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- 1 APPARATUS FOR LI QUI D COOLI NG OF SPECI FI C COVPUTER COVPONENTS 5 Th
present invention relates to apparatus for |iguid cooling by conducti ofﬁ’i

speci fic conmputer components nmounted within ajhou er
order to reduce the operating tenperature of uchﬁgﬁj%%a%ﬁg% éé
certain conmponents for conputers, such as mc gpm&gmﬁ,gprﬁa&g Jardo diy g°e!8
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15 Arr heni us equation there is an exponent &l Abstracteas paged .T.ai. Itmpagedat‘es.
with increnental increases in operating tenp
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in operating tenperat COMPUTEL TOMPONERTSS 'i n power of conputer chips
such as the

The present invention relates to apparatus for liquid cooling by
conduction of specific computer components mounted within a housing for a
computer in order to reduce the operating temperature of such

10 components.

As certain components for computers, such as microprocessors or hard
disk drives become more powerful and complex, while maintaining compact size,
more effective thermal management becomes necessary in order to maintain
desirable operating temperatures. It is well known that according to the

15 Arrhenius equation, there is an exponential increase in failure rates with
incremental increases in operating temperatures. For example, assuming a 1.0
eV activation cnergy, the failure rate doubles for cvery 10° rise in operating
temperature. Therefore, increases in power of computer chips such as the
Pentium® requires more effective heat management techniques to prevent

20  undesirable rises in operating temperatures.



Pentiumrequires nore effective heat managenent techni ques to prevent 20
undesirable rises in operating tenperatures. -2- 1t is known to apply
air-cooled fin nodules directly to electronic conponents in order to

di ssi pate heat through conduction by use of finned heat exchangers and
convection with such heat exchangers being cooled by air flow For exanple,
Intel's 486 m croprocessor was cool ed by_a conformal finned heat 5
exchanger, and Intel's Pentiumchip has Béen cool ed by finned type heat

exchangers whi clithav&nswif aee appBa #xtesled nAnbesstided iiraatkuab elediranic
surface area of the Pentium sométi nes known as extended surface heat

exchanger s.coliiEorepes at orgr powéssipate beatt thirough epodectien Syckseasf fimat heat
versi ons of Pentium chips of Intel has reached | evels which require_high
vol unes of exehanrgeraapiaonveotion yyith sachiheat prahangersdveing gonkest by pisvitams |

forced air I‘tO?‘ e:cch%lplé,llrﬁggl% 4@& yxlxiggopr}%gc%sor was cooled by a conformal finned heat

5  exchanger, and Intel's Pentium® chip has been cooled by finned type heat
exchangers which have surface area extending beyond the actual contact surface
area of the Penﬁm@, sometimes known as extended surface heat exchangers.
The operating power of certain components such as newer versions of Pentium®
chips of Intel has reached levels which require high volumes of forced ambient

10 air to dissipate generated heaf; however, forced air to cool finned modules have
limijtations in that there may be an upper limit to volumetric flow of cooling air
due to noise or other factors such as increased power requirements.

| Cooling systems other that finned surface area exchangers are currently
known in the prior art. For examples Peltier coolers and heat pipes are known.

15  But, the potential height of Peltier coolers as well as the requirement for extra
cooling load due to inherent inefficiencies reduce the probability for successful
application to high heat load components. And, heat pipes have heat transfer
capacity limitations due primarily to losses in realizing connection to hot and
cold thermodynamic reservoirs, but also due to limitations of heat transport due

20  tointernal design limits.

It is also known to use cooling plates for circulating liquid coolant, which
plates are mounted in contact with various power modules such as transistors,
diodes and rectifiers. For example, the EG&G Components Division of
Walkefield Engineering of Wakefield, Massachusetts manufactures sheet plates

25  which are bent to conform, that is, crimped about cooling tubes and water-cooled
solid copper blocks designed to cool pressure mounted rectifiers and SCR's
dissipating up to 2 lw per device. The Wakefield cooled plates have several
disadvantages in that there is significant thermal resistance across the interface

between the copper tube and the aluminum plate, and in that crimping of tubes



limtations in that there may be an upper limt to volunetric flow of
cooling air due to noise or other factors such as increased power

requi rements. Cooling systens other that finned surface area exchangers are
currently known in the prior art. For exanples Peltier coolers and heat

pi pes are known. 15 But, the potential height of Peltier coolers as well
as the requirenent for extra cooling |oad_gue to inherent inefficiencies
reduce the probability for successful application to high heat |oad
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components. However, the attachment of cooling plates of copper to a plastic
core may cause possible leak problems due to material incompatibility. U.S.
Patent No. 5,144,532 discloses the use of two oppositely positioned liquid
10 cooling plates which are in contact with printed circuits positioned on opposite
sides of a multi-layer printed circuit board. U.S. Patent No. 4,748,495 discloses
a liquid cooling module for a plurality of integrated circuit chips arrayed in
uneven height wherein cooling fluid is routed either through a group of heat
sinks or independently through each of a number of heat sinks. And, U.S.
15  Patent No. 4,758,926 discloses utilizing heat sinks having microchannels to
receive cooling fluid for cooling chips.

While the prior art encompasses the general use of cooling fluid or coolant
to cool electronic components, there remains a need to develop a high capacity
cooling system for mounting within computer housings for desktop and server

20  size computers where the cooling system is in direct contact with the most
powerful and highest heat generating electronic components, such as more recent
and more powerful versions of the Pentium® processor and hard disk drives. It
is accordingly an object of this invention to provide a cooling system specifically

directed to such components.

25
In accordance with various embodiments of this invention, apparatus is
provided for transferring heat from high heat generating electronic components

such as advanced, high powered computer chips and hard disk drives. In one



di ssipating up to 2 kw per device. The Wakefield cool ed pl ates have several
di sadvantages in that there is significant thermal resistance across the

i nterface between the copper tube and the alum numplate, and in that
crinping of tubes -3- in such a manner haves been found to lead to
variations in cooling of up to 50 per cent. A nunber of prior art patents
are directed to the use of liquid coolant, to cool electronic conponents,
particularly in large nain franme type conputers. 5 U.S. Patent No.

5, 159, 529 uembodiment,plught dpparatusringludesdl genpraldy ee¢tangulgr ehassishaving & one
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assembly includes a power supply mounted in one comer of the chassis having
5  a fan mounted adjacent to the power supply. The heat exchange assembly is
provided for dissipating heat generated by the chip including an air to liquid heat
exchanger mounted on the chassis adjacent to the fan, a pump mounted on the
chassis at a convenient point and a heat transfer plate having a configuration
substantially identical to the bottom surface of the high heat generating chip.

10 The heat transfer plate is connected to the air side heat exchanger and pump by
suitable tubing lines so that a liquid coolant can be transferred to the heat
transfer plate in order to remove heat from the high heat generating chip, with
the heated coolant being cooled in the air side heat exchanger and returned by
the pump to the heat transfer plate in a continuous fashion.

15 In another embodiment of this invention, apparatus is provided for
cooling an operating h;lrd disk drive, including a generally U-shaped heat
exchange clip for resilient mounting onto the sides of the hard disk drive
container. The U-shaped clip has external liquid coolant flow loops attached on
the outside of the clip in order to transfer heat from the hard disk drive. In

20  another embodiment of cooling for an individual hard disk drive, apparatus
includes a generally rectangular heat transfer plate having substantially the same
dimensions as a surface of a hard disk drive container for transferring heat from
such container. |

And, further apparatus is provided for transferring heat from a vertical

25  array or stack of hard disk drive units. Such apparatus includes one or more
panels mounted between adjacent, vertically positioned hard disk drive units in
order to remove heat from adjacent units simultaneously.

This summary of the invention is intended as a general description of the

attributes of this invention, which will now be described in more detail in the



10 cooling plates which are in contact with printed circuits positioned
on opposite sides of a nulti-layer printed circuit board. U S. Patent No.
4,748, 495 discloses a liquid cooling nodule for a plurality of integrated
circuit chips arrayed in uneven height wherein cooling fluid is routed
either through a group of heat sinks or independently through each of a
nunmber of heat sinks. And, U. S, 15 Patgnt No. 4,758,926 discloses
utilizing heat sinks having mcrochannels to receive cooling fluid for
cool i ng chigetailedidesctiptiopy ngth thd claimetpdobes setiéng émehahessbjeat romats ng
fluid or coolant to cool electronic conmponents, there remains a need to
devel op a ngﬁhé&ﬁé@nﬁyeéﬁﬁiing system for nounting within conputer

housi ngs for desktop and server 20 si ze conputers where the cooling
systemis in direct contact with the nost powerful and hi ghest heat
generating el ectroni c conponents, such as nore recent and nore powerful
versions of the Pentium processor and hard disk drives. It is accordingly
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5  embodiment of this invention for providing a liquid cooling medium to a high
heat generating processor;
Fig. 2 is a schematic view illustrating a heat exchange plate for mounting
onto a high heat generating processor; .
Fig. 3 is a side view illustrating an air to liquid heat exchanger for cooling
10 liquid flowing from the heat exchange plate of Fig. 2;
Fig. 4 is a perspective view of a clip-on heat exchanger for providing heat
exchange liquid coolant to a hard disk drive;
Fig. 5 is a perspective view of the rear side of the clip-on hard disk drive
heat exchanger of Fig. 4;
15 Fig. 6 is a perspective view of a heat transfer plate for mounting on the
| surface of a hard disk drive; and |

Fig. 7 is a perspective view of the use of heat exchange panels for insertion

between adjacent, vertically stacked hard disk drive units.

20 Referring to the drawings and in particulaf to Figs. 1-3, apparatus
generally designated as A is illustrated for continuously cooling a.high heat
generating component P such as: the Pentium® manufactured by Intel
Corporation, which generates high heat due to its power requirements. When
the Pentium® chip was first developed by Intel, Intel proposed that the

25  Pentium® chip be cooled by a combination of a heat sink and air flow, with the
size of the heat sink and the amount of air flow being interrelated. Public

specifications for early versions of the Pentium® chip included maximum power



In accordance with various enbodi nents of this invention, apparatus is
provided for transferring heat from high heat generating el ectronic
conmponent s such as advanced, hi gh powered conputer chips and hard di sk
drives. In one -4- enbodi ment, such apparatus includes a generally
rectangul ar chassis having a plurality of conponents including a nother
board, with a processor chip being nounted in one of the processor slots on
t he not her board. A heat exchange assenbtf- i ncl udes a power supply nounted
in one cor fan nounted adjacent to the power
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chip. temperature for such a Pentium® processor was 90°C.

5 Within a typical computer housing, it is known that ambient air should
be in the range of 40°C to 45°C, ambient air being defined as the temperature
of the undistributed ambient air surrounding the Pentium® package. For Intel,
ambient temperature was typically measured at 12 inches upstream from the
package under investigation and in a system environment, ambient temperature

10 was defined as the temperature of the air upstream to the package and in its close
vidinity.

With the advent of newer generations of the Pentium® processor and
other high operating temperature or high heat generating chips such as
application specific integrated circuits (ASICS), which will be collectively referred

15  to hereinafter as "high heat generating processors” or "high operating témperature
chips,” it is becoming increasingly difficult to maintain such operating processors
within desired operaﬁng temperature limits utilizing only a combination of heat
sinks or finned heat exchangers subjected to air flow. Apparatus A of this
invention is directed to a cooling system utilizing liquid as a coolant for

20  specifically ' maintaining high operating temperature processors or chips within
manufacturer’s specified limits. Further, it is known that chip manufacturers
typically reject or sell at reduced prices chips which exceed operating temperéture
specifications. Utilizing apparatus A of this invention may allow use of
previously rejected chips which can be purchased at reduced rates.

25 Referring to Fig. i, a computer housing generally designated as 10 is
illustrated. The housing 10 is in a rectangular box form as is well-known in the
prior art. The exemplary housing 10 includes a bottom 11, a first set of opposing
sides 12a and 12b and a second set of oI.)posing sides 14a and 14b, all of which

are interconnected or formed integrally with the bottom 11. A chassis generally



10 The heat transfer plate is connected to the air side heat exchanger
and punp by suitable tubing lines so that a |liquid coolant can be
transferred to the heat transfer plate in order to renove heat fromthe

hi gh heat generating chip, with the heated cool ant being cooled in the air
si de heat exchanger and returned by the punp to the heat transfer plate in
a continuous fashion. 15 I n anot her enbodi nent of this invention
apparatus is provided for cooling an op&fating hard disk drive, including a
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of the hard di drive container. The U-shaped Clip has external liquid
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heat fromthe hard disk drive. I'n 20 anot her enbodi ment of cooli nfq for an
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or e As is known in the art, the mother board 15 is positioned adjacent to
bottom 11 of housing 10 to mount the various computer components which are
utilized as known in the art.  All the components necessary for a fully operating
computer will not be described herein but are fully known to those of ordinary
10 skill in the field of computer design. The components which will be specifically
identified herein are those specifically relevant to this invention,

The mother board 15 includes a series of slot mountings (not shown but
known in the art) which mount a series of "daughter" boards including boards
such as microproceésor board 16 which actually mounts the Pentium® or other

15 high heat generating processor. The advantage of mounting the principal high
heat generating processor P onto a removable board 16 is that the computer may
be enhanced by exchanging board 16 for a board containing a new and improved
high heat generating chip. Other daughter boards such as a peripheral
component interface board or a video interface board are mounted and identified

20 as 17 and 18. It is also common to mount the processor chip in zero insertion
force (ZIF) or léw insertion force (LIF) sockets. Housing door or opening 19
mounts one or more bays for receiving floppy disk drives or compact disk drives
as is known in the art.. The rectangular structure generally designated at 20 is
the mounting locatlon for one or more such peripheral component units.

25 A power supply 21 is mounted in the corner of the housing formed by
sides 14a and 12b such that no coolant leak could flow into the power supply
primary side under any operating condition due to gravity or entrainment in the

air flow. A computer cooling fan 22 is mounted adjacent to the power supply 21.



panel s nounted between adjacent, vertically positioned hard disk drive
units in order to renove heat from adjacent units sinultaneously. This
summary of the invention is intended as a general description of the

attributes of this invention, which will now be described in nore detai
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Apparatus A of this invention continuously provides liquid coolant to the
high operating temperature chip P and includes a pump generally designated as
30, an air-side heat é.xcﬁangcr generally designated as 32 and a heat transfer
plate 34. The pump 30, which may be mounted at any convenient location
within the confines of the chassis 13, provides a closed loop liquid coolant
circulation system for pumping coolant between the air-side heat exchanger 32
and the plate heat cxchang& 34. The air side heat exchanger 32 is illustrated in
detail in Fig. 3. The air side heat exchanger 32 can be any of a number of
commercially available heat exchangers. In the current preferred embodiment
heat exchanger 32 of Fig. 3 may be similar to a 720 series heat exchanger having
a transfer capacity up to 18 kw sold by EG&G Division of Wakefield
Engineering of Wakefield, Massachusetts. The series 720 heat éxchanger 32
utilizes copper tubing 32a which extends from inlet 32c and is formed in a
serpentine configuration which exits the unit at outlet 32b. A frame for
mounting the serpentine configuration of the copper tubing 32a is generally
rectangular in configuration and dcsign_.ated by the number 33, and is made of
aluminum. The air side fins 32d are mounted within the aluminum frame 33
and attached to the serpentine configuration of copper tubing in a known
manner. The unit comes with an available standard Rotron Muffin Fan tm XL
Model No. MX2A3 or another fan unit 22 may be used as is known in the art.
In any event, it is desirable to mount the air side heat exchanger 32 immediately
adjacent to the _fanlunit 22 for greatest heat transfer efficiency to reduce the
temperature of liquid coolant flowing therethrough. The pump 30 to be utilized
should have a diameter of no greater than 2.5 inches and a length of no greater
than 5.0 inches. The pump 30 should have a flammability rating of UL94 94V-2
and a UL motor overload and lock rotor rating of UL 1950. For purposes of

gobodi ment of this invention for
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10 liquid flow ng fromthe heat exchange plate of Fig. 2; Fig. 4is a
perspective view of a clip-on heat exchanger for providi ng heat exchange
liquid coolant to a hard disk drive; Fig. 5 is a perspective view of the
rear side of the clip-on hard disk drive heat exchanger of Fig. 4; 15

Fig. 6 is a perspective view of a heat transfer plate for nounting on the
surface of a hard disk drive; and Fig. 7 is a perspective view of the use
of heat exchange panels for i nsertion betmeen adj acent, vertically st acked
hard di sk dr,j ye, unit Referring to th ra S, i n
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for continu&g ? Boollng a high heat generating conponent P such as the
Penti um man ured by Intel Corporation, which generates high heat due to

its power requi rq‘TFé‘Eéolu‘{%‘?ﬂ‘atU@ Pﬁﬂlds&&ké&‘k&é’iﬁ%édlr itn F%\/@I omad dwlihgt el
Intel proposed that the 2 Pentium chip be cool ed onbi nati on of a

heat sink apthtai34 it lacectangilar,blecls of solod cb;lspeﬂmhtchmen&vand brhss tarbbnig linef

ar O\év bel?»ggatl 12; ce)irrtlilt %E}%dandpggsls tubing line 36 at its inlet 34c. The brass tubing

lines 35 and 36 are shown in dashed lines in Fig. 1 since the pump may be

located at any available location within the confines of the chassis 13. The

copper block 34 is shown to have a U-sﬁaped bore portion generally designaicd

as 34a drilled through the block or otherwise formed. However, other

10 configurations for tﬂe flow, including a serpentine flow path having multiple

bores extending in the long direction of the block may be utilized in order to

effect greater heat transfer. The overall dimensions of the copper block in terms

of length and width are to be designed to conform to the length and width of the

alloy material bottom surface or ceramic undersurface of the Pentium® chip or

15  other bottom surface of a high operating temperature chip. The topography of

the block surface to be in contact with the bottom surface of a high heat

generating chip can be machined to conform to the bottom surface of this chip

with interstitial application of thermal grease or equivalent as known by the art

to avoid air pockets. Rather than utilize a solid copper block, it is within the

20 scc.)pe of this invention to utilize as a cooling plate' 34 a hollow block having

bottom, top and four sides formed of copper or brass with one or more internal

baffles running lengthwise part of the length of the housing to partition the

housing into multiple chambers for purposes of providing fluid communication

with the inlet tube 36 and the outlet tube 35. The tubing should be brass or fire-

25  resistant plastic and rated to required operating conditions, and should have a
flammability rating of UL62 VW-1.

The liquid coolant may be water, or a mixture of 50 percent ethylene

glycol and water with known corrosion inhibitors. The liquid system will utilize



specifications for early versions of the Pentiunferr] chip included maxi nrum
power -6- for a 66 MHZ Pentium processor of a PGA package type of 16W
havi ng a package size of 2.16" x 2.16" and a maxi mum case operating
tenperature of 70[err]C. Intel further disclosed as specifications that the
maxi mum devi ce junction tenperature for such a Pentium processor was

90[err]C. 5 Wthi n a typical corrplﬁ‘er housing, it is known that
anbient air shoul d in t.he 40[ err er I ent

bei ng. e ngana%ﬂ?ﬁe mépa?\sraﬁi? PR oo eRlBt Brisre i 3 seiled
sur roundi ng gt hesP: pﬁg i cEjel Nt eI anbi ent tenperature was
typically nmeasure a I nches upstream from the package under
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cl ose vi ci nitypically raise the ambient temperature within the computer housing 10 about
5 10°C. Itis further known that high heat generating chips such as the Pentium®
have an operating temperature range of about 60-70° C. The apparatus A of this
invention is designed to cool the chip P to an operating temperature within the
range of about 55° C in order to be able to use.chips which currently are out of
specification of certain chip manufacturers. This is accomplished by designing
10 the size of the heat exchanger 32 and flow rate of the pump 30, taking into
consideration the effective heat transfer of the cooling plate 34, such that
sufficient heat will be transferred from the operating chip P to reduce the
operating temperature to about 55° C for worst case operating conditions, that
~is, to about 5° C below the bottom of the temperature operating range of the
15  chip. The 55°C assumes a room ambient temperature of 40°C. The required
flow rate will vary depending upon the particular processors, ASIC and/or hard
drive cooled, but it is belie\.red that the flow rate will be less than the prior art
uses of liquid cooling.
Referring to Figs. 4-6, apparatuses B-1 and B-2 are illustrated and
20 provided for providing liquid coolant for reducing the operating temperature of
hard disk drives. The hard disk drives such as drive D-1 illustrated in Fig. 4 and
drive D-2 illustrated in Fig. 6 have become commercially standard components
in their mounting pattern and envelope. The drives D-1 and D-2 are mounted
inside computer héusings either alone or in densely stacked arrangements (to be
25  discussed with respect to Fig. 7). Typically, the hard disk drives are cooled by
air flow without heat sink provisions due to the type of packaging. Hard disk
drives such as D-1 and D-2 come in two basic sizes, "half height" and "full
height." The only difference is that the half height hard. disk drive is
approximately 1 inch high and the full height hard disk drive is approximately



Wth the advent of newer generations of the Pentium processor and ot her

hi gh operating tenperature or high heat generating chips such as
application specific integrated circuits (ASICS), which will be
collectively referred 15 to hereinafter as "high heat generating
processors” or "high operating tenperature chips,” it is becom ng

i ncreasingly difficult to maintain such o_agr_ati ng processors wthin desired
operating tenperature limts utilizing onl'y a conbination of heat sinks or
finned heat éx@ghdngbes higihj eldred disk alrivef hssambApp aarat bissidallyf butlt ofi mseedli on
Is directed to a cooling systemutilizing liquid as a coolant for 20
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general |y designated as 10 is illustrated. The housing 10 Is In a
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housing 101 antl;?ggr %lbggrztginrlsli ’sefoff Ihrai[i 'dsr?\ze 3ifsl<§ %)83;1&% on a spindle which
rotates at many thousands of rpm. The rotating action results in making the
internal hard drive container environment into a uniform temperature or what

10 may be termed a "well-stirred vessel." Hard disk drives such as D-1 and D-2
contain several temperature sensitive devices including but not limited to the
motor bearings.

It is known to cool hard disk drives in part through conduction cooling
through their mouhﬁng rails, a techniques which is limited in efficiency due to

15  the interface conductance loss through the rails and loss due to conduction
~ throughout the length of the rails.

Referring to Fig. 4, apparatus B-1 is a clip-on heat exchanger for resilient
mounting onto opposing surfaces of a hard disk drive D-1 unit housing 51. The
clip-on heat exchanger 60 is formed of a generally U-shaped spring clip 60 made

20  of beryllium copper, phosphor bronze or other suitable metal. The U-shaped
spring clip 60 is formed of first and second clilp arms 60a and 60b which are
integrally joined to the clip base or back ‘60c through two curved or arcuate
integrally formed yieldable sections 60d and 60e. The U-shaped heat ex'changer
clip 60 is thus formed with sides 60a and 60b which are easily and resiliently

25  expandable apart for insertion onto the sides 51e and 51f of the disk drive
housing 51 and thereafter are held in place due to the resilient compressibility
of the spring action of the clip itself.

Referring to Figs. 4-5, the U-shaped spring clip includes openings 60f and
60g positioned in the ailrcuate sections 60d and 60f. Tubing inlet 62 and tubing



sides 12a and 1 2b and a second set of opposing sides 14a and 14b, all of
whi ch are interconnected or fornmed integrally with the bottom 11. A chassis
general ly -7- designated as 13 is mounted within the housing 10 in a
known manner. The chassis 13 is generally rectangular so that the chassis
has opposing sides (not shown, but parallel to and slightly smaller in

di mensi on as the sides of the conputer hddsing) to conformto the conputer

housi ng bot trpRy dikt1angs stdRDuRted deh ?h@ﬂ@atlé@shlangg Qu’g AR ARl Befes oy d

15. As is known 1n the art, the nother board 15 positioned adjacent to
bottom 11 ofarldoé®bnih HRdéntodbl thbchasdrdxohango ahptieselfc ongaherdts, Wdighar e

utilized as known in the art. Al the conponents necessary for a fully
operating caopduetion 4bsombthee frms ahebdisk keiveihousing ade Tubing indetviing 62
those of ordinary 10 skill in the field of conputer desjign. The, conponents
which will [passgsedirprgh 3 junction 64 having a Y-shaped connection (not shown) to
5  divide the inlet line into first and second inlet line portions 62a and 62b.
Tubing outlet line 63 is divided by a Y-shaped connection into tubing outlet line
portions 63a and 63b. Inlet lines 62a and 62b extend through heat exchange
clip openings 60f and 60g, respectively, and extend longitudinally along the
length of each of the outer surfaces of sides 60b and 60a. The tubing portions
10 62aand 62D are attached to the sides 60a and 60b by brazing at points 65. The
tubing inlet lines such as 62a makes U-turn 'at section 62c and joins return
coolant line 63a, which extends back to coolant outlet line 63. The heat
exchange clip coolant inlet line 62 extends to the pump outlet for a pump such
as the pump 30 of Fig. 1, and the heat exchange clip coolant outlet line 63
15 extends to the inlet of the air side exchanger such as 32 so that the heat
exchanger 32 in the pump 30 is part of the overall hard drive coolant system of
Figs. 4-5 for continuously removing heét from the operating hard disk drive.
Referring now to Fig. 6, a hard disk drive D-2 is illustrated. Drive D-2
has a housing identilcal to housing 51 of drive D-1 except that drive D-2 is
20  attached on one or more of its sides such as Sle to mountings within the
computer housing such that it is neccséary to provide apparatus B-2 to provide
cooling to the hard disk drive. Apparatus B-2 includes a copper plate 70 which
is rectangular in configuration and has a length and width which matches the top
surface 51b of hard drive D-2." Coolant inlet line portion 71a extends from an
25  outlet line from the pump 30 (Fig. 1) other suitable pump and is mounted onto
the top of the cooling plate 70 by brazing at various points 65 as shown in Fig.
6 and extends in a generally rectangular pattern around the perimeter of the

cooling plate 70 and terminates in an outlet portion generally designated 71b

integrally formed with the inlet portion, such outlet portion 71b extending to an



i dentified herein are those specifically relevant to this invention. The
not her board 15 includes a series of slot nountings (not shown but known in
the art) which nount a series of "daughter" boards including boards such as
m croprocessor board 16 which actually mounts the Pentium or other 15

hi gh heat generating processor. The advantage of nounting the principal
hi gh heat generating processor P onto a repovable board 16 is that the
conput er may be enhanced bﬁ exchangi ng board 16 for a board containing a
new and i nprpleeto theyhirtréde hgatherchianger 3Riop.othex switablawithside Neetiesichangeh, as

ot o8 and SPABAY 4 Bemp0S0 a5 aiyslaedicss exeaanger O J0.ch Eafoh PEB: Aot beate
hip | ' td ZI F . ' ti f LI,F
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f1oppy di sk drigvgs rﬁéuﬁt‘%ﬁ%{:fj?@'bﬁﬁx&é sides csjééh bhs 8'! E,OS"P% LRSS B &f the Rid

rectangul ar structure general l'y desi gnate at 20 Is the nounting ocati on
for onesor rMledswe D-Ranigler &b r&aifp oneBbldust ddolingdplate 70 inAdRRVEH osiuibe! Y

21 is nounted in the corner of the housing formed by sides 14a and 12b such
that no coolteptsutfeak Sddubfithid disk idurive hdwesimpbér suppl y

Referring to Fig. 7, apparatus B-3 is provided for cooling vertical array of
hard disk drives D-3, D-4, D-5 and D-6, which are vertically stacked upon each
other and mounted to suitable computer mountings by screw holes 80 such as
10 well known rail-type ‘mountings (not shown). The vertical array of hard disk
drives D-3 through D-6 will generate substantial heat which cannot be suitably
cooled to desired operating temperatures through the use of conventional heat
sinks and air cooling. Each of the hard disk drives D-3 through D-6 include a
generally rectangﬁlar, box-like housing or container having a top surface, a
15  bottom surface and opposing sides surfaces and thus the same designation for
each housing for each of the containers for drive units D-3 through D-6 may be
used. Air cooling is undesirable as a technique due to the high volumes of air
necessary to cool, which would require undesirable reliability risk due to possible
fan failure and which will cause acoustical problems, also. The cooling system
20  B-3 is provided for interposition or sandwiching between adjoining hard disk
drives such as D-3 and D-4 for provilding for conductive heat transfer of heat
from adjacent disk drives to a series of flexible heat exchange structures or panels

81.
Each of the flexible heat exchange structures 81 is made of a hollow,
25  relatively thin, sheet-like panel in rectangular form and is filled with a coolant
liquid such as a mixture of 50% water and 50% ethylene glycol. The flexible
heat exchange structure 81 has a peripheral seal section éla which extends about
the rectangular periphery to form a cavity or chamber therein. The interior of

the flexible heat exchange structure is formed of five flexible body layers which



primary side under any operating condition due to gravity or entrainnment in
the air flow. A conputer cooling fan 22 is nounted adjacent to the power
supply 21. A series of slots 23 are forned in the side or face 14b in
order to allow for the in flow or out flow of air for circulation through

t he housing. Apparatus A of this invention continuously provides |iquid
coolant to the high operating tenperature,ghip P and includes a punp
general ly designated as 5 30, an air- S|de heat exchanger generally

desi gnat ed #&clege, éfmnéOHéatbOfcmsM@p;hmream kysuapdzobouameleyeap! Be

nmount ed at an one ent | ocation thin the confines of hec 513
prgvi des a &P < @I&m PRgkeY gﬁqpé\é\%erﬁ%‘tr%?}b’a?l%ﬁ tg}ﬁr\“’cg ‘FFE:SINQ
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5  Dupont Company under the tradename "TEFLON." Passages are provided
through the central area between the two sheets of fluorocarbon film material by
providing round interbonded sections 81b at spaced locations in order to provide
a generally U-shaped flow path 82 through the flexible heat exchange panel or
structure 81. The points of film attachment 81b also serve to hold the outer
10 sheets against undesirable &ﬁaﬁsion or ballooning, which may provide undesired
forces against the printed wiring board 50 side of the drives. Instead, the force
can be controlled to provide only beneficial heat transfer pressure to enhance the
heat transfer contact with the surface of the hard disk drives. The location of the
round interbonded sections may be varied in order to provide different flow
15  paths but in the embodiment illustrated, the interbonded sections 81b are
located at four points in a line along three lines running a longitudinal direction

of the pad 81.
For further description of the manufacture of such a flexible heat exchange
panel, Applicant incorporates by reference U. S. application serial number
20 08/674,081 listing as inventors Messrs. Daniel N. Donahoe and Michael T. Gill,
which patent application was filed on July 17, 1996 and assigned to the same
assignee as hereiri,_Compa’q Computer Corporation. While the entire disclosure,
specification, claims and drawings are incorporated herein by reference for
purposes of enabling description and for support for claiming, Applicant
25  specifically directs attention to the disclosure relating to Figs. 3-7, and to the
description of the cross-sectional flow passages found on pages 9-12, and
referring in particular to Figs. 3 and 4. It is also feasible to use a more simplified

panel structure having two adjoining layers of suitable flexible plastic material



heat exchanger 32 of Fig. 3 may be simlar to a 720 series heat exchanger
having a transfer capacity up to 18 kw sold by EGG Divi si on of Wakefield
Engi neering of Wkefield, Massachusetts. The series 720 heat exchanger 32
15 utilizes copper tubing 32a which extends frominlet 32c and is forned
in a serpentine configuration which exits the unit at outlet 32b. A frame

for nmounting the serpentine configurati Ondﬂ’ the copper tubing 32a is
general ly rectangul ar in configuration an desi gnat ed by the nunber 33, and

i s made of akeuledumthdirepearigh %dfh‘{\ﬁnggﬂuﬁf}ﬂe Hits Soh e LRk 1 ERS ﬁ]eq{gagum
franme 33 20 and attached t he serpentine co |gurat|on of copper tubing
in a known memidad topethamintemaltyofwhelsealedaimi | abl e st andard Rotron Miffin
Fan tm XL Moddel No. MX2A3 qr another fan unit 22 may be used as is known in

the art. In any e_ﬁéﬂi of the flexibdes heatmexchapgapanelsthleingludes aleodlent estmnanger
i T W SR, S VB il
e SRR A P B SO 03 Bl By
punp 30 shouiké dbil)\laﬁ\taﬂcf)\lvﬁ)'{]f?é@s |8'1HYOF @dch"ﬁhxﬁfl gyLa4 c%ﬁ\(egted to a central return
manifold 85 through connections 85a, 85b and 85c. A similar inlet manifold 87
connects together the inlets 81c for each of the interposed or sandwiched flexible
cooling panels 81. The inlet manifold' 87 is then attached to the outlet to a
10 suitable pump such as the pump 30 of Fig. 1. The outlet manifold 85 is suitably
connected to the inlet of an air side heat exchanger such as the air side heat
exchanger 32 disclosed in Figs. 1 and 3.
The expansion of the panels during operation, as the result of fluid
pressure, has another beneficial feature, which is that the drives are held more
15  tightly in position during operation; and; when the panels are deflated, the drives
are more easily removed. |
The foregoing disclosure and description of the invention are illustrative
and explanatory thereof, and various changes in the details of the illustrated
apparatus and construction and method of operation may be made without
20 departing from the spirit.of the invention. For example, it is within the scope of
this invention to combine the various heat transfer embodiments of this
invention for use within a single computer. Apparatus A of Figs. 1-3 can be used
to cool multiple chips by properly sizing the pump 30, fan 22 and the air side
heat exchanger 32 to provide suitable cooled liquid coolant to more than one
25  heat transfer pl.;alte 34 simultaneously. Further, the pump 30, fan 22 and air side
heat exchanger 32 may be suitably sizeci to cool the hard disk drive housing 51
using the U-shaped 'clip 60 of apparatus B-1 of Figs. 4-5 or using the heat
transfer plate 70 of apparatus B-2 of Fig. 6 in conjunction with the system of

Figs. 1-3. Or, the system B-3 for cooling the vertical array of disk drives D-3



and a UL notor overload and | ock rotor rating of UL 1950. For purposes of
-9- definition, the punp 30 has |ow pressure entry port 30a and a high
pressure exit port 30b. The cooling plate 34 is illustrated schematically
in Fig. 2. The cooling plate 34 is a rectangul ar, block of solid copper

whi ch receives a brass tubing line 5 35 at its outlet 34b and brass
tubing line 36 at its inlet 34c. The brass tubing lines 35 and 36 are shown
in dashed lines in Fig. 1 since the punp may be | ocated at any avail abl e

| ocation within the confines of the chassis 13. The copper block 34 is
shown to have a U shaped bore portion generally designated as 34a drilled

t hrough the bl ock or otherw se forned. Howk&er, other 10 configurations

ext ondi ng | ncPRELREBHTEE T GRNor ErabBibE R ST E phsa 3R, 1%
Further, disk cooling apparatus B-1 and B-2 can be used with the air side heat
exchanger 32 and pump 30 of Figs. 1-2. Or, any other combination of any of A,
B-1, B-2 and/or B-3 can be used with a single pump, air side heat exchange
5  assembly.



effect greater heat transfer. The overall dinensions of the copper block in
ternms of length and width are to be designed to conformto the |length and
width of the alloy material bottom surface or ceram c undersurface of the
Pentiunferr] chip or 15 other bottom surface of a high operating

tenperature ey oqraphy of the block surface to be in contact with
the bottom slgmgi,ﬂﬂ@m@i}jugﬂ heat generating chip can be machined to
conformto the of this chip-with interstitial application of
t hermal grease or equivalent as known by the art to avoid air pockets.

Rat her than utilize a solid copper bl o€RAIMSis within the 20 scope of
this invention to utilize as a cooling plate 34 a hol |l ow bl ock having
bottom top ‘Whetfisglaimiedds: f or med of copper or brass with one or nore

internal, baffles running lepgthw se part of the.length of the housing to
partition the housing tnto FYrPBPCeaIgW&ﬁBé‘r%OW‘BFS‘BEr poses of providing

tubi ng_ Snoul d ne br aset GP LY G1adtitEE TReRRY g Elagt BEol, sdi%or
requi r edy opesidsiig §igRgi tions, and shoul d have a flammability rating of
uL62 VW 1. e Fﬁ% ' g ‘cool ant may be water, or a mixture of 50 percent
et hyl enst a plurality of electronic components mounted with said chassis
5 including a mother board;
6 said mother board having a plurality of extension slots, a processor
7  board mounted in one of said processor slots and having a high heat generating
8 chip mounted thereon;
9 a power supply mounted at the junction of one of said first set of
10 sides and one of said second se£ of sidcé of said chassis and having a fan mounted
11  adjacent to said power supply; and
12 a heat exchange assembly for dissipating operating heat generated
13 by said high heat genbfating chip including:
14 - an air to liquid heat exchanger mounted on said chassis adjacent to
15 | said fan, said air to liquid heat exchanger having an inlet port and an exit port
16  in fluid communication witﬁ a i)lurality of liquid coolant passageways spaced to
17 receive fan generated air flow in order to reduce the temperature of coolant
18  flowing through said passageways from said inlet port to said exit port;
19 a pump mounted on said chassis, said pump having a low pressure
20  entry port and a high pressure exit port;
21 a heat transfer-plate having a configuration substantially identical
22 to the bottom surface of said high heat generating chip and being operatively
23  attached thereto, said heat transfer plate having a liquid coolant inlet and exit
24  port, and having a passageway internally thereof to provide for flow of coolant

25 from said inlet to said exit; and
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gl ycol and water with known corrosion inhibitors. The liquid systemw ||
utilize -10- connectors known in the art to provide a closed cool ant
systemwhich is sealed for life and is not field serviceable. It is known

that the el ectrﬂmmmmﬂnﬂmﬁlﬁmunt ed on the chassis typically raise the
anbi ent tenpera "¢onput er housing 10 about 5 10[err] C It
is further known*that 'hi d'h heat generatinggchi ps such as the Pentiunferr]
have an_gperating tenperature range of about 60-70 C. The apparatus A of

this indntion is desi §He@SEt g DEEves) prip oxi port Sienid ﬁ?f'g‘ YRRYIEF Riatke
cur rent 79 ar B G srEERERE ¢ BL AT 5P 0 E RO DR phf AR g Biindlc”
oo of “Pne. BoneRsaRyif fok of S08 IRaf el Hia TR MRORRER TS RIPukY,
of the cooling plate 34, such that

1 2. Electronic apparatus of claim 1, indudjng:

2 ' said pump, heat transfer plate, tubing and air side heat exchanger

providing a closed system for circulating liquid coolant.

I 3. Electronic apparatus of claim 2, including: '
2 said coolant being a mixture of approximately 50 per cent water

3  and approximately 50 per cent ethylene glycol.

4. Electronic apparatus of claim 1, wherein:
2 said fan has a rectangular configuration and said air side heat

3  exchange has a substantially similar configuration.

pom—

5. Electronic apparatus of claim 1, including:
said electronic chassis producing an air rise in ambient temperature
of 10°C when mounted within a housing for a computer, and said high heat
generating chip having. a ciesign operating temperature in the range 60-70°C, and
said air to liquid heat exchanger providing sufficient change in temperature from

said inlet port to said exit port to maintain the operating temperature of said

~N oy b WM

high heat generating chip at about 55°C,

6. A computer, comprising:
a generally box-like rectangular external housing having a generally

rectangular chassis having first and second sets of opposing sides for mounting

BDOW N

within said external housing;
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sufficient heat will be transferred fromthe operating chip P to reduce the
operating tenperature to abo 5(err] C for worst case operating
conditions, that | ‘ﬁ\ﬁerr] C bel ow the bottom of the tenperature
operating range&\ﬁ}@&“\m 2'CAI p. The 55[err] C assunmes a room anbi ent

t enper at ure of cr| €. Whe required flowrate will vary dependi ng upon

the particul ar processors, ASIC and/or hajgl drive cooled, but it is

believedq that the flowrate will be less than the prior art uses of liquid
cool i ng> Referring toappgg.ahzy of che3EeniIc rompPenents fpopntedapith sridsehassisd

and 20 provi;dad. for_praviding |iquid coolant for reducing the operating
terrperat6urel%‘fluﬁg}gja&“gtlbearblo%% The hard di sk drives such as drive D1

1Tustrgted 0 Fio. 4 sl Uen0id RbEHELAEfd b ebenohaugecoe

comrercially standard conponents 1n t unti pattern and ‘envel ope.

The driges D-1 and D 2 proeessorbdad rbah@d if UeWiehidreeeRes sietd el halipge or
I n densely stacked arrangenents (to be 25 di scussed with respect to Fig.

7). TypPcal hyhightreahgedenitisig dvipvesunted theotwd by air flow without heat
sink prqvisions due to the type of packaging. Hard disk drives such as D-1
and D-20cone in two baspewsr sepply legatedna gint junghign efpne of said first set of

11 sides and one of said second set of sides of said chassis and having a fan mounted
12 adjacent to said power supply; and |

13 a heat exchange assembly for dissipating heat generated by said
14  high heat generatng &ip including:

15 an air to liquid heat exchanger mounted on said chassis adjacent to
16  said fan, said air to liquid heat cxch;nger having an inlet port and exit port in
17 fluid communication with a plurality of liquid coolant passageways spaced to
18  receive fan generéted air flow in order to reduce the temperature of coolant
19  flowing through'said passageways from said inlet port to said exit port;

20 a pump mounted on said chassis, said pump having a low pressure
21  port and a high pressure port;

22 a heat transfer plate having a configuration substantially identical
23 to the bottom surface of said high heat generating chip and being operatively
24  attached thereto, said heat transfer plate having a liquid coolant inlet and exit
25  port, and having a passageway internally thereof to provide for flow of coolant
26  from said inlet to said exit; and

27 tubing extending between said exit port of said heat transfer plate
28  to said inlet port of said air to liquid heat exchanger and tubing extending

29  between said inlet port of said heat transfer plate and the exit port of said pump.

7. The computer of claim 6, including:
said pump, heat transfer plate, tubing and air side heat exchanger

providing a closed coolant system for circulating liquid coolant.
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height." The only difference is that the half height hard disk drive is
approximately 1 inch high and the full height hard disk drive is

approxi mately 1 63 inches high. Hard disk drive assenblies are basically
built of a steel single printed wiring board (PWB) such as
desi gnat ed as 50 wnﬂmﬂla!ﬂ being screwed intinmately to the bottom 51
a of the hard dISk dréi v ou enerally desi gnated as 51. The ot her
surfaces of the hard disk drive 5 housi ng 51 include top 51b, front and
back sides 51c and 51d, respectively, andZOpposing sides 51 e and 51 f. As

Is well-known in the a[]ﬁ? the h i.v% 8onta| ner 51 contains a set
of hard drive dis eEPHRY er ‘?‘} RCHYE at es at many t housands of

rpm The oy otating acti Qg esylas Hein m&uhlgsf P gIsh Gel e varer

cont ai nef” environment i Ato a uni for tenperature e termed
a "vell-gtirned é@ﬁﬁ@ﬁimateﬁ?SO plrdendeteng yops D-1 and D-2 contain

several tenperature sensit’ive devices includi'ng but not limted to the
1 9. The computer of claim 6, wherein:
2 said fan has a rectangular configuration and said air side heat

3  exchange has a substantially similar configuration.

-

10.  The computer of claim 6, including:
said computer external housing having an air rise in ambient
temperature of 10°C, and said high heat generating chip having a design
operating temperature in the range 60-70°C, and said air to liquid heat exchanger
providing sufficient change in temperature from said inlet port to said exit port
to maintain the operating temperature of said high heat generating chip at about
55°C.

\~10\'U14>00N

11.  Electronic apparatus, comprising:

a generally rectangular chassis having first and second sets of
opposing sides; |

a plurality of electronic components mounted on said chassis,
including a hard disk drive, said hard disk drive having a generally rectangular
box-like container; |

a heat exchange system for said hard disk drive, including:

a g@erally U-shaped heat exchange clie including first and second

arms integrally formed with a base;

a coolant loop mounted with said U-shaped heat exchange clip, said

Pod Jeeed
Powd

coolant loop including a first loop section attached to said first arm of said heat

Pt
o

exchange chip and a second loop section attached to said second arm of said heat
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notor bearings. It is known to cool hard disk drives in part through
conduction cooling through their nounting rails, a techniques which is
limted in efq' [ 5 the interface conductance |oss through
the rails an "ﬂ'ﬁ"ﬁiummwmﬁuctlon t hroughout the length of the rails.
Referring to Fig.t 4+ apparatus B-1 is a clip-on heat exchanger for
resilient nmounting onto opposing surfaces of a hard disk drive D | unit
housing 51. The clip-on heat exchanger 60,is forned of a generally U shaped

spring clip 60 made 20 of beryllium copper, phosphor bronze or other
sui tabl® megpahanghdipfehdpesdatng liagid tbplabl tb absorbnkeatafrafifegtd Frsnsagdnd
clip arms 60a and 60b which are integrally joined to the clip base or back
60c t ht$ughhamiddisludvizd contadmentatseid fitse gndistgoridoamesiofysaid tadt exdeaige alip; 60d
and 60e. The U shaped heat exchanger clip 60 is thus forned with sides. 60a
and 60b°which are eas?arléaéfﬁtque%ail iLshapechelip beigareadisnely: drgith said

insertipn onto the sides 5le and 51f, aof, the disk drive housi 51 and
UhereatGor DR febiaSeiy ae S n sk i et i SR EF e dfene
spri ngj pct iﬂﬁr@&dtﬁbﬁnﬁ' ipitself.
18 a closed circulation system for circulating liquid coolant to said
19  cooling loop mounted on said U-shaped clip and reducing the temperature of

20  said coolant circulating from said cooling loop before circulating said coolant to

21  said cooling loop.

f——

12.  Electronic apparatus of claim 11, including:
said coolant loop first and section sections being formed of tubing
for directing the flow of liquid coolant, said coolant loop including first and
second inlet tubing sections attached to said base and to said first and second
arms of said U-.shape.d clip, respectively, and first and second outlet tubing
sections attached to said base aﬁd to said first and second arms of said U-shaped
clip, side inlet and outlet sections beirig interconnected on each of said arms such

that liquid coolant is flowable from said first and second inlet sections to said

O N oy WA W N

first and second outlet sections in order to absorb heat from said container of

said hard disk drive.

p—t
o

1 13.  Electronic apparatus of claim 11, comprising:
each of said first and second arms of said U-shaped clip has an
opening therein, said first loop section and said second loop section extending

through said openings in said first arm and said second arm for attachment to

i b W N

the outside surface of each arm.
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Referring to Figs. 4-5, the U shaped spring clip includes openings 60f and
609 positioned in the arcuate sections 60d and 60f. Tubing inlet 62 and

t ubi ng re mounted with the heat exchange clip back
60c and si des HMH am(r“ der to cool the heat exchange clip itself
and thereby th naucsi on absorb heat fromthe disk drive housing 51.
Tubing inlet line 62 passes through a junction 64 having a Y-shaped
connection (not shown) to 5 divide the 44l et line into first and second
inlet |ilne portidds 6XieanchiG2ppatatiasnepmptibietg: | ine 63 is divided by a
Y-shaped connection into tubing outlet |ine portlons 63a and 63b. Inlet
lines 62a and 62b ext éngeneralygrectangularx chassipehaving Gpdnandssesond asets 6dg,

respect bvely, and extend |longitudinally along the | ength of each of the
outer sdrfalBROTNESH 60b and 60a. The tubing portions 10 62a and 62b

are att thEd to the si dsfurgpgy %'? lg(gcl?o}i% pcgrﬁf)bﬂgn@t n‘HJanQE& cﬁ? SZM—H‘| %hassw

5 including a hard disk drive, said hard disk drive having a generally rectangular

6  box-like container having a top surface, bottom surface and two sets of opposing
7  side surfaces; and
8 a heat exchange apparatus for controlling the operating temperature
9  of said hard disk drive, including:

10 a rectangular heat transfer plate having substantially the same

11  dimensions as a surface of said hard disk drive generally rectangular box-like
12 container, said heat transfer plate being mounted onto said one of said surface
13 of said hard disk drive generally rectangular box-like container;

14 a cooling tubular section being mounted on to said heat transfer
15  plate and extending across said plate in a generaﬂy rectangular configuration and
16 having an exit section and an inlet section; and,

17 circulation means operatively connected to said cooling tubular
18  section mounted on said heat transfer plate to reduce the temperature of said
19  coolant exiting said exit section of said cooling tubular section and circulating
20  said coolant at said reduced temperature to said inlet section of said cooling

21 tubular section mounted on said heat transfer plate.

oy

15. Electronic apparatus, comprising:
a generally rectangular chassis for mounting electronic components;
épluiality of hard disk drive units mounted in a vertical array, each
of said hard disk drive units having a generally rectangular box-like housing
including a rectangular top surface and a rectangular bottom surface;

a heat dissipation assembly for said vertical array of hard disk drive

I

Nyl b W

units, including:
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tubing inlet lines such as 62a makes U-turn at section 62c and joins return
cool ant |line 63a, which ex back to coolant outlet |line 63. The heat
exchange clip ﬁg\mm‘w\“lt\“mﬂ% 62 extends to the punp outlet for a punp
such as the pu ! .'sl, »and the heat exchange clip cool ant outl et
line 63 15 exténdS to the inlet of the air side exchanger such as 32 so
that the heat exchanger 32 in the punp 383-s part of the overall hard drive
cool antg system of Fi - . AN ' f

oper at i8ng hard di sk ga}sméek.égte?%rr%% now ?Jé)bﬁi‘g.g%?ﬁg %?%md{tgﬁgcg?ffvoeneDz

i s illustraieddidl dnee Bodsihgand shiusdpdfaenifl saithephhalidiskairble Rbusdhpye
D-1 except that drive D2 is 20 attached on one or nore of its sideS such
as 51el@ o maichpamd hawirtgha liquitecodaputaculatios peghsfoc kirchktingt liqednecdastar y
to provide apparatus B-2 to provide cooling to the hard disk drive.

Appar atlus- BoZhsRED heat generapisedupng operaiqnmpt paidhard dislh guivaanits; and

confi ation and has a | ngt h aTd.V\A' dth whi ch matches the tp urfac% 51b
of harkd drive D 2. GobCaRiang Metiation a5y CoRINEQSPe FIEOV g Tam 54

outl etydine f p ' r ' : -.and d
ot o th | Bars? RO R Rt T, RlaQi ) ool 1Pt Sl BT bindes SRURE
shown jig Firgducing the temperature of said heated coolant and returning said coolant to

15  said panel in order to'diséipate heat generated by said hard disk drive units.

1 16.  Electronic apparatus of claim 15, wherein:

2 said heat transfer panel is flexible.

1 17.  Electronic apparatus of claim 15, including:

2 said heat transfer panel is hollow and is formed from at least two

3 sheets of flexible material arranged in a mutually parallel, facing relationship.

1 18.  Electronic apparatus of claim 17, wherein:

2 said hollow heat transfer panel has an inlet opening and an outlet
3  opening; and

4 said coolant dirculation assembly includes a pump communicating
5 with said inlet opening, and an air side heat exchanger communicating with said
6  outlet opening.

1 19.  Electronic apparatus of claim 15, wherein:

2 said coolant is a mixture of water and ethylene glycol.

1 20.  Electronic apparatus of claim 19, wherein:

2 said liq.uid is a mixture of about fifty percent by volume of water,

3 and about fifty percent by volume of ethylene glycol.
This Sheet Has Been Replaced
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6 and extends in a generally rectangular pattern around the perineter of
the cooling plate 70 and termnates in an outlet portion generally
designated 71b integrally formed with the inlet portion, such outl et
portion 71b extending to an - inlet to the air side heat exchanger 32
or other suitabl : \\m‘ \rymgm&changer, so that the punp 30 and air side
heat exchanger of \m“ afrt of the heat exchange system B-2 of Fig.
6. One or nore retainer clips generally designated as 72 are nounted on one
or nore sides such as 51c, 51e and/or 51 f40f the hard 5 disk drive D-2
in order to retain the cold or cooling plate 70 in position on the top
surface 151b of tH&l.di skledwronie dppsang &tordiegeprdaim 16, Fiduding: appar at us
B-3 is provided for cooling vertical array of hard_disk drives D-3, D-4,
D-5 and2D- 6, which ar esaibheatcanchgnge parelddeipgiomaeth oboppesiagdlerdblietsbeetso
sui t abl % corg%%g{enxﬁ'unti ngs by screw holes 80 such as

4 said heat transfer panel has a peripheral sealed edge forming a

5  hollow cavity therein to receive said coolant.

1 22.  Electronic apparatus according to claim 21, including:
a plurality to interbonded points within said hollow cavity wherein

3 said opposing flexible sheets are joined together.

—

23.  Electronic apparatus according to claim 18, wherein:
said heat dissipation assembly includes two or more of said heat
transfer panels; |
an inlet flow manifold in fluid attachment with inlet openings of
said two or more heat transfer panels and an outlet flow manifold in fluid
attachment with each of said outlet openings of said two or more heat transfer
panels; and

said inlet and outlet flow manifolds being in fluid communication

O 0 Ny WM

with said coolant circulation assembly.

f—

24.  Electronic apparatus according to claim 16, including:
said heat transfer panel is expandable during flow of liquid coolant

therethrough, and is contractable to allow for greater ease in removal of said disk

W N

drive units.
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10 wel | known rail-type nmountings (not shown). The vertical array of
hard di sk drives D-3 through D-6 will generate substantial heat which
cannot be suitably cooled to desired operating tenperatures through the use
of conventional heat sinks and air cooling. Each of the hard disk drives
D-3 through D-6 include a generally rectangul ar, box-I|ike housing or
container having a top surface, a 15 bott om surface and opposi ng sides
surfaces and thus the sanme designation for each housing for each of the
containers for drive units D-3 through D6 may be used. Air cooling is
undesirable as a technique due to the hig volunmes of air necessary to
cool, which would require undesirable reliability risk due to possible fan
failure and which will cause acoustical problens, also. The cooling system
20  B-3 isrraramisdeor TOOUIN COORNG OF GPECIFISAOOWUTIR TgMiXNERESN adj oi ni ng
hard di sk drives such as D-3 and D'%5¥?C%§- iding for conductive heat
transfer of heat from adjacent disk a series of flexible heat
exchange structures or panels 81. Each of the flexible heat exchange
structures 81 is made of a hollow, 25 relatively thin, sheet-I|ike panel

in rectangul ar ARPAYANGE id providédford hBattréAsfeRBEsembly for direct attachment
to a high heat generating chip, which assembly includes a pump, air side heat
exchanger mounted adjacent to a fan and a heat transfer plate which is attached

to the high heat generating component for dissipating heat from such component

5 under operating conditions. In another embodiment, apparatus is provided for
dissipating heat from a hard disk drive including a U-shaped heat exchange clip
resiliently mounted on opposite surfaces of a hard disk drive. In another
embodiment, apparatus for dissipating heat from a hard disk drive includes a
generally rectangular plate for mounting on the top or bottom of the hard disk

10 drive. And, in another embodiment, apparatus is provided transferring heat from
a vertical array of hard disk drives, which apparatus includes one or more panels

interposed between adjacent vertically disposed hard disk drives.
(Fig. 1)



liquid such as a m xture of 50% water and 50% et hyl ene glycol. The flexible
heat exchange structure 81 has a peripheral seal section 81 a which extends
about the rectangul ar periphery to forma cavity or chanber therein. The
interior of the flexible heat exchange structure is forned of five flexible
body | ayers which -14- include, fromtop to bottom a top layer. a

m ddl e | ayer and a bottom | ayer of a polyamde filmmterial,
representatively a material manufactured by i#fe Dupont Conpany under the
nane "KAPTON," with intervening |ayers of an FEP fluorocarbon film
material, representatively a material manufactured by the 5 Dupont
Conpany under the tradenane "TEFLON. " Passages are provided through the
central area between the two sheets of fluogocarbon filmmaterial by
provi di ng round interbondegxsectiogs 81 b at” spaced |ocations in order to
provi de a generally U shap flow path 82 through the flexible heat
exchange panel or 1

hN
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e

structure 81. The points of filmattachment 81b al so serve to hold the
outer 10 sheet s agai nst undesirabl e expansi on or ball ooni ng, which may
provi de undesired forces against the printed wiring board 50 side of the
drives. Instead, the force can be controlled to provide only beneficial
heat transfer pressure to enhance the heat transfer contact with the
surface of the hard disk drives. The location of the round interbonded
sections may be varied in order to provide diffepgnt flow 15 pat hs but in
t he enbodi nent illustrated, the interbonded sections 81b are | ocated at
four points in a line along three Iines running a |ongitudinal direction of
the pad 81. For further description of the manufacture of such a flexible
heat exchange panel, Applicant incorporates by reference U S. application
serial nunmber 20 08/674,081 listing as inventors Messrs. Daniel N
Donahoe and M chael T. G1lIl, which patent application was filed on July 17,
1996 and assigned to the sane assignee as herein, Conpaq Conputer
Corporation. Wiile the entire disclosure, specification, clainm and

drawi ngs are incorporated herein by refer e for purposes of enabling
description and for support 3#or claining, Applicantdb

SRal
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25 specifically directs attention to the disclosure relating to Figs.

3-7, and to the description of the cross-sectional flow passages found on
pages 9-12, and referring in particular to Figs. 3 and 4. It is also
feasible to use a nore sinplified panel structure having two adj oi ni ng

| ayers of suitable flexible plastic materi al sealed at their periphery
and having nultiple points where the sheets are heat wel ded toget her
internally of the sealed rim Each of the fl¥&i bl e heat exchange panels 81
i ncludes a coolant entrance or inlet 8lc and a coolant outlet 81d. Wth the
panel s 81 positioned or 5 sandwi ched between adj acently stacked hard di sk
drives such as D-3 and D-4, t coolant flow outlets 81d of each panel 81
are connected to a central re&rn nmanifold 85 through connections 85a, 85b
and 85c. A sinilar inlet mani ™ d 87 connects together the i-nlets 81 c for .
each of the interposed or sangw ched fl &xi bl e cooling panel s 81. The inlet
mani fold 87 is tRen ﬁﬁache 0t he outlg to a

/
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10 suitable punp such as the punp 30 of Fig. 1. The outlet manifold 85 is
suitably connected to the inlet of an air side heat exchanger such as the
air side heat exchanger 32 disclosed in Figs. 1 and 3. The expansi on of the
panel s during operation, as the result of fluid pressure, has another
beneficial feature, which is that the drives are held nore 15 tightly in
position during operation; and, when the panels are deflated, the drives
are nore easily renoved. The foregoing disclosure and description of the
invention are illustrative and explanatory thereof, and various changes in
the details of the illustrated apparatus and construction and met hod of
operation nmay be nmade w t hout 20 departing fromthe spirit of the
invention. For exanple, it is within the scope of this invention to conbi ne
the various heat transfer enbodinents of #ffis invention for use within a
single conmputer. Apparatus A of Figs. 1-3 can be used to cool multiple
chips by properly sizing the punp 30, fan 22 and the air side heat
exchanger 32 to provide suitable cooled Iiquid coolant to nore than one 25
heat transfer plate 34 sinultaneously. Further, the punp 30, fan 22 and air
si de

Fig. 5
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heat exchanger 32 may be suitably sized to cool the hard disk drive housing
51 using the U shaped clip 60 of apparatus B-1 of Figs. 4-5 or using the
heat transfer plate 70 of apparatus B-2 of Fig. 6 in conjunction with the
systemof Figs. 1-3. O, the systemB-3 for cooling the vertical array of

di sk drives D3 -16- through D-6 of Fig. 7 can be conbined with the
cooling system A of Fig. 1-3. Further, disk cooling apparatus B-1 and B-2
can be used with the air side heat exchanger 32 and punp 30 of Figs. 1-2.
Or, any other conbination of any of A, B-1, B-2 and/or B-3 can be used with
a single punp, air side heat exchange 5 5?gsenbly.

Fig. 6

~—
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17 dains: 1. El ectroni c apparatus conprising: a generally rectangul ar
chassis (13) having first and second sets of opposing side walls(12a, 12b,
l4a, 14b); 5 a plurality of electronic conponents nmounted with said
chassis (13), inside said side walls (12a, 12b, 14a, 14b), including a

not her board (15); said nother board (15) having a plurality of extension
nmounting slots, a processor board (16) nounted in one of said nmounting
slots and having a high heat generating chip (P) nounted thereon; 10

a power supply (21) nmounted on the chassis (13) at the junction of, and
havi ng si des respectively adjacent to, one of said first set of side walls
(12b) and one of said second set of side walls (14a) of said chassis (13),
sai d power supply (21) having a side-mounted fan (22) adjacent to said
power supply (21); and a heat exchange assenbly for dissipating operating
heat generated by said high 15 heat generating chip (P) including:

6/6

~—
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QIC4SIHU-O
a heat transfer -pl ate (34) Mavi.nga;configuration substantially id 53 cal
to the bottom surlec ‘of* sai di-hirgh "heat generating chip (P), said h aH

transfer plate (34) unted in theimally conduct | VEeREMLACENIENTY
bottom surface of t{he teatjUpkEEbat i ng chip (P),; ik bnt rpggafa

(34) having liquidjcgolant inlet apdjexizt 20 porm&, """
passageway (34a) mter“ﬁ"éiTTy Theréeof to provide qudr ;ﬁ ?P&%’gj

2> A3 to paged =7
said inlet (3@___10 said exit poft (35); an g4r &w a paged ...
exchanger (5% Fount ed within said chassis si deg \i\% 2a, f Hépa&%r
adj acent to saidif an (Rédtrori@hgpahitustcompr hieat exchan
inlet port (32) in fluid commglljcatlon wtﬁig?hel TE JF ?E)gé/'{}%é

25 transfer pl agaengaly raﬁdnmaw ghgssin( ]@llmvmrftrst(a@lﬁts)?wmﬂ $df:uot10pposmg

comuni cati o spaced |iquid cool ant passageways (32a
posi ti oned tsj'gi r"ﬁé%@ @@phgﬁﬂf&né ’edpal r fIO\C/]v i n order topreduge t%e ( )
tenperatyre of coqlianfinfHRMddnt %&@@ Hhoeﬂﬁeaqggwgafa chatlid) 18], A A

inlet port (32c) to sard exit port a punp nount e sald
chassi s si deideabdlls (1322a26] 24a, 1418, intiling & aiath@board (1h); (30) havi ng a | ow

Pressure entry PoL i mother bosrd (15) having & pluraliy of extension mouning slots, a
processor board {16) mounted in one of said mounting slots and having a high heat
generating chip (P) mounted thereon;

10 a power supp_ly (21) mounted on the chassis (13) at the junction of, and having
| sides respectively adjacent to, one of said first set of side walls {12b) and one of said
second set of side walls (14a) of said chassis (13), said power supply (21) having a
side-mounted fan (22) adjacent ta said power supply (21); and
a heat exchange assembly for dissipating operating heat generated by said high
15 heat generating chip (P) including:
a heat transfer -plate (34) having a configuration substantially identical to the
bottom surface of said high heat generating chi;i (P), said heat transfer plate (34)
mounted in thermally conductive relation with the bottom surface of the heat
generating chip (P), saié heat transfer plate (34)"having 1iqufd coolant inlet and exit
20 ports (36, 35), and ha&@ng a passageway (34a) internally thereof to provide for flow of
coolant from said inlet 'port (36) to said exit port (35);
an air to liquid f\eat exchanger (32) mounted within said chassis side walls
(12a, 12b, 14a, 14b)} adjacent to said fan (22), said air to liquid heat exchanger (32)
having an inlet port-(32) in fluid communication with the exit port (35) of the heat
25 transfer plate (34), and having an exit port (32b) in fluid communication with a
plurality of spaced liqlxid coolant passageways {32a) positioned to receive fan
generated air flow in order to reduce the temperature of coolant flowing through said
passageways (32a) frbm said inlet port (32¢) to said exit port (32b);
a pump (30) mounted within said chassis side walls (12a, 12b, 14a, 14b), said

30  pump (30) having a low pressure entry port (30a) in fluid communication with the exit

LT




18 port (32b) of the air"to. I|qU|d ‘heat exchanger (32), and a high pressure
exit port (30b) in- conmuni eat i on. mnmh the inlet port (36) of the heat
transfer plate (34), 2. E|eCtrOﬂIC apparatus of claiml, wherein: 5
said punp (30), hgaﬂ oy agstier %Iate (34) tubing and air side heat exchanger
(32) provide a dosed system for 01rculauing | iquid cool ant. 3.

El ectronic apparatué"of“tla|n12 wherein: said coolant conprises a mxture
of approxi mately 50 per_cent water. .and 10 approxi mately 50 per cent

et hyl ene gl el (328) of the o BAIGuURNhEtARBRERIH B3 arsd AiBhlprewdiRs BiibpoaBoh) an
(22) has a )rbgct angL?ar econ |I§tr‘11r ation and@s?a?%aa?r hgge I'?ugat exclhggggj?@%SZ)

has a subst damtomimynisitionl with thenhle podat{Bonof thé hbat transfeEIpiim (3M)i c appar at us
of claim1, wherein:
2. Electronic apparatus of claim 1, wherein:
5 said pump (30), heat transfer plate (34), tubing and air side heat exchanger

{32) provide a dosed system for circulating liquid coolant.

3. Electronic apparatus of claim 2, wherein:
said coolant comprises a mixture of approximately 50 per cent water and

10 approximately 50 per cent ethylene glycol.

4, Electronic apparatus of claim 1, wherein: _.
said fan (22) has a rectangular configuration and said air side heat exchanger
(32) has a substantially similar configuration.
15
5. Electronic apparatus of claim 1, wherein:
said electronic chassis (13) produces an air rise in ambient temperature of 10°C
when mounted within‘na housing for a computer,.and said high heat generating chip
(P) having a design obe___fating temperature in the range 60-70°C, and
20  said air to liquid heat‘e{(changer (32) provides sufficient change in temperature from
said inlet port to said exit port to maintain the operating temperature of said high heat

generating chip (P) at about 550°C.

6. A computer, comprising:
25 a generally box-like rectangular external housing containing an apparatus
according to any of claims 1-5, and wherein said fan (22) is a computer system

cooling fan.

3
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said electronic chassis (13) produces an air rise in-ambient- tenperature of
10[ err] C when nounted within a housing for a conput ey and.:sard:hi gh: Heat
generating chip (P) having a design operating tenperature&~in theé range
60-70[err]C, and 20 said air to liquid heat exchangeri (32) iprovides:
sufficient change in tenperature fromsgd inlet portf to“said exit port to
mai ntai n the operating tenperature of said high heat|gererating-chip (P) at
about 550[err]C. 6. A conputer, conprising: 25 a generally:

box-like rectangyl ar eRloerHmL BpEHSHRIc6@PHGLA NI an apparatus - accsrdihg to
any of claims 1-5, and wherein said fan (22) is a conputer system cooling

fan. 30

10

15

20

25

30

19 7. agenefligaectongudangeasiaheding fictrpnd seqoqd sets of opposing side
walls; ]

a plurality of electronic components mounted on said chassis within said side
walls, including a hard disk drive (D-1), said hard disk drive having a generally
rectangular box-like container (51); ‘

a heat exchange system for said hard disk drive, including:

a generally U-shaped heat exchange clip (B-1) including first and second arms
(60a, 60b) integrally formed with a base (60c}, said U-shaped clip )B-1) receiving, and
resiliently engaging with, opposing surfaces (51e, 51f) of said hard disk drive (D-1});

a coolant loop mounted with said U-shaped heat exchange clip, said coolant
loop including a first loop section {62a) attached to and e.l);ten'ding along said first arm
(60a) of said heat exéhange clip (B-1) and a second loop section (62b) attached to
and extending along said second arm (60b) of said heat exchange clip (B-1} for
circulating liquid coolant to absorb heat transferred from said hard disk drive container
(51) to said first and second armg (60a, 60b) of said heat exchange clip (B-1);

and a closed circulation system (30, 32 )for circulating liquid coolant through
said cooling loop (62a:‘ 62b, 63a, 63b) mounted on said U-shaped clip (B-1} and
reducing the temperat(xg_é of said coolant circula{ing from said cooling loop (62a, 62b,

63a, 63b) before recir?:glating said coolant to said cooling loop {(62a, 62b, 63a, 63b).

8. Electronic apparatus of claim 7, wherein:

said coolant loop first and section sections (62a, 62b, 63a, 63b) are formed of
tubing for directing the flow of liquid coolant, said coolant loop including first and
second inlet tubing sections (62a, 62b) attached to said base (60c} and to said first
and second arms (6021, 60b) of said U-shaped cl{p (B-1), respectively, and first and
second outlet tubing sections (63a, 63b) attached to said base (60c) and to said first
and second arms (62a, 62b) of said U-shaped clip (B-1), said inlet and outlet sections
being interconnected on each of said arms such that liquid coolant can flow in parallel

from said first and second inlet sections (62a, 62b) to said first and second outlet

A




a generally rectangul ar chassis having first and §econd k 5t
side walls; a plurality of electronic conponents npunted on- sald ohaSS|s

within said side 5 walls, including a hard disk d rivgéég} ,‘§ald’hard

di'sk drive having a generally rect angul ar box- Ilkeicbnt 8t 51),!a heat
exchange system for said hard disk drlveu)lncludlng . a. gener.al-ly- Lﬁspaped
heat exchange clip (.B-1) including first and second arns (60a, 60b)

et s

integrally formed with a base (60c), said U shaped¢eli-p-yB=-tyTeCEI VI ng,

and 10  reskédtiens KGB&IGS@M]iirDGrdM'rE@abﬂbh&bff@orﬁuéﬁmm&]@l) bildaid bhrdsaisk
hard di sk dr| ve a coolant | oop mounted with said U shaped heat
exchange cl i grive dl)cool ant loop including a first | oop section (62a)
attached to and extending along said first arm (60a) of said heat exchange
clip (B-1) and a second | oop section (62b) attached to and extendi ng al ong

said second arm (60b) qfjes@bdle a w6t RRNAe, ehin @n&l Bgl) for 15

circulating liquid coolant to absorb heat transf rre fromsaid hard disk
drive consai ner (Eaéh bbsaaificst bnd secaanidaraed60a, ‘@) 2608 shaped clyb (Bdi) thabeat
exchange clip (B-1); and a closed circulation system (30, 32)for

circul ating ppq@pg tl@g@;rh@f,t%@pd first loop section and said second loop section (62a,

62b, 63a, 63b) extending through said openings in said first arm and said second arm

(60f, 60q) for attachment to the outside surface of each arm {60a, 60b).

10 10. Electronic apparatus, comprising: _
a generally rectangular chassis having first and second sets of opposing side
walls;
a plurality of electronic components mounted on said chassis within said side
walls, including a hard disk drive (D-2), said hard disk drive having a generally
15 rectangular box-like container {51), having a top surface (51b), bottom surface and
two sets of opposir_lg side surfaces (51c, 51d, 51e, 51f); and
a heat exchange apparatus for controllinig the operating temperature of said
hard disk drive, includ\i.ng:
a rectangular héét transfer plate (70) having substantially the same dimensions
20 as asurface (51b) of §ai_d hard disk drive generally rectangular box-like container (51},
said heat transfer plate.(70) being mounted onto said one of said surfaces (51b) of
said hard disk drive ge;merally rectangular box-like container (51);
a tubular cooling section (71a, 71b) being mounted on to said heat transfer
plate (70) and exteﬁ\ding across said plate (70) in a generally rectangular configuration
25 and having an exit sgction (71b) and an inlet section (71a); and,
coolant circula;tion means (30) operativel§ connected to said exit section {71b)
and to said inlet section (71a) to reduce the temperature of coolant exiting said exit
section (71b) of said cooling tubular section and circulating said coolant at said

reduced temperature to said inlet section (71a} of said cooling tubular section.

30
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said cooling loop (62a, 62b, 63a, 63b) nount eolo U

shaped clip (B-1)

and reducing the tenperature of said cool ant ci rcuI atin gromisaid cooling
| oop (62a, 62b, 20 63a, 63b) before recircul atgl ng 2siiN 8dol ant to said
cooling loop (62a, 62b, 63a, 63b). 8. El ectrbnl c apparat us of claim7,

wherein: said coolant |loop first and sexrtion sbct“rt‘)“'ﬁé“ “(62a, 6

are formed of tubing for directing the flow of:liquid._coolant sald cool ant

I oop including first apgc&8nic a%n%ﬁ%@s oISk wt?haadlﬁg@ééu 8l
attached to said base (60c) and to said first and con arms

058k

sai d U shapediciniep s¢dlioh)and e egit sectiby andruppbsing tsudas $81a8d flosftshiet hdrdbi n 9_

sections (63a, 63b) attached to said base (60c) and to said f

irst and

second arns Q‘M‘V%%)? -of said U-shaped clip (B-1), said inlet and outl et

sections being interconnected on each of said arnms such that

l'i quid cool ant

can flowin parallel 30 fromsaid first and second inlet sections (62a,

62b) to said first2 andERREBAR dpphtails, compiising:

a generally rectangular chassis for mounting electroriic components;

a plurality of hard disk drive units (D-3 - D-6)mounted in a vertical array, each

of said hard disk drive units having a generally rectangular box-like housing (51)

including a rectangular t op surface (51b) and a rectangular bottom surface;

10 a heat dissipation assembly for said vertical array of hard disk drive units,

including: _
heat transfer panels (81) mounted between said bottom surface

surface (51b) of adjacent hard d_fsk drive housings (51}, each said heat

and said top

transfer panel

(81) having a liquid coolant circulation path (82) for circulating liquid coolant to

15  absorb heat generated during operation of said hard disk drive units (D3 - D-6); and

a coolant circulation assembly operable to continuously remove from said

panels, coolant which has been heated by said hard disk drive units (D-

for reducing the temperature of said heated cdolant and returning said
panels {82) in order to éissipate heat generated by said hard disk drive
20 6).

3 - D-6) and
coolant to said

units (D-3 - D-

13. Electronic apparatus of claim 12, wherein: each said heat transfer panel

(81) is flexible.

~
.

25 14. Electronic apparatus of claim 12, wherein

each said hea€ transfer panel (81) is hollaw and is formed from at least two

sheets of flexible material arranged in a mutually parallel, facing relationship.
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sections (63a, 63b) in order to absorb heat from said cgntaife
said hard disk drive (D-1). 9. El ectroni c appar at us; of. ‘¢l Ay
conprising: 5 each of said first and second ar m§(60a, 60b) of sai d
U-shaped clip (B-1) has an opening therein (60f, 60g), |sai @2 it&tzEoop;

section and said second | oop section (®2a, 62b, 63a, GBbi ext endi ng t hr ough
said openings in said first armand said second arm (60f,60g)"for "~

attachnment to the_outsjde surface of each (60a, 60b).._10 _10‘
El ect roni ¢ appar §t5us, E@ﬁgﬁ’?‘éiaﬁé?ragisg‘%frfiar‘%’la{@“ﬂ'@é‘flahgul ar chassis having
first and second .Qf | | ;A rald. L.y rQRi,C

conponent s m)untee Q%Ealgg}ongzﬂZésag?rgﬁ%grte%%’}ﬁell }slg‘qi ac‘f?lsr?écfe% p\?\ﬁl}. ﬁtgs(??%)n%djgi ﬁgﬁ% har d
di sk drive (dgeding (82dyd andr d di sk drive having a generally 15 rect angul ar

box-1ike container (51), having a.top surface (51b), bottom surface and two

sets of opposi ng ssiddwolanticireestiomassenbivinchdes aBuoip @ communicaingheitiye

Sfip\?;atr cr %raf:}(liga%rir%le{ 6;5‘ 1}13 ?810c5),earn_ énngirtsi%g%%ra éxucilgné)efr (53; gomh%ru%icglﬁgg
with each said outlet opening (81d).

~
\

16. Electronic apparatus of claim 12, wherein:
said coolant is a mixture of water and ethylene glycol.
10 _ \
17. Electronic apparatus of claim 16, wherein:
said liquid is a mixture of about fifty percent by volume of water, and about

fifty percent by volume of ethyleﬁe glycol.

15 18. Electronic apparatus according to claim 12, wherein:
each said heat exchange panel is formed of opposing flexible sheets of
material; and . .
each said heat transfer panel has a peribhgral sealed edge (81a) forming a
hollow cavity therein to receive said coolant. ‘
20 ' |
19. Electroriic apparatus according t o claim 18, including:
a plurality to interbonded points within said hollow cavity wherein said
opposing flexible sheets are joined together.
25 20. Electronic apparaf.us according to claim 15, wherein:
said heat diss‘ibation assembly includes two or more of said heat transfer panels
(81);
an inlet flow manifold (87) in fluid communication with inlet openings (81c) of

said two or more heat transfer panels (81) and an outlet flow manifold (85} in fluid

A




a rectangul ar heat transfer plate (70) having substantially the sane

di mensi ons 20 as a surface (51b) of said hard disk drive generally
rectangul ar box-1ike container (51), said heat transfer plate (70) being
nount ed onto said one of said surfaces (51b) of said hard disk drive
general ly rectangul ar box-1like contain&3 (51); a tubular cooling section
(71a, 71b) being nounted on to said heat transfer plate (70) and extending

acr 0ss sal dehhfidafiBh |fh2aBFBELAL blucEEIATASE) %ggt%;ﬁrtﬁ%@ t and

having an exit section ( nd an 1 n , cool ant

ci rcul ati ontrarderspdndd) ( SQID,Qmﬁtl vely connected to said exit section (71b) and
to said inlet section (71a) to reduce the tenperature of coolant exiting
said exit secti ofrigd flp)ans ouligt dorpsrnifelds (ﬁ?ué%r bedrg:in fid spmmunieationtwity

sai d cool ant ed te rature to said inlet section (71a) of
sai d cool i nﬁa‘ ﬁBﬂ%&EC‘&é@%{}O assgubf 2,

S
21. Electronic apparatus according to claim 13, wherein:
each said heat transfer panel (81) is expandable during flow of liquid coolant
therethrough to enhance heat transfer, and is contractable to allow for greater ease in
removal of said disk drive units (D-3 - D-6).
10
22. Electronic apparatus according to claim 14, wherein each said heat

transfer panel (81) comprises layers of polyamide film separated by fluorcarbon film.

23. Electronic apparatus according to claim 22, wherein heat transfer from
15 said disk drive housings (51) expands said heat transfer panels thereby enhancing

heat transfer from said disk drive housings (51).

L




j Q\I{i f\

El eCt aratits—eft—6taim-10, including resilient clips (72)”

engagln b e QTFI T%ndfghld exit section and opposing sur f aceé's
(51e, gg hB?&Tddr st mgede~(1 2). 5 12.  Electronic
apparat s sj nbrged -gefepagetly=r dct angul ar chassi s for nounting

el ectro é%tkdgeé glmrM$dy§of harg di skrdrive uni-ts-{D-3.-

D- 6) noumpt W“S‘ verbaged|= -dorpaged each of 1$6i d nardldi sk dr{ ve-units having
a gener@lly rectangul ar box-j| i ke houging (51) |nclud|ng a rectangular t op
surface| (PME @FIRECBIPT 2Rt ﬁhﬂmbottcnlsurface a 2 JUN 20@ heat

di ssi pati on assenpry—ftor—sart—vert-+edl array oﬁ ard disk drive unlts

I ncl udi ng: heat transfer panels (81) nounted bet ween--sai-e- bettd)mrsurf

and said top surface (51b) of adjacent hard di sk drive housings QSl) ach
said heat transfer panel (81) having a |iquid coolant ¢ireul-ation path €82)
for circulating liquid coolant to 15 abs@b heat generated during
operation of said hard détsk drive units (D3 - D-6); and a cool ant —
circulation assenbly opefable to continuous\y renove from said panel s

cool ant which has been h&ated by ssaid hard disk drive units (D-3 - D-6) and
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for reducing the tenperature of said heated cool ant and returning said
cool ant to said panels (82) in order to dissipate heat generated: by sald

‘hard disk drive units (D-3 - D 20 6). 13. El ect r oni*¢-_appar.at us of -
claim12, wherein: each said heat transfer panel (81) is fil exi bl e. .25
14, El ectroni ¢ apparatus of claim 12, wherein each sald H@&hﬂﬁﬁahgfer :

panel (81) is hollow and is forned fron1 #}east two sheetis of flexible: |
material arranged in a nutually parallel, 'Tacing relat|0ﬂsﬁTp 30 22 15.
El ectroni c apparatus of claim 14, wherei n: each said hoIlom1heaL“LLansLep-
panel has an inlet opening (81lc) and an outlet openggg (81d); and
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sai d cool ant circul ation assenbly includes a punp (30) communicating with 5
.each said inlet opening (81c), and an air side heat exchanger (32)

comuni cating with each said outlet opening (81d). 16. El ectronic
apparatus of claim 12, wherein: said coolant is a mxture of water and.
et hyl ene glycol. 10 17. El ectronic apgﬂﬂ?tus of clajmm:i mherern ai
liquid is a mxture of about fifty perc by vol une ofimaterf-and -about
fifty percent by volune of ethylene glycol. 15 E £C, roniic
apparatus according to claim12, wherein: each said hEat @%%haﬂgedianel

formed of opposing flexible sheets of material; and each sai d heat transfer
panel has a peripheral seal ed edge (8la) fornlng a hoEIom/caV|ty thereiin to
receive said coolant. 20 19. El ectroni ¢ apparatus accor.ding.t.-o-cha-m

18, incl uding:
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a plurality to interbonded points within said holl ow cavity wherein said
opposi ng flexible sheets are joined together. 25 20. El ectronic
apparatus according to claim 15, wherein: said heat dissipation assenbly
includes two or nore of said heat transfer panels (81); an inlet flow

mani fol d (87) in fluid comunication with jnlet openings (8lc) of said two
or nore heat transfer panels (81) and an dMﬁ(H fl ow mani-fald. (85) in fliuid
23 comuni cation with each of said outlet openings (85):0f said two or nore
heat transfer panels (81); and said inlet and outlet flow nanifolds, (87, 85)
being in fluid comunication with said cool ant circulaﬁi@n;ﬁ$§éﬁb&y? 21. .

i

El ectroni c apparatus according to claim 13, wherein: | S 4
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each said heat transfer panel (81) is expandable during flow of liquid

cool ant therethrough to enhance heat transfer, and is contractable to allow
for .greater ease in renoval of said disk drive units (D3 - B6)..-10-22:

El ectroni c apparatus according to claim 14, wherein each:sai:d heat . transfer
panel (81) conprises |ayers of polyam de film separ at ed by 1 wor carbon; i
film 23. El ectroni ¢ apparatus accordi ngS](ﬁ claim 22 BLLL, heat .
transfer from 15 sai d di sk drive housings (51) expandls sar’*@e‘h‘eét transfer
panel s thereby enhancing heat transfer fromsaid disk dfive_ housrng&@Sl),
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