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(57) Abrégée/Abstract:
A system for transferring heat from an electrical enclosure is provided. An electrical enclosure defines a housing area in which one
or more electrical devices are housed. A heat pump extends through the electrical enclosure, the heat pump defining a channel
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(57) Abrege(suite)/Abstract(continued):
configured to communicate fluid for transferring heat from the one or more electrical devices. The electrical enclosure Is
substantially sealed from the heat pump channel and from other areas outside the electrical enclosure.
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(534) Title: MECHANICAL HEAT PUMP FOR AN ELECTRICAL HOUSING

(57) Abstract: A system for transferring heat from an electrical enclosure i1s

provided. An electrical enclosure defines a housing area in which one or
morte electrical devices are housed. A heat pump extends through the electric-
al enclosure, the heat pump defining a channel configured to communicate
fluid for transterring heat from the one or more electrical devices. The elec-
trical enclosure 1s substantially sealed from the heat pump channel and from
other areas outside the electrical enclosure.
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MECHANICAL HEAT PUMP
FOR AN ELECTRICAL HOUSING

TECHNICAL FIELD

10001} The present application relates generally to systems and methods for transferring

heat from heat-generating electrical devices 1n an electrical housing, e.g., a junction box.

BACKGROUND

10002} Electrical devices, e.g., conductors, combiners, switches, controllers, fuses, fuse
holders, power distribution blocks, and terminal blocks, generate heat that must be dissipated to
regulate the temperature of such devices and surrounding components or structures. Electrical
devices may be housed in various types of housings or enclosures. Some electrical device
housings have at least one open face, or significant openings for allowing heat to be removed
from the electrical devices by air flow through the housings and across the surfaces of the
electrical devices. Other electrical device housings are significantly enclosed, and 1n some cases
sealed from the surrounding environment. For example, electrical components of a high voltage,
high current (DC current) solar power system may be housed 1n a secaled enclosure, e¢.g., an
enclosure with a NEMA 4X rating, to provide water resistance or waterproofing. Removing heat
from such enclosures 1s relatively difficult, as they do not include openings for permitting air

flow over the heat-producing components.
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SUMMARY

10003] Some embodiments of the invention provide systems for transterring heat tfrom
heat-generating electrical devices housed in a sealed enclosure, e.g., a sealed junction box for
a high voltage solar system. The systems may include one or more mechanical heat pumps

that define channels that extend through the sealed enclosure. Air flows through the channels

to transfer heat away from the sealed enclosure (and thus, away from the heat-generating

electrical devices).

10004] In one aspect of the invention, a system for transferring heat from an electrical
enclosure is provided. The electrical enclosure defines a housing area in which one or more
electrical devices are housed. A heat pump extends through the electrical enclosure, the heat
pump defining a channel configured to communicate fluid for transterring heat from the one
or more electrical devices. The electrical enclosure is substantially sealed from the heat pump

channel and from other areas outside the electrical enclosure.

10005] In another aspect of the invention, the system includes a plurality of heat
pumps extending substantially vertically through the electrical enclosure, each heat pump
defining a channel configured to communicate fluid for transferring heat from the one or more
electrical devices. Each heat pump channel may be tapered such that a cross-sectional area of
a top end of the heat pump channel is smaller than a cross-sectional area of a bottom end of
the heat pump channel. The electrical enclosure is substantially sealed from the plurality of

heat pump channels and from other areas outside the electrical enclosure.

[0005a] In another aspect of the invention, the system includes an electrical enclosure
that defines a housing area in which one or more electrical devices are housed; and a heat pump
extending through the electrical enclosure, the heat pump defining a channel configured to
communicate fluid for transferring heat from the one or more electrical devices, wherein the
electrical enclosure is substantially sealed from the heat pump channel and from other areas
outside the electrical enclosure, wherein the heat pump channel extends from a first end to a
second end, and wherein the heat pump includes directional vent structures at one or both of the

first and second ends of the heat pump channel to facilitate fluid tlow through the channel.

2.
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[0005b] In another aspect of the invention, the system includes an electrical enclosure
that defines a housing area in which one or more electrical devices are housed; and a plurality
of heat pumps extending substantially vertically through the electrical enclosure, each heat
pump defining a channel configured to communicate fluid for transferring heat from the one
or more ¢lectrical devices; wherein each heat pump channel 1s tapered such that a cross-
sectional area of a top end of the heat pump channel is smaller than a cross-sectional area of a
bottom end of the heat pump channel; and wherein the electrical enclosure 1s substantially

sealed trom the plurality of heat pump channels and from other areas outside the electrical

enclosure.

10005¢] In another aspect of the invention, the system includes an electrical enclosure

that defines a housing area 1n which one or more electrical devices are housed; and a heat
pump extending through the electrical enclosure, the heat pump defining a channel configured
to communicate fluid for transterring heat from the one or more electrical devices, wherein
the electrical enclosure 1s subStantiaIly scaled from the heat pump channel and from other
areas outside the electrical enclosure, wherein a first end of the heat pump channel i1s located
higher than a second end of the heat pump channel with respect to a horizontal plane, and
wherein the heat pump channel is tapered such that a cross-sectional area of the first, higher

end of the heat pump channel 1s smaller than a cross-sectional area of the second, lower end of

the heat pump channel.

-a -
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BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIGURES 1A and 1B illustrates an example heat transfer system for cooling

clectrical devices 1n an electrical housing, according to some embodiments;

[0007] FIGURE 2 illustrates a configuration of a heat transfer system that includes a fan

for increasing air flow through a heat pump channel, according to some embodiments;

[0008] FIGURE 3 1illustrates an example heat transfer system that includes a vertically
extending heat pump 1s formed located at one side of an electrical housing, according to some

embodiments;

10009] FIGURE 4 illustrates an example heat transfer system that includes a heat pump

that extends horizontally through an ¢lectrical housing, according to some embodiments;

10010] FIGURE 5 illustrates an example heat transfer system that includes a heat pump

that extends diagonally through an electrical housing, according to some embodiments;

10011] FIGURE 6 1llustrates an example heat transfer system that includes a heat pump

having a generally vertical, tapered channel, according to some embodiments; and

10012] FIGURE 7 1llustrates an example heat transter system that includes a heat pump

having a generally horizontal, tapered channel, according to some embodiments.
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DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0013] The invention may be better understood by reading the following description of
non-limitative, exemplary embodiments with reference to the attached drawings wherein like

parts of each of the figures are identified by the same reference characters.

10014] The invention relates to systems for transferring heat from heat-generating
electrical devices housed in a sealed enclosure, e.g., a sealed junction box for a high voltage solar
system. The systems may include one or more mechanical heat pumps that define channels that
extend through the sealed enclosure, wherein air flows through the channels to transfer heat
away from the sealed enclosure. The term “electrical device” includes any electronics, electrical
circuit elements, or electrical conductor (e.g., wiring or electrical connectors). As examples
only, electrical device may include conductors, combiners, switches, controllers, fuses, fuse
holders, power distribution blocks, terminal blocks, etc. In some example embodiments, the
electrical devices are components of a high voltage and/or high current system -- for example, a
high voltage (e.g., 1000V+), high current (2000A+ DC current) solar power system -- which are
housed in a sealed enclosure, e.g., an enclosure with a NEMA 4X rating. The systems discussed

herein may be used with electrical devices operating on, or carrying, either A/C or DC current.

|0015] FIGURES 1A and 1B illustrate an example heat transfer system 10A for cooling
electrical devices 12 located in an electrical housing 14. FIGURES 1A illustrates a three-
dimensional view, while FIGURE 1B illustrates a cross-sectional side view taken through lines
1B-1B shown in FIGURE 1A. As shown, system 10A includes a pair of mechanical heat pumps
20A and 20B extending substantially vertically through electrical housing 14, which may be
secured to a surface or wall 24. Each heat pump 20 defines a vertical channel 22 for
communicating air or other fluid through the heat pump 20 to provide convective heat transter

away from electrical housing 14, e.g., heat generated by electrical devices 12.

[0016] In some embodiments, eclectrical housing 14 may define an electrical device
housing area 16 that is substantially or completely sealed from areas outside of electrical housing
14 and substantially or completely sealed from heat pump channels 22. Thus, electrical housing
14 may be substantially or completely water resistant or waterproof, which may be particularly

useful for outdoor enclosures.
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10017] In the embodiment shown in FIGURES 1A and 1B, heat pumps 20 may be
formed integrally with electrical housing 14, such that particular walls 30 act as both outer walls
of heat pumps 20 and inner walls of electrical housing 14, with walls 30 separating the sealed
housing area 16 from heat pump channels 22. Alternatively, heat pumps 20 may be formed
separately from electrical housing 14, such that heat pumps 20 are inserted into channels defined

by internal walls of electrical housing 14.

[0018] Each heat pump channel 22 extends from a first end 32 defining a first end
opening 34 to a second end 36 defining a second end opening 38. Each opening 34 and 38 may
have any suitable shape and/or size. Openings 34 and 38 may have the same shape and/or size,
or different shapes and/or sizes. Further, the channel 22 between openings 34 and 38 may have
any suitable shape. For example, channel 22 may be straight, curved in one or more directions,
tapered in one or more directions, may include any number of turns, may be serpentine or
labyrinth shaped, may branch into multiple channels, or may have any other shape or
configuration. In the embodiment shown in FIGURES 1A and 1B, openings 34 and 38 are

rectangular and equal in size and shape, and channels 22 are straight and parallel.

10019] Further, a heat pump 20 may be located at one external side of electrical housing
14 (e.g., with one external wall of electrical housing 14 also acting as a wall of the heat pump 20,
such as shown in FIGURE 2 discussed below), or may be spaced apart from the external sides ot
electrical housing 14. In the embodiment shown in FIGURES 1A and 1B, heat pumps 20 are
located near, but spaced apart from a rear wall 40 of electrical housing 14. Thus, as best shown
in FIGURE 1B, housing area 16 extends completely around an outer perimeter of each heat
pump 20. Further, a perimeter of each opening 34 and 38 is located within and spaced apart
from an outer perimeter of electrical housing 14. In other embodiments, e.g., as shown 1n
FIGURE 2, a perimeter of one or both openings 34 and 38 may share one or more edges with an

outer perimeter of electrical housing 14.

10020] Each heat pump 20 may extend to, or beyond, a top surface 50 and a bottom
surface 52 of electrical housing 14. Each heat pump 20 may include elements for increasing heat
transfer and/or directing the air flow as desired. For example, fins, baffles, ridges, screens, or

other elements may be provided in channel 22. In the embodiment shown in FIGURE 1A, each



CA 02855833 2014-05-13

WO 2013/074807 PCT/US2012/065303

heat pump 20 includes inter-digitated elements 46 within channel 22 to increasing the surface

area exposed to air flowing through channel 22, to increase conductive heat transter.

[0021] Each electrical device 12 may be mounted directly to a wall or walls of one or
more heat pumps 20, or to a structure that physically abuts a wall or walls of one or more heat
pumps 20, or to a wall of electrical housing 14 and spaced apart from heat pump(s) 20, or
otherwise mounted within housing area 16. For example, FIGURES 1A and 1B show an
example electrical device 12A mounted to a thermally conductive mounting plate 60, which 1s
mounted to a wall of heat pump 20A; an example electrical device 12B mounted directly to a
wall of heat pump 20B; and an example electrical device 12C (shown only in FIGURE 1B) that

1s not mounted to either heat pump 20.

[0022] In operation, electrical devices 12 produce heat, which is transferred to a wall or
walls of the heat pumps 20 by convection, conduction (e.g., where an electrical device 12 1s
mounted directly to heat pump(s) 20 or to a thermally conductive structure (e.g., plate 60) 1n
contact with heat pump(s) 20), and/or radiation. The heat wall or walls of heat pumps 20 warm
the air within channels 22, which causes the sir to rise through channels 22, thus promoting

conductive heat transfer out of electrical housing 14.

10023 ] Any of the heat transfer systems discussed herein may include any active any
passive or active devices for facilitating or increasing air flow through heat pump channels 22.
For example, heat transfer system 38 may include passive elements such as a heat sink with fins,
or active elements such as fans, etc. FIGURE 2 1llustrates a configuration of heat transfer system
10A that includes a fan 42 for increasing air flow through channel 22, further promoting

conductive heat transfer out of electrical housing 14.

10024] FIGURE 3 illustrates an example heat transfer system 10B for cooling electrical
devices 12 located in an electrical housing 14. In this embodiment, a vertically extending heat
pump 20 1s formed within, but located at one side of, electrical housing 14 such that an external
wall 54 of electrical housing 14 forms one wall of the heat pump 20 (or alternatively, the wall of
the heat pump could be mounted directed to external wall 54 of electrical housing 14). Thus, a
perimeter of the top opening 34 shares an edge with a perimeter of the top 50 of electrical

housing 14, and likewise, a perimeter of the bottom opening 38 shares an edge with a perimeter
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of the bottom 52 of electrical housing 14. In other embodiments, heat pump 20 could be

arranged at any other external wall or walls of electrical housing 14 in a similar manner.

[0025] FIGURE 4 illustrates an example heat transfer system 10C for cooling electrical
devices 12 located in an electrical housing 14. In this embodiment, a heat pump 20 extends
substantially horizontally from a first side 56 to a second side 58 of electrical housing 14.
Directional vent structures 70 are provided at each of the heat pump channel 22 to facilitate
and/or direct air flow through channel 22. Vent structures 70 may include any suitable
structures, e.g., fins or louvers, and may be adjustably positioned at desired. In the 1llustrated
example, vent structures 70 comprise louvers positioned at an askew angle relative to the heat

pump channel 22, which may promote air flow in the direction indicated by the arrows 1n

FIGURE 4.

10026] FIGURE 5 illustrates an example heat transfer system 10D for cooling electrical
devices 12 located in an electrical housing 14. In this embodiment, a heat pump 20 extends
diagonally from a first side 56 to a second side 58 of electrical housing 14. Heat pump 20 may
be oriented at any angle with respect to the horizontal (i.e., the x-axis shown in FIGURE J5), e.g.,
to provide the desired air flow characteristics at particular temperatures. For example, heat pump
20 may be oriented at an angle between 10 and 80 degrees from the horizontal. In certain

embodiments, heat pump 20 may be oriented at an angle between 20 and 45 degrees from the

horizontal.

10027] FIGURE 6 1illustrates an example heat transfer system 10E for cooling electrical
devices 12 located in an electrical housing 14. In this embodiment, a heat pump 20 extends
substantially vertically and has a tapered channel 22, which may accelerate or otherwise promote
the flow of air upwards through channel 22, to increase the heat transfer rate. In particular,
channel 22 is tapered in both the x-direction and the y-direction, such that the x- and y-direction
dimensions of bottom opening 38 are larger than the x- and y-direction dimensions of top
opening 34. Thus, the cross-sectional area of bottom opening 38 is larger than the cross-
sectional area of top opening 34. In other embodiments, channel 22 may be tapered in only a

single direction. In other embodiments, channel 22 may be tapered in any other manner.

[0028] FIGURE 7 illustrates an example heat transfer system 10F for cooling electrical

devices 12 located in an electrical housing 14. In this embodiment, a heat pump 20 extends
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substantially horizontally and has a tapered channel 22, which may accelerate or otherwise
promote the tlow of air through channel 22 in the direction toward the smaller end of tapered
channel 22, as shown in FIGURE 7. As shown, channel 22 may be tapered in both the y-
direction and the z-direction, such that the y- and z-direction dimensions of opening 38 are
larger than the x- and y-direction dimensions of opening 34. Thus, the cross-sectional area of
opening 38 is larger than the cross-sectional area of opening 34. In other embodiments,
channel 22 may be tapered in only a single direction. In other embodiments, channel 22 may
be tapered in any other manner. Further, in some embodiments, directional vent structures 70,
such as discussed above regarding FIGURE 4, may be provided at one or both ends of

channel 22 to facilitate and/or direct air flow through channel 22.

[0029] Therefore, the present invention 1s well adapted to attain the ends and
advantages mentioned, as well as those that are inherent therein. The particular embodiments
disclosed herein are 1llustrative only, as the invention may be modified and practiced in
different but equivalent manners apparent to those having ordinary skill in the art and having
the benefit of the teachings herein. While numerous changes may be made by those having
ordinary skill in the art, such changes are encompassed within the spirit and scope of this
invention as defined by the appended claims. Furthermore, no limitations are intended to the
details of construction or design herein shown. It is therefore evident that the particular
1llustrative embodiments disclosed above may be altered or modified and all such variations

arc considered within the scope of the present invention.
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CLAIMS:

] A system for transferring heat from an electrical enclosure, comprising:

an electrical enclosure that defines a housing area in which one or more

electrical devices are housed:; and

a heat pump extending through the electrical enclosure, the heat pump defining
a channel configured to communicate fluid for transferring heat from the one or more

electrical devices.

wherein the electrical enclosure 1s substantially sealed from the heat pump

channel and tfrom other areas outside the electrical enclosure,
wherein the heat pump channel extends from a first end to a second end, and

wherein the heat pump includes directional vent structures at one or both of the

first and second ends of the heat pump channel to facilitate fluid flow through the channel.

2. - The system according to claim I, wherein the heat pump channel extends

through two opposing sides of the electrical enclosure.

3. The system according to claim 1, wherein the heat pump channel extends

substantially vertically through a top side and a bottom side of the electrical enclosure.

-+, The system according to claim 1, wherein the heat pump channel extends

substantially non-vertically through the electrical enclosure.

J. The system according to claim 1, wherein the heat pump channel extends

substantially horizontally through two opposing lateral sides of the electrical enclosure.

6. The system according to claim 1, wherein:

the heat pump channel extends substantially horizontally; and



10

15

20

CA 02855833 2014-07-25

52479-113

the directional vent structures extend at an askew angle relative to the heat

pump channel.
7. - The system according to claim 1, wherein the heat pump channel is tapered.

8. The system according to claim 1, wherein the heat pump includes inter-

digitated elements.

9. The system according to claim 1, wherein the heat pump 1s located

substantially within the electrical enclosure.
10. The system according to claim 1, wherein:
a first wall of the electrical enclosure detines a first wall perimeter; and

a first end of the heat pump channel defines an opening in the first wall of the
electrical enclosure, the heat pump channel opening located within and distinct from the first

wall perimeter.
11. The system according to claim 1, wherein:
the heat pump 1s located substantially within the electrical enclosure; and

the heat pump physically abuts a wall of the electrical enclosure extending in

the direction of the heat pump.

12. The system according to claim 1, wherein at least one of the electrical devices
1s mounted on a wall of the heat pump or on a structure that physically abuts the wall of the

heat pump.

13. The system according to claim 1, including multiple heat pumps extending

through the electrical enclosure.

14. A system for transferring heat from an electrical enclosure, comprising:

- 10 -
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an electrical enclosure that defines a housing area in which one or more

electrical devices are housed:; and

a plurality of heat pumps extending substantially vertically through the
electrical enclosure, each heat pump defining a channel configured to communicate fluid for

transferring heat from the one or more electrical devices;

wherein each heat pump channel is tapered such that a cross-sectional area of a
top end of the heat pump channel 1s smaller than a cross-sectional area ot a bottom end of the

heat pump channel; and

wherein the electrical enclosure 1s substantially sealed from the plurality of

heat pump channels and trom other areas outside the electrical enclosure.

15. The system according to claim 14, wherein the heat pump includes inter-

digitated elements.

16. The system according to claim 14, wherein each heat pump 1s located

substantially within the electrical enclosure.
17. The system according to claim 14, wherein:
a top surface of the electrical enclosure detines a top surface perimeter; and

a top end of each heat pump channel defines an opening in the top surface of
the electrical enclosure, each heat pump channel opening located within and distinct from the

top surface perimeter.

18. The system according to claim 14, wherein at least one of the electrical devices
is mounted on a wall of at least one of the heat pumps or on a structure that physically abuts a

wall of at least one of the heat pumps.

19. A system for transferring heat from an electrical enclosure, comprising:

- 11 -
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an electrical enclosure that defines a housing area in which one or more

electrical devices are housed; and

a heat pump extending through the electrical enclosure, the heat pump defining
a channel contigured to communicate fluid for transterring heat from the one or more

electrical devices,

wherein the electrical enclosure is substantially sealed from the heat pump

channel and from other areas outside the electrical enclosure,

wherein a first end of the heat pump channel is located higher than a second

end of the heat pump channel with respect to a horizontal plane, and

- wherein the heat pump channel 1s tapered such that a cross-sectional area of the
first, higher end of the heat pump channel is smaller than a cross-sectional area of the second,

lower end of the heat pump channel.

212 -
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