
WO 2008/002380 PCT/US2007/013227  PASSIVE CONDUCTIVE
COOLING MODULE FIELD OF THE INVENTION This invention
relates generally to ruggedized electronic equipment
and more  5 particularly to ruggedized electronic
assemblies using conduction cooling.  BACKGROUND OF
THE INVENTION To prevent electronic equipment from
over heating, there are many existing  methods to help
control thermal management. The simplest is allowing
abundant  10 airflow through a card chassis to cool
electronic cards directly by convection. In
environments where convection is impossible or
impractical, individual cards may be  built on a
thermally conductive frame so that heat is conducted
away from the card  components to the enclosing
chassis. In extreme cases of thermal management, spray
cooling may be used to bathe circuit cards directly in
a liquid coolant. In some 15 systems, a heat sink or
liquid-cooled heat exchanger is attached directly to
the body of  the electronic component that generates
the heat. Electronics assemblies must overcome the
increasing challenge of heat  rejection and thermal
management. COTS (commercial off the shelf) computer
20 processors and circuit cards offer ever-increasing
levels of processing power, but require
correspondingly larger power inputs and produce more
heat. It is becoming  increasingly difficult to
properly cool these cards, especially in compact
installations  or in adverse environment. It is
desirable to use COTS circuit cards that often lack
the physical ruggedization required for use in a
military environment as well as  25 manage the thermal
challenges of modem equipment. SUMMARY OF THE
INVENTION In accordance with the present invention, a
cooling module includes a  thermally conductive plate,
a bladder disposed on at least one side of the plate,
the 30 bladder have a chamber, and fluid disposed in
the chamber of the bladder wherein the  bladder in an
inflated state impresses the cooling module against an
adjacent  



electronic circuit card. With such an arrangement, the
cooling module is forcibly  pressed against adjacent
electronic circuit card providing increased physical
stability 1 WO 2008/002380 PCT/US2007/013227  to the
electronic circuit card as well as provide a cooling
mechanism for the circuit  card. In accordance with
the present invention, a cooling module adapted to fit
5 between two rack mounted electronic assemblies
includes a thermally conductive plate, a bladder
disposed on one side of the plate, the bladder having
an inflated state and a deflated  state, the bladder
having a chamber with fluid disposed in the chamber
and radiative  fins disposed on an opposite side of
the plate adapted to receive abundant airflow  through
the cooling module to cool electronic assemblies
directly by convection when 10 the bladder in an
inflated state impresses the cooling module against
the electronic  assemblies to provide additional
stability against vibration. With such an arrangement,
additional cooling is provided to the electronic
assemblies as well as provide  ruggardization and
additional resistant to shock and vibration to the
electronic  assemblies. 15 BRIEF DESCRIPTION OF THE
DRAWINGS The foregoing features of this invention, as
well as the invention itself, may be  more fully
understood from the following description of the
drawings in which: FIG. 1 is an isometric view of an
electronic system with a cooling card and a  20 COTS
circuit card according to the invention; FIG. 2 is an
isometric view of a cooling card according to the
invention; FIG. 3 is an isometric view of an
alternative embodiment of a cooling card  according to
the invention; FIG. 3A is a plan view of one side of
the cooling plate used in the cooling card  25 of Fig.
3 according to the invention; 



FIG. 3B is a cut away view of the cooling plate used
in the cooling card of  Fig. 3 according to the
invention; and FIG. 4 is an isometric view of a
cooling card used in a rack mount that would  be
disposed between two rack mounted devices according to
the invention. 30 DETAILED DESCRIPTION OF THE
INVENTION Referring now to FIG. 1, an electronic
assembly 100 is shown to include a cooling  module 10
(sometimes also referred to as a cooling card) and a
circuit card 20  2 WO 2008/002380 PCT/US2007/013227
disposed on a conduction cooled chassis 30. The
cooling module 10 includes a  flexible bladder 12
filled with thermally conductive fluid (i.e. coolant)
and a thermally  conductive plate 14. A circuit card
20 is disposed next to a cooling module 10 with  the
circuit card 20 between two cooling modules 20. This
arrangement provides a 5 technique for cooling
high-power circuit cards in a conduction-cooled
assembly as  well as provide additional ruggardization
for the circuit cards. It should be noted that  this
technique allows for adequate cooling of unmodified
COTS circuit cards in a  ruggedized or thermally
challenging environment, i.e. military environment.
The  cooling card 10 can be a "dummy" card that fits
into a single slot in the electronics 10 chassis 30.
The cooling module or card 10 has a conduction-cooled
plate or frame 14  for transferring heat to the
enclosing chassis. Each side of the card 10 has a
flexible  bladder 12 filled with a thermally
conductive liquid coolant. After the card 10 is
inserted into the chassis between two high-powered
electronics cards 20, the bladders  are inflated such
that they are in contact with the thermal components
of the adjacent 15 circuit cards 20. In operation, the
liquid coolant in the bladders 12 absorbs thermal
energy by conduction from the adjacent circuit cards
20, and transfers that energy to  the thermal frame 14
of the "dummy" card or cooling module 10, which in
turn  transfers the heat to the chassis 30. The
chassis 30 provides its own cooling  



mechanism, beyond the scope of this invention. In
addition to providing cooling, the 20 inflated coolant
bladders 12 "sandwich" the COTS circuit cards 20,
providing  increased physical stability,
ruggedization, and resistance to shock and vibration.
Another embodiment of the invention as described in
connection with Fig. 3 allows  the coolant of a
liquid-cooled chassis to circulate within the "dummy"
card or cooling  module 10, reducing the need for
conductive cooling of a thermal frame. 25 It should
now be appreciated that commercial of the shelf
circuit cards can be  used in a ruggedized system
using such a technique. The latter can be used with a
closed-system liquid cooling environment and is a
solution for any chassis-mounted  electronics. It
provides full-face cooling of another card, including
a COTS card 30 designed for simple convection cooling.
It is removable, reusable cooling that is not
dependent on the type of card being cooled and as
described it provides structural  stability to
adjacent cards. It requires no modifications to COTS
circuit cards in  rugged systems and is fully
compatible with typical conduction-cooled chassis. 3
WO 2008/002380 PCT/US2007/013227  Referring now to
FIG. 2, a more detailed figure of the cooling module
10 is shown. The card frame 14 includes thermal clamps
18 to clamp the cooling module  10 to the chassis 30.
The bladder 12 is a surface mounted polymer coolant
bag  5 disposed on, the card frame 14 as shown. the
coolant bag wraps around the edge 13 of the card frame
14. The card frame 14 includes a chamfered edge 16 to
accommodate  the coolant bag. In a deflated mode,
internal retraction mechanism contracts the  bladder
12 to allow removal of circuit cards 20 from the
chassis. The cooling card 10  is inserted between two
circuit cards 20. The chassis cover plate compresses
the 10 coolant bag (bladder 12) on the front edge 13
of the card 10 which inflates the bladder  12 so that
it makes contact with the adjacent card surfaces of
the circuit cards 20. It  should be appreciated that
the bladder may be fabricated from any puncture
resistant  



and heat capable material such as a polymer or silicon
material. The fluid located in  the bladder 12 can be
any coolant material including an inert fluorine. 15
Referring now to FIG. 3, an alternative embodiment of
the cooling module 10'  is shown. In this embodiment,
the cooling module 10' is meant to be used with a
coolant flowing system. The card frame 14' includes
thermal clamps 18' to clamp the  cooling module 10' to
the chassis 30. In this embodiment, an separate
bladder 12' is 20 disposed on each side of the frame
14' and is a surface mounted polymer coolant bag
disposed on the card frame 14' as shown. The card
frame 14' includes a chamfered  edge 16' to
accommodate the coolant bag or bladder 12'. A coolant
inlet port 17 is  provided as shown and a coolant
outlet port 19 is disposed on the underside of the
frame 14'. A surface mount liquid crystal thermometer
15 is provided as shown. In 25 operation, the coolant
inflow inflates the bladder 12' and bladder 12' makes
physical  contact with the adjacent circuit cards. The
coolant flowing system delivers coolant  to the inlet
port 17 and accepts flow from the outlet port 19. In a
deflated mode, the  bladder 12' is retracted to allow
removal of circuit cards 20 from the chassis. 30
Referring now to FIGs 3A and 3B, the frame 14' behind
the bladder 12' is  shown in FIG. 3A and a cut away
view of the frame 14' is shown in FIG. 3B. The  inlet
port 17 is connected to coolant supply channels 25
which are connected to  coolant injection ports 23,
here having four in number. The outlet port 19 is
connected to coolant recovery channels 27 which are
connected to coolant recovery  4 WO 2008/002380
PCT/US2007/013227  ports 21, here having eight in
number. A pressure relief valve 29 is provided at the
coolant outlet port 19. As described, the coolant
flowing system delivers coolant to  the inlet port 17
and accepts flow from the outlet port 19. 5 Referring
now to FIG. 4, an alternative embodiment of a cooling
module 40 is  shown. The cooling module 40 includes a
flexible bladder 42 filled with thermally  



conductive fluid (i.e. coolant) and a thermally
conductive plate 44. On an opposite  side of the
conductive plate 44, a plurality of radiative fins 46
are disposed as shown.  Disposed over the plurality of
radiative fins 46 is an airflow shroud 48.
Additionally 10 a plurality of fans 50 are included to
provide air flow over the radiative fins 46. This
embodiment is a cooling module adapted to fit between
two rack mounted electronic  assemblies to cool the
electronic assemblies directly by convection and when
the  bladder in an inflated state impresses the
cooling module against the electronic  assemblies to
provide additional stability against vibration. 15
Having described various embodiments of the invention,
it should now be  appreciated that a cooling module
according to the present invention includes a
thermally conductive plate, a bladder disposed on at
least one side of the plate, the  bladder have a
chamber; and fluid disposed in the chamber of the
bladder. The 20 cooling module may include a bladder
where a portion of the bladder is wrapped  around an
end of the plate wherein the bladder is adapted to
inflate when a cover is  pressed against the portion
of the bladder wrapped around the end of the plate. It
is  desirable for the fluid to have a high thermal
conductivity characteristic. Furthermore,  the
thermally conductive plate includes a plurality of
apertures disposed through the 25 plate allowing fluid
to pass from a portion of the bladder on one side of
the plate to a  portion of the bladder on the other
side of the plate. The cooling module is adapted to
fit between two electronic assemblies and when the
bladder in an inflated state, the  cooling module is
impressed against the electronic assemblies to provide
additional  stability against vibration. 30 Having
described the preferred embodiments of the invention,
it will now  become apparent to one of ordinary skill
in the art that other embodiments  incorporating their
concepts may be used. It is felt therefore that these
embodiments  5 



WO 2008/002380 PCT/US2007/013227  should not be
limited to disclosed embodiments but rather should be
limited only by  the spirit and scope of the appended
claims. What is claimed is:  5 6 WO 2008/002380
PCT/US2007/013227  Claims 1 1. A cooling module
comprising:  2 a thermally conductive plate; 3 a
bladder disposed on at least one side of the plate,
the bladder have a  4 chamber; and 5 fluid disposed in
the chamber of the bladder. 1 2. The cooling module as
recited in Claim 1 wherein the bladder comprises a  2
portion wrapped around an end of the plate wherein the
bladder is adapted to inflate  3 when a cover is
pressed against the portion of the bladder wrapped
around the end of  4 the plate. 1 3. The cooling
module as recited in Claim 1 wherein the fluid has a
high thermal  2 conductivity characteristic. 1 4. The
cooling module as recited in Claim 2 wherein the
bladder is disposed on 2 each side of the plate with
the portion wrapped around the end of the plate and
having  3 a continuous chamber. 1 5. The cooling
module as recited in Claim 4 wherein the thermally
conductive  2 plate comprises a plurality of apertures
disposed through the plate allowing fluid to  3 pass
from a portion of the bladder on one side of the plate
to a portion of the bladder  4 on the other side of
the plate. 1 6. The cooling module as recited in Claim
1 wherein the bladder comprises a  2 puncture
resistant polymer. 



1 7. The cooling module as recited in Claim 1 wherein
each side of the plate  2 includes a bladder and the
thermally conductive plate comprises a plurality of 3
apertures disposed through the plate allowing fluid to
pass from the bladder on one  4 side of the plate to
the bladder on the other side of the plate. 7 WO
2008/002380 PCT/US2007/013227  1 8. The cooling module
as recited in Claim 7 wherein the thermally conductive
2 plate comprises an inlet port connected to the
chamber of the bladder on one side and  3 an outlet
port connected to the chamber of the bladder on the
second side allowing 4 fluid to pass from an external
source through the bladder on one side of the plate to
5 the bladder on the other side of the plate to an
external source. 1 9. The cooling module as recited in
Claim 1 wherein the cooling module is  2 adapted to
fit between two chassis mounted electronic assemblies
and when the 3 bladder in an inflated state the
cooling module is impressed against the electronic  4
assemblies to provide additional stability against
vibration. 1 10. An apparatus comprising: 2 at least
one electronic circuit card; 3 at least one cooling
module disposed adjacent at least one electronic
circuit  4 card, the cooling module comprising: 5 a
thermally conductive plate; 6 a bladder disposed on at
least one side of the plate, the bladder have a  7
chamber; and 8 fluid disposed in the chamber of the
bladder wherein the bladder in an  9 inflated state
compresses the cooling module against the electronic
circuit 10 card. 1 11. The apparatus as recited in
Claim 10 wherein the bladder comprises a portion  2
wrapped around an end of the plate wherein the bladder
is adapted to inflate when a  3 cover is pressed
against the portion of the bladder wrapped around the
end of the  



4 plate. 1 12. The apparatus as recited in Claim 10
wherein the bladder comprises a portion  2 wrapped
around an end of the plate wherein the bladder is
adapted to inflate when  3 pressure is applied against
the portion of the bladder wrapped around the end of
the  4 plate. 8 WO 2008/002380 PCT/US2007/013227  1
13. The apparatus as recited in Claim 11 wherein a
bladder is disposed on both 2 sides of the plate and
the thermally conductive plate comprises a plurality
of apertures  3 disposed through the plate allowing
fluid to pass from a portion of the bladder on one  4
side of the plate to a portion of the bladder on the
other side of the plate. 1 14. The apparatus as
recited in Claim 10 wherein a bladder is disposed on
each 2 side of the plate and the thermally conductive
plate comprises a plurality of apertures  3 disposed
through the plate allowing fluid to pass from the
bladder on one side of the  4 plate to the bladder on
the other side of the plate. 1 15. A cooling module
adapted to fit between two rack mounted electronic  2
assemblies comprising: 3 a thermally conductive plate;
4 a bladder disposed on one side of the plate, the
bladder having an inflated state  5 and a deflated
state, the bladder have a chamber with fluid disposed
in the chamber; 6 radiative fins disposed on an
opposite side of the plate adapted to receive 7
abundant airflow through the cooling module to cool
electronic assemblies directly by  8 convection
wherein the bladder in an inflated state impresses the
cooling module 9 against the electronic assemblies to
provide additional stability against vibration.  1 16.
The cooling module as recited in Claim 15 comprising:
2 cooling fans to facilitate airflow through the
cooling module.  9 


