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Abstract: In modern large-scale semiconductor manufacturing clean rooms, the energy consumed by the outdoor air-conditioning
system during heating, humidification, cooling, and dehumidification of the incoming outdoor air represents about 45% of the total
air-conditioning load required to maintain a clean-room environment. In particular, the energy required for humidification of the
outdoor air in winter is very high. Therefore, evaluation and comparison of the energy consumption in key humidification systems,
viz., steam-humidification and water-spray—humidification systems, used in outdoor air-conditioning systems would be useful to
reduce the outdoor air-conditioning load in clean rooms. In the present study, an experiment with an outdoor air flow of 1000 m*/h
was conducted to compare the air-conditioning process and energy consumption in outdoor air-conditioning systems with electrode-
boiler steam humidifiers and air-washer water spray humidification systems. The experimental results showed that the water-spray—
humidification-type outdoor air-conditioning system consumed less electrical power than did the steam-humidification-type system
and was more energy efficient during winter.
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Table 1 Specifications of watt hour meter and temperature/
relative humidity measuring apparatus

Watt hour meter Range 0~99.99 kW: + 2%

Sensor: NTC type N

Accuracy : -20~0°C : +0.4°C

0~70°C : £0.1°C
70~80°C : £ 0.6°C

Temperature
measuring circuit

Reproducibility : 0.1 °C

Sensor: FHA646-E1C

Accuracy : +2% RH at
normal temperature
Reproducibility : <1% RH at
normal temperature

Relative humidity
Measuring circuit

Range: 3 ~100% RH

Table 2 Experimental conditions

Air flow 1000 m*/h

Winter : 5 °C, 10.1 %RH
(-18 °C, 70.4 %RH)
Summer : 38 °C, 50 %RH

Outdoor air condition

Class of spraying water for

air washer City water
Flow of ;ﬁrjs;i:fezvater for R 0 /min
Total number of nozzles in 43

air washer
Water/air gravimetric ratio 0.4

L/G

Supply air condition 12 °C, 90 %RH

a2 AUEE 0.0005404 kg/kgDA = 4|3 A 5
°C, 10.1 %RH ¢ &7 =7 o =& 3t} o= Ut
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Fig. 4 Variation of the air conditioning process on
psychrometric chart for the winter operation
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Table 3 Summary of energy consumption

Season, Categor Steam Water
outdoor air g Item type |spray type
condition y (kW) (kW)
Power
consumption 23.67 18.28
Total
Reduced 0 5.39
Winter, power .
-18°C, Pre-heating | 2.71 4.8
70.4 %RH Steam
. 1. 20.7 9.6
(actually humidifier
5°C Break- .
> Reheat 0 1.9
10.1 %RH)| down | orHng
Fan 0.26 0.51
Air washer
pump 0 1.47
Power | 498 12.68
consumption
Total
Reduced
power 0 -1.88
Summer, Cooling coil | 9.97 10.13
38 °C, Reheatl
eheating
o, RH . 0.57 0.57
0% Break- coil
down Fan 0.26 0.51
Air washer
pump 0 1.47

°C, 50 %RH 2] ¢]7]&= WA Wztmde] o&f W
A FHE9 4 AulHE 0.0078 kgkgDA 9 =
Z(dew point) =% 21 9.9 °C, 98 %RH 7}A] 4
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Table 4 Summary of electric power consumption per unit
load for the present outdoor air conditioning

system
Heating Cooling Steam humidifying
[kW/kW] [kW/kW] [kW/kW]
1.24 0.47 3.40
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