Progress in Superconductivity Vol.11 No.1 pp.52-56 31 October 2009

Transient Thermal Behaviors of Melt Processed Superconductors
with Artificial Holes During the Cooling in Liquid Nitrogen

* .
G. E. Jang™ H.J. Lee®, C. J. Kim®, Y. H. Han®, T. H. Sung®
* Chungbuk National University, Cheongju, Korea

® Korea Atomic Energy Research Institute, Daejeon, Korea

¢ Korea Electric Power Research Institute, Daejeon, Korea

(Received 10 August 2009; accepted 28 September 2009)

NA AL Gz Al dole] S Tk 2 =A 9

Abstract

Temperature distributions and thermal stresses were calculated and analyzed to investigate the effect of the artificial holes
to the transient behaviors of the superconductors which was cooled in liquid nitrogen. Three dimensional finite element
method was used to calculated the transient temperature and thermal stresses in the superconductors. The cooling speed of
the superconductors with holes is faster than those without holes. Because the thermal stresses calculated in the
superconductors can be relaxed by the distributed holes, the volume of the peak tensile stress decreases during the cooling in
liquid nitrogen. If optimal metal, which can maintain the relaxation of thermal stresses, is used to fill and reinforce the
artificial holes, the probability of failure of the superconductors may be decreased by the decrease of volume of peak tensile
stress.
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I1. Experiment
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Table 1. Basic properties of YBCO.

: 4.82x10°° Poisson
Density (ke /mm3) catio 03
Flexural Thermal 13x10°
strength 70 MPa expansion oC
coefficient
Specific 170 Young's
heat (I/kg°C) modulus 23 GPa
Thermal 0.003 YBCO ):‘405?;21
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x17mm
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Table 2. Basic properties of silver.

-6
Density (11?;;133) Poisson ratio 0.37
. Thermal %
S;{;lih 54 MPa expansion 19/X01C0
£ coefficient
Specific 235 Young's
heat (J/kg°C) modulus 83 GPa
Thermal 0.429 Slll‘:l“ii:ﬁg 0.25 :
conductivity | (W/mmK) strength 125 MPa
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Fig. 1. The simulation results taken on the YBCO with
holes and without holes; (a) 3-D meshing of 1/4 model, (b)
temperature distribution and (c) stress distribution
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Fig. 2. The simulation results taken on the YBCO
reinforced by Ag after cooling ; (a) temperature distribution
and (b) stress distribution.
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Fig. 3. Temperature and thermal stress distribution of
YBCO as a function of time under cooling; (a) internal
temperature variation, (b) internal stress variation (circle),
(d) stress variation at surface (square).
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IV. Conclusion
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