
As cities get larger and denser, the Urban Heat Island (UHI) effect occurs, which is the temperature difference between the urban and rural 
surroundings. One of the biggest contributors is the heat source coming from the climate of sun and sky radiation. To design our cities better, 
one of the best interventions that can be made is to have forms that respond well to minimize the heat gain. Therefore, simulation studies are done 
today to compare various forms and how they impact the solar radiation received, which has a big implication in energy consumption. For the 
tropics like Singapore, it will mean more energy required for the cooling load to overcome the heat gain indoors.
Radiance 4.3.a.2 pre-release with Gendaylit 2.3 (Radsite, 2015a) is used to compare with ANSYS Fluent 15.0.7 and scSTREAM version 11. Fluent’s 
solar radiation was activated with S2S (Surface-to-Surface) model while scSTREAM’s solar radiation was activated with View Factor (VF) method. 
They are both calculating the amount of energy transport and the view factors between different faces. Fluent has two methods of solar calculation 
using ASHRAE (Fair Weather Conditions) and NREL (Theoretical Maximum) equations while scSTREAM is using ASHRAE and Bouguer (atmospheric 
transmissivity) equations. This research investigates the two Fluent and one scStream (ASHRAE equation) methods to compare with Radiance. transmissivity) equations. This research investigates the two Fluent and one scStream (ASHRAE equation) methods to compare with Radiance. 

A dense hybrid typology consisting of towers and podiums with different densities 
are used for the study. They are named Hybrid11 (plot ratio 11, Height-to-Width 
Ratio 3.2) and Hybrid25 (plot ratio 25, Height-to-Width Ratio 9.5). Hybrid11 has a
podium of 7 storeys high and towers of 8 storeys high. Hybrid25 has the same podium
height and towers of 38 storeys high.
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In conclusion, simulating in Radiance for outdoor urban environment requires at least 4 ambient bounces to generate values that are not far
off from the higher bounces. The solar heat flux values generated from Radiance is higher compare to Fluent and scSTREAM by using direct input 
of direct and diffuse radiation values from the weather data. Default values from the weather data should be avoided in the CFD simulations since 
the cloudiness of Singapore has a big impact on the diffuse radiation. This will overestimate the values by almost double from Radiance. Using cloud 
coverage and direct inputs will generate values lower than Radiance but close enough to be representative of the weather condition. In the future,coverage and direct inputs will generate values lower than Radiance but close enough to be representative of the weather condition. In the future,
the simulation of the outdoor urban environment will consider cloudiness or direct input values to generate corresponding surface and air 
temperature for more realistic urban microclimate studies of Singapore. 

Figure 1: Hybrid11 (left) and Hybrid 25 (right) typologies.

Singapore’s weather is always very cloudy, normally receiving 70% cloud coverage and above 
as can be seen from Table 1. This causes the diffuse values to be high and will be higher than 
the diffuse values when it exceeds 80%. The study is using March 20th for the simulation as 
it is the hottest among the four design dates.

Figure 2: Fluent’s surface and solar 
radiation settings. 

Figure 3: Radiance’s surface heat flux 
output using Houdini visualization.

Figure 4: scSTREAM’s surface 
and solar radiation settings.

Table 2. Radiance ambient bounces 
difference from 2 to 6 (W/m2).

Figure 5: Fluent solar heat flux (W/m2)
(above) and scSTREAM sunshine heat
flux (W/m2) (below).

Table 3: Solar heat flux on 
urban surfaces (W/m2). 

Table 1: Singapore weather data with high 
diffuse radiation and cloud coverage.

Simulation in Radiance is done with different ambient bounces using,
Raytrace (Radsite 2015b)running from 2 to 6 taking into account the 
dense environment where the light will have difficulty penetrating deep 
into the urban canyon as compared to lower dense typologies. Results 
show that 4 bounces is good enough for dense outdoor urban
simulation as the difference decreases after that.

In Fluent, NREL method is run once while the In Fluent, NREL method is run once while the ASHRAE method is run in 
full and subsequently considering the cloudiness condition and finally
direct weather data input. As for scSTREAM, the ASHRAE method
including the intensity of the solar radiation and cloudiness as well as
direct weather data input are investigated. All the minimum and 
maximum values are considered. Results show that cloudiness and direct
inputs give closer values to Radiance while the rest overestimates.


