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(54) THREE‑DIMENSIONAL HEAT PIPE ASSEMBLY

(57) A heat pipe assembly includes a first heat pipe
having an inner surface, an outer surface, and at least
one opening, the inner surface forms a first chamber, the
at least one opening is disposed on a longitudinal side of
the first heat pipe, and at least one second heat pipe
having a second chamber and a connecting opening at
one end, wherein the at least one second heat pipe is
disposedon the first heat pipe at the at least one opening,
and the second chamber connects with the first chamber
through the at least one opening of the first heat pipe and
the connecting opening of the at least one second heat
pipe.
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Description

TECHNICAL FIELD

[0001] The present disclosure is related to the field of
heat pipe assembly, in particular a composite heat pipe
assembly.

BACKGROUND

[0002] Electronic devices can generate high heat dur-
ing operation, somanufacturers usually install heat pipes
to dissipate heat.Heat pipes canuse theevaporationand
condensation of the internal coolant to achieve the effect
of rapid temperature uniformity. In detail, the liquid cool-
ant in the heat pipe absorbs heat at the evaporation end,
and the liquid coolant vaporizes and moves to the con-
densing end by vapor pressure. After the gaseous cool-
ant at the condensing end is exothermic and condensed
into liquid coolant, the liquid coolant flows back to the
evaporationend through the internal capillary structure to
absorb heat and evaporates again, therefore carry out
the cooling cycle.
[0003] Heat pipes are available in a variety of forms to
be used in a variety of heat dissipation modules. Tower
cooling modules usually use U-shaped heat pipes that
need tobebent to form.However, theU-shapedheatpipe
will be limitedby thebendingangle, resulting in the limited
heat exchange area of the U-shaped heat pipe, which in
turn makes the heat dissipation efficiency of the U-
shaped heat pipe insufficient. Therefore, how to improve
the heat dissipation efficiency of U-shaped heat pipes is
one of the problems that R&D personnel should solve.

SUMMARY

[0004] Aspects of the disclosure provide a heat pipe
assembly.Theheatpipeassemblycan includeafirst heat
pipe having an inner surface, an outer surface, and at
least one opening, the inner surface forms a first cham-
ber, the at least one opening is disposed on a longitudinal
side of the first heat pipe, and at least one second heat
pipe havinga second chamber anda connecting opening
at one end, wherein the at least one second heat pipe is
disposedon the first heat pipe at the at least one opening,
and the second chamber connects with the first chamber
through the at least one opening of the first heat pipe and
the connecting opening of the at least one second heat
pipe.
[0005] In some embodiments, the first heat pipe can
include a first thermal conductive section andat least one
second thermal conductive section, the at least one
second thermal conductive section is connected to one
end of the first thermal conductive section, the at least
one second thermal conductive sections protrude per-
pendicular to the first thermal conductive section, and the
at least one opening is disposed at the first thermal
conductive section.

[0006] In some embodiments, the at least one second
thermal conductive section can includeabending section
that connects the at least one second thermal conductive
section to the first thermal conductive section. In some
embodiments, a portion of the first thermal conductive
section is a flat tube.
[0007] In some embodiments, the at least one of the
second heat pipe can include a folded edge at the con-
necting opening, the folded edge is disposed on the outer
surface of the first heat pipe at the at least one opening.
[0008] In someembodiments, the first thermal conduc-
tive section can include a recessed region on the outer
surface of the first heat pipe that surrounds the at least
one opening, and the at least one of the second heat pipe
has a folded edge at the connecting opening, the folded
edge is disposed in the recessed region. In some embo-
diments, wherein the first thermal conductive section
comprises a recessed region on the outer surface of
the first heat pipe that surrounds theat least one opening,
and the at least one second head pipe is disposed in the
recessed region.
[0009] In some embodiments, a portion of the at least
one second heat pipe is inserted into the at least one
opening. In some embodiments, the at least one second
heat pipe can include a tapered structure adjacent to the
connecting opening and is inserted into the first chamber
of the first heat pipe.
[0010] In some embodiments, the first heat pipe can
include a folded edge perpendicular to the first thermal
conductivesectionat theat least oneopening, theat least
one second heat pipe has a portion that is inserted
through the at least one opening and sleeved by the
folded edge. In some embodiments, the first heat pipe
can include a folded edge perpendicular to the first ther-
mal conductive section at the at least one opening, the at
least one second heat pipe has a portion that is inserted
through the at least one opening and sleeves the folded
edge. In some embodiments, the at least one second
heat pipe can include a folded edge at the connecting
opening and is disposed on the inner surface of the first
thermal conductive section of the first heat pipe.
[0011] In some embodiments, the heat pipe assembly
can further include at least one ring connector having a
narrow portion and a wide portion that is disposed be-
tween the first heat pipe and the at least one second heat
pipe and connects the first heat pipe and the at least one
second heat pipe, wherein the first heat pipe connects at
the narrow portion and the at least one second heat pipe
connects at the wide portion.
[0012] In some embodiments, the heat pipe assembly
can further include a first capillary structure and at least
one second capillary structure, the first capillary structure
is disposed in the first chamber of the first heat pipe, theat
least one second capillary structure is disposed in the
second chamber of the at least one second heat pipe and
connects with the first capillary structure. In some embo-
diments, the second capillary structure can include two
crescent parts that are symmetrically disposed adjacent
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to the connecting opening. In some embodiments, the
second capillary structure can have a semicircular
shape. In some embodiments, the heat pipe assembly
can further include a third capillary structure disposed in
the first chamberof the first heat pipeanddisposedon the
first capillary structure, the second capillary structure
connects the first capillary structure via the third capillary
structure.
[0013] In some embodiments, the at least one second
heat pipe can be welded to the first heat pipe.
[0014] In some embodiments, the heat pipe assembly
can further include a plurality of third heat pipes, the
plurality of third heat pipes are arranged perpendicular
on the first heat pipes and the at least one second heat
pipes.
[0015] In some embodiments, the first heat pipe can
include a first thermal conductive section and two second
thermal conductive sections, the two second thermal
conductive sections are respectively connected to oppo-
site ends of the first thermal conductive section, the two
second thermal conductive sections protrude perpendi-
cular to the first thermal conductive section, the at least
one opening is disposed at the first thermal conductive
section, and each of the second thermal conductive
sections includes a bending section that connects each
of the second thermal conductive section to the first
thermal conductive section at the respective opposite
ends.

BRIEF DESCRIPTION OF DRAWINGS

[0016] Aspects of the present disclosure can be under-
stood from the following detailed description when read
with the accompanying Figures. 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. 1 illustrates a perspective view of the combina-
tion of a heat pipe assembly 10 and fins 20 according
to a first embodiment of the present invention.
Fig. 2 illustrates a detailed exploded view of the heat
pipe assembly 10 in Fig. 1.
Fig. 3 illustratesa topviewofa secondheatpipe12of
the heat pipe assembly 10 in Fig. 1.
Fig. 4 illustrates a cross-sectional view of the heat
pipe assembly 10 in Fig. 1.
Fig. 5 illustrates a detailed exploded view of the heat
pipe assembly 10A according to a second embodi-
ment of the present disclosure.
Fig. 6 illustrates a cross-sectional view of the heat
pipe assembly 10A in Fig. 5.
Fig. 7 illustrates a detailed exploded view of the heat
pipe assembly 10B according to a third embodiment
of the present disclosure.
Fig. 8 illustrates a cross-sectional view of the heat
pipe assembly 10B in Fig. 7.

Fig. 9 illustrates a detailed exploded view of the heat
pipe assembly 10C according to a fourth embodi-
ment of the present disclosure.
Fig. 10 illustrates a cross-sectional view of the heat
pipe assembly 10C in Fig. 9.
Fig. 11 illustratesadetailedexplodedviewof theheat
pipe assembly 10D according to a fifth embodiment
of the present disclosure.
Fig. 12 illustrates a cross-sectional view of the heat
pipe assembly 10D in Fig. 11.
Fig. 13 illustrates a detailed exploded view of the
heat pipe assembly 10E according to a sixth embo-
diment of the present disclosure.
Fig. 14 illustrates a cross-sectional view of the heat
pipe assembly 10E in Fig. 13.
Fig. 15 illustrates a detailed exploded view of the
heat pipe assembly 10F according to a seventh
embodiment of the present disclosure.
Fig. 16 illustrates a cross-sectional view of the heat
pipe assembly 10F in Fig. 15.
Fig. 17 illustrates a detailed exploded view of the
heat pipe assembly 10G according to an eighth
embodiment of the present disclosure.
Fig. 18 illustrates a cross-sectional view of the heat
pipe assembly 10G in Fig. 17.
Fig. 19 illustrates a detailed exploded view of the
heat pipe assembly 10H according to a ninth embo-
diment of the present disclosure.
Fig. 20 illustrates a cross-sectional view of the heat
pipe assembly 10H in Fig. 19.
Fig. 21 illustrates a top view of a second capillary
structure 141 of the heat pipe assembly 101 accord-
ing to a tenth embodiment of the present disclosure.
Fig. 22 illustrates a perspective view of the heat pipe
assembly 10J according to an eleventh embodiment
of the present disclosure.
Fig. 23 illustrates a perspective view of the heat pipe
assembly 10K according to a twelfth embodiment of
the present disclosure.
Fig. 24 illustrates a perspective view of the heat pipe
assembly 10L according to a thirteenth embodiment
of the present disclosure.
Fig. 25 illustrates a cross-sectional view of the heat
pipe assembly 10L in Fig. 24.
Fig. 26 illustrates a perspective view of the heat pipe
assembly 10M according to the fourteenth embodi-
ment of the present disclosure.
Fig. 27 illustrates a detailed exploded view of the
heat pipe assembly 10N according to a fifteenth
embodiment of the present disclosure.
Fig. 28 illustrates a cross-sectional view of the heat
pipe assembly 10N in Fig. 27.
Fig. 29 illustrates a cross-sectional view of the heat
pipe assembly 10P according to the seventeenth
embodiment of the present disclosure.
Figs. 30A‑30F illustrate different shapes of the sec-
ond heat pipe and the second capillary structure
according to embodiments of the present disclosure.
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DETAILED DESCRIPTION

[0017] 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.
[0018] Refer toFigs. 1‑3.Fig. 1 illustratesaperspective
view of the combination of a heat pipe assembly 10 and
fins 20 according to a first embodiment of the present
invention.Fig. 2 illustratesadetailedexplodedviewof the
heat pipe assembly 10 in Fig. 1. Fig. 3 illustrates a top
view of a second heat pipe 12 of the heat pipe assembly
10 in Fig. 1.
[0019] The combination of the heat pipe assembly 10
and thefins20of thisembodiment canbeused fora tower
heat dissipation module and can be thermally coupled to
a heat source (not shown). The thermal coupling can be
referred to thermal contact or connection by means of
other thermally conductive media. The heat pipe assem-
bly 10 can include a first heat pipe 11, a second heat pipe
12, a first capillary structure 13 and a second capillary
structure 14. The first heat pipe 11 can include a first
conductive heat section 111 and two second conductive
sections 112. The first thermal conductive section 111can
be a flat tube. In other embodiments, the first thermal
conductivesectioncanbeanyother shape that is suitable
for the particular heat dissipating needs. The two second
thermal conductive sections 112 can be a circular pipe.
Each second thermal conductive section 112 can be
connected to one end of the first thermal conductive
section 111 via a bending section 1121. The two second
thermal conductive sections 112 are configured to pro-
trude in the same direction. Therefore, the first heat pipe
11can be configured to be in U-shape.
[0020] Also refer to Fig. 4. Fig. 4 illustrates a cross-
sectional view of the heat pipe assembly 10 in Fig. 1. The
first heat pipe 11 can include a first inner surface 113, a
first outer surface 114 and an opening 115. The first inner
surface 113 is located on the inner side of the first heat
pipe 11 and extends from the first thermal conductive
section 111 to the second thermal conductive section
112. The first inner surface 113 surrounds a first chamber
S1. The first chamber S1 can be used to contain the
cooling fluid (not shown). The first outer surface 114 is
locatedon theoutsideof thefirst heat pipe11andextends
from the first thermal conductive section 111 to the sec-
ond thermal conductive section 112. the first outer sur-
face 114 is facing away from the first inner surface 113.
The opening 115 is located in the first thermal conductive
section 111 of the first heat pipe 11 and penetrates
through each of the first inner surface 113 and the first
outer surface 114 once and connects the first chamber
S1.
[0021] The second heat pipe 12 can be a round pipe.
The second heat pipe 12 can be disposed on the first

thermal conductive section 111 and between the two
second thermal conductive sections 112 of the first heat
pipe 11. The second heat pipe 12 can be disposed at the
center of the first thermal conductive section 111 and the
distances between the second heat pipe 12 and each of
the second thermal conductive section 112 can be the
same. The second heat pipe 12 has a connecting open-
ing 124 that is configured to connectwith the opening 115
of the first heat pipe 11. The second heat pipe 12 can
include a folded edge 121at the connecting opening 124.
The folded edge 121 circulates around the connecting
opening 124. The folded edge 121 is disposed on the
outer surface 114 of the first thermal conductive section
111 of the first heat pipe 11. The folded edge 121 can be
soldered onto the first heat pipe 11 at the first thermal
conductive section 111 by solder material 30.
[0022] The second heat pipe 12 can include a second
inner surface 122 and a second outer surface 123. The
second inner surface 122 is located on the inner side of
the second heat pipe 12 and surrounds a second cham-
ber S2. The second chamber S2 can be used to contain
the cooling fluid (not shown). The second outer surface
123 is located on the outer side of the second heat pipe
12. The second outer surface 123 is facing away from the
second inner surface 122. The second chamber S2 is
connected with the first chamber S1 of the first heat pipe
11 through the connecting port 124 and the opening 115.
[0023] The first heat pipe 11 can include a first capillary
structure13disposed in thefirst chamberS1.Thesecond
heat pipe 12 can include a second capillary structure 14
disposed in the second chamber S2. The first capillary
structure 13 connects with the second capillary structure
14. The first capillary structure 13 and the second capil-
lary structure 14 are both powder sintered structure. The
second capillary structure 13 can further include a set of
crescent parts 141 at the connecting opening 124. The
crescent parts 141 are symmetrically disposed and ex-
tendout of theconnectingopening124.When thecooling
fluid absorbs the heat of the heat source and evaporates,
it can flow back to the heat source through the first
capillary structure 13 and the second capillary structure
14 to achieve the effect of cooling cycle.
[0024] Compared with the heat pipe generally used for
a tower heat dissipation module, its width can be limited
by the bending angle of the two bending sections of the
first heat pipe. This can result in the heat exchange area
of the heat pipe being limited and the heat dissipation
efficiency of the heat pipe being insufficient. The heat
pipe assembly 10 of the present embodiment has the
second heat pipe 12 configured to be disposed between
the two second thermal conductive sections 112. In this
way, the heat exchange area of the heat pipe assembly
10 can be increased when the width of the heat pipe
assembly 10 is limited, and the heat dissipation efficiency
of the heat pipe assembly 10 can be improved.
[0025] In the first embodiment, the two second con-
ductive sections 112 of the first heat pipe 11 are round
pipes, but are not limited to this. In other embodiments,
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the two second conductive sections of the first heat pipe
may also be flat tubes.
[0026] In the first embodiment, the two second thermal
conductive segments 112 are each connected with the
opposite ends of a bending segment 1121 and the first
thermal conductive segment 111, but are not limited to
this. In other embodiments, the two second thermal
conductive sections can be connected with the opposite
ends of the first thermal conductive section at straight
angles.
[0027] In the first embodiment, the first heat pipe 11 is
U-shaped, but not limited to this. In other embodiments,
the first heat pipe may also be of other shapes, for
example, L-shaped.
[0028] In the first embodiment, the distances between
the second heat pipe 12 and the two second conductive
sections 112 of the first heat pipe 11 are the same, so that
the second heat pipe 12 is arranged in the middle be-
tween the two second conductive sections 112, but is not
limited to this. In other embodiments, the distances be-
tween the second heat pipes and the two second thermal
conductive sections of the first heat pipes can be differ-
ent, so that the second heat pipes can be offset from the
center point of the first thermal conductive section of the
first heat pipe.
[0029] In the first embodiment, the folded edge 121 of
the secondheat pipe12 is directlywelded to thefirst outer
surface 114 of the first heat conductive section 111 of the
first heat pipe 11 via the solder material 30, but is not
limited to this. In other embodiments, the folded edge of
the second heat pipe can be fixed by laser welding first,
then welded to the first outer surface of the first thermal
conductive section of the first heat pipe via solder.
[0030] In the first embodiment, the first capillary struc-
ture 13 is connected with the second capillary structure
14, but is not limited thereto. In other embodiments, the
first capillary structure and the second capillary structure
may not be connected.
[0031] Refer to Figs. 5 and Fig. 6. Fig. 5 illustrates a
detailed exploded view of the heat pipe assembly 10A
according to a second embodiment of the present dis-
closure. Fig. 6 illustrates a cross-sectional view of the
heat pipe assembly 10A in Fig. 5.
[0032] In the second embodiment, the first heat con-
ductive section 111A of the first heat pipe 11A has a
recessed portion 111A1. The recessed portion 111A1 is
located on the outer surface 114Aand surrounds the
opening 115. The folded edge 121 of the second heat
pipe 12 can be disposed in the recessed portion 111A1
and be welded to the recessed portion 111A1.
[0033] Refer toFigs.7and8.Fig. 7 illustratesadetailed
exploded view of the heat pipe assembly 10B according
to a third embodiment of the present disclosure. Fig. 8
illustrates a cross-sectional view of the heat pipe assem-
bly 10B in Fig. 7.
[0034] In the third embodiment, the second heat pipe
12B does not include a folded edge as compared to the
second heat pipe 12 illustrated in Fig. 2. The second heat

pipe 12B is partially inserted in the opening 115 and
welded to the first heat pipe 11. As illustrated, the second
heat pipe 12B can havepartially extension portions at the
connecting opening 124B to overlap with the set of cres-
cent parts 141B of the second capillary structure 14B.
[0035] Refer to Figs. 9 and 10. Fig. 9 illustrates a
detailed exploded view of the heat pipe assembly 10C
according to a fourth embodiment of the present disclo-
sure. Fig. 10 illustrates a cross-sectional view of the heat
pipe assembly 10C in Fig. 9.
[0036] In the fourth embodiment, the second heat pipe
12C does not include a folded edge as compared to the
second heat pipe 12 illustrated in Fig. 2. Instead, the
second heat pipe 12C can include a tapered structure
125C at the connecting opening 124C. The second heat
pipe 12C is partially inserted in the opening 115 so that
the tapered structure 125C can be disposed in the first
chamberS1. The second heat pipe 12Ccan bewelded to
the first heat pipe11at the opening115.As illustrated, the
tapered structure 125C of the second heat pipe 12C only
covers with the set of crescent parts 141C of the second
capillary structure 14C. The crescent parts 141Care also
tapered. In some other embodiments, the tapered struc-
ture 125C can over cover the set of the crescent parts
141C. In someother embodiments, the tapered structure
125C can undercover the set of the crescent parts 141C.
[0037] Refer to Figs. 11 and 12. Fig. 11 illustrates a
detailed exploded view of the heat pipe assembly 10D
according to afifth embodiment of thepresent disclosure.
Fig. 12 illustrates a cross-sectional view of the heat pipe
assembly 10D in Fig. 11.
[0038] In the fifth embodiment, the second heat pipe
12D is similar to the secondheat pipe 12Bas illustrated in
Fig. 7, except that the second heat pipe 12D does not
have partially extension portions to cover the set of
crescent parts 141D. The first heat conductive section
111D of the first heat pipe 11D has a recessed portion
111D1. The recessed portion 111D1 is located on the
outer surface 114D and surrounds the opening 115. The
second heat pipe 12D can be disposed in the recessed
portion 111D1 and be welded to the recessed portion
111D1.
[0039] Refer to Figs. 13 and 14. Fig. 14 illustrates a
detailed exploded view of the heat pipe assembly 10E
according to a sixth embodiment of the present disclo-
sure. Fig. 14 illustrates a cross-sectional view of the heat
pipe assembly 10E in Fig. 13.
[0040] In the sixth embodiment, the first heat pipe 11E
includes a folded edge 116E at the opening 115E.
Further, the second heat pipe 12E does not include a
folded edge and is similar to the second heat pipe 12D as
illustrated in Fig. 11. The secondheat pipe 12E is partially
inserted into the opening 115E of the first heat pipe 10E
via the folded edge 116E. in other words, the folded edge
116E surrounds a portion of the second heat pipe 12E.
The second heat pipe 12E can then be welded to the
folded edge 116E of the first heat pipe 11E.
[0041] Refer to Fig. 15 and 16. Fig. 15 illustrates a
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detailed exploded view of the heat pipe assembly 10F
according to a seventh embodiment of the present dis-
closure. Fig. 16 illustrates a cross-sectional view of the
heat pipe assembly 10F in Fig. 15.
[0042] In the seventh embodiment, the first heat pipe
11F can include a folded edge 116F. At least two inserting
openings 117F can be configured between the folded
edge 116F and the first thermal conductive section 111F
to allow the set of crescent parts 141F through. The
second heat pipe 12F can be configured to sleeve the
folded edge 116F and be welded to the end of the folded
edge 116F.
[0043] Refer to Figs. 17 and 18. Fig. 17 illustrates a
detailed exploded view of the heat pipe assembly 10G
according to an eighth embodiment of the present dis-
closure. Fig. 18 illustrates a cross-sectional view of the
heat pipe assembly 10G in Fig. 17.
[0044] In the eighth embodiment, the heat pipe assem-
bly 10G can include a ring connector 15G. The ring
connector 15G can have a narrow portion 15G1 and a
wide portion 15G2. The ring connector 15G can be used
to connect the first heat pipe 11 and the second heat pipe
12G at the opening 115 and the connecting opening
124G. The narrow portion 15G1 can be disposed in
the opening 115 of the first heat pipe 11 and the second
heat pipe 12G can be disposed in the wide portion 15G2.
[0045] In thisembodiment, thenumberof first heat pipe
11 and the number of connecting rings 15G are each
being one, but are not limited to this. In some embodi-
ments, the number of first heat pipes and the number of
connecting rings can bemore than one. In someembodi-
ments, when the heat pipe assembly includes multiple
second heat pipes, the number of ring connectors can
match the number of the second heat pipes to connect to
the first heat pipe.
[0046] Refer to Figs. 19 and 20. Fig. 19 illustrates a
detailed exploded view of the heat pipe assembly 10H
according to a ninth embodiment of the present disclo-
sure. Fig. 20 illustrates a cross-sectional view of the heat
pipe assembly 10H in Fig. 19.
[0047] In the ninth embodiment, the first thermal con-
ductive section 111H of the first heat pipe 11H can be
divided into a bottom shell 111H1 and a top shell 111H2.
The bottom shell can be welded to the two second
thermally conductive sections 112 and the top shell
111H2 can be welded to the bottom shell 111H1. The
opening 115 is located at the top shell 111H2, and the first
inner surface 113 extends from the bottom shell 111H1 to
the top shell 111H2. A recessed portion 111A3 is located
on the inner surface 113 and surrounds the opening 115.
Similar to the second heat pipe 12, the second heat pipe
12H includes a folded edge 121H. The folded edge 121H
of the second heat pipe 12H can be disposed at the
recessed portion 111A3 on the first inner surface 113.
The second heat pipe 12H can be welded to the first heat
pipe 11H on the first outer surface 114H of the first heat
pipe 11H.
[0048] Since recessed portion 111A3 is located on the

first inner surface 113, the top shell 111H2 needs to be
separated from the bottom shell 111H1. After the second
heat pipe 13H passes through the opening 115 and the
folded edge 121H is disposed in the recessed portion
111A3, thesecondheatpipe13Hcanbewelded to the top
shell 111H2. The top shell 111H2 can then be welded to
the bottom shell 111H1 and the two second thermal
conductive sections 112 and form the first chamber S1.
[0049] In theaboveembodiments, the secondcapillary
structure 14 includes a set of crescent parts 141 as
illustrated in Fig. 3, but is not limited to this. In some
embodiments, the second capillary structure can include
a single structure that extends out at the connecting
opening. Fig. 21 illustrates a top view of a second capil-
lary structure 141 of the heat pipe assembly 101 accord-
ing to a tenth embodiment of the present disclosure. The
second capillary structure 14I can include a semicircular
single structure that extends out of the connecting open-
ing. In someembodiments, the secondcapillary structure
can include a plurality of different structures or shapes.
[0050] Fig. 22 illustrates a perspective view of the heat
pipeassembly 10J according to aneleventh embodiment
of the present disclosure. The heat pipe assembly 10J
includes twosecondheatpipes12J.The twosecondheat
pipes 12J is arranged between the two second conduc-
tive sections 112 of the first heat pipe 11. The two second
heat pipes 12J can be connected to the first thermal
conductive section 111 in similar manners as described
in the above embodiments. For example, the two second
heat pipes 12J can be soldered or welded to the first
thermal conductive section 111. For example, two ring
connectors can be used to connect the two second heat
pipe 12Jwith the first thermal conductive section 111. For
example, one of the two second heat pipes 12J can have
a ring connector to connect with the first thermal con-
ductive section 111, and the other one of the two second
heat pipes 12J can be welded to the first thermal con-
ductive section 111.
[0051] Fig. 23 illustrates a perspective view of the heat
pipe assembly 10K according to a twelfth embodiment of
the present disclosure. The heat pipe assembly 10K can
include a plurality of third heat pipes 16K. The third heat
pipes 16K can be arranged to connect to the first heat
pipe 11 and the two second heat pipe 12K respectively in
a non-interfering manner with each other. The third heat
pipes 16K can be perpendicular to the first heat pipe 11
and the second heat pipes 12K. In some embodiments,
the heat pipe assembly can further include a plurality of
fourth heat pipes being arranged on the third heat pipes.
The fourth heat pipes can be perpendicular to the third
heat pipes. In this way, the heat exchange areawithin the
first, second, third, and fourth heat pipes are increased,
which also increases the heat dissipating efficient of the
heat pipe assembly.
[0052] Refer to Figs. 24 and 25. Fig. 24 illustrates a
perspective view of the heat pipe assembly 10L accord-
ing to a thirteenth embodiment of the present disclosure.
Fig. 25 illustrates a cross-sectional view of the heat pipe

5

10

15

20

25

30

35

40

45

50

55



7

11 EP 4 502 523 A1 12

assembly 10L in Fig. 24.
[0053] In the thirteenth embodiment, the first thermal
conductive section 111L of the first heat pipe 11L is a
semi-flat tube.That is, thefirst thermal conductivesection
111L has a rounded bottom and a flat top. The opening
115L is located at the flat top of the first thermal con-
ductive section 111L.
[0054] In this embodiment, the first heat conductive
section 111L of the first heat pipe 11L is a semi-flat tube,
but is not limited to this. In other embodiments, the first
thermal conductive section of the first heat pipe can be
any shape that is suitable for the specific application of
the heat pipe assembly. For example, the first thermal
conductive section can be a flat tube, a round tube, a
rectangular tube, or an oval tube.
[0055] Fig. 26 illustrates a perspective view of the heat
pipe assembly 10M according to the fourteenth embodi-
ment of the present disclosure. In this embodiment, the
second heat pipe 12Mof the heat pipe assembly 10M is a
flat tube. In other embodiments, the second heat pipe
12M can be any shape that is suitable for the specific
application of the heat pipe assembly. For example, the
first thermal conductive section canbeaflat tube, a round
tube, a rectangular tube, or an oval tube.
[0056] Refer to Figs. 27 and 28. Fig. 27 illustrates a
detailed exploded view of the heat pipe assembly 10N
according to a fifteenth embodiment of the present dis-
closure. Fig. 28 illustrates a cross-sectional view of the
heat pipe assembly 10N in Fig. 27.
[0057] Compared to the secondheat pipe12 illustrated
in Fig. 2, the second heat pipe 12N of the fifteenth
embodiment only includes half of the folded edge
121N. In other embodiments, the folded edge of the
second heat pipe can be divided into any suitable pieces.
Forexample, the foldededgecanhaveone thirdof the full
folded edge. For example, the folded edge can have four
pieces that are not connected with each other.
[0058] In addition, the first capillary structure 13N and
the second capillary structure 14N does not connect to
each other. In some embodiments, the first capillary
structure and the second capillary structure can be con-
nected with each other by powder sintering or directly by
welding.
[0059] Fig. 29 illustrates a cross-sectional view of the
heat pipe assembly 10P according to the seventeenth
embodiment of the present disclosure. The first heat pipe
11P can further include a third capillary structure 17
disposed on the first capillary structure 13P. The third
capillary structure 17 can be disposed on the bottom of
the first thermal conductive section 11 1P The crescent
parts 141of the capillary structure 14Pcan connect to the
first capillary structure 13Pvia the third capillary structure
17. When the cooling fluid absorbs the heat of the heat
source and evaporates, it can be refluxed to the heat
source through the capillary structure 13P, 17 and 14P to
achieve the effect of cooling cycle.
[0060] As illustrated, the third capillary structure 17 is a
raised block structure. The capillary shape of the third

capillary structure 17 can be any shape that is suitable for
the specific application of the heat pipe assembly. For
example, the third capillary structure 17 can be round,
square, oval, triangular, or other irregular shapes. The
third capillary structure 17 can be a powder sintered
structure or a woven mesh or any other suitable struc-
tures. The third capillary structure 17 and the first capil-
lary structure 13P are integrated structures as shown in
the Fig. 29. In other embodiments, the third capillary
structure 17 and the first capillary structure 13P can be
two individual structures.
[0061] Figs. 30A‑30F illustrate different shapes of the
second heat pipe and the second capillary structure
according to embodiments of the present disclosure.
The second heat pipe can have different structures that
canbesuitable for the specificapplicationof theheat pipe
assembly. In some embodiments, the second heat pipe
can have straight pipe structure as shown in Fig. 30A. In
some embodiments, the second heat pipe can have a
folded edge as shown in Figs. 30B, 30D, and 30F. In
some embodiments, the second heat pipe can have a
narrowed end as shown in Figs. 30C and 30D. In some
embodiments, the second heat pipe can have a widened
end as shown in Figs. 30E and 30F. In some embodi-
ments, the second heat pipe having narrowed end or
widened end can also have a folded edge as shown in
Fig. 30D and 30F.
[0062] The second capillary structure can have differ-
ent lengths that canbesuitable for thespecificapplication
of the heat pipe assembly. In some embodiments, the
second capillary structure can have an extended section
that extends out of the connecting opening as shown in
the lift figures of Figs. 30A‑30F. in some embodiments,
the second capillary structure can have the same length
as the second heat pipewall as shown in the right figures,
of Figs. 30A‑30F.
[0063] The heat pipe assembly as disclosed in the
above embodiments can increase the heat exchange
area of the heat pipe assembly when the width of the
heat pipe assembly is limited, therefore, improve theheat
dissipation efficiency of the heat pipe assembly.
[0064] 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 disclosedmaybemodified and
practiced in different but equivalent manners apparent to
thoseof ordinary skill in the relevant art having thebenefit
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. Of course,
the disclosed embodiments are merely exemplary em-
bodiments and that various modifications can be made
without departing from the spirit and scope of the dis-
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closure. Further, it should be understood that various
aspects of the embodiment are not mutually exclusive
of each other and can be combined as desired by a
person of ordinary skill in the art as a matter of design
choices.
[0065] Theembodiments illustrativelydisclosedherein
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 abovemay 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 heat pipe assembly, comprising:

a first heat pipehavingan inner surface, anouter
surface, and at least one opening, the inner
surface forms a first chamber, the at least one
opening is disposed on a longitudinal side of the
first heat pipe; and
at least one second heat pipe having a second
chamber and a connecting opening at one end,
wherein the at least one second heat pipe is
disposed on the first heat pipe at the at least one
opening, and the second chamber connects
with the first chamber through the at least one
opening of the first heat pipe and the connecting
opening of the at least one second heat pipe.

2. The heat pipe assembly of claim 1, wherein the first
heat pipe comprises a first thermal conductive sec-
tion and at least one second thermal conductive
section, the at least one second thermal conductive
section is connected to one end of the first thermal
conductive section, the at least one second thermal
conductive sections protrude perpendicular to the
first thermal conductive section, and the at least one
opening is disposed at the first thermal conductive
section.

3. The heat pipe assembly of claim 2, wherein the at
least one second thermal conductive section com-
prises a bending section that connects the at least
one second thermal conductive section to the first
thermal conductive section.

4. The heat pipe assembly of claim 2 or 3, wherein a
portion of the first thermal conductive section is a flat
tube.

5. The heat pipe assembly of one of claims 1 to 4,
wherein the at least one of the second heat pipe
comprises a folded edge at the connecting opening,
the folded edge is disposed on the outer surface of
the first heat pipe at the at least one opening.

6. The heat pipe assembly of one of claims 2 to 5,
wherein the first thermal conductive section com-
prises a recessed region on the outer surface of the
first heat pipe that surrounds the at least one open-
ing, and theat least oneof the secondheat pipehasa
folded edge at the connecting opening, the folded
edge is disposed in the recessed region.

7. The heat pipe assembly of one of claims 2 to 5,
wherein the first thermal conductive section com-
prises a recessed region on the outer surface of the
first heat pipe that surrounds the at least one open-
ing, and the at least one second head pipe is dis-
posed in the recessed region.

8. The heat pipe assembly of one of claims 1 to 7,
wherein a portion of the at least one second heat
pipe is inserted into the at least one opening.

9. The heat pipe assembly of one of claims 1 to 8,
wherein the at least one second heat pipe comprises
a tapered structure adjacent to the connecting open-
ing and is inserted into the first chamber of the first
heat pipe.

10. The heat pipe assembly of one of claims 2 to 9,
wherein the first heat pipe comprises a folded edge
perpendicular to the first thermal conductive section
at the at least one opening, the at least one second
heat pipe has a portion that is inserted through the at
least one opening and sleeved by the folded edge.

11. The heat pipe assembly of one of claims 2 to 9,
wherein the first heat pipe comprises a folded edge
perpendicular to the first thermal conductive section
at the at least one opening, the at least one second
heat pipe has a portion that is inserted through the at
least one opening and sleeves the folded edge.

12. The heat pipe assembly of one of claims 2 to 4,
wherein the at least one second heat pipe comprises
a folded edge at the connecting opening and is
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disposed on the inner surface of the first thermal
conductive section of the first heat pipe.

13. The heat pipe assembly of one of claims 2 to 4,
further comprises at least one ring connector having
a narrow portion and a wide portion that is disposed
between the first heat pipe and the at least one
second heat pipe and connects the first heat pipe
and the at least one second heat pipe, wherein the
first heat pipe connects at the narrow portion and the
at least one second heat pipe connects at the wide
portion.

14. The heat pipe assembly of one of claims 1 to 13,
further comprises a first capillary structure and at
least onesecondcapillary structure, thefirst capillary
structure is disposed in the first chamber of the first
heat pipe, the at least one second capillary structure
is disposed in the second chamber of the at least one
second heat pipe and connectswith the first capillary
structure.

15. The heat pipe assembly of claim 14, wherein the
second capillary structure comprises two crescent
parts that are symmetrically disposedadjacent to the
connecting opening.

16. The heat pipe assembly of claim 14 or 15, wherein
the second capillary structure has a semicircular
structure.

17. The heat pipe assembly of one of claims 14 to 16,
further comprises a third capillary structure disposed
in the first chamberof thefirst heat pipeanddisposed
on the first capillary structure, the second capillary
structure connects the first capillary structure via the
third capillary structure.

18. The heat pipe assembly of one of claims 1 to 17,
wherein the at least one second heat pipe is welded
to the first heat pipe.

19. The heat pipe assembly of one of claims 1 to 18,
further comprises a plurality of third heat pipes, the
plurality of third heat pipes are arranged perpendi-
cular on the first heat pipes and the at least one
second heat pipes.

20. The heat pipe assembly of one of claims 1 to 19,
wherein the first heat pipe comprises a first thermal
conductive section and two second thermal conduc-
tive sections, the two second thermal conductive
sections are respectively connected to opposite
ends of the first thermal conductive section, the
two second thermal conductive sections protrude
perpendicular to the first thermal conductive section,
the at least one opening is disposed at the first
thermal conductive section, and

each of the second thermal conductive sections
includes a bending section that connects each of
the second thermal conductive section to the first
thermal conductive section at the respective oppo-
site ends.5
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