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(57) Abstract: Examples of the present disclosure may in-
clude methods and systems for liquid temperature control
cooling. An example of a liquid temperature control cooling
system for an electronics rack (100, 200a, 200b) can include a
number of electronic devices (102, 202) in the electronics
rack (100, 200a, 200b), a panel (108-1, 108-2, 208-1, 224-1,
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the electronics rack (100, 200a, 200b), where a face of the
panel (108-1, 108-2, 208-1, 224-1, 224-2) ispardlel to adir~
ection in which the number of electronic devices (100, 200a,
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celving structure (112, 212, 312, 412) that is integrated into
the panel (108-1, 108-2, 208-1, 224-1, 224-2) and that is
thermally coupled to the number of electronic devices (102,
202) through the panel (108-1, 108-2, 208-1, 224-1, 224-2),
where the heat receiving structure (112, 212, 312, 412) can
include a liquid flow compartment (330, 442) an input (216,
316, 416) to receive cool liquid into the liquid flow compart-
ment (330, 442), and acontrol valve (214, 314, 414-1, 414-2,
414-3, 414-4) to release warm liquid from the liquid flow
compartment (330, 442).
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LIQUID TEMPERATURE CONTROL COOLING

Background
[0001] Electronic equipment cooling practices may typically include air

convection systems. In air convection systems fans are used to force moving
air past heat producing electronic components to remove heat. Air convection
systems are mainly used in situations where there is a low power dissipation
density of electronic components. However, as electronic components have
grown more complex, air convection systems, in many instances, are insufficient
to cool a high density of electronic components. Alternative cooling systems,
such as liquid cooling systems, can require a high degree of maintenance and

include a high degree of risk to the electronic components.

Brief Description of the Drawings

[0002] Figure 1 is a cross-sectional view taken along a cut line X-X in
Figure 2 of an example of an electronics rack with a number of heat receiving
structures according to the present disclosure.

[0003] Figure 2 illustrates an example of a frame with a with a plurality of
electronics racks including a plurality of heat receiving structures mounted on an
outer panel of an electronics rack, but internal to the frame, according to the
present disclosure.

[0004] Figure 3 illustrates a heat receiving structure with an inner
serpentine channel compartment according to the present disclosure.

[0005] Figure 4A illustrates a heat receiving structure with a pin fin array

inner compartment according to the present disclosure.
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[0006] Figure 4B illustrates a cross-sectional view of an example of a
heat receiving structure with a pin fin array inner compartment according to the
present disclosure.

[0007] Figure 5 illustrates an example of an electronics rack with a
number of heat receiving structures mounted on an outer side of the electronics

rack according to the present disclosure.

Detailed Description

[0008] Examples of the present disclosure may include methods and
systems for liquid temperature control cooling. An example of a liquid
temperature control cooling system for an electronics rack can include a number
of electronic devices in the electronics rack and a panel that extends from a roof
to a floor inside the electronics rack, where aface of the panel is parallel to a
direction in which the number of electronic devices slide into the electronics rack
and perpendicular to a front of the electronics rack. The system can also
include a heat receiving structure that is integrated into the panel and that is
thermally coupled to the number of electronic devices through the panel, where
the heat receiving structure can include a liquid flow compartment, an input to
receive cool liquid into the liquid flow compartment, and a control valve to
release warm liquid from the liquid flow compartment at least partially in
response to the liquid reaching a particular temperature.

[0009] Examples of the present disclosure generally relate to the cooling
of heat-generating components in an electronic apparatus. For example, a
heat-generating component in an electronic apparatus can be a heat-generating
computer component such as a processor chip (e.g., CPU and/or GPU), using
heat pipes that can be thermally coupled to the side of an electronics rack.
[0010] As operating speeds and capacities of computer components keep
increasing, it is becoming increasingly difficult to provide adequate cooling for
processors and other heat generating components used in electronic
equipment. This is particularly true in the case of computer components utilizing
multiple processors. The use of air cooled heat sinks has successfully met

cooling needs until recently. These metal heat sinks depend on air moving



WO 2013/137847 PCT/US2012/028718

through the system to carry away heat. Air Cooled heat sinks have a number of
disadvantages. Some disadvantages may include signal propagation delays
due to longer distance between electronic components, package volume
concerns (e.g., low density of computer components) due to wide spacing of
multiple processors, and the restriction of air flow to electronic equipment.
Some disadvantages may further include the need for system specific heat
sinks and the non-uniform cooling of electronic equipment.

[001 1] As an alternative to large heat sink forced air convective cooling
approach (e.g., air cooling systems), liquid could be pumped through tubing to
heat exchangers at each of the processor chips or other high heat-generating
components (e.g., liquid cooling systems). Although liquid cooling may improve
cooling performance relative to forced air convective cooling using large heat
sinks, it would tend to present problems of its own. Some problems may include
plumbing design problems, liquid leakage problems (e.g., within an electronics
enclosure), processor upgrade problems, and pump reliability problems.

[0012] In some examples of the present disclosure, a dry disconnect
liquid cooling system is presented to solve some of the problems mentioned
above associated with air cooling systems and liquid cooling systems. In some
examples of the present disclosure, a dry disconnect liquid cooling system can
cool a number of computer components without presenting liquid leakage
complications. In other examples of the present disclosure, a dry disconnect
liquid cooling system can cool a high density of computer components (e.g.,
High Performance Computing (HPC) applications). In some examples of the
present disclosure, a dry disconnect liquid cooling system can cool a number of
computer components by using heat pipes that are more efficient than some
previous approaches.

[0013] The figures herein follow a numbering convention in which the first
digit or digits correspond to the drawing figure number and the remaining digits
identify an element or component in the drawing. Similar elements or
components between different figures may be identified by the use of similar
digits. For example, 102 may reference element "02" in Figure 1, and a similar

element may be referenced as 202 in Figure 2.
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[0014] Figure 1is a cross-sectional view taken along a cut line X-X in
Figure 2 of an example of a frame 100 including a plurality of electronics racks
102 with a number of heat receiving structures/blocks 110 according to the
present disclosure. In an example of the present disclosure, the frame 100
including the plurality of electronics racks 102 can include a rack mounting
infrastructure to house electronic components or other types of heat producing
equipment, although an electronics rack is not limited to housing the stated
types of equipment. In one example embodiment, an electronics rack 102 can
include a standard 19 inch rack. A standard 19 inch rack includes a front panel
that is 19 inches wide, which includes the edges to which electronic components
are mounted. In another example, an electronics rack 102 can include a front
panel that is 23 inches wide. Examples used herein are illustrative and not
limiting and can include a variety of front panel measurements. In an example
of the present disclosure, the frame including an electronics rack 102 can be 42
units (U) tall, although an electronics rack is not limited to a height of 42 units. A
unit (U) is one rack unit, which is an industry standard. A unit (U) may have a
height equal to approximately 1.75 inches.

[0015] In some examples of the present disclosure, an electronics rack
102 can include a number of processors 104, a number of heat pipes 106, a
number of heat blocks 110, and a number heat receiving structures 112. In
some examples of the present disclosure, an electronics rack can include a front
panel, a back panel, a number of side panels, and a number of internal panels.
An inner panel can include a face which can be parallel to a direction in which
computing devices slide into an electronics rack and perpendicular to the front
of an electronics rack. For example, an electronics rack 102 can include a first
internal panel 124-1 and a second internal panel 124-2 (referred to generally as
internal panels 124).

[0016] In a number of examples of the present disclosure, an electronics
rack 102 can include a number of electronic components (e.g., electronic
devices, computing devices, etc.). For example, an electronics rack 102 can
include computing devices in a High Performance Computing (HPC)

environment 102. Computing devices can include server devices, storage
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devices and other computation centered devices having a number of processors
104. Processors can include processor chips or other electronic components
that generate heat. Processors chips can include a core parallel processing
units, graphics processing units (e.g., GPUs), and/or other integrated circuits
and processing units. Electronic components that generate heat can include
hard drives, memory DIMMs (e.g., dual in-line memory modules), and other
forms of electronic storage. In some examples of the present disclosure, a
processor 104 can be thermally coupled to heat pipes 106.

[0017] In a number of examples of the present disclosure, a heat pipe
106 can transfer heat between two solid interfaces. A heat pipe 106 can include
a sealed pipe or tube that can be made from a material with high thermal
conductivity. Examples of materials with high thermal conductivity include
copper and aluminum, although other materials with high thermal conductivity
can be used. A heat pipe 106, e.g., sealed pipe, can have all the air removed
from the pipe. The sealed pipe can then have the air replaced with small
amounts of a fluid to create a partial vacuum. Examples of fluid used in heat
pipes 106 can include water, ethanol, acetone, sodium, and mercury among
other fluids. A heat pipe 106 can include an evaporator and a condenser. For
example, an evaporator of a heat pipe 106 can be thermally coupled to a first
solid surface. In some examples, the first solid surface can be thermally
coupled to a processor 104. Furthermore, a condenser of a heat pipe can be
thermally coupled to a second solid surface. In some examples, the second
solid surface can be thermally coupled to a heat block 110. The fluid in a heat
pipe can arrive at the evaporator of a heat pipe 106 in a liquid phase. The fluid
can transform from a liquid phase to a vapor phase as the fluid is heated at the
evaporator of a heat pipe 106. The vapors can travel from the evaporator of a
heat pipe 106 to the condenser of a heat pipe 106. The fluid can re-transform
from a vapor phase to a liquid phase as the fluid condenses when it reaches the
condenser of a heat pipe 106. The walls of a heat pipe can include a wicking
structure to exert capillary pressure on the fluid in a liquid phase at the
condenser of the heat pipe 106. The wicking structure can cause the

condensed liquid to flow back to the evaporator of a heat pipe 106. In this
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manner the fluid in a heat pipe 106 can transfer heat from a processor 104 to a
heat block 110.

[0018] Heat pipes can have some limitations. For example, heat pipes
can be limited to transferring smali heat loads over relatively short distances. A
distance can be relatively short as compared to the dimensions and properties
of a heat pipe. Heat pipes can lose some of their heat transferring properties
when heat pipes transfer large heat loads over long distances. For example,
heat pipes can lose some of their heat transferring properties when there is
pressure loss in the heat pipes. Pressure loss can occur when fluid has to
travel over a relatively long distance due to the liquid flow through the wicking
structure and the viscous interaction between the fluid in a liquid phase and the
fluid in a vapor phase.

[001 9] In some examples of the present disclosure, a number of heat
pipes 106 can be directed toward a first internal panel 124-1 and/or a second
internal panel 124-2 associated with in an electronics rack 102. The number of
heat pipes 106 can be directed toward internal panels 124 to control the
distance between the number of processors 104 and a number of heat blocks
110. Moreover, the number of heat pipes 106 can be directed toward internal
panels 124 to control the complexity of the pipe system that connects the
number of heat pipes 106 to the number of heat blocks 110.

[0020] In some examples of the present disclosure, a number of heat
pipes 106 can be thermally coupled to a number of heat blocks 110. A heat
block 110 can include a square or a rectangular piece of material, although heat
blocks can include other shapes. Examples of materials used in heat blocks
can include aluminum and copper, although a heat block can be made from
other materials and composites and/or alloys as well. Aluminum and copper
can be used because the heat conductivity of aluminum and copper is greater
than the heat conductivity of most materials. Furthermore, aluminum and
copper can be used because of their conductive properties, ease of
manufacturing, and compatability with heat pipes.

[0021] In one or more embodiments a number of heat blocks 110 can be

connected to one side, e.g., afirst side, of internal panels 124 of an electronics



WO 2013/137847 PCT/US2012/028718

rack 102 by a very high bond strength (VHB) adhesive. In other examples of
the present disclosure, the number of heat blocks 110 can be connected to a
side of internal panels 124 by a mounting system (not shown). A mounting
system can include a clamping mechanism or other types of mechanisms to
connect a number of heat blocks 110 to internal panels 124.

[0022] As shown in Figure 1, a number of heat receiving structures 112
can be connected to an opposing side, e.g., second side, of internal panels 124
in an electronics rack 102 in association yvith the various heat blocks 110. The
heat receiving structures 112 can be connected to internal panels 124 by a very
high bond strength (VHB) adhesive and/or mounting system (not shown) as
well. One or more heat blocks 110 can be connected to one or more heat
receiving structures 112 according a particular design rule or implementation
specification. The heat blocks 110 can be connected to the heat receiving
structures 112 through internal panels 124 of an electronics rack 102. In some
examples of the present disclosure, a number of heat blocks 110 can be
connected to a number of heat receiving structures 112 by a mounting system
(not shown) as well. Examples of heat receiving structures 112 are described in
more detail below.

[0023] Figure 2 illustrates an example of a frame with a with a plurality of
electronics racks including a plurality of heat receiving structures mounted on an
outer panel of an electronics rack, but internal to the frame, according to the
present disclosure. In an example of the present disclosure, electronics rack
200 can include a number of computing devices 202. In some examples of the
present disclosure, an electronics rack can include a number of internal panels.
For example, an electronics rack 200 can include a first internal panel 224-1 and
a second internal panel 224-2 (referred to generally herein as internal panels
224). For example, an internal panel 224 can be attached to a roof 226 of an
electronics rack 200 and to a floor 228 of an electronics rack 200.

[0024] In a number of examples of the present disclosure, an internal
panel 224 can be solid and continuous. In some examples of the present
disclosure, an internal pane! 224 can be part of the structure of an electronics

rack 200. For example, an internal panel 224 can be structurally integrated into
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an electronics rack 200. An inner panel 224 can include a face which can be
parallel to a direction in which computing devices 202 slide into an electronics
rack 200 and perpendicular to the front of an electronics rack 200. In some
examples of the present disclosure a number of heat receiving structures 212
can be mounted on the internal panels 224.

[0025] The placement of a number of heat receiving structures 212 in
Figure 2 can protect the number of heat receiving structures 212 in Figure 2 by
placing the heat receiving structures within electronics rack 200. Furthermore,
the placement of a number of heat receiving structures 512 in Figure 5 can
provide greater access (e.g., maintenance) to the number of heat receiving
structures 512 as compared to the placement of a number of heat receiving
structures 212 in Figure 2.

[0026] Figure 3 illustrates a heat receiving structure with an inner
serpentine channel compartment according to the present disclosure. The heat
receiving structure 312 can be analogous to the heat receiving structure 112
illustrated in Figure 1. in some examples of the present disclosure, a heat
receiving structure 312 can include a liquid flow compartment. An example of a
liquid flow compartment can be an inner serpentine channel compartment 330.
[0027] An inner serpentine channel compartment 330 can include a
number of horizontal runs and a number of vertical runs through which the heat
receiving structure transfers heat to a liquid, wherein the number of horizontal
runs are longer than the number of vertical runs and the number of vertical runs
are oriented vertically with respect to gravity. The inner serpentine channel
compartment 330 can be in a square or rectangular shaped piece of material
332. In some examples of the present disclosure, the inner serpentine channel
compartment can be connected to an input 316 and to a valve 314. A liquid can
be pumped into the heat receiving structure 312 through the input 316 and into
the inner serpentine channel compartment 330. In a number of examples, the
heat receiving structure can transfer heat to the liquid. For example, as a liquid
flows through the inner serpentine channel compartment 330 the temperature of
the liquid can increase. In some examples of the present disclosure, the liquid

can be released from the heat receiving structure 312 through valve 314.
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[0028] Figure 4A illustrates a heat receiving structure with a pin fin array
inner compartment according to the present disclosure. The heat receiving
structure 412 can be analogous to the heat receiving structure 112 illustrated in
Figure 1. In some examples of the present disclosure, a heat receiving
structure 412 can include a number of pin-fin array inner compartments and a
liquid channel outer compartment 448.

[0029] The liquid channel outer compartment 448 can include an input
channel 450 and an output channel 452. The input channel 450 can be
connected to a number of pin-fin array inner compartments through a number of
openings that allow liquid to flow from an input 416 through the input channel
450 and into the number of pin-fin array inner compartments. The output
channel 452 can be connected to the number of pin-fin array inner
compartments through a number of valves 414. The number of valves 414 can
allow liquid to exit the number of pin-fin array inner compartments into the
output channel 452. The output channel 452 can allow liquid to flow from the
number of pin-fin array inner compartments to the output 446.

[0030] In @ number of examples of the present disclosure, the number of
pin-fin array inner compartments can be connected to the liquid channel outer
compartment 448 by a mounting mechanism, although the liquid channel outer
compartment 448 can be connected to the pin-fin array inner compartments by
a number of means. In some examples of the present disclosure, the liquid
channel outer compartment 448 can be connected to ten pin-fin array inner
compartments, although the liquid channel outer compartment 448 can be
connected to more or less pin-fin array inner compartments. Each pin-fin array
inner compartment from the number of pin-fin array inner compartments can be
connected to the output channel 452 by two valves from the number of valves
414, although each of the pin-fin array inner compartments can be connected to
the output channel 452 by more or less valves.

[0031] in @ number of examples of the present disclosure, the valves that
release liquid from the number of pin-fin array inner compartments to the output
channel 452 can be configures to release liquid at a particular temperature. For

example, afirst valve can release liquid at a first temperature and a second
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valve can release liquid at a second temperature. The different temperatures
can accommodate greater flexibility in flow control and temperature control of
both the liquid and the computing devices.

[0032] Furthermore, the temperature of the liquid that is released through
output 446 can be constant. That is, a number of valves 414 can open to
release liquid as the temperature of the liquid in the number of pin-fin array inner
compartments increases. The openings in a number of valves 414 can increase
as the temperature of the liquid increases. The openings in a number of valves
414 can decrease as the temperature of the liquid decreases. That is, the
openings in a number of valves 414 can release liquid at an increase rate or at
a decreased rate depending onthe temperature of the liquid. However, the
temperature of the liquid that is released from the output 446 can remain
constant regardless of the rate of release of the liquid from the valves 414.
[0033] Figure 4B illustrates a cross-sectional view of an example of a
heat receiving structure with a pin fin array inner compartment according to the
present disclosure. In Figure 4B, the heat receiving structure 412 can include a
liquid channel outer compartment 448 and a pin-fin array inner compartment
442. The heat receiving structure 412 and the liquid channel outer
compartment 448 can be analogous to the heat receiving structure 412 and the
liquid channel outer compartment 448 illustrated in Figure 4A.

[0034] In some examples of the present disclosure, a pin-fin array inner
compartment 442 can include a plate 454 with a number of raised sections 456.
A number of plates can be aligned along a length of the heat receiving structure
412. A number of plates can be in contact with the internal panel and/or the
external panel. Plate 454 can include a square or rectangular plate, although
plate 454 can include a number of shapes and/or sizes. The raised sections
456 can include a number of configurations, dimensions, and/or layouts.

[0035] The raised sections 456 can create a larger inner surface area in a
pin-fin array inner compartment 442 than the inner surface area for a
rectangular liquid flow compartment with no pin-fin array. The larger inner
surface area can provide for greater heat exchange between the pin-fin array

inner compartment 442 and a liquid that is flowing through the pin-fin array inner
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compartment because the larger surface area provides for greater contact
between the liquid and the pin-fin array inner compartment 442 than a
rectangular liquid flow compartment without a pin-fin array.

[0036] The heat receiving structure 412 can receive liquid through an
input that can be connected to an input channel 450. In some examples of the
present disclosure, a pin-fin array inner compartment 442 can be connected to
an input channel 450 by a number of openings. For example, the liquid can flow
through the input channel 450 and into the pin-fin array inner compartment 442
through an opening 458. In some examples of the present disclosure, a pin-fin
array inner compartment 442 can be connected to an input channel by two
openings, although the number of openings is illustrative and not limiting. The
liquid can flow through the pin-fin array inner compartment 442. The liquid can
be warmed as it passes through the pin-fin array inner compartment 442. The
liquid can be released from the pin-fin array inner compartment 442 through a
number of valves 414 into the output channel 452. The liquid can then travel
through the output channel 452 and out of the heat receiving structure 412
through an output. The input channel 450 and the output channel 452 can be
an enclosed hollow structures that allow liquid to pass through them.

[0037] Figure 5 illustrates an example of an electronics rack with a
number of heat receiving structures mounted on an outer side of the electronics
rack according to the present disclosure. In an example of the present
disclosure, an electronics rack 500 can include a number of computing devices
502. In some examples of the present disclosure, the computing devices 502
can be thermally coupled to a number of heat receiving structures 512. The
heat receiving structures 512 can be analogous to the heat receiving structure
112 illustrated in Figure 1. In various examples of the present disclosure, a
number of heat receiving structures 512 can be mounted on a side panel 508-1
on an outer side of the electronics rack 500.

[0038] In a number of examples of the present disclosure, a side panel
508-1 on an outer side of the electronics rack 500 can be solid. For example,
side panel 508-1 can be a continuous and solid panel on the outer side of

electronics rack 500. In some examples of the present disclosure, an outer
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panel can be part of the structure of an electronics rack 500. For example,
outer panel 508-1 can be structurally integrated into an electronics rack 500. A
face of an outer panel (e.g., side panel 508-1) can be parallel to a direction in
which a number of computing devices 502 slide into the electronics rack 500
and perpendicular to a front of the electronics rack 500.

[0039] In @ number of examples of the present disclosure, a number of
heat receiving structures 512 can include a number of inputs 516 to allow cool
liquid into a number of liquid flow compartments {not shown) in the number of
heat receiving structures 512. In some examples of the present disclosure, a
number of heat receiving structures 512 can include a number of control valves
514 to release warm liquid from the liquid flow compartment at least partially in
response to the liquid reaching a particular temperature.

[0040] In some examples of the present disclosure, a control valve can
be a thermostatic flow control valve. A thermostatic flow control valve can
include temperature sensitive materials and a valve opening. The valve
opening can change as a function of the temperature of a liquid flowing through
it. Temperature sensitive materials can include wax, liquid, or gas, although
temperature sensitive materials are not limited to the same. Temperature
sensitive materials can expand and contract depending on the temperature of a
liquid flowing through the thermostatic flow control valve. For example, a
thermostatic flow control valve can allow a large flow of liquid through the valve
opening when the liquid has a high temperature. Alternatively, a thermostatic
flow control valve can allow a small flow of liquid through the valve opening
when the liquid has a low temperature.

[0041] A thermostatic flow control valve can control the temperature of
the liquid flowing from a heat receiving structure. For example, a number of
heat receiving structures 512 can receive cool liquid from the inputs 516. The
liquid can extract heat from a number of heat receiving structures 512. In some
examples of the present disclosure, at lower server utilization, the liquid flow
compartments in a number of heat receiving structures 512 can give a small
flow of heat to a liquid because the heat a number of receiving structures 512

can receive a small flow of heat from the computing devices. The thermostatic
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flow control valve 514 can reduce the flow of liquid because the liquid will need
more time in the liquid flow compartment to reach a particular temperature. In
various examples of the present disclosure, at high server utilization, the liquid
flow compartments in a number of heat receiving structures 512 can receive a
large flow of heat from the computing devices. The thermostatic flow control
valve 514 can increase the flow of liquid because the liquid will require less time
in the liquid flow compartment to reach a particular temperature.

[0042] A cooling system 518 can be externa! to the electronics rack 500.
Furthermore, the cooling system 518 can include an input 522 and an output
520. Warm liquid can flow into the cooling system 518 through the input 522
and cool liquid can flow from the cooling system 518 through the output 520.
The warm liquid that can flow into the cooling system 518 through the input 522
can be the warm liquid that flows from a number of heat receiving structures
512. The cool liquid that can flow from the cooling system 518 through the
output 520 can be the cool liquid that can flow into a number of heat receiving
structures 512, '

[0043] In a number of examples of the present disclosure, the cooling
system 518 can be a district heating system. A district heating system can
include distributing heat from a central location to a number of locations such as
residential and commercial locations that use heat, although locations can
include other locations that can use the heat. For example, the heat generated
by the electronics rack 500 can be used to heat residential and/or commercial
buildings. In some examples of the present disclosure, the electronics rack 500
can be used to heat residential and/or commercial buildings that house the
electronics rack 500. In various examples of the present disclosure, the
electronics rack 500 can be used to heat residential and/or commercial buildings
that do not house the electronics rack 500. The warm liquid that flows from the
thermostatic flow control valves 514 can flow into an input 522 of a heating
system of a commercial building. The commercial building can cool the liquid
which can then be pumped into the inputs 516 of a number of heat receiving
structures 512 from the output 520 of a heating system of a commercial

building.
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[0044] In some examples of the present disclosure, the cooling system
518 can be an environmental cooling system. An environmental cooling system
can include releasing heat into the open air. Open air can be any area that is
not enclosed by a structure (e.g., a building). An environmental cooling system
can release heat into the open air by circulating warm liquid from an electronics
rack through the open air (e.g., area not enclosed by a structure). Circulating
liquid through the open air can be useful in locations where outside temperature
is low compared to the temperature of the warm liquid.

[0045] The above specification, examples and data provide a description
of the method and applications, and use of the system and method of the
present disclosure. Since many examples can be made without departing from
the spirit and scope of the system and method of the present disclosure, this
specification merely sets forth some of the many possible embodiment

configurations and implementations.
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What is claimed:

1. A liquid temperature control cooling system for an electronics rack,
comprising:

a number of electronic devices in the electronics rack;

a panel that extends from a roof to a floor inside the electronics rack,
wherein a face of the panel is parallel to a direction in which the number of
electronic devices slide into the electronics rack and perpendicular to a front of
the electronics rack; and '

. a heat receiving structure that is integrated into the panel and that is
thermally coupled to the number of electronic devices through the panel,
wherein the heat receiving structure includes:

a liquid flow compartment; '
an input to receive cool liquid into the liquid flow compartment; and

an output to release warm liquid.

2. The system of claim 1, wherein the heat receiving structure is liquidly

isolated from the number of computing devices.

3. The system of claim 1, wherein the liquid flow compartment includes a
serpentine channel including a number of horizontal runs and a number of
vertical runs through which the heat receiving structure transfers heat to the
liquid, wherein the number of horizontal runs are longer than the number of
vertical runs and the number of vertical runs are oriented vertically with respect

to gravity.

4. The system of claim 1, wherein:

the liquid flow compartment includes a pin-fin array compartment, an
input channel and an output channel; and

the pin-fin array compartment includes a plate with a number of raised

sections through which heat is transferred to the liquid and a number of control
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valves to release warm liquid from the pin-fin array compartment at least

partially in response to the liquid reaching a particular temperature.

5. The system of claim 4, wherein the number of control valves comprises a

number of thermostatic flow control valves.

6. A liquid temperature control cooling system for an electronics rack,
comprising:
a number of computing devices in the electronics rack;
a heat block being mounted to a side of the electronics rack;
a number of heat pipes to transfer heat from the computing devices to the
heat block; and
a heat receiving structure, outside of the electronics rack, that is
thermally coupled to the heat block to receive heat therefrom, wherein the heat
receiving structure includes:
a liquid flow compartment;
an input to receive cool liquid into the liquid flow compartment; and
a number of flow control valves to release warm liquid from the
liquid flow compartment at least partially in response to a liquid reaching a

particular temperature.

7. The system of claim 6, further comprising a cooling structure that is
connected to the input and the number of flow control valves, wherein the
cooling structure cools the liquid and wherein the number of flow control valves

includes a number of thermostatic flow control valves.

8. The system of claim 6, wherein:

a first group of the number of flow control valves releases warm liquid
when the liquid reaches a first particular temperature;

a second group of the number of flow control valves releases warm liquid
when the liquid reaches a second particular temperature, wherein the first

particular temperature is higher than the second particular temperature; and
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the first group of the number of flow control valves and the second group
of the number of flow control values control a flow of the liquid, a temperature of

a liquid, and a temperature of the number of computing devices.

9. The system of claim 6, wherein the number of heat pipes are thermally

coupled to the computing devices.

10. The system of claim 6, wherein the heat block is mounted opposite the
heat receiving structure, and wherein thermal coupling between the heat block

and the heat receiving structure occurs through the side of the electronics rack.

11.  The system of claim 10, wherein the side of the rack includes a mounting
location where the heat block is mounted opposite the heat receiving structure
and wherein the mounting location includes a material that enhances thermal

conductivity.

12. A method for providing a liquid temperature control cooling system for an
electronics rack, comprising:

providing a panel in the electronics rack parallel to a number of electronic
devices in the electronics rack and perpendicular to a front of the electronics
rack, the panel having a number of heat blocks secured thereto and at least one
heat receiving structure secured thereto to receive heat from the number of heat
blocks;

providing a cool liquid input into the heat receiving structure to cool the
heat receiving structure;

providing a thermostatic flow control valve on the heat receiving structure
to release warm liquid at least partially in response to the liquid reaching a
particular temperature; and

providing a cooling system that is external to the electronics rack, to cool

the liquid released from the thermostatic flow control valve.
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13. The method of claim 12, wherein providing the external cooling system
includes providing a connection between a district heating system, external to
the rack, and the thermostatic fiow control valve to cool the liquid that is
released from the heat receiving structure via a building including the district

heating system.

14. The method of claim 12, wherein providing the external cooling system
includes providing a connection between an environmental cooling system,
external to the rack, and the thermostatic flow control valve to cool the liquid that
is released from the heat receiving structure via atmospheric temperatures in

the environmental cooling system.

15. The method of claim 12, wherein providing the panel includes:
providing a panel wherein the heat receiving structure is integrated into
the panel,
providing a panel that is part of a structure of the electronics rack; and
providing a panel that extends from a roof of the electronics rack to a

floor of the electronics rack.
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