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Thermal stability of superconducting systems
conduction-cooled by cryocooler
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Abstract The thermal stability conditions

are investigated for superconducting magnet
systems cooled conductively by cryocooler
without liquid cryogens. The worst scenario in
the systems is that the heat generation in the
resistive state exceeds the refrigeration,
causing a rise in the temperature of the
magnet winding and leading to the burnout. It
is shown by an analytical solution that in the
continuous resistive state, the temperature may
increase indefinitely or a stable steady-state may
be reached, depending upon the relative size of
the magnet with respect to the refrigeration
capacity of the cryocooler. The stability criteria
include the temperature-dependent properties of
the magnet materials and the refrigeration
characteristics of the cryocooler. A useful
graphical scheme is presented and discussed
to demonstrate the physical importance of the
results.
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Fig. 1. Structure of a superconducting magnet
conduction-cooled by two-stage cryocooler.
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Fig. 2. Schematic cross-section of pancake magnet and thermal resistance circuit

for composite conductor.
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Fig. 3. Refrigeration capacity as a function of
temperature for typical cryocooler.
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Table 1. Specifications of magnet in the
sample calculations.

Volume fraction of

0.7
metal(A) in tape(A+B) /
magnet Length frac.tlon of 2 109
shape tape(A+B) in magnet
Coll inner diameter D; 10.10 m
Coil outer diameter D, 015 m
Current density J 13.5x10% A/m®
~ |Refrigeration capacity
operation Qin80 W
at TLN

Operating temperature T, 40 K
Electrical resistivity of

-9
metal (silver) 04 12.09<10 " Om

Thermal ductivity of
material ‘con eIty 0 ka 1902 WmK
metal (silver)

Thermal conductivity of
metal (G-10)

ke 107 WmK

Unstable (U)

Gravity
Stable (S)

o 5. F#E A sl FHe] obgAl.
Fig. 5. Stability of curved surface under
gravitational field.
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