Bob Wong
LLNL

"Thermal
analysis of TPX
Superconducting
Magnets”



THERMAL ANALYSIS OF TPX TF COILS
and

CODE VERIFICATION WITH ORNL TRIPLEX

Bob Wong
LLNL

May 10, 1993



Computer code CICC

Design of TPX TF coils
Double pancake flow temperature margin
Single pancake flow temperature margin

Code verification with ORNL NbTi triplex tests
Preliminary results

Problems calculating multiple stability
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Forced flow cooled conductor schematic |=
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Notes:

1. CE element = continuity - energy element

2. M element = momentum element
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Conservation equations

Helium momentum equation

a(gtu) (p+pu)—(fh)(15pu|u|)

Helium continuity equation
dp _ _ olpw)
ot le) 4

Helium energy equation
d 1 2)]_ 0 1
(F)elerzv)=-5 )[(p“)(M 7)) |
d oT Ac + o Aw o
+(§£)(k ax)+ AC[RC Te-D+ g, Tw T)]

Conductor energy equation

oT, p) aT, 1 A
009 (T2)- & b ) 2 [T T0]
- Conduit-wall energy equation
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TPX TEMPERATURE MARGIN

Flat top= 1000 s
Number of TF coils= 16
Turns/pancake= 7
Pancakes= 12

Helium flow rate= 400 g/s (total)
Inlet temperature= 5.0K

Outlet pressure= 4 atm
Peak field= 763T
Current= 33.5 kA
Current sharing= 77K

DOUBLE AND SINGLE PANCAKE COMPARISON

Max. Bore Temp. Temp. Margin
Dbl. Pancake 65653 K L2 ¥E8 K
Sgl. Pancake s-7&6 K L 79K

Dbl. Pancake Energy Margin= 375 mJ/cc



Fig. 1, Transient Conductor Winding Pack
Heating in Outer Leg at the Bore

Double Pancake Flow Configuration
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Fig. 3, Maximum Transient Temperature at Bore
Double Pancake Flow Configuration
5kW Nuclear Heating

200
40 -
600
800~

Time (s)



/

Temperature (K)

0.8

Fig. 12, Maximum Transient Temperature at Bore
Single Pancake Flow Configuration
5kW Nuclear Heating
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Fig. 2, Steady-State Conductor Winding Pack
Heating Profile

Double Pancake Flow Configuration
5kW Nuclear Heating
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Temperature (K)

Fig. 6, Temperature Profile after 900 s

Double Pancake Flow Configuration
5kW Nuclear Heating
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Fig. 15, Temperature Profile after 900 s
Single Pancake Flow Configuration
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10N, Ggenc, W/m

CONDUCTOR- HEAT GENE!

ORACB2: 3.1Im, 7T, 16.7ms., 258R, 11@md/cc
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ATC, W/m==2 deg.K
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QUESTIONS E

s Code is apparently not able to calculate multiple stability
with the symmetric flow geometry.

Multiple stability can be obtained if heating is near one
end of conductor.

° Calculated stability is lower than measured.

Code results are being compared to FENIX
experimental results in current sharing region.



