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enclosure and includes two side plates which are II
mounted a spaced distance from one another. One ST ‘/
side plate forms a portion of a wall of the sealed en- :{l
closure and has fin elements mounted on one side, S
which side is outside of the enclosure. Fin elements ) g |
are mounted between the two side plates extending N
inwardly from opposing ends of the side plates a de- '
sired distance thereby forming a central plenum be- QN N
tween the two sets of fin elements. A fan is mounted a1 Q)
in a manner to draw air in between the side plates 267 X ..
and return it to the enclosed environment. X T e N
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1
COOLING SYSTEM FOR A SEALED ENCLOSURE
BACKGROUND OF THE INVENTION
The present invention relates to a heat exchanger
and more particularly to a heat exchanger which combines
forced convection indirect cooling of internal electrical

components with a natural convection external finned heat

sink.
In general, high power density electrical

circuitry generates a large amount of heat and requires a
cool, clean environment in order to function properly and
reliably. Therefore, it is necessary to dissipate the
generated heat so as to use the circuitry in the manner
intended, thereby lengthening the life of each component
and increasing their reliability. Isolating the
components from the environment eliminates moisture and
dust, but greatly complicates the cooling of the circuitry
since the components cannot be cooled directly.
Therefore, there is a need for a suitable apparatus which
can cool electrical circuitry which is isolated from the

environment.
) RY OF THE INVENTION

It is an object of the present invention to
provide a means for cooling electrical circuitry which is

isolated from the environment.
It is another object of the present invention to

~provide a heat exchanger apparatus which combines forced

convection indirect cooling of the electrical circuitry
with an external finned heat sink cooled by natural

convection.
It is a further object of the present invention

to provide a cooling apparatus which can prolong the life
of electrical circuitry and increase its reliability.

It is a still further object of the present
invention to provide a heat exchanger apparatus which
combines forced convection indirect cooling of electrical
circuitry with natural convection cooling passages
sandwiched between finned hot passages.

In accordance with the present invention the
cooling system for sealed enclosures is used in
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association with a sealed container having a heat
generating source therein. The cooling system or heat
exchanger is formed as part of one or more of the walls of
the sealed enclosure and includes a first and a second
side plate which are mounted in spaced, generally parallel
relationship to each other. Fin elements are mounted
between at least a portion of the two side plates and
their ends define the boundary of a central plenum area
between the side plates and the fine elements. A fan is
mounted to the first side plate over the central plenum in
order to draw hot enclosure air between the two side
plates. The air flows through passageways formed by the
fin elements and enters into the central plenum before
being drawn through the fan. The outer face of the second
side plate has a plurality of spaced fins or ribs attached
to form a finned wall section outside of the enclosure.
The second side plate is mounted so that it forms either
all or a portion of a wall of the sealed enclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects of the present invention
will become more readily apparent from the following
specification, with reference to the accompanying
drawings, in which:

Figure 1 is a perspective view of the cooling
system for a sealed enclosure according to the present
invention.

Figure 2 is an enlarged perspective view of the
heat exchanger of the cooling system with a cut out
section to show the central plenum.

Figure 3 is a front view of the heat exchanger
including several cut-out portions.

Figure 4 is a top view of the heat exchanger; and

Figure 5 is a side view of the heat exchanger.

Figure 6 is a partial view of the design of the
side plates and detailing an alternative heat exchanger
fin element configuration located between the two side
plates.
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Figure 7 is a partial view of an alternative
design of the fins or ribs attached to the second side
plate.

Figure 8 is a perspective view of an alternative
embodiment of the cooling system of the present invention.

Figure 9 is an enlarged perspective view of the
alternative embodiment of the cooling system as shown in
Figure 8.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figure 1 illustrates a sealed enclosure 10 which
includes a heat generating source 12, such as electrical
circuitry, and a cooling system or a heat exchanger l14.
The heat exchanger 14 can be formed either as a portion of
one wall 16 of the enclosure 10 or the wall itself or
several heat exchangers can be mounted to one wall or
several of the walls of the enclosure.

The heat exchanger 14 is shown in greater detail
in Figures 2-6. As shown, the heat exchanger comprises a
first and a second side plate, 22 and 24 respectively,
which are in generally spaced parallel relationship.
Located between the two side plates are heat exchange £in
elements 26, which together with the two side plates
define a plurality of air passageways 28 therebetween.
Heat exchange fin elements 26 can be individual fins or
more likely formed as part of a corrugated sheet which is
placed between the two side plates and thereafter bonded
together. As shown, the passageways 28 extend
horizontally inward from the opposing ends of the heat
exchanger 14 and each terminates a desired distance from
the edge of the side plate, thereby forming a central
plenum 30 which is bounded by the two side plates 22 and
24 and the termination of the heat exchange fin elements
26. 1In this manner, in the preferred embodiment, there is
a finned portion 27 on either side of the plenum 30. A
bar or flange 40 is attached to each side plate at the top
and bottom of the first side plate. Flange 40 can also be
formed integral to first side plate 22 as is explained
below. A fan 32 is mounted to the inner face of the first
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side plate 22 and is therefore located within the sealed
enclosure 10. Side plate 22 includes an opening 31 to
accommodate the fan 32, thereby allowing air flow from the
central plenum 30 to be drawn into the fan 32.

The second side plate 24 forms a portion of the
wall of the sealed enclosure 10. As shown, a plurality of
ribs or fins 36 are attached to the outer face of second
side plate 24. These fins 36 are shown to be arranged in
parallel relationship and extending in the vertical
direction though any desired spacing and arrangement can
be used to achieve the necessary heat transfer to the
environment. However, ribs 36 extending in the vertical
direction utilize the differential of air densities
between hot and cool air to set up air circulation up
through the ribs. As noted above, the heat exchanger 14
and in particular second side plate 24 can form a portion
of wall 16 or can form the wall itself. Furthermore, if

- greater heat dissipation is necessary, several heat

exchangers 14 can be used with a single sealed enclosure
10. Hence, the heat exchanger 14 can be formed and
thereafter mounted within the allotted opening in the
sealed enclosure.

It is to be noted that while the preferred
embodiment of Figures 2-13 show that the plenum 30 is
located between two f£ined portion 27, it could be located
entirely to one side of the finned portion or at the top
or bottom of the finned portion.

Figure 6 details an alternate design of the
finned portions 27 of heat exchanger 14. As shown, the
first side plate 22 includes the flange 40 having an
integral tab member 41 attached to the top and bottom edge
thereof. The flange 40 is bent approximately
perpendicular to side plate 22 and tab member 41 is formed
so that it is approximately perpendicular to the flange 40
and parallel to side plate 22. This design provides for
ease of brazing or welding tab members 41 of the first
side plate 22 to the second side plate 24. As shown in
Figure 6, each of the fiﬁned portions 27 comprises two
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corrugated fin elements 42 and 44 having a thin-walled
plate 46 therebetween. The design can be changed in order
to meet the heat transfer characteristics necessary to
cool the air held within the enclosure.

Figure 7 details an alternative design for the
fins 36 which are attached to the outer face of second
side'plate 24 and are therefore located outside the
enclosure 10. As stated above, the fins are preferably
arranged vertically in order to allow the hotter air to
rise thereby creating circulation of ambient air.

However, in order to increase the heat transfer to the
ambient air, the fins 36 are formed with cutouts 50 which
increase the air turbulence flowing between adjacent fins
36.

Upon operation of the heat generating source 12
in the sealed enclosure 10, heat is dissipated to the air
therein, which is drawn by the fan 32 through the
passageways 28 formed by heat exchange fin elements 26 on
each side of the heat exchanger 14. The relatively hot
enclosure air gives up some of the heat by forced
convection to the heat exchange fin elements 26 which in
turn conduct the heat to the ribs or fins 36 attached to
the second side plate 24. The heat is in turn transmitted
to the environment by natural convection and radiation.
The relatively cool enclosure air exiting the passageways
28 enters the central plenum 30 and is thereafter drawn
into the fan 32 and returned to an area of the sealed
enclosure 10 having relatively hot enclosure air. At
steady state operation of the heat generating source, all
of the heat produced by the heat generating source 12 and
fan 32 will be transmitted to the environment via the fins
36.

Figures 8 and 9 show an alternative embodiment of
the cooling system of the present invention. As shown,
the cooling systemrso operates using the same principals
as in the case of the preferred embodiment. These
principals are forced convection indirect cooling of the
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heat generating equipment combined with a natural
convection external finned heat sink.

In this embodiment, the cooling system 60
includes a heat exchanger core 62 having an inlet and
outlet manifold 64 and 66 respectively at opposite ends
thereof. The heat exchanger core is of the cross-flow
type having alternating channels of perpendicular
directions of flow. The core 62 comprises plate-fin
elements 68 which are oriented in an alternating stack or
array with plate-fin elements 70 and the stacked plate-fin
68 and 70 separated from each other by a plurality of
relatively thin end and lightweight divider plates 72 of a
heat conductive material such as copper or aluminum. The
plate-fin elements 68 and 70 form a plurality of air
passages, 69 and 71 respectively, within the alternating
channels, which channels are sealed from adjacent channels.

The entire stack including the plate-fin elements
68 and 70 and the divider plates 72 is in turn sandwiched
between a pair of protective side plates 74 and 75. These
side plates are also formed of a heat conductive
material. As drawn, there are only two sets of plate-fin
elements 68 and 70, however, it should be understood that
any number could be used depending on size and the amount
of heat to be dissipated.

Manifolds 64 and 66 are shown to be triangdlar in
cross-section but can be formed into any design which
leads the air into and out of the heat exchanger core 62.

- The outlet manifold 66 includes a fan 78. The outlet

manifold is sealed except for an opening for the fan 78
such that all air drawn into the inlet manifold 64 passes
through the fan 78.

As with the preferred embodiment, the relatively
hot enclosure air is drawn through the heat exchanger core
62 where it transfers its heat to the corrugated fin
elements 70 which in turn conduct it to the cooler core
surfaces. Outside of the sealed enclosure, cooler
environmental air passes upwardly through the vertically
extending passages 69. Through natural convection the
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heat is thereafter transferred to the environmental air.
This gradual increase in air temperature will induce a
flow of cool air into the bottom of the passages 69,
thereby continuously circulating environmental air into

05 the core.
Various modifications to the depicted and

described apparatus will be apparent to those skilled in
the art. Accordingly, the foregoing detailed description
of the preferred embodiment should be considered exemplary

10 in nature and not as limiting to the scope and spirit of
the invention as set forth in the appended claims:

15

20

25

30

35




WO 89/00751 PCT /USSS/02320

05

10

15

20

25

30

35

- 8 -
We Claim:

1. A cooling system for a sealed enclosure
having a heat generating source therein:

means, within said sealed enclosure, for cooling
the heat generating source by indirect forced convection;
and

means, external to said sealed environment, for
dissipating said heat to the environment by natural
convection.

2. The system according to Claim 1 wherein said
means for cooling comprises:

heat exchanger means for absorping heat from the
air within said sealed enclosure; and

means for drawing air through said heat exchanger
means.

3. The system of Claim 2 wherein said heat
exchanger means comprises:

a first and a second side plate;

a flange member secured between said two side
plates along the top and bottom edge of said side plates
thereby securing and spacing said side plates a fixed
distance from one another and defining a plenum
therebetween; and

heat exchange fin elements located between at
least a portion of said side plates, said elements
extending into said plenum a desired distance generally
parallel to said flange members.

4. The system of Claim 3 wherein said flange
member includes an integral tab member which extends the
length of the flange member and is generally perpendicular
thereto, said tab member being secured to one of said side
plates.

5. The system of Claim 2 wherein said means for
drawing comprises a fan mounted over an opening in said
£irst side plate.

6. The system of Claim 1 wherein said means for
cooling comprises:
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a pair of side plates mounted in parallel spaced
relationship thereby forming a plenum therebetween, said
first side plate having an opening therein;

a flange member secured between said two side
plates along the top and bottom edge of at least one side
plate;

heat exchange fin elements located between at
least a portion of said side plates; said heat exchange
fin elements extending inwardly from opposing ends of the
plenum a desired distance, said fin elements defining a
plurality of horizontally extending passageways which
terminate in a central plenum defined by the side plates,
the flange members, and innermost ends of said heat
exchange fin elements; and

a fan mounted to said first side plate over said
opening, which opening extends into the central plenum.

7. The system of Claim 6 wherein said flange
member is formed integral to said first side plate and
includes a tab member which extends the length of the
flange member and is generally perpendicular thereto, said
tab member being secured to said second side plate.

8. The system of Claim 7 wherein said heat
exchange fin elements comprise a pair of corrugated heat
exchange fin elements.

9. The system of Claim 1 wherein said means
external to said enclosure comprises:

a plurality of fins arranged in spaced vertical
relationship and attached to the surface of said second
side plate which is outside of said sealed enclosure.

10. The system of Claim 9 wherein said plurality
of fins include cutouts therein.

11. A heat exchanger to be used to cool the air
within a sealed enclosure comprising:

a first and a second side plate, said first side
plate including an opening therein;

means for spacing and securing said plates a
spaced distance apart to form a plenum therebetween;
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means for forming a plurality of horizontally
extending passages between said side plates;

fins attached to the second side plate on its
surface which is opposite said plenum; and

a fan mounted to said first side plate and over
said opening.

12. The heat exchanger of CLaim 10 wherein said
means for spacing and securing comprises:

flange members attached to said first side plate
on two opposing sides thereof, said flange member bent
generally 90° to said side plates and including a tab
member running the length of the flange and attached to
said second side plate, said tab member bent approximétely
90° to said flange member and generally parallel to said

'side plates.

13. A cooling system for a sealed enclosure
having a heat generating source therein, said cooling
system comprising:

a first and a second side plate, said second side
plate forming a portion of a wall of said enclosure; said
first side plate having an opening therethrough;

a flange member extending the length of the first
side plate and secured to said side plates along the top
and bottom edge of said first side plate, thereby securing

 the side plates a spaced distance from one another and

defining opposing open ends;

" a heat exchange fin elements extending
horizontally between said two side plates from said open
ends a desired distance thereby forming a central plenum
between said side plates, flange members and heat exchange
elements;

a fan mounted to said first side plate over said
opening, which opening is positioned over said central
plenum;

- fins attached to said second side plate on its
outer surface, said fins being mounted in spaced
relationship and generally in the vertical direction.
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14. A method of cooling the air in a sealed
enclosure, which enclosure includes a heat generating
source therein, said method comprising the steps of:

cooling the heat generating source by indirect
forced convection; and

dissipating the heat in the enclosure to the
environment by natural convection.

15. The method of Claim 14 wherein the step of
cooling comprises the steps of:

drawing relatively hot enclosure air through a
plurality of passageways formed by heat exchange fin
elements, thereby allowing the relatively hot air to
transfer heat to the fin elements;

collecting the relatively cool air exiting the
passageways; and

drawing said relatively cool air exiting the
plurality of passageways through a fan blowing it into an
area of the sealed enclosure having relatively hot air.

16. The system of Claim 2 wherein said heat
exchanger means comprises:

a first and a second side plate, said first side
plate forming a portion of the enclosure wall;

a plurality of alternating cross-flow channels
sealingly separated from adjacent channels and extending
in parallel relationship with said side plates.

inlet manifold means for directing enclosure air
into alternative channels; '

outlet manifold means for collecting the
enclosure air.

17. The system of Claim 16 wherein said means
for drawing air comprises a fan mounted to said outlet
manifold means.

18. The system of Claim 16 further comprising
plate-fin elements within each of said channel.
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