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Evaporative Cooling

• More heat absorbed than gained
• Heat capacity of water, CP = 4184 J/kgK

• Latent heat of evaporation, L = 2.45x106 J/kg

• Attenuates solar radiation
• UV to IR range

Farnham, C., Nakao, M., Nishioka, M., Nabeshima, M., & Mizuno, T. (2015). Effect of water temperature on evaporation of mist sprayed from a nozzle. 
Journal of Heat Island Institute International, 35-44.
Leonid A., D., Vladimir P., S., & Brent W., W. (2011). Attenuation of solar radiation by a water mist from the ultraviolet to the infrared range. Journal of 
Quantitative Spectroscopy & Radiative Transfer, 1182-1190.

Effect of temperature on droplet diameter
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Singapore
Climate
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Potential for cooling in SG

No. of hoursDry Bulb Temp

Absolute
Humidity

31oC; 
70% RH
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Adiabatic Humidification

No. of hoursDry Bulb Temp

Absolute
Humidity
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Psych Chart – ASHRAE 55 Thermal Comfort

PMV = +- 0.5
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Psych Chart – Evaporative Cooling Potential
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Sensitivity to humidity

• Sample size of 2000 
Singaporeans

• Conducted in 13 different 
outdoor spaces

• Humidity sensation has 
insignificant influence on 
thermal sensation 

Yang, W., Wong, N., & Jusuf, S. (2013). Thermal Comfort in outdoor urban spaces in Singapore. Building and Environment, 426-435.
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Dry Mist

• Small  droplets  = high surface tension

• Cohesion forces within the drop is  stronger 
than adhesive forces between drop and 
surface 

• Larger droplets  break and form a f i lm –
which is  wett ing 

DRY

WET
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Full blown E-W sun
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Water drip window system

• Moving water 
through capillary 
action using water 
wick

• Zero energy 
consumption 

• Potentially high air 
mass flow rate (CFM)

• Drop in DBT: 0.5~1 oC
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Direct Evaporative Cooler

• Moving water through 
cellulose cooling pad 

• Cross-flow with fans

• Drop in DBT: 1.5 - 2oC

• Energy consumption – 40Wh

Psychrometric chart showing change in air conditions from evaporative cooler



Restricted

Restricted

Cooling Paints

• Chosen white paints showed similar results 

• White 2.0 was the best 
• 9oC lower than control surface temp

• 5oC above ambient air temp

• Larger fluctuations when used with retroreflective 
beads 

• Potential for quick cooling & close to 
ambient temperatures (1oC) 

• Passive system 
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CFD – Redirecting wind

• In original set up, wind was 
directed towards ceiling due 
to the presence of parapet 
wall 

• Wind redirected towards 
occupants 

• Area weighted average wind 
velocity increased 0.56 > 0.96 
m/s 

• Passive system 
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Increased wind flow
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Increased wind flow
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Decreased DBT
Increased RH
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Thank you
For further questions:

Kai_zheng@sutd.edu.sg
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