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fortheflow of cooling fluid overthe component. An ar- ray of U-shaped rods
is mounted to the opposite sur- Field of the Invention
face in a direction essentially perpendicular to the in- tended direction
of the cooling fluid and extending This invention relates to forced fluid
cooling of   5   sufficiently into the channel to create disturbances in
electronic circuit packs.                         the flow of cooling
fluid. Background of the Invention                        Brief Description
of the Drawing The density of heat generating components in  10   These and
other features of the invention are de- electronic circuit packs continues
to rise as it has for  lineated in detail in the following description. In
the decades. The requirement for forced fluid cooling is  drawing:
therefore already present in many current electronic   FIG. I is a
cross-sectional view of a typical circuit systems. Proposed systems for
more effective cool-    pack and its cooling channel according to the pri-
ing are, in general, complicated and expensive. Such   15  or art;
proposals Include, for example, the use of com-      FIG. 2 is a
cross-sectional view of a typical circuit pressed fluorinated hydrocarbons,
other gases and     pack having turbulators in the cooling channel not
liquids such as water, which can be difficult to imple-  in accordance with
the Invention; ment.                                                  FIG.
3 is a three-dimensional view of the interior It is generally recognized
that rods placed on one   20  of a shelf of equipment with several circuit
packs ormore of the principal walls of a flow passagewill en-  not in
accordance with the invention. hance heat transfer through that passage
(see Spar-   FIG. 4 is a three-dimensional view of a circuit row et al,
"Symmetric vs. Asymmetric Periodic Distur-   board which is useful in
practicing the invention; bances at the Walls of a Heated Flow Passage,"
In-    FIG. 5s a three-dimensional view showing an al- ternational Journal
Heat Mass Transfer, Volume 27,  25  ternate construction of a circuit pack
according to pp. 2133-2144 (1984), and Sparrow et al, "'Enhanced    an
embodiment of the invention; and Heat Transfer in a Flat Rectangular Duct
... ", Journal  FIG. 6 is a cross-sectional view of a channel ac- of Heat
Transfer, Volume 105, pp.851-861 (November    cording to an embodiment of
the invention in 1983). It has also been proposed to provide baffles
which components line both walls of the channel. and air flow guides to
control the flow of cooling air  30 over a matrix of integrated circuit
components includ-  Detailed Description ing heat sinks (see U.S. Pat. No.
4,233,644). IBM Technical Disclosure Bulletin, Vol.32 No. 8a,  In a typical
forced fluid circuit pack cooling sys- January 1990, pages 344-347
discloses a fluid      tem of the prior art as shown in FIG. 1, circuit
pack cooled circuit pack comprising a circuit board having   35  components
11 are mounted in a regular or irregular a front surface with an array of
components which  array on a board 13. Forced cooling fluid, which in
generate heat mounted thereon, and another surface  most cases is air
driven by a fan, is constricted to pass provided with a set of turbulators,
said surface being  over the components in a channel 15 formed between
disposed opposite to the front surface and spaced  circuit board 13 and a
facing wall 17. Wall 17 may be therefrom to form a channel for fluid
coolant.  40  the back of an adjacent circuit pack, the cabinet hous- One
of the problems associated with forced fluid  ing the equipment, or even a
baffle inserted to direct cooling of circuit packs is that the fluid,
typically air,  the fluid flow. An analysis of thefluid flow through this
tends to stagnate in the areas between the compo-  type of channel, as
generally illustrated by the ar- nents, and cooling efficiency suffers
thereby. The pri-  rows, reveals that the fluid surrounding the compo- or
art proposals do not appear to address this prob-  45  nents tends to be
stagnant, or at best, recirculating lem.
with minimum exchange with midstream fluid which It is, therefore, an
object of the invention to pro-  tends to be at a lower temperature. This
observed vide an inexpensive means forforced fluid cooling of  flow
phenomenon is not optimized. circuit packs.
Major enhancement to cooling can be obtained as According to the present
invention there is provid-  50  shown In FIG. 2. The cooling channel of
FIG. 2 differs ed a circuit pack as defined in claim 1.           from that
of FIG. I in that rods or, hereinafter, turbu- This and other objects are
achieved in accor-   lators, 21, project Into the channel from opposite
wall dance with the invention as defined in claim 1, which  17. The effect
of turbulators 21 is to create large- is a fluid-cooled circuit pack
comprising a circuit board  scale disturbances within the channel. These
distur- having a front surface with at least one heat generat-  55  bances
force air in between components 11 to break ing component mounted thereon.
Another surface is  up stagnation area and also force the cooler air near
disposed opposite to the front surface and in a    board 17 down toward the
components to improve the spaced relationship thereto so as to form a
channel  heat transfer characteristics. The result is a major re- 2    3
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duction in component temperature at minimum cost  from the surface of the
board 17 so as to provide and design implementation.
clearance between the turbulators and the compo- It has been determined
that turbulators of equal  nents 40 mounted on the back side of the board.
height and width equaling atleastone-fourth and less  The turbulators can
be made of any convenient than three-fourths of the channel height tend to
pro-   5   material such as metal, wood, polymer or, In the case duce very
effective results. Further, turbulators ex-  of being an integral part of
the circuit board, glass tending essentially the full length of the board
17 and  epoxy. spaced at equal intervals produce optimum results    Various
additional modifications will become ap- regardless of the spacing of the
components. For  parent to those skilled in the art. All such variations
most cases the spacing between turbulators will be 5   10  which basically
rely on the teachings through which to 10 cm. While it is not necessary
that the turbulators  the invention has advanced the art are properly con-
have sharp edges as shown in FIG. 2, these edges  sidered within the scope
of the invention. are most effective. A system having several circuit packs
mounted on an equipment shelf is shown in FIG. 3. In this ar-  15  Claims
rangement a cooling channel 15 is formed between each set of adjacent
circuit boards, e.g., 13 and 17.  1. A fluid-cooled circuit pack
comprising: Turbulators 21 adjacent to the back side of each cir-     a
circuit board (13) having a front surface cuit board, e.g., 17, enhance the
cooling of the com-  with an array of heat generating components (11)
ponents 11 of the adjacent pack.             20      mounted on said front
surface; When circuit boards 13 have smooth back surfac-        another
surface (17) disposed opposite to es such as occurs with the use of
surface-mounted    said front surface and in spaced relationship
components, turbulators 21 may be attached directly  thereto so as to form
a channel (15) for the flow to the back surface as shown in FIG. 3 by
well-known  of cooling fluid over said component; methods such as heat
bonding, mechanical mounting   25    and an array of rods (21) mounted to
said and chemical bonding such as with epoxy cement. Al-  opposite surface
(17) in a direction substantially ternatively, the board may be made such
that the tur-  perpendicular to the intended direction of cooling bulators
are an integral part of the board itself.   fluid and extending
sufficiently into said channel When the back of the board is not smooth, as
for  to create disturbances in the flow of cooling fluid; instance when
thru-hole mounting techniques are  30       CHARACTERIZED BY used, or the
back surface is used forwiring paths, tur-   the rods being U-shaped to
create a space bulators shaped as shown in FIG. 4 may be used. Ac-  between
a part of each rod and the said opposite cording to this embodiment,
turbulators 21 the U-    surface. shaped contact the board for mounting
purposes only at the edges where smooth areas can be found.  354  2. The
circuit pack according to claim 1 wherein the An alternative technique for
mounting turbulators  rods have sharp edges. to provide the advantages of
the invention is shown in FIG. 5. In this embodiment a turbulator 21 in the
3. The circuit pack according to claim 1 wherein the form of a rectangular
solid has traverse holes with set  height of the rods is at least
one-fourth of the screws 30 and 31 therein. According to this embodi-  40
height of the channel. ment, a pair of support rods 32 and 33 are mounted
to the back of a circuit board 13 parallel to the direc-  4. The circuit
pack according to claim 1 wherein the tion of fluid flow. Each turbulator
has traverse holes  opposite surface comprises a back surface of a 34 and
35 which receive the support rods 32 and 33,  second circuit board.
respectively. Set screws 30 and 31 which Intersect  45 holes 34 and 35,
respectively, may be used to lock  5. The circuit pack according to claim 4
wherein the turbulator in any position along rods 32 and 33. This  rods are
an integral part of said second circuit construction allows adjustment of
the spacing be-    board. tween turbulators to maximize the cooling effect,
and thus can be very useful for a channel with unusual  50  6. The circuit
pack according to claim 1 wherein the component layout. Where the back of
the circuit board  rods are movably mounted to support rods (32, is not
smooth, a turbulator, 36, which is U-shaped as  33) which extend
essentially perpendicularthere- previously described to provide clearance
from the  to to adjust the spacing of the rods. board irregularities, may
be similarly mounted. Finally, in a channel where components are  55  7.
The circuit pack according to claim 1 wherein mounted on both walls as
shown in FIG. 6, the turbu-  there is an equal spacing between the rods in
the lators 21 are mounted on rods, e.g., 32, as before.  array. Here,
however, the rods extend a sufficient distance 3    
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[err] * C   L  M   S * duction in component temperature at minimum cost
from the surface of the board 17 so as to provide and design
implementation.                        clearance between the turbulators
and the compo- It has been determined that turbulators of equal  nents 40
mounted on the back side of the board. height and width equaling at least
one-fourth and less  The turbulators can be made of any convenient than
three-fourths of the channel height tend to pro-   5   material such as
metal, wood, polymer or, in the case duce very effective results. Further,
turbulators ex-  of being an integral part of the circuit board, glass
tending essentially the full length of the board 17 and  epoxy. spaced at
equal Intervals produce optimum results     Various additional
modifications will become ap- regardless of the spacing of the components.
For  parent to those skilled in the art. All such variations most cases the
spacing between turbulators will be 5   10  which basically rely on the
teachings through which to 10 cm. While it is not necessary that the
turbulators  the invention has advanced the art are properly con- have
sharp edges as shown in FIG. 2, these edges  sidered within the scope of
the invention. are most effective. A system having several circuit packs
mounted on an equipment shelf is shown In FIG. 3. In this ar-  15  Claims
rangement a cooling channel 15 is formed between each set of adjacent
circuit boards, e.g., 13 and 17.  1. A fluid-cooled circuit pack
comprising: Turbulators 21 adjacent to the back side of each cir-      a
circuit board (13) having a front surface cuit board, e.g., 17, enhance the
cooling of the com-  with an array of heat generating components (11)
ponents 11 of the adjacent pack.              20      mounted on said front
surface; When circuit boards 13 have smooth back surfac-          another
surface (17) disposed opposite to es such as occurs with the use of
surface-mounted     said front surface and in spaced relationship
components, turbulators 21 may be attached directly  thereto so as to form
a channel (15) for the flow to the back surface as shown in FIG. 3 by
well-known  of cooling fluid over said component; methods such as heat
bonding, mechanical mounting   25     and an array of rods (21) mounted to
said and chemical bonding such as with epoxy cement. Al-   opposite surface
(17) in a direction substantially ternatively, the board may be made such
that the tur-  perpendicular to the intended direction of cooling bulators
are an integral part of the board itself.   fluid and extending
sufficiently into said channel When the back of the board Is not smooth, as
for  to create disturbances in the flow of cooling fluid; instance when
thru-hole mounting techniques are  30        CHARACTERIZED BY used, orthe
back surface is used forwiring paths, tur-     the rods being U-shaped to
create a space bulators shaped as shown In FIG. 4 may be used. Ac-
between a part of each rod and the said opposite cording to this
embodiment, turbulators 21 the U-     surface. shaped contact the board for
mounting purposes only at the edges where smooth areas can be found.  35
2. The circuit pack according to claim 1 wherein the An alternative
techniquefor mounting turbulators  rods have sharp edges. to provide the
advantages of the invention is shown in FIG. 5. In this embodiment a
turbulator 21 in the  3. The circuit pack according to claim 1 wherein the
form of a rectangular solid has traverse holes with set  height of the rods
Is at least one-fourth of the screws 30 and 31 therein. According to this
embodi-  40  height of the channel. ment, a pair of support rods 32 and 33
are mounted to the back of a circuit board 13 parallel to the direc-  4.
The circuit pack according to claim 1 wherein the tion of fluid flow. Each
turbulator has traverse holes  opposite surface comprises a back surface of
a 34 and 35 which receive the support rods 32 and 33,   second circuit
board. respectively. Set screws 30 and 31 which intersect  45 holes 34 and
35, respectively, may be used to lock  5. The circuit pack according to
claim 4 wherein the turbulator in any position along rods 32 and 33. This
rods are an integral part of said second circuit construction allows
adjustment of the spacing be-     board. tween turbulators to maximize the
cooling effect, and thus can be very useful for a channel with unusual  50
6. The circuit pack according to claim 1 wherein the component layout Where
the back ofthe circuit board  rods are movably mounted to support rods (32,
is not smooth, a turbulator, 36, which is U-shaped as  33) which extend
essentially perpendicularthere- previously described to provide clearance
from the   to to adjust the spacing of the rods. board irregularities, may
be similarly mounted. Finally, In a channel where components are  55  7.
The circuit pack according to claim 1 wherein mounted on both walls as
shown in FIG. 6, the turbu-  there is an equal spacing between the rods in
the lators 21 are mounted on rods, e.g., 32, as before.   array. Here,
however, the rods extend a sufficient distance 3  
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wherein the  Rovendlcatlons spacing is within the range 5 to 10 cm. 1. Un
module de circuit refroidi par fluide, compre- nant: PatentansprOche
5            une carte de circuit (13) ayant une surface avant avec un
r6seau de composants (11) produl- 1. FluidgekfhIte  Schaltungsanordnung,
umfas-        sant de la chaleur mont6s sur cetto surface send: sine
Schaltungsplatine (13) mit einer vor-  avant; deren Oberflache mit einem
Feld von warmeer-           une autre surface (17) disposee en regard
zeugenden Komponenten (11), die an dervorde-  10  de la surface avant et
espacoe par rapport a cel- ron Oberfliche befestigt sind,
le-ci, de fagon a former un canal (15) pour la cir- eine weltere Oberflache
(17), die der vorderon    culation d'un fluids do refroidissement sur les
Oberflache gegenflborllegend und zu dieser be-    composants;
abstandetangeordnet ist, um so einen Kanal (15)        et un r~seau de
tiges (21) mont6es sur la far die Str6mung des KOhifluids Ober die Kompo-
15  surface en regard (17), dans une direction prati- nente auszubilden,
und                            quement perpendiculaire a la direction
pr6vue du ein Feld von Stlben (21), die an der gogeniber-   fluido de
refrobdiseoment, ots'etndantsuffisam- llegenden Oberflache (17) In siner
Rlchtung be-   ment a l'interieur du canal pour produlre des per- festlgt
sind, welche sich im wesentlichen sink-   turbations dans lIecoulement du
fluids de refroi- rocht zur angestrebten Richtung des KOhiflulds  20
dissement; und ausreichend In den Kanal erstreckt,
CARACTERISE PAR um Storungen In der Stromung des KU hifluids zu        le
falt que les tiges ont une forms en U erzeugen,
pour creer un espaco ontre une partle de chaque dadurch gokennzeichnot,
tige et la surface en regard pr6cit6e. daB die Stibe U-formig sind, um
einen Abstand   25 zwischen oinem Toil jedes Stabs und der gegen-  2. Lo
module de circuit solon la revendication 1, Oberilegenden Oberflache zu
bilden.               dans lequel les tiges ont des arteos vives. 2.
Schaltungsanordnung nach Anspruch 1, bei wel-  3. Lo module de circuit
selon la revendication 1, cher die Stibe scharfe Kanten haben.     30
dans lequel la hauteur des tiges est au moins 6gale au quart de la hauteur
du canal. 3. Schaltungsanordnung nach Anspruch 1, bei wel- cher die HMhe
der StAbe wenigsetns sin Viertbl  4. Le module de circuit solon la
revendication 1, der Hohe des Kanals.betragt.                      dans
lequel la surface on regard east une surface 35     arriore d'une secondo
carte de circuit. 4. Schaltungsanordnung nach Anspruch 1, be! wel- cher die
gegenflberliegenden Oberflfche die   5. Le module de circuit solon la
revendication 4, ROcksoito elner zweitn Schaltungsplatine um-     dans
lequel les tiges font partio int6grantb de la fast.
secondo carte de circuit. 5. Schaltungsanordnung nach Anspruch 4, bel wel-
6. Le module de circuit solon la revendication 1, cher die StAbe sin
Integraler Bestandtsil derzwel-  dans lequel los tiges sont mont6es de
fagon mo- ten Schaltungsplatine sind.                       bile sur des
tiges de support (32, 33) qui s'eten- dent de facon pratiquement
perpendiculaire a el- 6. Schaltungsanordnung nach Anspruch 1, be! wel-  45
les, pour r6gler l'ecartement des tiges. cher die Stabe beweglich an
Tragstaben (32, 33) befestigt sind, die sich Im wesentlichen senk-  7. Le
module de circuit solon la rovendication 1, recht zu diesen erstreckon, um
die Beabstan-      dens lequel 1'6cartement entre les tiges dans le dung
der Stfibe einzustellen.                     r6seau est uniforms. 50 7.
Schaltungsanordnung nach Anspruch 1, be! wel-  8. Le module de circuit
salon la revondication 7, cher die StAbe in dem Fold gleich beabstandet
dans loquel l'6cartement est dans la plage de 5 A sind.
10 cm. 8. Schaltungsanordnung nach Anspruch 7, bel wel-  55 cher die
Beabstandung Im Berelch von 5 bis 10 cm llegt. 4    


