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(57) Abstract: According to one embodiment, a cooling system for heat-generating structures comprises a cooling loop and a
heat exchanger. The cooling loop directs a flow of a fluid coolant to both an active heat-generating structure and an inactive heat-
generating structure. The fluid coolant receiving thermal energy from the active heat- generating structure and transfers thermal
energy to the inactive heat-generating structure when a temperature of the fluid coolant is greater than an ambient temperature of an
environment surrounding the heat-generating structures. The active heat-generating structure is operable to switch to an inactive state
and the inactive heat-generating structure is operable to switch to an active state. The heat exchanger is in thermal communication
with the first and second heat-generating structures and is operable to receive the fluid coolant at a first temperature and dispense of
the fluid coolant out of the heat exchanger at a second temperature.
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SYSTEM AND METHOD FOR COOLING STRUCTURES HAVING BOTH AN
ACTIVE STATE AND AN INACTIVE STATE

TECHNICAL FIFLD OF THE INVENTION

This invention relates generally to the field of cooling systems and, more
particularly, to a system and method for cooling structures having both an active state

and an inactive state.

BACKGROUND OF THE INVENTION

A variety of different types of structures can generate heat or thermal energy
in operation. To prevent such structures from over heating, a variety of different types
of cooling systems may be utilized to dissipate the thermal energy. The ability to cool
may be limited, however, by the amount of structures needing to be cooled and the

current state of each structure (i.e. active, inactive, standby).

SUMMARY OF THE INVENTION

According to one embodiment, a cooling system for heat-generating structures

comprises a cooling loop and a heat exchanger. The cooling loop directs a flow of a
fluid coolant to both an active heat-generating structure and an inactive heat-
generating structure. The fluid coolant receiving thermal energy from the active heat-
generating structure and transfers thermal energy to the inactive heat-generating
structure when a temperature of the fluid coolant is greater than an ambient
temperature of an environment surrounding the heat-generating structures. The active
heat-generating structure is operable to switch to an inactive state and the inactive
heat-generating structure is operable to switch to an active state. The heat exchanger
is in thermal communication with the first and second heat-generating structures and
is operable to receive the fluid coolant at a first temperature and dispense of the fluid
coolant out of the heat exchanger at a second temperature.

Certain embodiments of the invention may provide numerous technical
advantages. For example, a technical advantage of one embodiment may include the

capability to prevent the thermal shock associated with activating a previously
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inactive structure. For example, the same fluid coolant used to cool an active structure
may also be used to heat an inactive structure, keeping the inactive structure at an
optimum working temperature. Other technical advantages of other embodiments may
include the capability to cool a phased array antenna located on a mast of a ship. Still
yet other technical advantages of other embodiments may include the capability to use
sensors to measure the health of a cooling system.

Although specific advantages have been enumerated above, various
embodiments may include all, some, or none of the enumerated advantages.
Additionally, other technical advantages may become readily apparent to one of

ordinary skill in the art after review of the following figures and description.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of example embodiments of the present
invention and its advantages, reference is now made to the following description,
taken in conjunction with the accompanying drawings, in which:

FIGURE 1 is a block diagram of an embodiment of a cooling system that may
be utilized in conjunction with embodiments of the present invention;

FIGURE 2 is a diagram of one embodiment of a system with more than one
structure needing to be cooled;

FIGURE 3 is a block diagram of an embodiment of a cooling system that may
cool more than one heat-generating structure;

FIGURE 4 is a block diagram of an embodiment of a cooling system that may
cool more than one heat-generating structure; and

FIGURE 5 is a block diagram of an embodiment of a cooling system that may

cool more than one heat-generating structure.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS OF THE
INVENTION

It should be understood at the outset that although example embodiments of

the present invention are illustrated below, the present invention may be implemented
using any number of techniques, whether currently known or in existence. The present

invention should in no way be limited to the example embodiments, drawings, and
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techniques illustrated below, including the embodiments and implementation
illustrated and described herein. Additionally, the drawings are not necessarily drawn
to scale.

Conventionally, cooling systems may be used to cool commercial and military
applications. Although these cooling systems may minimize a need for conditioned
air, they may be limited by the amount of structures being cooled and the current state
of each structure (i.e. active, inactive, standby).

FIGURE 1 is a block diagram of an embodiment of a cooling system that may
be utilized in conjunction with embodiments of the present invention. Although the
details of one cooling system will be described below, it should be expressly
understood that other cooling systems may be used in conjunction with embodiments
of the invention.

The cooling system 10 of FIGURE 1 is shown cooling a structure 12 that is
exposed to or generates thermal energy. The structure 12 may be any of a variety of
structures, including, but not limited to, electronic components, circuits, computers,
servers, and arrays of a phased array antenna. Because the structure 12 can vary
greatly, the details of structure 12 are not illustrated and described. The cooling
system 10 of FIGURE 1 includes a heat exchanger inlet line 61, a structure inlet line
71, structure heat exchangers 23 and 24, a loop pump 46, inlet orifices 47 and 48, a
heat exchanger 41, a reservoir 42, and a pressure controller 51.

The structure 12 may be arranged and designed to conduct heat or thermal
energy to the structure heat exchangers 23, 24. To receive this thermal energy or heat,
the structure heat exchangers 23, 24 may be disposed on an edge of the structure 12
(e.g., as a thermosyphon, heat pipe, or other device) or may extend through portions
of the structure 12, for example, through a thermal plane of the structure 12. In
particular embodiments, the structure heat exchangers 23, 24 may extend up to the
components of the structure 12, directly receiving thermal energy from the
components. Although two structure heat exchangers 23, 24 are shown in the cooling
system 10 of FIGURE 1, one structure heat exchanger or more than two structure heat
exchangers may be used to cool the structure 12 in other cooling systems.

In operation, a fluid coolant flows through each of the structure heat

exchangers 23, 24. The fluid coolant absorbs heat from the structure 12. To facilitate
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such absorption or transfer of thermal energy, the structure heat exchangers 23, 24
may be lined with pin fins or other similar devices which, among other things,
increase surface contact between the fluid coolant and walls of the structure heat
exchangers 23, 24. Additionally, in particular embodiments, the fluid coolant may be
forced or sprayed into the structure heat exchangers 23, 24 to ensure fluid contact
between the fluid coolant and the walls of the structure heat exchangers 23, 24. In one
embodiment, the fluid coolant may remain in a liquid phase after absorption of heat
from the structure 12. In a further embodiment, the absorption of heat from the
structure 12 may cause at least a portion of the fluid coolant to vaporize.

The fluid coolant departs the exit conduits 27 and flows through the heat
exchanger inlet line 61, the heat exchanger 41, the reservoir 42, a loop pump 46, the
structure inlet line 71, and a respective one of two orifices 47 and 48, in order to again
reach the inlet conduits 25 of the structure heat exchangers 23, 24. The loop pump 46
may cause the fluid coolant to circulate around the loop shown in FIGURE 1. In
particular embodiments, the loop pump 46 may use magnetic drives so there are no
shaft seals that can wear or leak with time. In one embodiment, the loop pump 46 may
control the mass flow rate of the fluid coolant in the loop. For example, the loop pump
46 may increase, decrease, or keep the mass flow rate of the fluid coolant constant.

The orifices 47 and 48, in particular embodiments, may facilitate proper
partitioning of the fluid coolant among the respective structure heat exchangers 23,
24, and may also help to create a large pressure drop between the output of the loop
pump 46 and the heat exchangers 23, 24. The orifices 47 and 48 may have the same
size, or may have different sizes in order to partition the coolant in a proportional
manner which facilitates a desired cooling profile.

A flow 56 of fluid (either gas or liquid) may be forced to flow through the
heat exchanger 41, for example by a fan (not shown) or other suitable device. In
particular embodiments, the flow 56 of fluid may be ambient fluid. The heat
exchanger 41 transfers heat from the fluid coolant to the flow 56 of ambient fluid,
thereby reducing the temperature of the fluid coolant. In one embodiment, the fluid
coolant may be in a liquid phase prior to entering the heat exchanger 41. In this
embodiment, the transfer of heat to the flow 56 may not cause the fluid coolant to

change phases. In another embodiment, at least a portion of the fluid coolant may be
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in a vapor phase prior to entering the heat exchanger 41. In such an embodiment, the
transfer of heat from the vapor fluid coolant to the flow 56 may further cause the fluid
coolant to condense into a liquid phase.

The fluid coolant exiting the heat exchanger 41 may be supplied to the
reservoir 42. In one embodiment, the reservoir 42 may store the fluid coolant when
the cooling system 10 is not in operation. In a further embodiment, the reservoir 42
may be an expansion reservoir. Since fluids typically take up more volume in their
vapor phase than in their liquid phase, the expansion reservoir may be provided in
order to take up the volume of liquid fluid coolant that is displaced when some or all
of the coolant in the system changes from its liquid phase to its vapor phase.

The fluid coolant used in the embodiment of FIGURE 1 may include, but is
not limited to, mixtures of antifreeze and water or water, alone. In particular
embodiments, the antifreeze may be ethanol, methanol, or other suitable antifreeze. In
other embodiments, the fluid coolant may include polyalphaolefin (PAO), a mixture
of water and propylene glycol (PGW), a mixture of water and ethylene glycol (EGW),
HFC-134a, Coolanol, ammonia, brine, or any other suitable fluid coolant.

The pressure controller 51 maintains the fluid coolant at a substantially
constant pressure along the portion of the loop which extends from the orifices 47 and
48 to the loop pump 46, in particular through the structure heat exchangers 23 and 24,
the heat exchanger 41, and the reservoir 42. In particular embodiments, metal bellows
may be used in the reservoir 42, connected to the loop using brazed joints. In
particular embodiments, the pressure controller 51 may control loop pressure by using
a motor driven linear actuator that is part of the metal bellows of the reservoir 42, or
by using a small gear pump to evacuate the loop to the desired pressure level. The
fluid coolant removed may be stored in the metal bellows whose fluid connects are
brazed. In other configurations, the pressure controller 51 may utilize other suitable
devices capable of controlling pressure.

It will be noted that the embodiment of FIGURE 1 may operate without a
refrigeration system. In the context of electronic circuitry, such as may be utilized in
the structure 12, the absence of a refrigeration system can result in a significant
reduction in the size, weight, and power consumption of the structure provided to cool

the circuit components of the structure 12.
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In particular embodiments of a cooling system, more than one structure may
need to be cooled. For example, cooling may be required for more than one server, or
more than one array of a phased array antenna. In a further embodiment, a structure
may not be in use at all times. For example, there may be times when a structure, such
as an array of a phased array antenna, is turned off, or placed in a standby mode. As a
result, the structure may not be exposed to, or may not be generating thermal energy.
Therefore, the structure may not need to be cooled while not in use.

FIGURE 2 is a diagram of one embodiment of a system 100 with more than
one structure needing to be cooled. According to the illustrated embodiment, system
100 includes structures 112a-d.

The structures 112 may be substantially similar to the structure 12 of FIGURE
1. For example, the structures 112 may be any of a variety of structures, including, but
not limited to, electronic components, circuits, computers, servers, and arrays of a
phased array antenna. In one embodiment, each of the structures 112a-d may be the
same type of structure. For example, each of the structures 112a-d may be a computer.
In a further embodiment, one or more of the structures 112a-d may be a different type
of structure. For example, the structure 112a may be a computer while the structure
112b may be a circuit.

According to the illustrated embodiment, the structures 112 face directions
114a-d. As illustrated, the directions 114a-d may each be a different direction. In such
an embodiment, the structures 112a-d may each face a different direction 114. As
illustrated, the direction 114a and the direction 114c may be opposite directions. For
example, the direction 114a and direction the 114c may be angled 180° apart. In a
further illustrated embodiment, the direction 114b and the direction 114d may also be
opposite directions, and thus, may also be angled 180° apart. In an embodiment where
the structures 112 are located on an object, the directions 114 may represent areas of
the object. For example, when the structures 112 are located on a ship, the directions
114a and 114c, for example, may represent either fore and aft of the ship, or port and
starboard of the ship. Although the directions 114 are illustrated as being different
directions, each of the directions 114a-d may be the same direction, or may be
separated by a different degree of angle. In an embodiment where the directions 114a-

d are the same direction, the structures 112a-d may be facing the same direction.
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As discussed above, the structures 112 may not be active at all times. For
example, the structures 112 may be arrays of a phased array antenna. Each of the
structures 112a-d, therefore, may not all be active at the same time. For example, only
the structures 112a and 112c may be active at a certain time. In one embodiment,
when the structures 112a and 112c are active, the structures 112b and 112d may not
be active. In a further embodiment, when the structures 112b and 1124 are active, the
structures 112a and 112c may not be active. As a result, only the structures 112a and
112c, or the structures 112b and 112d are exposed to, or generating thermal energy at
one time.

As further illustrated, the system 100 also includes structure groups 118a and
118b. The structure groups 118 may include one or more of the structures 112. For
example, the structure group 118a may include the structures 112a and 112b, and the
structure group 118b may include the structures 112¢ and 112d. In another
embodiment, the structure group 118a may include one currently active structure 112,
and one currently inactive (standby) structure 112. For example, according to the
illustrated embodiment, the structure 112a of the structure group 118a may be active,
while the structure 112b of the structure group 118a may be inactive. As a result, only
one of the structures 112 of each of the structure groups 118 is active at one time. As
further illustrated, each of the structure groups 118 may further include a cooling
system 119. For example, the structure group 118a includes the cooling system 119a,
and the structure group 118b includes the cooling system 119b. In one embodiment,
the cooling systems 119 may be operable to cool the structures 112, as discussed
further in FIGURE 3.

Various problems exist in conventional techniques for cooling multiple
structures that may not be active at all times. For example, one conventional
technique for cooling multiple structures includes providing a cooling system for each
structure. For example, in a system with four structures needing to be cooled, the
conventional system would also include four cooling systems, one for each structure.
This technique, however, may result in an unnecessary amount of weight
encumbering the conventional system. In particular, when one structure is inactive,
and therefore not being exposed to, or generating thermal energy, the cooling system

for that structure is unnecessary. As a result, the cooling system adds additional
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weight to the conventional system without creating a benefit for the conventional
system. For example, in a system, such as described in FIGURE 2, including four
structures, but having only two of the structures active at any one time, the
conventional system would always have two cooling systems (50 percent of the
cooling systems) that are never in use, and are merely adding extra weight.

A further conventional technique includes multiple structures, but only one
cooling system. For example, when the system includes four structures, such as
described in FIGURE 2, only one cooling system would provide the cooling for all of
the structures. However, in a system where not all of the structures are active at all
times, such as described above, the inactive structures do not need to be cooled.
Therefore, the conventional technique further includes a valve system that diverts the
fluid coolant to only the structures in use. Unfortunately, many structures, such as
circuits, computers, servers, and arrays of phased array antenna, are used in
environments with extremely cold temperatures. In such an environment, when a
structure is not being exposed to, or generating thermal energy, the environment
causes the temperature of the structure to decrease below an optimum working
temperature. As a result, when a structure is activated from an inactive or standby
state, the structure may receive a thermal shock caused by the low temperature. In one
embodiment, this may reduce the productivity and efficiency of the structure.
Unfortunately, the single cooling system utilizing valves fails to provide a solution to
this thermal shock.

Accordingly, teachings of some embodiments of the present invention
recognize a system capable of reducing the thermal shock associated with activating
an inactive structure, and further capable of reducing the number of cooling systems
needed to cool more than one heat-generating structure.

FIGURE 3 is a block diagram of an embodiment of a cooling system 200 for
cooling more than one heat-generating structure according to an embodiment of the
invention. As illustrated, the cooling system 200 includes two structures 212a and
212b, and a pump 246. According to one embodiment, the pump 246 provides each of
the structures 212a-b with fluid coolant even when one of the structures 212 is
inactive. As a result, the supply of the fluid coolant prevents the inactive structure 212

from dropping below an optimum working temperature.
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The cooling system 200 of FIGURE 3 is similar to the cooling system 10 of
FIGURE 1 except that the cooling system 200 of FIGURE 3 includes the two
structures 212a and 212b, two structure inlet lines 271a and 271b, and two structure
outlet lines 228a and 228b. For simplicity of FIGURE 3, FIGURE 3 is depicted as
being less detailed than FIGURE 1. However, in certain embodiments, the cooling
system 200 of FIGURE 3 may contain each of the elements of cooling system 10,
fewer elements than cooling system 10, or more elements than cooling system 10.

The structures 212 may be substantially similar to the structures 112a and
112b of FIGURE 2. For example, as discussed in FIGURE 2, the structure 212a may
be active, while the structure 212b may be inactive or on standby. In one embodiment,
because the structure 212b is in standby, the structure 212b is not exposed to, or
generating thermal energy. As a result, the temperature of the environment
surrounding the cooling system 200 may cause the temperature of the structure 212b
to decrease below an optimal working temperature. In one embodiment of the present
invention, the cooling system 200 may prevent this decrease in temperature.

The structure outlet lines 228a and 228b may be operable to receive the fluid
coolant exiting the structures 212, and further operable to combine the fluid coolant in
the heat exchanger inlet line 261. The pump 246 is similar to the pump 46 of FIGURE
1. According to the illustrated, the pump 246 may be a two-section positive
displacement pump. For example, a line providing fluid coolant to the pump 246 may
be divided into two pump inlet lines. As a result, the pump 246 may not need to
separate the fluid coolant because the separation may occur prior to the fluid coolant
entering the pump 246. In one embodiment, the pump 246 evenly distributes the fluid
coolant between the structure inlet lines 271. In another embodiment, the pump 246
may include two separate pumps. In such an embodiment, the pumps 246 may each
receive fluid coolant from separate pump inlet lines, and each of the pumps 246 may
provide one of the structure inlet lines 271 with the fluid coolant. According to
another embodiment, each of the pumps 246 may be in communication with each
other, thus allowing each of the pumps 246 to provide an equal amount of the fluid
coolant to each of the structure inlet lines 271. In a further embodiment, the pump 246

may be further operable to separate the fluid coolant and provide it to the structure
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inlet lines 271a and 271b. As a result, the pump 246 may have only one pump inlet
line.

The structure inlet lines 271 may be operable to provide the fluid coolant to
the structures 212. As illustrated, the structure inlet line 271a provides the fluid
coolant to the structure 212a, and the structure inlet line 271b provides the fluid
coolant to the structure 212b. In one embodiment, each of the structure inlet lines 271
receives an equal amount of the fluid coolant, and further provides an equal amount of
the fluid coolant to each of the structures 212. In other embodiments, each of the
structure inlet lines 271 may receive a different amount of the fluid coolant, and may
or may not provide an equal amount of the fluid coolant to each of the structures 212.
In a further embodiment, the fluid coolant provided to the structures 212 by each of
the structure inlet lines 271 may have a substantially equal fluid coolant temperature.

The cooling system 200 further includes structure group 218a and cooling
system 219a. The structure group 218a is similar to the structure group 118a of
FIGURE 2. The cooling system 219a is similar to the cooling system 119a of
FIGURE 2. The structure group 218a includes both of the structures 212a and 212b,
and the cooling system 119a. In operation, the cooling of the structures 212a and 212b
using the cooling system 119a is substantially similar to the cooling of the structure
12 described in FIGURE 1. For example, the fluid coolant flows through each of the
structure heat exchangers 223, 224 (not shown), absorbing heat from each of the
structures 212. The fluid coolant departs the exit conduits 227 (not shown) and flows
into the respective structure outlet line 228. The structure outlet lines 228 combine the
fluid coolant into the heat exchanger inlet line 261. From the heat exchanger inlet line
261, the fluid coolant flows into the heat exchanger 241.

At the heat exchanger 241, a flow 256 may be forced to flow through the heat
exchanger 241 in order to absorb heat from the fluid coolant. In one embodiment, the
flow 256 may be forced by fans 257 and 258. The flow 256 is similar to the flow 56
of FIGURE 1.

After the heat exchanger 241 transfers heat from the fluid coolant, the fluid
coolant departs the heat exchanger 241 and flows through the reservoir 242 and the
loop pump 246. The loop pump 246 separates the fluid coolant and provides the fluid

coolant to each of the structure inlet lines 271. In one embodiment, the pump 246
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provides an equal amount of the fluid coolant to each of the structure inlet lines 271.
From the structure inlet lines 271, the fluid coolant flows through a respective one of
two orifices 247 and 248 (not shown) for each of the structures 212, in order to again
reach the structure heat exchangers 223, 224 (not shown) for each of the structures
212.

In one embodiment, the environmental temperature may cause the inactive
structure 212b to decrease temperature. However, the inactive structure 212b is
constantly receiving a portion of the same fluid coolant that keeps the active structure
212a at a working temperature. As a result, when the temperature of the inactive
structure 212b decreases below the temperature of the fluid coolant entering the
inactive structure 212b, the fluid coolant transfers heat to the inactive structure 212b,
as apposed to absorbing heat, such as occurs in the active structure 212a. Because heat
is transferred to the structure 212b, the structure 212b may remain at an optimum
working temperature despite its inactive status and the environmental temperature. In
one embodiment, the temperature of the structure 212b may decrease below the
temperature of the fluid coolant entering the structure 212b because the environmental
temperature is lower than that of the fluid coolant.

In a further embodiment, the system 200 also includes a structure group 218b
(not shown). The structure group 218b may include structures 212c and 212d (not
shown), and an additional cooling loop 219b (not shown), as discussed in FIGURE 2.
The operations of the structure group 218b is similar to the operation of the structure
group 218a discussed above. In one embodiment, the structures 212c and 212d are
similar to the structures 112¢ and 112d of FIGURE 2, and the cooling loop 219b is
similar to the cooling loop 119b of FIGURE 2. With both of the structure groups 218,
the system 200 may include four structures 212a-d, and two cooling loops 219a-b.

In another embodiment, the system 200 may include relief valves 281a and
281b. The relief valves 281 may be operable to reduce pressure in the system 200. For
example, the relief valves 281 may be operable to remove at least a portion of the
fluid coolant from the structure inlet lines 271, and provide the removed fluid coolant
back to the reservoir 242. As a result, the relief valves 281 may prevent damage to the
system 200 when the pressure of the system 200 becomes too great. In one

embodiment, the relief valves 281 may be controlled by a pressure controller, such as
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the pressure controller 51 of FIGURE 1. In a further embodiment, the system 200 may
include a filter 243. The filter 243 may be operable to maintain the integrity of the
fluid coolant entering the pump 246.

FIGURE 4 is a block diagram of an embodiment of a cooling system 300 for
cooling more than one heat-generating structure according to an embodiment of the
invention. The cooling system 300 of FIGURE 4 is similar to the cooling system 200
of FIGURE 3 except that the cooling system 300 of FIGURE 4 includes a sensor 362
and a bypass line 363. The other components of cooling system 300 are similar to
those referred to in cooling system 200 of FIGURE 3.

The sensor 362 may be operable to measure the temperature of the fluid
coolant passing through the heat exchanger inlet line 361. Based on this measurement,
the sensor 362 may, in one embodiment, determine that the temperature of the fluid
coolant does not need to be decreased. Accordingly, bypass line 363 may direct the
fluid coolant to the reservoir 342 without passing through the heat exchanger 341. As
a result, the temperature of the fluid coolant may remain substantially constant
between structures 312 and reservoir 342.

FIGURE 5 is a block diagram of an embodiment of a cooling system 400 for
cooling more than one heat-generating structure according to an embodiment of the
invention. The cooling system 400 of FIGURE 5 is similar to the cooling system 200
of FIGURE 3 except that the cooling system 400 of FIGURE 5 includes sensors 482-
490. The other components of cooling system 400 are similar to those referred to in
cooling system 200 of FIGURE 3.

In one embodiment, the sensors 482-490 may be operable to provide a
diagnosis and/or prognosis of the health of the system 400. For example, the sensors
482-490 may be operable to measure the pump power of the pump 446, the fan power
of the fans 457 and 458, the temperature of the fluid coolant throughout the system
400, and/or the pressure of the system 400. In one embodiment, the sensors 482 and
483 may be operable to measure the fluid coolant pressure at the structure inlet lines
471. In another embodiment, the sensors 484 and 485 may be operable to measure the
temperature of the fluid coolant at the structure outlet lines 428. In a further
embodiment, the sensor 486 may be operable to measure the pressure of the fluid

coolant at the heat exchanger inlet line 461. In a further embodiment, the sensor 487
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may be operable to measure the pressure drop at the heat exchanger 441. In a further
embodiment, the sensor 488 may be operable to measure the pressure inbetween the
heat exchanger 441 and the reservoir 442. In a further embodiment, the sensor 489
may be operable to measure the power (voltage/current) of the fans 457 and 458
forcing the flow 456 through the heat exchanger 441. In a further embodiment, the
sensor 490 may be operable to measure the power (voltage/current) of the pump 446.
According to one embodiment, the sensors 482-490 of the system 400 may allow the
performance of individual components of the system 400 to be measured, or the entire
performance of the system 400 to be measured. Based on these measurements, in one
embodiment, changes can be made to the system 400 to fix problems that have
occurred, problems that may occur, or problems that are imminent.

Although the present invention has been described with several embodiments,
a myriad of changes, variations, alterations, transformations, and modifications may
be suggested to one skilled in the art, and it is intended that the present invention
encompass such changes, variations, alterations, transformation, and modifications as

they fall within the scope of the appended claims.
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WHAT IS CLAIMED IS:

1. A cooling system for heat-generating structures comprising:

a cooling loop that directs a first flow of a fluid coolant to a first heat-
generating structure and a second flow of the fluid coolant to a second heat-generating
structure, at least one of the first heat-generating structure or the second heat-
generating structure being in an active state, at least one of the first heat-generating
structure or the second heat-generating structure being in an inactive state, the cooling
loop further directing a third flow of the fluid coolant to a heat exchanger, the third
flow of the fluid coolant being a combination of the first and second flows of the fluid
coolant, the fluid coolant transferring thermal energy to the at least one of the first
heat-generating structure or the second heat-generating structure being in the inactive
state when a temperature of the fluid coolant is greater than an ambient temperature of
an environment surrounding the heat-generating structures; and

the heat exchanger in thermal communication with the first and second heat-
generating structures, the heat exchanger having an inlet port operable to receive the
fluid coolant at a first temperature, and the heat exchanger further having an outlet
port operable to dispense of the fluid coolant out of the heat exchanger at a second

temperature.

2. The system of Claim 1, further comprising:

a second cooling loop that directs a first flow of a second fluid coolant to a
third heat-generating structure and a second flow of the second fluid coolant to a
fourth heat-generating structure, at least one of the third heat-generating structure or
the fourth heat-generating structure being in an active state, at least one of the third
heat-generating structure or the fourth heat-generating structure being in an inactive
state, the cooling loop further directing a third flow of the fluid coolant to a second
heat exchanger, the third flow of the second fluid coolant being a combination of the
first and second flows of the second fluid coolant, the second fluid coolant
transferring thermal energy to the at least one of the third heat-generating structure or
the fourth heat-generating structure being in the inactive state when a temperature of
the second fluid coolant is greater than an ambient temperature of an environment

surrounding the heat-generating structures; and
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the second heat exchanger in thermal communication with the third and fourth
heat-generating structures, the second heat exchanger having an inlet port operable to
receive the fluid coolant at a third temperature, the second heat exchanger further
having an outlet port operable to dispense of the fluid coolant out of the heat

exchanger at a fourth temperature.

3. The system of Claim 2, wherein the first, second, third, and fourth

heat-generating structures are each an array of a phased array antenna.

4, The system of Claim 3, wherein the first heat-generating structure
faces a first direction, the second heat-generating structure faces a second direction,
the third heat-generating structure faces a third direction, and the fourth heat-
generating structure faces a fourth direction, the first direction being opposite of the

third direction, the second direction being opposite of the fourth direction.

5. The system of Claim 2, wherein the first and second flows of the first
fluid coolant are substantially equal, and wherein the first and second flows of the

second fluid coolants are substantially equal.

6. The system of Claim 2, wherein the first and second flows of the first
fluid coolant have substantially equal temperatures, and wherein the first and second

flows of the second fluid coolant have substantially equal temperatures.

7. The system of Claim 2, wherein the first and second heat exchangers

are liquid-air heat exchangers.

8. The system of Claim 2, further comprising one or more sensors

operable to measure one or more temperatures of the cooling system.

9. The system of Claim 2, further comprising one or more Sensors

operable to measure one or more pressures of the cooling system.



10

15

20

25

30

WO 2009/055142 PCT/US2008/074542

16

10. A method for cooling heat-generating structures comprising:

directing a first flow of a fluid coolant to a first heat-generating structure;

directing a second flow of the fluid coolant to a second heat-generating
structure, at least one of the first heat-generating structure or the second heat-
generating structure being in an active state, and at least one of the first heat-
generating structure or the second heat-generating structure being in an inactive state;

directing a third flow of the fluid coolant to a heat exchanger, the third flow of
the fluid coolant being a combination of the first and second flows of the fluid
coolant, the fluid coolant transferring thermal energy to the at least one of the first
heat-generating structure or the second heat-generating structure being in the inactive
state when a temperature of the fluid coolant is greater than an ambient temperature of
an environment surrounding the heat-generating structures;

receiving, at the heat exchanger, the fluid coolant at a first temperature, the
heat exchanger in thermal communication with the first and second heat-generating
structures; and

dispensing, from the first heat exchanger, the fluid coolant at a second

temperature.

11.  The method of Claim 10, further comprising:

directing a first flow of a second fluid coolant to a third heat-generating
structure;

directing a second flow of the second fluid coolant to a fourth heat-generating
structure, at least one of the third heat-generating structure or the fourth heat-
generating structure being in an active state, and at least one of the third heat-
generating structure or the fourth heat-generating structure being in an inactive state;

directing a third flow of the second fluid coolant to a second heat exchanger,
the third flow of the second fluid coolant being a combination of the first and second
flows of the second fluid coolant, the second fluid coolant transferring thermal energy
to the at least one of the third heat-generating structure or the fourth heat-generating
structure being in the inactive state when a temperature of the second fluid coolant is
greater than an ambient temperature of an environment surrounding the heat-

generating structures;
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receiving, at the second heat exchanger, the second fluid coolant at a third
temperature, the second heat exchanger in thermal communication with the third and
fourth heat-generating structures; and

dispensing, from the second heat exchanger, the second fluid coolant at a

fourth temperature.

12. The method of Claim 11, wherein the first, second, third, and fourth

heat-generating structures are each an array of a phased array antenna.

13. The method of Claim 12, wherein the first heat-generating structure
faces a first direction, the second heat-generating structure faces a second direction,
the third heat-generating structure faces a third direction, and the fourth heat-
generating structure faces a fourth direction, the first direction being opposite of the

third direction, the second direction being opposite of the fourth direction.

14. The method of Claim 11, wherein the first and second flows of the first
fluid coolant are substantially equal, and wherein the first and second flows of the

second fluid coolants are substantially equal.

15. The method of Claim 11, wherein the first and second flows of the first
fluid coolant have substantially equal temperatures, and wherein the first and second

flows of the second fluid coolant have substantially equal temperatures.

16. The method of Claim 11, wherein the first and second heat exchangers

are liquid-air heat exchangers.

17.  The method of Claim 11, further comprising:
measuring one or more temperatures of the cooling system, and

measuring one or more pressures of the cooling system.
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18. A cooling system for heat-generating structures comprising:

a cooling loop that directs a flow of a fluid coolant to both an active heat-
generating structure and an inactive heat-generating structure, the fluid coolant
receiving thermal energy from the active heat-generating structure, the fluid coolant
transferring thermal energy to the inactive heat-generating structure when a
temperature of the fluid coolant is greater than an ambient temperature of an
environment surrounding the heat-generating structures, the active heat-generating
structure operable to switch to an inactive state, and the inactive heat-generating
structure operable to switch to an active state; and

a heat exchanger in thermal communication with the first and second heat-
generating structures, the heat exchanger operable to receive the fluid coolant at a first
temperature and dispense of the fluid coolant out of the heat exchanger at a second

temperature.

19.  The cooling system of Claim 18, further comprising:

a second cooling loop that directs a flow of a second fluid coolant to both a
second active heat-generating structure and a second inactive heat-generating
structure, the second fluid coolant receiving thermal energy from the second active
heat-generating structure, the second fluid coolant transferring thermal energy to the
second inactive heat-generating structure when a temperature of the second fluid
coolant is greater than an ambient temperature of an environment surrounding the
heat-generating structures, the second active heat-generating structure operable to
switch to an inactive state, and the second inactive heat-generating structure operable
to switch to an active state; and

a second heat exchanger in thermal communication with the first and second
heat-generating structures, the heat exchanger operable to receive the fluid coolant at
a first temperature and dispense of the first fluid coolant out of the first heat

exchanger at a second temperature.

20.  The system of Claim 18, wherein the heat exchanger is a liquid-air heat

exchanger.



10

WO 2009/055142 PCT/US2008/074542

19

21. The system of Claim 18, wherein the heat exchanger is a liquid-liquid

heat exchanger.

22.  The system of Claim 20, further comprising a sensor operable to

measure one of a pump power, fan power, or pressure drop in the system.
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