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(57) Abrégé/Abstract:

A cooling system for a fuel tank of an aircraft includes a temperature sensor, a cooling system, and a control module. The
temperature sensor detects a fuel temperature within the fuel tank. The cooling system maintains the fuel temperature below a
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control temperature. The phase change cooling system includes a heat exchanger. A cooling fluid flows through the heat
exchanger and is in thermal communication with a surface of the fuel tank. The control module is in signhal communication with the
temperature sensor and the cooling system. The control module includes control logic for monitoring the temperature sensor,
determining if the fuel temperature is above the control temperature, and generating an activation signal.
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ABSTRACT

A cooling system for a fuel tank of an aircraft includes a temperature
sensor, a cooling system, and a control module. The temperature sensor detects
a fuel temperature within the fuel tank. The cooling system maintains the fuel
temperature below a control temperature. The phase change cooling system
includes a heat exchanger. A cooling fluid flows through the heat exchanger and
is in thermal communication with a surface of the fuel tank. The control module
is in signal communication with the temperature sensor and the cooling system.
The control module includes control logic for monitoring the temperature sensor,
determining if the fuel temperature is above the control temperature, and

generating an activation signal.
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COOLING SYSTEM FOR A CENTER WING TANK OF AN AIRCRAFT
FIELD

The disclosed system relates to a system for controlling the fuel temperature of
an aircraft and, more particularly, to a cooling system for maintaining the
temperature of fuel located within a fuel tank of an aircraft below a control

temperature and above a lower limit temperature.
BACKGROUND

Fuel tanks may be located within the outboard portion of wings of an aircraft, and
are referred to as wing tanks. Some types of aircraft may include multiple main
tanks and a reserve tank located within each wing. The aircraft may also include
a center wing tank located within a fuselage of the aircraft. The center wing tank
may also include an inboard portion of the wings on some aircraft. The center
wing tank may also be located proximate to a heat source. One example of a
heat source proximate to the center wing tank is an air conditioning (AC) pack,
which is part of an environmental control system (ECS) of the aircraft. Although
the aircraft consumes liquid fuel, the fuel tanks within the aircraft all contain some
amount of air and fuel vapor above the upper surface of the fuel, which is
commonly referred to as ullage. During relatively long flights a large quantity of
fuel may be consumed, which in turn increases the ullage volume in the fuel
tanks of the aircraft. The ullage may contain reactive components such as
oxygen and fuel vapors. Additionally, the ullage may also contain other gases or
vapors from the atmosphere, or that are generated by the aircraft and routed into

the fuel tanks.

The center wing tank’s proximity to heat sources, such as the AC packs, may
increase the temperature of the fuel as well as the reactive components

contained within the center wing tank of the aircraft. Some types of aircraft
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currently available may include an inerting system that provides an inerting gas
to the center wing tank as well as the other fuel tanks within the aircraft, thereby
altering the ullage gas composition. However, there exists a continuing need in
the art for other types of simple, cost-effective approaches for managing the

reactive components within the ullage of an aircraft.
SUMMARY

In one aspect, a cooling system for a fuel tank of an aircraft includes a
temperature sensor, a cooling system, and a control module. The temperature
sensor detects a fuel temperature within the fuel tank. The cooling system
maintains the fuel temperature below a control temperature. The cooling system
includes a heat exchanger. A cooling fluid flows through the heat exchanger and
is in thermal communication with a surface of the fuel tank. The control module
is in signal communication with the temperature sensor and the cooling system.
The control module includes control logic for monitoring the temperature sensor,
determining if the fuel temperature is above the control temperature, and
generating an activation signal to activate the cooling system if the fuel

temperature is above the control temperature.

In another aspect, a method of cooling a center wing tank of an aircraft is
disclosed. The method includes detecting a fuel temperature within the center
wing tank by a temperature sensor. The method also includes monitoring the
temperature sensor by a control module. The control module is in signal
communication with the temperature sensor. The method further includes
determining if the fuel temperature is above a control temperature by the control
module. The method also includes generating an activation signal, by the control
module, if the fuel temperature is above the control temperature. The method
includes activating a cooling system if the activation signal is generated. Finally,

the method includes flowing a cooling fluid through a heat exchanger if the
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cooling system is activated. The cooling fluid is in thermal communication with a

surface of the center wing tank.

In one embodiment, there is provided a system for cooling a fuel tank of an
aircraft. The fuel tank defines a surface. The system includes a temperature
sensor for detecting a fuel temperature within the fuel tank. The cooling system
maintains the fuel temperature below a control temperature. The system further
includes a cooling system including a heat exchanger. The heat exchanger is in
thermal communication with a surface of the fuel tank and includes a cooling loop
configured to contact the surface of the fuel tank. A cooling fluid flows through
the cooling loop and draws heat from the surface of the fuel tank to provide
cooling to fuel within the fuel tank. The cooling loop is not in contact with the fuel
within the fuel tank. The system further includes a control module in signal
communication with the temperature sensor and the cooling system. The control
module includes control logic for: monitoring the temperature sensor; determining
the fuel temperature is above the control temperature; and generating an
activation signal to activate the cooling system in response to determining the

fuel temperature is above the control temperature.

The control temperature may be based on a flash point of a fuel and an ullage

pressure of the fuel tank.
The cooling loop may be embedded within a lowermost surface of the fuel tank.

The cooling loop may be arranged in a serpentine configuration along a

lowermost surface of the fuel tank.

The control temperature may be a predetermined margin below a lower

flammability limit (LFL) temperature of a fuel.

The control temperature may range from about 10°C to about 32°C.
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The system may further include a heat shield located directly below the heat

exchanger.

The system may further include means for directing cooling air to flow around

heat generating components of the cooling system.

The cooling system may include a condenser, an expansion valve, and a

refrigerant.

The cooling fluid may be the refrigerant, and the refrigerant may flow through the

heat exchanger to provide cooling to the fuel tank.

The control module may include control logic for generating a deactivation signal
to deactivate the cooling system. The control module may generate the
deactivation signal in response to the temperature sensor indicating the fuel

temperature is at a lower limit temperature.

The lower limit temperature may range from about 0°C below the control

temperature to about 5°C below the control temperature.

In another embodiment, there is provided a method of cooling a center wing tank
of an aircraft. The center wing tank defines a surface. The method involves
detecting a fuel temperature within the center wing tank by a temperature sensor
and monitoring the temperature sensor by a control module. The control module
is in signal communication with the temperature sensor. The method further
involves determining the fuel temperature is above a control temperature by the
control module and generating an activation signal, by the control module, in
response to determining the fuel temperature is above the control temperature.
The control module is in signal communication with a cooling system including a
heat exchanger. The heat exchanger includes a cooling loop configured to

contact the surface of the center wing tank and the cooling loop is not in contact

2b
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with fuel within the center wing tank. The method further involves activating the
cooling system in response to generating the activation signal and flowing
cooling fluid through the cooling loop in response to activating the cooling
system. The cooling fluid draws heat from the surface of the center wing tank to

provide cooling to the fuel within the center wing tank.

The method may further involve providing a heat shield located directly below the

heat exchanger.

The method may further involve providing cooling air around heat generating

components of the cooling system.

The may further involve generating a deactivation signal by the control module in
response to the temperature sensor indicating the fuel temperature is at a lower

limit temperature. The deactivation signal may deactivate the cooling system.

The cooling loop may be embedded within a lowermost surface of the center

wing tank.

Other objects and advantages of the disclosed method and system will be
apparent from the following description, the accompanying drawings and the

appended claims.

2c
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BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is an illustration of an aircraft including a center wing tank;

FIG. 2 is a schematic diagram of the center wing tank shown in FIG. 1, an air

conditioning (AC) pack, and a center wing tank cooling system;
FIG. 3 is a view of a lowermost surface the center wing tank shown in FIG. 2;

FIG. 4 is an alternative embodiment of the center wing tank cooling system

shown in FIG. 2 further including a heat shield; and

FIG. 5 is yet another embodiment of the center wing tank cooling system shown

in FIG. 4, where cooling air may flow between the heat shield and the AC pack.

DETAILED DESCRIPTION

As shown in FIG. 1, the disclosed aircraft 10 may include a fuselage 20 and
wings 22. The aircraft 10 may also include a center wing tank 24 positioned at
least partially in the fuselage 20 of the aircraft 10 and adjacent to both the
wings 22. Referring to both FIGS. 1 and 2, the center wing tank 24 may be
positioned proximate to one or more air conditioning (AC) packs 30 (shown in
FIG. 2). Those skilled in the art will readily appreciate that the AC pack 30 is an
apparatus responsible for conditioning air drawn from outside the aircraft 10 and
supplied to a cabin 34. The AC pack 30 may be part of an environmental control
system (ECS) 32 of the aircraft 10. The ECS 32 may be used to control various

CA 2909723 2019-02-21
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parameters in the cabin 34 located within the fuselage 20 of the aircraft 10 such

as, for example, air temperature, pressure, and humidity.

Turning now to FIG. 2, the center wing tank 24 may be used to contain or hold
fuel 40 that is used for eventual consumption by the aircraft 10 (FIG. 1). The
center wing tank 24 may also contain a volume of gases above the fuel surface,
which is referred to as ullage 42. For example, in the embodiment as shown in
FIG. 2, a majority of the fuel 40 contained within the center wing tank 24 has
been consumed such that the fuel 40 is at a minimum level 48. Accordingly, the
ullage 42 is at its maximum volume. The center wing tank 24 may be positioned
proximate to the AC pack 30 such that the AC pack 30 acts as a heat source that
raises the temperature of the fuel 40 contained within the center wing tank 24.
Heated fuel 40 may produce fuel vapors 44 within the center wing tank 24, which
are evaporated into the ullage 42. In particular, the fuel 40 may settle along a
lowermost surface 50 of the center wing tank 24. The lowermost surface 50 of
the center wing tank 24 may be positioned adjacent to one or more of the AC
packs 30 such that the AC packs 30 may heat and thereby raise the temperature
of the fuel 40 settled along the lowermost surface 50 of the center wing tank 24.
Although an AC pack 30 is illustrated, it is to be understood that the center wing
tank 24 may be exposed to other sources of heat within the aircraft 10 (FIG. 1)
instead such as, for example, heat from the cabin 34 (FIG. 1), other fuel tanks

located within the aircraft 10, or hydraulic heat exchangers.

In order to reduce the temperature of the fuel 40 located within the center wing
tank 24, a center wing tank cooling system 60 may be positioned between the
lowermost surface 50 of the center wing tank 24 and the AC pack 30. Those
skilled in the art will readily appreciate that although a center wing tank 24 is
described, the disclosed cooling system may be applied to other types of fuel
tanks located within the aircraft 10 (FIG. 1) as well, and that the disclosure

should not be limited to only cooling the center wing tank 24.

4
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The center wing tank cooling system 60 may be used to maintain the
temperature of the fuel 40 below a predetermined or control temperature, which
is explained in greater detail below. The control temperature may be a
predetermined amount below a lower flammability limit (LFL) temperature of the
fuel 40. The control temperature may act as a margin or buffer to ensure that the
fuel 40 is maintained below the LFL temperature. The LFL temperature may be
a function of the flash point of the fuel 40 and fuel tank ullage pressure. In an
embodiment where the center wing tank 24 is an open vented tank, the fuel tank
ullage pressure is about atmospheric pressure at altitude. Thus, the control
temperature is also based on the flash point of the fuel 40 and fuel tank ullage
pressure. For example, if the LFL temperature of one commonly used fuel type
is about 38°C (100°F) at a given pressure, then the control temperature may
range from about 10°C (80°F) to about 32°C (88°F). However, it is to be
understood that these ranges for the predetermined margin are merely

exemplary in nature, and may be modified.

The center wing tank cooling system 60 may include a cooling unit 70 and a
control module 72. In the exemplary embodiment as shown, the cooling unit 70
may include a compressor 80, a condenser 82, an expansion valve 84, and a
heat exchanger 86. Those skilled in the art will appreciate that the compressor
80, the condenser 82, the expansion valve 84, and the heat exchanger 86 create
a phase change cooling system 92. The phase change cooling system 92
utilizes a cooling fluid, such as refrigerant 94, that undergoes phase transitions
from a liquid to a gas and back again to a liquid in order to provide cooling to the

center wing tank 24.

It is to be understood that the center wing tank cooling system 60 should not be
limited to only a phase change based cooling system where the refrigerant 94
undergoes phase transitions in order to provide cooling to the center wing tank

24 Instead, those skilled in the art will readily appreciate that the phase change

5
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cooling system 92 as illustrated in the figures is merely exemplary in nature and
that any other type of cooling system may be used as well such as, for example,
an air cycle cooling system or a liquid cooling system. For example, in one
approach, bleed air extracted from one or more main engines of the aircraft 10
may be used to provide cooling to the center wing tank 24. Moreover, although
refrigerant 94 is described, it is to be understood that any other type of cooling
fluid may be used as well to draw heat from the center wing tank 24 depending
on the specific type of cooling system. For example, the cooling fluid may be a
liquid if the cooling system is a liquid cooling system, or a gas such as air if the

cooling system is an air cycle cooling system.

The exemplary phase change cooling system 92 operates by compressing the
refrigerant 94 in gaseous form by the compressor 80, dissipating heat from the
gas through the condenser 82 to cause the gas to condense into a fluid, passing
the fluid through the expansion valve 84, and allowing the fluid to flow through
the heat exchanger 86. As seen in FIG. 2, cooling air 96 may flow over the
condenser 82. The cooling air 96 may be used to draw heat from the gas flowing
through the condenser 82. The cooling air 96 may be ram air drawn from outside
the aircraft 10 (FIG. 1). Alternatively, in another embodiment, the cooling air 96

may be generated by one or more cooling fans (not illustrated in the figures).

The heat exchanger 86 may be any type of device that allows for cooling fluid to
flow through and draw heat from the surrounding environment. For example, in
the embodiment as shown in heat exchanger 86 is an evaporator that allows the
refrigerant 94 to evaporate from liquid form back to gas form, while drawing heat.
In the embodiment as shown in FIG. 2 the refrigerant 94, which is in gas form, is
transported back to the compressor 80. The heat exchanger 86 may be located
along the lowermost surface 50 of the center wing tank 24. The heat exchanger
86 may be used to provide cooling to the fuel 40 located within the center wing
tank 24.
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Turning now to FIG. 3, the lowermost surface 50 of the center wing tank 24 and
the heat exchanger 86 are illustrated. The heat exchanger 86 may include a
cooling loop 74, an inlet 110 and an outlet 112. The refrigerant 94 exiting the
expansion valve 84 (FIG. 2) enters the heat exchanger 86 through the inlet 110
of the cooling loop 74. As seen in FIG. 3, the cooling loop 74 is disposed along
the lowermost surface 50 of the center wing tank 24. The refrigerant 94 flows
through the cooling loop 74 in liquid form and draws heat from the lowermost
surface 50 of the center wing tank 24, thereby providing cooling to the fuel 40 of
the center wing tank 24 (FIG. 2). In other words, the refrigerant 94 is in thermal
communication with the lowermost surface 50 of the center wing tank 24 and is
used to lower and control the temperature of the fuel 40 (FIG. 2) contained within
the center wing tank 24. As explained above, although refrigerant 94 is
discussed, those skilled in the art will readily appreciate that any other type of
cooling fluid may be used as well to draw heat from the lowermost surface 50 of

the center wing tank 24.

Those skilled in the art will also appreciate that while the cooling loop 74 is
disposed along the lowermost surface 50 of the center wing tank 24, the cooling
loop 74 may be disposed along any other surface of the center wing tank 24 as
well. However, placing the cooling loop 74 of the heat exchanger 86 along the
lowermost surface 50 may provide the most effective cooling available, since the

AC packs 30 (FIG. 1) radiate heat directly below the center wing tank 24.

In the exemplary embodiment as shown in FIG. 3, the cooling loop 74 of the heat
exchanger 86 is arranged in a serpentine configuration along substantially the
entire lowermost surface 50 of the center wing tank 24. However, it is to be
understood that the cooling loop 74 may be arranged in other configurations
along the lowermost surface 50 of the center wing tank 24 as well. For example,
in another embodiment, the cooling loop 74 may be arranged in a coil

configuration along the lowermost surface 50 of the center wing tank 24.

7
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Moreover, although FIG. 3 illustrates the cooling loop 74 covering substantially
the entire lowermost surface 50 of the center wing tank 24, those skilled in the art
will appreciate that the cooling loop 74 may only cover a portion of the lowermost
surface 50 of the center wing tank 24 as well. Finally, in the embodiment as
illustrated in the figures, the cooling loop 74 contacts the lowermost surface 50 of
the center wing tank 24. However, it is 10 be understood that in an alternative
embodiment, the cooling loop 74 may be embedded or contained within the

lowermost surface 50 of the center wing tank 24 as well.

Turning back to FIG. 2, the control module 72 may be in signal communication
with both the phase change cooling system 92 and a temperature sensor 140.
Additionally, the control module 72 may also be in communication with aircraft
signals, switches, or sensors that indicate aircraft altitude, pressure, or fuel
quantity within the center wing tank 24. For example, the control module 72 may
monitor aircraft altitude using a dedicated pressure sensor, or by communication
with an existing airplane altitude signal. The temperature sensor 140 detects the
temperature of the fuel 40 within the center wing tank 24. The temperature
sensor 140 may be located along a lowermost portion 142 of the center wing
tank 24. Specifically, it should be appreciated that the temperature sensor 140
may be positioned along the lowermost portion 142 within the center wing tank
24 in order to detect the temperature of the fuel 40 located closest to the AC
packs 30. In other words, the temperature sensor 140 may be positioned within
the center wing tank 24 (or another type of fuel tank, if applicable) in order to
monitor the hottest portion of the fuel 40 located within the center wing tank 24.
Those skilled in the art will readily appreciate that the temperature sensor 140
may be a pre-existing sensor that is already part of the center wing tank 24. In
other words, the center wing tank cooling system 60 does not require a
specialized sensor in order to determine fuel temperature, which in turn reduces

the overall cost and complexity of the center wing tank cooling system 60.
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The control module 72 may refer to, or be part of, an application specific
integrated circuit (ASIC), an electronic circuit, a combinational logic circuit, a field
programmable gate array (FPGA), a processor (shared, dedicated, or group) that
executes code, or a combination of some or all of the above, such as in a
system-on-chip. The control module 72 includes control logic for monitoring the
temperature sensor 140. In addition to receiving the temperature of the fuel 40
from the temperature sensor 140, the control module 72 may also receive as

input aircraft altitude.

The control module 72 also includes control logic for selectively activating the
phase change cooling system 92 based on a fuel temperature and the aircraft
altitude. Specifically, the control module 72 monitors the temperature sensor 140
to determine if the fuel temperature is above or below the control temperature.
The control module 72 also includes control logic for monitoring the aircraft
altitude to determine the appropriate control temperature for the fuel 40. As
explained above, the LFL temperature of the fuel 40 is based on the fuel tank
ullage pressure, and the aircraft altitude is indicative of the fuel tank ullage
pressure. In the exemplary embodiment as shown in FIG. 2, the control module
72 is in signal communication with the compressor 80, and activates the phase
change cooling system 92 by engaging the compressor 80 based on the fuel
temperature and the aircraft altitude. However, those skilled in the art will readily
appreciate that if the cooling system is a liquid cooling system or an air cycle
cooling system, then the control module 72 may be in communication with other
components of the center wing tank cooling system 60 that control the flow of

cooling fluid.

In the event the fuel temperature is above the control temperature, then the
control module 72 includes control logic for sending an activation signal for
activating the phase change cooling system 92. Specifically, in the embodiment

as shown in FIG. 2, the compressor 80 is engageable by the activation signal.

9
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Once the compressor 80 is engaged, the center wing tank cooling system 60 is
operable to provide cooling to the lowermost surface 50 of the center wing tank
24. Specifically, if the phase change cooling system 92 is activated and the
compressor 80 is engaged, the refrigerant 94 may undergo phase transitions in

order to provide cooling to the lowermost surface 50 of the center wing tank 24.

The control module 72 continues to keep the phase change cooling system 92
activated (i.e., the compressor 80 remains engaged) until the fuel 40 located
within the center wing tank 24 has been cooled to a lower limit temperature. The
lower limit temperature may be a predetermined amount below the control
temperature of the fuel. For example, in one embodiment, the lower limit
temperature may range from about 0°C below the control temperature to about
5°C below the control temperature, however it is to be understood that these
ranges are merely exemplary in nature and may be modified depending on
system constraints. In one approach, the lower limit temperature of the fuel 40
may be set or determined such that any liquid water located within the center

wing tank 24 may not freeze.

The lower limit temperature may be used to ensure that the center wing tank
cooling system 60 does not continue to provide cooling to the center wing tank
24 if the lowermost surface 50 has already been cooled sufficiently. Thus, once
the temperature sensor 140 indicates that the fuel 40 is at or below the lower limit
temperature, the control module 72 may send a deactivation signal to deactivate
the phase change cooling system 92.  Specifically, in the non-limiting
embodiment as shown in FIG. 2, the deactivation signal may be used to
disengage the compressor 80. Once the phase change cooling system 92 is
deactivated, the center wing tank cooling system 60 is no longer operable to

provide cooling to the lowermost surface 50 of the center wing tank 24.

In one exemplary embodiment, the control module 72 may further include

forward thinking logic that determines a specific turn-on time as well as a turn-off
10
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time of the center wing tank cooling system 60. Specifically, the control module
72 may monitor the heating rate or thermal inertia of the fuel 40 by continuously
monitoring the temperature sensor 140 over a specified period of time. The
control module 72 may also monitor a fuel level of the fuel 40 within the center
wing tank 24 as well by monitoring a liquid level sensor (not illustrated). The
control module 72 may then determine the specific turn-on time of the center
wing tank cooling system 60 based on the thermal inertia as well as the fuel level
of the fuel 40. Additionally, the control module 72 may also determine the
specific turn-off time of the center wing tank cooling system 60 based on the
thermal inertia as well as the fuel level of the fuel 40. Those skilled in the art will
readily appreciate that the forward thinking logic of the control module 72 may set
the turn-on and the turn-off times of the compressor 80 based on real time trends
in the fuel level as well as the heating or cooling rate of the fuel 40, and may
ultimately provide a more efficient approach for maintaining the temperature of

the fuel 40 below the control temperature.

FIG. 4 is an alternative embodiment of the center wing tank cooling system 60.
In particular, a heat shield 150 may be placed directly below the heat exchanger
86. The heat shield 150 may be used to deflect heat radiated by heat generating
components of the center wing tank cooling system 60 such as, for example, the
compressor 80 (shown in FIG. 2). Thus, the heat shield 150 may reduce
temperature of the fuel 40 located within the center wing tank 24. As a result, the
center wing tank cooling system 60 may be activated less often or for a shorter
period of time. Moreover, the center wing tank cooling system 60 may also be
smaller and more compact when compared to a cooling system where the heat
shield 150 is not included.

FIG. 6 is yet another embodiment of the center wing tank cooling system 60
including the heat shield 150. In the embodiment as shown in FIG. 5, cooling air

160 may be introduced around the heat generating components of the center

11
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wing tank cooling system 60 (i.e., the compressor 80 shown in FIG. 2) as well as
the AC pack 30. The cooling air 160 may be used to dissipate heat radiated by
the heat generating components of the center wing tank cooling system 60 as
well as the AC pack 30. The cooling air 160 may either be ram air drawn from
outside the aircraft 10 (FIG. 1), or air generated by a cooling fan (not illustrated in
the figures). In the event the cooling air 160 is ram air, it is to be understood that
the heat shield 150 may be omitted. The cooling air 160 may further reduce
temperature of the fuel 40 located within the center wing tank 24. Thus, the
center wing tank cooling system 60 may be activated less often or for a short
period of time. Moreover, the center wing tank cooling system 60 may also be
smaller and more compact when compared to a cooling system where the

cooling air 160 is not used.

Referring generally to the figures, the disclosed center wing tank cooling system
may provide a relatively simple approach for maintaining the temperature of fuel
located within the center wing tank of the aircraft. Those skilled in the art will
readily understand the importance of maintaining the temperature of the fuel
within the center wing tank substantially below the LFL temperature. The
disclosed center wing tank cooling system provides an automated, cost-effective
approach for maintaining the temperature of the fuel within the center wing tank
at or below the control temperature to ensure the fuel temperature is within a

specific range.

While the forms of apparatus and methods herein described constitute preferred
aspects of this disclosure, it is to be understood that the disclosure is not limited
to these precise forms of apparatus and methods, and the changes may be

made therein without departing from the scope of the disclosure.

12



EMBODIMENTS IN WHICH AN EXCLUSIVE PROPERTY OR PRIVILEGE IS
CLAIMED ARE DEFINED AS FOLLOWS:

1. A system for cooling a fuel tank of an aircraft, wherein the fuel tank

defines a surface, the system comprising:

a temperature sensor for detecting a fuel temperature within the fuel
tank, wherein the cooling system maintains the fuel temperature

below a control temperature;

a cooling system including a heat exchanger, wherein the heat
exchanger is in thermal communication with a surface of the fuel
tank and comprises a cooling loop configured to contact the surface
of the fuel tank, wherein a cooling fluid flows through the cooling
loop and draws heat from the surface of the fuel tank to provide
cooling to fuel within the fuel tank, and wherein the cooling loop is

not in contact with the fuel within the fuel tank; and

a control module in signal communication with the temperature
sensor and the cooling system, the control module including control

logic for:
monitoring the temperature sensor;

determining the fuel temperature is above the control

temperature; and

generating an activation signal to activate the cooling system
in response to determining the fuel temperature is above the

control temperature.

2. The system as recited in claim 1, wherein the control temperature is based

on a flash point of a fuel and an ullage pressure of the fuel tank.

13
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1.

The system as recited in claim 1, wherein the cooling loop is embedded

within a lowermost surface of the fuel tank.

The system as recited in claim 1, wherein the cooling loop is arranged in a

serpentine configuration along a lowermost surface of the fuel tank.

The system as recited in claim 1, wherein the control temperature is a
predetermined margin below a lower flammability limit (LFL) temperature

of a fuel.

The system as recited in claim 1, wherein the control temperature ranges
from about 10°C to about 32°C.

The system as recited in claim 1, further comprising a heat shield located

directly below the heat exchanger.

The system as recited in any one of claims 1 to 6, further comprising
means for directing cooling air to flow around heat generating components

of the cooling system.

The system as recited in claim 1, wherein the cooling system comprises a

condenser, an expansion valve, and a refrigerant.

The system as recited in claim 9, wherein the cooling fluid is the
refrigerant, and wherein the refrigerant flows through the heat exchanger

to provide cooling to the fuel tank.

The system as recited in claim 1, wherein the control module includes
control logic for generating a deactivation signal to deactivate the cooling
system, wherein the control module generates the deactivation signal in
response to the temperature sensor indicating the fuel temperature is at a

lower limit temperature.
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12. The system as recited in claim 11, wherein the lower limit temperature
ranges from about 0°C below the control temperature to about 5°C below

the control temperature.

13. A method of cooling a center wing tank of an aircraft, wherein the center

wing tank defines a surface, comprising:

detecting a fuel temperature within the center wing tank by a

temperature sensor;

monitoring the temperature sensor by a control module, wherein the
control module is in signal communication with the temperature

Sensor,

determining the fuel temperature is above a control temperature by

the control module;

generating an activation signal, by the control module, in response
to determining the fuel temperature is above the control
temperature, wherein the control module is in signal communication
with a cooling system including a heat exchanger, and wherein the
heat exchanger comprises a cooling loop configured to contact the
surface of the center wing tank and the cooling loop is not in contact

with fuel within the center wing tank;

activating the cooling system in response to generating the

activation signal; and

flowing cooling fluid through the cooling loop in response to
activating the cooling system, wherein the cooling fluid draws heat
from the surface of the center wing tank to provide cooling to the

fuel within the center wing tank.
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14.

15.

16.

17.

The method of claim 13, comprising providing a heat shield located

directly below the heat exchanger.

The method of claim 14, comprising providing cooling air around heat

generating components of the cooling system.

The method of claim 13, comprising generating a deactivation signal by
the control module in response to the temperature sensor indicating the
fuel temperature is at a lower limit temperature, wherein the deactivation

signal deactivates the cooling system.

The method of claim 13, wherein the cooling loop is embedded within a

lowermost surface of the center wing tank.
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