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(54) A HEAT TRANSFER STRUCTURE

(57) A heat transfer structure comprising a plurality
of heat pipes, and a cooling chamber. Respective evap-
orator sections of each one of the heat pipes are config-
ured to be thermally coupled to a respective heat source.
Each heat pipe is configured to transfer heat from the
respective evaporator section, to the cooling chamber,
through its respective condenser section. A fluid is made
to move into the cooling chamber through a fluid conduit

which is then moved out of the cooling chamber to there-
by transfer heat from the cooling chamber to a surround-
ing medium. In some embodiments, the heat transfer
structure has a fluid mover to force the fluid cooling cham-
ber move in and out of the cooling chamber. In some
embodiments, the fluid mover is located inside the cool-
ing chamber.
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Description

[0001] The presentdisclosure relates to a heattransfer
structure. In particular the disclosure relates to a heat
transfer structure that uses heat pipes, among other el-
ements.

BACKGROUND ART

[0002] Electronic and optical systems contain compo-
nents that generate heat during their operations. In mod-
ern electronic or optical systems, the heat sources (i.e.
the electronic or optical components) are often densely
packed in small or even miniature housings. Despite the
small space available surrounding such components,
these components still need to be maintained below cer-
tain temperature limits to ensure their reliability in oper-
ation.

SUMMARY

[0003] Some embodiments feature a heat transfer
structure comprising:

- a plurality of heat pipes, each heat pipe from the
plurality of heat pipes comprising a condenser sec-
tion, an evaporator section, a working fluid and a
wick structure;

- a cooling chamber confined within a housing and
comprising a first fluid conduit; wherein:

respective evaporator sections of each one of
the plurality of the heat pipes are configured to
be thermally coupled to a respective heat
source;

each one of the plurality of heat pipe is config-
ured to transfer heat from the respective evap-
orator section, to the cooling chamber, through
its respective condenser section;

the first fluid conduit is configured to allow pas-
sage of a fluid into the cooling chamber; and
the heat transfer structure is configured to allow
passage of the fluid out of the cooling chamber.

[0004] Insomeembodiments, the respective condens-
er section of each one of the plurality of heat pipe is, at
least partially, located in or proximate to the cooling
chamber.

[0005] In some embodiments, each on one of the plu-
rality heat pipes extends from the cooling chamber such
that the cooling chamber is common to respective con-
denser sections of the heat pipes.

[0006] Insome embodiments, each one of the plurality
of heat pipes extends radially from the cooling chamber
thereby defining a spherical shape for the heat transfer
structure.

[0007] Insome embodiments, a second conduitis con-
figured to allow the passage of the fluid out of the cooling
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chamber to thereby transfer heat from the cooling cham-
ber to a surrounding medium.

[0008] In some embodiments, one or more openings
are provided on a housing of the cooling chamber are
configured to allow the passage of the fluid out of the
cooling chamber to thereby transfer heat from the cooling
chamber to a surrounding medium.

[0009] In some embodiments, one or more heat sinks
are provided thermally coupled to a respective heat pipe
so as to enable heat transfer from the condenser section
of the heat pipe to an ambient environment.

[0010] In some embodiments, the one or more heat
sinks have a porous structure configured to allow for a
passage of the air therethrough.

[0011] Insome embodiments, the movement of the flu-
id into and out of the cooling chamber is by convection.
[0012] Insome embodiments, the movement of the flu-
id into and out of the cooling chamber is provided by
forcing the movement of the fluid using a fluid mover.
[0013] In some embodiments, the fluid mover is locat-
ed outside the cooling chamber.

[0014] In some embodiments, the fluid mover is locat-
ed inside the fluid chamber.

[0015] Insome embodiments, the fluid mover compris-
es a plurality of blades, each blade having a first end and
a second end wherein respective first ends of the plurality
of blades are collectively joined to a first neck and re-
spective second ends of the plurality of blades are col-
lectively joined to a second neck, thereby collectively de-
fining a multi-blade body.

[0016] In some embodiments, the multi-blade body is
configured to rotate around a central axis to thereby
cause the plurality of blades generate fluid flow in multiple
directions.

[0017] Insome embodiments, each blade has a struc-
ture such that an angle of attack at a central part of the
blade is different from an angle of attack at an end of the
blade.

[0018] Insomeembodiments, each blades has astruc-
ture configured to cause a flow of the fluid in the vicinity
of the ends of the blade to be oriented in directions that
are parallel or at small angels with respect to the central
axis of the multi-blade body, and a flow of fluid in the
vicinity of the central part of the blades to be oriented in
directions that are perpendicular with respect to the cen-
tral axis or at small angle with respect to said perpendic-
ular direction.

[0019] Insome embodiments, the air mover comprises
a motor actionable using magnetic forces to produce ro-
tation.

[0020] In some embodiments, the motor comprises at
least two magnetic elements having respective shapes
in conformity with each other such that one can be placed
inside the other, and wherein a first one of the magnetic
elements is made of permanent magnet and a second
one of the magnetic elements is connected to an elec-
tronic circuitry configured to induce a magnetic field
around said second magnetic element such that mag-
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netic fields between the two magnetic elements oppose
each other to thereby cause one magnetic element lev-
itate with respect to the other.

[0021] In some embodiments, the electronic circuitry
is configured to vary the magnetic field in the second
magnetic element to cause the first magnetic element to
levitate and rotate with respect to the second magnetic
element.

[0022] In some embodiments, the fluid mover has a
shape in conformity with the shape of the cooling cham-
ber.

[0023] In some embodiments, the fluid is air.

[0024] Some embodiments feature a fluid mover com-
prising a plurality of blades, each blade having a first end
and a second end wherein respective first ends of the
plurality of blades are collectively joined to a first neck
and respective second ends of the plurality of blades are
collectively joined to a second neck, thereby collectively
defining a multi-blade body.

[0025] In some embodiments, the multi-blade body is
configured to rotate around a central axis to thereby
cause the plurality of blades generate fluid flow in multiple
directions.

[0026] In some embodiments, each blade has a struc-
ture such that an angle of attack at a central part of the
blade is different from an angle of attack at an end of the
blade.

[0027] Insomeembodiments, each blades has a struc-
ture configured to cause a flow of the fluid in the vicinity
of the ends of the blade to be oriented in directions that
are parallel or at small angels with respect to the central
axis of the multi-blade body, and a flow of fluid in the
vicinity of the central part of the blades to be oriented in
directions that are perpendicular with respect to the cen-
tral axis or at small angle with respect to said perpendic-
ular direction.

[0028] Insome embodiments, the airmover comprises
a motor actionable using magnetic forces to produce ro-
tation.

[0029] In some embodiments, the motor comprises at
least two magnetic elements having respective shapes
in conformity with each other such that one can be placed
inside the other, and wherein a first one of the magnetic
elements is made of permanent magnet and a second
one of the magnetic elements is connected to an elec-
tronic circuitry configured to induce a magnetic field
around said second magnetic element such that mag-
netic fields between the two magnetic elements oppose
each other to thereby cause one magnetic element lev-
itate with respect to the other.

[0030] In some embodiments, the electronic circuitry
is configured to vary the magnetic field in the second
magnetic element to cause the first magnetic element to
levitate and rotate with respect to the second magnetic
element.

[0031] In some embodiments, the fluid mover has a
shape in conformity with the shape of the cooling cham-
ber.
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[0032] 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

[0033]

Figure 1is a schematicrepresentation of an example
of a heat transfer structure used in a device accord-
ing to some embodiments.

Figure 2 is a partial schematic representation of the
heat transfer structure of figure 1.

Figure 3 is a partial schematic representation of the
heat transfer structure of figure 1 and including an
air mover according to some embodiments.

Figure 4 shows a schematic example of an air mover
for use inside the cooling chamber of the heat trans-
fer structure for figure 3.

Figures 5A and 5B show schematic partial elements
of an example of a motor useable in the air mover
of figure 4.

Figure 6 is a schematic partial representation of the
heat transfer structure according to some embodi-
ments.

DETAILED DESCRIPTION OF ILUSTRATIVE EMBOD-
IMENTS

[0034] As mentioned above modern electronic or op-
tical components are often densely packed inside small
or even miniature housings. Therefore, an efficient trans-
fer of the heat generated by these components in the
smallest volume possible is becoming a key requirement.
One aspect of such efficient heat transfer is that the ther-
mal management system installed in the equipment is
less obtrusive on the overall architecture. Current heat
pipes and heat exchangers are being designed for this
purpose; however they are typically constructed from an
assembly of individual parts designed separately from
each other. One drawback associated with this type of
construction is that it is non-optimal in thermal perform-
ance. Another drawback associated with these struc-
tures is that they typically occupy relatively large volumes
due to their relatively large size.

[0035] Currently, heat pipes, heat sinks and heat ex-
changers are typically constructed from common metal
processing techniques. Heat pipes are typically manu-
factured using copper pipes that undergo processes
which may include powder filling, heat treatments, liquid
filling, evacuation and degassing. Heat pipes typically
have a single evaporator where a working fluid within the
heat pipe evaporates fromiits liquid phase upon receiving
heat from a heat source (e.g. a hot component) and a
single condenser transferring the heat from the hot vapor
to a medium where heat is dissipated, e.g. a heat sink,
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to thereby condense the vapor back to liquid. Heat sinks
and multi fluid heat exchangers also typically utilize
standard manufacturing processes including casting,
machining, extrusion, folded and skived fins. As a result,
some known heat pipes and heat exchangers are con-
strained to simply shaped designs that are two-dimen-
sional extrusions of objects, for example in extended pla-
nar rectangular or circular shapes.

[0036] Constraining the design of the heat exchanger
to such non-arbitrary shapes ultimately constrains the
overall product (or equipment) design. Given that the vol-
ume of the cooling solution can, in many applications, be
above 50% of the total product volume, this constraint
may consequently also impact the final product shape
and aesthetics. Hence, many of the conventional elec-
tronic or optical systems (e.g. metrocells, remote radio
heads, servers, cabinets, etc.) are configured such that
they can accommodate the above-mentioned extended
planar heat bodies, for example in box’-like shapes.
[0037] This type of design philosophy negatively im-
pacts the thermal performance capabilities of modern
complex, high density systems. In order to overcome the
above drawbacks, new approaches in the design of ther-
mal solutions are desired which is capable of conforming
to arbitrary shapes and structures of the equipment in
which they are installed.

[0038] Furthermore, it is desirable to provide a heat
transfer structure that is capable of being designed and
manufactured as one complete unit from the start (i.e.
that is not an assembly of individually fabricated heat
pipe and heat sink parts), can be fit in smaller volumes,
can transfer heat from multiple heat sources and can
improve heat transfer efficiency. Making a heat transfer
structure as one complete unit is advantageous because
it may enable higher levels of total heat dissipation in a
given volume, as compared to a conventional heat trans-
fer assembling with individually designed and manufac-
tured heat pipes and heat sinks that are subsequently
assembled together. In the latter case, when one assem-
bles the parts together it is typically unlikely that the final
heat transfer structure will provide an optimal perform-
ance for the volume it occupies.

[0039] Figure 1 shows a schematic representation of
an example of a heat transfer structure 100 used in a
device 1. Device 1 may be an electronic or an optical
device or any combination thereof. Some non-limiting ex-
amples of device 1 may be an antenna array for wireless
communication or a device for emitting light in multiple
directions. The device 1, including the heat transfer struc-
ture, in this example is shown to have a spherical shape,
however this is only one specific example of the shape
that device 1 may have and other shapes and designs
for the device 1 may also be envisaged within the scope
of the present disclosure.

[0040] As shown infigure 1, device 1 has a plurality of
heat sources 110 (e.g. electronic components or light
emitting elements) installed in a spherical arrangement
to ensure transmission (e.g. of radio signals or light
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beams) in multiple directions.

[0041] Eachheatsource 110 may be thermally coupled
to a respective heat pipe 120.

[0042] The terms "thermally coupled" and "thermal
coupling" or associated terms, as used herein is to be
understood in a broad sense, encompassing situations
in which the heat source and the heat pipe are in direct
physical contact to transfer heat; or situations in which
such contactis provided indirectly, for example by having
anintermediate layer of material between the heat source
and the heat pipe capable of ensuring improved heat
transfer. Such material may be for example a sheet of
metal or a layer of grease.

[0043] As can be seen on figure 1, and will be further
described in figure 2, the heat pipes extend (radially in
the example of figure 1) from a central region which is
common to respective ends of the heat pipes 120.
[0044] Figure 2 shows a partial representation of the
heat transfer structure 100 of figure 1 in which for sim-
plicity only one heat source-heat pipe pair is shown. The
rest of the plurality of heat source-heat pipe pairs, not
fully shown, may have similar structures and functional-
ities. Heat source 110 may include a plurality of compo-
nents generally shown by reference numeral 111. Such
components may be electronic or optical. Components
111 may be located on a suitable support structure 112
such as a substrate made of a material with good thermal
conductivity.

[0045] Heatsource 100isthermally coupledtothe heat
pipe 120. In the example shown in figure 2, the thermal
coupling is provided by contact between the heat pipe
120 and the support structure 112 of the heat source 110.
[0046] Each one of the heat pipes 120 may comprise
a condenser section 121, an evaporator section 122 and
an intermediate adiabatic section 123. A working fluid
124 capable of changing phase from liquid to vapor and
vice-versa, in response to exchange of heat with the sur-
roundings, is provided inside the heat pipe, as known in
the related art. The working fluid 124 may be, for exam-
ple, water. However other known working fluids may also
be used depending on each specific application. The
choice of working fluid can for example be based on the
operating temperature range of each specific application
because different working fluid may change phase at dif-
ferent temperatures, as is know in the related art.
[0047] Heat pipe 120, may further comprise a wick
structure 125 for transferring liquid from the condenser
section 121 to the evaporator section 122 by capillary
effect.

[0048] The condenser section 121 is, at least partially,
located in or proximate to a cooling chamber 130 con-
taining a convective medium, such as, for example, air.
[0049] The cooling chamber 130 is confined within a
housing 131 which also receives respective condenser
sections 121 of the rest of the heat pipes 120 of the heat
transfer structure 100. The rest of the heat pipes 120,
being thermally coupled to respective heat sources at
their respective evaporator ends, are configured to trans-
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fer heat from their respective evaporator sections, to the
convective medium within the cooling chamber 130 in a
similar fashion as described above.

[0050] The cooling chamber 130 is further provided
with fluid conduits 140. The fluid conduits 140 are con-
figured to allow for the passage of a cooling fluid into and
out of the cooling chamber 130. For example ambient air
may be made to flow through one conduit 140 into the
cooling chamber 130 and to flow through another fluid
conduit 140 out from the cooling chamber 130. In figure
2, only two fluid conduits have been shown. This however
is only exemplary and the heat transfer structure of the
present disclosure can include any suitable number of
conduits as may be required for a specific application.
[0051] In the following an example of an embodiment
is provided in which use is made of air as a fluid to move
inside the cooling chamber to cool the condenser sec-
tions. The disclosure however is not so limited and other
fluids may also be used according to specific require-
ments and designs within the scope of the present dis-
closure.

[0052] The heat transfer structure 100 of the present
disclosure may be used to transfer heat from multiple
heat sources 110 as described below. Heat generated
by components 111 during their operation is transferred
to the evaporator section 122 of the heat pipe 120. Such
transfer of heat may, for example, be made using a sup-
port structure 112 such as a substrate made of a material
with good thermal conductivity. The evaporator section
122 is configured to receive liquid from the wick structure
125 which in turn absorbs the liquid 124 from the con-
denser section 121 and transports the liquid to the evap-
orator section 122 by capillary action.

[0053] Upon reaching the evaporator section 122,
which is heated due to the presence of thermal coupling
with the heat source 110, the liquid evaporates as sche-
matically shown by reference numeral 126. The vapor
126 thus produced moves to the condenser section 121
(due to temperature difference and/or pressure differ-
ence between the two sections) where it is condensed
and changes phase from vapor 126 into liquid 124.
[0054] The condensation of the vapor into liquid is
achieved due to the cooling effect of air moving within
the cooling chamber 130 in which the condenser section
is, at least partially, inserted. The movement of the air
within the cooling chamber may be due to convection
and has the effect of removing the heat from the con-
denser sectionwhichis heated fromthe vaporthatarrives
at the condenser section 121.

[0055] As the condenser sections of all the heat pipes
120 are, as shown in figure 2, at least partially inserted
inside the cooling chamber 130, the respective condens-
er sections of each of the heat pipes undergo similar cool-
ing processes. Therefore the plurality of the heat pipes
are simultaneously cooled. Furthermore as the air, in the
cooling chamber 130 absorbs heat from the heat pipes
120, its temperature increases. The increase in temper-
ature of the air inside the cooling chamber 130 gives rise
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to a difference in temperature between the air inside the
housing 131 and the air in the surroundings of the cooling
chamber thereby causing the heated air to move, due to
convection, out of the cooling chamber 130, through a
conduit 140. This, in turn, causes the outside air, which
is cooler, to move inside the cooling chamber 130,
through another conduit 140. The movement of the air in
and out of the cooling chamber is represented in figure
2 by arrows F.

[0056] As the cooling chamber 130 is common to the
plurality of the heat pipes 120, various heat sources 110
(electronic or optical components) can be efficiently
cooled with the use of only one heat transfer structure
and without the need for using bulky heat sinks. Further-
more, as the shape of the cooling chamber may be de-
signed in conformity with the space available inside the
equipment, great flexibility is provided in overall layout
of the equipment and its internal components. Likewise,
the shape and/or the manner of distribution of the heat
pipes with respect to the cooling chamber may be de-
signed with great flexibility and in view of the overall de-
sign requirements of the equipment.

[0057] Incase a mere convection of air is not sufficient
for providing an efficient cooling effect, e.g. in cases
where the components’ temperatures increase faster
than the ability of the heat transfer structure to maintain
them at a desired level of temperature, use may be made
of forced movement of the air by using a device for forcing
air into and out of the cooling chamber 130.

[0058] In some embodiments an air mover, e.g. a fan,
may be provided external to the heat transfer structure.
By using an air mover, air may be forced to enter into a
first conduit 140, propagate into the cooling chamber 130
and finally forced out of the cooling chamber from a sec-
ond conduit 140 as shown in figure 2 by arrows F (the
air mover is not shown). The air mover may be a rotary
fan or a piezoelectric fan or any other known fan suitable
for the intended use.

[0059] In some embodiments, the air mover may be
installed inside the cooling chamber 130. Figure 3 illus-
trates one way of implementing this configuration. In fig-
ure 3, like elements have been given like reference nu-
merals as those of figure 2.

[0060] The heattransferstructure 100 of figure 3 differs
from that of figure 2 in that the embodiment of figure 3
comprises an air mover 200 located inside the cooling
chamber 130.

[0061] Preferably, the air mover 200 may be designed
to have a shape in conformity with the shape of the cool-
ing chamber. This will allow efficient usage of the space
available inside the cooling chamber to provide improved
air flow. In figure 3, the air mover has a spherical shape
which, as will be described with reference to figure 4,
may help generate a relatively even air movement in mul-
tiple directions. Figure 4 shows an example of an air mov-
er 200, in this case a rotary fan, for use inside the cooling
chamber of the heat transfer structure 100, according to
some embodiments.
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[0062] The fan 200 of figure 4 comprises a plurality of
blades 210. Each blade 210 has a first end 211 and a
second end 212. The first ends of the plurality of blades
are collectively joined to a first neck 220 and the second
ends 212 of the plurality of blades are collectively joined
to a second neck 230. The blades 210 are positioned
relative to each other so as to define a multi-blade body
214 having a spherical shape, such that each individual
blade is generally oriented along a respective line of lon-
gitude of the sphere. The fan 200 may therefore be made
to rotate around a central axis A-A’ to cause the plurality
of blades generate air flow in multiple directions covering
a span of 360 degrees.

[0063] In some embodiments, the blades may be de-
signed such that the angle of attack in each blade 210
changes to ensure an even airflow distribution. For ex-
ample a blade may be made to have a larger angle of
attack at the ends 211, 212 and a smaller angle of attack
at the central part 213 thereof. This change in the angle
of attack may be progressive, i.e. at a constant rate, or
non-progressive, for example in the form of a stepwise
change. In the absence of such change in the angle of
attack of the blades, the movement of the air in the re-
gions closer to the ends 211, 212 would be weaker than
the movement of the airin the regions closer to the central
part 213. By providing the above-described change in
the angle of attack, an even distribution of airflow may
be ensured.

[0064] The blades may also be designed such that the
angle of attack changes in such a way that airflow in the
vicinity of the ends 211 and 212 of the blades can be
oriented in directions that are parallel or at small angels
with respect to the central axis A-A’ while airflow in the
vicinity of the central part of the blades is perpendicular
thereto. This arrangement is also advantageous as it al-
lows for moving the air not only in a direction perpendic-
ular to the central axis A-A’ but at any desired angle as
one moves from the central part 213 of the blade to the
ends 211, 212 thereof, thus providing air distribution in
practically all possible angles.

[0065] Fan 200 further comprises a motor 240 to cause
the multi-blades body 240 to rotate so as to generate
airflow.

[0066] In some embodiments, the motor 240 may be
designed to operate using magnetic forces to produce
rotation without using bearings and/or brushes that are
used in some known motors. Figures 5A and 5B show
partial elements of an example of a motor of such type
which may be used in the fan of figure 4.

[0067] Figure 5A shows two magnetic elements 241,
242, having respective shapes in conformity with each
other such that one can be placed inside the other. The
two magnetic elements 241, 242 form part of the motor
240. In the example of figure 5A, the magnetic elements
have truncated-cone shapes. However this is only exem-
plary and other geometrical shapes may be used within
the scope of the present disclosure.

[0068] A first one of the two magnetic elements, for
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example the outer element 241, may be made of perma-
nent magnet and the second one, e.g. the inner magnetic
element 242, may be connected to suitable electronic
circuitry configured to induce a magnetic field around said
second magnetic element 242. The magnetic forces (or
magnetic fields) between the two magnetic elements
241, 242 may be configured to oppose each other. The
opposing magnetic forces may be used for levitating one
magnetic element with respect to the other. In this man-
ner, the two magnetic elements are separated from each
other with only air being present between them.

[0069] By varying the magnetic field in the second
magnetic element 242, an interaction between the op-
posing forces of the two magnetic elements 241 and 242
may be produced which may cause the first magnetic
element 241 to rotate, as it is levitated, with respect to
the second magnetic element 242.

[0070] The motor 240 comprising the pair of the first
magnetic element 241 and the second magnetic element
242 may be installed inside a cavity 243 provided at the
neck 220 of the fan 200. The two magnetic elements 241
and 242 not only, in combination, facilitate the rotation
functionality of the motor 240, but they are also used to
constrain the structure of the multi-blade body 214. In
this regard a second pair of magnetic elements may be
provided at the opposite neck 230 (figure 4) of the multi-
blade body 214 to provide the same effect of constraining
the latter at the opposite neck 230.

[0071] As a result of the interaction of opposing mag-
netic forces between the first and the second magnetic
elements 241, 242 and the levitation of one with respect
to the other, friction between the moving parts of the fan
200 is avoided.

[0072] The absence of mechanical bearings in the fan
200 eliminates the generation of friction forces, this sig-
nificantly increasing the reliability of the fan which is in-
deed a very important issue in many wireless or any
forced cooled products using fans.

[0073] Itis to be noted that although the air mover 200
of the embodiments of figures 4, 5A and 5B, has been
described as an element to be used inside the heat trans-
fer structure 100 of embodiments of figures 1, 2 and 3,
those of ordinary skill in the related art would readily un-
derstand that the air mover 200 of the present disclosure
does not necessarily have to be used in combination with
the heat transfer structure 100, instead the air mover 200
is capable of being used independently of the heat trans-
fer structure 100 in order to generate airflow in other ap-
plications.

[0074] In some embodiments the heat transfer struc-
ture 100 may be configured such that airflow may be
pulled from the ambient environment into the cooling
chamber 130 from both conduits 140 and expelled from
other air outlets. Figure 6 represents a schematic view
of such embodiments.

[0075] In figure 6 like elements have been provided
with like reference numeral as those of figure 3. However
the heat transfer structure of figure 6 further comprises
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a plurality of openings 150 provided on the housing 131
to allow passage of air from inside the cooling chamber
130 to the ambient environment.

[0076] Fan 200 may be designed (e.g. by specific
shaping of the angle of attack of the blades), so as to
produce a lower rate of airflow in the vicinity of the ends
of the blades 210, e.g. closer to the conduits 140 on both
sides of the fan 200 in figure 6, and to produce higher
rates of air flow at parts other than the end of the blades
210. In this manner, fan 200 may be operable to expel
the air out of the cooling chamber 130 through openings
150 as shown by arrows E in figure 6. As the air is forced
to move out of the cooling chamber 130, ambient air from
outside the cooling chamber may be pulled inside the
cooling chamber 130, due to the creation of a pressure
difference between the inside and the outside of the cool-
ing chamber 130, as shown by arrows F’.

[0077] In some embodiments, additional cooling
mechanism may provided to transfer heat from the con-
denser section 121 of the heat pipes 120 to the ambient
environment by using heat sinks. Figure 6 illustrates an
example of such embodiments where a plurality of heat
sinks 160 are, for simplicity, only shown connected to
three respective heat pipes 120 located at the lower part
of the heat transfer structure 100. However, any suitable
number of heat sinks on all or some of the heat pipes
may be used. Each heat sink is thermally coupled to the
respective heat pipe so as to enable heat transfer from
the condenser section fo the heat pipe to the ambient
environment.

[0078] Preferably, some or all of the heat sinks 160
have a porous structure which is schematically shown in
figure 6 by the use of broken lines to illustrate each heat
sink 160. The porous structure allows for a more efficient
passage of the air as it is forced out of the cooling cham-
ber 130 while the heat sinks themselves also contribute
to the cooling of the condenser section 121 of each re-
spective heat pipe 120.

[0079] It is to be noted that although the use of heat
sinks 160 has been illustrated with reference to the em-
bodiment of figure 6 (which includes a fluid mover 200
and openings 150), the disclosure is not so limited and
such heat sinks 160 may likewise be used in other em-
bodiments where the fluid mover 200 and or the openings
150 are not employed, such as for example the embod-
iments of figures 2 or 3. In such cases one or more heat
sinks 160, being thermally coupled to a respective heat
pipe 120 may be configured to transfer heat from the
condenser section 121 of the heat pipe 120 to which they
are connected to the ambient environment.

[0080] As can be appreciated, the various embodi-
ments of the present disclosure provide a heat transfer
structure with many important advantages, including the
flexibly in shape thus enabling designs that can move
away from today’s conventional ’box’-shaped arrange-
ments and morph the thermal management solution to
the requirements of modern technologies.

[0081] The heat transfer structure as proposed herein
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is also capable of being pluggable to a variety of modules,
including but not limited to, radio antenna or lighting, for
example in buildings.

[0082] With the advancements in additive manufactur-
ing, that the heat transfer structure - including heat pipes,
heat sink fins (if present), and mechanical structures -
can be manufactured using additive manufacturing tech-
niques. Modules for practical use such as lighting and
wireless devices may then be ’plugged into’ the heat
transfer structure.

[0083] The various embodiments of the present inven-
tion may be combined as long as such combination is
compatible and/or complimentary.

[0084] Furtheritis to be noted that the list of structures
corresponding to the claimed means 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 heat transfer structure comprising:

- a plurality of heat pipes, each heat pipe from
the plurality of heat pipes comprising a condens-
er section, an evaporator section, a working fluid
and a wick structure;

- a cooling chamber confined within a housing
and comprising a first fluid conduit; wherein:

respective evaporator sections of each one
of the plurality of the heat pipes are config-
ured to be thermally coupled to a respective
heat source;

each one of the plurality of heat pipe is con-
figured to transfer heat from the respective
evaporator section, to the cooling chamber,
through its respective condenser section;
the first fluid conduit is configured to allow
passage of a fluid into the cooling chamber;
and

the heat transfer structure is configured to
allow passage of the fluid out of the cooling
chamber.

2. The heat transfer structure of claim 1, wherein the
respective condenser section of each one of the plu-
rality of heat pipe is, at least partially, located in or
proximate to the cooling chamber.

3. The heat transfer structure of claim 1 or claim 2,
wherein each on one of the plurality heat pipes ex-
tends from the cooling chamber such that the cooling
chamber is common to respective condenser sec-
tions of the heat pipes.

4. The heat transfer structure of claim 3, wherein each
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one of the plurality of heat pipes extends radially from
the cooling chamber thereby defining a spherical
shape for the heat transfer structure.

The heat transfer structure of any one of the preced-
ing claims, wherein a second conduit is configured
to allow the passage of the fluid out of the cooling
chamber to thereby transfer heat from the cooling
chamber to a surrounding medium.

The heat transfer structure of any one of the preced-
ing claims, wherein one or more openings are pro-
vided on a housing of the cooling chamber are con-
figured to allow the passage of the fluid out of the
cooling chamber to thereby transfer heat from the
cooling chamber to a surrounding medium.

The heat transfer structure of any one of the preced-
ing claims, wherein one or more heat sinks are pro-
vided thermally coupled to a respective heat pipe so
as to enable heat transfer from the condenser sec-
tion of the heat pipe to an ambient environment.

The heat transfer structure of claim 7, wherein the
one or more heat sinks have a porous structure con-
figured to allow for a passage of the air therethrough.

The heat transfer structure of any one of the preced-
ing claims, wherein the movement of the fluid into
and out of the cooling chamber is by convection.

The heat transfer structure of any one of the claims
1 to 8, wherein the movement of the fluid into and
out of the cooling chamber is provided by forcing the
movement of the fluid using a fluid mover.

The heat transfer structure of claim 10, wherein the
fluid mover is located outside the cooling chamber.

The heat transfer structure of claim 10, wherein the
fluid mover is located inside the fluid chamber.

The heat transfer structure of claim 12, wherein the
fluid mover comprises a plurality of blades, each
blade having a first end and a second end wherein
respective first ends of the plurality of blades are
collectively joined to a first neck and respective sec-
ond ends of the plurality of blades are collectively
joined to a second neck, thereby collectively defining
a multi-blade body.

The heat transfer structure of claim 15, wherein the
multi-blade body is configured to rotate around a
central axis to thereby cause the plurality of blades
generate fluid flow in multiple directions.

The heat transfer structure of claims 13 or claim 14,
wherein each blade has a structure such that an an-
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16.

17.

18.

19.

20.

21.

gle of attack at a central part of the blade is different
from an angle of attack at an end of the blade.

The heat transfer structure of claim 15, wherein each
blades has a structure configured to cause a flow of
the fluid in the vicinity of the ends of the blade to be
oriented in directions that are parallel or at small an-
gels with respect to the central axis of the multi-blade
body, and a flow of fluid in the vicinity of the central
part of the blades to be oriented in directions that are
perpendicular with respect to the central axis or at
small angle with respect to said perpendicular direc-
tion.

The heat transfer of any one of claims 12 to 16,
wherein the air mover comprises a motor actionable
using magnetic forces to produce rotation.

The heat transfer structure of claim 17, wherein the
motor comprises at least two magnetic elements
having respective shapes in conformity with each
other such that one can be placed inside the other,
and wherein a first one of the magnetic elements is
made of permanent magnet and a second one of the
magnetic elements is connected to an electronic cir-
cuitry configured to induce a magnetic field around
said second magnetic element such that magnetic
fields between the two magnetic elements oppose
each other to thereby cause one magnetic element
levitate with respect to the other.

The heat transfer structure of claim 18, wherein the
electronic circuitry is configured to vary the magnetic
field in the second magnetic element to cause the
first magnetic element to levitate and rotate with re-
spect to the second magnetic element.

The heat transfer structure of any one of the preced-
ing claims 12 to 19, wherein the fluid mover has a
shape in conformity with the shape of the cooling
chamber.

The heat transfer structure of any one of the preced-
ing claims, wherein the fluid is air.
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