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Exergy Analysis of Air Handling Processes in Three-stage

Evaporative Cooling Air-conditioning System
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(School Mechanical and Energy Engineering, Jimei University, Xiamen 361021, China)

Abstract: To optimize the energy transition and utilization efficiencies of three-stage evaporative cooling
air-conditioning system, the exergy analysis model of air handling processes in the three-stage evaporative cool-
ing air-conditioning system was established by thermodynamic analysis of the system, and the exergy of evapo-
rative coolers in each stage of the system was calculated under typical operating conditions so as to obtain the
exergy losses of each stage and the system exergy efficiency. Results showed that the system exergy efficiency
was 24.27% , and the exergy loss of the first and the second stage indirect evaporative coolers accounted for
36.98% and 33.66% of the system total input exergy, while that of the third stage direct evaporative cooler
was 5. 09% only. Therefore, exergy loss of air handling processes in the three-stage evaporative cooling air con-
ditioning system derive mainly from the defective heat and mass transfer processes and secondary exhaust air in
the indirect evaporative coolers. Hence, the key to optimizing the three-stage evaporative air-conditioning sys-
tem is to improve the effective exergy output and energy utilization efficiency of indirect evaporation processes.
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Tab.1 Thermodynamic properties of state points in the of air handling process of
three-stage evaporative cooling air-conditioning system

ZRMRER VL Temperature P Humidity ratio LeJlSpecific exergy
Air sate points 1/C d/(g-kg™") e, /(kJ - kg™")
1 30.0 9.20 1.10
2 22.2 9.20 1.20
3 19.6 9.20 1.28
4 15.8 10.70 1.24
5 30.0 9.20 1.10
6 22.6 15.20 0.53
7 30.0 9.20 1.10
8 20.6 13.90 0.70
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Tab.2 Exergy loss of each stage Tab.3 Calculated results by exergy analysis of three
evaporative cooler stage evaporative cooling air-conditioning system
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Fig.3 Effective exergy output and exergy loss distribution of
three stage evaporative cooling air-conditioning system
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