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ARTICLE INFO ABSTRACT
Article Type: Given the rapid acceleration of urbanization in the city of Shiraz in
Original Research recent years, it seems necessary to study the impact of new

developments. The purpose of this study was to investigate the effects
of urban canyon material on daily average temperature and net long-
wave wall flux. Therefore, the question arises of how urban surface
material affects average daily temperatures and wall long-wave net
fluxes. In this study, ANSYS FLUENT software was used to numerically
model airflow, heat transfer, and solar radiation in a three-
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Keyword: dimensional urban environment. The k-e turbulence model was
Local Climate Zone implemented for the initial modeling, whereas the large-eddy
Large Eddy Simulation simulation model was utilized for the final modeling. The simulation
Ventilation also used three different materials for the urban facade; aluminum,
Urban Canyon gray concrete, and white stone, and asphalt for the ground. It was
Material observed that the lowest wall's mean temperature was related to the

white stone with a temperature of 294K at approximately 5:00 AM
and the highest value was associated with the aluminum material with
a temperature of 337K at approximately 14:00 PM. The lowest value
of the average net long-wave radiation flux of walls equal to 53 w/m?
was related to the aluminum material at approximately 6:30 AM and
the highest amount equivalent to 295 w/m? was related to the white
stone material at 15 PM. Comparisons revealed that the magnitude of
the vortices generated next to the building was approximately the
same for the three materials and the formation of vortices behind
buildings that were as tall as the buildings.
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EXTENDED ABSTRACT

Introduction

The use of natural ventilation in Street Canyon plays an important role in
reducing the heat island effect. Given the rapid acceleration of urbanization,
industrial activity and large-scale construction activities in the city of Shiraz in
recent years, it seems necessary to study the impact of new developments. In this
study, ANSYS FLUENT software was used to numerically model airflow, heat
transfer, and solar radiation in a three-dimensional urban environment.

Methodology

In this study, four variables including pressure, temperature, density, and wind
velocity were studied. Airflow was simulated by Navier-Stokes equations. According
to the solution strategy of this research, the problem was switched to the LES
method after obtaining the initial solution by using the k — ¢ model, and the final
solution was solved by this technique. In addition, the convective, conductive, and
radiant flows were calculated by the governing equations of fluid dynamics. For this
purpose, solar radiation was simulated by the Monte Carlo model during the
summer solstice on 21 June and the ideal gas law was applied. It is noteworthy that
the equations should be solved simultaneously because of the common variables in
this problem.

The simulated models included a 3x3 matrix of buildings with equal volumes
and cross-sections of 27x27 square meters. The height of the computational domain
was 6H to achieve a fully-developed flow field, where H represented the height of
the buildings. In this study, input data were considered based on the city of Shiraz
with hot and dry climates. The effect of three different materials- gray aluminum
composite, gray concrete, and white stone chipping- on temperature change were
investigated (Table 1). Furthermore, the computational fluid dynamics (CFD) solver
was based on the finite volume method.

Table 1. material Specification according to Radhi et al.

. Density Conductivity Specific heat Infrared
iRl St kg/m? w/mK Kj/KgK emittance
Gray aluminum AI-GY 7680 45 420 0.89
composite
Gray concrete C-GY 2050 0.719 890 0.9
White stone chipping ST-CH 2240 1.74 1686 0.93

Boundary conditions

In this model, symmetry boundary conditions were used to simulate a part of the
city. In addition, the velocity-inlet was used as the input boundary condition and the
mass flow outlet was considered as the output boundary condition. Furthermore,
the no-slip boundary condition of the stationary wall was employed for the top view.
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Grid Convergence

Grid convergence is one of the most important phases of any research conducted
by CFD. In this study, four grid models (Table 2) were designed with similar y+ value
but different grid size. In the current research, three types of materials were

developed. Based on calculations in Table 2, the average distance of the first node
from the walls was 0.5mm.

Table 2. Table of the grid providers with different y*.

Grid number yt
Grid 1 200
Grid 2 100
Grid 3 40
Grid 4 10

Results and discussion

In order to analyze the effects of changing materials on temperature and the net
longwave flux of the surfaces, the daily walls' average temperature and daily walls’
average net long-wave flux were simulated by Ansys Fluent.

a. Investigating the effect of material change on the daily walls' average
temperature

A comparison of the three types of materials indicates that the lowest daily walls'
average temperature in the ratio of 1 in ground dimensions of 108 x 108 m2 related
to white stone with an average temperature of 294 K and the highest was related to
aluminum material with an average temperature of 337 K (Figure 1).
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Figure 1. Comparison of the daily walls' average temperature changes for gray aluminum
composite, gray concrete, and white stone chipping.
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b. Investigating the effect of material change and daily walls' average net long-
wave flux
In addition, a comparison of the three types of materials showed that the lowest
the daily walls' average net long-wave flux in the ratio of 1 in ground dimensions of
108 x 108 m? was related to aluminum material at 6:30 am equal to 53 w/m2and
the highest value was related to white stone material at 3 pm and almost equal to
295 w/m?2 (Figure 2).
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Figure 2. Comparison of the daily walls' average net long-wave flux changes for gray aluminum
composite, gray concrete, and white stone chipping.

Conclusion

In this research, the daily average temperature and net longwave flux of walls for
the ratio of 1 in ground dimensions of 108 x 108 m? were studied via computational
fluid dynamics. Comparisons between the three types of materials show that they
have little impact on both the daily walls' average temperature and daily walls'
average net long-wave flux.

In addition, comparisons also revealed that the eddies created near the buildings
were of almost identical sizes in the three types of materials.
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