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HEAT TRANSFER SYSTEM WITH INTEGRATED
EVAPORATOR AND CONDENSER

CROSS-REFERENCE TO RELATED APPLICATION
This application is a non-provisional of U.S. Patent Provisional Application No.
61/506,924, entitled: "HEAT TRANSFER SYSTEM WITH INTEGRATED EVAPORATOR AND
CONDENSER" filed on July 12, 2011. The contents of the above application are incorporated

by reference herein as if set forth in full.

BACKGROUND

Many electronic devices (e.g., including electronic circuitry) generate heat during
operation. Heat generated by electronic devices is preferably dissipated so as to improve
reliability and reduce the potential for premature failure of the electronic devices. In some
instances, the amount of heat generated by an electronic device may be such that cooling of the
device by a heat transfer system is necessary to prevent overheating.

One proposed approach for dissipating heat generated by electronic devices is the use
of a two-phase heat transfer system. In a two-phase heat transfer system, an evaporator may
receive heat from an electronic device resulting in the heating of a fluid contained by the
evaporator. In this regard, the fluid may undergo a phase change (e.g., the fluid may be
vaporized from a liquid to a vapor). In turn, the evaporator may be connected to a condenser by
way of a pipe or other plumbing extending between the evaporator and the condenser. Once
the vaporized fluid enters the condenser, heat may be transferred from the fluid to the
environment by way of the condenser such that the fluid condenses into a liquid in the
condenser. In this regard, the condensed fluid in the liquid phase may be returned to the
evaporator by the pipe extending between the condenser and the evaporator. Accordingly, the
liquid phase fluid may again be heated in the evaporator and the cycle may repeat.

Two-phase heat transfer system may be beneficial because the amount of thermal
energy (i.e., heat) associated with latent energy of a phase change is greater than a sensible
heat of the fluid alone. That is, when a material undergoes a phase change the latent heat
associated with the phase change of the material is absorbed or released in addition to the
sensible heat associated with the change in temperature of the material in a single phase.
Thus, a fluid that is transported after undergoing a change in phase may include significantly
more energy than a fluid that has undergone sensible heating alone. It may often be the case

that the latent heat associated with the phase change is much greater than the sensible heat
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that may be absorbed by the material.

Some two-phase heat transfer systems employ a pump or compressor to move the fluid
through the cycle. It has also been proposed that capillary force, a pressure drop, or
gravitational forces may be used to move the fluid through the cycle in a two-phase heat
transfer system. In this regard, traditional two-phase heat transfer systems may be susceptible
to a plurality of failure modalities that may negatively impact the reliability of the heat transfer
system. For example, in the case of a two-phase heat transfer system that relies on a pump or
the like to move fluid through the system, failure of the pump may render the system inoperable.
Furthermore, the use of pipes or other plumbing to direct the fluid in the system (e.g., as in the
case of a loop heat pipe) may be susceptible to failure, thus resulting in leaks and/or the
reduction in fluid flow in the system. In any regard, the effectiveness of the system may be
reduced or the system may undergo complete failure, which may result in undesirable excessive

heating of the electronic device cooled by the heat transfer system.

SUMMARY

A first aspect includes a heat transfer system. The system includes an evaporator
thermally engageable with a heat source and including a working fluid. The system also
includes a condenser in fluid communication with the evaporator to receive vaporized working
fluid from the evaporator. As such, a first fluid transfer path is provided extending from the
evaporator to the condenser for movement of the vaporized working fluid from the evaporator to
the condenser. Additionally, the system includes a second fluid transfer path extending from the
condenser to the evaporator for movement of condensed working fluid from the condenser to
the evaporator, wherein the second fluid transfer path is separate from the first fluid transfer
path. Additionally, at least one of the first fluid transfer path or the second fluid transfer path is
integrally defined by the evaporator or condenser.

A number of feature refinements and additional features are applicable to the first
aspect. These feature refinements and additional features may be used individually or in any
combination. As such, each of the following features that will be discussed may be, but are not
required to be, used with any other feature or combination of features of the first aspect.

For example, in one embodiment, the evaporator may be in direct fluid communication
with the condenser via the first fluid transfer path integrally defined by at least one of the
evaporator or the condenser. Additionally or alternatively, the condenser may be in direct fluid
communication with the evaporator via the second fluid transfer path integrally defined by at

least one of the condenser and the evaporator.
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The heat transfer system may also include an electronic component in thermal
communication with the evaporator, wherein the electronic component generates heat in
response to operation of the electronic component and comprises the heat source. In one
embodiment, the electronic component may be a light emitting diode (LED) array.

In an embodiment, a fluid passage may extend between the first fluid transfer path and
the second fluid transfer path. The fluid passage may extend through the condenser. The fluid
passage may extend laterally beyond a lateral spatial extent of the evaporator. As such, flow of
the working fluid through the fluid passage may include mass flow of the working fluid laterally
beyond the lateral spatial extent of the evaporator. An internal surface area of the fluid passage
may be at least about twice as large an internal surface area of the evaporator.

In another embodiment, a flow control may establish an operational fluid flow of the
working fluid from the first fluid transfer path, through the fluid passage, and to the second fluid
transfer path, in that order. As such, flow in a direction opposite the operational fluid flow may
be limited by the flow control.

In various embodiments, the working fluid may be water, alcohol, or ammonia.
Additionally, the evaporator and the condenser may be integrally constructed from a single
portion of material. For example, the material may be aluminum or copper.

A second aspect includes a method for heat transfer. The method includes absorbing
thermal energy at a working fluid disposed at an evaporator, vaporizing the working fluid, and
first transporting the vaporized working fluid to a condenser via a first fluid transfer path
extending from the evaporator to the condenser. The method further includes releasing thermal
energy from the working fluid at the condenser, condensing the working fluid, and second
transporting the condensed working fluid to the evaporator via a second fluid transfer path
extending from the condenser to the evaporator. The second fluid transfer path is separate
from the first fluid transfer path, and at least one of the first transfer path or the second transfer
path is integrally defined by the evaporator or condenser.

A number of feature refinements and additional features are applicable to the second
aspect. These feature refinements and additional features may be used individually or in any
combination. As such, each of the following features that will be discussed may be, but are not
required to be, used with any other feature or combination of features of the second aspect.

In one embodiment, the method may further include moving the working fluid through a
fluid passage extending between the first fluid transfer path and the second fluid transfer path.
The fluid passage may extend through the condenser. In one embodiment, the moving may

includes mass flow of the working fluid beyond the lateral spatial extent of the evaporator.
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The method may further include operating an electronic component to generate the
thermal energy.

A third aspect includes a system for cooling an electronic device. The system includes
an electronic device operable to generate heat upon operation of the electronic device. The
system also includes an evaporator provided in thermal communication with the electronic
device. The evaporator includes working fluid operable to absorb thermal energy transferred
thereto from the electronic device. A condenser is provided that is in fluid communication with
the evaporator and operable to receive vaporized working fluid from the evaporator. The
working fluid is vaporized as a result of the absorbing of thermal energy from the electronic
device. A first fluid transfer path extends from the evaporator to the condenser for movement of
the vaporized working fluid from the evaporator to the condenser, and a second fluid transfer
path extends from the condenser to the evaporator for movement of condensed working fluid
from the condenser to the evaporator. The working fluid is condensed as a result of transfer of
thermal energy from the working fluid to the condenser. The first fluid transfer path is separate
from the second fluid transfer path, and at least one of the first fluid transfer path or the second
fluid transfer path is integrally defined by the evaporator or condenser.

A number of feature refinements and additional features are applicable to the third
aspect. These feature refinements and additional features may be used individually or in any
combination. As such, each of the following features that will be discussed may be, but are not
required to be, used with any other feature or combination of features of the third aspect.

For example, the system may further comprise a fluid passage extending between the
first fluid transfer path and the second fluid transfer path. The fluid passage may at least in part
extend laterally beyond a lateral spatial extent of the evaporator. The system may further
include a flow control for directing working fluid from the first fluid transfer path, through the fluid

passage, and to the second fluid transfer path, in that order.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 depicts examples of heat pipes from the prior art.
Fig. 2 is a schematic view depicting the operation of a thermosyphon.
Fig. 3 depicts an example of a loop heat pipe.
Figs. 4A and 4B depict embodiments of integrated heat transfer systems.
Fig. 5 depicts another embodiment of an integrated heat transfer system.
Fig. 6 depicts an interface between an evaporator and a condenser of the integrated

heat transfer system of Fig. 5.
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Fig. 7 depicts one embodiment of fluid transfer paths of the heat transfer system of Fig.

DETAILED DESCRIPTION

While the invention is susceptible to various modifications and alternate forms, specific
embodiments thereof have been shown by way of example in the drawings and are herein
described in detail. It should be understood, however, that it is not intended to limit the
invention to the particular form disclosed, but rather, the invention is to cover all modifications,
equivalents, and alternatives falling within the scope of the invention as defined by the claims.

Fig. 1 depicts examples of prior art heat pipes 10. As may be appreciated from Fig. 1,
the heat pipes 10 generally include an evaporator 12 and one or more condensers 14 disposed
at an end of a pipe 16 opposite from the evaporator 12. In this regard, the pipe 16 may facilitate
transfer of fluid between the evaporator 12 and condenser 14. Accordingly, the pipe 16 may
also present failure modalities that may adversely affect the reliability of the heat pipe 10 as
discussed above (e.g., the pipe 16 may be susceptible to failure such as rupture or leakage).

Fig. 2 schematically depicts the operation of a heat pipe 10. In the heat pipe 10, a
working fluid 20 is disposed within a housing 22. A portion of the housing is exposed to a heat
source such that thermal energy (i.e., heat 30 represented by arrows in Fig. 2) is transferred to
one end of the housing 22. The working fluid 20 may be in a liquid phase adjacent to where the
heat 30 is received via the housing 22. This portion of the housing 22 may be referred to as the
evaporator 12. Upon receipt of sufficient heat 30, the working fluid 20 may be heated beyond
the boiling point of the fluid and the fluid may undergo a phase change (i.e., vaporize).
Accordingly, vaporized working fluid 20" may flow in the housing 22 between the evaporator 12
to the opposite end of the housing 22, referred to as a condenser 14. The portion of the
housing 22 between the evaporator 12 and condenser 14 may be referred to as the adiabatic
section 16' and may generally correspond to the pipe 16 shown in Fig. 1. That is, the adiabatic
section 16' and the pipe 16 may both facilitate mass transfer of the working fluid 20 between the
evaporator 12 and condenser 14. At the condenser 14, the vaporized working fluid 20" may
transfer heat 32 from the vaporized working fluid 20' to the housing 22 such that the heat 32 is
in turn dissipated from the condenser 14 (e.g., by way of convection, conduction, and/or
radiation). As a result, the vaporized working fluid 20" may condense to liquid working fluid 20.
As such, the liquid working fluid 20 may return to the evaporator portion 12 of the housing 22
(e.g., by way of adiabatic section 16'). In this regard, the condensed liquid working fluid 20 may

again be disposed at the evaporator 12 and the cycle may repeat.
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While referred to as the adiabatic section 16', it will be appreciated that in the heat pipe
10 depicted in Fig. 2, the flow of the vaporized working fluid 20' from the evaporator 12 to the
condenser 14 and the flow of liquid working fluid 20 fluid from the condenser 14 to the
evaporator 12 in the adiabatic section 16" may pass generally through the same volume such
that some amount of heat transfer occurs. This is also the case in the pipe 16 of the heat pipes
10 depicted in Fig. 1. In this regard, the fluid flow of vaporized working fluid 20' and condensed
liquid working fluid 20 may be integrated and not distinct. While it may be that liquid working
fluid 20 may generally travel along the sidewall of the housing 22, while vaporized working fluid
20' may travel from the evaporator 12 to the condenser 14 openly along a central volume
spaced away from the sidewall of the housing 22, the different phases of the working fluid 20
and 20' may pass one another as each move within the housing 22. In this regard, the
condensed liquid working fluid 20 may be pre-heated by the vaporized working fluid 20' and the
vaporized working fluid 20" may begin to be cooled by the liquid working fluid 20 prior to
reaching the condenser 14. As such, the flow of working fluid 20 and 20" through the adiabatic
section 16' may in fact not be adiabatic, but rather heat transfer between the vaporized working
fluid 20" and the liquid working fluid 20 may occur. Accordingly, the heat pipe 10 may
experience reduced efficiencies.

A loop heat pipe 40 is generally depicted in Fig. 3. In a loop heat pipe 40, separate
paths for fluid communication between the evaporator 12 and the condenser 14 are provided to
facilitate flow of vaporized working fluid 20" from the evaporator 12 to the condenser 14 and of
liquid working fluid 20 from the condenser 14 to the evaporator 12. However, it will be
appreciated that the loop heat pipe 40 includes additional pipes 16 to facilitate the separate fluid
paths for the vaporized working fluid 20" and liquid working fluid 20. As described above, the
additional pipes 16 may introduce undesirable failure modalities (e.g., leaks, ruptures, etc.) that
adversely affect the reliability of the heat pipe 40. As such, the additional pipes 16 of the loop
heat pipe 40 shown in Fig. 3 may result in reliability issues that may negatively affect the
performance of the loop heat pipe 40.

Embodiments of heat transfer systems 100 with integrated fluid passages are depicted
in Figs. 4A and Fig. 4B. By virtue of the integrated passages, separate fluid passages may be
established while eliminating the reliability concerns associated with additional pipes 16. The
heat transfer system 100 generally includes an evaporator 112 that may be in thermal
communication with a heat source 50. In various embodiments, the heat source 50 may be an
electronic component such as a microprocessor, a memory, an LED array, a resistor, a

transistor, or other electronic component capable of producing heat during operation.
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In the embodiment depicted in Fig. 4A, the evaporator 112 may be in direct fluid
communication with the condenser 114. In this regard, a first integral fluid path 60 may be
established between the evaporator 112 and the condenser 114 to facilitate flow of vaporized
working fluid 20' from the evaporator 112 to the condenser 114. The vaporized working fluid 20’
may flow through the condenser 114 and transfer heat thereto. Heat may be dissipated from
the condenser 114. For example, fins, fans, or other devices 120 may be provided to increase
convective, radiant, or conductive heat transfer from the condenser 114. In any regard, the
vaporized working fluid 20" may condense in the condenser 114.

As depicted in Fig. 4A, a second fluid transfer path 62 for return of liquid working fluid 20
from the condenser 114 to the evaporator 112 may be provided through a duct 116. In this
regard, liquid working fluid 20 may return to the evaporator 112 by way of the duct 116
extending from the condenser 114 to the evaporator 112. As such, the system 100 of Fig. 4A
may experience increased efficiencies over a heat pipe 10 by providing dedicated fluid transfer
paths for the flow of vaporized working fluid 20" and liquid working fluid 20, respectively, without
the need for pipes 16 to be provided for both vaporized working fluid 20" and liquid working fluid
20 flow as is necessary for traditional loop heat pipes 40.

Furthermore, while it is depicted in Fig. 4A that the evaporator 112 is in direct fluid
communication with the condenser 114 to establish the first integral fluid transfer path 60 for
vaporized working fluid 20', it may be appreciated that an integral flow transfer path may
alternatively provided as depicted in Fig. 4B such that the second fluid transfer path 62 is
integrally provided by the evaporator 112 and condenser 114 to facilitate direct fluid
communication of liquid working fluid 20' from the condenser 114 to the evaporator 112. As
such, the flow of vaporized working fluid 20 from the evaporator to the condenser may be
provided by way of a first fluid path 60 defined by the duct 116 between the evaporator 112 and
the condenser 114. In this regard, it will be appreciated that either of the first fluid transfer path
60 or the second fluid transfer path 62 may be integrally provided by the evaporator 112 and/or
condenser 114.

Fig. 5 depicts another embodiment of a heat transfer system 200. The heat transfer
system 200 of Fig. 5 may include an evaporator 212 that is in direct fluid communication with
the condenser 214 such that separate, integrated fluid transfer paths 260 and 262 are provided
in the evaporator 212 and/or condenser 214 for both the flow of vaporized working fluid 20" from
the evaporator 212 to the condenser 214 via a first fluid transfer path 260 and for liquid working
fluid 20 to flow from the condenser 214 to the evaporator 212 via a second fluid transfer path
262. Thatis, in the embodiment depicted in Fig. 5, both the first fluid transfer path 260 and the
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second fluid transfer path 262 are integrated into the evaporator 212 and condenser 214 such
that no external duct 116 or other pipes 16 are present. In this regard, the failure modalities
associated with the duct 116 or pipes 16 may be eliminated and the reliability of the heat
transfer system 200 may be improved.

With further reference to Fig. 6, a detailed view of an interface 264 between the
evaporator 212 and condenser 214 is shown. The condenser 214 is not depicted in Fig. 6 for
purposes of clarity. However, the interface 264 may be in contact with the condenser 214. In
this regard, the condenser 214 may include or partially define corresponding fluid transfer paths
260 and 262 that establish fluid communication with the evaporator 212 at the portions of first
fluid transfer path 260 and the second fluid transfer path 262 depicted. As such, vaporized
working fluid 20" may flow from the evaporator 212 to the condenser 214 by way of the first fluid
transfer path 260. Additionally, liquid working fluid 20 may return to the condenser by way of a
second fluid transfer path 262. As can be appreciated in Fig. 5 and Fig. 6, more than one
passage between the condenser 214 and the evaporator 212 may comprise the second fluid
transfer path 260. Additional or fewer passages may also comprise the second fluid transfer
path 262. In a similar regard, while a single passage is shown as comprising the first fluid
transfer path 260, additional passages may be provided to define the first fluid transfer path 260
without limitation.

With further reference to Fig. 7, a fluid passage 270 may be provided that extends
between the first fluid transfer path 260 and the second fluid transfer path 262. In this regard,
the fluid passage 270 may pass through the condenser 214. In one embodiment, the fluid
passage 270 may be completely defined by and integrated with the condenser 214. In any
regard, as the vaporized working fluid 20' passes through the fluid passage 270 the vaporized
working fluid 20" may transfer heat to the condenser 214 that is in turn dissipated from the
condenser 214. In this regard, the vaporized working fluid 20' may condense as it passes
through the fluid passage 270 such that condensed, liquid working working fluid 20 returns to
the evaporator 212 via the second fluid passage 262.

As may particularly be appreciated in Fig. 7, the fluid passage 270 may extend beyond
the lateral spatial extent of the evaporator 212. That is, the evaporator 212 may extend laterally
such that the evaporator 212 occupies a footprint as depicted in Fig. 7. The condenser 214,
having the fluid passage 270 extending therethrough, may extend beyond the extent of the
footprint of the evaporator 212. In turn, the mass flow of the working fluid 20 and/or 20" as it
passes through the fluid passage 270 may extend beyond the lateral spatial extent of the

evaporator 212. This may assist in dissipating heat from the vaporized working fluid 20" and/or
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liquid working fluid 20 as it passes through the fluid passage 270. For example, the internal
surface area of the fluid passage 270 may provide for heat transfer from the vaporized working
fluid 20' to the condenser 214 such that the heat may be dissipated. The internal surface area
of the fluid passage 270 may be greater than an internal surface area of the evaporator 212.
For example, the surface area of the fluid passage 270 may be at least twice as large as the
internal surface area of the evaporator 212. In this regard, the condenser 214 and/or fluid
passage 270 may be sized such that for a given heat source 50, the amount of heat transferred
by the vaporized working fluid 20" to the condenser 214 may be sufficient to maintain the heat
source 50 at desired operating temperature without the heat source 50 overheating.

The mass transfer of the working fluid 20, 20' through the heat transfer system 200 may
be driven by the heat imparted to the system 200 by the heat source 50. That is, the transfer of
vaporized working fluid 20" to the condenser 214 from the evaporator 212 may be driven by the
heating of the working fluid 20, 20'. That is, convection currents or similar mechanisms may be
generated within the system 200 that result in flow of vaporized working fluid 20" and liquid
working fluid 20 as described above. Alternatively, other mechanisms may result in movement
of working fluid 20, 20' through the system 200 such as, for example, gravity, capillary forces,
etc.

Furthermore, one or more flow control devices 280 may be provided in the system 200
to direct flow of liquid working fluid 20 and/or vaporized working fluid 20’ from the first fluid
transfer path 260, through the fluid passage 270, and through the second fluid transfer path
262, in that order. This progression of flow may be referred to as an operational fluid flow and
may represent normal operation of the heat transfer system 200 the manner described above.
For example, as shown in Fig. 7, a flow control 280 is shown at the first fluid transfer path 260.
The flow control 280 may comprise, for example, a check valve, a non-return valve, a one-way
valve, or other mechanism that allows flow of fluid in a single direction. In various
embodiments, the flow control 280 may comprise, for example, a ball check valve, a diaphragm
check valve, a stop-check valve, a reed valve, or any other appropriate mechanism.
Furthermore, while a single flow control 280 is depicted in Fig. 7, it will be understood that
additional flow controls 280 may be provided (e.g., at the second fluid transfer path 262 or along
the fluid passage 270) without limitation. In any regard, flow of the fluid in a direction opposite
the operational fluid flow may be limited or reduced by the flow control 280.

In various embodiments, the working fluid 20 may comprise one or more of water,
alcohol, ammonia, a refrigerant, or other substance with an appropriate phase change

temperature. For example, the working fluid 20 may be selected at least in part based on the
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phase change temperature of the working fluid and the desired operating temperature of the
heat source 50. For example, a working fluid 20 with a phase change temperature much lower
than an operating temperature of the heat source 50 may result in vaporization of all the working
fluid 20 in the heat transfer system. A phase change temperature of the working fluid 20 higher
than the operating temperature of the heat source 50 may not result in vaporization of any of the
working fluid 20. Accordingly, a working fluid 20 with a phase change temperature lower than
the operating temperature of the heat source 50 such that a portion, but not all of the working
fluid 20, is vaporized may be selected for proper operation of the heat transfer system.

In one embodiment, the evaporator 212 and the condenser 214 may be integrally
constructed from a single piece of material. In this regard, the evaporator 212 may comprise a
portion of the integral piece of material and the condenser 214 may comprise a portion of the
integral piece of material. The material may be, for example, aluminum, copper, gold, bronze,
combinations thereof, or any other material that facilitates heat transfer through the material.
Alternatively, the evaporator 212 and condenser 214 may be constructed from different portions
of material. In various embodiments, the different portions of material may be different materials
entirely or may be constructed from different portions comprising the same material.

While the invention has been illustrated and described in detail in the drawings and
foregoing description, such illustration and description is to be considered as exemplary and not
restrictive in character. For example, certain embodiments described hereinabove may be
combinable with other described embodiments and/or arranged in other ways (e.g., process
elements may be performed in other sequences). Accordingly, it should be understood that only
the preferred embodiment and variants thereof have been shown and described and that all
changes and modifications that come within the spirit of the invention are desired to be

protected.
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What is claimed is:

1. A heat transfer system, comprising:

an evaporator thermally engageable with a heat source and including a working fluid;

a condenser in fluid communication with the evaporator to receive vaporized working
fluid from the evaporator;

a first fluid transfer path extending from the evaporator to the condenser for movement
of the vaporized working fluid from the evaporator to the condenser; and

a second fluid transfer path extending from the condenser to the evaporator for
movement of condensed working fluid from the condenser to the evaporator, wherein the
second fluid transfer path is separate from the first fluid transfer path;

wherein at least one of the first fluid transfer path or the second fluid transfer path is
integrally defined by the evaporator or condenser.

2. A heat transfer system according to Claim 1, wherein the evaporator is in direct
fluid communication with the condenser via the first fluid transfer path integrally defined by at
least one of the evaporator or the condenser.

3. A heat transfer system according to Claim 2, wherein the condenser is in direct
fluid communication with the evaporator via the second fluid transfer path integrally defined by
at least one of the condenser and the evaporator.

4. A heat transfer system according to Claim 1, further comprising:

an electronic component in thermal communication with the evaporator, wherein the
electronic component generates heat in response to operation of the electronic component and
comprises the heat source.

5. A heat transfer system according to Claim 4, further comprising a fluid passage
extending between the first fluid transfer path and the second fluid transfer path, wherein the
fluid passage extends through the condenser.

6. A heat transfer system according to Claim 5, wherein the fluid passage extends
laterally beyond a lateral spatial extent of the evaporator.

7. A heat transfer system according to Claim 6, wherein flow of the working fluid
through the fluid passage comprises mass flow of the working fluid laterally beyond the lateral
spatial extent of the evaporator.

8. A heat transfer system according to Claim 6, wherein an internal surface area of

the fluid passage is at least about twice as large as an internal surface area of the evaporator.
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9. A heat transfer system according to Claim 8, wherein a flow control establishes
operational fluid flow of the working fluid from the first fluid transfer path, through the fluid
passage, and to the second fluid transfer path.

10. A heat transfer system according to Claim 9, wherein flow in a direction opposite
the operational fluid flow is limited by the flow control.

11. A heat transfer system according to Claim 4, wherein the working fluid comprises
at least one of water, alcohol, or ammonia.

12. A heat transfer system according to Claim 11, wherein the evaporator and the
condenser are integrally constructed from a single portion of material.

13. A heat transfer system according to Claim 12, wherein the material comprises
aluminum or copper.

14. A method for heat transfer, comprising:

absorbing thermal energy at a working fluid disposed at an evaporator;

vaporizing the working fluid,;

transporting the vaporized working fluid to a condenser via a first fluid transfer path
extending from the evaporator to the condenser;

releasing thermal energy from the working fluid at the condenser;

condensing the working fluid; and

transporting the condensed working fluid to the evaporator via a second fluid transfer
path extending from the condenser to the evaporator, wherein the second fluid transfer path is
separate from the first fluid transfer path;

wherein at least one of the first transfer path or the second transfer path is integrally
defined by the evaporator or condenser.

15. A method according to Claim 14, further comprising:

moving the working fluid through a fluid passage extending between the first fluid
transfer path and the second fluid transfer path, wherein the fluid passage extends through the
condenser.

16. A method according to Claim 15, wherein the moving includes mass flow of the
working fluid beyond the lateral spatial extent of the evaporator.

17. A method according to Claim 16, further comprising:

operating an electronic component to generate the thermal energy.

18. A system for cooling an electronic device, comprising:

an electronic device operable to generate heat upon operation of the electronic device;
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an evaporator provided in thermal communication with the electronic device, wherein the
evaporator includes working fluid operable to absorb thermal energy transferred thereto from
the electronic device;

a condenser in fluid communication with the evaporator and operable to receive
vaporized working fluid from the evaporator, wherein the working fluid is vaporized as a result of
the absorbing of thermal energy from the electronic device;

a first fluid transfer path extending from the evaporator to the condenser for movement
of the vaporized working fluid from the evaporator to the condenser; and

a second fluid transfer path extending from the condenser to the evaporator for
movement of condensed working fluid from the condenser to the evaporator, wherein the
working fluid is condensed as a result of transfer of thermal energy from the working fluid to the
condenser, and wherein the first fluid transfer path is separate from the second fluid transfer
path;

wherein at least one of the first fluid transfer path or the second fluid transfer path is
integrally defined by the evaporator or condenser.

19. A system according to Claim 18, further comprising a fluid passage extending
between the first fluid transfer path and the second fluid transfer path, wherein the fluid passage
at least in part extends laterally beyond a lateral spatial extent of the evaporator.

20. A system according to Claim 19, further comprising a flow control for directing
working fluid from the first fluid transfer path, through the fluid passage, and to the second fluid

transfer path in that order.

13-



WO 2013/010038 PCT/US2012/046553

1/4
14
15 16
4
r/'
WA
10 L Q a0
12 f e ::::si
(PRIOR ART)
99 10
32
32 A f§ ( i w
k<j::::s . . EZZZ? CONDENSER
| O 72 A
(| ICONDENSATE
} 1] ADIABATIC | .~
M Hnow secTion (10
b b ¥
S . 30
\ AN

(((((((( A VAPO RATO R 1 2
g SECTION

30
HEAT@4%:::> LIQUID

Go o e

FIG.2
(PRIOR ART)



PCT/US2012/046553

WO 2013/010038

2/4

FIG.4A

412

-

Y

P

wal (20

1163

FI1G.4B



WO 2013/010038 PCT/US2012/046553

3/4

20 20 20

LIQUID IN LiQUED%OUT LIQUID IN

262
= 202

260

FIG.6



PCT/US2012/046553

WO 2013/010038

4/4

270

2’54}

270

FIG.7



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - claims
	Page 13 - claims
	Page 14 - claims
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings

