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Sub-cooled LN, circulation system for HTS power machines
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A sub-cooled liquid nitrogen (LN,) circulation system for High Temperature
Superconducting (HTS) power machines was considered. The circulation system
consists of a sub—cool heat exchanger and a circulation pump. The sub-cool heat
exchanger is connected our neon turbo-Brayton cycle refrigerator whose cooling
power is 2kW at 65 K. Sub-cooled LN, is adequate fluid for cooling HTS power
machines, because its dielectric strength is high and it makes larger critical current.
However, a possibility of LN, solidification in the sub-cool heat exchanger is a
considerable issue. The refrigerator produces cold neon gas of about 60 K, which
is lower than nitrogen freezing temperature, 63 K. Therefore, we designed two-
stage heat exchanger which is based on a plate-fin type. Process simulation of the
heat exchanger indicate that sub-cooled LN, is not frozen in the sub-cool heat
exchanger. The plate—fin type sub—cool heat exchanger is consequently adopted in
terms of reliability and compactness. Furthermore, we found that a cooling system
with Brayton refrigerator has the same total cooling efficiency as a cooling system
with Stirling refrigerator has.
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Fig. 1 Cooling system flow diagram
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Fig. 2 Schematic drawings: (a)Brayton refrigerator, (b)Stirling refrigerator
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Table 1 Calculation condition

Neon gas flow rate 0.3 kg/s
Sub-cooled LN, flow rate 0.42 kg/s
Expansion turbine isentropic efficiency 70 %
Main heat exchanger efficiency 99 %
Neon gas high pressure 1MPa(absolute)

Table 2 Simulation results for the cooling system
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Fig. 4 Conceptual model of sub-cool heat exchanger
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Table 3 Plate-fin subcool heat exchanger
Neon flow rate : 0.3 kg/s, LN flow rate : 30 L/min

Point No. Pressure (kPa) Temperature (K) Point No. Pressure (kPa) Temperature (K)
1 500 297.7 4 540 61.2
2 1000 300.0 4a 539.85 64.8
3 980 72.7 4b 539.25 69.0
4 540 61.2 4c 539.06 65.4
5 520 69.0 5 538.46 69.0
6 101.3 70.0 6 101.33 70.0
7 101.3 67.0 7 101.24 67.0




NeOﬂT Sub-cooled liquid nitrogen (LN,)

200mm

1,150mm
‘Q
= 600mm

LN,

3 fluids

KB BBEERER No.30 (2011)

Fin thickness: 0.3mm

Neon LN, Neon

200mm

dLJ
/Neon

"
X 12 layers = 36 layers
(Flow channel configuration)

Fig.5 A schematic drawing of the plate-fin heat exchanger
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