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Test of the Conduction Cooling System for HTS SMES

A

*

Hankil Yeom'

Abstract: The characteristic of the superconducting
magnetic energy storage (SMES) system is faster
response, longer life time, more economical, and
environment friendly than other uninterruptible
power supply (UPS) using battery. So, the SMES
system can be used to develop methods for
improving power quality where a short interruption
of power could lead to a long and costly shutdown.
Recently, cryogen free SMES has developed using
BSCCO(Bismuth Strontium Calcium Copper Oxide)
wire. We fabricated and tested the conduction
cooling system for the 600 kJ class HTS SMES.
The experiment was accomplished for the simulation
coils. The simulation coils were made of aluminium,
it is equivalent to thermal mass of 600 kJ HTS
SMES coil. The coil is cooled with two GM coolers
through the copper conduction bar. In this paper, we
report that the test results of cool-down and heat
loads characteristics of the simulation coils. The
developed conduction cooling system adapted to 600
kJ HTS SMES system and cope with the
unexpected sudden heat impact, too.

Key Words: SMES, high temperature superconductor,
conduction cooling, cryogenic system.
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Fig. 1. Schematic diagram of the conduction cooling
system.
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Table 1. Heat loads of cryostat

Conduction load (W) Radiation load (W)

300K — 80K 80K _
support bar 0.506 Radiation shield 25.48
80K = 20K 053 | LN2 wbe 0006
support bar

LN2 tube 0.784 . ZO.K . 0.004

Simulation coil

300K — 80K 1874

cooler port
300K — 80K 549

Current lead(pair)
Total (80K/20K)

82.85 / 0.057
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Fig. 3. Performance map of the cryocooler ({!) no
load, {2) 20W heating on 2nd stage of the cooler,
(3> 20 W + 330A).
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Fig. 4. Temperature change of current leads with
the heat load of 20W and applied current of 330A.
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Fig. 5. Cool-down characteristic of the heat exchanger
and cryocooler heads.
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Fig. 6. Cool-down characteristic of the simulation
coils.
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Fig. 7. Heat load characteristic of the cooler and
heat exchanger on 20 W.
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Fig. 8. Heat load characteristic of the simulation
coils on 20 W.

Table 2. Equilibrium temperature of cooling
system

Part No load 20 W 40 W
1st stage 29.1 35.8 36.3

Cooler
2nd stage 47 94 18.1
Heat exchanger 50 10.2 19.1
Conduction TOD 6.0 11.1 19.7
bar Bottom 56 11.3 20.1
Simulation Top 55 11.7 20.8
coil Bottom 6.6 16.0 24.1
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Fig. 9. Impact heat load characteristic of the cooler
and heat exchanger on 1200 Joule.
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Fig. 10. Impact heat load characteristic of the simulation
coils on 1200 Joule.
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