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Optimal design of Current lead considering Natural convection
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Abstract

In this paper, the current lead for superconducting device is studied by numerical method. The current lead is
cooled by surrounded N, gas by natural convection. The heat conduction equation for current lead and
boundary layer equation for N, gas must be solved simultaneously. The boundary layer equation for N, gas is
highly nonlinear for varied temperature of current lead. So the linearization method is adopted for simplicity.
Numerical results using natural convection cooling are compared with the conventional cooling methods such
as conduction cooling and vapor cooling methods. The main difference of natural convection cooing is the
non-zero temperature gradient at the top of current lead for the minimum heat dissipation into superconducting
devices. For the optimized conduction-cooling and vapor-cooling current leads, the temperature gradient at the

top of current lead is zero. Also, the heat flow at the cold end is much smaller than conduction cooling case.

7|lsMd Gr  Grashof number, g8 75,x/ v’
IL/A shape factor, AK/W
k thermal conductivity, W/m - K Ra  Rayleigh number, g 8T.x"/ a v’
P electrical resistance, Q FOM Figure of merit of refrigerator,
B Wiedemann-Franz-Lorentz constant, Wrer  refrigerator power, W
245 x 10°*'WQK @  heat flow, W
A cross sectional area, m’ Subscript
P perimeter, m H warm end of current lead
I curre.nt,.A ) ) L cold end of current lead
g gravitational acceleration, m/s .
B volumetric thermal expansion coefficient, K R refrigerator
a  thermal diffusivity, m%/s v vapor
v kinematic viscosity, m’/s opt  optimum
Nu Nusselt number
Pr Prandtl number 1. M B
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