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DESCRIPTION
Title of Invention:

COOLING APPARATUS AND COOLING SYSTEM

Technical Field
[0001]

The present invention relates to a cooling apparatus and a cooling
system, and more particularly to a cooling apparatus and a cooling system

for cooling heat from a plurality of heat sources.

Background Art
[0002]

Recently, with improvement of an information processing technology
and development of an Internet environment, a required information
processing volume has increased. This trend has been accompanied by
taking attention on data center business that installs and runs apparatuses
such as server apparatuses used for the Internet. communication
apparatuses, fixed telephones. or IP (Internet Protocol) telephones.
[0003]

A number of electronic devices such as computers are installed in a
server room of the data center. As a method for installing electronic
devices in a server room. a method using a rack-mount method is the
mainstream. The rack-mount method is a method for installing by
stacking flat electronic devices standardized according to JIS (Japanese
Industrial Standards) or EIA (Electronic Industries Alliance) on a rack.
[0004]

To secure sufficient space in a server room. as many electronic devices
as possible are desirably mounted on a rack. Thus. it is desirable to

lower the height of each electronic device. The height of an electronic
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device such as a 1U (Unit) server or a blade server, referred to as a
rack-mount server. is generally about 40 millimeters. To cool heat
discharged from a rack-mount server. i1t is necessary to simultaneously cool
a plurality of stacked heat sources having different height.

[0005]

A cooling technology of the heat discharged from a rack-mount server

i3]

is disclosed in. for example, Patent Literature 1. The Patent Literature 1
discloses a technology for cooling servers having different height arranged
in respective server rooms of two floors, upper and lower, by using a
boiling cooling method. An evaporator and a temperature sensor are
arranged near an outlet of each of servers installed in the server rooms of
the upper and lower floors. A refrigerant evaporated in each evaporator
is cooled in a condenser disposed outside the server rooms to be condensed.
and then flows again into the evaporator.

[0006]

In a cooling apparatus of the Patent Literature 1, after a measurement
temperature measured by each temperature sensor has been input to a
controller. the controller controls an opening of a flow rate adjustment
valve disposed in each evaporation unit based on the measurement
temperature. Accordingly, refrigerants of appropriate flow rates for
setting exhaust air temperatures to be equal can be supplied to each of the
evaporators of the upper and lower floors with different height. As a
result, the exhaust temperature of air discharged from the server room to
the evaporator can be adjusted to a temperature environment suited for
operating servers. and degradation of cooling performance caused by a

shortage of a refrigerant flow rate can be suppressed.

Citation List

Patent Literature
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[0007]
Patent Literature 1: Japanese Laid-open Patent Publication No.

2010-190553 (paragraph 0039)

Summary of Invention
Technical Problem
[0008]

The cooling apparatus of the Patent Literature 1, however, has a
problem of having a complicated structure, because it is necessary to
arrange the temperature sensor. the flow rate adjustment valve controlled
on the basis of the temperature measured by the temperature sensor. and
the controller for controlling the flow rate adjustment valve in order to
supply the refrigerants of appropriate flow rates to the evaporators with
different height.

[0009]
It is an object of the present invention to provide a cooling apparatus

and a cooling system capable of solving the aforementioned problem.

Solution to Problem
[0010]

A cooling apparatus according to the present invention includes N (N is
an integer of 2 or larger) refrigerant storage units disposed in a vertical
direction and configured to store refrigerants. a condensation unit disposed
above the N refrigerant storage units, a steam pipe for circulating a gas
phase refrigerants flowing out of the N refrigerant storage units to the
condensation unit, a liquid pipe for circulating a liquid phase refrigerant
flowing out of the condensation unit to an uppermost refrigerant storage
unit. and separation piping for circulating the liquid phase refrigerant

flowing out of an upper refrigerant storage unit to a lower refrigerant
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storage unit, in which the liquid phase refrigerant flows into each
refrigerant storage unit via an inlet, and flows out from the refrigerant
storage unit via a first connection port formed below the inlet.

[0011]

A cooling system according to the present invention includes a casing.
lectronic devicces, a plurality of stages of mounting shelves for mounting
the electronic devices, and the aforementioned cooling apparatus, in which
the evaporation units and the electronic devices are disposed on the

mounting shelves to face each other. and the condensation unit is disposed

outside the casing.

Advantageous Effects of Invention
[0012]

According to the cooling apparatus and the cooling system of the
present invention. electronic devices arranged at a plurality of stages can

be easily cooled with a simple structure.

Brief Description of Drawings
[0013]

FIG. 1 is a sectional view illustrating the configuration of a cooling
apparatus according to a first exemplary embodiment of the present
invention;

FIG. 2 is a sectional view illustrating the configuration of a cooling
apparatus according to a second exemplary embodiment of the present
invention;

FIG. 3 1s a sectional view illustrating an operation of the cooling
apparatus according to the second exemplary embodiment of the present
invention;

FIG. 4 is a sectional view illustrating the configuration of a cooling
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apparatus according to a third exemplary embodiment of the present
invention;

FIG. 5 is a sectional view illustrating the configuration of a cooling
apparatus according to a fourth exemplary embodiment of the present
invention:

|I>a Ve
I
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6 is a scctional view illustrating the configuration of a cooling
apparatus according to a fifth exemplary embodiment of the present
invention:

FIG. 7 is a sectional view illustrating the configuration of a cooling
system according to a sixth exemplary embodiment of the present invention:
FIG. 8 1s a sectional view tllustrating the configuration of a cooling
apparatus according to a seventh exemplary embodiment of the present

invention:

FIG. 9 is a sectional view illustrating the configuration of the cooling
apparatus according to the seventh exemplary embodiment of the present
invention:

FIG. 10 is a sectional view illustrating the configuration of a merging
unit of the cooling apparatus according to the seventh exemplary
embodiment of the present invention:

FIG. 11 is a sectional view illustrating the configuration of the merging
unit of the cooling apparatus according to the seventh exemplary
embodiment of the present invention:

FIG. 12 is a sectional view illustrating an operation of the merging unit
of the cooling apparatus according to the seventh exemplary embodiment of
the present invention:

FIG. 13 is a sectional view illustrating the configuration of a
comparative example for the cooling apparatus according to the seventh
exemplary embodiment of the present invention: and

FIG. 14 is a sectional view illustrating the configuration of a cooling
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apparatus according to an eighth exemplary embodiment of the present

invention.

Description of Embodiments

[0014]

A first exemplary embodiment will be described in detail referring to the
drawings. FIG. 1 is a sectional view illustrating a cooling apparatus 20
according to the embodiment.  As illustrated in FIG. 1, respective cooling
apparatuses 20 according to the embodiment are arranged corresponding to
a plurality of electronic devices stacked in a vertical direction and the
cooling apparatus 20 includes refrigerant storage units 10, a condensation
unit 2, a steam pipe 4, a liquid pipe 5. and separation piping 8. The
condensation unit 2 is disposed above the refrigerant storage units 10.
[0015]

Each refrigerant storage unit 10, which has a structure for storing
refrigerants, includes an inlet 6. a first connection port 7a. and an outlet 9.
Each refrigerant storage unit 10 is connected to the condensation unit 2 via
the outlet 9 and the steam pipe 4 through which a gas phase refrigerant
flows.

[0016]

The refrigerant storage unit 10 located at an uppermost part is
connected to the condensation unit 2 via the inlet 6 and the liquid pipe 5
through which a liquid phase refrigerant flows, and connected to another
refrigerant storage unit 10 located below via the first connection port 7a
and the separation piping 8.

[0017]
On the other hand, the refrigerant storage unit(s) 10 located at a part

other than the uppermost part is connected to another refrigerant storage
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unit 10 located above via the inlet 6 and the separation piping 8 through
which the liquid phase refrigerant flows, and connected to yet another
refrigerant storage unit 10 located below via the first connection port 7a
and the separation piping 8.

[0018]

I

It

-
e
-
o
(¢

refrigerant storage unit(s) 10. the {irst connection port 7a is
located lower than both of the outlet 9 and the inlet 6. In FIG.1. the first
connection port 7a of the refrigerant storage unit 10 disposed at a
lowermost part is closed.

[0019]

According to the cooling apparatus 20 thus configured, steam of the
refrigerant evaporated in each refrigerant storage unit 10 by absorbing heat
generated from the electronic device flows out from the outlet 9 to flow
into the condensation unit 2 via the steam pipe 4.

[0020]

The steam of the refrigerant which has flowed into the condensation
unit 2 is cooled, and condensed to be liquefied in the condensation unit 2,
and then the liquefied refrigerant flows into the uppermost refrigerant
storage unit 10 from the inlet 6 via the liquid pipe 5. As for the liquetied
refrigerant that has flowed into the uppermost refrigerant storage unit 10.
the liquid surface is higher than the first connection port 7a since the first
connection port 7a is disposed lower than the outlet 9 and the inlet 6 .
Thus. the liquefied refrigerant flows out from the first connection port 7a,
and flows into the lower refrigerant storage unit 10 via the separation
piping 8. Then, each of the plurality of refrigerant storage units 10
stacked in the vertical direction is filled with the liquefied refrigerant up
to a position defined by a disposing position of the first connection port 7a.
[0021]

Thus. the cooling apparatus 20 according to the embodiment can easily
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cool the electronic devices arranged at the plurality of stages with a simple
structure.

[0022]

(Second exemplary embodiment)

A second exemplary embodiment will be described. FIG. 2 is a

0o

sectional view illustrating a cooling apparatus 20 according to the
embodiment. As illustrated in FIG. 2. the cooling apparatus 20 according
to the embodiment includes evaporation units land separation tanks 3 (3a
and 3b) which are arranged corresponding to a plurality of electronic
devices stacked in a vertical direction, a condensation unit 2, a steam pipe
4. a liquid pipe 5, and a separation piping 8. In FIG. 2. the electronic
devices are indicated by dotted lines.

[0023]

Each evaporation unit 1 has a sealed structure and stores refrigerant
therein. In the embodiment, as a specific refrigerant, HFC
(hydrofluorocarbon) or HFE (hydrofluor ether) is used. however, a
refrigerant material is not limited to this. When the evaporation unit 1
receives heat discharged from corresponding electronic device, the
refrigerant stored in the evaporation unit 1 boils to evaporate, and steam of
the refrigerant flows out from an outlet 9.

[0024]

To transport the steam of the refrigerant evaporated in the evaporation
unit 1 to the condensation unit 2. the outlet 9 is preferably disposed at an
upper part of the evaporation unit 1. In the embodiment. the outlet 9 is
disposed at a top surface of the evaporation unit 1. The steam of the
refrigerant boiled in the lower evaporation unit 1 merges with the steam of
the refrigerant boiled in the upper evaporation unit 1 to be transported to
the condensation unit 2.

[0025]
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The condensation unit 2. which is a metallic casing, cools the inflow
steam of the refrigerant. The condensation unit 2 disposed above the
evaporation units 1 includes a connection port connected to the steam pipe
4 and a connection port connected to the liquid pipe 5. The connection

port of the condensation unit 2 connected to the liguid pipe 5 is located

Thovr Fhim e st e s e B I S T : . A A
nan tal connediion port Conneciecd 1o e ¢cvapordiion pipe 4. A

ower t
material of the condensation unit 2 is not limited to a metal as long as the
material has high heat conductivity.

[0026]

The evaporation pipe 4 connects the evaporation units 1 with the
condensation unit 2 to transport the steam of the refrigerant evaporated in
each evaporation unit | to the condensation unit 2.

[0027]

The liquid pipe 5 connects the condensation unit 2 with the separation
tank 3 to transport the liquefied refrigerant condensed in the condensation
unit 2 to the separation tank 3.

[0028]

Each separation tank 3 is disposed at a height substantially equal to
corresponding one of evaporation units 1 disposed in a vertical direction.
namely. at a position facing the corresponding evaporation unit | in a
horizontal direction. A lower surface part of the separation tank 3 and a
lower surface part of the corresponding evaporation unit 1 are preferably
arranged at equal heights. Hereinafter. when the separation tanks 3
arrayed in the vertical direction are distinguished to be described. an upper
separation tank will be referred to as a separation tank 3a, and a lower
separation tank will be referred to as a separation tank 3b.  The upper
separation tank 3a includes an inlet 6. a first connection port 7a. and a

second connection port 7b. while the lower separation tank 3b includes an

inlet 6 and a second connection port 7b.
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[0029]

The inlet 6 of the upper separation tank 3a is connected to the liquid
pipe 5 for transporting the refrigerant liquefied in the condensation unit 2.
The inlet 6 of the lower separation tank 3b is connected to the separation
piping 8 for transporting the refrigerant flowed out from the upper

separation tank 3. In other words, the inlet 6 is connected to either the

unit 2 or the separation piping 8§ for transporting the refrigerant flowed out
from the upper separation tank 3. In the embodiment, the inlet 6 is
disposed on the upper part of each separation tank 3. However, it is not
limited to this and the inlet may be disposed on a side surface.

[0030]

The first connection port 7a, which is installed on the side surface of
the separation tank 3 at a position lower than the inlet 6. is connected to
the inlet 6 of the lower separation tank 3b via the separation piping 8.
[0031]

Thus. the refrigerant that has flowed into the separation tank 3 flows
out from the first connection port 7a when the liquid surface reaches the
height of the first connection port 7a. and ﬂdws into the lower separation
tank 3 via the separation piping 8. In other words. the liquefied
refrigerant condensed in the condensation unit 2 flows into the uppermost
separation tank 3a from the inlet 6 via the liquid pipe 5. The liquefied
refrigerant flowed out from the first connection port 7a of the upper
separation tank 3 flows into the separation tank 3b other than the
uppermost separation tank from the inlet 6 via the separation piping 8.
[0032]

Each second connection port 7b connected to corresponding
evaporation unit 1 allows the refrigerant that has flowed into the

separation tank 3 to flow into the evaporation unit 1.  Accordingly.
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heights of gas-liquid interfaces of the refrigerant are equal in the
evaporation unit 1 and the separation tank 3. In the embodiment, the
separation tank 3 and the evaporation unit 1 are connected to each other by

piping via the second connection port 7b, however, the arrangement is not

limited to this. The separation tank 3, the second connection port 7b, and
the evaporation unit | may be made of the same material, and as in F1G. 1

described in the first embodiment. the second connection port 7b of the
separation tank 3 and the evaporation unit 1 may be integrally formed.
[0033]

The separation tanks 3 allow the refrigerant that has flowed in from the
condensation unit 2 or the upper separation tank 3 to flow into the
evaporation unit 1 via the second connection port 7b, and also to the lower
separation tank 3b via the first connection port 7a.

[0034]

The first connection port 7a is disposed at a position as high as the
second connection port 7b or higher than the second connection port 7b.
The inlet 6 is preferably disposed at a position higher than the first
connection port 7a and the second connection port 7b.  In other words,
the inlet 6, the first connection port 7a. and the second connection port 7b
are arranged in this order from above in the vertical direction.

[0035]

Further. the first connection port 7a is located lower than the outlet 9
and the inlet 6. In other words. a lower end of the first connection port
7a 1s preferably disposed at a position as high as a lower end of the second
connection port 7b or higher than the lower end of the second connection
port 7b.  An upper end of the first connection port 7a is preferably
disposed at a position as high as an upper end of the second connection
port 7b or higher than the upper end of the second connection port 7b.

[0036]
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Next, an operation of the cooling apparatus 20 according to the
embodiment will be described referring to FIG. 3. The evaporation units
I are made of a material with high heat conductivity, and disposed at a
position that is able to receive heat discharged from the electronic devices.
Accordingly. the heat discharged from the electronic devices is conducted,
via the cvaporation units 1. to the refrigerant siored in the evaporation
units 1.

[0037]

The refrigerant receives the heat generated from the electronic devices
to boil. Steam of a gas phase refrigerant generated by boiling the
refrigerant provided in the sealed space of each evaporation unit 1 flows
out from the outlet 9 by buoyancy generated due to a difference in
gas-liquid density to be transported to the condensation unit 2 via the
evaporation pipe 4.

[0038]

The condensation unit 2. which has a structure of a large surface area
by disposing a radiation fin or the like, not illustrated, efficiently
exchanges heat with outside air. The condensation unit 2 radiates the
heat of the steam of the refrigerant transported from the steam pipe 4 by
exchanging heat with the outside air.

[0039]

The gas phase refrigerant transported to the condensation unit 2 is
cooled by radiating heat in the condensation unit 2. and condensed to be
liquefied. The refrigerant liquetied at the condensation unit 2 flows into
the separation tank 3 via the liquid pipe 5 by gravity, and flows into the
evaporation unit 1 again via the second connection port 7b.

[0040]

A case where the refrigerant liquefied at the condensation unit is

flowed into the evaporation units via a common liquid pipe without
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disposing any first connection port 7a or any separation piping 8 will be
discussed. In this case. the refrigerant liquefied at the condensation unit
first stays in the lowermost evaporation unit (separation tank) via the
common liquid pipe by action of gravity, and then the upper evaporation
units (separation tanks) are sequentially filled With the refrigerant.
(0041]

When the refrigerant in the evaporation units boils by heat from the
electronic devices. the liquefied refrigerant is reduced while the steam of
the gas phase refrigerant is increased. The steam of the refrigerant is
moved upward by buoyancy generated due to a difference in gas-liquid
density. At this time. with the above configuration, a sufficient amount
of refrigerant has been stored in the lowermost evaporation unit while a
necessary amount of refrigerant for cooling has not been stored in the
upper evaporation unit.  As a result. the lower electronic device can be
cooled while the upper electronic device may not be cooled.

[0042]

Thus. the cooling apparatus 20 according to the embodiment is
provided with the first connection port 7a and the separation piping 8.
allowing the liquefied refrigerant to flow into the uppermost separation
tank 3a at first, and then allowing the refrigerant to sequentially flow from
the uppermost separation tank 3a to the lower separation tank(s) 3b. In
other words, when a liquid surface of the liquefied refrigerant exceeds the
height of the first connection port 7a in the separation tanks 3a and 3b. the
liquefied refrigerant further flows to the lower separation tank 3b via the
separation piping 8.  Thus, the liquefied refrigerant is distributed to the

o]

plurality of separation tanks 3 without being stored in any separation tank

o]

3 exceeding the height of the first connection port 7a and without staying

-

in any one of the separation tanks 3.

[0043]
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Thus, the cooling apparatus 20 according to the embodiment can cool
both of the lower electronic device and the upper electronic device by
arranging the first connection port 7a and the separation piping 8 and
appropriately setting the amount of refrigerant according to the height at
which the first connection port 7a is disposed.

0044]

)

In the embodiment. the second connection port 7b is provided at the
position as high as the first connection port 7a of the separation tank 3 or
lower than the first connection port 7a, and the separation tank 3 and the
evaporation unit | are separated from each other to be connected by the
second connection port 7b.  With this structure, the gas-liquid interface
of the refrigerant in the evaporation unit 1 is located higher than the
second connection port 7b, and it is possible to reduce space in which the
steam of the refrigerant boiled to evaporate in the evaporation unit 1 is
located. The reduction of the space in which the steam of the refrigerant
1s located increases the buoyancy generated due to the difference in
gas-liquid density, and accordingly the steam of the refrigerant smoothly
flows out from the outlet 9.

[0045]

In the embodiment. two electronic devices and two evaporation units 1
are arranged in the vertical direction, however. the present invention is not
limited to this. Three or more electronic devices and three or more
evaporation units 1 can be arranged in the vertical direction. When the
electronic devices, the electronic devices and the evaporation units 1 are
arranged by three or more in the vertical direction, the liquid surface of the
refrigerant liquefied in the middle separation tank 3b rises to the height of
the first connection part 7a.  Accordingly. the overflowed refrigerant
further flows into the lower separation tank 3 via the separation piping 8.

and flows into the evaporation unit 1 via the second connection port 7b.
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[0046]
Thus, in the cooling apparatus 20 according to the embodiment. the
upper evaporation unit 1 and the lower evaporation unit 1 allow the
refrigerant of such an amount that a liquid surface reaches the height of the

first connection port 7a of the separation tank 3 to flow inside. As a

result, the amount of refrigerant stored in the upper evaporation unit 1 is

-

0
suppressed from being smaller than that of refrigerant stored in the lower
evaporation unit 1. and the electronic devices arranged at the plurality of
stages in the vertical direction can be evenly cooled.

[0047]

Thus, the cooling apparatus 20 according to the embodiment can easily
cool the electronic devices arranged at the plurality of stages with the
simple structure that includes the separation piping 8 and the separation
tank 3 having the first connection port 7a and the second connection port
7b that are different in height in the vertical direction.

[0048]
(Third exemplary embodiment)

A third exemplary embodiment will be described. FIG. 4 is a sectional
view illustrating a cooling apparatus 20 according to the embodiment.

The cooling apparatus 20 according to the embodiment is configured such
that respective evaporation units 1 are connected to individually
independent steam pipes 4.  Other structures and connection relations are
identical or similar to those of the first embodiment. and the cooling
apparatus 20 includes evaporation units 1. a condensation unit 2.
separation tanks 3. the steam pipes 4. and a liquid pipe 5.

[0049]

Fach evaporation unit 1 has a sealed structure and stores refrigerant
therein. The evaporation unit 1 includes an outlet 9 connected to

corresponding steam pipe 4 for transporting. to the condensation unit 2, a
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gas phase refrigerant boiled by receiving heat discharged from the
electronic device. The condensation unit 2 is connected to the liquid pipe
5 for transporting, to the separation tank 3. a refrigerant condensed to be
liquefied by exchanging heat with outside air. Each separation tank 3 has

a height substantially equal to that of corresponding evaporation unit 1.

and includes an inlet 6, a first connection port 7a, and a second connection
port 7b.
[0050]

Each separation tank 3 is disposed at a position facing corresppnding
evaporation unit 1 in a horizontal direction. The inlet 6 of the uppermost
separation tank 3 is connected to the liquid pipe 5 for transporting the
refrigerant liquefied at the condensation unit 2.  The inlet 6 of each
separation tank 3 other than the uppermost separation tank 3 is connected
to separation piping 8 for transporting a refrigerant flowed out from the
separation tank 3 located above.

[0051]

The first connection port 7a is connected to the inlet 6 of the separation
tank 3 located below via the separation piping 8.

[0052]

The second connection port 7b connected to the evaporation unit 1
allows the liquefied refrigerant stored in the separation tank 3 to flow into
the evaporation unit 1.  The connection between the evaporation unit 1
and the separation tank 3 may be integration of the evaporation unit 1 and
the separation tank 3 without disposing any second connection port 7b.
[0053]

The second connection port 7b is disposed on the separation tank 3 at a
position as high as the first connection port 7a or lower than the first
connection port 7a.  The first connection port 7a is located lower than the

outlet 9 and the inlet 6. In other words. the inlet 6. the first connection
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port 7a, and the second connection port 7b are arranged on the separation
tank 3 in this order from above in the vertical direction.
[0054]

In the cooling apparatus 20 according to the embodiment, the
evaporation units 1 arranged in the vertical direction are individually
connccted to the independent steam pipes 4. The plurality of steam pipes
4 are connected to one common condensation unit 2.  In other words, as
illustrated in FIG. 4. the upper evaporation unit 1., the middle evaporation
unit 1. and the lower evaporation unit 1 are connected to the condensation
unit 2 via the different steam pipes 4.

[0055]

In the cooling apparatus 20 thus configured. the refrigerant stored in
the evaporation units 1 receives heat discharged from the electronic
devices to boil.  Steam of the refrigerant generated by boiling the
refrigerant is transported to the condensation unit 2 via the evaporation
pipes 4 by buoyancy generated due to a difference in gas-liquid density.
The condensation unit 2 exchanges heat with outside air to radiate the heat
of the steam of the refrigerant transported from the steam pipes 4. and the
refrigerant is condensed. Then, the refrigerant liquefied at the
condensation unit 2 is transported to the separation tank 3 via the liquid
pipe 5.

[0056]

The refrigerant transported to the separation tank 3 is refluxed to the
evaporation unit [ oppositely disposed in the horizontal direction via the
second connection port 7b.  When the refrigerant liquefied at the
condensation unit 2 is transported to the separation tank 3 and a liquid
surface of the refrigerant stored in the separation tank 3 and the
evaporation unit 1 reaches the height of the first connection port 7a. the

overflowed refrigerant flows out to the lower separation tank 3 via the
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separation piping 8.
[0057]
The lower separation tank 3 similarly allows the refrigerant to flow
into corresponding evaporation unit 1.  When the liquid surface of the
refrigerant stored in the separation tank 3 and the evaporation unit 1

1.

st | TR
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the first connection port 7a, the refrigerant flows out
to still lower separation tank 3 via the separation piping 8.
[0058]

In the cooling apparatus 20 according to the embodiment, three
electronic devices and three evaporation units [ are arranged in the vertical
direction. However, the present invention is not limited to this. Two,
or four or more electronic devices and two. or four or more evaporation
units 1 can be arranged in the vertical direction.

[0059]

Next, action and effect of the cooling apparatus 20 according to the
embodiment will be described. In the embodiment. the plurality of
evaporation units 1 arranged in the vertical direction are individually
connected to the steam pipes 4. The plurality of steam pipes 4 are
connected to the common condensation unit 2. In this case, compared
with a case where the plurality of evaporation units 1 are connected to the
condensation unit 2 via one common steam pipe 4. a flow velocity of the
gas phase refrigerant flowed through the steam pipes 4 can be made lower.
[0060]

The effect will be specifically described referring to FIG. 4. "In a
structure illustrated in FIG. 4. the steam evaporated in the three
evaporation units | is individually connected to the condensation unit 2 via
the three steam pipes 4.  Thus. for example., compared with a case where
the steam evaporated in the three evaporation units 1 is flowed through one

common steam pipe 4 to be transported to the condensation unit 2, the
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amount of gas phase refrigerant flowing through each steam pipe 4 is
smaller and a flow velocity of the gas phase refrigerant is lower. As a
result, pressure loss of the gas phase refrigerant flowed through the steam
pipes 4 is reduced so that a boiling point of the refrigerant is lowered, and
heat exchanging performance in the evaporation units 1 or the

.
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[0061]
(Fourth exemplary embodiment)

A fourth exemplary embodiment will be described. FIG. 5 is a sectional
view illustrating a cooling apparatus 20 according to the embodiment.

The cooling apparatus 20 according to the embodiment is configured such
that respective evaporation units | arranged in a vertical direction are
connected to independent condensation units 2 via steam pipes 4. Other
structures and connection relations are identical or similar to those of the
first embodiment. and therefore detailed description will be omitted. In
FIG. 5, three electronic devices and three evaporation units | are arranged
in the vertical direction, however, the present invention is not limited to
this.  Two. or four or more electronic devices and two. or four or more
evaporation units 1 can be arranged in the vertical direction.

[0062]

The cooling apparatus 20 according to the embodiment is provided with
the same number of condensation units 2 as that of evaporation units 1, that
are independently arranged. and the evaporation units 1 arrayed in the
vertical direction are individually connected to the corresponding
condensation units 2 via the corresponding steam pipes 4.  The
condensation units 2 are individually connected to corresponding
separation tanks 3 via a liquid pipe 5. In other words. the upper
evaporation unit 1. the middle evaporation unit 1, and the lower

evaporation unit 1 are individually connected to the three independent
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condensation units 2 via the corresponding steam pipes 4.  All the
condensation units 2 are arranged above the evaporation units 1 and the
separation tanks 3.

[0063]

Next, action and effect of the cooling apparatus 20 thus configured will
cd. In the cooling apparatus 20 according to the embodiment,
the same number of the condensation units 2 as that of the evaporation
units I are independently arranged, and individually connected to the
evaporation units 1 via the steam pipes 4. In this case, heat exchanging
performance between the refrigerant that has flowed into the condensation
units 2 and outside air can be enhanced, and cooling performance can be
improved.

[0064]

More specifically. when the plurality of steam pipes 4 individually
connected to the plurality of evaporation units 1 are connected to one large
condensation unit 2. a gas phase refrigerant that has flowed into the
condensation unit 2 may not be sufficiently diffused to all areas of the
condensation unit 2. In other words, the gas phase refrigerant that has
flowed into the condensation unit 2 may be subjected to sufficient heat
exchanging with the outside air only at a center of the condensation unit 2.
[0065]

On the other hand, in the embodiment. the same number of the
condensation units 2 as that of the evaporation units 1 are independently
arranged. and the plurality of condensation units 2 are individually
connected to the evaporation units 1 via the plurality of steam pipes 4.
With this structure, the gas phase refrigerant that has flowed into the
condensation units 2 is diffused to all areas in the condensation units 2
because each condensation unit 2 is subdivided to be small in volume. As

a result. the gas phase refrigerant can be cooled by using all the
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condensation units 2, and cooling performance in the condensation units 2
can be improved.
[0066]
(Fifth exemplary embodiment)

A fifth exemplary embodiment will be described. FIG. 6 is a sectional

view illustrating a cooling apparatus 20 according to the embodimeni. In

[

the cooling apparatus 20 according to the embodiment, an inlet 6, a first
connection port 7a, and a second connection port 7b are arranged on the
same side surface of each separation tank 3.  Other structures and
connection relations are identical or similar to those of the first
embodiment. and therefore detailed description will be omitted. In FIG.
6. three electronic devices and three evaporation units 1 are arranged in the
vertical direction. However, the present invention is not limited to this.
Two, or four or more electronic devices and two. or four or more
evaporation units 1 can be arranged in the vertical direction.

[0067]

In the cooling apparatus 20 according to the embodiment, as illustrated
in FIG. 6, the inlet 6, the first connection port 7a. and the second
connection port 7b are arranged on the same side surface of the separation
tank 3. Further, in the cooling apparatus 20 according to the embodiment,
the inlet 6, the first connection port 7a, and the second connection port 7b
are arranged on the side surface of the separation tank 3 facing the
evaporation unit .

[0068]

Next. action and effect of the cooling apparatus 20 thus configured will
be described. In the cooling apparatus 20 according to the embodiment,
as tllustrated in FIG. 6. each evaporation unit | includes the inlet 6, the
first connection port 7a, and the second connection port 7b on the same

side surface. Accordingly. nozzles can be disposed on one side surface.
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and the cooling apparatus 20 can be reduced in size and height. In other
words., when the inlet 6 is disposed on the side surface of the separation
tank 3. the surface facing the evaporation unit 1, the cooling apparatus 20
can be reduced in height compared with a case where the inlet 6 is disposed
on a top surface of the separation tank 3. When the first connection port

| SN .

7a and the sccond connection port 7b arranged on the side surface of the

a an
separation tank 3 are arranged on the side surface of the separation tank 3
at the side facing the evaporation unit 1, the first connection port 7a, the
second connection port 7b. a liquid pipe 5, and separation piping 8 can be
housed between the evaporation unit 1 and the separation tank 3. and the
cooling apparatus 20 can be miniaturized.

[0069]
(Sixth exemplary embodiment)

A sixth exemplary embodiment will be described. FIG. 7 is a sectional
view illustrating a cooling system 30 according to the embodiment. The
cooling system 30 according to the embodiment includes a cooling
apparatus 20, racks 11, electronic devices 12, and a server room 13.  The
cooling apparatus 20, which is identical or similar to the cooling apparatus
20 described in the second embodiment. includes evaporation units 1. a
condensation unit 2, separation tanks 3. a steam pipe 4. and a liquid pipe 5.
There is no restriction on a connection method between each evaporation
unit 1 and corresponding separation tank 3 as long as they are connected
below a first connection port 7a. In FIG. 7. a connection part between the
evaporation unit | and the separation tank 3 is illustrated as a second
connection port 7b.

[0070]

The cooling system 30 includes a plurality of racks 11 in the server

room 3. In FIG. 7. two racks are installed in the server room 13.

however, the present invention is not limited to this. The evaporation
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units 1 and the separation tanks 3 of the cooling apparatus 20 are arranged

in the racks 11 housing the electronic devices 12, and the condensation unit

2 of the cooling apparatus 20 is disposed outside the server room 13.

[0071]
Each rack 11 includes a casing 14 and a plurality of mounting shelves
15 for mounting the electronic devices 12.  The evaporation unit 1, the

~

separation tank 3, and the electronic device 12 are arranged on each of the
plurality of mounting shelves 15. The evaporation unit 1 is located at a
height substantially equal to that of the electronic device 12, namely, at a
position so as to face the electronic device 12 in a horizontal direction.
Each evaporation unit 1 and the condensation unit 2 are connected to each
other via the steam pipe 4, and the condensation tank 2 and the separation
tank 3 are connected to each other via the liquid pipe 5.

[0072]

A blower 16 for cooling heat discharged from the electronic device 12
is mounted on each mounting shelf 15,  The electronic device 12 is
disposed on each mounting shelf 15 so that air sent from the blower 16 can
be discharged out of the casing 14 via the evaporation unit 1. The blower
16 may be disposed in the electronic device 12.

[0073]

Although it is not illustrated in FIG. 7. the casing 14 includes
through-holes formed to insert the steam pipe 4 and the liquid pipe 5. and a
plurality of discharge holes formed to discharge the air discharged from
the electronic devices 12 out of the casing 14.

[0074]

The steam pipe 4 and the liquid pipe 5 are inserted through the
through-holes to allow a refrigerant to flow between each evaporation unit
1 disposed in the casing 14 and the condensation unit 2 disposed outside

the casing 14. The casing 14 includes the discharge holes, whereby the
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air sent from the blower 16 to cool the electronic device 12 can be
discharged out of the rack 11.
[0075]

In the cooling system 30 thus configured. when the plurality of racks
11 disposed in the server room 13 is operated. the electronic devices 12
he mounting shelves 15 of the racks 11 also start to operate.
Internal electronic components or the like generate heat when the
electronic device 12 continues to operate. A rise in a temperature inside
the rack 11 increases probability of a failure of the electronic devices 12.
Thus. the blower 16 disposed in each mounting shelf 15 blows air, thereby
suppressing the rise in the temperature inside the rack 11.

[0076]

However, the air discharged from the electronic devices 12 has high
temperature because it captures heat from the electronic components, while
the server room 13 has a structure generally provided with sealability to
prevent a failure of the electronic devices 12 caused by dust.
Accordingly. the high-temperature air fills the server room 13 to increase
the temperature inside the server room 13. The increased temperature in
the server room 13 causes a failure of the electronic devices 12.  Thus,
the temperature in the server room 13 is preferably decreased by using an
air conditioner or the like. However, this requires electric power.
[0077]

Therefore. in the cooling system 30 according to the embodiment. the
evaporation unit 1 is disposed on the mounting shelt 15 on which the
electronic component 12 of the rack 11 is disposed, and heat is absorbed
from the air discharged from the electronic device 12 by the refrigerant
stored in the evaporation unit 1.  The high-temperature air discharged
from the electronic device 12 is cooled when its heat is captured by the

refrigerant.
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[0078]

On the other hand. the refrigerant evaporated by heat absorption in the
evaporation unit 1 is transported to the condensation unit 2 installed
outside the racks 11 via the steam pipe 4. Steam of the refrigerant

transported to the condensation unit 2 is cooled to be condensed by
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[¢1]

refrigerant is refluxed to the evaporation units 1 via the respective
separation tanks 3 arrayed in a vertical direction by gravity. Then, the
refrigerant boils by heat generated again from a heating element in the

evaporation units 1. thereby enabling to continuously perform a cooling

7]

cyel
[0079]

In other words, the cooling system 30 according to the embodiment can
prevent an increase of the temperature inside the server room 13 caused by
the high-temperature air discharged from the electronic devices 12 without
using any air conditioner.

[0080]

Concerning refrigerant circulation. a difference in gas-liquid density
genecrated by the boiling and condensing of the refrigerant is used. which
may eliminate the necessity of circulating the refrigerant by installing a
motor or a pump. In other words. the refrigerant can be circulated while
preventing the temperature in the serve room 13 from becoming high
without requiring electric power. As a result. power saving and cost
increase suppression can be achieved in the cooling system 30.

[0081]

In the cooling system 30 according to the embodiment, the cooling
apparatus 20 described in the second embodiment is included.
Specifically, the cooling apparatus 20 includes separation piping 8. and

~

separation tanks 3 each including a first connection port 7a and a second
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connection port 7b with different height in a vertical direction. A
refrigerant cooled to be liquefied in the condensation unit 2 sequentially
flows down from an uppermost separation tank 3 to lower separation tanks

3, and flows from each separation tank 3 to the connected evaporation unit

1. As aresult, without storing different amounts of refrigerant in the
upper cvaporation unit 1 and the lower evaporation unit 1, the electronic

devices arranged at the plurality of stages in the vertical direction can be
evenly cooled.
[0082]

Thus, in the cooling system 30 according to the embodiment, the
electronic devices arranged at the plurality of stages can be easily cooled
with a simple structure where the cooling apparatus 20 includes the
separation piping 8. and the separation tanks 3 each including the first
connection port 7a and the second connection port 7b with different height
in the vertical direction.

[0083]
(Seventh exemplary embodiment)

A seventh exemplary embodiment will be described. FIG. 8 is a sectional
view illustrating the configuration of a cooling apparatus 20 according to
the embodiment.  As illustrated in FIG. 8, the cooling apparatus 20
according to the embodiment is disposed corresponding to a plurality of
electronic devices stacked in a vertical direction. and includes evaporation
units 1. a condensation unit 2. separation tanks 3, steam pipes 4. and a
liquid pipe 5.

[0084]

In the cooling apparatus 20 according to the embodiment, three or more
evaporation units I and three or more electronic devices are arrayed in the
vertical direction. The steam pipes 4 extending from the outlets 9 of the

respective evaporation units 1 merge together at a merging unit 17 to be
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connected to the condensation unit 2.  Other structures and connection
relations are identical or similar to those of the second embodiment.
[0085]

Referring to FIGS. 9, 10 and 11, the merging unit 17 of the steam pipes

4 extending from the respective evaporation units 1 will be described.
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I vicw illustrating the configuration of the cooling
apparatus 20 according to the embodiment. FIG. 10 and 11 are sectional
views each illustrating the configuration of the merging unit of the cooling
apparatus 20 according to the embodiment.

[0086]

As illustrated in FIG. 9. the merging unit 17 is installed at a position
higher than an uppermost outlet 9 in the vertical direction. A steam pipe
4a extending from the outlet 9 of the uppermost evaporation unit 1 and
steam pipes 4b connected to the other evaporation units 1 are connected
together at the merging unit 17.  Further. a steam pipe 4¢ connects the
merging unit 17 with the condensation unit 2.

[0087]

As illustrated in FIG. 10, the steam pipes 4a and 4b extending from the
respective outlets 9 are connected to the merging unit 17.  The steam
pipes 4a and 4b at connection parts are partially protruded in the merging
unit 17 to be connected. A connection end of the steam pipe 4a connected
to the uppermost outlet 9 in the vertical direction is connected to a part in
which liquid tends to stay when the liquid is generated in the merging unit
17 or when the liquid flows into the merging unit 17 from the steam pipe 4¢
connecting the merging unit 17 with the condensation unit 2. FIG. 10
illustrates a case where the merging unit 17 is disposed to be inclined in a
horizontal direction. In this case. the part in which the liguid tends to

stay is a lowermost part in the vertical direction. namely, a left part ot the

merging unit 17 in the figure. and the steam pipe 4a is connected to this
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position.
[0088]

On the other hand. as illustrated in (a) of FIG. 11, the merging unit 17
can be disposed substantially along the horizontal direction, and a partition
18 can be disposed around the steam pipes 4b connected to the evaporation
units other than the uppermost evaporation unit in the vertical direction.
In this case. parts in which the liquid tends to stay are both ends (left part
17a and right part 17b) in which the partition 18 of the merging unit 17 is
not disposed. In (a) of FIG. 11, the left part 17a and the steam pipe 4a
are connected.

[0089]

As illustrated in (b) of FIG. 11 that is a sectional view taken along the
line Z-7" illustrated in (a) of FIG. 11. the partition 18 is formed into a
structure not covering upper parts of the steam pipes 4b so that the steam
can pass through. The partition 18 is formed such that condensate liquid
19 condensed at the merging unit 17 circulates through the steam pipe 4a
while no condensate liquid 19 flows through the steam pipes 4b. In this
case, steam pipe 4b may not be protruded into the merging unit 17. A
sectional view taken along the line X-X' illustrated in (a) of FIG. 11 when
steam pipe 4b is not protruded is illustrated in (¢) of FIG. 11.

[0090]

In the cooling apparatus 20 thus configured. the refrigerant stored in
the evaporation units 1 each having a sealed structure boils by receiving
heat discharged from the electronic devices, and steam of the refrigerant
generated by the boiling flows through the steam pipes 4a and 4b by
buoyancy generated due to a difference in gas-liquid density into the
merging unit 17, and flows out through the steam pipe 4c¢ to the

condensation unit 2. When the merging unit 17 is disposed between the

evaporation units 1 and the condensation unit 2 and the respective steam
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pipes are connected to the merging unit 17, the refrigerant condensed
before reaching the merging unit 17 is smoothly reduced to each
evaporation unit 1.
[0091]

Comparison with a case where the steam pipes are merged at heights of

v R | - e . -

tive evaporation units 1 will be discussed. In FIG. 13, when

4

the steam of the refrigerant is condensed before the steam reaches the
condensation unit 2, a most part of the refrigerant condensed flows into the
lowermost evaporation unit 1 in the vertical direction by gravity. When
the liquefied refrigerant stays more than necessary in the evaporation unit
1. growth of refrigerant bubbles is suppressed by the weight. consequently
degrading evaporation performance. The cooling apparatus 20 according
to the embodiment can prevent deterioration of evaporation performance
by disposing the merging unit 17 to prevent the liquefied refrigerant from
staying more than necessary in the specific evaporation unit 1.

[0092]

The steam of the refrigerant merged at the merging unit 17 flows into
the steam pipe 4¢ by a pressure gradient as illustrated in (a) of FIG. 12.
FIG. 12 1s a sectional view illustrating operations of the merging unit 17 of
the cooling apparatus 20 according to the embodiment. The condensate
liquid 19 of the refrigerant condensed in the merging unit 17 or between
the merging unit 17 and the condensation unit 2 stays as the condensate
liquid 19 in the merging unit 17. The condensate liquid 19 retained in the
merging unit 17 can be refluxed to the uppermost evaporation unit 1 in the
vertical direction via the steam pipe 4a. Even when the amount of
refrigerant increases, the uppermost evaporation unit 1 in the vertical
direction can reflux the refrigerant through the separation tank 3 and the
separation piping 8 to the lower separation tank 3 and evaporation unit 1.

Thus. deterioration of the evaporation performance can be prevented by
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maintaining the appropriate liquid amount of refrigerant in each
evaporation unit 1.
[0093]
The aforementioned cooling apparatus 20 can be applied to the cooling

system 30 according to the sixth embodiment.

o,

[0094]
(Eighth exemplary embodiment)

An eighth exemplary embodiment will be described. FIG. 14 is a
sectional view illustrating the configuration of a cooling apparatus 20
according to the embodiment. As illustrated in FIG. 14, the cooling
apparatus 20 according to the embodiment is disposed corresponding to a
plurality of electronic devices stacked in a vertical direction. and includes
a plurality of evaporation units 1., a condensation unit 2, separation tanks 3.
a steam pipe 4. and liquid pipes 5 with respect to the plurality of electronic
devices.

[0095]

The embodiment is characterized by including a plurality of liquid
pipes 5 connected to the condensation unit 2.  For example, in the
embodiment. three liquid pipes Sa, 5b. and 5¢ are provided for one
condensation unit 2 and nine separation tanks 3 (evaporation units 1).
Each of these three liquid pipes 5a. Sb and 5¢ has one end connected to the
condensation unit 2 and the other end connected to an inlet 6 of each
different separation tank 3.

[0096]

In FIG. 14, the liquid pipe 5a is connected to the inlet 6 of the
uppermost separation tank 3 in the vertical direction, the liquid pipe 5b is
connected to the inlet 6 of the fourth separation tank 3 from the uppermost

tank. and the liquid pipe Sc is connected to the inlet 6 of the seventh

separation tank 3 from the uppermost tank.
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[0097]

As illustrated in FIG. 14, separation piping 8 of the separation tank 3
on the lowermost stage connected to each liquid pipe 5. namely. of the
third and sixth separation tanks 3 from the uppermost tank. is connected to

each liquid pipe 5 of the separation tank 3 directly below, namely, of the

Qer s Gt PR
DL VO bC})dldtlUl fanks

[S]

+ U S PO |
Lt wWhici vl

1€ liquid pipes 5 are
connected.
[0098]

In the exemplary embodiment. the number of liquid pipes 5 is three.
however, not limited to this. and the number of liquid pipes 5 may be nine.
which is equal to the number of separation tanks 3 (evaporation units 1),
for example. In this case. each one of the liquid pipes 5 is connected to
the inlet 6 of the separation tank 3.

[0099]

The cooling apparatus 20 thus configured operates as follows.  The
steam of a gas phase refrigerant gasified in the evaporation units 1 flows
through the steam pipe 4 into the condensation unit 2 by buoyancy
generated due to a difference in gas-liquid density. Then, the gas phase
refrigerant is cooled in the condensation unit 2 to be condensate liquid.
[0100]

In FIG. 14, the condensate liquid of the refrigerant first flows into the
liquid pipe Sa which is closest to the steam pipe 4 (located on the right) to
be supplied to the separation tank 3 disposed to the uppermost evaporator 1.
The condensate liquid that has flowed into the uppermost separation tank 3
is supplied to the evaporator | via a second connection port 7b to be
gasified again in the evaporator 1.  After a liquid surface height of the
condensate liquid has reached the second connection port 7a, the
condensate liquid is supplied to the lower separation tank 3 via the

separation piping 8. Further, when the liquid surface height of the
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condensate liquid reaches the second connection port 7a in the lower
separation tank 3. the condensate liquid is supplied to still lower
separation tank 3.
[0101]

Then. in the condenser 2. the condensate liquid that has not flowed out
to the liquid pipe 5a subsequently flows into the liquid pipe 5b located at a
center of the condenser 2. The condensate liquid that has flowed into the
liquid pipe 5b is supplied to the fourth separation tank 3 from the
uppermost, and supplied to the evaporator 1 and the lower separation tank

-y

3 as in the case of the condensate liquid that has flowed into the liquid pipe
Sa.
[0102]

Further in the condenser 2, the condensate liquid that has not flowed
out to the liquid pipe 5b is supplied to the seventh separation tank 3 from
the liquid pipe 5c¢ farthest from the steam pipe 4 (located on the left).

The condensate liquid that has been supplied to the seventh separation tank
3 is also subjected to the aforementioned circulation process.
[0103]

Thus. in the cooling apparatus 20 according to the embodiment. by
including the plurality of liquid pipes 5. the condensate liquid of the
refrigerant cooled in the condenser 2 is supplied to the plurality of
separation tanks 3 through the plurality of liquid pipes 5 substantially at
the same time. The condensate liquid can be promptly supplied to the
lower separation tank 3.  Thus. in the lower evaporator 1. it is possible to
prevent a dry-out phenomenon where boiling caused by a shortage of a
refrigerant supply does not occur.

[0104]

Some or all parts of the aforementioned embodiments can be specified

as in the following supplemental notes However, the present invention is
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not limited to the supplemental notes.
[0105]
[Supplemental Note 1]

A cooling apparatus including: a first evaporation unit storing
refrigerant; a condensation unit condensing a gas phase refrigerant; and a
ich a liquid phase refrigerant is poured, wherein
the first separation tank includes a second connection port connected to the
first evaporation unit and a first connection port arranged at a position as
high as the second connection port or higher than the second connection
port. and the condensation unit is connected to the first evaporation unit
and the first separation tank.

[0106]
[Supplemental Note 2]

The cooling apparatus according to Supplemental Note, further
including a second separation tank disposed below the first separation tank,
and a second evaporation unit disposed below the first evaporation unit.
wherein the first separation tank is connected to the second separation tank
via the first connection port of the first separation tank. the second
separation tank is connected to the second evaporation unit via a second
connection port of the second separation tank. and the second evaporation
unit is connected to the condensation unit.

[0107]
[Supplemental Note 3]

The cooling apparatus according to Supplemental Note 1 or 2. further
including a third separation tank disposed below the second separation
tank, and a third evaporation unit disposed below the second evaporation
unit, wherein the second separation tank includes a first connection port
arranged at a position as high as the second connection port of the second

separation tank or higher than the second connection port, the second



3]
W

34

separation tank is connected to the third separation tank via the first
connection port of the second separation tank. the third separation tank is
connected to the third evaporation unit via a second connection port of the
third separation tank, and the third evaporation unit is connected to the
condensation unit.
[0108]
[Supplemental Note 4]

The cooling apparatus according to any one of Supplemental Notes 1 to
3, wherein a lower end of the first connection port is arranged at a position
as high as a lower end of the second connection port or higher than the
lower end of the second connection port. and an upper end of the first
connection port is arranged at a position as high as an upper end of the
second connection port or higher than the upper end of the second
connection port.
[0109]
[Supplemental Note 5]

The cooling apparatus according to any one of Supplemental Notes 1 to
4. wherein the separation tank and the evaporation unit are disposed to face
cach other in a horizontal direction.
[0110]
[Supplemental Note 6]

The cooling apparatus according to any one of Supplemental Notes 1 to
5. wherein the condensation unit is disposed above the separation tank and
the evaporation unit.
[0111]
[Supplemental Note 7]

The cooling apparatus according to any one of Supplemental Notes | to
6. wherein a plurality of sets of the separation tanks and the evaporation

units are provided, the plurality of sets are arrayed in a vertical direction,
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an inlet of an uppermost separation tank is connected to the condensation
unit via a liquid pipe. an inlet of each of the separation tanks other than the
uppermost separation tank is connected to the first connection port of
upper separation tank via separation piping, and the evaporation unit is
connected to the condensation unit via a steam pipe.
0112}
[Supplemental Note 8]

The cooling apparatus according to any one of Supplemental Notes 1 to
7, wherein the evaporation units are connected to the condensation unit via
individually independent steam pipes.
[0113]
[Supplemental Note 9]

The cooling apparatus according to any one of Supplemental Notes 1 to
8. further including a plurality of condensation units, wherein the
evaporation units are individually connected to the plurality of
condensation units via the steam pipes.
[0114]
[Supplemental Note 10]

The cooling apparatus according to any one of Supplemental Notes 1 to
9. wherein the second connection port is connected to the evaporation unit
via piping.
[0115]

[Supplemental Note 11]

The cooling apparatus according to any one of Supplemental Notes 1 to
9. wherein the second connection port is formed integrally with the
evaporation unit.
[0116]

[Supplemental Note 12}

The cooling apparatus according to Supplemental Note 7, wherein the
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inlet, the first connection port, and the second connection port are disposed
on the same side surface of the separation tank.
[0117]

[Supplemental Note 13]

The cooling apparatus according to Supplemental Note 12. wherein the
irst connection port, and the second connection pori are arranged
on a side surface of the separation tank, the surface facing the evaporation
unit.

[0118]
[Supplemental Note 14]

The cooling system according to any one of Supplemental Notes 1 to 13,
including a rack including a casing. electronic devices and a plurality of
stages of mounting shelves for mounting the electronic devices, wherein
the evaporation units and the electronic devices are disposed on the
mounting shelves to face each other. and the condensation unit is disposed
outside the casing.

[0119]
[Supplemental Note 15]

The cooling system according to Supplemental Note 14, wherein the
casing includes through-holes for inserting the steam pipe and the liquid
pipe. and a plurality of exhaust holes for discharging air sent from the
electronic devices to the outside.

[0120]
[Supplemental Note 16]

A cooling apparatus including a plurality of refrigerant storage units
storing refrigerants, and a condensation unit disposed above the refrigerant
storage units, wherein a first refrigerant storage unit among the plurality of
refrigerant storage units includes an outlet to which a steam pipe connected

to the condensation unit to circulate a gas phase refrigerant is connected.
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an inlet connected to either a liquid pipe connected to the condensation
unit to circulate a liquid phase refrigerant or first separation piping
connected to a second refrigerant storage unit located above the first
refrigerant storage unit, and a first connection port for connecting second

separation piping connected to a third refrigerant storage unit located

bel he first refrigerant storage unit, and the first connection
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port is located vertically below the outlet and the inlet.
[0121]
[Supplemental Note 17]

The cooling apparatus according to Supplemental Note 16, wherein
each of the refrigerant storage units includes an evaporation unit and a
separation tank. the evaporation unit includes the outlet, the separation
tank includes the inlet and the first connection port, and the evaporation
unit and the separation tank are communicated with each other via a second
connection port connected below the first connection port.

[0122]
[Supplemental Note 18]

The cooling apparatus according to Supplemental Note 16 or 17. further
including a merging unit disposed between, among the plurality of
refrigerant storage units. an uppermost refrigerant storage unit located at
an uppermost part in a vertical direction and the condensation unit,
wherein the merging unit is connected to the steam pipe connected to the
plurality of refrigerant storage units. and the condensation unit.

[0123]
[Supplemental Note 19]

The cooling apparatus according to Supplemental Note 18, wherein the
merging unit is disposed to be inclined in a horizontal direction, and the
steam pipe connected to the uppermost refrigerant storage unit is

connected to the merging unit at a position vertically below any of the
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other steam pipes.
[0124]
[Supplemental Note 20]
The cooling apparatus according to Supplemental Note 18, wherein the
merging unit includes a partition, wherein the partition is disposed around

s FITS PPN PO TR U R S D p i
he conncction ports to which the other steam pipes excluding the sieam
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pipe connected to the uppermost refrigerant storage unit are connected.
[0125]
[Supplemental Note 21]

The cooling system according to Supplemental Note 1 or 16, wherein a
plurality of sets of separation tanks and evaporation units are disposed. the
plurality of sets are arrayed in a vertical direction, a plurality of liquid
pipes. the number of which is the same as or less than the evaporators, are
disposed from the condensation unit, the plurality of liquid pipes are
connected to inlets of the separation tanks in the plurality of sets. and are
connected to the first connection port of the separation tank and an inlet of
a separation tank installed below the separation tank, and the liquid pipe
and the separation piping from the first connection port are connected to
each other.

[0126]

The present invention is not limited to the aforementioned exemplary
embodiments and design changes or the like made within a scope without
departing from the gist of the present invention are included in the
invention.  This application claims priority based on Japanese Patent
Application No. 2012-029603 filed on February 14, 2012, and Japanese
Patent Application No. 2012-241992 filed on November 1, 2012, disclosure

of which are hereby incorporated by reference in their entirety.

[Industrial Applicability]
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[0127]

The present invention can be widely applied to a cooling apparatus that

cools heat generating members arranged at a plurality of stages in a

wh

[
L

30

vertical direction.
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1  Evaporation unit

2  (Condensation unit
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Separation tank

4 Steam pipe
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Liquid pipe

6 Inlet

7a First connection port
7b Second connection port
8 Separation piping

9  Outlet

10 Refrigerant storage unit
11 Rack

12 Electronic device

13 Server room

14 Casing

15 Mounting shelf

16 Blower

17 Merging unit

18 Partition

19 Condensate liquid

20 Cooling apparatus

30 Cooling system
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CLAIMS

1. A cooling apparatus comprising:
N (N is an integer of 2 or larger) refrigerant storage units disposed in a
vertical direction and configured to store refrigerants:
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a condcnsat he N refrigerant storage units;

a steam pipe for circulating a gas phase refrigerants flowing out of the
N refrigerant storage units to the condensation unit;

a liquid pipe for circulating a liquid phase refrigerant flowing out of
the condensation unit to an uppermost refrigerant storage unit: and

a separation piping for circulating the liquid phase refrigerant flowing
out of an upper refrigerant storage unit to a lower refrigerant storage unit,

wherein the liquid phase refrigerant flows into each refrigerant storage

unit via an inlet, and flows out from the refrigerant storage unit via a first

connection port formed below the inlet.

2. The cooling apparatus according to Claim 1, wherein
the gas phase refrigerants flow out from the refrigerant storage unit via
an outlet to the condensation unit; and

the first connection port is formed below the outlet.

The cooling apparatus according to Claim 1 or 2. wherein

(%)

each of the N refrigerant storage units includes a separation tank
connected to the liquid pipe or the separation piping. and an evaporation
unit connected to the steam pipe: and

the separation tank and the evaporation unit are connected to each other

via a second connection port formed below the first connection port.

4. The cooling apparatus according to Claim 3, wherein the separation
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tank and the evaporation unit are disposed to face each other in a
horizontal direction.
5. The cooling apparatus according to Claim 3 or 4, wherein the

separation tank and the evaporation unit are connected to each other via

piping.

6. The cooling apparatus according to Claim 3 or 4, wherein the
separation tank, the evaporation unit, and a connection unit including the

second connection port are integrally formed.

7. The cooling apparatus according to any one of Claims 3 to 6. wherein
the inlet, the first connection port, and the second connection port are

formed on the same side surface of the separation tank.

8. The cooling apparatus according to Claim 7. wherein the inlet, the first
connection port, and the second connection port are disposed on a side

surface of the separation tank, the surface facing the evaporation unit.

9. The cooling apparatus according to any one of Claims 1 to 8., wherein
a lower end of the first connection port is set at a position as high as a
lower end of the second connection port or higher than the lower end of the
second connection port; and
an upper end of the first connection port is set at a position as high as
an upper end of the second connection port or higher than the upper end of

the second connection port.

10. The cooling apparatus according to any one of Claims 1 to 9. wherein a

first connection port of a lowermost refrigerant storage unit is closed.
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11. The cooling apparatus according to any one of Claims 1 to 10. wherein
the number of the steam pipes is N. and N steam pipes are arranged to
connect corresponding refrigerant storage units to the condensation unit.

1

to Claim 11. wherein the number of
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the condensation units is N, and N condensation units are arranged to be
connected to the corresponding refrigerant storage units via the

corresponding steam pipes.

13. The cooling apparatus according to any one of Claims 1 to 10, further
comprising a merging unit disposed between the uppermost refrigerant
storage unit and the condensation unit, and connected to a first steam pipe
connected to the uppermost refrigerant storage unit. N=1 second steam
pipes connected to the refrigerant storage units other than the uppermost
storage unit, and a third steam pipe connected to the condensation unit,
wherein

a connection port of the first steam pipe is located below connection
ports of the N—1 second steam pipes: and

a connection port of the third steam pipe is located above the

connection ports of the N—1 second steam pipes.

14. The cooling apparatus according to Claim 13. wherein the merging unit

is inclined in the horizontal direction.

15. The cooling apparatus according to Claim 13, wherein the merging unit
includes a partition disposed around the connection ports of the N—1

second steam pipes.
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16. The cooling apparatus according to any one of Claims 1 to 15, wherein

n (2 <n < N) liquid pipes are provided;

one of the n liquid pipes is used for circulating the liquid phase
refrigerant flowing out of the condensation unit to the uppermost
refrigerant storage unit; and

the remaining n 1 liquid pipes are connected to n-1 refrigerant storage
units in place of the separation piping, and are used for circulating the
liquid phase refrigerant flowing out of the condensation unit to the

connected n—1 refrigerant storage units.

17. The cooling apparatus according to Claim 16, wherein the remaining
n—1 liquid pipes are connected to separation piping of refrigerant storage

units located directly above.

18. A cooling system comprising:

a casing;

electronic devices;

a plurality of stages of mounting shelves for mounting the electronic
devices; and

the cooling apparatus according to any one of Claims 1 to 17, wherein

the evaporation units and the electronic devices are disposed on the
mounting shelves to face each other. and

the condensation unit is disposed outside the casing.

19. The cooling system according to Claim 18, wherein the casing includes
through-holes for inserting the steam pipe and the liquid pipe, and a
plurality of exhaust holes for discharging air sent from the electronic

devices to the outside.



