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(57) Abstract: Inerting fuel systems and methods for inerting fuel tanks are disclosed. An inerting fuel system (100) may include an
air inlet passage (111) to receive inlet air, air separation modules (160) to separate oxygen from the inlet air when received, and air
separation module valves (150) coupled between the air inlet passage and the air separation modules. The air separation module
valves are associated with the air separation modules such that opening of one of the air separation module valves passes a portion of
inlet air from the air inlet passage to the air separation module associated with that air separation module valve. A controller (190)
selectively opens the air separation module valves such that each of the air separation modules receives a substantially equal level of
wear.
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INERTING FUEL SYSTEMS, METHODS, AND APPARATUSES

This application is related to, and claims the benefit of priority of, U.S. Non-
Provisional Application No. 14/603,458, entitled INERTING FUEL SYSTEMS, METHODS,
AND APPARATUSES, filed on 23 January 2015, the contents of which are incorporated

herein by reference in their entirety for all purposes.
FIELD OF THE INVENTION

[0001] The invention relates to inerting fuel systems and, more particularly, to systems,

methods, and apparatuses for activating air separation modules in inerting fuel systems.
BACKGROUND OF THE INVENTION

[0002] Inerting fuel systems are widely used in airplanes where large amounts of fuel
are stored. As fuel is consumed during a flight, the fuel level in the tank is lowered and
the remaining oxygen in the tank is replaced by non-flammable inert gas (e.g., nitrogen
enriched air) to prevent combustion. During flight, bleed air, which is compressed air
taken from the compressor stage of the airplane’s engine, is passed through air separation
modules (e.g., molecular sieve beds) to produce the nitrogen enriched air. There is a

continuing need to efficiently use the air separation modules.
SUMMARY OF THE INVENTION

[0003] Aspects of the invention include inerting fuel systems and methods for inerting

fuel tanks. Methods for inerting fuel tanks include determining a level of wear for each of

~ a plurality of air separation modules configured to produce nitrogen enriched air,

selectively opening each of a plurality of air separation module valves such that each of
the plurality of air separation modules has a similar level of wear, and directing the
nitrogen enriched air produced by the plurality of air separation modules to a fuel storage
tank.

[0004] Further aspects of the invention include inerting systems, which may include an
air inlet passage configured to receive inlet air, a plurality of air separation modules
configured to separate oxygen from the inlet air when received,'and a plurality of air
separation module valves coupled between the air inlet passage and the plurality of air
separation modules. Each of the plurality of air separation module valves is associated
with one of the plurality of air separation modules such that opening of one of the air
separation module valves passes at least a portion of inlet air from the air inlet passage to
the air'separation module associated with the one of the air separation module valve. A
controller selectively opens each of the plurality of air separation module valves such that

each of the plurality of air separation modules receives a substantially equal level of wear.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The invention is best understood from the following detailed description when
read in connection with the accompanying drawings, with like elements having the same
reference numerals. When a plurality of similar elements is present, a single reference
numeral may be assigned to the plurality of similar elements with a small letter
designation referring to specific elements. When referring to the elements collectively or
to a non-specific one or more of the elements, the small letters designation may be

dropped. Included in the drawings are the following figures:

[0006] FIG. 1 is a schematic diagram of an inerting fuel system according to aspects of

the invention;

[0007] FIG. 2a is a front-side view of an implementation of an inerting fuel system

according to aspects of the invention;

[0008] FIG. 2b is a back-side view of an implementation of an inerting fuel system

according to aspects of the invention; and

[0009] FIG. 3 is a flow chart depicting a method for inerting a fuel according to aspects

of the invention.
DETAILED DESCRIPTION OF THE INVENTION

[0010] FIG. 1 depicts an exemplary system 100 for inerting fuel in accordance with
aspects of the invention. As a general overview, system 100 may include a heat
exchanger 110, isolation valves 120 and 130, a filter 135, an ozone catalytic converter
140, a plurality of air separation module valves ("ASM valves”) 150, a plurality of air
separation modules ("ASMs”) 160, an oxygen sensor 170, a nhitrogen enriched air valve
180, and a controller 190.

[0011] The heat exchanger 110 is configured to regulate the temperature and/or
pressure of inlet air to achieve a temperature and/or pressure of the inlet air that enables
the efficient separation of the inlet air by the ASMs 160. The inlet air may be bleed air
obtained from the compressor stage of an airplane’s engine. The inlet air enters the heat
exchanger 110 through an air inlet passage 111. The heat exchanger 110 may be a shell
and tube, double pipe, plate heat exchanger, or other type of heat exchanger that meets
the practical aspects of the system 100. In one embodiment, the heat exchanger 110
reduces the temperature of the inlet air from a range of about 500°F to 1000°F at the air
inlet passage 111 to a range of about 158°F to about 200°F as measured at an air outiet
passage 112 of the heat exchanger 110. The heat exchanger 110 coolant may be air or

other fluid typically used for cooling.
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[0012] Although the description herein is directed primarily to embodiments where the
inlet air is bleed air obtained from the compressor stage of an airplane’s engine, it is
contemplated that other sources of air, such as ambient air, may be used. As used
herein, the term “inlet air” is meant to cover these other sources of air. Suitable
techniques for regulating these other sources of air will be understood by one of skill in
the art from the description herein. For example, where the inlet air is ambient air, the
ambient air may be pressurized and/or heated, e.g. by a compressor and/or heat
exchanger, to achieve a pressure and/or temperature that enables efficient air separation
by a plurality of ASMs 160.

[0013] A first isolation valve 120 may be used to protect downstream components from
excessive and/or not suitable temperature and/or pressure. A temperature switch 115
and pressure switch 116 may be utilized to control the first isolation valve 120 based on
the temperature and/or pressure of the inlet air upstream from the first isolation valve
120. If the temperature and pressure of the inlet air are suitable, then valve 120 is
opened. If the temperature and/or pressure are not suitable (e.g., may damage
components of system 100), the valve 120 may be used to restrict (e.g., reduce or stop)

inlet air flow.

[0014] System 100 may also include a second isolation valve 130 controlied by the
controller 190. The valve 130 may also protect the system 100 from inlet air that has a
temperature and/or pressure that is not suitable for the system 100. To determine the
temperature and pressure, a first temperature sensor 125 and a first pressure sensor 126
may be located upstream from the valve 130. The controller 190 may then control valve
130 based on the temperature and/or pressure determined by temperature sensor 125
and/or pressure sensor 126 to prevent excessive and/or not suitable pressure and/or

temperature from damaging downstream components.

[0015] A filter 135 may be employed to reduce the amount of particles and/or the
amount of water molecules in the inlet air. For example, a filter having a pore size of 0.1
microns may be utilized to remove particles having a size greater than 0.1 microns, which
could damage the ASMs 160. One method for determining when to replace the filter 135
is to calculate the pressure drop across the filter 135. Pursuant to this method, the first
pressure sensor 126 and a second pressure sensor 146 may be utilized by the controller
190 to determine the pressure drop across filter 135. The controller 190 may then
compare the pressure drop to a threshold value, e.g., two (2) to four (4) times its nominal

value, to determine if the filter 135 needs to be purged and/or replaced.

[0016] A drain valve 137 may be used to siphon off undesirable substances,

byproducts, and/or materials from the inlet air into a waste stream 138. For example,
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particles removed from the inlet air by the filter 135 may be purged and disposed of
through the waste stream 138 by way of the drain valve 137. To facilitate disposal, the
waste stream 138 may be under vacuum pressure or the undesirable substances,

byproducts, and/or materials may be pressurized from upstream.

{0017] An ozone catalytic converter 140 may be incorporated into the system 100 to

protect components that can be damaged by ozone molecules.

[0018] The illustrated system includes a first ASM 160a, a second ASM 160b, and a
third ASM 160c. Each ASM 160 is configured to separate oxygen from a portion of an inlet '
air received to produce nitrogen enriched air. As used herein, a portion of inlet air is used
to refer to part (e.g., twenty-five percent, a third, a half, two-thirds, etc.) or all of the
inlet air received by each of the plurality of ASMs 160, The plurality of ASMs 160 may
comprise membranes and/or fibers constructed from polymers, ceramics, or other
selectively porous materials. Alternatively, methods for ionizing air molecules or utilizing
chemical processes may be implemented into system 100 to produce nitrogen enriched air
streams 163 and/or oxygen depleted air streams. In one embodiment, the ASMs 160 are
molecular sieve beds. Suitable ASMs 160 will be understood by one of skill in the art from

the description herein.

[0019] The illustrated system 100 includes a first ASM valve 150a, a second ASM valve
150b, and a third ASM valve 150c. Each ASM valve 150 is associated with one of the
ASMs 160. For example, ASM valve 150a is associated with ASM 160a, ASM valve 150b is
associated with ASM 160b, and ASM valve 150c¢ is associated with ASM 160c. The ASM
valves 150, under control of the controller 190, regulate the portion of the inlet air
directed to each of the ASMs 160. Although three ASM valves 150 and associated ASMs
160 are depicted, fewer or more ASM valves 150 and/or ASMs 160 may be employed.

[0020] Each illustrated ASM 160 has a nitrogen enriched air outlet 161 and a nitrogen
depleted air outlet 162. When an ASM 160 is active (e.g., has inlet air flowing through it),
a steam of nitrogen enriched air 163 that may be directed into a fuel storage tank 185 is
produced as well as a stream of nitrogen depleted air that may be disposed of by way the

waste stream 138.

[0021] An oxygen sensor 170 may be used to test the nitrogen enriched air stream 163,
which includes a combination of the nitrogen enriched streams 161a, 161b, and/or 161c.
The oxygen sensor 170 senses the amount of oxygen in the nitrogen enriched air stream
163. Alternatively (or additionally), a nitrogen sensor may be employed to sense the

amount of nitrogen in the nitrogen enriched air stream 163.

[0022] The oxygen sensor 170 may contain a second temperature sensor 175 and/or a
third pressure sensor 176. One method for determining when to replace each of the
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plurality of ASMs 160 is to calculate the pressure drop across each ASM 160. For
example, pressure sensors 146 and 176 may be utilized by the controller 190 to
determine the pressure drop across ASM 160a, 160b, and/or 160c. When the pressure
drop exceeds a predefined threshold, e.g., two (2) to four (4) times its nominal value, the
controller 190 may identify the ASMs 160 for replacement and produce a signal indicating
that the ASMs 160 should be replaced.

[0023] A nitrogen enriched air valve 180 may be used to regulate the flow of nitrogen
enriched air stream 163 to a fuel storage tank 185. In one embodiment, the nitrogen
enriched air valve 180 is designed to prevent the nitrogen enriched air steam 163 from
flowing to the fuel storage tank 185, e.g., if the concentration of oxygen in the nitrogen
enriched air stream 163 is too great. In another embodiment, the nitrogen enriched air
valve 180 prevents or restricts the nitrogen enriched air stream 163 if the temperature

and/or pressure is unsuitable.

[0024] The system 100 contains a controller 190 coupled to components of the system
100. The controller 190 may be configured to sense data from temperature and/or
pressure sensors 115, 116, 125, 126, 146, 175, and/or 176, control the valves 130, 137,
150, and/or 180, and determine when the ASMs 160 should be replaced. The controller
190 may be a microprocessor that receives data from various components and/or sensors
of the system 100 and controls the valves based on the sensed data. Additionally, the
controller 190 may be configured to carry out one or more of the other functions
described herein. The controller 190 may be connected to a junction box 192 for the
convenience of installing and using the system 100. In one embodiment, the controller
190 executes performance tests on components of the device. These performance tests
include connectivity, accuracy, precision, and other tests relevant to the respective
component. Suitable controllers 190 for use with system 100 will be understood by one of

skill in the art from the description herein.

[0025] The controller 190 is coupled to memory device 191. Controller 190 is
configured to write information to and receive information from memory device 191.
Instructions for configuring the controller 190 to perform one or more of the functions
described herein may be stored in memory device 191. Additionally, controller 190 may
store in memory device 191 one or more parameters necessary for implementing the
functions described herein. Memory device 191 may include one or more memory device
components including non-volatile and/or volatile memory. Suitable memory devices 191
will be understood by one of skill in the art from the description herein. Although
illustrated as a separate component, memory device 191 (or a portion thereof) may be

integrated into controller 190.
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[0026] The controller 190 may be configured to execute wear leveling algorithms. Wear
leveling algorithms increase the efficiency of system 100 by improving upon the utilization
and replacement of the plurality of ASMs 160. Wear leveling algorithms enable the
controller 190 to regulate the level of wear (also described herein as “wear leveling”)
received by each ASM 160. The level of wear received by an ASM 160 is indicative of the
amount of degradation of the ASM 160 and/or provides an indication of how soon the ASM
160 will need to be replaced. The wear leveling algorithms enable the controller 190 to
regulate the ASMs 160 by selectively activating each ASM 160a, 160b, and/or 160c based
upon the level of wear for each of the ASMs 160a, 160b, and/or 160c so that the plurality
of ASMs 160 receives a substantially equal level of wear. Thus, in one example, utilization
of the wear leveling algorithms in system 100 enables uniform wear across the ASMs 160
so that replacement of the ASMs 160 may occur at the same time. This decreases the

cost of maintenance and increases the amount of time the system 100 is operational.

[0027] A controller 190 implementing the wear leveling algorithms may determine the
level of wear for each ASM 160 based on the amount of time each ASM 160 is active, the
intensity of the portion of inlet air received by each ASM 160, and/or the pressure drop
across each ASM 160, The amount of active time for each ASM 160 may be determined
by the wear leveling algorithms based on data regarding the amount of time the
associated ASM valve 150 was open. The wear leveling algorithms may determine the
intensity of the portion of inlet air received by the ASM 160 based on data regarding the
pressure of the inlet air received by the ASM 160 and/or the flow rate of the inlet air
through the ASM 160 as sensed by pressure sensors 146 and/or 176 and/or a flow rate
sensor 149. The wear leveling algorithms may also employ data regarding the pressure
drop across each ASM 160. Based on the received data, the wear leveling algorithms
enable the controller 190 to determine the level of wear for each ASM 160 and
subsequently send signals to activate the ASM 160 having the least level of wear. In the

illustrated system 100, the controller 190 opens the ASM valve 150 associated with the

ASM 160 with the least level of wear. The controller 190 will periodically or continuously

determine the level of wear for each ASM 160 using the wear leveling algorithms. The
frequency at which the controller 190 determines the level of wear may depend on the
flight plan and/or flight regiment, e.g., the controller 190 may utilize the wear leveling
algorithms more frequently while the plane is cruising. For example, while the plane is
ascending, typically all of the ASMs 160 are active; thus the controller 190 may not need
to utilize the wear leveling algorithms to determine which ASMs 160 to activate and/or

deactivate.

[0028] By way of example, the controller 190 may utilize the wear leveling algorithms
to identify the ASM 160 with the least level of wear and activate the ASMs 160, as
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needed, based on the level of wear. For example, if the first ASM 160a has the least level
of wear, the controller 190 will send signals to open the first ASM valve 150a to activate

the first ASM 160a when an ASM 160 is needed. If more nitrogen enriched air is required
from system 100, the controller 190 will identify the ASM 160b or 160c¢ with the next least

level of wear. If the second ASM 160b has the next least level of wear, then the controller

190 may send signals to open the second ASM valve 150b to activate the second ASM

160b. The controller 190 may substitute one ASM 160 for another to maintain a
substantially equal level of wear among the ASMs 160. For example, if after a
predetermined amount of time the controller 190 utilizes the wear leveling algorithms and
determines that the third ASM 160c¢ now has the least level of wear, the controller 190
may send signals to close the ASM valve 150 associated with the ASM 160 having the
greatest level of wear to deactivate the ASM 160 with the greatest level of wear and open
the third ASM valve 150c to activate the third ASM 160c. In this example, the controller
190 periodically determines the level of wear using wear leveling algorithms. This
illustrative process is repeated to achieve substantially equal wear among the plurality of
ASMs 160. A substantially equal level of wear is defined herein to mean a difference in

level of wear among the ASMs 160 that does not exceed ten (10) percent.

[0029] FIG. 2a and FIG. 2b illustrate one implementation of the inerting fuel system
100 in accordance with aspects of the invention. This implementation is particularly well-
suited for large, commercial or military airplanes, including passenger airplanes and cargo
airplanes, which contain vacant spaces suitable for this implementation of system 100.
Suitable implementations configured to fit in smaller planes, such as military fighter
planes, would be understood by a person of ordinary skill in the art from the description
herein. The inerting fuel system 100 is affixed to a mounting plate 200. FIG. 2a
illustrates a first side 210 of the mounting plate 200 and FIG. 2b iflustrates a second side
220 of the mounting plate 200.

[0030] A heat exchanger 110 is mounted on the first side 210 of the mounting plate
200. The heat exchanger 110 is connected by a pipe to a first isolation valve 120.
Further, a temperature switch 115 senses the inlet air upstream from the isolation valve
120 and controls the valve 120 by sending a signal through a wire to valve 120.
Additionally and independently, on the first side 210 of the mounting plate 200, a
pressure switch 116 senses the inlet air upstream from the isolation valve 120 and

controls the valve 120 by sending a signal through a wire to valve 120.

[0031] The first isolation valve 120 is connected to a second isolation valve 130 by way
of a pipe located on the first side 210 of the mounting plate 200. The second isolation
valve 130 is controlled by a controller 190, which may send signals to valve 130 directly

through wires and/or by way of an intermediary junction box 192. The controller 190
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receives data regarding the temperature and pressure of the inlet air upstream from valve
130 from a temperature sensor 125 and a pressure sensor 126, located on the first side
210 of the mounting plate 200.

[0032] Also, on the first side 210 of the mounting plate 200, a filter 135 is connected to
the second isolation valve 130 by way of a pipe. The filter 135 is further connected by
pipes to an ozone catalytic converter 140, located on the first side 210 of the mounting
plate 200, and a drain valve 137, located on the second side 220 of the mounting plate
200. When the drain valve 137 is closed, the inlet air passes through the filter 135 to the
ozone catalytic converter 140. When the drain valve 137 is opened, water and/or
particles are purged from the filter 135 and disposed of through a pipe containing the

waste stream 138.

[0033] An ozone catalytic converter 140 is positioned on the first side 210 of the
mounting plate 200 to remove ozone from the inlet air. The ozone catalytic converter 140
is connected by a pipe to the plurality of ASM valves 150. A second pressure sensor 146,
located on the first side 210 of the mounting plate 200, senses the pressure of the inlet air
traveling from the catalytic converter 140 to the plurality of ASM valves 150. The
pressure sensor 146 sends data regarding the inlet air's pressure through wires to the

controller 190.

[0034] A first ASM valve 150a, a second ASM valve 150b, and a third ASM valve 150c¢
are positioned on the first side 210 of the mounting plate 200. The controller 190 can

open each ASM valve 150, e.g., by sending signals through wires to each ASM valve 150.

[0035] A first ASM 160a, a second ASM 160b, and a third ASM 160c are mounted to the
second side 220 of the mounting plate 200 (FIG. 2b). The controller 190 may activate an
ASM 160 by sending a signal to open the associated ASM valve 150,

[0036] A nitrogen enriched air valve 180 is located on the first side 210 of the mounting
plate 200. The nitrogen enriched air valve 180 can restrict or prevent nitrogen enriched
air received from at least one of the ASMs 160, through a network of pipes, from flowing
to the fuel storage tank 185. An oxygen sensor 170 may be mounted on the first side 210
of the mounting plate 200 to sense the air flowing through the nitrogen enriched air
stream 163 to the nitrogen enriched valve 180. Although not seen in FIG. 2a, oxygen
sensor 170 may contain a temperature sensor 175 and/or pressure sensor 176. The
oxygen sensor 170 sends signals to the controller 190 regarding the nitrogen enriched air
in stream 163. The controller 190 may then control the nitrogen enriched air valve 180 to

regulate the amount of nitrogen enriched air flowing to the fuel storage tank 185.
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[0037] The controller 190 is mounted on the second side 220 of the mounting plate 200
(FIG. 2b). The junction box 192 is also mounted on the second side 220 of the mounting
plate 200.

[0038] FIG. 3 illustrates an exemplary method 300 for inerting fuel. The method 300 is
described with reference to the inerting fuel system 100 to facilitate description. Other
suitable inerting fuel systems will be understood by one of skill in the art from the

description herein.

[0039] In step 310, inlet air is directed to the plurality of ASM valves 150. The inlet air
may be bleed air from the compressor stage of an airplane’s engine. The inlet air may be
regulated prior to reaching the plurality of ASM valves 150. The inlet air may be
regulated, for example, to change the temperature and/or pressure by way of a heat
exchanger 110, to remove particulate andyor moisture by way of a filter 135, and/or to
remove ozone by way of an ozone catalytic converter 140. Isolation valves 120 and/or
130 may be utilized to regulate the inlet air's flow downstream, e.g., to protect

components of the system 100 that may be damaged by unrestricted inlet air flow.

[0040] In step 320, the level of wear is determined for each of the ASMs 160. The
controller 190 may determine the level of wear for each ASM 160 by retrieving a level of
wear for each ASM 160 from memory. The level of wear may be based on the amount of
time each of the ASMs 160 was active. The amount of time each ASM 160 was active (or
the associated ASM valve 150 was open) may be stored in memory device 191 for
retrieval by the controller 190. Optionally, intensity (e.g., pressure) of portions of inlet air
received by each ASM 160 and/or pressure drop across each ASM 160 may also be
considered. Intensity may be considered by applying a weight factor to portions of the
amount of time an ASM 160 was active. For example, if a portion of inlet air received by
an ASM 160 had a relatively high intensity, that portion of inlet air may be weighted by a
multiplying weight factor (e.g., 1.3). On the other hand, if a portion of inlet air received
by an ASM 160 had a relatively low intensity, that portion of inlet air may be weighted by
another weight factor (e.g., 0.8). The weighted amount of active time is referred to
herein as an effective use. The intensity of the portions of inlet air received by the ASM

160 may be based on data received from a flow rate sensor 149,

[0041] 1In step 330, the pressure drop across the ASMs 160 is determined. The
pressure drop may be determined for one or more ASMs 160, for example, whenever the
controller 190 determines the level of wear of an ASM 160, periodically (e.g., every 15,
35, 50 minutes, etc.), or every time there is a change in active ASMs 160. The controller
190 may determine the pressure drop across the ASMs 160 by processing data received

from a pressure sensor 146 located upstream from the plurality of ASMs 160 and from a
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pressure sensor 176 located downstream from the plurality of ASMs 160. The placement
of the pressure sensors may enable the controller 190 to determinate the pressure drop
across each ASM 160. In one embodiment, the controller 190 compares the pressure
drop across the ASMs 160 to a threshold value to determine if the ASMs 160 need
replacement. The controller 190 may determine the pressure drop for the ASMs 160 that
are currently active. If only one ASM 160 is active, the pressure drop across that ASM
160 may be compared to an ASM 160 pressure drop threshold value for a single ASM 160,
If two ASMs 160 are active, the pressure drop across the two active ASMs 160 may be
compared to an ASM 160 pressure drop threshold value for two ASMs 160, e.g., double
the pressure drop threshold value for a single ASM 160. If three ASMs 160 are active, the
pressure drop across the three active ASMs 160 may be compared to an ASM 160
pressure drop threshold value for three ASMs 160, e.g., triple the pressure drop threshold
value for a single ASM 160.

[0042] In step 340, the ASM valves 150 are selectively opened by the controller 190.
The controller 190 may selectively open the ASM valves 150 using a wear leveling
algorithm applied to the level of wear associated with each ASM 160. The level of wear
may be based solely on the amount of time each ASM 160 is active or may additionally be
based on other factors such as the intensity of air received by an ASM 160 and/or a recent
pressure drop reading across an ASM 160. ASM valves 150 may be opened and/or closed
to selectively activate and/or deactivate specific ASMs 160 when another ASM 160 is
needed or an active ASM 160 is no longer necessary. Additionally, ASM valves 150 may
be opened and/or closed to substitute one ASM 160 for another if a particular ASM 160
has been active for a relatively long period of time (e.g., an hour). By way of example,
when nitrogen enriched air is needed, the controller 190 may determine the ASM 160
having the least level of wear and selectively open the ASM valve 150 associated with the
ASM 160 having the least level of wear to pass inlet air to that ASM 160 (i.e., activating
that ASM 160).

[0043] In an embodiment, step 340 is performed during predefined flight regiments
(i.e., during cruise) in which less than all ASMs 160 are required (e.g., only one ASM 160)
to provide and maintain inerting of the plane’s fuel storage tank(s) 185. When all ASMs
160 are required (e.g., during ground, ascent, and descent), wear leveling may be

suspended until less than all ASMs 160 are required as wear will be uniform.

[0044] In step 345, the active time of each ASM 160 is recorded. The controller 190
may record in memory device 191 the active time of an ASM 160 when it is deactivated
(e.g., when its associated ASM valve 150 is turned off). Optionally, the controller 190
may additionally record the intensity level of the air flow during the portion of time when
the ASM 160 was active.
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[0045] In an embodiment, the controller 190 repeats steps 320, 330, 340, and 345,
until the need for nitrogen enriched air has ceased. The controller 190 may repeat such
steps periodically (e.g., every few minutes, hours, etc.) or substantially continuously. It is
contemplated that step 330 may be performed independent from steps 320, 340, and 345

and/or at a different rate.

[0046] In step 350, nitrogen enriched air is directed to the fuel storage tank 185, e.g.,
to replace the volume of spent fuel in order to reduce the risk of combustion in the fuel
storage tank 185. An oxygen sensor 170, containing a third pressure sensor 176 and/or a
second temperature sensor 175, may be employed to sense the nitrogen enriched air
produced by the ASMs 160. The oxygen sensor 170 communicates data to the controller
190 regarding the sensed nitrogen enriched air. A nitrogen enriched air valve 180 may be
employed downstream from the oxygen sensor 170. Based on the data received from the
oxygen sensor 170, the controller 190 may control the nitrogen enriched air valve 180 to

regulate the flow of nitrogen enriched air to the fuel storage tank 185.

[0047] 1In step 355, controller 190 determines whether ASMs 160 should be replaced.
In one example, controller 190 determines whether ASMs 160 should be replaced based
on a comparison of their level of wear (e.g., as determined above in step 320) to a
threshold value. For example, the controller&190 may determine that the ASMs 160
should be replaced when the level of wear of any one ASM 160 exceeds 100 hours of
effective use. As described above, the level of wear may be an actual amount of time as
modified by intensity and/or pressure drop. In another example, controller 190
determines whether the ASMs 160 should be replaced based on a comparison of pressure
drop across the active ASM(s) 160 (e.g., as determined above in step 320) to a threshold
value. For example, the controller 190 may determine that the ASMs 160 should be
replaced when the pressure drop of any one ASM 160 (or any group of ASMs 160)

exceeds a manufacturer’s specification.

[0048] In step 360, the controller 190 provides an indication that the ASMs 160 should
be replaced based on the determination made in step 355. For example, the controller

190 may generate a signal that illuminates an indicator in a cockpit of an airplane.

[0049] Although the invention is illustrated and described herein with reference to
specific embodiments, the invention is not intended to be limited to the details shown.
Rather, various modifications may be made in the details within the scope and range of

equivalents of the claims and without departing from the invention.
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What is Claimed:
1. A system for inerting fuel, comprising:
an air inlet passage configured to receive inlet air;

a plurality of air separation modules configured to separate oxygen from the inlet

air when received;

a plurality of air separation module valves coupled between the air inlet passage
and the plurality of air separation modules, each of the plurality of air separation module
valves associated with one of the plurality of air separation modules such that opening of
one of the air separation module valves passes at least a portion of inlet air from the air
inlet passage to the air separation module associated with the one of the air separation

module valves; and

a controller coupled to each of the plurality of air separation module valves, the
controller configured to selectively open each of the plurality of air separation module
valves such that each of the plurality of air separation modules receives a substantially

equal level of wear.

2. The system of claim 1, wherein the controller is further configured to determine the

level of wear for each of the plurality of air separation modules.

3. The system of claim 1, further comprising a first pressure sensor configured to
detect pressure upstream of the plurality of air separation modules and a second pressure
sensor configured to detect pressure downstream of the pluraljty of air separation

modules; and

wherein the controller is coupled to the first pressure sensor and the second
pressure sensor and is further configured to detect a pressure drop over at least one of
the plurality of air separation modules based on a difference between pressure detected at

the first pressure sensor and pressure detected at the second pressure sensor.

4, The system of claim 3, wherein the controller is further configured to determine
that one or more of the plurality of air separation modules needs replacement when the

pressure drop exceeds a replacement threshold value.

5. The system of claim 2, wherein the controller is further configured to determine
that one or more of the plurality of air separation modules needs replacement when the
amount of time open for the one or more of the plurality of air separation module valves

exceeds a threshold value.
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6. The system of claim 2, wherein the controller is further configured to determine the
level of wear one of the plurality of air separation module receives based on the amount of

time the one air separation module receives the portion of inlet air.

7. The system of claim 2, wherein the controller is further configured to determine the
level of wear one of the plurality of air separation module receives based on the intensity

of the portion of inlet air received by the air separation modules.

8. The system of claim 1, wherein the plurality of air separation modules is coupled to
a fuel storage tank and wherein the plurality of air separation modules provides nitrogen
enriched air at a rate corresponding to the rate of fuel being removed from the fuel

storage tank.
9. A method for inerting fuel, comprising:

associating each of a plurality of air separation module valves to one of a plurality
of air separation modules, the air separation modules being configured to separate oxygen

from a portion of inlet air when active to produce nitrogen enriched air;

passing the portion of inlet air from an inlet air passage to the plurality of air

separation module valves;

selectively opening each of the plurality of air separation module valves such that
an amount of active time for each of the plurality of air separation modules is substantially

equal; and

directing the nitrogen enriched air produced by the plurality of air separation

modules to a fuel storage tank.
10. A method for inerting fuel, comprising:

determining a level of wear for each of a plurality of air separation modules

configured to produce nitrogen enriched air;

selectively opening each of a plurality of air separation module valves such that

each of the plurality of air separation modules has a similar level of wear; and

directing the nitrogen enriched air produced by the plurality of air separation

modules to a fuel storage tank.
11. The method of claim 10, further comprising:

determining a pressure drop across at least one of the plurality of air separation
modules by detecting a pressure upstream of the plurality of air separation modules and

detecting a pressure downstream of the plurality of air separation modules; and
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identifying at least one of the plurality of air separation modules for replacement
when the pressure drop exceeds a threshold value.

12. The method of claim 10, wherein the determining step comprises determining the
fevel of wear for one or more of the plurality of air separation modules based on the

amount of time the one or more air separation modules receives the portion of inlet air.

13. The method of claim 10, wherein the determining step comprises determining the
level of wear for one or more of the plurality of air separation modules based on the

intensity of the portion of inlet air received by the one or more air separation modules.
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