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The Singapore Green Plan 2030 is a national

@ GREEN PLAN sustainability movement which seeks to rally

bold and collective action to tackle climate change,
| to keep Singapore a green and liveable home,

City in Nature

Create a green, liveable
and sustainable home for

Singaporeans
Green Government
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e B B on sustainability
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Sustainable Living

Save precious resources

and reduce our carbon
footprint X S Energy Reset
_e, , Use cleaner energy and
Green Economy

increase energy efficiency
Harness sustainability

as a new engine of jobs
and growth
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Resilient Future

Build up Singapore's
climate resilience, including
enhancing our food security

www.GreenPlan.gov.sg
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Evaporative Cooling

* More heat absorbed than gained SN
* Heat capacity of water, CP = 4184 J/kgK B T T

 Latent heat of evaporation, L = 2.45x10°J/kg V oy I A T 1___
o
* Attenuates solar radiation 3 I N N

Water Temperature (°C)

* UV to IR range

Effect of temperature on droplet diameter

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.
[— | m | I-I I I-I =] 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
SINGAPORE UNIVERSITY OF
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Quantitative Spectroscopy & Radiative Transfer, 1182-1190.
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Potential for cooling in SG

Psychrometric Chart
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Adiabatic Humidification
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Psychromeltric Chart
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Psych Chart — ASHRAE 55 Thermal Comfort

Psychrometric Chart
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Psych Chart — Evaporative Cooling Potential

Psychrometric Chart Temperature/Humidity Distribution Hrs
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Sensitivity to humidity

Correlations analysis among thermal responses votes.

e Sample size of 2000

TSV HSV WSV SSV
S N ga p oreans TSV Correlation coefficient ~ 1.000 -.094*  -206°  .470°
Sig. (2-tailed) 3= 000 000 000
. . N 2036 2036 2036 1784
°
CO n d u Cte d I n 1 3 d Iffe re nt HSV Correlation coefficient 1.000 -.018 —,099°
Sig. (2-tailed) 000 - 404 000
OUtdOor Spaces N 2036 2036 2036 1784
o« q- . WSV Correlation coefficient —.206° -.018 1.000 —.145°
* Humldlty sensation has Sig. (2-tailed) 000 404 - 000
. . . f t . ﬂ N 2036 2036 2036 1784
I n S I g n I I Ca n I n u e n Ce O n SSv Correlation coefficient 4707 .099* .1457 1.000
. Sig. (2-tailed .000 000 000 =
thermal sensation - o m. e

¢ Correlation is significant at the 0.01 level (2-tailed).

|—||L| | -I Ir: 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 film -

which is wetting WET

DRY
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Water drip window system

femperature - Water Drip Window System

* Moving water
through capillary
action using water
wick

* /ero energy el
consumption -

* Potentially high air
mass flow rate (CFM) =

* Drop in DBT: 0.5~1 °C - \”\MV

SRS S
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Direct Evaporative Cooler

* Moving water through
cellulose cooling pad

e Cross-flow with fans

* Drop in DBT: 1.5 - 2°C vl I

* Energy consumption —40Wh LA
I=_I||l| |I.|".IE Psychfdmetric chart sﬁowing c'r'1’a.nge in aif conditions from evaporative cooler
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Cooling Paints

* Chosen white paints showed similar results
* White 2.0 was the best

e 9°C lower than control surface temp
e 5°C above ambient air temp

 Larger fluctuations when used with retroreflective
beads

 Potential for quick cooling & close to
ambient temperatures (1°C)

* Passive system

LI
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CFD — Redirecting wind

contour-1

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

* Wind redirected towards i
occupants

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

OO0 =~ NN
WO — 8-
- J

* Passive system
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Psychrometric Chart

Temperature/Humidity Distribution Hrs
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Psychrometric Chart

ASHRAE 55-2017

Dry Bulb: 29.50 °C

Rel Humidity; 70.49%
Sensation: Slightly Warm
SET:27.98°C
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Psychrometric Chart

ASHRAE 55-2017

Dry Buib: 28.50 *C

Rel Humidity: 70.49%
Sensation: Slightly Warm
SET:27.02°C

PMV: +1.05

PPD: 9.0%
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Grid: 145 Hrs

Restricted

NE

SINGAPORE UNIVERSITY OF
TECHNOLOGY AND DESIGN

25
Dry Bulb Temperature (*C)

Restricted

edwind flow

Temperature/Humidity Distribution Hrs

80%
1

S0%:
A

s

.......
........

A0

W
¥ -
+

'

2094

(6x/6) Ayprunyy aynjosqy



Psychrometric Chart

ASHRAE 55-2017

Dry Bulb: 28.50 °C

Rel Humidity: 70.49%
Sensation: Slightly Warm
SET:27.02°C

PMV: +1,05

PPD: 9.0%

WARNING: NOT COMPLIANT

Grid: 145 Hrs
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Thank you

For further questions:

Kai_zheng@sutd.edu.sg
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