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ABSTRACT: 
This work presents an experimental-numerical investigation of the flow around tall building 

model. Measured data of static surface pressure are compared with the numerical results. The main 
objective of the comparison was to obtain information on how well the numerical simulations using 
standard turbulence models, were able to reproduce the experimental data. The numerical 
predictions for pressure distribution on the building are performed by solving the Reynolds-
averaged Navier–Stokes (RANS) equations using both the Spalart-Allmaras (SA) and standard k- 
(SKE) turbulence models constructed in FLUENT CFD code. It is known from literature that LES 
models are more suitable to simulate the behavior of bluff body in a crossed flow with better 
accuracy but from an engineering point of view they are high demanding in terms of time and CPU 
performances. This paper is to test the faster set of SA and SKE turbulence models and to judge 
their accuracy by using experimental data for validation.  The results show that SA model 
reproduces the experimental data better than SKE. Generally SA model shows reasonable 
agreement with the corresponding wind tunnel pressure coefficients in different wind directions.  

KEYWORDS: Aerodynamic forces, CFD, High-rise building, Turbulence models, FLUENT 
Code 
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ÉTUDE EXPERIMENTALE-NUMERIQUE DES CARACTERISTIQUES 
AERODYNAMIQUES DU FLUX D'AIR AUTOUR DU MODELE SKY SCRAPER 

RÉSUMÉ : 
Ce travail présente une étude expérimentale-numérique de l'écoulement autour du modèle grand 

bâtiment. Les données mesurées de la pression statique de surface sont comparées avec les résultats d'un 
modèle numérique. L'objectif principal de la comparaison a été d'obtenir des informations sur la façon 
dont les simulations numériques en utilisant des modèles de turbulence standard, ont été en mesure de 
reproduire les données expérimentales. Les prédictions numériques de distribution de pression sur le 
bâtiment sont effectuées par la résolution du Reynolds moyennées de Navier-Stokes (RANS) en utilisant 
les équations de la Spalart-Allmaras et modèle standard k- turbulence (SKE) construit dans FLUENT 
Code. Il est connu que les modèles à partir des ERP sont plus appropriés pour simuler le comportement 
du corps perturbateur dans un écoulement croisé avec une meilleure précision, mais d'un point de vue 
technique, ils sont à forte demande en termes de performances et de temps CPU. Le présent document est 
de tester l'installation plus rapide des modèles de turbulence SA et SKE et de juger de leur précision en 
utilisant des données expérimentales pour la validation. Les résultats montrent que SA reproduirait les 
données expérimentales mieux que SKE. Généralement SA indique un accord raisonnable avec les 
coefficients de pression du vent correspondant tunnel dans différentes directions du vent. 

MOTS CLES: Forces aérodynamiques, CFD, immeuble de grande hauteur, les modèles de 
turbulence, FLUENT Code 
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1. INTRODUCTION

Tall buildings structure must be able to 
withstand the external loads imposed by 
nature. Wind is one of the major forces 
responsible for the catastrophic failure 
and loss of life. The wind flow around 
tall building involves separation, 
reattachment and recirculation, which 
underlines the importance of unsteady 
simulation. Due to turbulent fluctuations 
of wind the buildings structures may be 
subjected to resonant wind loads. 
Accurate evaluation and prediction of 
wind loads are very important in 
reducing the adverse effects of wind in 
the building. Roshko (1954), Lyn et al. 
(1995), Williamson (1996), Luo et al. 
(2003) and Irwin (2008) performed 
pioneering work on irregular vortex 
shedding and turbulent properties 
behind bluff bodies. Flow past a square 
or a rectangular cross-section building 
have been made by many researchers 
(Ref. [3, 8 and 12]). Various type of 
turbulence models are tested for 
Simulation of turbulent flow over 
surface mounted obstacles with sharp 
edges and corners (Ref. [1, 2, 4, 7, 15 – 
18]). Many turbulence models are 
available by CFD codes. It is a good and 
easy opportunity to test these available 
models in the CFD codes by the 
pressure measurements in wind tunnel. 
Basora and Younis (1992) have 
previously compared standard k– 
model results with wind tunnel based 2-
D back-step tests undertaken by Kim et 
al (1980). The numerical treatments by 
FLUENT code are based on the solution 
of the Navier Stokes equations, the 
continuity equation and the turbulence 
model equations (Ref. [13 and 19]). 

Lubcke et al (2001) noticed that the 
large eddy simulation model (LES) is 
able to simulate the behavior of bluff 
body in a crossed flow with good 
accuracy. But from an engineering point 
of view the LES model demands a long 
working time and high CPU 
performances. 
The goal of this search is to test the 
faster set of RANS turbulence models 
and to judge their accuracy by using 
experimental data for validation. Among 
the available turbulence models in 
FLUENT code, the present work 
considered the Spalart-Allmaras and the 
standard k-ε turbulence models to be 
tested for the prediction of pressure 
distribution around high rise buildings. 
Spalart-Allmaras is a low-cost RANS 
model solving a transport equation for a 
modified eddy viscosity. This model is 
still relatively new and no claim is made 
regarding its applicability to all types of 
complex engineering flows. The 
Standard k–ε (SKE) model is the most 
widely-used engineering turbulence 
model for industrial applications. 

2. WIND TUNNEL TEST

The aim of experimental test is to 
validate the turbulence model. The 
present wind tunnel is of open circuit 
type. A straightener built of thin sheet 
metal is placed at the entrance of the test 
section. The air mass flow rate is 
controlled by a gate located inside the 
air supply duct. The blocking ratio is 
nearly 4.5%. Some inflow velocities 
profiles are measured at different mass 
flow rate by the use of Pitot-static tube. 
The building model (BM) cross section 
is a square of length 5 cm fabricated 
from Perspex Fig 1. 
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3. NUMERICAL TREATMENT

The numerical treatments by FLUENT 
code are based on the solution of 
Navier Stokes, continuity and 
turbulence model equations. Two 
turbulence models; Spalart-Allmaras 
(SA) and Standard k-ε (SKE) are used 
here by FLUENT code to simulate the 
flow around skyscraper model.  The 
flow equations are solved by applying 
the semi-implicit method for pressure 
linked equations (SIMPLE) with 
accuracy of the second order for all 
variables.  

3. 1.Spalart-Allmaras Model (SA) 

 SA is a low-cost RANS model 
solving a transport equation for a 
modified eddy viscosity. It embodies a 
relatively new class of one-equation 
models where it is not necessary to 
calculate a length scale related to the 
local shear layer thickness.  It is 
designed specifically for aerospace 
applications involving wall-bounded 
flows.  It has been shown to give good 
results for boundary layers subjected 
to adverse pressure gradients. This 
model is still relatively new.  No claim 
is made regarding its applicability to 
all types of complex engineering 
flows. In FLUENT, however, the 
Spalart-Allmaras model has been 
implemented to use wall functions 
when the mesh resolution is not 
sufficiently fine. This might make it 
the best choice for relatively crude 
simulations on coarse meshes where 
accurate turbulent flow computations 
are not critical. Furthermore, the near-
wall gradients of the transported 
variable in the model are much smaller 

than the gradients of the transported 
variables in the k-ε or k-ω models. 
This might make the model less 
sensitive to numerical error when non-
layered meshes are used near walls. 
See Fluent guide for further discussion 
of numerical error. The transported 
variable in the Spalart-Allmaras 
model,ߥ෤ , is identical to the turbulent 
kinematic viscosity except in the near-
wall (viscous-affected) region. The 
transport equation for ߥ෤ is: 

డ௫
డ௧

(෤ߥߩ) + డ
డ௫೔

(௜ݑ෤ߥߩ) = ௩ܩ +

ଵ
ఙഌ෥

൤ డ
డ௫ೕ

൜(ߤ + (෤ߥߩ డఔ෥
డ௫ೕ

ൠ +

ߩ௕ଶܥ ൬ డఔ෥
డ௫ೕ

൰
ଶ

൨ − ௩ܻ + ܵఔ෥            

 ௩ is the production of turbulentܩ
viscosity and ௩ܻ is the destruction of 
turbulent viscosity that occurs in the 
near-wall region due to wall blocking 
and viscous damping. ߪఔ෥ and ܥ௕ଶ  are 
constants and  ݒ is the molecular 
kinematic  viscosity. ܵఔ෥  is a user-
defined source term see FLUENT 
help. The model constants: 
,௕ଵܥ  , ௕ଶܥ , ఔ෥ߪ , ఔଵܥ ,ఠଵܥ ,ఠଶܥ   ఠଷܥ
and  ݇ have the following default 
values:  
௕ଵܥ = 0.1355, ௕ଶܥ = 0.622, ఔ෥ߪ

=
2
3

 , ఔଵܥ = 7.1 

ఠଵܥ =
௕ଵܥ

ଶߢ +
(1 + (௕ଶܥ

ఔ෥ߪ
, ఠଶܥ

= 0.3 , ఠଷܥ = 2.0 , ߢ

= 0.4187    
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3. 2.  Standard k–ε model (SKE) 
The most widely-used engineering 
turbulence model for industrial 
applications should be robust and 
reasonably accurate, contains sub-
models for buoyancy combustion 
compressibility etc. Limitations the ε 
equation contains a term which cannot 
be calculated at the wall and therefore, 
wall functions must be used. Generally 
it performs poorly for flows with strong 
separation, large streamline curvature, 
and large pressure gradient. 
 The ݇ −  model uses an equation for  ߝ
turbulence kinetic energy (݇) to 
determine the velocity scale and another 
equation for dissipation rate (ߝ) to 
determine its length scale. In the 
derivation of the ݇ −  model, it is ߝ
assuming that the flow is fully turbulent, 
and the effects of molecular viscosity 
are negligible. The modeled transport 
Equation for k is written as: 
௜߲݇ߩ ௜ܷ = ௝߲ ቂቀߤ + జ೟

ఙೖ
ቁ ௝߲݇ቃ + G୩ −      ߩ

Similarly the dissipation rate ε is given 
by the following Eq.  
௜߲ߩ ௜ܷ = ௝߲ ቂቀߤ + జ೟

ఙ
ቁ ௝߲ +

Cଵε
ε
୩

G୩ − Cଶεߩ εమ

୩
ቃ 

௧ߤ = ߩఓܥ ௞మ


௞ܩ       , = ௜ݑߩ−

′ ௝ݑ
′  ߲௜( ௝ܷ) 

The coefficients in the k- equations 
which are:  
ఓܥ = ௞ߪ  ,0.09 = ఌߪ , 1.0 = 1.3 , 
ఌଵܥ = 1.44  and  ܥఌଶ = 1.92 

4. RESULTS AND DISCUSSIONS
Some inflow velocities profiles are 
measured at different mass flow rate by 
the use of Pitot-static tube and the 
results are recorded in Fig. (3), 

Reynolds number ranges between 37149 
and 69069. 
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4. 1.  Boundary Conditions 
 

A schematization of the 3-D 
computational domain is shown in Fig 
4. It is a wide parallelogram and the
BM is located inside it normal to the 
flow. BM is a square prism of height h 
and b is the length of its base.  

Fig. (4): Sketch of 3-D 
computational domain 

The numerical studies are conducted in 2-
D and 3-D by SA and SKE and the 
predicted results are compared in between 
and with the experimental 2-D results. 
The boundary conditions are; BM wall, 
in-flow velocity at inlet, outlet pressure 
and symmetry conditions are used for the 
lateral borders, where it is assumed that 
the normal gradients for all flow variables 
are zero.  

Pressure 
outlet

Symm
etry 

  Computational 
Domain 

Velocity
W

134



Spalart
Ibrahim A. M. G

4. 2. Mesh Sensitivity Analysis 

The work here aims to obtain the mean
pressure distribution over the building
model surface at the mid plane z=h/2. 
The numbers of total grid
for independent solution were 
investigated in 2
and SKE. Fig
D and 3
search for grid independent solutions
needs the beginning by the aid of
literature.
using
3-D flow.

structured grid at mid height of BM

4. 3.  Time 

The time variant lift, drag and m
coefficients are investigated here by
SA and SKE turbulence models. The 
time variant lift, drag, and moment
coefficients predicted by SA are
presented in Figs 
Fig

Spalart
Ibrahim A. M. G

4. 2. Mesh Sensitivity Analysis 

The work here aims to obtain the mean
pressure distribution over the building
model surface at the mid plane z=h/2. 
The numbers of total grid
for independent solution were 
investigated in 2
and SKE. Fig
D and 3
search for grid independent solutions
needs the beginning by the aid of
literature.
using 

D flow.

structured grid at mid height of BM
for 3

Fig. 

4. 3.  Time 

The time variant lift, drag and m
coefficients are investigated here by
SA and SKE turbulence models. The 
time variant lift, drag, and moment
coefficients predicted by SA are
presented in Figs 
Fig. (7

Spalart-Allmaras Turbulenc
Ibrahim A. M. G

4. 2. Mesh Sensitivity Analysis 

The work here aims to obtain the mean
pressure distribution over the building
model surface at the mid plane z=h/2. 
The numbers of total grid
for independent solution were 
investigated in 2
and SKE. Fig
D and 3
search for grid independent solutions
needs the beginning by the aid of
literature.

 SA 
D flow.

Fig
structured grid at mid height of BM

for 3-D computational domain

Fig. (

4. 3.  Time 

The time variant lift, drag and m
coefficients are investigated here by
SA and SKE turbulence models. The 
time variant lift, drag, and moment
coefficients predicted by SA are
presented in Figs 

7-c)

Allmaras Turbulenc
Ibrahim A. M. G

4. 2. Mesh Sensitivity Analysis 

The work here aims to obtain the mean
pressure distribution over the building
model surface at the mid plane z=h/2. 
The numbers of total grid
for independent solution were 
investigated in 2
and SKE. Fig
D and 3-D grid, respectively. The 
search for grid independent solutions
needs the beginning by the aid of
literature. Results for n

 model
D flow. 

Fig. (5-
structured grid at mid height of BM

D computational domain

(5-b

4. 3.  Time V

The time variant lift, drag and m
coefficients are investigated here by
SA and SKE turbulence models. The 
time variant lift, drag, and moment
coefficients predicted by SA are
presented in Figs 

) respectively, for 3

Allmaras Turbulenc
Ibrahim A. M. Gad

4. 2. Mesh Sensitivity Analysis 

The work here aims to obtain the mean
pressure distribution over the building
model surface at the mid plane z=h/2. 
The numbers of total grid
for independent solution were 
investigated in 2
and SKE. Figs. (5

D grid, respectively. The 
search for grid independent solutions
needs the beginning by the aid of

Results for n
model 

-a): 
structured grid at mid height of BM

D computational domain

b): 3

Variant 

The time variant lift, drag and m
coefficients are investigated here by
SA and SKE turbulence models. The 
time variant lift, drag, and moment
coefficients predicted by SA are
presented in Figs 

respectively, for 3

Allmaras Turbulenc
ad 

4. 2. Mesh Sensitivity Analysis 

The work here aims to obtain the mean
pressure distribution over the building
model surface at the mid plane z=h/2. 
The numbers of total grid
for independent solution were 
investigated in 2-D and 3

(5-a) and
D grid, respectively. The 

search for grid independent solutions
needs the beginning by the aid of

Results for n
 are shown

 cross section of
structured grid at mid height of BM

D computational domain

3-D grid structure

ariant 

The time variant lift, drag and m
coefficients are investigated here by
SA and SKE turbulence models. The 
time variant lift, drag, and moment
coefficients predicted by SA are
presented in Figs (7

respectively, for 3

Allmaras Turbulenc

4. 2. Mesh Sensitivity Analysis 

The work here aims to obtain the mean
pressure distribution over the building
model surface at the mid plane z=h/2. 
The numbers of total grid
for independent solution were 

D and 3
a) and

D grid, respectively. The 
search for grid independent solutions
needs the beginning by the aid of

Results for n
are shown

cross section of
structured grid at mid height of BM

D computational domain

D grid structure

ariant C

The time variant lift, drag and m
coefficients are investigated here by
SA and SKE turbulence models. The 
time variant lift, drag, and moment
coefficients predicted by SA are

7-a), Fig
respectively, for 3

Allmaras Turbulence Model Validation For Air Flow Around Skyscraper Model

4. 2. Mesh Sensitivity Analysis 

The work here aims to obtain the mean
pressure distribution over the building
model surface at the mid plane z=h/2. 
The numbers of total gridcells required
for independent solution were 

D and 3
a) and (5

D grid, respectively. The 
search for grid independent solutions
needs the beginning by the aid of

Results for numerous
are shown 

cross section of
structured grid at mid height of BM

D computational domain

D grid structure

Calculation

The time variant lift, drag and m
coefficients are investigated here by
SA and SKE turbulence models. The 
time variant lift, drag, and moment
coefficients predicted by SA are

, Fig
respectively, for 3

e Model Validation For Air Flow Around Skyscraper Model

4. 2. Mesh Sensitivity Analysis 

The work here aims to obtain the mean
pressure distribution over the building
model surface at the mid plane z=h/2. 

cells required
for independent solution were 

D and 3-D for SA
(5-b) show 2

D grid, respectively. The 
search for grid independent solutions
needs the beginning by the aid of

umerous
 in Fig 6 for

cross section of
structured grid at mid height of BM

D computational domain

D grid structure

alculation

The time variant lift, drag and m
coefficients are investigated here by
SA and SKE turbulence models. The 
time variant lift, drag, and moment
coefficients predicted by SA are

, Fig. (7
respectively, for 3-D flow.

e Model Validation For Air Flow Around Skyscraper Model

4. 2. Mesh Sensitivity Analysis 

The work here aims to obtain the mean
pressure distribution over the building
model surface at the mid plane z=h/2. 

cells required
for independent solution were 

D for SA
b) show 2

D grid, respectively. The 
search for grid independent solutions
needs the beginning by the aid of

umerous trials
in Fig 6 for

cross section of 
structured grid at mid height of BM

D computational domain

D grid structure

alculation

The time variant lift, drag and moment
coefficients are investigated here by
SA and SKE turbulence models. The 
time variant lift, drag, and moment
coefficients predicted by SA are

7-b)
D flow.

e Model Validation For Air Flow Around Skyscraper Model

4. 2. Mesh Sensitivity Analysis 

The work here aims to obtain the mean
pressure distribution over the building
model surface at the mid plane z=h/2. 

cells required
for independent solution were 

D for SA
b) show 2

D grid, respectively. The 
search for grid independent solutions
needs the beginning by the aid of

trials
in Fig 6 for

structured grid at mid height of BM
D computational domain 

D grid structure 

alculation 

oment
coefficients are investigated here by
SA and SKE turbulence models. The 
time variant lift, drag, and moment
coefficients predicted by SA are

) and
D flow. 

e Model Validation For Air Flow Around Skyscraper Model

The work here aims to obtain the mean 
pressure distribution over the building 
model surface at the mid plane z=h/2. 

cells required 
for independent solution were 

D for SA 
b) show 2-

D grid, respectively. The 
search for grid independent solutions 
needs the beginning by the aid of 

trials 
in Fig 6 for 

structured grid at mid height of BM 

oment 
coefficients are investigated here by 
SA and SKE turbulence models. The 
time variant lift, drag, and moment 
coefficients predicted by SA are 

and 

e Model Validation For Air Flow Around Skyscraper Model

4. 4. Time 

The time averaged; lift, drag, moment,
base pressure coefficient and Strouhal
number are calculated numerically and
experimentally in 2
in Fig

4.

 The velocity magnitude field
predic
Code at the interior region of
computational domain for
instants
figure shows 
clusters formed near lower edge and
the 
near upper ed
periodically.
be seemed as a “periodic equilibrium” 
at which each a cluster stops formation
itself under the effect of its image
vortices inside the 
reaches a limited strength the opposite 
clust
presents the
computational domain at different
incidence angle
by SKE.
periodic equilibrium
predicted by both SA and SKE 
turbulence 
some smoke steam line vizualized
photos around square cylinder at
different icidence angle captured by
Gad (2000)
visualized flow are agree in producing
Karman street wake due to the
periodic vortex shedding.

e Model Validation For Air Flow Around Skyscraper Model

73

4. 4. Time 

The time averaged; lift, drag, moment,
base pressure coefficient and Strouhal
number are calculated numerically and
experimentally in 2
in Fig

4.5. Flow 

The velocity magnitude field
predic
Code at the interior region of
computational domain for
instants
figure shows 
clusters formed near lower edge and
the negative vortex cluster
near upper ed
periodically.
be seemed as a “periodic equilibrium” 
at which each a cluster stops formation
itself under the effect of its image
vortices inside the 
reaches a limited strength the opposite 
cluster begins to form itself.
presents the
computational domain at different
incidence angle
by SKE.
periodic equilibrium
predicted by both SA and SKE 
turbulence 
ome smoke steam line vizualized

photos around square cylinder at
different icidence angle captured by
Gad (2000)
visualized flow are agree in producing
Karman street wake due to the
periodic vortex shedding.

e Model Validation For Air Flow Around Skyscraper Model

4. 4. Time 

The time averaged; lift, drag, moment,
base pressure coefficient and Strouhal
number are calculated numerically and
experimentally in 2
in Figs (8

. Flow 

The velocity magnitude field
predicted by SA using FLUENT CFD
Code at the interior region of
computational domain for
instants t is presented in Fig 9
figure shows 
clusters formed near lower edge and

negative vortex cluster
near upper ed
periodically.
be seemed as a “periodic equilibrium” 
at which each a cluster stops formation
itself under the effect of its image
vortices inside the 
reaches a limited strength the opposite 

er begins to form itself.
presents the
computational domain at different
incidence angle
by SKE.
periodic equilibrium
predicted by both SA and SKE 
turbulence 
ome smoke steam line vizualized

photos around square cylinder at
different icidence angle captured by
Gad (2000)
visualized flow are agree in producing
Karman street wake due to the
periodic vortex shedding.

e Model Validation For Air Flow Around Skyscraper Model

4. 4. Time A

The time averaged; lift, drag, moment,
base pressure coefficient and Strouhal
number are calculated numerically and
experimentally in 2

8-a)

. Flow P

The velocity magnitude field
ted by SA using FLUENT CFD

Code at the interior region of
computational domain for

t is presented in Fig 9
figure shows 
clusters formed near lower edge and

negative vortex cluster
near upper ed
periodically.
be seemed as a “periodic equilibrium” 
at which each a cluster stops formation
itself under the effect of its image
vortices inside the 
reaches a limited strength the opposite 

er begins to form itself.
presents the
computational domain at different
incidence angle
by SKE. 
periodic equilibrium
predicted by both SA and SKE 
turbulence 
ome smoke steam line vizualized

photos around square cylinder at
different icidence angle captured by
Gad (2000)
visualized flow are agree in producing
Karman street wake due to the
periodic vortex shedding.

e Model Validation For Air Flow Around Skyscraper Model

Averaged 

The time averaged; lift, drag, moment,
base pressure coefficient and Strouhal
number are calculated numerically and
experimentally in 2

) through Fig

Pattern 

The velocity magnitude field
ted by SA using FLUENT CFD

Code at the interior region of
computational domain for

t is presented in Fig 9
figure shows that
clusters formed near lower edge and

negative vortex cluster
near upper edge each cluster
periodically. These phenomena may
be seemed as a “periodic equilibrium” 
at which each a cluster stops formation
itself under the effect of its image
vortices inside the 
reaches a limited strength the opposite 

er begins to form itself.
presents the velocity field at interior
computational domain at different
incidence angle

The figure shows that
periodic equilibrium
predicted by both SA and SKE 
turbulence models. 
ome smoke steam line vizualized

photos around square cylinder at
different icidence angle captured by
Gad (2000). 
visualized flow are agree in producing
Karman street wake due to the
periodic vortex shedding.

e Model Validation For Air Flow Around Skyscraper Model

veraged 

The time averaged; lift, drag, moment,
base pressure coefficient and Strouhal
number are calculated numerically and
experimentally in 2

through Fig

attern 

The velocity magnitude field
ted by SA using FLUENT CFD

Code at the interior region of
computational domain for

t is presented in Fig 9
that the 

clusters formed near lower edge and
negative vortex cluster

ge each cluster
These phenomena may

be seemed as a “periodic equilibrium” 
at which each a cluster stops formation
itself under the effect of its image
vortices inside the 
reaches a limited strength the opposite 

er begins to form itself.
velocity field at interior

computational domain at different
incidence angles, 

The figure shows that
periodic equilibrium
predicted by both SA and SKE 

models. 
ome smoke steam line vizualized

photos around square cylinder at
different icidence angle captured by

SA, SKE and 2
visualized flow are agree in producing
Karman street wake due to the
periodic vortex shedding.

e Model Validation For Air Flow Around Skyscraper Model

veraged 

The time averaged; lift, drag, moment,
base pressure coefficient and Strouhal
number are calculated numerically and
experimentally in 2-D and compared

through Fig

attern Predictions

The velocity magnitude field
ted by SA using FLUENT CFD

Code at the interior region of
computational domain for

t is presented in Fig 9
the 

clusters formed near lower edge and
negative vortex cluster

ge each cluster
These phenomena may

be seemed as a “periodic equilibrium” 
at which each a cluster stops formation
itself under the effect of its image
vortices inside the solid
reaches a limited strength the opposite 

er begins to form itself.
velocity field at interior

computational domain at different
=15

The figure shows that
periodic equilibrium phenomena are 
predicted by both SA and SKE 

models.  
ome smoke steam line vizualized

photos around square cylinder at
different icidence angle captured by

SA, SKE and 2
visualized flow are agree in producing
Karman street wake due to the
periodic vortex shedding.

e Model Validation For Air Flow Around Skyscraper Model

veraged Calculatio

The time averaged; lift, drag, moment,
base pressure coefficient and Strouhal
number are calculated numerically and

D and compared
through Fig (8

redictions

The velocity magnitude field
ted by SA using FLUENT CFD

Code at the interior region of
computational domain for

t is presented in Fig 9
the positive vortex

clusters formed near lower edge and
negative vortex cluster

ge each cluster
These phenomena may

be seemed as a “periodic equilibrium” 
at which each a cluster stops formation
itself under the effect of its image

solid 
reaches a limited strength the opposite 

er begins to form itself.
velocity field at interior

computational domain at different
=15o, 30

The figure shows that
phenomena are 

predicted by both SA and SKE 
Fig 10 shows

ome smoke steam line vizualized
photos around square cylinder at
different icidence angle captured by

SA, SKE and 2
visualized flow are agree in producing
Karman street wake due to the
periodic vortex shedding.  

e Model Validation For Air Flow Around Skyscraper Model

alculatio

The time averaged; lift, drag, moment,
base pressure coefficient and Strouhal
number are calculated numerically and

D and compared
8-e).

redictions

The velocity magnitude field
ted by SA using FLUENT CFD

Code at the interior region of
computational domain for 

t is presented in Fig 9
positive vortex

clusters formed near lower edge and
negative vortex clusters

ge each clusters 
These phenomena may

be seemed as a “periodic equilibrium” 
at which each a cluster stops formation
itself under the effect of its image

solid body when
reaches a limited strength the opposite 

er begins to form itself.  Fig
velocity field at interior

computational domain at different
, 30o 

The figure shows that
phenomena are 

predicted by both SA and SKE 
Fig 10 shows

ome smoke steam line vizualized
photos around square cylinder at
different icidence angle captured by

SA, SKE and 2
visualized flow are agree in producing
Karman street wake due to the

 

e Model Validation For Air Flow Around Skyscraper Model 

alculatio

The time averaged; lift, drag, moment,
base pressure coefficient and Strouhal
number are calculated numerically and

D and compared
. 

redictions 

The velocity magnitude field
ted by SA using FLUENT CFD

Code at the interior region of
different

t is presented in Fig 9-a.
positive vortex

clusters formed near lower edge and
s formed
 are 

These phenomena may
be seemed as a “periodic equilibrium” 
at which each a cluster stops formation
itself under the effect of its image

body when
reaches a limited strength the opposite 

Fig. 
velocity field at interior

computational domain at different
 and 45

The figure shows that
phenomena are 

predicted by both SA and SKE 
Fig 10 shows

ome smoke steam line vizualized
photos around square cylinder at
different icidence angle captured by

SA, SKE and 2
visualized flow are agree in producing
Karman street wake due to the

alculations

The time averaged; lift, drag, moment,
base pressure coefficient and Strouhal
number are calculated numerically and

D and compared

 

The velocity magnitude field
ted by SA using FLUENT CFD

Code at the interior region of
different

a. The
positive vortex

clusters formed near lower edge and
formed

 shed
These phenomena may

be seemed as a “periodic equilibrium” 
at which each a cluster stops formation
itself under the effect of its image

body when
reaches a limited strength the opposite 

 (9-b
velocity field at interior

computational domain at different
and 45

The figure shows that
phenomena are 

predicted by both SA and SKE 
Fig 10 shows

ome smoke steam line vizualized
photos around square cylinder at
different icidence angle captured by

SA, SKE and 2-D
visualized flow are agree in producing
Karman street wake due to the

ns 

The time averaged; lift, drag, moment, 
base pressure coefficient and Strouhal 
number are calculated numerically and 

D and compared 

The velocity magnitude field 
ted by SA using FLUENT CFD 

Code at the interior region of 
different 

The 
positive vortex 

clusters formed near lower edge and 
formed 

shed 
These phenomena may 

be seemed as a “periodic equilibrium” 
at which each a cluster stops formation 
itself under the effect of its image 

body when 
reaches a limited strength the opposite 

b) 
velocity field at interior 

computational domain at different 
and 45o 

The figure shows that 
phenomena are 

predicted by both SA and SKE 
Fig 10 shows 

ome smoke steam line vizualized 
photos around square cylinder at 
different icidence angle captured by 

D 
visualized flow are agree in producing 
Karman street wake due to the 

135



   Vol.14, No. 1 

0 5 10 15 20

Fac1   Face 2  Face 3     face 4

 S cm

-12

-10

-8

-6

-4

-2

0

2

4

6

8

10
Cp Total cell numbers

50000
100000
200000
300000
400000
500000
600000

Fig. (6): Trial steps for searching the 
3-D Grid independent solution (࢖࡯) 

by SA 

10 15 20 25 30 35 40 45

Iterations * 10-3

1.8

2

2.2

2.4

C
d

Fig. (7-a): time variant drag 
coefficient by SA 

0 5 10 15 20 25 30 35 40 45

Iteration * 10-3

-1.2

-0.8

-0.4

0

0.4

0.8

1.2

C
L

Fig. (7-b): Time variant lift 
coefficient by SA 

0 5 10 15 20 25 30 35 40 45

Iteration x 10-3

-0.4

-0.2

0

0.2

0.4

C
m

Fig. (7-c): Moment coefficient 
history by SA 

0 5 10 15 20 25 30 35 40 45


-1

-0.8

-0.6

-0.4

-0.2

0

0.2
 Cl

Num.  SKE
Num. SA
 Experiment
 Num. by Kutz

Fig. (8-a) : Lift coefficient versus 
incidence angle  

0 5 10 15 20 25 30 35 40 45


1.50

1.75

2.00

2.25

2.50
  Cd

SKE
SA
Exp.
Kuttz

Fig. (8-b) : Drag coefficient versus 
incidence angle  

0 5 10 15 20 25 30 35 40 45


-0.12

-0.08

-0.04

0

0.04

M
ea

n 
m

om
en

t c
oe

ffe
ci

en
t  C

m

SKE
SA
Exp.

Fig. (8-c) : Moment coefficient 
versus incidence angle  

136



Spalart
Ibrahim A. M. G

M
ea

n 
ba

se
 p

re
ss

ur
e 

co
ef

fe
ci

en
t

Fig. 

St
ra

uh
al

 n
um

be
r  

S t

Fig. 

different ins

Spalart
Ibrahim A. M. G

0

-1.8

-1.6

-1.4

-1.2

-1

-0.8
M

ea
n 

ba
se

 p
re

ss
ur

e 
co

ef
fe

ci
en

t

Fig. (

0
0.11

0.12

0.13

0.14

0.15

0.16

0.17

St
ra

uh
al

 n
um

be
r  

S t

Fig. 

Fig
different ins

Spalart-Allmaras Turbulenc
Ibrahim A. M. G

0 5

(8-d)

0 5

Fig. (8-e

Fig. (9
different ins

Allmaras Turbulenc
Ibrahim A. M. G

5 10

) : base pressure  coefficient

5 10

e): Strouhal number versus 

9-a):
different ins

Allmaras Turbulenc
Ibrahim A. M. Gad

10 15

base pressure  coefficient
versus 

10 15

Strouhal number versus 
incidence 

): velocity magnitude at
different instants by SA (12 it =1 sec)

Allmaras Turbulenc
ad 

15 20

base pressure  coefficient
versus 

15 20

Strouhal number versus 
incidence 

velocity magnitude at
tants by SA (12 it =1 sec)

Allmaras Turbulenc

20 25


SKE
SA
Line/Scatter Plot 3

base pressure  coefficient
versus 

20 25

Strouhal number versus 
incidence 

velocity magnitude at
tants by SA (12 it =1 sec)

Allmaras Turbulence Model Validation For Air Flow Around Skyscraper Model

25 30

Line/Scatter Plot 3

base pressure  coefficient
 

25 30


Strouhal number versus 
incidence  

It = 1502
It=20662

It = 40000 
It = 45500

velocity magnitude at
tants by SA (12 it =1 sec)

e Model Validation For Air Flow Around Skyscraper Model

35

Line/Scatter Plot 3

base pressure  coefficient

30 35

Strouhal number versus 
It = 1502

It=20662
It = 40000 

It = 45500

velocity magnitude at
tants by SA (12 it =1 sec)

e Model Validation For Air Flow Around Skyscraper Model

40

base pressure  coefficient

35 40

SK
SA

Strouhal number versus 

velocity magnitude at
tants by SA (12 it =1 sec)

e Model Validation For Air Flow Around Skyscraper Model

45

base pressure  coefficient

45

KE
A

Strouhal number versus 

velocity magnitude at 
tants by SA (12 it =1 sec)

e Model Validation For Air Flow Around Skyscraper Model

base pressure  coefficient 

Strouhal number versus 

tants by SA (12 it =1 sec) 

e Model Validation For Air Flow Around Skyscraper Modele Model Validation For Air Flow Around Skyscraper Model

73

Fig
different incidence angle  by SA

Fig
square cylinder visualized by

e Model Validation For Air Flow Around Skyscraper Model

Fig. (9
different incidence angle  by SA

α=0

α=15

Fig. (
square cylinder visualized by

e Model Validation For Air Flow Around Skyscraper Model

9-b):
different incidence angle  by SA

α=0o 

α=15

(10)
square cylinder visualized by

e Model Validation For Air Flow Around Skyscraper Model

): velocity magnitude at
different incidence angle  by SA

 

α=15o 

):  Stream line
square cylinder visualized by

Gad (2000)

e Model Validation For Air Flow Around Skyscraper Model

velocity magnitude at
different incidence angle  by SA

Stream line
square cylinder visualized by

Gad (2000)

e Model Validation For Air Flow Around Skyscraper Model

velocity magnitude at
different incidence angle  by SA

Stream line
square cylinder visualized by

Gad (2000)

e Model Validation For Air Flow Around Skyscraper Model

=15
0 

=30
0

=45
0

velocity magnitude at
different incidence angle  by SA

α=0

α=45

Stream line
square cylinder visualized by

Gad (2000) 

e Model Validation For Air Flow Around Skyscraper Model

=15
0 

=30
0

=45
0

velocity magnitude at
different incidence angle  by SA

α=0o

α=45

Stream lines around 
square cylinder visualized by

 

e Model Validation For Air Flow Around Skyscraper Model 

velocity magnitude at
different incidence angle  by SA

o 

α=45o 

around 
square cylinder visualized by

velocity magnitude at 
different incidence angle  by SA 

around 
square cylinder visualized by 

velocity magnitude at 
 

137



   Vol.14, No. 1 

4. 6. Complexity of the turbulence 
model 

       The complexity of different 
turbulence models may vary strongly 
depending on the details one wants to 
observe and investigate by carrying out 
such numerical simulations. 
Complexity is due to the nature of 
Navier-Stokes equation (N-S equation). 
N-S equation is inherently nonlinear, 
time-dependent, three-dimensional 
partial differential equation (PDE).  
       Turbulence could be thought of as 
instability of laminar flow that occurs 
at high Reynolds numbers (Re). Such 
instabilities originate from interactions 
between non-linear inertial terms and 
viscous terms in N-S equation. These 
interactions are rotational, fully time-
dependent and fully three-dimensional. 
Rotational and three-dimensional 
interactions are mutually connected via 
vortex stretching. Vortex stretching is 
not possible in 2-D spaces. That is also 
why no satisfactory 2-D 
approximations for turbulent 
phenomena are available. 
 

 Another feature of a turbulent 
flow is that vortex structures move 
along the flow. Their lifetime is usually 
very long. Hence certain turbulent 
quantities cannot be specified as local. 
This simply means that upstream 
history of the flow is also of great 
importance.  

4. 7. Two and three dimensional 
study 

       In this study the skyscraper model 
has constant square cross section in the 
whole height h and the ratio of BM 
height to the square length, h/b≫1, 

large enough and this may allows the 
calculation to limit the CFD study to a 
2-D analysis. Fig. (11) presents mean 
drag coefficient predicted using SA in 
2-D and 3-D computational domain for 
different values of b/h. This figure 
shows that it may be reasonable in this 
study to make the comparison of the 2-
D experimental results with the 
numerical results in 2-D or 3-D at mid 
cross-section h/2 of a skyscraper model 
which have a large height relative to its 
base length. Therefore the numerical 
studies are conducted in 2-D and 3-D 
by SA, SKE and the 2-D tunnel test. 
 

Figs (12 to 15) are the results of three 
dimensional computational domains 
and the two dimensional test in wind 
tunnel. The aim is the comparison 
between experimental and predicted 
pressure coefficients distributed around 
the skyscraper model cross-section in 
the mid plane at different incidence 
angle by SA and SKE turbulence 
models. The experimental pressure 
distribution presented in these figures 
generally show reasonable agreement 
with experimental tunnel testing, 
except at the corners where separation 
and high pressure gradient occur.  
The figures show that the obtained 
results are in good agreement with the 
experimental data when using the 
Spalart-Allmaras model; smaller local 
differences in pressure suctions are 
mainly noted at points of separation. 
The Standard k-ε shows larger local 
differences at points of separation, 
larger than those obtained by Spalart-
Allmaras model. 
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Fig. (13):   Comparison between experimental and predicted ࡼࢉ by SA and SKE 
distributed around the skyscraper model cross-section in the mid plane   =15o 
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5. CONCLUSION

The Spalart-Allmaras and the 
Standard k-ε turbulence models are 
used in this investigation to calculate 
the distribution of pressure coefficient 
around a tall building model. The 
FLUENT code is used to conduct the 
calculations. The results obtained by 
simulation model were found in good 
agreement with the experimental data 
when using the Spalart-Allmaras 
model; local differences in pressure 
suctions are mainly noted at points of 
separation, smaller than that obtained 
experimentally.  
      The Standard k-ε simulation 
showed somewhat reasonable 
agreement with experimental results; 
local differences in pressure suctions 
are mainly noted at points of 
separation, larger than those obtained 
from wind tunnel measurements. It 
can be noted that the Standard k-ε 
approach demanded larger 
computational time than Spalart-
Allmaras. The standard k-ε approach 
is more sensitive meshing processes 
and needs more computational efforts 
for evaluation of the grid independent 
solution.  

 Therefore, it can be concluded 
that the Spalart-Allmaras model gives 
a better overall performance, 
providing a reasonable prediction in 
terms of global response and capturing 
the physics of the flow with minor 
computational effort.  
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