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Abstract—This paper is focused on modeling of temperature distribution and its time evolution on and around the surfaces exposed to direct 
sunlight during different seasons. The simulation results would help in identifying the appropriate roof material for roofs to affect reduction in 
surface to ambient radiation. This will help in reducing localized heating of outdoor environment caused due to the surface heating. This paper 
emphasizes on the mathematical model for simulation of the temperature variation on surfaces with different emissive and reflective properties. 
A methodological simulation procedure using ambient data in the COMSOL Multiphysics modeling environment and spatial visualization of 
temperature profile is adopted. Computer simulation results are then used to assess the heat flux variation on three different surfaces- asphalt, 
concrete, cool roof, in the same ambient thermal conditions. It is observed that daytime summer surface temperatures of asphalt and concrete 
surface are 13°C and 04°C higher than cool roof surface respectively. whereas early night-time winter surface temperatures of cool roof are 
found to be lower than ambient air temperature. Therefore, it is established that only by changing the surface type, peak temperature levels can 
be decreased by 50%.This paper concludes with the findings that reflectivity and emissivity of a material’s surface have strong influence on its 
surface temperature and near surface air temperature. 
 
Keywords: Heat flux; COMSOL Multiphysics; computer simulation; 3D model; solar insolation; roof surfaces. 

Introduction 

Thermal emissivity of a material determines the amount of heat radiated per unit area at a given temperature. It determines the 
material’s contribution to urban heat island effect. Albedo or solar reflectivity is another key thermal characteristic which 
indicates the reflecting power of a surface. It’s a dimensionless fraction defined as a ratio of the reflected solar radiation to the 
incident solar radiation at the surface. Emissivity and albedo influence the heating and/or cooling process of a conventional 
surface. Albedo largely impacts the maximum surface temperatures and emissivity affects minimum temperatures (Gui, et al., 
2007). Cool surfaces have high reflective properties, which helps in mitigating heat island effect. COMSOL Multiphysics is a 
finite element analysis, solver and Simulation software package for solving various physics and engineering applications. 
COMSOL Multiphysics software is used in various domains of science research and engineering calculation. 

The first part of this paper briefly describes the theoretical background of the study and COMSOL Multiphysics software. The 
second part elaborates the modelling of the roof-surface and the thermal properties of all three different materials, followed by 
the comparative results on the behavioural variation of three different roof-surfaces in the same ambient climatic conditions. The 
simulations aim to assess the distribution of temperature on the roof surface and temperature variation in the air surrounding the 
roof surface due to heat flux caused by its thermo physical properties. Geometric model of the surface was made in COMSOL 
Multiphysics 5.5 (COMSOL, 1998-2019)and was simulated with the Heat Transfer in solids and fluids, surface-to-surface 
radiation and laminar flow physics. In addition, heat transfer due to surface to surface radiation and isothermal flow Multiphysics 
were coupled. The time dependent computation study using the finite element method is performed to numerically solve the 
modelled physics. 

Model Description 

The basic parameterised 3D model of the studied surface types was made in standard Model Builder of COMSOL Multiphysics. 
Its geometric layout is shown in Figure 1. The model basically includes two domains – solid and fluid, which influence heat 
transfer in surrounding outdoor environment. Solid domain consists of a roof-slab (Green colour) whereas fluid domain defines 
air domain (Blue colour), surrounding the roof-slab. 
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