DESCRIPTION
Title of the Invention: REFRIGERANT CONTROL SYSTEM AND COOLING

SYSTEM

Technical Field
[0001]
The present invention relates to a refrigerant control system and a cooling

system.

Background Art
[0002]

Conventionally, a device for cooling a cooling target has been proposed. For
example, a device of Patent Document 1 includes a high source refrigeration cycle
connecting a high source side compressor, a high source side condenser, a high source
side throttling device, and a high source side evaporator by a pipe and circulating a
refrigerant, a low source refrigeration cycle connecting a low source side compressor,
an auxiliary radiator, a low source side condenser, a low source side throttling device,
and a low source side evaporator by a pipe and circulating a refrigerant, and a cascade
capacitor obtained by coupling the high source side evaporator and the low source side
condenser so as to exchange heat between the refrigerants respectively passing through
them. Further, since an intake side pipe of the low source side compressor in the pipe
of the low source refrigeration cycle is connected to an expansion tank through an
electromagnetic valve, a pressure in the low source refrigeration cycle can be adjusted
so as not to be equal to or higher than a setting pressure by opening the

electromagnetic valve so that the refrigerant in the low source refrigeration cycle flows



into the expansion tank. With such a configuration, it is possible to exchange heat
between the cooling target disposed in the vicinity of the low source side evaporator of
the low source refrigeration cycle and the refrigerant in the low source refrigeration

cycle and to cool the cooling target.

Citation List
Patent Document
[0003]

Patent Document 1: International Publication No. 2014/181399

Summary of the Invention
Technical Problem
[0004]

However, in the device of Patent Document 1, since the expansion tank is
connected to the intake side pipe of the low source side compressor as described above,
the pressure (the refrigerant amount) in the low source refrigeration cycle cannot be
efficiently adjusted, for example, when the temperature range of the cooling target is
wide and hence the refrigerant amount necessary in the low source refrigeration cycle
largely changes. Regarding the flow of the refrigerant in the intake side pipe of the
low source side compressor and the expansion tank, the refrigerant in the intake side
pipe of the low source side compressor only flows to the expansion tank as described
above. For this reason, for example, when the refrigerant that easily becomes
saturated vapor at a room temperature, an installation environment temperature, or the
like is used in the intake side pipe of the low source side compressor, saturated vapor

or condensate accumulates in the expansion tank. As a result, there is concern that



the function of the low source refrigeration cycle may deteriorate. From the
description above, there is room for improvement from the viewpoint of usability of
the device.
[0005]

The invention has been made in view of the above-described problems and an
object of the invention is to provide a refrigerant control system and a cooling system

capable of maintaining usability.

Means for Solving the Problems
[0006]

In order to solve the above problem and achieve the above object, a
refrigerant control system according to claim 1 is a refrigerant control system for
controlling a refrigerant flowing through a circulation passage connected to a
compression section and circulating the refrigerant so as to exchange heat between a
cooling target and the refrigerant compressed by the compression section, comprising:
a storing section which stores the refrigerant; a first pipe which is connected to an
outlet side pipe constituting the circulation passage and located on the side of an outlet
of the compression section and flows the refrigerant in the outlet side pipe to the
storing section through the first pipe; a second pipe which is connected to an inlet side
pipe constituting the circulation passage and located on the side of an inlet of the
compression section and flows the refrigerant in the storing section to the inlet side
pipe through the second pipe; a first opening/closing valve which is provided in the
first pipe and is capable of switching whether to flow the refrigerant in the outlet side
pipe to the storing section; a second opening/closing valve which is provided in the

second pipe and is capable of switching whether to flow the refrigerant in the storing



section to the inlet side pipe; and an opening/closing control section which controls an
opening/closing state of the first opening/closing valve and the second opening/closing
valve on the basis of a setting temperature of the cooling target set according to a
predetermined method.

[0007]

The refrigerant control system according to claim 2 is the refrigerant control
system according to claim 1, wherein the opening/closing control section opens the
first opening/closing valve and closes the second opening/closing valve when the
setting temperature of the cooling target is higher than a critical temperature of the
refrigerant and closes the first opening/closing valve and opens the second
opening/closing valve when the setting temperature of the cooling target is lower than
the critical temperature of the refrigerant.

[0008]

The refrigerant control system according to claim 3 is the refrigerant control
system according to claim 2, wherein the opening/closing control section opens the
first opening/closing valve and closes the second opening/closing valve in any one of a
case in which an operation pressure value of the compression section acquired
according to a predetermined method is larger than the threshold value or a case in
which the setting temperature of the cooling target is higher than the critical
temperature of the refrigerant and closes the first opening/closing valve and opens the
second opening/closing valve in any one of a case in which the operation pressure
value of the compression section is smaller than the threshold value or a case in which
the setting temperature of the cooling target is lower than the critical temperature of
the refrigerant.

[0009]



The refrigerant control system according to claim 4 is the refrigerant control
system according to any one of claims 1 to 3, further comprising: a temperature
adjusting section which adjusts a temperature of the refrigerant in the storing section.
[0010]

The refrigerant control system according to claim 5 is the refrigerant control
system according to any one of claims 1 to 4, wherein the refrigerant is carbon dioxide.
[0011]

The refrigerant control system according to claim 6 is the refrigerant control
system according to any one of claims 1 to 5, wherein the cooling target is a cooling
refrigerant of a semiconductor fabrication system.

[0012]

A cooling system for cooling the cooling target using the refrigerant according
to claim 7 is a cooling system for cooling the cooling target using the refrigerant,
comprising: a compression section which compresses the refrigerant; a circulation
passage which is connected to the compression section, includes a cooling target side
pipe located on the side of the cooling target, and circulates the refrigerant so as to
exchange heat between the cooling target and the refrigerant compressed by the
compression section; the refrigerant control system according to any one of claims 1 to
6; and a heat exchanging section which is provided in the cooling target side pipe and
exchanges heat between the cooling target and the refrigerant in the cooling target side
pipe.

[0013]

The cooling system according to claim 8 is the cooling system according to

claim 7, wherein the heat exchanging section includes a first heat exchanging section

which is capable of cooling the cooling target and a second heat exchanging section



which is capable of heating the cooling target cooled by the first heat exchanging
section, wherein the cooling target side pipe includes a first cooling target side pipe
which is located on the side of the first heat exchanging section and a second cooling
target side pipe which is located on the side of the second heat exchanging section,
wherein the cooling system further comprises: a detecting section which detects a
temperature in the outlet side pipe or a temperature in the inlet side pipe; a third pipe
which is connected to the inlet side pipe and an upstream portion in relation to the first
heat exchanging section in the first cooling target side pipe; and a third
opening/closing valve which is provided in the third pipe and is capable of adjusting
an amount of the refrigerant existing in the cooling target side pipe and flowing to the
inlet side pipe, and wherein the opening/closing control section controls an opening
degree of the third opening/closing valve on the basis of a detection result of the
detecting section.

[0014]

The cooling system according to claim 9 is the cooling system according to
claim 8, further comprising: a fourth opening/closing valve which is provided in an
upstream portion in relation to the first heat exchanging section in the first cooling
target side pipe and is capable of adjusting an amount of the refrigerant existing in the
first cooling target side pipe and flowing to the first heat exchanging section; and a
fifth opening/closing valve which is provided in a downstream portion in relation to
the second heat exchanging section in the second cooling target side pipe and is
capable of adjusting an amount of the refrigerant subjected to the heat exchange by the
second heat exchanging section and flowing to the inlet side pipe, wherein the
opening/closing control section controls an opening degree of the fourth

opening/closing valve and the fifth opening/closing valve on the basis of a temperature



of the cooling target acquired according to a predetermined method.
[0015]

The cooling system according to claim 10 is the cooling system according to
any one of claims 7 to 9, further comprising: a refrigerant heat exchanging section
which exchanges heat between the refrigerant in an upstream portion in relation to the
first heat exchanging section in the first cooling target side pipe and the refrigerant in a
downstream portion in relation to the second heat exchanging section in the second
cooling target side pipe.

[0016]

The cooling system according to claim 11 is the cooling system according to
any one of claims 7 to 10, further comprising: a compression control section which
controls the compression section on the basis of the detection result of the detecting
section and the temperature of the cooling target acquired according to a

predetermined method.

Advantage of the Invention
[0017]

According to the refrigerant control system according to claim 1 and the
cooling system according to claim 7, since there are provided a first pipe which is
connected to an outlet side pipe and flows the refrigerant in the outlet side pipe to the
storing section through the first pipe, and a second pipe which is connected to an inlet
side pipe and flows the refrigerant in the storing section to the inlet side pipe through
the second pipe, it is easy to maintain the temperature in the storing section at the
critical temperature (or a superheated steam temperature) or more of the refrigerant by

the heat of the refrigerant flowing to the storing section while suppressing an excessive



increase in pressure in the circulation passage. Accordingly, it is possible to suppress
a decrease in amount of the refrigerant in the circulation passage when the refrigerant
is condensed in the storing section. Particularly, since the first pipe is connected to
the outlet side pipe, it is possible to store the refrigerant in a high compression state
and a high density state as compared with a case in which the first pipe is connected to
the inlet side pipe. As a result, it is possible to prevent an excessive increase in
pressure in the circulation passage or an excessive increase in cooling capacity when
the setting temperature of the cooling target is high. Further, since the refrigerant in
the storing section can flow into the inlet side pipe and the temperature in the inlet side
pipe can be increased by the heat of the flowing refrigerant, it is possible to suppress
the deterioration of the function or failure of the compression section due to the
saturated steam flowing to the compression section. Further, since there are provided
a first opening/closing valve which is capable of switching whether to flow the
refrigerant in the outlet side pipe to the storing section, a second opening/closing valve
which is capable of switching whether to flow the refrigerant in the storing section to
the inlet side pipe, and an opening/closing control section which controls an
opening/closing state of the first opening/closing valve and the second opening/closing
valve on the basis of a setting temperature of the cooling target set according to a
predetermined method, it is possible to effectively perform the inflow and the outflow
of the refrigerant in the storing section by the opening/closing control of the first
opening/closing valve and the second opening/closing valve based on the setting
temperature of the cooling target. From the above features, since it is easy to
maintain the function of the compression section, the function of the storing section,
and the function of the circulation passage as compared with the related art (a

technique of simply flowing the refrigerant in the low source refrigeration cycle to the



expansion tank), it is possible to maintain the usability of the refrigerant control
system (or the cooling system).
[0018]

According to the refrigerant control system according to claim 2, since the
opening/closing control section opens the first opening/closing valve and closes the
second opening/closing valve when the setting temperature of the cooling target is
higher than the critical temperature of the refrigerant and closes the first
opening/closing valve and opens the second opening/closing valve when the setting
temperature of the cooling target is lower than the critical temperature of the
refrigerant, the refrigerant which is in a high compression state and a high density state
can flow from the outlet side pipe to the storing section when the setting temperature
of the cooling target is higher than the critical temperature of the refrigerant.
Accordingly, it is possible to more effectively prevent an excessive increase in
pressure in the circulation passage or an excessive increase in cooling capacity when
the setting temperature of the cooling target is high. Further, when the setting
temperature of the cooling target is lower than the critical temperature of the
refrigerant, the refrigerant in the storing section can flow into the inlet side pipe and
the refrigerant amount of the circulation passage can be increased by that amount. As
a result, it is possible to recover the pressure in the circulation passage decreasing with
a decrease in the setting temperature of the cooling target and to easily maintain the
function of the circulation passage.

[0019]

According to the refrigerant control system according to claim 3, since the

opening/closing control section opens the first opening/closing valve and closes the

second opening/closing valve in any one of a case in which the operation pressure



value of the compression section is higher than the threshold value and a case in which
the setting temperature of the cooling target is higher than the critical temperature of
the refrigerant and closes the first opening/closing valve and opens the second
opening/closing valve in any one of a case in which the operation pressure value of the
compression section is lower than the threshold value and a case in which the setting
temperature of the cooling target is lower than the critical temperature of the
refrigerant, the open-close control of the first opening/closing valve and the second
opening/closing valve can be performed on the basis of the setting temperature of the
cooling target and the operation pressure value of the compression section.
Accordingly, the temperature in the storing section is easily maintained at the critical
temperature (or a superheated steam temperature) or more of the refrigerant by the heat
of the refrigerant flowing to the storing section while suppressing an excessive
increase in pressure in the circulation passage as compared with a case in which the
opening/closing control of the first opening/closing valve and the second
opening/closing valve is performed on the basis of only the setting temperature of the
cooling target.

[0020]

According to the refrigerant control system according to claim 4, since there
are provided a temperature adjusting section which adjusts a temperature of the
refrigerant in the storing section, it is possible to adjust the temperature of the
refrigerant in the storing section, and therefore, for example, it is possible to suppress a
decrease in amount of the refrigerant in the circulation passage when the refrigerant in
the storing section is condensed.

[0021]

According to the refrigerant control system according to claim 5, since the

10



refrigerant is carbon dioxide, it is possible to prevent an excessive increase in pressure
in the circulation passage even when the refrigerant easily expands as compared with a
Freon gas.

[0022]

According to the refrigerant control system according to claim 6, since the the
cooling target is the cooling refrigerant of the semiconductor fabrication system, it is
possible to prevent an excessive increase in pressure of the circulation passage even
when the temperature range of the cooling target is relatively wide and to prevent a
decrease in flow rate of the refrigerant in the circulation passage when the refrigerant
is condensed in the storing section.

[0023]

According to the cooling system according to claim 8, since the heat
exchanging section includes a first heat exchanging section which is capable of
cooling the cooling target and a second heat exchanging section which is capable of
heating the cooling target cooled by the first heat exchanging section, wherein the
cooling target side pipe includes a first cooling target side pipe which is located on the
side of the first heat exchanging section and a second cooling target side pipe which is
located on the side of the second heat exchanging section, wherein the cooling system
further comprises: a third pipe which is connected to the inlet side pipe and an
upstream portion in relation to the first heat exchanging section in the first cooling
target side pipe; and a third opening/closing valve which is capable of adjusting an
amount of the refrigerant existing in the cooling target side pipe and flowing to the
inlet side pipe, and wherein the opening/closing control section controls an opening
degree of the third opening/closing valve on the basis of a detection result of the

detecting section, it is possible to adjust the opening degree of the third
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opening/closing valve on the basis of the temperature of the refrigerant and to
efficiently adjust the temperature of the refrigerant in the outlet side pipe.
[0024]

According to the cooling system according to claim 9, since the cooling
system according comprising: a fourth opening/closing valve which is capable of
adjusting an amount of the refrigerant existing in the first cooling target side pipe and
flowing to the first heat exchanging section; and a fifth opening/closing valve which is
capable of adjusting an amount of the refrigerant subjected to the heat exchange by the
second heat exchanging section and flowing to the inlet side pipe, wherein the
opening/closing control section controls an opening degree of the fourth
opening/closing valve and the fifth opening/closing valve on the basis of a temperature
of the cooling target acquired according to a predetermined method, it is possible to
adjust the temperature of the refrigerant in the cooling target side pipe so that the
temperature of the refrigerant becomes the setting temperature and to efficiently cool
the refrigerant.

[0025]

According to the cooling system according to claim 10, since the cooling
system according further comprising: a refrigerant heat exchanging section which
exchanges heat between the refrigerant in an upstream portion in relation to the first
heat exchanging section in the first cooling target side pipe and the refrigerant in a
downstream portion in relation to the second heat exchanging section in the second
cooling target side pipe, the temperature of the refrigerant in a downstream portion in
relation to the second heat exchanging section in the second cooling target side pipe
can be increased and the dried refrigerant can flow into the compression section.

[0026]

12



According to the cooling system according to claim 11, the cooling system
further comprising: a compression control section which controls the compression
section on the basis of the detection result of the detecting section and the temperature
of the cooling target acquired according to a predetermined method, it is possible to
control the compression section on the basis of the temperature of the refrigerant and

the temperature of the cooling target and to efficiently control the compression section.

Brief Description of the Drawings
[0027]

Fig. 1 is an outline diagram illustrating a cooling system according to an
embodiment of the invention.

Fig. 2 is a block diagram illustrating an electric configuration of a control
device.

Fig. 3 is a flowchart of a control process according to the embodiment.

Fig. 4 is a diagram illustrating a flow of a first refrigerant as a first
opening/closing valve and a second opening/closing valve are opened or closed, where
Fig. 4(a) is a diagram illustrating a state in which the first opening/closing valve is
opened and the second opening/closing valve is closed and Fig. 4(b) is a diagram
illustrating a state in which the first opening/closing valve is closed and the second
opening/closing valve is opened.

Fig. 5 is a flowchart of a first temperature adjustment process.

Fig. 6 is a flowchart of a second temperature adjustment process.

Fig. 7 is a diagram illustrating a modified example of the cooling system.

Fig. 8 is a diagram illustrating an installation state of a temperature

adjustment unit.
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Fig. 9 is a diagram illustrating an installation state of the temperature
adjustment unit.

Fig. 10 is a diagram illustrating a modified example of the cooling system.

Mode for Carrying Out the Invention
[0028]

Hereinafter, an embodiment of a refrigerant control system and a cooling
system according to the invention will be described in detail with reference to the
accompanying drawings. First, a basic concept of the embodiment will be described
in [I], detailed contents of the embodiment will be described in [II], and finally
modified examples of the embodiment will be described in [III]. Here, the invention
is not limited to the embodiment.

[0029]
[1] Basic Concept of Embodiment

First, a basic concept of the embodiment will be described. The embodiment
schematically relates to a refrigerant control system which controls a refrigerant
flowing through a circulation passage for circulating the refrigerant so that the
refrigerant compressed by a compression section can exchange heat with a cooling
target and to a cooling system. Here, the "refrigerant" means a medium used for
cooling a cooling target and is a concept including, for example, a gaseous refrigerant
(for example, carbon dioxide, chlorofluorocarbon, air, or the like), a liquid refrigerant
(for example, water or the like), but in the embodiment, the refrigerant will be
described as carbon dioxide. Further, the "cooling target" means a target to be cooled
and is a concept including, for example, a device itself (or a system itself), a cooling

refrigerant (as an example, a gaseous or liquid cooling refrigerant) of the device (or the
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system), and the like, but in the embodiment, the refrigerant will be described as a
cooling refrigerant (specifically, a liquid cooling refrigerant) of a semiconductor
fabrication system.
[0030]
[II] Detailed Contents of Embodiment
Next, detailed contents of the embodiment will be described.
[0031]
(Configuration)

First, a configuration of a cooling system according to the embodiment will be
described. Fig. 1 is an outline diagram illustrating a cooling system according to the
embodiment of the invention. Furthermore, in the description below, the X direction
of Fig. 1 will be referred to as the left and right direction of the cooling system (the +X
direction will be referred to as the left direction of the cooling system and the -X
direction will be referred to as the right direction of the cooling system), the Y
direction of Fig. 1 will be referred to as the front and rear direction of the cooling
system (the +Y direction will be referred to as the front direction of the cooling system
and the -Y direction will be referred to as the rear direction of the cooling system), and
the direction orthogonal to the X direction and the Y direction will be referred to as the
up and down direction (the direction reaching the front side of Fig. 1 will be referred to
as the up direction of the cooling system and the direction reaching the rear side of Fig.
1 will be referred to as the down direction of the cooling system).

[0032]

The cooling system 1 is a system for cooling a second refrigerant by using a

first refrigerant and includes a first cooling system 10, a second cooling system 100, a

third cooling system 200, and a control device 300 of Fig. 2 to be described later as
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illustrated in Fig. 1. Here, the "first refrigerant” is used to cool the second refrigerant
and is circulated by a circulation unit 50 to be described later. Further, the "second
refrigerant"” is cooled by the first refrigerant and is delivered by a delivery passage 131
of the second cooling system 100 to be described later. Furthermore, the first
refrigerant corresponds to the "refrigerant" of claims and the second refrigerant
corresponds to the "cooling target" of claims.

[0033]

(Configuration - First Cooling System)

The first cooling system 10 is a system for exchanging heat between the first
refrigerant and each of the second refrigerant and the third refrigerant and includes a
compression unit 20, a storing unit 30, first to sixth heat exchanging units 41 to 46, a
removal unit 47, and a circulation unit 50 as illustrated in Fig. 1. Here, the "third
refrigerant” is used to cool the first refrigerant and is delivered by a first delivery
passage 201 or a second delivery passage 202 of the third cooling system 200 to be
described later. For example, the third refrigerant is a concept including a gaseous
refrigerant, a liquid refrigerant, or the like, but in the embodiment, the third refrigerant
will be described as industrial water.

[0034]
(Configuration - First Cooling System - Compression Unit)

The compression unit 20 is a compression section for compressing the first
refrigerant. The compression unit 20 is configured by using, for example, a known
compressor (as an example, a frequency-controlled operation type double-stage
compressor such as a compressor having an inverter drive circuit) or the like and
specifically includes a compression unit body 21, a first outlet 22, a first inlet 23, a

second outlet 24, and a second inlet 25.
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[0035]

Among these, the compression unit body 21 is a basic structure of the
compression unit 20 and is hollow. Further, the first outlet 22 is an opening through
which the first refrigerant in the compression unit body 21 flows to a first circulation
passage 61 to be described later. Further, the first inlet 23 is an opening through
which the first refrigerant in the first circulation passage 61 to be described later flows
to the compression unit body 21. Further, the second outlet 24 is an opening through
which the first refrigerant in the compression unit body 21 flows to a second
circulation passage 81 to be described later. Further, the second inlet 25 is an opening
through which the first refrigerant in the second circulation passage 81 to be described
later flows to the compression unit body 21.

[0036]

Further, the detailed operation contents of the compression unit 20 are
arbitrary, but are as follows in the embodiment. That is, first, the first refrigerant
flowing from the first circulation passage 61 to be described later to the compression
unit body 21 through the first inlet 23 is compressed and the compressed first
refrigerant flows to the second circulation passage 81 to be described later through the
second outlet 24 (hereinafter, referred to as a "first compression operation"). Next,
the first refrigerant flowing from the second circulation passage 81 to be described
later to the compression unit body 21 through the second inlet 25 is compressed and
the compressed first refrigerant flows to the first circulation passage 61 to be described
later through the first outlet 22 (hereinafter, referred to as a "second compression
operation"). Then, an operation cycle including the first compression operation and
the second compression operation is repeated. With such an operation, the first

refrigerant compressed twice by the compression unit 20 can flow to the first
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circulation passage 61 to be described later and hence the first refrigerant can be
efficiently compressed as compared with a case in which the compression operation is
performed only once.

[0037]

(Configuration - First Cooling System - Storing Unit)

The storing unit 30 is a storing section for storing the first refrigerant. The
storing unit 30 is configured by using, for example, a known refrigerant storing
container (as an example, a hollow cylindrical expansion tank having an inlet and an
outlet (not illustrated) through which the first refrigerant flows) and is installed on the
side of the second cooling system 100 in relation to the compression unit 20 as
illustrated in Fig. 1.

[0038]

Further, the detailed size (for example, diameter and height) of the storing unit
30 is arbitrary, but may be set on the basis of an experiment result or the like in that the
size is desirably as small as possible, for example, if a desired amount of the first
refrigerant can be stored.

[0039]
(Configuration - First Cooling System - Heat Exchanging Unit)

The first heat exchanging unit 41 is used to exchange heat between the first
refrigerant and the second refrigerant in the first circulation passage 61 to be described
later and is a first heat exchanging section capable of cooling the second refrigerant.
The first heat exchanging unit 41 is configured by using, for example, a known heat
exchanger (as an example, an evaporator) or the like and is installed at a position in the
vicinity of the second cooling system 100 (in Fig. 1, an upstream position of the

delivery passage 131 to be described later) as illustrated in Fig. 1.
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[0040]

The second heat exchanging unit 42 is used to exchange heat between the first
refrigerant and the second refrigerant in the first circulation passage 61 to be described
later and is a second heat exchanging section capable of heating the second refrigerant
cooled by the first heat exchanging unit 41. The second heat exchanging unit 42 is
configured by using, for example, a known heat exchanger (as an example, a plate heat
exchanger) or the like and is installed at a position in the vicinity of the second cooling
system 100 (in Fig. 1, a downstream position of the delivery passage 131 to be
described later) as illustrated in Fig. 1. The second refrigerant cooled by the first heat
exchanging unit 41 can be heated by the second heat exchanging unit 42 and the
temperature of the downstream portion of the delivery passage 131 to be described
later can be easily maintained at a predetermined temperature. Furthermore, the "first
heat exchanging unit 41" and the "second heat exchanging unit 42" described above
correspond to the "heat exchanging section" of claims.

[0041]

The third heat exchanging unit 43 is used to exchange heat between the first
refrigerant and the third refrigerant in the first circulation passage 61 to be described
later and is a third heat exchanging section capable of cooling the first refrigerant.
The third heat exchanging unit 43 is configured by using, for example, a known heat
exchanger or the like and is installed at a position in the vicinity of the third cooling
system 200 as illustrated in Fig. 1.

[0042]

The fourth heat exchanging unit 44 is used to exchange heat between the first

refrigerant and the third refrigerant in the second circulation passage 81 to be

described later and is a fourth heat exchanging section capable of cooling the first
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refrigerant. The fourth heat exchanging unit 44 is configured by using, for example,
a known heat exchanger or the like and is installed at a position in the vicinity of the
third cooling system 200 (in Fig. 1, a position different from the third heat exchanging
unit 43) as illustrated in Fig. 1.

[0043]

The fifth heat exchanging unit 45 is used to exchange heat between the first
refrigerant in an upstream position in relation to the first heat exchanging unit 41 in a
first cooling target side pipe 63a to be described later and the first refrigerant in a
fourth sub-pipe 71d to be described later and is a fifth heat exchanging section capable
of cooling the first refrigerant in the first cooling target side pipe 63a to be described
later. The fifth heat exchanging unit 45 is configured by using, for example, a known
heat exchanger or the like and is installed between the second heat exchanging unit 42
and the third heat exchanging unit 43 as illustrated in Fig. 1. The first refrigerant in
an upstream portion in relation to the first heat exchanging unit 41 in the first cooling
target side pipe 63a to be described later can be cooled (supercooled) by the fifth heat
exchanging unit 45 as compared with a case in which the fifth heat exchanging unit 45
is not provided and the cooling efficiency of the cooling system 1 can be improved
while promoting the cooling of the second refrigerant.

[0044]

The sixth heat exchanging unit 46 is used to exchange heat between the first
refrigerant in an upstream portion in relation to the first heat exchanging unit 41 in the
first cooling target side pipe 63a to be described later and the first refrigerant in a
downstream portion in relation to the second heat exchanging unit 42 in the second
cooling target side pipe 63b to be described later and is a refrigerant heat exchanging

section capable of heating the first refrigerant in the second cooling target side pipe
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63b to be described later. The sixth heat exchanging unit 46 is configured by using,
for example, a known heat exchanger or the like and is installed between the storing
unit 30 and the first heat exchanging unit 41 (or the second heat exchanging unit 42) as
illustrated in Fig. 1. The temperature of the first refrigerant in a downstream portion
in relation to the second heat exchanging unit 42 in the second cooling target side pipe
63b to be described later can be increased by the sixth heat exchanging unit 46 and the
dried first refrigerant can flow into the compression unit 20.

[0045]

(Configuration - First Cooling System - Removal Unit)

The removal unit 47 is a removal section for removing foreign matter (for
example, dirt, dust, or the like) or moisture contained in the first refrigerant in the first
circulation passage 61 to be described later. The removal unit 47 is configured by
using, for example, a known refrigerant remover (for example, a filter dryer) or the
like and is installed between the third heat exchanging unit 43 and the fifth heat
exchanging unit 45 as illustrated in Fig. 1.

[0046]
(Configuration - First Cooling System - Circulation Unit)

The circulation unit 50 is a circulation section for circulating the first
refrigerant and includes a first circulation unit 60 and a second circulation unit 80 as
illustrated in Fig. 1.

[0047]
(Configuration - First Cooling System - Circulation Unit - First Circulation Unit)

The first circulation unit 60 is used to circulate the first refrigerant toward the
second cooling system 100 and includes the first circulation passage 61, first to fourth

sub-pipes 71a to 71d, first to sixth opening/closing valves 72a to 72f, first to third
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temperature detecting units 73a to 73c, and first to third pressure detecting units 74a to
74c as illustrated in Fig. 1.

[0048]

(Configuration - First Cooling System - Circulation Unit - First Circulation Unit - First
Circulation Passage)

The first circulation passage 61 is a passage for circulating the first refrigerant
so as to exchange heat between the first refrigerant and the second refrigerant
compressed by the compression unit 20. The first circulation passage 61 is
configured by using, for example, a known hermetic circulation passage and is
installed so as to pass through the compression unit 20, the storing unit 30, the first to
sixth heat exchanging units 41 to 46, and the removal unit 47 as illustrated in Fig. 1.
Further, as illustrated in Fig. 1, this first circulation passage 61 includes the
compression unit side pipe 62 and the cooling target side pipe 63.

[0049]
(Configuration - First Cooling System - Circulation Unit - First Circulation Unit - First
Circulation Passage - Compression Unit Side Pipe)

The compression unit side pipe 62 is a pipe located on the side of the
compression unit 20 in the pipe constituting the first circulation passage 61. The
compression unit side pipe 62 is configured by using, for example, a known refrigerant
pipe or the like (furthermore, the same applies to the configurations of the other pipes)
and includes an outlet side pipe 62a and an inlet side pipe 62b as illustrated in Fig. 1.
[0050]

Among these, the outlet side pipe 62a is a pipe located on the side of the first
outlet 22 of the compression unit 20 and is connected to the first outlet 22 of the

compression unit 20 and the upstream end portion of the cooling target side pipe 63.
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Specifically, as illustrated in Fig. 1, the outlet side pipe is connected so that a part of
the outlet side pipe 62a is accommodated in the storing unit 30.  Further, the inlet side
pipe 62b is a pipe located on the side of the first inlet 23 of the compression unit 20
and is connected to the first inlet 23 of the compression unit 20 and the downstream
end portion of the cooling target side pipe 63 as illustrated in Fig. 1.

[0051]

(Configuration - First Cooling System - Circulation Unit - First Circulation Unit - First
Circulation Passage - Cooling Target Side Pipe)

The cooling target side pipe 63 is a pipe located on the side of the second
cooling system 100 (the cooling target side) in the pipe constituting the first circulation
passage 61 and includes the first cooling target side pipe 63a and the second cooling
target side pipe 63b as illustrated in Fig. 1.

[0052]

Among these, the first cooling target side pipe 63a is a pipe located on the
side of the first heat exchanging unit 41 and is connected to the downstream end
portion of the outlet side pipe 62a and the downstream end portion of the inlet side
pipe 62b. Specifically, as illustrated in Fig. 1, the first cooling target side pipe is
connected so as to sequentially pass through the sixth heat exchanging unit 46, the
third heat exchanging unit 43, the removal unit 47, the fifth heat exchanging unit 45,
the first heat exchanging unit 41, and the sixth heat exchanging unit 46. Further, the
second cooling target side pipe 63b is a pipe located on the side of the second heat
exchanging unit 42 and is connected to the downstream end portion of the outlet side
pipe 62a and the downstream end portion of the inlet side pipe 62b. Specifically, as
illustrated in Fig. 1, the second cooling target side pipe is connected so as to

sequentially pass through the second heat exchanging unit 42 and the sixth heat
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exchanging unit 46. Furthermore, in the embodiment, as illustrated in Fig. 1, the
downstream portion of the second cooling target side pipe 63b (specifically, a portion
from the downstream end portion of the second cooling target side pipe 63b to the
upstream side of the sixth heat exchanging unit 46) is integrally formed with the
downstream portion of the first cooling target side pipe 63a so as to serve as the
downstream portion of the first cooling target side pipe 63a.
[0053]

The flow of the first refrigerant in the first circulation passage 61 is as follows.
That is, first, a part of the first refrigerant compressed by the compression unit 20
flows to the first cooling target side pipe 63a through the outlet side pipe 62a. Next,
the first refrigerant flowing to the first cooling target side pipe 63a is cooled by the
third heat exchanging unit 43 and the fifth heat exchanging unit 45 and exchanges heat
with the second refrigerant by the first heat exchanging unit 41 (specifically, heat
exchange is performed to cool the second refrigerant). Subsequently, the first
refrigerant exchanging heat with the second refrigerant is heated by the sixth heat
exchanging unit 46 and flows to the compression unit 20 through the first cooling
target side pipe 63a and the inlet side pipe 62b. Further, the other part of the first
refrigerant compressed by the compression unit 20 flows to the second cooling target
side pipe 63b through the outlet side pipe 62a. Next, the first refrigerant flowing to
the second cooling target side pipe 63b exchanges heat with the second refrigerant by
the second heat exchanging unit 42 (specifically, heat exchange is performed to heat
the second refrigerant). Subsequently, the first refrigerant exchanging heat with the
second refrigerant is heated by the sixth heat exchanging unit 46 and flows to the
compression unit 20 through the second cooling target side pipe 63b and the inlet side

pipe 62b.
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[0054]

The first refrigerant can be circulated by the first circulation passage 61 so as
to exchange heat between the first refrigerant in the first circulation passage 61 and the
second refrigerant in the delivery passage 131 to be described later.

[0055]
(Configuration - First Cooling System - Circulation Unit - First Circulation Unit -
Sub-Pipe)

The first sub-pipe 71a is a first pipe which allows the first refrigerant in the
outlet side pipe 62a to flow into the storing unit 30 through the first sub-pipe 71a.
The first sub-pipe 71a is connected to the outlet side pipe 62a. Specifically, as
illustrated in Fig. 1, the upstream end portion of the first sub-pipe 71a is connected to
an upstream portion in relation to the storing unit 30 in the outlet side pipe 62a and the
downstream end portion of the first sub-pipe 71a is accommodated in the storing unit
30. The first refrigerant in the outlet side pipe 62a can flow to the storing unit 30 by
the first sub-pipe 71a and an excessive pressure in the first circulation passage 61 can
be prevented. Particularly, since the first sub-pipe 71a is connected to the outlet side
pipe 62a, it is possible to effectively prevent an excessive pressure in the first
circulation passage 61 as compared with a case in which the first sub-pipe 71a is
connected to the inlet side pipe 62b. Further, since the temperature in the storing unit
30 can be easily maintained at a critical temperature or more (for example, 31°C or
more or the like) of the first refrigerant due to the heat of the first refrigerant flowing
to the storing unit 30, it is possible to suppress a decrease in the amount of the
refrigerant in the first circulation passage 61 due to the condensation of the first
refrigerant in the storing unit 30.

[0056]
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The second sub-pipe 71b is a second pipe which allows the first refrigerant in
the storing unit 30 to flow into the inlet side pipe 62b through the second sub-pipe 71b.
The second sub-pipe 71b is connected to the inlet side pipe 62b. Specifically, as
illustrated in Fig. 1, the upstream end portion of the second sub-pipe 71b is connected
to an upstream portion in relation to the compression unit 20 in the inlet side pipe 62b
and the downstream end portion of the second sub-pipe 71b is accommodated in the
storing unit 30. Furthermore, in the embodiment, as illustrated in Fig. 1, a portion on
the side of the storing unit 30 in the second sub-pipe 71b is integrally formed with a
portion on the side of the storing unit 30 in the first sub-pipe 71a so as to serve as a
portion on the side of the storing unit 30 in the first sub-pipe 71a, but the invention is
not limited thereto. For example, the portion may be formed separately from a
portion on the side of the storing unit 30 in the first sub-pipe 71a. Since the first
refrigerant (the extra first refrigerant) in the storing unit 30 can flow into the inlet side
pipe 62b by the second sub-pipe 71b and the temperature in the inlet side pipe 62b can
be increased by the heat of the flowing first refrigerant, it is possible to suppress the
deterioration of the function or failure of the compression unit 20 due to the saturated
steam flowing to the compression unit 20.

[0057]

The third sub-pipe 71c is a third pipe which allows the first refrigerant in the
first cooling target side pipe 63a to flow into the inlet side pipe 62b and is connected to
the first cooling target side pipe 63a and the inlet side pipe 62b. Specifically, as
illustrated in Fig. 1, the third sub-pipe is connected to an upstream portion in relation
to the first heat exchanging unit 41 in the first cooling target side pipe 63a and the
upstream end portion of the inlet side pipe 62b. The first refrigerant in an upstream

portion in relation to the first heat exchanging unit 41 in the first cooling target side
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pipe 63a can flow to the inlet side pipe 62b by the third sub-pipe 71c and the
temperature of the first refrigerant in the first circulation passage 61 can be adjusted by
using the heat of the flowing first refrigerant.

[0058]

The fourth sub-pipe 71d is a fourth pipe located on the side of the fifth heat
exchanging unit 45 and is connected to a portion between the fifth heat exchanging
unit 45 and the removal unit 47 in the second cooling target side pipe 63b and the
downstream end portion of the second circulation passage 81 to be described later as
illustrated in Fig. 1. Specifically, the fourth sub-pipe is connected so as to pass
through the fifth heat exchanging unit 45. 1t is possible to exchange heat between the
first refrigerant in the fourth sub-pipe 71d and the first refrigerant in the first cooling
target side pipe 63a by the fourth sub-pipe 71d.

[0059]
(Configuration - First Cooling System - Circulation Unit - First Circulation Unit -
Opening/closing Valve)

The first opening/closing valve 72a is a valve capable of switching whether to
flow the first refrigerant in the outlet side pipe 62a to the storing unit 30. The first
opening/closing valve 72a is configured by using, for example, a known
electromagnetic valve or the like (furthermore, the same applies to the configurations
of the other opening/closing valves) and is provided in the first sub-pipe 71a.
Specifically, as illustrated in Fig. 1, the first opening/closing valve is connected to a
portion on the side of the compression unit 20 in the first sub-pipe 71a.

[0060]
The second opening/closing valve 72b is a valve capable of flowing the first

refrigerant in the storing unit 30 to the inlet side pipe 62b and is provided in the second
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sub-pipe 71b. Specifically, as illustrated in Fig. 1, the second opening/closing valve
is provided in a portion on the side of the compression unit 20 in the second sub-pipe
71b.

[0061]

The third opening/closing valve 72c¢ is a valve capable of adjusting the
amount of the first refrigerant existing in the cooling target side pipe 63 and flowing to
the inlet side pipe 62b and is provided in the third sub-pipe 71c. Specifically, as
illustrated in Fig. 1, the third opening/closing valve is connected to the upstream
portion of the third sub-pipe 71c.

[0062]

The fourth opening/closing valve 72d is a valve capable of adjusting the
amount of the first refrigerant existing in the first cooling target side pipe 63a and
flowing to the first heat exchanging unit 41 and is provided in the first cooling target
side pipe 63a. Specifically, as illustrated in Fig. 1, the fourth opening/closing valve is
connected to a portion between the first heat exchanging unit 41 and the fifth heat
exchanging unit 45 in the first cooling target side pipe 63a.

[0063]

The fifth opening/closing valve 72e is a valve capable of adjusting the amount
of the first refrigerant subject to heat exchange by the second heat exchanging unit 42
to the inlet side pipe 62b and is provided in the second cooling target side pipe 63b.
Specifically, as illustrated in Fig. 1, the fifth opening/closing valve is connected to a
downstream portion in relation to the first heat exchanging unit 41 in the second
cooling target side pipe 63b.

[0064]

The sixth opening/closing valve 72f is a valve capable of adjusting the amount
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of the first refrigerant in an upstream portion in relation to the fifth heat exchanging
unit 45 in the fourth sub-pipe 71d to a downstream portion in relation to the fifth heat
exchanging unit 45 in the fourth sub-pipe 71d and is provided in the fourth sub-pipe
71d. Specifically, as illustrated in Fig. 1, the sixth opening/closing valve is connected
to the upstream portion of the fourth sub-pipe 71d.

[0065]

(Configuration - First Cooling System - Circulation Unit - First Circulation Unit -
Temperature Detecting Unit)

The first temperature detecting unit 73a is a detecting section for detecting the
temperature in the outlet side pipe 62a. The first temperature detecting unit 73a is
configured by using, for example, a known temperature detecting sensor or the like
(furthermore, the same applies to the configurations of the other temperature detecting
units) and is provided in the outlet side pipe 62a. Specifically, as illustrated in Fig. 1,
the first temperature detecting unit is connected to a portion in the vicinity of the
compression unit 20 in the outlet side pipe 62a.

[0066]

The second temperature detecting unit 73b is a detecting section for detecting
the temperature in the inlet side pipe 62b and is provided in the inlet side pipe 62b.
Specifically, as illustrated in Fig. 1, the second temperature detecting unit is connected
to a portion in the vicinity of the compression unit 20 in the inlet side pipe 62b.

[0067]

The third temperature detecting unit 73c is used to detect the temperature in
the cooling target side pipe 63 and is provided in the cooling target side pipe 63.
Specifically, as illustrated in Fig. 1, the third temperature detecting unit is connected to

a portion between the fourth opening/closing valve 72d and the fifth heat exchanging
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unit 45 in the first cooling target side pipe 63a.

[0068]

(Configuration - First Cooling System - Circulation Unit - First Circulation Unit -
Pressure Detecting Unit)

The first pressure detecting unit 74a is used to detect the pressure in the outlet
side pipe 62a.

The first pressure detecting unit 74a is configured by using, for example, a
known pressure sensor or pressure switch and is provided at a plurality of positions (in
Fig. 1, two positions) of the outlet side pipe 62a. Specifically, as illustrated in Fig. 1,
the first pressure detecting unit is connected to a portion in the vicinity of the
compression unit 20 in the outlet side pipe 62a.

[0069]

The second pressure detecting unit 74b is used to detect the pressure in the
inlet side pipe 62b. The second pressure detecting unit 74b is configured by using,
for example, a known pressure sensor or the like (furthermore, the same applies to the
third pressure detecting unit 74c, a pressure detecting unit 83 to be described later, and
a delivery pressure detecting unit 136 to be described later) and is provided in the inlet
side pipe 62b. Specifically, as illustrated in Fig. 1, the second pressure detecting unit
is connected in a portion in the vicinity of the compression unit 20 in the inlet side pipe
62b.

[0070]

The third pressure detecting unit 74c is used to detect the pressure in the
cooling target side pipe 63 and is provided in the first cooling target side pipe 63a.
Specifically, as illustrated in Fig. 1, the third pressure detecting unit is connected to a

portion between the fourth opening/closing valve 72d and the fifth heat exchanging
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unit 45 in the first cooling target side pipe 63a.
[0071]
(Configuration - First Cooling System - Circulation Unit - Second Circulation Unit)

The second circulation unit 80 is used to circulate the first refrigerant toward
the second cooling system 100 and includes the second circulation passage 81, the
temperature detecting unit 82, and the pressure detecting unit 83 as illustrated in Fig. 1.
[0072]

(Configuration - First Cooling System - Circulation Unit - Second Circulation Unit -
Second Circulation Passage)

The second circulation passage 81 is a passage for circulating the first
refrigerant so as to exchange heat between the first refrigerant and the third refrigerant
compressed by the compression unit 20. The second circulation passage 81 is
configured by using, for example, a known hermetic circulation passage formed as a
pipe and is provided so as to pass through the fourth heat exchanging unit 44 as
illustrated in Fig. 1. The first refrigerant can be circulated by the second circulation
passage 81 so as to exchange heat between the first refrigerant in the second
circulation passage 81 and the third refrigerant in the first delivery passage 201 to be
described later.

[0073]
(Configuration - First Cooling System - Circulation Unit - Second Circulation Unit -
Temperature Detecting Unit, Pressure Detecting Unit)

The temperature detecting unit 82 is used to detect the temperature in the
second circulation passage 81 and is provided in the second circulation passage 81.
Specifically, as illustrated in Fig. 1, the temperature detecting unit is connected to the

downstream portion of the second circulation passage 81.
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[0074]

The pressure detecting unit 83 is used to detect the pressure in the second
circulation passage 81 and is provided in the second circulation passage 81.
Specifically, as illustrated in Fig. 1, the pressure detecting unit is connected to the
downstream portion in the second circulation passage 81.

[0075]
(Configuration - Second Cooling System)

The second cooling system 100 is a system for exchanging heat between the
second refrigerant and the first refrigerant and includes an air vent portion 110, a
storing unit 120, and a delivery unit 130 as illustrated in Fig. 1.

[0076]
(Configuration - Second Cooling System - Air Vent Portion)

The air vent portion 110 is used to discharge air accumulated in the delivery
passage 131, is configured by using, for example, a known air vent unit (as an example,
an air vent tank) or the like, and is installed in the vicinity of the second heat
exchanging unit 42 as illustrated in Fig. 1.

[0077]
(Configuration - Second Cooling System - Storing Unit)

The storing unit 120 is used to store the second refrigerant, is configured by
using, for example, a known refrigerant storing section (as an example, a reservoir
tank) or the like, and is installed in the vicinity of the delivery passage 131 as
illustrated in Fig. 1.

[0078]
(Configuration - Second Cooling System - Delivery Unit)

The delivery unit 130 is a delivery section for delivering the second
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refrigerant toward the first cooling system 10 and includes the delivery passage 131,
first to fourth sub-delivery pipes 132a to 132d, first to fourth delivery opening/closing
valves 133a to 133d, a pump unit 134, a first delivery temperature detecting unit 135a,
a second delivery temperature detecting unit 135b, the delivery pressure detecting unit
136, and a flow rate detecting unit 137 as illustrated in Fig. 1.

[0079]

(Configuration - Second Cooling System - Delivery Unit - Delivery Passage)

The delivery passage 131 is a passage for delivering the second refrigerant
toward the first cooling system 10. The delivery passage 131 is configured by using,
for example, a known passage formed as a pipe (furthermore, the same applies to the
configurations of the other delivery passages) and is provided so as to pass through a
first inflow portion (not illustrated) through which the second refrigerant flows from
the outside to the delivery passage 131, the first heat exchanging unit 41, the second
heat exchanging unit 42, the air vent portion 110, and a first outflow portion (not
illustrated) through which the second refrigerant flows from the delivery passage 131
to the outside as illustrated in Fig. 1. Specifically, the upstream end portion of the
delivery passage 131 is connected to the first inflow portion and the downstream end
portion of the delivery passage 131 is connected to the first outflow portion. The
second refrigerant can be delivered by the delivery passage 131 so as to exchange heat
between the second refrigerant in the delivery passage 131 and the first refrigerant in
the first circulation passage 61.

[0080]
(Configuration - Second Cooling System - Delivery Unit - Sub-Delivery Pipe)
The first sub-delivery pipe 132a is a pipe which allows the second refrigerant

in the air vent portion 110 to flow into the storing unit 120 through the first
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sub-delivery pipe 132a. As illustrated in Fig. 1, the upstream end portion of the first
sub-delivery pipe 132a is connected to the air vent portion 110 and the downstream
end portion of the first sub-delivery pipe 132a is connected to the storing unit 120.
[0081]

The second sub-delivery pipe 132b is a pipe which allows the second
refrigerant in the storing unit 120 to flow into the air vent portion 110 through the
second sub-delivery pipe 132b. As illustrated in Fig. 1, the upstream end portion of
the second sub-delivery pipe 132b is connected to the storing unit 120 and the
downstream end portion of the second sub-delivery pipe 132b is connected to the air
vent portion 110.

[0082]

The third sub-delivery pipe 132c is a pipe which allows the second refrigerant
in the upstream portion of the delivery passage 131 to flow into the downstream
portion of the delivery passage 131 through the third sub-delivery pipe 132c. As
illustrated in Fig. 1, the upstream end portion of the third sub-delivery pipe 132c¢ is
connected to the upstream portion of the delivery passage 131 and the downstream end
portion of the third sub-delivery pipe 132c is connected to the downstream portion of
the delivery passage 131.

[0083]

The fourth sub-delivery pipe 132d is a pipe for discharging the second
refrigerant in the air vent portion 110 to a discharge portion (not illustrated) through
the fourth sub-delivery pipe 132d. As illustrated in Fig. 1, the upstream end portion
of the fourth sub-delivery pipe 132d is connected to the air vent portion 110 and the
downstream end portion of the fourth sub-delivery pipe 132d is connected to the

discharge portion.
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[0084]
(Configuration - Second Cooling System - Delivery Unit - Delivery Opening/closing
Valve)

The first delivery opening/closing valve 133a is a valve capable of switching
whether to flow the second refrigerant from the first inflow portion to the delivery
passage 131. The first delivery opening/closing valve 133a is configured by using,
for example, a known opening/closing valve (as an example, a gate valve) or the like
(furthermore, the same applies to the configuration of the second delivery
opening/closing valve 133b) and is provided in the upstream end portion of the
delivery passage 131 as illustrated in Fig. 1.

[0085]

The second delivery opening/closing valve 133b is a valve capable of
switching whether to flow the second refrigerant from the delivery passage 131 to the
first outflow portion and is provided in the downstream end portion of the delivery
passage 131 as illustrated in Fig. 1.

[0086]

The third delivery opening/closing valve 133c is a valve capable of switching
whether to flow the second refrigerant in the third sub-delivery pipe 132c to the
downstream portion of the delivery passage 131. The third delivery opening/closing
valve 133c is configured by using, for example, a known opening/closing valve (as an
example, a ball valve) or the like (furthermore, the same applies to the configuration of
the fourth delivery opening/closing valve 133d) and is provided in the third
sub-delivery pipe 132c as illustrated in Fig. 1.

[0087]

The fourth delivery opening/closing valve 133d is a valve capable of
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switching whether to discharge the second refrigerant in the fourth sub-delivery pipe
132d to the discharge portion and is provided in the fourth sub-delivery pipe 132d as
illustrated in Fig. 1.

[0088]

(Configuration - Second Cooling System - Delivery Unit - Pump Unit)

The pump unit 134 is used to deliver the second refrigerant in the delivery
passage 131 from the first inflow portion toward the first outflow portion, is
configured by using, for example, a known pump or the like, and is provided in the
downstream portion of the delivery passage 131 as illustrated in Fig. 1.

[0089]
(Configuration - Second Cooling System - Delivery Unit - Delivery Temperature
Detecting Unit)

The first delivery temperature detecting unit 135a is used to detect the
temperature in the delivery passage 131 and is provided in the upstream portion of the
delivery passage 131 as illustrated in Fig. 1.

[0090]

The second delivery temperature detecting unit 135b is used to detect the
temperature in the delivery passage 131 and is provided in the downstream portion of
the delivery passage 131 as illustrated in Fig. 1.

[0091]
(Configuration - Second Cooling System - Delivery Unit - Delivery Pressure Detecting
Unit)

The delivery pressure detecting unit 136 is used to detect the pressure in the

delivery passage 131 and is provided in the downstream portion of the delivery

passage 131 as illustrated in Fig. 1.
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[0092]
(Configuration - Second Cooling System - Delivery Unit - Flow Rate Detecting Unit)

The flow rate detecting unit 137 is used to detect the flow rate of the second
refrigerant in the delivery passage 131 and is provided in the downstream portion of
the delivery passage 131 as illustrated in Fig. 1.

[0093]
(Configuration - Third Cooling System)

The third cooling system 200 is a system for exchanging heat between the
third refrigerant and the first refrigerant and includes the first delivery passage 201, the
second delivery passage 202, a first delivery opening/closing valve 203, a second
delivery opening/closing valve 204, and a delivery temperature detecting unit 205 as
illustrated in Fig. 1.

[0094]
(Configuration - Third Cooling System - Delivery Passage)

The first delivery passage 201 is a passage for delivering the third refrigerant
toward the first cooling system 10 and is provided so as to pass through a second
inflow portion (not illustrated) through which the third refrigerant flows from the
outside to the first delivery passage 201, the third heat exchanging unit 43, and a
second outflow portion (not illustrated) through which the third refrigerant flows from
the first delivery passage 201 to the outside as illustrated in Fig. 1. Specifically, the
upstream end portion of the first delivery passage 201 is connected to the second
inflow portion and the downstream end portion of the first delivery passage 201 is
connected to the second outflow portion. The third refrigerant can be delivered by
the first delivery passage 201 so as to exchange heat between the third refrigerant in

the first delivery passage 201 and the first refrigerant in the first circulation passage
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61.
[0095]

The second delivery passage 202 is a passage for delivering the third
refrigerant toward the first cooling system 10 and is provided so as to pass through the
fourth heat exchanging unit 44 as illustrated in Fig. 1. Specifically, the upstream end
portion of the second delivery passage 202 is connected to the upstream end portion of
the first delivery passage 201 and the downstream end portion of the second delivery
passage 202 is connected to the downstream end portion of the first delivery passage
201. The third refrigerant can be delivered by the second delivery passage 202 so as
to exchange heat between the third refrigerant in the second delivery passage 202 and
the first refrigerant in the second circulation passage 81.

[0096]
(Configuration - Third Cooling System - Delivery Opening/closing Valve)

The first delivery opening/closing valve 203 is a valve capable of switching
whether to flow the third refrigerant in the first delivery passage 201 to the second
outflow portion. The first delivery opening/closing valve 203 is configured by using,
for example, a known opening/closing valve (as an example, a ball valve) or the like
and is provided in the downstream portion of the first delivery passage 201 as
illustrated in Fig. 1.

[0097]

The second delivery opening/closing valve 204 is a valve capable of
switching whether to flow the third refrigerant in the second delivery passage 202 to
the second outflow portion. The second delivery opening/closing valve 204 is
configured by using, for example, a known opening/closing valve (as an example, an

electromagnetic valve) or the like and is provided in the downstream portion of the
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second delivery passage 202 as illustrated in Fig. 1.
[0098]
(Configuration - Third Cooling System - Delivery Temperature Detecting Unit)

The delivery temperature detecting unit 205 is used to detect the temperature
in the first delivery passage 201 and is provided in the upstream portion of the first
delivery passage 201 as illustrated in Fig. 1.

[0099]
(Configuration - Control Device)

Fig. 2 is a block diagram illustrating an electric configuration of the control
device 300. The control device 300 is a device which controls each component of the
cooling system 1, is provided in the vicinity of the first cooling system 10, and
includes an operation unit 310, a communication unit 320, an output unit 330, a power
supply unit 340, a control unit 350, and a storage unit 360 as illustrated in Fig. 2.
Furthermore, in the embodiment, the control device 300 will be described on the
assumption that the control device is electrically connected to each of components (for
example, various opening/closing valves, various detectors, and the like) of the first
cooling system 10, the second cooling system 100, and the third cooling system 200
via electrical wires.

[0100]
(Configuration - Control Device - Operation Unit)

The operation unit 310 is an operation section which receives an operation
input for various information. The operation unit 310 is configured by using, for
example, a known operation section including a touch pad, a remote operation section
such as a remote controller, or a hard switch.

[0101]

39



(Configuration - Control Device - Communication Unit)

The communication unit 320 is a communication section for communicating
with each of electric components of the first cooling system 10, the second cooling
system 100, and the third cooling system 200 or an external device such as a
management server and is configured by using, for example, a known communication
section or the like.

[0102]
(Configuration - Control Device - Output Unit)

The output unit 330 is an output section for outputting various information on
the basis of the control of the control unit 350 and is configured by using, for example,
a known display section including a flat panel display such as a liquid crystal display
or an organic EL display or an acoustic output section such as a speaker.

[0103]
(Configuration - Control Device - Power Supply Unit)

The power supply unit 340 is a power supply section which supplies power
supplied from a commercial power supply (not illustrated) or power stored in the
power supply unit 340 to each component of the control device 300.

[0104]
(Configuration - Control Device - Control Unit)

The control unit 350 is a control section which controls each component of
the control device 300. The control unit 350 is specifically a computer including a
CPU, various programs (a basic control program such as OS or an application program
activated on the OS and realizing a specific function) analyzed and executed on the OS,

and an internal memory such as a RAM for storing a program or various data.

[0105]
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Further, the control unit 350 conceptually includes an opening/closing control
unit 351 and a compression control unit 352 as illustrated in Fig. 2.

[0106]

The opening/closing control unit 351 is an opening/closing control section
which controls an opening/closing state of the first opening/closing valve 72a and the
second opening/closing valve 72b on the basis of the setting temperature of the second
refrigerant set according to a predetermined method.

[0107]

The compression control unit 352 is a compression control section which
controls the compression unit 20 on the basis of the detection result of the first
temperature detecting unit 73a or the second temperature detecting unit 73b and the
temperature of the second refrigerant acquired according to a predetermined method.
Furthermore, a detailed process executed by the control unit 350 will be described
later.

[0108]
(Configuration - Control Device - Storage Unit)

The storage unit 360 is a recording section which records a program and
various data necessary for the operation of the control device 300 and is configured by
using, for example, a hard disk (not illustrated) functioning as an external recording
device. Here, instead of the hard disk or together with the hard disk, other optional
recording media including a known magnetic recording medium such as a magnetic
disk, an optical recording medium such as DVD and Blue-ray Disc, or a known
electrical recording medium such as a Flash Rom, a USB memory, and an SD card can
be used.

[0109]
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The cooling system 1 with the above-described configuration can effectively
cool the second refrigerant by using the first refrigerant. Furthermore, the "storing
unit 30", the "first sub-pipe 71a", the "second sub-pipe 71b", the "first opening/closing
valve 72a", the "second opening/closing valve 72b", and the "opening/closing control
unit 351" correspond to the "refrigerant control system" of claims.

[0110]
(Control Process)

Next, the control process executed by the cooling system 1 with such a
configuration will be described. Fig. 3 is a flowchart of the control process according
to the embodiment (in the following description of each process, step is abbreviated as
"S"™). Fig. 4 is a diagram illustrating a flow of the first refrigerant as the first
opening/closing valve 72a and the second opening/closing valve 72b are opened or
closed, where Fig. 4(a) is a diagram illustrating a state in which the first
opening/closing valve 72a is opened and the second opening/closing valve 72b is
closed and Fig. 4(b) is a diagram illustrating a state in which the first opening/closing
valve 72a is closed and the second opening/closing valve 72b is opened. The control
process is a process for controlling the cooling system 1. The timing for executing
the control process is optional, but in the embodiment, a description will be made such
that the control process is activated after power is input to the cooling system 1.

[0111]

Further, the premise of the control process is as follows in the embodiment.
That is, it is assumed that a desired amount of the first refrigerant is stored in the
compression unit 20. Regarding the open-close state of various opening/closing
valves of the cooling system 1, the first opening/closing valve 72a, the third delivery

opening/closing valve 133c, and the fourth delivery opening/closing valve 133d are
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closed, but the other opening/closing valves are opened. Accordingly, the first
refrigerant can be circulated through the first circulation passage 61 and the second
circulation passage 81 so that the second refrigerant flows through the delivery
passage 131 and the third refrigerant flows through the first delivery passage 201 and
the second delivery passage 202.

[0112]

When the control process is activated, as illustrated in Fig. 3, the control unit
350 of the control device 300 sets the setting temperature of the first refrigerant (for
example, about +80°C to +90°C and hereinafter, referred to as a "first setting
temperature") in SAl. The method of setting the setting temperature of the first
refrigerant is optional, but in the embodiment, information indicating the setting
temperature input through the operation unit 310 is set as the setting temperature of the
first refrigerant to be set. Here, the invention is not limited thereto, for example,
information indicating the setting temperature stored in the storage unit 360 in advance
or information indicating the setting temperature received from an external device
through the communication unit 320 may be set as the setting temperature of the first
refrigerant to be set (furthermore, the same applies to the method of setting the second
setting temperature of SA2 to be described later).

[0113]

In SA2, the control unit 350 of the control device 300 sets the setting
temperature of the second refrigerant (for example, about -20°C to +80°C and
hereinafter, referred to as a "second setting temperature").

[0114]
In SA3, the compression control unit 352 of the control device 300 controls

the compression unit 20 (specifically, a control of repeating the above-described
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operation cycle is performed). Furthermore, in the embodiment, the process of SA3
is continuously performed until the control process ends.
[0115]

Here, the control method of the compression unit 20 is optional, but in the
embodiment, the compression unit 20 (specifically, the operation frequency of the
compression unit 20) is controlled on the basis of the detection result of the first
temperature detecting unit 73a or the second temperature detecting unit 73b in the
process of SA3 and the detection result of the first delivery temperature detecting unit
135a or the second delivery temperature detecting unit 135b in the process of SA3.
For example, when the temperature of the second refrigerant acquired from the first
delivery temperature detecting unit 135a (or the second delivery temperature detecting
unit 135b) is higher than the second setting temperature set in SA2, the flow rate of the
first refrigerant flowing out of the compression unit 20 is increased by increasing the
operation frequency of the compression unit 20 so that the temperature of the first
refrigerant acquired from the first temperature detecting unit 73a (or the second
temperature detecting unit 73b) decreases. Further, when the temperature of the
second refrigerant acquired from the first delivery temperature detecting unit 135a (or
the second delivery temperature detecting unit 135b) is lower than the second setting
temperature set in SA2, the flow rate of the first refrigerant flowing out of the
compression unit 20 is decreased by decreasing the operation frequency of the
compression unit 20 so that the temperature of the first refrigerant acquired from the
first temperature detecting unit 73a (or the second temperature detecting unit 73b)
increases. Accordingly, it is possible to control the compression unit 20 on the basis
of the temperature of the first refrigerant and the temperature of the second refrigerant

and to efficiently control the compression unit 20.
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[0116]

In SA4, the opening/closing control unit 351 of the control device 300
controls the opening/closing state of the first opening/closing valve 72a and the second
opening/closing valve 72b on the basis of the second setting temperature set in SA2.
[0117]

Here, the method of opening or closing the first opening/closing valve 72a
and the second opening/closing valve 72b is optional, but in the embodiment, the first
opening/closing valve 72a is opened and the second opening/closing valve 72b is
closed when the second setting temperature is higher than the critical temperature of
the first refrigerant (for example, the critical temperature of the first refrigerant stored
in the storage unit 360 in advance). Accordingly, as illustrated in Fig. 4(a), the first
refrigerant in the outlet side pipe 62a flows into the storing unit 30. Further, the first
opening/closing valve 72a is closed and the second opening/closing valve 72b is
opened when the second setting temperature is lower than the critical temperature of
the first refrigerant. Accordingly, as illustrated in Fig. 4(b), the first refrigerant in the
storing unit 30 flows into the inlet side pipe 62b.

[0118]

In this way, it is possible to effectively perform the inflow and the outflow of
the first refrigerant in the storing unit 30 by the opening/closing control of the first
opening/closing valve 72a and the second opening/closing valve 72b based on the
second setting temperature. Particularly, when the second setting temperature is
higher than the critical temperature of the first refrigerant, the first refrigerant which is
in a high compression state and a high density state can flow from the outlet side pipe
62a into the storing unit 30. Accordingly, it is possible to effectively prevent an

excessive increase in pressure of the first circulation passage 61 or an excessive
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increase in cooling capacity when the second setting temperature is high. Further,
when the second setting temperature is lower than the critical temperature of the first
refrigerant, the first refrigerant in the storing unit 30 can flow into the inlet side pipe
62b and the refrigerant amount of the first circulation passage 61 can be increased by
that amount. As a result, it is possible to recover the pressure in the first circulation
passage 61 decreasing with a decrease in the second setting temperature and to easily
maintain the function of the first circulation passage 61. Thus, since it is easy to
maintain the function of the compression unit 20, the function of the storing unit 30,
and the function of the first circulation passage 61, it is possible to maintain the
usability of the cooling system 1. Further, since the first refrigerant is carbon dioxide,
it is possible to prevent an excessive increase in pressure of the first circulation
passage 61 even when the refrigerant easily expands as compared with a Freon gas.
Further, since the second refrigerant is the cooling refrigerant of the semiconductor
fabrication system, it is possible to prevent an excessive increase in pressure of the
first circulation passage 61 even when the temperature range of the second refrigerant
is relatively wide and to prevent a decrease in flow rate of the first refrigerant in the
first circulation passage 61 when the first refrigerant is condensed in the storing unit
30.

[0119]

Returning to Fig. 3, in SAS5, the opening/closing control unit 351 of the
control device 300 controls the open-close state of the sixth opening/closing valve 72f.
Furthermore, in the embodiment, the process of SAS5 is continuously performed until
the control process ends.

[0120]

Here, the method of opening or closing the sixth opening/closing valve 72f is

46



optional, but in the embodiment, the method is performed on the basis of the second
setting temperature. For example, when the second setting temperature is lower than
the threshold value stored in the storage unit 360 in advance, the sixth opening/closing
valve 72f is opened to a predetermined opening degree. Accordingly, since the first
refrigerant in an upstream portion in relation to the fifth heat exchanging unit 45 in the
fourth sub-pipe 71d flows to a downstream portion in relation to the fifth heat
exchanging unit 45 in the fourth sub-pipe 71d, the heat exchange of the first refrigerant
is performed by the fifth heat exchanging unit 45. Further, the sixth opening/closing
valve 72f is closed when the second setting temperature is higher than the threshold
value. Accordingly, since the first refrigerant in an upstream portion in relation to the
fifth heat exchanging unit 45 in the fourth sub-pipe 71d does not flow to a downstream
portion in relation to the fifth heat exchanging unit 45 in the fourth sub-pipe 71d, the
heat exchange of the first refrigerant is not performed by the fifth heat exchanging unit
45.

[0121]

With such a process, it is possible to adjust the opening degree of the sixth
opening/closing valve 72f on the basis of the second setting temperature and to
efficiently adjust the temperature of the first refrigerant in the first cooling target side
pipe 63a.

[0122]

After the process of SAS, the opening/closing control unit 351 of the control
device 300 activates a first temperature adjustment process (SA6).
[0123]

(Control Process - First Temperature Adjustment Process)

Next, the first temperature adjustment process (SA6) will be described. Fig.
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5 is a flowchart of the first temperature adjustment process. The first temperature
adjustment process is a process for adjusting the temperature of the first refrigerant in
the cooling target side pipe 63.

[0124]

When the first temperature adjustment process is activated, the
opening/closing control unit 351 of the control device 300 acquires the temperature of
the second refrigerant from the first delivery temperature detecting unit 135a (or the
second delivery temperature detecting unit 135b) in SB1 as illustrated in Fig. 5.

[0125]

In SB2, the opening/closing control unit 351 of the control device 300
determines whether the temperature of the second refrigerant acquired in SB1 is the
second setting temperature. Then, when it is not determined that the temperature of
the second refrigerant is the second setting temperature (SB2, No), the opening/closing
control unit 351 of the control device 300 proceeds to SB3. Meanwhile, when it is
determined that the temperature of the second refrigerant is the second setting
temperature (SB2, Yes), the opening/closing control unit ends the first temperature
adjustment process and returns to the control process of Fig. 3.

[0126]

In SB3, the opening/closing control unit 351 of the control device 300
controls the opening degree of the fourth opening/closing valve 72d and the fifth
opening/closing valve 72e on the basis of the temperature of the second refrigerant
acquired in SB1. Then, the opening/closing control unit 351 of the control device
300 proceeds to SB1 and repeats the process from SBI to SB3 until it is determined
that the temperature of the second refrigerant is the second setting temperature in SB2.

[0127]
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Further, the method of controlling the opening degree of the fourth
opening/closing valve 72d and the fifth opening/closing valve 72¢ is optional, but for
example, when the temperature of the second refrigerant acquired in SB1 is higher
than the second setting temperature set in SA2, the opening degree of the fourth
opening/closing valve 72d is set to be wider than the first reference opening degree
and the opening degree of the fifth opening/closing valve 72e is set to be narrower than
the first reference opening degree. Accordingly, since the heating amount of the
second heat exchanging unit 42 decreases when the amount of the first refrigerant
existing in the first cooling target side pipe 63a and flowing to the first heat
exchanging unit 41 increases and the amount of the first refrigerant subjected to the
heat exchange by the second heat exchanging unit 42 and flowing to the inlet side pipe
62b decreases, the cooling of the second refrigerant by the first refrigerant is promoted.
Further, when the temperature of the second refrigerant acquired in SB1 is lower than
the second setting temperature set in SA2, the opening degree of the fourth
opening/closing valve 72d is set to be narrower than the first reference opening degree
and the opening degree of the fifth opening/closing valve 72¢ is set to be wider than
the first reference opening degree. Accordingly, since the heating amount of the
second heat exchanging unit 42 increases when the amount of the first refrigerant
existing in the first cooling target side pipe 63a and flowing to the first heat
exchanging unit 41 decreases and the amount of the first refrigerant subjected to the
heat exchange by the second heat exchanging unit 42 and flowing to the inlet side pipe
62b increases, the cooling of the second refrigerant by the first refrigerant is
suppressed. Furthermore, the "first reference opening degree" means the opening
degree of the opening valve, for example, when the temperature of the second

refrigerant is equal to the second setting temperature.
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[0128]

With such a process, it is possible to adjust the opening degree of the fourth
opening/closing valve 72d and the fifth opening/closing valve 72e on the basis of the
temperature of the second refrigerant and to efficiently adjust the temperature of the
first refrigerant in the cooling target side pipe 63 in response to the temperature of the
second refrigerant.

[0129]

With the first temperature adjustment process, it is possible to adjust the
temperature of the first refrigerant in the cooling target side pipe 63 so that the
temperature of the second refrigerant becomes the second setting temperature and to
efficiently cool the second refrigerant.

[0130]

Returning to Fig. 3, the opening/closing control unit 351 of the control device
300 activates a second temperature adjustment process (SA7) after the process of SA6.
[0131]

(Control Process - Second Temperature Adjustment process)

Next, the second temperature adjustment process (SA7) will be described.
Fig. 6 is a flowchart of the second temperature adjustment process. The second
temperature adjustment process is a process for adjusting the temperature of the first
refrigerant in the outlet side pipe 62a.

[0132]

When the second temperature adjustment process is activated, as illustrated in
Fig. 6, in SC1, the opening/closing control unit 351 of the control device 300 acquires
the temperature of the first refrigerant from the first temperature detecting unit 73a (or

the second temperature detecting unit 73b).
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[0133]

In SC2, the opening/closing control unit 351 of the control device 300
determines whether the temperature of the first refrigerant acquired in SC1 is lower
than the first setting temperature. Then, when it is not determined that the
temperature of the first refrigerant is lower than the first setting temperature (SC2, No),
the opening/closing control unit 351 of the control device 300 proceeds to SC3.
Meanwhile, when it is determined that the temperature of the first refrigerant is lower
than the first setting temperature (SC2, Yes), the opening/closing control unit ends the
second temperature adjustment process and returns to the control process of Fig. 3.
[0134]

In SC3, the opening/closing control unit 351 of the control device 300
controls the opening degree of the third opening/closing valve 72¢ on the basis of the
temperature of the first refrigerant acquired in SC1. Then, the opening/closing
control unit 351 of the control device 300 proceeds to SC1 and repeats the process
from SC1 to SC3 until it is determined that the temperature of the first refrigerant is
lower than the first setting temperature in SC2.

[0135]

Further, the method of controlling the opening degree of the third
opening/closing valve 72c is optional, but for example, when the temperature of the
first refrigerant acquired in SC1 is higher than the first setting temperature set in SA1,
the opening degree of the third opening/closing valve 72c is set to be wider than the
second reference opening degree. Accordingly, since the amount of the first
refrigerant existing in the cooling target side pipe 63 and flowing to the inlet side pipe
62b increases, the temperature of the first refrigerant in the outlet side pipe 62a can be

decreased. Further, when the temperature of the first refrigerant acquired in SCI is
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equal to the first setting temperature set in SAl, the opening degree of the third
opening/closing valve 72c¢ is maintained at the second reference opening degree.
Accordingly, since the amount of the first refrigerant existing in the cooling target side
pipe 63 and flowing to the inlet side pipe 62b is maintained, an increase in temperature
of the first refrigerant in the outlet side pipe 62a can be suppressed. Furthermore, the
"second reference opening degree" means, for example, the opening degree of the
opening valve when the temperature of the first refrigerant is equal to the first setting
temperature.

[0136]

With such a process, it is possible to adjust the opening degree of the third
opening/closing valve 72¢ on the basis of the temperature of the first refrigerant and to
efficiently adjust the temperature of the first refrigerant in the outlet side pipe 62a.
[0137]

With the second temperature adjustment process, it is possible to adjust the
temperature of the first refrigerant in the outlet side pipe 62a so that the temperature of
the first refrigerant becomes the first setting temperature. Thus, when the first
refrigerant in the outlet side pipe 62a flows to the storing unit 30 through the first
sub-pipe 71a, the temperature in the storing unit 30 is easily maintained at the critical
temperature or more of the first refrigerant by the heat of the flowing first refrigerant.
[0138]

Returning to Fig. 3, in SAS8, the control unit 350 of the control device 300
determines whether it has reached a timing (hereinafter, referred to as an "end timing")
of ending the control process. The method of determining whether it has reached the
end timing is optional. For example, the timing may be determined on the basis of

whether a predetermined operation is received through the operation unit 310. Here,
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the end timing is determined when the predetermined operation is received and the end
timing is not determined when the predetermined operation is not received. Then,
when it is determined that it has reached the end timing (SAS, Yes), the control unit
350 of the control device 300 ends the control process. Meanwhile, when it is not
determined that it has reached the end timing (SA8, No), the routine proceeds to SA6
and proceeds from SA6 to SA8 until it is determined that it has reached the end timing
in SAS.

[0139]

With the above-described control process, it is possible to effectively cool the
second refrigerant by using the first refrigerant while maintaining the usability of the
cooling system 1.

[0140]
(Effect of Embodiment)

In this way, according to the embodiment, since there are provided the first
sub-pipe 71a connected to the outlet side pipe 62a and flowing the first refrigerant in
the outlet side pipe 62a to the storing unit 30 through the first sub-pipe 71a and the
second sub-pipe 71b connected to the inlet side pipe 62b and flowing the first
refrigerant in the storing unit 30 to the inlet side pipe 62b through the second sub-pipe
71b, it is easy to maintain the temperature in the storing unit 30 at the critical
temperature (or a superheated steam temperature) or more of the first refrigerant by the
heat of the first refrigerant flowing to the storing unit 30 while suppressing an
excessive increase in pressure in the first circulation passage 61. Accordingly, it is
possible to suppress a decrease in amount of the first refrigerant in the first circulation
passage 61 when the first refrigerant is condensed in the storing unit 30. Particularly,

since the first sub-pipe 71a is connected to the outlet side pipe 62a, it is possible to
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store the refrigerant in a high compression state and a high density state as compared
with a case in which the first sub-pipe 71a is connected to the inlet side pipe 62b. As
a result, it is possible to prevent an excessive increase in pressure in the first
circulation passage 61 or an excessive increase in cooling capacity when the second
setting temperature is high. Further, since the first refrigerant in the storing unit 30
can flow into the inlet side pipe 62b and the temperature in the inlet side pipe 62b can
be increased by the heat of the flowing first refrigerant, it is possible to suppress the
deterioration of the function or failure of the compression unit 20 due to the saturated
steam flowing to the compression unit 20. Further, since there are provided the first
opening/closing valve 72a capable of switching whether to flow the first refrigerant in
the outlet side pipe 62a to the storing unit 30, the second opening/closing valve 72b
capable of switching whether to flow the first refrigerant in the storing unit 30 to the
inlet side pipe 62b, and the opening/closing control unit 351 controlling the
opening/closing state of the first opening/closing valve 72a and the second
opening/closing valve 72b on the basis of the second setting temperature set according
to a predetermined method, it is possible to effectively perform the inflow and the
outflow of the first refrigerant in the storing unit 30 by the opening/closing control of
the first opening/closing valve 72a and the second opening/closing valve 72b based on
the second setting temperature. As described above, since it is easy to maintain the
function of the compression unit 20, the function of the storing unit 30, and the
function of the first circulation passage 61 as compared with the related art (a
technique of simply flowing the refrigerant in the low source refrigeration cycle to the
expansion tank), it is possible to maintain the usability of the refrigerant control
system (or the cooling system 1).

[0141]

54



Further, since the opening/closing control unit 351 opens the first
opening/closing valve 72a and closes the second opening/closing valve 72b when the
second setting temperature is higher than the critical temperature of the first refrigerant
and closes the first opening/closing valve 72a and opens the second opening/closing
valve 72b when the second setting temperature is lower than the critical temperature of
the first refrigerant, the first refrigerant which is in a high compression state and a high
density state can flow from the outlet side pipe 62a to the storing unit 30 when the
second setting temperature is higher than the critical temperature of the first refrigerant.
Accordingly, it is possible to more effectively prevent an excessive increase in
pressure in the first circulation passage 61 or an excessive increase in cooling capacity
when the second setting temperature is high. Further, when the second setting
temperature is lower than the critical temperature of the first refrigerant, the first
refrigerant in the storing unit 30 can flow into the inlet side pipe 62b and the
refrigerant amount of the first circulation passage 61 can be increased by that amount.
As a result, it is possible to recover the pressure in the first circulation passage 61
decreasing with a decrease in the second setting temperature and to easily maintain the
function of the first circulation passage 61.

[0142]

Further, since the first refrigerant is carbon dioxide, it is possible to prevent an
excessive increase in pressure in the first circulation passage 61 even when the first
refrigerant easily expands as compared with a Freon gas.

[0143]

Further, since the second refrigerant is the cooling refrigerant of the

semiconductor fabrication system, it is possible to prevent an excessive increase in

pressure in the first circulation passage 61 even when the temperature range of the
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second refrigerant is relatively wide and to suppress a decrease in flow rate of the first
refrigerant in the first circulation passage 61 when the first refrigerant is condensed in
the storing unit 30.

[0144]

Further, since the heat exchanging section includes the first heat exchanging
unit 41 capable of cooling the second refrigerant and the second heat exchanging unit
42 capable of heating the second refrigerant cooled by the first heat exchanging unit 41,
the cooling target side pipe 63 includes the first cooling target side pipe 63a located on
the side of the first heat exchanging unit 41 and the second cooling target side pipe 63b
located on the side of the second heat exchanging unit 42, provided are the third
sub-pipe 71c connected to the inlet side pipe 62b and an upstream portion in relation to
the first heat exchanging unit 41 in the first cooling target side pipe 63a and the third
opening/closing valve 72c¢ capable of adjusting the amount of the first refrigerant
existing in the cooling target side pipe 63 and flowing to the inlet side pipe 62b, and
the opening/closing control unit 351 controls the opening degree of the third
opening/closing valve 72c on the basis of the detection result of the first temperature
detecting unit 73a (or the second temperature detecting unit 73b), it is possible to
adjust the opening degree of the third opening/closing valve 72¢ on the basis of the
temperature of the first refrigerant and to efficiently adjust the temperature of the first
refrigerant in the outlet side pipe 62a.

[0145]

Further, since there are provided the fourth opening/closing valve 72d capable
of adjusting the amount of the first refrigerant existing in the first cooling target side
pipe 63a and flowing to the first heat exchanging unit 41 and the fifth opening/closing

valve 72e capable of adjusting the amount of the first refrigerant subjected to the heat
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exchange by the second heat exchanging unit 42 and flowing to the inlet side pipe 62b
and the opening/closing control unit 351 controls the opening degree of the fourth
opening/closing valve 72d and the fifth opening/closing valve 72e on the basis of the
temperature of the second refrigerant acquired according to a predetermined method, it
is possible to adjust the temperature of the first refrigerant in the cooling target side
pipe 63 so that the temperature of the second refrigerant becomes the second setting
temperature and to efficiently cool the second refrigerant.

[0146]

Further, since there is provided the sixth heat exchanging unit 46 which
exchanges heat between the first refrigerant in an upstream portion in relation to the
first heat exchanging unit 41 in the first cooling target side pipe 63a and the first
refrigerant in a downstream portion in relation to the second heat exchanging unit 42
in the second cooling target side pipe 63b, it is possible to increase the temperature of
the first refrigerant in a downstream portion in relation to the second heat exchanging
unit 42 in the second cooling target side pipe 63b and to flow the dried first refrigerant
to the compression unit 20.

[0147]

Further, since there is provided the compression control unit 352 which
controls the compression unit 20 on the basis of the detection result of the first
temperature detecting unit 73a (or the second temperature detecting unit 73b) and the
temperature of the second refrigerant acquired according to a predetermined method, it
is possible to control the compression unit 20 on the basis of the temperature of the
first refrigerant and the temperature of the second refrigerant and to efficiently control
the compression unit 20.

[0148]
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[IIT] Modified Example of Embodiment

Although the embodiment of the invention has been described, detailed
configurations and sections of the invention can be arbitrarily modified and improved
within the scope of the technical spirit of the invention described in claims.
Hereinafter, such modified examples will be described.

[0149]
(Problem to be Solved or Effect of Invention)

Above all, the problem to be solved by the invention or the effect of the
invention is not limited to the above-described contents. Further, the problem not
described above can be solved or the effect not described above can be obtained by the
invention. Furthermore, only a part of the problems described above can be solved or
only a part of the effect described above can be obtained.

[0150]
(Distribution or Integration)

Further, each electrical component described above is functionally conceptual
and does not necessarily need to be physically configured as illustrated in the drawings.
That is, detailed forms of the distribution or integration of each component is not
limited to one illustrated in the drawings and all or a part of them can be functionally
or physically distributed or integrated by an arbitrary unit in response to various loads
or a use state. Further, the "system" in the specification is not limited to one
including a plurality of devices, but includes one configured as a single device.
Further, the "device" of the specification is not limited to one configured as a single
device, but includes one including a plurality of devices. Further, each a data
structure of information described in the embodiment may be arbitrarily modified.

For example, the control device 300 may include a plurality of devices which are
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distributed so as to communicate with each other. Further, the control unit 350 may
be provided in a part of the plurality of devices and the storage unit 360 may be
provided in another part of the plurality of devices.

[0151]

(Shape, Numerical Value, Structure, and Time Series)

Regarding the components exemplified in the embodiment and the drawings,
the shapes, the numerical values, and the structures of the plurality of components or
the mutual time-series relationship may be arbitrarily modified and improved within
the scope of the technical spirit of the invention.

[0152]
(Third Refrigerant)

In the above-described embodiment, it has been described such that the third
refrigerant is industrial water, but the invention is not limited thereto. Fig. 7 is a
diagram illustrating a modified example of the cooling system 1. For example, the
third refrigerant may be air. In this case, as illustrated in Fig. 7, the third cooling
system 200 may include a first delivery unit 401 (as an example, a known blower)
which delivers the third refrigerant to the third heat exchanging unit 43 and a second
delivery unit 402 (as an example, a known blower) which delivers the third refrigerant
to the fourth heat exchanging unit 44.

[0153]
(First Cooling System)

In the above-described embodiment, it has been described such that the first
cooling system 10 includes the fifth heat exchanging unit 45, the sixth heat exchanging
unit 46, and the removal unit 47, but the invention is not limited thereto. For example,

at least one of the fifth heat exchanging unit 45, the sixth heat exchanging unit 46, and
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the removal unit 47 may be omitted. Furthermore, when the fifth heat exchanging
unit 45 is omitted, the fourth sub-pipe 71d and the sixth opening/closing valve 72f can
be omitted.

[0154]

Further, in the above-described embodiment, it has been described such that
the first cooling system 10 includes the third opening/closing valve 72c, the fourth
opening/closing valve 72d, the fifth opening/closing valve 72e, and the sixth
opening/closing valve 72f, but the invention is not limited thereto. For example, at
least one of the third opening/closing valve 72c, the fourth opening/closing valve 72d,
the fifth opening/closing valve 72e, and the sixth opening/closing valve 72f may be
omitted. Furthermore, when the third opening/closing valve 72c¢ is omitted, the
process of SA7 of the control process can be omitted. Further, when the fourth
opening/closing valve 72d and the fifth opening/closing valve 72e are omitted, the
process of SA6 of the control process can be omitted. Further, when the sixth
opening/closing valve 72f is omitted, the process of SA5 of the control process can be
omitted.

[0155]

Further, in the above-described embodiment, it has been described such that
the first cooling system 10 includes the compression unit 20, the storing unit 30, the
first to sixth heat exchanging units 41 to 46, the removal unit 47, and the circulation
unit 50, but the invention is not limited thereto. For example, a temperature
adjustment unit 410 may be provided in addition to these components. Figs. 8 and 9
are diagrams illustrating an installation state of the temperature adjustment unit 410.
Here, the temperature adjustment unit 410 is a temperature adjusting section for

adjusting the temperature of the first refrigerant in the storing unit 30, is configured by
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using, for example, a known temperature controller (as an example, a temperature
controller having at least one of a heating function and a cooling function) or the like,
and is installed in the storing unit 30. Further, the method of installing the
temperature adjustment unit 410 is optional, but may be installed in the storing unit 30,
for example, as illustrated in Fig. 8. Alternatively, as illustrated in Fig. 9, the
temperature adjustment unit may be installed so as to wrap around the storing unit 30
outside the storing unit 30. With the temperature adjustment unit 410, it is possible to
adjust the temperature of the refrigerant in the storing unit 30 and to suppress a
decrease in amount of the refrigerant in the first circulation passage 61, for example,
when the refrigerant in the storing unit 30 is condensed.

[0156]

(Storing Unit)

In the above-described embodiment, it has been described such that the
number of the installed storing units 30 is one, but the invention is not limited thereto.
For example, the number of the installed storing units 30 may be two or more. In this
case, when the first sub-pipe 71a and the second sub-pipe 71b are installed in each
storing unit 30, it is possible to perform the inflow and the outflow of the first
refrigerant in each storing unit 30.

[0157]

Further, in the above-described embodiment, it has been described such that a
part of the outlet side pipe 62a is stored in the storing unit 30, but the invention is not
limited thereto. For example, the outlet side pipe 62a may not be stored in the storing
unit 30 (that is, as illustrated in Figs. 8 and 9, the entire outlet side pipe 62a may be
installed at a position separated from the storing unit 30 outside the storing unit 30 or

may be installed so as to wrap around the storing unit 30 outside the storing unit 30).
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[0158]
(Compression Unit)

In the above-described embodiment, it has been described such that the
compression unit 20 is an operation frequency control operation type compressor, but
the invention is not limited thereto. For example, the compression unit may be a
constant speed operation type compressor.

[0159]

Further, in the above-described embodiment, it has been described such that
the compression unit 20 includes a double-stage compressor, but the invention is not
limited thereto. Fig. 10 is a diagram illustrating a modified example of the cooling
system 1. For example, the compression unit 20 may be a single-stage compressor.
In this case, as illustrated in Fig. 10, the cooling system 1 can omit the fourth heat
exchanging unit 44, the second circulation unit 80, the second delivery passage 202,
and the second delivery opening/closing valve 204 as compared with the cooling
system 1 of Fig. 1.

[0160]
(Second Cooling System)

In the above-described embodiment, it has been described such that the
second cooling system 100 includes the air vent portion 110, the storing unit 120, the
first to fourth sub-delivery pipes 132a to 132d, the first to fourth delivery
opening/closing valves 133a to 133d, the pump unit 134, the first delivery temperature
detecting unit 135a, the second delivery temperature detecting unit 135b, the delivery
pressure detecting unit 136, and the flow rate detecting unit 137, but the invention is
not limited thereto. For example, at least one of the air vent portion 110, the storing

unit 120, the first to fourth sub-delivery pipes 132a to 132d, the first to fourth delivery
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opening/closing valves 133a to 133d, the pump unit 134, the first delivery temperature
detecting unit 135a, the second delivery temperature detecting unit 135b, the delivery
pressure detecting unit 136, and the flow rate detecting unit 137 may be omitted.
[0161]

(Third Cooling System)

In the above-described embodiment, it has been described such that the third
cooling system 200 includes the first delivery opening/closing valve 203, the second
delivery opening/closing valve 204, and the delivery temperature detecting unit 205,
but the invention is not limited thereto. For example, at least one of the first delivery
opening/closing valve 203, the second delivery opening/closing valve 204, and the
delivery temperature detecting unit 205 may be omitted.

[0162]
(Control Process)

In the above-described embodiment, it has been described such that the
operation frequency of the compression unit 20 is controlled on the basis of the
detection result of the first temperature detecting unit 73a or the second temperature
detecting unit 73b and the detection result of the first delivery temperature detecting
unit 135a or the second delivery temperature detecting unit 135b in SA3, but the
invention is not limited thereto. For example, the operation frequency of the
compression unit 20 may be controlled at a constant frequency.

[0163]

Further, in the above-described embodiment, it has been described such that
the first opening/closing valve 72a is opened and the second opening/closing valve 72b
is closed when the second setting temperature is higher than the critical temperature of

the first refrigerant and the first opening/closing valve 72a is closed and the second
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opening/closing valve 72b is opened when the second setting temperature is lower than
the critical temperature of the first refrigerant in the process of SA4, but the invention
is not limited thereto. For example, the first opening/closing valve 72a may be
opened and the second opening/closing valve 72b may be closed in any one of a case
in which the operation pressure value of the compression unit 20 acquired according to
a predetermined method (as an example, a pressure value or the like acquired from the
first pressure detecting unit 74a) is higher than the threshold value and a case in which
the second setting temperature is higher than the critical temperature of the first
refrigerant. Meanwhile, the first opening/closing valve 72a may be closed and the
second opening/closing valve 72b may be opened in any one of a case in which the
operation pressure value of the compression unit 20 is lower than the threshold value
and a case in which the second setting temperature is lower than the critical
temperature of the first refrigerant. Accordingly, the open-close control of the first
opening/closing valve 72a and the second opening/closing valve 72b can be performed
on the basis of the second setting temperature and the operation pressure value of the
compression unit 20 and the temperature in the storing unit 30 is easily maintained at
the critical temperature (or a superheated steam temperature) or more of the first
refrigerant by the heat of the first refrigerant flowing to the storing unit 30 while
suppressing an excessive increase in pressure in the first circulation passage 61 as
compared with a case in which the opening/closing control of the first opening/closing
valve 72a and the second opening/closing valve 72b is performed on the basis of only

the second setting temperature.

[0164]

(Notes)
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A refrigerant control system according to note 1 is a refrigerant control system
for controlling a refrigerant flowing through a circulation passage connected to a
compression section and circulating the refrigerant so as to exchange heat between a
cooling target and the refrigerant compressed by the compression section, comprising:
a storing section which stores the refrigerant; a first pipe which is connected to an
outlet side pipe constituting the circulation passage and located on the side of an outlet
of the compression section and flows the refrigerant in the outlet side pipe to the
storing section through the first pipe; a second pipe which is connected to an inlet side
pipe constituting the circulation passage and located on the side of an inlet of the
compression section and flows the refrigerant in the storing section to the inlet side
pipe through the second pipe; a first opening/closing valve which is provided in the
first pipe and is capable of switching whether to flow the refrigerant in the outlet side
pipe to the storing section; a second opening/closing valve which is provided in the
second pipe and is capable of switching whether to flow the refrigerant in the storing
section to the inlet side pipe; and an opening/closing control section which controls an
opening/closing state of the first opening/closing valve and the second opening/closing
valve on the basis of a setting temperature of the cooling target set according to a
predetermined method.

[0165]

The refrigerant control system according to note 2 is the refrigerant control
system according to note 1, wherein the opening/closing control section opens the first
opening/closing valve and closes the second opening/closing valve when the setting
temperature of the cooling target is higher than a critical temperature of the refrigerant
and closes the first opening/closing valve and opens the second opening/closing valve

when the setting temperature of the cooling target is lower than the critical temperature
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of the refrigerant.
[0166]

The refrigerant control system according to note 3 is the refrigerant control
system according to note 2, wherein the opening/closing control section opens the first
opening/closing valve and closes the second opening/closing valve in any one of a case
in which an operation pressure value of the compression section acquired according to
a predetermined method is larger than the threshold value or a case in which the setting
temperature of the cooling target is higher than the critical temperature of the
refrigerant and closes the first opening/closing valve and opens the second
opening/closing valve in any one of a case in which the operation pressure value of the
compression section is smaller than the threshold value or a case in which the setting
temperature of the cooling target is lower than the critical temperature of the
refrigerant.

[0167]

The refrigerant control system according to note 4 is the refrigerant control
system according to any one of notes 1 to 3, further comprising: a temperature
adjusting section which adjusts a temperature of the refrigerant in the storing section.
[0168]

The refrigerant control system according to note 5 is the refrigerant control
system according to any one of notes 1 to 4, wherein the refrigerant is carbon dioxide.
[0169]

The refrigerant control system according to note 6 is the refrigerant control
system according to any one of notes 1 to 5, wherein the cooling target is a cooling
refrigerant of a semiconductor fabrication system.

[0170]
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A cooling system for cooling the cooling target using the refrigerant according
to note 7 is a cooling system for cooling the cooling target using the refrigerant,
comprising: a compression section which compresses the refrigerant; a circulation
passage which is connected to the compression section, includes a cooling target side
pipe located on the side of the cooling target, and circulates the refrigerant so as to
exchange heat between the cooling target and the refrigerant compressed by the
compression section; the refrigerant control system according to any one of notes 1 to
6; and a heat exchanging section which is provided in the cooling target side pipe and
exchanges heat between the cooling target and the refrigerant in the cooling target side
pipe.

[0171]

The cooling system according to note 8 is the cooling system according to
note 7, wherein the heat exchanging section includes a first heat exchanging section
which is capable of cooling the cooling target and a second heat exchanging section
which is capable of heating the cooling target cooled by the first heat exchanging
section, wherein the cooling target side pipe includes a first cooling target side pipe
which is located on the side of the first heat exchanging section and a second cooling
target side pipe which is located on the side of the second heat exchanging section,
wherein the cooling system further comprises: a detecting section which detects a
temperature in the outlet side pipe or a temperature in the inlet side pipe; a third pipe
which is connected to the inlet side pipe and an upstream portion in relation to the first
heat exchanging section in the first cooling target side pipe; and a third
opening/closing valve which is provided in the third pipe and is capable of adjusting
an amount of the refrigerant existing in the cooling target side pipe and flowing to the

inlet side pipe, and wherein the opening/closing control section controls an opening
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degree of the third opening/closing valve on the basis of a detection result of the
detecting section.
[0172]

The cooling system according to note 9 is the cooling system according to
note 8, further comprising: a fourth opening/closing valve which is provided in an
upstream portion in relation to the first heat exchanging section in the first cooling
target side pipe and is capable of adjusting an amount of the refrigerant existing in the
first cooling target side pipe and flowing to the first heat exchanging section; and a
fifth opening/closing valve which is provided in a downstream portion in relation to
the second heat exchanging section in the second cooling target side pipe and is
capable of adjusting an amount of the refrigerant subjected to the heat exchange by the
second heat exchanging section and flowing to the inlet side pipe, wherein the
opening/closing control section controls an opening degree of the fourth
opening/closing valve and the fifth opening/closing valve on the basis of a temperature
of the cooling target acquired according to a predetermined method.

[0173]

The cooling system according to note 10 is the cooling system according to
any one of notes 7 to 9, further comprising: a refrigerant heat exchanging section
which exchanges heat between the refrigerant in an upstream portion in relation to the
first heat exchanging section in the first cooling target side pipe and the refrigerant in a
downstream portion in relation to the second heat exchanging section in the second
cooling target side pipe.

[0174]
The cooling system according to note 11 is the cooling system according to

any one of notes 7 to 10, further comprising: a compression control section which
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controls the compression section on the basis of the detection result of the detecting
section and the temperature of the cooling target acquired according to a

predetermined method.

[0175]
(Advantage of notes)

According to the refrigerant control system according to note 1 and the
cooling system according to note 7, since there are provided a first pipe which is
connected to an outlet side pipe and flows the refrigerant in the outlet side pipe to the
storing section through the first pipe, and a second pipe which is connected to an inlet
side pipe and flows the refrigerant in the storing section to the inlet side pipe through
the second pipe, it is easy to maintain the temperature in the storing section at the
critical temperature (or a superheated steam temperature) or more of the refrigerant by
the heat of the refrigerant flowing to the storing section while suppressing an excessive
increase in pressure in the circulation passage. Accordingly, it is possible to suppress
a decrease in amount of the refrigerant in the circulation passage when the refrigerant
is condensed in the storing section. Particularly, since the first pipe is connected to
the outlet side pipe, it is possible to store the refrigerant in a high compression state
and a high density state as compared with a case in which the first pipe is connected to
the inlet side pipe. As a result, it is possible to prevent an excessive increase in
pressure in the circulation passage or an excessive increase in cooling capacity when
the setting temperature of the cooling target is high. Further, since the refrigerant in
the storing section can flow into the inlet side pipe and the temperature in the inlet side
pipe can be increased by the heat of the flowing refrigerant, it is possible to suppress

the deterioration of the function or failure of the compression section due to the
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saturated steam flowing to the compression section. Further, since there are provided
a first opening/closing valve which is capable of switching whether to flow the
refrigerant in the outlet side pipe to the storing section, a second opening/closing valve
which is capable of switching whether to flow the refrigerant in the storing section to
the inlet side pipe, and an opening/closing control section which controls an
opening/closing state of the first opening/closing valve and the second opening/closing
valve on the basis of a setting temperature of the cooling target set according to a
predetermined method, it is possible to effectively perform the inflow and the outflow
of the refrigerant in the storing section by the opening/closing control of the first
opening/closing valve and the second opening/closing valve based on the setting
temperature of the cooling target. From the above features, since it is easy to
maintain the function of the compression section, the function of the storing section,
and the function of the circulation passage as compared with the related art (a
technique of simply flowing the refrigerant in the low source refrigeration cycle to the
expansion tank), it is possible to maintain the usability of the refrigerant control
system (or the cooling system).

[0176]

According to the refrigerant control system according to note 2, since the
opening/closing control section opens the first opening/closing valve and closes the
second opening/closing valve when the setting temperature of the cooling target is
higher than the critical temperature of the refrigerant and closes the first
opening/closing valve and opens the second opening/closing valve when the setting
temperature of the cooling target is lower than the critical temperature of the
refrigerant, the refrigerant which is in a high compression state and a high density state

can flow from the outlet side pipe to the storing section when the setting temperature
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of the cooling target is higher than the critical temperature of the refrigerant.
Accordingly, it is possible to more effectively prevent an excessive increase in
pressure in the circulation passage or an excessive increase in cooling capacity when
the setting temperature of the cooling target is high. Further, when the setting
temperature of the cooling target is lower than the critical temperature of the
refrigerant, the refrigerant in the storing section can flow into the inlet side pipe and
the refrigerant amount of the circulation passage can be increased by that amount. As
a result, it is possible to recover the pressure in the circulation passage decreasing with
a decrease in the setting temperature of the cooling target and to easily maintain the
function of the circulation passage.

[0177]

According to the refrigerant control system according to note 3, since the
opening/closing control section opens the first opening/closing valve and closes the
second opening/closing valve in any one of a case in which the operation pressure
value of the compression section is higher than the threshold value and a case in which
the setting temperature of the cooling target is higher than the critical temperature of
the refrigerant and closes the first opening/closing valve and opens the second
opening/closing valve in any one of a case in which the operation pressure value of the
compression section is lower than the threshold value and a case in which the setting
temperature of the cooling target is lower than the critical temperature of the
refrigerant, the open-close control of the first opening/closing valve and the second
opening/closing valve can be performed on the basis of the setting temperature of the
cooling target and the operation pressure value of the compression section.
Accordingly, the temperature in the storing section is easily maintained at the critical

temperature (or a superheated steam temperature) or more of the refrigerant by the heat
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of the refrigerant flowing to the storing section while suppressing an excessive
increase in pressure in the circulation passage as compared with a case in which the
opening/closing control of the first opening/closing valve and the second
opening/closing valve is performed on the basis of only the setting temperature of the
cooling target.

[0178]

According to the refrigerant control system according to note 4, since there
are provided a temperature adjusting section which adjusts a temperature of the
refrigerant in the storing section, it is possible to adjust the temperature of the
refrigerant in the storing section, and therefore, for example, it is possible to suppress a
decrease in amount of the refrigerant in the circulation passage when the refrigerant in
the storing section is condensed.

[0179]

According to the refrigerant control system according to note 5, since the
refrigerant is carbon dioxide, it is possible to prevent an excessive increase in pressure
in the circulation passage even when the refrigerant easily expands as compared with a
Freon gas.

[0180]

According to the refrigerant control system according to note 6, since the the
cooling target is the cooling refrigerant of the semiconductor fabrication system, it is
possible to prevent an excessive increase in pressure of the circulation passage even
when the temperature range of the cooling target is relatively wide and to prevent a
decrease in flow rate of the refrigerant in the circulation passage when the refrigerant
is condensed in the storing section.

[0181]
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According to the cooling system according to note 8, since the heat
exchanging section includes a first heat exchanging section which is capable of
cooling the cooling target and a second heat exchanging section which is capable of
heating the cooling target cooled by the first heat exchanging section, wherein the
cooling target side pipe includes a first cooling target side pipe which is located on the
side of the first heat exchanging section and a second cooling target side pipe which is
located on the side of the second heat exchanging section, wherein the cooling system
further comprises: a third pipe which is connected to the inlet side pipe and an
upstream portion in relation to the first heat exchanging section in the first cooling
target side pipe; and a third opening/closing valve which is capable of adjusting an
amount of the refrigerant existing in the cooling target side pipe and flowing to the
inlet side pipe, and wherein the opening/closing control section controls an opening
degree of the third opening/closing valve on the basis of a detection result of the
detecting section, it is possible to adjust the opening degree of the third
opening/closing valve on the basis of the temperature of the refrigerant and to
efficiently adjust the temperature of the refrigerant in the outlet side pipe.

[0182]

According to the cooling system according to note 9, since the cooling system
according comprising: a fourth opening/closing valve which is capable of adjusting an
amount of the refrigerant existing in the first cooling target side pipe and flowing to
the first heat exchanging section; and a fifth opening/closing valve which is capable of
adjusting an amount of the refrigerant subjected to the heat exchange by the second
heat exchanging section and flowing to the inlet side pipe, wherein the opening/closing
control section controls an opening degree of the fourth opening/closing valve and the

fifth opening/closing valve on the basis of a temperature of the cooling target acquired
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according to a predetermined method, it is possible to adjust the temperature of the
refrigerant in the cooling target side pipe so that the temperature of the refrigerant
becomes the setting temperature and to efficiently cool the refrigerant.

[0183]

According to the cooling system according to note 10, since the cooling
system according further comprising: a refrigerant heat exchanging section which
exchanges heat between the refrigerant in an upstream portion in relation to the first
heat exchanging section in the first cooling target side pipe and the refrigerant in a
downstream portion in relation to the second heat exchanging section in the second
cooling target side pipe, the temperature of the refrigerant in a downstream portion in
relation to the second heat exchanging section in the second cooling target side pipe
can be increased and the dried refrigerant can flow into the compression section.
[0184]

According to the cooling system according to note 11, the cooling system
further comprising: a compression control section which controls the compression
section on the basis of the detection result of the detecting section and the temperature
of the cooling target acquired according to a predetermined method, it is possible to
control the compression section on the basis of the temperature of the refrigerant and

the temperature of the cooling target and to efficiently control the compression section.

Reference Signs List

[0185]
1 Cooling system
10 First cooling system
20 Compression unit
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21

22

23

24

25

30

41

42

43

44

45

46

47

50

60

61

62

62a

62b

63

63a

63b

71a

71b

Tlc

Compression unit body
First outlet

First inlet

Second outlet

Second inlet

Storing unit

First heat exchanging unit
Second heat exchanging unit
Third heat exchanging unit
Fourth heat exchanging unit
Fifth heat exchanging unit
Sixth heat exchanging unit
Removal unit

Circulation unit

First circulation unit

First circulation passage
Compression unit side pipe
Outlet side pipe

Inlet side pipe

Cooling target side pipe
First cooling target side pipe
Second cooling target side pipe
First sub-pipe

Second sub-pipe

Third sub-pipe
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71d

T2a

72b

T2¢

72d

72e

72f

73a

73b

73¢c

74a

74b

T4c

80

81

82

83

100

110

120

130

131

132a

132b

132¢

Fourth sub-pipe

First opening/closing valve
Second opening/closing valve
Third opening/closing valve
Fourth opening/closing valve
Fifth opening/closing valve
Sixth opening/closing valve
First temperature detecting unit
Second temperature detecting unit
Third temperature detecting unit
First pressure detecting unit
Second pressure detecting unit
Third pressure detecting unit
Second circulation unit

Second circulation passage
Temperature detecting unit
Pressure detecting unit

Second cooling system

Air vent portion

Storing unit

Delivery unit

Delivery passage

First sub-delivery pipe

Second sub-delivery pipe

Third sub-delivery pipe
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132d  Fourth sub-delivery pipe

133a  First delivery opening/closing valve
133b  Second delivery opening/closing valve
133¢  Third delivery opening/closing valve
133d  Fourth delivery opening/closing valve
134 Pump unit

135a  First delivery temperature detecting unit
135b  Second delivery temperature detecting unit
136 Delivery pressure detecting unit

137 Flow rate detecting unit

200 Third cooling system

201 First delivery passage

202 Second delivery passage

203 First delivery opening/closing valve
204 Second delivery opening/closing valve
205 Delivery temperature detecting unit

300 Control device

310 Operation unit

320 Communication unit

330 Output unit

340 Power supply unit

350 Control unit

351 Opening/closing control unit
352 Compression control unit

360 Storage unit

77



401 First delivery unit
402 Second delivery unit

410 Temperature adjustment unit
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CLAIMS
1. A refrigerant control system for controlling a refrigerant flowing through a
circulation passage connected to a compression section and circulating the refrigerant
so as to exchange heat between a cooling target and the refrigerant compressed by the
compression section, comprising:

a storing section which stores the refrigerant;

a first pipe which is connected to an outlet side pipe constituting the
circulation passage and located on the side of an outlet of the compression section and
flows the refrigerant in the outlet side pipe to the storing section through the first pipe;

a second pipe which is connected to an inlet side pipe constituting the
circulation passage and located on the side of an inlet of the compression section and
flows the refrigerant in the storing section to the inlet side pipe through the second
pipe;

a first opening/closing valve which is provided in the first pipe and is capable
of switching whether to flow the refrigerant in the outlet side pipe to the storing
section;

a second opening/closing valve which is provided in the second pipe and is
capable of switching whether to flow the refrigerant in the storing section to the inlet
side pipe; and

an opening/closing control section which controls an opening/closing state of
the first opening/closing valve and the second opening/closing valve on the basis of a
setting temperature of the cooling target set according to a predetermined method,

wherein the opening/closing control section opens the first opening/closing
valve and closes the second opening/closing valve when the setting temperature of the

cooling target is higher than a threshold temperature of the refrigerant and closes the
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first opening/closing valve and opens the second opening/closing valve when the
setting temperature of the cooling target is lower than the threshold temperature of the

refrigerant..

2. The refrigerant control system according to claim 1,

wherein the opening/closing control section opens the first opening/closing
valve and closes the second opening/closing valve in any one of a case in which an
operation pressure value of the compression section acquired according to a
predetermined method is larger than the threshold value or a case in which the setting
temperature of the cooling target is higher than the threshold temperature of the
refrigerant and closes the first opening/closing valve and opens the second
opening/closing valve in any one of a case in which the operation pressure value of the
compression section is smaller than the threshold value or a case in which the setting
temperature of the cooling target is lower than the threshold temperature of the

refrigerant.

3. The refrigerant control system according to claim 1 or 2, further comprising:
a temperature adjusting section which adjusts a temperature of the refrigerant

in the storing section.

4. The refrigerant control system according to any one of claims 1 to 3,

wherein the refrigerant is carbon dioxide.

5. The refrigerant control system according to any one of claims 1 to 4,

wherein the cooling target is a cooling refrigerant of a semiconductor
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fabrication system.

6. A cooling system for cooling the cooling target using the refrigerant,
comprising:

a compression section which compresses the refrigerant;

a circulation passage which is connected to the compression section, includes
a cooling target side pipe located on the side of the cooling target, and circulates the
refrigerant so as to exchange heat between the cooling target and the refrigerant
compressed by the compression section;

the refrigerant control system according to any one of claims 1 to 5; and

a heat exchanging section which is provided in the cooling target side pipe
and exchanges heat between the cooling target and the refrigerant in the cooling target

side pipe.

7. The cooling system according to claim 6,

wherein the heat exchanging section includes a first heat exchanging section
which is capable of cooling the cooling target and a second heat exchanging section
which is capable of heating the cooling target cooled by the first heat exchanging
section,

wherein the cooling target side pipe includes a first cooling target side pipe
which is located on the side of the first heat exchanging section and a second cooling
target side pipe which is located on the side of the second heat exchanging section,

wherein the cooling system further comprises:

a detecting section which detects a temperature in the outlet side pipe or a

temperature in the inlet side pipe;
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a third pipe which is connected to the inlet side pipe and an upstream portion
in relation to the first heat exchanging section in the first cooling target side pipe; and

a third opening/closing valve which is provided in the third pipe and is
capable of adjusting an amount of the refrigerant existing in the cooling target side
pipe and flowing to the inlet side pipe, and

wherein the opening/closing control section controls an opening degree of the

third opening/closing valve on the basis of a detection result of the detecting section.

8. The cooling system according to claim 7, further comprising:

a fourth opening/closing valve which is provided in an upstream portion in
relation to the first heat exchanging section in the first cooling target side pipe and is
capable of adjusting an amount of the refrigerant existing in the first cooling target
side pipe and flowing to the first heat exchanging section; and

a fifth opening/closing valve which is provided in a downstream portion in
relation to the second heat exchanging section in the second cooling target side pipe
and is capable of adjusting an amount of the refrigerant subjected to the heat exchange
by the second heat exchanging section and flowing to the inlet side pipe,

wherein the opening/closing control section controls an opening degree of the
fourth opening/closing valve and the fifth opening/closing valve on the basis of a

temperature of the cooling target acquired according to a predetermined method.

9. The cooling system according to claim 7 or 8, further comprising:
a refrigerant heat exchanging section which exchanges heat between the
refrigerant in an upstream portion in relation to the first heat exchanging section in the

first cooling target side pipe and the refrigerant in a downstream portion in relation to

82



the second heat exchanging section in the second cooling target side pipe.

10. The cooling system according to any one of claims 7 to 9, further comprising:
a compression control section which controls the compression section on the
basis of the detection result of the detecting section and the temperature of the cooling

target acquired according to a predetermined method.
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