As
the housing 170 moves towards the second position, a
vacuum is created to draw the oxygen from within the tubes
142 of the membrane filter 140 and is directed towards the
cavity 188.

[0068] The outlet cap 108 is disposed within the cavity
188 and is disposed opposite the end cap 110. The outlet cap
108 is at least partially disposed between the first housing
100 and the second housing 102. The outlet cap 108 abuts
and is secured to the first housing second end 118. A fastener
extends through the outlet cap 108 and into the support rib
120 to secure the outlet cap 108 to the first housing 100. The
outlet cap 108 defines a port 184 that is fluidly connected to
the cavity 188.

[0069] The outlet cap 108 includes an extension member
192 that extends along the first axis 114 from a portion of the
outlet cap 108 through the opening 182 of the housing 170
of the movable assembly 106. The housing 170 is arranged
to ride along or slidably engage the extension member 192
as the housing 170 moves between the first position and the
second position.

[0070] The extension member 192 is configured as a
hollow member that defines a fluid outlet 194 that extends
along the first axis 114. The fluid outlet 194 is arranged to
discharge fuel axially along the first axis 114 such that the
fuel may be delivered to other systems. In at least one
embodiment, a cap 198 is disposed proximate an end of the
extension member 192. The cap 198 extends at least par-
tially into the extension member 192 and includes a portion
that is disposed transverse to and abuts an end of the
extension member 192.

[0071] The end cap 110 is disposed opposite the outlet cap
108. The end cap 110 is disposed proximate the first housing
first end 116, the second housing first end 130, and the third
housing first end 160. The end cap 110 abuts the first flange
164 and is arranged to receive a fastener that extends
through the first flange 164 and into the skirt 134 of the
second housing 102 to secure the end cap 110 to the third
housing 104 and the second housing 102.

[0072] The end cap 110 defines a fuel inlet 200 that is
disposed about the first axis 114. The fuel inlet 200 is
arranged to receive fuel axially along the first axis 114 such
that it enters into the deoxygenator system 14. The end cap
110 extends into a region that is disposed between the first
housing 100 and the second housing 102. The end cap 110
is arranged to receive the valve assembly 112. The valve
assembly 112 is operatively connected to the end cap 110
and extends towards the membrane filter 140 within the
region that is disposed between the first housing 100 and the
second housing 102.

[0073] The valve assembly 112 includes a first valve 202
and a second valve 204 that are disposed within a valve body
206 that extends through the end cap 110 and extends into
the first flow circuit that is defined between the first housing
100 and the second housing 102 such that the valve body
170 extends towards an end of the membrane filter 140. The
first valve 202 and the second valve 204 are arranged axially
along a second axis 208 that is disposed substantially
parallel to the first axis 114. The first valve 202 is configured
as a check valve that is fluidly connected to the first chamber
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178 that collects oxygen that is purged from the membrane
filter 140. As oxygen is removed from the fuel and is
collected within the first chamber 178, the first valve 202
may open and vent the removed oxygen to ambient around
the second valve 204.

[0074] The second valve 204 is fluidly connected to the
first valve 202. The second valve 204 is configured as a
leakage protection valve. The second valve 204 allows
oxygen to pass through the second valves diametrical clear-
ance, but the second valve 204 may translate along the
second axis 208 to compress a biasing member 210 should
the first chamber 178 become pressurized due to fuel enter-
ing the first chamber 178 or the first chamber 178 exceeding
a predetermined pressure. As the biasing member 208 is
compressed, the second valve 204 moves towards a leakage
inhibit position in which the second valve 204 engages a seal
212. The seal 212 is at least partially received within the
valve body 206 that contains both the first valve 202 and the
second valve 204. The second valve 204 may be arranged in
communication with a sensor or a switch 214 that is in
communication with a controller. A message is output for
display by the controller, responsive to the second valve 204
engaging the seal 212.

[0075] With further reference again to FIG. 7, the deoxy-
genator system 14 may additionally include a control system
220 for moving the movable assembly 106 on demand, such
as in response to a signal generated by a controller 222. As
shown, the control system 220 further includes a solenoid
valve 224 operably coupled to the controller 222 and con-
figured to supply either a low pressure fluid, such as from a
boost pump inlet 226 for example, or a high pressure fluid,
such as from a boost pump outlet 228 for example, into the
chamber 178. When no fluid or a low pressure fluid is
provided to the chamber 178, the biasing mechanism 190
acting on the movable assembly 106 biases the movable
assembly 106 toward the first position.

[0076] Inresponse to the signal generated by the controller
222, the valve 224 may transition to a position where a
supply of the higher pressure fluid is provided to the
chamber 178. The increased pressure within the chamber
178 may overcome the biasing force of the biasing mecha-
nism 190 causing the movable assembly 106 to translate
toward the second position. As the movable assembly 106
moves, a vacuum is created and drawn over the plurality of
tubes 142, and the extracted oxygen fills the chamber 178.
As the oxygen collects within the chamber 178, the pressure
of the chamber 178 gradually increases. A pressure sensor
230 configured to monitor the pressure within the chamber
178 will communicate a signal to a controller 222. Once the
sensed pressure exceeds a predetermined threshold, the
controller 222 will operate the first valve 202, thereby
allowing the oxygen within the chamber 178 to vent outside
the deoxygenator system 14. In an embodiment, once the
oxygen has vented from the chamber 178, the controller 222
operates the valve 224 such that no fluid or the lower
pressure fluid is supplied to the chamber 178. As a result of
the change in pressure, the movable assembly 106 will
transition from the second position back towards the first
position. Accordingly, the control system 220 can be oper-
ated to control generation of a vacuum via valve 224 and the
expulsion of oxygen from a chamber 178 via valve 202. By
repeatedly drawing oxygen from the fuel provided to the
deoxygenator system 14 at intervals controlled by operation
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of'valve 224, the overall size of the deoxygenator system 14,
and specifically the size of the chamber 178 may be reduced.
[0077] The term “about” is intended to include the degree
of error associated with measurement of the particular
quantity based upon the equipment available at the time of
filing the application.

[0078] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting of the present disclosure. As used herein, the
singular forms “a”, “an” and “the” are intended to include
the plural forms as well, unless the context clearly indicates
otherwise. It will be further understood that the terms
“comprises” and/or “comprising,” when used in this speci-
fication, specify the presence of stated features, integers,
steps, operations, elements, and/or components, but do not
preclude the presence or addition of one or more other
features, integers, steps, operations, element components,
and/or groups thereof.

[0079] While the present disclosure has been described
with reference to an exemplary embodiment or embodi-
ments, it will be understood by those skilled in the art that
various changes may be made and equivalents may be
substituted for elements thereof without departing from the
scope of the present disclosure. In addition, many modifi-
cations may be made to adapt a particular situation or
material to the teachings of the present disclosure without
departing from the essential scope thereof. Therefore, it is
intended that the present disclosure not be limited to the
particular embodiment disclosed as the best mode contem-
plated for carrying out this present disclosure, but that the
present disclosure will include all embodiments falling
within the scope of the claims.

What is claimed is:

1. A vacuum system for use with a deoxygenator system
comprising:

a housing;

a movable assembly positioned within the housing;

a biasing mechanism coupling the movable assembly to
the housing, wherein the movable assembly is movable
between a first position and a second position within
the housing to form a low pressure area between the
housing and the movable assembly; and

a control system including at least one pressure source
arranged in fluid communication with the low pressure
area, wherein the control system is operable to selec-
tively communicate fluid from the at least one pressure
source to the housing form the low pressure area.

2. The vacuum system of claim 1, wherein the control
system is operable to repeatedly move the movable assem-
bly between the first position and the second position.

3. The vacuum system of claim 1, wherein the at least one
pressure source includes a high pressure source.

4. The vacuum system of claim 3, wherein communica-
tion of fluid from the high pressure source into the housing
overcomes a biasing force of the biasing assembly.

5. The vacuum system of claim 1, wherein the control
system further comprises a controller.

6. The vacuum system of claim 5, wherein the control
system further comprises a valve operably coupled to the
controller and to the at least one pressure source.

7. The vacuum system of claim 5, further comprising a
venting valve operable to vent oxygen from the low pressure
area, the venting valve being operably coupled to the con-
troller.
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8. The vacuum system of claim 7, wherein the control
system further comprises a pressure sensor for monitoring a
pressure within the low pressure area, the pressure sensor
being coupled to the controller.

9. The vacuum system of claim 8, wherein the controller
is configured to open the venting valve in response to a
signal from the pressure sensor indicating that a pressure of
the low pressure area exceeds a predetermined threshold.

10. The vacuum system of claim 1, wherein the low
pressure area is fluidly connected to a deoxygenation sys-
tem.

11. The vacuum system of claim 1, wherein the movable
assembly includes a piston.

12. The vacuum system of claim 1, wherein the movable
assembly includes a rolling diaphragm.

13. The vacuum system of claim 1, wherein the deoxy-
genator system is associated with an engine of an aircraft.

14. A method of operating a deoxygenator system, com-
prising:

supplying a high pressure fluid to a housing;

moving a movable assembly from a first position to a

second position in response to the high pressure fluid;
and

creating a vacuum within a chamber defined between the

movable assembly and the housing.
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15. The method of claim 14, wherein supplying the high
pressure fluid to the housing opposes a biasing force retain-
ing the movable assembly in the first position.

16. The method of claim 14, wherein moving the movable
assembly from the first position to the second position
creates the vacuum within the chamber defined between the
movable assembly and the housing.

17. The method of claim 14, further comprising:

monitoring a pressure within the chamber; and

venting oxygen from the chamber when the pressure

within the chamber exceeds a predetermined threshold.

18. The method of claim 17, further comprising:

ceasing the supply of the high pressure fluid to the

housing; and

moving the movable assembly from the second position to

the first position.

19. The method of claim 17, wherein the movable assem-
bly is repeatedly cycled between the first position and the
second position.

20. The method of claim 14, wherein oxygen is drawn
from a fuel within the deoxygenator system in response to
creating a vacuum within the chamber defined between the
movable assembly and the housing.
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