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Miniature Nitrogen Liquefiers Based on Low—temperature Mixture Refrigerator
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Abstract: The miniature nitrogen liquefier can meet the requirements of small amount of liquid nitrogen supply in re-
mote areas, field environment, and scientific research laboratories. A nitrogen liquefaction cycle based on low-temperature
mixture refrigerator cycle was built and optimized using the genetic algorithm combined with MATLAB and ASPEN
HYSYS. And an experiment device was developed and test. The experimental results show that specific power consumption
of the nitrogen liquefier is 1.02 kW-h/L and considering the PSA nitrogen generator, that of the entire device is 1.77 kW -h/
L. The series of miniature nitrogen liquefiers can achieve the capacity of 5~10 L/h, and can also be customized according
to specific needs. Compared with the commercial nitrogen liquefiers, the liquefiers have obvious advantages of low specific
power consumption, low cost and high reliability.
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Fig. 1 Schematic diagram of minature nitrogen liquefier
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Tab.1 Assuming parameters of the process design
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Tab.3 Boundary conditions of optimized variables
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Tab. 4 Key optimization parameters for precooling and

main cooling cycles
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Tab.5 Key component parameters of the liquefier
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Fig.3 Temperature and pressure curves at different positions

of the prototype in the cooling process
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Fig. 4 Temperature and pressure curves at different positions of the prototype in the liquefaction process
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Tab. 6 Characteristic parameters of miniature nitrogen liquefier

AL FHESRL

TEATE K BHIE Wl 4t/ (L/h)
MRJT-1 A R TR A T il ik JRES 5.30
MRJT-2 MRS B TRVA TRAS TR v A W 6.75
MRJT-3 HE T BOR TRA T Wil v i A IR 10

x7 PMEBREIRARAEEREHNSZME AN E KR EEEREXTLL
Tab.7 Performance comparison between miniature MRJT nitrogen liquefier prototypes and various

commercial nitrogen liquefiers

R T —— P2 — —
FIAMS ST IE WIFGW-h/L) P/ (LMD WELEE /% A/

Stirling Cryogenics, Ltd. Stirling + PSA 2.00° 2.90 98.0 N/A
Stirling Cryogenics, Ltd. ¥ Stirling + PSA 1.89° 5.80 98.0 N/A
Stirling Cryogenics, Ltd. ¥ Stirling + PSA 235 11.50 99.9 N/A
Imtek Cryogenics, Ltd. G-M + PSA 3.20 5.00 99.0 N/A
Noblegen Cryogenics, Ltd. G-M +PSA 2.40 1.25 N/A <0.5
Cryomech, Inc." G-M + JE 43 85 2.82 1.70 98.0 N/A
MRIT-1 MRIT +PSA 177" 5.30 98.0 L5
MRIT-2 MRIJT + PSA 191" 6.80 98.0 1.0
MRJT-3 MRJT + PSA 2.10° 10.0 99.9 1.0
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