DESCRIPTION

Title of Invention
COOLING LIQUID CIRCULATION UNIT, METHOD FOR CONTROLLING

SAME, AND PROGRAM

Technical Field

[0001]

The present disclosure relates to a liquid coolant
circulation unit that circulates a liquid coolant to an
immersion tank, a method for controlling the same, and a
program.

Background Art

[0002]

PTL 1 discloses an immersion cooling system that cools
an electronic device such as a server and a storage by
immersing the electronic device in a liquid coolant in a
data center. Specifically, PTL 1 discloses an immersion
cooling system that circulates the liquid coolant in the
following way. The liquid coolant heated after cooling the
electronic device via a cooling tank is cooled in a heat
exchanger, and the cooled liquid coolant is returned to the
cooling tank.
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[0003]

[PTL 1] Japanese Patent No. 6658312
Summary of Invention
Technical Problem

[0004]

For example, a calorific wvalue of the electronic
device is changed without being constant. Therefore, it is
desirable to change a cooling condition depending on the
calorific value.

[0005]

The present disclosure is made in view of the above-
described circumstances, and an object of the present
disclosure 1is to provide a liquid coolant circulation unit
which can set a cooling condition in view of a calorific
value of an electronic device, a control method therefor,
and a program.

Solution to Problem

[0006]

According to a first aspect of the present disclosure,
there 1is provided a liquid coolant circulation unit that
circulates a liquid coolant to an immersion tank for cooling
a plurality of electronic devices by immersing the plurality
of electronic devices in the 1liquid coolant, the 1liquid
coolant circulation unit including a flow rate adjustment

unit provided in a 1liquid coolant circulation path for



circulating the liquid coolant to the immersion tank, a heat
exchanger provided in the liquid coolant circulation path
and exchanging heat between the liquid coolant and a cooling
medium, and a liquid coolant circulation unit control unit.
The liquid coolant circulation unit control unit includes a
mode selection unit that selects any one of a plurality of
cooling modes, a calculation unit that calculates a required
cooling amount, based on parameters relating to operation
states of the plurality of electronic devices, and a cooling
condition setting unit that sets a target wvalue of a
parameter relating to a flow rate of the liquid coolant,
based on the selected cooling mode and the required cooling
amount.
[0007]

According to a second aspect of the present disclosure,
there 1is provided a control method for a liquid coolant
circulation unit that circulates a liquid coolant to an
immersion tank for cooling a plurality of electronic devices
by immersing the plurality of electronic devices 1in the
liquid coolant. The ligquid coolant circulation unit includes
a flow rate adjustment unit provided in a liquid coolant
circulation path for circulating the ligquid coolant to the
immersion tank, and a heat exchanger provided in the liquid
coolant circulation path and exchanging heat between the

ligquid coolant and a cooling medium. The control method



includes a step of selecting any one of a plurality of
cooling modes, a step of calculating a required cooling
amount, based on parameters relating to operation states of
the plurality of electronic devices, and a step of setting
a target value of a parameter relating to a flow rate of
the liquid coolant, based on the selected cooling mode and
the required cooling amount.

[0008]

According to a third aspect of the present disclosure,
there 1s provided a program for causing a computer to
function as the liquid coolant circulation unit control unit.

[0009]

According to a fourth aspect of the present disclosure,
there is provided an immersion cooling system including the
liqguid coolant circulation unit and the immersion tank.
Advantageous Effects of Invention

[0010]

A cooling condition can be set in view of a calorific
value of an electronic device.

Brief Description of Drawings

[0011]

Fig. 1 is a system configuration diagram schematically
illustrating a system configuration of an immersion cooling
system according to a first embodiment of the present

disclosure.



Fig. 2 is a perspective view illustrating a specific
example of an interior of an immersion tank in Fig. 1.

Fig. 3 is a perspective view illustrating a flow of a
liquid coolant with respect to each substrate in Fig. 2.

Fig. 4 is a view illustrating an example of a hardware
configuration of a system control device according to the
first embodiment of the present disclosure.

Fig. 5 is a functional block diagram illustrating an
example of a function provided in the system control device
according to the first embodiment of the present disclosure.

Fig. 6 1is a flowchart illustrating an example of a
procedure of a control method for a liquid coolant
circulation system realized by the system control device
according to the first embodiment of the present disclosure.

Fig. 7 1is a flowchart illustrating an example of a
procedure of a control method for the 1liquid coolant
circulation system realized by the system control device
according to the first embodiment of the present disclosure.

Fig. 8 is a functional block diagram illustrating an
example of a function provided in a system control device
according to a second embodiment of the present disclosure.

Figs. 9A to 9D are views for describing a deviation
between a power consumption distribution and a cooling
efficiency distribution 1in the system control device

according to the second embodiment of the present disclosure.



Fig. 10 is a view illustrating an example of a temporal
change in a calculation job assigned to each substrate
(first substrate to fifth substrate).

Fig. 11 is a perspective view illustrating a flow of
a liquid coolant with respect to each substrate in an
immersion cooling system according to a third embodiment of
the present disclosure.

Fig. 12 is a functional block diagram illustrating an
example of a function provided in a system control device
according to the third embodiment of the present disclosure.

Fig. 13 is a functional block diagram illustrating an
example of a function provided in a cooling unit control
unit according to a fourth embodiment of the present
disclosure.

Fig. 14 is a functional block diagram illustrating an
example of a function provided in a 1ligquid coolant
circulation wunit control unit according to a fifth
embodiment of the present disclosure.

Description of Embodiments

[0012]

Hereinafter, a plurality of embodiments according to
the present disclosure will be described with reference to
the drawings.

[First Embodiment]

Hereinafter, a first embodiment of the present



disclosure will be described.

Fig. 1 is a schematic view illustrating a schematic
configuration of an immersion cooling system 1 according to
the present embodiment. The immersion cooling system 1
includes an 1immersion tank (container) 3 and a liquid
coolant circulation system 6.

[0013]

The immersion tank 3 1is a bottomed container that
stores a liquid coolant Lg. The immersion tank 3 includes a
main body 3a which is bottomed and which has side wall
portions 3b on four sides, and an opening-closing 1lid 3c
provided on an upper surface of the main body 3a.

As the liquid coolant Lg, a liquid having electrical
insulation is used, and, for example, silicone-based o0il is
used. The immersion tank 3 is filled with the liquid coolant
Lg to a height at which a whole substrate 11 installed
inside the main body 3a of the immersion tank 3 is immersed.

[0014]

The opening-closing 1lid 3c is opened and closed by
pivoting around an upper end of the side wall portion 3b.
The opening-closing 1lid 3c is brought into an open state
when the substrate 11 is installed or removed inside the
main body 3a of the immersion tank 3 or during maintenance
inside the immersion tank 3. The opening-closing lid 3c 1is

brought into a closed state during normal use (when the



substrate 11 is cooled).

[0015]

A plurality of electronic devices are immersed inside
the main body 3a of the immersion tank 3, for example, in a
form of being mounted on each substrate 11. Examples of the
electronic devices include a computer (server) and storage.
As an example, Fig. 1 illustrates a case where a plurality
of the substrates 11 are installed inside the immersion tank
3. For example, the substrates 11 are each substrates
forming the server, and are arranged at a predetermined
interval 1in a state where a longitudinal direction 1is
directed to a vertical direction. A disposition of the
substrates and a mounting mode of the electronic device are
not limited thereto.

[0016]

The liquid coolant circulation system 6 circulates a
liquid coolant to the immersion tank 3. Specifically, in
the liquid coolant circulation system 6, the liquid coolant
heated by cooling the electronic device mounted on the
substrate 11 in the immersion tank 3 is cooled by a heat
exchanger 17, and the cooled liquid coolant is returned to
the immersion tank 3 to circulate the liquid coolant.

[0017]

The liquid coolant circulation system 6 includes a

liquid coolant circulation unit 5, a cooling unit 7, and a



system control device 40 (refer to Fig. 4) (to be described
later). The 1liquid coolant circulation unit 5 includes a
liquid coolant circulation path, a pump 19, and the heat
exchanger 17. For example, the liquid coolant circulation
path includes a liquid return pipe 15, a liquid coolant
discharge pipe 21, and a liquid feeding pipe 13. The pump
19 and the heat exchanger 17 are provided in the liquid
coolant circulation path.

[0018]

For example, the liquid coolant circulation unit 5 is
connected to the immersion tank 3 wvia the liquid feeding
pipe 13 and the ligquid return pipe 15. A downstream end 13a
of the liquid feeding pipe 13 is connected to the side wall
portion 3b of the immersion tank 3. An upstream end 13b of
the liquid feeding pipe 13 1s connected to the heat
exchanger 17 installed inside the liquid coolant circulation
unit 5. An upstream end 15a of the liquid return pipe 15 1is
connected to the side wall portion 3b of the immersion tank
3. A downstream end 15b of the liquid return pipe 15 1is
connected to the pump (first flow rate adjustment unit) 19
installed inside the liquid coolant circulation unit 5 to
circulate the liquid coolant.

[0019]

The heat exchanger 17 exchanges heat between cooling

water supplied from the cooling unit 7 and the 1liquid



coolant supplied from the pump 19 via the liquid coolant
discharge pipe 21. The liquid coolant 1is <cooled by
exchanging the heat with the cooling water in the heat
exchanger 17.

For example, the pump 19 is driven by an electric motor,
and a discharge amount is controlled by a system control
device (refer to Fig. 4) (to be described later).

[0020]

The liquid coolant circulation unit 5 is provided with
a temperature sensor (not illustrated) for measuring each
of a temperature of the liquid coolant flowing into the heat
exchanger 17 and an outlet temperature of the liquid coolant
fed from the heat exchanger 17. The 1liquid coolant
circulation unit 5 may be provided with a flow rate sensor
for measuring a liquid coolant flow rate.

[0021]

The cooling unit 7 includes a <cooling water
circulation path through which the cooling water (cooling
medium) circulates. For example, the cooling water
circulation path includes a cooling water supply pipe 25
and a cooling water return pipe 26. A pump (second flow rate
adjustment unit) 28 for circulating the cooling water is
provided in the cooling water circulation path. For example,
the pump 28 is driven by an electric motor, and the discharge

amount is controlled by the system control device (refer to



Fig. 4) (to be described later).

[0022]

The cooling unit 7 includes a fan (cooling part) 23,
and outside air for cooling is drawn in by the fan 23.
Starting/stopping and a rotation speed of the fan 23 are
controlled by the system control device (refer to Fig. 4)
(to be described later). The cooling water circulating in
the cooling water circulation path is cooled by exchanging
the heat with the outside air drawn in by the fan 23.

[0023]

In the cooling unit 7, the cooling water cooled by
exchanging the heat with the outside air is supplied to the
heat exchanger 17 via the cooling water supply pipe 25. The
cooling water whose heat is exchanged in the heat exchanger
17 is returned to the cooling unit 7 wvia the cooling water
return pipe 26.

[0024]

The cooling unit 7 1is provided with temperature
sensors (not illustrated) for measuring each of an inlet
temperature of the cooling water, which is a temperature of
the cooling water flowing into the heat exchanger 17, and
an outlet temperature of the cooling water, which is a
temperature of the cooling water returned from the heat
exchanger 17. The cooling unit 7 may be provided with a flow

rate sensor for measuring a flow rate of the cooling water.



[0025]

Fig. 2 1illustrates the plurality of substrates 11
installed inside the main body 3a of the immersion tank 3.
In an example illustrated in Fig. 2, four substrates 11 are
provided in a width direction (x-direction in Fig. 2), and
twelve substrates 11 are provided in a depth direction (y-
direction in Fig. 2). However, the number of the substrates
11 installed is not limited thereto.

FEach substrate 11 1is equipped with a plurality of
electronic devices 30 such as a CPU for forming a server, a
power supply unit, a memory, a storage such as a hard disk
or a solid-state drive (SSD), and a communication unit. The
electronic devices 30 generate the heat during an operation
of the server, and are cooled by the liquid coolant Lg.

[0026]

A clamp portion 1lla is fixed to an upper end of each
substrate 11. The clamp portion lla is provided to protrude
upward from the upper end of the substrate 11, and has a
portal shape formed by bending a rod-shaped body. The
substrate 11 1is installed and removed Dby an operator
gripping the clamp portion 1lla.

[0027]

A perforated wall 11lb is provided to be orthogonal to
the upper end of each substrate 11. The perforated wall 11b

is erected on a surface side provided with the electronic



device 30. For example, the perforated wall 1lb is made of
punching metal in which a large number of holes are formed.
The flow rate of the liquid coolant flowing on a surface of
the substrate 11 is adjusted by appropriately setting the
number and a diameter of the holes of the perforated wall
11b.

[0028]

For example, side plates 1lc extending in an upward-
downward direction are provided on both sides of each
substrate 11. The side plates 1llc are provided to be erected
on the surface side provided with the electronic device 30,
and are continuously provided over the entire longitudinal
direction (upward-downward direction, z-direction) of the
substrate 11. Since both sides of the substrate 11 are
surrounded with the side plates 1lc, a flow of the ligquid
coolant Lg flowing on the surface of the substrate 11 is
guided.

[0029]

A plurality of nozzles 32 are provided below each
substrate 11. The nozzle 32 discharges the liquid coolant
so that the liquid coolant flows from one end (lower end)
toward the other end (upper end) of the substrate 11 on the
surface of the substrate 11 provided with the electronic
device 30.

[0030]

- 13 -



For example, the plurality of nozzles 32 are provided
for each substrate 11. Specifically, the plurality of
nozzles 32 are provided parallel in the width direction (x-
direction) intersecting with a flow direction (z-direction)
of the ligquid coolant from one end (lower end) toward the
other end (upper end) of the substrate 11. In this manner,
a plurality of flows of the ligquid coolant Lg are formed
parallel from one end (lower end) toward the other end
(upper end) of the substrate 11. The number of the nozzles
32 may be two or more with respect to one substrate 11, and
is appropriately set depending on a flow and a cooling state
of the liquid coolant Lqg.

[0031]

The nozzle 32 is similarly provided corresponding to
each substrate 11 in the depth direction (y-direction in
Fig. 2). Therefore, the nozzle 32 is also provided between
the respective substrates 11 aligned in the y-direction.

[0032]

As illustrated in Fig. 3, an upstream side of each
nozzle 32 is connected to a supply main pipe 38 via a branch
pipe 36. An upstream side of the supply main pipe 38 1is
connected to the downstream end 13a (refer to Fig. 1) of
the liquid feeding pipe 13. Therefore, the liquid coolant
Lg guided from the liquid feeding pipe 13 is distributed to

each branch pipe 36 via the supply main pipe 38.



[0033]

As an example, the immersion cooling system 1 having
this configuration is operated as follows.

When the pump 19 is controlled by the system control
device 40 (to be described later), the liquid coolant Lg
flows and is guided to the heat exchanger 17. In the heat
exchanger 17, the liquid coolant Lg is cooled by exchanging
the heat with the cooling water cooled by the cooling unit
7. The liquid coolant Lg flowing out from the heat exchanger
17 is guided to the immersion tank 3 through the liquid
feeding pipe 13. As illustrated in Fig. 3, the 1liquid
coolant Lg guided to the immersion tank 3 is distributed to
each branch pipe 36 from the liquid feeding pipe 13 through
the supply main pipe 38. The liquid coolant Lg guided to
each branch pipe 36 is discharged after being guided to the
nozzle 32.

[0034]

The liquid coolant Lg discharged from each nozzle 32
is guided to the lower end of the substrate 11, passes over
the surface of the substrate 11 provided with the electronic
device 30 while being guided by the side plates 1lc, and
flows toward the upper end of the substrate 11. At this time,
a calorific wvalue generated from the electronic device 30
is transferred to the liquid coolant Lg, and the electronic

device 30 is cooled.

- 15 -



[0035]

The liquid coolant Lg heated by cooling the electronic
device 30 passes through the holes of the perforated wall
11b provided in the upper end of the substrate 11, and is
discharged from above the substrate 11. The liquid coolant
Lg discharged from above the substrate 11 is merged and
mixed with the liquid coolant Lg stored inside the main body
3a of the immersion tank 3.

A portion of the liquid coolant Lg stored inside the
main body 3a is extracted from the liquid return pipe 15,
is guided to the heat exchanger 17 wvia the pump 19, 1is
cooled by the heat exchanger 17, and is guided to the
immersion tank 3 again.

[0036]

Next, the system control device 40 according to the
present embodiment will be described. Fig. 4 1is a view
illustrating an example of a hardware configuration of the
system control device 40 according to the present embodiment.
As illustrated in Fig. 4, the system control device 40 is a
so-called computer, and includes a central processing unit
(CPU) 41, a main memory 42, a storage unit 43, and a
communication unit 45, for example. The system control
device 40 may include an input unit 46 and a display unit
47, for example. In this case, the input unit 46 and the

display unit 47 may be connected to the communication unit
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45 via a communication line, and may be configured so that
a so-called remote operation can be performed, for example,
a remote input can be realized.

The above-described components are directly or
indirectly connected to each other wvia a bus, and perform
various processes in cooperation with each other.

[0037]

For example, the CPU 41 controls the whole 1liquid
coolant circulation system 6 using an operating system (OS)
stored in the storage unit 43 connected wvia a bus, and
performs various processes by executing various programs
stored in the storage unit 43.

[0038]

For example, the main memory 42 includes a writable
memory such as a cache memory or a random-access memory
(RAM) , and is used as a work region for reading an execution
program of the CPU 41 and writing processing data of the
execution program.

[0039]

The storage unit 43 1s a non-transitory computer-
readable storage medium. Examples thereof include a read-
only memory (ROM), ahard disk drive (HDD), and a flash
memory. For example, the storage unit 43 stores an 0S for
controlling the whole liquid coolant circulation system 6,

such as Windows (registered trademark), 1i0S (registered



trademark), and Android (registered trademark). For example,
the storage unit 43 may store a basic input/output system
(BIOS). The storage unit 43 may store various device drivers
for operating peripheral devices by using hardware, various
application software, various data, and files. The storage
unit 43 may store a program for realizing various processes
and various data required for realizing various processes.

[0040]

The communication unit 45 functions as an interface
for +transmitting and ©receiving information by Dbeing
connected to a network and communicating with other devices.
For example, the communication unit 45 communicates with
other devices in a wired or wireless manner. Examples of
wireless communication include Bluetooth (registered
trademark), Wi-Fi, and communication using a dedicated
communication protocol. As an example of wired communication,
a wired local area network (LAN) may be used.

[0041]

For example, the input unit 46 is a keyboard, a mouse,
or a touch pad, and is a user interface for a user to give
an instruction to the liquid coolant circulation system 6.

[0042]

For example, the display unit 47 is a liquid-crystal
display or an organic electroluminescence (EL) display. The

display unit 47 may be a touch panel display on which a



touch panel is superimposed.

[0043]

Fig. 5 is a functional block diagram illustrating an
example of a function provided in the system control device
40. As illustrated in Fig. 5, for example, the system
control device 40 includes a mode selection unit 51, a
calculation unit 52, and a cooling condition setting unit
53.

[0044]

For example, all or some of the functions are realized
by a processing circuitry. For example, a series of
processes for realizing functions described below is stored
in the storage unit 43 in a form of a program (for example,
a system control program), as an example. The CPU 41 reads
the program into the main memory 42, and executes
information ©processing and calculation ©processing to
realize various functions.

[0045]

A form in which the program is installed in advance in
the storage unit 43, a form in which the program is provided
in a state of being stored in another computer-readable
storage medium, or a form in which the program 1is
distributed wvia wired or wireless communication means may
be applied. The computer-readable storage medium 1is a

magnetic disc, a magneto-optical disc, a CD-ROM, a DVD-ROM,



or a semiconductor memory.

[0046]

The mode selection unit 51 includes a plurality of
modes. The plurality of modes may have a performance
priority mode that prioritizes performance of the electronic
device 30. The plurality of modes may have an energy saving
priority mode that prioritizes power usage efficiency. The
plurality of modes may have a normal mode.

[0047]

The mode selection unit 51 selects any one of the
plurality of modes. For example, the mode selection unit 51
selects any mode in accordance with a predetermined schedule.
For example, in the mode selection unit 51, a cooling mode
to be selected may be scheduled in advance, based on a
server operation schedule, and the mode selection unit 51
may select the cooling mode in accordance with this schedule.
The mode selection unit 51 may select a designated cooling
mode, based on an input instruction from the input unit 46.

[0048]

The calculation unit 52 calculates a required cooling
amount, based on parameters relating to operation states of
the plurality of electronic devices 30. Here, as an example
of the parameters relating to the operation states of the
plurality of electronic devices 30, for example, consumed

power, power consumption, a CPU 1load factor, a heat



generation temperature, or a combination of two or more of
the parameters can be used.

[0049]

A calorific wvalue of the electronic device 30 1is
changed depending on the operation state. Therefore, the
calorific value of the electronic device 30 can be estimated
by using the parameter relating to the operation state of
the electronic device 30, and in this manner, the required
cooling amount can be estimated.

When the CPU load factor is acquired, the electronic
device 30 and the system control device 40 start to
communicate with each other. Therefore, a load on the
electronic device 30 increases. In contrast, when a
parameter which does not require direct communication with
the electronic device 30, for example, the consumed power
or the power consumption, is used as the parameter relating
to the operation state, the required cooling amount can be
calculated without imposing a processing load on the
electronic device 30. Instead of the CPU load factor, a
method of estimating the CPU load factor, based on a job
assigned to the electronic device 30, may be adopted.

[0050]

For example, the calculation unit 52 has a calculation
expression in which the required cooling amount including

the parameter relating to the operation state of the



electronic device 30 1is used as a variable. The required
cooling amount is calculated by inputting a detection value
of the parameter into the calculation expression at each
time.

For example, when the power consumption is used as the
parameter relating to the operation state of the electronic
device 30, the required cooling amount may be calculated by
multiplying the power consumption by a predetermined
proportional coefficient. The calculation expression is an
example, and 1s not limited thereto. For example, a
relationship between the parameter relating to the operation
state of the electronic device 30 and the required cooling
amount may be obtained by a preliminary test or a simulation.
For example, the required cooling amount 1is determined,
based on a temperature at which the electronic device 30
can achieve predetermined calculation capacity, and is
appropriately set in accordance with the obtained
calculation capacity.

[0051]

The immersion cooling system 1 includes a
configuration for detecting the parameter relating to the
operation state of the electronic device 30.

For example, the immersion cooling system 1 includes
a power consumption meter (not illustrated) that measures

consumed power of the electronic device 30, and a



communication unit (not illustrated) that transmits a signal
output from the power consumption meter to the system
control device 40. As the power consumption meter, for
example, a known sensor such as a watt monitor used by being
plugged into an electric outlet can be used.

[0052]

The immersion cooling system 1 may include a
temperature sensor (not illustrated) that measures a
temperature of the electronic device 30, and a communication
unit (not illustrated) that transmits a signal output from
the temperature sensor to the system control device 40. For
example, the temperature sensor is attached to a component
having a high calorific value in the electronic devices 30,
and transmits a measurement value to the system control
device 40 through the communication unit.

[0053]

The parameter relating to the operation state of the
electronic device 30 may be acquired for each substrate 11
(for example, for each server) or for each substrate group
(for each server group) including a plurality of the
substrates 11. That is, as long as a parameter value of the
electronic devices 30 immersed in the immersion tank 3 as a
whole can be obtained, a method for acquiring the parameter
is not limited.

[0054]



For example, the cooling condition setting unit 53
sets a parameter relating to a flow rate of the liquid
coolant and a parameter relating to the temperature of the
cooling water or/and a parameter relating to a flow rate of
the cooling water, based on the required cooling amount
calculated by the calculation unit 52.

[0055]

For example, when the normal mode 1is selected, the
cooling condition setting unit 53 sets a target flow rate
of the liquid coolant, a target temperature of the cooling
water, and a target flow rate of the cooling water, based
on the required cooling amount. Here, the target temperature
of the cooling water is a target temperature of the cooling
water to be supplied to the heat exchanger 17 (refer to Fig.
1).

[0056]

As an example, the cooling condition setting unit 53
has one or a plurality of pieces of map information in which
the required cooling amount and the flow rate of a liquid
coolant, the temperature of a cooling water, and the flow
rate of the cooling water are associated with each other,
and uses this map information. In this manner, the cooling
condition setting unit 53 obtains the target flow rate of
the liquid coolant, the target temperature of the cooling

water, and the target flow rate of the cooling water from



the required cooling amount.

[0057]

As another example, the cooling condition setting unit
53 may have the calculation expression for obtaining the
target flow rate of the 1liquid coolant, the target
temperature of the cooling water, and the target flow rate
of the cooling water from the required cooling amount, and
may use this calculation expression. In this manner, the
cooling condition setting unit 53 may calculate the target
flow rate of the liquid coolant, the target temperature of
the cooling water, and the target flow rate of the cooling
water from the required cooling amount.

Here, a minimum 1limit temperature of the inlet
temperature of the cooling water 1is determined, based on
external conditions. For example, a limit temperature of
the 1inlet temperature of the cooling water is a wvalue
obtained by adding a predetermined temperature (for example,
5°C) to an outside air wet bulb temperature. The minimum
limit temperature 1is a limit temperature at which the
cooling water can be cooled when the fan 23 is driven at a
maximum rotation speed. Therefore, for example, when the
target temperature of the cooling water is equal to or lower
than the minimum limit temperature determined based on an
outside air condition, the target temperature of the cooling

water may be set to the minimum limit temperature, and



thereafter, other parameters, that is, the target flow rate
of the liquid coolant and the target flow rate of the cooling
water, may be set to obtain the required cooling amount.

[0058]

For example, a target rotation speed of the fan 23 is
calculated by using the target temperature of the cooling
water (inlet temperature of the cooling water of the heat
exchanger 17), the outlet temperature of the cooling water,
and the target flow rate of the cooling water 1in a
predetermined calculation expression. Here, for example,
the cooling amount in the cooling unit 7 is expressed by
the following equation (l1). Therefore, the target rotation
speed of the fan 23 is set so that the required cooling
amount can be obtained 1in the following calculation
expression. The rotation speed of the fan 23 may be
determined, based on the calculation expression that further
includes an outside air condition (for example, the outside
air wet bulb temperature) as the parameter.

[0059]

Cooling Amount

= (Outlet Temperature of Cooling Water of Heat
Exchanger - 1Inlet Temperature of Cooling Water of Heat
Exchanger) x Cooling Water Flow Rate (1)

[0060]

For example, when the performance priority mode 1is



selected as the cooling mode, the cooling condition setting
unit 53 sets the target temperature of the cooling water to
the minimum temperature derived from the outside air
condition. The cooling condition setting unit 53 may set
the target flow rate of the liquid coolant to the maximum
flow rate, and may set the target rotation speed of the fan
23 to the maximum rotation speed. Furthermore, the cooling
condition setting unit 53 may also set the target flow rate
of the cooling water to the maximum flow rate.

In this manner, when the performance priority mode is
selected, the 1ligquid coolant <circulation system 6 1is
controlled to obtain a maximum cooling effect derived from
the outside air condition or an effect close to the maximum
cooling effect.

[0061]

When the energy saving priority mode is selected as
the cooling mode, the cooling condition setting unit 53 may
set the target temperature of the cooling water, based on a
predetermined temperature determined based on heat
resistance characteristics of an electronic component
forming the electronic device 30, and may optimize the
target flow rate of the liquid coolant, the target flow rate
of the cooling water, and the target rotation speed of the
fan 23 to satisfy the set target temperature and the

required cooling amount of the cooling water and to minimize



the consumed power.

Here, for example, description of the "predetermined
temperature" means a lowest allowable maximum temperature
or a temperature having a predetermined tolerance in an
allowable maximum temperature thereof 1in an allowable
maximum temperature of the electronic component immersed in
the immersion tank 3.

[0062]

Optimizing the target flow rate of the liquid coolant,
the target flow rate of the cooling water, and the target
rotation speed of the fan 23 can be realized by using a
known optimization method.

The cooling condition setting unit 53 may sequentially
set various target values to satisfy the required cooling
amount, based on a predetermined order set in advance. For
example, the predetermined order is an element order whose
power reduction effect is high. For example, when the power
reduction effect is higher in the order of the power of the
fan 23, the power of the pump 28, and the power of the pump
19, the target values may be set in this order.

[0063]

When the cooling condition 1is set by the cooling
condition setting unit 53 in this way, the pump 19 of the
liquid coolant circulation wunit 5, the pump 28 of the

cooling unit 7, and the fan 23 are controlled, based on the



set cooling condition. Specifically, a discharge amount of
the pump 19 1is controlled to the target flow rate by
controlling an electric motor of the pump 19 at a frequency
corresponding to the target flow rate of the liquid coolant.
The discharge amount of the pump 28 is controlled to the
target flow rate by controlling the electric motor of the
pump 28 at a frequency corresponding to the target flow rate
of the cooling water. The fan 23 is controlled, based on
the target rotation speed of the fan 23.

[0064]

Next, a control method realized by the system control
device 40 according to the present embodiment will be
described with reference to Figs. 6 and 7. Figs. 6 and 7
are flowcharts illustrating an example of a procedure of
the control method for the liquid coolant circulation system
6 according to the present embodiment. For example, a series
of processes described below 1is realized by a processing
circuitry. Specifically, the processes are realized in such
a manner that the CPU 41 reads a program stored in the
storage unit 43 into the main memory 42, and executes
information processing and calculation processing.

[0065]

Hereinafter, a case where the power consumption of the
electronic device 30 is used as the parameter relating to

the operation state of the electronic device 30 will be
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described as an example. Various variations are as described
above, and the control method according to the present
disclosure is not limited to various processes described
below.

For example, the series of processes described below
is repeatedly executed at a predetermined time interval.

[0066]

First, the system control device 40 calculates the
power consumption of the electronic devices 30 immersed in
the immersion tank 3 as a whole, based on a measurement
value measured by the power consumption meter (not
illustrated) (SAl).

[0067]

Subsequently, the system control device 40 calculates
the required cooling amount by substituting the power
consumption 1into a predetermined calculation expression
(SA2) .

[0068]

Subsequently, it 1is determined whether or not the
currently selected cooling mode is the normal mode (SA3).
As a result, in a case of the normal mode (SA3: YES), the
cooling condition 1is set, based on the required cooling
amount (SA4). In this manner, the target flow rate of the
liquid coolant, the target temperature of the cooling water,

and the target flow rate of the cooling water are set, based



on the required cooling amount. The target rotation speed
of the fan is set, based on the target temperature of the
cooling water, the outlet temperature of the cooling water
of the heat exchanger, and the target flow rate of the
cooling water.

[0069]

When the normal mode is not selected as the cooling
mode (SA3: NO), it 1is determined whether or not the
performance priority mode is selected as the cooling mode
(SA5) . When the performance priority mode is selected (SAS5:
YES), the target flow rate of the liquid coolant is set to
the maximum flow rate, the target rotation speed of the fan
is set to the maximum rotation speed, and the target flow
rate of the cooling water is set to the maximum flow rate
(SA6) .

[0070]

On the other hand, when the performance priority mode
is not selected as the cooling mode (SA5: NO), it is
determined that the energy saving mode is selected as the
cooling mode, and the target temperature of the cooling
water 1is set, Dbased on the minimum value of the maximum
allowable temperature of many electronic components forming
the electronic device 30 (SA7 in Fig. 7). Subsequently, the
target flow rate of the liquid coolant, the target flow rate

of the cooling water, and the target rotation speed of the



fan 23 are set to satisfy the set target temperature and
the required cooling amount of the cooling water (SAS8).

[0071]

Subsequently, the pump 19, the pump 28, and the fan 23
are driven, based on the set cooling conditions (SA9). For
example, various target values are transmitted to drive
control units (not illustrated) that respectively drive the
pump 19, the pump 28, and the fan 23, and each drive control
unit performs drive control corresponding to the target
values.

[0072]

In this manner, the rotation speed of the electric
motor that drives the pump 19 is controlled for driving,
based on the target flow rate of the ligquid coolant. The
rotation speed of the electric motor that drives the pump
28 is controlled for driving, based on the target flow rate
of the cooling water. The fan 23 is controlled for driving,
based on the target rotation speed of the fan 23.

[0073]

In this way, the pumps 19 and 28 and the fan 23 are
controlled for driving, based on the target value so that
the liquid coolant is fed from the pump 19 to the heat
exchanger 17 with the discharge amount corresponding to the
required cooling amount. In the heat exchanger 17, the

liquid coolant 1s cooled to a temperature based on the



required cooling amount. In this manner, the liquid coolant
whose temperature and flow rate satisfy the required cooling
amount is fed to the immersion tank 3.

[0074]

Operational effects of the present embodiment
described above are as follows.

According to the present embodiment, the required
cooling amount 1s calculated, based on the parameter
relating to the operation state of the electronic device 30,
and the cooling condition is set in view of the required
cooling amount. The operation state of the electronic device
30 has a correlation with the calorific wvalue of the
electronic device 30. Therefore, the required cooling amount
corresponding to the calorific wvalue can be calculated by
using the parameter relating to the operation state of the
electronic device 30. In this manner, a proper cooling
condition corresponding to the calorific wvalue of the
electronic device can be set.

Furthermore, according to the present embodiment, the
plurality of cooling modes are provided, and the cooling
condition 1is set, based on the selected cooling mode and
the required cooling amount. Therefore, proper cooling
corresponding to a desired mode can be performed.

[0075]

For example, when the performance priority mode 1is



selected as the cooling mode, the cooling condition is set
to realize the maximum cooling effect derived from the
outside air condition. In this manner, the maximum cooling
effect or the cooling effect close to the maximum cooling
effect can be realized, and the performance of the
electronic device 30 can be maintained to be equal to or
higher than the desired performance.

[0076]

When the energy saving priority mode is selected as
the cooling mode, the target temperature of the cooling
water is set within a range not exceeding a predetermined
temperature determined based on the maximum allowable
temperature of the electronic component forming the
electronic device 30. Furthermore, the cooling condition is
set to satisfy the target temperature and the required
cooling amount of the cooling water and to minimize the
consumed power. In this manner, all of the electronic
devices 30 can be maintained to have the maximum allowable
temperature or lower while the consumed power is suppressed.

[0077]

[Second Embodiment]

Next, a second embodiment of the present disclosure
will be described. The present embodiment is different in
that, in addition to the configuration of the first

embodiment, a correction unit is provided. Therefore, in



the following description, configurations different from
those in the first embodiment will be mainly described. The
same reference numerals will be assigned to common items,
and description thereof will be omitted.

[0078]

Fig. 8 is a functional block diagram illustrating an
example of a function provided in a system control device
40a according to the present embodiment. As illustrated in
Fig. 8, the system control device 40a includes a correction
unit 54 that corrects the required cooling amount calculated
by the calculation unit 52.

[0079]

The correction unit 54 corrects the required cooling
amount, based on a deviation between a distribution of the
parameters indicating the operation states with respect to
the disposition of the plurality of electronic devices 30
inside the immersion tank 3 and a cooling efficiency
distribution inside the immersion tank 3. For example, the
“distribution of the parameters indicating the operation
states” is a power consumption distribution.

[0080]

For example, as illustrated in Fig. 9A, the substrates
11, each of which is equipped with the plurality of
electronic devices 30, are disposed along an X-axis inside

the immersion tank 3. For convenience of description, Fig.



9A illustrates a two-dimensional view. However, as described
above, the substrates 11 are also arranged in the depth
direction (Y-axis).

[0081]

Even when the liquid coolant is uniformly supplied
from the nozzle 32 (refer to Fig. 3) provided below the
immersion tank 3, as illustrated in Fig. 9B, the cooling
effect is not uniform inside the immersion tank 3, and may
vary in some cases. That is, in some cases, a position which
is likely to be cooled and a position which is less likely
to be cooled may exist. In an example illustrated in Fig.
9B, the cooling effect is highest in a central portion of
the immersion tank 3, and the closer to a side portion, the
lower the cooling effect 1is. Variations 1in the cooling
effect illustrated in Fig. 9B are examples, and a degree of
the variations 1is affected by wvarious factors such as a
structure and a shape of the immersion tank 3.

[0082]

The power consumption of the plurality of substrates
11 (electronic devices 30) disposed inside the immersion
tank 3 also varies depending on the operation state thereof.
For example, Figs. 9C and 9D are views respectively
illustrating examples of wvariations (distribution) in the
power consumption of the substrate 11 with respect to the

positions. For example, the power consumption distribution



illustrated in Fig. 9C indicates substantially the same
tendency as the cooling effect distribution illustrated in
Fig. 9B, and there is little deviation. In contrast, in the
power consumption distribution illustrated in Fig. 9D, the
power consumption of the substrate 11 disposed at the center
is low, and the power consumption of the substrate 11 is
higher toward the side portion. It can be understood that
the power consumption distribution has a tendency opposite
to that of the cooling efficiency distribution illustrated
in Fig. 9B, and there is a large deviation between the
distributions.

[0083]

In the present embodiment, the required cooling amount
is corrected, based on this deviation (deviation amount)
between the cooling effect and the power consumption at each
position of the immersion tank 3.

For example, the correction unit 54 has a preset
cooling effect distribution. The power consumption
distribution of the electronic devices 30 as a whole 1is
calculated from the power consumption acquired from the
power consumption meter, and the calculated ©power
consumption distribution is compared with the cooling effect
distribution to calculate a relative deviation amount in
the distributions. For example, the distributions may be

compared by using a known statistical method such as a



comparing method in which each of the distributions is
caused to be dimensionless, based on an average value or a
standard deviation, and a comparing method in which each of
the distributions is normalized.

[0084]

An example of calculating the deviation amount
includes the following method. For example, for each of the
substrates 11, a difference between a value obtained by
causing the power consumption to be dimensionless at the
position and a value obtained by causing the cooling
efficiency to be dimensionless at the position is calculated,
and the calculated differences are accumulated to calculate
the deviation amount in all of the distributions.

[0085]

Then, the correction unit 54 calculates a correction
amount, based on the deviation amount in the distributions
calculated by the above-described method and on an average
value of the power consumption of the electronic devices 30
as a whole. For example, the correction unit 54 calculates
the correction amount by substituting each calculation value
into a correction amount calculation expression in which
the deviation amount in the distributions and the average
value of the power consumption of the electronic devices 30
as a whole are included as variables. Here, the correction

amount is expressed by a calculation expression in which



the correction amount increases as the deviation amount
increases. In the calculation expression, as the average
value of the power consumption becomes greater, the
correction amount decreases.

[0086]

When  the correction amount is calculated, the
correction unit 54 uses the calculated correction amount to
correct the required cooling amount calculated by the
calculation wunit 52. For example, the required cooling
amount is corrected by adding the correction amount to the
required cooling amount. When the correction amount is
obtained as a correction coefficient, the required cooling
amount may be corrected by multiplying the required cooling
amount by the correction coefficient.

[0087]

When the required cooling amount is corrected in this
way, the corrected required cooling amount is output to the
cooling condition setting unit 53, and the cooling condition
is set by using the corrected required cooling amount.

[0088]

As described above, according to the present
embodiment, the system control device 40a includes the
correction unit 54 that corrects the required cooling amount,
based on the deviation between the distribution of the

parameters (for example, the distribution of the power



consumption) indicating the operation states with respect
to the positions of the plurality of electronic devices 30
inside the immersion tank 3 and the cooling efficiency
distribution with respect to the positions inside the
immersion tank 3. In this manner, a proper cooling condition
can be set in view of the variations in the calorific value
and the wvariations in the cooling efficiency of the
electronic devices 30 inside the immersion tank 3.

[0089]

As the distribution of the parameters indicating the
operation states, a distribution of a CPU 1load factor
estimated from an execution status of a calculation Jjob
assigned to each substrate 11 (each server) may be used. As
in the above-described power consumption, the CPU load
factor also has a correlation with the calorific wvalue of
the electronic device 30. Therefore, instead of the power
consumption, a distribution based on the CPU load factor
may be calculated, and the calculated CPU 1load factor
distribution and the cooling effect distribution may be
compared with each other to calculate the deviation amount
therebetween. The correction amount is calculated by using
the deviation amount in the distributions and the average
value of the CPU load factors in the same manner as described
above.

[0090]



Fig. 10 is a view illustrating an example of a temporal
change 1in the calculation Jjob assigned to each of the
substrates 11 (first substrate to fifth substrate). When
the calculation load of the calculation Jjob is high, the
CPU load factor increases, and when the calculation load of
the calculation job is low, the CPU load factor decreases.
For example, focusing on time T1l, the CPU load on the second
substrate and the third substrate is higher than the CPU
load on the first substrate, the fourth substrate, and the
fifth substrate. Therefore, at time T1l, it is presumed that
the calorific values of the second substrate and the third
substrate are higher than those of the other substrates.

[0091]

The calorific value of the electronic device 30 1is
more slowly changed compared to a change in the CPU load
factor. Therefore, the average value of the CPU load factors
in a predetermined period may be calculated for each of the
substrates 11, and the distribution of the average value
may be used for comparison with the cooling effect
distribution.

[0092]

In this way, the CPU load factor is estimated from the
calculation job, and the correction amount is calculated by
using the distribution of the estimated CPU load factor. In

this manner, the cooling condition can be set in view of



the operation state of the electronic device 30 in the
future.

[0093]

[Third Embodiment]

Next, a third embodiment of the present disclosure
will be described. The third embodiment is different in the
following points. As illustrated in Fig. 11, in addition to
configuration of the first embodiment, a flow rate
adjustment unit 34 is provided for each nozzle 32, and as
illustrated in Fig. 12, a system control device 40b includes
a nozzle flow rate control unit 55.

In the following description, configurations different
from those of the first embodiment will be mainly described.
The same reference numerals will be assigned to common items,
and description thereof will be omitted.

[0094]

As illustrated in Fig. 11, in the immersion cooling
system 1 according to the present embodiment, the flow rate
adjustment unit 34 1is provided in each nozzle 32. The flow
rate adjustment unit 34 adjusts a flow rate of the liquid
coolant Lg discharged from the nozzle 32. An example of the
flow rate adjustment unit 34 is a flow rate adjustment valve.
The flow rate adjustment unit 34 is controlled by the system
control device 40Db.

[0095]



Fig. 12 is a functional block diagram illustrating an
example of a function provided in the system control device
40b according to the present embodiment. As illustrated in
Fig. 12, the system control device 40b includes the nozzle
flow rate control unit 55.

[0096]

For example, as illustrated in Fig. 9B, the nozzle
flow rate control unit 55 controls the flow rate adjustment
unit 34 so that the cooling efficiency becomes uniform when
the cooling efficiency distribution varies. For example,
the nozzle flow rate control unit 55 increases a valve
opening degree of the flow rate adjustment unit 34
corresponding to a position where the cooling efficiency is
lower than a predetermined value (for example, the average
value), and increases the discharge amount of the liquid
coolant. On the other hand, the nozzle flow rate control
unit 55 decreases the discharge amount of the liguid coolant
by squeezing the wvalve opening degree of the flow rate
adjustment unit 34 corresponding to a position where the
cooling effect is higher than the predetermined value. In
this manner, the wvariations in the cooling efficiency in
the immersion tank 3 can be reduced.

[0097]

Instead of the above-described control, for example,

the nozzle flow rate control unit 55 may control the valve



opening degree of the flow rate adjustment unit 34 in
accordance with a difference between the power consumption
distribution and the cooling effect distribution inside the
immersion tank 3.

A method for calculating the difference in the
distributions is used as described in the second embodiment.
In this way, the difference in the distributions at the
position of each substrate 11 is calculated by comparing
the power consumption distribution and the cooling effect
distribution with each other, and the valve opening degree
of the flow rate adjustment wunit 34 1is adjusted in
accordance with the difference. For example, at a position
where the cooling effect is relatively low but the power
consumption is relatively large, the discharge amount of
the liquid coolant is increased by opening the valve opening
degree of the flow rate adjustment unit 34. In this manner,
the difference between the power consumption and the cooling
effect can be reduced. Similarly, for example, at a position
where the cooling effect is relatively high but the power
consumption is relatively small, the discharge amount of
the liquid coolant is reduced by squeezing the valve opening
degree of the flow rate adjustment unit 34. In this manner,
the difference between the power consumption and the cooling
effect can be reduced.

In this way, fine cooling control corresponding to the



position can be performed by controlling the flow rate
adjustment unit 34 provided corresponding to each nozzle.

As described in the second embodiment, the CPU load
factor may be used instead of the power consumption.

[0098]

[Fourth Embodiment]

Next, a fourth embodiment of the present disclosure
will be described. In the first embodiment, the system
control device 40 sets the target flow rate of the liquid
coolant, the target flow rate of the cooling water, and the
target temperature of the cooling water. In other words,
the system control device 40 controls both the 1liquid
coolant circulation unit 5 and the cooling unit 7. 1In
contrast, the present embodiment is different from the first
embodiment in the following point. The present embodiment
includes a cooling unit control unit 60 that controls the
cooling unit 7 and a ligquid coolant circulation unit control
unit 70 that controls the liquid coolant circulation unit
5.

In the following description, configurations different
from those of the first embodiment will be mainly described.
The same reference numerals will be assigned to common items,
and description thereof will be omitted.

[0099]

Fig. 13 is a functional block diagram illustrating an
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example of a function provided in the cooling unit control
unit 60. In the present embodiment, for example, the cooling
unit 7 includes the cooling unit control unit 60. The liquid
coolant circulation wunit 5 includes the 1liquid coolant
circulation unit control unit 70.

The cooling unit control unit 60 and the liquid coolant
circulation unit control unit 70 may be configured to be
capable of mutual communication. In this manner, for example,
the cooling unit control unit 60 can acquire information
relating to the flow rate of the liquid coolant from the
liquid coolant circulation unit control unit 70.

[0100]

Examples of the information relating to the flow rate
of the liquid coolant include the target flow rate of the
liguid coolant, a measurement value of the flow rate sensor
of the 1liquid coolant, and the rotation speed or the
frequency of the pump 19 that controls the flow rate of the
liquid coolant. Hereinafter, a case where the target flow
rate of the 1liquid coolant is used as the information
relating to the flow rate of the liquid coolant will be
described as an example. When the rotation speed or the
frequency of the pump 19 is used as the information relating
to the flow rate of the liquid coolant, the flow rate of
the liquid coolant may be estimated from the rotation speed

or the frequency of the pump 19.



In the present embodiment, the flow rate of the liquid
coolant may be controlled to be constant.

[0101]

For example, the cooling unit control unit 60 includes
the mode selection unit 51, the calculation unit 52, and a
cooling condition setting unit 53a. The cooling condition
setting unit 53a sets the target temperature of the cooling
water and the target flow rate of the cooling water, based
on a cooling mode selected by the mode selection unit 51
and the required cooling amount <calculated Dby the
calculation unit 52.

[0102]

For example, when the normal mode is selected as the
cooling mode, the cooling condition setting unit 53a sets
the target temperature of the cooling water and the target
flow rate of the cooling water, based on the required
cooling amount and the target flow rate of the 1liquid
coolant. For example, these can be set in such a manner that
a value acquired from the liquid coolant circulation unit
control unit 70 is used for the flow rate of the liquid
coolant in wvarious calculation methods described in the
first embodiment. When the liquid coolant circulation unit
control unit 70 controls the pump 19 to discharge a constant
discharge amount, the target temperature and the target flow

rate of the cooling water may be set by registering a control



value (target flow rate) thereof in advance and by using
the registered control wvalue. In this case, communication
with the liquid coolant circulation unit control unit 70 is
unnecessary.

[0103]

For example, when the performance priority mode 1is
selected as the cooling mode, the cooling condition setting
unit 53a sets the target temperature of the cooling water
to a minimum temperature derived from the outside air
condition. For example, the cooling condition setting unit
53a may set the target rotation speed of the fan 23 to a
maximum rotation speed. Furthermore, the cooling condition
setting unit 53 may also set the target flow rate of the
cooling water to the maximum flow rate.

In this manner, when the performance priority mode is
selected, the cooling unit 7 1s controlled to obtain a
maximum cooling effect derived from the outside air
condition or an effect close to the maximum cooling effect.

[0104]

When the energy saving priority mode is selected, the
cooling <condition setting wunit 53a sets the target
temperature of the cooling water, based on a predetermined
temperature determined based on heat resistance
characteristics of the electronic component forming the

electronic device 30. Furthermore, the cooling condition



setting unit 53a uses the target flow rate of the liquid
coolant which is acquired from the liquid coolant
circulation wunit control unit 70 or the pre-registered
target flow rate of the liquid coolant, and sets the target
flow rate of the cooling water and the target rotation speed
of the fan 23 which satisfy the set target temperature and
the required cooling amount of the cooling water. In this
case, the target flow rate of the cooling water and the
target rotation speed of the fan 23 may be set so that power
of the pump 28 and of the fan 23 is minimized. Optimizing
the target flow rate of the cooling medium and the target
rotation speed of the fan 23 can be realized by using a
known optimization method.

[0105]

The cooling condition setting unit 53a may
sequentially set various target wvalues to satisfy the
required cooling amount, based on a predetermined order set
in advance. For example, the predetermined order is an
element order whose power reduction effect is high. For
example, when the power reduction effect is higher in the
order of the power of the fan 23 and the power of the pump
28, the target values may be set in this order.

[0106]

The cooling conditions (for example, the target

rotation speed of the pump 28 and the target rotation speed

- 49 -



of the fan 23) set by the cooling condition setting unit
53a in this way are transmitted to a drive control unit (not
illustrated) that drives the pump 28 and the fan 23 of the
cooling unit 7. The pump 28 and the fan 23 are driven in
accordance with the target value.

[0107]

In this way, according to the present embodiment, the
required cooling amount is calculated, Dbased on the
parameter relating to the operation state of the electronic
device 30, and the cooling condition is set in view of the
required cooling amount. The operation state of the
electronic device 30 has a correlation with the calorific
value of the electronic device 30. Therefore, the required
cooling amount corresponding to the calorific value can be
calculated by using the parameter relating to the operation
state of the electronic device 30. In this manner, a proper
cooling condition of the cooling unit 7 corresponding to
the calorific value of the electronic device 30 can be set.

Furthermore, according to the present embodiment, the
plurality of cooling modes are provided, and the cooling
condition 1is set, based on the selected cooling mode and
the required cooling amount. Therefore, the cooling unit 7
can be properly controlled in accordance with the mode.

[0108]

For example, when the performance priority mode 1is



selected as the cooling mode, the cooling condition of the
cooling unit 7 is set to realize the maximum cooling effect
derived from the outside air condition. In this manner, the
cooling unit 7 can achieve maximum cooling capacity or
cooling capacity close to the maximum cooling effect.

[0109]

When the energy saving priority mode is selected as
the cooling mode, the target temperature of the cooling
water is set within a range not exceeding a predetermined
temperature determined based on the maximum allowable
temperature of the electronic component forming the
electronic device 30. Furthermore, the cooling condition of
the cooling unit 7 is set to satisfy the target temperature
and the required cooling amount of the cooling water and to
minimize the consumed power of the cooling unit 7. In this
manner, all of the electronic devices 30 can be maintained
to have the maximum allowable temperature or lower while
the consumed power of the cooling unit 7 is suppressed.

[0110]

In the fourth embodiment described above, the cooling
unit control unit 60 may further include the correction unit
54. Since details of the correction unit 54 have been
described in detail in the second embodiment, description
thereof will be omitted here.

[0111]



In the fourth embodiment, the cooling unit control
unit 60 and the liquid coolant circulation unit control unit
70 may be realized by the same processing circuitry, or may
be realized by different processing circuitries (in other
words, different computers).

[0112]

[Fifth Embodiment]

Next, a fifth embodiment of the present disclosure
will be described. In the first embodiment, the system
control device 40 sets the target flow rate of the liquid
coolant, the target flow rate of the cooling water, and the
target temperature of the cooling water. In other words,
the system control device 40 controls both the liquid
coolant circulation wunit 5 and the cooling unit 7. 1In
contrast, the present embodiment is different from the first
embodiment in the following point. The present embodiment
includes a cooling unit control unit 60a that controls the
cooling unit 7 and a liquid coolant circulation unit control
unit 70a that controls the liquid coolant circulation unit
5.

In the following description, configurations different
from those of the first embodiment will be mainly described.
The same reference numerals will be assigned to common items,
and description thereof will be omitted.

[0113]



Fig. 14 is a functional block diagram illustrating an
example of a function provided in the 1liquid coolant
circulation unit control unit 70a. In the present embodiment,
for example, the cooling unit 7 includes the cooling unit
control unit 60a. The liquid coolant circulation unit 5
includes the liquid coolant circulation unit control unit
70a.

The cooling unit control unit 60a and the 1liquid
coolant circulation unit control unit 70a may be configured
to be capable of mutual communication. In this manner, for
example, the liquid coolant circulation unit control unit
70a can acquire information relating to the temperature and
the flow rate of the cooling water from the cooling unit
control unit 60a.

[0114]

For example, the 1ligquid coolant circulation wunit
control unit 70a includes the mode selection unit 51, the
calculation unit 52, and a cooling condition setting unit
53b. The cooling condition setting unit 53b sets the target
flow rate of the liquid coolant, based on the cooling mode
selected by the mode selection unit 51 and the required
cooling amount calculated by the calculation unit 52.

[0115]

For example, when the normal mode is selected as the

cooling mode, the cooling condition setting unit 53b sets



the target flow rate of the liquid coolant, based on the
required cooling amount calculated by the calculation unit
52, the inlet temperature of the liquid coolant flowing into
the heat exchanger 17, and the outlet temperature of the
liquid coolant fed from the heat exchanger 17.

For example, the cooling amount is expressed by the
following equation.

[0116]

Cooling Amount = (Inlet Temperature of Liquid Coolant
- OQOutlet Temperature of Liquid Coolant) x Ligquid Coolant
Flow Rate (2)

[0117]

The cooling condition setting unit 53b calculates the
liquid coolant flow rate by substituting the required
cooling amount into the cooling amount and the temperature
sensor measurement value into the inlet temperature of the
liquid coolant and the outlet temperature of the liquid
coolant with respect to the equation (2) above. In this
manner, the cooling condition setting unit b53b sets the
calculated liquid coolant flow rate as the target flow rate.

[0118]

For example, when the performance priority mode 1is
selected as the cooling mode, the cooling condition setting
unit 53b sets the target flow rate of the liquid coolant to

the maximum flow rate. In this way, when the performance



priority mode is selected, the liquid coolant circulation
unit 5 is controlled to achieve the maximum cooling capacity
by setting the target flow rate of the liquid coolant to
the maximum flow rate.

[0119]

When the energy saving priority mode is selected as
the cooling mode, the cooling condition setting unit 53b
sets the target temperature of the liquid coolant, based on
a predetermined temperature determined based on heat
resistance characteristics of the electronic component
forming the electronic device 30, and sets the target flow
rate of the ligquid coolant to the minimum flow rate of the
liquid coolant which satisfies the required cooling amount.

Here, for example, description of the "predetermined
temperature" means the lowest allowable maximum temperature
or the temperature having a predetermined tolerance in the
allowable maximum temperature thereof in the allowable
maximum temperature of the electronic component immersed in
the immersion tank 3.

[0120]

For example, in the equation (2) above, the cooling
condition setting unit 53b calculates the liquid coolant
flow rate for obtaining the required cooling amount by
substituting the required cooling amount into the cooling

amount, the measurement value of the temperature sensor into



the inlet temperature of the cooling amount, and the "target
temperature of the ligquid coolant" into the outlet
temperature of the liquid coolant, and sets the calculated
liquid coolant flow rate as the target flow rate.

[0121]

The cooling condition set by the cooling condition
setting unit 53b in this way is transmitted to a drive
control unit (not illustrated) that drives the pump 19 of
the liquid coolant circulation unit 5, and the drive control
of the pump 19 in accordance with the cooling condition is
performed.

[0122]

In this way, according to the present embodiment, the
required cooling amount 1is calculated, based on the
parameter relating to the operation state of the electronic
device 30, and the cooling condition is set in view of the
required cooling amount. The operation state of the
electronic device 30 has a correlation with the calorific
value of the electronic device 30. Therefore, the required
cooling amount corresponding to the calorific value can be
calculated by using the parameter relating to the operation
state of the electronic device 30. In this manner, a proper
cooling condition of the liquid coolant circulation unit 5
corresponding to the calorific wvalue of the electronic

device 30 can be set.



Furthermore, according to the present embodiment, the
plurality of cooling modes are provided, and the cooling
condition is set, based on the selected cooling mode and
the required cooling amount. Therefore, the liquid coolant
circulation unit 5 can be properly controlled in accordance
with the mode.

[0123]

For example, when the performance priority mode 1is
selected as the cooling mode, the target flow rate of the
liquid coolant is set to the maximum flow rate. In this
manner, the maximum cooling capacity of the liquid coolant
circulation unit 5 can be achieved.

[0124]

When the energy saving priority mode is selected as
the cooling mode, a feeding temperature of the 1liquid
coolant 1s set, Dbased on a predetermined temperature
determined based on heat resistance characteristics of the
electronic component forming the electronic device 30, and
the target flow rate of the liquid coolant is set to the
minimum flow rate of the liquid coolant which satisfies the
required cooling amount. In this manner, all of the
electronic devices 30 can be maintained to have the maximum
allowable temperature or lower while the consumed power of
the ligquid coolant circulation unit 5 is suppressed.

[0125]



In the fifth embodiment described above, the liquid
coolant circulation unit control wunit 70a may further
include the correction wunit 54. Since details of the
correction unit 54 have been described in detail in the
second embodiment, description thereof will be omitted here.

[0126]

In the fifth embodiment, the cooling unit control unit
60a and the liquid coolant circulation unit control unit
70a may be realized by the same processing circuitry, or
may be realized by different processing circuitries (in
other words, different computers).

[0127]

In the fifth embodiment described above, the liquid
coolant circulation system 6 includes the cooling unit 7.
However, the cooling unit 7 may be omitted. In this case,
the heat exchanger 17 in the liquid coolant circulation unit
5 is an air cooling type heat exchanger that exchanges the
heat with the outside air. Even in this case, the control
of the liguid coolant circulation unit control unit 70a is
performed as described above.

[0128]

In the fifth embodiment described above, the outlet
temperature of the 1liquid coolant fed from the heat
exchanger 17 is measured by the temperature sensor, and the

target flow rate of the liquid coolant is set by using the



measurement value. However, the present disclosure is not
limited thereto. For example, when the cooling unit control
unit 60a and the liquid coolant circulation unit control
unit 70a are configured to be capable of communicating with
each other, the target temperature and the target flow rate
of the cooling water may be acquired from the cooling unit
control unit 60a, and the outlet temperature of the liquid
coolant may be estimated by using the acquired information.
In this way, by estimating the outlet temperature of the
liquid coolant, the temperature sensor that measures the
outlet temperature of the liquid coolant can be omitted.

[0129]

Hitherto, the present disclosure has been described
with reference to the respective embodiments. However, the
technical scope of the present disclosure is not limited to
the scope described in the above-described embodiments.
Various modifications or improvements can be added to the
above-described embodiments within the scope not departing
from the concept of the disclosure, and forms to which the
modifications or the improvements are added are also
included in the technical scope of the present disclosure.
The above-described embodiments may be appropriately
combined.

The processing procedures illustrated in Figs. 6 and

7 are also examples, and unnecessary steps may be



appropriately deleted, new steps may be added, or processing
orders may be changed.

[0130]

In each of the above-described embodiments, a case
where the flow rate of the liquid coolant is controlled by
the pump 19 and the flow rate of the cooling water is
controlled by the pump 28 has been described as an example.
However, the control of the flow rate of the liquid coolant
and the cooling water is not limited thereto. For example,
the discharge amount of the pump 19 may be constant, in
other words, the pump 19 may be a fixed-speed pump, and a
flow rate adjustment unit for adjusting the flow rate may
be provided in the 1liquid coolant <circulation path.
Similarly, the discharge amount of the pump 28 may be
constant, in other words, the pump 28 may be a fixed-speed
pump, and a flow rate adjustment unit for adjusting the flow
rate may be provided in the cooling water circulation path.
An example of the flow rate adjustment unit is a flow rate
adjustment valve.

[0131]

In each of the above-described embodiments, a case
where the cooling water is used as the cooling medium that
exchanges the heat with the 1liquid coolant has been
described as an example. However, the present disclosure is

not limited to this example. A liquid other than water can



also be used as the cooling medium.

[0132]

In each of the above-described embodiments, for
example, an aspect in which the cooling unit 7 directly
cools the cooling water by using the outside air drawn in
by the fan 23 has been described as an example. However,
the present disclosure is not limited to this example. For
example, the cooling unit 7 may include a configuration in
which a chiller as a cooling part cools the cooling water
by using a refrigerant such as water. In this case, the
cooling condition setting unit according to each embodiment
may set the parameter for controlling the cooling part. More
specifically, the cooling condition setting unit sets a
circulation amount of the refrigerant for cooling the
cooling water, instead of the rotation speed of the fan 23.

[0133]

In the second embodiment described above, when the
system control device includes the correction unit 54, the
mode selection unit 51 can be omitted. In this case, the
cooling condition is set in accordance with the control when
the cooling mode is set to the normal mode.

[0134]

In each of the above-described embodiments, the
temperature and the flow rate of the liquid coolant are

controlled in accordance with the operation state of the



electronic device 30. However, alternatively, for example,
the calculation Jjob assigned to the electronic device 30
may be controlled in accordance with the cooling state. For
example, as 1illustrated 1in Fig. 9B, when the cooling
efficiency varies depending on the position, a calculation
job having a high calculation load may be assigned to the
substrate 11 (server) disposed at the position having high
cooling efficiency, and a calculation job having a low
calculation load may be assigned to the substrate 11 (server)
disposed at a position having low cooling efficiency.

[0135]

The 1liquid coolant circulation wunit, the control
method therefor, and the program which are described in each
of the embodiments described above are understood as follows,
for example.

[0136]

According to one aspect of the present disclosure,
there is provided the liquid coolant circulation unit (5)
that circulates the liquid coolant to the immersion tank (3)
for cooling the plurality of electronic devices (30) by
immersing the plurality of electronic devices in the liquid
coolant. The liquid coolant circulation unit includes the
flow rate adjustment unit (19) provided in the ligquid
coolant circulation path for circulating the liquid coolant

to the immersion tank, the heat exchanger (17) provided in



the liquid coolant circulation path and exchanging the heat
between the liquid coolant and the cooling medium, and the
liquid coolant circulation unit control unit (70a). The
liquid coolant circulation unit control unit includes the
mode selection unit (51) that selects any one of the
plurality of cooling modes, the calculation unit (52) that
calculates the required cooling amount, based on the
parameters relating to the operation states of the plurality
of electronic devices, and the cooling condition setting
unit (53b) that sets the target value of the parameter
relating to the flow rate of the liquid coolant, based on
the selected cooling mode and the required cooling amount.
[0137]

In this way, the required cooling amount is calculated,
based on the parameter relating to the operation state of
the electronic device, and the cooling condition is set in
view of the required cooling amount. The operation state of
the electronic device has a correlation with the calorific
value of the electronic device. Therefore, the required
cooling amount corresponding to the calorific value can be
calculated by using the parameter relating to the operation
state of the electronic device. In this manner, a proper
cooling condition of the liquid coolant circulation unit
corresponding to the calorific wvalue of the electronic

device can be set.



Furthermore, the plurality of cooling modes are
provided, and the cooling condition is set, based on the
selected cooling mode and the required cooling amount.
Therefore, proper cooling corresponding to a desired mode
can be performed.

[0138]

In the liquid coolant circulation unit (5) according
to one aspect of the present disclosure, the plurality of
cooling modes may include the performance priority mode that
prioritizes the performance of the electronic device, and
when the performance priority mode is selected, the cooling
condition setting unit may set the target flow rate of the
liquid coolant to the maximum flow rate.

[0139]

In this manner, the liquid coolant circulation unit
can achieve the maximum cooling capacity or the cooling
capacity close to the maximum cooling effect.

[0140]

In the liquid coolant circulation unit (5) according
to one aspect of the present disclosure, the plurality of
cooling modes may include the energy saving priority mode
that prioritizes the power usage efficiency, and when the
energy saving priority mode 1is selected, the cooling
condition setting unit may set the feeding temperature of

the liquid coolant to be fed to the immersion tank, based



on a predetermined temperature determined based on the heat
resistance characteristics of the electronic component
forming the electronic device, and may set the target flow
rate of the ligquid coolant to the minimum flow rate of the
liquid coolant which satisfies the required cooling amount.

[0141]

In this manner, all of the electronic devices can be
maintained to have the maximum allowable temperature or
lower while the consumed power of the 1liquid coolant
circulation unit is suppressed.

[0142]

In the liquid coolant circulation unit (5) according
to one aspect of the present disclosure, the liquid coolant
circulation unit control unit may include the correction
unit that corrects the required cooling amount, based on a
deviation between the distribution of the parameters
indicating the operation states with respect to a
disposition of the plurality of electronic devices inside
the immersion tank and the cooling efficiency distribution
inside the immersion tank, and the cooling condition setting
unit may set the target value of the parameter relating to
the flow rate of the liquid coolant, based on the selected
cooling mode and the corrected required cooling amount.

[0143]

The parameter indicating the operation state of the



electronic device has a correlation with the calorific value
of the electronic device. Therefore, the distribution of
the parameter and the cooling effect distribution are
compared with each other, and the required cooling amount
is corrected, based on the deviation therebetween. In this
manner, a proper cooling condition can be set in view of
the variations in the calorific value and the variations in
the cooling efficiency of the electronic devices inside the
immersion tank.

[0144]

In the liquid coolant circulation unit (5) according
to one aspect of the present disclosure, the correction unit
may correct the required cooling amount, based on a
deviation between the power consumption distribution with
respect to the disposition of the plurality of electronic
devices inside the immersion tank and the cooling efficiency
distribution inside the immersion tank.

[0145]

The power consumption has a correlation with the
calorific value of the electronic device. Therefore, the
power consumption distribution and the cooling effect
distribution are compared with each other, and the required
cooling amount 1s corrected, based on the deviation
therebetween. In this manner, a proper cooling condition

can be set in view of the variations in the calorific value



and the wvariations in the cooling efficiency of the
electronic devices inside the immersion tank.

[0146]

In the liquid coolant circulation unit (5) according
to one aspect of the present disclosure, the correction unit
may correct the required cooling amount, based on a
deviation amount between the power consumption distribution
with respect to the disposition of the plurality of
electronic devices inside the immersion tank and the cooling
efficiency distribution inside the immersion tank, and on
the average value of the power consumption of the plurality
of electronic devices.

[0147]

In this manner, the required cooling amount can be
corrected in view of not only the deviation amount between
the power consumption distribution with respect to the
disposition of the plurality of electronic devices inside
the immersion tank and the cooling efficiency distribution
inside the immersion tank, but also the average power
consumption of the plurality of electronic devices inside
the immersion tank.

[0148]

In the liquid coolant circulation unit (5) according
to one aspect of the present disclosure, the correction unit

may correct the required cooling amount, based on a



deviation between the calculation load distribution with
respect to the disposition of the plurality of electronic
devices inside the immersion tank and the cooling efficiency
distribution inside the immersion tank.

[0149]

The calculation load of the electronic device has a
correlation with the calorific wvalue of the electronic
device. Therefore, the calculation load distribution and
the cooling effect distribution are compared with each other,
and the required cooling amount is corrected, based on the
deviation therebetween. In this manner, a proper cooling
condition can be set 1in view of the wvariations in the
calorific value and the variations in the cooling efficiency
of the electronic devices inside the immersion tank.

[0150]

In the liquid coolant circulation unit (5) according
to one aspect of the present disclosure, the correction unit
may correct the required cooling amount, based on a
deviation amount between the calculation load distribution
with respect to the disposition of the plurality of
electronic devices inside the immersion tank and the cooling
efficiency distribution inside the immersion tank, and on
the average value of calculation loads of the plurality of
electronic devices.

[0151]



In this manner, the required cooling amount can be
corrected in view of not only the deviation amount between
the calculation load distribution with respect to the
disposition of the plurality of electronic devices inside
the immersion tank and the cooling efficiency distribution
inside the immersion tank, but also the average calculation
load factor of the plurality of electronic devices inside
the immersion tank.

Here, examples of the "calculation load" include a
calculation load factor and a CPU load factor.

[0152]

In the liquid coolant circulation unit (5) according
to one aspect of the present disclosure, the calculation
load distribution may be estimated, based on the parameter
relating to the execution status of the calculation 3job
assigned to the plurality of electronic devices.

[0153]

The correction amount 1is calculated by wusing the
calculation load distribution obtained from the calculation
job. In this manner, the cooling condition can be set in
view of the operation state of the electronic device in the
future.

[0154]

According to one aspect of the present disclosure,

there 1is provided a control method for the liquid coolant



circulation unit (5) that circulates the liquid coolant to
the immersion tank for cooling the plurality of electronic
devices by immersing the plurality of electronic devices in
the 1liquid coolant. The 1liquid coolant circulation unit
includes the flow rate adjustment unit provided in the
liquid coolant circulation path for circulating the liquid
coolant to the immersion tank, and the heat exchanger
provided in the 1liquid coolant circulation path and
exchanging the heat between the liquid coolant and the
cooling medium. The control method includes a step of
selecting any one of the plurality of cooling modes, a step
of calculating the required cooling amount, based on the
parameters relating to the operation states of the plurality
of electronic devices, and a step of setting the target
value of the parameter relating to the flow rate of the
liquid coolant, based on the selected cooling mode and the
required cooling amount.

[0155]

According to one aspect of the present disclosure,
there is provided the program for causing the computer to
function as the ligquid coolant circulation unit control unit.

[0156]

According to one aspect of the present disclosure,
there is provided the immersion cooling system (1) including

the liquid coolant circulation unit (5) and the immersion



tank (3).
Reference Signs List
[0157]
1: Immersion cooling system
3: Immersion tank
5: Liquid coolant circulation unit
6: Liquid coolant circulation system
7: Cooling unit
11: Substrate
13: Liquid feeding pipe
15: Liquid return pipe
17: Heat exchanger
19: Pump
21: Liquid coolant discharge pipe
23: Fan
25: Cooling water supply pipe
26: Cooling water return pipe
28: Pump
30: Electronic device
32: Nozzle
34: Flow rate adjustment unit
40: System control device
40a: System control device
40b: System control device

41: CPU



42: Main memory

43: Storage unit

45: Communication unit

46: Input unit

47: Display unit

51: Mode selection unit

52: Calculation unit

53: Cooling condition setting unit

53a: Cooling condition setting unit

53b: Cooling condition setting unit

54: Correction unit

55: Nozzle flow rate control unit

60: Cooling unit control unit

60a: Cooling unit control unit

70: Liquid coolant circulation unit control unit
70a: Liquid coolant circulation unit control unit

Lg: Liquid coolant



Claims

[Claim 1]

A ligquid coolant circulation unit that circulates a
liquid coolant to an immersion tank for cooling a plurality
of electronic devices Dby dimmersing the plurality of
electronic devices in the liquid coolant, the liquid coolant
circulation unit comprising:

a flow rate adjustment unit provided in a liquid
coolant circulation path for circulating the liquid coolant
to the immersion tank;

a heat exchanger provided in the 1liquid coolant
circulation path and exchanging heat between the liquid
coolant and a cooling medium; and

a liquid coolant <circulation unit control unit,

wherein the 1ligquid coolant circulation unit control
unit includes

a mode selection unit that selects any one of a
plurality of cooling modes,

a calculation unit that calculates a required
cooling amount, based on parameters relating to operation
states of the plurality of electronic devices, and

a cooling condition setting unit that sets a
target value of a parameter relating to a flow rate of the

liquid coolant, based on the selected cooling mode and the



required cooling amount.

[Claim 2]

The liquid coolant circulation unit according to Claim

wherein the plurality of cooling modes include a
performance priority mode that prioritizes performance of
the electronic device, and

when the performance priority mode 1is selected, the
cooling condition setting unit sets a target flow rate of

the liquid coolant to a maximum flow rate.

[Claim 3]

The liquid coolant circulation unit according to Claim
1 or 2,

wherein the plurality of cooling modes include an
energy saving priority mode that prioritizes power usage
efficiency, and

when the energy saving priority mode is selected, the
cooling condition setting unit sets a feeding temperature
of the liquid coolant to be fed to the immersion tank, based
on a predetermined temperature determined based on heat
resistance characteristics of an electronic component
forming the electronic device, and sets a target flow rate

of the liquid coolant to a minimum flow rate of the liquid



coolant which satisfies the required cooling amount.

[Claim 4]

The ligquid coolant circulation unit according to any
one of Claims 1 to 3,

wherein the 1liquid coolant circulation unit control
unit includes a correction unit that corrects the required
cooling amount, based on a deviation between a distribution
of the parameters indicating the operation states with
respect to a disposition of the plurality of electronic
devices inside the immersion tank and a cooling efficiency
distribution inside the immersion tank, and

the cooling condition setting unit sets the target
value of the parameter relating to the flow rate of the
liquid coolant, based on the selected cooling mode and the

corrected required cooling amount.

[Claim 5]

The liquid coolant circulation unit according to Claim

wherein the correction wunit corrects the required
cooling amount, based on a deviation between a power
consumption distribution with respect to the disposition of
the plurality of electronic devices inside the immersion

tank and the cooling efficiency distribution inside the



immersion tank.

[Claim 6]

The liquid coolant circulation unit according to Claim

wherein the correction unit corrects the required
cooling amount, based on a deviation amount between a power
consumption distribution with respect to the disposition of
the plurality of electronic devices inside the immersion
tank and the cooling efficiency distribution inside the
immersion tank, and on an average value of power consumption

of the plurality of electronic devices.

[Claim 7]

The liquid coolant circulation unit according to Claim

wherein the correction wunit corrects the required
cooling amount, based on a deviation between a calculation
load distribution with respect to the disposition of the
plurality of electronic devices inside the immersion tank
and the cooling efficiency distribution inside the immersion

tank.

[Claim 8]

The liquid coolant circulation unit according to Claim



wherein the correction unit corrects the required
cooling amount, based on a deviation amount between a
calculation load distribution with respect to the
disposition of the plurality of electronic devices inside
the immersion tank and the cooling efficiency distribution
inside the immersion tank, and on an average value of

calculation loads of the plurality of electronic devices.

[Claim 9]
The liquid coolant circulation unit according to Claim
7 or 8,
wherein the calculation load distribution is estimated,
based on a parameter relating to an execution status of a
calculation job assigned to the plurality of electronic

devices.

[Claim 10]

A control method for a liquid coolant circulation unit
that circulates a liquid coolant to an immersion tank for
cooling a plurality of electronic devices by immersing the
plurality of electronic devices in the liquid coolant,

in which the liquid coolant circulation unit includes

a flow rate adjustment unit provided in a liquid

coolant circulation path for circulating the liquid coolant



to the immersion tank, and

a heat exchanger provided in the liquid coolant
circulation path and exchanging heat between the liquid
coolant and a cooling medium,

the control method comprising:

a step of selecting any one of a plurality of cooling
modes;

a step of calculating a required cooling amount, based
on parameters relating to operation states of the plurality
of electronic devices; and

a step of setting a target wvalue of a parameter
relating to a flow rate of the liquid coolant, based on the

selected cooling mode and the required cooling amount.

[Claim 11]
A program for causing a computer to function as the
liguid coolant circulation unit control unit according to

any one of Claims 1 to 9.

[Claim 12]

An immersion cooling system comprising:

the liquid coolant circulation unit according to any
one of Claims 1 to 9; and

the immersion tank.





