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1. INTRODUCTION

The Collider maintenanceoperationinvolves replacementof a ring component
suchasa magnetor spool. For this operation,the cryogenflows through the sectionand
strings including the faulty componentare rerouted[1]. Duringemptyingand warmupof
thesestrings, the 20 K flow to remainingtwo strings on the otherside of the refrigerator
may haveto be interrupted.Without activecooling, it is very importantto understandthe
transientresponseof the 20 K shield,and to estimatethe increasedload on the coldmass
4 K systemasa resultof theelevationin the 20 K shieldtemperatures.

2. ANALYSIS

A nominal Collider cryogenic string is 4320 m long, and is composedof a
recursivestructureof dipoles,quadrupolesand spoolpieces,with dipolesaccountingfor
most of the length. The heat load on the 20 K shield and the 4 K coldmasscan be
averagedover the length, and the problemmay be analyzed by using the dipole
parametersto arrive at geometricand physicalparameterson a per unit length basis. As
we will discusslater, dipole parametersaloneare not sufficient to representthe discrete
spikes in the heat loads, e.g. in the spool pieces.Such discrete loads can also be
distributedover the length, by defining an averageeffectiveresistance.

Dipole parameters:

Thefollowing parametervaluesareusedtheanalysis:
* Length= 15 m
* 80 K Shield circumference= 1.95 m
* 20 K Shield circumference= 1.80 m
* Cold massperimeter= 1.3 m including0.2 m, half theperimeterof 4 K return

lines
* 20 K and 80 K shieldsurfaceemissivities= 0.05
* Cold masssurfaceemissivity= 0.04

.20 K Shield thickness= 2mm
* 20 K Shield massperunit length = 9.72 kg/m densityof Al = 2700kg/m3
* 20 K pipe innerdiameter= 0.085 m with 1.5 mmwall thickness
*20K pipe mass/length= 3.163 kg/m densityof SS = 7900kg/rn3

* Numberof supportposts= 5
* Supportpost: GeneralDynamicsstraightpostdesignwith syntacticcore

sandwichedbetweencarbon/epoxyplies [2]:
* Syntacticcorecross-section= 537 ni.ni2
* Carbon/epoxycross-section= 1166 mm2
* Postlengthbetween20 K and 80 K intercepts= 36.0 mm
* Postlength between4 K and 20 K intercepts= 25.8 mm

Initial conditionsand heatloads:

* 80 K Shieldtemperature= 90 K
* 20 K Shieldtemperature= 20 K
* Cold masstemperature= 4 K



Based on radiant exchangebetween concentric cylinders, heat transfer by
radiationfrom the 80 K shield to the 20K shield,and from the 20K shield to the 4 K cold
massaregiven by:

qraa.2oK-4x = -q,a.4K-2oK e -A4’KF4K_20KaT,ç. - TK

q,04.SOK_20K= qraa.20KSOK -A4OKF2QK_gOKaTK - T:0

where
= [s’ + AQA;’ e’ - lf’ andtheprime denotesquantity perunit length.

Heattransferby conductionthroughthecompositepost is given by:
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Using theaboveparametersand material properties,the initial steady-stateheat
loads per unit lengthcanbe calculated:

q’rad,20K-4K = 0.0003W/m
q’cond,20K-4K= 0.0060W/m
rad,80K-20K = 0.180 W/m
q’cond,80K-20K = 0.176W/m

Hence,basedon dipole contributions,the 4 K and 20 K heat loads are 0.0063
W/m and 0.3497W/m, respectively.Theseloadsare lower thanthecorrespondingstring
static designloads,which are 0,07 W/m for the4 K line and 0.5 W/m for the 20 K line.
The disagreementbetweenthecalculatedand thenominal loads is particularly largefor
the 4 K line. Only one-fourthof thenominal 4 K load is allocatedto thedipoles;majority
of the4 K static load is through the spools.Therefore,dipole parametersalonecannotbe
usedto characterizeand estimatethe 4 K heatload. This is also true for the20 K load.
Gasconductionis neglectedin this discussion.In orderto compensatefor thediscrepancy
betweenthe calculatedloadsand nominal loads, we assumethat the differencecan be
attributedto an effectiveresistancerepresentingtheconductivecontributionsthroughthe
rest of the string elements.Thermal conductivityof stainlesssteelis usedto characterize
this resistance:

p20K
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TRANS LENT RESPONSE

There are three heat transferpathsused to calculate the energybalanceand
estimatethe transient responsefor the 20 K shield are: radiation betweensurfaces;
conduction through the post; and conduction through an effective stainlesssteel
resistancesee Figure 1. Gas conductionis omitted. Assumingthat the 80 K shield and
cold masscontinue to be cooledat the initial levels, i.e. maintainedat 90 K and 4 K
respectively,the changein the combinedenergyof the 20 K shield andpipe is given by:

F F dT2OK F I
WshieiaCpAl + WpipeCp.s:

dt
= qr,ogzoK + qCORA.SOIC_2OK+ q33.SOK_2oK

a. .1.
qrad.2ox-4x q0.d2OK-4K q,,2OK-4K

whereq,’.2oK-4K + q0d,2OK-4K + q8.20_4 is the instantaneousload on 4 K coldmass.

The above equation is integratedusing the RKF45 ODE integrator [31. The
solutionfor the 20 K shieldtemperatureandtheresultingheatload on the 4 K systemare
shown in Figures 2 and 3 respectively.The 20 K shield temperaturerisesrapidly when
the 20 K shield flow is stopped:it increasesfrom 20 K to 30 K within 2 hours, and to
40 K in 10 hours.The new equilibrium temperatureis 45 K and the corresponding4 K
heatload is 0.481 W/m or 2075 W per string. The heat loadon the4 K coldmassalso
increasesrapidly,doublingwithin 1 hourandquadruplingin 4.5 hours.

In theaboveenergybalance,thethermalcapacityof the helium in the 20 K pipeis
neglected.This is a somewhatconservativeassumption:theoverall changefrom 20 K to
45 K in the enthalpyof helium in the 20 K line is small comparedto that of theshield
metal .c 10%,but comparableat the lower temperaturesin thebeginningof theprocess.
Therefore,the aboveresults slightly overpredictthe rateof increasein the 20 K shield
temperatureat the initial stages.
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Figure 1. Energy balancefor the 20 K Shield
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Figure 2
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Figure 3


