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Analysis and Experiment on Cryogenic Refrigeration Using Solid Nitrogen
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Abstract The thermal characteristics of
solid nitrogen are investigated by experiment
and analysis for the purpose of evaluating its
feasibility as a cooling medium for HTS (high
Tc¢ superconductor) magnets. A cryostat to
refrigerate a liquid-nitrogen container well
below its freezing temperature with a 2-stage
GM cryocooler is designed and constructed.
The spatial distribution of temperature is
measured as a function of time during the
freezing and melting processes, from which
the thermal diffusivity of solid nitrogen can
be approximately calculated. The freezing
process is formulated and solved by the
integral method with an assumption of phase
equilibrium at the solid-liquid interface and
the analytical results are compared with the
experimental observation. It may be concluded
that the thermal -diffusion in solid phase is
much slower than that in liquid and the
degree of super-saturation is quite severe in
the solidification of nitrogen.
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Table. 1 Existing and measured properties of liquid and solid nitrogen.

Existing Data Present Experiment
has Temp.
phase | [10] (3] [9] .
k o G a © ¢, 0 ¢y
774 0.134 810 2062 0.803 - 804 2066
o 70.0 0.142 837 2041 0.832
liquid ~ - - 1.92~2.10
~710 | ~0.144 | ~841 | ~2045 | ~0.836
63.3 0.150 865 1971 0.881 -
) 59.0 . .
solid - - - 840 1570 946 1691 156~1.75
~60.0

Unit © K(W/m-K), e(kg/m’), C(J/kg-K), @10 " m’/s)
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