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84355014

ABSTRACT

A heat pipe comprising an outer tube; a box connected to the
outer tube, a cross-sectional area of the box perpendicular to
the central axis of the outer tube is larger than a cross-
sectional area of the outer tube perpendicular to its axis; an
inner tube positioned in the outer tube, a central axis of the
inner tube paralilel to the central axis of the outer tube, a
partition tube a part of which is connected on an inner surface
of the box; and a liquid working-fluid accommodated at a lower
side of the first end of the outer tube with the third end of
the inner tube immersed into the liquid working-fluid, the
ligquid working-fluid absorbs heat and evaporates to be a
gaseous working-fluid filled in a space formed by at a side of

the upper outer tube and the box.
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VERTICAL HEAT PIPE INCORPORATING A BOX AT ITS
UPPER END

CROSS-REFERENCE TO RELATED APPLICATION
This application claims the benefit of priority of
Japanese Patent Application No. 2017-132780, filed July 6,
2017.

FIELD

Embodiments of the present invention relate generally
to a heat pipe for transferring heat quantity from a high
temperature side to a low temperature side by using a working

fluid.

BACKGROUND

A heat pipe is a mechanism that can transport a large
amount of heat by evaporating and condensing a working fluid
sealed in an airtight container even in the case of small
temperature difference. This working fluid is sealed in
liquid state after evacuating the airtight container. Thus,
inside the airtight container, the wvapor and the liquid are
present in a mixed state, the vapor being equilibrium with
the saturated vapor pressure of the working fluid.

When one end of the heat pipe is heated and the other
end 1s cooled, the vapor evaporated from the liquid in the
heating section quickly flows toward the cooling section.

Thereafter, the vapor having reached the cooling section

- 1 -
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condenses and returns to the liquid state, and then is
refluxed toward the heating section. By the circulation of
the working fluid accompanied by such a phase change, the
heat quantity 1s transported from the heating section to the
cooling section.

A wick type heat pipe, a closed two-phase thermosiphon,
and a loop type heat pipe are known as representative
examples of conventional heat pipes. In the wick type heat
pipe, a capillary pressure 1s generated by a wick in which a
capillary structure such as fine grooves and porous material
including, e.g., a wire mesh, fiber, and sintered metal is
formed, and the liquid condensed in the cooling section is
refluxed to the heating section.

The closed two-phase thermosyphon condenses the vapor,
which is generated in the heating section at the lower end of
the container, at the cocling section at the upper end of the
container so as to return the vapor into the liquid state,
and refluxes this liquid to the heating section by gravity or
centrifugal force. The loop type heat pipe separates the
respective flow paths of the vapor and the liquid that are
bidirectionally moved between the heating section and the
cooling section.

[Patent Document 1] Japanese Unexamined Patent

Application Publication No. 1992-366391

The closed two-phase thermosyphon is superior to the

wick type heat pipe in at least the following three points.
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Firstly, the thermal resistance of the heating section and
the cooling section is small due to the absence of the wick.
Secondly, since the capillary pressure is not used to reflux
the liquid, there is no limit to the maximum heat transport
amount due to the capillary limit pressure. Thirdly, there
is no limit to the maximum heat transport amount due to
dryout in which a liquid film does not reach the heating
section, dry surface appears, and the heat transfer
coefficient abruptly decreases.

However, in the closed two-phase thermosyphon, the flow
of vapor and the flow of liquid are opposed to each other and
this causes the following problem. That is, when the flow
velocity of vapor increases in the closed two-phase
thermosyphon, the liquid being refluxed is blown back by the
flow of the vapor and thus increase in heat transport amount
is restricted. Although the above-described problem in the
closed two-phase thermosyphon is solved in the case of the
loop type heat pipe, the loop type heat pipe has various
problems caused by complexity of routing flow piping in which
the flow of vapor and the reflux of liquid are separated from
each other.

In view of the above-described problems, an object of
embodiments of the present invention is to provide a heat
pipe that simplifies configuration of a flow path while
separating the flow of the working fluid in gaseous state

from the reflux of the working fluid in liguid state.
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SUMMARY

According to one aspect of the present invention, there is
provided a heat pipe, comprising; an outer tube including a
first end and a second end, the first end closed to be air
tight; a box connected to the second end of the outer tube, a
cross—-sectional area of the box perpendicular to the central
axis of the outer tube is larger than a cross-sectional area of
the outer tube perpendicular to its axis; an inner tube
positioned in the outer tube, a central axis of the inner tube
paraliel to the central axis of the outer tube, including a
third end and a fourth end, the third end of the inner tube
closer to the first end of the outer tube than the fourth end
of the inner tube and open in the outer tube; a partition tube
including a fifth end and a sixth end and wider from the fifth
end toward the sixth end, the fifth end of the partition tube
connected with the fourth end, a part of the sixth end
connected on an inner surface of the box; and a liquid working-
fluid accommodated at a side of the first end of the outer tube
with the third end of the inner tube immersed into the ligquid
working-fluid, the liguid working-fluid absorbs heat and
evaporates to be a gaseous working-fluid filled in a space
formed at a side of the second end of the outer tube and the

box.

_3a_
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Fig.

heat pipe according to the first embediment of the

invention;
Fig.
heat pipe
Fig.
heat pipe
Fig.
heat pipe
Fig.
heat pipe
Fig.
heat pipe
Fig.

heat pipe

BRIEF DESCRIPTION OF THE DRAWINGS

1A to Fig. 1D are cross-sectional views

2R to Fig. 2D are cross-sectional views
according to the second embodiment;

3A to Fig. 3D are cross-sectional views
according to the third embodiment;

47 to Fig. 4D are cross-sectional views
according to the fourth embodiment;

5A to Fig. 5D are cross-sectional views
according to the fifth embodiment;:

6A to Fig. 6C are cross-sectional views
according to the sixth embodiment; and
7A to Fig. 7C are cross-sectional views

according to the seventh embodiment.

DETAILED DESCRIPTION

(First Embodiment)

Hereinbelow,

of

the

present

of

of

of

of

of

of

the

the

the

the

the

the

embodiments of the present invention will

be described by referring to the accompanying drawings.

1A is a longitudinal cross-sectional view of a heat pipe 10

of the first embodiment. Fig. 1B is a cross-sectional view

taken along the line B-B in Fig. 1A. Fig. 1C is a cross-

sectional

view taken along the line C-C in Fig. 1A,
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horizontal cross-sectional view of a box. Fig. 1D is a
cross—-sectional view taken along the line D-D in Fig. 1A,
i.e., a horizontal cross-sectional view of an outer tube.

As shown in Fig. 1, the heat pipe 10 of the first
embodiment includes a cylindrical outer tube 20 and a box 30.
Oout of both ends of the outer tube 20, one end is airtightly
closed and defined as the first end 1, and the other end is
defined as the second end 2. The box 30 1s airtightly
connected to the second end 2.

An inner tube 50 and a partition tube 60 are disposed
inside an airtight space formed by the outer tube 20 and the
box 30, and a working fluid 11 is accommodated inside this
airtight space. The central axis of the inner tube 50 is
parallel to the central axis of the outer tube 20. Out cof
both ends of the inner tube 50, one end closer to the first
end 1 is defined as the third end 3 and the other end is
defined as the fourth end 4. The third end 3 opens to the
inside of the outer tube 20. The partition tube 60 has a
tapered cylindrical shape and tapers from the sixth end 6,
which is one of both ends, toward the fifth end 5 that is the
other of both ends. In other words, the partition tube 60
has a cylindrical shape in which the cross-sectional area
decreases from one end toward the other end. A part of the
sixth end 6 is fixed inside the box 30 and the rest of the
sixth end 6 is not in contact with the inner surfaces of the

box 30. The fifth end 5 is connected to the fourth end 4 of
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the inner tube 50.

As shown in Fig. 1A to Fig. 1D, the heat pipe 10 is
installed such that the airtightly closed first end 1 cf the
outer tube 20 is on the lower side and the second end 2 to
which the box 30 is connected is on the upper side. In the
outer tube 20, the working fluid 11 in liquid state
(hereinafter, referred to as the liquid working-fluid 11)
absorbs heat and evaporates, and in the box 30, the same
working fluid 11 in gaseous state (hereinafter, referred to
as the gaseous working-fluid 12 by using a different
reference sign for distinguishing it from the ligquid state)
dissipates heat and condenses.

The inside of the inner tube 50 is the first flow path
51. The second flow path 12 is the entirety cf the space
formed between the inner surfaces of the outer tube 20 and
the outer surfaces of the inner tube 50 and the space
sandwiched between the inner surfaces of the box 30 and the
outer surface of the partition tube 60.

The connection portion between the partition tube 60
and the inner tube 50 is a portion where the first flow path
51 and the inner space of the box 30 are spatially connected
with each other, and is referred to as the first opening 61.

Of the end portion of the partition tube 60, the
portion that opens inside the box 30 is a portion where the
second flow path 52 communicates with the inner space of the

box 30, and is referred to as the second opening 62.
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The partition tube 60 partitions the box 30 while
having a descending slope extending from the second opening
62 toward the first opening 61.

In the outer tube 20, the bottom portion is closed such
that the liquid working-fluid 11 to be accommodated does not
leak out. Additionally, the outer tube 20 has a sufficiently
long full-length such that its lower end (i.e., first end 1)
and its upper end (i.e., second end 2) can respectively reach
a non-illustrated heat source and a non-illustrated cooling
source that has a large temperature difference frem the heat
source. The accommodated liquid working-fluid 11 absorbs
heat from the non-illustrated heat source through the wall
surface of the outer tube 20 and evaporates. The outer tube
20 is preferably made of a material having a high heat
conductivity so that the heat exchange between the liquid
working-fluid 11 and the non-illustrated heat source is
promoted.

As shown in the horizontal cross-sectional view of Fig.
1C, the box 30 includes two opposing side surfaces 32, two
opposing front surfaces 33, a top plate 34 for closing the
upper face of the box 30, and a bottom plate 35 for closing
the bottom face of the box 30. The depth dimension of each
of the two opposing side surfaces 32 is set so as to
substantially match the outer diameter of the outer tube 20.
The width dimension of each of the two opposing front

surfaces 33 is set so as tc be larger than the outer diameter
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of the outer tube 20. The space sandwiched between the
bottom plate 35 and the outer surface of the partition tube
60 forms a part of the second flow path 52. The box 30 is
provided closer to the non-illustrated cocling source than
the outer tube 20. The box 30 is desirably made of a
material having a high thermal conductivity so that the heat
exchange between the gaseous working-fluid 12 and the non-
illustrated cooling source is promoted.

By configuring the box 30 in the above-described
manner, its horizontal cross-sectional area becomes larger
than the horizontal cross-sectional area of the outer tube
20. Further, the specific surface area (i.e., surface area
per unit volume) of the box 30 can also be increased while
suppressing the height dimension. By setting the specific
surface area of the box 30 to a large value, the heat
radiation efficiency toward the non-illustrated cooling
source for the accommodated gaseocus working-fluid 12 can be
enhanced, and thus the reflux of the condensed liquid
working-fluid 11 can be smoothed.

The gaseous working-fluid 12 having entered the inner
space 31 of the box 30 from the second opening 62 releases
its latent heat and condenses into the liquid working-fluid
11 by contacting the inner surfaces of the box 30. The
liquid working-fluid 11 condensed on the inner surfaces of
the box 30 is strongly influenced by gravity as the droplets

grow, and thereby flows downward. In the present embodiment,
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since the aggregation rate of the working medium from gas to
liquid can be increased in the box 30, the negative pressure
in the internal space 31 can be increased. Consequently, it
is possible to increase the moving speed of the gaseous
working-fluid 12 and improve the efficiency of heat transfer
from the non-illustrated heat source to the non-illustrated
cooling source.

Although the top plate 34, the two opposing side
surfaces 32, and the two opposing front surfaces 33
constituting the box 30 are illustrated as flat plates in the
embodiment, each of these components may have a curved
surface or another irregular shape in order to reduce the
contact resistance with the non-illustrated cooling source.
Further, by providing an external device such as an
electrothermal conversion module on the surface of the box
30, the heat transported from the heat source may be
effectively used.

Qut of the four sides of the partition tube 60, one
pair of opposing two sides are joined to the two opposing
front surfaces 33 of the box 30 while the other pair of the
opposing two sides form the second opening 62, i.e., the
second opening 62 is formed between the other pair of the
opposing two sides of the partition tube 60 and the two
opposing side surfaces 32 of the box 30. The first opening
61 is provided in the center of the partition tube 60, and

the partition tube 60 has a descending slope extending from
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the four sides toward the first opening 61.

As a result, the liquid working-fluid 11 condensed on
the inner surfaces of the box 30 and flowing downward reaches
the upper surface of the partition tube 60, and then is led
by the downwardly inclined slope of the partition tube 60 so
as to gather in the first opening 61. Since the upper end
(i.e., fourth end 4) of the inner tube 50 is connected to the
first opening 61 of the partition tube €0, the collected
liquid working—-fluid 11 further flows down along the first
flow path 51 due to the action of gravity. As a result of
partitioning the box 30 with the partition tube 60, a gap is
formed between the lower surface of the partition tube 60 and
the upper surface of the bottom plate 35 of the box 30 such
that the second flow path 52 is extended and the flow path
leading to the second opening 62 is secured. In other words,
by bringing the partition tube 60 into contact with the inner
wall of the box 30, the working fluid condensed on the inner
wall of the box 30 can be efficiently led to the first path
51, and the inflow of the condensed working fluid to the
second flow path 52 can be suppressed.

By providing the partition tube 60 in the above-
described manner, the liquid working-fluid 11 flowing out
from the box 30 to the outer tube 20 and the gaseous working-
fluid 12 entering into the box 30 from the outer tube 20 do
not mix with each other. 1In order to restrict the heat

exchange between the liquid working-fluid 11 flowing down the

CA 3010468 2018-07-05



upper surfacc of the partition tube 60 and the gaseocus
working-fluid 12 moving the lower surface thereof in the
opposite direction, the partition tube 60 is desirably made
of a material having a thermal conductivity lower than that
of the outer tube 20 or the box 30.

The inner tube 50 is arranged coaxially with the outer
tube 20 under the state where the tip opening (i.e., third
end 3) of the inner tube 50 floats from the bottom surface
(first end 1) of the outer tube 20. Although a description
has been given of the case where the horizontal cross-section
of each of the outer tube 20 and the inner tube 50 is
circular, the shape of each of the outer tube 20 and the
inner tube 50 is not limited to such an aspect. For
instance, each of the outer tube 20 and the inner tube 50 may
have a square shape or another irregular shape. The first
flow path 51 formed along the inner circumferential surface
53 of the inner tube 50 is folded back at its tip opening
(i.e., third end 3), and is spatially connected with the
second flow path 52 formed along its outer circumferential
surface 55. The liguid working-fluid 11 flowing down the
first flow path 51 is accommodated at the lower end of the
outer tube 20 and again repeats the cycle of absorbing heat
from the heat source and evaporating as described akove.

The moving direction of the descending liquid working-
fluid 11 is opposite to the moving direction of the rising

gaseous working-fluid 12. However, the heat pipe 10 has a
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double tube structure in which the inside of the outer tube
20 is partitioned by the inner tube 50. Accordingly, the
liquid working-fluid 11 and the gaseous working-fluid 12 flow
on the respective upper-surface and lower-surface sides of
the first flow path 51, the second flow path 52, and the
partition tube 60 in the state of being separated from each
other. Thus, the liquid working-fluid 11 and the gaseous
working-fluid 12 do not mix with each other. In order to
restrict the heat exchange between the liquid working-fluid
11 flowing down the first flow path 51 and the gaseous
working-fluid 12 flowing up the second flow path 52, the
inner tube 50 is desirably made of a material having a
thermal conductivity lower than that of the outer tube 20 or
the box 30.

Since the upper end (i.e., second end 2) of the outer
tube 20 is connected so as to close the opening provided in
the bottom plate 35 of the box 30, the inner space 31 of the
box 30 and the inner space of the outer tube 20 become an
integrated closed space. Since the heat pipe 10 is
configured as described above, the heat pipe 10 becomes a
simple linear body as appearance and can be easily installed.
Consequently, various layouts can be adopted in installation
of the heat pipe 10. Although the illustrated heat pipe 10
exemplifies a linear form in which the intermediate portion
is omitted, the heat pipe 10 may take a curved shape that is

optimized for the positional relationship between the non-
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illustrated heat source and cooling source and the path
connecting both.
(Second Embodiment)

Hereinbelow, the second embodiment of the present
invention will be described by referring to Fig. 2A to Fig.
2D. Fig. 2A is a longitudinal cross-sectional view of the
heat pipe 10 of the second embodiment. Fig. 2B is a cross-
sectional view taken along the line B-B in Fig. 2A. Fig. 2C
is a cross-sectional view taken along the line C-C in Fig.
2A, i.e., a horizontal cross—-sectional view of a box. Fig.
2D is a creoss-sectional view taken along the line D-D in Fig.
27, i.e., a horizontal cross-sectional view of an outer tube.
In Fig. 2A to Fig. 2D, the same reference signs are assigned
to the same components in terms configuration or function as
the components shown in Fig. 1A to Fig. 1D, and duplicate
description is omitted.

In the heat pipe 10 of the second embodiment, plural
cooling plates 36a (36) are arranged in the inner space 31 of
the box 30 so as to be substantially parallel to the
partition tube 60. Out of the four sides of each of the
cocoling plates 36a as shown in Fig. 2C, one pair of opposing
sides are joined to the two opposing front surfaces 33 of the
box 30, one side of the other pair of opposing sides is
arranged so as to be adjacent to the side surface 32 of the
box 30, and the other side of the other pair of opposing

sides is arranged so as to be adjacent to the first opening
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61l. Each of the cooling plate 36a has a descending slope
extending from the side surfaces 32 of the box 30 toward the
first opening 61.

The gaseous working-fluid 12 having entered the inner
space 31 of the box 30 from the second opening 62 releases
its latent heat and condenses into the ligquid working-fluid
11 by contacting with the cooling plates 36a. The liguid
working-fluid 11 condensed on the surfaces of the cooling
plates 36a strongly receives the influence of gravity as the
droplets grow, flows downward, and then drips into the first
opening 61 so as to flow down the first flow path 51.

The cooling plates 36a are desirably made of a malterial
having a high heat conductivity so that the heat exchange
between the gaseous working-fluid 12 and the non-illustrated
cooling source is promoted. In the present embodiment, by
increasing the internal surface area of the box 30, it is
possible to increase the aggregation rate of the working
medium from gas to liquid. Further, it is also possible to
prevent the aggregated liquid working-fluid 11 from entering
the second opening 62 and backflowing through the second flow
path 52. Consequently, it is possible to increase the moving
speed of the gaseous working-fluid 12 and improve the
efficiency of heat transfer from the non-illustrated heat
source to the non-illustrated cooling source.

(Third Embodiment)

Hereinbelow, the third embodiment of the present
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invention will be described by referring to Fig. 3A to Fig.
3D. Fig. 3A is a longitudinal cross-sectional view of the
heat pipe 10 of the third embodiment. Fig. 3B is a cross-
sectional view taken along the line B-B in Fig. 3A. Fig. 3C
is a cross-sectional view taken along the line C-C in Fig.
3A, i.e., a horizontal cross-sectional view of a box. Fig.
3D is a cross-sectional view taken along the line D-D in Fig.
3A, i.e., a horizontal cross-sectional view of an outer tube.
In Fig. 3A to Fig. 3D, the same reference signs are assigned
to the same components in terms configuration or function as
the components shown in Fig. 2A to Fig. 2D, and duplicate
description is omitted.

In the heat pipe 10 of the third embodiment, each of
the cocling plates 36b (36) is constituted by a wire mesh.
The liquid working-fluid 11 condensed on the surfaces of the
cooling plates 36b strongly receives the influence of gravity
as the droplets grow, and then passes through the wire mesh
so as to reach the upper surface of the partition tube 60.
Thereafter, the liquid working-fluid 11 flows downward along
the upper surface of the partition tube 60, and then flows
down from the first opening 61 to the first flow path b51.

In the present embodiment, by disposing the mesh
structure inside the box 30, the rate of formation of
condensation nuclei is enhanced and the aggregation rate of
the working medium from gas to liquid can be increased.

Consequently, it is possible to increase the moving speed of

- 15 -
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the gaseous working-fluid 12 and improve the efficiency of
heat transfer from the non-illustrated heat source to the
nen-illustrated cooling source.

(Fourth Embodiment)

Hereinbelow, the fourth embodiment of the present
invention will be described by referring to Fig. 4A to Fig.
4D. Fig. 4A is a longitudinal cross-sectional view of the
heat pipe 10 of the fourth embodiment. Fig. 4B is a cross-
sectional view taken along the line B-B in Fig. 4A. Fig. 4C
is a cross-sectional view taken along the line C-C in Fig.
47, i.e., a horizontal cross-sectional view of a box. Fig.
4D 1s a cross-sectional view taken along the line D-D in Fig.
47, i.e., a horizontal cross-sectional view of an outer tube.
In Fig. 4A to Fig. 4D, the same reference signs are assigned
to the same components in terms configuration or function as
the components shown in Fig. 1A to Fig. 1D, and duplicate
description is omitted.

In the heat pipe 10 of the fourth embodiment, the
diameter of the first flow path 51 is increased at the lower
end 57 of the inner tube 50 such that the inner tube 50 forms
a trumpet shape. This structure makes it possible to reduce
the pressure loss at the lower portion of the outer tube 20
and to smoothly lead the liguid working-fluid 11 that returns
from the first flow path 51 to the second flow path 52.
Further, the gaseous working-fluid 12 generated by heating is

smoothly raised to the second flow path 52 and is prevented
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from flowing back to the first flow path 51.
(Fifth Embodiment)

Hereinbelow, the fifth embodiment of the present
invention will be described by referring to Fig. 5A to Fig.
5D. Fig. 5A is a longitudinal cross-sectional view of the
heat pipe 10 of the fifth embodiment. Fig. 5B is a cross-
sectional view taken along the line B-B in Fig. 5A. Fig. 5C
is a cross-sectional view taken along the line C-C in Fig.
5A, i.e., a horizontal cross-sectional view of a box. Fig.
5D is a cross-sectional view taken along the line D-D in Fig.
5A, i1.e., a horizontal cross-sectional view of an outer tube.
In Fig. 5A to Fig. 5D, the same reference signs are assigned
to the same components in terms configuration or function as
the components shown in Fig. 1A to Fig. 1D, and duplicate
description is omitted.

In the heat pipe 10 of the fifth embodiment, a porous
material 22 is provided at the second flow path 52 at the
lower end of the inner tube 50. The existence of this porous
material 22 increases the contact area of the liquid working-
fluid 11 accommodated at the lower end of the ocuter tube 20
and promotes the heat exchange with the non-illustrated heat
source. In addition, the porous material 22 prevents the
gaseous working-fluid 12 generated by heating from flowing
back to the first flow path 51. Furthermore, the porous
material 22 can improve the mechanical strength of the heat

pipe 10 by supporting the tip of the inner tube 50 from the
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outer tube 20.
(Sixth Embodiment)

Hereinbelow, the sixth embodiment of the present
invention will be described by referring to Fig. 6A to Fig.
6C. Fig. 6A is a longitudinal cross-sectional view of the
heat pipe 10 of the sixth embodiment. Fig. 6B is a partially
enlarged view of the tip of the heat pipe 10 at the time of
normal operation. Fig. 6C is a partially enlarged view of
the tip of the heat pipe 10 at the time of abnormal operation
in which the internal pressure of the second flow path is
increased with respect to the first flow path. In Fig. 6A to
Fig. 6C, the same reference signs are assigned to the same
components in terms configuration or function as the
components shown in Fig. 1A to Fig. 1D, and duplicate
description is omitted.

In the heat pipe 10 of the sixth embodiment, the inner
tube 50 is provided with a check valve 70 that limits the
flow direction of the liquid working-fluid 11 only to the
forward direction from the first flow path 51 to the second
flow path 52. The check valve 70 includes a support member
72 provided on the inner circumferential surface 53 of the
inner tube 50, a valve body 73 that penetrates the support
member 72 and 1is supported so as to be vertically
displaceable, and an elastic member 71 that elastically
connects the support member 72 to the valve body 73.

In the normal state, the liquid level of the second
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flow path 52 descends by evaporation, while the liquid level
of the first flow path 51 rises due to reflux. Thus, in the
normal state as shown in Fig. 6B, water pressure from the
first flow path 51 to the second flow path 52 is applied, the
gap between the support member 72 and the valve body 73
opens, and the liquid working-fluid 11 flows in the forward
directiocn.

Conversely, when the water pressure is applied from the
second flow path 52 to the first flow path 51 as shown in
Fig. 6C, the gap between the support member 72 and the valve
body 73 is closed and backflow of the liquid working-fluid 11
is prevented. By providing the check valve 70 in the above-
described manner, the gaseous working-fluid 12 generated by
heating is prevented from flowing back to the first flow path
51.

(Seventh Embodiment)

Hereinbelow, the seventh embodiment of the present
invention will be described by referring to Fig. 7A to Fig.
7C. Fig. 7A is a longitudinal cross-sectional view of the
heat pipe 10 of the seventh embodiment. Fig. 7B is a
partially enlarged view of the tip of the heat pipe 10 at the
time of normal operation. Fig. 7C is a partially enlarged
view of the tip of the heat pipe 10 at the time of abnormal
operation in which the internal pressure of the second flow
path is increased with respect to the first flow path. In

Fig. 7A to Fig. 7C, the same reference signs are assigned to
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the same components in terms configuration or function as the
components shown in Fig. 1A to Fig. 1D, and duplicate
description is omitted. In the heat pipe 10 of the seventh
embodiment, the outer tube 20 is provided with a ball 75, and
the ball 75 is arranged in the outer tube 20 so as to limit
the flow direction of the liquid working-fluid 11 only to the
forward direction from the first flow path 51 to the second
flow path 52.

In the normal state, the liquid level of the second
flow path 52 descends by evaporation, while the liquid level
of the first flow path 51 rises due to reflux. Thus, in the
normal state as shown in Fig. 7B, the water pressure from the
first flow path 51 to the second flow path 52 is applied, the
ball 75 is located on the bottom surface of the outer tube
20, and the gap between the tip of the inner tube 50 and the
ball 75 is opened so that the liquid working-fluid 11 flows
in the forward direction.

Conversely, when the water pressure is applied from the
second flow path 52 to the first flow path 51 as shown in
Fig. 7C, the ball 75 floats from the bottom surface of the
outer tube 20 and closes the tip opening of the inner tube 50
such that the backflow of the liquid working-fluid 11 is
blocked. By arranging the ball 75 in the outer tube 20 in
the above-described manner, the gaseous working-fluid 12
generated by heating is prevented from flowing back to the

first flow path bl.
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According to the heat pipe of at least one embodiment
described above, the heat pipe is constituted by the outer
tube, the box, the inner tube, and the partition tube, and
thus configuration of the flow path can be simplified while
separating the flow of the vapor and the flow of the liquid
of the working fluid from each other.

Some embodiments of the present invention have been
described above. These embodiments have been presented as
examples. There is no intention to limit the scope of the
invention. These embodiments can also be implemented in
other various modes, and variously omitted, replaced, changed,
and combined without departing from the gist of the invention.
The embodiments and their variations are encompassed by the
scope and gist of the invention. Likewise, these embodiments
and variations are encompassed by the invention described in
the claims and its range of eguivalence. For instance,
though the check valve 70 and the ball 75 have been described
as the backflow prevention structure for preventing the
backflow of the working fluid 11 in the respective sixth and
seventh embodiments, the backflow prevention structure is not

limited to those aspects.
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CLAIMS:
1. A heat pipe, comprising;

an outer tube including a first end and a second end, the

first end closed to be air tight;

a box connected to the second end of the outer tube, a
cross—-sectional area of the box perpendicular to the central
axis of the outer tube is larger than a cross-sectional area of

the outer tube perpendicular to its axis;

an inner tube positioned in the outer tube, a central
axis of the inner tube parallel to the central axis of the
outer tube, including a third end and a fourth end, the third
end of the inner tube closer to the first end of the outer tube
than the fourth end of the inner tube and open in the outer

tube;

a partition tube including a fifth end and a sixth end
and wider from the fifth end toward the sixth end, the fifth
end of the partition tube connected with the fourth end, a part

of the sixth end connected on an inner surface of the box; and

a liquid working-fluid accommodated at a side of the
first end of the outer tube with the third end of the inner
tube immersed into the liquid working-fluid, the liquid
working—-fluid absorbs heat and evaporates to be a gaseous
working-fiuid filled in a space formed at a side of the second

end of the outer tube and the box.
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2. The heat pipe according to claim 1, further comprising:

a cooling plate parallel to an inner surface of the

partition tube.

3. The heat pipe according to claim 2, wherein:
the cooling plate comprises a wire mesh.

4, The heat pipe according to claim 1, wherein

the inner tube includes a part that widens toward the

third end.
5. The heat pipe according to claim 1, further comprising:

a porous material in a second flow path between an inner
surface of the outer tube and an outer surface of the inner

tube.
0. The heat pipe according to claim 1, further comprising

a check valve in a first flow path in the inner tube, to
block a flow of the fluid from a second flow path to the first
flow path, the second flow path is formed between an inner
surface of the outer tube and an outer surface of the inner

tube.
7. The heat pipe according to claim 6, wherein:

the check valve includes a ball to close the first flow
path by a buoyancy applied to the ball, the buoyancy generated
by a flow of the fluid from the second flow path to the first

flow path.
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