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SIOARY

DescTibed is a mew and novel approach for cooling
nuclear ins:iruimentation modules via heat conduction.
“e will saow the simplicicy of liquid cooled crates and
ease 2f therzz=ai =anagement with conduction cooled od-
ules. While this systea ves developed prismariiy for
she Zigher zower lavels expeczed with Tastbus elec-
zronics, it has =any general applications.

INTRODECTION

It has jeea the accepted procedure ia the Jast 2o
2aill the air ia roc=s containing electronic equipment
and shen force this 220leé air past the squipment %o e
cocied. This is otk a wasteful and an uncomforzable
schame. We ore3enl elow 2 sizple and uncomplicated

alzzzzative.
e wiil cescrite the =echanics of a zuiticrate
=2¢ular sata gatl u:i:: systea vaizg Jozced liguid zon-

duzssicn sooling. This system was davalcped 3t 3Took-
waven National Laboratory td handle the larger sower
recuivements (1500 wac:s per crate) anticipated in
TASTIUS crates. The systez is oresently being uvsed in
an exserimens at 3cookhaven's Alternating Sradieat
Svnearazzan {AGS) o cest the sxteat of che validiszy of
sizie zTaversal invariance.

Tae <esiza zoali was o develop a sisple and cost
gffac:‘.-u sya:u shat could mily handle the incrsased

Iz lisger —uiticrate systass forzed liquid 2ooling
222 grovida =or2 zhaz 3 .43-“..40 zreatar heaz transfer
sar surface sraa :thaz 3oes Iorced air cooling. This
-e-:x-.:s Jne I3 CONSETUST 2 VaTY comact cooling syataa.
sompiers z2coling swssem will add 3/4 of an
the crite heighc as conmpared to lI-i4 inchaes
2ir incaxe/exhaus: 2lanums. Plastiz zuding azs a
source 9f sap water are all that are generally zequired
<> arovide efiicient cooling.

¥aay of the prcdlems associated wich =oviag large
znounts of ccol air are cliﬂina:.d. “he use of iiquis
ing aiiziaates the accoustic 20ise and vibrational
;:::u::s associaced wizta ‘otccd air cooling fazs. In a
zezs air flow systez =any of the dust and dirt reiated
p::blc:s ara also eliainaced.

ZHE CRATY
The craze is fabricated from swo heat conductiag
wacter caolad zanifolds, side plates, temparature Jper-
ated flow valve and a printed circuiz backplans.

MECHANT
Zach =anifold consiscs of swo idantizaily excsuded

aluzinum 2lates. (See Tizure 1). These 7lacas ara
aligned and nechanically heid ssgather with two alus-

»{oTk cariorded under the auspicen of zhe U.S. Cepars~
=ent of Inargy. consracs No. SIZ-ACT2-75CHTU016.

-

inun tis Sars ‘ront and rear. Ttg extruded plates act
both as the guide rails for the 30dules snd as lwet
conducting aanifolds.

Sigurs i. A water cooled Tastbus Cracs

Coolant flowing thru /8™ soprar ctubing {embedded
ia the :gnifoid) remowves =te 2eatr Iz-m che zrate. The
use of zapper tubing siizmizazas the =eed Jor Za-lonized
water. The sutiang is orassed inzo cthe ex::'.s.a..s wizh
a szecial i1ig whick defor=s the soft cozper == £2 1t
s2kes che obrau=2 shaps of che extoudad chammel. This
shape was chosea =90 retain tZe copper withiz che =azi-
i, andé %o provide zaxizum surface cocntacs area for
efficienc heat cransfar. 3y Joiding che copper tubizg
back on icrsell we can aaintain a te=perature <iffer-
eatial of less that = 1°C across the crace.

The side Dpanais ara istamped ouz of D.062" {15.75
==) £lat skaet alumirum 5%9ck. Tha cazals are ex-
tencad in the Tear approxizstely 3.3™ (3% ==) evoni tae

sTuded =anifolds =0 pretact :the ackplaze azd mter -
flow valve. Two band grios tave bee: provicesd in the
raar of the panals to facilitate easy izstallacian I=
a Tack.

The ~e=ainder of che :rate isg Zadricated usizg
stacdard axtrusioa and flat stock.

2! VALVE

O=e of tha aafor probiems associazad =wizh liguil
sooling is the condensatica of sactar ca the ssaling
=anifoid wkemevar the surrounding zasperasure Iills
bSelow the dew poine. 70 sravent shisz fzom Rajrrenisg
«a have zhosar 0 restric: the flow of ss0lamt o ile
sTase with a s=all =eghanizal zespetatuTe 22 a3 flsw
valve. The arracgezent is co3piesel: cackazizal.




<hg flow control valve (Figure 2) is constructed
using a standard rotary or lever operated flow valve
ané a heat sensitive actuator. Ths actuator consists
of =wo "3olar Thrust" sherzsl eleammts with a common
s2am hetwesn then. THe 25PDEr Actustor slements con-
zain a nom=toxic chemical vhick expands vhea it malts

iguze 2. Tlow Conerol Valves. Shown Szom zop ==
scsen is 2 Tstary control vaive, 1 levar aperated
asnsros valve and the actuators.

2z 2 precezarzized tasperatire. (Figuwa 3). This axe
sangion stretches the digphragm which Jushes agaizst
the common staa ixcreasing the ovezall lengsh of che
acsuazor. The ainizum cravel is J.73" (13 =x) wish
2 Zozce of 35 1bs. {16 Xg). The tecperazurs eleasnts
232 L4a sanufactured with any starting teaperature be-
Tween 15°C and 129°C. L
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Tigure 3. <Temperature=-stroks curve 9f 3 "Solar Thruss"
acluator.

Tiguse < is a3 curve of power versus =anifoid temsera-
Zure. The srate was disassembled and a s3izgle =ani-
fold was tested. <The prassure as 2 2SI and ke flow
zate was 1/2 galion per ainuce. Cusve "A" is withouz
a flow concrol valve. lurva "s" aad "' are wish =h
Totary and laver actuated valves.
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for a singie =anifold vs. Ten-

Tigure 4. Shows power
Zevels (2 manifolds) should e

Fezzzure. Coate powvar
scaied accoriizgly.

zacerae

The TASTILS Sackpizae is coastructed 33 & S laver
printed circuit bSoard containisg sigral lizes, power
busses and ground planes.

he unloaded sigmai liaes appeas as 2= 35 Iadcro-
strip. A graund comneccicn is provided ac avesy fifch
?in on the connector. <This provides the iow ‘=psdarnce,
aigh fregquancy ground returs pati ascessary Ior 2CL
sigoals.

A high gualiszy drusa canzace
{120 pin) =—anufacsured 5r 3endix
ivision wae ctbosen for the backpiane. Iue cozaector
2as a kigh cuszeat 2apacityr [ azps ce- z:ztact), Zow

izserticze force and :zolarance o =igsligo—encs =f
aTeacer than J.04" {1 =) Ia zoch Lorizsntal and ver-
sical dizections.

Tue Zigh current saczrying capacizy all:sws the ctotal
Pouwer Taguirazents 15T a =3dula to be carsied ir a
single pia.* This alinimgtes the szcdless asssciased
with current siaring cver =any pias.

type aatTing <onnector
Zlactrizal Cozponents

TCATSCY

CRATE SPECT

The srate Is 15 /5% (400 ==) high, 13.375" (L66.7
=) Zeep and accepts a standari 139" zack =ounticg.
weaxty s=odules at & pitch of T.EEOM (1.5 =) is3 da
Soused. Che sssplate :sTate with backplarce, copper
tubixg and flow valve weigzs 35 lbs {36 3.

~
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Zlactroniss sompcnencs Jracuce Zead. As the ead
is generatad che temperazire 3f these zozpcients in-
craase. The heat attesprs o flow sihru amy razh it :am
fiad. Assucisg a constan: “aat s2usce, the te=peraltize
af zhe components will :cntinue 22 Tise until ke Tata
of tha heat deing gemerated is ajual 25 the Tate of e
Zeat flowing avay from the scmponants. A this zoins
steady stats heat transfe:- exists.

*0n doard switching regulators paver conversia isscted.



Yea: alwavs flows from high ceaparatura sresas 2o
l2w =amperature areas. “hez a system is in operationm,
s=e alattronice snenss will generally be the hot:test
=zi3 e 37s2e=. T .deT to coasyol the component
sa=paratives, the heaz 1.ow ;ath =ust be controlled.
bt # is mes done 2roperly, the compolent Zaspesse
tures will e Izrzed 25 2ise in an attempt %0 Halance
2eat ~2ad. Zventually the tesperaturs Jay becoze

FEl]

$2 high that the compenents will he <estroyed.

-~ o=
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There are zany Tasinizues presently availsble %o
Sptimize these 2eat Ilow paths. Tor low power =odules
a heavy coprer zTound 3lane zay be sufficient to re-
=ove the heat. Nodules that disgsipate =ore powver =ay
sransier sheir =eat from the 23p of che IC's via a
heat condusting median Zo a2 side piate or cover plate.
33ill higzher sowsr =modulas =ay require a heat cenducsing
lazzise, aluminum core prinzed cirzuit boards or N

Some of these =ethods are =0re praciical and
255 axpansive shan 2chers. The zechnicues are leiz =
e degizners.

e |

YODLY

Zach =odule consists of a .0625" (15.75 =m) alum=
=late, two "T" axstrusions, spacers, printed

b

Lo Amspe
=~k

fnum =z
cireuis oavds, wedging mechanism and froat panel. A
h2at 2ondussing latsice and rear panel are optisral.

Ther=mal 2onzacs is =ade >etween the -oduiles cover plate
and *ha crazas efoling =manifold by actuating a fop and

Hottom wedging =echanis=. (Sae Tizure 3.3

Figura 3. CTefail of wedging —echanisa. Rwsasiag the
iccking xnrod swings cut :the cazs and forces the =odule
2ightly against she cratas =anilold.

WESGING MECEANISM

The wedsing mechanism is an intagral zars of the
oz and borstoz “IV axtrusicas, which wisk tha cover
ciata fsra the tasis nodule. The wedge consiscs cf a
draw 2ar. cam, 3tIp dlocks and a captivated nus actua-
ting xmod. 3y turning cthe locking xnod, the five zax's
Totata out and force sha modules cover plate tightly
against thae crate's z=anifold. This then provides a

2eat <onduciing path etween the =cdule and crate. -
warsing the dirscticn of rozation relsases the =odula.

A TEPICAL SCNDUCTION COOLED MODULE

Tigure 3 shows a typical conduction cccled module.

t is cransferred from the 2op 3f %he 28's via a
2cne rubber sheet (thermul coefficient .334 = .02
sfineh °C. =0 the cover plate.
EY

™
a

Tae silicone rulder
iow durazster Index {approx. 20) =thus allowing
3light differances in the heights of she incegra:

cuits. The TC's ara locatad between tha print

cuit Soerd and the cover :lace/silicone zudbvar
sheet. Tha extrusicn aad spacers co=pleta the sarde
“iih Iype arrangesent. Separats mounting scraws for
She ccver plate and princed cirsuit bdoard ailow oze :o
T232iT ihe unil without disassembling :he antite =:0d-
ui2. Yodule power levels of up 2o <C watss cem he

handled wit: this srracgesent.

Tigure 5. A Tastius zondusslon :voled meduis. The zeat
is sransferred fzom the zop of t:e IC"s via 1 silicone

ther sheet O the cever slate.

¢

Aizher pover sevels (up o 3Cwatss) can e aniled.
@izh 3 laztice arsanmgez=ext. (See risure 7). Zack IT
stzadcles the latzice. 3Heas i3 =razsferrzed Isos the
Zezzex of the intezratad cirsuizs via the Zear tonduc-
ting aluzinea latzize. u=izun zails ire pisced at
regular intesvals bSetween the Zattice a=d :zover »late.
These serve the dual jurpose df defizing tha zap Le-
sJeen the princad cirsuit Soar? i=d 2cver diate aad of
cransfersisg Zeat o the cover zlate. additicz=al heat
paths can He providad by placing siliccze Tibber aads
batwaen the 2C's and cover plate. Combinations af =t
teo arocesding cooiing schenas ate also possidie.

2ISTLTS

Several zodules wicth zower dissizatisn Lavels Tang-
fag Lesween 33 and 35 watcs Lave teen toastrustad.

@itk tha axception of 3 charzomeZar zest ~xdulie, the
sase tamparatures df the IC's Zave Jeaz zaasured witk
a cazperature prakta.

Zbe z=athod w“as O coustruct 1 owar Iissization 2ro-
£4i1a of aach modula dased upon the I =amuiaciurers
"sorst casa™ power lavels. Zotaatial Zot 533Ts ere
defized and a s=ail 178" disnater hole as drillad ciu
the covar piates iirzectly abava asch IC 25 e easuTed.
Tezperaturas wers easursd by ingerzing 1 smalll e
seraszure probe direcily asgainst tie IT cases. Zasa
se=zartatures rarged fzox fent s3 52 Q.




A Tastbus Conduccion Cooled Module wizh

Tiguze 7.
The heat is traasferred froa the botZoa of

Tastice.

the ZC's viz che aas scxducsing lattice. CIossTails
aza providad =3 srangfar che heat Jzom tha lactice =0
the cover platas.

Addiziornal zasts wera perfor=ed usicg a spacially
Zasizned thermc=erar tast x=odule. 2laszic 5IP IC
Paczages zontaining cransistor arrays and Tesistor
saz4s weTe configurad as amiltar foilowars. 2¥ zone-
zTolling che dase and collaczc™ weitages the pouer
dissipation lavel in the jpacikages couid te weil Zde-
fined. The junctian ctampezature was detar=izec Dy zal-
srating the dase-snizzar voltige 9% a sspaTata frans~
3207 {locazad cn the saze jubstrate as tle aziiier
Sollower transistors) as a functicn =f tamperalura.

o o 8

Tigure 3. A Zuncsion sazperature »rafilae usisg 4 ther-
=J=ater cest =—oduie. -3 Wit powar .oac.

'y

Tigure 8 is a junccion temperature proflile ob-
tained with f£ifty of the smitter Z9liower =iIrzuits
(120 DI? sackages) conssrucces on 8 Tastbus prisced
circuit board. The 75 wace powsr load wes distriduced
svezly Setven all 100 DI2 rsciages.

Tizure 9 zives the range of Junctiom temperscures
f2r taree wodule zcwer levels 254, 504 aand 75W. Tha
effeccs 3£ gilacens 30dulas is also shown.

- -
- -

. B

ce ?. Junctioz Issparatusa Tange as & Zumesi
total :ccule power.
CONCLUSIOY

Sevaatasn conductica cacliad asdulas and shee
water ccoled srates have bYeea construsted. Tha =gi-
uies contained Lok princed siscuil lzyoucs ani wite
wzap "XLUDGZ" bSoards. The zmalorisy of the =zdéules Iom-
taix =CL logis. Moduls power dissizazion lavels ranged

sezveen zhirsy-five (35 ard eighcr {30 watts. Zvery
Z3ars was =ade o 2andle tze thermpl matsgesent via
conduetisn zeoling and =z Iabzicate the =cdulas Zor

aase of rapair and =ainzezance. In ze inmstaaca 3:id 9
case sacperatuTe axcoed S2°C. The csazas were coolad
with aither zap watar orv a2 zoglant dischasie o=

ke Sea= TTanssoOrz =2gtes3 s32linmg TS,
The uniss wers In sonmzimusuy szeratisz Sz oz zaricsc

=crchs duvisg she suzmer of 1330 iz an experi-
I nc cass weTe inr Io=pcz~

svarheazizg.

s twe
=enz at 2rgoxzaven's AGS.
aat failuzesg assgidur ooz
a saaclusion sur 3zerating oxperianse =il the
snduczion cooling of Faszius Modules has tean i osis

S
Sive sne. we Rave Iascnsiracted sthe Seasibililty ans
cost asfactiveness of zuch am approach, s doti Lw
anc 2igh power =odulas, Iz s2all axd laTge s¥Itess. I3
iE uUr Intensildn 0 sonmtimue with sha Jevelcrzant asc

reiingzant ol :this approach.
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JUNCTION TEMPERATURE PROFILE °C TEST CIRCUIT (50X)

top v+
A 1
102 92 102 94 94 3X
116 105 106 166 101 £ (\ - =
L 19
r CA 3096E
° == Vee
113 106 110 102 105
16" LY _
Qs I }p
104 108 11¢ 100 101 AR
é 0K
101 99 101 97 97 loog ‘é
L o 3X

13.5" ’l’

T



150°cC

125°¢c

100°C

75°C

Manufacturers rated max. junction temp. for long life

50°cC

1. Single module
2. 3 modules (test module in middle)

3. Same as 2 with power on all modules
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+ t t
25w S50W 75W  (Module power)



