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Abstract of Thesis

The understanding of urban heat island (UHI) phenomenon is crucial because it affects outdoor air quality,
energy demand, distribution of pollutant and local meteorology. This study was conducted to develop of a
computational fluid dynamics (CFD) model for UHI simulation and assess mitigation approaches. Chapter 1 of
the thesis presented current methods to study UHI, parameters used and its existing solutions. Chapter 2
discussed the parameterization of CFD model using Reynolds-averaged equations of momentum, mass continuity
and heat. These equations were solved on a staggered grid system employing finite control volume. For the
application of CFD model, two real cities were simulated: Osaka City and Suita City. These areas were chosen
because both are major cities in Japan and exhibit typical urban set-up.

The application of CFD model in Osaka City was presented in Chapter 3. The mitigation strategy assessed was
installation of solar PV panels on building surfaces. Under clear weather conditions, installation of solar PV
caused an overall surface cooling during daytime and nighttime but specific warming occurred in relation the
position of the sun. During daytime, cooling effect was greater on roof because of efficient thermal convection and
greater sky view factor which led to air circulation. During nighttime, cooling effect was greater on wall due to
shading effect. The cooling of surface temperature eventually led to cooling of air at 1.5 m from ground surface.
Presence of solar PV had no effect on waste heat but can potentially reduce sensible heat flux. Roof PV produced
greater PV output than wall PV and under the assumption that the power generated will be used for cooling, a
decrease in energy consumption can be expected.

For Suita City, water retentive pavement (WRP) made from fly ash was assessed as mitigation strategy for
UHI. Prior to the assessment, the heat and moisture transport in WRP must be modelled. Chapter 4 discussed
how the one-dimensional model was developed using conservation equations of heat and moisture in liquid and
vapor form. Using the parameters volumetric water content, matric potential and evaporation efficiency, it was
identified that the WRP exhibit cooling properties. Surface temperature and matric potential were inversely
proportional to volumetric water content. On the other hand, WRP evaporation efficiency was maximum when
saturated. It was also proven that the thermal and hydraulic performance of WRP was better than asphalt.
Despite the overestimation and underestimation during specific time of the day, the model can numerically
evaluate the diurnal variation in surface temperature with minimal estimated error. The increase in latent heat
flux and net radiation by WRP rendered its cooling ability.

Chapter 5 discussed the coupling of one-dimensional transport model and CFD model. In this simulation, WRP
was set as pavement material for main street while the rest of ground surface was asphalt. Results showed that
WRP can cause a decrease in ground surface temperature. This was primarily due to the evaporation of water
from WRP surfaces which caused an increase in latent heat flux. The increase in latent heat flux minimized the
difference between air temperature and surface temperature which led to a decrease in sensible heat flux and
longwave upward radiation. Other contributing factors to the cooling of main street surface include shadowing
effect, increased albedo and lower thermal conductivity. The cooling of ground surface eventually led to cooling of
air temperature. Although other factors such as vortex formation also contributed to air temperature cooling, the

degree of air temperature cooling was proportional to the degree of surface temperature reduction.
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