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Description

BACKGROUND ART

[0001] Vapor chambers and heat sinks are used in
structures employed for cooling electronically operated
devices. Typically a vapor chamber is a closed structure
having an empty space inside within which a liquid is
provided. Vapor chambers are typically passive, two-
phase (liquid-vapor) heat transport loops that are used
to spread heat from relatively small, high heat-flux sourc-
es to aregion of larger area where the heat can be trans-
ferred elsewhere at a significantly lower heat-flux. Heat
sinks are widely known in the related art. In a typical heat
sink in operation, heat is conducted from the base of the
heatsink to an array of extended surfaces (so-called fins)
where it is ultimately transferred to the surrounding air.

SUMMARY

[0002] In a typical vapor chamber heat is conducted
from a heat source to a heat sink through an evacuated
chamber containing a working fluid such that the internal
pressure of the chamber is at the saturated vapor pres-
sure of the working fluid. In operation, the working fluid
evaporates or boils as a consequence of receiving heat
from the heat source and then re-condenses on the
colder (typically upper) regions of the chamber at a nearly
identical temperature (i.e. the corresponding saturation
temperature). The condensate liquid is caused to flow
back, often assisted by gravity, in proximity of the heat
source inside the chamber. Typically a wicking structure
is incorporated into the evaporator (vapor-generating)
side of the vapor chamber which may serve to enhance
the liquid flow back to the heat source for re-evaporation.
The net effect is efficient heat transport from the evapo-
rator section of the vapor chamber to the condenser sec-
tion of the vapor chamber; this is due to the convective
transport of the vapor, and results in a very large effective
vapor chamber thermal conductivity, often 10 to 100
times that of copper.

[0003] Typically the low heat flux side of vapor cham-
bers are coupled to a heat sink in order to more effectively
reject the heat to a surrounding fluid medium (usually air)
via convection (either natural or forced).

[0004] As it is known, electronic components are ex-
periencing continued increase in device density which in
turn typically gives rise to an increase in heat generation
within the equipment they are used. This increase in heat
generation requires more efficient cooling systems.
[0005] One way vapor chambers and heat sink effec-
tiveness may be increased is by making the devices larg-
er in size which may have the effect of both lowering the
heat sink thermal resistance and serve to increase the
surface area for conduction or convection at the free sur-
faces. However this may result in larger and heavier de-
vices causing a significant drawback. Another approach
may be to use a higher conductivity metal (e.g. copper,
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gold or silver), however typically, higher-conductivity ma-
terials correspond to both higher density (increased
weight) and greater cost.

[0006] Itis therefore desired to provide a vapor-based
heat transfer apparatus which while present improved
effectiveness (i.e. have alower thermal resistance) have,
as much as possible, a light weight.

[0007] The vapor-based heat transfer apparatus may
be a vapor chamber or a vapor chamber heat sink, or a
heat pipe.

[0008] Some embodiments of the present disclosure
relate to a vapor-based heat transfer apparatus using a
thermally conductive polymer as the solid enclosure
thereof. The inventors have realized thatthe heat spread-
ing and corresponding high thermal effectiveness of
these devices are primarily due to the vaporization and
condensation of the working fluid occurring internally.
Therefore, the thermal conductivity of the outer enclosure
may play a relatively minor role on the overall system
performance. Furthermore, by using a relatively thin and
thermally conductive polymer, good thermal perform-
ance can still be achieved while minimizing weight (e.g.
as opposed to using metals).

[0009] Herein, athermally conductive polymer is to be
understood as a polymer matrix loaded with conductive
particle filler materials in order to improve the overall bulk
thermal conductivity of the base polymer. Examples of
such thermally conductive polymers include but are not
limited to polymers such as liquid crystaline polymers
(LCP), polyamides, polycarbonate, polypropolene,
polyphthalamide, polyphenylene Sulfides or thermoplas-
tic elastomers. Filler particles may include, but are not
limited to, a range of metal or ceramic particles such as
aluminium oxide, boron nitride, silver or variations of car-
bon-based graphite or graphene particles. Itis to be noted
that within the context of the present disclosure, the term
"particle" may - in addition to its common meaning relat-
ing to small pieces, bodies or the like - be understood to
encompass fibers. Accordingly, some embodiments of
the disclosure feature a vapor-based heat transfer appa-
ratus comprising a hollow structure and a working liquid
within the hollow structure, wherein the structure is made
of a thermally conductive polymer.

[0010] According to some specific embodiments the
apparatus comprises a vapor chamber.

[0011] According to some specific embodiments, the
apparatus comprises a vapor chamber and a heat sink
such that the atleast a portion of the heat sink comprises
a conductive polymer material.

[0012] These and further features and advantages of
the present invention are described in more detail, for
the purpose of illustration and not limitation, in the follow-
ing description as well as in the claims with the aid of the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]
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Figures 1a and 1b are exemplary schematic repre-
sentations of a vapor chamber according to some
embodiments of the disclosure wherein the vapor
chamber is shown assembled to a heat sink and heat
source.

Figures 2a and 2b are exemplary schematic repre-
sentations of a vapor chamber and heat sink accord-
ing to some embodiments of the disclosure wherein
the vapor chamber is shown assembled to a heat
source.

Figure 3 is an exemplary schematic representation
another embodiment of the disclosure wherein the
vapor chamber is shown assembled to a heat
source.

Figures 4a, 4b and 4c are exemplary schematic rep-
resentations of a portion of a vapor chamber heat
sink according to some embodiments of the disclo-
sure wherein the vapor chamber is shown assem-
bled to a heat source.

Figures 5a and 5b are exemplary schematic repre-
sentations of another embodiment of the disclosure
wherein the vapor chamber is shown assembled to
a heat source.

Figure 6 is an exemplary schematic representation
of another embodiment of the disclosure wherein the
vapor chamber is shown assembled to a heat
source.

Figures 7a and 7b are exemplary schematic repre-
sentations of another embodiment of the disclosure
wherein the vapor chamber is shown assembled to
a heat source.

DETAILED DESCRIPTION

[0014] In the following, examples of embodiments are
provided related to vapor chambers and/or vapor cham-
ber and heat sinks. This however is only exemplary. In-
deed, those skilled inthe art will realize thatembodiments
of the invention are not limited to only vapor chambers
or vapor chambers and heat sinks and that other vapor-
based heat transfer apparatus such as for example pol-
ymer heat pipes may also be considered within the scope
of the present disclosure. Referring to figures1a and 1b
exemplary schematic representations of a vapor cham-
ber according to some embodiments of the disclosure
are provided where the vapor chamber is shown assem-
bled together with a heat sink. The assembly 100 of figure
1a comprises a vapor chamber 110 and a heat sink 120.
The vapor chamber 110 comprises a structure compris-
ing walls 111, 112, 113 and 114 (111-114). The walls
111-114 define an enclosed space 115 which is hollow.
Inside the hollow space 115 a working liquid 116 is pro-
vided. The working liquid may be for example water, ac-
etone, methanol, ammonia or any number of refrigerants
or liquid salts or liquid metals, depending on desired op-
erating characteristics.

[0015] According to the embodiments of the disclo-
sure, the vapor chamber 110 is made of thermally con-

10

15

20

25

30

35

40

45

50

55

ductive polymer.

[0016] The heat sink 120 comprises an array of ex-
tending bodies, or fins, 121 which serve for transporting
heat away from the vapor chamber and dissipating the
heat in the surrounding ambient, which may be air.
[0017] In the illustrative example of figures 1a and 1b
the vapor chamber is further shown to be in assembled
position over a heat source 130 (an electronic device
which in operation generates heat and which is intended
to be cooled off). Figure 1b illustrates in further detail, a
portion - represented by reference R - of the assembly
of figure 1a in heat transferring operation. In figure 1b,
like elements have been given like reference numerals
as those of figure 1a. Referring to figure 1b, the heat
source 130 is shown in thermal contact with the vapor
chamber 110. In operation, heat is transferred from the
heat source 130 to the vapor chamber 110 through the
wall 111 of the vapor chamber as schematically shown
by arrows A.

[0018] The heat received by the vapor chamber 110
causes the liquid 116 inside the vapor chamber to evap-
orate and the vapor may then move toward another (e.g.
upper) wall 113 of the vapor chamber 110 as schemati-
cally shown by arrows B. Upon arrival at the wall 130,
the vapor condenses on the surface 117 of the wall 113
and is converted back to liquid. Heat is thereby trans-
ferred from the wall 113 of the vapor chamber to the heat
sink120 as shown by arrows C which in turn is dissipated
to the ambient using fins 121. After condensation, the
liquid returns back to the side adjacent to the heat source
130 in order to undergo another evaporation-condensa-
tion cycle as described above.

[0019] As the material of the vapor chamber is made
of a thermally conductive polymer, heat is effectively and
satisfactorily transferred from the heat source to the va-
por chamber and also from the vapor chamber to the
heat sink. In this manner, the thermal effectiveness of
the devices is ensured by the vaporization and conden-
sation of the working fluid occurring inside the vapor
chamber while the weight of the device is maintained low
as compared to known solutions where metal is typically
used.

[0020] Furthermore, by using a relatively thin thermally
conductive polymer, a good thermal performance may
be achieved while weight is still further minimized. An-
other significant advantage of the solution proposed
herein over the known solutions is the possibility of con-
structing the vapor chamber or extended vapor chamber
heat sink (as will be described further below) using an
injection molded high-conductivity plastic. Itis to be noted
that the use of plastics in conventional-design vapor
chambers or vapor chamber and heat sinks is generally
considered as an option that would significantly under-
mine the performance of the resulting device (due to the
relatively low thermal conductivity of even the optimum
conductive plastics). Therefore, it may be possible that
a person skilled in the related art, following a typically
predominant general opinion would discard the use of



5 EP 2713 132 A1 6

plastics for such constructions. In contrast, in the present
disclosure the contribution of the solid phase thermal
conductivity has little effect on the thermal performance
of the vapor chamber or the vapor chamber and heat sink
as a whole due to the highly effective heat transport of
the vapor chamber region. Although the level of heat
transfer may vary from low heat flux regions (e.g., the
condenser section) to high heat flux regions (e.g., near
the heat source), it may be possible to select design pa-
rameters and materials such that the overall heat transfer
response of the device meets the specific requirements
of a particular application.

[0021] In this regard it may be said that in low heat
transfer regions a reasonably thermally conductive pol-
ymer material may be suitable for heat transfer, as the
thermal resistance across such a material would notgen-
erate too large of a temperature drop due to the low heat
flux. On the other hand, in the high heat flux regions, the
use of some metal may be appropriate to contribute to
improving the heat transfer.

[0022] Therefore, estimation may be made to deter-
mine what a reasonable range of polymer thermal con-
ductivities would be for the device to provide a desired
heat transfer response. For example, in a device with a
condenser area being 20 times that of the evaporator
area, a thermally conductive polymer that presents a
thermal conductivity of 1/20 of that of a metal (e.g. cop-
per) would have a similar temperature drop across both
the evaporator and condenser walls.

[0023] The vapor chamber may preferably comprise a
wick structure 119 to enhance liquid flow to the vicinity
of the heat source 130 and may contribute to further as-
sisting the evaporation and boiling of the liquid.

[0024] Figures 2a and 2b are exemplary schematic
representations of a vapor chamber heat sink according
to some embodiments of the disclosure. In the example
of figures 2a and 2b, like elements have been given like
reference numeral as those of figures 1a and 1b. Here
also, figure 2b shows in further detail a portion R of the
assembly of figure 2a.

[0025] The structure and the mode of operation of the
assembly shown in figures 2a and 2b are in many aspects
similar to those of the example of figures 1a and 1b, with
a difference that in the example of figures 2a and 2b, the
vapor chamber 110 is integrated into the base 120a of
the heat sink 120. As shown in figures 2a and 2b, the fins
121 of the heat sink 120 are hollow thereby providing
additional internal space 115afor the vapor and therefore
additional surface for liquid condensation thereby im-
proving heat transfer. This option therefore has the ad-
vantage of allowing for an enhanced spreading of the
heat, which may include the body of the vapor chamber
110 (similar to the example of figures 1a and 1b) as well
as the entire domain of extended surfaces of the fins 121
of the heat sink 120.

[0026] Therefore while the working fluid is evaporated
at vicinity of the heat source 130, the working fluid 116
is allowed to re-condense the full (or any available) length
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and height of each fin (or pin or any other extended sur-
face used for heat dissipation). Furthermore, this ap-
proach allows for effectively removing or at least reducing
the contribution of fin thermal resistance (which can be
considerable) to the total resistance of the heat sink and
making the entire heat sink a contiguous vapor chamber.
[0027] As this solution effectively creates a hollow heat
sink, the entire inner core of the overall structure be-
comes a single vapor chamber capable of operating at
a near isothermal condition due to the evaporation and
subsequent condensation of the working fluid from hot
regions to cold regions in the chamber. This effect would
improve considerably the heat spreading not only
through the base of the heat sink but also into the fins
thereby dramatically increasing the overall effectiveness
of the heat sink while significantly reducing its weight (as
compared to known solutions).

[0028] From the standpoint of thermal effectiveness,
the inner walls of this vapor chamber or vapor chamber
heat sink may be made thin, for example less than about
1 mm, to limit their possible contribution to the thermal
resistance of the device and to allow adequate internal
space for the condensate to flow.

[0029] It is to be noted that the solution according to
the embodiments of figures 2a and 2b is in some aspects
contrary to a conventional conduction heat sink (or in-
deed a conventional vapor chamber heat sink) where in
such conventional solutions an incentive lies in providing
thicker fins in order to reduce contribution of fin thermal
resistance.

[0030] Similar to what was mentioned in relation to the
embodiment of figures 1a and 1b, this embodiment may
also allow for the construction of the vapor chamber and
the vapor chamber and heat sink using an injection mold-
ed high-conductivity plastic and thus encompasses sim-
ilar advantages. The embodiment of figures 2a and 2b
also allows for a number of unique construction options
and embodiments which are described in the following.
[0031] The use of an injection molded plastic to create
a vapor chambers or extended vapor chamber heat sink
would allow for the construction of thin walls that would
otherwise be impossible or at least very difficult to form
by other high-volume processes such as metal casting
or extrusion. Additionally, injection molding may allow for
at least certain parts of the complex extended vapor
chamber side of the heat sink to be created as one piece
thereby decreasing the otherwise more intensive con-
struction process of conventional vapor chamber heat
sinks. For example the extended fins and the top portion
of the vapor chamber may be made in one piece. The
base of the vapor chamber adjacent to the heat source
may be another piece and the two pieces may then be
easily bonded together. Depending on the type of the
thermally conductive polymer employed in the construc-
tion of the chamber, small amounts of working fluid may
be absorbed into the polymer material. Similarly, under
the low pressure conditions the chemical interactions
within the polymer could result in out-gassing of non-
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condensable gasses that may inhibit or degrade the per-
formance of the device. Both of these phenomena may
be overcome by employing a layered construction ap-
proach as shown in the embodiment of figure 3.

[0032] Figure 3 is in many aspects of structure and
operation similar to figure 2b in both of which only a por-
tion R of the assembly of the vapor chamber, heat sink
and the heat source is shown. In figure 3 like elements
have been given like reference numerals as those of fig-
ure 2b. However, figure 3 further illustrates the presence
of a layer 140 which is intended to block the absorption
of the fluid as well as the out-gassing of the gasses as
described above. According to the embodiment of figure
3, the overall polymer enclosure or at least a part thereof,
including the inner walls of the vapor chamber 110 and
those of the fins 121, is lined with a thin hermetic layer
140 adapted to act as an impermeable barrier to mass
transport to or from the polymer enclosure. This layer
may be applied through electroplating or chemical vapor
deposition or other known techniques.

[0033] As an alternative solution for providing such
blocking effect, use may be made of pure polymer or
epoxy layer on either the outside or inside of the vapor
chamber to improve its hermeticity.

[0034] In some of the embodiment where the fins of
the heat sink also act as condensation walls (e.g. figures
2a, 2b), vapor may condense on the fins’ inner walls.
During the condensation process, liquid droplets may be
formed on said inner walls that could potentially bridge
the gap between the inner walls in this region and could
result in an accumulation of liquid in this space. This sit-
uation is schematically illustrated in figure 4a. In figures
4a, 4b and 4c a portion of a fin 121 is shown where the
fin 121 has a hollow inner space 115a in accordance with
the embodiments described with reference to figures 2a-
2b and 3. The fin 121 has walls 122 and 123. As shown
in figure 4a, liquid bridges 124 are formed between the
inner surfaces of the walls 122 and 123. Such accumu-
lation of droplets may be undesirable as it may block the
passage of vapor to other regions of the fins or the return
of the liquid back to the liquid base adjacent to the heat
source (not shown) or it may increase thermal resistance
within the fins 121. To overcome this situation, use may
be made of known surface treatments which provide a
certain level of hydrophobicity to the regions concerned
thereby promoting the flow of liquid droplets from the sur-
face and minimizing the thermal resistance associated
with a condensation film on the inner surface of the walls
122, 123. By using such surface treatment, the droplets
would not accumulate on the inner surfaces of the walls
and may leave such surfaces before an accumulation is
produced as shown in figure 4b. Alternatively, depending
on the specific design requirements, a hydrophilic sur-
face may be used thereby causing the droplets to adhere
along arelatively extended inner surface of the walls 122
and 123, thereby limiting their propensity to form liquid
bridges on the opposite wall as illustrated in figure 4c.
An example of a hydrophobic material is teflon and one
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for a hydrophilic material is glass.

[0035] Briefly, Hydrophobicity or Hydrophilicity typical-
ly depends on the solid/liquid combination and the sur-
face structure of the solid (i.e. the presence of microstruc-
tures to encourage hydrophobicity). Hydrophilic surfac-
es, more specifically, have the property that water has
an affinity for the surface, thus water will readily wet and
spread onto a hydrophilic surface. Hydrophobic surfaces,
in contrast, are such that water does not have a significant
affinity for the surface, and will instead minimize its sur-
face contact area with the surface by forming droplets.
Hydrophilicity and hydrophobicity are controlled by the
inherent surface energies associated with the interaction
of the solid, liquid and vapor phases. Knowledge of the
relative magnitudes of the various solid/liquid, solid/va-
por and liquid/vapor surface energies allows one to de-
termine if a fluid and solid will interact in a hydrophilic or
hydrophobic, e.g., wetting or non-wetting, manner. Sur-
face roughness applied to a hydrophilic/hydrophobic sur-
face will typically enhance its character, e.g., a hy-
drophilic surface may become super-hydrophilic, and a
hydrophobic surface may become super-hydrophobic.
[0036] Since vapor chambers typically operate at pres-
sures different from atmospheric pressure, pillars, ribs or
other internal solid structures (hereinafter referred to as
support elements) may optionally be incorporated into
the internal structure of the vapor chamber or the vapor
chamber and the heat sink to ensure that the heat sink
and/or the vapor chamber remain rigid and structurally
sound while allowing for minimization of the thickness of
the enclosure for thermal optimization. Figure 5a shows
an exemplary schematic representation of an assembly
of a vapor chamber 110, a heat sink 120 and a heat
source 130. The embodiment shown in figure 5a is in
many structural and operational aspects similar to that
of figures 2a-2b or figure 3 and like elements therein have
been given like reference numerals as figures 2a-2b and
3. However, figure 5a furtherillustrates the use of support
elements 150 inside the vapor chamber 110 and/or the
fins 121 to enhance rigidity as discussed above.

[0037] In some embodiments, additional structural el-
ements may be provided inside the fins 121 designed to
direct or enhance the liquid condensate flow returning
back to the liquid base in the vapor chamber (e.g. to the
wick structure and/or heat source). Advantageously such
additional elements may be the same as the support el-
ements as described above. Therefore, in some embod-
iments, the support elements 150 may be used for both
purposes described above, namely that of providing
structural rigidity to the overall structure and that of di-
recting the condensed liquid back to the vapor chamber.
[0038] Figure 5b shows a fin 121 in a cross-sectional
view along the cross-section represented by broken line
A-Ainfigure 5a. As shown in figure 5b, support elements
150 may be positioned inside the fins 121 to direct the
liquid drops 160. Preferably the support elements may
be provided in a shape and/or position to assist the flow
of the drops 160 back to the vapor chamber 110. For
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example in figure 5b, the support elements are provided
with a certain slope that, when fin is positioned vertically,
direct the liquid drops 160 downward as shown by arrows
in figure 5b.

[0039] Insome embodiments the thermally conductive
polymer used in the vapor chamber or the vapor chamber
heat sink may include metal inserts incorporated or over-
molded into the polymer structure at the location where
the heat source is brought into thermal contact with the
vapor chamber. This option may help to improve heat
transfer from the heat sink into the vapor chamber and
the wick structure (if a wick structure is used). Further-
more, such metal insert may allow for more robust heat
source attachment options such as the use of threaded
holes or studs or the direct soldering or welding of such
devices directly to the vapor chamber or heat sink. In
addition, a metal wick structure may optionally be sol-
dered directly to such metalinserts to improve heat trans-
fer into the wick inside of the vapor chamber.

[0040] If a wick structure is used, which may often be
the case, the wick structure itself may be one of several
existing technologies depending on the design require-
ments and liquid transport needs of the vapor chamber
or vapor chamber heat sink. Some non-limiting examples
of wick structure include porous sintered metal wicks,
layers of woven metal wire screen mesh or a grooved
wick. For smaller vapor chambers or heat sinks, grooved
wicks may be an attractive option and may be incorpo-
rated directly into the heated base of the vapor chamber
during the process of molding the plastic.

[0041] In some embodiments a hybrid wick structure
may be used. Figure 6 shows an exemplary schematic
representation of a portion of a vapor chamber R within
which a hybrid wick structure is used. In figure 6, like
elements have been given like reference numerals as
those of figures 1a and 1b. The hybrid wick structure 119
comprises a first portion made of porous structure 119a
which may be made of a sintered metal or a screen mesh
wick. The hybrid wick structure further comprises a sec-
ond portion with grooves 119b such that the groove are
embedded in the body of the vapor chamber wall 111 or
in the base of the heat sink (not shown).

[0042] Accordingto stillafurther embodiment, the wick
structure itself may be made of sintered plastic material.
This option is made possible due to the use of a thermally
conductive polymer as material for the vapor chamber
asdiscussed above. Figures 7a and 7b show a schematic
representation of a portion of a vapor chamber R within
which sintered plastic is used to form the wick structure.
In figures 7a and 7b, like elements have been given like
reference numerals as those of figures 1a and 1b. Ac-
cording to this embodiment, particles 170a of the ther-
mally conductive polymer are provided inside the vapor
chamber 110. The particles 170a are then heated to a
temperature below their melting point or glass transition
temperature. Atomic diffusion bonds the particles togeth-
er forming a continuous (sintered) solid porous structure
as shown in figure 7b by reference numeral 170b which
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represents the particles of figure 7a but in porous struc-
ture form.

[0043] The initial particle size may be determined
based on the required porosity and capillary require-
ments of the overall vapor chamber or vapor chamber
heat sink. The sintered polymer wick 170b may be man-
ufactured in-situ of the vapor chamber heat sink and may
further be sintered directly to the inner wall 111 of the
vapor chamber (or the vapor chamber and heat sink) to
improve heat transfer from the outer heat source 130 into
the wick 170b.

[0044] The overall assembly of the vapor chamber or
the vapor chamber and heat sink may be made using
known processes. For example, in order to create an
enclosed chamber of a given design (be it a simple flat
vapor chamber design or a more complex extended va-
por chamber heat sink) the injection molded conductive
polymer may be assembled from a minimum of two sep-
arately molded pieces. In order to provide an effective
seal between these components, mechanical assembly
using fasteners and a gasket material (such as an O-ring
or a wet installed sealant or adhesive) may be used. An-
other alternative approach afforded by the use of a pol-
ymeric enclosure may be to use a compatible epoxy or
adhesive to chemically bond the components together.
Finally, a variety of plastic welding options may also be
amenable to joining these components.

[0045] The solution proposed herein provide signifi-
cantincrease in vapor chamber and vapor chamber heat
sink effectiveness (performance) and decrease in weight
as compared to known designs resulting in increased
reliability and functionality for the hardware employing
such solution.

[0046] The various embodiments of the presentinven-
tion may be combined as long as such combination is
compatible and/or complimentary.

[0047] Furtheritis to be noted that the list of structures
corresponding to the claimed elements is not exhaustive
and that one skilled in the art understands that equivalent
structures can be substituted for the recited structure
without departing from the scope of the invention.

Claims

1. A vapor-based heat transfer apparatus comprising
a hollow structure and a working liquid within the
hollow structure, wherein the structure is made of a
thermally conductive polymer.

2. The apparatus of claim 1, wherein the thermally con-
ductive polymer is a high conductivity plastic.

3. The apparatus of claim 1 or claim 2, wherein the
hollow structure of the apparatus comprises inner
walls covered, at least in part, with a hermetic layer
adapted to block a transport of the working liquid
inside the thermally conductive polymer.
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The apparatus of claim 1 or claim 2, wherein the
hollow structure of the apparatus comprises inner
walls covered, at least in part, with a pure polymer
material or an epoxy layer adapted to block a trans-
port of the working liquid inside the thermally con-
ductive polymer.

The apparatus of any one of claims 1 to 4 comprising
one or more extended structures configured for dis-
sipating heat from the apparatus to the ambient, said
extended structure having a hollow interior space at
least in a portion thereof and comprising an inner
surface within said interior space, said surface pre-
senting a hydrophobic property.

The apparatus of any one of claims 1 to 4 comprising
one or more extended structures configured for dis-
sipating heat from the apparatus to the ambient, said
extended structure having a hollow interior space at
least in a portion thereof and comprising an inner
surface within said interior space, said surface pre-
senting a hydrophilic property.

The apparatus of any one of the previous claims
comprising an internal element configured for pro-
viding rigidity to the structure of the apparatus.

The apparatus of any one of the previous claims
comprising an internal element configured for direct-
ing a direction of the flow of the liquid condensate.

The apparatus of any one of the previous claims
wherein the thermally conductive material comprises
one or more metal inserts.

The apparatus of claim 9 wherein a wick structure is
soldered or bonded to the metal insert or inserts.

The apparatus of claim 10 wherein the wick structure
comprises a first portion made of a porous structure
and a second portion comprising grooves.

The apparatus of any one of preceding claims 1 to
claim 9 comprising a wick structure made of plastic
material particles.

The apparatus of any one of claims 1 to 4 or claims
7 to 12 comprising a vapor chamber.

The apparatus of any one of claims 1 to 12 compris-
ing a vapor chamber and a heat sink, wherein atleast
a portion the heat sink comprises a conductive pol-
ymer material.

The apparatus of any one of claims 1 to 12 compris-
ing a heat pipe,
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