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Description
FIELD OF THE INVENTION

[0001] The invention relates to a heat-transfer device.

BACKGROUND OF THE INVENTION

[0002] A heat-transfer device may be a phase-change
device. Inside the heat-transfer device a fluid may evap-
orate at an evaporator inside a vacuum chamber of the
heat-transfer device. The vacuum affects a phase-
change temperature of the fluid. The evaporated fluid
condenses at a condenser in the vacuum chamber. Con-
densate moves back to the evaporator to be evaporated
once again.

[0003] The movement of the condensate may be facil-
itated by a wick between the condenser and the evapo-
rator.

[0004] US 2006/131002 A1 describes a heat transfer
device comprising a thin container having a rectangular
cross-section and a sealed structure such that a bottom
plate and an upper plate, having large planar dimensions,
are combined with side plates having a short height. A
porous structured wick is placed in the center of an inner
face of the bottom plate. The wick is arranged only in the
center area of the inner face of the bottom plate, and an
area around the wick is an inclined face, which is down-
wardly inclined toward the wick. In the center area of an
inner face of the upper plate above proj ections, there
are a plurality of downwardly extending projections pro-
jecting toward the projections of the wick. The projections
extend downwardly from the inner face of the upper plate
in order to flow or drop the fluid onto the projections of
the wick. The projections may be shaped into an arbitrary
shape like a cylinder, cone, or pyramid.

[0005] US 8356657 B2 describes awick structure that
uses wicking walls with the addition of an array of granular
wicking supports extending from an upper surface of re-
spective granular interconnect wicks and away from the
interconnect wicks and wicking walls. Each interconnect
wick has an associated wicking support formed as an
extension from it. The wicking supports provide structural
support for a condensation surface of a vapor chamber
and transport working fluid condensed from vapor on the
condensation surface to the wicking walls through inter-
connect wicks.

[0006] US 2020/271390 A1 describes a condenser
with several parallel vapor flow channels, which have a
general rectangular cross-sectional shape, which are
constructed by a series of fins that are affixed to a first
cover and a second cover, which have two side surfaces
that are perpendicular to the first cover and the second
cover. Since the largest surface area is normal to gravity,
a condensate film tends to be thick and detrimental to
condensation heat transfer. A series of flanges is added
to the fins, wherein the flanges occupy only a portion of
the fins that are located closest to both the first cover and
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second cover, as to allow vapor to flow freely and unob-
structed by these flanges in the central portion of the
channels.

[0007] DE 202009 004630 U1 describes a cooling el-
ement having an evaporation space for receiving a cool-
ant, which is adjacent to a wall. The coolant evaporating
from the evaporation space moves into a condenser via
a condenser port in the upper part of the evaporation
space. A guide in a condenser port comprises a plate, in
which a hole is formed to guide the evaporated coolant
from the evaporation chamber into the condenser. A col-
lar is formed around this hole on the upper surface of the
plate. The liquefied coolant returning from the condenser,
which comes into contact with the upper surface of the
plate, cannot flow out into the evaporation space through
the hole surrounded by the collar because of the collar.
On the other hand, because of the inclined upper surface
of the plate, the coolant that reaches the upper surface
of the plate flows to the right and downward, where it can
flow out through an opening into the return channel below
the opening.

[0008] US 6 085 831 A describes a thermal transfer
means attached to a chip, wherein the thermal transfer
means is a metal wick comprising a preform of compact-
ed wire mesh and wherein the wick is a wire screen mesh
made of a porous metal that will absorb liquid.

[0009] JP 2000 356485 A according to our present un-
derstanding seems to describe a planar heat pipe 14
feeding a working liquid spotted over an entire region of
a condensing section downward along a protrusion 30
and collects it, in the form of liquid particles, at a forward
part 24 and can separate it quickly to return the working
liquid 18 directly above a chip 12 (see Abstract)

[0010] US 2003/136550 A1 describes a heat sink com-
prising a radiation fin unit soldered to a top sidewall of
the upper heat sink body with a solder, and adapted for
supporting a fan.

[0011] JP 2010 236792 A describes a cooling device
including a refrigerant storing section for storing a liquid
refrigerant receiving heat of a heating element inside,
and a condensing section connected to the refrigerant
storing section and condensing the evaporated refriger-
ant vapor. A hollow plate-like condensation pipe circulat-
ing cooling fluid is disposed in the condensing section,
the condensation pipe includes a condensing face kept
into contact with the refrigerant vapor of the condensing
section, an upstream end section as an inlet side of the
refrigerant vapor, and a downstream end section as an
outlet side of the refrigerant vapor. The condensing face
is disposed in an inclined state to the flowing direction of
the refrigerant vapor toward the direction different from
the condensation pipe just before introduced to the con-
densation pipe in the condensing section. The upstream
end section is positioned upstream in the flowing direc-
tion of the refrigerant vapor just before introduced to the
condensation pipe in the condensing section, with re-
spect to the downstream end section.

[0012] US 2009/159243 A1 describes a wick structure



3 EP 4 053 487 B1 4

that uses wicking walls with a portion of the interconnect
wicks formed with a greater height to define an array of
wicking supports extending from an upper surface of re-
spective interconnect wicks and away from the intercon-
nect wicks and wicking walls. Each interconnect wick has
an associated wicking support defined as an extension
from it. The wicking supports provide structural support
for a condensation surface of a vapor chamber and trans-
port working fluid condensed from vapor on the conden-
sation surface to the wicking walls through interconnect
wicks. Vapor vents are established between respective
pairs of wicking walls and opposing interconnect wicks.

DESCRIPTION OF THE INVENTION

[0013] It is an objective of the invention to provide an
improved heat-transfer device. This objective is achieved
by the subject-matter of the independent claim. Further
exemplary embodiments are evidentfrom the dependent
claims and the following description.

[0014] The objectis achieved by the subject matter of
the independent claim. Advantageous embodiments are
given in the depending claims.

[0015] The invention relates to a heat-transfer device,
comprising an evaporator and a condenser with at least
one fluid-guide to passively guide condensate in a direc-
tion of the evaporator, wherein the fluid-guide has atleast
one guide-structure protruding from a condenser wall of
the condenser.

[0016] The heat-transfer device may use two consec-
utive phase changes of a fluid enclosed in a vapor cham-
ber of the heat-transfer device to transfer thermal energy
through the device. A first phase change may be an evap-
oration of the fluid from liquid to vapor at an evaporator
of the heat-transfer device. A second phase change may
be a condensation of the fluid from vapor to liquid at a
condenser of the heat-transfer device. A vacuum inside
the vapor chamber may affect atemperature ofthe phase
changes.

[0017] A heat source may be thermally connected to
the evaporator. The heat source may supply the thermal
energy. A heat sink may be thermally connected to the
condenser. The heat sink may absorb the thermal ener-
gy. The heat source may be a power electronics module,
for example. The heat sink may be a heat dissipator, for
example. The heat sink may have a larger surface area
than the heat source. The heat-transfer device may dis-
tribute the thermal energy over the larger surface area.
[0018] The vaporization takes place at the evaporator.
Ideally, the thermal energy from the heat source is iso-
thermally absorbed by the enthalpy of the vaporization
and leads to the first phase change from liquid to vapor.
The vapor transports and distributes the thermal energy
through the vapor chamber to the condenser. The move-
ment of the vapor is driven by a vapor pressure gradient
inside the vapor chamber. The vapor is produced at the
evaporator and disappears at the condenser. The effect
of gravity on the vapor is negligible.
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[0019] The condensation of the vapor takes place at a
surface of the condenser. Ideally, the enthalpy of the con-
densation is isothermally released to the heat sink and
leads to the second phase change from vapor back to
liquid. The heat sink may be arranged on an outside of
a condenser wall of the condenser. The liquid fluid may
be referred to as condensate. The condensate may form
drops on the condenser wall. The drops may follow grav-
ity and run down the condenser wall. The drops may join
and form a liquid film on the condenser. The liquid film
may encumber the condensation, since the condensate
may have a higher thermal resistance than a material of
the condenser. A thickness of the liquid film may increase
from top to bottom, as more and more condensate follows
gravity and flows downward.

[0020] The fluid-guide may collect the condensate on
the condenser wall before it has flown down to an end of
the condenser wall. The fluid-guide may remove the con-
densate from the condenser wall near the place where
it condenses. By removing the condensate, the fluid-
guide may limit the film thickness of the liquid film on the
condenser wall. Below the fluid-guide the film thickness
may be less than above the fluid-guide. The fluid-guide
may be configured to lead the condensate along the con-
denser wall and towards the evaporator. A direction to-
wards the evaporator may be transverse and/or in oppo-
sition to a direction of gravity. The fluid-guide may use
gravity and/or capillary pressure of the liquid fluid to pro-
pel the condensate sideways and/or upwards towards
the evaporator. Gravity may induce a downhill-slope
force in the condensate. The capillary pressure may lead
to capillary pumping. The capillary pumping may be pow-
ered by a pressure gradient across the fluid-guide.
[0021] A guide-structure may extend into the vapor
chamber. The guide-structure may stick out of the con-
denser wall. The guide-structure may be an obstacle for
the liquid film. The guide-structure may be elongated in
the direction of the evaporator. The guide-structure may
be referred to as protrusion, rib, strip, fin or ridge. The
guide-structure may be thermally coupled to the con-
denser wall. The guide-structure may enlarge the con-
densation surface of the condenser. Vapor may also con-
dense on the guide-structure.

[0022] The condenser wall may feature multiple fluid-
guides. The fluid-guides may run across a main area of
the condenser wall. The fluid-guides may be equal or
different. The fluid-guides may be approximately parallel
to each other and/or convene at the evaporator.

[0023] In an embodiment, the fluid-guide has a flume
located on an upper side of the guide-structure. A flume
may be referred to as a gutter or channel. The flume may
be a depression between two higher sides. At least one
of the sides maybe formed by the guide-structure. The
flume may collect condensate and channel it in the di-
rection of the evaporator. The flume may be arranged
transverse to gravity. The flume may have a low flow
resistance. The flume may have a high permeability and
a high transport capacity.
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[0024] In an embodiment, the flume has a downward
slope in the direction of the evaporator. A downward
slope may intensify a downhill-slope force to move the
condensate sideways towards the evaporator. The flume
may end over the evaporator and the liquid fluid may spill
out of the flume onto the evaporator.

[0025] In an embodiment, the guide-structure pro-
trudes from the condenser wall at an upward angle and
the flume is arranged between the condenser wall and
the guide-structure. The guide-structure may prevent the
liquid film from running down the condenser wall.
[0026] The fluid-guide has a capillary channel between
two guide-structures. The capillary channel may suck in
the condensate because of the capillary force. The cap-
illary force may lead to capillary pumping. If the liquid
fluid runs out of the capillary channel at an end in prox-
imity of the evaporator, a pressure gradient inside the
capillary channel sucks the liquid fluid away from the con-
denser. The capillary channel may have a low flow re-
sistance. The capillary channel may have a high perme-
ability.

[0027] The capillary channel has an upward slope in
the direction of the evaporator. The capillary pumping
may be strong enough to overcome gravity. That way,
the evaporator may be arranged higher than the con-
denser.

[0028] In an embodiment, the fluid-guide has at least
one segment with a flume located on an upper side of
the guide-structure and at least one segment with a cap-
illary channel between two guide-structures. An operat-
ing mode of the fluid-guide may change along a length
of the fluid-guide.

[0029] In an embodiment, a slope of the fluid-guide
changes along the length of the fluid-guide. The fluid-
guide may have segments with different slopes. The fluid-
guide may also have a gradually changing slope. The
slopes may be upward and downward. On the downward
slope the liquid may be moved along by gravity. On the
upward slope the liquid may be moved along by capillary
pumping.

[0030] In an embodiment, a profile of the fluid-guide
changes along a length of the fluid-guide. a profile may
be referred to as cross-section area of the fluid-guide. A
profile size may determine a transport capacity of the
fluid-guide. The profile size may increase in the direction
of the evaporator as more and more condensate may be
collected in the fluid-guide.

[0031] Inan embodiment, the fluid-guide extends over
the condenser wall in the direction of the evaporator. The
condenser wall may end at a distance from the evapo-
rator. The fluid-guide may bridge the distance between
the condenser and the evaporator.

[0032] Inanembodiment, atleast the fluid-guide is se-
lectively sintered from loose metal powder grains by ad-
ditive manufacturing. Additive manufacturing may be re-
ferred to as metal-3D-printing. By selectively sintering
metal powder, advantageous shapes may be created.
Unused metal powder grains may be reused. Selectively
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sintered material may have advantageous thermal char-
acteristics. The metal material may be an aluminum ma-
terial or a copper material for example. The metal material
may be an alloy. The body may be sintered according to
a CAD model. The body may be shaped irregularly.
[0033] In an embodiment, the fluid-guide is sintered
integrally with the condenser wall. The fluid-guide may
be thermally coupled to the condenser wall. The fluid-
guide may be an extension of the condenser wall. Ther-
mal properties of the condenser wall may be defined by
selectively sintering.

[0034] In an embodiment, the guide-structure is sin-
tered at least partially porous. A porous sinter material
may create a high capillary force to attract the conden-
sate. The porous sinter material may literally suck up the
condensate like sponge. In particular, the capillary chan-
nel may be arranged between two strips of porous sinter
material.

[0035] In an embodiment, the guide-structure is sin-
tered at least partially dense. A dense sinter material may
be fluid-proof. The dense sinter material may be an ob-
stacle for the condensate and may prevent the conden-
sate from running downward. In particular, the flume may
be made of dense sinter material.

[0036] These and other aspects of the invention will be
apparent from and elucidated with reference to the em-
bodiments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] The subject matter of the invention will be ex-
plained in more detail in the following text with reference
to exemplary embodiments which are illustrated in the
attached drawing.

[0038] Figs. 1to 10 schematically show heat-transfer
devices with fluid-guides according to embodiments of
the invention.

[0039] The reference symbols used in the drawings,
and their meanings, are listed in summary form in the list
of reference symbols. In principle, identical parts are pro-
vided with the same reference symbols in the figures.

DETAILED DESCRIPTION OF EXEMPLARY EMBOD-
IMENTS

[0040] Fig. 1 shows a heat-transfer device 100 with
multiple fluid-guides 102 according to an embodiment.
The heat-transfer device 100 has an evaporator 104 and
acondenser 106. The evaporator 104 and the condenser
106 are dedicated areas of a vapor chamber of the heat-
transferdevice 100. Here, the evaporator 104 is arranged
on a side wall of the vapor chamber. A heat-transfer fluid
of the heat-transfer device 100 evaporates at the evap-
orator 104, travels as vaporous fluid through the vapor
chamber to the condenser 106, condensates at the con-
denser 106 to condensate and is guided back to the evap-
orator 104 in liquid form by the fluid-guides 102.

[0041] The condenser 106 has at least one condenser
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wall 108. The condenser wall 108 is an outer wall of the
vapor chamber. The fluid-guides 102 are arranged on
the condenser wall 108 and collect the condensate. The
fluid-guides deviate the liquid fluid from running down the
condenser wall 108 following gravity 110. The fluid-
guides 102 deflect the condensate sideways in the direc-
tion of the evaporator 104.

[0042] In an embodiment, the fluid-guides 102 are ar-
ranged essentially horizontally on the condenser wall
108. The fluid-guides 102 subdivide the condenser wall
108 into condensation areas 112. Essentially all the con-
densate condensingin one condensation area 112 above
one fluid-guide 102 is collected by that fluid-guide 102
and guided back to the evaporator 104. The fluid-guides
102 are arranged regularly spaced on the condenser wall
108. The fluid-guides 102 are arranged approximately
parallel to each other.

[0043] Each fluid-guide 102 has at least one guide-
structure 114 protruding from the condenser wall 108 into
the vapor chamber. In this embodiment, each fluid-guide
102 has a flume 116 formed by the condenser wall 108
and the guide-structure 114. The guide-structure 114
protrudes angled upwards from the condenser wall 108.
The flumes 116 are like gutters arranged between the
condenser wall 108 and the guide-structures 114. The
condensate is stopped running down the condenser wall
108 when it reaches the flumes 116. The flumes 108
have a downward slope 118 towards the evaporator 104.
[0044] In an embodiment, the condenser wall 108 is
spaced apart from the evaporator 104 by a gap 120. The
fluid-guides 102 have extensions 122 extending over the
condenser wall 108, bridging the gap 120. The liquid fluid
spills from the extensions 122 directly onto the evapora-
tor 104 at the side wall of the vapor chamber.

[0045] Fig. 2 shows a side view of the heat-transfer
device 100 of fig. 1. Here the condensation of the fluid
200 on the condenser wall 108 is shown. The vaporous
fluid 200 turns into liquid fluid 200. Condensate 200 is
used synonymously to liquid fluid 200. The condensate
200 forms a liquid film 202 on the condenser wall 108
and starts flowing down the condenser wall 108 following
gravity 110. When the condensate 200 reaches the next
fluid-guide 102, the downward flow is stopped and the
liquid fluid 200 is collected by the fluid-guide 102. The
fluid-guide 102 then transports the liquid fluid 200 to the
evaporator, which is not shown here. As the condensa-
tion area 112 above each fluid-guide 102 is limited, a
thickness of the liquid film 202 is also limited, which en-
sures a low thermal resistance of the whole condenser
106.

[0046] Inanembodiment, the guide-structures 114 are
thermally coupled to the condenser wall 108 and enlarge
the condensation area 112 above each fluid-guide 102.
The vapor also condenses on a surface of the guide-
structures 114. The additional condensation area 112
may be covered by a minimum thickness of the liquid film
202 and may therefore have a low thermal resistance. A
surface of each guide-structure 114 facing the condenser
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wall 108 forms part of the flume 116 for the liquid fluid
200 from the condensation area 112 above it.

[0047] In an embodiment the guide-structures 114 are
made out of a dense sinter material 204. The dense sinter
material is selectively sintered from loose metal powder
grains. The dense sinter material is fluid-proof and pre-
vents seepage of the condensate 200.

[0048] In other words, the effect of the condenser de-
signs on the liquid film thickness and flow are depicted.
[0049] Fig. 3 shows a heat-transfer device 100 accord-
ing to an embodiment. The heat-transfer device 100 is
essentially similar to the heat-transfer device in Fig. 1. In
contrast to that, here the evaporator 104 is arranged be-
low a central area 300 of the condenser wall 108. The
fluid-guides 102 are divided into segments 302 at the
central area 300. The segments 302 have a downward
slope 118 toward the central area 300. There is a vertical
aisle 304 between the segments 302 across the central
area 300. The collected condensate runs along the seg-
ments 302 towards the central area 300 and runs down
the aisle 304 on the condenser wall 108 onto the evap-
orator 104.

[0050] Fig. 4 shows a heat-transfer device 100 accord-
ing to an embodiment. Here the evaporator 104 is ar-
ranged above the condenser 106. The condensate is
transported towards the evaporator 104 by the fluid-
guides 102 against gravity 110.

[0051] The fluid-guides 102 have two guide-structures
114 each. A capillary channel 400 per fluid-guide 102 is
arranged between the two guide-structures 114. The
condensate is sucked into the capillary channel 400
along its length by the capillary force. Inside the capillary
channel 400 the liquid fluid is moved towards the evap-
orator by capillary pumping. The capillary pumping is
driven by liquid fluid evaporating at the evaporator 104.
The evaporating liquid fluid creates an underpressure at
an end of the capillary channel 400 next the evaporator
104. The capillary pressure moves the liquid fluid along
the capillary channel 400 against gravity 110 to equalize
the resulting pressure gradient inside the capillary chan-
nel 400.

[0052] Fig. 5shows a heat-transfer device 100 accord-
ing to an embodiment. The heat-transfer device 100 is a
mixture of the heat-transfer devices in the figures 3 and
4. The evaporator 104 is above the condenser 106 as in
Fig. 4. Fluid-guides 102 with capillary channels 400 lead
to the evaporator 104. Additionally, there are segments
302 of fluid-guides 102 with flumes 116 on the condenser
wall 108 as in Fig. 3. Here each end-to-end fluid-guide
102 has a segment 302 with a capillary channel 400 and
segment 302 with a flume 116. The segments 302 have
different slopes and different profiles. The segments 302
with the flumes 116 have one guide-structure 114 each
and are arranged essentially horizontally on a peripheral
area of the condenser wall 108. The segments 302 with
the capillary channels 400 have two guide-structures
each and are arranged with an upward slope in the central
area 300 of the condenser wall 108. The segments 302
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with the capillary channels 400 converge at the evapo-
rator 104.

[0053] In other words, various designs, depending on
the vapor chamber orientation (vertical, horizontal,
against gravity) and combinations of porous strips and
gutters are depicted.

[0054] Fig. 6 shows a heat-transfer device 100 accord-
ing to an embodiment. The heat-transfer device 100 is
essentially similar to the heat-transfer device in Figs. 1
and 2. In contrast to that, here the fluid-guide 102 has
three segments 302 with varying downward slopes 118.
[0055] Fig. 7 shows a side view of a heat-transfer de-
vice 100 according to an embodiment. The heat-transfer
device 100 is essentially similar to the heat-transfer de-
vice in Figs. 1 and 2. In contrast to that, here the fluid-
guides 102 have different profiles. All fluid-guides 102
have a flume 116 and one guide-structure 114. A first
fluid-guide 102 has profile similar to the profiles in Fig.
2. The guide-structure 114 protrudes from the condenser
wall 108 at an upward angle. A second fluid-guide 102
has a quarter round profile. The guide-structure 114 pro-
trudes from the condenser wall 104 at right angles and
curves upward in a cylinder segment shape. A third fluid-
guide has a segmented profile. A first segment of the
guide-structure 114 protrudes from the condenser wall
108 at an upward angle. The first segment has a flatter
angle than a second segment of the guide-structure 114.
A third segment of the guide-structure 114 has the same
angle as the first segment.

[0056] In other words, possible design variations of
gutters are depicted. The shown inclination angles are
in relation to the condenser wall and gravity. Different
cross-section profiles and a multisectoral gutter are
shown.

[0057] Fig. 8 shows a heat-transfer device 100 accord-
ing to an embodiment. Here the fluid-guides 102 have at
least two guide-structures 114 each. Between each two
neighboring guide-structures 114 there is a capillary
channel 400. Here the guide-structures 114 are made
out of a porous sinter material 800. The porous sinter
material 800 creates a high capillary force to attract the
liquid fluid. Inside the capillary channels 400 the liquid
fluid is transported towards the evaporator, which is not
shown here.

[0058] A first fluid-guide 102 has one capillary channel
400 between two guide-structures 114. A second fluid-
guide 102 has three capillary channels 400 between four
stacked guide-structures 114.

[0059] Fig. 9 shows a side view of a heat-transfer de-
vice 100 according to an embodiment. Here all fluid-
guides 102 have at least one capillary channel 400 be-
tween two guide-structures 114. At least part of each
fluid-guide 102 is made out of the porous sinter material
800.

[0060] A first fluid-guide 102 has two guide-structures
114 protruding from the condenser wall 108 at right an-
gles. The guide-structures 102 are made out of the po-
rous sinter material 800. The capillary channel 400 is
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arranged at right angles to the condenser wall 108.
[0061] A second fluid-guide 102 has two guide-struc-
tures 114 protruding from the condenser wall 108 at up-
ward angles. The guide-structures 114 are made out of
the porous sinter material 800. The capillary channel 400
is arranged at the upward angle to the condenser wall
108. Above the upper guide-structure 114 this fluid-guide
102 has a flume 116 in addition to the capillary channel
400.

[0062] A third fluid-guide 102 has two guide-structures
114 protruding from the condenser wall 108 at upward
angles. The upper guide-structure 114 is completely
made out of the porous sinter material 800. The lower
guide-structure 114 is partially made out of the porous
sinter material 800 and partially made out of the dense
sinter material 204. A lower part of the lower guide-struc-
ture 114 is made of the dense sinter Material 204. The
capillary channel 400 is arranged at the upward angle to
the condenser wall 108. Above the upper guide-structure
114 this fluid-guide 102 has a flume 116 in addition to
the capillary channel 400.

[0063] A fourth fluid-guide 102 has two capillary chan-
nels 400. The capillary channels 400 are formed by an
outer segmented guide-structure 114, a middle segment-
ed guide-structure 114 and an additional unsegmented
guide-structure 114 on the condenser wall 108. Lower
segments of the segmented guide-structures 114 pro-
trude from the condenser wall 108 at an upward angle.
Upper segments of the segmented guide-structures 114
are arranged approximately parallel to the condenser
wall 108 and the guide-structure 114 on the condenser
wall 108.

[0064] Upper parts of the capillary channels 400 are
arranged approximately parallel to the condenser wall
108. Lower parts of the capillary channels 400 are ar-
ranged at the upward angle. This way the capillary chan-
nels 400 also function as flumes 116.

[0065] The guide-structure 114 on the condenser wall
108 is completely made out of the porous sinter material
800. The middle guide-structure 114 also is completely
made out of the porous sinter material 800. The outer
guide-structure 114 is partially made out of the porous
sinter material 800 and partially made out of the dense
sinter material 204. An outer layer of the outer guide-
structure 114 is made of the dense sinter material 204.
The outer layer is fluid-proof and keeps the condensate
from seeping through the outer guide-structure 114.
[0066] Fig. 10 shows a heat-transfer device 100 ac-
cording to an embodiment. The heat-transfer device 100
has two fluid guides 102 on the condenser wall 108. Both
fluid guides 102 have capillary channels 400 arranged
between porous guide-structures 114.

[0067] The upper fluid-guide 102 is curvy. The upper
fluid-guide 102 has a bend of more than 90°. The upper
fluid-guide 102 starts vertically, turns to the side until it
has an upward slope and then evens out in the direction
of the evaporator 104.

[0068] The lower fluid-guide 102 has a junction of cap-
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illary channels 400. Two capillary channels 400 converge
and merge into a single capillary channel 400. An upper
capillary channel 400 has a downward slope, a lower
capillary channel 400 has an upward slope. A capillary
channel 400 running toward the evaporator 104 is orient-
ed horizontally.

[0069] In other words, possible design variations of
parallel porous strips are shown. A fluid-guide with two
strips and a fluid-guide with multiple stacked stripes as
well as strips with inclination, strips combined with a gut-
ter, curvy strips and intersecting strips are shown.
[0070] A condenser with fluid-guides is presented. A
condenser design for a two-phase cooling device like a
vapor chamber or thermosyphon is disclosed, which at
the same time provides anincreased condensation area,
promotes a direct liquid flow from the condenser to the
evaporator and reduces a liquid film resistance.

[0071] Conventional Two-dimensional or three-dimen-
sional vapor chambers may be composed of a solid en-
closure consisting of at least two solid plates soldered
together. A porous structure may cover their inner sur-
face. The purpose of the porous structure is to return the
working fluid from the cold end (condenser) to the hot
end (evaporator), by exerting a capillary force against
the pressure difference between the hot end and the cold
end.

[0072] The porous structure may be comprised of sin-
tered powder, mesh, fiber or a combination thereof.
There may even be no porous structure on the condenser
side at all, particularly when working in a vertical orien-
tation. Sintered powder may provide the highest capillary
force to move the fluid back to the evaporator, but the
permeability of sintered powder is low, which limits the
maximum fluid flux. The sintered powder also retains a
thick fluid film on the condenser side, which may increase
the overall thermal resistance of the condenser. Fiber
and mesh provide lower film resistance and higher per-
meability, but significantly lower capillary force. The ab-
sence of a wick structure on the condenser leads to the
lowest thermal resistance, but at the cost of having no
direct fluid return to the hot end. Irrespective of the wick
type, the liquid film thickness tends to increase along the
gravity axis, which makes the condenser less and less
efficient along that axis.

[0073] Here an improved fluid management on the
condenser side is proposed to improve an efficiency of
two-phase cooling systems. The presented condenser
structure improves the liquid return to the hot end of the
vapor chamber by combining both the high capillary force
of the sintered powder, high permeability of fiber and low
liquid film resistance.

[0074] The proposed solution may consist of at least
one of the following features or a combination thereof.
The fluid-guide may consist of at least one ledge or pro-
trusion on the condenser inner wall, which is arranged in
such a shape, that prevents the working fluid from flowing
further down the condenser surface along a gravity axis.
The fluid-guide may have a thin gutter-like slab. Such a
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gutter may be made either from fully dense of from porous
material. Alternatively or supplementary, the fluid-guide
may consist of at least two porous stripes attached to the
condenser wall and arranged in parallel to each other,
forming a channel directing towards the hot end of the
vapor chamber.

[0075] The purpose of a gutteris to physically separate
the condensation regions of the condenser without split-
ting the condenser itself. Such an arrangement allows to
reduce the liquid film thickness in each particular con-
denser subsection, as well as to increase the total con-
densation area. This reduces the overall thermal resist-
ance of the condenser, as well as the saturation pressure
inside the vapor chamber. Itis particularly advantageous
that the condenser volume does not get split by such
structures, as the vapor can freely move and hence the
resistance in the vapor phase does not increase and
overall vapor transport is not obstructed.

[0076] The fluid collected by the gutter may be guided
to the hot end of the vapor chamber by gravity or by cap-
illary force. For a gravity assisted flow, the gutter may
have an inclination angle with respect to the gravity, to
facilitate the fluid flow. For cases when the hot end is
located above the cold end of the vapor chamber, or the
pressure losses are too high to be compensated solely
by gravity, the fluid collected by the gutter may be moved
to the hot end by means of a porous structure with a
capillary channel, which combines permeability of fiber
and capillary force of sintered powder. The porous struc-
ture with the capillary channel can be used together with
a gutter or separately.

[0077] The ledge/protrusion may have an inclination
angle relative to the condenser wall between one and 90
degrees, preferably between 20 and 45 degrees, such
that it forms a collecting gutter for the working fluid, pre-
venting it from flowing straight down forced by the gravity.
The profile of the gutter can be a straight line, or a more
complex shape, for instance moon-shape or polyline.
[0078] With regards to the vapor chamber and gravity
orientation, the gutter may be placed perpendicular to
the gravity (90 degrees) or at an inclination angle be-
tween 0 and 90 degrees, preferably between 70 and 80
degrees with respect to the gravity. An inclination angle
with respect to the gravity promotes the flow of the fluid
in the specific direction, preferably in the direction of the
hot end of the vapor chamber. Such inclination is espe-
cially usefulwhen the vaporchamberis workingin vertical
or horizontal orientation, since those cases the fluid can
be guided directly to the hot spot and the hot end of the
vapor chamber. However, the gutter can also be used
independently of the gravity when combined with the po-
rous strips.

[0079] Both inclinations with respect to the condenser
wall and to gravity can have more than one section with
varying angles. For example, a first section with an angle
80 degrees to gravity and 45 degrees to the condenser
wall, and a second section with an angle 70 degrees to
gravity and 30 degrees to the condenser wall, or any
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other combination of the described angle range.

[0080] In an embodiment, more than one gutter is ar-
ranged on the condenser wall. The gutters may be placed
as close as 0.1 mm from each other. An optimal range
is between 2 and 10 mm. In an embodiment, the gutters
are cascaded, so that two or more gutters flow into a
single bigger third gutter, which then brings the fluid to
the hot end.

[0081] For cases when the hot end is located above
the cold end of the vapor chamber, the fluid collected by
the gutters can be moved against the gravity. In this case,
the porous structure with the capillary channel may be
used, which combines permeability of fiber and capillary
force of sintered powder.

[0082] The porous structure consists of at least two
parallel thin strips of sintered porous powder, preferably
thinner than 1 mm, more preferably thinner than 0.4 mm.
The channel or gap between the porous strips and a pore
size of the strips can be adjusted to fit the properties of
the working fluid. For instance, the wetting angle and
surface tension. The mean pore size of the sintered pow-
der strips may be between 200 um and 5 pm. Preferably,
the mean pore size is between 50 pum and 20 pm. The
pore size may be non-uniform and change as a gradient
or in steps along the strip. The gap between the strips
may vary between 50 and 2000 pm.

[0083] The structure of the porous strips provides the
necessary driving force (capillary force) to overcome the
pressure drop and gravity, while the gap acts as a high
permeability highway, which provides large amounts of
fluid to the hot end, in the direction defined by the porous
strips.

[0084] The height of the porous strips can be adjusted
to vary the maximum fluid flux through such a structure,
as the geometrical cross-section of the gap will increase
proportionally. Additionally, more than two porous strips
can be used to provide more than one gap. Hence, such
stacking can provide an extra fluid flow to the hot end,
when the flow provided by a single gap is not sufficient.
[0085] With regard to the geometry, the strips may
have any cross-section. Preferably the cross-section is
rectangular or square. The cross-section of the strips
may vary along their length. The strip may change direc-
tion along its length by smooth or sharp bends. Multiple
sets of parallel strips may be intersected with each other,
can be split or merged with each other, or can be stacked
on top of each other.

[0086] Porous strips may be used alone, when the use
of gutters is notreasonable, for example, a short line size
of the vapor chamber in the gravity direction and hence
a low liquid film thickness.

[0087] The gutters and the strips may be combined. In
this case the gutters are separating the condensation
area into several areas, each of which is further connect-
ed to the hot end by the strips, where one end of the strip
is connected with the gutter and the other to the hot end
of the vapor chamber (preferably directly to the hotspot).
[0088] The strips may be embedded or merged with
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the gutter, hence producing a double porous gutter.
[0089] While the invention has been illustrated and de-
scribed in detail in the drawings and foregoing descrip-
tion, suchillustration and description are to be considered
illustrative or exemplary and not restrictive; the invention
is not limited to the disclosed embodiments. Other vari-
ations to the disclosed embodiments can be understood
and effected by those skilled in the art and practicing the
claimed invention, from a study of the drawings, the dis-
closure, and the appended claims. In the claims, the word
"comprising" does not exclude other elements or steps,
and the indefinite article "a" or "an" does not exclude a
plurality. A single processor or controller or other unit
may fulfil the functions of several items recited in the
claims. The mere fact that certain measures are recited
in mutually different dependent claims does not indicate
that a combination of these measures cannot be used to
advantage. Any reference signs in the claims should not
be construed as limiting the scope.

Claims

1. A heat-transfer device (100), comprising:

an evaporator (104) and a condenser (106) with at
least one fluid-guide (102) to passively guide con-
densate (200) in a direction of the evaporator (104),
wherein the fluid-guide (102) has at least one guide-
structure (114) protruding from a condenser wall
(108) of the condenser (106), characterised in that
the fluid-guide (102) has a capillary channel (400)
between two guide-structures(114), wherein the
capillary channel (400) has an upward slope in the
direction of the evaporator (104).

2. The heat-transfer device (100) of claim 1,
wherein the fluid-guide (102) has a flume (116) lo-
cated on an upper side of the guide-structure (114).

3. The heat-transfer device (101) of claim 2,
wherein the flume (116) has a downward slope (118)
in the direction of the evaporator (104).

4. The heat-transfer device (100) of one of the claims
2 to 3,
wherein the guide-structure (114) protrudes from the
condenser wall (108) at an upward angle and the
flume (116) is arranged between the condenser wall
(108) and the guide-structure (114).

5. The heat-transfer device (100) of one of the previous
claims,
wherein the fluid-guide (102) has at least one seg-
ment (302) with a flume (116) located on an upper
side of the guide-structure (114) and at least one
segment (302) with a capillary channel (400) be-
tween two guide-structures (114).
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The heat-transfer device (100) of one of the previous
claims,

wherein a slope (118) of the fluid-guide (102) chang-
es along a length of the fluid-guide (102).

The heat-transfer device (100) of one of the previous
claims,

wherein a profile of the fluid-guide (102) changes
along a length of the fluid-guide (102).

The heat-transfer device (100) of one of the previous
claims,

wherein the fluid-guide (102) extends over the con-
denser wall (108) in the direction of the evaporator
(104).

The heat-transfer device (100) of one of the previous
claims,

wherein at least the fluid-guide (102) is selectively
sintered from loose metal powder grains by additive
manufacturing.

The heat-transfer device (100) of claim 9,
wherein the fluid-guide (102) is sintered integrally
with the condenser wall (108).

The heat-transfer device (100) of one of the claims
9to 10,

wherein the guide-structure (114) is sintered at least
partially porous.

The heat-transfer device (100) of one of the claims
9to 11,

wherein the guide-structure (114) is sintered at least
partially dense.

Patentanspriiche

1.

Warmelbertragungsvorrichtung (100), umfassend:
einen Verdampfer (104) und einen Verflissiger
(106) mit mindestens einer Fluidfihrung (102) zum
passiven Leiten von Kondensat (200) in Richtung
des Verdampfers (104), wobei die Fluidfiihrung
(102) mindestens eine Fuhrungsstruktur (114) auf-
weist, die von einer Verflissigerwand (108) des Ver-
flissigers (106) absteht, dadurch gekennzeichnet,
dass die Fluidfihrung (102) einen Kapillarkanal
(400) zwischen zwei Flihrungsstrukturen (114) auf-
weist, wobei der Kapillarkanal (400) in Richtung des
Verdampfers (104) eine Aufwartsneigung aufweist.

Warmelbertragungsvorrichtung (100) nach An-
spruch 1, wobei die Fluidfiihrung (102) eine Rinne
(116) aufweist, die sich auf einer Oberseite der Fiih-
rungsstruktur (114) befindet.

Warmelbertragungsvorrichtung (101) nach An-
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10.

1.

12.

spruch 2, wobei die Rinne (116) eine Abwartsnei-
gung (118) in Richtung des Verdampfers (104) auf-
weist;

Warmelbertragungsvorrichtung (100) nach einem
der Anspriiche 2 bis 3,

wobei die Fuhrungsstruktur (114) von der Verflissi-
gerwand (108) in einem nach oben gerichteten Win-
kel absteht und die Rinne (116) zwischen der Ver-
flissigerwand (108) und der Flihrungsstruktur (114)
angeordnet ist.

Warmelbertragungsvorrichtung (100) nach einem
der vorhergehenden Anspriiche,

wobei die Fluidfiihrung (102) mindestens ein Seg-
ment (302) mit einer Rinne (116), die sich an einer
Oberseite der Fuhrungsstruktur (114) befindet, und
mindestens ein Segment (302) mit einem Kapillar-
kanal (400) zwischen zwei Fihrungsstrukturen (114)
aufweist.

Warmelbertragungsvorrichtung (100) nach einem
der vorhergehenden Anspriiche,

wobei sich eine Neigung (118) der Fluidfihrung
(102) entlang einer Lange der Fluidfiihrung (102) an-
dert.

Warmelbertragungsvorrichtung (100) nach einem
der vorhergehenden Anspriiche,

wobei sich ein Profil der Fluidfiihrung (102) entlang
einer Lange der Fluidfihrung (102) andert.

Warmelbertragungsvorrichtung (100) nach einem
der vorhergehenden Anspriiche,

wobei sich die Fluidfiihrung (102) Gber die Verflis-
sigerwand (108) in Richtung des Verdampfers (104)
erstreckt.

Warmelbertragungsvorrichtung (100) nach einem
der vorhergehenden Anspriiche,

wobei zumindest die Fluidfihrung (102) selektiv
durch additive Fertigung aus losen Metallpulverkor-
nern gesintert wird.

Warmelbertragungsvorrichtung (100) nach An-
spruch 9, wobei die Fluidfiihrung (102) einstuickig
mit der Verflissigerwand (108) gesintert ist.

Warmelbertragungsvorrichtung (100) nach einem
der Anspriiche 9 bis 10,

wobei die FUhrungsstruktur (114) zumindest teilwei-
se por@s gesintert ist.

Warmelbertragungsvorrichtung (100) nach einem
der Anspriiche 9 bis 11,

wobei die FUhrungsstruktur (114) zumindest teilwei-
se dicht gesintert ist.
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Revendications

Dispositif de transfert de chaleur (100), comprenant :
un évaporateur (104) et un condenseur (106) avec
au moins un guide de fluide (102) pour guider pas-
sivement un condensat (200) dans une direction de
I'évaporateur (104), dans lequel le guide de fluide
(102) a au moins une structure de guide (114) faisant
saillie a partir d’'une paroi de condenseur (108) du
condenseur (106), caractérisé en ce que le guide
de fluide (102) a un canal capillaire (400) entre deux
structures de guide (114), dans lequel le canal ca-
pillaire (400) a une pente ascendante dans la direc-
tion de I'évaporateur (104).

Dispositif de transfert de chaleur (100) de la reven-
dication 1,

dans lequel le guide de fluide (102) a un canal (116)
situé sur un cété supérieur de la structure de guide
(114).

Dispositif de transfert de chaleur (101) de la reven-
dication 2,

dans lequel le canal (116) a une pente descendante
(118) dans la direction de I'évaporateur (104) .

Dispositif de transfert de chaleur (100) d’une des re-
vendications 2 et 3,

dans lequel la structure de guide (114) fait saillie a
partir de la paroi de condenseur (108) a un angle
ascendant et le canal (116) est agencé entre la paroi
de condenseur (108) et la structure de guide (114).

Dispositif de transfert de chaleur (100) d’une des re-
vendications précédentes,

dans lequel le guide de fluide (102) a au moins un
segment (302) avec un canal (116) situé sur un cété
supérieur de la structure de guide (114) et au moins
un segment (302) avec un canal capillaire (400) en-
tre deux structures de guide (114).

Dispositif de transfert de chaleur (100) d’une des re-
vendications précédentes,

dans lequel une pente (118) du guide de fluide (102)
change le long d’une longueur du guide de fluide
(102).

Dispositif de transfert de chaleur (100) d’'une des re-
vendications précédentes,

dans lequel un profil du guide de fluide (102) change
le long d’une longueur du guide de fluide (102).

Dispositif de transfert de chaleur (100) d’'une des re-
vendications précédentes,

dans lequel le guide de fluide (102) s’étend par-des-
sus la paroi de condenseur (108) dans la direction
de I'évaporateur (104).
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10

9.

10.

1.

12.

Dispositif de transfert de chaleur (100) d’'une des re-
vendications précédentes,

dans lequel au moins le guide de fluide (102) est
sélectivement fritté a partir de grains de poudre de
métal en vrac par fabrication additive.

Dispositif de transfert de chaleur (100) de la reven-
dication 9,

dans lequel le guide de fluide (102) est fritté de fagon
monobloc avec la paroi de condenseur (108).

Dispositif de transfert de chaleur (100) d’'une des re-
vendications 9 et 10,

dans lequel la structure de guide (114) est frittée de
fagon au moins partiellement poreuse.

Dispositif de transfert de chaleur (100) d’'une des re-
vendications 9 et 11,

dans lequel la structure de guide (114) est frittée de
fagcon au moins partiellement dense.
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