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(57)  In a piping structure of a cooling device using
an ebullient cooling system, the cooling performance of
the cooling device is degraded if the pipe is provided with
flexibility, therefore, a piping structure of a cooling device
according to an exemplary aspect of the invention in-

FIG. 1A

cludes a first tubular part with a hollow portion through
which a refrigerant used in the cooling device flows;
wherein the first tubular part is made of metal materials;
and the surface roughness of the inner surface of the first
tubular part is less than or equal to the size of a conden-
sation nucleus for the refrigerant.
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Description
TECHNICAL FIELD

[0001] The present invention relates to piping struc-
tures of cooling devices for semiconductor devices and
electronic devices and the like, in particular, to a piping
structure of a cooling device using an ebullient cooling
system in which the heat transportation and heat radia-
tion are performed by a cycle of vaporization and con-
densation of arefrigerant, a method for making the same,
and a method for connecting pipes.

BACKGROUND ART

[0002] In recent years, with the progress of high per-
formance and high functionality in semiconductor devic-
es and electronic devices, the amount of heat generation
from them has been increasing. On the other hand, the
miniaturization of semiconductor devices and electronic
devices has been advancing due to the popularization of
portable devices. Because of such background, a cooling
device with high efficiency and a small size is highly re-
quired. The cooling device using an ebullient cooling sys-
tem in which the heat transportation and heat radiation
are performed by a cycle of vaporization and condensa-
tion of a refrigerant, is expected as a cooling device for
the semiconductor devices and the electronic devices
because it does not require any driving unit such as a
pump.

[0003] Anexample of the cooling device using an ebul-
lient cooling system (hereinafter, also referred to as an
ebullient cooling device) is described in patent literature
1. The ebullient cooling device described in patent liter-
ature 1 includes an evaporator absorbing the heat from
a heating element by the evaporation action of working
fluids such as pure water and ethanol, and a condenser
releasing heat by the condensation action of working flu-
ids. The ebullient cooling device includes flow conduits
circulating the working fluids between the evaporator and
the condenser, and is configured so that the flow conduits
can be bent at a number of points. It is said that the con-
figuration enables the flow conduits to act as a spring
and to absorb the force applied to the evaporator and the
condenser.

[0004] In the ebullient cooling device described in pat-
entliterature 1, however, a metal pipe made of rigid metal
with a spring function is used as the flow conduit, and
consequently, there has been a problem that the degree
of freedom to dispose the flow conduits with a bent form
is limited. There has also been a problem that the me-
chanical strength cannot be maintained, for example, a
buckling occurs in the process of bending, if the thickness
of the metal pipe is reduced to a thickness in which it can
be bent freely. Furthermore, there has been a problem
that the corrosion (electrical corrosion) based on an elec-
trochemical action occurs due to the electrical potential
difference between the metal composing the flow conduit
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and the metal composing a connection of the evaporator
or the condenser if an electrically-conductive refrigerant
is used.

[0005] On the other hand, a low-boiling organic refrig-
erantis often used as the refrigerant in the ebullient cool-
ing device in order to improve the cooling performance
within a range of the operation temperature for a semi-
conductor device and an electronic device. It is possible
to obtain a flexible pipe by using an organic material such
as resin and rubber. If a pipe made of an organic material
is used, however, there has been a problem that the in-
ternal pressure increases due to a chemical reaction with
the organic refrigerant, and consequently, the cooling
performance is degraded owing to the boiling point ele-
vation of the refrigerant.

[0006] Patent literature 2 describes a technology to
solve such problems. An ebullient cooling device de-
scribed in patent literature 2 includes an evaporator con-
tainer accommodating a refrigerant liquid, a condenser
condensing the vaporized refrigerant, and a single pipe
connecting the evaporator container to the condenser,
through which a gas-liquid flows in a mixed phase. The
pipe has a structure in which a thin film of a corrosion-
resistant and permeation-resistant material such as alu-
minum and stainless steel is evaporated onto the inner
wall of the pipe made of aresin. Itis said that the structure
enables the pipe to have enough rigidity to maintain its
shape against the atmospheric pressure and thus the
installation location of the evaporator container and the
condenser can be freely decided.

Patent literature 1: Japanese Patent Application
Laid-Open Publication No. 2006-125718 (para-
graphs [0025] to [0044])

Patent literature 2: Japanese Patent Application
Laid-Open Publication No. 1994-224337 (para-
graphs [004] to [009])

DISCLOSURE OF INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

[0007] As mentioned above, the pipe in the related
ebullient cooling device has a structure in which a metal
film is evaporated onto the inner surface of the pipe. The
vapor of the refrigerant, however, is condensed again
and liquefies in the middle of the pipe due to the surface
roughness of the metal film evaporated on the resin. The
related ebullient cooling device using such pipes, there-
fore, has a problem that the amount of heat transports
by the refrigerant decreases.

[0008] Thus, in the piping structure of the related ebul-
lient cooling device, there is a problem that the cooling
performance of the cooling device is degraded if the pipe
is provided with flexibility.

[0009] The objective of the present invention is to pro-
vide a piping structure of a cooling device, a method for
making the same, and a method for connecting pipes
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which solve the problem mentioned above thatin a piping
structure of a cooling device using an ebullient cooling
system, the cooling performance of the cooling device is
degraded if the pipe is provided with flexibility.

MEANS FOR SOLVING A PROBLEM

[0010] A piping structure of a cooling device according
to an exemplary aspect of the invention includes a first
tubular part with a hollow portion through which a refrig-
erant used in the cooling device flows; wherein the first
tubular part is made of metal materials; and the surface
roughness of the inner surface of the first tubular part is
less than or equal to the size of a condensation nucleus
for the refrigerant.

[0011] A method for making a piping structure of cool-
ing device according to an exemplary aspect of the in-
vention includes the steps of: applying a rolling process
to a metal material composing a hollow portion through
which arefrigerantusedin a cooling device flows; forming
a plate-like metal plate material with a surface roughness
less than or equal to the size of a condensation nucleus
for the refrigerant by the rolling process; and bending the
metal plate material into a tube and joining both ends.
[0012] A method for connecting pipes according to an
exemplary aspect of the invention includes the steps of:
fitting, in a connective projection, a pipe including a first
tubular part, the first tubular part having a hollow portion
through which a refrigerant used in a cooling device flow-
ing, made of a metal material, and a surface roughness
of its inner surface being less than or equal to the size
of a condensation nucleus for the refrigerant; applying a
pressure from the outer periphery of the pipe toward the
center; and deforming the metal material composing the
first tubular part by the pressure and attaching firmly the
metal material to the connective projection.

EFFECT OF THE INVENTION

[0013] According to the piping structure of the cooling
device of the present invention, it is possible to obtain a
piping structure of a cooling device which does not cause
deterioration in the cooling performance of the cooling
device even if the pipe is provided with flexibility.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014]

FIG. 1A is a plan view showing a configuration of a
piping structure of a cooling device in accordance
with the first exemplary embodiment of the present
invention.

FIG. 1B is a cross-sectional view showing a config-
uration of a piping structure of a cooling device in
accordance with the first exemplary embodiment of
the present invention.

FIG. 2A is a plan view showing a configuration of a
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piping structure of a cooling device in accordance
with the second exemplary embodiment of the
present invention.

FIG. 2B is a cross-sectional view showing a config-
uration of a piping structure of a cooling device in
accordance with the second exemplary embodiment
of the present invention.

FIGS. 3A is a cross-sectional view to illustrate a
method for making the piping structure of cooling
device inaccordance with the second exemplary em-
bodiment of the present invention.

FIGS. 3B is a cross-sectional view to illustrate a
method for making the piping structure of cooling
device inaccordance with the second exemplary em-
bodiment of the present invention.

FIG. 4 is a cross-sectional view showing a configu-
ration of an ebullient cooling device in accordance
with the third exemplary embodiment of the present
invention.

FIG. 5A is a cross-sectional view to illustrate a meth-
od for connecting pipes in the cooling device in ac-
cordance with the third exemplary embodiment of
the present invention.

FIG. 5B is a cross-sectional view to illustrate a meth-
od for connecting pipes in the cooling device in ac-
cordance with the third exemplary embodiment of
the present invention.

DESCRIPTION OF EMBODIMENTS

[0015] The exemplary embodiments of the present in-
vention will be described with reference to drawings be-
low.

[The first exemplary embodiment]

[0016] FIGS. 1A and 1B show configurations of a pip-
ing structure of cooling device 10 in accordance with the
first exemplary embodiment of the present invention.
FIG. 1A is a plan view and FIG. 1B is a cross-sectional
view in a plane perpendicular to the axial direction of the
piping structure (a cross-sectional view taken along the
line A-Aof FIG. 1A). The piping structure of cooling device
10 in accordance with the present exemplary embodi-
ment includes a first tubular part 11 with a hollow portion
through which a refrigerant used in the cooling device
flows.

[0017] The first tubular part 11 is made of metal mate-
rials, and the surface roughness of the inner surface of
the first tubular part 11 is less than or equal to the size
of a condensation nucleus for the refrigerant. Here, the
condensation nucleus means a spotwhich acts as a base
point when a vapor liquefies. If the vapor touches the
base points, the liquefaction is accelerated there. It is
possible to use aluminum materials and the like as the
first tubular part 11, for example. By setting the center
line average roughness of a surface equal to or more
than 0.1 micrometers and less than or equal to 10 mi-
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crometers, preferably less than or equal to 1 micrometer,
itis possible to prevent the inner surface of the first tubular
part 11 from acting as a condensation nucleus of the
refrigerant.

[0018] It is possible to use a material formed through
an annealing process for the first tubular part. By means
of the annealing process, it is possible to adjust a strain
arising at a processing treatment, and it becomes possi-
ble to maintain the strength of the first tubular part with
maintenance of its flexibility.

[0019] Next, the method for making the piping structure
of cooling device 10 according to the present exemplary
embodiment will be described. In the method for making
according to the present exemplary embodiment, first, a
plate-like metal plate material made of a metal material
such as aluminum is prepared. The metal plate material
can be produced by a conventional rolling process. The
metal plate material is bent into a tube by using a cylin-
drical jig such as a roll, for example, and both ends are
joined by means of a weld process and the like. By this
process, the first tubular part 11 made of a metal material
is completed. It is also acceptable to perform the anneal-
ing process subsequently. The annealing process can
be performed under conditions normally used for the met-
al material to be used. It is desirable to set the thickness
of the first tubular part, which is determined by the plate
thickness of the metal plate material, equal to or more
than 0.4 mm and less than or equal to 1 mm. This is
because itbecomes difficult to weld the ends and to main-
tain the bending strength and the internal pressure ca-
pacity of the first tubular part if the plate thickness of the
metal plate material becomes thinner than 0.4 mm. On
the other hand, it is also because the flexibility of the
piping structure of cooling device 10 decreases if the
thickness of the first tubular part is more than 1 mm.
[0020] As mentioned above, according to the present
exemplary embodiment, it is possible to obtain a piping
structure of a cooling device which does not cause de-
terioration in the cooling performance of the cooling de-
vice even if the pipe is provided with flexibility.

[The second exemplary embodiment]

[0021] Next, the second exemplary embodiment of the
present invention will be described. FIGS. 2A and 2B
show configurations of a piping structure of cooling de-
vice 100 according to the second exemplary embodiment
of the presentinvention. FIG. 2A is a plan view and FIG.
2B is a cross-sectional view in a plane perpendicular to
the axial direction of the piping structure (a cross-sec-
tional view taken along the line A-A of FIG. 2A). The piping
structure of cooling device 100 in accordance with the
present exemplary embodiment includes a first tubular
part 110 with a hollow portion through which a refrigerant
used in the cooling device flows, and a second tubular
part 120 with which the first tubular part 110 is covered.
[0022] The first tubular part 110 is made of metal ma-
terials, and the surface roughness of the inner surface
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of the first tubular part 110 is less than or equal to the
size of a condensation nucleus for the refrigerant. Here,
the condensation nucleus means a spot which acts as a
base point when a vapor liquefies. If the vapor touches
the base points, the liquefaction is accelerated there. It
is possible to use aluminum materials and the like as the
first tubular part 110, for example. By setting the center
line average roughness of a surface equal to or more
than 0.1 micrometers and less than or equal to 10 mi-
crometers, preferably less than or equal to 1 micrometer,
itis possible to preventthe inner surface of the firsttubular
part 110 from acting as a condensation nucleus of the
refrigerant.

[0023] The second tubular partis made of organic ma-
terials such as resin and rubber, and it is possible to use
polyethylene materials and butyl rubber materials, for ex-
ample.

[0024] As mentioned above, the piping structure of
cooling device 100 according to the present exemplary
embodiment is configured in which the first tubular part
110 touching the refrigerant is made of metal materials
and the surface roughness of the inner surface is less
than or equal to the size of a condensation nucleus for
the refrigerant. Accordingly, it is possible to prevent the
piping structure of cooling device 100 from reacting
chemically with the refrigerant, and prevent the vapor of
the refrigerant from condensing again. Additionally, since
the piping structure of cooling device 100 includes a multi-
layered structure in which the first tubular part 110 is cov-
ered with the second tubular part 120 made of organic
materials, it is possible to maintain the mechanical
strength of the piping structure of cooling device 100 with
maintenance of its flexibility. As a result, according to the
present exemplary embodiment, it is possible to obtain
a piping structure of a cooling device which does not
cause deterioration in the cooling performance of the
cooling device even if the pipe is provided with flexibility.
[0025] Next, the method for makingthe piping structure
of cooling device 100 according to the present exemplary
embodiment will be described. FIGS. 3A and 3B are
cross-sectional views to illustrate a method for making
the piping structure of cooling device 100 according to
the present exemplary embodiment. In the method for
making according to the present exemplary embodiment,
first, a plate-like metal plate material 140 made of a metal
material such as aluminum is prepared. As shownin FIG.
3A, the metal plate material 140 is bent into a tube by
using a cylindrical jig 150 such as a roll, for example, and
both ends 160 are joined by means of a weld process
and the like. By this process, the first tubular part 110
made of a metal material is formed.

[0026] Subsequently, as shown in FIG. 3B, the outer
periphery of the first tubular part 110 is covered by eject-
ing a resin material such as polyethylene from a nozzle
170 and the like, for example. By this process, the second
tubular part made of the organic material is formed with
which the first tubular part 110 is covered, and the piping
structure of cooling device 100 is completed. Since the
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method for making the piping structure of cooling device
100 according to the present exemplary embodiment is
composed of the simple processes, it is possible to man-
ufacture the piping structure of cooling device 100 mas-
sively and cheaply according to the present method for
making.

[0027] Here,itisdesirable to setthe surface roughness
of the inner surface of the first tubular part 110 made of
the metal plate material 140 equal to or more than 0.1
micrometers and less than or equal to 10 micrometers,
preferably less than or equal to 1 micrometer. This can
be achieved by producing the metal plate material 140
by means of a conventional rolling process. By setting
the surface roughness within the range, it is possible to
prevent the inner surface of the first tubular part 110 from
acting as a condensation nucleus of the refrigerant. It is
desirable to set the thickness of the first tubular part,
which is determined by the plate thickness of the metal
plate material 140, equal to or more than 0.4 mm and
less than or equal to 1 mm. This is because it becomes
difficult to weld the ends 160 and to maintain the bending
strength and the internal pressure capacity of the first
tubular part if the plate thickness of the metal plate ma-
terial 140 becomes thinner than 0.4 mm. On the other
hand, it is also because the flexibility of the piping struc-
ture of cooling device 100 decreases if the thickness of
the first tubular part is more than 1 mm.

[The third exemplary embodiment]

[0028] Next, the third exemplary embodiment of the
present invention will be described. In the present exem-
plary embodiment, a cooling device will be described
which uses the piping structure of cooling device 100
according to the second exemplary embodiment, but it
is also acceptable to use the piping structure of cooling
device 10 according to the first exemplary embodiment.
A case will be described below in which the piping struc-
ture is applied to a cooling device using an ebullient cool-
ing system (hereinafter, referred to as an ebullient cooling
device). FIG. 4 is a cross-sectional view showing a con-
figuration of an ebullient cooling device 200 in accord-
ance with the present exemplary embodiment. The ebul-
lient cooling device 200 includes an evaporator 220 stor-
ing a refrigerant 210, and a condenser 230 condensing
and liquefying a vapor-state refrigerant vaporized in the
evaporator 220 and radiating heat. A heat-generating
part 240 of an object to be cooled such as a semicon-
ductor device is disposed so as to thermally contact with
one surface of the evaporator 220.

[0029] The evaporator 220 is connected to the con-
denser 230 by using the piping structure of cooling device
100 according to the second exemplary embodiment. As
shown in FIG. 2A, the piping structure of cooling device
100 includes a first connection 131 connected to the
evaporator 210 and a second connection 132 connected
to the condenser 230. FIG. 4 shows a case where the
piping structure of cooling device 100 is used for a vapor-
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phase pipe 251 through which a vapor-phase refrigerant
flows from the evaporator 220 toward the condenser 230
and for a liquid-phase pipe 252 through which a liquid-
phase refrigerant flows from the condenser 230 toward
the evaporator 220. The bending strength of the vapor-
phase pipe 251 and the liquid-phase pipe 252 (hereafter,
referredto as "a pipe 250" simply) is maintained by means
of the second tubular part 120 made of organic materials
having the flexibility. In the ebullient cooling device 200,
therefore, it is possible to decide freely the disposition of
the evaporator 220 and the condenser 230 with mainte-
nance of the mechanical strength of the pipe connecting
the evaporator 220 to the condenser 230.

[0030] As mentioned above, the ebullient cooling de-
vice 200 of the present exemplary embodiment is con-
figured in which the evaporator 220 is connected to the
condenser 230 by using the pipe 250 including the first
tubular part 110 made of metal materials as the inner
layer and the second tubular part 120 made of organic
materials having the flexibility as the outer layer. By
adopting this configuration, it is possible to change the
layout of the ebullient cooling device 200 easily even if
the layout or the specifications of a device to be cooled
are changed. Accordingly, it becomes unnecessary to
design and produce the evaporator 220 and the condens-
er 230 with respect to each device to be cooled, and it
becomes possible to standardize them. As a result, it is
possible to reduce the costs of the evaporator 220 and
the condenser 230.

[0031] Itisalso possiblethatthe evaporator220is con-
figured to include a first connective projection 221 con-
nected to the first connection 131 of the piping structure
of cooling device 100 and the condenser 230 is config-
ured to include a second connective projection 231 con-
nected to the second connection 132. Itis also acceptable
that at least one of the first connective projection 221 and
the second connective projection 231 is made of the
same material as the metal material of which the first
tubular part 131 is made. In this case, since the electrical
potential difference does not arise between the same
type of metals, it is possible to prevent the corrosion
based onthe electrochemical action (electrical corrosion)
even though a conductive refrigerant such as water is
used.

[0032] In general, a semiconductor device, an elec-
tronic device and the like are designed so as to operate
at temperature in the range from several tens of degrees
Celsius to about 100 degrees Celsius. By using a material
with small surface tension and a low boiling point as the
refrigerant used in the ebullient cooling device, therefore,
it is possible to activate the generation of bubbles in the
evaporator and improve the cooling performance. For
this reason, organic refrigerants such as hydrofluorocar-
bon and hydrofluoroether are used as the refrigerant.
These organic refrigerants, however, react chemically
with organic materials such as resin and rubber. Since
the chemical reaction generates a reaction gas and the
internal pressure in the related ebullient cooling device
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increases, the boiling point of the refrigerant rises. As a
result, the cooling performance in the related ebullient
cooling device is degraded by the prolonged use.
[0033] In contrast, the ebullient cooling device 200 of
the present exemplary embodiment uses the piping
structure of cooling device 100 including the first tubular
part 110 made of metal materials as the vapor-phase
pipe 251 and the liquid-phase pipe 252. As a result, the
reaction between the refrigerant and the pipe is sup-
pressed, and accordingly, it is possible to prevent the
cooling performance from degrading and ensure long-
term reliability of the ebullient cooling device.

[0034] Next, the method for connecting pipes will be
described in more detail using FIGS. 5A and 5B. FIGS.
5A and 5B are cross-sectional views toiillustrate a method
for connecting pipes in the cooling device according to
the present exemplary embodiment.

[0035] In the method for connecting pipes according
to the present exemplary embodiment, first, as shown in
FIG. 5A, the pipe 250 is fitted in the first connective pro-
jection 221 or the second connective projection 231
(thereafter, referred to as "a connective projection 260"
simply). Here, the pipe 250 includes the piping structure
of cooling device 100 according to the second exemplary
embodiment, as mentioned above. That is to say, the
pipe 250 includes the first tubular part 110 made of metal
materials with a hollow portion through which the refrig-
erant used in the cooling device flows, and the second
tubular part 120 made of organic materials with which
the first tubular part 110 is covered.

[0036] Next, a pressure is applied from the outer pe-
riphery of the second tubular part 120 toward the center.
As shown in FIG. 5B, it is possible to use a clamping tool
such as a clamp 270 in order to apply the pressure. The
pressure enables the metal material composing the first
tubular part 110 to deform and the metal material to be
attached firmly to the connective projection 260 by a sim-
ple process.

[0037] Here, the connective projection 260 can be con-
figured to be a nipple shape, as shown in FIGS. 5A and
5B. In this case, since the first tubular part 110 made of
metal materials, which composes the inner layer of the
pipe 250, has a small wall thickness, it undergoes plastic
deformation due to the stress concentration at the convex
portions of the nipple shape, and is attached firmly to the
connective projection 260. As a result, it is possible to
suppress the leakage of the refrigerant from the connec-
tive projection 260. Since the pipe 250 according to the
present exemplary embodiment includes, as the outer
layer, the second tubular part 120 made of organic ma-
terials such as resin and rubber, it is possible to maintain
the mechanical strength as a pipe even if the metal ma-
terial of the inner layer is deformed.

[0038] The present invention is not limited to the
above-mentioned exemplary embodiments and can be
variously modified within the scope of the invention de-
scribed in the claims. It goes without saying that these
modifications are also included in the scope of the
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present invention.

[0039] This application is based upon and claims the
benefit of priority from Japanese Patent Application No.
2011-089347, filed on April 13, 2011, the disclosure of
which is incorporated herein in its entirety by reference.

DESCRIPTION OF THE CODES

[0040]

10, 100  piping structure of cooling device
11,110 first tubular part

120 second tubular part

140 metal plate material

150 cylindrical jig

160 end section

170 nozzle

200 ebullient cooling device
210 refrigerant

220 evaporator

221 first connective projection
230 condenser

231 second connective projection
240 heat generating unit

250 piping

251 vapor-phase pipe

252 liquid-phase pipe

260 connective projection
270 clamp

Claims

1. A piping structure of cooling device, comprising:

a first tubular part with a hollow portion through
which a refrigerant used in the cooling device
flows;

wherein the first tubular part is made of metal
materials; and the surface roughness of the in-
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ner surface of the first tubular part is less than
or equal to the size of a condensation nucleus
for the refrigerant.

The piping structure of cooling device according to
claim 1,

wherein the first tubular part is formed through an
annealing process.

The piping structure of cooling device according to
claim 1 or 2,

wherein the surface roughness of an inner surface
of the first tubular part is equal to or more than 0.1
micrometers and less than or equal to 10 microme-
ters.

The piping structure of cooling device according to
any one of claims 1, 2, and 3,

wherein the thickness of the first tubular part is equal
to or more than 0.4 mm and less than or equal to 1
mm.

The piping structure of cooling device according to
any one of claims 1, 2, 3, and 4, comprising:

the first tubular part; and

a second tubular part with which the first tubular
part is covered,

wherein the second tubular part is made of or-
ganic materials.

The piping structure of cooling device according to
anyoneofclaims 1,2, 3,4, and 5, further comprising:

a first connection connected to an evaporator
storing a refrigerant; and

a second connection connected to a condenser
condensing and liquefying a vapor-state refrig-
erant vaporized in the evaporator and radiating
heat.

7. A cooling device, comprising:

an evaporator storing a refrigerant;
acondenser condensing and liquefying a vapor-
state refrigerant vaporized in the evaporator and
radiating heat; and

a pipe connecting the evaporator to the con-
denser,

wherein the pipe comprises the piping structure
of cooling device according to any one of claims
1,2,3,4,5,and 6.

8. The cooling device according to claim 7,

wherein the evaporator comprises a first con-
nective projection connected to the pipe;
the condenser comprises a second connective

10

15

25

30

35

40

45

50

55

9.

10.

1.

12.

13.

14.

projection connected to the pipe; and

atleast one of the first connective projection and
the second connective projection is made of the
same material as a metal material of which the
first tubular part is made.

A method for making a piping structure of cooling
device, comprising the steps of:

applying a rolling process to a metal material
composing a hollow portion through which a re-
frigerant used in a cooling device flows;
forming a plate-like metal plate material with a
surface roughness less than or equal to the size
of a condensation nucleus for the refrigerant by
the rolling process; and

bending the metal plate material into a tube and
joining both ends.

The method for making a piping structure of cooling
device according to claim 9, further comprising:

performing an annealing process subsequently
to the joining process.

The method for making a piping structure of cooling
device according to claim 9, further comprising:

forming a first tubular part made of metal mate-
rials by the joining process; and

covering the outer periphery of the first tubular
part by ejecting an organic material and forming
a second tubular part made of the organic ma-
terial.

A method for connecting pipes, comprising the steps
of:

fitting, in a connective projection, a pipe com-
prising a first tubular part, the first tubular part
having a hollow portion through which a refrig-
erant used in a cooling device flowing, made of
a metal material, and a surface roughness of its
inner surface being less than or equal to the size
of a condensation nucleus for the refrigerant;
applying a pressure from the outer periphery of
the pipe toward the center; and

deforming the metal material composing the first
tubular part by the pressure and attaching firmly
the metal material to the connective projection.

The method for connecting pipes according to claim
12,

wherein the first tubular part is formed through an
annealing process.

The method for connecting pipes according to claim
12,
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wherein the pipe comprises a second tubular part,
which is made of organic materials, with which the
first tubular part is covered; and

the pressure is applied from the outer periphery of
the second tubular part toward the center.
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Document 1 (JP 55-152181 A (Sueddeutsche Kuehlerfabrik

Julius Fr. Behr GmbH & Co. KG.), 27 November 1980 (27.11.1980), claims
1, 2; page 1, lower right column, lines 6 to 12; page 2, upper right
column, lines 6 to 14; page 3, upper left column, lines 3 to 5; page
3, upper left column, line 19 to upper right column, line 3) discloses
a piping structure of a cooling apparatus, which includes a first tube
unit (1) having a hollow part allowing a refrigerant used for the cooling
apparatus to flow, wherein the first tube unit is made of a metal material,
and a surface roughness of the inner surface of the first tube unit is
equal to or smaller than a size of the condensation nucleus of the
refrigerant (approximately one to ten um).

Therefore, the invention of claim 1 cannot be considered to be novel
in the light of the invention disclosed in the document 1, and does not
have a special technical feature.

Consequently, three inventions (invention groups) each having a
special technical feature indicated below are involved in claims.

Meanwhile, the inventionof claim 1l havingno special technical feature
is classified into invention 1.

(Invention 1) the inventions of claims 1-8

A piping structure of a cooling apparatus, which includes a first
tube unit having a hollow part allowing a refrigerant used for the cooling
apparatus to flow, wherein the first tube unit is made of a metal material,
a surface roughness of the inner surface of the first tube unit is equal
to or smaller than a size of the condensation nucleus of the refrigerant,
and the first tube unit is formed through an anneal treatment step.

(Invention 2) the inventions of claims 9-11

A manufacturing method for a piping structure of a cooling apparatus,
comprising: forming a plate-shaped metal plate member having a surface
roughness equal to or smaller than a size of the condensation nucleus
of the refrigerant by applying a rolling treatment to a metal material
constituting a hollow part allowing a refrigerant used for a cooling
apparatus to flow; bending the metal plate member into a cylindrical
shape; and jointing both end portions thereof.

(Invention 3) the inventions of claims 12-14

A piping connecting method comprising: inserting a connecting
protrusion part into a piping including a first tube unit made of a metal
material, which has a hollow part allowing a refrigerant used for the
cooling apparatus to flow, and the inner surface of which has a surface
roughness equal to or smaller than a size of the condensation nucleus
of the refrigerant; applying pressure in a direction from an outer
circumferential portionof thepiping towardthe center thereof; deforming
the metal material constituting the first tubular unit by the pressure;
and bringing the metal material into close contact with the connecting
protrusion part.
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