566 AvFT=FH A 16 A 6 £(2004)/pp. 566-573

ARY S WA7E o188 Ax P2 A5

of A @, W 97,7 3 &
SR getg, ‘eRAerled T daFAcde, AT JA - ASATER

Cycle Simulation of a Desiccant Cooling System with
a Regenerative Evaporative Cooler

Jae Wan Lee, Dae-Young Lee” , Byung Ha Kang"
Graduate School of Mechanical Engineering, Kookmin University, Seoul 136-702, Korea
*Thermal/Flow Control Research Center, Korea Institute of Science and Technology, Seoul 136-791, Korea
**School of Mechanical and Automotive Engineering, Kookmin University, Seoul 136-702, Korea

(Received November 7, 2003, revision received April 20, 2004)

ABSTRACT: Comparison of the cooling performance is provided between the desiccant cool-
ing systems incorporating a direct evaporative cooler and a regenerative evaporative cooler,
respectively. Cycle simulation is conducted, and the cooling capacity and COP are evaluated at
various temperature and humidity conditions. The COP of the system with a regenerative
evaporative cooler and the regeneration temperature of 60C is evaluated 0.65 at the outdoor
air condition of 35°C and 40% RH. This value is found about 3.4 times larger than that of the
system with a direct evaporative cooler. Furthermore, incorporating a regenerative evaporative
cooler eliminates the need for deep dehumidification in a desiccant dehumidifier that is neces-
sary to achieve low air temperature in the system with a direct evaporative cooler. Subse-
quently, the regenerative evaporative cooler enables the use of low temperature heat source to
regenerate the dehumidifier permitting the desiccant cooling system more beneficial compared
with other thermal driven air conditioners.
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Fig. 1 Desiccant cooling system incorporating a direct evaporative cooler.
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Fig. 2 Desiccant cooling system incorporating a regenerative evaporative cooler.
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Fig. 3 Effectiveness of the REC when the ex-
traction ratio is 0.3.
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Fig. 4 Operation characteristics of a desiccant
wheel on the psychrometric chart.
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Table 1 Performance of the components

Component g or | 4P
DEC in sys. with a DEC| 09 20
in sys. with a REC| 06 10
REC 0.77* 20

Desiccant enthalpy 0.19
wheel® relative humidity 0.94 60
Sensible heat exchanger 0.8 20
Heating coil - 20
Fan 0.7 -

*at 35C and 40% RH with 30% of redirection.
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Fig. 7 Comparison of the supply air temperature (indoor: 27°C, 50% RH, T,,,=60T).
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Fig. 8 Comparison of the cooling capacity (indoor: 27°C, 50% RH, T,,,=607C).
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Fig. 9 Comparison of the cooling COP (indoor: 27°C, 50% RH, T,,,=60T).
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Table 2 Performance comparison at three representative outdoor conditions ( T,,,=607T)

Outd dits T (C) @ oot (KW) CcopP COP o
utdoor conaition  ppc | REC | DEC | REC | DEC | REC | DEC | REC
25C, 80% RH 185 153 16.4 9.8 0.30 0.53 043 0.63
30C, 60% RH 19.3 159 10.3 89 0.19 0.52 0.40 0.68
35C, 40% RH 19.3 155 10 10 0.19 0.65 0.41 0.83
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