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A B S T R A C T

The accuracy of the computational fluid dynamics (CFD) to model the airflow around the buildings in the at-
mospheric boundary layer (ABL) is directly linked to the utilized turbulence model. Despite the popularity and
their low computational cost, the current Reynolds Averaged Navier-Stokes (RANS) models cannot accurately
resolve the wake regions behind the buildings. The default values of the RANS models' closure coefficients in CFD
tools such as ANSYS CFX, ANSYS FLUENT, PHOENIX, and STAR CCMþ are mainly adapted from other fields and
physical problems, which are not perfectly suitable for ABL flow modeling. This study embarks on proposing a
systematic approach to find the optimum values for the closure coefficients of RANS models in order to signifi-
cantly improve the accuracy of CFD simulations for urban studies. The methodology is based on stochastic
optimization and Monte Carlo Sampling technique. To show the capability of the method, a test case of airflow
around an isolated building placed in a non-isothermal unstable ABL was considered. The recommended values
for this case study in accordance with the optimization method were thus found to be 1:45 � Cε1 � 1:5,
2:7 � Cε2 � 3, and 0:12 � Cμ � 0:15. The default value of σk ¼ 1 is suggested to be acceptable while the value of
σε is obtained through a correlation. The error of the estimated reattachment length behind the building
decreased form 170% for the default values to 28% for the modified values.

1. Introduction and literature review

Airflow modeling in built environment has a significant potential to
help urban planners, architects and engineers in the design stages of
buildings and cities (Capeluto et al., 2003; Murakami, 2006; Wong et al.,
2011). In particular, an accurate modeling can bring about desired out-
comes such as the improvement of the pedestrian-level wind comfort
(Haghighat and Mirzaei, 2011; Mirzaei and Haghighat, 2012; Richards
et al., 2002; Tsang et al., 2012), reduction of the pollution dispersion
(Mirzaei and Haghighat, 2010, 2011; Yamada, 2004), minimizing the
building energy consumption (Allegrini et al., 2015; Evins et al., 2014; Yi
and Feng, 2013), utilizing wind energy for modern applications (Mirzaei
and Rad, 2013), and mitigation of the urban heat island (Magli et al.,
2015; Mirzaei, 2015). Among different techniques for analyzing airflow
in outdoor climates such as wind tunnel experiments and on-site mea-
surements, Computational Fluid Dynamics (CFD) emerged as a reliable
and cost effective method to simulate the wind condition around

buildings. Atmospheric boundary layer airflow around the buildings, as
displayed in Fig. 1(a), includes complex phenomena, such as separation,
reattachment, large-scale turbulence and unsteady vortex shedding
(Rodi, 1997); hence turbulence modeling has a significant impact on the
accuracy of the CFD models. Despite many years of researches, CFD
modeling of turbulent flow around buildings still remains a challenging
issue (Lateb et al., 2016). Even for a simple cubic form of an isolated
building, there is a noticeable disagreement between the experimental
results and CFD predictions (see Fig. 1(b) and (c)).

Early works presented in (Lakehal and Rodi, 1997; Murakami, 1993;
Murakami et al., 1990; Tamura et al., 1997) examined different turbu-
lence models to predict the airflow around a generic bluff body via
focusing on the pressure distribution and separation of flow over the roof.
In an attempt to investigate the problem of the airflowmodeling in urban
areas, a working group for CFD modeling of the wind environment
around a building was organized by the Architectural Institute of Japan
(Shirasawa et al., 2003). Tominaga et al. (2004) presented the result of a
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cross comparison of the airflow around a single high-rise building in the
lower part of the atmospheric boundary layer (ABL). Also, they per-
formed numerical simulation of a building complex in an actual urban
region. Different software and turbulence models were examined in their
study for two test cases of 2:1:1 and 4:4:1 shaped building models based
on the experiments from Yan and Kazuki (1998). Their results showed
that the standard k� ε model mainly fails to produce the reverse flow
over the roof, but revised models (e.g. LK k� ε (Kato, 1993), RNG k� ε
(Yakhot and Orszag, 1986), MMK k� ε (Tsuchiya et al., 1997)) could
more accurately predict the flow pattern. However, the standard k� ε
model and all revised models overestimated the reattachment length
behind the building.

A similar finding was presented by Yoshie et al. (2007), Tominaga
and Stathopoulos (2010), Vardoulakis et al. (2011), and Gousseau et al.
(2011), which emphasized the inaccuracy of the Reynolds Averaged
Navier Stokes (RANS) turbulence models in reproducing the weak wind
regions behind buildings and also in overestimating the reattachment
length behind the building. In another study by K€ose and Dick (2010), it
was shown that the poor accuracy of the RANS turbulence models for

prediction of the airflow around the buildings in ABL is accompanied
with a low accuracy in estimating the mean surface pressure over the
building in comparison with LES models.

In a recent study by Tominaga (2015), the accuracy of the unsteady
Reynolds-averaged Navier–Stokes (URANS) turbulence modeling for an
isolated building was investigated. He concluded that the URANS simu-
lation based on the k� ω SST turbulence model is able to simulate the
unsteady fluctuations behind the building and to provide a better velocity
field in this region as well; however, the model generally overestimates
the separation in the corners.

The previous literature clearly demonstrates that the linear two-
equation RANS turbulence models provide poor results for the airflow
prediction around an isolated building, compared with the URANS and
LES models. However, high complexity of the URANS and LES models in
specifying accurate boundary condition, proper mesh size and time scale,
in addition to their inherent high computational cost keep their potential
application as a reliable and fast solution for many realistic engineering
problems very limited. Despite the development of several methods for
improving the RANS turbulence models, e.g. RNG k� ε (Yakhot et al.,

Nomenclature

ρ Density
t Time
xi Component of space coordinate
Ui Component of the mean velocity vector
τij Viscous stress tensor
SMi Body forces
μt Turbulent viscosity
δij Kronecker Delta function
k Turbulent kinetic energy
gi Gravity vector
Cμ k� ε model constant
μ Molecular viscosity
ε Turbulent dissipation rate
Pk Shear production term in k-equation
Pkb Buoyant production term in k-equation
Cε1 k� ε model constant

θf Floor temperature ð45 �CÞ
UH Inflow mean streamwise velocity at building height H
H Building height
α Power-law exponent
q Hit rate
N Number of data points (48)
Oi Observed value
Pi Predicted value
FAC2 The fraction of the predictions within a factor of 2 of the

observations
Xf Reattachment length behind the building
Xr Reattachment length on the roof
ui Fluctuating velocity component in the turbulent flow
σk k� ε model constant
σε k� ε model constant
Cε2 k� ε model constant
θH Temperature at building height ð11�CÞ
Δθ θf � θH

Fig. 1. (a) Flow visualization around an isolated building (Hunt et al., 1978). Streamwise velocity distribution around an isolated building in (b) experiment by Yoshie et al. (2011), (c)
RANS turbulence model.
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