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Design of a Cooling System for a portable HTS Superconducting
Magnetic Energy Storage Using a Solid Nitrogen
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Abstract: In order to cool the SMES coil to the
operating temperature, conduction cooling is
generally used. However, it often consumes a large
amount of electric power because of it's continuous
cryocooler operation. This can also lead to poor
thermal stability and serious protection problems of
the system. Solid nitrogen (SN2) can counter those
disadvantages in the conduction cooling system
because it has a large heat capacity. Particularly, a
large amount of enthalpy with a minimal weight to
the cold body of SN2 makes a compact and portable
system by increase a recooling to recooling time
period (RRTP) value. A conceptual design of the
proto-type SN2 cooling system for a portable HTS
superconducting magnetic energy storage (SMES)
system will be introduced in this paper.

Key Words: HTS SMES, solid nitrogen (SN2).
conduction cooling, SN2 cooling system.
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Fig. 1. Temperature profile of solid nitrogen.
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Fig. 2. Recooling to recooling time period.
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Table 1. Design parameters of SMES system using
a solid nitrogen.

Parameters Value
Total heat input, @i (80K) [W] 55.81
Total heat input, @, (20K) [W] 0.057
Initial temperature, T} [K] 20
Final temperature, 7y [K] 60
Enthalpy changes, AH [J/cm®] 61.38
Outer diameter of the coil [mm] 730
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Fig. 3. Volume of a solid nitrogen with changing in
total heat input.

Table 2. Thermal diffusivity of a solid nitrogen.

Temperature [K] | Thermal diffusivity [em?/s]

10 93 x 102

20 56 x 10°

30 24 x 107

40 16 x 107
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Fig. 4. Schematic drawing of SMES system using a
solid nitrogen.
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