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APPARATUS AND METHOD FOR SPRAY- COOLI NG AN

ELECTRONI C MODULE This application is related to copendi ng 5
application Serial Nunber TBA, docket nunber CE03015R filed April 10,
1996, commonly assigned with the present I nventi on.
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- This application is related to copending
5 application Serial Number TBA, docket number CE03015R,
filed April 10, 1996, commonly assigned with the present
invention.

Field of the Invention

10
This invention relates generally to the cooling of
electronic modules, and, more particularly, to an
apparatus and method for spray-coocling an electronic
module. '
15

Background of the Ianvention

Electronic modules such as multi-chip modules,
electronic hybrid assemblies such as power amplifiers,

20 and passive components such as filters may contain heat
sources which require cooling during normal operation.
Often, electronic modules are disposed on substrates
such as printed circuit boards, and operate in rack-type
housings such as Versa Module Europe (VME) cages or

25 Electronic Industries Association (EIRA) sub-racks.

Generally, electronic modules and their associated
components are cooled by natural or forced air
convection which, because of the relatively poor thermal
capacitance and heat transfer cocefficients of air,

30 réquires moving large volumes of air past the electronic
modules, or past heavy heat sinks attached to the
modules. In a rack-type housing, air-cooling may result
in wide spacing between the electronic modules, which
could cause the housing to be overly large. In

35 addition, the air cooling process may introduce
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features the spBayiakpmized flu:.d droplets directly onto a surface of a
heat source such as an electronic module. When the
fluid droplets impinge upon the module’s surface, a thin
film of fluid coats the module, and heat is removed
primarily by evaporation of the fluid from the module’s

10 surface.

Although evaporative spray cooling is a preferred
method of heat removal in many electronics applications,
housings for electronic modules must frequently be re-
designed for the purpose of spray-cooling the electronic

15 modules.

There is therefore a need for an apparatus and
method for spray-cooling an electronic module which may
be integrated into a traditional rack-type housing.

20 Summary of the Invention

According to an aspect of the present -invention,
the foregoing need is addressed by an apparatus for
spray—-cooling an electronic module which includes a

25 plate having a first layer and a second layer opposed to
the first layer. A first fluid distributing conduit is
disposed in the first layer and a second fluid
distributing conduit is disposed in the second layer. A
first nozzle housing having a first aperture is disposed

30 in the first fluid distributing conduit and a second
nozzle housing having a second aperture is disposed in
the second fluid distributing conduit.

According to another aspect of the present
invention, an apparatus for spray-cooling an electronic

35 module includes a plate having a first layer and a
second layer, the first layer having a first interior



5 :atom zed fluid droplets directly onto a surface of a heat source
such as an el ectronic nodul e. Wen the fluid droplets inpinge upon the
nodul e's surface, a thin filmof fluid coats the nodule, and heat is
renoved primarily by evaporation of the fluid fromthe nodule's 10
surface. Al t hough evaporative spray cooling is a preferred
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el ectroni ¢ nodul es nust frequently be re- desi gned for the purpose of
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need for an apparatus and met hod for spray-cooling an electronic
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aperture. The flrst receptacle end is in communication
with the first fluid distributing conduit and the first
spray end is in communication with the first exterior
surface. A second nozzle is disposed in the second
15 fluid distributing conduit. The second nozzle has a
second receptacle end and a second spray end. The
second spray end has a second aperture. The second
receptacle end is in communication with the second fluid
distributing conduit and the second spray end is in
20 communication with the second exterior surface. The
first receptacle end receives a fluid from the first
fluid distributing conduit, the first spray end atomizes
the fluid and discharges the atomized fluid through the
first aperture. The second receptacle end receives the
25 fluid from the second fluid distributing conduit, the
second spray end atomizes the fluid and discharges the
atomized fluid through the second aperture.
According to a further aspect of the present
invention, a method for spray-cooling an electronic
30 module includes providing a plate having a first layer
and a second layer, the first layer having a first fluid
distributing conduit and the second layer having a
second fluid distributing conduit; receiving a fluid by
a first nozzle disposed in the first fluid distributing
35 conduit, the first nozzle having a first aperture;
receiving the fluid by a second nozzle disposed in the
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- 3- surface and a first exterior surface and the second | ayer
havi ng a second interior surface and a second exterior surface. A
first fluid distributing conduit is formed in the first interior
surface and a second fluid 5 distributing conduit is formed in the second
I nterior wolbiRsed and is substantially aligned with the fy SO7/01191
fluid distributing conduit to forma manifold. A first nozzle 1s

di sposed in the first fluid distributing conduit. The first nozzle has

a first receptacle end 10 and a first spray end. The first spray end has a
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The following description of the preferred embodiments of
the invention which have been shown” and described by way
of illustration. As will be realized, the invention is
10 capable of other and different embodiments, and its
details are capable of modifications in various
respects. Accordingly, the drawings and description are
to be regarded as illustrative in nature, and not as
restrictive.
15

Brief Description of the Drawings

FIG. 1 is a partial perspective view of an
apparatus for spray-cooling an electronic module
20 according to a preferred embodiment of the present
invention. '
FI1G. 2 is an expanded perspective view of the
apparatus depicted in FIG. 1.
FIG. 3 is a cross=-sectional view of the apparatus
25 depicted in FIG. 2 aleng line 3-3, illustrating a nozzle
housing according to the preferred embodiment of the
present invention.
FIG. 4 is a perspective view of the apparatus
illustrated in FIGs. 1 and 2, depicting a manner of
30 operation for simultaneously cooling electronic modules
on two printed circuit boards.
FIG. 5 illustrates a rack-type housing and a
closed-loop fluid flow for the apparatus shown in FIGs.
1 through 4.
35
Detailed Description of the Preferrad Embodiments



first receptacle end receives a fluid fromthe first fluid
distributing conduit, the first spray end atom zes the fluid and

di scharges the atom zed fluid through the first aperture. The second
receptacle end receives the 25 fluid fromthe second fluid distributing
conduit, the second spray end atom zes the fluid and di scharges the
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further aspect of -the present i nvention, a nethod for spray-cooling an
el ectronic 30 nodul e includes providing a platg_having a first |ayer

and a second | ayer, the first layer having a first fluid di stributing
conduit and the second | ayer having a second fluid distributing
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a second apertureb diedessrgnhg WQQgiH acaonging @ a prefersed frbodiment o
di scharging the flui @dne préSéentseatftion. BAPESHOWNS. the apparatus includes
a plate 10 that is substantially rectangular. Plate 10,
however, may be any desired shape, and may be
constructed of any suitable material, for example
10 plastic or a metal such as aluminum.

Plate 10 has a first layer 12 and a second layer
14. As shown in FIG. 2, first layer 12 and second layer
14 may be separate pieces, which may be fastened
together using a variety of methods and materials. For

15 example, fasteners such as screws, compliant gaskets,
bonding, ultrasonic welding, soldering or brazing may be
utilized. Alternatively, plate 10 may be formed as a
single part, using gas-assist injection melding, for
example, forming internal voids (discussed further

20 below) during the molding process.

When first layer 12 is separated from second layer
14, as depicted in FIG. 2, it can be seen that first
layer 12 has an interior surface 16 and an exterior
surface 18. Likewise, second layer 14 has an interior

25 surface 20 and an exterior surface 22,

At least one fluid distributing conduit 28 is
disposed in interior surface 16 of first layer 12 and in
interior surface 20 of second layer 14. A number of
fluid distributing conduits 28, which result in

30 protrusions 29 on exterior surfaces 18, 22 of first and
second layers 12, 14, respectively, are shown in FIG.
2. Fluid distributing conduits 28 in interior surface
16 of first layer 12 may be grooves which as shown are
substantially aligned with fluid distributing conduits

35 28 in interior surface 20 of second layer 14, which may
also be grooves, so that manifolds are formed within



5 ¢ Advant ages of the present invention will becone readily

apparent to those skilled in the art fromthe foll ow ng description of
the preferred enbodi nents of t he invention which have been shown and
descri bed by way of illustration. As will be realized, the invention
Is 10 capable of other and different enbodi ments, and its details
are capabl e of wasgssgati ons in various respects. Accordbaghﬁymﬁnﬁ
drawi ngs and description are to be regarded as illustrative 1 n nature,
and not as restrictive. 15 _,_ Brief Description of the
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Embodi ment s fluid inlet port 23 may be separately coupled to plate

10 10, using a barbed fitting, for example.
At least one nozzle housing 30 is disposed in at

'least one fluid distributing conduit 28. FIG. 3 is a
cross-sectional view of FIG. 2 along line 3-3,
illustrating one nozzle housing 30 in first layer 12.

15 Nozzle housing 30 has a receptacle end 32 which is in
communication with fluid distributing conduit 28. A
spray end 34 of nozzle housing 30 is at least in part in
communication with exterior surface 18 of first layer
12, and includes an aperture 36. Aperture 36 is

20 preferably on the order of 0.15 mm in diameter.

Each nozzle housing 30 is sized to receive a nozzle
26, which may be, as shown in FIG. 3, a swirl plate or
insert. Nozzle 26 may be secured to nozzle housing 30
by, for example, press-fitting, soldering or bonding.

25 Alternatively, nozzle 26 may be integrally formed in
fluid distributing conduit 2B.

Nozzles 26 are preferably miniature atomizers such
as simplex pressure-swirl atomizers, which are
approximately 0.3 mm high, and may be made of any

30 suitable material. An example of a suitable material is
a metallic material such as brass or stainless steel.
Simplex pressure-swirl atomizers are described in detail
in U.5. Patent No. 5,220,804 to Tilton et al.,
incorporated herein by reference, and are commercially

35 available from Isothermal Systems Research, Inc.,
located in Colton, Washington.
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Turning now to the draw ngs, wherein |like nunerals designate |ike
conponents, FIG 1 is a partial perspective view of an apparatus for
spray-cooling an 5 electronic nodule according to a preferred enbodi nent
of the present invention. As shown, the apparatus includes a
plate 10 that iwosbsdegnti ally rectangular. Plate 10, howecemsymmyibe
any desired shape, and nay be . constructed of any suitable material,
for exanpl'e 10 plastic or a netal such as algoi num Plate 10
has a first layer 12 and a second Iayer 14. As shown in FIG 2, first

layer 12 and second |ayer gr¢ Ps RERALELEr %9 amme%m@ 19,

f ast ened t oget her using a va I'e materials. For
exanpl-e, fasteners sd@ﬁ'§§m%%#4ﬁﬁ9“3é8nﬁPPbﬁE9g%%%%F?n c m°d%ﬁﬁﬁj°ﬁg,"°
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coolant fluid via fluid inlet port 23, and supply the
fluid to receptacle ends 32 of a number of nozzles 26
disposed in fluid distributing conduits 28. Visible in
FIG. 4 are protrusions 29 onto exterior surface 18 of

10 first layer 12 caused by fluid distributing conduits 28
(not visible) formed in interior surface 16 of first
layer 12,

Spray ends 34 of nozzles 26 atomize the fluid and
discharge the atomized fluid 43 through apertures 36,

15 preferably at a perpendicular angle to exerior surfaces
18 and 22. Alternatively, atomized fluid 43 may be
discharged at a slight angle to exterior surfaces 18 and
22. Atomized fluid 43 is sprayed substantially
simultaneously onto two printed circuit boards 45, which

20 may include electronic modules such as multi-chip
modules, electronic hybrid assemblies or passive
components, among other things.

The coolant fluid is preferably a dielectric fluid
such as 3M's FluorinertTM dielectric fluid, order number

25 FC-72, but may be another suitable dielectric fluid,
such fluids being well-known and widely available. For
example, a perfluorocarbon fluid similar to 3M's
Fluorinert ™™ dielectric fluid is available from Ausimont

_ Galden®.

30 An electronic module having a power density of up

' to three~hundred Watts per square centimeter is
effectively cooled by one side 12, 14 of plate 10. The
removal of heat directly from electronic modules helps
to reduce operating temperatures of the modules and

35 their associated components, increasing reliability



vhen first layer 12 is separated from second | ayer 14, as depicted in

FIG 2, it can be seen that first | ayer 12 has an interior surface 16
and an exterior surface 18. Likew se, second |ayer 14 has an interior
25 surface 20 and an exterior surface 22. At | east one fluid

di stributing conduit 28 is di sposed in interior surface 16 of first
layer 12 and i nterior surface 20 of second | ayer 14. f
fluid distri bu"??r?’émcosndw ts 28, which resul t in 30 protrusi oﬁgﬁg@%l’?
exterior surfaces 18, 22 of first and gond | ayers 12, 14,
respectively, are shown in FIG 2. Fluid dlstrlbutlng condU|ts 28 in

interior surface 16 of first |la er r oov ch, as shown
are subst ant i aFPgPugh gﬁ’r@&iﬁ? CEI‘CGFQ%/‘r Pgu't% agoﬁﬁﬁii?%"%’s ansig
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particular fluid diSt959niong Ebnisi flog fox the ?FR%F%QHS §BPV%£¥FZ@§GS-
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example, a Versa Module Eurcope (VME) rack-type housing.
Chassis 60 may be constructed of any suitable material,
for example plastic or a metal such as aluminum, and may

10 be partitioned to create multiple chambers.

In one possible construction of chassis 60, a top
wall 62 which has two sides, an interior side 61 and an
exterior side 63, opposes a bottom wall 66 which also
has an interior side 65 and an exterior side 67. A

15 number of guides 68 are formed in interior side 61 of
top wall 62 and in interior side 65 of bottom wall 66.
Guides 68 on top wall 62 are in substantial alignment
with guides 68 on bottom wall 66. Guides 68 optionally
provide electrical interconnection for electronic

20 modules.

In the preferred embodiment of the present
invention, devices such as printed circuit boards 45
which support electronic modules are secured between
pairs of guides 68. Plate 10 may also be positioned by

25 oguides 68, preferably interposed between printed circuit
boards 45, so that electronic modules on two printed
circuit boards 45 are simultanecusly cooled by atomized
fluid 43 discharged from both layers 12, 14 of plate
10.

30 As shown in FIG. 5, atomized fluid 43 impinges upon
two printed circuit boards 45 in a substantially similar
manner. It is contemplated, however, that placement of
nozzles 26 in fluid distributing conduits 28 located in
interior surface 16 may be different from placement of

35 nozzles 26 in fluid distributing conduits 28 formed in
interior surface 20, to address specific cooling



5 cross-sectional shape. Conical, rectangular or circular

cross-sectional shapes are preferred. Afluid inlet port 23 may be
~formed integrally with | ayers 12, 14, as shown in FIG 2.

Al ternatively, fluid inlet port 23 may be separately coupled to plate
10 10, using a barbed fitting, for exanple. At | east one nozzle
housing 30 is diygpnseses i n at | east one fluid distributing REHERITHINE,
FIG 3 is a cross-sectional view of FIG 2 along line 3-3,

illustrating one nozzle housing 30 in first |ager 12. 15 Nozzle housing 30
has a receptacle end 32 which is in comuni cation with fluid
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Washi ngt on. shown) attached to the module allow, resulting in

compact module packaging because spacing within chassis

60 may be determined primarily by component height,

15 rather than by air volume requirements. And unlike air
cooling, which is most effective when heat is spread
over a large area, for example, over a large heat sink,
spray cooling encourages heat concentration, another
factor contributing to reduced package volume and weight

20 Referring again to FIG. 5, one example of a closed-
loop fluid flow for chassis 60 is illustrated. A fluid
supply tube 52 may be attached to fluid inlet port 23,
to provide a flow of coolant fluid to conduits formed by
fluid distributing conduits 28 within plate 10.

25 Alternatively, a fluid supply reservoir (not shown) may
be attached and sealed to a perimeter of exterior side
63 of top wall 62 to provide coolant fluid to plate 10.
As a further alternative, a fluid backplane (not shown)
may be coupled to chassis 60 to supply coolant to plate

30 10.

A fluid discharge reservoir 48 is attached and
sealed to exterior side 67 of bottom wall 66. Fluid
discharge reservoir 48 collects and drains fluid removed
from chassis 60. Fluid preferably exits chassis 60 via

35 openings (not shown) in bottom wall 66, aided by
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-7- FIG 4 depicts a manner of operation of plate 10, for
simul t aneously cooling el ectronic nodul es on two printed circuit
boards 45. Referring to FIGs 1 through 4 collectively, fluid

di stributing conduits 28 in first 5 layer 12 and second | ayer 14 of plate

10 receive a wooysegl ant fluid via fluid inlet port 23, and gunnly
fluid to receptacle ends 32 of a nunber of nozzles 26 disposedm%lgf-J

fluid distributing conduits 28. Visible in FIG 4 are protrusions 29
onto exterior surface 18 of 10 first |ayer caused by fluid distributing

conduits 28 (not visibkg% formed in interiqr surface 16 of first
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discharge reservoir 48. Condenser 53 rejects heat from

the fluid, returning it to primarily a liquid phase.

Fan 58 may be used to extend the cooling capacity of

10 condenser 53. Cooled fluid is supplied from condenser
53 to fluid pump 50. Thus, a closed-loop flow of
coclant fluid is formed. It will be appreciated that at
any given poinf in the system the coolant fluid may be a
vapor, a liquid or a vapor and liquid mixture.

15 It is contemplated that any conventional means for
providing flow of a coolant may be used in conjunction
with the described embodiments of the present invention.
It is further contemplated that more than one chassis 60
may be connected to a single source of coolant, and that

20 one or more sources of coolant may be connected to a
single chassis 60, for redundancy purposes, for example.

Sizes of fluid pump 50, condenser 53 and fan 58
should be selected based on heat removal and flow-rate
requirements. For example, a typical closed loop fluid

25 flow is 500 to 1000 milliliters per minute for 500 to
1000 watts of heat dissipation. Pump and condenser
assemblies in various sizes are available from
Isothermal Systems Research, Inc., and acceptable tubing
and fittings may be obtained from Cole-Parmer in Vernon

30 Hills, Illinois.

The closed-loop fluid flow system described herein
has many advantages. For example, it is easily
retrofitted to existing rack-type housings. And the
system does not require managing a multitude of fluid

35 1lines or positioning individual spray nozzles.
Consequently, despite the increase in heat density as



The coolant fluid is preferably a dielectric fluid such as 3M s
Fluorinert[err] dielectric fluid, order nunmber 25 FC-72, but may be

anot her suitable dielectric fluid, such fluids being well-known and
wi'del y avail abl e. For exanple, a perfluorocarbon fluid simlar to 3Ms
Fluorinert[err] dielectric fluid is available from Ausi nont

Gal den[err]. 3@vo9m3ssesAn el ectroni c nodul e havi ng a power den®crpsefolun
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one side 12, 14 of plate 10. The renoval.qaf. heat directly from
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5 1 through 4. ChassI's a substan rectangul ar
chanber of any deBir Btsinereasgy ipecompiexity. exanple, a Versa Mdul e
Europe (VME) rack-type hovgé 'g)stem has also been designed for convenient

serviceability. For example, repairing the spray
cooling system may be as simple as removing plate 10
from chassis 60, and typically would not involve

10 disconnecting and re-positioning numerous fluid lines.
Likewise, the system design provides for unobstructed
access to individual spray-cooled electronic modules,
further facilitating inspection and repair of the
modules.

15 It will be understood that while the embodiments
described show electronic modules being cooled during
normal operation, the present invention is not limited
to cooling during ordinary operation of the electronic
modules, but may be adapted to, for example, testing and

20 evaluation of the electronic modules or the electronic
circuit devices included in the modules.

It will be further understood that wherever sealing
and/or fastening may be required, numerous methods and
materials may be used. For example, fasteners such as

25 screws, compliant gaskets, ultrasonic welding, brazing,
soldering or swaging may be utilized.

It will also be apparent that other and further
forms of the invention may be devised without departing
from the spirit and scope of the appended claims and

30 their equivalents, and it will be understood that this
invention is not to be limited in any manner to the
specific embodiments described above, but will only be
governed by the following claims and their equivalents.



Chassi s 60 d of any suitable material, for exanple
pl astic or m ﬂmnw gl umnum and may 10 be partitioned to create
mul tiple c I n one possible construction of chassis 60, a

t op wal | 62 Whl ch has two side ,Tl.r}g S'ém;?rﬂ BFE&! 61 and an
[ [ 6f p{ﬁ al'so

exterior side 63, opposes a bottom has an interior
side 65 and ag, or side 67. A1 ideés 68 ar in -
i nterior side ég ids top wall 62 and in interior side 65€§ﬁ4§ﬁ$%%\wal
66. © T Qui des 68 on top wall 62 are in substantial alignnment with
gui des 68 on bottomwall 66. Guides 68 optin%le provi de el ectri cal

I nterconnection for electronic 20 nodul es. In the preferred
enbodi mrent of the present i nventi on, Glad®es such as printed circuit
boards 45 whi ch support el ectronic nDduIes are secured between

pai rs of guides 68w P g&ﬁulo may al so be positioned by 25 guides 68,
preferably |nterposed ween printed circuit boards 45, so that

el ectronic nodul es on the prAMtaRPAratus;fes SRFAYTACLinG an ElackEPhfeous v
cool ed by atomSEdmoduleIHkhéi abpadhtadcggskiisiag:both | ayers 12, 14 of

5Lg;e t&g prlnted c?ré%?égwﬁgiﬁgg ESS%E &%gléﬁglal géﬁgkggknges

manner. It is cont OppPaed o dee\férs‘ctmeqﬂ acenent of nozzles 26 in

fluid distributing condyi gsri8 £196@! 8¥st Pibuting BoRALIE SIispdsedltn "Ewe be
di fferent fron1p|a%ﬁnent of 35 nozzles 26 influid distributing conduits

28 formed in F8Fi b?YRir face 20, to address speci fic cooling
a second fluid distrlbuting conduit disposed in the

second layer;

a first nozzle housing having a first aperture, the
first nozzle housing disposed in the first fluid
distributing conduit; and

15 a second nozzle housing having a second aperture,
the second nozzle housing disposed in the second fluid
distributing conduit.

Al

2. The apparatus according to claim 1, further
20 comprising:
a fluid inlet port disposed in the plate.

3. The apparatus according to claim 2, wherein
the fluid inlet port supplies a fluid to the first and
25 second conduits.

4. The apparatus according to claim 3, wherein
the plate is disposed between a first circuit board and
a second circuit board.

30
5. The apparatus according to claim 4, wherein
the plate is disposed in a Versa Module Europe (VME)
cage.
35 6. The apparatus according to claim 4, wherein a
first nozzle is disposed in the first nozzle housing.
ThlS Sheet Has Been Re;
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-9- partlcular circuit board 45 bei ng
spray- cool edﬂmmﬁmm "HI(Hl le, first |ayer 12 plate 10 nay spray
a top area of *a firkt xirscui*t board, H\svﬁ‘HEEﬁ ‘%gﬁ@\‘l ayer 14 of plate

10 sprays a bottomarea 5 of a second| circ®EPLAGED d. Lar ge
spaci ng constr awwo syissgsween el ectronic es V\/m ch may peenispneesit
in an air-cool ed rack-type housi ng are rendered essentially

non- exi st ent when usi ng t he spray-cooli ng pl ate 10 descri bed herein.
Plate 10 10 rmay be placed virtually as cl ose ?o a surface of an

el ectronic nmodul e as the heights of conponents (not shown) attached
to the nodule allow, resulting in conpact nodul e packagi ng because
spacing within chassis 7. 6@hsagrperataierecarding itmalainhg, corrsmint
hei ght, 15 rather téa) fi¥sti ho¥Ple!MonpdebscstdifessAgtdedD] i ke air

cooling, which is nost effective when heat is spread over a |arge
area, for exanple, over a |arge heat sink, spray coollng encour ages
heat concentrati o anothd.  The aapamtuﬁomccpsdmmgiq ¢ladmubewhrradage

vol une and wei ght 20che firsBEfxsiiiélQat%e&bastenglﬁui% affed eXeHErR Ot ha

cl osed- | oop fluid OM/ O%d rhﬁ i 60 i |IIustr ted. Afluid .

suppl y tube 52 may b@%@ﬂe fHRPIh FBe HHFSE FBEFLUre. o hrovide a

flow of coolant fluid to conduits formed by fluid distributing

condui LS 28 within plate ). 3fe App&Ftld WRcHrafnd |t C134RPEY WSSOI T

(not shown) may 10 the atomized fluid is discharged at a substantially
perpendicular angle to the first layer and onto the
first circuit board.

10.. An apparatus for spray-cooling an electronic
15 module, the apparatus comprising:

a plate having a first layer and a second layer,
the first layer having a first interior surface and a
first exterior surface and the second layer having a
second interior surface and a second exterior surface;

20 a first fluid distributing conduit formed in the
first interior surface;

a second fluid distributing conduit formed in the
second interior surface and substantially aligned with
the first fluid distributing conduit to form a manifold;

25 a first nozzle disposed in the first fluid
distributing conduit (28), the first nozzle having a
first receptacle end and a first spray end, the first
spray end having a first aperture, the first receptacle
end in communication with the first fluid distributing

30 conduit and the first spray end in communication with
the first exterior surface; and

a second nozzle disposed in the second fluid
distributing conduit (28), the second nozzle having a
second receptacle end and a second spray end, the second

35 spray end having a second aperture, the second

' receptacle end in communication with the second fluid

This Sheet Has Been Reﬂlaced




be-attached and sealed to a perineter of exterior side 63 of top wall
62 to provi der] pl ate 10. As a further alternative, a
fluid backpla mgmmmm l“ may be coupled to chassis 60 to supply

coolant to plate A fluid discharge reservoir 48 is
attached and seal ed to exterior side 67 of bottomwall 66. Fluid

di scharge reseyw@hhgsgs coll ects and drains fluid renoved ﬁf clagssi s
60. Fluid preferably exits chassis 60 via 35 openings (not s n
bottom wal | 66, aided by WO 97/ 38565 ..

PCT/ US97/ 01191 -10- gravity. O

course, it may be desirahle.to further seal S reduce
| eakage of cool ant &fﬁﬁ%&nﬁmg conéuftAq;t} itaepﬁﬁ%oﬁ%%ﬁﬁﬁcggflsigoupl ed to
fluid supply t ciyemB@ capdoni with e wegontoexrtexioghgararess, 5

connected to punp 50 by éx@@éétaaécé dd1d @ndl Sé@é‘f@ﬁxg a flu&asgfwtrne%
by tube 56, recelve

f luid fr.o I,S vaoir
Condenser 53 rej ect fq‘(" n‘rr'Pis ribqtﬁéng Fﬁf‘ﬂuf?'et fﬁ' f[;t S?Balbﬁr}?a“ ly a
liquid phase. 5 aﬁarriﬁ&grrayebélu@dmcb déschavginge td'@olai-'-ngiaaqbaﬂuiyi of

10 condenser 53. ERRh thel 81fse sapiiched, f ARE RNERRSAE receptacle
end receiving the fluid from the second fluid
distributing conduit, the second spray end atomizing the
fluid and discharging the atomized fluid through the

10 second aperture.



53 to fluid punp 50. Thus, a closed-fodp f1ow of coolant fluid is

formed. It will be appreciated that at -~ - any given point in the system
the coolant fluid may be a vapor, a liquid or a vapor and liquid
m'xture. 15 It is contenplated that any conventional neans for
providing flow of a coolant may be used in conjunction with the
descri bed enbodiwitpiisgsesf t he present invention. It is fureoewsy7o1191
contenpl ated that.nore than one chassis 60 may be connected to a
singl e source of coolant, and that 20 one £y gor e sources of cool ant may
be connected to a singl e chassis Q% fd( redundancy purposes, for
exanpl e. 4? oy fluid pupggZd, condenser 53 and fan 58
shoul d be sel ected slﬁﬁ%n heat rgig%g%éacszOMFrate rgqui renents.
For exanple, a typical # os¢l -//4///{/% 25 flowis 500 2900
mlliliters per mnutg for 'mﬁ4’ AL )00 Vatts of hea
Punp and condenser //’7H5f¢2?// r 7 i ous sizes are &
| sot hermal Systens Reg;;//' Jj@/ff anm & ept abl e tubing ittings
may be obtained fropZ0l e BEger Vikngh 30 Hills,
The cl osed-1oop [ d 4575 & e Mesd i 5dd herein

i ) |
advant ages. For ’ i caff | vy i retrofitted to exfl

rack-type housin“s.

mul titude of flun
Consequent |y, deH

I . .
ilyst em dges not requjre nmanii

it & posi igoning i ndi vi dual sgéay ngzy]
i ngigease g heat density as y
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-11- circuits are further integrated and physical space on and
bet ween el ectronic nodules on printed circuit boards i s reduced, the
ffuid delivery and di scharge system associated wth the apparatus
described herein should 5 not increase in conplexity. The system
has al so been ogebyssses f or conveni ent serviceability. ForPEHEsSyIOE91
repairing the spray cooling systemmay be as sinple as renoving plate
10 fromchassis 60, and typically moulg/ngt i nvol ve 10 di sconnecting
and re-positioning numerous fluid |ines. | kew se, the system design
provi des for unobstructed access to individual spray-cooled electronic
nodul es, further facilitating inspection and repair of the
nodul es. 15 It will be understood that while the enbodi nents
descri bed show el ectroni c nodul es bei ng cool ed during nor mal
operation, the present invention is not limted to cooling during
ordi nary operation of the electronic nodul es, but nay be adapted to,
for exanple, testing and 20 evaluation of the electronic nodules or the
el ectronic circuit devices included in the nodul es. It will
be further understood that wherever sealing and/ or fastening may be
requi red, numerous net hods and mat er j may be used. r exanpl e,
fasteners such as 25 screws, conplian S, UMtrasopgrc wel ding,
brazi ng, sol dering or swagi ng | zed It will also
be apparent that other and furt of t ghent i on may be
devi sed wi t hout depar?ﬂ ﬂ
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fromthe spirit and scope of the appended clainms and 30 their equivalents,

and it will be understood that this invention is not to be limted in
any manner to the speci fic enbodi ments descri bed above, but will only
be governed by the followi ng clains and their equival ents.

12- Cl ai s W claim 1. An
apparatus for swolyssse®l i ng an el ectronic nodul e, the apparetse7oiion
conprising: 5 : a plate having a first layer and a second | ayer
opposed to the first layer, the plate sizedgtpgbe slidably nmounted in a
housi ng; afirst fluid distributi% onduit disposed in the
second | ayer; 10 a second fluid distributing conduit disposed in the
second | ayer; a first nozzle housing having a first aperture, the
first -nozzl e housing disposed in the first fluid di stributing conduit;
and 15 a second nozzl e housi ng having a second aperture, t he
second nozzl e housing disposed in the second fluid di stributing
condui t.

62 63
e

45—

R

o
(T s,

48

FIG.5



'. Theaparatu rding to claiml, further 20 corrppgluﬁ 97/0119]
~a fluid d h I
cholrjljl nI Mﬁ”l/ | SIOOS(rael Inn t et ﬁea;E Fm d inlet port supmg m E{SA\SI $

thé first and condw ts. 4. The apparat us accordi ng
to claim3, wherein *the plate is di sposed between a first circuit board
and  a second circuit board. 30 - b, Thé-apparatus according to
claim4, wherein the plate is disposed in a Versa Mdul e Europe (VM)
cage. 35 : The apparatus acc@ldiimsto claim4, wherein a

first nozzle- '§N% qﬁﬁd in the first nozzle housing.
13 - e apparatus according to claim 8@, mhereln
An apparatus for spray-cooling an electronic

module, the apparatus comprising:

5 a plate having a first layer and a second 1aYer
opposed to the first layer, the plate sized to be
slldably mounted in a housing;

a first fluld distributing conduit disposed in the
second layer;

10 a second fluid distributing conduit disposed in the
second layer; .

a first nozzle housing having a first aperture, the
first nozzle housing disposed in the first fluid
distributing conduit; and '

15 ' a second nozzle housing having a second aperture,
the second nozzle housing disposed 1n the second fluid

dlstrlbutlng condult

2. The apparatus according to claim 1, further

20 comprising:
a fluid inlet port disposed in the plate

3. The apparatus according to. claim 2, wherein
the fluid inlet port supplies a f1u1d to the first and.
25 second conduits.

4. The apparatus according to claim 3, wherein
the plate is disposed between a first circuit board and

a second circuit board.

30
5. The apparatus according to claim 4, wherein
the plate is disposed in a Versa Module Europe (VME)
' cage. ' 2 ' ' '
35 6. The apparatus according to claim 4, wherein a

first nozzle is disposed in the first nozzle housing.

AMENOED SHEFT



the; first nozzle Hm“”ultm Hjllmmss steel . Z?CT/% QpZa/aQJslgl

~according to clai he first nozzle atom zes and~'
di scharges the *at &mi zed" 1%ui d through the first apert ur‘muSI 0 98
9. ' The apparatus according to claim8, wherein the atom zed fluid is
di scharged at a substantially 10 perpendicular anglge to the first layer and
onto the first circuit board. 10. 7An apparatus for
spray-cooling an electronic nDduIe t he ap aratu Qonprls

a plate having a fir&t | aja® SRRPLAER ARFI Pirr §’i"e%89 havi ng
a first interi ofthsufinage okl comprikels exténiessseebate and the second

| ayer having a - second interior surface and a second exterior surface,
the plate sized to be slidably mounted in a housing; 20 a first fluid
di stributing condw t8f or nEole | appdmatus addowstinatiey idmigu6hasderein a
second fluid % [ e [ surface
and subst ant | aI ﬁ gneg’l 3 aItJ“thr&d t:Irl'ls%t Epﬁ&ddagﬁs???gﬁ??%gécgl?]%w t to

forma nanifol datCZ'ELzed fltb?-@ itthytougdy the diigsdsaperiutrBe first fluid
di stributing conduit, the first nozzle having a first receptacle end

and a first spray end the first spr d havin first _aperture, the
first receptacle end’in %ﬂﬂ%ﬁg %%l%ﬁFQﬁ *PQrﬂPféiﬁﬁmf LREFRLEY i but i ng
conduit 30 and the dtdmizepriduirhd s Aicohatgedhbiton wubsthheiallgt

ferbleal or Slir fa pérpaergdlcular anglae Stecocq'xd r}q_ézslte 1%&%@0%?1% oﬂtghghgecond

first c1rcu1t board.

10. An apparatus for spray-cooling an electronic
mddule, the-épparatus comprising: ‘

15 . a plate having a first layer and a second layer,
the first layer having a first interior surface and a
first exterior surface and the second layer having a
second interior surface and a second exterior surface,
the plate sized to be slidably mounted in a housing;

20 a first fluid distributing conduit formed in the
first interior surface; '

a second fluid distributing conduit formed in the
second interior surface and substantially aligned with
the first fluid distributihg conduit to form a manifold;

25 a first nozzle disposed in the first fluid
distributing conduit, the first nozzle having a_first
réceptacle-end and a first spray end, the first spray
end having a first aperture, the first receptacle end in
communication with the first fluid diétributing conduit

30 and the first spray:end in communication with the first
exterior surface; and

a second nozzle dlsposed in the second fluid
dlstrlbutlng conduit, the second nozzle having a second
receptacle end and a second spray end, the second spray

35 end having a second aperture, the second receptacle end
in communication with the second fluid '
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dis'tribtﬁi”n’g conduit, the second nozzle having a second . recept aq;(g% enqm:‘
and a second spray end, the second spray 35 end having a second apertu é:,

the second receptacle end in comuni cation with the 4&&afe5t i d PER
WO 97/ 38565 PCT/ USO7/ 011948 ' &
-14- di stributing conduit and the second spray end in "::”vt;{;'-_‘ Annexes
comruni cation w t PO second westem TY ORGANIZATION | he f |\

receptacle end receiving a fluid fromthe First fluid distributin
condui t, { nANTERNATIONAL, APRGATION PUBL HRIDER, THE PATENT QRORERATION @T’? FD

<

at om zed | {sl)Untetnational Patelt Couslatiénife i r St Japerl {11 iRernafidast PLlNEIGEGRBE: I €C TWOCYHISS565

end receivi rgpskhod, 2o, F2Bpasyeb, rspecondaf | ui d distributing conduit,
the .secopd Bfay end atom zing t he | f | (49 dptespationg)Publipption ity t AGOCkobep 1P 05D
fluid-thfough the 10 second aperture. '
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(57) Abstract

The apparatus includes a plate (10) having a first layer (12) and a second layer (14) opposed to the first layer (12). A first fluid
distributing conduit (28) is disposed in the first layer (12) and a second fluid distributing conduit (28) is disposed in the second layer (14).
A first nozzle housing (30) having a first aperture (36) is disposed in the first fluid distributing conduit (28) and a second nozzle housing
(30) having a second aperture (36) is disposed in the second fluid distributing conduit (28).




