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Specification

1. Title of the Invention

Heat Pipe
2. Claim

A heat pipe that transfers heat by a sealed container made of thermally conductive metal
plates and a refrigerant enclosed in the sealed container, wherein with the-semiconductor-cooler

[handwritten:] heat pipe, a portion of one or both of opposing upper and lower surfaces of the
[handwritten:]
Six characters

sealed container has a molded concavity, and a hole for component installation is provided in a corrected

concavity joining surface where the concavity and a flat surface opposing the concavity or an
opposing concavity are joined together.
3. Description

The present invention relates to an improvement of a heat pipe.

A heat pipe, which is widely used as a means of releasing heat from an internal
component of a computer, as a heat-control means of a nuclear reactor, as a heat-control means

of an artificial satellite, and in other uses as an effective means of efficient heat transfer,
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has a wick with a capillary action affixed to an inner wall of a sealed container of an airtight
structure by brazing or the like and encloses an appropriate amount of refrigerant such as Freon,
ammonia, or alcohol in a hollow portion in the container after air is extracted therefrom.

The heat pipe is a heat transport system that uses this refrigerant to absorb heat from a
high-temperature body and transmit this heat to a low-temperature body to be dissipated. That is,
at one end portion (heating portion) of the heat pipe, the refrigerant enclosed in the heat pipe robs
an external high-temperature body of heat, is vaporized, and passes through the hollow portion of
the heat pipe to move to another end portion (cooling portion). At this cooling portion, the
refrigerant is cooled by air cooling and condenses, and the condensed refrigerant is refluxed back
to the heating portion through the wick by the capillary action.

In a situation of using such a heat pipe to cause a component to be cooled to dissipate
heat, as illustrated in Figure 1, conventionally adopted is a method of connecting an installation
plate 5 of the component to be cooled made of a favorable thermal conductor to a tip portion of a
heating portion 3 of a heat pipe 4 made of a cooling portion 2 provided with cooling fins 1 on a

surface thereof and the heating portion 3 and
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installing the component in a hole 5a provided in the installation plate 5 or a method of directly
mounting the installation plate 5 on the heating portion 3 of the heat pipe 4. However, because
both methods dissipate heat transmitted via the installation plate 5, they are not advantageous in
terms of efficiency in heat transfer.

As a means of resolving this disadvantage, as illustrated in Figure 2, a method of
providing a through path 6a, blocked from an interior of the heat pipe by a metal pipe 6, in the
heating portion 3 of the heat pipe 4 and directly mounting the component to be cooled to the
heating portion 3 using the through path 6a is previously proposed by the present applicant as a
“Heat Pipe” (JP S48-63915). However, work of joining the metal pipe 6 and an outer wall of the
heat pipe 4 by brazing or the like is difficult, and there are manufacturing disadvantages such as
the refrigerant leaking from a junction.

Furthermore, when affixing the wick to the inner wall of the heat pipe by brazing or the
like, the outer wall is annealed due to heat from the brazing and becomes more likely to be

deformed by receiving internal or external pressure due to handling or use after manufacturing.
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However, increasing a plate thickness of the outer wall to solve this problem is not preferable in
terms of thermal conductivity. While the method above of providing the metal pipe 6 is one
method of solving this problem, as mentioned above, this is very cumbersome in terms of
manufacturing such that other solutions are being sought.

The present invention solves these various problems and has as an objective to provide a
heat pipe where heat transfer has favorable efficiency, a manufacturing process is simple, and an
outer wall does not deform during handling or use.

The objective of the present invention can be achieved by a heat pipe that transfers heat
by a sealed container made of thermally conductive metal plates and a refrigerant enclosed in the
sealed container, wherein a portion of one or both of opposing upper and lower surfaces of the
sealed container has a molded concavity and a hole for component installation is provided in a
concavity joining surface where the concavity and a flat surface opposing the concavity or an
opposing concavity are joined together.

Next, examples of the present invention are described via the drawings.

Figures 3 and 4 are an example of the present invention, respectively illustrating a

perspective view and a partial cross-sectional view thereof.
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In Figures 3 and 4, 7 is a sealed container where thin plates of a material with favorable thermal
conductivity such as copper or aluminum are formed into a sealed configuration by soldering,
brazing, or the like and 8 is a wick that is made of a copper mesh, a copper sintered body, or the
like and is affixed to an inner-wall surface of the sealed container 7 by soldering, brazing, or the
like. The wick 8 fulfills functions of refrigerant permeation and retention via surface tension,
enlarging a surface area of heat exchange, and the like.

On both surfaces of the sealed container 7, a concavity 9 of a depth one-half of a
thickness of the sealed container 7 is provided via pressing or the like in a state of the thin plate
prior to being assembled into the sealed configuration. A concavity joining surface 9a of the
concavity 9 is finished flat after pressing is completed and is applied in advance to preliminary

soldering. The concavity joining surfaces 9a can then be readily and reli- [handwritten:] ably %\andvr\‘/rittenil
ne character

adhered by being pressurized and heated before and after work of forming the sealed container 7 inserted

by soldering or the like. Then, after air inside the sealed container 7 is extracted, a refrigerant is
enclosed in an interior hollow portion.

To install a component 10 to be cooled to a heat panel configured in this manner,
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holes 11 of the same pitch as installation holes of the component 10 to be cooled can be drilled
into the concavity joining surfaces 9a and installation can be performed via a bolt or the like via
a washer 12. By mounting the component to be cooled in this manner, the component to be
cooled can be made to directly contact the heat panel. Therefore, an efficiency of heat transfer is
very favorable.

Figures 5 and 6 illustrate another example of the present invention. In this situation, the
concavity 9 is provided only in a lower surface of the sealed container 7 and the component 10 to
be cooled is installed directly contacting an upper surface of the sealed container 7. This example
is therefore superior to the previous example in terms of thermal conductivity.

Note that 13 is a concavity for a terminal 10a of the component 10 to be cooled to
penetrate; in installing the component 10 to be cooled, the terminal 10a is installed penetrating an
insulating bushing 14 for insulation. 15 (see Figure 5) is a bead for reinforcing an outer wall of
the sealed container 7.

Heat dissipation of the component to be cooled installed in this manner is transmitted to

the wick 9 [sic: 8] via the outer wall of the sealed container 7.
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Therefore, as described above, the refrigerant included in the wick 9 [sic: 8] robs this heat, is
vaporized, and cools the component to be cooled. The vaporized refrigerant is cooled by air
cooling, condenses, and is refluxed back to the heating portion through the wick 9 [sic: 8] by a
capillary action to fulfill a role thereof as a cooler.

As is clear in this description of examples, in the present invention, the component to be
cooled is installed to a heat pipe per se such that an efficiency of thermal conductivity is
favorable. Moreover, because provided is a concavity corresponding to an installation portion of
the component to be cooled, the outer wall does not deform. In fact, because the concavity is
readily and accurately made by pressing or the like and work of joining the joining surfaces can
also be performed readily and reliably, an excellent effect is exhibited where there is no
refrigerant leakage or the like.

4. Brief Description of Drawings

Figure 1 is a perspective view illustrating a conventional heat pipe, and (A) and (B) in
Figure 2 are respectively a perspective view and a partial cross-sectional view of a heat pipe
previously proposed by the present applicant.

Figure 3 to 7 illustrate examples of a heat pipe of the present invention: Figure 3 is a
perspective view, Figure 4 is an 1V-1V cross-sectional view of Figure 3, Figure 5 is a perspective

view illustrating another example,
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and Figure 6 is a VI-VI cross-sectional view of Figure 5.
In the figures, 7 is a sealed container, 8 is a wick, 9 and 13 are concavities, 9a is a
concavity joining surface, 10 is a component to be cooled, 10a is a terminal, 11 is a hole for

component installation, 12 is a washer, and 14 is a bushing.

Applicant Fujitsu Ltd.

Agent Suminobu Abe, Patent Attorney
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Figure 1
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Figure 3

Figure 4
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City of Meridian

I, David Baldwin, hereby certify that I translated “Japanese Unexamined Utility Model Application
Publication S50-55262 (1975)” and that this translation is a true and accurate translation from Japanese to
English. All statements made herein of my own knowledge are true and all statements made on
information and belief are believed to be true. These statements were made with the knowledge that
willful false statements and the like are punishable by fine or imprisonment, or both, under 18 U.S.C.
§1001.

David Baldwin

Sworn to Before me this

29 October 2018
ELIAS VICENCIO
Notary Public - State of Idaho
Commission Number 61108
Z - My Commission Expires Feb 14, 2019
Signature, Notary Public
Stamp, Notary Public
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