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ABSTRACT: For a large-scale semiconductor manufacturing clean room, the energy consumed
in an outdoor air conditioning system to heat, humidify, cool and dehumidify incoming outdoor air
is very large. In particular, the energy requirement to humidify outdoor air in the winter season
is generally known to be high. Recently, in order to overcome the high energy consumption nature
of a steam generator in a conventional steam humidification type outdoor air conditioning system,
an air washer is often introduced instead of the steam generator in the outdoor air conditioning
system, which can be called a water spray humidification type outdoor air conditioning system.
Therefore, the assessment and comparison of the annual energy consumed in the steam humidifica—-
tion type and the water spray humidification type outdoor air conditioning systems deserves to
be examined in order to reduce the outdoor air conditioning load of a clean room. In the present
study, a numerical analysis was conducted to obtain the annual electric power consumption of the
two outdoor air conditioning systems. It was shown from the comparison of the numerical results
that the water spray humidification type outdoor air conditioning system can reduce about 30%
of annual electric power consumption of the steam humidification type outdoor air conditioning system.

Key words: Clean room(&# &), Outdoor air conditioning system($] 7] &2 A]2®]), Annual
energy consumption(¢137F oY= AH] &) Steam humidification(5 7] 7}%), Water

spray humidification(5* &5 7}55)
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Saturation line

SA 12 °C, 90 %RH Zone 3

23 °C, 45 %RH

0.007864 kg/kg(DA)

Humidity ratio
(kg(moisture)/kg(dry air))

A

Zone 1 —X Zone 2

Dry bulb temperature (°C)

Fig. 1 Schematic diagram of outdoor air
conditioning process on psychrometric
chart for steam humidification type
outdoor air conditioning system.
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Dry bulb temperature (°C)

Fig. 2 Schematic diagram of outdoor air
conditioning process on psychrometric
chart for water spray humidification
type outdoor air conditioning system.
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Fig. 3 Schematic diagram of outdoor air
conditioning process on psychrometric
chart for numerical analysis.
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Table 2 Comparison of energy consumption of experimental and numerical results

Season Category Item Experimental results Numerical results
Pre-heating(kW) 2.71 2.27
Steam humidifier(kW) 20.7 22.67
Break—-down -
Winter Reheating (kW) 0 0.67
(57T, 101 %RH) Fan(kW) 0.26 0.26
Total Power consumption(kW) 23.67 25.87
ota
Proportion(%) 100 109.29
Cooling coil(kW) 9.97 9.73
Break-down Reheating (kW) 0.57 0.67
Summer
(38°C, 50 %RID) Fan(kW) 0.26 0.26
Power consumption(KW) 10.8 10.66
Total -
Proportion(%) 100 98.70
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Table 3 Annual energy consumption of steam humidification type and water spray humidification

type outdoor air conditioning systems

Type Month Energy consumption of each air conditioning process
ECy, EC), EC, EC, EC, EC,, EC,
(kWh)  (kWh)  (kWh)  (kWh)  (kWh)  (kWh)  (kWh)
Jan 46307 4772 0.0 0.0 13656.4 193.4 18957.7
Feb 262638 431.0 153 26.9 10229.6 174.7 13504.3
Mar 18459 4772 0.8 9.2 10233.3 193.4 12759.8
Apr 7079 461.8 34.9 146.3 7491.3 1872 9029.3
May 379 4772 930.3 280.8 1628.0 193.4 3547.7
Steam Jun 0.0 461.8 2814.6 37.3 1153 187.2 3616.2
humidification
July 0.0 4772 4702.1 0.0 0.0 193.4 5372.7
Aug 0.0 4772 5305.5 0.0 0.0 193.4 5976.2
Sep 76 461.8 3095.3 63.3 4284 187.2 42436
Oct 237.1 4772 784.0 87.3 2736.1 193.4 4565.7
Nov  1369.8 461.8 11.6 53.9 8693.6 1872 10777.8
Dec  3522.1 4772 1.0 55 12276.1 193.4 16475.4
Total 149857 56187 176954 7110 675381 22776  108326.4
EG,  EG,  EC,  ECy  ECu., ECu — ECu
(kwh) (kwh) (kwh) (kwh) (kwh) (kwh) (kwh)
Jan 91340 4772 0.0 0.0 1093.7 379.4 11084.4
Feb 58786 431.0 15.1 4.1 987.8 342.7 7659.5
Mar  5079.2 4772 0.8 0.2 1093.7 379.4 7030.6
Apr 26910 461.8 345 28.0 1058.4 367.2 4640.9
May 167.2 4772 925.8 183.8 1093.7 379.4 3227.2
Water spray 1.2 461.8 2807.0 276 1058.4 367.2 4723.3
humidification
July 0.0 4772 4694.0 0.0 1093.7 379.4 6644.3
Aug 0.0 4772 5297.4 0.0 1093.7 379.4 7247.3
Sep 28.3 461.8 3083.2 29.2 1058.4 367.2 5033.0
Oct 925.3 4772 7789 29.9 1093.7 379.4 3684.5
Nov 39848 461.8 11.2 104 1058.4 367.2 5393.83
Dec 75117 4772 1.0 12 1093.7 379.4 9464.2
Total 354014 56187 176538 3144 128772 44676 763333
3.3 ol x| &MA Z=(Energy Index) o] 7hsetth S717ks 71 EERAl 2~H ] oA
32175 1088264 kWh+8760,000 m® = 0.012423
ZNN g 7 FERA 2 FREAG )7 FE KWh/m’o] 3, SRE7}gs 9)7] 3 2A 2289] oA
AlzmEle] e EFY avloux e HwZ 93 37 5= 76,333,3 kKWh+8,760,000 m’ = 0.008714
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ok Alakel AREE 20109 1§ﬂ@4qn.%ﬂ N1 Fz2A 2dle] Z717k5 o)) FEA 2l E B
71 B Aol 1,000 m/he] 9] 324 2o A 1 m'e 9718 Fxa e 0.003709 kWhe]

3] 8,760,000 mio] Bz o] 2 o] g3te] w9 917

gt n|Ag g AAeE oy =] kA At

A& Azt

PN
& 4 Qlth

ato] oF 30% W ol LA

KN
ceChEs



= P
62 A714 - F2F - AP
® Steam humidification N Water spray humidification

= 20,000

= 18,000

ic‘— 16,000

O 14,000

2 12,000

€ 10000 H\ -

5 N\

0 8,000 e

c Y N S

S 6000 \ . . =

L 4000 . A \

W
g 200 N a
S 0

Jan Feb Mar Apr May Jun July Aug Sep Oct Nov Dec
Month

Fig. 6 Monthly energy consumption of steam
humidification type and water spray
humidification type outdoor air condi—

tioning system.
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