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illary wick. The heat pipe includes an outer enclosure
defining a chamber therein that contains a working fluid,
an evaporator section for converting the fluid to vapor in
response to being heated from a heat source, and a con-
denser section for converting the vapor back into the fluid
in response to cooling from a heat sink. The wick is po-
sitioned within the chamber in contact with the enclosure

and extends between the evaporator section and the con-
denser section. The wick includes a plurality of layers
each having spaced apart parallel thermally conductive
bars defining channels therebetween, where the bars in
adjacent layers are oriented in different directions and
where the condensed fluid flows through the channels in
the wick from the condenser section to the evaporator
section.
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Description
BACKGROUND
Field

[0001] This disclosure relates generally to a heat pipe
and, more particularly, to a heat pipe employing a metal
woodpile capillary wick.

Discussion of the Related Art

[0002] Aheatpipeisapassivethermaldevicethatuses
an evaporating/condensing working fluid, such as water,
to transport heat over long distances with lower thermal
resistance than the best solid conductors, such as cop-
per. A heat pipe is typically a sealed enclosure that is
internally lined with a porous metal capillary wick that
pulls the fluid via capillary pressure and has an open
vapor cavity that carries the vapor phase of the fluid. An
evaporator section is provided at one end of the heat pipe
that is positioned adjacent to a heat source that heats
the fluid and converts in to vapor by evaporation. The
heated vapor is then pushed away from the evaporator
section through the vapor cavity until it reaches a con-
denser section at an opposite end of the heat pipe that
is positioned adjacent to a heat sink, where the vapor is
condensed back to the fluid and releases heat. The con-
densed vapor is returned to the evaporator section by
capillary action through the wick.

[0003] An ideal capillary wick for a heat pipe will have
a high thermal conductivity to conduct heat into and out
of the evaporator and condenser surface, a high perme-
ability and capillary parameter to provide a high mass
transport rate of the fluid, and a high specific surface area
and vapor permeability to provide a high evaporation and
condensation rate. Sintered copper is currently usually
the go to material for heat pipe wicks. Sintered copper is
a disordered porous material consisting of compacted
copper microparticles that are sintered together to form
a continuous solid network. Sintered copper has been
optimized for heat pipe use for several decades. As such,
heat pipe performance has largely saturated, as the wick-
ing material cannotbe further refined under the restrictive
geometries available by sintered copper.

[0004] Sintered copper has a number of intrinsic prob-
lems for being an ideal wicking material for heat pipes.
Specifically, sintered copper has a disordered morphol-
ogy which forces both the fluid and the vented vapor
through tortuous pathways that are full of constrictions
and impingement surfaces. Thus, the fluid must travel
through the complex open spaces surrounding the amor-
phous blob of sintered copper particles, which creates a
large hydraulic resistance and a low capillary mass trans-
port rate. These restrictions on mass transport are what
ultimately create a "dryout" condition, which is the max-
imum heat flux that a heat pipe can sustain. By increasing
the mass flow rate, an increase in the maximum thermal
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load that can be carried by the heat pipe can be achieved.
[0005] Further, sintered copper particles are effectively
"glued" together and are full of constrictions and inter-
faces that impede heat conduction. Heat is similarly
forced to follow a tortuous pathway from the exterior sur-
face and into the working fluid, which creates a large
thermal resistance and a superheat at the heat source.
The interfaces and tortuous pathway lead to a low effec-
tive thermal conductivity and reduce the rate that heat
can be carried to where evaporation occurs.

[0006] Also, copper microparticles have feature sizes
on the order of >10 microns. Since the surface-area-to-
volume ratio of a porous medium scales roughly with
1/length, this limits the total specific surface area that can
be achieved by sintered copper. The large surface area
of an evaporator or condenser leads to high rates of two-
phase heat transfer. By moving to feature sizes that can
be as small as tens of nanometers, the surface area (and
rate of heat transfer) can increase by 2-3 orders of mag-
nitude.

[0007] Further, the constraint on the geometry of the
sintered copper also imposes limitations on the possible
density and configuration of the porous medium. A
packed bed of spheres in a random arrangement only
gives 50-55% density with little room for tuning in one
direction or the other. That means that a heat pipe cannot
be optimized by the density as a free variable. Heat pipes
that rely on sintered copper can only be locally optimized
without being able to independently tune the amount of
wicking material present or the arrangement of that ma-
terial.

SUMMARY

[0008] The following discussion discloses and de-
scribes a heat pipe that employs a metal woodpile cap-
illary wick. The heat pipe includes an outer enclosure
defining a chamber therein that contains a working fluid,
an evaporator section for converting the fluid to vapor in
response to being heated from a heat source, and a con-
denser section for converting the vapor back into the fluid
in response to cooling from a heat sink. The wick is po-
sitioned within the chamber in contact with the enclosure
and extends between the evaporator section and the con-
denser section. The wick includes a plurality of layers
each having spaced apart parallel thermally conductive
bars defining channels therebetween, where the bars in
adjacent layers are oriented in different directions and
where the condensed fluid flows through the channels in
the wick from the condenser section to the evaporator
section.

[0009] Additional features of the disclosure will be-
come apparent from the following description and ap-
pended claims, taken in conjunction with the accompa-
nying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0010]

Figure 1 is an isometric view of a metal woodpile
capillary wick;

Figure 2 is a top view of the woodpile capillary wick
shown in figure 1;

Figure 3 is a cross-sectional type side view of a heat
pipe incorporating the woodpile capillary wick;
Figure 4 is anillustration of a metal woodpile capillary
wick employing offset rectangular beams;

Figure 5is anillustration of a metal woodpile capillary
wick employing rectangular beams of different sizes;
and

Figure 6is anillustration of a metal woodpile capillary
wick employing round and rectangular beams.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0011] The following discussion of the embodiments
of the disclosure directed to a heat pipe employing a met-
al woodpile capillary wick is merely exemplary in nature,
and is in no way intended to limit the disclosure or its
applications or uses.

[0012] As will be discussed in detail below, this disclo-
sure proposes a heat pipe employing a metal woodpile
capillary wick. As used herein, a woodpile is a three-di-
mensional grid of aligned and orthogonal thermal con-
ductor bars that are uniform in cross-section either rec-
tangular or circular. By aligning the bars, the woodpile
wick straightens both the heat conduction and fluid de-
livery pathways, which reduces both resistances. The
straight fluid flow channels minimizes the hydraulic re-
sistance and allows a direct line-of-sight for mass trans-
port to occur. The cross-section shape, pitch and volume
fraction of the bars can be independently tuned to provide
maximum control of the precise material structure for op-
timizing the transport properties of the heat pipe. Fabri-
cation techniques exist that can form the bars to have
very small cross-sections, such as on the order of 100
nanometers.

[0013] Figure 1 is an isometric view and figure 2 is a
top view of a metal woodpile capillary wick 10 of the type
proposed above. The wick 10includes a number of layers
12 of spaced apart parallel round conductor bars 14 de-
fining flow channels 16 therebetween. The bars 14 are
oriented so that they are orthogonal to each other from
one layer 12 to an adjacent layer 12. The bars 14 can be
made out of any suitable thermally conductive material,
such as copper. The cross-sectional size, the cross-sec-
tional shape, the pitch (spacing) and the orientation of
the bars 14 can be selected for a particular application.
Heat flows along the bars 14 in a straight direction and
fluid flows through the channels 16 in a straight direction.
[0014] Figure 3 is a cross-sectional type side view of
a heat pipe 20 including an outer conductive enclosure
22 defining an internal chamber 24 therein and having
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end walls 26 and 28, where the enclosure 22 can have
any suitable cross-sectional shape and be made of any
suitable material for a particular application. The heat
pipe 20 also includes an evaporator section 30 provided
adjacent to the wall 26, where a heat source 32, such as
an electronic device, is provided in thermal contact with
the enclosure 22 in the section 30, and an condenser
section 34 provided adjacent to the wall 28, where a heat
sink 36, such as a metal block, is provided in thermal
contact with the enclosure 22 in the section 34. A metal
woodpile capillary wick 40 including conductor bars 42
configured in the manner discussed above is positioned
within the chamber 24 in thermal contact with the enclo-
sure 22. Heat from the heat source 32 is conducted into
the wick 40 and the heat evaporates a working fluid, such
as water, therein to vapor that is transported through a
vapor cavity 44 in the chamber 24 outside of the wick 40
towards the condenser section 34. Heat is drawn out of
the vapor in the condenser section 34 and is condensed
back into the fluid and is wicked along the bars 42 in the
wick 40 by the capillary action towards the evaporator
section 30 to be reheated into vapor. Thus, the heat pipe
20 controls the temperature of the heat source 32. It is
noted that although the wick 40 is only shown on one
side of the enclosure 22, it can be provide all of the way
around and in contact with the enclosure 22.

[0015] As mentioned above, the cross-sectional
shape, pitch, volume fraction, etc. of the conductor bars
42 can be independently tuned for a particular heat pipe
and its application. Each layer in the wick 40 can be con-
figured differently than other layers to provide different
characteristics so that it is not uniform, such as providing
increased heat conduction near the enclosure 22 and
increased evaporation near the vapor cavity 44.

[0016] Figure4 is a sideillustration of a metal woodpile
capillary wick 50 having rectangular conductor bars 52
that have varying sizes and are offset from each other in
layers 54 having the bars 52 going in the same direction.
Figure 5is a side illustration of a metal woodpile capillary
wick 60 employing round conductor bars 62 going in one
direction and rectangular conductor bars 64 going in an
orthogonal direction in adjacent layers 66. Figure 6 is a
side illustration of a metal woodpile capillary wick 70 em-
ploying rectangular conductor bars 72 of different sizes
in adjacent layers 74. In all of these embodiments, the
conductor bars in adjacent layers are orthogonal to each
other. However, in other designs the bars in adjacent
layers can be angled other than 90° relative to each other.
[0017] Any suitable fabrication technique can be used
to fabricate a heat pipe including a metal woodpile cap-
illary wick as described herein. For example, soft lithog-
raphy or layer-by-layer templating and electroplating can
be employed where the wick is built up layer-by-layer on
a substrate and then the substrate is rolled to form the
heat pipe.

[0018] The foregoing discussion discloses and de-
scribes merely exemplary embodiments of the present
disclosure. One skilled in the art will readily recognize
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from such discussion and from the accompanying draw-
ings and claims that various changes, modifications and
variations can be made therein without departing from
the spirit and scope of the disclosure as defined in the
following claims.

Claims
1. A heat pipe comprising:

an outer enclosure defining a chamber therein
and containing a working fluid;

an evaporator section for evaporating the fluid
to vapor in response to being heated from a heat
source;

a condenser section for condensing the vapor
back into the fluid in response to cooling from a
heat sink; and

a capillary wick positioned within the chamber
in contact with the enclosure and extending be-
tween the evaporator section and the condenser
section, said wick including a plurality of layers
each having spaced apart parallel thermally
conductive bars defining channels therebe-
tween where the bars in adjacent layers are ori-
ented in different directions and where the con-
densed fluid flows through the wick from the con-
denser section to the evaporator section.

2. The heat pipe according to claim 1 wherein the bars
in adjacent layers are orthogonal to each other.

3. The heat pipe according to claim 1 wherein the bars
in every other layer are oriented in the same direc-
tion.

4. The heat pipe according to claim 3 wherein the bars
that are oriented in the same direction in different
layers are aligned with each other.

5. The heat pipe according to claim 3 wherein the bars
that are oriented in the same direction in different
layers are offset from each other.

6. The heat pipe according to claim 1 wherein some of
the bars have a different cross-sectional size than
other bars.

7. The heat pipe according to claim 1 wherein some of
the bars have a different cross-sectional shape than
other bars.

8. The heat pipe according to claim 1 wherein the bars
are round in cross-section.

9. The heat pipe according to claim 1 wherein the bars
are rectangular in cross-section.
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10.

1.

12.

13.

14.

15.

The heat pipe according to claim 1 wherein the bars
in some layers are round in cross-section and the
bars in other layers are rectangular in cross-section.

The heat pipe according to claim 1 wherein the wick
is designed to provide greater thermal capacity clos-
er to the enclosure and greater evaporation farther
from the enclosure.

The heat pipe according to claim 1 wherein the bars
are copper bars.

A capillary wick comprising a plurality of layers each
having spaced apart parallel thermally conductive
bars defining channels therebetween where the bars
in adjacent layers are oriented in different directions.

The capillary wick according to claim 13 wherein the
bars in adjacent layers are orthogonal to each other.

The capillary wick according to claim 13 wherein the
bars in every other layer are oriented in the same
direction.
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