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Exergy Analysis of Reverse Brayton Cryogenic System Using Neon
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Abstract : In this study, the effect on each parameter was analyzed using HYSYS to examine the exergy

characteristics of reverse Brayton cryogenic system with neon as refrigerant. The EDF and exergy

efficiencies were analyzed with the expander and compressor efficiency, the pressure drop of the load

heat exchanger, the characteristics of high and low pressure, and the heat exchanger effectiveness as

parameters. As a result, the increase in efficiency of compressor and expander is the overall reduction

of exergy. In addition, the pressure drop affects the load heat exchanger performance by reducing the

exergy efficiency of the system. The difference between high and low pressure is a parameter increasing

the exergy efficiency of the system. The heat exchanger effectiveness is most important parameter to

increase exergy efficiency.
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Table 1 Balance equation of exergy loss and exergy destruction factor for each component of reverse

brayton cryogenic refrigerant system

Equipment Exergy loss (Aexloss) [kW] Exergy destruction factor(EDF)
Aexloss,ev =m X (exl'eXZ) + Qev X
Load heat exchanger (1-Ty/T) EDF,, = AeXjoeedW
(Evaporator) Q., =mx ( hg — h5) :
A eXjossac = M X (€X1-€X2) - Que X (1-Ty/T)
§ : = AeXjoss:
After-cooler Q. =m x (hy— 23 EDF, €Xloss.ac/ W
n
Heat exchanger A Xioss HEX = Zmi X (€Xijn - Xiout) EDFpex = A eXiossuex/ W
i=1
A‘exloss,exp =m X (exl - eXZ) - Wexp _
Expander ey =M X ( hs — h4) EDFeyp = A eXiossexp/ W
AeXloss,comp =m X (exl - eXZ) + Wcomp _
Compressor romp = T X (hy— hy) EDFeomp = 2 Xioss.comp/ W

Exergy(ex) = (h - hy) + T, X (s-So)
T, : Ambient temperature(25°C), T : Each component outlet temperature
h, : Ambient Enthalpy, s, : Ambient Entropy
W : Total Expander work - Compressor work
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Table 2 Analysis range of reverse brayton cryogenic cycle proposed in this study

Design parameter Values Unit
Working refrigerant Neon -
Mass flow rate 0.174 ( Q. = 2.1 kW) kg/s
After-cooler outlet 308.1 K
Load heat exchanger outlet temperature 77 K
Expansion ratio 2 -
Compressor efficiency 50, 55, 65, 70, 75*, 80, 85, 90 %
Expander efficiency 50, 55, 65, 70, 75, 78*, 80, 85, 90 %
Heat exchanger effectiveness 091, 098 ~ 1 -
After-cooler pressure drop 0.01, 0.02, 0.03*, 0.04, 0.05 MPa
Low side pressure drop of heat exchanger 0.01, 0.02, 0.03*, 0.04, 0.05 MPa
High side pressure drop of heat exchanger 0.01, 0.02, 0.03*, 0.04, 0.05 MPa
Pressure drop of load heat exchanger 0.01, 0.02, 0.03*, 0.04, 0.05 MPa
High pressure 0.95, 1.00, 1.05* MPa
Low pressure 0.3, 0.4, 0.495*, 0.5, 0.6, 0.7 MPa
* Reference value
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