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Current Lead Thermal Analysis Code 'CURRENT"

* Fok
Masahito YAMAGUCHI , Eisuke TADA, Kenichiro HATA
and Susumu SHIMAMOTO
Department of Thermonuclear Fusion Research,

Naka Fusion Research Establishment, JAERI

(Received June 28, 1985)

Large gas—cooled current lead with the capacity more than 30 kA and
22 kV is required for superconducting toroidal and poloidal coils for
fusion application. The current lead is used to carry electrical current from
the power supply system at room temperature to the superconducting coil
at 4 K. Accordingly, the thermal performance of the current lead is
gsignificantly important to determine the heat load requirements of the
coil system at 4 K.

Japan Atomic Energy Research Institute (JAERI) has being developed
the large gas-cooled current leads with the optimum condition in which
the heat load is around 1 W per 1 kA at 4 K.

In order to design the current lead with the optimum thermal
performances, JAERI developed thermal analysis code named as "CURRENT"
which can theoretically calculate the optimum geometric shape and cooling
conditions of the current lead. The basic equations and the instruction

manual of the analysis code are described in this report.

Keywords: Current Lead, Superconducting Coil, Fusion,

Computer Code, Thermal Analysis, Manual

* Visiting student from Kyﬁshﬁ University

%% Nippon Software Company Limited.
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TP-T10
NO TM=T--A
YES‘ STOP
: £, ~FUNCUI(TM, D)
I FUNCUL | ¢ RUNCUI (TP, 1)
NIT=
NIT+1
2o~ YES
<SV
NO
AT = AE'.T f1<& NO
[TP=TP+4T YES
=TM—-4T
tcuy | [roui)
YES ~TM ~Tp
NQ M>E> £,=FUNCUI (TM, 1)
<5 FUNCUL | |4~ FUNCUT (TP, 1)

NO £ Toed

YES

STOFP

MNIT=
NIT+1

TP

TC

fz =f3
TM=TC

YES

NO

_TP+TM
2

FUNCUI

NO

foef3<C

YES

X 12

SOLCU

TCU

(1)
=TC

‘ RETURN )

Ju—F -}
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Va—-ng STEADY
CALL
STEADY

CULAMF

SETPHY

NMA STOP

=

SLVTHE

YES TIME Y ES

JCONVRG
="TRUE'

—

—— -
i 1 g —®_
i — i+ ] |NCDE[F F

CONVRG %
— 'FALSET NO NO
. PU

— -
SOLCU ‘ RETURN'

CONVRG | cul
—FALSE| nNO~JXH®
YES
CONVRG
— 'TRUE

X 13 STEADY 7wo—F+—F
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EVa-NE SUBX
CALL
SUBX

i <1 i<
i — i +1/NODE [F
—
SETPHY

l
CULAMF

[
CURESF
J

—
1«1 i< F

i «— i+ 1| NODE

T

_THe giCu
dt _dt |8 amRzo
Ejlrﬁ

‘ RETURN }

14 SUBX Z7o—%F+-—1F
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OUTARY

<1 i<

i —i+1NTIME

DODGE

DODAM

PRINTZ

OUTARY
( RETURN )
515 TRANS 7o—-F+— b
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% 2 JCL #

(A) CURRENT JCL 7T T A

/1JCLG Jae 00000110
¥ EXEC JCLG 00000120
//SYSIN DD DATA,DLM='4#4' 00000130
/7 JUSER 95743325.EL.TADA-0035.01 00000140
T.7 W.2 1.4 C€.68 P.0 SRP Q0000150
OPTP PASSWORD=XXXX +CLASS=4 00000160
fi= _ 00000170
1lx AL AT AL AR RIR RN E R AR XL X AR EXAENN Q0000180
/1= XRXEXXER CURRKRENT AXEXTAXE 00000190
frx A A AL T IR AR AR R AR AR EE AR E A IR AL E Qco000200
tix 00000210
//FORT?7VP EXEC FORT77VP,S0="J3325.CURRENTT,A="ELM(x)" 00000220
FISYSING DD DSN=J3325.INCLCU.FQRT?7-0ISP=SHR 00000230
// EXEC FORT77VP,S0='2332S.HEDATAD', A='ELM(x)",Q="' FORT',DISP=MOD 00000240
I/ EXEC LKEDY7 . 00000250
ff EXEC SYSA 0oo002s51
ffCURRENT EXEC GOA QOOQ02560
//FTO1F001 DO DUMMY (EEZHEUASF-FBROAHTI 7 IL) 00000270
//FTO2F001 DO DSN=J3325.DATAQ7.DATA.DISP=(OLD.XKEEP) (ERIHHAT 7 {1 )00000280
//FTO3F0C1 DD DSN=J3325.DATAOB.DATA,DISP=COLD.KEEP) (SEXBHEHAT » £ 40000290
¢/ EXPAND DISKTO.DDN=SYSIN.DSN='J332S.CURRENT',Q="_DATACCL30Z}"' 00000300
Il GERHHEANT 74 4) 00000310
- 00000320
1 €0000330
(b) CURRENTG JCLT7 ¥ 3 A
/1ICLG JoB 00000100
I EXEC JCLG 00000200
7/SYSIN OD DATALDLM="++" 00000300
/7 JUSER 95743325-EI.TADA,0035.01 00000400
T.3 W.1 1.3 C.& P.O GRP 00000Ss00
OPTP PASSWORD= 00000600
1% 00000700
1ix EEA LA XS AR LI E AR S TAASEEXS Q0000800
1= ETTXTRELE GROUT FSEEEE T 1] 90000900
/% EAXTXARXEXERAXREE AL L ATXEXK oQoe1900
Iy 0oa0t100
//FORT77 EXEC FORT?7,50='J3325.CURRENTG’,B="ELM(x)"' 00001200
//FORT77.SYSINC DD DSN=J3325.INCLCU.FORT77.,DISP=SHR 00001300
//FORT?7 EXEC FORT77.,50='J3325.CURRENT',DISP=MOD, 00001400
7 B='ELM(DATAIN}' 00001500
//FORT?7.SYSINC DD DSN=J3325.INCLCU.FORT77.DISP=5SHR 00001400
//LINK EXEC LKED77,PRVLIB='J2636.ARGLIBV4LT-GRLIB=PNL, 00001700
'y MOD='50,20,1" 00001800
//RUN EXEC GO Q0001500
// EXPAND GRNLP,SYSOUT=E 00002000
// EXPAND DISKTOQ,DDN=FTO2FO001,0SN="13325.0ATAOL’ (ETHHEAT T ¢G0002100
/7 EXPAND DISKTD,DDN=FTO3FO001,.DSN="J3325.DATAQ3" (ETEHBEEAT 74N 00002200
i1  EXPAND DISK.DDN=FT94F001 00002300
/7 EXPAND DISK,.DDN=FTS7FQ01 00002400
7/ EXPAND DISK.DDN=FT9BFQOO1,5PC='(30,10)',UNIT=TSSWK 00002500
/! EXPAND DISK.DON=FT99FL01 00002600
14 00002610
30,14.1 }‘:1"”’ ARGUS- v B TDFII P 00002620
-1 00Q02630
-2 00002640
-3 00002650
—i ANXF-F 00002640
1 Q0002570
10 00002480
20 00002780
30 00002880
0 00003200
4 - 00003300
77 00003400



TITLE 15KA CURRENT LEAD VYOID FRACTIQN 20X (RRR=100)

NODE 36
CURRENT
FLOW 0.75
LENGTH
DIAMETER
PERIMETER
HEAREA
CUAREA
HIGHATM
LOWATM
QFTION
OPTION
OPTION
QPTION
OPTION
OPTION
QPTION
aPTION 1
NMAX1
NMAX 2
EPSIRONA
EPSIRONR
CPUMAX
DELTATRATE
T 0.01
PRTINT 24
TIMEMAX 2
CUTEMP
4.4000
6.1251
39.1774
114.2520
231.3491
291.6164
HETEMP
4.4000
6.1051
39,0774
114.1520
230.7491
290.6164
CULAMDA 16
4.E+00
12.E+00
100_E+00
623.E-02
1780.E-02

469 .E-02
RRR 100
RESISTANCE

4.E+0Q0

157 .E-10
DX

1.E-03
8.E+00
8.E+00
8.E+00
B.E+00
2.E+00Q

T4 YEFLDES

15000.
Q
210.0
0.0484
3680.0
4.50
18.00
1.20
1.00

O W
QOO rrrHO

o]
5000
1000
3.5€E-3
1.5E-3
1200.
0.01

0.0
400.0

4.6073
8.27461
47 .3295
128.4074
251.3076
297.1920

4.4033
8.2541
47.2295
128.307¢4
251.0074
296.1920

S.E+0Q0
14 .E+00
273.E+00
780.E-02
2000.E-02

397.£-02

4
10.E+00
157.E-10

2.E+DQ
8.E+00
8.E+00
8.E+00
B8.E+00
2.E+00

FINDATA
CANGE NODE
RZERC
PERIMETER
RE

#3

4.8622
11.2806
56.3393

143.4203
264.5422
300.0000

4,4522
11.2606
56.2393

143.3203
264.0422
296.1920

6.E+00
16.E+00

JAERI-M 85-107

A h

5.0706
15.1448
66.2066

159.2909
269 .8499

4.5806
15.1248
66,1084

159.1909
269.14699

7.E+00
18.E+0C0

919.E~02 1080.E-02
2180.E-02 2300.E-02

20.E+Q0
145.E-10

2.E+00
8.E+00
8.E+00
8.E+0Q0
2.E+00
1.E-03

53
1.300
8.170
4.740

50.E+00
657.E-10

2.E+00
8.E+00
8.E+00
8.E+00
2.E+00

1.840
11.5460
4.800

—_—

5.2326
19.86465
76.9316

176.0190
275.2111

4.7225
19.84465
76.8316

175.4190

275.0111

8.E+00
20.E+0Q0Q

1230.€-02
2380.E-02

100.£+00
366 .E-09

2.E+00
B.E+00
8.E+0Q0
‘8.E+00
2.E+00

5 B

9.4483
25.445¢9
88.5141

193.6048
280.625°%

4.9383
25.425¢9
88.4141

193.0048
280.4259

9.E+00
30.E+00

1380.E-02
2070.E-02

273.E+00
157.E-08

2.E+00
8.E+00
- 8.E+00
83.E+0Q0Q
2.E+00

5.6175
31.8828
100.9543
212.0481
286.0943

5.2075
31.8628
100.8543
211.4481
285.8943

10.E+00Q
S0.E+0Q0

1520.E-02
979.E-02

2.E+00
8.E+QQ
8.E+00
8.E+00
2.E+00

00000100
00000200
00000300
00000400
00000500
00000600
00000700
00000800
00000500
00001000
00001100
00001200
00001300
00001400
00001500
00001600
00001700
00001800
00001500
00002000
00002100
00002200
00002300
00002400
00002500
00002600
Qooe2700
00002800
00002900
00003000
00003100
00003200
00003300
00003400
00003500
00003400
00003700
00003800
00003900
00004000
00004100
00004200
00004300
00004400
00004500
00004600
00004700
00004800

Q0004900
¢0005000
¢00Q5100
40005200
00005300
00005400
00Q05500
00005400
00005700
00005800
00005900
000046000
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15KA CURRENT LEAD VOID FRACTION 20x
CURRENT = 1.500D+04 (A}
Q = 1,253350+01 (W)
FLOW = 7.50000D-01 (&/8)
s102
3.0

2.0

TENP K}
T
5

0.0 e e——— e T

0-0 0.5 1-0 i-6 2 2.5
. XK (CH) : s10?
ARGUS-v4 I0=ENO TEMP 85-02-20 1 PAGE @

Xi6 EEHFBEIZEEZH

3K0 CURRENT LEADS #14 SHOT NO. 19 (ZERD FLOW)

CURRENT = 2.9600+03 (A)
O = 4.311070+01 (W}
FLow = 0.0 (Gr3)

e
TERP

1.
g0t
ARGUS-v4 10=TEMP CU B4-12-11 5 PRASGE

B17 FEFITHEDL A

—_ 32 —



