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Abstract - HTS (High Temperature
Superconducting) cable termination current lead
has been designed based on simplified boundary
conditions such as fixed temperature at both
end and adiabatic/convection in the side wall.
However, in the real situation the current lead
is enclosed with insulators and exposed to
insulation o0il and LNo. Therefore it is
necessary to consider them for the proper
current lead design. In this paper, several
important design parameters were chosen and
their effect on the temperature distribution and

heat loads on the current lead has been
investigated. It was found that current lead
has to be 2 stage to reach the minimum

temperature requirement of insulation oil and
insulator is required to reduce the cooling
capacity of cryogenic system.
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B.C.:
Upper : hy;; or hy;
Lower : hyx;
Middle : Adiabatic
Dimension :
D=005m
Ll =05m
Lg =0.5m
L3 =05m
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Fig. 1. Dimension of bare current lead and
boundary condition for the calculation of
temperature distribution and heat load

Table 1. Heat transfer coefficient of insulation
oil and LN32

Air 0il LN,
Film Temp. [K] 305 305 785
Viscosity [m%/s] {1.57x107°]8.24x10%{1.94x107"
Conduct. [W/m K]| 0.0264 | 0.1328 | 0.135
Pr 0.69 96.39 2.38
Gre Pry 1.18x10° {5.71x10'°]2.96x 10"
h [W/m® K] 3.21 102.26 | 387.82
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B.C.:
Upper : hg;
Lower : hLNZ
Middle : Adiabatic
Dimension :
D=0.05m
GFRP : 65 or 35 mm
Li=05m
[,=05m
IL;=05m
AL=0.1m

Fig. 2. Dimension of current lead with GFRP
and boundary condition for the calculation of
temperature distribution and heat load
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Fig. 3. Dimension of 2 stage current lead with
GFRP and boundary condition for the
calculation of temperature distribution and heat
load
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Fig. 4. Temperature distribution in the bare
current lead for various boundary conditions
considering oil, air and LN32
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Fig. 5. Temperature distribution in the current
lead with GFRP considering oil at the upper
and LNz at the lower section
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Fig. 6. Temperature distribution in the 1 and 2
stage bare current lead considering oil at the
upper and LN2 at the lower section



Dash:1=0A
Solid : 1=1260 A

%)
<]
=3

Current Lead Temperature
GFRP:0.18 m

~N
@
k3

8

Current Lead Temperature
No GFRP

/
-"’ s
ll
/ GFRP Temperature Jd
” | +——| GFRP:0.18m

50 1 Il L 1 X L 1 1 L 1 1 1 Il )
00 01 02 03 04 05 06 07 08 08 10 11 12 13 14 18§

Length from Bottom (m)

Temperature (K)
g

e

3
:

Fig. 7. Temperature distribution in the 2 stage
current lead with GFRP considering oil at the
upper and LNz at the lower section
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Table 2. Heat load through the current lead
under several design parameter variations

1=0A I=1260 A
. 5
Condition || o1 OUt et nflow| O |Net
flow flow
300/77K  [-126.0]126.0] 0.0 [-119.1[130.3|11.2
ha/hine | -37.8 | 37.8 10.0|-39.8 | 409 | 1.1
hov/hine  |-172.7]172.7 0.0 |-168.7|173.1] 4.4
ho/huwe/GE| 10 011049 0.0 |-1176]130.5]12.9
RP(0.18m)
hei/hine/GF
~119.9(119.91 0.0 {-113.1]123.7|10.6
RP(0.12m)
007K/ | e 01280 (00| 00 |705 1705
25tage
ha/hie/ | 961796100 -46.1 | 93.0 l46.9
2Stage
ha/hie/2St) o o1 543 00| -a7 | 534 487
age/GFRP
E dA7E 21471 ZEES dFMEALE
AR ZA =S E7]S/ME A 71 A
o 93] FIFEHAFUY.
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