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Abstract: The purpose of this study is to predict the performance of an indirect evaporative cooling system, and to
evaluate its energy saving effect when applied to the exhaust heat recovery system of an air-handling unit. We derive
the performance correlation of the indirect evaporative cooling system using a plastic heat exchanger based on
experimental data obtained in various conditions. We predict the variations in the performance of the system for various
return and outdoor air conditioning systems using the obtained correlation. We also analyze the energy saving of the
system realized by the exhaust heat recovery using the typical meteorological data for several cities in Korea. The
average utilization rate of the sensible cooling system for the exhaust heat recovery is 44.3% during summer, while that
of the evaporative cooling system is 96.7%. The energy saving of the evaporative cooling system is much higher
compared to the sensible cooling system, and was about 3.89 times the value obtained in Seoul.
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Table 1 Experimental conditions for correlation
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Fig. 1 Experimental apparatus for evaporative cooling

(a) Schematic
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Fig. 2 Comparison of measured effectiveness with those
of correlation at various L/G
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Fig. 3 Comparison of measured effectiveness with those
of correlation at various temperatures
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Fig. 4 Variation of effectiveness and supply air temperature
depending on return air temperature
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Fig. 5 Variation of effectiveness and supply air temperature
depending on return air relative humidity
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Fig. 7 Comparison of hourly recovered energy of each
heat recovery system in July
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Fig. 8 Comparison of daily recovered energy of each
heat recovery system during Summer
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Table 3 Comparison of monthly recovered energy of
heat recovery system during summer in Seoul

Amount of heat recovery[kJ/kg] Heat
Month Sensible Evaporative | recovery
Cooling cooling ratio
Jun. 116 720 1:6.22
Jul. 359 1230 1:343
Aug. 476 1405 1:2.95
Sep. 64 590 1:9.21
Sum. 1015 3944 1:3.89

Table 4 Comparison of total recovered energy of each
heat recovery system during summer

Amount of heat recovery[kJ/kg] Heat
City Sensible Evaporative | recovery
cooling cooling ratio
Seoul 1015 3944 1:3.89
Inchon 681 3360 1:4.93
Gangneung 1041 3511 1:3.37
Gwangju 1506 4728 1:3.14
Mokpo 1036 4029 1:3.89
Ulsan 1187 3988 1:3.36
Avg. 1078 3927 1:3.64
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