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An Experimental Study on Energy Consumption of Air Washer Outdoor Air
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ABSTRACT: In recent large-scale semiconductor manufacturing clean rooms, the energy con-
sumption of outdoor air conditioning systems to heat, humidify, cool and dehumidify incoming
outdoor air represents about 45% of the total air conditioning load required to maintain a clean
room environment. Therefore, the energy performance evaluation and analysis of outdoor air
conditioning systems is useful for reducing the outdoor air conditioning load for a clean room. In
the present study, an experiment was conducted to compare the energy consumption of outdoor
air conditioning systems with a simple air washer, an exhaust air heat recovery type air washer
and a DCC return water heat recovery type air Washer It was shown from the present lab-scale
experiment with an outdoor air flow of 1,000 m /h that the exhaust air heat recovery type and
DCC return water heat recovery type air washer outdoor air conditioning systems were more
energy-efficient for the summer and winter operations than the simple air washer outdoor air
conditioning system and furthermore, the DCC return water heat recovery type one was the most
energy—efficient in the winter operation.
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Fig. 1 Schematic diagram of an outdoor air
conditioning system with a simple air

washer.
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Fig. 2 Schematic diagram of an outdoor air
conditioning system with an exhaust
air heat recovery type air washer.
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Fig. 3 Schematic diagram of an outdoor air
conditioning system with a DCC return

water heat recovery type air washer.
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Fig. 4 Schematic diagram of the present expe-—
rimental apparatus for the outdoor air
conditioning system with a DCC return

water heat recovery type air washer.
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Table 1 Experimental conditions for the
present air washer outdoor air
conditioning systems

Air flow 1000 m”/h
Winter : 18T,
Outdoor air temperature 70.4%RH
and humidity Summer : 38C,
50%RH
Class. of spraying water City water
for air washer
Flow of spraying water 8 ¢ /min
Total number of nozzles
J 48
in air washer
Water/air gravimetric 04
ratio, L/G :
Flow of water for air .
washer C/H coil 40 £ /min
Supply air condition 12°C, 90%RH
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Fig. 5 Variation of the air conditioning
process on psychrometric chart for

the winter operation.
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Table 2 Summary of energy consumption

Season, Simple air | Exhaust air heat | DCC return water
outdoor air| Category Item washer recovery type air | heat recovery type
condition [kW] washer[kKW] air washer[kW]

Total Power consumption 27.85(18.28) 25.03(15.46) 24.16(14.59)
o Reduced power 0 2.82 3.69
Pre—heating 14.37(4.8) 14.37(4.8) 14.37(4.8)
Wi Steam humidifier 9.6 6.66 7.98
inter
-18C, Reheating 1.9 1.1 14
70.4%RH Fan 0.51 0.83 0.74
(6, | Breakm 147 1.47 147
10.1%RH) down ir washer pump ) ) )
Constant temperature 0 0 18
chamber
Primary pump 0 0.3 0
Secondary pump 0 0.3 0
Power consumption 12.68 11.28 10.75
Total
Reduced power 0 14 1.93
Cooling coil 10.13 7.82 3.2
Reheating 0.57 0.56 0.58
S%glo?er Fan 051 0.83 0.74
50%Rﬁ Break- Air washer pump 1.47 147 1.47
down
Constant temperature 0 0 476
chamber
Primary pump 0 0.3 0
Secondary pump 0 0.3 0
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Fig. 7 Break-down of total energy consump-
tion for the winter operation.
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