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SEALING A HEAT PIPE

BACKGROUND

[0001] A heat pipe may be used to help cool a heat-
generating component 1n an electronic device. A heat pipe
includes a body with an interior containing a working fluid
that has a liquid-solid phase transition temperature between
a device operating temperature and an ambient temperature.
The working fluid removes heat from an electronic compo-
nent via evaporation, which results in a pressure gradient
between an evaporator and a condenser of the heat pipe,
causing transport of the vapor working fluid from the
evaporator towards the condenser. At the condenser, heat 1s
transferred out of the heat pipe via condensation of the
working fluid, which 1s then returned to the evaporator of the
heat pipe.

SUMMARY

[0002] This Summary 1s provided to introduce a selection
of concepts 1 a simplified form that are further described
below 1n the Detailed Description. This Summary 1s not
intended to 1dentily key features or essential features of the
claimed subject matter, nor 1s 1t intended to be used to limait
the scope of the claimed subject matter. Furthermore, the
claimed subject matter 1s not limited to implementations that
solve any or all disadvantages noted in any part of this
disclosure.

[0003] Examples are disclosed that relate to sealing a heat
pipe. One example provides a heat pipe including a heat pipe
body comprising a sealed end at which opposing interior
surfaces of the heat pipe body are joined, a sealant located
in a least a portion of the sealed end of the heat pipe body
between the opposing interior surfaces, the sealant compris-
ing a higher oxygen transport rate than the heat pipe body,
and a permanent seal forming an outer surface of the sealed
end.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004]
device.

FIG. 1 schematically shows an example computing

[0005] FIG. 2 schematically shows an example heat pipe.

[0006] FIG. 3 shows a flowchart of an example method for
manufacturing a heat pipe.

[0007] FIG. 4 illustrates an example heat pipe body after
applying a sealant to an interior surface of the heat pipe.

[0008] FIG. 5 schematically shows a tube inserted the
example heat pipe body of FIG. 4 for adding a working fluid
to an interior the heat pipe body.

[0009] FIG. 6 schematically shows the addition of a work-
ing fluid to an mterior of the example heat pipe body of FIG.
4

[0010] FIG. 7 schematically shows the application of
mechanical pressure to the example heat pipe body of FIG.
4 to form a temporary gas barrier via the sealant.

[0011] FIG. 8 schematically shows the example heat pipe
body of FIG. 4 after forming the temporary gas barrier.

[0012] FIG. 9 schematically shows the cutting of the
example heat pipe body of FIG. 4.

[0013] FIG. 10 illustrates the example heat pipe body of
FIG. 4 after formation of a permanent seal.
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DETAILED DESCRIPTION

[0014] Heat pipes may be incorporated into a variety of
clectronic devices to transport heat away from heat-gener-
ating components toward other cooling components, such as
a fan and/or a heat sink. A heat pipe also may be used
without other such cooling components in some devices,
such as small portable devices with confined interior vol-
umes (e.g. smart phones).

[0015] Current heat pipes may include a seal region at one
end of the heat pipe that occupies space without providing
any cooling benefit. Such a seal region may be referred to as
a “snout,” and may be present due to current heat pipe
manufacturing processes. For example, to prevent an intro-
duction ol non-condensable gases (e.g. nitrogen, oxygen,
and hydrogen) to an interior of the heat pipe body during
manufacturing, current heat pipe manufacturing processes
may include the welding of an interface tube to an open end
of the heat pipe body to interface with a vacuum tube, which
1s used to create a vacuum inside of the heat pipe body and
to mtroduce a working fluid into the heat pipe body. After
evacuating an interior of the body and adding the working
fluid to the interior, the vacuum tube may be pulled a
distance away from heat pipe body while still being posi-
tioned within a portion of the interface tube. Then, the
interface tube 1s crimped at a location between the heat pipe
body and the vacuum tube in such a manner that avoids
crimping the vacuum tube. This helps to maintain the
desired pressure within the body and avoid introducing
non-condensable gases (gases that do not condense within
an intended operating temperature range of the heat pipe)
into the interior of the heat pipe during sealing. However, the
use of the welded interface tube, and the crimping of this
tube to form a seal, also results 1in the formation of the snout,
which occupies space and adds weight without offering any
additional cooling benefit.

[0016] Accordingly, examples are disclosed that relate to
heat pipes with a more compact sealing region than the snout
of current heat pipes, and also to the manufacture thereof.
Brietly, the disclosed examples avoid the use of an 1nterface
tube welded to an end of the heat pipe body, and use a sealant
applied to an interior surface of an open end of a heat pipe
body to act as a non-condensable gas barrier between an
iner surface of the heat pipe body and an outer surface of
a vacuum tube during manufacturing. After drawing a
vacuum and adding a working tluid to the interior of the heat
pipe body via a vacuum tube 1nserted into the open end of
the heat pipe, pressure 1s applied to the heat pipe body to
crimp together opposing interior surfaces on which the
sealant 1s applied to form a temporary gas barrier. After
forming the temporary gas barrier, the heat pipe body 1s cut
at a location of the crimp, and a permanent gas barrier 1s
formed (e.g. by welding or metallization) to seal the open
end of the heat pipe body. The temporary gas barrier helps
to prevent non-condensable gases from entering the heat
pipe prior to forming the permanent seal. The permanent
seal thus may be formed at different time and/or different
location than the temporary gas barrier, and may be formed
in a manner that avoids the snout formed by prior methods.
[0017] FIG. 1 shows a block diagram of an example
computing device 100 including a heat-generating compo-
nent 102. Examples of heat generating components include
a system on a chip (S0C), logic components (e.g. a proces-
sor), memory components, and power supply components.
Computing device 100 may represent any suitable type of
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computing device, such as a smart phone, tablet, laptop, or
wearable device (e.g. a head-mounted display device). Com-
puting device 100 also 1includes a display 104, a camera 106,
and one or more other electronic components 108, such as
communication subsystems, input devices, and/or sensors. It
will be understood that a computing device according to the
present disclosure may include any other suitable compo-
nent or group of components than those shown in FIG. 1.

[0018] Computing device 100 further includes a heat pipe
110 positioned to transport heat away from the heat-gener-
ating component 102. Heat pipe 110 receives heat at an
evaporator 112, either directly or via an intermediate struc-
ture such as a heat sink. This heat causes evaporation of a
working fluid contained within the heat pipe 110, which
forms a pressure gradient that causes the transport of work-
ing tluid vapor from the evaporator 112 towards a condenser
114. At the condenser 114, the working fluid condenses and
transiers heat to a body of the heat pipe 110 and thus out of
the heat pipe 110. Heat pipe 110 further may include a wick
(not shown in FIG. 1) configured to return condensed
working fluid to the evaporator 112 via capillary action. In
other examples, the heat pipe 110 may return condensed
working fluid to the evaporator 112 via gravitational force,
centrifugal force, or 1n any other suitable manner.

[0019] FIG. 2 shows an example heat pipe 200 suitable for
use 1n the computing device 100 of FIG. 1. Heat pipe 200
includes a heat pipe body 204 having a sealed end 202.
Sealed end 202 includes a sealant 206 that joins interior
surfaces of the heat pipe body 204 to form a temporary gas
barrier during manufacturing. Heat pipe 200 also includes a
permanent seal 210 forming an outer surface of the sealed
end 202. Heat pipe body 204 may have any suitable shape
and size, and may have other structures (e.g. a wick) not

shown 1n FIG. 2.

[0020] Heat pipe body 204 may be formed from any
suitable material, such as copper or aluminum, and may
utilize any suitable working fluid. Suitable working fluids
include fluids with a liquid-gas phase transition temperature
within a suitable range for a desired end use, and that are
chemically compatible with the material from which the heat
pipe body 1s formed. Example working fluids include deion-
1zed water or methanol for copper heat pipes, and ammonia
or acetone for aluminum heat pipes.

[0021] Sealed end 202 comprises a sealant 206 positioned
between opposing 1nterior surfaces of the heat pipe body 204
in a region where the opposing surfaces have been pressed
together. In this region, the sealant 206 forms a temporary
gas barrier. The term “temporary” indicates that the sealant
206 15 used to seal the interior of the heat pipe body 204 after
introduction of the working fluid during manufacturing, but
before a permanent seal 1s formed. The sealant 206 may have
a higher transport rate for non-condensable gases present 1n
a manufacturing environment (€.g. various components of
air) than the heat pipe body 204 or the permanent seal 210,
but the transport rate may be sufliciently low to allow some
time to pass between removal of the vacuum tube and the
formation of the permanent seal 210. This may allow a
permanent seal to be formed at a different time and/or 1n a
different location during manufacturing than the addition of
the working tluid, rather than during a same process. In some
examples, the temporary gas barrier may protect the heat
pipe body 204 for a period of 10-60 minutes, depending
upon the sealant applied.
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[0022] Sealant 206 1s positioned between opposing inte-
rior surfaces of the heat pipe body 204 1n an area in which
the heat pipe body 204 1s crimped. The sealant layers on the
opposing interior surfaces come nto contact when the heat
pipe body 204 1s crimped, and may be cured (depending on
the sealant composition) by application of heat and/or suit-
able photon energy (e.g. x-ray energy) during crimping. In
other examples, a temporary gas barrier may be formed from
a non-curable sealant, such as a pressure-sensitive adhesive.
The sealant 206 may be formed from any suitable material.
Suitable materials may include materials having a sufl-
ciently low non-condensable gas transport rate to prevent
harmiul amounts of non-condensable gases to leak nto the
heat pipe interior between forming the temporary and per-
manent seals. Examples of suitable matenials may include
various acrylics, epoxies, polyurethanes, thermoplastics, and
pressure-sensitive adhesives.

[0023] Further, the sealant 206 may be applied 1n any
suitable form. In some examples, the sealant 206 may be
applied as a fluid (e.g. by painting the sealant onto an interior
surface of the heat pipe body). In other examples, the sealant
206 may be applied in a non-fluid form, such as a laminated
film. One example of a multilayer laminated material may
include a polyepoxy/polyamine resin applied on a substrate.
Examples of such materials include those sold under the
trade name MAXIVE, available from Mitsubishi Gas
Chemical Company, Inc. of Tokyo, Japan. Suitable MAX-

IVE films include those having an oxygen transier rate at or
below 0.06

cC — mm
m=? — 24 hr — atm

in operating conditions of 23° C. between 60-90% relative
humidity. When applied to an iterior of a heat pipe,
crimping of the sealant 206 combined with the application of
heat may cure the MAXIVE sealant, thereby forming the
temporary gas barrier. A multilayer laminate material also
may include an adhesive layer, such as a thermoplastic
adhesive, a pressure-sensitive adhesive, and/or any other
suitable material for joining to an interior surface of the heat
pipe body 204. In yet other examples, a composite material
may be used as a sealant (e.g. a metal-containing composite
layer or other composite layer).

[0024] Permanent seal 210 forms an outer surface of the
sealed end 202, and 1s configured to have a lower transport
rate(s) ol non-condensable gas(es) than the sealant 206 of
the temporary gas barrier. In some examples, the permanent
seal 210 may comprise a weld. In other examples, the
permanent seal 210 may comprise a metallization film layer,
a solder layer, or other metal layer. As mentioned above, the
permanent seal 210 may be formed at a different time and/or
location than the temporary gas barrier, which may simplify
manufacturing.

[0025] FIG. 3 depicts an example method 300 for manu-
facturing a heat pipe, such as heat pipe 200. In some
examples, any or all processes of method 300 may occur 1n
a reduced-oxygen or reduced-air environment to prevent
exposure of non-condensable gases to an interior of the heat
pipe body during manufacturing. In other examples, any or
all processes of method 300 may be performed 1n an ambient
environment.




US 2019/0113289 Al

[0026] At 302, method 300 comprises applying a sealant
on an interior surface of a heat pipe body. As shown by
example 1 FIG. 4, a sealant 402 1s applied on an interior
surface of an example heat pipe body 404 adjacent to an
open end 406 of the heat pipe body 404. Sealant 402 may be
applied 1n any suitable quantity and 1n any suitable location
to achieve desired gas barrier properties and to form a seal
between opposing interior surfaces of the heat pipe body
404. For example, as shown at 304, the sealant may be
applied as a laminate material comprising two or more
functional layers. In some examples, the multilayer laminate
material may be applied as a tape, where a substrate adheres
to an 1nterior surface of the heat pipe body and one or more
additional layers provide gas barrier and adhesion properties
to j01n opposing interior surfaces of the heat pipe body and
form a temporary gas barrier. Any suitable laminate may be
used, including but not limited to laminates comprising a
polyepoxy barrier film, as indicated at 306. As a more
specific example, the multilayer laminate film may include
polyepoxy/polyamine resin materials sold under the name
MAXIVE, available from Mitsubishi Gas Chemical Co. of

Tokyo, Japan.

[0027] In yet other examples, as indicated at 308, the
sealant may be applied as a flmd phase, such as via a
painting or printing process. As a more specific example, a
two-part epoxy or other suitable fluid phase sealant may be
applied on an interior surface of the heat pipe body. Further,
in some examples, both a flud phase material and a multi-
layer laminate material may be applied on the interior

surface of the heat pipe body. In yet other examples, any
other suitable sealant may be used.

[0028] At 310, method 300 includes nserting a tube 1n the
open end of the heat pipe body and reducing a pressure
within the heat pipe body by drawing a vacuum via the tube.
In this process, schematically shown 1n FIG. 5, an exterior
surtace of the tube 408 maintains contact with an interior
surface of the heat pipe body 404 to form a seal for drawing
the vacuum, and may contact the sealant 402. Further, at
312, method 300 includes adding a working fluid via the
tube to an interior of the heat pipe body. FIG. 6 schemati-
cally shows the addition of a working fluid 412 via the tube
408. Any suitable working fluid may be added, including the
examples described above.

[0029] Method 300 further comprises, at 314, applying
pressure to the heat pipe body while the tube 1s still located
within the heat pipe body to press together opposing interior
surfaces on which the sealant 1s applied to form a temporary
gas barrier. As an example, applying pressure may comprise
deforming one or more sides of the heat pipe body via a
crimping tool to join opposing interior surfaces. In such an
example, the crimping tool may comprise a linear crimp, a
half-moon crimp, or any other suitable type of crimp. FIG.
7 schematically depicts method 300 at 316, where method
300 may comprise, 1n some examples, applying pressure 414
at a location beyond a distal end 416 of the tube 408 1nserted
in the open end 406. Further, as indicated at 318, curing
energy (e.g. heat or a suitable photonic energy, such as x-ray
radiation) may be applied to cure the temporary gas barrier
where the temporary gas barrier comprises a curable poly-
mer. FIG. 8 depicts a temporary gas barrier 418 formed
between opposing interior surfaces of the heat pipe body 404
on which the sealant 402 1s applied. As shown, the tube 408
1s omitted from the seal between opposing interior surfaces

of the heat pipe body 404.
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[0030] After forming the temporary gas barrier, method
300 1ncludes, at 320, cutting the heat pipe body at a location
of the sealant. FIG. 9 shows an example location (indicated
by dashed line 420) of the sealant 402 where the heat pipe
body 404 may be cut after forming the temporary gas barrier
418. Tube 408 may be removed from the open end 406 of the
heat pipe body 404 after forming the temporary gas barrier
or alter cutting the heat pipe body 404. This may help to
avoid the formation of a snout region at the end of the heat
pipe, and thus reduce a physical length of the device without
reducing a functional length compared to a similar heat pipe
manufactured with a snout. In the example of FIG. 9, the
heat pipe body 404 1s cut within the region of the temporary
gas barrier 418, but in other examples, the heat pipe body
404 may be cut at a location between the temporary gas
barrier 418 and the open end 406.

[0031] Continuing with FIG. 3, method 300 comprises, at
322, forming a permanent seal 422 after forming the tem-
porary gas barrier 418 and cutting the heat pipe body 404.
Permanent seal 422 may be formed in any manner that forms
a barrier with a suitably lower non-condensable gas trans-
port rate (or rates) compared to the temporary gas barrier.
For example, welding may be used to form a welded seal, or
metallization (e.g. electroless plating, electroplating, or

physical vapor deposition) may be used to form the perma-
nent seal 422.

[0032] Another example provides a heat pipe comprising
a heat pipe body comprising a sealed end at which opposing
interior surfaces of the heat pipe body are joined, a sealant
located 1n a least a portion of the sealed end of the heat pipe
body between the opposing interior suriaces, the sealant
comprising a higher oxygen transport rate than the heat pipe
body, and a permanent seal forming an outer surface of the
sealed end. In such examples, the sealant may additionally
or alternatively comprise a polymer matenial. In such
examples, the sealant may additionally or alternatively com-
prise an epoxy material. In such examples, the epoxy
material may additionally or alternatively comprise a poly-
epoxy/polyamine material. In such examples, the sealant
may additionally or alternatively comprise a laminated film.
In such examples, the sealant may additionally or alterna-
tively comprise one or more of a thermoplastic material and
a pressure sensitive adhesive. In such examples, the perma-
nent seal may additionally or alternatively comprise a weld.
In such examples, the permanent seal may additionally or
alternatively comprise a metallization layer.

[0033] Another example provides a method for manufac-
turing a heat pipe, the method comprising applying a sealant
on an 1nterior surface of a heat pipe body adjacent to an open
end of the heat pipe body, mserting a tube in the open end
of the heat pipe body and reducing a pressure within the heat
pipe body via the tube, adding a working fluid to the interior
of the heat pipe body, while the tube 1s mserted 1n the open
end of the heat pipe body, applying pressure to the heat pipe
body to press together opposing interior surfaces on which
the sealant 1s applied to form a temporary gas barrier, and
alter forming the temporary gas barrier, forming a perma-
nent gas barrier to seal the open end of the heat pipe body.
In such examples, applying the sealant may additionally or
alternatively comprise applying a multilayer laminate mate-
rial. In such examples, applying the sealant may additionally
or alternatively comprise applying a polyepoxy barrier film.
In such examples, applying the sealant may additionally or
alternatively comprise applying the sealant 1n a fluid phase.
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In such examples, applying pressure to the heat pipe body
may additionally or alternatively comprise applying pres-
sure at a location beyond a distal end of the tube 1nserted 1n
the open end. In such examples, applying pressure to the
heat pipe body may additionally or alternatively comprise
applying heat at the location beyond the distal end of the
tube to form a seal with the sealant. In such examples,
forming the permanent gas barrier may additionally or
alternatively comprise one or more of forming a weld and
forming a metallization layer. In such examples, the method
may additionally or alternatively comprise cutting the heat
pipe body at a location of the sealant after forming the
temporary gas barrier.

[0034] Another example provides an electronic device
comprising a heat-generating component, and a heat-pipe
positioned to transport heat from the heat-generating com-
ponent, the heat pipe comprising a heat pipe body compris-
ing a sealed end at which opposing interior surfaces of the
heat pipe body are joined, a sealant located 1n a least a
portion of the sealed end of the heat pipe body between the
opposing interior surface, the sealant comprising a higher
oxygen transport rate than the heat pipe body, and a perma-
nent seal forming an outer surface of the sealed end, the
permanent seal comprising a lower oxygen transport rate
than the sealant. In such examples, the electronic device may
additionally or alternatively comprise a portable electronic
device. In such examples, the sealant may additionally or
alternatively comprise one or more of an epoxy polymer and
a thermoplastic adhesive. In such examples, the permanent
seal may additionally or alternatively comprise one or more
of a weld and a metallization layer.

[0035] It will be understood that the configurations and/or
approaches described herein are exemplary in nature, and
that these specific embodiments or examples are not to be
considered 1n a limiting sense, because numerous variations
are possible. The specific routines or methods described
herein may represent one or more ol any number of pro-
cessing strategies. As such, various acts 1illustrated and/or
described may be performed in the sequence illustrated
and/or described, 1n other sequences, 1n parallel, or omitted.
Likewise, the order of the above-described processes may be
changed.

[0036] The subject matter of the present disclosure
includes all novel and non-obvious combinations and sub-
combinations of the various processes, systems and configu-
rations, and other features, functions, acts, and/or properties
disclosed herein, as well as any and all equivalents thereof.

1. A heat pipe, comprising:

a heat pipe body comprising a sealed end at which
opposing interior surfaces of the heat pipe body are
jo1ned;

a sealant located 1n a least a portion of the sealed end of
the heat pipe body between the opposing interior sur-

faces, the sealant comprising a higher oxygen transport
rate than the heat pipe body; and

a permanent seal forming an outer surface of the sealed
end.

2. The heat pipe of claim 1, wherein the sealant comprises
a polymer material.

3. The heat pipe of claim 2, wherein the sealant comprises
an epoxy material.

4. The heat pipe of claim 3, wherein the epoxy material
comprises a polyepoxy/polyamine material.
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5. The heat pipe of claim 2, wherein the sealant comprises
a laminated film.
6. The heat pipe of claim 2, wherein the sealant comprises
one or more ol a thermoplastic material and a pressure
sensitive adhesive.
7. The heat pipe of claim 1, wherein the permanent seal
comprises a weld.
8. The heat pipe of claim 1, wherein the permanent seal
comprises a metallization layer.
9. A method for manufacturing a heat pipe, the method
comprising;
applying a sealant on an interior surface of a heat pipe
body adjacent to an open end of the heat pipe body;

inserting a tube 1n the open end of the heat pipe body and
reducing a pressure within the heat pipe body via the
tube;

adding a working fluid to the interior of the heat pipe

body;

while the tube 1s inserted in the open end of the heat pipe

body, applying pressure to the heat pipe body to press
together opposing interior surfaces on which the sealant
1s applied to form a temporary gas barrier; and

alfter forming the temporary gas barrier, forming a per-

manent gas barrier to seal the open end of the heat pipe
body.

10. The method of claim 9, wherein applying the sealant
comprises applying a multilayer laminate material.

11. The method of claim 9, wherein applying the sealant
comprises applying a polyepoxy barrier film.

12. The method of claim 9, wherein applying the sealant
comprises applying the sealant 1n a fluid phase.

13. The method of claim 9, wherein applying pressure to
the heat pipe body comprises applying pressure at a location
beyond a distal end of the tube 1nserted 1n the open end.

14. The method of claim 9, wherein applying pressure to
the heat pipe body further comprises applying heat at the
location beyond the distal end of the tube to form a seal with
the sealant.

15. The method of claim 9, wherein forming the perma-
nent gas barrier comprises one or more of forming a weld
and forming a metallization layer.

16. The method of claim 9, further comprising cutting the
heat pipe body at a location of the sealant after forming the
temporary gas barrier.

17. An electronic device, comprising:
a heat-generating component; and

a heat-pipe positioned to transport heat from the heat-
generating component, the heat pipe comprising

a heat pipe body comprising a sealed end at which
opposing interior surfaces of the heat pipe body are
j01ned;

a sealant located 1n a least a portion of the sealed end
of the heat pipe body between the opposing interior
surface, the sealant comprising a higher oxygen
transport rate than the heat pipe body; and

a permanent seal forming an outer surface of the sealed
end, the permanent seal comprising a lower oxygen
transport rate than the sealant.

18. The electronic device of claam 17, wherein the elec-
tronic device comprises a portable electronic device.

19. The electronic device of claim 17, wherein the sealant
comprises one or more of an epoxy polymer and a thermo-
plastic adhesive
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20. The electronic device of claim 17, wherein the per-
manent seal comprises one or more of a weld and a metal-
lization layer.
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