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[Document Name] DESCRIPTION

[Title of Invention] ELECTRONIC APPARATUS ENCLOSURE
DEVICE AND ELECTRONIC APPARATUS COOLING SYSTEM

[Technical Field]

[0001]

The present invention relates to an electronic apparatus enclosure
device and an electronic apparatus cooling system and relates to, for
example, a technology for cooling an electronic apparatus accommodated

in a rack.

[Background Art]

[0002]

In recent years, with the expansion of internet service, the role of a
data center in which a server that perform an information process and a
network apparatus are gathered in one place increases. Further, with the
increase of the amount of information processed by the data center, the
electric power consumed by the data center increases.

[0003]

In particular, the electronic apparatus is accommodated in the data
center and an air-conditioning equipment for cooling the electronic
apparatus consumes a large percentage of the total electric power
consumed by the data center. In the electronic apparatus, a plurality of
electronic components including a heat-producing element such as a
central processing unit (CPU), a Multi-chip Module (MCM), or the like are
used. Such air-conditioning equipment consumes about one half of the
total electric power consumed by the data center.

[0004]
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Accordingly, it is requested to reduce the electric power used for
air conditioning in the data center. For this purpose, a method in which
heat exhausted from a rack main body of an electronic apparatus enclosure
device for accommodating the electronic apparatus is directly transported
to the outside of the building and discharged to the outside air without
using the air-conditioning equipment is used on a trial basis. By adopting
this method, the electric power used for air conditioning in the data center
can be reduced.

[0005]

Further, as a method for transporting the heat exhausted from the
rack main body of the electronic apparatus enclosure device to the outside
of the building, a method using a phase change phenomenon of refrigerant
is known besides a method in which cold water supplied from the outside is
circulated by a pump.

[0006]

In the method using the phase change phenomenon of refrigerant,
refrigerant is circulated by repeating an evaporation phenomenon which
occurs when a phase of refrigerant changes from liquid to vapor and a
condensation phenomenon which occurs when a phase of refrigerant
changes from vapor to liquid (this repeating motion is also called an
evaporation-condensation cycle). In the method using the phase change
phenomenon of refrigerant, refrigerant is naturally circulated without
using an external driving force such as a pump or the like and a large
amount of heat transfer can be realized because latent heat is used.
Therefore, it is expected to contribute to the reduction of the electric
power used for air conditioning in the data center.

[0007]

The above-mentioned method using the phase change phenomenon

of refrigerant (it is also called a refrigerant natural circulation cooling
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method) is disclosed in for example, patent literature 1.

[0008] |

In the refrigerant natural circulation cooling method disclosed in
patent literature 1, heat exhausted from the electronic apparatus mounted
in a server rack 26 is transported to an evaporator 34 mounted on a rack
back face via refrigerant. The heat that is exhausted from the electronic
apparatus and transported to the evaporator 34 is consumed as the
vaporization heat when the phase of the refrigerant changes from liquid to
vapor and the heat is transported to cooling towers 38 and 76 located
outside the building. As a result, the temperature of the server room can
be reduced. Further, a flexible vapor pipe 78 and a flexible liquid pipe
80 are connected to the evaporator 34. The vapor pipe 78 is provided to

transport vapor. The liquid pipe 80 is provided to transport liquid.

[Citation List]

[Patent Literature]

[0009]

[PTL 1] Japanese Patent Application Laid-Open No. 2011-165707

[Summary of Invention]

[Technical Problem]

[0010]

However, in the technology described in patent literature 1, after a
refrigerant natural circulation cooling system is conveyed or transported or
after a process for evacuating the air in the evaporator 34 is performed for
maintenance work or the like, the refrigerant natural circulation cooling
system has the following problems at an initial stage of the operation of the
cooling system.

[0011]
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A first problem is a problem in which the cooling performance is
lowered at the initial stage of the operation of the cooling system,.

[0012] |

Namely, in the technology described in patent literature 1, when the
evaporator 34 mounted on the back face of the server rack 26 receives the
heat exhausted from the electronic apparatus, the phase of the refrigerant
changes from liquid to vapor and the vapor (vapor-phase refrigerant) flows
to the cooling towers 38 and 76 through the vapor pipe 78. Further, when
the vapor-phase refrigerant is cooled in the cooling towers 38 and 76, the
refrigerant changes to refrigerant liquid (liquid-phase refrigerant) and the
liquid-phase refrigerant flows back to the evaporator 34 again from the
cooling towers 38 and 76 through the liquid pipe 80.

[0013]

Here, it is assumed that the evaporator 34 includes a plurality of
heat receiving portions (not shown) arranged on the back face of the server
rack 26. In this operation state, the refrigerant liquid is equally
distributed to a plurality of the heat receiving portions. A plurality of the
heat receiving portions can receive the heat exhausted from the electronic
apparatus from the whole back face of the server rack 26 in a vertical
(upper and lower) direction. As a result, a large amount of the heat
exhausted from the electronic apparatus can be transported to the cooling
towers 38 and 76.

[0014]

However, when the natural circulation of the refrigerant is realized
by the phase change of the refrigerant, it is necessary to evacuate the air in
the cooling system and put it under a saturated vapor pressure environment.
For this purpose, after refrigerant is poured into the cooling system, a
process for evacuating the air in the cooling system is performed by using

a vacuum pump (not shown). In this case, the refrigerant poured into the
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cooling system flows in a suction direction through the vapor pipe 78

together with the air in the cooling system. For this reason, in an initial
state of the operation of the cooling system after the process for evacuating
the air in the cooling system is performed, a lafge amount of the refrigerant
liquid is accumulated in the heat receiving portion located in a lower part
of the server rack 26 in a vertical direction among a plurality of the heat
receiving portions. When the cooling system is in such state, an
excessive amount of refrigerant liquid is accumulated in the heat receiving
portion located in the vertically lower part of the server rack 26.  When
the conveying distance from the server rack 26 to the cooling towers 38
and 76 is long, this accumulated liquid cannot reach the cooling towers 36
and 78 and flows downward in the vapor pipe 78 again. At this time, the
accumulated liquid flowing downward collides with the vapor flowing
upward. Accordingly, the flow of the vapor is blocked and whereby, a
heat transport capacity is reduced.

[0015]

Further, at an initial state stage of the operation of the cooling
system, because no refrigerant exists in the heat receiving portion arranged
in a vertically upper part of the server rack 26, the change in the phase of
refrigerant does not occur. For this reason, the upper portion of the
server rack 26 discharges the heat exhausted from the electronic apparatus
to the outside of the server rack 26 directly. As a result, the cooling
performance of the cooling system is lowered.

[0016]

A second problem is a problem in which it takes much time until the
cooling system operates at a maximum rate at which the maximum amount
of heat can be transported.

[0017]

Namely, the refrigerant liquid is supplied from the cooling towers
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38 and 76 to the evaporator 34 through the liquid pipe 80. In the

evaporator 34, the refrigerant liquid is supplied to a plurality of heat
receiving portions in order from the uppermost one to the lowermost one in
the vertical direction of the server rack 26. Therefore, the refrigerant
accumulated in the heat receiving portion located in a vertically lower part
of the server rack 26 at the initial state stage of the operation of the
cooling system is equally distributed to a plurality of the heat receiving
portions over time. At this time, a plurality of the heat receiving portions
can receive the heat exhausted from the electronic apparatus from the
whole back face of the server rack 26 in a vertical (upper and lower)
direction. As a result, a maximum amount of heat exhausted from the
electronic apparatus can be transported to the cooling towers 38 and 76.
However, because the accumulated liquid exists in the vapor pipe 78, the
flow of the vapor flowing upward is blocked by the accumulated liquid.
As a result, the refrigerant is slowly circulated and it takes mﬁch time until
all the heat receiving portions work properly.

[0018]

The present invention is made in view of the above. mentioned
situation and an object of the present invention is to provide a technology

in which refrigerant can be efficiently transported in a short time.

[Solution to Problem]

[0019]

An electronic apparatus enclosure device of the present invention
includes a rack which accommodates an electronic apparatus having a
heat-producing component, a plurality of heat receiving portions which are
arranged on a back face of the rack along a vertical direction and receive
heat of the electronic apparatus, a heat dissipation portion which dissipates

the heat of the electronic apparatus that is received by each of a plurality
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of the heat receiving portions, a vapor pipe connected to each of a plurality
of the heat receiving portions, a liquid pipe which connects the heat
dissipation portion and each of a plurality of the heat receiving portions, a
bypass pipe which connects the vapor pipe and the liquid pipe, a valve
which opens and closes a flow path of the bypass pipe, a first connection
portion which connects the vapor pipe and the bypass pipe, and a second
connection portion which connects the liquid pipe and the bypass pipe,
wherein the first connection portion is disposed at a position higher than
that of the second connection portion.

[0020]

An electronic apparatus cooling system of the present invention
includes a rack which accommodates an electronic apparatus having a
heat-producing component, a plurality of heat receiving portions which are
arranged on a back face of the rack along a vertical direction and receive
heat of the electronic apparatus, a heat dissipation portion which dissipates
the heat of the electronic apparatus that is received by each of a plurality
of the heat receiving portions, a vapor pipe which connects the heat
dissipation portion and each of a plurality of the heat receiving portions, a
liquid pipe which connects the heat dissipation portion and each of a
plurality of the heat receiving portions, a bypass pipe which connects the
vapor pipe and the liquid pipe, a valve which opens and closes a flow path
of the bypass pipe, a first connection portion which connects the vapor
pipe and the bypass pipe, and a second connection portion which connects
the liquid pipe and the bypass pipe, wherein the first connection portion is

disposed at a position higher than that of the second connection portion.

[Advantageous Effects of Invention]
[0021]

By using the electronic apparatus enclosure device and the
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electronic apparatus cooling system according to the present invention,

refrigerant can be efficiently transported in a short time.

[Brief Description of Drawings]

[0022]

[Fig. 1] Fig. 1 is a perspective view schematically showing a
structure of an electronic apparatus cooling system according to a first
exemplary embodiment of the present invention.

[Fig. 2] Fig. 2 is a side view schematically showing a structure of
an electronic apparatus cooling system according to a first exemplary
embodiment of the present invention.

[Fig. 3] Fig. 3 is an explanatory drawing showing a flow of
refrigerant around a heat receiving portion of an electronic apparatus
cooling system according to a first exemplary embodiment of the present
invention.

[Fig. 4] Fig. 4 is an explanatory drawing showing a flow of
refrigerant around a heat receiving portion of an electronic apparatus
cooling system according to a first exemplary embodiment of the present
invention.

[Fig. 5] Fig. 5 is an explanatory drawing showing a flow of
refrigerant around a heat receiving portion of an electronic apparatus
cooling system according to a first exemplary embodiment of the present
invention.

[Fig. 6] Fig. 6 is an enlarged transparent perspective view
schematically showing a structure around a vapor pipe, a liquid pipe, and a
bypass pipe of an electronic apparatus cooling system according to a first
exemplary embodiment of the present invention.

[Fig. 7] Fig. 7 is an enlarged sectional view schematically

showing a structure around a vapor pipe, a liquid pipe, and a bypass pipe of



10

15

20

25

9

an electr'onic apparatus cooling system according to a first exemplary
embodiment of the present invention.

[Fig. 8] Fig. 8 is an enlarged transparent perspective view
schematically showing a structure around a vapor pipe, a liquid pipe, and a
bypass pipe of an electronic apparatus cooling system according to a
second exemplary embodiment of the present invention.

[Fig. 9] Fig. 9 is an enlarged transparent perspective view
schematically showing a structure around a vapor pipe, a liquid pipe, and a
bypass pipe of an electronic apparatus cooling system according to a third
exemplary embodiment of the present invention.

[Fig. 10] Fig. 10 is an enlarged sectional view schematically
showing a structure around a vapor pipe, a liquid pipe, and a bypass pipe of
an electronic apparatus cooling system according to a fourth exemplary
embodiment of the present invention.

[Fig. 11] Fig. 11 is an enlarged sectional view schematically
showing a structure around a vapor pipe, a liquid pipe, and a bypass pipe of
an electronic apparatus cooling system according to a fifth exemplary
embodiment of the present invention.

[Fig. 12] Fig. 12 is a figure showing a structure of an electronic
apparatus cooling system according to a sixth exemplary embodiment of
the present invention.

[Fig. 13] Fig. 13 is a figure showing a structure of an electronic
apparatus cooling system according to a seventh exemplary embodiment of

the present invention.

[Description of Embodiments]
[0023]
<First exemplary embodiment>

A structure of an electronic apparatus cooling system 1000
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according to a first exemplary embodiment will be described. Fig. 1 isa

perspective view schematically showing a structure of the electronic
apparatus cooling system 1000. Fig. 2 is a side view schematically
showing a structure of the electronic apparatus cooling system 1000.
Further, for convenience of explanation, a vertical direction G is shown in
Fig. 1 and Fig. 2.

[0024]

As shown in Fig. 1 and Fig. 2, the electronic apparatus cooling
system 1000 includes an electronic apparatus enclo,sure device 100 and a
heat dissipation portion 200.

[0025]

As shown in Fig. 1 and Fig. 2, the electronic apparatus enclosure
device 100 can accommodate an electronic apparatus 300. As shown in
Fig. 1 and Fig. 2, the electronic apparatus enclosure device 100 includes a
server rack 101, a plurality of heat receiving portions 102, a vapor pipe
103, a liquid pipe 104, a bypass pipe 105, a valve 106, a first connection
portion 107, and a second connection portion 108. The server rack 101
corresponds to the rack of the present invention. As shown in Fig. 1 and
Fig. 2, the server rack 101 includes a server rack front face 101a, a server
rack back face 101b, a server rack top face 101c, a server rack bottom face
101d, and two server rack side faces 101e.

[0026]

The electronic apparatus 300 has a heat-producing component such
as a CPU, a MCM, or the like. For example, the electronic apparatus 300
is a network apparatus or the like such as a server, a router, or the like.
The electronic apparatus 300 performs various data processing in the
electronic apparatus enclosure device 100. When the electronic
apparatus 300 performs the data processing, the heat-producing component

used in the electronic apparatus 300 generates heat. For this reason, the
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electronic apparatus 300 inhales external air from the server rack front
face 101a and exhausts it to a server rack back face 101b side.

[0027]

The server rack 101 is formed in a box shape and accommodates the
electronic apparatus 300 having the heat-producing component. For
example, aluminum alloy or the like is used as a material of the server rack
101.

[0028]

As shown in Fig. 1 and Fig. 2, a plurality of the heat receiving
portions 102 are arranged on the server rack back face 101b along the
vertical direction G. A plurality of the heat receiving portions 102 are
connected to the heat dissipation portion 200 via the vapor pipe 103 and
the liquid pipe 104. Each of a plurality of the heat receiving portions 102
includes a container and stores refrigerant in this container in a shielded
state. Further, each of a plurality of the heat receiving portions 102
receives heat of the heat dissipation portion 200 via refrigerant. Namely,
each of a plurality of the heat receiving portions 102 receives heat
exhausted to the server rack back face 101b side by the electronic
apparatus 300 via refrigerant as the heat of the electronic apparatus 300.
In Fig. 1 and Fig. 2, three heat receiving portions 102 are shown as an
example. However, in the present invention, the number of the heat
receiving portions 102 may be two or more than four.

[0029]

Refrigerant is made of for example, a high-polymer material or the
like. Refrigerant vaporizes under a high temperature condition and
liquefies under a low temperature condition. Refrigerant with a low
boiling point such as for example, hydrofluorocarbon, hydro fluoro ether,
or the like is used as refrigerant. Refrigerant circulates between a

plurality of the heat receiving portions 102 and the heat dissipation portion
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200 through the vapor pipe 103 and the liquid pipe 104 in a sealed structure

(hereinafter, referred to as a cooling structure) composed of a plurality of
the heat receiving portions 102, the heat dissipation portion 200, the vapor
pipe 103, the liquid pipe 104, and the bypass pipe 105. By evacuating the
air in the sealed space, a pressure in a plurality of the heat receiving
portions 102, the heat dissipation portion 200, the vapor pipe 103, and the
liquid pipe 104 is set to a saturated vapor pressure.

[0030]

In order to feed refrigerant into the electronic apparatus cooling
system 1000 according to this exemplary embodiment, first, refrigerant is
poured into the space of the cooling structure. Next, the air in the space
of the cooling structure is evacuated by using a vacuum pump (not shown)
or the like and refrigerant is sealed in the space. As a result, the pressure
in the space of the cooling structure is set to a saturated vapor pressure and
the boiling point of refrigerant sealed in the space is lowered to an
ordinary temperature. When the cooling structure is in an ordinary
temperature environment and the heat-producing component (not shown) of
the electronic apparatus 300 generates heat, refrigerant boils and vapor is
generated. As aresult, the cooling structure functions as a cooling
module and heat of the electronic apparatus 300 can be removed.

[0031]

As shown in Fig. 1 and Fig. 2, the vapor pipe 103 connects the heat
dissipation portion 200 and each of a plurality of the heat receiving
portions 102. Further, the vapor pipe 103 is provided for flowing the
refrigerant vaporized by heat in the heat receiving portion 102 to the heat
dissipation portion 200 from each of a plurality of the heat receiving
portions 102. The vapor pipe 103 is made of for example, a metal such as
an aluminum alloy or the like, a rubber, or the like.

[0032]
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As shown in Fig. 1 and Fig. 2, the liquid pipe 104 connects the heat

dissipation portion 200 and each of a plurality of the heat receiving
portions 102. Further, the liquid pipe 104 is provided for flowing the
refrigerant liquefied in the heat dissipation portion 200 to each of a
plurality of the heat receiving portions 102 from the heat dissipation
portion 200. The liquid pipe 104 is made of for example, a metal such as
an aluminum alloy or the like, a rubber, or the like.

[0033]

Further, a coupler or a flange is used for the connection of the
vapor pipe 103 and the liquid pipe 104.

[0034]

’ As shown in Fig. 1 and Fig. 2, the bypass pipe 105 connects the
vapor pipe 103 and the liquid pipe 104. The bypass pipe 105 is made of
for example, a metal such as an aluminum alloy or the like, a rubber, or the
like.

[0035]

As shown in Fig. 1 and Fig. 2, the valve 106 is disposed at a
midpoint of the bypass pipe 105. The valve 106 opens and closes a flow
path of the bypass pipe 105.

[0036]

As shown in Fig. 1 and Fig. 2, the first connection portion 107
connects the vapor pipe 103 and the bypass pipe 105. The first
connection portion 107 is disposed at a position higher than that of the
second connection portion 108 in the vertical direction G.

[0037]

As shown in Fig. 1 and Fig. 2, the second connection portion 108
connects the liquid pipe 104 and the bypass pipe 105. The second
connection portion 108 is disposed at a position lower than that of the first

connection portion 107 in the vertical direction G.
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[0038]

As shown in Fig. 1 and Fig. 2, the heat dissipation portion 200 is
disposed at a position higher than that of the electronic apparatus
enclosure device 100 in the vertical direction G.  Further, as shown in Fig.
2, for example, the heat dissipation portion 200 is installed ,in a space
above a ceiling 500 of a room of a data center or the like. Thus, by
installing the heat dissipation portion 200 in the space above the ceiling
500, a plurality of the heat receiving portions 102 can be easily disposed at
a position lower than that of the heat dissipation portion 200 in the vertical
direction G. The heat dissipation portion 200 is connected to each of a
plurality of the heat receiving portions 102 via the vapor pipe 103 and the
liquid pipe 104. Further, the heat dissipation portion 200 dissipates heat
of the electronic apparatus 300 that is received by a plurality of the heat
receiving portions 102. In this case, for example, an air-cooled type heat
dissipation portion or a water heat exchange type heat dissipation portion
can be used as the heat dissipation portion 200.

[0039]

The structure of the electronic apparétus cooling system 1000 has
been described above.

[0040]

Next, the operation of the electronic apparatus cooling system 1000
will be described.

[0041]

When the electronic apparatus 300 operates, the heat-producing
component (not shown) of the electronic apparatus 300 generates heat.
The electronic apparatus 300 exhausts heat generated by the
heat-producing component to the inside of the server rack 101 as the
exhaust heat.

[0042]



10

15

20

25

15
Each of a plurality of the heat receiving portions 102 absorbs the

heat exhausted by the electronic apparatus 300 and thereby, receives the
heat generated by the heat-producing component of the electronic
apparatus 300.

[0043]

Figs. 3 to 5 are explanatory drawings showing a flow of refrigerant
around the heat receiving portion 102 of the electronic apparatus cooling
system 1000. Further, for convenience of explanation, a vertical
direction G is shown in Fig. 3 to Fig. 5.

[0044]

When each of a plurality of the heat receiving portions 102 receives
the heat generated by the heat-producing component of the electronic
apparatus 300, a phase of the refrigerant accumulated in each heat
receiving portion 102 changes from liquid to vapor. Namely,
liquid-phase refrigerant changes to vapor-phase refrigerant. As indicated
by an arrow A in Fig. 3, the vapor-phase refrigerant moves upward inside
the each heat receiving portion 102 in the vertical direction G and flows
into the inside of the vapor pipe 103. Next, as indicated by an arrow B in
Fig. 3, the vapor-phase refrigerant flows upward in the vapor pipe 103 in
the vertical direction G and flows into the heat dissipation portion 200 (not
shown in Fig. 3). Further, the flow of refrigerant indicated by the arrow
A and the arrow B in Fig. 3 may be also called a vapor flow.

[0045]

When the vapor-phase refrigerant flows into the heat dissipation
portion 200, the vapor-phase refrigerant is cooled by the heat dissipation
portion 200 and the phase of the refrigerant changes from vapor to liquid.
Namely, the vapor-phase refrigerant changes to the liquid-phase
refrigerant. Next, as indicated By an arrow C in Fig. 3, the liquid-phase

refrigerant in the heat dissipation portion 200 flows into the inside of the
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liquid pipe 104 and flows downward in the liquid pipe 104 in the vertical

direction G. As indicated by an arrow D in Fig. 3, the liquid-phase
refrigerant in the liquid pipe 104 flows into an evaporation portion 102
again. Further, the refrigerant flow indicated by the arrow C and the
arrow D in Fig. 3 may be also called liquid return.

[0046]

Thus, the refrigerant is circulated between each of a plurality of the
heat receiving portions 102 and the heat dissipation portion 200 while
changing the phase of the refrigerant (from/to liquid to/from vapor)and
whereby, the heat generated by the heat-producing component of the
electronic apparatus 300 can be cooled.

[0047]

Fig. 4 shows a state after the liquid-phase refrigerant in the liquid
pipe 104 flows into the evaporation portion 102 again. As shown in Fig.
4, liquid-phase refrigerant 600 is accumulated in each heat receiving
portion 102 so as to form a liquid surface 600a.

[0048]

By the way, there is a case in which a large amount of the
liquid-phase refrigerant 600 is accumulated in the heat receiving portion
102 located in a lower part of the server rack 101 in the vertical direction
G after the whole electronic apparatus cooling system 1000 or the
electronic apparatus enclosure device 100 is conveyed or transported or
after a process for evacuating the air in the cooling structure is performed
for maintenance work or the like.

[0049]

Fig. 5 shows a state in which the liquid-phase refrigerant 600 is
unequally accumulated in the heat receiving portions 102 and a large
amount of the liquid-phase refrigerant 600 is accumulated in the heat

receiving portion 102 located in the lower part of the server rack 101 in the
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vertical direction G. As shown in Fig. 5, a large amount of the

liquid-phase refrigerant 600 is accumulated in the heat receiving portion
102 located in the lower part of the server rack 101 in the vertical direction
G. In an example shown in Fig. 5, the heat receiving portion 102 located
in the lower part of the server rack 101 in the vertical direction G fills with
the liquid-phase refrigerant 600. Further, a proper amount of the
liquid-phase refrigerant 600 is accumulated in the heat receiving portion
102 located in the middle part of the server rack 101 in the vertical
direction G so as to form the liquid surface 600a. The liquid-phase
refrigerant 600 is not accumulated in the heat receiving portion 102 located
in the uppermost part of the server rack 101 in the vertical direction G.

[0050]

For this reason, when the operation of the electronic apparatus
cooling system 1000 is started, it is necessary to operate only the heat
receiving portion 102 located in the lowermost part of the server rack 101
in the vertical direction G, heat up the heat receiving portion 102 located
in the lowermost part of the server rack 101 in the vertical direction G by a
heater, a warm air fan, or the like, or perform another method in order to
forcibly circulate the liquid-phase refrigerant accumulated in the lower
part of the server rack 101 (especially, the heat receiving portion 102
located in the lowermost part of the server rack 101 in the vertical
direction G). That is because only when a state in which the liquid-phase
refrigerant 600 is accumulated in all the heat receiving portions 102 so as
to form the liquid surface 600a as shown in Fig. 4 is maintained, the heat
exhausted from the electronic apparatus 300 installed at the upper part of
the server rack 101 can be received by the heat receiving portion 102.
Namely, if this state cannot be realized, the heat exhausted from the
electronic apparatus 300 cannot be efficiently received by the heat

receiving portion 102 and the electric power consumption of the



10

15

20

25

18

air-conditioning equipment cannot be reduced.

[0051]

Fig. 6 is an enlarged transparent perspective view schematically
showing a structure around the vapor pipe 103, the liquid pipe 104, and the
bypass pipe 105 of the electronic apparatus cooling system 1000 according
to the exemplary embodiment of the present invention. Fig. 7 is an
enlarged sectional view schematically showing a structure around the
vapor pipe 103, the liquid pipe 104, and the bypass pipe 105 of the
electronic apparatus cooling system 1000 according to the exemplary
embodiment of the present invention. Further, for convenience of
explanation, the vertical direction G is shown in Fig. 6 and Fig. 7.

[0052]

As described above, when the liquid-phase refrigerant accumulated
in the lower part of the server rack 101 (especially, the heat receiving
portion 102 located in the lowermost part of the server rack 101 in the
vertical direction G) is forcibly circulated, as shown in Fig. 6 and Fig. 7,
the liquid-phase refrigerant accumulated in the lower part of the server
rack 101 flows upward with vapor through the vapor pipe 104 as the
accumulated liquid 601 of the liquid-phase refrigerant 600.

[0053]

As shown in Fig. 6 and Fig. 7, the bypass pipe 105 connects the
vapor pipe 103 and the liquid pipe 104. Further, the first connection
portion 107 connecting the vapor pipe 103 and the bypass pipe 105 is
disposed at d position higher than that of the second connection portion
108 connecting the liquid pipe 104 and the bypass pipe 105 in the
vertical direction G.

[0054]

Accordingly, as shown in Fig. 6 and Fig. 7, when the valve 106 (not

shown in Fig. 6 and Fig. 7 and refer to Fig. 1 and Fig. 2) attached to the
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bypass pipe 105 is opened, the accumulated liquid 601 of the liquid

refrigerant whose gravity is large compared to the vapor-phase refrigerant
flows back to the liquid pipe 104 from the vapor pipe 103 through the
bypass pipe 105. As shown by arrows XAl to XA4 in Fig. 6 and arrows
XB1 to XB4 in Fig. 7, a liquid return of the refrigerant occurs when the
refrigerant does not reach the heat dissipation portion 200 disposed outside
the server rack 101 and the refrigerant flows back to the liquid pipe 104
from the vapor pipe 103 through the bypass pipe 105.

[0055]

When the liquid-phase refrigerant is received by all the heat
receiving portions 102 as shown in Fig. 4, the valve 106 is closed. As a
result, the vapor pipe 103 is disconnected from the liquid pipe 104. As a
result, the refrigerant (especially, the vapor-phase refrigerant) is prevented
from flowing into the liquid pipe 104 from the vapor pipe 103 through the
bypass pipe 105.

[0056]

Next, an example of a method for opening and closing the valve 106
will be described below. The difference between the temperature of the
vapor pipe 103 and the temperature of the liquid pipe 104 is monitored and
when the temperature difference is stable, the valve 106 is closed.
Alternatively, the temperature of an intake side and the temperature of an
exhaust side around the center part of each heat receiving portion 102 are
monitored and when the difference between the temperature of the intake
side and the temperature of the exhaust side is generated after each heat
receiving portion 102 starts to operate, the valve 106 is closed.

[0057]

As described above, the electronic apparatus enclosure device 100
according to the first exemplary embodiment of the present invention

includes the server rack 101, a plurality of the heat receiving portions 102,
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the vapor pipe 103, the liquid pipe 104, the bypass pipe 105, the valve 106,

the first connection portion 107, and the second connection portion 108.

[0058]

The server rack 101 accommodates the electronic apparatus 300
having a heat-producing component. A plurality of the heat receiving
portions 102 ;re arranged on the back face of the server rack 101 along the
vertical direction G. Further, a plurality of the heat receiving portions
102 receive the heat of the electronic apparatus 300.

[0059]

The vapor pipe 103 connects the heat dissipation portion 200 and
each of a plurality of the heat receiving portions 102. Further, the heat
dissipation portion 200 dissipates the heat of the electronic apparatus 300
that is received by each of a plurality of the heat receiving portions 102.
The liquid pipe 104 connects the heat dissipation portion 200 and each of a
plurality of the heat receiving portions 102. Further, the vapor pipe 103
is provided for flowing the refrigerant vaporized by the heat in the heat
receiving portion 102 to the heat dissipation portion 200 from each of a
plurality of the heat receiving portions 102. The liquid pipe 104 is
provided for flowing the refrigerant liquefied by the heat dissipation
portion 200 to each of a plurality of the heat receiving portions 102 from
the heat dissipation portion 200.

[0060]

The bypass pipe 105 connects the vapor pipe 103 and the liquid pipe
104. The valve 106 opens and closes the flow path of the bypass pipe 105.
The first connection portion 107 connects the vapor pipe 103 and the
bypass pipe 105. The second connection portion 108 connects the liquid
pipe 104 and the bypass pipe 105. The first connection portion 107 is
disposed at a position higher than that of the second connection portion

108.
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[0061]

Thus, in the electronic apparatus enclosure device 100 according to
the first exemplary embodiment of the present invention, the bypass pipe
105 connects the vapor pipe 103 and the liquid pipe 104. The first
connection portion 107 connecting the vapor pipe 103 and the bypass pipe
105 is disposed at a position higher than that of the second connection
portion 108 connecting the liquid pipe 104 and the bypass pipe 105 in the
vertical direction G.

[0062]

Therefore, by opening the valve 106 attached to the bypass pipe 105,
the liquid refrigerant whose gravity is large compared to the vapor-phase
refrigerant can flow back to the liquid pipe 104 from the vapor pipe 103
through the bypass pipe 105. Further, the liquid return of the refrigerant
occurs when the refrigerant does not reach the heat dissipation portion 200
and the refrigerant can flow back to the liquid pipe 104 from the vapor pipe
103 through the bypass pipe 105. Whereby, the liquid-phase refrigerant
can flow to all the heat receiving portions 102. As a result, the
liquid-phase refrigerant is accumulated in all the heat receiving portions
102 so as to form the liquid surface 600a.

[0063]

The refrigerant accumulated in the lower part of the server rack 101
(especially, the heat receiving portion 102 located in the lowermost part of
the server rack 101 in the vertical direction G) can flow back to the liquid
pipe 104 from the vapor pipe 103 through the bypass pipe 105. Therefore,
the refrigerant can be efficientlsr transported to the inside of the apparatus
in a short time. As a result, for example, performance degradation at an
initial stage of the operation of the electronic apparatus cooling system
1000 can be avoided and the time taken before the electronic apparatus

cooling system 1000 operates at a maximum rate at which the maximum
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amount of heat can be transported can be substantially reduced.

[0064]

As mentioned above, by using the electronic apparatus enclosure
device 100 according to the first exemplary embodiment of the present
invention, cooling performance degradation at an initial stage of the
operation of the cooling system can be avoided. The reason is as follows.
Namely, the liquid return of the refrigerant occurs when the accumulated
liquid flowing upwards with vapor does not reach the heat dissipation
portion 200 and the refrigerant flows back to the liquid pipe 104 through
the bypass pipe 105. Therefore, the collision of the vapor and the liquid
return can be avoided and the flow of the vapor is not obstructed.

[0065]

Further, the refrigerant flowing back to the liquid pipe 104 through
the bypass pipe 105 flows into the heat receiving portions 102 of the server
rack 101 in order from the uppermost one to the lowermost one. The heat
receiving portion 102 starts to receive the heat exhausted by the electronic
apparatus 300. For this reason, a state in which the refrigerant is not
accumulated at all in the heat receiving portion 102 located in the upper
part of the server rack 101 can be avoided. As a result, cooling
performance degradation of the electronic apparatus cooling system 1000
can be avoided.

[0066]

Further, by using the electronic apparatus enclosure device 100
according to the first exemplary embodiment of the present invention, the
time taken before the cooling system operates at a maximum rate at which
the maximum amount of heat can be transported can be substantially
reduced. The reason is as follows. Namely, in each of a plurality of the
heat receiving portions 102, the liquid-phase refrigerant accumulated in

the lower part of the server rack 101 absorbs the heat exhausted by the
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electronic apparatus 300. As a result, the liquid-phase refrigerant

changes to the vapor-phase refrigerant and vapor is generated. This
vapor is transported to the heat dissipation portion 200 through the vapor
pipe 103. In the heat dissipation portion 200, the vapor-phase refrigerant
changes to the liquid-phase refrigerant again by the condensation of vapor.
Because the bypass pipe 105 connects the vapor pipe 103 and the liquid
pipe 104, the liquid-phase refrigerant generated in the heat dissipation
portion 200 does not flow into the heat receiving portions 102 of the server
rack 101 in order from the uppermost one to the lowermost one and the
liquid-phase refrigerant flowing upward together with vapor through the
bypass pipe 105 located above the server rack 101 can flow back to the
heat receiving portion 102 located in the upper part of the server rack 101.
For this reason, all the heat receiving portions 102 can be filled with the
liquid-phase refrigerant in a short time. As a result, the electronic
apparatus cooling system 1000 can operate at a maximum rate at which the
maximum amount of heat can be transported.

[0067]

The electronic apparatus cooling system 1000 according to the first
exemplary embodiment of the present invention includes the server rack
101, a plurality of the heat receiving portions 102, the heat dissipation
portion 200, the vapor pipe 103, the liquid pipe 104, the bypass pipe 105,
the valve 106, the first connection portion 107, and the second connection
portion 108.

[0068]

The server rack 101 accommodates the electronic apparatus 300
having a heat-producing component. A plurality of the heat receiving
portions 102 accumulate refrigerant. Further, a plurality of the heat
receiving portions 102 are arranged on the back face of the server rack

101 along the vertical direction G. Further, a plurality of the heat
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receiving portions 102 receive the heat of the electronic apparatus 300

via refrigerant. The heat dissipation portion 200 dissipates the heat of
the electronic apparatus 300 that is received by each of a plurality of the
heat receiving portions 102. The vapor pipe 103 connects the heat
dissipation portion 200 and each of a plurality of the heat receiving
portions 102. The vapor pipe 103 is provided for flowing the
refrigerant vaporized by the heat in the heat receiving portion 102 to the
heat dissipation portion 200 from each of a plurality of the heat
receiving portions 102. The liquid pipe 104 connects the heat
dissipation portion 200 and each of a plurality of the heat receiving
portions 102.  The liquid pipe 104 is provided for flowing the
refrigerant liquefied in the heat dissipation portion 200 to each of a
plurality of the heat receiving portions 102 from the heat dissipation
portion 200. The bypass pipe 105 connects the vapor pipe 103 and the
liquid pipe 104. The valve 106 opens and closes the flow path of the
bypass pipe 105. The first connection portion 107 connects the vapor
pipe 103 and the bypass pipe 105. The second connection portion 108
connects the liquid pipe 104 and the bypass pipe 105. The first
connection portion 107 is disposed at a position higher than that of the
second connection portion 108 in the vertical direction G.
[0069]

The electronic apparatus cooling system 1000 has an effect that is

the same as that of the electronic apparatus enclosure device 100

mentioned above.

[0070]
<Second exemplary embodiment>

Next, a structure of an electronic apparatus cooling system

according to a second exemplary embodiment of the present invention will
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be described. Fig. 8 is an enlarged transparent perspective view
schematically showing a structure around the vapor pipe 103, the liquid
pipe 104, and the bypass pipe 105 of the electronic apparatus cooling
system according to the second exemplary embodiment of the present
invention. Further, for convenience of explanation, the vertical direction
G is shown in Fig. 8.

[0071]

The electronic apparatus cooling system according to the second
exemplary embodiment of the present invention has the same structure as
the electronic apparatus cooling system 1000 according to the first
exemplary embodiment of the present invention.

[0072]

As shown in Fig. 8, in the electronic apparatus cooling system
according to the second exemplary embodiment of the present invention,
the vapor pipe 103 and the liquid pipe 104 have a horizontal section H1 and
a horizontal section H2 that are arranged in a direction approximately
perpendicular to the vertical direction G, respectively.

[0073]

Further, the vapor pipe 103 and the liquid pipe 104 are disposed so
as to extend between end parts M1 and M2 of the horizontal sections H1
and H2 that are located at the heat receiving portion 102 side and a top
edge part of the server rack 101 in the approximately vertical direction G.
Similarly, the vapor pipe 103 and the liquid pipe 104 are disposed so as to
extend between end parts N1 and N2 of the horizontal sections H1 and H2
that are located at the heat dissipation portion 200 side and the heat
dissipation portion 200 in the approximately vertical direction G.

Namely, the vapor pipe 103 and the liquid pipe 104 are bent twice between
the server rack 101 and the ceiling 500 (refer to Fig. 2) so as to have two

vertical sections and one horizontal section, respectively. The bypass
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pipe 105 is provided in the horizontal sections H1 and H2 and connects the

vapor pipe 103 and the liquid pipe 104.

[0074]

Further, it is preferred that the bypass pipe 105 connects the vapor
pipe 103 and the liquid pipe 104 at least at the side of the end parts N1 and
N2 of the horizontal sections H1 and H2 that are located at the heat
dissipation portion 200 side as shown in Fig. 8. Namely, the bypass pipe
105 is disposed in the vicinity of the above-mentioned bent portions of the
vapor pipe 103 and the liquid pipe 104.

[0075]

As described above, in the electronic apparatus enclosure device
according to the second exemplary embodiment of the present invention,
the vapor pipe 103 and the liquid pipe 104 have the horizontal section H1
and the horizontal section H2 that are arranged in a direction
approximately perpendicular to the vertical direction G, respectively.
Further, the vapor pipe 103 and the liquid pipe 104 are disposed so as to
extend between the end parts M1 and M2 of the horizontal sections H1 and
H2 that are located at the heat receiving portion 102 side and the top edge
part of the server rack 101 in the approximately horizontal direction
perpendicular to the vertical direction G. Similarly, the vapor pipe 103
and the liquid pipe 104 are disposed so as to extend between the end parts
N1 and N2 of the horizontal sections H1 and H2 that are located at the heat
dissipation portion 200 side and the heat dissipation portion 200 in the
approximately horizontal direction perpendicular to the vertical direction
G. The bypass pipe 105 connects the vapor pipe 103 and the liquid pipe
104 in the horizontal sections H1 and H2.

[0076]

As a result, the refrigerant accumulated in the lower part of the

server rack 101 (especially, the heat receiving portion 102 located in the
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lowermost part of the server rack 101 in the vertical direction G) can
efficiently flow back to the liquid pipe 104 from the vapor pipe 103
through the bypass pipe 105 as shown by arrows XC1 to XC4 in Fig. 8.
Therefore, the refrigerant can be more efficiently transported to the inside
of the apparatus in a short time.

[0077]

Further, in the electronic apparatus enclosure device according to
the second exemplary embodiment of the present invention, the bypass pipe
105 connects the vapor pipe 103 and the liquid pipe 104 at least at the side
of the end parts N1 and N2 of the horizontal sections H1 and H2 that are
located at the heat dissipation portion 200 side.

[0078]

As a result, a liquid return 602 generated in the vertical direction G
can easily flow back to the bypass pipe 105 by the gravity. Therefore, the
time taken before the electronic apparatus cooling system operates at a
maximum rate at which the maximum amount of heat can be transported

can be further reduced.

[0079]

<Third exemplary embodiment>

Next, a structure of an electronic apparatus cooling system
according to a third exemplary embodiment of the present invention will be
described. Fig. 9 is an enlarged transparent perspective view
schematically showing a structure around the vapor pipe 103, the liquid
pipe 104, and the bypass pipe 105 of the electronic apparatus cooling
system according to the third exemplary embodiment of the present
invention. Further, for convenience of explanation, the vertical direction
G is shown in Fig. 9.

[0080]
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Here, there is a difference between the position of the bypass pipe

105 shown in Fig. 8 and the position of the bypass pipe 105 shown in Fig.

9.

[0081]

As shown in Fig. 9, in the electronic apparatus cooling system
according to the third exemplary embodiment of the present invention, the
vapor pipe 103 and the liquid pipe 104 include bent pipe portions C1 and
C2 at least at the side of the end parts N1 and N2 of the horizontal sections
H1 and H2 of the vapor pipe 103 and the liquid pipe 104 that are located at
the heat dissipation portion 200 side, respectively. The bypass pipe 105
is connected to the vapor pipe 103 and the liquid pipe 104 at least so as to
contact with the curved surfaces of the bent pipe portion C1 of the vapor
pipe 103 and the bent pipe portion C2 of the liquid pipe 104.

[0082]

As a result, as shown by arrows XD1 to XD4 in Fig. 9, a flow
pressure loss which occurs when the liquid return 602 generated in the
vertical direction G flows back to the bypass pipe 105 by the gravity can be
reduced. Therefore, the time taken before the electronic apparatus
cooling system operates at a maximum rate at which the maximum amount

of heat can be transported can be further reduced.

[0083]

<Fourth exemplary embodiment>

Next, a structure of an electronic apparatus cooling system
according to a fourth exemplary embodiment of the present invention will
be described. Fig. 10 is an enlarged sectional view schematically
showing the structure around the vapor pipe 103, the liquid pipe 104, and
the bypass pipe 105 of the electronic apparatus cooling system according

to the fourth exemplary embodiment of the present invention. Further,
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for convenience of explanation, the vertical direction G is shown in Fig.
10.

[0084]

Here, the structure shown in Fig. 7 has not a guide portion but the
structure shown in Fig. 10 has a guide portion 109. This is a difference
between the structure shown in Fig. 7 and the structure shown in Fig. 10.

[0085]

As shown in Fig. 10, in the electronic apparatus cooling system
according to the fourth exemplary embodiment of the present invention,
the guide portion 109 is disposed so as to protrude from the first
connection portion 107 in the vapor pipe 103. Further, the guide portion
109 prevents refrigerant in the vai)or pipe 103 from flowing toward a
plurality of the heat receiving portions 102.

[0086]

As a result, the liquid return 602 can easily flow back to the bypass
pipe 105 along the guide portion 109 as shown by arrows XE1 to XE4 in
Fig. 10. Therefore, the time taken before the electronic apparatus
cooling system operates at a maximum rate at which the maximum amount

of heat can be transported can be further reduced.

[0087]

<Fifth exemplary embodiment>

Next, a structure of an electronic apparatus cooling system
according to a fifth exemplary embodiment of the present invention will be
described. Fig. 11 is an enlarged sectional view schematically showing
the structure around the vapor pipe 103, the liquid pipe 104, and a bypass
pipe 105A of the electronic apparatus cooling system according to the fifth
exemplary embodiment of the present invention. Further, for

convenience of explanation, the vertical direction G is shown in Fig. 11.
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[0088]

Here, the shape of the bypass pipe 105 shown in Fig. 7 is different
from the shape of the bypass pipe 105A shown in Fig. 11. -

[0089]

As shown in Fig. 11, in the electronic apparatus cooling system
according to the fifth exemplary embodiment of the present invention, the
bypass pipe 105A has a tapered shape in which the cross-sectional area is
gradually reduced away from the first connection portion 107 toward the
second connection portion 108. Namely, the bypass pipe 105A is formed
so that the cross-sectional area of the bypass pipe 105A at the portion (the
first connection portion 107) at which the bypass pipe 105A is connected to
the vapor pipe 103 is greater than the cross-sectional area of the bypass
pipe 105A at the portion (the second connection portion 108) at which the
bypass pipe 105A is connected to the liquid pipe 104. Namely, the
bypass pipe 105A is formed so as to have a taper T.

[0090]

As a result, the liquid return 602 can easily flow back to the bypass
pipe 105A along the taper T as shown by arrows XF1 to XF4 in Fig. 11.
Therefore, the time taken before the electronic apparatus cooling system
operates at a maximum rate at which the maximum amount of heat can be

transported can be further reduced.

[0091]

<Sixth exemplary embodiment>

Next, a structure of an electronic apparatus cooling system 1000A
according to a sixth exemplary embodiment of the present invention will be
described. Fig. 12 is a figure showing the structure of the electronic
apparatus cooling system according to the sixth exemplary embodiment of

the present invention. Further, for convenience of explanation, the
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vertical direction G is shown in Fig. 12.

[0092]

As shown in Fig. 12, in the electronic apparatus cooling system
1000A according to the sixth exemplary embodiment of the present
invention, the vapor pipe 103 and the liquid pipe 104 are disposed at least
so as to extend in an approximately vertical direction G in a space above
the top edge part of the server rack 101. Further, the first connection
portion 107 is disposed at a position higher than that of the second
connection portion 108 in the vertical direction G. Namely, the vapor
pipe 103 and the liquid pipe 104 are disposed so as to extend in a direction
approximately parallel to the vertical direction G. Further, the first
connection portion 107 to which the vapor pipe 103 and the bypass pipe
105 are connected is disposed at a position higher than that of the second
connection portion 108 to which the liquid pipe 104 and the bypass pipe
105 are connected in the vertical direction G. As a result, workability of

opening/closing the valve 106 can be improved.

[0093]

<Seventh exemplary embodiment>

Next, a structure of an electronic apparatus cooling system 1000B
according to a seventh exemplary embodiment of the present invention will
be described, Fig. 13 is a figure showing the structure of the electronic
apparatus cooling system according to the seventh exemplary embodiment
of the present invention. Further, for convenience of explanation, the
vertical direction G is shown in Fig. 13.

[0094]

Here, the structure shown in Fig. 12 is compared with the structure
shown in Fig. 13. In Fig. 12, the bypass pipe 105 and the valve 106 are

disposed outside the server rack 101. In contrast, in Fig. 13, the bypass
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pipe 105 and the valve 106 are disposed in the server rack 101. Further,

the bypass pipe 105 and the valve 106 are disposed on the server rack back
face 101b (one of the main faces). This is a difference between the
structure shown in Fig. 12 and the structure shown in Fig. 13.

[0095]

As shown in Fig. 13, in the electronic apparatus cooling system
1000B according to the seventh exemplary embodiment of the present
invention, the first connection portion 107 and the second connection
portion 108 are accommodated in the server rack 101. Further, the
bypass pipe 105 and the valve 106 are disposed on the server rack back
face 101b (one of the main faces). Namely, the vapor pipe 103 and the
liquid pipe 104 are connected to the bypass pipe 105 on the server rack
back face 101b of the server rack 101. Therefore, the valve 106 can be
easily disposed and the opening/closing work of the valve 106 can be more

easily performed.

[Industrial Applicability]

[0096]

The present invention can be applied to for example, an application
in which exhausted heat is received by all the server rack faces and an
electric power consumed by air conditioning of the data center is reduced.

[0097]

The present invention has been explained above on the basis of the
exemplary embodiment. The exemplary embodiment is shown as an
example. Various changes, addition/reduction, or combination of the
above-mentioned exemplary embodiment can be madehwithout departing
from the scope of the invention of the present application. It is
understood by the person skilled in the art that modification example

obtained by various changes, addition/reduction, or combination is also
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within the scope of the present invention.

[0098]

The present invention has been explained above on the basis of the
exemplary embodiment shown as an exemplary example. However, the
present invention is not limited to the exemplary embodiment described
above. Namely, the present invention includes various embodiments that
can be understood by the person skilled in the art without departing from
the scope of the invention.

[0099]

This application claims priority from Japanese Patent Application
No. 2013-239975, filed on November 20, 2013, the disclosure of which is

hereby incorporated by reference in its entirety.

[Reference signs List]

[0100]

100 electronic apparatus enclosure device
101 server rack

101a server rack front face
101b server rack back face
101c server rack top face
101d server rack bottom face
10le server rack side face
102 heat receiving portion
103  vapor pipe

104 liquid pipe

105 and 105A bypass pipe
106 wvalve

107 first connection portion

108 second connection portion
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109 guide portion

200 heat dissipation portion
300 electronic apparatus
600 liquid-phase refrigerant
600a liquid surface

601 accumulated liquid

602 liquid return
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[Document Name] CLAIMS

[Claim 1]

An electronic apparatus enclosure device including

a rack configured to accommodate an electronic apparatus having a

heat-producing component,

a plurality of heat receiving portions arranged on a back face of the
rack along a vertical direction and configured to receive heat of the
electronic apparatus,

a vapor pipe configure(f to connect a heat dissipation portion for
dissipating the heat of the electronic apparatus that is received by each of a
plurality of the heat receiving portions and each of a plurality of the heat
receiving portions,

a liquid pipe configured to connect the heat dissipation portion and
each of a plurality of the heat receiving portions,

a bypass pipe configured to connect the vapor pipe and the liquid
pipe,

a valve configured to open and close a flow path of the bypass pipe,

a first connection portion configured to connect the vapor pipe and
the bypass pipe, and

a second connection portion configured to connect the liquid pipe
and the bypass pipe, wherein

the first connection portion is disposed at a position higher than
that of the second connection portion.

[Claim 2]

The electronic apparatus enclosure device described in claim 1
wherein the vapor pipe and the liquid pipe have horizontal sections that are
arranged in a direction approximately perpendicular to a vertical direction,
respectively and are disposed so as to extend between end parts of the

horizontal sections that locate at the heat receiving portion side of the
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vapor pipe and the liquid pipe and the top edge part of the rack and

between end parts of the horizontal sections that locate at the heat
dissipation portion side of the vapor pipe and the liquid pipe and the heat
dissipation portion in an approximately vertical direction and

the bypass pipe connects the vapor pipe and the liquid pipe in the
horizontal section.

[Claim 3]

The electronic apparatus enclosure device described in claim 2
wherein the bypass pipe connects the vapor pipe and the liquid pipe at least
at the side of the end parts of the horizontal sections that are located at the
heat dissipation portion side.

[Claim 4]

The electronic apparatus enclosure device described in claim 3
wherein the vapor pipe and the liquid pipe include bent pipe portions at
least at the side of the end parts of the horizontal sections of the vapor pipe
and the liquid pipe that are located at the heat dissipation portion side,
respectively and the bypass pipe is connected to the vapor pipe and the
liquid pipe at least so as to contact with the curved surfaces of the bent
pipe portions of the vapor pipe and the liquid pipe.

[Claim 5]

The electronic apparatus enclosure device described in any one of
claims 1 to 4 wherein the electronic apparatus enclosure device includes a
guide portion that is disposed so as to protrude from the first connection
portion in the vapor pipe and prevents the refrigerant in the vapor pipe
from flowing toward a plurality of the heat receiving portions.

[Claim 6]

The electronic apparatus enclosure device according to any one of
claims 1 to 5 wherein the bypass pipe has a tapered shape in which the

cross-sectional area is gradually reduced away from the first connection
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portion toward the second connection portion.

[Claim 7]

The electronic apparatus enclosure device described in claim 1
wherein the vapor pipe and the liquid pipe are disposed at least so as to

5 extend in an approximately vertical direction in a space above a top edge

part of the rack and

the first connection portion is disposed at a position higher than that
of the second connection portion in the vertical direction.

[Claim 8]

10 The electronic apparatus enclosure device described in claim 1 or
claim 7 wherein the first connection portion and the second connection
portion are accommodated in the rack and

the bypass pipe and the valve are disposed on one of the main faces
of the rack.

15 [Claim 9]

An electronic apparatus cooling system including the electronic
apparatus enclosure device described in any one of claim 1 to claim 8 and

the heat dissipation portion.



