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Description

TECHNICAL FIELD

[0001] The presentdisclosure relates to a heat transfer
device, in particular a three-dimensional heat transfer
device.

BACKGROUND

[0002] Generally, a heat transfer device includes a
heat transfer plate, a heat pipe, and a heat dissipater
(e.g., fins and fan) to dissipate heat generated by a heat
source. In detail, the heat transfer plate contacts the heat
source to absorb heat, and the heat pipe is disposed
between the heat transfer plate and the heat dissipater to
transfer the heat to the heat dissipater to dissipate the
heat via the heat dissipater.

[0003] In conventional heat transfer devices, capillary
structures in both the heat transfer plate and the heat pipe
are proximate with each other but not connected, which
causes the heat transfer plate and the heat pipe to work
independently because the capillary structures have a
larger attraction force to the working fluid than gravity.
Consequently, under such a circumstance, itreduces the
flow of the working fluid, causing a decrease in the heat
dissipation efficiency of the heat transfer device. Gener-
ally, manufacturers seek to improve the heat dissipation
efficiency of three-dimensional heat transfer devices by
either increasing the capillary force of the structures or
enhancing the thermal conductivity of the evaporation
zone. However, currently, existing devices still face chal-
lenges with the efficient return of vaporized working fluid,
leading to overall heat dissipation performance that does
not meet user expectations. Therefore, improving the
return efficiency of the vaporized working fluid to improve
the heat dissipation efficiency of three-dimensional heat
transfer devices remains a critical challenge for research-
ers.

SUMMARY

[0004] The invention is as defined in the appended
claims. Aspects of the disclosure provide a three-dimen-
sional (3D) heat transfer device. The 3D heat transfer
device includes a thermal conductive shell body having a
liquid-tight chamber, at least one first pipe having a first
end connected to the thermal conductive shell body and
in communication with the liquid-tight chamber, and at
least one second pipe having at least two portions that
are connected to the thermal conductive shell and in
communication with the liquid-tight chamber.

[0005] Inanembodiment, opposite ends of the at least
one second pipe body can be connected to the thermal
conductive shell and in communication with the liquid-
tight chamber.

[0006] Inanembodiment, the atleast one second pipe
body can include at least one blocking-flow wick dis-
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posed in a hollow space of the second pipe and at one
end of the second pipe body.

[0007] In an embodiment, a cross-section area of the
blocking-flow wick can match a cross-section of the
hollow space of the second pipe.

[0008] Inanembodiment, the thermal conductive shell
caninclude afirst shell body and a second shell body, the
second shell body is disposed on the first shell body to
form the liquid-tight chamber, and the first pipe and the
second pipe body are connected to the second shell
body.

[0009] In an embodiment, the device can further in-
clude a first wick that is disposed on the first shell body,
and the blocking-flow wick is connected to the first wick.
[0010] In one embodiment, the device can further in-
clude a first wick and a second wick, the first wick is
disposed in the first shell body and the second wick is
disposed in the second shell body, and the blocking-flow
wick is connected to the second wick. For example, the
blocking-flow wick can penetrate the second wick. For
example, an end of the blocking-flow wick that is facing
the second shell can be at a same level as an outer
surface of the second wick that is facing away the li-
quid-tight chamber.

[0011] In an embodiment, a volume of the blocking-
flow wick can be smaller than 50% of a volume of the
hollow space of the second pipe.

[0012] In an embodiment, the device can further in-
clude a pipe wick disposed in the first pipe, a cross-
section area of the pipe wick is smaller than a hollow
space of first pipe.

BRIEF DESCRIPTION OF DRAWINGS

[0013] Aspects of the presentdisclosure can be under-
stood from the following detailed description when read
with the accompanying Figs. It is noted that, in accor-
dance with the standard practice in the industry, various
features are not drawn to scale. In fact, the dimensions of
the various features may be increased or reduced for
clarity of discussion.

Fig. 1illustrates a perspective view of a three-dimen-
sional (3D) heat transfer device 10 according to the
first embodiment of the present disclosure.

Fig. 2 illustrates an exploded view of the 3D heat
transfer device 10 in Fig. 1.

Fig. 3 illustrates a top view of the 3D heat transfer
device in Fig. 1.

Fig. 4 illustrates a cross-sectional view of the second
pipe body 13 of the 3D heat transfer device 10.
Fig. 5illustrates a cross-sectional view of the 3D heat
transfer device 10 along the A-A line.

Fig. 6 illustrates an enlarged view of the cross-sec-
tion of region Z of Fig. 5.

Fig. 7 illustrates a perspective view with cross-sec-
tion cut along AA line of the 3D heat transfer device
10.
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Fig. 8 illustrates a cross-sectional view of the partial
enlarged 3D heat transfer device 10A according to a
second embodiment of the present disclosure.

Fig. 9 illustrates a cross-sectional view of the partial
enlarged 3D heat transfer device 10B according to a
third embodiment of the present disclosure.

Fig. 10 illustrates a perspective view of a 3D heat
transfer device 10C according to a fourth embodi-
ment of the present disclosure.

Fig. 11 illustrates a cross-sectional view of the partial
enlarged 3D heat transfer device 10D according to a
fifth embodiment of the present disclosure.

Fig. 12illustrates a cross-sectional view of the partial
enlarged 3D heat transfer device 10E accordingto a
sixth embodiment of the present disclosure.

DETAILED DESCRIPTION

[0014] Detailed descriptions and technical contents of
the present invention are illustrated below in conjunction
with the accompanying drawings. However, it is to be
understood that the descriptions and the accompanying
drawings disclosed herein are merely illustrative and
exemplary and not intended to limit the scope of the
present invention.

[0015] RefertoFigs. 1to 3.Fig. 1illustrates a perspec-
tive view of a three-dimensional (3D) heat transfer device
10 according to one embodiment of the present disclo-
sure. Fig. 2 illustrates an exploded view of the 3D heat
transfer device 10 in Fig. 1. Fig. 3 illustrates a top view of
the 3D heat transfer device in Fig. 1.

[0016] Inone embodiment, the 3D heat transfer device
10includes a thermal conductive shell body 11, a plurality
offirst pipes 12, atleast two second pipes 13. The second
pipe 13 can include a blocking-flow wick 14. The con-
ductive shell 11 can include a first shell body 111 and a
second shell body 112. The first shell body 111 can be
thermally coupled to a heat source (not shown). Thermal
coupling refers to thermal contact or connection through
other thermally conductive media. The second shell body
112 is disposed on the first shell body 111 so that the first
shell body 111 and the second shell body 112 together
form a liquid-tight chamber S. The liquid-tight chamber S
can be used to contain a cooling fluid (not shown).
[0017] One end of the first pipe bodies 12 and the
opposite two ends of the second pipe bodies 13 are
connected to the second shell body 112 and in commu-
nication with the liquid-tight chamber S. The second pipe
13 has a hollow space 131, a first end 132 and second
end 133 that are opposite to each other. Vaporized cool-
ing fluid can flow through the first end 132 from the liquid-
tight chamber S to the hollow space 131. The vaporized
cooling fluid can then be condensed into liquid form and
flow back to liquid-tight chamber S through the second
end 133. The second pipe 13 can be configured to have a
body portion that is positioned away from the thermal
conductive shell body 11. The body portion of the second
pipe 13 can be configured with plurality of fins (not shown)
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for dissipating heat.

[0018] Also refer to Figs. 4 to 6. Fig. 4 illustrates a
cross-sectional view of the second pipe 13 of the 3D heat
transfer device 10. Fig. 5 illustrates a cross-sectional
view of the 3D heat transfer device 10 along the A-A line.
Fig. 6 illustrates an enlarged view of the cross-section of
region Z of Fig. 5.

[0019] The blocking-flow wick 14 can have a pore size
that is equal or less than 100 micrometers (um). The
blocking-flow wick 14 can be disposed at one end of the
second pipe body 13 to restrict the flow rate of the cooling
fluid. For example, the blocking-flow wick 14 can be
disposed at the second end 133 of the second pipe 13.
The volume of the blocking-flow wick 14is smaller than
50% of the volume of the hollow space 131. The cross-
section area of the blocking-flow wick 14 would match the
cross-section area of the hollow space 131. That is, the
blocking-flow wick 14 is disposed in the hollow space 131
at the second end 133 to block the second end 133. The
volume of the hollow space 131 is being blocked by the
blocking-flow wick 14 is less than 50% of the total volume
of the hollow space 131.

[0020] In one embodiment, the body portion of the
second pipe 13 can be configured with fins to increase
the heat dissipating area. Comparing to the conventional
3D heat transfer devices which may only include single
heat dissipating area, the 3D heat transfer device 10 of
this invention includes, in addition to the heat dissipating
area of the first pipe 12, two more heat dissipating area of
the two second pipes 13, that can provide lower thermal
resistance and higher heat transfer capacity. Accord-
ingly, the heat dissipation efficiency of the 3D heat trans-
fer device 10 can be improved.

[0021] Inone embodiment, the 3D heat transfer device
10 can also include a first wick 15 and a second wick 16.
The pore size of the first wick 15 and the second wick 16
are larger than the pore size of the blocking-flow wick 14.
In detail, the porosity of either the first wick 15 or the
second wick 16 is greater than the porosity of the block-
ing-flow wick 14. Both the porosity of the first wick 15 and
the porosity of the second wick 16 are greater than the
porosity of the blocking-flow in greater or equal to 10%.
For example, the porosity of the first wick 15 and the
porosity of the second wick 16 is greater than or equal to
40% and less than or equal to 75%. The porosity of the
blocking-flow wick 14 is less than or equal to 55%. In this
way, the vaporized cooling fluid can pass through the first
wick 15 and the second wick 16 but blocked by the
blocking-flow wick 14.

[0022] Thefirstwick 15canbe disposedinthefirstshell
body 111. The second wick 16 can be disposed in the
second shell body 112. The vaporized cooling fluid can
reflux back to the liquid-tight chamber S via the first wick
15 and the second wick 16 after condensed in the second
pipe body 13. The blocking-flow wick 14 can be con-
nected with the second wick 16 and at the same level as
the second wick 16. That is, the bottom edge of the
blocking-flow wick 14 is at the same level as with the
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outer surface of the second wick 16.

[0023] Inoneembodiment, the first pipes 12 canfurther
include a pipe wick 17. The pore size of the pipe wick 17 is
larger than the pore size of the blocking-flow wick 14. The
cross-sectional area of the pipe wick 17 is smaller than
the cross-sectional area of the hollow space of the first
pipe 12. The vaporized cooling fluid can flow upward in
the first pipe 12 and flow back to the liquid-tight chamber
S through the pipe wick 17 after condensed into liquid
form.

[0024] In one embodiment, the blocking-flow wicks 14,
the first wicks 15, the second wicks 16 and the pipe wicks
17 can be any suitable material depends on the specific
application of 3D heat transfer device. For example, the
wicks can be a metal mesh, a fiber, or a powder sintered
body. In addition, because the pore size of the blocking-
flow wick 14 is smaller than the pore size of either the first
wick 15, the pore size of the second wick 16, or the pore
size of the pipe wick 17, the cooling fluid is mainly driven
by force of vapor to pass through the blocking-flow wick
14.

[0025] Inone embodiment, the 3D heat transfer device
includes plurality of the first pipe 12. In another embodi-
ment, the number of first pipe bodies can be one only.
[0026] In this embodiment, the 3D heat transfer device
includes two second pipes 13 and two blocking-flow
wicks 14. In another embodiment, the number of second
pipe body and the number of blocking-flow wick can be
one only or more than two, respectively.

[0027] Inone embodiment, the second pipe 13 has the
first end 132 and the second end 133 connect to the
second shell body 112 of the thermal conductive shell
body 11. In another embodiment, the second pipe can
have only either the first end 132 or the second end 133
connect to the second shell. In another embodiment, the
second pipe can have more than two ends connect to the
second shell.

[0028] Also refer to Fig. 7. Fig. 7 illustrates a perspec-
tive view with cross-section cut along A-A line of the 3D
heat transfer device 10 shown in Fig. 3. The cooling cycle
is described hereinafter. First, the cooling fluid within in
the liquid-tight chamber S can absorb the heat from a
heat source and then vaporizes into a gaseous cooling
fluid. The vaporized cooling fluid can flow from the liquid-
tight chamber S to the hollow space 131 of the second
pipe body 13 through the firstend 132 along a direction A.
The vaporized cooling fluid can be condensed back into
the liquid form in the second pipe 13. The liquified cooling
fluid can be propelled by the vaporized cooling fluid from
the firstend 132 to the second end 133 of the second pipe
13. Because the capillary phenomenon of the blocking-
flow wick 14, the liquified cooling fluid can pass through
the blocking-flow wick 14 while the vaporized cooling fluid
is blocked due to the low porosity of the blocking-flow
wick 14. This can prevent the vaporized cooling fluid
without fully cooled down return to the liquid-tight cham-
ber S through the second end 133. The vaporized cooling
fluid that flows into the second pipe 13 from the first end
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132 can then push the liquified cooling fluid that has been
condensed to pass through the blocking-flow wick 14 in a
direction C. Finally, the liquified cooling fluid flows back to
the liquid-tight chamber S, and the cooling cycle can be
completed.

[0029] Fig. 8 illustrates a cross-sectional view of the
partial enlarged 3D heat transfer device 10A according to
one embodiment of the present invention. The 3D heat
transfer device 10A of this embodiment is similar to the
3D heat transfer device 10 of the embodiments men-
tioned earlier, so the differences between this embodi-
ment and the earlier-mentioned embodiments will be
explained below, and the similarities will not be repeated.
In this embodiment, the 3D heat transfer device 10A can
include two blocking-flow wick 14A that is each disposed
in the second end 133 of the two second pipes 13A. The
3D heat transfer device 10A can include a first wick 15
that is disposed in the first shell 111 and a second wick
16A that is disposed in the second shell 112. The block-
ing-flow wick 14Ais connected to and penetrates through
the second wick 16A. That is, the bottom edge of the
blocking-flow wick 14A is at the same level as the inner
surface of the second wick 16A.

[0030] Fig. 9 illustrates a cross-sectional view of the
partial enlarged 3D heat transfer device 10B according to
one embodiment of the present invention. The 3D heat
transfer device 10B of the present embodiment is similar
to the 3D heat transfer device 10 of the embodiments
described above, so the differences between this embo-
diment and the earlier-mentioned embodiments will be
explained below, and the similarities will not be repeated.
In this embodiment, the 3D heat transfer device 10A can
include two blocking-flow wick 14B that is each disposed
in the second end 133 of the two second pipes bodies.
The 3D heat transfer device 10B can include a first wick
15B that is disposed in the first shell 111 and a second
wick 16B that is disposed in the second shell 112.
[0031] Thesecondend 133 ofthe second pipe 13B can
penetrate the second shell 112 and the second wick 16B
and connect to the first shell 111 of the thermal conductive
shell 11. The firstend 132 can connect to the second shell
112 and in communicate with the liquid-tight chamber S
as described in the earlier-mentioned embodiments. The
blocking-flow wick 14B can connectwith the first wick 15B
and at the same level as the first wick 15B. That is, the
bottom edge of the blocking-flow wick 14B is at the same
level as the inner surface of the first wick 15B. In another
embodiment, the second end 133 of the second pipe 13B
can connect to the second shell 112 and in communicate
with the liquid-tight chamber S as described in the earlier-
mentioned embodiments, but only the blocking-flow wick
14B penetrates the second wick 16B and connect to the
first wick 15B.

[0032] Fig. 10 illustrates a perspective view of a 3D
heat transfer device 10C in accordance with one embo-
diment of the present invention. The 3D heat transfer
device 10C of this embodiment is similar to the 3D heat
transfer device 10 of the earlier-mentioned embodi-
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ments, so the differences between this embodiment and
the earlier-mentioned embodiments will be explained
below, and the similarities will not be repeated. In the
present embodiment, the 3D heat transfer device 10C
can include a plurality of fins 18. These fins 18 are
respectively surround the first pipes 12 and the second
pipes 13. In this way, the heat dissipation area of the 3D
heat transfer device 10C can be increased.

[0033] Fig. 11 illustrates a cross-sectional view of the
partial enlarged 3D heat transfer device 10D in accor-
dance with one embodiment of the presentinvention. The
3D heat transfer device 10D of this embodiment is similar
to the 3D heat transfer device 10 of the earlier-mentioned
embodiments, so the differences between this embodi-
ment and the earlier-mentioned embodiments will be
explained below, and the similarities will not be repeated.
In this embodiment, a second wick 16D disposed in the
second shell body 112 can block the second end 133 of
the second pipe 13 and restrict the flow of the cooling
fluid. The 3D heat transfer device 10D can include two
third wicks 19 that each is disposed in the hollow space
131 of the second pipe 13 close to the second end 133.
The third wick 19 can be hollow and can be disposed on
the inner surface of the second pipe 13. The third wick 19
use a coarser powder or capillary to provide a greater
permeability. That is, the third wick 19 can provide higher
capillary transfer velocity. In this way, the liquified cooling
fluid can be quickly absorbed into the third wick 19 and
returned to the second wick 16D. The permeability of the
third wick 19 is greater than the permeability of the
blocking-flow wick 14 of the earlier-mentioned embodi-
ments. In addition, the third wick 19 is connected and at
the same level as the second wick 16D. That is, the
bottom edge of the third wick 19 is connected and at
the same level as the outer surface of the second wick
16D.

[0034] Fig. 12 illustrates a cross-sectional view of the
partial enlarged 3D heat transfer device 10E in accor-
dance with one embodiment of the presentinvention. The
3D heat transfer device 10E of this embodiment is similar
tothe 3D heattransfer device 10 of the earlier-mentioned
embodiments, so the differences between this embodi-
ment and the earlier-mentioned embodiments will be
explained below, and the similarities will not be repeated.
In this embodiment, the 3D heat transfer device 10E can
include a second wick 16E disposed in the second shell
body 112 of the thermal conductive shell body 12 and
completely cover the inner surface of the second shell
body 112. The second wick 16E also covers the second
ends 133 of the second pipes 13. Inanother embodiment,
the second wick 16E can just cover the second ends 133
of the second pipes 13 to prevent the vaporized cooling
fluid flow back to the liquid-tight chamber S.

[0035] The 3D heat transfer devices described in the
above embodiments can provide an increase to the heat
dissipating area of the device by providing the second
pipe bodies having a middle section thatis away from the
thermal conductive shell. Compared to the conventional
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heat transfer device, the disclosed 3D heat transfer de-
vices according to the above embodiment can have a
lower thermal resistance and a higher heat transfer ca-
pacity. In this way, the heat dissipation efficiency of the 3D
heat transfer device can be improved.

[0036] Therefore, embodiments disclosed herein are
well adapted to attain the ends and advantages men-
tioned as well as those that are inherent therein. The
particular embodiments disclosed above are illustrative
only, as the embodiments disclosed may be modified and
practiced in different but equivalent manners apparent to
those of ordinary skill in the relevant art having the benefit
of the teachings herein. Furthermore, no limitations are
intended to the details of construction or design herein
shown, other than as described in the claims below. It is
therefore evident that the particular illustrative embodi-
ments disclosed above may be altered, combined, or
modified and all such variations are considered within
the scope and spirit of the present disclosure.

[0037] Theembodimentsillustratively disclosed herein
suitably may be practiced in the absence of any element
that is not specifically disclosed herein and/or any op-
tional element disclosed herein. While compositions and
methods are described in terms of "comprising," "con-
taining," or "including" various components or steps, the
compositions and methods can also "consist essentially
of or "consist of" the various components and steps. All
numbers and ranges disclosed above may vary by some
number. Whenever a numerical range with a lower limit
and an upper limit is disclosed, any number and any
included range falling within the range is specifically
disclosed. In particular, every range of values (of the
form, "from about a to about b," or, equivalently, "from
approximately a to b," or, equivalently, "from approxi-
mately a-b") disclosed herein is to be understood to set
forth every number and range encompassed within the
broader range of values. Also, the terms in the claims
have their plain, ordinary meaning unless otherwise ex-
plicitly and clearly defined by the patentee. Moreover, the
indefinite articles "a" or "an," as used in the claims, are
defined herein to mean one or more than one of the
elements that it introduces.

Claims

1. A three-dimensional (3D) heat transfer device (10,
10A, 10B, 10C, 10D, 10E), comprising:

a thermal conductive shell body (11) having a
liquid-tight chamber (S);

at least one first pipe (12) having a first end
connected to the thermal conductive shell body
(11) and in communication with the liquid-tight
chamber (S); and

atleast one second pipe (13) having at least two
portions that are connected to the thermal con-
ductive shell (11) and in communication with the
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liquid-tight chamber (S).

The device (10, 10A, 10B, 10C, 10D, 10E) of claim 1,
wherein opposite ends of the second pipe (13) are
connected to the thermal conductive shell (11) and in
communication with the liquid-tight chamber (S).

The device (10, 10A, 10B, 10C, 10D) of claim 1 or 2,
wherein the second pipe (13) includes at least one
blocking-flow wick (14, 14A, 14B, 19) disposed in a
hollow space (131) of the second pipe (13) and at
one end of the second pipe body (13).

The device (10, 10A, 10B) of claim 3, wherein a
cross-section area of the blocking-flow wick (14,
14A, 14B,) matches a cross-section of the hollow
space (131) of the second pipe (13).

The device (10, 10A, 10B, 10C, 10D) of one of claims
1to 4, wherein the thermal conductive shell body (11)
includes a first shell body (111) and a second shell
body (112), the second shell body (112) is disposed
on the first shell body (111) to form the liquid-tight
chamber (S), and the first pipe (12) and the second
pipe body (13) are connected to the second shell
body (112).

The device (10B) of claim 5, further comprising a first
wick (15B) that is disposed on the first shell body
(111), and the blocking-flow wick (14B) is connected
to the first wick (15B).

The device (10, 10A) of claim 5, further comprising a
first wick (15) and a second wick (16, 16A), the first
wick (15) is disposed in the first shell body (111) and
the second wick (16, 16A) is disposed in the second
shellbody (112), and the blocking-flow wick (14, 14A)
is connected to the second wick (16, 16A).

The device (10A) of claim 7, wherein the blocking-
flow wick (14A) penetrates the second wick (16A).

The device (10) of claim 7, wherein an end of the
blocking-flow wick (14) that is facing the second shell
(112) is at a same level as an outer surface of the
second wick (16) that is facing away from the liquid-
tight chamber (S).

The device (10, 10A, 10B) of one of claims 4 to 9,
wherein a volume of the blocking-flow wick (14, 14A,
14B) is smaller than 50% of a volume of the hollow
space (131) of the second pipe (13).

The device (10) of one of claims 1 to 10, further
comprising a pipe wick (17) disposed in the first pipe
(12), a cross-section area of the pipe wick (17) is
smaller than a hollow space of the first pipe (12).
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