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1
COOLING MODULE WITH INTEGRATED
PUMP FOR IMMERSION COOLING IN
ELECTRONICS

FIELD OF THE INVENTION

The present invention relates generally to methods and
devices for cooling high-powered heat-generating electronic
devices, and more particularly to cooling modules and
cooling assemblies for central processing units (CPUs),
graphical processing units (GPUs), power converters and
power inverters.

RELATED ART

Electronic devices, such as CPUs, GPUs, chip sets and
power converters and power inverters produce considerable
amounts of waste heat during operation. Because excessive
waste heat and high temperatures inside and around such
heat-generating devices tend to limit processing perfor-
mance and reduce component lifespans, it is considered
imperative to manage thermal loads of processors by remov-
ing and/or dissipating as much heat as possible as quickly as
possible. A traditional method of moderating, removing and
dissipating excess waste heat produced by heat-generating
electronic devices involves using fan-cooled heat sinks to
continuously force a coolant fluid, such as air, water or oil,
to hit and pass over a surface of the heat-generating device.
However, as heat-generating electronic components con-
tinue to get smaller (and more powerful), and printed circuit
boards (PCBs) become more and more densely packed with
heat-generating electronic components, the traditional tech-
niques of forcing air and liquid to contact the surface of the
heat-generating electronic components are becoming less
and less effective at moderating, removing and/or dissipat-
ing a sufficient amount of excess heat.

In an attempt to address this problem, electrically non-
conductive coolant fluids have been introduced that allow
electronic assemblies and PCBs to be fully immersed in a
bath of the non-conductive fluids during operation without
damaging the assemblies, PCBs or the heat-generating elec-
tronics attached thereto. However, typical immersion cool-
ants have a relatively low thermal conductivity, the result
being that many modern high-powered CPUs and GPUs can
still produce so much excess heat that even immersion
cooling cannot reliably remove a sufficient amount of heat to
preserve or improve the high-performance levels and longer
lifespans required by modern computer and data processing
applications. Furthermore, typical immersion cooling sys-
tems provide only very slow flow rates for the liquids
flowing over and through the electronic assemblies and
PCBs being cooled. Dead flow regions in the immersion
baths can develop, which can lead to locally higher and
possibly unacceptably hot temperatures (hot spots) of certain
electronic components in an immersion bath containing
many electric components. Therefore, it is sometimes very
difficult or impossible to ensure even cooling for all the
components in an immersion bath, an assembly or on a PCB.

In response to these problems, some in the industry have
adopted the use of finned heat sinks, affixed to the top of the
immersion-cooled CPUs and GPUs, which are configured
help absorb some of the heat produced by the CPUs and
GPUs. But a thermal interface material (TIM) must be used
to attach the finned heat sinks to the CPUs and GPUs, and
the TIM has to be compatible with the electronically non-
conductive coolant used in the immersion bath. Conse-
quently, systems and methods utilizing finned heat sinks in
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immersion baths typically require more expensive TIMs
compared to TIMs used in traditional water or glycol based
liquid cooling systems (non-immersion cooling systems).
Even with very expensive TIMs, the ability of conventional
immersion cooling baths used in conjunction with finned
heat sinks to reliably remove enough heat to manage the heat
loads associated with operating future processors is
extremely questionable.

Accordingly, there is considerable need in the computer
and data processing industries for less expensive and more
effective immersion cooling systems for cooling high-pow-
ered and high heat-generating electronic components.

SUMMARY OF THE INVENTION

To address this need, and solve the above-described and
other problems associated with conventional immersion
bath cooling systems, embodiments of the present invention
provide a cooling module with an integrated pump config-
ured to pressurize the coolant fluid inside the cooling
module and accelerate the fluid through microjet nozzles
achieve much higher rates of cooling than immersion bath
systems alone can achieve. The pump draws in immersion
coolant from the surrounding dielectric bath fluid and drives
it through microconvective nozzle arrays inside the cooling
module to enhance cooling of the heat-generating device,
thereby enhancing overall system circulation and convective
environment for other nearby electronic components.

Notably, pump may be entirely incorporated into the
cooling module, or otherwise permanently or removably
affixed to one side or the top of the cooling module. In either
case, the cooling module containing the integrated pump is
attached to the electronic component to be cooled, such as
a CPU, a GPU for a computer system or server, a power
converter, a power inverter, or some other type of heat-
generating electronic device. The heat-generating electronic
processor or device is typically affixed to a printed circuit
board (PCB), along with other electronic components. To
help manage and/or remove the excess heat produced by the
heat-generating electronic processor, the PCB containing the
heat-generating components and the cooling module with
the integrated pump are placed in an immersion cooling
system. The liquids used in an immersion cooling system is
usually a non- or low-conducting dielectric fluid, such as
mineral oil or polyalphaolefin (PAO) oil. The fluid conducts
heat away from the devices, and can be circulated through
a heat exchanger to remove the heat generated by the
devices. Typically, but not necessarily, the PCB containing
the cooling module with integrated pump is placed in an
immersion bath along with other PCBs containing additional
electronic components. For purposes of the present inven-
tion, the immersion cooling system may comprise a single-
phase immersion cooling system or a two-phase immersion
cooling system. In a single-phase immersion cooling system,
the coolant fluid remains in a liquid state and is circulated
through a heat exchanger to remove the heat. In a two-phase
immersion cooling system, a secondary cooling loop sits
within the primary loop and contains a second fluid that
changes phase due to heat absorption from heat generating
devices and is recondensed by losing heat to the primary
loop immersion coolant.

In general terms, physical embodiments of the present
invention provide a cooling module for cooling a heat-
generating electronic device attached to a printed circuit
board immersed in a container or tank of immersion fluid.
The cooling module comprises a housing, a nozzle plate, a
fastener for attaching the cooling module to the heat-
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generating electronic device, a plenum, an inlet in the
housing, an outlet and the integrated pump. The system may
also include an electric motor for running the pump. The
nozzle plate is fixedly attached to the housing, and com-
prises a fluid receiving side, a fluid ejection side, opposite
the fluid receiving side, and a multiplicity of nozzles extend-
ing through the nozzle plate from the fluid receiving side to
the fluid ejection side. Each nozzle in the nozzle plate is
adapted to produce a microjet of immersion fluid as immer-
sion fluid pressurized by the pump exits the fluid ejection
side of the nozzle plate. The fastener is designed to attach the
cooling module to the heat-generating electronic device,
opposite the printed circuit board, so that the fluid ejection
surface of the nozzle plate is oriented to face an impinge-
ment zone on the heat-generating electronic device. Once
fastened to the heat-generating electronic device, the fluid
ejection surface of the nozzle plate is spaced apart from the
impingement zone so as to define an impingement channel
and an outlet between the cooling module and the heat-
generating electronic device.

The plenum is a chamber inside the housing defined by
the inner walls of the housing and the nozzle plate. The inlet
is formed in the housing and is configured for fluid com-
munication with the plenum. Thus, the inlet permits immer-
sion fluid in the container to be drawn into the housing. The
pump has a motor that is mechanically connected to a set of
rotors disposed inside the housing between the inlet and the
plenum. These rotors are typically located near the inlet (or
a channel connected to the inlet), so that when the rotors in
the pump are rotated by the operation of the motor, the
rotation draws immersion fluid from the container into the
housing through the inlet and pushes the immersion fluid
into the plenum, causing the plenum to fill and become
pressurized. Pressurizing the plenum pushes immersion fluid
in the plenum into the nozzles of the nozzle plate, which
causes the nozzles to eject a multiplicity of microjets into the
impingement channel between the nozzle plate and the
heat-generating device. The multiplicity of microjets strike
the impingement zone of the heat-generating electronic
device at a high velocity before exiting the cooling module
through the outlet, which removes heat from the heat-
generating electronic device.

Implementations of the present invention may be benefi-
cially utilized to enhance and improve the efficiency of
immersion cooling systems used in a variety of different
applications, including without limitation, data centers,
high-performance computing, cryptocurrency mining and
electric power inverters. In data center applications, immer-
sion cooling is used to cool servers and other computing
equipment. In high-performance computing applications,
immersion cooling is used to cool advanced processors that
have the ability to process extremely large amounts of data
and/or perform very complex calculations at high speeds,
and these advanced processors produce a large amount of
waste heat that must be cooled in order to achieve the
required performance. In cryptocurrency mining, immersion
cooling systems are used to cool cryptocurrency mining rigs,
which generate a considerable amount of heat. In electric
power inverters, immersion cooling systems are used to cool
electric drive components that convert the stored electrical
energy (typically direct current (DC)) to the driving voltage
for electric motors (typically alternating current (AC)),
where the conversion process generates a significant amount
of waste heat that can limit the power density of the
component arrangement and the maximum throughput per
component set.
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Integrating the pump into the cooling module in an
immersion system offers the advantage of being less depen-
dent on the longevity or quality of the seals in the pump and
reduces or eliminates the need for lubrication (to the extent
that the pump mechanisms require it) because coolant fluid
constantly flows into and all around the pump mechanisms,
thereby providing lubrication. Because the cooling provided
by the system is not based on solid contact heat spreading
(e.g. finned heat sink), it is not required that any TIMs be
disposed between the cooling module and the component to
be cooled.

The chamber containing the rotors of the pump is
equipped with an inlet that draws fluid in (inlet) and the
cooling module impingement channel is equipped with an
exit that collects fluid and expels it (outlet). The inlet and
outlet (of which there could be several, even for one pump)
is used to help optimize the uniformity of cooling within the
electronics assembly where the immersion cooling is imple-
mented. This can be done locally, near the cooling module
but also potentially further away by either drawing in or
expelling the fluid through one or more flow conduits.
Furthermore, both the inlets and the outlets to the pump are
designed to selectively enhance cooling of other components
within the electronics assembly and avoid the creation of
dead flow regions and the associated deviations in compo-
nent temperatures.

The cooling module structure itself uses the pump to
pressurize the inlet flow into a plenum that supplies immer-
sion fluid to the micro-convective nozzle array. An outlet on
the opposite side of the microconvective nozzle array(s)
from the plenum then allows the immersion fluid to flow out
of'the cooling module to be dispersed in the immersion fluid
of the immersion bath.

Several types of pumps can be used in implementations of
the present invention, including without limitation, positive
displacement pumps, centrifugal pumps and axial pumps. In
each case, the seal and lubrication requirements for the
integrated pump can be relaxed, taking advantage of the
lubricating properties of the coolant and the fact that minor
leakage is acceptable in an immersion environment, so long
as the leakage is not so great as to undermine or prevent the
pressurization of the immersion fluid inside the plenum or
the acceleration and high-velocity impingement functions
performed by the microconvective nozzle array in the nozzle
plate.

To optimize thermal performance, the cooling module
inlet may be directly connected to an external heat
exchanger that provides immersion fluid at the desired inlet
temperature to the inlet of the cooling module (rather than
the immersion fluid temperature in the immediate vicinity of
the device to be cooled). Similarly, the discharge of the
cooling module, instead of being immediately discharged
back into the immersion cooling bath may be directed first
to an external heat exchanger whose performance may be
optimized by collecting immersion fluid that has just
increased in temperature after cooling a significant heat
source within the electronic assembly. The discharge of the
heat exchanger (being cooler than discharged from the
cooling module) may then be directed at other heat loads
within the immersion bath that require improved cooling but
aren’t of sufficiently high density to warrant their own
cooling module.

BRIEF DESCRIPTION OF THE FIGURES

The accompanying drawings, which are incorporated in
and constitute part of the specification, illustrate preferred
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embodiments of the invention, and, together with the
description, serve to explain the principles of the present
invention. In the drawings, like reference numbers indicate
identical or functionally similar elements. Additionally, the
left-most digit(s) of a reference number identifies the draw-
ing in which the reference number first appears.

FIG. 1 shows a high-level schematic diagram illustrating
by way of example a cooling module with integrated pump
constructed in accordance with an embodiment of the inven-
tion.

FIG. 2 shows a high-level schematic diagram illustrating
by way of example a cooling module with integrated pump
constructed in accordance with an embodiment of the inven-
tion, wherein the cooling module also includes fluid collec-
tion manifold and a fluid discharge manifold for targeting
specific regions of the immersion cooling bath that might
otherwise become stagnant, or to target the inlets and outlets
of other nearby cooling modules in the immersion cooling
system.

FIG. 3 shows a high-level schematic diagram illustrating
by way of example a typical target system where using
embodiments of the present invention provide enhanced
cooling performance.

FIG. 4 shows a high-level schematic diagram illustrating
by way of example an immersion cooling system comprising
a cooling assembly of two cooling modules constructed in
accordance with an embodiment of the present invention
attached to the CPUs of the typical target system shown in
FIG. 3.

FIG. 5 shows a high-level schematic diagram illustrating
by way of example an immersion cooling system comprising
a cooling assembly containing a single cooling module
mounted on top of a GPU and two daughter cooling modules
constructed in accordance with embodiments of the present
invention mounted to the top of the two CPUs shown in FIG.
3.

FIG. 6 shows a high-level schematic diagram illustrating
by way of example an immersion cooling system comprising
a cooling assembly made of two independent cooling mod-
ules constructed in accordance with an embodiment of the
present invention mounted on top of a GPU and CPU,
respectively, and one daughter cooling module constructed
in accordance with embodiments of the present invention
mounted to the top of one CPU shown in the target system
depicted in FIG. 3.

FIGS. 7A and 7B show an embodiment of a nozzle plate
comprising a microconvective nozzle array that may be used
in embodiments of the present invention, where FIG. 7B is
a cross-sectional view of the nozzle plate shown in FIG. 7A
when it is sectioned along line 7B-7B of FIG. 7A.

FIGS. 8A, 8B and 8C show, by way of example, a
sectioned perspective view, a sectioned rear view, and an
isometric view, respectively, of a cooling module 800 with
a side-mounted integrated pump constructed in accordance
with embodiments of the present invention.

FIGS. 9A and 9B show front and side sectional views,
respectively, of a cooling module constructed in accordance
with one embodiment of the present invention, wherein the
integrated pump is a side-mounted, tri-lobe-styled positive
displacement pump. FIG. 9A shows a front sectional view of
the cooling module, sectioned along the line SV-SV of FIG.
8A. FIG. 9B shows a side sectional view of the cooling
module, sectioned along the line 9B-9B of FIG. 9A.

FIGS. 10A and 10B show front and top sectional views,
respectively, of a cooling module constructed in accordance
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6

with another embodiment of the present invention, wherein
the integrated pump is a top-mounted, tri-lobe styled posi-
tive displacement pump.

FIG. 10A shows a front sectional view of the cooling
module, sectioned along the center of the rotor drive, and
FIG. 10B shows a top sectional view of the cooling module,
sectioned along the line 10B-10B of FIG. 10A.

FIGS. 11A and 11B show front and side sectional views,
respectively, of a cooling module constructed in accordance
with one embodiment of the present invention, wherein the
integrated pump is a side-mounted, centrifugal pump. FIG.
11A shows a front sectional view of the cooling module,
sectioned along the line SV-SV of FIG. 8A, and FIG. 11B
shows a side sectional view of the cooling module, sectioned
along the line 11B-11B of FIG. 11A.

FIGS. 12A and 12B show front and top sectional views,
respectively, of a cooling module constructed in accordance
with yet another embodiment of the present invention,
wherein the integrated pump is a top-mounted centrifugal
pump. FIG. 12A shows a front sectional view of the cooling
module, sectioned along the line SV-SV of FIG. 8A. FIG.
12B shows a top sectional view of the cooling module,
sectioned along the line 12B-12B of FIG. 12A.

FIGS. 13A and 13B show front and side sectional views,
respectively, of a cooling module constructed in accordance
with one embodiment of the present invention, wherein the
integrated pump is a side-mounted axial pump. FIG. 13A
shows a front sectional view of the cooling module, sec-
tioned along the line SV-SV of FIG. 8A. FIG. 13B shows a
side sectional view of the cooling module, sectioned along
the line 13B-13B of FIG. 13A.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Reference will now be made in detail to the preferred
embodiments of the invention, examples of which are illus-
trated in the accompanying drawings. Notably, the present
invention may be implemented using a variety of different
configurations, as would be apparent to those of skill in the
art, and the figures and examples below are not meant to
limit the scope of the present invention or its embodiments
or equivalents.

FIG. 1 shows a high-level schematic diagram of a cooling
module 100 constructed and arranged in accordance with
one embodiment of the present invention. As shown in FIG.
1, the cooling module 100 is submerged in a tank 159 of
non-conductive immersion fluid 160, such as mineral oil.
The cooling module 100 comprises a housing 105, a plenum
110 defined by the inner walls of the housing 105, a pump
115, an electric motor 130 operable to drive the rotors of the
pump 115, and a nozzle plate 119 comprising two micro-
convective nozzle arrays 122a and 1225. The walls of the
housing 105 are constructed and arranged to provide an inlet
137 to let immersion fluid 160 inside the tank 159 to flow (or
be drawn) into the interior of the housing 105. The walls of
the housing 105 are further arranged so that the pump 115 is
interposed between the inlet 137 and the plenum 110, the
result being that any immersion fluid 160 passing from the
inlet 137 into the plenum 110 first must pass through the
pump 115. See FIG. 1. Each one of the two microconvective
nozzle arrays 122a and 1225 in the nozzle plate 119 com-
prises a multiplicity of nozzles (shown best in FIGS. 7A and
7B). Each nozzle is configured so that at least some of the
immersion fluid 160 that is located inside the plenum 110
will be forced to pass into and through the nozzles when the
immersion fluid 160 inside the plenum is pressurized by
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operation of the pump 115. Although FIG. 1 shows two
microconvective nozzle arrays 122a and 1225 in the nozzle
plate 119, it should be understood that the nozzle plate may
have any number of microconvective nozzle arrays, or any
number of nozzles without those nozzles being organized
into individual arrays. For example, the nozzles may be
randomly located about the nozzle plate, so long as they are
capable of generating microjets from immersion fluid put
under pressure by the pump. It should also be understood
that the nozzle plate may contain a variety of different nozzle
sizes, different shapes and different outflow directions
within a given group or randomly arranged nozzles within
the nozzle plate(s) 119.

The cooling module 100 in FIG. 1 may be fastened to the
heat-generating device, such as a CPU or GPU, fastened to
a printed circuit board (PCB) 155, or both, by means of a
fastening base 157 (such as bolster plate or CPU mounting
frame). The heat-generating electronic device 150 is
mounted to the top surface of the PCB 155 so that, after the
cooling module 100 is attached to the PCB 155, the heat-
generating electronic device 150 will lie between the nozzle
plate 119 and the PCB 155, and the bottom surface 121 of
the nozzle plate 119 and the top surface 123 of the heat-
generating electronic device 150 are fixed in a spaced-apart
relationship, with the fluid ejection side of the nozzle plate
oriented to face a surface of the heat-generating electronic
device. Owing to this spaced-apart orientation, the bottom
surface 121 of the nozzle plate 119 (referred to as the fluid
ejection side of the nozzle plate) and the top surface 123 of
the heat-generating electronic device 150 (hereinafter
referred to as the impingement zone of the heat-generating
electronic device) define an impingement channel 125 and
an outlet 139 that allows the microjets of immersion fluid
160 ejected from the fluid ejection side of the nozzles in the
two microconvective nozzle arrays 122a¢ and 1226 of the
nozzle plate 119 to strike the top surface (impingement
zone) 123 of the heat-generating device 150 before being
discharged by the outlet 139 back into the tank 159 to mix
with the rest of the immersion fluid 160 in the tank 159.
Typically, the PCB 155 will have a multiplicity of other
surface-mounted electronic components attached to it,
including for example, relays, power supplies, resistors,
memory modules (e.g., RAM), expansion card connectors
and voltage regulating modules. The effluent from the outlet
139 may be beneficially guided to flow into or wash over
these other devices to improve the cooling of these other
devices. For simplicity in the illustration, however, these
other devices are not shown in FIG. 1.

The motor 130 connected to the pump 115 may be
powered, for example, by an electrical power cable 170
connected to a power supply connector 175 on board the
PCB 155. The cooling module 100, motor 130, power line
170, heat-generating electronic component 150 and PCB
155 are all immersed in the immersion bath tank 159 filled
with an immersion fluid 160. When power is supplied to the
motor 130 via the power supply port 175 and power cable
170, the motor 130 turns the set of rotors on the pump 115
so that the set of rotors on the pump 115 draws immersion
fluid 160 out of the tank 159 and into the housing 105
through the one or more inlets 137 of the housing 105. The
rotors also force that immersion fluid 160 drawn into the
housing 105 to flow into the plenum 110, which pressurizes
the immersion fluid 160 inside the plenum 110. The
increased pressure inside the plenum 110 drives immersion
fluid 160 located in the plenum 110 into and through nozzles
in the microconvective nozzle arrays 122a and 1224 of the
nozzle plate 119.

10

15

20

25

30

35

40

45

50

55

60

65

8

The pressure provided by the rotating rotors in the pump
115 and the geometry of the nozzles in the microconvective
nozzle arrays 122a and 12254 of the nozzle plate 119 greatly
accelerates the flow of immersion fluid 160 as it passes
through the nozzles, out of the fluid ejection side of the
nozzle plate, and into the impingement channel 125 as
microjets of fluid. The nozzles in the microconvective
nozzle array 122a and 1224 are configured to direct the
microjets of immersion fluid 160 to traverse the impinge-
ment channel 125 to strike the top surface (impingement
zone) 123 of the heat-generating electronic device 150 at a
high velocity before passing out of the outlet 139 of the
cooling module 100. As the microjets of immersion fluid 160
flow over the impingement zone 123 of the heat-generating
electronic device 150, the immersion fluid 160 absorbs heat
from the impingement zone 123 of the heat-generating
electronic device 150 and carries (or pushes) that heat
through the outlet 139 and out into the tank 159 to the mix
with the rest of the immersion fluid 160 in the tank 159.

A variety of different types of pumps and pump designs
may be used to carry out the functions of the pump 115 in
embodiments of the present invention, including without
limitation, positive displacement pumps, centrifugal pumps
and axial pumps. Other types of pumps, may be suitably
adapted to use in implementations of the present invention,
depending on the specific requirements and objectives of the
immersion cooling system.

The overall heat-transfer performance and cooling capac-
ity of an immersion cooling system may not reach its full
potential if the immersion fluid 160 in some regions of the
immersion bath tank 159 become relatively stagnant, lead-
ing to those regions becoming warm and/or producing hot
spots in or on certain components. If electronic devices are
located in these warm or hotspots, it could reduce their
performance or lifespans. To address this potential problem,
in some embodiments of the present invention, and as shown
in FIG. 2, the cooling module 100 further comprises one or
more fluid collection manifolds 135 that are fluidly coupled
to the inlet 137 of the cooling module 100, and one or more
discharge manifolds 140 that are fluidly coupled to the outlet
139. These fluid collection manifolds 135 and fluid dis-
charge manifolds 140 may comprise tubing that may be
configured and/or adjusted to target specific regions 180,
182 and 189 inside the immersion bath tank 159 where the
immersion fluid 160 might otherwise be expected to be
relatively stagnant, thereby reducing the overall heat-trans-
fer capacity of the system. By positioning the intake ends of
the fluid collection manifolds 135 and the output ends of the
fluid discharge manifolds 140 at or in the immediate vicinity
of these stagnant regions 180, 182 and 189, and managing
the operation and throughput of the pump 115, a beneficial
amount of turbulence may be produced in those regions to
increase the overall flows and cooling capacity of the
immersion fluid 160 in the immersion cooling tank 159.

The fluid collection manifolds 135 and the fluid discharge
manifolds 140 may be constructed from rigid or flexible
tubing that is preferably long enough to allow the intake and
output ends of the manifolds to be positioned in the most
optimal (e.g., the most stagnant) regions of the immersion
bath tank 159 to ensure constant and uniform movement in
the tank 159, to help eliminate or substantially reduce
stagnant flow regions and hot zones, and thereby enhance
the heat transfer capacity of the immersion bath system. It
should be noted, however, that, while the incorporation of
the fluid collection manifolds 135 and fluid discharge mani-
folds 140 may be preferred, they are not considered to be
absolutely necessary in order to achieve some or all of the
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benefits of the invention. As will be discussed in more detail
below in connection with FIGS. 4, 5 and 6, the fluid
collection and fluid discharge manifolds 135 and 140 may
also be connected to or positioned nearby other heat-gener-
ating devices attached to the same (or a different) PCB in
order to draw in immersion fluid flowing around those other
heat-generating electronic devices and/or discharge immer-
sion fluid to flow into or wash over those other heat-
generating devices for better overall cooling of those other
devices.

FIG. 3 shows a high-level schematic diagram illustrating
by way of example the components and physical layout for
a typical target system where embodiments of the present
invention may be beneficially applied, as viewed from a
direction that is perpendicular to the processor’s top plane.
As shown in FIG. 3, the typical target system 300 comprises
a PCB 305 with several basic data processing components
attached thereto, including one or more hard drives 305, a
fan connection area 310 (the fans have been removed in FIG.
3), random access memory (RAM) cards 320, two CPUs 330
and 340, several voltage regulating modules 315 for each
one of the CPUs 330 and 340, and three PCle expansion
cards 350, 360 and 370. In this case, the three PCle cards
350, 360 and 370 are all GPUs. However, it is understood
that other types of PCle cards (e.g., networking cards, GPUs,
etc.) might be attached to the PCB 305 in these positions/
slots. The PCB 305 and all of the attached components are
submerged in an immersion fluid 380. Typically, the immer-
sion fluid 380 flows slowly from left to right to pass over,
around and through all the components attached to the PCB
305.

FIG. 4 shows a high-level schematic diagram illustrating
by way of example an immersion cooling system 400
comprising a cooling assembly in which two cooling mod-
ules 335 and 345 constructed to operate in accordance with
embodiments of the present invention have been mounted on
the tops of the two CPUs 330 and 340 attached to the PCB
305 shown in FIG. 3. Although not depicted in FIG. 4, it is
noted that the two cooling modules 335 and 345 mounted to
the tops of the CPUs 330 and 340 each comprise a housing,
a plenum and an inlet in the housing, a nozzle plate 119 with
one or more microconvective nozzle arrays 122a and 1225,
and an integrated pump 115 disposed between the inlet and
the plenum 110 so that immersion fluid 380 entering the
cooling module passes through the pump before entering the
plenum 110. The integrated pump has rotors 115, and may
also have gears and/or vanes that may be driven by operation
of an electric motor electrically connected to a power supply
connector 175 on the PCB 305, so that operation of the pump
115 rotates the rotors and/or gears to force more immersion
fluid 160 into the plenum 110 and pressurizes the immersion
fluid 380 in the plenum and forces some of the immersion
fluid 380 in the plenum to pass through the nozzles of the
microconvective nozzle array(s) in the nozzle plate to strike
the top surfaces of the two CPUs 330 and 340 at a high
velocity before passing out of outlets in the two cooling
modules 335 and 345. This arrangement of cooling modules
with integrated pumps being mounted on top of the heat-
generating CPUs 330 and 340 enables better cooling of the
CPUs 330 and 340 than could otherwise be achieved by the
typical slow flow of immersion fluid 380 and substantially
passive contact between the immersion fluid 380 and the
outer surfaces of the CPUs 330 and 340.

As further illustrated by the example system in FIG. 4,
two fluid collection manifolds 337 and 347 are fluidly
connected to the inlets of the two cooling modules 335 and
345, respectively, and configured and positioned to draw
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immersion fluid 380 through the voltage regulating modules
315 for better cooling of those voltage regulating modules
315. In addition, fluid discharge manifolds 339 and 349 are
attached to the outlets on the cooling modules 335 and 345
and arranged to discharge immersion fluid 380 passing out
of the outlets to flow into and wash over other nearby
heat-generating electronic devices attached to the PCB 305,
which in this case are GPUs 350 and 370.

FIG. 5 shows a high-level schematic diagram illustrating
by way of example an immersion cooling system 500
comprising a cooling assembly that has a single cooling
module 555 mounted on top of a GPU 350 and two daughter
cooling modules 535 and 545 mounted on top of the two
CPUs 330 and 340, respectively. A fluid collection manifold
510 connected to the inlet of cooling module 555 and the
operation of an integrated pump in cooling module 555
draws immersion fluid 380 over and through the hard
drive(s) 308 for better cooling of the hard drive(s) 308 that
could be achieved by immersion alone. A fluid discharge
manifold 520 connected to an outlet on cooling module 555
discharges immersion fluid 380 into the inlets of a pair of
daughter cooling modules 535 and 545, which are mounted
to the tops of CPUs 330 and 340 so that the daughter cooling
modules 535 and 545 can in turn force the immersion fluid
380 through microconvective cooling arrays inside cooling
modules 535 and 545 to impinge on and cool the CPUs 330
and 340.

Implementation of daughter cards is either via a series
connection (connecting the outlet or discharge manifolds of
one or more cooling modules to the inlet plenum of one or
more cooling modules) or a parallel connection (connecting
the pressurized plenum of one or more cooling modules to
the pressurized plenum of one or more daughter cooling
modules). For instance, the configuration of cooling mod-
ules in FIG. 5 may be considered to constitute a series
connection between the parent cooling module 555 and the
daughter cooling modules 535 and 545 because the dis-
charge manifold 520 of the parent cooling module 555 is
connected to the inlets for cooling modules 535 and 545.
However, the configuration of the cooling modules shown in
FIG. 5 may be interpreted as constituting an example of a
parallel connection between the parent cooling module 555
and the daughter cooling modules 535 and 545 if the
pressurized inlet chamber of the parent cooling module 555
is connected to the pressurized inlet chamber of the daughter
cooling modules 535 and 545. This second interpretation
comprises a parallel connection of daughter modules.

At the same time, fluid discharge manifolds 540 and 541
connected to outlets on cooling modules 535 and 545 are
configured to discharge immersion fluid 380 to wash over
and into the voltage regulator modules 315 attached to the
PCB 305. In this case, depending on the amount of heat that
must be dissipated from the voltage regulator modules 315,
it may not be necessary for the daughter cooling modules
535 and 545 to have integrated pumps to effectively cool
both the CPUs beneath daughter cooling modules 535 and
545, as well as the voltage regulator modules 315 down-
stream from daughter cooling modules 535 and 545. Under
such circumstances, one or both of the daughter cooling
modules 535 and 540 may comprise a housing, an inlet
connected to a plenum in the housing, and a microconvec-
tive nozzle array containing a multiplicity of nozzles con-
figured to accelerate and direct immersion fluid 380 to strike
the surfaces of CPUs 330 and 340 at a high velocity before
being discharged and directed by the fluid discharge mani-
folds 540 and 541 to strike and wash over the voltage
regulator modules 315.



US 12,563,707 B2

11

Cooling modules constructed and operated in accordance
with embodiments of the present invention may have mul-
tiple inputs and multiple outputs, as well as multiple fluid
collection manifolds connected to their multiple inputs and
multiple fluid discharge manifolds connected to their mul-
tiple outlets. Thus, as shown in FIG. 5, cooling module 555
has a second fluid discharge manifold 530 connected to a
second outlet on cooling module 555. The second fluid
discharge manifold 530 is arranged to direct some of the
immersion fluid 380 flowing through cooling module 555 to
flow into and wash over GPU 360 for better cooling of GPU
360 than would be provided by the immersion bath alone.

FIG. 6 shows a high-level schematic diagram illustrating
by way of example an immersion cooling system 600
comprising a cooling assembly made up of two independent
cooling modules 655 and 645 constructed in accordance
with an embodiment of the present invention mounted on
top of a GPU 350 and a CPU 340, respectively, and one
daughter cooling module 635 constructed in accordance
with embodiments of the present invention mounted to the
top of one CPU 330 of the target system depicted in FIG. 3.

Independent cooling modules 655 and 645 both have
integrated pumps, plenums and microconvective nozzle
arrays designed to pressurize and accelerate immersion fluid
380 to impinge directly on and cool the surfaces of the
underlying GPU 350 and CPU 340. Cooling module 655
includes a fluid collection manifold 610 connected to an
inlet to draw immersion fluid 380 through hard drive(s) 308
to increase the cooling of the hard drive(s) 308, as well as
a fluid discharge manifold 630 connected to an outlet, the
fluid discharge manifold 630 being configured to discharge
immersion fluid 380 to flow into and wash over nearby GPU
360. Independent cooling module 655 also includes a second
fluid discharge manifold 620 connected to a second outlet,
the second fluid discharge manifold being configured to
direct immersion fluid 380 into an inlet of daughter cooling
module 635. Daughter cooling module 635 includes a fluid
discharge manifold 640 connected to an outlet on daughter
cooling module 635, the fluid discharge manifold 640 being
configured to discharge immersion fluid 380 flow into and
wash over the voltage regulator modules 616. Independent
cooling module 645 includes a fluid collection manifold 641
connected to an inlet to draw immersion fluid 380 through
and enhance the cooling of the voltage regulator modules
615, as well as a fluid discharge manifold 631 connected to
an outlet, the fluid discharge manifold 631 being configured
to discharge immersion fluid 380 to flow into and wash over
nearby GPU 370.

Embodiments of the present invention provide a method
of cooling heat-generating electronic devices utilizing a
dielectric fluid (meaning sufficiently electrically non-con-
ductive to allow bathing of all components in the fluid). The
dielectric fluid typically cools an entire electronic assembly
containing both high heat flux sources and low heat flux
sources. Immersion cooling typically involves the slow flow
of the coolant over the components from the assembly’s
inlet to the assembly’s outlet. The invention aids in the
cooling of high heat flux sources which cannot be cooled
sufficiently with the typically slow and meandering flow
within the immersion cooling assembly.

Embodiments of the invention improve immersion cool-
ing by implementing a local pumping circuit directly
attached to the cooling module designed for cooling the
target higher heat flux sources. Because high heat flux
sources are sometimes in close proximity to each other a
single pump cooling module assembly can also supply
immersion fluid to nearby additional cooling modules (i.e.,
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daughter cooling modules). Integrating the pump within the
cooling module offers spatial and performance advantages
because there are no conduit losses between the pump and
the cooling module. Even daughter cooling modules have
relatively short supply conduits and therefore remain rela-
tively efficient in their distribution of flow energy generated
by the pump.

Thus, it may be observed that FIG. 6 shows two cooling
assemblies, each with its own local pumping circuit. The
first cooling assembly comprises the combination of inde-
pendent cooling module 655, fluid discharge manifold 620,
daughter cooling module 635, fluid discharge manifold 640,
fluid collection manifold 610 and fluid discharge manifold
630, which together define the local pumping circuit 675 in
FIG. 6. And the second cooling assembly comprises the
combination of independent cooling module 645, fluid col-
lection manifold 641 and fluid discharge manifold 631,
which define a second local pumping circuit 685 shown in
FIG. 6.

The local pumping circuit is driven by an electrically
powered pump with the complete circuit consisting of one or
more fluid collection manifolds, the pump itself, a cooling
module plenum or inlets (the inlets possibly connecting to
multiple cooling modules), one or more microconvective
nozzle arrays designed to direct coolant fluid to impinge on
the high heat flux areas of a chip, and finally a set of fluid
discharge manifolds that discharge immersion fluid to flow
into and/or wash over high heat flux components located
downstream of the cooling modules.

The fluid collection manifolds act as inlet conduits that
can be used to assist in the optimization of the immersion oil
bath by determining the locations from which fiuid is drawn
(e.g. an otherwise dead zone), including the proportion from
each location. The fluid collection manifolds can have
branches as needed to assist in optimizing the flow pattern
of the immersion fluid.

The pump can take any form including positive displace-
ment, centrifugal or axial pump. Each of these pump designs
have different integration challenges and opportunities rela-
tive to the invention. Conventional positive displacement
pumps require lubrication, which needs to be supplied
separately. By relying on the immersion fluid to provide the
necessary lubrication and allowing some leakage, it is pos-
sible to reduce the driving torque for the positive displace-
ment pumps and reduce the size of the motor required to run
the positive displacement pump. Centrifugal and axial
pumps can be implemented at higher efficiency due to a
reduction in seal losses because the drive units of centrifugal
pumps need not be kept isolated from the fluid being
pumped.

Implementing a direct connection between the fluid dis-
charge manifolds (series connection) or pressurized inlet
plenum (parallel connection) and the downstream (daughter)
cooling modules achieves several benefits, simplifying the
mechanical connection to the cooling module since limited
leakage is acceptable, and reducing the size of the pressure
drops between the discharge end of the pump and cooling
module and the associated microconvective nozzle array.
Moreover, the microconvective nozzle array performance is
enhanced by the close coupling of pump and cooling module
by being able to expend a greater fraction of the pump-
generated fluid power compared to a set-up with pump and
cooling module separated.

The discharge flow can be used to provide further opti-
mization of cooling within the immersion cooled assembly
by 1) directing the discharge from the cooling module in
such a way so as to entrain additional fresh immersion fluid
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and having this flow provide cooling to targeted areas; 2)
implementing the collection and direction of discharge flow
at multiple locations; and 3) capturing the discharge flow in
one or more conduits to implement the benefits of entrain-
ment, mixing and targeted cooling away from the immediate
vicinity of the cooling module. By careful design of the
inlets and outlets, re-entrainment can be avoided, thereby
optimizing the cooling performance for the targeted high
heat flux sources.

All of the nozzles in the microconvective nozzle array of
the nozzle plate need not have the same design or geometry.
There could be any number of different nozzle types within
an array of microjets. This includes, but is not limited to,
some nozzles having features to alter the fluid flow (with
regard to uniformity, direction, velocity, etc.), some nozzles
having features to increase area, some nozzles having both,
and some nozzles having no enhancing features designed to
alter the fluid flow.

FIG. 7A shows an embodiment of a nozzle plate 701
comprising a microconvective nozzle array 703 that may be
used in embodiments of the present invention. FIG. 7B is a
cross-sectional view of the nozzle plate 701 shown in FIG.
7A when the nozzle plate 701 is sectioned along the line
7B-7B of FIG. 7A. As shown in FIGS. 7A and 7B, the nozzle
plate 701 of thickness 702 has an array of microjet nozzles
703. The nozzles in the array of microjet nozzles 703 may
have a variety of different geometries, including without
limitation, straight, converging or chamfered cylinders. By
taking a cross section of the nozzle plate 701, as shown in
FIG. 7B, the shape of the nozzles can be better observed. In
this particular example, the inlet side of the nozzles in the
array 703 includes a chamfered edge 704. The larger diam-
eter taper created by the chamfered edge 704 enhances
microjet nozzle cooling by increasing the nozzle efficiency
providing greater velocity at a given differential pressure
between the plenum and the impingement channel. Note that
the geometric features of the chamfer such as angle, depth,
and diameter may be selected and configured to produce an
optimal desired impingement and heat transfer result with-
out departing from the scope of claimed invention. Simi-
larly, nozzle size and angle may be manipulated for the array
as a whole, or manipulated on a nozzle-by nozzle basis to
optimize pressure drop and maximize the heat transfer on
the target component’s heat rejection surface.

FIGS. 8A, 8B and 8C show, by way of example, a
sectioned perspective view, a sectioned rear view, and an
isometric view, respectively, of a cooling module 800 with
a side-mounted integrated pump constructed in accordance
with embodiments of the present invention.

As shown in FIGS. 8A, 8B and 8C, the cooling module
800 comprises a housing 801, an integrated pump 805, a
plenum 810 and a nozzle plate 820 comprising a microcon-
vective nozzle array 830. The cooling module 800 may also
include a side-mounted motor 850 to drive the pump 805.

In preferred embodiments, the cooling module 800 further
comprises one or more server attachment flanges 840 to
assist in fastening the cooling module 800 to a PCB (not
shown). The cooling module may also include effluent
routing vanes 845 to help guide immersion fluid flows to
outlets and to ensure uniform discharge of immersion fluid.
The effluent routing vanes 845 also may be configured to
help direct immersion fluid exiting the cooling module 800
to flow into fluid discharge manifolds connected to other
(i.e., daughter) cooling modules or to flow over nearby
electronic components that may be connected to the same
PCB or nearby PCBs.
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Typically, the plenum 810 comprises a rectangular-shaped
chamber with one or more inlets or channels that are in fluid
communication with the integrated pump 805. In some
embodiments, the cooling module may have multiple ple-
nums (such as an “inlet plenum” and an “outlet plenum”)
and multiple pumps. Baffles and/or valves may be installed
inside the cooling module, or positioned adjacent to or
nearby the cooling module 800 to help ensure that fluid
flowing into and out of the cooling module 800 remain calm
and uniform.

FIGS. 9A and 9B show front and side sectional views,
respectively, of a cooling module constructed in accordance
with one embodiment of the present invention, wherein the
integrated pump is a side-mounted tri-lobe styled positive
displacement pump. FIG. 9A shows a front sectional view of
the cooling module, sectioned along the line SV-SV of FIG.
8A. FIG. 9B shows a side sectional view of the cooling
module, sectioned along the line 9B-9B of FIG. 9A. As
shown in FIG. 9A, the cooling module 100 is mounted on a
fastening base 157, which is affixed to a PCB (not shown in
FIG. 9). The cooling module 100, along with the PCB, the
heat-generating electronic device 150 attached to the PCB,
are completely submerged in an immersion fluid 380. As
described above in connection with FIG. 1, the housing 105,
the plenum 110, the pump 115 and the motor 130 are
arranged and configured so that, during operation, of the
motor and the pump 115, the pump rotors 910 rotate in
synchronized fashion to draw immersion fluid 380 into the
inlet 137 of the cooling module 100. The action of the rotors
910 of the pump 115 forces more immersion fluid 380 into
the plenum 110 on each revolution of the rotors, thereby
pressurizing the immersion fluid 380 in the plenum 110 and
forcing some of the immersion fluid 380 to pass into and
through the microconvective nozzle arrays 122a¢ and 1225 in
the nozzle plate 119. The nozzles in the microconvective
nozzle arrays 122a and 1225 accelerate the immersion fluid
and cause it to directly impinge on the surface of the
heat-generating electronic device 150 at a high velocity to
absorb heat from the surface prior to being carried out of the
cooling module 100 via the outlet 139 and back into the
immersion cooling tank.

FIGS. 10A and 10B show front and top sectional views,
respectively, of a cooling module constructed in accordance
with another embodiment of the present invention, wherein
the integrated pump is a top-mounted tri-lobe styled positive
displacement pump. FIG. 10A shows a front sectional view
of'the cooling module, sectioned along the center of the rotor
drive, and FIG. 10B shows a top sectional view of the
cooling module, sectioned along the line 10B-10B of FIG.
10A. This embodiment operates in substantially the same
fashion as the embodiment shown in FIGS. 9A and 9B,
except that the integrated pump 115 and pump rotors 910 are
on top of the housing, opposite from the nozzle plate 119 and
the microconvective nozzle arrays 122a and 1226b.

FIGS. 11A and 11B show front and side sectional views,
respectively, of a cooling module constructed in accordance
with one embodiment of the present invention, wherein the
integrated pump is a side-mounted centrifugal pump. FIG.
11A shows a front sectional view of the cooling module,
sectioned along the line SV-SV of FIG. 8A, and, FIG. 11B
shows a side sectional view of the cooling module, sectioned
along the line 11B-11B of FIG. 11A.

FIGS. 12A and 12B show front and top sectional views,
respectively, of a cooling module constructed in accordance
with one embodiment of the present invention, wherein the
integrated pump is a top-mounted centrifugal pump. FIG.
12A shows a front sectional view of the cooling module,
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sectioned along the line SV-SV of FIG. 8A. FIG. 12B shows
a side sectional view of the cooling module, sectioned along
the line 12B-12B of FIG. 12A.

FIGS. 13A and 13B show front and side sectional views,
respectively, of a cooling module constructed in accordance
with one embodiment of the present invention, wherein the
integrated pump is a side-mounted axial pump. FIG. 13A
shows a front sectional view of the cooling module, sec-
tioned along the line SV-SV of FIG. 8A. FIG. 13B shows a
side sectional view of the cooling module, sectioned along
the line 13B-13B of FIG. 13A.

The above-described preferred embodiments are intended
to illustrate the principles of the invention, but not to limit
its scope. Various other embodiments, modifications and
equivalents to these preferred embodiments may occur to
those skilled in the art upon reading the present disclosure or
practicing the claimed invention. Such variations, modifi-
cations and equivalents are intended to come within the
scope of the invention and the appended claims.

What is claimed is:

1. A cooling module for cooling a heat-generating elec-
tronic device attached to a printed circuit board immersed in
a container of immersion fluid, the cooling module com-
prising: (a) a housing comprising set of inner walls; (b) a
nozzle plate, fixedly attached to the housing, the nozzle plate
comprising a fluid receiving side, a fluid ejection side,
opposite the fluid receiving side, and a multiplicity of
nozzles extending through the nozzle plate from the fluid
receiving side to the fluid ejection side, each nozzle adapted
to produce a microjet of immersion fluid as the immersion
fluid exits the fluid ejection side of the nozzle plate; (c) a
fastener for attaching the cooling module to the heat-
generating electronic device, opposite the printed circuit
board, so that the fluid ejection surface of the nozzle plate is
oriented to face an impingement zone on the heat-generating
electronic device, the fluid ejection surface of the nozzle
plate being spaced apart from the impingement zone so as to
define an impingement channel and an outlet between the
cooling module and the heat-generating electronic device;
(d) a plenum defined by the inner walls of the housing and
the nozzle plate; (e) an inlet formed in the housing and in
fluid communication with the plenum, the inlet configured to
permit immersion fluid in the container to pass into the
housing; and (f) a pump comprising a motor mechanically
connected to a set of rotors disposed inside the housing; (g)
whereby (i) operation of the motor rotates the set of rotors
on the pump, causing the set of rotors to fill and pressurize
the plenum by drawing immersion fluid from the container
into the housing through the inlet and pushing the immersion
fluid into the plenum, and (ii) pressurizing the plenum
causes the multiplicity of nozzles in the nozzle plate to eject
a multiplicity of microjets into the impingement channel to
strike the impingement zone of the heat-generating elec-
tronic device before exiting the cooling module through the
outlet; further comprising a fluid collection manifold, fluidly
coupled to the inlet of the cooling module; and wherein the
fluid collection manifold is configured to draw immersion
fluid from a stagnant region of immersion fluid in the
container.

2. The cooling module of claim 1, wherein the pump is a
positive displacement pump.

3. The cooling module of claim 1, wherein the pump is a
centrifugal pump.

4. The cooling module of claim 1, wherein the pump is an
axial pump.
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5. The cooling module of claim 1, wherein the heat-
generating electronic device attached to the printed circuit
board comprises:

(a) a central processing unit; or

(b) a graphical processing unit; or

(c) a component of a power inversion system; or

(d) a component of a power conversion system; or

(e) a combination of two or more of the above-listed

devices.

6. The cooling module of claim 1, wherein the nozzle
plate comprises one or more microconvective nozzle arrays.

7. The cooling module of claim 1, wherein the fluid
collection manifold is configured to draw immersion fluid
from the outlet of another cooling module constructed
according to claim 1.

8. The cooling module of claim 1, wherein the fluid
collection manifold is configured to draw immersion fluid
from a vicinity of: (a) a central processing unit; or (b) a
graphical processing unit; or (¢) a component of a power
inversion system; or (d) a component of a power conversion
system; or (e) a hard disk drive; or (f) a voltage regulator
module; or (g) an electronic memory device; or (h) a
combination of two or more of the above-listed devices.

9. The cooling module of claim 1, wherein the fluid
collection manifold is configured to draw immersion fluid
from an external heat exchanger.

10. The cooling module of claim 1, wherein the cooling
module further comprises: (a) a second inlet; and (b) a
second fluid collection manifold fluidly coupled to the
second inlet.

11. The cooling module of claim 1, further comprising a
fluid discharge manifold, fluidly coupled to the outlet of the
cooling module.

12. The cooling module of claim 11, wherein the fluid
discharge manifold is configured to discharge immersion
fluid into a stagnant region of immersion fluid in the
container.

13. The cooling module of claim 11, wherein the fluid
discharge manifold is configured to discharge immersion
fluid so that the immersion fluid will flow into or wash over
another heat-generating electronic device attached to the
printed circuit board.

14. The cooling module of claim 11, wherein the fluid
discharge manifold is configured to discharge immersion
fluid into the inlet of another cooling module constructed
according to claim 1.

15. The cooling module of claim 11, wherein the fluid
discharge manifold is configured to discharge immersion
fluid into a vicinity of:

(a) a central processing unit; or

(b) a graphical processing unit; or

(c) a component of a power inversion system; or

(d) a component of a power conversion system; or

(e) a hard disk drive; or

() a voltage regulator module; or

(g) an electronic memory device; or

(h) a combination of two or more of the above-listed

devices.

16. The cooling module of claim 11, wherein the fluid
discharge manifold is configured to discharge immersion
fluid into an external heat exchanger.

17. The cooling module of claim 11, further comprising:

(a) a second outlet; and

(b) a second fluid discharge manifold connected to the

second outlet.
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18. The cooling module of claim 1, further comprising:

(a) a second inlet;

(b) a second pump comprising a second motor mechani-
cally connected to a second set of rotors disposed inside
the housing; and

(c) operation of the second motor rotates the second set of
rotors on the second pump, causing the second set of
rotors to fill and pressurize the plenum by drawing
immersion fluid from the container into the housing
through the second inlet and pushing the immersion
fluid into the plenum.

19. The cooling module of claim 1, further comprising a
fluid reservoir interposed between the set of rotors and the
plenum such that the immersion fluid drawn into the housing
by the set of rotors passes through the reservoir before
passing into and pressurizing the plenum.

20. The cooling module of claim 1, further comprising an
electrical power cable that electrically couples the motor to
an electrical power supply port on the printed circuit board
and supplies electrical power for operation of the motor.

21. The cooling module of claim 1, wherein the fastener
comprises a server attachment flange configured to assist in
mounting the cooling module to the heat-generating elec-
tronic device.

22. The cooling module of claim 1, wherein the fastener
comprises a torsion screw configured to assist in mounting
the cooling module to the heat-generating electronic device.

23. The cooling module of claim 1, further comprising an
effluent routing vane to guide immersion fluid flowing out of
the outlet.
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