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Performance Simulation of a Ventilation System
Adopting a Regenerative Evaporative Cooler
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ABSTRACT: Cooling load reduction was analysed of a ventilation system adopting a regene-
rative evaporative cooler. The regenerative evaporative cooler is a kind of indirect evaporative
cooler which cools the air down to its inlet dewpoint temperature in principle without change in
the humidity ratio. The regenerative evaporative cooler was found able to cool the ventilation air
to 18~21C when the outdoor condition ranges 25~35T and 0.01 ~0.02 kg/kg. When the outdoor
humidity ratio is lower than 0.018 kg/kg, the regenerative evaporative cooler was found to provide
cooling performance enocugh to compensate the ventilation load completely and to supply additional
cooling as well. Energy simulation during the summer was carried out for a typical office building
with the ventilation system using the regenerative evaporative cooler. The results showed that the
seasonal cooling load can be reduced by about 40% by applying the regenerative evaporative cooler
as a ventilation conditioner. The reduction was found to increase as the outdoor temperature
increases and the outdoor humidity ratio decreases.
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(a) Ventilation with an energy recovery unit (b) Ventilation with a regenerative evaporative cooler
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Fig. 1 Ventilation system.
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Fig. 2 Weather data in Seoul from June to
September.
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Fig. 4 Performance of enthalpy exchanger(e,
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Fig. 3 Contour plot of ventilation load per
ventilation rate(k]J/kg).
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Fig. 5 Performance of regenerative evaporative cooler.
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Fig. 6 Ratio of cooling capacity between
REC and enthalpy exchanger.
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Table 1 Simulation model building

Design parameter Unit Conditions
Typical floor area m 30%30
Number of floors - 15
Internal load density W/m’ 35
Ceiling height m 4
Window to wall ratio - 0.4
AHU type - CAV AHU
Infiltration 1/h 1
Density of occupancy 1/m’ 0.2
Ventilation CMH/person 20
Weekday
AHU operation time - 08 S(;(EL;éiy 00
08 :00~13:00
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Fig. 7 Cooling loads of an office building in
Seoul with various ventilation systems.
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Table 2 Comparison of mean cooling load
between various ventilation systemns

Seoul {Beijing{ Tokyo|Osaka

Average outdoor %3

temperature(C) B9 | 241 271

Average outdoor

=
humidity ratio(kg/kg) 0.0134/0.0139 | 0.0151 | 0.0156

Seasonal mean
ventilation load(kW) 13 | 143 | 160 ) 209

Ventilation 853 | 939 | 841 | 1084
w/o Energy 10| 4o | Ao | 40

Seasonal | recovery
mean No 740 | 796 | 681 | 875
cooling | ventilation | (0.87)| (085) | 081) | (0.81)
Toad(kW) |2
(Cooling | Ventilation | a5 1 ooy | ges | ggs

load | W/Enthalpy | ooy | 6 90y | (0.91) | (0.91)
ratio} exchanger

Ventilation | 481 567 511 651
w/REC | (056) ] (0.60) | (0.61) | (0.60)

Cooling load
reduction by 372 | 372 330 | 433
REC(kW)
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Fig. 8 Cooling load variations with respect
to occupation density.
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