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ABSTRACT: In recent semiconductor manufacturing clean rooms, the energy consumption of
outdoor air conditioning systems represents about 45% of the total air conditioning load required
to maintain a clean room environment. Meanwhile, there is a large amount of exhaust air
from a clean room. From an energy conservation point of view, heat recovery from the ex-
haust air is therefore useful for reducing the outdoor air conditioning load for a clean room.
In the present work, an energy-efficient outdoor air conditioning system was proposed to reduce
the outdoor air conditioning load by utilizing an air washer to recover heat from the exhaust
air. The proposed outdoor air conditioning system consisted mainly of a preheating coil, an air
washer, two stage cooling coils, a reheating coil, a humidifier and two heat recovery cooling
coils inserted into the air washer and connected to a wet scrubber. It was shown from the
lab-scale experiment with outdoor air flow of 1,000 m'/h that the proposed system was more
energy-efficient for the summer and winter operations than an outdoor air conditioning system
with a simple air washer.

Key words: Outdoor air conditioning system(®] 7] #2A] 2~ #) Clean room(Z ¥ &), Outdoor air
conditioning load(£]17]%-38}), Air washer(el ¢} 9}4), Wet scrubber(HA & 27]), Heat
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Fig. 1 Schematic diagram of an outdoor air
conditioning system with a simple air
washer for semiconductor manufacturing
clean rooms.
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Fig. 2 Schematic diagram of the proposed outdoor
air conditioning system with an exhaust
air heat recovery type air washer.
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Fig. 3 Schematic diagram of the present ex-—
perimental apparatus for the outdoor air
conditioning system with an exhaust air
heat recovery type air washer.
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Table 1 Nominal operational conditions of the
present spraying nozzle

Dimension 1/8 in O.D.

Operation pressure
of spraying 01503071014
nozzle(MPa)

Water flow( £ /min)| 0.092 | 0.130.167| 0.24 | 0.28

Spray angle( °) 8 | 8 | 5 B | B
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Table 2 Temperature and relative humidity meas—
urement apparatus

Sensor : NTC type N
Temperature | Accuracy : —20~0T : £04T
measuring 0~70C : 01T
circuit 70~80C : £06TC
Reproducibility : 0.1C
Sensor : FHA646-E2C
Relative Accuracy = 2% RH at
humidity nominal temperature
measuring | Reproducibility : <1% RH at
circuit nominal temperature
Measuring range : 5~100% RH
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Table 3 Experimental conditions of the present
exhaust air heat recovery type air washer
system

1000 m'/h, 25m/s
Winter : 18T, 70.4%
Midterm : 22°C, 55%
Summer : 38T, 50%

Air flow and velocity

Qutdoor air temperature
and humidity

Class of spraying water

for air washer City water
Flow of spraying water 84 /min
Total number of
S 48
nozzles in air washer
Water/air gravimetric 04
ratio L/G ’
Flow of water for air 404 /min

washer C/H coil
Supply air condition

12T, 90%RH
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Fig. 4 Experimental results of air state change
by the simple air washer module for various
incoming air conditions.
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Table 4 Experimental results of removal effi-
ciency for ammonia gas

Inlet air | 00 | 6510 | 95 | 35T
temperature
Lmodule |70y gaa | 716 | 700
L/G=02 : : : :
2 modules
aSoa | 4 | 896 | 887 | 819
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Fig. 5 Variation of the air conditioning process
on psychrometric chart by heat recovery
for the winter operation.
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Table 5 Summary of energy consumption and heat recovery

Category chson, N Ttem Simple ai/r washer | Exhaust air heat
Outdoor air condition typelkW) recovery type(kW)
Wi e e ior | 153 o
-18T, 70.4%RH - :
Reduced power 0 2.82
) Recovered heat 0 -518
i?]vge}iefﬁn:;c?\%ﬁ? 38%1,11%111002%H Power consumption 12.68 11.28
Reduced power 0 14
) Recovered heat 0 —0.11
221}C}Iidg§r"/?f%H Power consumption 568 6.5
Reduced power 0 —0.82
L Fan 0.51 0.83
Othiig:frfgiis I(])wer All Primary pump 0 0.3
Secondary pump 0 0.3
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