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FIG. 2 Is a side view of a circuit pack assembly in- cluding a fluid flow
pattern in accordance with an Background of the invention
embodiment of the invention; and FIG. 3 is a top view of a portion of the
assembly This Invention relates to forced air cooling of cir-   5  In FIG.
2 In accordance with the same embodi- cuit packs which are arranged In a
stacked configur-   ment. ation.
It will be appreciated that, for purposes of illustra- The density of heat
generating components in   tion, these figures are not necessarily drawn to
scale. electronic circuit packs continues to rise, bringing with it
increased concern about proper cooling of the   10  Detailed Description
circuits. Forced fluid cooling is expected to be a nec- essity In the near
future, and several proposals have  FIG. I illustrates atypical
circuitpacketassembly already been made to facilitate such cooling. For ex-
which Includes two circuit boards, 10 and 11, in a ample, jet impingement
of air onto the heat generat-  stacked configuration. Each circuit board
includes at Ing component can be provided through separate pie-  15  least
one heat generating component, e.g., 12 and nums (see, e.g., U.S. Pat. No.
4,851,965), or through  13, mounted on the front surface of the circuit
board. the circuit board assembly itself. It has also been sug-  Two
channels for the flow of fluid, indicated by the ar- gested that air can be
blown onto the components   rows, are shown. One is provided between the
back through holes in the enclosures or shields surround-  surface of
circuit board 11 and the frontsurface of cir- Ing the circuit components
(see, e.g., U.S. Pat. No.  20  cuit board 10. The other channel is provided
between 4,393,437 and U.S. Pat. No. 4,408,255). It has been  the front
surface of circuit board 11 and another sur- suggested further that holes
in the circuit boards  face 14, which could be a cover or another circuit
themselves could allow air to impinge on components  board in the stack. It
will be appreciated that several in circuit packs which are stacked (see
U.S. Pat No.  such channels are formed In a typical shelf of circuit
4,399,484).                                   25  packs. In stacked
configurations which are open and       The fluid, which can be air or
liquid, is forced Into where the air is flowing essentially parallel to the
cir-  the channel by some means, such as a fan 15, in a cult packs, there
Is a problem of stagnant air pockets  direction which is essentially
parallel to the surfaces forming in areas between components. This problem
of the circuit boards. As the air impinges on the com- can be solved by
introducing turbulators on the wall  30  ponents, the flow is as
schematically illustrated. It facing the circuit pack components.
will be noted that areas of stagnant air tend to form It is desirable to
provide an alternative solution to  between the components in both
channels, thereby this problem which has the potential for lower cost.
inhibiting effective cooling. FIGS. 2 and 3 illustrate, in side and top
views, re- Summary of the Invention                      35  spectively, a
circuit pack assembly with Improved cooling in accordance with the
invention. The assem- This and other objects are achieved In accor-   bly,
again, includes circuit boards, 20 and 21, with dance with the invention
which Is a fluid-cooled circuit  components, e.g. 22 and 23, mounted on
their front pack comprising a first circuit board having a front  surfaces.
Two channels are also shown, one formed surface with at least one heat
generating component  40  between boards 20 and 21 and one formed between
mounted thereon. Another surface is disposed oppo-  board 21 and surface
24. Air is forced Into the chan- site to the front surface and is spaced In
relationship  nels by fan 25 in a direction essentially parallel to the
thereto so as to form a channel for the flow of cooling  boards as before.
Here, however, an array of fairly fluid over said component in a direction
essentially  large perforations, e.g. 26-29, are formed through parallel to
said surfaces. An array of perforations is  45  board 21 adjacent to each
component. As illustrated provided at least in the said another surface so
that  in FIG. 3, these perforations preferably extend the full the flow of
cooling fluid In the channel causes fluid  length of each component, which
is typically 1-2.5 above the said another surface to be drawn into the  cm.
Also, the perforations are fairly wide, i.e., at least channel.
0.60 cm, In order to provide the improved cooling ca- so  pabilities. Brief
Description of the Drawing                       It will be appreciated
that air is forced Into the channels, as before, essentially parallel to
boards 20 These and otherfeatures of the Invention are de-  and 21 and
surface 24. Here, however, the air in the lineated In detail in the
following description. In the  channel just below board 21 will be moving
at a faster drawing:                                      55  rate than the
stagnant areas adjacent to the compo- FIG. 1 is a side view of a circuit
pack assembly in-  nents In the channel above board 21. According to
cluding a fluid flow pattern in accordance with a  Bernoulli
' principle, this will result In areas of lesser prior art configuration;
pressure below the holes 26-29, thereby causing air 2    
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board 21 to be sucked Into  4. The circuit pack assembly according to claim
1 the channel below. The areas of stagnant air in the  wherein the
perforations have an area of at least channel bounded by board 21 and cover
24 will,       0.6 [err] therefore, be dissipated. In addition, the areas
of   5 stagnant air in the channel bounded by 20 and 21 will  5. The
circuit pack assembly according to claim 1 also tend to break up as a
result of the increased air  further comprising means (25) for forcing
fluid turbulence caused by the air being sucked into the   intosaid channel
in a direction essentially parallel channel from above. Further, the
components (e.g.,   to the circuit board. 22) on board 20 can receive
direct Impingement of the   10 cooling fluid through the perforations.
Enhanced  6  The circuit pack assembly according to claim 5 cooling of the
components in both channels Is, there-  wherein the means produces a fluid
flow with a fore, realized.                                      velocity
of at least 0.75 m/s. For optimum results, the perforations 26-29 should be
located adjacent to each heat generating   15  7. The circuit pack assembly
according to claim 2 component in the path of the air flow as shown In FIG.
wherein the perforations are placed In the sec- 3. Fluid flow should,
preferably, be at least 0.75 m/s  ond circuit board adjacent to each side
of the to ensure that adequate amounts of fluid will be     component which
is perpendicular to the flow of drawn through the perforations. The area of
each      cooling fluid. perforation should be at least 0.6 [err] for the
same   20 reason.                                           8. The circuit
pack assembly according to claim 7 While the Invention has been illustrated
with the  wherein the second circuit board includes a plur- use of surface
mount components 22 and 23, boards    ality of components and perforations
are formed which include through-hole mounted components        adjacent to
each side of each component which can also benefit by placing the
perforations adjacent  25  is perpendicular to the direction of fluid flow.
to the through-holes. Known cooling fluids, other than air, can also be
employed. Patentansprnche Claims                                       30
1. Fluidgekfhite Schaltungspack-Anordnung mit alner `rsten Schaltungsplatte
(20), die sine 1. Aflu`d cooled circuit pack assembly comprising:
Vorderflache mit mindestens elnem daran anga- a first circuit board (20)
having a front sur-  brachten warmearzeugenden Bauteil aufwelst, face with
at least one heat generating component  und mounted thereon; and
35      mit elner welteren Oberflache (21), die gegen- another surface (21)
disposed opposite to   fiber der Vorderfliche im Abstand von dieser an- the
front surface and In spaced relationship      geordnet ist, dadurch
gekennzelchnet, dag thereto                                           die
weltere Oberfllche elnen Kanal fOr die Str6- CHARACTERIZED IN THAT
mung von KOhifluld fiber dos Bauteil In Richtung the said another surface
forms a channel  40  Im wesentllchen parallel zu den Oberfilichen bil- for
the flow of cooling fluid over said component  dot und daB sine Relhe von
Perforationen (26- in a direction essentially parallel to said surfaces,
29) In dieser welteren OberflAche bestimmt lst, and
so daB der Kilhlfluidstrom in dam Kanai des Fluid an array of perforations
(26-29) is defined  oberhalb der welteren Oberflache dazu bringt, in in the
said another surface so that flow of cooling  46  den Kanal gesogen zu
warden. fluid In the channel causes fluid above the said another surface to
be drawn into the channel.  2. Schaltungspack-Anordnung nach Anspruch 1,
dadurch gekennzeichnet daB die weltere Ober- 2. The circuit pack assembly
according to claim 1    flache sine zwelte Schaltungsplatte umfait, die
wherein the said another surface comprises a   50  ebenfalls mindestens em
daran angebrachtes second circuit board which also Includes at least
wirmeerzeugendes Bauteil (23) aufwelst. one heat generating component (23)
mounted thereon.                                       3.
Schaltungspack-Anordnung nach Anspruch 2, dadurch gekennzielhnet, daB die
Perforationen 3. The circuit pack assembly according to claim 2   55
mindestens 0,60 cm brelt sind und sich In der wherein the perforations are
at least 0.60 cm     Lange des wArmeerzeugenden Bautells er- wide and
extend the length of the heat generat-   strecken. ing component. 4.
Schaltungspack-Anordnung nach Anspruch 1, 3    3                   EP 0 463
782 81                4 



from the channel above board 21 to be sucked into  4. The circuit pack
assembly according to claim 1 the channel below. The areas of stagnant air
in the   wherein the perforations have an area of at least channel bounded
by board 21 and cover 24 will,        0.6 cm2. therefore, be dissipated. In
addition, the areas of stagnant air in the channel bounded by 20 and 21
will  5. The circuit pack assembly according to claim 1 also tend to break
up as a result of the increased air  further comprising means (25) for
forcing fluid turbulence caused by the air being sucked into the    into
said channel in a direction essentially parallel channel from above.
Further, the components (e.g.,    to the circuit board. 22) on board 20 can
receive direct impingementof the   10 cooling fluid through the
perforations. Enhanced   6. The circuit pack assembly according to claim 5
cooling of the components in both channels is, there-  wherein the means
produces a fluid flow with a fore, realized.
velocity of at least 0.75 m/s. For optimum results, the perforations 28-29
should be located adjacent to each heat generating  15  7. The circuit pack
assembly according to claim 2 component in the path of the airflow as shown
in FIG.  wherein the perforations are placed in the sec- 3. Fluid flow
should, preferably, be at least 0.75 m/s  ond circuit board adjacent to
each side of the to ensure that adequate amounts of fluid will be
component which Is perpendicular to the flow of drawn through the
perforations. The area of each      cooling fluid. perforation should be at
least 0.6 cm2 for the same   20 reason.
8. The circuit pack assembly according to claim 7 While the invention has
been illustrated with the  wherein the second circuit board includes a
plur- use of surface mount components 22 and 23, boards     ality of
components and perforations are formed which include through-hole mounted
components         adjacent to each side of each component which can also
benefit by placing the perforations adjacent  25  is perpendicular to the
direction of fluid flow. to the through-holes. Known cooling fluids, other
than air, can also be employed. Patentanspr fche Claims
3o  1. Fluldgekfihlte Schaltungspack-Anordnung mit einer ersten
Schaltungsplatte (20), die sine 1. A fluid cooled circuit pack assembly
comprising:   Vorderflache mit mindestens eanem daran ange- a first circuit
board (20) having a front sur-  brachten wirmeerzeugenden Bautell aufweist,
face with atleastone heat generating component     und mounted thereon; and
35      mit elner weiteren Oberfliche (21), die gegen- another surface (21)
disposed opposite to    Oiber derVorderfllche im Abstand von dieser an- the
front surface and in spaced relationship       geordnet let, dadurch
gekennzelchnet, dam1 thereto                                            die
weitere OberflAche einen Kanal fOr die StrU- CHARACTERIZED IN THAT
mung von KOhifluld fber das Bauteil In Richtung the said another surface
forms a channel  4o  Im wesentlichen parallel zu den OberflAchen bil- for
the flow of cooling fluid over said component  dot und dae sine Relha von
Perforationen (28- in a direction essentially parallel to sald surfaces,
29) In dieser weiteren OberflAche bestimmt hst, and
so daB der KIOhifluidstrom in dam Kanai das Fluid an array of perforations
(26-29) is defined  oberhalb der weiteren Oberfliche dazu bringt, in in the
said another surface so that flow of cooling   45  den Kanal gesogen zu
warden. fluid in the channel causes fluid above the said another surface to
be drawn into the channel.  2. Schaltungspack-Anordnung nach Anspruch 1,
dadurch gekennzelchnet, da3 die welare Ober- 2. The circuit pack assembly
according to claim 1     flache sine zwelte Schaltungsplatte umfamt, die
wherein the said another surface comprises a   co  ebenfalls. mindestens
sin daran angebrachtes second circuit board which also Includes at least
wirmeerzeugendes Bauteil (23) aufwelst. one heat generating component (23)
mounted thereon.                                       3.
Schaltungspack-Anordnung nach Anspruch 2, dmdurch gekennzeichnet, dam die
Perforatlonen 3. The circuit pack assembly according to claim 2   55
mindestens 0,60 cm breit sind und sich in der wherein the perforations are
at least 0.60 cm      Linge des wirmeerzeugenden Bautells er- wide and
extend the length of the heat generat-    strecken. ing component. 4.
Schaitungspack-Anordnung nach Anspruch 1, 3    5                  EP 0 463
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dadurch gokennzelchnet, daS die Perforatlonen     sur la longusur du
composant thermogene. sine Flache von mindestens 0,6 cm2 aufwebien. 4.
Ensemble de plaques a circuits Imprlmes solon ' -  5.
Schaltungspack-Anordnung nach Anspruch 1,    t     la revendlcatlon 1, dani
lequol les perforations gekennzeichnet durch sine Einrichtung (25) zur
ont une surface d'au molns 0,6 cm2. Forderung von Fluid in dem Kanal In
sine Rich- tung Im wesentilchon parallel zu der Schaltungs-  5. Ensemble de
plaques a circuits Imprim6s selon platte.
Ia revendlcation 1, comprenant en outre un 10     moyen (25) pour forcer Is
fluids dons ledit canal 6. Schaltungspack-Anordnung nach Anspruch 5,
dans une direction essentlellement parallele A la dadurch gekenzeichnet,
daf die Elnrichtung e1-    carte a circuits Imprim6s. non Fluidstrom mit
elner Geschwlndlgkelt von mindestens 0,75 mWs erzeugt.                   8.
Ensemble de plaques A circuits Imprimis solon 16     la revendlestion 5,
dons lequei l  moyen prodult 7. Schaltungspack-Anordnung nach Anspruch 2,
un 6coulemont de fluide ayant une vitesse d'au dadurch gokennzolchnet, daR
die Perforationen     molns 0,75 m/s. In derzweiten Schaltungsplatto
benachbartjeder Selte des Bautells angeordnet sind, die senk-  7. Ensemble
de plaques A circuits imprim6s selon recht zum Strom des KOhIfluids lst.
20      la revendication 2, dans lequel les perforations sont placees dana
Ia seconde carte A circuits im- 8. Schaltungspack-Anordnung nach Anspruch
7,         primes Is long de chaque ot6 du composant qui dadurch
gskernnzelchnet, daS die zwoete Schal-    est perpendlculaire a I
ecoulement de fluids de tungsplatte lne Mehrzahl von Bautelien umfafit
refroidissement. und daB Perforationen bonachbartjoder SelloJe-  26 des
Bauteils gebildet sind, welche senkrecht zur  8. Ensemble de plaques a
circuits Imprimes selon Richtung des Fluldstroms lst.
Ia revendication 7, dans loquel la seconds carte A circuits imprim6s
comporte une piuralite de composants et des perforations sont formeos Is
Revendlcatlons                               30      long de chaque cOtM de
chaque composant qui eat perpendiculalre a la direction de l'ecouiement 1.
Ensemble de plaques a circuIts imprlm6s A re-     de fluilde. froldissement
par fluids comprenant: uno premiere carte a circuits Imprimes (20) ayant
une surface frontale avec au moins un  3S composant thermogbne monte sur
cefll-cl; et une autre surface (21) dbsposoe en regard de la surface
frontale et espacee par rapport a colle-cl CARACTERISE EN CE QUE
40 ladite autre surface forme un canal pour I'6coulement de fluild de
refroldissement par- dessus ledkt composant dans une direction es-
sentisilement parallele auxdItes surfaces, et une serie de perforations
(26-29) est df-  45 nie dans ladite autre surface de sorts quo l'6cou-
lement defluide de refroldissement dons le canal provoque l'aspiration dens
le canal du fluide pea- sant par-dessus Indite autre surface. 50 2.
Ensemble de plaques A circuits imprim6s selon la revendication 1, dane
loqud ladite autre surfa- ce comprend une seconde carte A circuits Impri-
mes qui comporte 6galement au molns un composant thermogbne (23) monte sur
cells-ol.  ss 3. Ensemble de plaques a circuits Impuim6s salon la
revendicatlon 2, dans lequel lea perforations ontau molns une largeurde
0,60 cm ets'etendent 4    


