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Introduction
In theGeneralDynamicscryostatdesignfor the ColliderDipoleMagnets,theextrudedalumi
num nitrogenlines arereplacedby stainlesssteelpipes,andcopperstrapsare usedto provide
the thermalconnectionsbetweenthealuminumshieldsand thepipes.This designincreases
the thermalpath for theheatremovalfrom the shields.Thethermalresistanceis highernot
only due to the strapresistanceand therelativelylow conductivity of stainlesssteelcom
paredto aluminum,but alsodue to thediscontinuousor discretenatureof connections
betweentheshieldsandthe stainlesspipes.

A studywasconductedfor the 80 K shieldtemperaturedistributionsto understandtheeffects
of increasedresistancebetweentheshieldand thenitrogenlines sinks. Separate-andcon
servative-heatconductancevalueswereusedfor thestrapslinking theshieldto the liquid
nitrogenline and to thevapor line which carriestwo-phasestratified flow. Thesteady-state
shieldtemperaturedistributionsand theshieldaverageemissivepowerfor specifiedsink liq
uid andvaporline temperatureswerecalculated.In the analysis,additionalthermalcontacts
betweenthe shieldandthe pipese.g. atthebottomof the pipeswereneglected.Theresults
of thestudyarepresentedbelow.

Effective strap conductance
Theproposeddesignusescopperstrapsto link the thermalshieldsAl 606l-T6 to cryogenic
pipes304LCRES.The strapsare 12 cm long, andhavea cross-sectionalareaof 1.55 cm2.
With a thermalconductivity of 5.1 W/cm-K around80 K, thethermalstraphasa nominalcon
ductanceof H = kfL = 0.425.W/cm2-K.Thereis an additionalresistance,however,thatresults
from theperiodic "discrete"modeof heattransferto nitrogenin thestainlesspipes,combined
with therelatively low thermalconductivityof stainlesssteel0.1 W/cm-K at 80 K. This
additionalresistanceis estimatedconservatively,allowing for temperaturevariationsalong
andaroundthepipes60mmOD, 1.5 mm thick. Thestrapsare assumedto be placedapprox
imately40 cm apartandconnectedto thepipesat the top. Thetotal effectiveheattransfercon
ductancefor a strapconnection,including theadditionalresistanceof thepipe,is estimatedto
be0.20 W/cm2-K for the liquid nitrogenline, and0.05 W/cm2-K for thevaporline with two-
phasestratifiedflow.



Shield temperature distributions
The 1.6 mm thick shieldis assumedto be 15 m long with a circumferenceof 1.95 in. It is sub
jectedto uniform radiantheatflux of 0.6154W/m2 18 W total from the 300 K vacuumves
sel innersurfacethroughtheMU. Theshield is supportedat five locationsby thesupport
posts3.12m apart,with an additional heatinput of 3.2 W per post. Two seriesof straps,sep
aratedby approximately71.5 cm, link the shieldto the two nitrogenlines. Assumingsymme
try, only one-halfof a sectionof theshieldbetweenthe supportposts1.56 m long is
analyzedSeeFigure 1. Thetotal heatloadon this half-sectionis 3.45 W, of which 1.85 W is
due to radiationand 1.6 W is dueto supportpostconduction.For simplicity, the supportpost
holeis representedby a square,26 cm on a side.Thesectioncontainsfour strapsperline, that
is, four heatsinks to the liquid line andfour heatsinksto thevapor line, to removetheheat
loadon theshield.A two-dimensionalconductioncodewasdevelopedto computethesteady
statetemperaturedistributionson theshieldundervarious sink temperaturesandconditions.
Thesecasesandresultsaresummarizedin Table I.

Thevapor line temperatureis fixed at 80 K in all cases,while the liquid line temperaturewas
variedbetween80K and92K. Casesla- ld representsituationswheretheheatload is removed
by both thevaporandliquid nitrogenlines.The correspondingtemperaturedistributionsare
givenin Figure 2. The temperaturedistributionsdisplaya peaknext to thesupportpostcon
nection,anddips at the strapconnections.Resultsfor Case 1 indicatethat mostof theheat
load is removedby the liquid line whenthe temperaturesin the vaporand nitrogenlinesare
closeto eachother.Thevaporline becomesa more "active"sink if the liquid line temperature
is increasedfurther, andwill carrymostof theheatload for relativelyhigh liquid line temper
atures.As the liquid nitrogenline temperatureincreases,the shieldtemperaturesrise overall,
resultingin higheremissivepowervalues.Theemissivepowervaluespresentedin thetables
aretheaverageT4 valuesfor theshieldnormalizedwith respectto theemissivepowerof the
shieldat 84 K, i.e.

Tx ‘

EmissivePowerNormalized
= 55 dxdy

Thus theemissivepoweris indicativeof the radiantheatleakfrom the80 K shieldto the20 K
shield. It can be viewed alsoasa measureof the relativeerrorin theradiantheatleakcalcula
tions for the20 K shieldwhenauniform temperatureof 84 K is usedfor the80 K shield.

Caseswith goodthermalcontactassumedbetweenthe strapsandthenitrogenpipeswere also
analyzed.Neglectingthe resistanceof thepipes,thenominalconductancevalueof0.425 WI
cm2-K wasusedfor all thestrapsconnectingtheshield to thevaporandliquid lines Cases2a-
2d. With improvedheattransferconductance,the overall temperaturelevelsandshieldemis
sive powerare lower asshownin Figure 3. Theheatload is divided equally betweenthetwo
lines for equalsink temperaturesCase2a. If the liquid line temperatureis raised,mostofthe
heatis carriedawayby thevaporline Case2b. Forsufficiently high liquid line temperatures
Cases2c and2d, the liquid line no longeractsasa sink, but asan additionalsourceof heat
loadfor theshield andthevaporline. This additionalload indicatedby thenegativevalues
in the table,togetherwith the imposedloadof 3.45 W, is carriedout by thevapor line.



Finally, caseswereconsideredwherethereareno strapslinking theshield to the vaporline
and theheatload is solelycarriedout by the liquid nitrogenline. Theresultsfor thesecases
Cases2 and3 arepresentedin Table 2. Cases3a-3dare for a heatconductancevalue of0.20
WIcm2-K.Figure 4 shows the temperaturedistributionsfor thesecases.Comparedto Case1,
theoverall temperaturelevelsareelevated,dueto havingonly onesink which resultsin higher
emissivepowervalues.Resultsfor Cases4a-4d,wherea conductancevalueof 0.425WIcm2-
K is usedfor the liquid line, aresimilar to thosefor Cases3a-3d,with lower temperatureand
emissivepowerlevelsdue to the improvedheatconductancevalue.

Summary

The 80 K shieldtemperaturescan differ substantiallyfrom thecorrespondingnitrogen tern
peraturesin the liquid and/orvaporlines dependingon thelocationaroundthering. Thether
mal resistanceof thecopperstrapconnectionsbetweentheshield to thestainlesspipeshasa
stronginfluenceon thetemperaturedifferencesrealizedbetweenthe shieldandnitrogenlines
andneedsto be quantifiedaccuratelyfor realisticpredictionsof shieldperformance.



Table 1: Heat removed by the vapor and liquid nitrogenlines, and the shield average
emissivepowershieldconnectedto both lines

Case
No

Vapor line conditions Liquid line conditions HeatRemoved ShieidEinissive
Power

Normalized
wit 84 K

Temp
K

Strap
Conductance
W/cm2K

Temp
K

Strap
Conductance

0.W/cm2K

Vapor line
W

Liquid line
W

la 80 0.05 80 0.20 0.95 2.50 1.12

lb 80 0.05 84 0.20 1.32 2.13 1.28

lc 80 0.05 88 0.20 1.69 1.76 1.45

ld 80 0.05 92 0.20 2.07 1.38 1.64

2a 80 0.425 80 0.425 1.73 1.73 0.93

2b 80 0.425 84 0.425 2.68 0.77 1.03

2c 80 0.425 88 0.425 3.64 -0.19 1.13

2d 80 0.425 92 0.425 4.59 -1.14 1.24

Table 2: Heat removed by thevapor andliquid nitrogenlines, andthe shield average
emissivepower shield connectedto liquid line only

Case
No

Vapor line conditions Liquid line conditions HeatRemoved Shie!dEmissive
Power

Normalized
‘v 84 K

Temp
OC

Strap
Conductance
W/cm2K

Temp
K

Strap
Conductance
W/cin2K

Vapor line
‘

Liquid line

3a 80 0 80 0.20 0 3.45 1.27

3b 80 0 84 0.20 0 3.45 1.51

3c 80 0 88 0.20 0 3.45 1.79

3d 80 0 92 0.20 0 3.45 2.10

4a 80 0 80 0.425 0 3.45 1.11

4b 80 0 84 0.425 0 3.45 1.33

4c 80 0 88 0.425 0 3.45 1.58

4d 80 0 92 0.425 0 3.45 1.87



80 K Shield: Al 606l-T6, l5m x l.95m, 1.6mmthick
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Figure 1. Nitrogenshield schematic
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