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 object has been proposed.
For example, a device of Patent Document 1 includes a high source refrigeration cycle
which connects a high source side compressor, a high source side condenser, a high
source side diaphragm device, and a high source side evaporator through a pipe and
circulates a refrigerant, a low source refrigeration cycle which connects a low source
side compressor, an auxiliary radiator, a low source side condenser, a low source side
diaphragm device, and a low source side evaporator through a pipe and circulates a
refrigerant, and a cascade condenser which is configured by coupling the high source
side evaporator and the low source side condenser to each other so as to exchange heat
between the refrigerants passing therethrough. Further, since a suction side pipe of
the low source side compressor in the pipe of the low source refrigeration cycle is
connected to an expansion tank through a solenoid valve, a pressure in the low source
refrigeration cycle can be adjusted so as not to be a set pressure or more in such a

manner that the solenoid valve is opened and the refrigerant in the low source



refrigeration cycle flows into the expansion tank. With such a configuration, it is
possible to exchange heat between a cooling object 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 object.

Citation List
Patent Document
[0003]

Patent Document 1: International Publication WO 2014/181399

Summary of the Invention
Technical Problem
[0004]

Here, in the device of Patent Document 1, as described above, since the
expansion tank is just used to collect the refrigerant flowing from the suction side pipe
of the low source side compressor, the expansion tank increases in size, for example,
when attempting to increase the refrigerant storage amount in the expansion tank. As
a result, there is a risk that the installation cost of the expansion tank becomes
excessive. Due to the above-described reason, there is room for improvement from
the viewpoint of making a storage section in a compact size while increasing the
refrigerant storage amount in the storage section such as the expansion tank.

[0005]

The invention has been made in view of the above-described circumstances

and an object of the invention is to provide a refrigerant control system and a cooling

system capable of making a storage section in a compact size while increasing a



refrigerant storage amount.

Means to Solve the Problem
[0006]

In order to solve the above-described problems and archive the purposes, a
refrigerant control system of claim 1 is a refrigerant control system for controlling a
refrigerant flowing in a circulation flow path connected to a compression section and
circulating the refrigerant compressed by the compression section so as to exchange
heat between the refrigerant and a cooling object, the refrigerant control system
comprises. a storage section which stores the refrigerant; a first pipe which is
connected to an outlet side pipe constituting the circulation flow path and located on
an outlet side of the compression section and allows the refrigerant in the outlet side
pipe to flow into the storage section through the first pipe; a second pipe which is
connected to an inlet side pipe constituting the circulation flow path and located on an
inlet side of the compression section and allows the refrigerant in the storage section to
flow into the inlet side pipe through the second pipe; athird pipe which is connected to
the inlet side pipe and is formed so that heat of the third pipe lower than heat of the
outlet side pipe is able to be transferred to the refrigerant in the storage section; afirst
opening and closing valve which is provided in the first pipe and switches whether or
not to allow the refrigerant in the outlet side pipe to flow into the storage section; a
second opening and closing valve which is provided in the second pipe and switches
whether or not to allow the refrigerant in the storage section to flow into the inlet side
pipe; a third opening and closing valve which is provided in the third pipe and
switches whether or not to allow the refrigerant in an upstream part in relation to the

storage section in the third pipe to flow into a part on the side of the storage section in



the third pipe; and an opening and closing control section which performs opening and
closing control of the first opening and closing valve, the second opening and closing
valve, and the third opening and closing valve on the basis of a set temperature of the
cooling object.

[0007]

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

[0008]

The refrigerant control system of claim 3 is the refrigerant control system
according to the refrigerant control system of claim 2, wherein the opening and closing
control section opens the first opening and closing valve and the third opening and
closing valve and closes the second opening and closing valve at least when an
operating pressure value of the compression section acquired by a predetermined
method is higher than a threshold value or the set temperature of the cooling object is
higher than the critical temperature of the refrigerant and closes the first opening and
closing valve and the third opening and closing valve and opens the second opening
and closing valve at least when the operating pressure value of the compression section
is lower than the threshold value or the set temperature of the cooling object is lower

than the critical temperature of the refrigerant.



[0009]

The refrigerant control system of claim 4 is the refrigerant control system
according to any one of clams 1 to 3, further comprises. a fourth pipe which is
connected to the outlet side pipe and is formed so that heat of the fourth pipe higher
than heat of the third pipe is able to be transferred to the refrigerant in the storage
section; and a fourth opening and closing valve which is provided in the fourth pipe
and switches whether or not to allow the refrigerant in an upstream part in relation to
the storage section in the fourth pipe to flow into a part on the side of the storage
section in the fourth pipe, wherein the opening and closing control section performs
opening and closing control of the first opening and closing valve, the second opening
and closing valve, the third opening and closing valve, and the fourth opening and
closing valve on the basis of the set temperature of the cooling object.

[0010]

The refrigerant control system of claim 5 is the refrigerant control system
according to the refrigerant control system of claim 4, wherein the opening and closing
control section opens the first opening and closing valve and the third opening and
closing valve and closes the second opening and closing valve and the fourth opening
and closing valve when the set temperature of the cooling object is higher than the
critical temperature of the refrigerant and closes the first opening and closing valve
and the third opening and closing valve and opens the second opening and closing
valve and the fourth opening and closing valve when the set temperature of the cooling
object is lower than the critical temperature of the refrigerant.

[0011]
The refrigerant control system of claim 6 is the refrigerant control system

according to any one of clams 1 to 5, wherein the refrigerant in the storage section is



able to be prevented from reversely flowing to the outlet side pipe or the inlet side pipe
through the first pipe or the second pipe by forming the first pipe and the second pipe
so that a part of each of the first pipe and the second pipe is located above the other
part.

[0012]

The refrigerant control system of claim 7 is the refrigerant control system
according to any one of claims 1 to 6, further comprises: an inflow preventing section
which prevents foreign matter from flowing into the storage section through the first
pipe.

[0013]

The refrigerant control system of claim 8 is the refrigerant control system
according to any one of claims 1 to 7, further comprises. a temperature adjustment
section which adjusts a temperature of the refrigerant in the storage section.

[0014]

The refrigerant control system of claim 9 is the refrigerant control system
according to any one of claims 1to 8, wherein the refrigerant is carbon dioxide.
[0015]

The refrigerant control system of claim 10 is the refrigerant control system
according to any one of claims 1 to 9, wherein the cooling object is a refrigerant for
cooling a semiconductor manufacturing system.

[0016]

A cooling system of claim 11 is a cooling system for cooling the cooling
object using the refrigerant comprises. a compression section which compresses the
refrigerant; a circulation flow path which includes a cooling object side pipe connected

to the compression section and located on the side of the cooling object and circulates



the refrigerant so as to exchange heat between the refrigerant compressed by the
compression section and the cooling object; the refrigerant control system according to
any one of clams 1 to 10; and a heat exchange section which is provided in the
cooling object side pipe and exchanges heat between the refrigerant in the cooling
object side pipe and the cooling object.

[0017]

The cooling system of claim 12 is the cooling system according to claim 11,
wherein the heat exchange section includes a first heat exchange section which is able
to cool the cooling object and a second heat exchange section which is able to heat the
cooling object cooled by the first heat exchange section, wherein the cooling object
side pipe includes a first cooling object side pipe which is located on the side of the
first heat exchange section and a second cooling object side pipe which is located on
the side of the second heat exchange section, wherein the cooling system further
comprises. a detection section which detects a temperature in the outlet side pipe or a
temperature in the inlet side pipe; a fifth pipe which is connected to an upstream part
in relation to the first heat exchange section in the first cooling object side pipe and the
inlet side pipe; and afifth opening and closing valve which is provided in the fifth pipe
and is able to adjust the amount of the refrigerant in the cooling object side pipe
flowing into the inlet side pipe, and wherein the opening and closing control section
performs opening degree control of the fifth opening and closing valve on the basis of
adetection result of the detection section.

[0018]

The cooling system of claim 13 is the cooling system according to claim 12,

further comprises: a sixth opening and closing valve which is provided in an upstream

part in relation to the first heat exchange section in the first cooling object side pipe



and is able to adjust the amount of the refrigerant in the first cooling object side pipe
flowing into the first heat exchange section; and a seventh opening and closing valve
which is provided in a downstream part in relation to the second heat exchange section
in the second cooling object side pipe and is able to adjust the amount of the
refrigerant exchanging heat by the second heat exchange section and flowing into the
inlet side pipe, wherein the opening and closing control section performs opening
degree control of the sixth opening and closing valve and the seventh opening and
closing valve on the basis of a temperature of the cooling object acquired by a
predetermined method.

[0019]

The cooling system of claim 14 is the cooling system according to claim 12 or
13, further comprises. a compression control section which controls the compression
section on the basis of the detection result of the detection section and the temperature
of the cooling object acquired by the predetermined method.

[0020]

The cooling system of claim 15 is the cooling system according to any one of
clams 12 to 14, further comprises. a refrigerant heat exchange section which
exchanges heat between the refrigerant in the upstream part in relation to the first heat
exchange section in the first cooling object side pipe and the refrigerant in the
downstream part in relation to the second heat exchange section in the second cooling

object side pipe.

Advantageous Effects of the Invention
[0021]

According to the refrigerant control system of claim 1 and the cooling system



of claim 11, since there are provided a first pipe which is connected to an outlet side
pipe constituting the circulation flow path and located on an outlet side of the
compression section and allows the refrigerant in the outlet side pipe to flow into the
storage section through the first pipe; a second pipe which is connected to an inlet side
pipe congtituting the circulation flow path and located on an inlet side of the
compression section and allows the refrigerant in the storage section to flow into the
inlet side pipe through the second pipe; athird pipe which is connected to theinlet side
pipe and is formed so that heat of the third pipe lower than heat of the outlet side pipe
is able to be transferred to the refrigerant in the storage section; a first opening and
closing valve which is provided in the first pipe and switches whether or not to allow
the refrigerant in the outlet side pipe to flow into the storage section; a second opening
and closing valve which is provided in the second pipe and switches whether or not to
allow the refrigerant in the storage section to flow into the inlet side pipe; a third
opening and closing valve which is provided in the third pipe and switches whether or
not to allow the refrigerant in an upstream part in relation to the storage section in the
third pipe to flow into a part on the side of the storage section in the third pipe, it is
possible to cool the refrigerant in the storage section by using the heat (cold heat) of
thethird pipe. Accordingly, it is possible to store the refrigerant in the storage section
at ahigh density and to make the storage section in a compact size while increasing the
storage amount of the storage section. Further, since the opening and closing control
unit is provided to perform the opening and closing control of the first opening and
closing valve, the second opening and closing valve, and the third opening and closing
valve on the basis of the set temperature of the cooling object, it is possible to perform
the opening and closing control of the first opening and closing valve, the second

opening and closing valve, and the third opening and closing valve based on the set



temperature of the cooling object. Accordingly, it is possible to effectively cool the
refrigerant in the storage section and to improve the usability of the refrigerant control
system and the cooling system.

[0022]

According to the refrigerant control system of claim 2, since the opening and
closing control section opens the first opening and closing valve and the third opening
and closing valve and closes the second opening and closing valve when the set
temperature of the cooling object is higher than a critical temperature of the refrigerant
and closes the first opening and closing valve and the third opening and closing valve
and opens the second opening and closing valve when the set temperature of the
cooling object is lower than the critical temperature of the refrigerant, it is possible to
perform the opening and closing control of the first opening and closing valve, the
second opening and closing valve, and the third opening and closing valve depending
on whether or not the set temperature of the cooling object is higher than the critical
temperature of the refrigerant and to further effectively cool the refrigerant in the
storage section.

[0023]

According to the refrigerant control system of claim 3, since the opening and
closing control section opens the first opening and closing valve and the third opening
and closing valve and closes the second opening and closing valve at least when an
operating pressure value of the compression section acquired by a predetermined
method is higher than a threshold value or the set temperature of the cooling object is
higher than the critical temperature of the refrigerant and closes the first opening and
closing valve and the third opening and closing valve and opens the second opening

and closing valve at |east when the operating pressure value of the compression section
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is lower than the threshold value or the set temperature of the cooling object is lower
than the critical temperature of the refrigerant, it is possible to perform the opening and
closing control of the first opening and closing valve, the second opening and closing
valve, and the third opening and closing valve on the basis of at least one of the
operating pressure value of the compression unit and the set temperature of the cooling
object and it is easy to maintain the temperature in the storage section at the critical
temperature or more of the refrigerant (or a superheated steam temperature) due to the
heat of the refrigerant flowing into the storage section while suppressing an excessive
pressure in the flow path compared to a case in which the opening and closing control
of the first opening and closing valve, the second opening and closing valve, and the
third opening and closing valve is performed only on the basis of the set temperature
of the cooling object.

[0024]

According to the refrigerant control system of clam 4, since there are
provided a fourth pipe which is connected to the outlet side pipe and is formed so that
heat of the fourth pipe higher than heat of the third pipeis able to be transferred to the
refrigerant in the storage section; and a fourth opening and closing valve which is
provided in the fourth pipe and switches whether or not to allow the refrigerant in an
upstream part in relation to the storage section in the fourth pipe to flow into a part on
the side of the storage section in the fourth pipe, it is possible to heat the refrigerant in
the storage section by using the heat (warm heat) of the fourth pipe and to decrease the
density of the refrigerant in the storage section while increasing the amount of the
refrigerant in the flow path. Further, since the opening and closing control unit
performs the opening and closing control of the first opening and closing valve, the

second opening and closing valve, the third opening and closing valve, and the fourth
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opening and closing valve on the basis of the set temperature of the cooling object, itis
possible to perform the opening and closing control of the first opening and closing
valve, the second opening and closing valve, the third opening and closing valve, and
the fourth opening and closing valve on the basis of the set temperature of the cooling
object. Accordingly, it is possible to effectively cool and heat the refrigerant in the
storage section and to store the refrigerant depending on the situation in the storage
section.

[0025]

According to the refrigerant control system of claim 5, since the opening and
closing control section opens the first opening and closing valve and the third opening
and closing valve and closes the second opening and closing valve and the fourth
opening and closing valve when the set temperature of the cooling object is higher than
the critical temperature of the refrigerant and closes the first opening and closing valve
and the third opening and closing valve and opens the second opening and closing
valve and the fourth opening and closing valve when the set temperature of the cooling
object is lower than the critical temperature of the refrigerant, it is possible to perform
the opening and closing control of the first opening and closing valve, the second
opening and closing valve, the third opening and closing valve, and the fourth opening
and closing valve depending on whether or not the set temperature of the cooling
object is higher than the critical temperature of the refrigerant and to further effectively
cool and heat the refrigerant in the storage section.

[0026]

According to the refrigerant control system of claim 6, since the refrigerant in

the storage section is able to be prevented from reversely flowing to the outlet side

pipe or the inlet side pipe through the first pipe or the second pipe by forming the first
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pipe and the second pipe so that a part of each of the first pipe and the second pipe is
located above the other part, the density of the refrigerant in the storage section
becomes much larger than the density of the refrigerant in the first pipe and the second
pipe when cooling the storage section. Accordingly, it is possible to prevent the
refrigerant in the storage section from reversely flowing to the outlet side pipe or the
inlet side pipe through the first pipe or the second pipe due to gravity and to accurately
manage the amount of the refrigerant in the flow path.

[0027]

According to the refrigerant control system of claim 7, since thereis provided
an inflow preventing section which prevents foreign matter from flowing into the
storage section through the first pipe, it is possible to prevent foreign matter from
flowing into the storage section through the first pipe and to prevent the refrigerant in
the storage section from being contaminated by foreign matter.

[0028]

According to the refrigerant control system of claim 8, since thereis provided
a temperature adjustment section which adjusts a temperature of the refrigerant in the
storage section, it is possible to adjust the temperature of the refrigerant in the storage
section. Accordingly, it iseasily possible to cool the refrigerant in the storage section
by using, for example, the heat (cold heat) of the temperature adjustment unit, and the
refrigerant is easily stored at a high density in the storage section.

[0029]

According to the refrigerant control system of claim 9, since the refrigerant is
carbon dioxide, it is possible to prevent the pressure in the flow path from becoming
excessive even if carbon dioxide expands more easily than the chlorofluorocarbon gas.

[0030]

13



According to the refrigerant control system of claim 10, since the cooling
object is the refrigerant for cooling the semiconductor manufacturing system, even
when the temperature range of the cooling object is relatively wide, it is possible to
prevent the pressure of the flow path from becoming excessive and to prevent the flow
rate of the refrigerant in the flow path from decreasing due to the condensation of the
refrigerant in the storage section.

[0031]

According to the cooling system of claim 12, since the cooling object side
pipe includes a first cooling object side pipe which is located on the side of the first
heat exchange section and a second cooling object side pipe which is located on the
side of the second heat exchange section, wherein the cooling system further
comprises. a detection section which detects a temperature in the outlet side pipe or a
temperature in the inlet side pipe; a fifth pipe which is connected to an upstream part
in relation to the first heat exchange section in the first cooling object side pipe and the
inlet side pipe; and afifth opening and closing valve which is provided in the fifth pipe
and is able to adjust the amount of the refrigerant in the cooling object side pipe
flowing into the inlet side pipe, and wherein the opening and closing control section
performs opening degree control of the fifth opening and closing valve on the basis of
a detection result of the detection section, it is possible to adjust the opening degree of
the fifth opening and 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.

[0032]

According to the cooling system of claim 13, since there is provided a sixth

opening and closing valve which is provided in an upstream part in relation to the first

heat exchange section in the first cooling object side pipe and is able to adjust the
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amount of the refrigerant in the first cooling object side pipe flowing into the first heat
exchange section; and a seventh opening and closing valve which is provided in a
downstream part in relation to the second heat exchange section in the second cooling
object side pipe and is able to adjust the amount of the refrigerant exchanging heat by
the second heat exchange section and flowing into the inlet side pipe, wherein the
opening and closing control section performs opening degree control of the sixth
opening and closing valve and the seventh opening and closing valve on the basis of a
temperature of the cooling object acquired by a predetermined method, it is possible to
adjust the opening degree of the sixth opening and closing valve and the seventh
opening and closing valve on the basis of the temperature of the cooling object and to
efficiently adjust the temperature of the refrigerant in the cooling object side pipe.
[0033]

According to the cooling system of claim 14, since there is provided a
compression control section which controls the compression section on the basis of the
detection result of the detection section and the temperature of the cooling object
acquired by the predetermined method, it is possible to control the compression unit on
the basis of the temperature of the refrigerant and the temperature of the cooling object
and to efficiently control the compression unit.

[0034]

According to the cooling system of clam 15, since there is provided a
refrigerant heat exchange section which exchanges heat between the refrigerant in the
upstream part in relation to the first heat exchange section in the first cooling object
side pipe and the refrigerant in the downstream part in relation to the second heat
exchange section in the second cooling object side pipe, it is possible to increase the

temperature of the refrigerant in the downstream part in relation to the second heat
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exchange unit in the second cooling object side pipe and to allow the dry refrigerant to

flow into the compression unit.

Brief Description of the Drawings
[0035]

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

Fig. 2 isan enlarged view of an area of a storage part of Fig. 1.

Fig. 3 is a block diagram illustrating an electrical configuration of a control
device.

Fig. 4 isaflowchart of acontrol process according to the embodiment.

Fig. 5 isadiagram illustrating a flow of a first refrigerant when opening and
closing afirst opening and closing valve to a fourth opening and closing valve, where
Fig. 5(a) is a diagram illustrating a state in which the first opening and closing valve
and the third opening and closing valve are opened and the second opening and closing
valve and the fourth opening and closing valve are closed and Fig. 5(b) is a diagram
illustrating a state in which the first opening and closing valve and the third opening
and closing valve are closed and the second opening and closing valve and the fourth
opening and closing valve are opened.

Fig. 6 isaflowchart of afirst temperature adjustment process.

Fig. 7 isaflowchart of a second temperature adjustment process.

Fig. 8 isadiagram illustrating a modified example of the cooling system.

Fig. 9isadiagram illustrating a modified example of the cooling system.

Fig. 10 is a diagram illustrating a modified example of afirst sub-pipe and a

second sub-pipe.

16



Fig. 11 isadiagram illustrating a modified example of the cooling system.
Fig. 12 isadiagram illustrating a modified example of the cooling system.

Fig. 13 isadiagram illustrating a modified example of the cooling system.

Mode for Carrying Out the Invention
[0036]

Hereinafter, embodiments of arefrigerant control system and a cooling system
according to the invention will be described with reference to the accompanying
drawings. First, the basic concept of the embodiment of [I] will be described, the
specific content of the embodiment of [I1] will be described, and finally the modified
example of the embodiment of [I11] will be described. However, the invention is not
limited to the embodiments.

[0037]

[I] Basic concept of embodiment

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

cooling refrigerant for the device (or system) (for example, a gaseous or liquid cooling
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refrigerant), and the like. However, in the embodiment, the cooling object will be
described as a cooling refrigerant for a semiconductor manufacturing system
(specificaly, aliquid cooling refrigerant).
[0038]

[I1] Specific content of embodiment

Next, specific content of the embodiment will be described.
[0039]

(Configuration)

First, a configuration of the 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. Fig. 2 is an enlarged view of an area of a storage
part to be described later in Fig. 1. Additionaly, in the description below, the X
direction of Fig. 1 indicates the right and left direction of the cooling system (the +X
direction indicates the left direction of the cooling system and the -X direction
indicates the right direction of the cooling system), the Y direction of Fig. 1 indicates
the front and rear direction of the cooling system (the +Y direction indicates the front
direction of the cooling system and the -Y direction indicates the rear direction of the
cooling system), and the Z direction of Fig. 2 indicates the up and down direction (the
+Z direction indicates the up direction of the cooling system and the -Z direction
indicates the down direction of the cooling system).

[0040]

A cooling system 1 is asystem for cooling a second refrigerant by using afirst
refrigerant and includes, as illustrated in Fig. 1, a first cooling system 10, a second
cooling system 100, a third cooling system 200, and a control device 300 to be

described later in Fig. 3. Here, the "first refrigerant” is used to cool the second
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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 sent out by a delivery flow
path 131 of the second cooling system 100 to be described later. Additionaly, the
first refrigerant corresponds to the "refrigerant” of claims and the second refrigerant
corresponds to the "cooling object” of claims.

[0041]

(Configuration-first cooling system)

The first cooling system 10 is a system for exchanging heat of the first
refrigerant with each of the second refrigerant and the third refrigerant and includes, as
illustrated in Fig. 1, a compression unit 20, a storage part 30, afirst heat exchange unit
41 to a sixth heat exchange unit 46, a first removing unit 47, a second removing unit
48, and a circulation unit 50. Here, the "third refrigerant” is used to cool the first
refrigerant, is sent out by afirst delivery flow path 201 or a second delivery flow path
202 of the third cooling system 200 to be described later, and is a basic concept
including, for example, a gaseous refrigerant, a liquid refrigerant, and the like.
However, in the embodiment, the third refrigerant will be described as industrial water.
[0042]

(Configuration-first cooling system-compression unit)

The compression unit 20 is a compression section which compresses the first
refrigerant. The compression unit 20 is configured by using, for example, a known
compressor (for example, a frequency-controlled operation type two-stage compressor
such as a compressor having an inverter drive circuit) and the like and includes,
specifically, a compression unit body 21, a first outlet 22, a first inlet 23, a second
outlet 24, a second inlet 25, and athird inlet 26.

[0043]
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Among these, the compression unit body 21 is a basic structure of the
compression unit 20 and is formed in a hollow shape.  Further, the first outlet 22 isan
opening for alowing the first refrigerant in the compression unit body 21 to flow out
to afirst circulation flow path 61 to be described later.  Further, the first inlet 23 is an
opening for alowing the first refrigerant in the first circulation flow path 61 to be
described later to flow into the compression unit body 21. Further, the second outlet
24 is an opening for allowing the first refrigerant in the compression unit body 21 to
flow out to a second circulation flow path 81 to be described later. Further, the
second inlet 25 is an opening for allowing the first refrigerant in the second circulation
flow path 81 to be described later to flow into the compression unit body 21.  Further,
thethird inlet 26 is an opening for allowing the first refrigerant in an auxiliary pipe 62c
to be described later (oil separated from a second removing unit 48 to be described
later) to flow into the compression unit body 21.

[0044]

Further, the specific operation content of the compression unit 20 is arbitrary,
but is as follows in the embodiment. That is, first, the first refrigerant which flows
from the first circulation flow path 61 to be described later into the compression unit
body 21 through the first inlet 23 is compressed and the compressed first refrigerant
flows out to the second circulation flow path 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 flow path 81 to be described
later into the compression unit body 21 through the second inlet 25 is compressed and
the compressed first refrigerant flows out to the first circulation flow path 61 to be
described later through the first outlet 22 (hereinafter, referred to as a "second

compression operation").  After that, an operation cycle including the first
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compression operation and the second compression operation is repeated. With such
an operation, the first refrigerant which is compressed twice by the compression unit
20 can be allowed to flow out to the first circulation flow path 61 to be described |ater
and the first refrigerant can be compressed efficiently compared to a case in which the
compression operation is performed only once.

[0045]

(Configuration-first cooling system-storage part)

The storage part 30 is a storage section which stores the first refrigerant.
The storage part 30 is configured by using, for example, a known refrigerant storage
device (for example, a hollow columnar expansion tank having an inflow port (not
illustrated) for alowing the first refrigerant to flow thereinto and therefrom) and is
provided, as illustrated in Fig. 1, on the side of the second cooling system 100 in
relation to the compression unit 20.

[0046]

Further, the specific size (for example, diameter and height) of the storage
part 30 is arbitrary, but may be set on the basis of, for example, atest result or the like
sinceit is desirable to make the storage part 30 as small as possible aslong as a desired
amount of the first refrigerant can be stored.

[0047]

(Configuration-first cooling system-first heat exchange unit to sixth heat
exchange unit)

The first heat exchange unit 41 is a first heat exchange section which
exchanges heat between the first refrigerant in the first circulation flow path 61 to be
described later and the second refrigerant and is able to cool the second refrigerant.

The first heat exchange unit 41 is configured by using, for example, a known heat
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exchanger (for example, an evaporator) or the like and is provided at a position in the
vicinity of the second cooling system 100 (in Fig. 1, an upstream position of the
delivery flow path 131 to be described later) asillustrated in Fig. 1.

[0048]

The second heat exchange unit 42 is a second heat exchange section which
exchanges heat between the first refrigerant in the first circulation flow path 61 to be
described later and the second refrigerant and is able to heat the second refrigerant
cooled by the first heat exchange unit 41. The second heat exchange unit 42 is
configured by using, for example, a known heat exchanger (for example, a plate heat
exchanger) or the like and is provided at a position in the vicinity of the second
cooling system 100 (in Fig. 1, a downstream position of the delivery flow path 131 to
be described later) as illustrated in Fig. 1. Such a second heat exchange unit 42 can
heat the second refrigerant cooled too much by the first heat exchange unit 41 and can
easily maintain the temperature of the downstream part of the delivery flow path 131
to be described later at a desired temperature.  Additionaly, the "first heat exchange
unit 41" and the "second heat exchange unit 42" correspond to the "heat exchange
section” of claims.

[0049]

The third heat exchange unit 43 is a third heat exchange section which
exchange heat between the first refrigerant in the first circulation flow path 61 to be
described later and the third refrigerant and is able to cool the first refrigerant. The
third heat exchange unit 43 is configured by using, for example, a known heat
exchanger or the like and is provided at a position in the vicinity of the third cooling
system 200 asillustrated in Fig. 1.

[0050]
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The fourth heat exchange unit 44 is a fourth heat exchange section which
exchanges heat between the first refrigerant in the second circulation flow path 81 to
be described later and the third refrigerant and is able to cool the first refrigerant.
The fourth heat exchange unit 44 is configured by using, for example, a known heat
exchanger or the like and is provided at a position in the vicinity of the third cooling
system 200 (in Fig. 1, a position different from the third heat exchange unit 43) as
illustrated in Fig. 1.

[0051]

The fifth heat exchange unit 45 is a fifth heat exchange section which
exchanges heat between the first refrigerant in the upstream part in relation to the first
heat exchange unit 41 in afirst cooling object side pipe 63a to be described later and
the first refrigerant in a sixth sub-pipe 71f to be described later and is able to cool the
first refrigerant in the first cooling object side pipe 63a to be described later. The
fifth heat exchange unit 45 is configured by using, for example, a known heat
exchanger or the like and is provided between the second heat exchange unit 42 and
the third heat exchange unit 43 as illustrated in Fig. 1. Such a fifth heat exchange
unit 45 can cool (supercool) the first refrigerant in the upstream part in relation to the
first heat exchange unit 41 in the first cooling object side pipe 63ato be described later
and can improve the cooling efficiency of the cooling system 1 while promoting the
cooling of the second refrigerant compared to a case in which the fifth heat exchange
unit 45 is not provided.

[0052]

The sixth heat exchange unit 46 is a refrigerant heat exchange section which

exchanges heat between the first refrigerant in the upstream part in relation to the first

heat exchange unit 41 in the first cooling object side pipe 63ato be described later and
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the first refrigerant in the downstream part in relation to the second heat exchange unit
42 in the second cooling object side pipe 63b to be described later and is able to heat
the first refrigerant in the second cooling object side pipe 63b to be described later.
The sixth heat exchange unit 46 is configured by using, for example, a known heat
exchanger or the like and is provided between the storage part 30 and the first heat
exchange unit 41 (or the second heat exchange unit 42) asillustrated in Fig. 1. Such
asixth heat exchange unit 46 can increase the temperature of the first refrigerant in the
downstream part in relation to the second heat exchange unit 42 in the second cooling
object side pipe 63b to be described later and can allow the dry first refrigerant to flow
into the compression unit 20.

[0053]

(Configuration-first cooling system-first removing unit)

The first removing unit 47 is a first removing section which removes foreign
matter (for example, shred, dust, or the like), moisture, or the like contained in the first
refrigerant in the first circulation flow path 61 to be described later. The first
removing unit 47 is configured by using, for example, a known refrigerant removing
device (for example, afilter dryer) or the like and is provided between the third heat
exchange unit 43 and the fifth heat exchange unit 45 asillustrated in Fig. 1.

[0054]

(Configuration-first cooling system-second removing unit)

The second removing unit 48 is a second removing section which removes
foreign matter (for example, oil or the like) contained in the first refrigerant in the first
circulation flow path 61 to be described later. The second removing unit 48 is
configured by using, for example, a known oil separator or the like and is provided

between the compression unit 20 and the storage part 30 asillustrated in Fig. 1.
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[0055]

(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.

[0056]

(Configuration-first cooling system-circulation unit-first circulation unit)

The first circulation unit 60 is for circulating the first refrigerant toward the
second cooling system 100 and includes, asillustrated in Fig. 1, afirst circulation flow
path 61, a first sub-pipe 71a to a sixth sub-pipe 71f, a first opening and closing valve
72ato an eighth opening and closing valve 72h, a temperature detection unit 73, afirst
pressure detection unit 74ato athird pressure detection unit 74c, afirst discharge valve
75a, and a second discharge valve 75b.

[0057]

(Configuration-first cooling system-circulation unit-first circulation unit-first
circulation flow path)

The first circulation flow path 61 is a circulation flow path for circulating the
first refrigerant so as to exchange heat between the first refrigerant compressed by the
compression unit 20 and the second refrigerant. The first circulation flow path 61 is
configured by using, for example, a known closed circulation flow path and is
provided so as to pass through the compression unit 20, the second removing unit 48,
the storage part 30, the first heat exchange unit 41 to the sixth heat exchange unit 46,
and the first removing unit 47 asillustrated in Fig. 1.  Further, asillustrated in Fig. 1,
the first circulation flow path 61 includes a compression unit side pipe 62 and a

cooling object side pipe 63.
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[0058]

(Configuration-first cooling system-circulation unit-first circulation unit-first
circulation flow path-compression unit side pipe)

The compression unit side pipe 62 is a pipe which is located on the side of the
compression unit 20 among the pipes constituting the first circulation flow path 61.
The compression unit side pipe 62 is configured by using, for example, a known
refrigerant pipe or the like (additionally, the same applies to the configuration of other
pipes) and includes, as illustrated in Fig. 1, an outlet side pipe 62a, an inlet side pipe
62b, and an auxiliary pipe 62c.

[0059]

The outlet side pipe 62a is a pipe which is 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 object side pipe 63.
Specificaly, as illustrated in Fig. 1, the outlet side pipe 62a is connected so that the
entire outlet side pipe is located outside the storage part 30.

[0060]

The inlet side pipe 62b is a pipe which is located on the side of the first inlet
23 of the compression unit 20 and is connected to, asillustrated in Fig. 1, the first inlet
23 of the compression unit 20 and the downstream end portion of the cooling object
side pipe 63.

[0061]

The auxiliary pipe 62c is a pipe which is located on the side of the third inlet
26 of the compression unit 20 and is connected to, as illustrated in Fig. 1, the third
inlet 26 of the compression unit 20 and the second removing unit 48. Further, the

auxiliary pipe 62c is provided with an auxiliary valve 62d for switching whether or not
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to allow the oil in the auxiliary pipe 62c to flow into the compression unit body 21 (for
example, a known opening and closing valve such as a solenoid valve).
[0062]

(Configuration-first cooling system-circulation unit-first circulation unit-first
circulation flow path-cooling object side pipe)

The cooling object side pipe 63 is a pipe which is located on the side of the
second cooling system 100 (the side of the cooling object) among the pipes
constituting the first circulation flow path 61 and includes, as illustrated in Fig. 1, a
first cooling object side pipe 63a and a second cooling object side pipe 63b.

[0063]

The first cooling object side pipe 63ais a pipe which is located on the side of
the first heat exchange unit 41 and is connected to the downstream end portion of the
outlet side pipe 62a and the upstream end portion of the inlet side pipe 62b.
Specificaly, as illustrated in Fig. 1, the first cooling object side pipe is connected to
sequentially pass through the sixth heat exchange unit 46, the third heat exchange unit
43, the first removing unit 47, the fifth heat exchange unit 45, the first heat exchange
unit 41, and the sixth heat exchange unit 46.

[0064]

The second cooling object side pipe 63b is a pipe which islocated on the side
of the second heat exchange unit 42 and is connected to the downstream end portion of
the outlet side pipe 62a and the upstream end portion of the inlet side pipe 62b.
Specificaly, asillustrated in Fig. 1, the second cooling object side pipe is connected to
sequentially pass through the second heat exchange unit 42 and the sixth heat
exchange unit 46. Additionaly, in the embodiment, as illustrated in Fig. 1, the

downstream part of the second cooling object side pipe 63b (specificaly, a part
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extending from the downstream end portion of the second cooling object side pipe 63b
to the upstream side of the sixth heat exchange unit 46) is integrally formed with the
downstream part of the first cooling object side pipe 63a so as to also serve as the
downstream part of the first cooling object side pipe 63a.
[0065]

Further, the flow of the first refrigerant in the first circulation flow path 61 is
asfollows.
[0066]

That is, first, a part of the first refrigerant compressed by the compression unit
20 flows out to the first cooling object side pipe 63a through the outlet side pipe 62a.
Next, the first refrigerant flowing out to the first cooling object side pipe 63ais cooled
by the third heat exchange unit 43 and the fifth heat exchange unit 45 and exchanges
heat with the second refrigerant by the first heat exchange unit 41 (specificaly, heat
exchange is performed to cool the second refrigerant). Then, the first refrigerant
exchanging heat with the second refrigerant is heated by the sixth heat exchange unit
46 and flows into the compression unit 20 through the first cooling object side pipe
63a and the inlet side pipe 62b. Further, the other part of the first refrigerant
compressed by the compression unit 20 flows out to the second cooling object side
pipe 63b through the outlet side pipe 62a. Next, the first refrigerant flowing out to
the second cooling object side pipe 63b exchanges heat with the second refrigerant by
the second heat exchange unit 42 (specifically, heat exchange is performed to heat the
second refrigerant). Then, the first refrigerant exchanging heat with the second
refrigerant is heated by the sixth heat exchange unit 46 and flows into the compression
unit 20 through the second cooling object side pipe 63b and the inlet side pipe 62b.
[0067]
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Such afirst circulation flow path 61 can circulate the first refrigerant so as to
exchange heat between the first refrigerant in the first circulation flow path 61 and the
second refrigerant in the delivery flow path 131 to be described later.

[0068]

(Configuration-first cooling system-circulation unit-first circulation unit-first
sub-pipe to sixth sub-pipe)

The first sub-pipe 71ais a first pipe for alowing the first refrigerant in the
outlet side pipe 62a to flow into the storage part 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 71ais connected to
the upstream part in relation to the storage part 30 in the outlet side pipe 62a and the
downstream end portion of the first sub-pipe 71ais accommodated inside the storage
part 30. Such afirst sub-pipe 71a can alow the first refrigerant in the outlet side pipe
62a to flow into the storage part 30 and prevent an excessive pressure in the first
circulation flow path 61. Particularly, since the first sub-pipe 71ais connected to the
outlet side pipe 624, it is possible to effectively prevent an excessive pressure in the
first circulation flow path 61 compared to a case in which the first sub-pipe 71a is
connected to the inlet side pipe 62b.  Further, since the temperature in the storage part
30 can be easily maintained at a critical temperature or more of the first refrigerant (for
example, 31°C or more or the like) due to the heat of the first refrigerant flowing into
the storage part 30, it is possible to suppress a decrease in the amount of the refrigerant
in the first circulation flow path 61 due to the condensation of the first refrigerant in
the storage part 30.

[0069]

The second sub-pipe 71b is a second pipe for allowing the first refrigerant in
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the storage part 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 the upstream part 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
storage part 30. Additionally, in the embodiment, asillustrated in Fig. 1, a part on the
side of the storage part 30 in the second sub-pipe 71b is integrally formed with a part
on the side of the storage part 30 in the first sub-pipe 71a so as to also serve as a part
on the side of the storage part 30 in the first sub-pipe 71a. However, the invention is
not limited thereto and, for example, the second sub-pipe may be formed separately
from a part on the side of the storage part 30 in the first sub-pipe 71a. Since such a
second sub-pipe 71b can alow the first refrigerant (the surplus first refrigerant) in the
storage part 30 to flow into the inlet side pipe 62b and can increase the temperature in
the inlet side pipe 62b due to the heat of the inflowing first refrigerant, it is possible to
suppress the functional deterioration or failure of the compression unit 20 due to the
inflow of saturated steam into the compression unit 20.

[0070]

The third sub-pipe 71c is a third pipe which transfers the heat of the third
sub-pipe 71c lower than the heat of the outlet side pipe 62a (specificaly, the cold heat
of the third sub-pipe 71c cooled by the first refrigerant in the third sub-pipe 71c) to the
first refrigerant in the storage part 30 and is connected to the inlet side pipe 62b
(specifically, apart on the side of the compression unit 20 in the inlet side pipe 62b).
[0071]

Further, the method of forming the third sub-pipe 71c is arbitrary, but in the

embodiment, the third sub-pipe 71c is formed so that heat thereof can be transferred to
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the first refrigerant in the storage part 30. Specifically, asillustrated in Fig. 1, a part
of the third sub-pipe 71c is bent in a substantially U shape so that a part of the third
sub-pipe 71c is accommodated in the storage part 30. However, the invention is not
limited thereto and, for example, the third sub-pipe may be formed by bending a part
of the third pipe in a coil shape so that a part of the third pipe outside the storage part
30 iswound around the storage part 30.

[0072]

The fourth sub-pipe 71d is a fourth pipe which transfers the heat of the fourth
sub-pipe 71d higher than the heat of the third sub-pipe 71c (specifically, the warm heat
of the third sub-pipe 71c heated by the first refrigerant in the fourth sub-pipe 71d) to
the first refrigerant in the storage part 30 and is connected to the outlet side pipe 62a
(specifically, the downstream part in relation to the second removing unit 48 in the
outlet side pipe 62a).

[0073]

Further, the method of forming the fourth sub-pipe 71d is arbitrary, but in the
embodiment, the fourth sub-pipe 71d is formed so that heat thereof can be transferred
to the first refrigerant in the storage part 30. Specifically, as illustrated in Fig. 1, a
part of the fourth sub-pipe 71d is bent in a substantially U shape so that a part of the
fourth sub-pipe 71d is accommodated in the storage part 30. However, the invention
isnot limited thereto and, for example, a part of the fourth sub-pipe 71d may be bent in
a coil shape so that a part of the fourth sub-pipe 71d outside the storage part 30 is
wound around the storage part 30.

[0074]
The fifth sub-pipe 71e is a fifth pipe for alowing the first refrigerant in the

first cooling object side pipe 63ato flow into the inlet side pipe 62b and is connected
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to the first cooling object side pipe 63a and the inlet side pipe 62b. Specifically, as
illustrated in Fig. 1, the fifth sub-pipe is connected to the upstream part in relation to
the first heat exchange unit 41 in the first cooling object side pipe 63a and the
upstream end portion of the inlet side pipe 62b. Such a fifth sub-pipe 71e can alow
the first refrigerant in the upstream part in relation to the first heat exchange unit 41 in
the first cooling object side pipe 63ato flow into the inlet side pipe 62b and can adjust
the temperature of the first refrigerant in the first circulation flow path 61 by using the
heat of the inflowing first refrigerant.

[0075]

The sixth sub-pipe 71f is a sixth pipe which is located on the side of the fifth
heat exchange unit 45 and is connected to the fourth sub-pipe 71d, the first cooling
object side pipe 63a, and the third sub-pipe 71c so as to pass through the sixth heat
exchange unit 46. Specifically, as illustrated in Fig. 1, the upstream end portion of
the sixth sub-pipe 71f is connected to the upstream part in relation to the storage part
30 in the fourth sub-pipe 71d and the downstream end portion of the sixth sub-pipe 71f
IS connected to the upstream end portion of the third sub-pipe 71c. Such a sixth
sub-pipe 71f can exchange heat between the first refrigerant in the sixth sub-pipe 71f
and thefirst refrigerant in the first cooling object side pipe 63a
[0076]

Here, the specific configuration of the first sub-pipe 71a and the second
sub-pipe 71b is arbitrary, but in the embodiment, the configuration is as follows.

[0077]

That is, since the first sub-pipe 71a and the second sub-pipe 71b are formed so

that a part of each of the first sub-pipe 71a and the second sub-pipe 71b is located

above the other part, it is possible to prevent the first refrigerant in the storage part 30
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from reversely flowing to the outlet side pipe 62a or the inlet side pipe 62b through the
first sub-pipe 71a or the second sub-pipe 71b. Specifically, asillustrated in Fig. 2, the
first sub-pipe 71a and the second sub-pipe 71b are bent so that a part accommodated in
the storage part 30 in each of the first sub-pipe 71a and the second sub-pipe 71b and a
part in the vicinity thereof are located above the other parts (more specifically, a front
end portion of a part accommodated in the storage part 30 is located in the vicinity of
the upper end of the storage part 30 and is located above the third sub-pipe 71c and the
fourth sub-pipe 71d). Accordingly, since the density of the first refrigerant in the
storage part 30 becomes much larger than the density of the first refrigerant in the first
sub-pipe 71a and the second sub-pipe 71b when cooling the storage part 30, it is
possible to prevent the first refrigerant in the storage part 30 from reversely flowing to
the outlet side pipe 62a or the inlet side pipe 62b through the first sub-pipe 71a or the
second sub-pipe 71b due to gravity and to accurately manage the amount of the first
refrigerant in the first circulation flow path 61.

[0078]

Further, as illustrated in Fig. 2, the first sub-pipe 71a is provided with an
inflow preventing portion 76. The inflow preventing portion is an inflow preventing
section which prevents foreign matter (for example, oil or the like) from flowing into
the storage part 30 through the first sub-pipe 71a, is configured as a through-hole
formed in the side portion of the first sub-pipe 71a, and is provided in a part
accommodated in the storage part 30 in the first sub-pipe 71a (specifically, alower end
part of the corresponding part). Accordingly, foreign matter can be discharged to the
outside of the first sub-pipe 71a through the inflow preventing portion 76 when the
first refrigerant flows into the storage part 30 through the first sub-pipe 71a. Thus, it

IS possible to prevent foreign matter from flowing into the storage part 30 through the
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first sub-pipe 71a and to prevent the first refrigerant in the storage part 30 from being
contaminated by foreign matter.
[0079]

(Configuration-first cooling system-circulation unit-first circulation unit-first
opening and closing valve to eighth opening and closing valve)

Returning to Fig. 1, the first opening and closing valve 72a is a valve for
switching whether or not to allow the first refrigerant in the outlet side pipe 62a to
flow into the storage part 30. The first opening and closing valve 72a is configured
by using, for example, a known opening and closing valve (for example, a solenoid
valve) or the like (additionally, the same applies to the configuration of other opening
and closing valves) and is provided in the first sub-pipe 71a. Specifically, as
illustrated in Fig. 1, the first opening and closing valve is connected to a part on the
side of the compression unit 20 in the first sub-pipe 71a.

[0080]

The second opening and closing valve 72b is avalve for switching whether or
not to allow the first refrigerant in the storage part 30 to flow into the inlet side pipe
62b and is provided in the second sub-pipe 71b. Specificaly, asillustrated in Fig. 1,
the second opening and closing valve is connected to a part on the side of the
compression unit 20 in the second sub-pipe 71b.

[0081]

The third opening and closing valve 72c is a valve for switching whether or
not to allow the first refrigerant in the upstream part in relation to the storage part 30 in
the third sub-pipe 71c to flow into a part on the side of the storage part 30 in the third
sub-pipe 71c and is provided in the third sub-pipe 71c. Specificaly, as illustrated in

Fig. 1, the third opening and closing valve is connected to a part between the upstream
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end portion of the third sub-pipe 71c and the storage part 30.
[0082]

The fourth opening and closing valve 72d is a valve for switching whether or
not to allow the first refrigerant in the upstream part in relation to the storage part 30 in
the fourth sub-pipe 71d to flow into a part on the side of the storage part 30 in the
fourth sub-pipe 71d and is provided in the fourth sub-pipe 71d. Specifically, as
illustrated in Fig. 1, the fourth opening and closing valve is connected to a part
between the upstream end portion of the fourth sub-pipe 71d and the storage part 30.
[0083]

The fifth opening and closing valve 72e is avalve for adjusting the amount of
the first refrigerant in the cooling object side pipe 63 flowing into the inlet side pipe
62b and is provided in the fifth sub-pipe 71e. Specifically, asillustrated in Fig. 1, the
fifth opening and closing valve is connected to the upstream part of the fifth sub-pipe
71le.

[0084]

The sixth opening and closing valve 72f is a valve for adjusting the amount of
the first refrigerant in the first cooling object side pipe 63a flowing into the first heat
exchange unit 41 and is provided in the first cooling object side pipe 63a
Specificaly, asillustrated in Fig. 1, the sixth opening and closing valve is connected to
a part between the first heat exchange unit 41 of the first cooling object side pipe 63a
and the fifth heat exchange unit 45.

[0085]

The seventh opening and closing valve 72g is a valve for adjusting the amount

of the first refrigerant exchanging heat by the second heat exchange unit 42 and

flowing into the inlet side pipe 62b and is provided in the second cooling object side
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pipe 63b. Specificaly, asillustrated in Fig. 1, the seventh opening and closing valve
is connected to the downstream part in relation to the first heat exchange unit 41 in the
second cooling object side pipe 63b.

[0086]

The eighth opening and closing valve 72h is a valve for adjusting the amount
of the first refrigerant in the upstream part in relation to the fifth heat exchange unit 45
in the sixth sub-pipe 71f flowing into the downstream part in relation to the fifth heat
exchange unit 45 in the sixth sub-pipe 71f and is provided in the sixth sub-pipe 71f.
Specificaly, asillustrated in Fig. 1, the eighth opening and closing valve is connected
to the upstream part of the sixth sub-pipe 71f.

[0087]

(Configuration-first cooling  system-circulation  unit-first  circulation
unit-temperature detection unit)

The temperature detection unit 73 is a detection section which detects the
temperature in the outlet side pipe 62a. The temperature detection unit 73 is
configured by using, for example, a known temperature detection sensor or the like
(additionally, the same applies to the configuration of other temperature detection
units) and is provided in the outlet side pipe 62a.  Specificaly, asillustrated in Fig. 1,
the temperature detection unit is connected to a part in the vicinity of the compression
unit 20 in the outlet side pipe 62a.

[0088]

(Configuration-first cooling system-circulation unit-first circulation unit-first
pressure detection unit to third pressure detection unit)

The first pressure detection unit 74ais used to detect the pressure in the outlet

side pipe 62a. The first pressure detection unit 74a is configured by using, for

36



example, a known pressure sensor, pressure switch, or the like and is provided in the
outlet side pipe 62a at a plurality of positions (in Fig. 1, two positions). Specifically,
as illustrated in Fig. 1, the first pressure detection unit is connected to a part in the
vicinity of the compression unit 20 in the outlet side pipe 62a

[0089]

The second pressure detection unit 74b is used to detect the pressure in the
inlet side pipe 62b. The second pressure detection unit 74b is configured by using,
for example, a known pressure sensor or the like (additionally, the same applies to the
third pressure detection unit 74c, a pressure detection unit 82 to be described later, and
adelivery pressure detection unit 136 to be described later) and is provided in the inlet
side pipe 62b. Specifically, asillustrated in Fig. 1, the second pressure detection unit
is connected to a part in the vicinity of the compression unit 20 in the inlet side pipe
62b.

[0090]

The third pressure detection unit 74c is used to detect the pressure in the
cooling object side pipe 63 and is provided in the first cooling object side pipe 63a.
Specificaly, as illustrated in Fig. 1, the third pressure detection unit is connected to a
part between the fifth heat exchange unit 45 in the first cooling object side pipe 63a
and the sixth opening and closing valve 72f.

[0091]

(Configuration-first cooling system-circulation unit-first circulation unit-first
discharge valve, second discharge valve)

The first discharge valve 75a is a valve for switching whether or not to
discharge the first refrigerant in the outlet side pipe 62ato the first discharge part (not

illustrated) and is provided in the outlet side pipe 62a asillustrated in Fig. 1.
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[0092]

The second discharge valve 75b is a valve for switching whether or not to
discharge the first refrigerant in the inlet side pipe 62b to the second discharge part
(not illustrated) and is provided in the inlet side pipe 62b as illustrated in Fig. 1.

[0093]

(Configuration-first cooling system-circulation unit-second circulation unit)

The second circulation unit 80 is for circulating the first refrigerant toward the
second cooling system 100 and includes, as illustrated in Fig. 1, a second circulation
flow path 81 and the pressure detection unit 82.

[0094]

(Configuration-first cooling system-circulation unit-second circulation
unit-second circulation flow path)

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

[0095]

(Configuration-first cooling system-circulation unit-second circulation

unit-pressure detection unit)

The pressure detection unit 82 is used to detect the pressure in the second
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circulation flow path 81 and is provided in the second circulation flow path 81.
Specificaly, as illustrated in Fig. 1, the pressure detection unit is connected to the
downstream part in the second circulation flow path 81.

[0096]

(Configuration-second cooling system)

The second cooling system 100 is a system for exchanging heat of the second
refrigerant with the first refrigerant and includes, as illustrated in Fig. 1, an air vent
unit 110, a storage part 120, and adelivery unit 130.

[0097]

(Configuration-second cooling system-air vent unit)

The air vent unit 110 is used to discharge air accumulated in the delivery flow
path 131 to be described later and is configured by using, for example, a known air
venter (for example, an air vent tank) or thelike. Asillustrated in Fig. 1, the air vent
unit is provided in the vicinity of the second heat exchange unit 42.

[0098]

(Configuration-second cooling system-storage part)

The storage part 120 is used to store the second refrigerant and is configured
by using, for example, a known refrigerant storage section (for example, a reservoir
tank with an auxiliary tank 121 (or a reservoir tank without an auxiliary tank 121)) or
the like. As illustrated in Fig. 1, the storage part is provided in the vicinity of the
delivery flow path 131.

[0099]
(Configuration-second cooling system-delivery unit)
The delivery unit 130 is a delivery section for sending the second refrigerant

toward the first cooling system 10 and includes, as illustrated in Fig. 1, the delivery
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flow path 131, afirst sub-delivery pipe 132a to a fifth sub-delivery pipe 132¢, a first
delivery opening and closing valve 133ato a fifth delivery opening and closing valve
133e, a pump unit 134, a first delivery temperature detection unit 135a to a third
delivery temperature detection unit 135c, the delivery pressure detection unit 136, a
flow rate detection unit 137, and alevel detection unit 138.

[0100]

(Configuration-second cooling system-delivery unit-delivery flow path)

The delivery flow path 131 is a flow path for sending the second refrigerant
toward the first cooling system 10. The delivery flow path 131 is configured by using,
for example, aknown flow path configured as a pipe (additionally, the same applies to
the configuration of other delivery flow paths) and is provided so as to pass through a
first inflow portion (not illustrated) which allows the second refrigerant to flow from
the outside into the delivery flow path 131, the first heat exchange unit 41, the second
heat exchange unit 42, the air vent unit 110, and afirst outflow portion (not illustrated)
which alows the second refrigerant to flow from the delivery flow path 131 to the
outside asillustrated in Fig. 1. Specifically, the upstream end portion of the delivery
flow path 131 is connected to the first inflow portion and the downstream end portion
of the delivery flow path 131 is connected to the first outflow portion. Such a
delivery flow path 131 can send the second refrigerant so as to exchange heat between
the second refrigerant in the delivery flow path 131 and the first refrigerant in the first
circulation flow path 61.

[0101]

(Configuration-second cooling system-delivery unit-first sub-delivery pipe to

fifth sub-delivery pipe)

The first sub-delivery pipe 132ais a pipe for alowing the second refrigerant
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in the air vent unit 110 to flow into the storage part 120 through the first sub-delivery
pipe 132a. Asillustrated in Fig. 1, the upstream end portion of the first sub-delivery
pipe 132ais connected to the air vent unit 110 and the downstream end portion of the
first sub-delivery pipe 132ais connected to the storage part 120.

[0102]

The second sub-delivery pipe 132b is a pipe for alowing the second
refrigerant in the storage part 120 to flow into the air vent unit 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 storage part 120 and the
downstream end portion of the second sub-delivery pipe 132b is connected to the air
vent unit 110.

[0103]

The third sub-delivery pipe 132c is a pipe for alowing the second refrigerant
in the upstream part of the delivery flow path 131 to flow into the downstream part of
the delivery flow path 131 through the third sub-delivery pipe 132c. Asillustrated in
Fig. 1, the upstream end portion of the third sub-delivery pipe 132c is connected to the
upstream part of the delivery flow path 131 and the downstream end portion of the
third sub-delivery pipe 132c is connected to the downstream part of the delivery flow
path 131.

[0104]

The fourth sub-delivery pipe 132d is a pipe for discharging the second
refrigerant in the delivery flow path 131 to a third discharge part (not illustrated)
through the fourth sub-delivery pipe 132d. Asiillustrated in Fig. 1, the upstream end
portion of the fourth sub-delivery pipe 132d is connected to a part on the side of the

first heat exchange unit 41 in the delivery flow path 131 and the downstream end
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portion of the fourth sub-delivery pipe 132d is connected to the third discharge part.
[0105]

The fifth sub-delivery pipe 132e is a pipe for discharging the second
refrigerant in the air vent unit 110 to a fourth discharge part (not illustrated) through
the fifth sub-delivery pipe 132e. Asillustrated in Fig. 1, the upstream end portion of
the fifth sub-delivery pipe 132e is connected to the downstream part of the delivery
flow path 131 and the downstream end portion of the fourth sub-delivery pipe 132d is
connected to the fourth discharge part.

[0106]

(Configuration-second cooling system-delivery unit-first delivery opening and
closing valve to fifth delivery opening and closing valve)

The first delivery opening and closing valve 133a is a valve for switching
whether or not to allow the second refrigerant to flow from the first inflow portion into
the delivery flow path 131. The first delivery opening and closing vave 133a is
configured by using, for example, a known opening and closing valve (for example, a
gate valve) or the like (additionally, the same applies to the configuration of the second
delivery opening and closing valve 133b) and is provided in the upstream end portion
of the delivery flow path 131 asillustrated in Fig. 1.

[0107]

The second delivery opening and closing valve 133b is a valve for switching
whether or not to allow the second refrigerant to flow out from the delivery flow path
131 to the first outflow portion and is provided in the downstream end portion of the
delivery flow path 131 asillustrated in Fig. 1.

[0108]

The third delivery opening and closing valve 133c is a valve for switching
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whether or not to alow the second refrigerant in the third sub-delivery pipe 132c to
flow into the downstream part of the delivery flow path 131. The third delivery
opening and closing valve 133c is configured by using, for example, a known opening
and closing valve (for example, aball valve) or the like (additionally, the same applies
to the configuration of the fourth delivery opening and closing valve 133d) and is
provided in the third sub-delivery pipe 132c asillustrated in Fig. 1.

[0109]

The fourth delivery opening and closing valve 133d is a valve for switching
whether or not to discharge the second refrigerant in the fourth sub-delivery pipe 132d
to the third discharge part and is provided in the fourth sub-delivery pipe 132d as
illustrated in Fig. 1.

[0110]

The fifth delivery opening and closing valve 133e is a valve for switching
whether or not to discharge the second refrigerant in the fifth sub-delivery pipe 132e to
the fourth discharge part and is provided in the fifth sub-delivery pipe 132e as
illustrated in Fig. 1.

[0111]

(Configuration-second cooling system-delivery unit-pump unit)

The pump unit 134 is used to send the second refrigerant in the delivery flow
path 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 part
of the delivery flow path 131 asillustrated in Fig. 1.

[0112]
(Configuration-second cooling system-delivery unit-first delivery temperature

detection unit to third delivery temperature detection unit)
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The first delivery temperature detection unit 135a is used to detect the
temperature in the delivery flow path 131 and is provided in the upstream part of the
delivery flow path 131 asillustrated in Fig. 1.

[0113]

The second delivery temperature detection unit 135b is used to detect the
temperature in the delivery flow path 131 and is provided in a part on the side of the
first heat exchange unit 41 in the delivery flow path 131 asillustrated in Fig. 1.

[0114]

The third delivery temperature detection unit 135c is used to detect the
temperature in the delivery flow path 131 and is provided in the downstream part of
the delivery flow path 131 asillustrated in Fig. 1.

[0115]

(Configuration-second cooling system-delivery unit-delivery  pressure
detection unit)

The delivery pressure detection unit 136 is used to detect the pressure in the
delivery flow path 131 and is provided in the downstream part of the delivery flow
path 131 asillustrated in Fig. 1.

[0116]

(Configuration-second cooling system-delivery unit-flow rate detection unit)

The flow rate detection unit 137 is used to detect the flow rate of the second
refrigerant in the delivery flow path 131, is configured by using, for example, a known
flow rate detection sensor or the like, and is provided in the downstream part of the
delivery flow path 131 asillustrated in Fig. 1.

[0117]

(Configuration-second cooling system-delivery unit-level detection unit)
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The level detection unit 138 is used to detect the height of the liquid level of
the storage part 120, is configured by using, for example, a known level detection
sensor or the like, and is provided in the first sub-delivery pipe 132a as illustrated in
Fig. 1.

[0118]

(Configuration-third cooling system)

The third cooling system 200 is a system for exchanging heat of the third
refrigerant with the first refrigerant and includes, as illustrated in Fig. 1, the first
delivery flow path 201, the second delivery flow path 202, a sixth delivery opening
and closing valve 203 to an eighth delivery opening and closing valve 205, a delivery
temperature detection unit 206, and a removing unit 207.

[0119]

(Configuration-third cooling system-delivery flow path)

Thefirst delivery flow path 201 is a flow path for sending the third refrigerant
toward the first cooling system 10 and is provided so as to pass through a second
inflow portion (not illustrated) which allows the third refrigerant to flow from the
outside into the first delivery flow path 201, the third heat exchange unit 43, and a
second outflow portion (not illustrated) which allows the third refrigerant to flow from
the first delivery flow path 201 to the outside asillustrated in Fig. 1.  Specificaly, the
upstream end portion of the first delivery flow path 201 is connected to the second
inflow portion and the downstream end portion of the first delivery flow path 201 is
connected to the second outflow portion.  Such afirst delivery flow path 201 can send
the third refrigerant so as to exchange heat between the third refrigerant in the first
delivery flow path 201 and the first refrigerant in the first circulation flow path 61.

[0120]
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The second delivery flow path 202 is a flow path for sending the third
refrigerant toward the first cooling system 10 and is provided so as to pass through the
fourth heat exchange unit 44 as illustrated in Fig. 1. Specifically, the upstream end
portion of the second delivery flow path 202 is connected to the upstream part of the
first delivery flow path 201 and the downstream end portion of the second delivery
flow path 202 is connected to the downstream part of the first delivery flow path 201.
Such a second delivery flow path 202 can send the third refrigerant so as to exchange
heat between the third refrigerant in the second delivery flow path 202 and the first
refrigerant in the second circulation flow path 81.

[0121]

(Configuration-third cooling system-sixth delivery opening and closing valve
to eighth delivery opening and closing valve)

The sixth delivery opening and closing valve 203 is a valve for switching
whether or not to allow the third refrigerant in the first delivery flow path 201 to flow
out to the second outflow portion. The sixth delivery opening and closing valve 203
is configured by using, for example, a known opening and closing valve (for example,
a water control valve) or the like and is provided in the downstream part of the first
delivery flow path 201 asillustrated in Fig. 1.

[0122]

The seventh delivery opening and closing valve 204 is a valve for switching
whether or not to allow the third refrigerant in the second delivery flow path 202 to
flow out to the second outflow portion. The seventh delivery opening and closing
valve 204 is configured by using, for example, a known opening and closing valve (for
example, a solenoid valve) or the like and is provided in the downstream part of the

second delivery flow path 202 asillustrated in Fig. 1.
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[0123]

The eighth delivery opening and closing valve 205 is avalve for adjusting the
third refrigerant in the first delivery flow path 201. The eighth delivery opening and
closing valve 205 is configured by using, for example, a known opening and closing
valve (for example, a constant flow control valve) or the like and is provided in the
upstream part of the second delivery flow path 202 asillustrated in Fig. 1.

[0124]

(Configuration-third cooling system-delivery temperature detection unit)

The delivery temperature detection unit 206 is used to detect the temperature
in the first delivery flow path 201 and is provided in the upstream part of the first
delivery flow path 201 asillustrated in Fig. 1.

[0125]

(Configuration-third cooling system-removing unit)

The removing unit 207 is a removing section for removing foreign matter
contained in the third refrigerant in the first delivery flow path 201. The removing
unit 207 is configured by using, for example, a known filtering device or the like and
is provided in the upstream part of the first delivery flow path 201 asillustrated in Fig.
1.

[0126]

(Configuration-control device)

Fig. 3isablock diagram illustrating an electrical configuration of the control
device 300. The control device 300 is a device that controls each unit of the cooling
system 1, is provided in the vicinity of the first cooling system 10, and includes, as
illustrated in Fig. 3, an operation unit 310, a communication unit 320, an output unit

330, apower supply unit 340, a control unit 350, and a storage unit 360. Additionally,

47



in the embodiment, it will be described that the control device 300 is electricaly
connected to each of the electrical parts of the first cooling system 10, the second
cooling system 100, and the third cooling system 200 (for example, various opening
and closing valves, various detection units, and the like) viaawiring (not illustrated).
[0127]

(Configuration-control device-operation unit)

The operation unit 310 is an operation section for receiving an operation input
for various kinds of information. The operation unit 310 is configured by using a
known operation section such as a touch panel, a remote operation section such as a
remote controller, or a hard switch.

[0128]

(Configuration-control device-communication unit)

The communication unit 320 is a communication section for communicating
with each of the electrical parts 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.

[0129]

(Configuration-control device-output unit)

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

[0130]
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(Configuration-control device-power supply unit)

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

[0131]

(Configuration-control device-control unit)

The control unit 350 is a control section that controls each part of the control
device 300. The control unit 350 is, specifically, a computer that includes a CPU,
various programs to be interpreted and executed on the CPU (including basic control
programs such as OS and application programs started on the OS and realizing specific
functions), and an interna memory such as a RAM for storing various programs and
various data.

[0132]

Further, the control unit 350 includes, as illustrated in Fig. 3, an opening and
closing control unit 351 and a compression control unit 352 as a functional concept.
[0133]

The opening and closing control unit 351 is an opening and closing control
section that controls the opening and closing of the first opening and closing valve 723,
the second opening and closing valve 72b, and the third opening and closing valve 72c
on the basis of the set temperature of the second refrigerant set according to a
predetermined method.

[0134]

The compression control unit 352 is a compression control section that

controls the compression unit 20 on the basis of the detection result of the temperature

detection unit 73 and the temperature of the second refrigerant acquired by a
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predetermined method. Additionally, the process executed by the control unit 350
will be described in detail |ater.
[0135]

(Configuration-control device-storage unit)

The storage unit 360 is a recording section that stores 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) as an externa recording device. However,
any other recording medium including a magnetic recording medium such as a
magnetic disc, an optical recording medium such as a DVD and Blu-ray disc, or an
electrical recording medium such as a Flash Rom, a USB memory, and a SD card can
be used instead of the hard disk or together with the hard disk.

[0136]

With the above-described cooling system 1, it is possible to effectively cool
the second refrigerant by using the first refrigerant.  Further, it is possible to cool the
first refrigerant in the storage part 30 by using the heat (cold heat) of the third sub-pipe
71c. Thus, it is possible to store the first refrigerant in the storage part 30 at a high
density (specifically, high pressure and high density) and to make the storage part 30 in
a compact size while increasing the storage amount of the storage part 30. Further, it
is possible to heat the first refrigerant in the storage part 30 by using the heat (warm
heat) of the fourth sub-pipe 71d. Thus, it is possible to store the first refrigerant in
the storage part 30 at a low density (specifically, low pressure and low density) and to
store the first refrigerant according to the situation of the storage part 30.
Additionally, the "storage part 30", the "first sub-pipe 71a", the "second sub-pipe 71b",
the "third sub-pipe 71c", the "fourth sub-pipe 71d", the "first opening and closing

valve 723", the "second opening and closing valve 72b", the "third opening and closing
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valve 72c", the "fourth opening and closing valve 72d", and the "opening and closing
control unit 351" correspond to the "refrigerant control system” of claims.
[0137]

(Control process)

Next, a control process which is executed by the cooling system 1 with the
above-described configuration will be described. Fig. 4 is a flowchart of the control
process according to the embodiment (in the following description of each process, the
step is abbreviated as "S'). Fig. 5 is a diagram illustrating a flow of the first
refrigerant when opening and closing the first opening and closing valve 72a to the
fourth opening and closing valve 72d, where Fig. 5(a) is a diagram illustrating a state
in which the first opening and closing valve 72a and the third opening and closing
valve 72c are opened and the second opening and closing valve 72b and the fourth
opening and closing valve 72d are closed and Fig. 5(b) is adiagram illustrating a state
in which the first opening and closing valve 72a and the third opening and closing
valve 72c are closed and the second opening and closing valve 72b and the fourth
opening and closing valve 72d are opened.

[0138]

The control process is a process for controlling the cooling system 1. The
timing of executing this control processis arbitrary, but in the embodiment, the timing
will be described as being started after the power of the cooling system 1 isturned on.
[0139]

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 contained in the
compression unit 20. Further, it is assumed that the first opening and closing valve

723, the third opening and closing valve 72c, the third delivery opening and closing
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valve 133c, the fourth delivery opening and closing valve 133d, and the fifth delivery
opening and closing valve 133e are closed, but the other opening and closing valves
are opened in the opening and closing states of various opening and closing valves of
the cooling system 1. Accordingly, it is assumed that the first refrigerant can
circulate in the first circulation flow path 61 and the second circulation flow path 81,
the second refrigerant flows in the delivery flow path 131, and the third refrigerant
flowsin thefirst delivery flow path 201 and the second delivery flow path 202.

[0140]

When the control process is started, as illustrated in Fig. 4, the control unit
350 of the control device 300 sets the set temperature of the first refrigerant (for
example, about +70°C to +90°C, and the like and hereinafter, referred to as a "first set
temperature’) in SA1. The first set temperature setting method is arbitrary, but in the
embodiment, information indicating the set temperature input through the operation
unit 310 is set as the first set temperature to be set. However, the invention is not
limited thereto, but for example, information indicating the set temperature stored in
the storage unit 360 in advance or information indicating the set temperature received
from the externa device through the communication unit 320 may be set asthe first set
temperature to be set (additionally, the same applies to a second set temperature setting
method of SA2 to be described later).

[0141]

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

[0142]

In SA3, the compression control unit 352 of the control device 300 controls
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the compression unit 20 (specifically, control of repeating the operation cycle of the
compression unit 20). Additionally, in the embodiment, it is assumed that the process
of SA3 is continuously executed until the control process ends.

[0143]

Here, the control process content of the compression unit 20 is arbitrary, but
in the embodiment, the compression unit 20 (specificaly, the operation frequency of
the compression unit 20) is controlled on the basis of the detection result of the
temperature detection unit 73 in the process of SA3 and at least one detection result of
the first delivery temperature detection unit 135a to the third delivery temperature
detection unit 135c in the process of SA3.

[0144]

For example, when the temperature of the second refrigerant acquired from
the first delivery temperature detection unit 135a (alternatively, the second delivery
temperature detection unit 135b or the third delivery temperature detection unit 135c)
Is higher than the second set temperature set in SA2, the flow rate of the first
refrigerant flowing out from 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 temperature detection unit 73 decreases.

[0145]

Further, when the temperature of the second refrigerant acquired from the first
delivery temperature detection unit 135a (aternatively, the second delivery
temperature detection unit 135b or the third delivery temperature detection unit 135c)
is lower than the second set temperature set in SA2, the flow rate of the first refrigerant
flowing out from the compression unit 20 is decreased by decreasing the operation

frequency of the compression unit 20 so that the temperature of the first refrigerant
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acquired from the temperature detection unit 73 increases.
[0146]

With such a process, 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.

[0147]

In SA4, the opening and closing control unit 351 of the control device 300
controls the opening and closing of the first opening and closing valve 72a, the second
opening and closing valve 72b, the third opening and closing valve 72c, and the fourth
opening and closing valve 72d on the basis of the second set temperature set in SA2.
[0148]

Here, the process content of the opening and closing control of the first
opening and closing valve 72a, the second opening and closing valve 72b, the third
opening and closing valve 72c, and the fourth opening and closing valve 72d is
arbitrary, but in the embodiment, these valves are controlled as follows.

[0149]

That is, when the second set 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), the first opening and closing
valve 72a and the third opening and closing valve 72c are opened and the second
opening and closing valve 72b and the fourth opening and closing valve 72d are closed.
Accordingly, as illustrated in Fig. 5(a), the first refrigerant in the outlet side pipe 62a
flows into the storage part 30 and the heat (cold heat) of the third sub-pipe 71c is
transferred to the first refrigerant in the storage part 30.

[0150]
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Further, when the second set temperature is lower than the critical temperature
of the first refrigerant, the first opening and closing valve 72a and the third opening
and closing valve 72c are closed and the second opening and closing valve 72b and the
fourth opening and closing valve 72d are opened. Accordingly, as illustrated in Fig.
5(b), the first refrigerant in the storage part 30 flows into the inlet side pipe 62b and
the heat (warm heat) of the fourth sub-pipe 71d is transferred to the first refrigerant in
the storage part 30.

[0151]

In thisway, it is possible to effectively cool and heat the first refrigerant in the
storage part 30 by the opening and closing control of the first opening and closing
valve 72a, the second opening and closing valve 72b, the third opening and closing
valve 72c, and the fourth opening and closing valve 72d based on the second set
temperature and to improve the usability of the cooling system 1 (specifically, the
refrigerant control system). Particularly, when the second set temperature is higher
than the critical temperature of the first refrigerant, the first refrigerant can flow from
the outlet side pipe 62a into the storage part 30 and the first refrigerant in the storage
part 30 can be cooled by the heat of the third sub-pipe 71c. Accordingly, it is
possible to increase the density of the first refrigerant in the storage part 30 while
suppressing an excessive pressure in the first circulation flow path 61 or an increase in
excessive cooling ability when the second set temperature is high.  Further, when the
second set temperature is lower than the critical temperature of the first refrigerant, the
first refrigerant in the storage part 30 can flow into the inlet side pipe 62b and the first
refrigerant in the storage part 30 can be heated by the heat of the fourth sub-pipe 71d.
Accordingly, it is possible to decrease the density of the first refrigerant in the storage

part 30 while increasing the amount of the refrigerant of the first circulation flow path
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61. Further, since the first refrigerant is carbon dioxide, it is possible to prevent the
pressure in the first circulation flow path 61 from becoming excessive even if carbon
dioxide expands more easily than the chlorofluorocarbon gas. Further, the second
refrigerant is a refrigerant for cooling a semiconductor manufacturing system.
Accordingly, even when the temperature range of the second refrigerant is relatively
wide, it is possible to prevent the pressure of the first circulation flow path 61 from
becoming excessive and to prevent the flow rate of the first refrigerant in the first
circulation flow path 61 from decreasing due to the condensation of the first refrigerant
in the storage part 30.

[0152]

Returning to Fig. 4, in SA5, the opening and closing control unit 351 of the
control device 300 controls the opening and closing of the eighth opening and closing
valve 72h. Additionally, in the embodiment, the process of SA5 is continued until the
control process ends.

[0153]

Here, the process content of the opening and closing control of the eighth
opening and closing valve 72h is arbitrary, but in the embodiment, the opening and
closing is controlled on the basis of the second set temperature.

[0154]

For example, when the second set temperature is lower than the threshold
value stored in the storage unit 360 in advance, the eighth opening and closing valve
72h is opened to a predetermined opening degree. Accordingly, since the first
refrigerant in the upstream part in relation to the fifth heat exchange unit 45 in the
sixth sub-pipe 71f flows into the downstream part in relation to the fifth heat exchange

unit 45 in the sixth sub-pipe 71f, the heat exchange of the first refrigerant is performed
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by the fifth heat exchange unit 45.
[0155]

Further, when the second set temperature is higher than the threshold value,
the eighth opening and closing valve 72h is closed. Accordingly, since the first
refrigerant in the upstream part in relation to the fifth heat exchange unit 45 in the
sixth sub-pipe 71f does not flow into the downstream part in relation to the fifth heat
exchange unit 45 in the sixth sub-pipe 71f, the heat exchange of the first refrigerant is
not performed by the fifth heat exchange unit 45.

[0156]

With such a process, it is possible to adjust the opening degree of the eighth
opening and closing valve 72h on the basis of the second set temperature and to
efficiently adjust the temperature of the first refrigerant in the first cooling object side
pipe 63a.

[0157]

After the process of SA5, the opening and closing control unit 351 of the
control device 300 starts afirst temperature adjustment process (SA6).
[0158]

(Control process-first temperature adjustment process)

Next, the first temperature adjustment process (SA6) of Fig. 4 will be
described. Fig. 6 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 object side pipe 63.

[0159]
When the first temperature adjustment process is started, as illustrated in Fig.

6, in SB1, the opening and closing control unit 351 of the control device 300 acquires
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the temperature of the second refrigerant from any one of the first delivery temperature
detection unit 135a, the second delivery temperature detection unit 135b, and the third
delivery temperature detection unit 135c.

[0160]

In SB2, the opening and closing control unit 351 of the control device 300
determines whether or not the temperature of the second refrigerant acquired in SB1is
the second set temperature. Then, the opening and closing control unit 351 of the
control device 300 proceeds to SB3 when the temperature of the second refrigerant is
not determined as the second set temperature (SB2, No) and ends the first temperature
adjustment process and returns to execute the control process of Fig. 4 when the
temperature of the second refrigerant is determined as the second set temperature (SB2,
Yes).

[0161]

In SB3, the opening and closing control unit 351 of the control device 300
performs the opening degree control of the sixth opening and closing valve 72f and the
seventh opening and closing valve 72g on the basis of the temperature of the second
refrigerant acquired in SB1. Subsequently, the opening and closing control unit 351
of the control device 300 proceeds to SB1 and repeats the processes from SB1 to SB3
until the temperature of the second refrigerant is determined as the second set
temperature in SB2.

[0162]

Further, the process content of the opening degree control of the sixth opening
and closing valve 72f and the seventh opening and closing valve 72g is arbitrary, but
the opening degree may be controlled, for example, as follows.

[0163]
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That is, when the temperature of the second refrigerant acquired in SB1 is
higher than the second set temperature set in SA2, the opening degree of the sixth
opening and closing valve 72f is made wider than the first reference opening degree
and the opening degree of the seventh opening and closing valve 729 is made narrower
than the first reference opening degree. Accordingly, since the amount of the first
refrigerant in the first cooling object side pipe 63a flowing into the first heat exchange
unit 41 increases and the amount of the first refrigerant exchanging heat by the second
heat exchange unit 42 and flowing into the inlet side pipe 62b decreases, the heating
amount of the second heat exchange unit 42 decreases and hence the cooling of the
second refrigerant due to the first refrigerant is promoted.

[0164]

Further, when the temperature of the second refrigerant acquired in SB1 is
lower than the second set temperature set in SA2, the opening degree of the sixth
opening and closing valve 72f is made narrower than the first reference opening degree
and the opening degree of the seventh opening and closing valve 729 is made wider
than the first reference opening degree. Accordingly, since the amount of the first
refrigerant in the first cooling object side pipe 63a flowing into the first heat exchange
unit 41 decreases and the amount of the first refrigerant exchanging heat by the second
heat exchange unit 42 and flowing into the inlet side pipe 62b increases, the heating
amount of the second heat exchange unit 42 increases and hence the cooling of the
second refrigerant due to the first refrigerant is suppressed. Additionally, the "first
reference opening degree” means, for example, the opening degree of the opening and
closing valve when the temperature of the second refrigerant is the same as the second
set temperature.

[0165]
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With such a process, it is possible to adjust the opening degree of the sixth
opening and closing valve 72f and the seventh opening and closing valve 72g on the
basis of the temperature of the second refrigerant and to efficiently adjust the
temperature of the first refrigerant in the cooling object side pipe 63.

[0166]

Further, it is possible to adjust the temperature of the first refrigerant in the
cooling object side pipe 63 so that the temperature of the second refrigerant becomes
the second set temperature by such a first temperature adjustment process and thus to
efficiently cool the second refrigerant.

[0167]

Returning to Fig. 4, the opening and closing control unit 351 of the control
device 300 starts a second temperature adjustment process (SA7) after the process of
SABG.

[0168]

(Control process-second temperature adjustment process)

Next, the second temperature adjustment process (SA7) of Fig. 4 will be
described. Fig. 7 is aflowchart 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.

[0169]

When the second temperature adjustment process is started, as illustrated in
Fig. 7, in SC1, the opening and closing control unit 351 of the control device 300
acquires the temperature of the first refrigerant from the temperature detection unit 73.
[0170]

In SC2, the opening and closing control unit 351 of the control device 300
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determines whether the temperature of the first refrigerant acquired in SC1 is lower
than the first set temperature. Then, the opening and closing control unit 351 of the
control device 300 proceeds to SC3 when it is not determined that the temperature of
the first refrigerant is lower than the first set temperature (SC2, No) and ends the
second temperature adjustment process and returns to execute the control process of
Fig. 4 when it is determined that the temperature of the first refrigerant is lower than
the first set temperature (SC2, Yes).

[0171]

In SC3, the opening and closing control unit 351 of the control device 300
performs the opening degree control of the fifth opening and closing valve 72e on the
basis of the temperature of the first refrigerant acquired in SC1. Subsequently, the
opening and closing control unit 351 of the control device 300 proceeds to SC1 and
repeats the processes from SC1 to SC3 until it is determined that the temperature of the
first refrigerant is lower than the first set temperature in SC2.

[0172]

Further, the process content of the opening degree control of the fifth opening
and closing valve 72e is arbitrary, but the opening degree may be controlled, for
example, asfollows.

[0173]

That is, when the temperature of the first refrigerant acquired in SC1 is higher
than the first set temperature set in SA1, the opening degree of the fifth opening and
closing valve 72e is made wider than the second reference opening degree.
Accordingly, since the amount of the first refrigerant in the cooling object side pipe 63
flowing into the inlet side pipe 62b increases, the temperature of the first refrigerant in

the outlet side pipe 62a can be decreased.
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[0174]

Further, when the temperature of the first refrigerant acquired in SC1 matches
the first set temperature set in SA1, the opening degree of the fifth opening and closing
valve 72e is maintained at the second reference opening degree. Accordingly, since
the amount of the first refrigerant in the cooling object side pipe 63 flowing into the
inlet side pipe 62b is maintained, it is possible to suppress an increase in the
temperature of the first refrigerant in the outlet side pipe 62a. Additionally, the
"second reference opening degree’ means, for example, the opening degree of the
opening and closing valve when the temperature of the first refrigerant is the same as
the first set temperature.

[0175]

With such a process, it is possible to adjust the opening degree of the fifth
opening and closing valve 72e 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.

[0176]

With the above-described second temperature adjustment process, the
temperature of the first refrigerant in the outlet side pipe 62a can be adjusted so that
the temperature of the first refrigerant becomes the first set temperature. Thus, when
the first refrigerant in the outlet side pipe 62a flows into the storage part 30 through the
first sub-pipe 71a, the temperature in the storage part 30 is easily maintained at the
critical temperature or more of the first refrigerant due to the heat of the inflowing first
refrigerant.

[0177]

Returning to Fig. 4, in SA8, the control unit 350 of the control device 300

62



determines whether or not it is the timing of ending the control process (hereinafter,
referred to as "end timing"). A method of determining whether or not the end timing
has arrived is arbitrary. However, for example, the determination is performed on the
basis of whether or not a predetermined operation is received through the operation
unit 310. Here, it is determined that the end timing has arrived when the
predetermined operation is received and it is determined that the end timing has not
arrived when the predetermined operation is not received. Then, when it is
determined that the end timing has arrived (SA8, Yes), the control unit 350 of the
control device 300 ends the control process. On the other hand, when it is determined
that the end timing has not arrived (SA8, No), the routine proceeds to SA6 and
proceeds from SA6 to SA8 until it is determined that the end timing has arrived in
SAS.

[0178]

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.

[0179]

(Effect of embodiment)

According to such an embodiment, since there are provided the first sub-pipe
7lawhich is connected to the outlet side pipe 62a constituting the first circulation flow
path 61 and located on the outlet side of the compression unit 20 and allows the
refrigerant in the outlet side pipe 62a to flow into the storage part 30 through the first
sub-pipe 71a, the second sub-pipe 71b which is connected to the inlet side pipe 62b
constituting the first circulation flow path 61 and located on the inlet side of the

compression unit 20 and allows the refrigerant in the storage part 30 to flow into the
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inlet side pipe 62b through the second sub-pipe 71b, the third sub-pipe 71c which is
connected to the inlet side pipe 62b and is formed so that the heat of the third sub-pipe
71c lower than the heat of the outlet side pipe 62a can be transferred to the refrigerant
in the storage part 30, the first opening and closing valve 72a which is provided in the
first sub-pipe 71a and is able to switch whether or not to alow the refrigerant in the
outlet side pipe 62a to flow into the storage part 30, the second opening and closing
valve 72b which is provided in the second sub-pipe 71b and is able to switch whether
or not to allow the refrigerant in the storage part 30 to flow into the inlet side pipe 62b,
and the third opening and closing valve 72c which is provided in the third sub-pipe 71c
and is able to switch whether or not to allow the refrigerant in the upstream part in
relation to the storage part 30 in the third sub-pipe 71c to flow into a part on the side of
the storage part 30 in the third sub-pipe 71c, it is possible to cool the refrigerant in the
storage part 30 by using the heat (cold heat) of the third sub-pipe 71c. Accordingly, it
is possible to store the refrigerant in the storage part 30 at a high density and to make
the storage part 30 in a compact size while increasing the storage amount of the
storage part 30.  Further, since the opening and closing control unit 351 is provided to
perform the opening and closing control of the first opening and closing valve 72a, the
second opening and closing valve 72b, and the third opening and closing valve 72c on
the basis of the set temperature of the cooling object, it is possible to perform the
opening and closing control of the first opening and closing valve 72a, the second
opening and closing valve 72b, and the third opening and closing valve 72c based on
the set temperature of the cooling object. Accordingly, it is possible to effectively
cool the refrigerant in the storage part 30 and to improve the usability of the refrigerant
control system and the cooling system 1.

[0180]
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Further, since the opening and closing control unit 351 opens the first opening
and closing valve 72a and the third opening and closing valve 72c and closes the
second opening and closing valve 72b when the set temperature of the cooling object is
higher than the critical temperature of the refrigerant and closes the first opening and
closing valve 72a and the third opening and closing valve 72c and opens the second
opening and closing valve 72b when the set temperature of the cooling object is lower
than the critical temperature of the refrigerant, it is possible to perform the opening and
closing control of the first opening and closing valve 72a, the second opening and
closing valve 72b, and the third opening and closing valve 72c depending on whether
or not the set temperature of the cooling object is higher than the critical temperature
of the refrigerant and to further effectively cool the refrigerant in the storage part 30.
[0181]

Further, since there are provided the fourth sub-pipe 71d which is connected
to the outlet side pipe 62a and is formed so that the heat of the fourth sub-pipe 71d
higher than the heat of the third sub-pipe 71c can be transferred to the refrigerant in the
storage part 30 and the fourth opening and closing valve 72d which is provided in the
fourth sub-pipe 71d and is able to switch whether or not to allow the refrigerant in the
upstream part in relation to the storage part 30 in the fourth sub-pipe 71d to flow into a
part on the side of the storage part 30 in the fourth sub-pipe 71d, it is possible to heat
the refrigerant in the storage part 30 by using the heat (warm heat) of the fourth
sub-pipe 71d and to decrease the density of the refrigerant in the storage part 30 while
increasing the amount of the refrigerant in the first circulation flow path 61. Further,
since the opening and closing control unit 351 performs the opening and closing
control of the first opening and closing valve 72a, the second opening and closing

valve 72b, the third opening and closing valve 72c, and the fourth opening and closing
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valve 72d on the basis of the set temperature of the cooling object, it is possible to
perform the opening and closing control of the first opening and closing valve 72a, the
second opening and closing valve 72b, the third opening and closing valve 72c¢, and the
fourth opening and closing valve 72d on the basis of the set temperature of the cooling
object. Accordingly, it is possible to effectively cool and heat the refrigerant in the
storage part 30 and to store the refrigerant depending on the situation in the storage
part 30.

[0182]

Further, since the opening and closing control unit 351 opens the first opening
and closing valve 72a and the third opening and closing valve 72c and closes the
second opening and closing valve 72b and the fourth opening and closing valve 72d
when the set temperature of the cooling object is higher than the critical temperature of
the refrigerant and closes the first opening and closing valve 72a and the third opening
and closing valve 72c and opens the second opening and closing valve 72b and the
fourth opening and closing valve 72d when the set temperature of the cooling object is
lower than the critical temperature of the refrigerant, it is possible to perform the
opening and closing control of the first opening and closing valve 72a, the second
opening and closing valve 72b, the third opening and closing valve 72c, and the fourth
opening and closing valve 72d depending on whether or not the set temperature of the
cooling object is higher than the critical temperature of the refrigerant and to further
effectively cool and heat the refrigerant in the storage part 30.

[0183]

Further, since it is possible to prevent the refrigerant in the storage part 30

from reversely flowing to the outlet side pipe 62a or the inlet side pipe 62b through the

first sub-pipe 71a or the second sub-pipe 71b by forming the first sub-pipe 71a and the
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second sub-pipe 71b so that a part of each of the first sub-pipe 71a and the second
sub-pipe 71b is located above the other part, the density of the refrigerant in the
storage part 30 becomes much larger than the density of the refrigerant in the first
sub-pipe 7la and the second sub-pipe 71b when cooling the storage part 30.
Accordingly, it is possible to prevent the refrigerant in the storage part 30 from
reversely flowing to the outlet side pipe 62a or the inlet side pipe 62b through the first
sub-pipe 71a or the second sub-pipe 71b due to gravity and to accurately manage the
amount of the refrigerant in the first circulation flow path 61.

[0184]

Further, since the inflow preventing portion 76 is provided to prevent foreign
matter from flowing into the storage part 30 through the first sub-pipe 71a, it is
possible to prevent foreign matter from flowing into the storage part 30 through the
first sub-pipe 71a and to prevent the refrigerant in the storage part 30 from being
contaminated by foreign matter.

[0185]

Further, since the refrigerant is carbon dioxide, it is possible to prevent the
pressure in the first circulation flow path 61 from becoming excessive even if carbon
dioxide expands more easily than the chlorofluorocarbon gas.

[0186]

Further, the cooling object is the refrigerant for cooling the semiconductor
manufacturing system.  Accordingly, even when the temperature range of the cooling
object is relatively wide, it is possible to prevent the pressure of the first circulation
flow path 61 from becoming excessive and to prevent the flow rate of the refrigerant in
the first circulation flow path 61 from decreasing due to the condensation of the

refrigerant in the storage part 30.
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[0187]

Further, since the cooling object side pipe 63 includes the first cooling object
side pipe 63a which is located on the side of the first heat exchange unit 41 and the
second cooling object side pipe 63b which is located on the side of the second heat
exchange unit 42, the detection section is provided to detect the temperature in the
outlet side pipe 62a or the temperature in the inlet side pipe 62b, the fifth sub-pipe 71e
is provided to be connected to the upstream part in relation to the first heat exchange
unit 41 in the first cooling object side pipe 63a and the inlet side pipe 62b, the fifth
opening and closing valve 72e is provided in the fifth sub-pipe 71le to adjust the
amount of the refrigerant in the cooling object side pipe 63 flowing into the inlet side
pipe 62b, and the opening and closing control unit 351 performs the opening degree
control of the fifth opening and closing valve 72e on the basis of the detection result of
the detection section, it is possible to adjust the opening degree of the fifth opening
and closing valve 72e on the basis of the temperature of the refrigerant and to
efficiently adjust the temperature of the refrigerant in the outlet side pipe 62a
[0188]

Further, since there are provided the sixth opening and closing valve 72f
which is provided in the upstream part in relation to the first heat exchange unit 41 in
the first cooling object side pipe 63a and is able to adjust the amount of the refrigerant
in the first cooling object side pipe 63a flowing into the first heat exchange unit 41 and
the seventh opening and closing valve 72g which is provided in the downstream part in
relation to the second heat exchange unit 42 in the second cooling object side pipe 63b
and is able to adjust the amount of the refrigerant exchanging heat by the second heat
exchange unit 42 and flowing into the inlet side pipe 62b and the opening and closing

control unit 351 performs the opening degree control of the sixth opening and closing
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valve 72f and the seventh opening and closing valve 72g on the basis of the
temperature of the cooling object acquired by a predetermined method, it is possible to
adjust the opening degree of the sixth opening and closing valve 72f and the seventh
opening and closing valve 72g on the basis of the temperature of the cooling object
and to efficiently adjust the temperature of the refrigerant in the cooling object side
pipe 63.

[0189]

Further, since the compression control unit 352 is provided to control the
compression unit 20 on the basis of the detection result of the detection section and the
temperature of the cooling object acquired by a predetermined method, it is possible to
control the compression unit 20 on the basis of the temperature of the refrigerant and
the temperature of the cooling object and to efficiently control the compression unit
20.

[0190]

Further, since there is provided the sixth heat exchange unit 46 which
exchanges heat between the refrigerant in the upstream part in relation to the first heat
exchange unit 41 in the first cooling object side pipe 63a and the refrigerant in the
downstream part in relation to the second heat exchange unit 42 in the second cooling
object side pipe 63D, it is possible to increase the temperature of the refrigerant in the
downstream part in relation to the second heat exchange unit 42 in the second cooling
object side pipe 63b and to alow the dry refrigerant to flow into the compression unit
20.

[0191]
[I11] Modified example of embodiment

Although the embodiment of the invention has been described above, the
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specific configuration and section of the invention can be arbitrarily modified and
improved within the scope of the technical idea of each invention described in the
clams. Hereinafter, such modified examples will be described.

[0192]

(Problem to be solved and effect of invention)

First, the problem to be solved by the invention and the effect of the invention
are not limited to the above-described contents and the invention solves a problem not
described above or achieves an effect not described above. In addition, the invention
solves only some of the problems described above or achieves only some of the effects
described above.

[0193]

(Distribution and integration)

Further, each of the above-described electrical components is a functiona
concept and does not necessarily have to be physically configured as illustrated in the
drawings. That is, the specific form of distribution or integration of each part is not
limited to the one illustrated in the drawings and al or part of the parts may be
functionally or physically distributed or integrated in arbitrary units according to
various loads, usage conditions, and the like. Further, the "system" in the present
application is not limited to a system configured as a plurality of devices, but includes
a system configured as a single device. Further, the "device" in the present
application is not limited to a device configured as a single device, but includes a
device configured as a plurality of devices. Further, the data structure of each of
information described in the above-described embodiment may be arbitrarily changed.
For example, the control device 300 may be distributed to a plurality of devices

capable of communicating with each other, the control unit 350 may be provided in a
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part of the plurality of devices, and the storage unit 360 may be provided in the other
part of the plurality of devices.
[0194]

(Shape, numerical value, structure, and time series)

In the components illustrated in the embodiment or drawings, the shape,
numerical value, structure, or time-series relationship of a plurality of components can
be arbitrarily modified and improved within the scope of the technical idea of the
invention.

[0195]

(Third refrigerant)

In the above-described embodiment, a case has been described in which the
third refrigerant is industrial water, but the invention is not limited thereto. For
example, the third refrigerant may be air. In this case, the third cooling system 200
may include afirst delivery unit (for example, a known blower) which sends the third
refrigerant to the third heat exchange unit 43 and a second delivery unit (for example,
aknown blower) which sends the third refrigerant to the fourth heat exchange unit 44.
[0196]

(First cooling system)

In the above-described embodiment, a case has been described in which the
first cooling system 10 includes the fifth heat exchange unit 45, the sixth heat
exchange unit 46, the first removing unit 47, and the second removing unit 48, but the
invention is not limited thereto. For example, at least one of the fifth heat exchange
unit 45, the sixth heat exchange unit 46, the first removing unit 47, and the second
removing unit 48 may be omitted. Additionally, when the fifth heat exchange unit 45

is omitted, the eighth opening and closing valve 72h can be omitted.
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[0197]

Further, in the above-described embodiment, a case has been described in
which the first cooling system 10 includes the fifth opening and closing valve 72e, the
sixth opening and closing valve 72f, the seventh opening and closing valve 72g, and
the eighth opening and closing valve 72h, but the invention is not limited thereto. For
example, at least one of the fifth opening and closing valve 72e, the sixth opening and
closing valve 72f, the seventh opening and closing valve 72g, and the eighth opening
and closing valve 72h may be omitted. Additionaly, when the fifth opening and
closing valve 72e is omitted, the process of SA7 of the control process can be omitted.
Further, when the sixth opening and closing valve 72f and the seventh opening and
closing valve 72g are omitted, the process of SA6 of the control process can be omitted.
Further, when the eighth opening and closing valve 72h is omitted, the process of SA5
of the control process can be omitted.

[0198]

Further, in the above-described embodiment, a case has been described in
which the first cooling system 10 includes the compression unit 20, the storage part 30,
the first heat exchange unit 41 to the sixth heat exchange unit 46, the first removing
unit 47, the second removing unit 48, and the circulation unit 50, but the invention is
not limited thereto. For example, a temperature adjustment unit may be provided in
addition to these components. Here, the temperature adjustment unit is a temperature
adjustment section that adjusts the temperature of the first refrigerant in the storage
part 30, is configured by using, for example, a known temperature adjuster (for
example, a temperature adjuster having at least a heating function or a cooling
function) or the like, and is provided in the storage part 30. Further, the method of

installing the temperature adjustment unit is arbitrary, but for example, the temperature
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adjustment unit may be installed in the storage part 30 or may be installed to be wound
on the storage part 30 outside the storage part 30. Such a temperature adjustment unit
can adjust the temperature of the first refrigerant in the storage part 30 and can cool the
refrigerant in the storage part 30 by using, for example, the heat (cold heat) of the
temperature adjustment unit. Accordingly, the refrigerant is easily stored at a high
density in the storage part 30.

[0199]

Further, in the above-described embodiment, a case has been described in
which the first cooling system 10 includes the fourth sub-pipe 71d and the fourth
opening and closing valve 72d, but the invention is not limited thereto. Fig. 8 is a
diagram illustrating a modified example of the cooling system 1. For example, as
illustrated in Fig. 8, the fourth sub-pipe 71d and the fourth opening and closing valve
72d may be omitted. In this case, in SA4 of the control process, the opening and
closing control of the first opening and closing valve 72a, the second opening and
closing valve 72b, and the third opening and closing valve 72c is performed on the
basis of the second set temperature set in SA2. Specificaly, the first opening and
closing valve 72a and the third opening and closing valve 72c may be opened and the
second opening and closing valve 72b may be closed when the second set temperature
is higher than the critical temperature of the first refrigerant and the first opening and
closing valve 72a may be closed and the second opening and closing valve 72b may be
opened when the second set temperature is lower than the critical temperature of the
first refrigerant. Accordingly, it is possible to perform the opening and closing
control of the first opening and closing valve 72a, the second opening and closing
valve 72b, and the third opening and closing valve 72c depending on whether or not

the second set temperature is higher than the critical temperature of the first refrigerant
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and to effectively cool the first refrigerant in the storage part 30.
[0200]

(Circulation unit)

In the above-described embodiment, a case has been described in which the
outlet side pipe 62a of the circulation unit 50 and the sixth sub-pipe 71f are
respectively formed as separate members, but the invention is not limited thereto.  Fig.
9 isadiagram illustrating a modified example of the cooling system 1. For example,
from the viewpoint of decreasing the number of the pipes, asillustrated in Fig. 9, the
outlet side pipe 62a and the sixth sub-pipe 71f may be integrally formed with each
other.

[0201]

Further, in the above-described embodiment, a case has been described in
which the first sub-pipe 71a and the second sub-pipe 71b are bent so that a front end
portion of a part accommodated in the storage part 30 in each of the first sub-pipe 71a
and the second sub-pipe 71b is located in the vicinity of the upper end of the storage
part 30 and is located above the third sub-pipe 71c and the fourth sub-pipe 71d, but the
invention is not limited thereto. Fig. 10 is a diagram illustrating a modified example
of the first sub-pipe 71a and the second sub-pipe 71b. For example, as illustrated in
Fig. 10, the first sub-pipe 71a and the second sub-pipe 71b may be bent so that a part
not accommodated in the storage part 30 in each of the first sub-pipe 71a and the
second sub-pipe 71b is located above the third sub-pipe 71c and the fourth sub-pipe
71d in addition to the bending of the first sub-pipe 71a and the second sub-pipe 71b.
[0202]

Further, in the above-described embodiment, a case has been described in

which the inflow preventing portion 76 is provided in the first sub-pipe 71a of the
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circulation unit 50, but the invention is not limited thereto. For example, the inflow
preventing portion 76 may be omitted.
[0203]

(Storage part)

In the above-described embodiment, a case has been described in which the
number of the installed storage parts 30 is one, but the invention is not limited thereto.
Figs. 11 to 13 are diagrams illustrating a modified example of the cooling system 1.
For example, asillustrated in Fig. 11, the number of the installed storage parts 30 may
be two or more. In this case, each of the first sub-pipe 71a and the second sub-pipe
71b may be branched and the branched part may be provided in each storage part 30 so
that the first refrigerant in each storage part 30 flows therethrough. Further, each
storage part 30 may be provided with each of the third sub-pipe 71c and the fourth
sub-pipe 71d so that the first refrigerant in each storage part 30 can be cooled by using
the heat (cold heat) of the third sub-pipe 71c and the first refrigerant in the storage part
30 can be heated by using the heat (warm heat) of the fourth sub-pipe 71d.

[0204]

Additionally, in Fig. 11, the outlet side pipe 62a and the sixth sub-pipe 71f are
formed separately from each other, but the invention is not limited thereto. For
example, as illustrated in Fig. 12, the outlet side pipe 62a and the sixth sub-pipe 71f
may be integrally formed with each other. Further, in Fig. 11, the fourth sub-pipe 71d
and the fourth opening and closing valve 72d are provided, but the invention is not
limited thereto. For example, asillustrated in Fig. 13, the fourth sub-pipe 71d and the
fourth opening and closing valve 72d may be omitted. Further, in Fig. 11, the first
refrigerant in the outlet side pipe 62a selectively flows into the plurality of storage

parts 30 by using one first opening and closing valve 72a, but the invention is not
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limited thereto. For example, the first opening and closing valve 72a corresponding
to each storage part 30 may be provided and the first refrigerant in the outlet side pipe
62a may individually and selectively flow into each storage part 30 by using the first
opening and closing valve 72a (additionally, the same applies to the second opening
and closing valve 72b, the third opening and closing valve 72c, and the fourth opening
and closing valve 72d).

[0205]

(Compression unit)

In the above-described embodiment, a case has been described in which the
compression unit 20 is a frequency-controlled operation type compressor, but the
invention is not limited thereto. For example, the compression unit may be a constant
speed operation type compressor.

[0206]

Further, in the above-described embodiment, a case has been described in
which the compression unit 20 is a two-stage compressor, but the invention is not
limited thereto. For example, the compression unit 20 may be a one-stage
compressor.  In this case, the cooling system 1 can omit the fourth heat exchange unit
44, the second circulation unit 80, the second delivery flow path 202, and the second
delivery opening and closing valve 204.

[0207]

(Second cooling system)

In the above-described embodiment, a case has been described in which the
second cooling system 100 includes the air vent unit 110, the storage part 120, the first
sub-delivery pipe 132ato the fourth sub-delivery pipe 132d, the first delivery opening

and closing valve 133a to the fourth delivery opening and closing valve 133d, the
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pump unit 134, the first delivery temperature detection unit 135a, the second delivery
temperature detection unit 135b, the delivery pressure detection unit 136, and the flow
rate detection unit 137, but the invention is not limited thereto. For example, at |east
one of the air vent unit 110, the storage part 120, the first sub-delivery pipe 132ato the
fourth sub-delivery pipe 132d, the first delivery opening and closing valve 133ato the
fourth delivery opening and closing valve 133d, the pump unit 134, the first delivery
temperature detection unit 135a, the second delivery temperature detection unit 135b,
the delivery pressure detection unit 136, and the flow rate detection unit 137 may be
omitted.

[0208]

(Third cooling system)

In the above-described embodiment, a case has been described in which the
third cooling system 200 includes the sixth delivery opening and closing valve 203 to
the eighth delivery opening and closing valve 205 and the delivery temperature
detection unit 206, but the invention is not limited thereto. For example, at least one
of the sixth delivery opening and closing valve 203 to the eighth delivery opening and
closing valve 205 and the delivery temperature detection unit 206 may be omitted.
[0209]

(Control process)

In the above-described embodiment, a case has been described in which the
operation frequency of the compression unit 20 is controlled on the basis of the
detection result of the temperature detection unit 73 and at least one detection result of
the first delivery temperature detection unit 135a to the third delivery temperature
detection unit 135c 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
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frequency.
[0210]

Further, in the above-described embodiment, a case has been described in
which the process of SA4 is performed so that the first opening and closing valve 72a
and the third opening and closing valve 72c are opened and the second opening and
closing valve 72b and the fourth opening and closing valve 72d are closed when the
second set temperature is higher than the critical temperature of the first refrigerant
and the first opening and closing valve 72a and the third opening and closing valve 72c
are closed and the second opening and closing valve 72b and the fourth opening and
closing valve 72d are opened when the second set temperature is lower than the critical
temperature of the first refrigerant, but the invention is not limited thereto. For
example, the control may be as follows.

[0211]

That is, when the second set temperature is higher than the critical
temperature of the first refrigerant, the first opening and closing valve 72a and the
third opening and closing valve 72c may be opened and the second opening and
closing valve 72b and the fourth opening and closing valve 72d may be closed until the
pressure state in the storage part 30 reaches a predetermined high pressure state.
Then, when the pressure state reaches the predetermined high pressure state, the first
opening and closing valve 72a may be closed while the third opening and closing valve
72c is opened and the second opening and closing valve 72b and the fourth opening
and closing valve 72d are closed. Further, when the second set temperature is lower
than the critical temperature of the first refrigerant, the first opening and closing valve
72a and the third opening and closing valve 72c may be closed and the second opening

and closing valve 72b and the fourth opening and closing valve 72d may be opened
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until the pressure state in the storage part 30 reaches a predetermined low pressure
state. Then, when the pressure state reaches the predetermined low pressure state, the
second opening and closing valve 72b may be closed while the first opening and
closing valve 72a and the third opening and closing valve 72c are closed and the fourth
opening and closing valve 72d is opened.

[0212]

Alternatively, at least when an operating pressure value of the compression
unit 20 acquired by a predetermined method (for example, a pressure value or the like
acquired from the first pressure detection unit 74a) is higher than the threshold value
or the second set temperature is higher than the critical temperature of the first
refrigerant, the first opening and closing valve 72a and the third opening and closing
valve 72c may be opened and the second opening and closing valve 72b and the fourth
opening and closing valve 72d may be closed. On the other hand, at least when the
operating pressure value of the compression unit 20 is lower than the threshold value
or the second set temperature is lower than the critical temperature of the first
refrigerant, the first opening and closing valve 72a and the third opening and closing
valve 72c may be closed and the second opening and closing valve 72b and the fourth
opening and closing valve 72d may be opened. In this way, it is possible to perform
the opening and closing control of the first opening and closing valve 72a, the second
opening and closing valve 72b, the third opening and closing valve 72c, and the fourth
opening and closing valve 72d on the basis of at least one of the operating pressure
value of the compression unit 20 and the second set temperature and it is easy to
maintain the temperature in the storage part 30 at the critical temperature or more of
the first refrigerant (or a superheated steam temperature) due to the heat of the first

refrigerant flowing into the storage part 30 while suppressing an excessive pressure in
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the first circulation flow path 61 compared to a case in which the opening and closing
control of the first opening and closing valve 72a, the second opening and closing
valve 72b, the third opening and closing valve 72c, and the fourth opening and closing
valve 72d is performed only on the basis of the second set temperature (additionally,
the cooling system 1 in which the fourth sub-pipe 71d and the fourth opening and

closing valve 72d are omitted may be treated in a substantially same manner).

Notes
[0213]

A refrigerant control system of note 1 is a refrigerant control system for
controlling a refrigerant flowing in a circulation flow path connected to a compression
section and circulating the refrigerant compressed by the compression section so as to
exchange heat between the refrigerant and a cooling object, the refrigerant control
system comprises: a storage section which stores the refrigerant; a first pipe which is
connected to an outlet side pipe constituting the circulation flow path and located on
an outlet side of the compression section and allows the refrigerant in the outlet side
pipe to flow into the storage section through the first pipe; a second pipe which is
connected to an inlet side pipe constituting the circulation flow path and located on an
inlet side of the compression section and allows the refrigerant in the storage section to
flow into the inlet side pipe through the second pipe; athird pipe which is connected to
the inlet side pipe and is formed so that heat of the third pipe lower than heat of the
outlet side pipe is able to be transferred to the refrigerant in the storage section; afirst
opening and closing valve which is provided in the first pipe and switches whether or
not to allow the refrigerant in the outlet side pipe to flow into the storage section; a

second opening and closing valve which is provided in the second pipe and switches
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whether or not to allow the refrigerant in the storage section to flow into the inlet side
pipe; a third opening and closing valve which is provided in the third pipe and
switches whether or not to allow the refrigerant in an upstream part in relation to the
storage section in the third pipe to flow into a part on the side of the storage section in
the third pipe; and an opening and closing control section which performs opening and
closing control of the first opening and closing valve, the second opening and closing
valve, and the third opening and closing valve on the basis of a set temperature of the
cooling object.

[0214]

The refrigerant control system of note 2 is the refrigerant control system
according to the refrigerant control system of note 1, wherein the opening and closing
control section opens the first opening and closing valve and the third opening and
closing vave and closes the second opening and closing valve when the set
temperature of the cooling object is higher than a critical temperature of the refrigerant
and closes the first opening and closing valve and the third opening and closing valve
and opens the second opening and closing valve when the set temperature of the
cooling object is lower than the critical temperature of the refrigerant.

[0215]

The refrigerant control system of note 3 is the refrigerant control system
according to the refrigerant control system of note 2, wherein the opening and closing
control section opens the first opening and closing valve and the third opening and
closing valve and closes the second opening and closing valve at least when an
operating pressure value of the compression section acquired by a predetermined
method is higher than a threshold value or the set temperature of the cooling object is

higher than the critical temperature of the refrigerant and closes the first opening and
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closing valve and the third opening and closing valve and opens the second opening
and closing valve at |east when the operating pressure value of the compression section
is lower than the threshold value or the set temperature of the cooling object is lower
than the critical temperature of the refrigerant.

[0216]

The refrigerant control system of note 4 is the refrigerant control system
according to any one of notes 1 to 3, further comprises: a fourth pipe which is
connected to the outlet side pipe and is formed so that heat of the fourth pipe higher
than heat of the third pipe is able to be transferred to the refrigerant in the storage
section; and a fourth opening and closing valve which is provided in the fourth pipe
and switches whether or not to allow the refrigerant in an upstream part in relation to
the storage section in the fourth pipe to flow into a part on the side of the storage
section in the fourth pipe, wherein the opening and closing control section performs
opening and closing control of the first opening and closing valve, the second opening
and closing valve, the third opening and closing valve, and the fourth opening and
closing valve on the basis of the set temperature of the cooling object.

[0217]

The refrigerant control system of note 5 is the refrigerant control system
according to the refrigerant control system of note 4, wherein the opening and closing
control section opens the first opening and closing valve and the third opening and
closing valve and closes the second opening and closing valve and the fourth opening
and closing valve when the set temperature of the cooling object is higher than the
critical temperature of the refrigerant and closes the first opening and closing valve
and the third opening and closing valve and opens the second opening and closing

valve and the fourth opening and closing valve when the set temperature of the cooling

82



object is lower than the critical temperature of the refrigerant.
[0218]

The refrigerant control system of note 6 is the refrigerant control system
according to any one of notes 1 to 5, wherein the refrigerant in the storage section is
able to be prevented from reversely flowing to the outlet side pipe or the inlet side pipe
through the first pipe or the second pipe by forming the first pipe and the second pipe
so that a part of each of the first pipe and the second pipe is located above the other
part.

[0219]

The refrigerant control system of note 7 is the refrigerant control system
according to any one of notes 1 to 6, further comprises: an inflow preventing section
which prevents foreign matter from flowing into the storage section through the first
pipe.

[0220]

The refrigerant control system of note 8 is the refrigerant control system
according to any one of notes 1 to 7, further comprises. a temperature adjustment
section which adjusts a temperature of the refrigerant in the storage section.

[0221]

The refrigerant control system of note 9 is the refrigerant control system
according to any one of notes 1to 8, wherein therefrigerant is carbon dioxide.
[0222]

The refrigerant control system of note 10 is the refrigerant control system
according to any one of notes 1 to 9, wherein the cooling object is a refrigerant for
cooling a semiconductor manufacturing system.

[0223]
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A cooling system of note 11 is a cooling system for cooling the cooling object
using the refrigerant comprises. a compression section which compresses the
refrigerant; a circulation flow path which includes a cooling object side pipe connected
to the compression section and located on the side of the cooling object and circulates
the refrigerant so as to exchange heat between the refrigerant compressed by the
compression section and the cooling object; the refrigerant control system according to
any one of notes 1 to 10; and a heat exchange section which is provided in the cooling
object side pipe and exchanges heat between the refrigerant in the cooling object side
pipe and the cooling object.

[0224]

The cooling system of note 12 is the cooling system according to note 11,
wherein the heat exchange section includes a first heat exchange section which is able
to cool the cooling object and a second heat exchange section which is able to heat the
cooling object cooled by the first heat exchange section, wherein the cooling object
side pipe includes a first cooling object side pipe which is located on the side of the
first heat exchange section and a second cooling object side pipe which is located on
the side of the second heat exchange section, wherein the cooling system further
comprises: a detection section which detects a temperature in the outlet side pipe or a
temperature in the inlet side pipe; a fifth pipe which is connected to an upstream part
in relation to the first heat exchange section in the first cooling object side pipe and the
inlet side pipe; and afifth opening and closing valve which is provided in the fifth pipe
and is able to adjust the amount of the refrigerant in the cooling object side pipe
flowing into the inlet side pipe, and wherein the opening and closing control section
performs opening degree control of the fifth opening and closing valve on the basis of

a detection result of the detection section.
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[0225]

The cooling system of note 13 is the cooling system according to note 12,
further comprises: a sixth opening and closing valve which is provided in an upstream
part in relation to the first heat exchange section in the first cooling object side pipe
and is able to adjust the amount of the refrigerant in the first cooling object side pipe
flowing into the first heat exchange section; and a seventh opening and closing valve
which is provided in a downstream part in relation to the second heat exchange section
in the second cooling object side pipe and is able to adjust the amount of the
refrigerant exchanging heat by the second heat exchange section and flowing into the
inlet side pipe, wherein the opening and closing control section performs opening
degree control of the sixth opening and closing valve and the seventh opening and
closing valve on the basis of a temperature of the cooling object acquired by a
predetermined method.

[0226]

The cooling system of note 14 is the cooling system according to note 12 or
13, further comprises. a compression control section which controls the compression
section on the basis of the detection result of the detection section and the temperature
of the cooling object acquired by the predetermined method.

[0227]

The cooling system of note 15 is the cooling system according to any one of
notes 12 to 14, further comprises: arefrigerant heat exchange section which exchanges
heat between the refrigerant in the upstream part in relation to the first heat exchange
section in the first cooling object side pipe and the refrigerant in the downstream part

in relation to the second heat exchange section in the second cooling object side pipe.
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Advantageous Effects of Notes
[0228]

According to the refrigerant control system of note 1 and the cooling system
of note 11, since there are provided a first pipe which is connected to an outlet side
pipe constituting the circulation flow path and located on an outlet side of the
compression section and allows the refrigerant in the outlet side pipe to flow into the
storage section through the first pipe; a second pipe which is connected to an inlet side
pipe congtituting the circulation flow path and located on an inlet side of the
compression section and allows the refrigerant in the storage section to flow into the
inlet side pipe through the second pipe; athird pipe which is connected to theinlet side
pipe and is formed so that heat of the third pipe lower than heat of the outlet side pipe
is able to be transferred to the refrigerant in the storage section; a first opening and
closing valve which is provided in the first pipe and switches whether or not to allow
the refrigerant in the outlet side pipe to flow into the storage section; a second opening
and closing valve which is provided in the second pipe and switches whether or not to
allow the refrigerant in the storage section to flow into the inlet side pipe; a third
opening and closing valve which is provided in the third pipe and switches whether or
not to allow the refrigerant in an upstream part in relation to the storage section in the
third pipe to flow into a part on the side of the storage section in the third pipe, it is
possible to cool the refrigerant in the storage section by using the heat (cold heat) of
thethird pipe. Accordingly, it is possible to store the refrigerant in the storage section
at ahigh density and to make the storage section in a compact size while increasing the
storage amount of the storage section. Further, since the opening and closing control
unit is provided to perform the opening and closing control of the first opening and

closing valve, the second opening and closing valve, and the third opening and closing
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valve on the basis of the set temperature of the cooling object, it is possible to perform
the opening and closing control of the first opening and closing valve, the second
opening and closing valve, and the third opening and closing valve based on the set
temperature of the cooling object. Accordingly, it is possible to effectively cool the
refrigerant in the storage section and to improve the usability of the refrigerant control
system and the cooling system.

[0229]

According to the refrigerant control system of note 2, since the opening and
closing control section opens the first opening and closing valve and the third opening
and closing valve and closes the second opening and closing valve when the set
temperature of the cooling object is higher than a critical temperature of the refrigerant
and closes the first opening and closing valve and the third opening and closing valve
and opens the second opening and closing valve when the set temperature of the
cooling object is lower than the critical temperature of the refrigerant, it is possible to
perform the opening and closing control of the first opening and closing valve, the
second opening and closing valve, and the third opening and closing valve depending
on whether or not the set temperature of the cooling object is higher than the critical
temperature of the refrigerant and to further effectively cool the refrigerant in the
storage section.

[0230]

According to the refrigerant control system of note 3, since the opening and
closing control section opens the first opening and closing valve and the third opening
and closing valve and closes the second opening and closing valve at least when an
operating pressure value of the compression section acquired by a predetermined

method is higher than a threshold value or the set temperature of the cooling object is
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higher than the critical temperature of the refrigerant and closes the first opening and
closing valve and the third opening and closing valve and opens the second opening
and closing valve at least when the operating pressure value of the compression section
is lower than the threshold value or the set temperature of the cooling object is lower
than the critical temperature of the refrigerant, it is possible to perform the opening and
closing control of the first opening and closing valve, the second opening and closing
valve, and the third opening and closing valve on the basis of at least one of the
operating pressure value of the compression unit and the set temperature of the cooling
object and it is easy to maintain the temperature in the storage section at the critical
temperature or more of the refrigerant (or a superheated steam temperature) due to the
heat of the refrigerant flowing into the storage section while suppressing an excessive
pressure in the flow path compared to a case in which the opening and closing control
of the first opening and closing valve, the second opening and closing valve, and the
third opening and closing valve is performed only on the basis of the set temperature
of the cooling object.
[0231]

According to the refrigerant control system of note 4, since there are provided
a fourth pipe which is connected to the outlet side pipe and is formed so that heat of
the fourth pipe higher than heat of the third pipe is able to be transferred to the
refrigerant in the storage section; and a fourth opening and closing valve which is
provided in the fourth pipe and switches whether or not to allow the refrigerant in an
upstream part in relation to the storage section in the fourth pipe to flow into a part on
the side of the storage section in the fourth pipe, it is possible to heat the refrigerant in
the storage section by using the heat (warm heat) of the fourth pipe and to decrease the

density of the refrigerant in the storage section while increasing the amount of the
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refrigerant in the flow path. Further, since the opening and closing control unit
performs the opening and closing control of the first opening and closing valve, the
second opening and closing valve, the third opening and closing valve, and the fourth
opening and closing valve on the basis of the set temperature of the cooling object, itis
possible to perform the opening and closing control of the first opening and closing
valve, the second opening and closing valve, the third opening and closing valve, and
the fourth opening and closing valve on the basis of the set temperature of the cooling
object. Accordingly, it is possible to effectively cool and heat the refrigerant in the
storage section and to store the refrigerant depending on the situation in the storage
section.

[0232]

According to the refrigerant control system of note 5, since the opening and
closing control section opens the first opening and closing valve and the third opening
and closing valve and closes the second opening and closing valve and the fourth
opening and closing valve when the set temperature of the cooling object is higher than
the critical temperature of the refrigerant and closes the first opening and closing valve
and the third opening and closing valve and opens the second opening and closing
valve and the fourth opening and closing valve when the set temperature of the cooling
object is lower than the critical temperature of the refrigerant, it is possible to perform
the opening and closing control of the first opening and closing valve, the second
opening and closing valve, the third opening and closing valve, and the fourth opening
and closing valve depending on whether or not the set temperature of the cooling
object is higher than the critical temperature of the refrigerant and to further effectively
cool and heat the refrigerant in the storage section.

[0233]
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According to the refrigerant control system of note 6, since the refrigerant in
the storage section is able to be prevented from reversely flowing to the outlet side
pipe or the inlet side pipe through the first pipe or the second pipe by forming the first
pipe and the second pipe so that a part of each of the first pipe and the second pipe is
located above the other part, the density of the refrigerant in the storage section
becomes much larger than the density of the refrigerant in the first pipe and the second
pipe when cooling the storage section. Accordingly, it is possible to prevent the
refrigerant in the storage section from reversely flowing to the outlet side pipe or the
inlet side pipe through the first pipe or the second pipe due to gravity and to accurately
manage the amount of the refrigerant in the flow path.

[0234]

According to the refrigerant control system of note 7, since there is provided
an inflow preventing section which prevents foreign matter from flowing into the
storage section through the first pipe, it is possible to prevent foreign matter from
flowing into the storage section through the first pipe and to prevent the refrigerant in
the storage section from being contaminated by foreign matter.

[0235]

According to the refrigerant control system of note 8, since thereis provided a
temperature adjustment section which adjusts a temperature of the refrigerant in the
storage section, it is possible to adjust the temperature of the refrigerant in the storage
section. Accordingly, it iseasily possible to cool the refrigerant in the storage section
by using, for example, the heat (cold heat) of the temperature adjustment unit, and the
refrigerant is easily stored at a high density in the storage section.

[0236]

According to the refrigerant control system of note 9, since the refrigerant is
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carbon dioxide, it is possible to prevent the pressure in the flow path from becoming
excessive even if carbon dioxide expands more easily than the chlorofluorocarbon gas.
[0237]

According to the refrigerant control system of note 10, since the cooling
object is the refrigerant for cooling the semiconductor manufacturing system, even
when the temperature range of the cooling object is relatively wide, it is possible to
prevent the pressure of the flow path from becoming excessive and to prevent the flow
rate of the refrigerant in the flow path from decreasing due to the condensation of the
refrigerant in the storage section.

[0238]

According to the cooling system of note 12, since the cooling object side pipe
includes a first cooling object side pipe which is located on the side of the first heat
exchange section and a second cooling object side pipe which is located on the side of
the second heat exchange section, wherein the cooling system further comprises. a
detection section which detects atemperature in the outlet side pipe or atemperaturein
theinlet side pipe; afifth pipe which is connected to an upstream part in relation to the
first heat exchange section in the first cooling object side pipe and the inlet side pipe;
and a fifth opening and closing valve which is provided in the fifth pipe and is able to
adjust the amount of the refrigerant in the cooling object side pipe flowing into the
inlet side pipe, and wherein the opening and closing control section performs opening
degree control of the fifth opening and closing valve on the basis of a detection result
of the detection section, it is possible to adjust the opening degree of the fifth opening
and 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.

[0239]
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According to the cooling system of note 13, since there is provided a sixth
opening and closing valve which is provided in an upstream part in relation to the first
heat exchange section in the first cooling object side pipe and is able to adjust the
amount of the refrigerant in the first cooling object side pipe flowing into the first heat
exchange section; and a seventh opening and closing valve which is provided in a
downstream part in relation to the second heat exchange section in the second cooling
object side pipe and is able to adjust the amount of the refrigerant exchanging heat by
the second heat exchange section and flowing into the inlet side pipe, wherein the
opening and closing control section performs opening degree control of the sixth
opening and closing valve and the seventh opening and closing valve on the basis of a
temperature of the cooling object acquired by a predetermined method, it is possible to
adjust the opening degree of the sixth opening and closing valve and the seventh
opening and closing valve on the basis of the temperature of the cooling object and to
efficiently adjust the temperature of the refrigerant in the cooling object side pipe.
[0240]

According to the cooling system of note 14, since there is provided a
compression control section which controls the compression section on the basis of the
detection result of the detection section and the temperature of the cooling object
acquired by the predetermined method, it is possible to control the compression unit on
the basis of the temperature of the refrigerant and the temperature of the cooling object
and to efficiently control the compression unit.

[0241]

According to the cooling system of note 15, since there is provided a

refrigerant heat exchange section which exchanges heat between the refrigerant in the

upstream part in relation to the first heat exchange section in the first cooling object
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side pipe and the refrigerant in the downstream part in relation to the second heat
exchange section in the second cooling object side pipe, it is possible to increase the
temperature of the refrigerant in the downstream part in relation to the second heat
exchange unit in the second cooling object side pipe and to allow the dry refrigerant to

flow into the compression unit.

Explanation of Reference Numbers
[0242]

1 Cooling system

10 First cooling system

20 Compression unit

21 Compression unit body

22 First outlet

23 First inlet

24 Second outlet

25 Second inlet

26 Third inlet

30 Storage part

41 First heat exchange unit
42 Second heat exchange unit
43 Third heat exchange unit
44 Fourth heat exchange unit
45 Fifth heat exchange unit
46 Sixth heat exchange unit

47 First removing unit
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48 Second removing unit

50 Circulation unit

60 First circulation unit

61 First circulation flow path

62 Compression unit side pipe

62a Outlet side pipe

62b Inlet side pipe

62c Auxiliary pipe

62d Auxiliary valve

63 Cooling object side pipe

63a First cooling object side pipe
63b Second cooling object side pipe
71a First sub-pipe

71b Second sub-pipe

71c Third sub-pipe

71d Fourth sub-pipe

71e Fifth sub-pipe

71f Sixth sub-pipe

72aFirst opening and closing valve
72b Second opening and closing valve
72c Third opening and closing valve
72d Fourth opening and closing valve
72e Fifth opening and closing valve
72f Sixth opening and closing valve

729 Seventh opening and closing valve
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72h Eighth opening and closing valve
73 Temperature detection unit

74a First pressure detection unit

74b Second pressure detection unit
74c Third pressure detection unit

75a First discharge valve

75b Second discharge valve

76 Inflow preventing portion

80 Second circulation unit

81 Second circulation flow path

82 Pressure detection unit

100 Second cooling system

110 Air vent unit

120 Storage part

121 Auxiliary tank

130 Delivery unit

131 Delivery flow path

132aFirst sub-delivery pipe

132b Second sub-delivery pipe

132c Third sub-delivery pipe

132d Fourth sub-delivery pipe

132e Fifth sub-delivery pipe
133aFirst delivery opening and closing valve
133b Second delivery opening and closing valve

133c Third delivery opening and closing valve
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133d Fourth delivery opening and closing valve
133e Fifth delivery opening and closing valve
134 Pump unit

135aFirst delivery temperature detection unit
135b Second delivery temperature detection unit
135c¢ Third delivery temperature detection unit
136 Delivery pressure detection unit

137 Flow rate detection unit

138 Level detection unit

200 Third cooling system

201 First delivery flow path

202 Second delivery flow path

203 Sixth delivery opening and closing valve
204 Seventh delivery opening and closing valve
205 Eighth delivery opening and closing valve
206 Delivery temperature detection unit

207 Removing unit

300 Control device

310 Operation unit

320 Communication unit

330 Output unit

340 Power supply unit

350 Control unit

351 Opening and closing control unit

352 Compression control unit
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360 Storage unit
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CLAIMS
1. A refrigerant control system for controlling a refrigerant flowing in a
circulation flow path connected to a compression section and circulating the refrigerant
compressed by the compression section so as to exchange heat between the refrigerant
and a cooling object, the refrigerant control system comprising:

a storage section which stores the refrigerant;

a first pipe which is connected to an outlet side pipe constituting the
circulation flow path and located on an outlet side of the compression section and
allows the refrigerant in the outlet side pipe to flow into the storage section through the
first pipe;

a second pipe which is connected to an inlet side pipe constituting the
circulation flow path and located on an inlet side of the compression section and
allows the refrigerant in the storage section to flow into the inlet side pipe through the
second pipe;

a third pipe which is connected to the inlet side pipe and is formed so that heat
of the third pipe lower than heat of the outlet side pipe is able to be transferred to the
refrigerant in the storage section;

a first opening and closing valve which is provided in the first pipe and
switches whether or not to allow the refrigerant in the outlet side pipe to flow into the
storage section;

a second opening and closing valve which is provided in the second pipe and
switches whether or not to allow the refrigerant in the storage section to flow into the
inlet side pipe;

a third opening and closing valve which is provided in the third pipe and

switches whether or not to allow the refrigerant in an upstream part in relation to the
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storage section in the third pipe to flow into a part on the side of the storage section in
the third pipe; and

an opening and closing control section which performs opening and closing
control of the first opening and closing valve, the second opening and closing valve,
and the third opening and closing valve on the basis of a set temperature of the cooling

object.

2. The refrigerant control system according to claim 1,

wherein the opening and closing control section opens the first opening and
closing valve and the third opening and closing valve and closes the second opening
and closing valve when the set temperature of the cooling object is higher than a
critical temperature of the refrigerant and closes the first opening and closing valve
and the third opening and closing valve and opens the second opening and closing
valve when the set temperature of the cooling object is lower than the critical

temperature of the refrigerant.

3. The refrigerant control system according to claim 2,

wherein the opening and closing control section opens the first opening and
closing valve and the third opening and closing valve and closes the second opening
and closing valve at least when an operating pressure value of the compression section
acquired by a predetermined method is higher than a threshold value or the set
temperature of the cooling object is higher than the critical temperature of the
refrigerant and closes the first opening and closing valve and the third opening and
closing valve and opens the second opening and closing valve at least when the

operating pressure value of the compression section is lower than the threshold value
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or the set temperature of the cooling object is lower than the critical temperature of the

refrigerant.

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

a fourth pipe which is connected to the outlet side pipe and is formed so that
heat of the fourth pipe higher than heat of the third pipe is able to be transferred to the
refrigerant in the storage section; and

a fourth opening and closing valve which is provided in the fourth pipe and
switches whether or not to allow the refrigerant in an upstream part in relation to the
storage section in the fourth pipe to flow into a part on the side of the storage section
in the fourth pipe,

wherein the opening and closing control section performs opening and closing
control of the first opening and closing valve, the second opening and closing valve,
the third opening and closing valve, and the fourth opening and closing valve on the

basis of the set temperature of the cooling object.

5. The refrigerant control system according to claim 4,

wherein the opening and closing control section opens the first opening and
closing valve and the third opening and closing valve and closes the second opening
and closing valve and the fourth opening and closing valve when the set temperature of
the cooling object is higher than the critical temperature of the refrigerant and closes
the first opening and closing valve and the third opening and closing valve and opens
the second opening and closing valve and the fourth opening and closing valve when

the set temperature of the cooling object is lower than the critical temperature of the
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refrigerant.

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

wherein the refrigerant in the storage section is able to be prevented from
reversely flowing to the outlet side pipe or the inlet side pipe through the first pipe or
the second pipe by forming the first pipe and the second pipe so that a part of each of

the first pipe and the second pipe is located above the other part.

7. The refrigerant control system according to any one of claims 1 to 6, further
comprising:
an inflow preventing section which prevents foreign matter from flowing into

the storage section through the first pipe.

8. The refrigerant control system according to any one of claims 1 to 7, further
comprising:
a temperature adjustment section which adjusts a temperature of the

refrigerant in the storage section.

Q. The refrigerant control system according to any one of claims 1 to 8,

wherein the refrigerant is carbon dioxide.

10. The refrigerant control system according to any one of claims 1 to 9,

wherein the cooling object is a refrigerant for cooling a semiconductor

manufacturing system.
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11. A cooling system for cooling a cooling object using a refrigerant comprising:

a compression section which compresses the refrigerant;

a circulation flow path which includes a cooling object side pipe connected to
the compression section and located on the side of the cooling object and circulates the
refrigerant so as to exchange heat between the refrigerant compressed by the
compression section and the cooling object;

the refrigerant control system according to any one of claims 1 to 10; and

a heat exchange section which is provided in the cooling object side pipe and
exchanges heat between the refrigerant in the cooling object side pipe and the cooling

object.

12. The cooling system according to claim 11,

wherein the heat exchange section includes a first heat exchange section
which is able to cool the cooling object and a second heat exchange section which is
able to heat the cooling object cooled by the first heat exchange section,

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

wherein the cooling system further comprises:

a detection section which detects a temperature in the outlet side pipe or a
temperature in the inlet side pipe;

a fifth pipe which is connected to an upstream part in relation to the first heat
exchange section in the first cooling object side pipe and the inlet side pipe; and

a fifth opening and closing valve which is provided in the fifth pipe and is

able to adjust the amount of the refrigerant in the cooling object side pipe flowing into
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the inlet side pipe, and
wherein the opening and closing control section performs opening degree
control of the fifth opening and closing valve on the basis of a detection result of the

detection section.

13. The cooling system according to claim 12, further comprising:

a sixth opening and closing valve which is provided in an upstream part in
relation to the first heat exchange section in the first cooling object side pipe and is
able to adjust the amount of the refrigerant in the first cooling object side pipe flowing
into the first heat exchange section; and

a seventh opening and closing valve which is provided in a downstream part
in relation to the second heat exchange section in the second cooling object side pipe
and is able to adjust the amount of the refrigerant exchanging heat by the second heat
exchange section and flowing into the inlet side pipe,

wherein the opening and closing control section performs opening degree
control of the sixth opening and closing valve and the seventh opening and closing
valve on the basis of a temperature of the cooling object acquired by a predetermined

method.

14, The cooling system according to claim 13, further comprising:
a compression control section which controls the compression section on the
basis of the detection result of the detection section and the temperature of the cooling

object acquired by the predetermined method.

15. The cooling system according to any one of claims 12 to 14, further
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comprising:

a refrigerant heat exchange section which exchanges heat between the
refrigerant in the upstream part in relation to the first heat exchange section in the first
cooling object side pipe and the refrigerant in the downstream part in relation to the

second heat exchange section in the second cooling object side pipe.

104



