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Validation of a CFD model simulating evaporation effects of droplets generated from an
ultrasonic humidifier on indoor thermal environment using wind tunnel experiments
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Accurate estimates of air temperature and humidity are essential for controlling indoor thermal environment. However,

conventional CFD models cannot evaluate the phase change of water in a room. This study used a CFD model incorporating

a phase change model originally developed for meteorological models. The CFD simulations were compared to wind tunnel

experiments with an ultrasonic humidifier for calibration and validation of the phase change model. For better estimates of

air temperature and humidity, the model parameters on the evaporation were focused on. The accuracy of the model was

found to be highly sensitive to the parameters on the evaporation characteristics of fine droplets.
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Table 2 Ultrasonic humidifier manual

Size width:290, length:190,heith:510 mm
Mode 1 2 3 4
Amount of 380 550 740 850
humidification (ml/h)

Table 1 Experiment case

Wind tunnel Humidifier
Wind velocity  Air temperature Humidity ratio Wind velocity ~ Water temperature Amount of
(m/s) (§O)] (9/kg) (m/s) (§©)] humidification (g/h)
w0.5h1 0.62 20.9 7.6 0.33 20.9 337.1
w0.5h3 0.50 211 8.0 0.34 211 937.2
w2hl 2.00 18.7 51 0.33 18.7 369.9
w2h3 1.99 18.1 54 0.34 18.1 753.1




Fig. 2 Ultrasonic humidifier
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Fig. 3 Wind Tunnel experiment layout
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Fig. 4 Humidifier model
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Fig. 5 Temperature decrease (¢=0.33) (y=0.90 m)

I0.01

w2h3

[ g /kel
w0. 5h1 - l 100
w0. 5h3 10
y 1

Fig. 6 Fine droplets mixing ratio (¢=0.33) (y=0.90 m)
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Fig. 7 Comparison between calculation and observation (o)
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Fig. 8 Comparison between calculation and observation (k)



Table 3 RMSE (°C) for each case

0067 a033 a0 k012 k058 k2.88

w0.5h1 025 024 026 044 024 068

w0.5h3 041 044 049 057 044 086

wzhl 032 028 023 051 028 015

w2h3 076 069 062 112 069 039

Average 044 042 040 066 042 052
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Fig. 9 Temperature decrease (w2h3) (y=0.90 m)
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Fig. 10 Fine droplets mixing ratio (w2h3) (y=0.90 m)
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