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Title: COOLANT DISTRIBUTION UNIT

(57) Abstract: An example device comprises a coolant distribution unit configured to be contained within a housing configured to
house a plurality of liquid cooled computing units, the coolant distribution unit configured to fluidly couple to a rear door heat ex -
changer of the housing and to fluidly couple to the plurality of liquid cooled computing units, the coolant distribution unit to: re-
ceive coolant from the rear door heat exchanger via a first fluid line; pump the coolant toward the liquid cooled computing units us -
ing at least one pump coupled to the first fluid line; and supply the coolant to the liquid cooled computing units via a second fluid
line coupled to the plurality of liquid cooled computing units.
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COOLANT DISTRIBUTION UNIT

BACKGROUND

[0001] Many current rack mounted computer systems utilize coolant distribution units
(CDU) that are packaged into a large part of or all of a computer rack unit. This type of CDU is
then used to facilitate cooling for a number of other computer rack units. However, having large
CDUs as this tends to lower row level density, negatively impacting cluster availability,
impacting customers’ facility with a required secondary plumbing loop, and driving higher

SErviceS COSts.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] For a more complete understanding of various examples, reference is now made to
the following description taken in connection with the accompanying drawings in which:

[0003] Figure 1 illustrates an example computer rack unit including a rear door heat
exchanger and housing an example coolant distribution unit;

[0004] Figure 2 illustrates a perspective view of interior components of a coolant distribution
unit housed in a computer rack unit;

[0005] Figure 3 illustrates an example block diagram of components of a coolant distribution
unit; and

[0006] Figure 4 illustrates an example flow diagram for an example process for cooling

liquid cooled computing units.

DETAILED DESCRIPTION

[0007] Example systems and methods described herein combine a small (e.g., about 3U rack
units where one U occupies about 1.75 inches vertical rack space) CDU combined with a rear
door heat exchanger of a computer rack unit. Such a configuration may take advantage of
unused rear door space to mount a heat exchanger, such as, for example, a liquid-to-liquid heat
exchanger.

[0008] Various example CDUs described herein are rack-based units that distribute coolant
(water, refrigerant, etc.) to liquid-cooled rack mounted information technology (IT) equipment

such as servers, networking equipment, storage equipment, referred to herein as liquid-cooled
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computing units. The CDU typically consists of a pump, a variable frequency drive (VFD)
providing variable speeds to the pump, a liquid-to-liquid (or liquid-to-air) heat exchanger (HX),
a controller, a reservoir, and piping.

[0009] Typically, the pump(s) and VFD, HX, and reservoir are the largest components and
take up the most room. The larger the cooling capacity of the CDU, the larger the HX needs to
be. CDUs are usually mounted in a dedicated rack that takes up a single rack footprint. In
addition, increasing the number of computer racks does not tend to improve the row density. In
contrast, models for the CDUs described herein are more attractive than the current deployment
model. For example, a rack-based CDU in combination with a rear door heat exchanger, as
described herein, may take up 3U of a 42U rack in contrast to a dedicated whole rack CDU
occupying the entire 42U space of one rack.

[0010] If a small rack-based CDU fails, only one rack is affected. In addition, by putting
multiple pumps in a CDU of a rack, a great deal of redundancy is obtained since the pumps tend
to be the most failure prone component of a CDU.

[0011] Referring now to the figures, Figure 1 illustrates an example computer rack unit 100
including a rear door heat exchanger 120 and housing an example coolant distribution unit
(CDU) 130. The computer rack unit 100 includes a housing 110 configured to house a plurality
of liquid cooled computing units 150. The rear door heat exchanger 120 is coupled to a rear door
115 which is coupled to the housing 110. The rear door heat exchanger 120 may be a liquid-to-
liquid heat exchanger which circulates a first coolant (which may include water or other
refrigerant) to cool a second coolant (which may include water or other refrigerant) of the CDU
130, where the second coolant cools the computing units 150. The first and second coolants are
cach in separate coolant loops. The first coolant may be water from a facility such as a building
housing the computer rack unit 100. In examples where some of the computing units 150 housed
in the computer rack unit 100 are not liquid cooled, a liquid-to-air heat exchanger could be
embedded in the rack unit 100 or, alternatively, the rear door 115 may include a liquid-to-air heat
exchanger in addition to the liquid-to-liquid heat exchanger 120 to allow air flow into the interior
of the housing 110 to cool the non-liquid cooled computing units within the housing 110.

[0012] The rear door heat exchanger 115 comprises a fluid flow path, not shown, to receive
heated coolant from the liquid cooled computing units 150 via a heat exchanger intake line 155

in order to cool the heated coolant. The example coolant distribution unit 130 is fully contained
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within the housing 110. A first fluid line, e.g., a fluid supply line 135, is coupled to the coolant
distribution unit 130 and supplies coolant to the liquid cooled computing units 150. A second
fluid line, ¢.g., a fluid return line 140, returns the cooled fluid from the rear door heat exchanger
120 to the coolant distribution unit 130. In the example computer rack 100, the coolant
distribution unit 130 is located at the bottom of the housing 110. This may be advantageous if a
leak develops in the coolant distribution unit 130. Other various example computer rack units
may position a coolant distribution unit at the top of the housing 110 or under a floor that the
computer rack unit is positioned on.

[0013] In various examples, a rear door liquid-to-liquid heat exchanger 120 may be mounted
on the rear door 115 of the computer rack unit 100. The use of a liquid-to-liquid heat exchanger
120 on the rear door 115 may give a much greater performance than comparably sized liquid-to-
air heat exchangers. For example, an 80 kW liquid-to-liquid heat exchanger may require about
25 gallons/minute (gpm) of 30C water, and would be smaller than a comparable 50 kW liquid-to-
air heat exchanger.

[0014] In various examples, the coolant used in the coolant distribution unit 130 may be
water which would allow the coolant distribution unit 130 to be connected directly into facility
plumbing, and may not need dedicated secondary plumbing. This may have a significant effect
in reducing deployment and services costs, and improving rack-level serviceability.

[0015] In various examples, use of the rack-based coolant distribution unit 130 may result in
smaller catastrophic leaks. For example, a catastrophic leak in a rack will take the single rack
down. For designs utilizing a full rack coolant distribution unit for multiple computer rack units,
a catastrophic leak may take down the entire cluster.

[0016] Figure 2 illustrates an elevational view of components of a coolant distribution unit
200 that may be housed in a computer rack unit, such as the computer rack unit 100 of Figure 1
and paired with the rear door liquid-to-liquid heat exchanger 120. In this example, the coolant
distribution unit 200 may be housed in a coolant distribution unit chassis 230 which may be
about 17 % inches wide and 3U high, where 3U corresponds to about 5.25 inches. The coolant
distribution unit 200 includes a first pump 210-1 and a second pump 210-2 arranged in parallel.
Outputs of the pumps 210 are coupled to a coolant supply line 235 that may supply pumped

coolant to the liquid cooling units 150 as illustrated in Figure 1.
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[0017] The coolant distribution unit 200 also includes a reservoir 220 that is coupled to a
coolant return line 240 that may receive coolant from the heat exchanger 120. The reservoir 220
may provide a capacity great enough to be used to contain coolant that is received from the heat
exchanger 120, where the coolant may vary in volume due to temperature variations of the
coolant. The reservoir may also be equipped with a pressure release valve and/or drain port 250
that may be used to release excess coolant and/or gas.

[0018] The coolant distribution unit 200 may also include a pair of backflow prevention or
check valves 270.

[0019] The coolant distribution unit 200 may also include a status display 260 to display the
status of the cooling system. The status may be in the form of a maximum temperature of the
coolant and/or the computing units 150, for example.

[0020] The parallel first and second pumps 210-1 and 210-2 may be equipped with a pair of
isolation valves including a first isolation valve 275 and a second isolation valve 280. The
isolation valves 275 and 280 may be used to restrict flow to one of the parallel pumps 210
allowing this pump to remain in operation while the other pump 210 is hot swapped out when in
need of repair. Such redundancy provides added security to the overall cooling system for each
rack containing one of the coolant distribution units 200.

[0021] In various examples, at the an assumed maximum power density of about 80 kW per
rack, approximately 25 gpm of 30C water may be required by the computing units 150 of one
computer rack unit 100. If the water temperature is lowered below 30C, the pumping power and
pump size may decrease, and/or the size of the heat exchanger 120 may decrease. In various
examples, if liquid-cooled cold plates are used on the computing units 150, a lower thermal
resistance of this technology may enable much lower flow rate and pumping power demands.
For example, at an assumed maximum power density of about 40 kW for a rack including
computing units 150 with liquid-cooled cold plates (this is an example configuration), analysis
suggests that as little as 10 gpm of water at 33C may be sufficient.

[0022] In various examples, the first and second pumps 210-1 and 210-2 may comprise any
type of pumps known to those skilled in the art. Each computer rack unit 100 may be equipped
with a leak containment/prevention/detection system.

[0023] Referring now to Figure 3, an example block diagram of components of a coolant

distribution unit 300 is illustrated. The coolant distribution unit 300 may be used, for example,
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as the coolant distribution unit 130 of Figure 1, or the coolant distribution unit 200 of Figure 2.
The example coolant distribution unit 300 may utilize an example controller 330 for controlling
the coolant flow through the plurality of computing units 150 housed in the computer rack unit
100 of Figure 1. The example coolant distribution unit 300 may include embedded firmware and
hardware components in order to continually collect data associated with temperature of the
coolant and/or temperatures of the computing units 150 illustrated in Figure 1.

[0024] The example coolant distribution unit 300 may include a server CPU (central
processing unit) 310, at least one memory device 320, and a power supply 340. The power
supply 340 is coupled to an electrical interface 345 that is coupled to an external power supply
such as an AC power supply 350. The coolant distribution unit 300 may also include an
operating system component 355 including, for example, an operating system driver component
and a pre-boot BIOS (Basic Input/Output System) component stored in ROM (read only
memory), and coupled to the CPU 310. In various examples, the CPU 310 may have a non-
transitory memory device 320. In various examples, the memory device 320 may be integrally
formed with the CPU 310 or may be an external memory device. The memory device 320 may
include program code that may be executed by the CPU 320. For example, one or more
processes may be performed to execute a user control interface 375 and/or software applications
380.

[0025] The example coolant distribution unit 300 may incorporate a standalone server such
as a blade server housed within one of the rack based coolant distribution units 130 or 200 of
Figures 1 and 2. Alternatively, portions of the coolant distribution unit 300 such as, for example,
the CPU 310, the memory device 320, the operating system 355, the user control interface 375
and/or the software applications 380 may be part of one of the other computing units 150 housed
in the computer rack unit 100.

[0026] The controller 330 may be implemented in software, firmware and/or hardware. The
controller 330 may receive signals representative of a coolant temperature, temperatures of the
liquid cooled computing units 150, coolant flow rate, power consumption, pump speed, etc. The
signals representative of the coolant temperatures may be reported to the controller by
temperatures sensors. The pumps 210 illustrated in the coolant distribution unit 200 of Figure 2
may report signals representative of power consumption, speed, cumulative number of

revolutions to the controller 330. The controller 330 may receive the signals representative of
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the temperatures of the computing units 150 via a network interface 365 which may be
communicatively coupled to the computing units 150. The controller 330 may use the coolant
temperature and/or the temperatures of the liquid cooled computing units 150 to control speeds
of the pumps 370.

[0027] The network interface 365 may be coupled to a network such as an intranet, a local
arca network (LAN), a wireless local area network (WLAN), the Internet, etc., where the other
liquid cooled computing units 150 may be a part of the network or at least coupled to the
network. The coolant distribution unit 300 may also include a display 360 which may be an
example of the display 260 illustrated in Figure 2.

[0028] Figure 4 illustrates an example flow diagram for an example process 400 for cooling
liquid cooled computing units. The process 400 is exemplary only and may be modified. The
example process 400 of Figure 4 will now be described with further references to Figures 1, 2
and 3.

[0029] Referring now to Figure 4, the coolant distribution unit 200 or 300 may receive
coolant from the rear door heat exchanger 120 via a coolant fluid return line 240. At block 420,
the coolant distribution unit 200 or 300 pumps the coolant toward the liquid cooled computing
units 150 using at least one of the two parallel pumps 210 that are both coupled to the coolant
fluid return line 240 so as to supply the coolant to the liquid cooled computing units 150 via the
coolant fluid supply line 235 coupled to the plurality of liquid cooled computing units 150.
[0030] At block 430, the controller 330 may control speeds of one or both of the parallel
pumps 210 based on temperature of the coolant and/or temperatures of the liquid cooled
computing units. In various examples, the controller 330 may receive signals representative of a
coolant temperature and/or signals representative of temperatures of the liquid cooled computing
units 150. The signals representative of the coolant temperatures may be received from one or
both of the parallel pumps 210. The controller 330 may receive the signals representative of the
temperatures of the computing units 150 via the network interface 365 which may be
communicatively coupled to the computing units 150.

[0031] Various examples described herein are described in the general context of method
steps or processes, which may be implemented in one example by a software program product or
component, embodied in a machine-readable medium, including executable instructions, such as

program code, executed by entities in networked environments. Generally, program modules
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may include routines, programs, objects, components, data structures, etc. which may be
designed to perform particular tasks or implement particular abstract data types. Executable
instructions, associated data structures, and program modules represent examples of program
code for executing steps of the methods disclosed herein. The particular sequence of such
executable instructions or associated data structures represents examples of corresponding acts
for implementing the functions described in such steps or processes.

[0032] Software implementations of various examples can be accomplished with standard
programming techniques with rule-based logic and other logic to accomplish various database
searching steps or processes, correlation steps or processes, comparison steps or processes and
decision steps or processes.

[0033] The foregoing description of various examples has been presented for purposes of
illustration and description. The foregoing description is not intended to be exhaustive or
limiting to the examples disclosed, and modifications and variations are possible in light of the
above teachings or may be acquired from practice of various examples. The examples discussed
herein were chosen and described in order to explain the principles and the nature of various
examples of the present disclosure and its practical application to enable one skilled in the art to
utilize the present disclosure in various examples and with various modifications as are suited to
the particular use contemplated. The features of the examples described herein may be
combined in all possible combinations of methods, apparatus, modules, systems, and computer
program products.

[0034] It is also noted herein that while the above describes examples, these descriptions
should not be viewed in a limiting sense. Rather, there are several variations and modifications

which may be made without departing from the scope as defined in the appended claims.
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WHAT IS CLAIMED IS:

1. A device, comprising:

a housing to house a plurality of liquid cooled computing units;

a rear door coupled to the housing, the rear door comprising a heat exchanger, the heat
exchanger comprising a fluid flow path to receive heated coolant from the liquid cooled
computing units and cool the heated coolant; and

a coolant distribution unit contained within the housing, the coolant distribution unit
comprising:

a first fluid line coupled to the fluid flow path of the heat exchanger to receive the
coolant;

at least one pump coupled to the first fluid line to pump the coolant toward the
liquid cooled computing units; and

a second fluid line coupled to the plurality of liquid cooled computing units and

the at least one pump to supply the coolant to the liquid cooled computing units.

2. The device of claim 1, further comprising a controller, executed on a processor, to control a
speed of the at least one pump based on temperature of the coolant and/or temperatures of the
liquid cooled computing units.

3. The device of claim 1, wherein the rear door further comprises a liquid-to-air heat exchanger.

4. The device of claim 1, wherein the heat exchanger is a liquid to liquid heat exchanger.

5. The device of claim 1, wherein the coolant distribution unit is located at a bottom of the

housing.

6. The device of claim 1, wherein the at least one pump comprises at least two pumps and the at
least two pumps are configured to be isolated from each other to enable hot swapping of a first

pump of the at least two pumps while a second pump of the at least two pumps is in operation.
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7. A device, comprising:

a coolant distribution unit configured to be contained within a housing configured to
house a plurality of liquid cooled computing units, the coolant distribution unit configured to
fluidly couple to a rear door heat exchanger of the housing and to fluidly couple to the plurality
of liquid cooled computing units, the coolant distribution unit to:

receive coolant from the rear door heat exchanger via a first fluid line;

pump the coolant toward the liquid cooled computing units using at least one
pump coupled to the first fluid line; and

supply the coolant to the liquid cooled computing units via a second fluid line

coupled to the plurality of liquid cooled computing units.

8. The device of claim 7, further comprising a controller, executed on a processor, to control a
speed of the at least one pump based on temperature of the coolant and/or temperatures of the

liquid cooled computing units.

9. The device of claim 7, further comprising a reservoir to contain the coolant.

10. The device of claim 9, wherein the reservoir comprises a pressure relief valve to release

pressure from the reservoir.

11. The device of claim 7, wherein the at least one pump comprises at least two pumps and the at
least two pumps are configured to be isolated from each other to enable hot swapping of a first

pump of the at least two pumps while a second pump of the at least two pumps is in operation.

12. A method, comprising:

receiving, at a first fluid line of a coolant distribution unit contained within a housing,
coolant from a rear door heat exchanger of the housing;

pumping the coolant toward liquid cooled computing units contained within the housing
using at least one variable speed pump coupled to the first fluid line to supply the coolant to the
liquid cooled computing units via a second fluid line coupled to the plurality of liquid cooled

computing units.
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13. The method of claim 12, further comprising controlling a speed of the at least one variable
speed pump based on temperature of the coolant and/or temperatures of the liquid cooled

computing units.

14. The method of claim 12, further comprising pumping the coolant toward the liquid cooled

computing units contained within the housing using at least two variable speed pumps.
15. The method of claim 14, wherein the at least two pumps are configured to be isolated from

cach other, the method further comprising hot swapping a first pump of the at least two pumps

while a second pump of the at least two pumps is in operation.

10
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