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(57) Abstract: A system and method for providing and using wickless capillary driven constrained vapor bubble heat pipes for ap-
plication in rack servers are disclosed. An example embodiment includes: a base structure; and a rack column supported by the base
structure, the rack column in thermal coupling with a heat-generating device, the rack column containing a constrained vapor bubble
(CVB) cell cluster including a plurality of cells in thermal coupling with the heat-generating device at a first end in an evaporator region
and in thermal coupling with the base structure at a second end in a condenser region, each cell of the plurality of cells having a wickless
capillary driven CVB heat pipe embedded in the cell, each wickless capillary driven CVB heat pipe including a body having a capillary
therein with generally square corners and a high energy interior surface, and a highly wettable liquid partially filling the capillary to
dissipate heat between the evaporator region and the condenser region.
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WICKLESS CAPILLARY DRIVEN CONSTRAINED VAPOR BUBBLE HEAT PIPES
FOR APPLICATION IN RACK SERVERS

TECHNICAL FIELD

This patent application relates to clectronic systems and devices, mohile devices, and the
fabrication and thermal dissipation of such devices and systerns, according to various example
embodiments, and more specifically o a system and method for providing and using wickless

capillary driven constrained vapor bubble beat pipes for application in rack servers,

BACKGROUND

Modern clectric or electronic devices include many components that generate heat,
including, but not limited to processorsicontrollers, signal processing devices, memory devices,
communication/transceiver devices, power generation devices, and the like. Adequate thermal
management of these components is critical to the successful operation of these systems and
devices. When components generate a large amount of heat, the heat must be dissipated or
transported guickly away from the heat source in order to prevent failure of the heat producing
componentis.

In the past, thermal management of clectronic components has included air-cooling
systems and liquid-cooling systems. Regardless of the type of fluid wsed (e.g., air or hiquid), it
may be challenging to deliver the fluid to the heat source, e.g., the component generating large
amounts of heat. For example, clectronic devices, such as mobile devices or wearables, may
include processors andfor integrated circuits within enclosures that make it difficalt for a cooling
fluid to reach the heat generating components.

To transfer the heat away from these difficult to access components, conventional
solutions use plates made from highly thermally-conductive material, such as graphite or metal,
that have been placed in thermal contact with the heat generating components such that the heat
is carried away via conduction through the plate. However, the speed and efficiency of the heat
transport in a solid plate is limited by the thermal resistance of the material.

Conventional solutions also use wicked heat pipes to transfer heat from a heated region
{also referved to as an cvaporator region) 1o a cooled region (also referred to as a condenser
region). A traditional wicked heat pipe cousists of a tube with a wick running along the interior
surface of the tube. The tube is filled with a liquid that evaporates into a vapor at the evaporator
region, which then flows toward the condenser region. The vapor condenses back into a liguud at
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the condenser region. The wick enables the condensed hiquid to flow back to the evaporator
region for the cycle to repeat.

However, there are many challenges with wicked or grooved structures in integrated
vapor chambers or liguid cooled heat pipes on standard Printed Circuit Boards (PCBs), for
cxample. A few of these disadvantages with conventonal wicked or grooved structures arc
summarized below:

s Micro-grooved structures showed poor performance in gravity operations;

& Lack of fluid crossover ability causes circulation challenges;

¢ The wicks cause a thermal resistance inside the pipe itself;

® Inscrtion of a wick structure (regardless of porosity and design) is a challenge and not a
common practice for PCB manufacturers;

& [nscrtable wick requires an additional copper restraint to hold it in place to allow fora
cavity for vapor;

¢ The inside of vapor chambers and heat pipes 1s usually coated in sintered metal, which
creates problems. The basic problem is that the inside of both the vapor chamber and the
heat pipe have very little surface arca.

Traditional rack servers are cooled using complex connections of chillers, compressors,
and air handlers in the computing or data storage enviroament. Some rack server cooling
solutions use air-cooled or liquid-cooled solutions. A flow of air or liquid is typically directed
through each server rack and/or housing to remove the excess heat from cach server in the rack.
Bowever, conventional rack servers gencrate a significant amount of excess heat. The dissipation
of this excess heat consumes a significant level of power. Conventional rack server cooling
solutions have been unable to sufficiently reduce the power demands of the rack server cooling

system.

BRIEF DESCRIPTION OF THE DRAWINGS

The various embodiments ave illustrated by way of example, and not by way of
limitation, in the figures of the accompanying drawings in which:

FIG. 1 illustrates an example embodiment of the wickless capillary driven constrained
vapor bubble (CVB) heat pipe as disclosed herein;

Fi(Gs. 2 and 3 illustrate some of the disadvantages of the conventional wicked or grooved
heat pipe structures;

FIG. 4 illustrates an example of nucleate boiling in porous wick structures;

o]
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FIG. 5 illustrates some of the techniques with which the embodiments described herein
overcome some of the challenges;
FIG. 6 iHustrates example embodipents showing novel cavity shapes;

FiG. 7 illustrates an example embodiment showing the idea behind the new cavity

A

shapes;
FiGG. 8 illustrates an example embodiment showing the manufacturability of the new
cavity shapes;
FIG. 9 illustrates a typical Printed Circuit Board (PCB) fabrication process;
FIG. 10 tlustrates an example embodiment of a CVB heat pipe fabrication process using
10 chemical etching;
FIG. 11 illustrates an example embodiment of a CVB heat pipe fabrication process using
laser/mechanical subtraction;
FIG. 12 illustrates an example embodiment of a CVB charging process using vacuum,
fill, and seal;
13 FIG. 13 illustrates an example embodiment showing capillary heights for CVB for
different cavity shapes;
FIG. 14 illostrates a temperature comparison between a CVB fin and a metal fin;
FiGs. 15 through 17 illustrate the effects of ultrasonic on capillary forces as discussed in
the prior art;
20 FiG. 18 illastrates the results of operation with an example embodiment as shown with a
prioy art simulation tool {e.g., Flow3D simulations);
FiG. 19 illusirates an example embodiment of a three-dimensional shape embedded with
a computational mesh of wickless capillary driven heat pipes, shown using a prior art simulation

tool;

b
A

FI(5. 20 illustrates an example of the temperature variations in a8 wickless capiliary driven
heat pipe of an example cmbodiment, shown using a prior art simulation tool;

FiG. 21 illustrates an example of the vapor movement velocity variations in a wickless
capiliary driven heat pipe of an example embodiment, shown using a prior art sirmlation tool;

FIG. 22 illustrates an example of the pressure variations in a wickless capillary driven
30 heat pipe of an example embodiment, shown using a prior art sinulation tool;
FIG. 23 illustrates an example of the velocity variations in a wickless capillary driven

heat pipe of an cxample cmbodiment, shown using a prior art simulation tool;
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FIG. 24 illustrates an example embodiment of innovative channel geometries to create
effictent heat transfer structures for servers;

FiG. 25 illustrates an example embodiment of a compute node with a cluster of CVB
cells compacted closely together and acting as heat carrier to the cold plate out of the node;

Fi(G. 26 is a process flow chart illustrating an example embodiment of a method as
described herein; and

FIG. 27 shows a diagrammatic representation of a machine in the example form of a
mobile computing and/or communication system within which a set of instructions when
executed and/or processing logic when activated may cause the machine to perform any one or

more of the methodologies described and/or claimed herein.

DETAILED DESCRIPTION

In the following description, for purposes of explanation, munerous spectfic details are
set forth in order to provide a thorough understanding of the various embodiments. It will be
cvident, however, to onc of ordinary skill in the art that the various embodiments may be
practiced without these specific details.

In the various embodiments deseribed herein, a system and method for providing and
using a wickless capillary driven constrained vapor bubble (CVB) heat pipe are disclosed. FIG. |
tllustrates an example embodiment of the wickdess capillary driven CVB heat pipe as disclosed
herein. The vartous example embodiments disclosed herein provide a variety of advantages over
conventional solutions. For example, the wickless CVB heat pipe of the various exampie
embodiments disclosed herein:

& [cads to simpler and lighter systems;

& {Can be used for space and electronic cooling applications;

¢ s effective as the dimension of the cavity can be reduced and the heat pipe can become a
micro heat pipe;

& s casier to manufacture by PCB manufacturers or other device fabricators, as there are
no wick structures to inser{ or adhere to the walls of the heat pipe;

& Docs not require moving parts; and

e Capillary forces in the corners of the channels drive the liquid to the evaporator. As a
resuit, there are no challenges because of wicks or grooved structures as described above.

Circular or rounded corner channels do not provide this advantage.
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FiGs. 2 and 3 illustrate some of the disadvantages of the conventional wicked or grooved

heat pipe structures. A few of these disadvantages with conventional wicked or grooved structures

are summarized below:

&  Micro-grooved structures showed poor performance in gravity operations;

e Lack of fluid crossover ability causes circulation challenges;

¢  The wicks cause a thermal resistance mnside the pipe itself;

& Inscrtion of a wick structure (regardless of porosity and design) is a challenge and not a

common practice for PCB manufacturers;

¢ Inscrtable wicks require an additional copper restraint o hold it in place to allow a cavity

for vapor;

¢ The insides of the vapor chambers and the heat pipes are usually coated in sintered metal,

which creates problems. The basic problem is that the inside of both the vapor chamber

and the heat pipe have very little surface area; and

& Wicked heat pipes have a tendency to experience “dry-out,” whereby the liquid in the

evaporator region is fully vaporized and the wick becomes void of Liquid.

FIG. 4 illustrates an exarople of nucleate boiling in porous wick structures. Conventional

wisdom calls for nucleate botling to be avoided in wicked heat pipes having longitudinal groove

wick structures. In these wicks, nucleation of vapor bubbles completely obstructs the non-

communicating individual paths of capillary liquid return to the evaporator section; a boiling

limit is imposed in this case based on the conventional nucleation incipience superheat criterion.

Alternatively, sinfered screen mesh, sintered powder, and fibrous wick structures affixed to the

wall of a heat pipe can continue to feed liquid to the heat source during botling via the inherently

stochastic network of interconnected pores. The varicus embodiments disclosed herein avoid

these problems inherent in wicked heat pipes.

1
3

The table below provides a comparison between wicked and wickless heat pipes.

Wick-type heat pipes

Wickless (CVB) heat pipes

Manufacturing The fabrication consists of added steps
and complexity due to the varied nature
of the wicks and inserts needed to keep
them in place {(adhered to the wall of
the pipe).

These are much  simpler  t©
fabricate as there are no wick
structures to insert or adhere to
the walls of the heat pipe.
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Performance

The performance can be better than the
wickless type as it can avoid dry out for
longer heat loads with aided capillary
heated The
combination of the wick structure and

flow to the end.

material would determine performance.

Performance could be hindered
on high heat loads if capillary
pumping head drops off (too long
of a bubble).
Constrained Vapor Bubble would

The size of the

drive the performance and when
compared fo a similar sized wick
pipe, the
manuofacturability and longevity

type case  of

of this type of heat pipe wins.

Simplicity

Wick structure and material of the wick
can be coroplex and tough to maintain.
Wicks add to cost of the device.

Lack of a material wick makes
this simpler and lighter to use.
Also, less expensive to build.

Challenges

Longevity of wicks is a challenge, cost
incurred due to addition of a wick is
another challenge. PCB manufacturers
do not have a standard process for
inserting the wicks. Nucleate boiling
within wick structure creates problems.

Long dry-out lengths at high heat

loads for large bubble sizes
creates challenges. Maintaining
symmetry of capillary flow in a
Earth

horizontal direction on

could be an issue.

6
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The tables below provide a summary of fhid possibilities and material compatibnlity for
various operating temperature ranges for the CVB wickless heat pipes of example embodiments.
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FIG. 5 illustrates some of the techniques with which the embodiments described herein
overcome some of the challenges. In some circumstances, the wickless CVB heat pipe can also
encounter some implementation issues, In particular, a lack of wettability of liguid to the surface,
a high heat load, and opposing gravity can cause longer dry out lengths where the hquid loses
contact with the wall and degrades the CVB’s performance. However, the embodiments
described herein overcome these challenges in a variety of ways including by use of one or more
of the techniques listed below and shown in FIG. 5:

& Array {daisy chaining) of shorter CVB cells can be used to increasce the total CVB length.

In this embodiment, the condenser for one cell acts as the evaporator of an adjacent cell;

e {ross patterns of CVB arrays can make them work in any gravity orientation;
& Using a highly wettable liquid with a bigh energy surface can decrease dry outs; and
¢ Micro-sized piczo devices can be used to help increase capillary lengths.
The wickless CVB heat pipe of various cxample embodiments is designed with regard to

several important parameters as listed below:

® Gravity impact

® Fin effectiveness

& Dy out lengths

® Dimensions and shapes
® Heat transfer rates

® Liguid vapor interface
& Surface tension

® Wettability

FIG. 6 illustrates example embodiments showing novel cavity shapes. Liquid rising in the
capiiary formed by the vapor bubble and cavity walls can be manipulated by use of various
cavity shapes. Through innovative cavity shapes as shown in FIG. 6, CVB capillary lengths can
be tuned for the same vapor bubble diameter. Geometries that create smaller corner angles with
effectively smaller hydraulic radii can lead to larger capillary lengths. Tools can help o predict
approximate capillary lengths for different corner areas, bubble diameters, contfact angles, and
different fluid propertics. This can help to tune the cavity dimensions per the available surface
dimensions and fluids in products.

Fi(G. 7 illusiratcs an example embodiment showing the idea behind the new cavity

shapes. The circular part of the shape maintains CVB vapor geometry. Sharper corner geometry

10
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help reduce the corner liquid interface radius. The base opening creates sharper corner angles
with the vapor bubble and reduces overall hydraulic diameter.

FIG. 8 illustrates an cxample embodiment showing the manufacturability of the new
cavity shapes. In various example embodiments, non-standard/movel shapes can include flowers,
octagons, stars, triangles, and the hike. Most metal manufacturers can make it (as long as it’s
under 27 in diameter), which is ideal for micro heat pipes. Like standard shapes, the tubing is
formed and welded into the “mother” round shape before it can be finalized. In the case of the x-
shaped tubing as shown in FIG. §, the tubing went from round to square, and then was formed
into the “x” shape. Uncommon shapes may go through many different shaping processes to meet
the client’s requircments. Different techniques used inchide welding, laser cutting, injection
molding, etc. For non-metallic tube material, one can use chemical etch or heat shaping.

FI(G. @ lustrates a typical Printed Circuit Board (PCB) fabrication process. Such
processes can be modified and applied to the fabrication of CVB bheat pipes. FIG. 10 illustrates
an example embodiment of a CVEB heat pipe fabrication process using chemical stching. In
general, the CVB heat pipe fabrication process of an example embodiment is an extension of the
PCB fabrication or silicon patterning process. FIG. 11 illustrates an example embodiment of a
CVB heat pipe fabrication process using laser/mechanical subtraction. FIG. 12 illustrates an
example embodiment of a CVEB charging process using vacuum, fill, and seal.

Fi(z. 13 illustrates an example embodiment showing capillary lengths for CVB heat pipes
for different cavity shapes. The comer angles of the cavity can be modified and adjusted to
determine a corresponding capillary length. A tool can help to predict an approximalte capillary
fength for different corner angles, channel diamcters, contact angles, and different fluid
properties. This can belp fo tune the cavity dimensions per the available surface dimensions and
fluids in products.

FI(5. 14 dlustrates a temperature comparison between a CVB fin and a metal fin. The
basic calculations show a potential for a high temperature profile for a longer length CVEB fin.
Higher temperatures over the fin result in higher heat transfer. This indicates the potential for
taller, thinner, and efficient fins with the CVB embodiments described herein. The CVB
embodiments described herein avoid dry outs and maximize two phase heat transfer for a given
fin length. Heat sink based on CVB fins can be expected to be lighter as compared to non-CVEB

based heat sinks for similar thermal performance.
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FiGs. 15 through 17 illustrate the effects of ultrasonic on capillary forces through data
published in the prior art. The prior art is referenced here only to indicate that capillary force can
be influenced through cxternal means besides geometry.

FIG. 18 iHustrates the results of the operation of an example embodiment as shown with
a prior art simulation ol (e.g.. Flow3D simulations). The Flow3D simulations show very
promising thermal results and indicate how simulating this complex phenomenon can work with
new and sophusticated tools. The stmulation can be tuned and used to our advantage to yield
sensitivity analysis.

FIG. 19 illustrates an example embodimment of a three-dimensional shape embedded with
a computational mesh of wickless capillary driven heat pipes, shown using a prior art simulation
tool.

FI(5. 20 illustrates an example of the temperature variations in a8 wickless capiliary driven
heat pipe of an example embodiment, shown using a prior art simulation tool.

FIG. 21 illustrates an example of the vapor movement velocity variations in a wickless
capiliary driven heat pipe of an cxample embodiment, shown using a prior art simulation tool

FIG. 22 illustrates an example of the pressure vartations in a wickless capillary driven
heat pipe of an example embodiment, shown using a prior art simulation tool.

FIG. 23 illustrates an example of the velocity variations in a wickless capillary driven
heat pipe of an example embodiment, shown using a prior art simulation tool.

As described above, the wickless CVEB heat pipes of the various embodiments can be
formed in a variety of shapes and configurations and fabricated in a varicty of ways to
accommodate a variety of different applications. Some of these applications for various example

embodiments are described in more detatl below.

Application in Rack Servers

FIG. 24 illustrates an example erobodiment of thermally efficient rack structures 3100 for
servers or other power-consuming or power-generating devices. FIG. 24 also illustrates example
embodiments of innovative channel geometiies to create efficient heat transfer structures for
servers or other heat-generating devices. In a particular cxample embodiment, clusters of
wickless capillary driven heat pipe cells can be embedded into the particular channel geometry
of a server rack stucture to improve the efficiency of the heat transfer mechanism. In the
described example embodiments, these techniques can create thermally efficient rack structures

for servers or other heat-generating devices.
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Referring to FIG. 24, a server 3118 is shown mounted to, installed on, connected with, or
supported by a base structure 3120 via a heat transfer rack structure or one or more rack columns
3130. The base structure 3120, supporting the rack columns 3130, can be a scismic support
structure fabricated from a thermally conductive material. In a particular embodiment, the base
structure 3120 can be fabricated from hollow copper or aluminum and can be configured to
contain a pool of liguid used to charge the wickless capillary driven heat pipe cells embedded
within the channeled core structure of the rack columns 3130. The rack columns 3130, supported
by base structure 3120 at a second end in a condenser region and supporting the server 3110 or
other heat-generating device placed thercon at a first end in an evaporator region, can be an array
of rack columns wherein each rack column can contain a cluster of CVB cells 3132 compacted
closely together as shown in FIG. 24 for an example embodiment. Each CVB cell 3132 can
include a wickless capillary driven heat pipe, such as the wickless capillary driven beat pipes
described in detail above. In various alternative embodiments, different cross sections of the
CVB wickless heat pipe celis 3132 in the rack structure 3130 can provide better or different
thermal heat transfer efficiency for ditferent rack structures. For example, as shown in FIG. 24,
the CVB wickless heat pipe cells 3132 can be configured in a variety of cross-sectional shapes
including: rectangular or square, triangular, round or oval, curved, other polygonal shapes,
polygonal shapes with beveled corners, or other geometries with a closed internal cavity., As
described in detall above, each CVB wickless heat pipe cell 3132 can mclude a constrained
vapor bubble 3134 within a fluid 3136 contained in the cell 3132, As also described above, the
movement of the bubble 3134 and the fluid 3136 within each cell 3132 serves to improve the
thermal transfer and excess heat dissipation in each rack colurmn 3130. As a result, the thermal
transfer and excess heat dissipation from the scrver 3110 or other heat-generating device
connected to or in thermal contact with the rack columms 3130 is improved. In the example
embodiment shown in FIG. 24, a hexagonal-shaped CVB wickless heat pipe cell 3132 cross-
section allows the creation of an enhanced shared arca with adjacent cells within the rack column
3130. The shared area between adjacent cells can increase the transfer of heat between cells.
Cross-sectional shapes with more corners can increase the capillary action of the wickless heat
pipe cells 3132 and thus improve cxcess heat dissipation. The embodiment shown in FIG. 24 can
provide several benefits, including more efficient heat transfer from servers or other heat-
generating devices in a rack structure. The embodiment shown in FIG. 24 also provides a new
rack column 3130 structure fabricated with hollow cells of various cross-sectional shapes for

cmbedding an array of CVB wickless heat pipe cells 3132 therein fo improve excess heat
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dissipation. The one or more rack columns 3130 with embedded CVB wickless heat pipe cells
3132 can be configured as pillars of varying lengths coupled with a seismic base stuctare 3120
on one side and a server 3110 or other heat-generating device on another side. In an alternative
cmbodiment, the base structure 3120 can contain a pool of liquid and thereby serve as a cooling
fluid reservoir. In cach of the described example embodiments, excess heat can be cfficiently
transferred from the server 3110 or other heat-gencrating device to the base structure 3120 in less
time, with less power, and without moving parts. The embodiment shown in FIG. 24 can provide
several advantages over the existing technologies including lighter weight, a new rack column
3130 structure fabricated with hollow cells of various cross-sectional shapes, Iess fan power, and
reduced aitflow.

FIG. 25 illustrates an example embodiment of a heat transfer mechanism 3200 supporting
a compute node 3210 with a cluster of CVB cells 3230 compacted closely together and acting as
heat carrier to the cold plate out of the node. As is well-known in the art, rack servers or other
electronic devices can include one or more compute nodes 3210, which can be data
communication via a common bus, a local network interface, or other data transfer system.
Typical compute nodes 3210 can include one or more general processing cores, one Of more
graphics cores, other processing logic, memory devices, and other electronic devices or
components, which can communicate with cach other via a bus or other data transfer system. A
typical rack server can include one or more compute nodes 3210 and other processing and power
control logic interconnected via the data transfer system. In many cases, the one or more
compute nodes 3210 in each rack server are contained in an enclosed housing. As each rack
server is powered up and used in normal operations, the components on the one or more compute
nodes 3210 in each rack server can heat up, because of the electrical power applied to each
component. The excess heat build-up from each corponent and the combinations of components
of each compute node 3210 can quickly reach operational temperature limits, beyond which can
cause component damage. As a result, logic within the compute node 3210 and/or the rack
servers will limit the functionality, timing, speed, and/or operation of the compute node 3210
components o maintain temperatures below the operational temperatore himes. Thus, the excess
heat generated by the compute neodes 3210 in the rack servers can cause a reduction or a
limitation in the operational functionality and capabtlitics of the compute nodes 32140,

The various embodimenis of a heat transfer mechanism described herein serve to reduce
or dissipate the excess heat generated by the compute nodes 321€ in the rack servers, thereby

cnabling the compute nodes 3210 to perform atf a bigher level of functionality and performance.

14



A

10

13

20

b
A

30

WO 2017/189158 PCT/US2017/025109

An example embodiment of a heat transfer mechanism 3200 supporting a compute node 3210 is
shown in FEG. 25, Referring to FIG. 25, a compute node 3210 of heat transfer mechanism 3200
includes a CVB cell cluster 3230 in direct thermal contact with one or more surfaces of the
compute node 3210 and/or the components thereon. The CVEB cell cluster 3230 comprises an
array of channeled core structures or cells in which a plurality of CVB wickless heat pipes 3232
are embedded to improve excess heat dissipation from cach compute node 3210. Each CVB cell
3232 can include a wickless capiliary driven heat pipe, such as the wickless capillary driven heat
pipes described in detail above. In various alternative embodiments, different cross sections of
the CVB wickless heat pipe cells 3232 (e.g., sec FIG. 24, cells 3132) in the CVB ccll cluster
3230, shown in FIG. 25, can provide better or differcnt thermal beat transfer efficiency for
ditferent compute node structures. For example, as shown in FIG. 24, the CVB wickless heat
pipe celis 3232 can be configured in a variety of cross-sectional shapes including: rectangular or
square, triangular, round or oval, carved, other polygonal shapes, polygonal shapes with beveled
corners, or other geometries with a closed internal cavity., As described in detail above, each
CVB wickless heat pipe cell 3232 can include a constrained vapor bubble within a fluid
contained in the cell 3232, As also described above, the movement of the bubble and the fluid
within each cell 3232 serves to improve the thermal transfer and excess heat dissipation in each
cell of the CVB cell cluster 3230. As a result, the thermal transfer and excess heat dissipation
from the compuie node 3210 is improved. In the example embodiment shown in FIG. 25, a
hexagonal-shaped CVB wickless heat pipe cell 3232 cross-section allows the creation of an
enhanced shared area with adjacent cells within the CVB cell cluster 3230. The shared area
hetween adjacent cells can increase the transfer of heat between cells. Cross-sectional shapes
with more corners can increase the capillary action of the wickless heat pipe cells 3232 and thus
improve excess heat dissipation. At a first end in an evaporator region, the CVEB cell cluster 3230
can be in direct thermal contact with particular components on the compute node 3210 and/or
routed to several heat-generating components on the compute node 3210. The CVB cell cluster
3230 can be attached to the compute node 3210, and/or the components thereon, using a
thermally conductive adhesive, a soldering or welding process, or a mechanical attachment
mechanism. At a second end in a condenser region, the CVEB cell cluster 3230 can be in direct
thermal contact with a heat exchanger, a cold plate, or other base element 3220. The heat
exchanger, cold plate, or other base element 3220 can be in thermal contact with a cenwal
cooling system, such as a central air-cooling or Hquid-cooling system. The base clement 322¢

serves to remove the excess heat transferred thereto via the CVB cell cluster 3230, As a result,
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1
3

excess heat can be efficiently transferred and removed from any or all of the heat generating
components of the compute node 3210, In a similar fashion, excess heat can be efficientdy
transferred and removed from any or all of the compute nodes 3210 of a rack server or other
heat-generating electronic device.

In the example embodiments dlustrated in FIG. 25, this heat transfer mechanism can
deliver thermal management directly to the compute node 3210 of cach server or other heat-
generating device. A heat exchanger, cold plate, or other base element 3220 can be provided to
service one or a group of server racks and the servers or other heat generating devices therein. As
described above, differcnt cross sections of the CVEB cells 3232 in the CVB cell cluster 3230 can
provide better efficiency for the different rack and compute node structures.

Referring now to FIG. 26, a processing flow diagram iflustrates an example embodiment
of a method 1100 as described herein. The method 1100 of an cxample embodiment includes:
fabricating a base structure frormn a material with highly heat conductive propertics (processing
block 1110); fabricating a rack column containing a constrained vapor bubble (CVB) cell cluster
including a plurality of celis, each cell of the plurality of cells having a wickless capillary driven
CVB heat pipe embedded in the cell, each wickless capiliary driven CVB heat pipe including a
body having a capillary therein with generally square corners and a high energy interior surface,
and a highty wettable liguid partially filling the capillary to dissipate heat between an evaporator
region and a condenser region (processing block 1120); supporting a heat-gencrating device with
the rack colomm at a first end in an evaporator region wherein the heat-generating device is in
thermal contact with the first end of the rack column (processing block 1130); and using the base
structure to support the rack column at a second cnd in a condenser region to enable thermal
transfer between the heat-generating device and the base structure via the rack column
(processing block 11440).

Embodiments described herein are applicable for use with all types of semiconductor
integrated circuit (*IC”) chips. Examples of these IC chips include but are not limited to
processors, controliers, chipset components, programable logic arrays (PLAs), memory chips,
network chips, systems on chip (SoCs), SSD/NAND controller ASICs, and the like. In addition,
in some of the drawings, signal conductor lines arc represenicd with lines. Any represented
signal lines, whether or not having additional information, may actually comprise one or more
signials that may travel in muluple directions and may be implemented with any suitable type of
signal scheme, e.g., digital or analog lines implemented with differential pairs, optical fiber lines,

and/or single-ended lines.
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Example sizes/models/values/ranges may have been given, although embodiments are

not limited to the same. As manufacturing techniques (e.g., photolithography) mature over time,
it is expected that devices of smaller size can be manufactured. In addition, well-known
power/ground connections to integrated circuit (JO) chips and other components may or muay not
be shown within the figures, for simplicity of illustration and discussion, and so as 1ot to obscure
certain aspects of the embodiments. Further, arrangements may be shown in block diagram form
in order o avoid obscuring embodiments, and also in view of the fact that specifics with respect
to implementation of such block diagram arrangements are highly dependent upon the system
platfornmt within which the embodiment is to be implemented, i.c., such specifics should be well
within purview of one of ordinary skill in the art. Where specific details (e.g., circuits) are set
forth in order to describe example embodiments, it should be apparent to one of ordinary skill in
the art that embodiments can be practiced without, or with variation of, these specific details.
The description is thus to be regarded as illustrative instead of limiting.
The term “coupled” may be used herein to refer to any type of relationship, direct or indirect,
between the components in question, and may apply to electrical, mechanical, fluid, optical,
clectromagnetic, electromechanical or other connections. In addition, the terms “first”, “second”,
ctc. may be used herein only to facilitate discussion, and carry no particular temporal or
chronological significance unless otherwise indicated.

Included herein is a set of process or logic flows representative of example
methodologies for performing novel aspects of the disclosed architecture. While, for purposes of
simplicity of explanation, the one or more methodologics shown herein are shown and described
as a scrics of acts, those of ordinary skill in the art will understand and appreciate that the
methodologies are not lunited by the order of acts. Some acts may, in accordance therewith,
occur in a different order and/or concurrently with other acts from those shown and described
berein. For example, those of ordinary skill in the art will understand and appreciate that a
methodology can altemnatively be represented as a serics of interrelated states or events, such as
in a state diagram. Moreover, not all acts iHustrated in a methodology may be required for a
novel implementation. A logic flow may be implemented in software, firmware, and/or
hardware. In software and firmoware embodiments, a logic flow may be implemented by
computer cxecutable instructions stored on at least one non-transitory computer readable
medium or machine readable mediom, such as an optical, magnetic or semiconductor storage.

The examplc embodiments disclosed herein are not limited in this respect.

[
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The wvarious elements of the example embodiments as previously described with
refercnce to the figures may include or be used with various hardware clements, software
clements, or a combination of both. Examples of bardware elements may include devices, logic
devices, components, processors, IMICTOProcessors, Circuifs, processors, circuit elements (e.g.,
transistors, resistors, capacitors, inductors, and so forth), integrated circuits, application specific
integrated circuits {ASIC), programmable logic devices (PLD), digital signal processors (DSP),
field programmable gate array (FPGA), memory units, logic gates, registers, semiconductor
device, chips, microchips, chip sets, and so forth. Examples of software clements may include
software components, prograras, applications, computer programs, application programs, system
programns, software development programs, machine programs, operating systemn software,
middieware, firmware, software modules, routines, subroutines, fanctions, methods, procedures,
software interfaces, application program interfaces (API, instruction scts, computing code,
computer code, code segments, computer code segments, words, values, symbols, or any
combination thereof. However, determining whether an embodiment is implemented using
hardware elements and/or software elements may vary in accordance with any number of factors,
such as desired computational rate, power levels, heat tolerances, processing cycle budget, input
data rates, output data rates, memory resources, data bus speeds and other design or performance
constraints, as desired for a given tmplementation.

The example embodiments described herein provide a technical solution to a technical
problem. The various cmbodiments improve the functioning of the electronic device and a
related system by enabling the fabrication and use of systems and methods for providing and
using a wickless capillary driven constrained vapor bubbie heat pipe to dissipate heat. The
various embodiments also serve o transform the state of various systern components based on
better thermal dissipation characteristics of the electronic devices and systems. Additionally, the
various embodiments cffect an improvement in a varicty of technical fields including the fields
of thermal management, electronic systems and device fabrication and use, circuit board
fabrication, semiconductor device fabrication and use, computing and networking devices, and
mobile communication devices.

FIG. 27 dlustrates a diagrammatic representation of a machine in the example form of an
clectronic device, such as a mobile computing and/or commmunication system 700 within which a
set of instructions when executed and/or processing logic when activated may cause the machine
to perform any one or more of the methodologies described and/or claimed herein. In alternative

cmbodiments, the machine opcrates as a standalone device or may be comnected (e.g.,
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networked) to other machines. In a networked deployment, the machine may operate in the
capacity of a server or a client machine in scrver-client network environment, or as a peer
machine in a peer-to-peer (or distributed) network environment. The machine may be a personal
computer (PC), a laptop compauter, a tablet computing systern, a Personal Digital Assistant
(PDA), a cellular telephone, a smartphone, a web appliance, a set-top box (STB), a network
router, switch or bridge, or any machine capable of executing a sct of instructions (sequential or
otherwise) or activating processing logic that specily actions to be taken by that machine.

]

Further, while only a single machine is illustrated, the term “machine” can also be taken to
include any collection of machines that individually or jointly execute a set {or muliiple sets) of
instructions or processing logic to perform any one or more of the methodologies deseribed
and/or claimed herein.

The example mobile computing and/or communication system 700 includes a data
processor 702 {e.g., a System-on-a-Chip [SoC], general processing core, graphics core, and
optionaily other processing logic) and a memory 704, which can communicate with each other
via a bus or other data transfer system 706. The mobile computing and/or communication system
700 may further include various input/output (/O) devices and/or interfaces 710, such as a
touchscreen display and optionally a network interface 712, In an example embodiment, the
network interface 712 can inclode one or more radio transceivers configured for compatibility
with any one or more standard wireless and/or cellular protocols or access technologies {e.g., 2nd
(2(3), 2.5, 3rd (3(3), 4th (403) generation, and future generation radio access for cellular systems,
Global System for Mobile commumnication (GSM), General Packet Radic Services (GPRS),
Enhanced Data GSM Environment (EDGE), Widcband Code Division Multiple Access
(WCDMA), LTE, CDMAZ2000, WLAN, Wireless Router (WR) mesh, and the like). Network
interface 712 wmay also be configured for use with various other wired and/or wireless
communication protocols, including TCPAP, UDP, SIP, SMS, RTP, WAP, CBMA, TDMA,
UMTS, UWEB, Wik, WiMax, BiuetoothTM, IEEE 802.11x, and the like. In essence, network
interface 712 wmay include or support virtually any wired andfor wireless communication
mechanisms by which information may travel between the mobile computing andior
communication system 700 and another computing or communication system via network 714.

The memory 704 can represent a rachine-readable medium on which is stored one or
more sets of instructions, software, fumware, or other processing logic {e.g., logic 708)
cmbodying any one or more of the methodologies or functions described and/or claimed herein.

The logic 708, or a portion thereof, may also reside, completely or at least partially within the
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processor 702 during execution thereof by the mobile computing and/or communication system
700. As such, the memory 704 and the processor 702 may also constitute machine-readable
media. The logic 708, or a portion thercof, may also be configured as processing logic or logic,
at least a portion of which is partially implemented in hardware. The logic 708, or a portion
thereof, may further be transmitted or received over a network 714 via the network interface 712.
While the machine-readable mediur of an example embodiment can be a single medivm, the
term "machine-readable medivm” should be taken to include a single non-transitory medium or
muliiple non-transitory media (e.z.. a centralized or distributed database, and/or associated
caches and computing systems) that store the onc or more sets of instructions. The term
"machine-readable medium” can also be taken to include any non-transitory medium that is
capable of storing, encoding or carrying a set of instructions for execution by the machine and
that cause the machine to perform any one or more of the methodologics of the various
embodiments, or that is capable of storing, encoding or carrying data structures utilized by or
associated with such a set of instructions. The termn "maching-readable medium” can accordingly
be taken to include, but not be limited to, sohid-staic memories, optical media, and magnetic
media.

With general reference to notations and nomenclature used herein, the description
presented herein may be disclosed in terms of program procedures executed on a computer or a
network of computers. These procedural descriptions and representations may be used by those
of ordinary skill in the art to convey their work to others of ordinary skill in the art.

A procedure i3 generally conceived o be a self-consistent sequence of operations
performed on electrical, magnetic, or optical signals capable of being stored, transferred,
combined, compared, and otherwise manipulated. These signals may be referred to as hits,
values, clements, symbols, characters, terms, nurnbers, or the like. It should be noted, however,
that all of these and similar terms are to be associated with the appropriate physical quantities
and are merely convenient labels applied to those quantities. Further, the manipulations
performed are often referred to in terms such as adding or comparing, which operations may be
executed by one or more machines. Useful machines for performing operations of various
embodiments may include gencral-purposc digital computers or similar devices. Various
cmbodiments also relate to apparatus or systerns for performing these operations. This apparatus
may be specially constructed for a purpose, or it may include a general-purpose computer as
sclectively activated or reconfigured by a computer program stored in the computer. The

procedures presented herein are not inherently related to a particular computer or other
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apparatus. Various general-purpose machines may be used with programs written in accordance
with teachings herein, or it may prove convenicnt to counstruct more specialized apparatus to
perform methods described herein.

Various example embodiments using these new techniques are described in more detail
berein. In various embodiments as described herein, example embodiments include at least the
following examples.

A rack structure comprising: a base structure; and a rack column supported by the base
structure, the rack column in thermal coupling with a heat-generating device, the rack column
containing a constrained vapor bubble (CVB) cell cluster including a plurality of cells in thermal
coupling with the heat-generating device at a first end in an evaporator vegion and in thermal
coupling with the hase structure at a second end in a condenser region, each cell of the phirakity
of cells having a wickless capillary driven CVB heat pipe embedded in the cell, each wickless
capillary driven CVB heat pipe including a body having a capillary therein with generally square
corners and a bigh energy interior surface, and a highly wettable hquid partially filling the
capiliary to dissipate heat between the evaporator region and the condenser region.

The rack structure as described above wherein each cell of the plurality of cells is of a
cross-sectional shape from the group consisting of: rectangular, square, triangular, round, curved,
oval, a polygonal shape, a polygonal shape with heveled corners, and a geometry with a closed
internal cavity.

The rack structure as described above whercin each cell of the plurality of cells s
fabricated from a thermally conductive material.

The rack structure as described above wherein the base structure includes a cooling fluid
reservoir for filling the capillary of each embedded wickless capillary driven constrained vapor
bubble heat pipe with the highly wettable liquid.

A heat transfer apparatus comprising: a base clement; and a constrained vapor bubble
(CVB} cell cluster including a plurality of cells in thermal coupling with a compute node at a
first end in an evaporator region and in thermal coupling with the basc element at a second end
in a condenser region, each cell of the plurality of cells having a wickless capillary driven CVB
heat pipe embedded in the cell, each wickless capiliary driven CVB heat pipe including a body
having a capillary therein with generally square corners and a high energy interior surface, and a
highly wettable hguid partially filling the capillary to dissipate heat between the evaporator

region and the condenser region.
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The heat transfer apparatus as described above wherein each cell of the plurality of cells
is of a cross-sectional shape from the group cousisting of: rectangular, square, triangular, round,
curved, oval, a polvgonal shape, a polygonal shape with beveled corners, and a gecometry with a
closed internal cavity.

The heat transfer apparatus as described above wherein cach celi of the plurality of cells
is fabricated from a thermally conductive material.

The heat transfer apparatus as described above wherein each cell of the plurality of cells
is in direct thermal contact with at least one component of the corpute node.

The heat transfer apparatus as described above wherein the base clement is a heat
cxchanger or a cold plate.

A system comprising: a base structure; a vack column supported by the base structure, the
rack column containing a constrained vapor bubble (CVEB) cell cluster including a plurality of
cells in thermal coupling with the heat-generating device at a first end in an evaporator region
and in thermal coupling with the base structure at a second end in a condenser region, each cell
of the plurality of cells having a wickless capillary driven CVB heat pipe embedded in the cell,
cach wickless capillary driven CVB heat pipe including 2 body having a capillary therein with
generally square corners and a high energy interior surface, and a highly wettable liquid partially
filling the capillary to dissipate heat between the evaporator region and the condenser region;
and a heat-generating device placed in thermal coupling with the base structure,

The system as described above wherein cach cell of the plurality of cells is of a cross-
sectional shape from the group consisting of: rectangular, square, triangular, round, curved, oval,
a polygonal shape, a polygonal shape with beveled corners, and a geometry with a closed
internal cavity.

The system as described above wherein cach cell of the plurality of cells is fabricated
from a thermally conductive material.

The systern as described above wherein the base structure includes a cooling fluid
reservoir for filling the capillary of each embedded wickless capillary driven constrained vapor
bubble heat pipe with the highly wettable lquid.

A method comprising: fabricating a base structure from a material with highly heat
conductive properties; fabricating a rack column containing a constrained vapor bubble (CVB)
cell cluster nchuding a plurality of cells, each cell of the plurality of cells having a wickless
capillary driven VB heat pipe cmbedded in the cell, each wickless capillary driven CVB heat

pipe including a body having a capillary therein with generally square corners and a high energy
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interior surface, and a highly wettable liguid partially filling the capillary to dissipate heat
between an evaporator region and a condenser region; supporting a heat-generating device with
the rack column at a first end in the evaporator region wherein the heat-gencrating device is in

thermal contact with the first end of the rack column; and using the base structure to support the

A

rack column at a second cnd in the condenser region to enabie thermal transfer between the heat-
generating device and the base structure via the rack colunmn.

The method as described above wherein cell of the plurality of cells i3 of a cross-
sectional shape from the group consisting of: rectangular, square, triangular, round, curved, oval,
a polygonal shape, a polygonal shape with beveled corners, and a geometry with a closed
10 internal cavity.

The method as described above wherein each cell of the plurality of cells s fabricated
from a thermally conductive material.
The method as described above including fabricating the base structure with a cooling
fluid rescryvoir for filling the capillary of each embedded wickless capillary driven constrained
15 vapor bubble heat pipe with the highly wettable liquid.
A method comprising: fabricating a base clement from a material with highly heat
conductive properties; fabricating a constrained vapor bubble (CVB) cell cluster including a
plurality of celils, each cell of the plurality of cells having a wickless capillary driven CVB heat
pipe embedded in the cell, cach wickless capillary driven CVB heat pipe including a body
20 having a capillary therein with generally square corners and a high evergy interior surface, and a
highly wettable lLiquid partially filling the capillary to dissipate heat between an evaporator
region and a condenser region; thermally coupling a compute node with the CVB cell cluster at a
first end in the evaporator region; and thermally coupling the base element with the CVEB cell

claster at a second end in the condenser region to enable thermal transfer between the compute

b
A

node and the base element via the CVB cell cluster.

The method as described above wherein cach cell of the plurality of cells is of a cross-
sectional shape from the group consisting of: rectangular, square, triangular, round, curved, oval,
a polygonal shape, a polygonal shape with beveled corners, and a geometry with a closed
internal cavity.

30 The method as described above wherein each cell of the plurality of cells is fabricated
from a thermally conduactive material.

The method as described above wherein cach cell of the plurality of cells is in divect

thermal contact with at least one component of the cornpute node.
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The method as described above wherein the base clement 15 a heat exchanger or a cold
plate.

An apparatus comprising: a basc structure means; and a rack column means supported by
the base structure means, the rack column means in thermal coupling with a heat-generating
device, the rack column means containing a constrained vapor bubble (CVB) cell cluster
including a plurality of cells in thermal coupling with the heat-gencrating device at a first end in
an evaporator region and in thermal coupling with the hase structure means at a second end in a
condenser region, cach cell of the phurality of cells having a wickless heat dissipation means
cmbedded in the cell, each wickless heat dissipation means including a body having a capillary
therein with generally square corners and a high energy interior surface, and a highly wettable
higuid partially filling the capillary to dissipate heat between the evaporator region and the
condenser region.

The apparatus as described above wherein each cell of the plurality of cells is of a cross-
sectional shape from the group consisting of: rectangular, square, triangular, round, curved, oval,
a polygonal shape, a polygonal shape with beveled corners, and a geometry with a closed
internal cavity.

The apparatus as described above wherein each cell of the plurality of cells is fabricated
from a thermally conduactive material.

The apparatus as described above wherein the base structure includes a cooling fluid
reservoir for filling the capillary of cach embedded wickless heat dissipation means with the
highly wettable liguid.

The Abstract of the Disclosure is provided to allow the reader to quickly ascertain the
nature of the technical disclosure. It is submitted with the understanding that it will not be used
to interpret or limit the scope or meaning of the claims. In addition, n the foregoing Detailed
Description, it can be seen that various features are grouped together in a single embodiment for
the purpose of streamlining the disclosure. This method of disclosure is not to be interpreted as
reflecting an intention that the claimed embodiments require more features than are expressly
recited i each claim. Rather, as the following claims reflect, inventive subject matter hes in less
than all features of a single disclosed embodiment. Thus, the following claims arc hereby
incorporated into the Detailed Description, with each claim standing on its own as a separate

embodiment.
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CLAIMS
What is claimed is:
1. A rack structure comprising:

a base structure; and

A

a rack column supported by the base structure, the rack column in thermal coupling with a
heat-generating device, the rack column containing a constrained vapor bubble (CVB)
cell cluster tncluding a plurality of cells in thermal coupling with the heat-generating
device at a first end in an evaporator region and in thermal coupling with the base
structure at a second end in a condenser region, cach cell of the plurality of cells having a

10 wickless capillary driven CVB heat pipe embedded in the cell, each wickless capillary

driven CVB heat pipe including a body having a capillary therein with generally square

corners and a high energy interior surface, and a highly wettable Hquid partially filling

the capillary to dissipate heat between the evaporator region and the condenser region

15 2. The rack structure of claim 1 wherein each cell of the plurality of cells is of a cross-sectional
shape from the group consisting of: rectangular, square, triangular, round, curved, oval, a
polygonal shape, a polygonal shape with beveled corners, and a geometry with a closed internal

cavity.

20 3. The rack structure of claim 1 wherein each cell of the plurality of cells is fabricated from a

thermally conductive material.

4. The rack structure of claim 1 wherein the base structure includes a cooling fluid reservoir for
filling the capillary of cach embedded wickless capillary driven constrained vapor bubble heat

25 pipe with the highly wettable liguid.

5. A heat transfer apparatus comprising:
a base element; and
a constrained vapor bubble (CVB) cell cluster including a plurality of cells in thermal
30 coupling with a compute node at a first end in an evaporator region and in thermal
coupling with the basc clement at a second end in a condenser region, cach cell of the
plurality of cells having a wickless capillary driven CVB heat pipe embedded in the cell,
cach wickless capillary driven CVEB heat pipe including a body having a capillary thervein

with generally square corners and a high energy interior surface, and a highly wettable
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Houid partially filling the capillary to dissipate heat between the evaporator region and

the condenser region.

6. The heat transfer apparatus of claim 5 wherein each cell of the plurality of cells is of a cross-
sectional shape from the group consisting of: rectangular, square, triangular, round, curved, oval,
a polygonal shape, a polygonal shape with beveled corners, and a geometry with a closed

internal cavity.

7. The heat transfer apparatus of claim 3 wherein each cell of the plurality of cells is fabricated

from a thermally conductive material.

8. The heat transfer apparatus of claim 5 wherein each cell of the plurality of celis is in divect

thermal contact with at least one component of the compute node.

9. The heat wansfer apparatus of claim 5 wherein the base element is a heat exchanger or acold

plate.

10. A system comprising:

a base structure;

a rack column supported by the base structure, the rack column containing a constrained
vapor bubble (CVB) cell cluster including a plurality of cells in thermal coupling with the
heat-generating device at a first end in an evaporator region and in thermal coupling with
the base structure at a second end in a condenser region, each cell of the plurality of celis
having a wickless capillary driven CVB heat pipe embedded in the cell, each wickless
captilary driven CVB heat pipe incloding a body having a capillary therein with generalily
square corners and a high energy interior surface, and a highly wettable liquid partiaily
filling the capillary to dissipate heat between the evaporator region and the condenser
region; and

a heat-generating device placed in thermal coupling with the base structure.

11. The system of claim 10 wherein each cell of the plurality of cells is of a cross-sectional shape
from the group consisting of: rectangular, square, triangular, round, curved, oval, a polygonal

shape, a polygonal shape with beveled corners, and a geometry with a closed internal cavity.

12. A method comprising:
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fabricating a base structure from a material with highly heat conductive propertics;

fabricating a rack columsn containing a constrained vapor bubble (CVB) cell cluster inchuding
a plurality of cells, each cell of the plurality of cells having a wickless capillary driven
VB heat pipe embedded in the cell, cach wickless capillary driven CVB heat pipe
inchuding a body having a capillary therein with generally square corners and a high
energy interior surface, and a highly wettable liquid partially filling the capillary to
dissipate heat between an evaporator region and a condenser region;

supporting a heat-generating device with the rack column at a first end in the evaporator
region whercin the heat-generating device is in thermal contact with the first end of the
rack colummn; and

using the base structure to support the rack column at a second end in the condenser region to
cuable thermal transfer between the heat-generating device and the base structure via the

rack column.

13. The method of claim 12 wherein cell of the plurality of cells is of a cross-sectional shape
from the group consisting of: rectangular, square, triangular, round, curved, oval, a polygonal

shape, a polygonal shape with beveled comers, and a geometry with a closed internal cavity.

14. The method of claim 12 wherein cach ccll of the plurality of cells is fabricated from a

thermally conductive material.

15. The method of claim 12 including fabricating the base structure with a cooling fluid
reservoir for filling the capiliary of each embedded wickless capillary driven constrained vapor

bubble heat pipe with the highly wettable liquid.

16. A method comprising:
fabricating a base element from a material with highly heat conductive properties;
fabricating a constrained vapor bubble (CVB) cell cluster including a plurality of cells, each
cell of the plurality of cells having a wickless capillary driven CVB heat pipe embedded
in the cell, each wickless capillary driven CVB heat pipe inciuding a body having a
capiliary therein with generally square corners and a high energy interior surface, and a
highly wettable liquid partially filling the capillary to dissipate heat between an

evaporator region and a condenser region;

£
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thermally coupling a compute node with the CVB cell cluster at a first end in the evaporator
region; and

thermally coupling the base element with the CVB cell cluster at a second end in the
condenser region to enable thermal transfer between the compute node and the base

element via the CVB cell cluster.

17. The method of claiin 16 wherein each cell of the plurality of cells is of a cross-sectional
shape from the group consisting of: rectangular, square, triangular, round, curved, oval, a

polygonal shape, a polygonal shape with beveled comers, and a geometry with a closed internal

cavity.

18. The method of claim 16 wherein the base element is a heat exchanger or 2 cold plate,

19. An apparatus comprising:

a base structure means; and

a rack column means supported by the base structure means, the rack column means in
thermal coupling with a heat-generating device, the rack column means containing a
constrained vapor bubble (CVB) cell cluster including a plurality of cells in thermal
coupling with the heat-generating device at a first end in an evaporator region and in
thermal coupling with the base structure means at a second end in a condenser region,
cach cell of the plurality of cells having a wickless heat dissipation means embedded in
the cell, cach wickless heat dissipation means including a body having a capiliary therein
with generally square corners and a high energy interior surface, and a highly wettable
Hquid partially filling the capillary to dissipate heat between the evaporator region and

the condenser region.

20. The apparatus of claim 19 wherein each cell of the plurality of cells is of a cross-sectional
shape from the group consisting of: rectangular, square, triangwlar, round, curved, oval, a

polygonal shape, a polygonal shape with beveled corners, and a geometry with a closed internal
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Process Logic For Providing and Using a Wickless Capillary \\\

Drriven Constrained Vapor Bubble Heat Pipe \

for Application in Rack Servers
~1100-

¥
N

T,

e

o~

Fabricate a base structure from a material with highly heat conductive properties,

-1110-

Ao

Fabricate 3 rack column containing a constrained vapor bubble (CVB) cell
cluster including a plurality of cells, each cell of the plurality of cells having a
wickless capillary driven CVB heat pipe embedded n the cell, each wickless
capillary driven CVB heat pipe including a body having a capillary therein with
generally square corners and a high energy intertor surface, and a highly wetfable
hquid partially filling the capillary to dissipate heat between an evaporator region
and a condenser region.

-1120-

Support a heat-generating device with the rack column at a firstend in an
evaporator region wherein the heat-generating device is in thermal contact with
the first end of the rack column,

-1130-

§
N

Use the base structure to support the rack column at a second end in a condenser
region fo enable thermal transfer between the heat-generating device and the base
structure via the rack column.

-1140-

Z.

—_—
N\
s

t End }
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