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device has a first portion which is positioned within the 
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and provides a high thermal conductivity path for heat 
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HEAT MANAGEMENT FOR ELECTRONIC 
ENCLOSURES 

FIELD OF THE INVENTION 

2 
25% of the density. In many instances, the carbon fiber 
reinforced polymer sheet can also be made thinner than a 
metal sheet would have to be made, further increasing the 
mass savings. Almost any portable equipment can benefit 
from less mass, which translates into less energy required to 
move the object. Thus, many automobiles and other trans­
portation equipment employ carbon fiber reinforced poly­
mer laminates for some components. In airplanes, weight 
becomes even more critical, since every ounce must be 

The present invention is directed to heat management 
systems and processes. More particularly, the present inven­
tion is directed to systems which utilize thermal transport 
devices to provide high conductive paths for heat energy 
through walls of an enclosure. 

BACKGROUND OF THE INVENTION 

10 countered by lift forces in order to stay aloft, thus carbon 
composite materials are common on many state-of-the-art 
aircraft. 

Thermal challenges have arisen with the increased use of 
composite structures in applications where excess heat is In electronic as well as non-electronic devices, enclosures 

are commonly used to house device components. These 
enclosures perform several functions including providing 
structural support to the device components and vibration 
dampening. The enclosures are also referred to as housings. 
One example of an enclosure for an electronic device is a 
computer chassis. Typically, a computer includes a chassis 
that is generally a metallic frame. The chassis typically 
houses circuit boards, power supplies and wiring. The chas-

15 being generated within the structure. Where traditional 
metal structures can be designed to conduct and spread heat 
out over large external surfaces, composites have poor 
thermal conductivity and cannot be used in this manner. In 
effect, a composite enclosure acts to insulate the internal 

sis typically includes four sidewalls and top and bottom 
elements. Generally, at least one of the chassis includes a 
removable cover such that the chassis components are easily 
accessible for replacement and repair purposes. The walls 
are typically thick and rugged such that they provide a robust 
structural support for the enclosed components. 

20 components. As a result, heat generated by components is 
trapped and the inside becomes hotter and hotter, which is 
detrimental to the performance and reliability of the elec­
tronics housed by the enclosure. For comparison, carbon 
fiber reinforced polymer materials typically have thermal 

25 conductivities on the order of 5 W/m-K, while carbon steel 
is near 50 W/m-K and aluminum is near 200 W/m-K. 

The walls often enclose device components that can 
malfunction and cause device failure when they overheat. 30 

Some device components dissipate heat during their opera­
tion. They are referred to as heat sources. An example of the 
heat source includes the integrated chips that comprise the 
circuit boards installed in the computer chassis. The heat 
generated by the heat sources can damage not only the heat 35 

sources themselves but also the other components enclosed 
by the walls. To avoid device failure, therefore, the heat in 
the interior of the enclosure must be effectively managed. A 
common heat management technique includes designing a 
well-ventilated enclosure such that the heat can dissipate to 40 

the exterior of the enclosure. Another technique includes 
fabricating the enclosure from materials with high thermal 
conductivity. Still another technique includes installing a 
cooling fan inside the enclosure. Yet another effective heat 
management technique includes using a thermal transport 45 

device to absorb the heat from the interior of the enclosure 

Therefore, the use of carbon fiber reinforced polymer com­
posites for electronic enclosures is currently limited to 
applications where the heat dissipation requirement is low. 

It would, therefore, be beneficial to provide a light weight 
structure which provides an alternate thermal path through 
the material to reduce the thermal penalty associated with 
the use of these materials without negating the benefits 
provided by their low mass. It would also be beneficial to 
provide an effective closure design which properly dissi­
pates heat without the need to customize the structure and 
the heat paths for each application. 

SUMMARY OF THE INVENTION 

The assembly and method of the present invention utilize 
thermal transport devices, such as, but not limited to, con­
stant conductance heat pipes, which transport significant 
heat energy through a limited cross-section of an enclosure 
with a minimal temperature penalty. 

The assembly and method of the present invention utilize 
thermal transport devices that penetrate through the walls of 
an enclosure, such as, but not limited to, an enclosure made 
from carbon fiber reinforced polymer, the thermal transport 

and transfer it to a heat sink. The heat sink can include a 
cooler portion of the chassis away from the heat source. A 
well-known thermo-siphon device is the heat pipe, the 
configuration of which can be custom designed for the space 
and application. 

50 devices providing a high conductivity path for heat energy 
to pass from within the enclosure to outside the enclosure. 

The assembly and method of the present invention utilize 
thermal transport devices such that the thermal transport 
devices interrupt only a small area of a wall of the enclosure, 

55 thereby having minimal impact on the structural integrity of 
the wall. 

While many of the structures and chassis provide proper 
structural support, there is a need to have lighter structures. 
Composite structures, such as electronics enclosures, have 
the potential to provide significant weight savings for a 
variety of systems. For vehicles, weight savings are directly 
tied to power consumption. Reducing vehicle power con­
sumption provides advantages such as increasing range, 
improving fuel efficiency, and allowing for the use of more 
complex and power hungry systems. While composite struc- 60 

tures can provide these savings, they exhibit poor thermal 
conductivity. This has limited their application to compo­
nents with little to no heat flux or power. 

Carbon fiber reinforced polymer (CFRP) composite mate­
rial is a highly attractive structural material in applications 65 

where mass is critical. The carbon fiber matrix provides 
strength comparable to steel in a material with only about 

The assembly and method of the present invention in 
which the thermal transport devices are embedded through 
walls of the enclosure in a post-formation operation and 
secured with epoxy. 

The assembly and method of the present invention in 
which the thermal transport devices are inserted into molds 
prior to injection of the composite material for the walls, and 
the composite walls are formed directly around the thermal 
transport devices. 

An embodiment is directed to an enclosure for housing 
electrical components. The enclosure includes walls pro-
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vided about the electrical components, the walls having poor 
thermal conductivity. At least one thermal transport device 
extends through at least one respective wall. The at least one 
thermal transport device has a first portion which is posi­
tioned within the enclosure, a second portion which is 
positioned outside of the enclosure and a transition portion 
which connects the first portion to the second portion. The 

4 

at least one thermal transport device has a high effective 
thermal conductivity and provides a high thermal conduc­
tivity path for heat energy to pass from within the enclosure 10 

to outside the enclosure. 

connection with the accompanying drawings, which are to 
be considered part of the entire written description. In the 
description of embodiments of the invention disclosed 
herein, any reference to direction or orientation is merely 
intended for convenience of description and is not intended 
in any way to limit the scope of the present invention. 
Relative terms such as "lower," "upper," "horizontal," "ver­
tical," "above," "below," "up," "down," "top" and "bottom" 
as well as derivative thereof (e.g., "horizontally," "down­
wardly," "upwardly," etc.) should be construed to refer to the 
orientation as then described or as shown in the drawing 

An embodiment is directed to an enclosure for housing 
electrical components. The enclosure includes walls pro­
vided about the electrical components, the walls having poor 
thermal conductivity. At least one device that transports 
thermal energy using latent heat extends through at least one 
respective wall. The at least one device has an evaporator 
portion which is positioned within the enclosure and a 
condenser portion which is positioned outside of the enclo­
sure. The at least one device has a high effective thermal 
conductivity and provides a high thermal conductivity path 
for heat energy to pass from the evaporator within the 
enclosure to the condenser outside the enclosure. 

An embodiment is directed to a method of thermally 
conducting heat from inside an enclosure formed of com­
posite material. The method includes: collecting heat from 
the inside of the enclosure at an evaporator of a device that 
transports thermal energy using latent heat; conducting the 
heat from the evaporator of the device through a wall of the 
enclosure to a condenser of the device; and dissipating the 
heat from the condenser outside of the enclosure. The device 
has a high effective thermal conductivity and provides a high 
thermal conductivity path for heat energy to pass from the 
evaporator to the condenser. 

Other features and advantages of the present invention 
will be apparent from the following more detailed descrip­
tion of the preferred embodiment, taken in conjunction with 
the accompanying drawings which illustrate, by way of 
example, the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an exploded perspective view of an illustrative 
enclosure with modular components, the modular compo­
nents having thermal transport devices to remove heat from 
the interior of the modular components to the outside of the 
modular components. 

FIG. 2 is a perspective view of a modular component with 
an illustrative first thermal transport device. 

FIG. 3 is a perspective view of a modular component with 
an illustrative second thermal transport device. 

FIG. 4 is a perspective view of a modular component with 
an illustrative third thermal transport device. 

FIG. 5 is a perspective view of a modular component with 
an illustrative fourth thermal transport device. 

FIG. 6 is a perspective view of a modular component with 
an illustrative fifth thermal transport device. 

FIG. 7 is a perspective view of a modular component with 
an illustrative sixth thermal transport device. 

Wherever possible, the same reference numbers will be 
used throughout the drawings to represent the same parts. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The description of illustrative embodiments according to 
principles of the present invention is intended to be read in 

under discussion. These relative terms are for convenience 
of description only and do not require that the apparatus be 
constructed or operated in a particular orientation unless 

15 explicitly indicated as such. Terms such as "attached," 
"affixed," "connected," "coupled," "interconnected," and 
similar refer to a relationship wherein structures are secured 
or attached to one another either directly or indirectly 
through intervening structures, as well as both movable or 

20 rigid attachments or relationships, unless expressly 
described otherwise. Moreover, the features and benefits of 
the invention are illustrated by reference to the preferred 
embodiments. Accordingly, the invention expressly should 
not be limited to such preferred embodiments illustrating 

25 some possible non-limiting combination offeatures that may 
exist alone or in other combinations of features; the scope of 
the invention being defined by the claims appended hereto. 

Provided is a heat management/transfer assembly, a heat 
transfer process, and a process of assembling a heat transfer 

30 assembly which can be used for any enclosure, including, 
but not limited to, an enclosure made from composite 
material. Embodiments of the present disclosure, in com­
parison to similar concepts that do not include one or more 
of the features disclosed herein, increase heat transfer 

35 through surfaces, increase heat transfer from composite 
structures, increase heat transfer through composite sur­
faces, overcome mechanical limitations, decrease weight, 
increase heat transfer efficiency, other improvements and 

40 

advantages, and combinations thereof. 
As shown in the illustrative embodiment of FIG. 1, the 

heat management/transfer assembly and the heat transfer 
process is used to facilitate the heat transfer from inside an 
enclosure 10 to the outside of the enclosure. In the particular 
illustrative embodiment shown, the enclosure 10 is a circuit 

45 card stack which has modular components or slices which 
include: a first end module 12 having a first end wall 14; a 
second end module 16 having a second end wall18; and at 
least one interior enclosure or module 20 having side walls 
22, 24, 26, 28 which surround respective electrical campo-

50 nents 30, such as, but not limited to, a circuit card. Each 
circuit card 30 includes one or more heat sources 32, such 
as, but not limited to integrated circuit chips or other heat 
generating component. In the embodiment shown, a fan 34 
is provided to facilitate the heat transfer. The enclosure 10 

55 and components 30 are merely illustrative, as other embodi­
ments of the enclosure and the components can be used 
without departing from the scope of the invention. 

In the illustrative embodiments shown, one or more walls 
are made from a material having the weight and structural 

60 characteristics required, allowing the enclosures to be made 
from composite materials which has a highly attractive 
structural material in applications where mass is critical. 
Such illustrative materials include, but are not limited to, a 
carbon and polymer composite material or a glass and 

65 polymer composite material. The carbon and polymer mate­
rial may be, but is not limited to, a Carbon Fiber Reinforced 
Polymer (CFRP) composite material. The carbon fiber 
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matrix provides strength comparable to steel in a material 
with only about 25% of the density. In many instances, the 
CFRP sheet can also be made thinner than a metal sheet 
would have to be made, further increasing the mass savings. 
Almost any portable equipment can benefit from less mass, 
which translates into less energy required to move the 
object. 

As previously stated, thermal challenges have arisen with 
the increased use of composites in applications where excess 
heat is being generated internally. Where known metal 
structures can be designed to conduct and spread heat out 
over large external surfaces, known composite structures 
have poor thermal conductivity and cannot be used in this 
manner. In effect, the known composite enclosure acts to 
insulate the internal components. As a result, heat generated 
by components is trapped and the inside becomes hotter and 
hotter, which is detrimental to the performance and reliabil-
ity of the electronics housed by the enclosure. 

6 
the molds must be configured to secure the heat pipe 40 in 
position during the molding process. 

In the embodiments shown, the constant conductance heat 
pipes 40 may be positioned proximate circuit cards 30 or 
other components which dissipate significant power, and 
may be employed on one, or more than one wall, depending 
on how much power is dissipated by the particular card or 
component. In specific applications heat pipes 40 may be 
used to cool a particularly hot component or chip by 

10 providing a direct heat path through the wall of the enclosure 
10. Alternatively, the heat pipes 40 may be positioned 
without regard to a particular component or card, thereby 
allowing heat to be dissipated from the inside of the enclo­
sure 10 without regard to the particular configuration of the 

15 components or cards. In addition, and as will be more fully 
describe below, fins 50 may be placed on the heat pipe 40 
inside the enclosure 10 to facilitate in collecting the heat 
from the air within the enclosure 10. The fins 50 may also 
be placed on the heat pipe 40 outside the enclosure 10 to aid Thermal transport devices 40, such as, but not limited to, 

devices that transports thermal energy using latent heat, 
constant conductance heat pipes (CCHPs), thermosyphons, 
loop heat pipes, or any passive, two-phase device, are 
embedded in, in thermal communication with, extend 
through, or penetrate through one or more respective walls 
22, 24, 26, 28 of a respective module 20 and are capable of 
transporting significant heat energy from the inside of the 
enclosure 10 to the outside of the enclosure through a limited 
cross-section with a minimal temperature penalty. In the 
illustrative embodiment shown, the constant conductance 
heat pipes are passive, two-phase, thermal transport devices 30 

which have extremely high effective thermal conductivities 

20 in heat dissipation or rejection to the surrounding air. 
While many various combinations and permutations of 

external and internal components of the enclosure 10, 
including, but not limited to the circuit boards 30, walls 22, 
24, 26, 28, heat pipes 40 and fins 50, can comprise the 

25 thermal management system, FIGS. 2 through 7 show 
illustrative embodiments which illustrate six representative 
permutations. All the thermal management system illus­
trated focus on removing heat from a module 20 of the stack 
or enclosure 10. 

Referring to FIG. 2, a first illustrative embodiment is 
shown. In this embodiment, a respective side wall 22 of 
module 20 is made of a conductive material, such as, but not 
limited to aluminum. The side wall of conductive material 
may be included in the module 20 using different methods 

on the order of thousands ofW/m-K. In illustrative embodi­
ments, the thermal conductivity of the thermal transport 
devices 40 is greater than 1 kW/m-K, greater than 10 
kW/m-K, greater than 100 kW/m-K, between 1 kW/m-K 
and 100 kW/m-K, or any combination or sub-combination 
thereof. The heat pipes serve as thermal vias which provide 
a high thermal conductivity path for heat energy to pass from 
within the enclosure 10 to outside the enclosure 10. The 
constant conductance heat pipes 40 extend through only a 
small area of a respective wall 22, 24, 26, 28, thereby 
causing minimal impact on the structural integrity of the 
wall 22, 24, 26, 28 and the enclosure 10. 

35 or processes. In one illustrative embodiment, the conductive 
material is inserted in a post-formation operation and 
secured with epoxy, thereby allowing the other carbon fiber 
reinforced polymer walls 24, 26, 28 to be fabricated without 
any change to the standard process or tooling for fabricating 

The thermal transport devices or heat pipes 40 may be 
inserted or embedded through a respective wall 22, 24, 26, 
28 of the module 20 using different methods or processes. In 
one illustrative embodiment, the heat pipes 40 are inserted 
through a respective wall 22, 24, 26, 28 of the module 20 in 

40 the module 20. In an alternative embodiment, the conductive 
material can be inserted into molds prior to injection of the 
carbon fiber reinforced polymer. The carbon fiber reinforced 
polymer is then introduced into the mold, allowing the 
polymer to flow about the conductive material, such that the 

45 composite walls 24, 26, 28 are formed directly around the 
wall 22, embedding the conductive material wall 22 in the 
module 20. 

a post-formation operation and secured with epoxy, thereby 
allowing the carbon fiber reinforced polymer walls 22, 24, 50 

26, 28 to be fabricated without any change to the standard 
process or tooling for fabricating the walls. In an alternative 
embodiment, the heat pipes 40 can be inserted into molds 
prior to injection of the carbon fiber reinforced polymer. The 
carbon fiber reinforced polymer is then introduced into the 55 

mold, allowing the polymer to flow about the heat pipes 40, 
such that the composite walls 22, 24, 26, 28 are formed 
directly around the heat pipes 40, embedding the heat pipes 

Because of the modular design of the enclosure 10, this 
substitution can be made with little difficulty, assuming any 
coefficient of thermal expansion mismatch can be accounted 
for. With such a conductive wall 22, external fins 50 can be 
an integral feature. The heat pipes 40 extend from a localized 
heat source on the circuit board 30 and extend to the 
conductive wall 22. Alternatively, the heat pipes may be 
positioned without regard to a particular heat source. The 
heat pipes 40 are in thermal contact with the conductive wall 
22, thereby allowing the heat pipes 40 to transport heat from 
a localized source to the wall 22. In one embodiment, the 
heat pipes 40 are configured and implemented after the wall 
portions 22, 24, 26, 28 of the module 20 have been fabri­
cated. 

40 in respective walls 22, 24, 26, 28 of the module 20. First 
portions 41 of the heat pipes 40 are positioned in the 60 

enclosure or module 20 and second portions 43 are posi­
tioned outside of the enclosure or module 20. Transition 
portions 45 extend through the respective walls and connect 
the first portions 41 to the second portions 43. In this 
process, the heat pipes must be manufactured from materials 
which are able to withstand the heat and other manufactur­
ing parameters of the injection molding process. In addition, 

Referring to FIG. 3, a second illustrative embodiment is 
shown. The heat pipe 40 is used to conduct heat through the 
wall 22. The first portion 41, which is approximately half of 

65 the heat pipe 40, is exposed on the inside of the enclosure 10 
and serves as an evaporator. The second portion 43, which 
is approximately the other half of the heat pipe 40, is 
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exposed on the outside of the enclosure 10 and serves as a 
condenser of the heat pipe 40. The heat pipe 40 is jogged or 
bent to form the transition portion 45, allowing the heat pipe 

8 
pipe 40 to extend through the surface of wall 22. In the 
embodiment shown, the heat pipe 40 is perpendicular or 
essentially perpendicular to the wall 22 in the area were the 
heat pipe 40 passes through the wall 22. The heat pipe 40 
exits the wall 22 and then bends 90° to run through a base 
51 of an aluminum fin stack 53. In this embodiment, the heat 
pipe 40 goes into the base 51 of a fin stack 53 rather than 
having fins attached directly to the heat pipe 40. Regardless 
of the particular embodiment described, the geometry of the 
fins 50 or fin stack 53 shown are merely illustrative and not 
optimized for any particular heat load. 

40 to be embedded flush with the surface ofwall22, thereby 
allowing the heat pipe 40 to be compatible with a variety of 5 

other internal and external configurations. As shown in the 
illustrative embodiment, the heat pipe 40 may have fins 50 
which extend from the portion which is outside the enclo­
sure 10, the portion which is inside the enclosure 10 or from 
the portions which extend both inside and outside of the 10 

enclosure 10. Alternatively, the heat pipe 40 may have not 
fins. In this illustrative embodiment, the heat pipes 40 extend 

from a localized heat source on the circuit board 30 and 
extend through the wall 22. The heat pipes 40 transport heat 

15 from a localized source through the wall 22. 

The embodiment shown in FIG. 3 does not require a heat 
pipe which extends internally to interface with a localized 
heat source. Instead, this embodiment relies on internal free 
convection within the enclosure 10 to transport the waste 
heat to the fins 50 attached to the heat pipe 40 which are 
located within the module 20 or enclosure 10. The heat 
energy then passes via the heat pipe 40 through the wall 22 
to another set of fins 50 located outside of the module 20 or 20 

Referring to FIG. 6, a fifth illustrative embodiment is 
shown. This embodiment uses a different type of fin stack 
55, such as, but not limited to, pin fins. Such fin stacks 55 
provide excellent performance in natural convection situa­
tions. In this embodiment, the base (not shown) of the pin fin 
array or fin stack 55 is positioned on the inside of the wall enclosure 10 to dissipate the heat external of the module 20 

or enclosure 10. This embodiment is suitable for circuit 
boards 30 or slices with lower heat generation or lower 
distributed heat loads. This configuration isolates any board 
specific design aspect from the wall and heat dissipation 
solution. 

Referring to FIG. 4, a third illustrative embodiment is 
shown. The heat pipe 40 is used to conduct heat through the 
wall 22. The first portion 41, which is approximately half of 
the heat pipe 40, is exposed on the inside of the enclosure 10 
and serves as the evaporator. The second portion 43, which 
is essentially the other half of the heat pipe 40, is exposed 
on the outside of the enclosure 10 and serves as the con­
denser of the heat pipe 40. The heat pipe 40 is bent to form 
the transition portion 45, allowing the heat pipe 40 to be 
extended through the surface of wall 22, thereby allowing 
the heat pipe 40 to be compatible with a variety of other 
internal and external configurations. In the embodiment 
shown, the heat pipe 40 is perpendicular or essentially 
perpendicular to the wall 22 in the area were the heat pipe 
40 passes through the wall 22. As shown in the illustrative 
embodiment, the heat pipe 40 may have fins 50 which 
extend from the portion which is outside the enclosure 10, 
the portion which is inside the enclosure 10 or from the 
portions which extend both inside and outside of the enclo­
sure 10. Alternatively, the heat pipe 40 may have not fins. 

22 proximate the heat pipe 40. The individual pins 60 pass 
perpendicularly or essentially perpendicularly through the 
wall 22. In this embodiment, the heat pipe 40 does not pass 

25 through the wall 22. Heat is delivered to the base of the fin 
stack 55 via the heat pipe 40. The heat is then conducted 
through the pins 60 to be dissipated outside of the enclosure 
10. By placing the base of the pin fins 55 on the inside of the 
wall 22, the small holes which are formed to accommodate 

30 the pins 60 extend through the enclosure wall 22 are sealed 
with carbon fiber reinforced polymer material, epoxy or 
other material having the sealing characteristics required. 

Referring to FIG. 7, a sixth embodiment is shown. As 
previously described, the heat pipe 40 is used to conduct 

35 heat through the wall 22. A first portion 41 of the heat pipe 
40 is exposed on the inside of the enclosure 10 and serves 
as the evaporator. The second portion 43 of the heat pipe 40 
is exposed on the outside of the enclosure 10 and serves as 
the condenser of the heat pipe 40. The heat pipe 40 is bent 

40 to form transition portions 45, allowing the heat pipe 40 to 
be embedded flush with the surface of the wall 22, thereby 
allowing the heat pipe 40 to be compatible with a variety of 
other internal and external configurations. As best shown in 
FIG. 7, the heat pipe 40 has a generally "UT" shaped 

45 configuration, allowing the heat pipe 40 to pass through and 
be embedded in the wall 22 to be flush with the outer surface 

Similar to the embodiment shown in FIG. 3, the embodi­
ment shown in FIG. 4 does not require a heat pipe which 
extends internally to interface with a localized heat source. 
Instead, this embodiment relies on internal free convection 50 

within the enclosure 10 to transport the waste heat to the fins 

of the wall 22. The U-shaped portion or center portion 70 of 
the pipe loops down to a localized heat source or hot spot on 
the circuit board 30. While a generally "UT" shape is shown, 
other shapes, including, but not limited to, two "L" shaped 
heat pipes could be used without departing from the scope 

50 attached to the heat pipe 40 which are located within the 
module 20 or enclosure 10. The heat energy then passes via 
the heat pipe 40 through the wall 22 to another set of fins 50 
located outside of the module 20 or enclosure 10 to dissipate 55 

the heat external of the module 20 or enclosure 10. This 

of the invention and to produce a similar result. 
In this embodiment, metal corner foot rails 78 are used to 

facilitate the dissipation of heat from the enclosure 10. The 
rails 78 extended to make contact with the wall 22 and the 
portions 43 of the heat pipes 40 where the heat pipes 40 are 

embodiment is suitable for circuit boards 30 or slices with 
lower heat generation or lower distributed heat loads. 

Referring to FIG. 5, a fourth illustrative embodiment is 
shown. The heat pipe 40 is used to conduct heat through the 
wall 22. The first portion 41, which is approximately half of 
the heat pipe 40, is exposed on the inside of the enclosure 10 
and serves as the evaporator. The second portion 43, which 
is approximately the other half of the heat pipe 40, is 
exposed on the outside of the enclosure 10 and serves as the 
condenser of the heat pipe 40. The heat pipe 40 is bent to 
form the transition portion (not shown), allowing the heat 

exposed. These rails 78 act as fins or a conduction path to 
draw heat from the portions 43 of the heat pipe 40 to provide 
heat dissipation and cool the components in the enclosure 

60 10. To maintain the ability to disassemble and replace 
modules 20 in the field, the rails 78 are not permanently 
affixed to the walls 22 and must rely on the spring forces of 
the rails 78 and the portions 43 of the heat pipes 40 to 
provide sufficient contact and to maintain the thermal con-

65 tact over time and over various temperature ranges. The base 
upon which the enclosure 10 is mounted will also provide 
additional pressure on the rails 78. In other illustrative 
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embodiments, a thermal gap pad (not shown) may be 
provided to further ensure good thermal contact. One advan­
tage of this embodiment is that the external solution spans all 
the modules 20 and thus can spread heat across all the 
sections of the enclosure 10. Additional heat pipes may be 
added to increase the heat spreading as well. 

10 
increasing range, improving fuel efficiency, and allowing for 
the use of more complex and power hungry systems. While 
composite structures can provide these savings, they exhibit 
poor thermal conductivity. This has limited their application 
to components with little to no heat flux or power. The use 
of the heat pipes as described herein provides an alternate 
thermal path through the composite material, which reduces 
the thermal penalty associated with the use of these mate­
rials without negating the benefits provided by their low 

10 mass. Circumventing the thermal limitation of composite 
materials facilitates increased adoption of these strong, 
lightweight materials. This expands the potential applica­
tions of composite materials, which has the potential to 
affect multiple markets, such as, but not limited to, space-

As previously described, various embodiments, such as 
the illustrative embodiment shown and described with 
respect to FIG. 3, require the heat pipe 40 to be not only 
embedded in the wall 22, but actually jogged through the 
wall 22. In order to provide a proper temperature difference 
between the heated end (evaporator) and the exposed end 
(condenser) the bending and formation of the heat pipe 40 
must be controlled. The optimum temperature difference 
between the heated end (evaporator) and the exposed end 
(condenser) at a given power level is less than 20 degrees 
Celsius, less than 10 degrees Celsius, less than 5 degrees 
Celsius, less than 4 degrees Celsius, less than 3 degrees 
Celsius, less than 2 degrees Celsius, less than 1 degree 
Celsius. The temperature difference is affected by various 20 

factors, including, but not limited to, amount of insulation 
around the heat pipes, the geometry of the heat pipes, and the 
geometry of the jog of the heat pipes. 

15 craft, unmanned vehicles, avionics, and other military and 
commercial applications. The present invention also 
requires less mass and weight than if solid copper or 
aluminum was used as a thermal via. 

In various illustrative embodiments, the use of a single 
wrap of screen wick helped prevent pinching off the vapor 25 

space at the bend of the heat pipe 40. In illustrative embodi­
ments, such as FIGS. 1 and 3, the angle of the jog for the 
transition portions 45 of the heat pipe 40 is less than 20 
degrees, less than 15 degrees, less than 10 degrees, between 
about 1 degree and about 20 degrees, between about 5 30 

degrees and about 15 degrees, about 20 degrees, about 10 
degrees, or any combination or sub-combination thereof. In 
illustrative embodiments, the corners of the heat pipe 40 
formed when the heat pipe is bent are filed down to provide 

While the invention has been described with reference to 
a preferred embodiment, it will be understood by those 
skilled in the art that various changes may be made and 
equivalents may be substituted for elements thereof without 
departing from the spirit and scope of the invention as 
defined in the accompanying claims. In particular, it will be 
clear to those skilled in the art that the present invention may 
be embodied in other specific forms, structures, arrange-
ments, proportions, sizes, and with other elements, materi­
als, and components, without departing from the spirit or 
essential characteristics thereof. One skilled in the art will 
appreciate that the invention may be used with many modi­
fications of structure, arrangement, proportions, sizes, mate­
rials, and components and otherwise, used in the practice of 
the invention, which are particularly adapted to specific 
environments and operative requirements without departing 

a bend radius rather than a sharp point. 35 from the principles of the present invention. The presently 
disclosed embodiments are therefore to be considered in all When a heat pipe 40 is embedded in a wall, three sides of 

the heat pipe are captured in the material and are not 
exposed. This reduction in the exposed surface area of the 
heat pipe 40 means less heat can be rejected via natural 
convection. Consequently, as a result of three sides of the 40 

condenser side of the heat pipe 40 being encapsulated in the 
composite material, a larger temperature drop is experienced 
across the heat pipe 40. In order to decrease the temperature 
drop, the heat pipe 40 may be flattened and maintained in the 
wall with an epoxy. In so doing, more surface area of the 45 

heat pipe 40 is exposed so that more heat can be rejected via 
natural convection. 

Currently the use of CFRP composites for electronic 
enclosures is limited to applications where the heat dissipa­
tion requirement is low. For higher heat loads, aluminum 50 

enclosures must be used. Some work is being done at the 
materials level to find ways to increase the thermal conduc­
tivity of CFRP composites, however these solutions typi­
cally require adding significant complexity to the fabrication 
process. These approaches involve alignment of the carbon 55 

fibers or replacement of some fibers with other materials. 
Particularly in the cases where the composite material is 
mixed up and then formed to its final shape by injection 
molding processes, this type of careful fiber alignment is not 
possible. Additionally, most of the work at the material level 60 

is only capable of increasing the in-plane thermal conduc­
tivity, while the thru-plane conductivity remains poor. 

In summary, composite structures, such as electronics 
enclosures, have the potential to provide significant weight 
savings for a variety of systems. For vehicles, weight 65 

savings are directly tied to power consumption. Reducing 
vehicle power consumption provides advantages such as 

respects as illustrative and not restrictive, the scope of the 
invention being defined by the appended claims, and not 
limited to the foregoing description or embodiments. 

The invention claimed is: 
1. An enclosure for housing electrical components, the 

enclosure comprising: 
walls provided about the electrical components, the walls 

having poor thermal conductivity; 
at least one heat pipe extending through at least one 

respective wall, the at least one heat pipe having a first 
portion, a second portion and a transition portion, the 
first portion serves as an evaporator and is positioned 
within the enclosure, the second portion serves as a 
condenser and is positioned outside of the enclosure, at 
least one of the first portion or the second portion is 
embedded in the at least one respective wall and 
extends parallel to the at least one respective wall, the 
at least one of the first portion or the second portion 
having three sides that are captured in the at least one 
respective wall, the at least one of the first portion or the 
second portion is flush with a surface of the at least one 
respective wall, the at least one of the first portion or the 
second portion is flattened to expose more surface area 
of the at least one of the first portion or the second 
portion to allow more heat to be rejected via natural 
convection, the transition portion connects the first 
portion to the second portion and is jogged or bent 
relative to the first portion and the second portion, the 
transition portion is embedded in and extends through 
the at least one respective wall; 
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the at least one heat pipe has a high effective thermal 
conductivity and provides a high thermal conductivity 
path for heat energy to pass from within the enclosure 
to outside the enclosure. 

12 
denser portion, the transition portion is embedded in 
and extends through the at least one respective wall; 

the at least one device has a high effective thermal 
conductivity and provides a high thermal conductivity 
path for heat energy to pass from the evaporator within 
the enclosure to the condenser outside the enclosure. 

10. The enclosure as recited in claim 9, wherein the walls 
are made from a composite material. 

2. The enclosure as recited in claim 1, wherein the walls 
are made from a carbon and polymer composite material. 

3. The enclosure as recited in claim 1, wherein the walls 
are made from a glass and polymer composite material. 

4. The enclosure as recited in claim 1, wherein the at least 
one heat pipe is a thermosyphon. 

5. The enclosure as recited in claim 1, wherein the at least 
one heat pipe has fins provided on the first portion. 

11. The enclosure as recited in claim 10, wherein the walls 
10 are made from a carbon and polymer composite material. 

12. The enclosure as recited in claim 9, wherein the at 
least one device is a passive, two-phase device. 

6. The enclosure as recited in claim 1, wherein the at least 
one heat pipe has fins provided on the second portion. 

7. The enclosure as recited in claim 1, wherein the 15 

transition portion of the at least one heat pipe is bent at an 
angle of between about 1 degree and about 20 degrees. 

8. The enclosure as recited in claim 1, wherein the second 
portion of the at least one heat pipe is flattened and main­
tained in the at least one respective wall, allowing more 20 

surface area of the at least one heat pipe to be exposed so that 
more heat can be rejected from the at least one heat pipe via 
natural convection. 

9. An enclosure for housing electrical components, the 
enclosure comprising: 

walls provided about the electrical components, the walls 
having poor thermal conductivity; 

25 

at least one device that transports thermal energy using 
latent heat extending through at least one respective 
wall, the at least one device having an evaporator 30 

portion which is positioned within the enclosure and a 
condenser portion which is positioned outside of the 
enclosure, at least one of the evaporator portion or the 
condenser portion embedded in the at least one respec­
tive wall, the at least one of the evaporator portion or 35 

the condenser portion extending parallel to the at least 
one respective wall, the at least one of the evaporator 
portion or the condenser portion having three sides that 
are captured in the at least one respective wall, the at 
least one of the evaporator portion or the condenser 40 

portion is flush with a surface of the at least one 
respective wall, a transition portion connects the evapo­
rator portion to the condenser portion and is jogged or 
bent relative to the evaporator portion and the con-

13. The enclosure as recited in claim 12, wherein the at 
least one device is a heat pipe. 

14. The enclosure as recited in claim 12, wherein the at 
least one device has fins provided on the evaporator portion. 

15. The enclosure as recited in claim 12, wherein the at 
least one device has fins provided on the condenser portion. 

16. A method of thermally conducting heat from inside an 
enclosure formed of composite material, the method com­
prising: 

collecting heat from the inside of the enclosure at an 
evaporator of a heat pipe that transports thermal energy 
using latent heat; 

conducting the heat from the evaporator of the heat pipe 
through a transition portion of the heat pipe which is 
embedded in a wall of the enclosure to a condenser of 
the heat pipe, the transition portion connects the evapo­
rator portion to the condenser portion and is jogged or 
bent relative to the evaporator portion and the con­
denser portion, at least one of the evaporator or con­
denser is embedded in a wall of the enclosure and is 
flush with a surface of the wall, the at least one of the 
evaporator portion or the condenser portion having 
three sides that are captured in the wall; 

dissipating the heat from the condenser outside of the 
enclosure; 

wherein the heat pipe has a high effective thermal con­
ductivity and provides a high thermal conductivity path 
for heat energy to pass from the evaporator to the 
condenser, and the condenser is embedded to allow the 
heat pipe to be compatible with various external con­
figurations. 

* * * * * 


