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ABSTRACT 
Present article is devoted to study wind flow around concrete buildings. Computational fluid dynamic 

(CFD) model was performed in three dimensional (3D) commercial packages ANSYS CFX 14.0. utilizing 

finite volume technique to predict the wind pressures on tall buildings using specific boundary conditions. 

RNG k-ε turbulence model was used in the program to consider the wind turbulence. Current numerical 

approach was verified by comparison the outcomes with experimental wind tunnel tests. This valid CFD 

model was applied in the simulation of the wind analysis for Rixos Hotel which is located in Duhok City, Iraq. 

Analysis outputs of Rixos building were compared to those calculated by some international building codes; 

reasonable agreement was observed with using ASCE 2010 code. It is concluded that the stagnation point at 

which the wind streamline velocity comes to rest is located at 2/3 of the building height above the ground 

surface.  

 

KEYWORDS: tall buildings, finite volume method, computational fluid dynamic, RNG     turbulence model, 

wind pressure on buildings  

 

 

 

 

1. INTRODUCTION 

 

asically, wind is caused by the motion of 

air from high pressure region toward low 

pressure zone with equal elevation and different 

densities. Wind nature is always turbulent in the 

atmospheric boundary layer and described in 

mean velocity component and fluctuating 

turbulence component (Dyrbye and Hansen 1997). 

Roughness of the ground surface play great role 

on the regional wind velocity. There is slight 

influence of the surface roughness on wind with 

increasing in height at which the wind velocity 

increases accordingly (Taranath 2012). At specific 

height (gradient height Zg) over ground, the 

motion of air is no longer affected by surface 

obstruction (Tamura and Kareem, 2013). This 

height can be given as a function of surface 

roughness and wind velocity gradient. Concerning 

with building analysis, wind loading is a 

complicated phenomenon due to various flow 

situations arise from interaction of wind and 

structure (Mendis et al. 2007). There are three 

main types of wind actions which interesting in 

buildings design namely prevailing winds, local 

winds, and seasonal winds (Tamura and Kareem 

2013). In purpose of wind loads determination, the 

characteristics of seasonal and prevailing winds 

are grouped together, while those of local winds 

are studied separately. The properties of wind 

relevant to structural analysis are wind velocity 

with height (velocity profile), wind turbulence, 

vortex shedding, and statistical probability of 

wind and dynamic nature of wind–structure 

interaction (Taranath, 2012). Thus, wind load 

pressures and structural responses are some of the 

main factors that effect on the design of high-rise 

buildings. Nowadays, buildings are built with high 

resistance light materials in contrast to old tall 

buildings which were constructed with heavy 

massive masonry block. The light materials lead 

to induce a problematic lateral wind force on the 

modern buildings due to decrease in the structural 

rigidity (Parv et al. 2012). Computational Fluid 

Dynamic (CFD) is a utilization of applied 

mathematics, computational programming and 

physics to imagine how a gas or liquid streams 

influence objects based on the Navier-Stokes 

equations. Recently, due to the development of the 

computer computational methods such as Finite 

Element Method (FEM), Finite Difference 

Method (FDM) and Finite Volume Method 

(FVM), they are mostly used as CFD solvers 

(Jeong and Seong 2014, Haleem 2015). The 

computational wind engineering which is a part of 

CFD has been advanced quickly since the three 

last decades to investigate the interaction between 

airflow and buildings. This evolution proposes an 

B 
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alternative technique for practical applications 

such as expensive wind tunnel testing (Sevalia et 

al. 2012). Moreover, the CFD technique is 

preferred in analysis because of its easiness and 

precision in calculation of air flow around the 

buildings with different shapes.  

Paterson and Apelt (1986) studied the effects 

of wind flow around a three dimensional building 

by numerical approach. The simulation was done 

by PHOENICS computer program. Steady Navier-

Stokes equation has been solved with using of k-ε 

turbulence model in simulation by these programs. 

A power-law velocity profile was employed for 

description of incident wind. Four flows have 

been considered in the study and the outcomes of 

simulation were compared with the full scale wind 

tunnel data. According to this comparison, it was 

indicated that there were good agreement among 

the outputs that confirm the validation of wind 

flow by numerical simulation. 

 An investigation has been launched by 

Stathopoulos and Zhou (1995) to compute wind 

pressures on flat roofs of low and high rise 

buildings. The Reynold average Navier stokes 

equation with the standard k-ε turbulence model 

has been used in modeling. Wind blowing was 

assumed to be in normal and oblique directions. 

The evaluation of wind pressure was made for 

three different distances    from the roof edges to 

the center of first grid line. Authors concluded that 

the roof surface can be divided into two 

subregions based on computed pressure namely 

region highly based on dp and region independent 

on this distance. In addition, it was found that the 

oblique direction of wind blowing influenced 

more than the normal direction in pressure 

calculation.  

Nguyen et al. (2006) investigated the dynamic 

torsional behavior of rectangular shape high rise 

building model under wind actions. The numerical 

approach based on ANSYS CFX 10.0 was used in 

the analysis with three different side ratios. The 

wind velocity of 10 m/s at the reference height of 

125 cm was used at the inlet boundary conditions.  

The same scaled model of wind tunnel was used 

with constant height of 75 cm, constant width of 

10 cm and various depths of 10, 30 and 100 cm. 

The results of numerical approach were compared 

with those for wind tunnel given by Cheung and 

Melbourne (1992) in terms of the dynamic 

torsional moment. It was concluded that the 

differences in wind velocity profile and its 

intensity have great effect on simulation. 

Computational Fluid Dynamic approach has 

been used by Yujun et al. (2008) to predict air 

flow and wind loading over a tower building. 

Turbulence model has been selected as the Peking 

University Model Atmospheric Environmental 

(PUMA). The experimental test was carried out in 

the University of Peking with the cross sectional 

dimensions of 2x3m. Pitot tube anemometers were 

applied to measure the wind velocity and wind 

pressure on the surface of the building. Finally, 

comparison has been made between the numerical 

and experimental results. Good agreement 

between numerical and experimental outcomes 

was observed in terms of pressure distribution and 

wind flow on building. The researchers 

recommended using the differential scheme of 

turbulence in the analysis.  

Dagnew et al. (2009) were used the 

Commonwealth Advisory Aeronautical Council 

(CAARC) building model with dimensions of 

30x45x183m in wind analysis. The study was 

based on numerical method with focusing on 

Reynolds Averaged Navier Stokes equations 

(RANS) and Large Eddy Simulation (LES) 

turbulence model. Wind pressures on tall 

buildings were evaluated and compared with the 

wind tunnel measurements for that building. The 

renormalized group RNG k-ε turbulence model 

gave better agreement with boundary layer wind 

tunnel result compared to standard k-ε. Good 

matching has been observed between LES 

numerical results and the experimental outcomes 

on the windward face. On the other hand, the 

agreement deteriorated slightly at the sidewalls 

and improved at the lee-ward wall.  

The effect of wind on Milad 

Telecommunication Tower with height of 436 m 

constructed in Iran was investigated by Yahyai et 

al. (2011). In this study, CFD technique with both 

standard k-ε and large eddy simulation turbulence 

models were used. The model with the length 

scale of 1:100 was utilized in the computational 

domain. At used inflow boundary condition, the 

velocity profile was depended on ASCE (2010) 

which is consistent with the experimental velocity 

profile simulated in wind tunnel. The results of 

Yahyai et al. (2011) were compared with available 

experimental data. They concluded that LES with 

a dynamic sub grid scale model (SGS) was 

produced more precise results than other models 

for mean and dynamic (fluctuating) wind loads on 
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the tower. Moreover, it was noticed that standard 

k-ε method after modification can give reasonable 

outcomes. Indication has been given as that the 

feature of the flow around buildings can be 

captured using the CFD method. 

Ramponi and Blocken (2012) presented a study 

on a cross ventilation of wind flow for four 

different building configurations with CFD 

approach. Three dimensional steady RANS 

method was employed with the SST k-w 

turbulence model. The authors were focused on 

providing a validation study on the coupling of 

indoor to outdoor windflow by comparing the 

computational result with wind tunnel data. The 

effects of physical diffusion number (a) in 

turbulent kinetic energy equation have been taken 

into account. It was found out that the best choice 

of   is 1.0 to reach good agreement with 

experimental measurements. The study on the 

distribution of pressure coefficients of wind on the 

windward and leeward for a building face with 

and without balconies was performed by 

Montazeri and Blocken (2013).  The results of 

CFD methods were compared with wind tunnel 

data of Chand et al. (1998). The comparison 

results showed well agreement at normal wind 

direction for the case of building with balconies. 

Behrouzi et al. (2014) investigated the flow 

around two tall buildings. The numerical 

simulation was based on Fluent software for 

simulating the wind flow. Three types of 

turbulence models were adopted such as standard 

k-ε, renormalized group RNG k-ε and realizable 

k-ε. The outcomes were compared with previous 

wind tunnel data. The comparison clarified that 

the standard k-ε could not produce the 

reattachment length on the top of buildings. 

However, RNG k-ε and realizable k-ε have 

capability of producing the reasonable 

reattachment length on the top and behind of 

buildings.  

According to aforementioned literature survey, 

it is noticed that the CFD has not been extensively 

employed especially for irregular tall buildings 

analysis that located in areas (such as north of 

Iraq) where there is no specific code for wind 

analysis. Thus, further investigations on this topic 

are considered essential. In present work, CFD 

was performed in ANSYS CFX 14.0 to study the 

wind flow and pressures on Duhok Rixos Hotel 

which is located in Duhok city, Iraq. Furthermore, 

best code of analysis was selected with respect to 

the numerical analysis outputs. 

 

2. METHODOLOGY 

 

Current analysis was carried out in two stages 

namely verification of the validity for the used 

CFD environment by comparison with an 

experimental tunnel test data and application of 

the valid CFD for wind analysis of a building in 

Duhok city. 

2.1    Governing Equations for Wind within 

Atmospheric Boundary Layer (ABL)  

The governing equations in fluid dynamics can 

be applied to wind flow through Atmospheric 

Boundary Layer (ABL). Liquid or wind flows in 

CFD codes are governed by partial differential 

equations which are based on the conservation 

laws for mass, energy and momentum.                           

The following expressions are applied for                   

three dimensional, steady and incompressible 

flows with constant viscosity.

 
  

   
 

     

  
 

     

  
 

     

  
                                Continuity equation                        (1) 

    

  
 

        

   
        

  

   
 

 

   
                         Momentum equation                      (2) 

Where 

            = velocities of air in x, y and z directions respectively 

  ,    = velocity components in m/s 

i         

         

   Density of air in kg/m3 

   Pressure of air in Pa 

   The dynamic viscosity in Pa 

t = time  

    
 

 
  

   

   
 

   

   
     Velocity strain rate tensor     

https://www.tue.nl/en/university/departments/built-environment/the-department-of-the-built-environment/staff/detail/ep/e/d/ep-uid/20103999/
https://www.tue.nl/en/university/departments/built-environment/the-department-of-the-built-environment/staff/detail/ep/e/d/ep-uid/20061195/
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2.1    Present Turbulence Model in CFD 

RNG k-ε turbulence model is based on a 

mathematical technique of renormalization group 

which is proposed by Yakhot et al. (1992). This 

model is utilized to renormalize the Navier-Stokes 

equations and to put the effects of smaller scales 

of motion into account. In contrast to the standard 

k-ε turbulence model, the eddy viscosity is 

determined from a single turbulence length scale. 

The main difference between the standard k-ε and 

RNG k-ε models is that the latter includes extra 

terms in the turbulent dissipation rate ε-equation. 

The equation for RNG k-ε model is applied for 

effective viscosity flow, which has low Reynolds 

number, effects (Piradeepan 2002). The equations 

of transport can be given as follows (Piradeepan 

2002):

 

 

a. Transport equation for kinetic energy   :    
 

 
  

  
     

 

   
       

  

   
                                                                                (3)            

                                                  

b- Transport equation for dissipation rate ε: 
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where, 

                                                                                                                       (5) 

            

      
  

 
                                                                                                                  (6)            

where, 

         ,          ,          and          
 
The significant difference (Eq. 5) between both Standard and RNG   ε turbulence models is 

calculated from the near wall turbulence data as hereunder: 

   
      

    
    

 
  

  

                                                                                              (7) 

where, 

 

  
 

 
                                                                                                                    (8) 

 

                                                                                                                 
 

  = Wall damping, needs to be applied to ensure 

the viscosity = 0.01,        

For the current endeavor, RNG k-ε model is 

utilized for simulation of wind over buildings 

Present simulation was performed in the ANSYS 

CFX 14.0 program which is based on the finite 

volume technique to discretize Navier-stokes 

equation by utilizing a mesh. Finite volumes are 

employed to conserve relevant amounts such as 

continuity, energy and momentum (ANSYS-CFX 

2011). In steady state flow, the first order schemes 

with the RNG k-ε turbulence model were used in 

presentwork for both space and time 

discretization. In reality the mesh is three 

dimensional objects, but for describing the control 

volume structures the typical two dimensional 

mesh was used as illustrated in the Figure (1). All 

fluid properties and variables for solution are 

stored at the nodes.

 

http://www.cfd-online.com/Wiki/RNG_k-epsilon_model#References
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Fig. (1): Description of control volume around the node (ANSYS-CFX 2011) 

 

 

2.2. Verification of Present CFD 
Current finite volume analysis in ANSYS CFX 

14.0 was examined by comparison its outputs with 

actual wind tunnel test data for Blue Tower which 

is located in Dubai, UAE. This tower is also 

known as the HHHR tower (Figure 2) which is a 

super tall skyscraper. The building is constructed 

for residential purpose with height of 317m. Blue 

Tower is the fourth tallest residential building in 

the world. The flowchart of CFD modeling 

methodology for this building in ANSYS CFX is 

depicted in Figure (3). Geometry model of HHHR 

building (Figure 4) is provided in this program. 

Basically, there are no restrictions for computing 

the required domain size of wind around the 

building (Baetke et al. 1990). Many investigators 

were determined this size by the trial and error 

process (Baskaran and Kashef 1996).The domain 

size can be found with utilizing the multipliers of 

characteristic height (H) of structure (Tominaga et 

al. 2008).  

It was recommended that the lateral and the top 

boundaries should be set as 5H or more away 

from the building. The distance between the inlet 

boundary and the building should be the same of 

that enclosed by a smooth floor in the wind tunnel 

or at least 5H away from the building. The 

outflow boundary should be set as 10H -15H apart 

from the building wall. This distance must be 

large enough to prevent the reflection of fluid 

streams, which may cause unusual pressure field 

around the model (Tominaga et al. 2008; Franke 

et al. 2007). Blockage ratio (i.e ratio of the frontal 

area of the model to the computational domain 

cross section) is usually less than 3% as proposed 

by (Baetke et al. 1990). In the current study, the 

domain size was adopted as 20H x 6H x 10H in 

the longitudinal x, vertical y and lateral z 

directions respectively. The computational grids 

of aforementioned domain were implemented by 

dividing into small control volumes to form a 

mesh to control the resolution of flow (Hu and 

Wang 2005). Franke et al. (2007) were proposed 

that both hexahedral and tetrahedral meshes can 

be used in CFD applications for wind flow around 

buildings.  

In addition, they were recommended a 

minimum of 10 cells per building side to be 

utilized for the initial grid resolution. The 

computational domain in present modeling was 

automatically meshed by using three-dimensional 

unstructured (i.e. tetrahedron element shape) 

method. Furthermore, mesh (Figure 5) size around 

the model is selected to be very fine using face 

sizing. The vertical section near the ground was 

manually altered via inflation layer. Mesh size of 

2m was adopted in the current simulation for the 

inflation layer which complies with sand grain 

roughness height of the ground surface (Blocken 

et al. 2007). The physical properties of the air 

flow, such as viscosity, density, reference pressure 

and temperature were introduced. Then, Boundary 

conditions were defined to include the effect of 

environment which has been cut off by the 

computational domain as depicted in Figure (6). 

Owing to the Navier–Stokes equations, it is 

required to have an initial guess to begin the 

iterations for steady state simulation. The faster 

solution can be gained by providing best initial 

conditions. Moreover, the introduced data for 

initial condition should be compatible with the 

inlet velocity component. The boundary 
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conditions used in the simulation are described as 

follows: 

a- Inlet Boundary Condition 

There are two important sets of wind velocity 

profile that identify the inlet boundary condition, 

namely logarithmic law and power law methods. 

Both approaches are combining surface roughness 

and wind speed to consider the influence of 

surface friction on the wind velocity. The 

logarithmic law was employed in the current 

work. Wind velocity and turbulence profiles (i.e. 

defined by the turbulence kinematic energy and 

dissipation rate) for CFD simulation was adopted 

based on Richards and Norris formula (Richards 

and Norris 2011), as hereunder:

 

 

     
  

 
   

 

  
                                                                                                    (9) 

  
  

 

   
                                                                                                                  (10) 

 

     
  

 

   
                                                                                                                (11) 

where, 

   = friction velocity which is usually computed from a specified reference speed      at a reference 

height (building height) as: 

 

   
    

   
  
  

 
                                                                                                              (12)            

    = mean wind speed 

    = Turbulent kinetic energy  

      = Turbulent dissipation energy 

  =Von Karman’s constant = 0.4  

   = constant = 0.09 

   = Roughness length (rough terrain) = 0.2m (ASCE 2010; AS/NZS 2011)  

 

b- Bottom or Ground Surface 

The ground surface was defined as no slip rough face with depending on the equivalent sand grain 

roughness    expression as (Blocken et al. 2007): 

   
    

  
                                                                                                              (13)            

 

where, 

   = sand grain roughness height 

  = empirical constant = 9.793 

   = Roughness constant for ANSYS CFX 14 = 0.3  

   = Roughness length 

                                                                                                                (14)            

 

c- Top and Lateral Surfaces 

For the Lateral and top surfaces of the 

computational domain, symmetric boundary 

condition was used as proposed by Tominaga et 

al. (2008) . 

d- Outflow and Building Walls  

The outlet with zero gradient pressure was 

used for the downstream of the computational 

domain. Building surface boundary was defined 

by smooth wall functions basing on (Hu and 

Wang 2005). 

The steady state simulation was considered to 

attain convergence criteria when the value of 

relative residual error reached to 10-5. First order 

differentiation was utilized for the momentum and 

turbulence equations. The total computational 

time need for each simulation was based on many 

factors such as type of turbulence model, number 

of grid, type of elements used in the meshing.  For 
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the present model of building, the computational 

time of analysis was about 4 hour. The details of 

meshing for HHHR Tower which is shown in 

(Figure 5) as follows: 

The multi techniques such as (patched 

independent method with inflation layer and body 

size) are used. 

(Number of nodes=1732572, Number of 

elements=7758890)  

Inflation layer, (first layer height =2m, Number 

of layers = 5) 

Face sizing around building is used = 0.6 m

 

 
  

Fig. (2) HHHR Tower in Dubai  

 (Skyscraper centre, 2010)      

 

 
 

   Fig. (4): Geometry model of Blue Tower            

 

 

 

                                                                                        Fig. (3): Present CFD simulation process with ANSYS CFX 

  

 

 

 
Post-processing: Display the outcomes  

 
 
 
 

Choose Solver: 
Iteration method, steady state or transient state, 

convergence criteria  

 
 

 
Set the Proposed Boundaries & Inlet Conditions: 
The initial conditions for building, inlet, outlet, 

and conditions at the walls 

 

 
 
 
 

Set Wind Properties: Density, viscosity, etc. 

 
 
 
 

 
Defining Domain and Models: 

Add turbulence RNG     model 

 

 
 
 
 

Grid Generation: Divide the geometry into small 
computational cells  

Geometrical Modeling: 

Define geometry & boundaries location 



Journal of University of Duhok, Vol. 20,No.1 (Pure and Eng. Sciences), Pp 520-536, 2017 
eISSN: 2521-4861 & pISSN: 1812-7568 

https://doi.org/10.26682/sjuod.2017.20.1.46 

 

 

025 

 
Fig. (5): Domain meshing for Blue Tower  

 

 

 

 

Fig. (6): Boundary conditions of HHHR Tower model within domain 

        

2.3 CFD Model for Rixos Hotel Building 

The Rixos Hotel building (Figure 7) which was 

built with reinforced concrete at height of 80 m 

and located in Duhok city was selected in present 

work as a case study. It was modelled in ANSYS 

CFX 14.0 following up the same procedure for 

HHHR Tower modeling. Accordingly, the 

geometry model, computational domain, meshing 

and boundary condition of the model within the 

domain are provided as shown in Figures (8-10).
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Fig. (7): Rixos Hotel building (Duhok Rixos Hotel 2012) 

 

 
 

Fig. (8): Geometry model of Rixos Hotel building               Fig. (9): Boundary conditions of Rixos Hotel model within domain 
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Fig. (10): Domain meshing of Rixos Hotel Building 

 

2.4 Solver Setting and Computational Time 

The steady state simulation was considered to 

attain convergence criteria when the value of 

relative residual RMS (root mean square) error 

reached 10-5. High resolution advection scheme 

was used. First order differentiation was utilized 

for the momentum and turbulence equations. 

Iteration number equal to 500, the Auto Timescale 

was used with factor 1.0. The (Y+) was checked 

in the domain equal to 2.05 and it is within 

specification  The total computational time needed 

for each simulation was based on many factors 

such as type of turbulence model, number of grid, 

type of elements used in the meshing.  For the 

present model of Rixos building, the tetrahedral 

mesh with 1632053 nodes and 8719106 elements 

and RNG     turbulence model were used. The 

computational time of current work was about 3-5 

hr. In order to decrease this time, it was done with 

10 CPUs in parallel computation at double 

precision. 

 

 

3. WIND ANALYSIS OUTCOMES 

 

Present computational analysis results are 

displayed in two forms such as CFD verification 

and application outputs. 

3.1 Current CFD Verification Outcomes 

The speed of the applied wind around Blue 

tower was found graphically in terms of counter 

line (Figure 11) using present CFD. It is observed 

that the wind speed increases with the height 

above the ground surface. Accurate prediction of 

the wind speeds is essential for correct estimation 

of surface wind pressures. In order to investigate 

the variation of the wind pressures on surfaces of 

building, certain points on building surfaces were 

choice. The probe function was used in current 

CFX simulation. (Figure 12) presents the 

comparison between the pressures of the applied 

wind on the building found by current CFD 

modelling and wind tunnel data of Farquhar and 

Galsworthy (Farquhar and Galsworthy 2008). 

Good matching can be noticed in this graph 

between present numerical outcomes and 
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experimental data. Furthermore, largest variations 

are seen to be occurred at the points near the 

corners and on the bottom row of the windward 

side. These differences are produced by the 

approximate description of the turbulent intensity 

such as turbulent kinetic energy and turbulent 

dissipation energy at these locations. (Figure 13) 

shows the pressures distribution contours on the 

wind ward and leeward faces of irregular Blue 

Tower building. It is observed that the 

characteristics of the pressure contour are different 

for the windward and leeward faces of building. 

The pressure is increased with the height at the 

windward face. However, the pressures on the 

leeward face are approximately equivalent at all 

heights.  

The validity of present CFD simulation was 

checked statistically in SPSS Statistics 20 

program. Thus, histograms were got with abscissa 

of the ratio for numerical CFD outcomes to those 

for experimental wind tunnel test data. The 

ordinate of the histogram represents the number of 

repeating of the values on x-axis. (Figure 14 and 

Figure 15) show the histograms of pressures 

distribution around Blue Tower with consideration 

of 0o and 90o of wind directions. Mean, standard 

deviation and sample size (N) are shown on each 

figure. The percentages of matching between CFD 

and experimental results are 90% and 71% for 

pressures on the windward face with 0o and 90o 

respectively. Ferziger (1990) was recommended 

that 25% of difference between numerical and 

experimental methods is considered acceptable; 

while Stathopoulos and Baskaran (1996) were 

stated that 30% is reasonable too. Accordingly, 

present CFD outputs are regarded suitable and 

agreeable in comparison to wind tunnel test 

measurements. In general, it is demonstrated that 

the current ANSYS CFX 14.0 model can provide 

acceptable predictions of wind pressure for 

irregular super tall building. 

Moreover, Figure (16) shows the streamlines 

of wind velocity in vertical plane at centre of 

building. These streamlines describe many other 

features of flow namely separation zone in the 

upstream corner (point F), recirculation zone 

(point I), head of the arch vortex (point G), and 

the reattachment line (point H).Wind flow at two 

thirds of the tower height comes to rest and forms 

the stagnation point. This characteristic is 

displayed in Figure (18) by red circle. It occurs at 

height of 200m for Blue building. This result is 

complying with Blocken et al (2011) whose stated 

that the stagnation point locates within 60%-70% 

of the building height.

 
 

 
Fig. (11): Distribution of wind speeds contour around Blue Tower:  

(a) Horizontal plane at 5m high; (b) Vertical plane 

 



Journal of University of Duhok, Vol. 20,No.1 (Pure and Eng. Sciences), Pp 520-536, 2017 
eISSN: 2521-4861 & pISSN: 1812-7568 

https://doi.org/10.26682/sjuod.2017.20.1.46 

 

 

055 

 

 
Fig. (12): Wind pressures in kN/m

2
 on windward face of Blue Tower with wind directed in 0

o
 angle: (a) By wind 

tunnel testing; (b) By present CFD 
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Fig. (13): Pressure countor lines on the building faces with wind directed in 0o angle: (a) Windward face; (b) Leeward face 

 

 
Fig. (14):Comparison between wind pressures of wind tunnel test and CFD analysis of Blue Tower at 0

o
 of wind direction 

 

 
Fig.(15):Comparison between wind pressures of wind tunnel test and CFD analysis of Blue Tower at 90

o
 of wind direction 
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Fig. (16): The streamlines of wind velocity in the vertical center plane of wind over Blue tower 

 

3.2 Analysis Outputs for Rixos Hotel 

The values of the wind pressures on Rixos 

Hotel building were obtained by present validated 

CFD in ANSYS CFX 14.0. A conventional 

increasing in wind pressure is noticed over 

building surface in the upward direction as 

depicted in (Figure 17 to Figure 19). These 

outcomes are compared to international building 

codes findings (ASCE 2010; AS/NZS 2011; 

NBCC 2010; UBC 1997) . Based on the 

comparison results of total wind pressures at 

windward (front) and lee ward faces of buildings, 

good matching can be seen between present CFD 

and ASCE (2010) results. In Figure (20), the 

pressure distribution on the windward and lee 

faces of the building are provided and complied 

with the data given in (Figure 19). Air flow 

behavior around Rixos building shown in Figure 

21 in CFD simulation is given also in terms of the 

wind speed streamlines at 5m horizontal plane 

above the ground and in vertical plane at building 

center. It is observed that the stagnation point is 

occurred at height of 62 m from the ground 

surface. Present computational analysis results             

are displayed in two forms such as CFD 

verification and application outputs.
 

  
Fig. (17): Wind pressures distribution at windward faces of Rixos Hotel model 
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Fig. (18): Wind pressures distribution at leeward faces of Rixos Hotel model 

 
Fig. (19): Wind pressures distribution at windward and leeward faces of Rixos Hotel model 

 

Fig. (20): Contour lines of surface pressures on windward Rixos building in CFD simulation face of Rixos : 

 (a) Windward face; (b) Leeward face 
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Fig. (22): The Streamlines of wind velocity in the vertical center plane of wind over Rixos building 

 

4.CONCLUSIONS 

 

The values of the wind pressures on Rixos 

Hotel building were obtained by present validated 

CFD in ANSYS CFX 14.0. A conventional 

increasing in wind pressure is noticed with 

dependence on the present simulation findings and 

conclusions are given as hereunder:  

1. Present 3D steady  CFD simulation approach 

can be utilized as an alternative method for costly 

wind tunnel approach with reasonable correlation 

coefficient for simulation of wind flow around 

irregular buildings. 

2. The streamline velocity of wind flow in CFD 

simulation at two thirds of the building height 

comes to rest and forms the stagnation point. 

3.  ASCE criteria for wind pressure measurements 

are matching with CFD simulation outcomes of 

wind analysis for concrete high buildings located 

in Duhok city. 
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