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Utilizing of Mixture Refrigerant in Brayton Cycle Using Turbomachinery
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TATYO NIPPON SANSO corporation uses various refrigeration cycles in the production and application
of industrial gases such as oxygen, nitrogen and argon. One of them is the Brayton cycle that uses adiabatic
compression and adiabatic expansion with turbomachinery (turbo-Brayton cycle). In 2013, we
commercialized a turbo-Brayton cycle refrigerator that uses neon as a refrigerant for cooling
superconductivity power equipment. The refrigerant of the turbo-Brayton cycle does not liquefy at the
cooling temperature, and the design of turbomachinery must be established according to the physical
properties. Therefore, neon was selected for our commercialized refrigerator. Also, the pressure ratio of the
turbo-Brayton cycle is chosen for high efficiency. On the other hand, depending on the pressure ratio and
the temperature condition of the fluid to be cooled, the fluid to be cooled may be below the freezing point,
so measures to prevent freezing are taken.

Recent studies have shown that the utilizing of mixture refrigerant provides a wider range for pressure ratio
and turbomachinery design, and solves the problem of solidification of the fluid to be cooled while keeping
up performance of the refrigerator. In this paper, we report the concept, advantages and the result of specific

study of utilizing mixture refrigerant in the turbo-Brayton cycle.
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Figure 1 Simple system diagram and ideal T-S diagram

of turbo-Brayton cycle
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Figure 2 External of NeoKelvin®-Turbo

(a) 2kW type, (b) 10kW type
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Table 1 Comparison of specifications between
Neon cycle and mixture refrigerant cycle

(ET : Expantion turbine, Comp. : Compressor)

Unit Neon cycle Mixure refrigerant cycle

Helium concentration [mol%] 0 11
Pressure ratio [] 2.0 1.7
Refrigerant flow rate [Nm®/h] 800 1100
ET outlet temperature K] 60.9 63.2
ET specific speed [ 0.47 0.65
Comp. specific speed [ 112 151
ET adiabatic efficiency [%0] 80 83
Comp. adiabatic efficiency ~ [%] 70 73
Cooling capacity [kw] 2.0 2.0
Comp. consumption [kw] 26.9 26.5
cop 5 0.0757 0.0764
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