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1. INTRODUCTION 

There is growing concern of the environmental 
performance and sustainability of buildings in Hong Kong. 
In order to achieve a sustainable building development, the 
Government of Hong Kong Special Administrative Region 
has issued the first of a series of Joint Practice Notes [1] in 
February 2001 to promote the incorporation of green and 
innovative features into high-rise building design. These 
green features such as wing walls shown in Figure 1 are 
used to enhance natural ventilation. Figure 1 shows the 
provision of wing walls in a building façade vertically 
between two openings. Natural ventilation is considered to 
be an effective passive cooling strategy in building design. 
In 1962 and 1968, Givoni [2,3] conducted experiments on 
room models with and without wing walls in a wind tunnel 
so as to study its effect on natural ventilation. He found that 
single-sided ventilation incorporated with wing walls could 
greatly improve the internal air circulation compared with 
that without wing walls. Maximizing the utilization of 
natural ventilation therefore not only minimize the reliance 
on active means for environmental control, but also reduces 
the consumption of non-renewable energy. 
 
 
 

 

Figure 1. Physical configuration of wing walls 
 
 
In recent years, Computational Fluid Dynamics (CFD) has 
been widely adopted to study building airflow and indoor 
environment [4-10], as well as the wind environment [11]. 
Several CFD studies in single-sided ventilation [12-13] in 
building and cross-ventilation [14] have also been reported.  
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2. EXPERIMENTS OF GIVONI  
The experiments of Givoni [2,3] were conducted to study 

air flow through room models with and without wing walls 
in a wind tunnel. Figure 2 and Figure 3 show the plan and 
side elevation of the open-throat type wind tunnel 
respectively. It consists of an intake section, a working 
section, a distribution control section, a transit section, a fan 
and an exit. 

 

 
Figure 2. Plan elevation of the wind tunnel experiments 

 

 
Figure 3. Side elevation of the wind tunnel experiments 

 
 

It can be seen in Figure 2 and Figure 3 that the intake 
opening has a cross section of 1.8 x 1.1m(H) and contracts 
to a cross section of 1.5 x 0.8m(H), over a length of 0.9m. 
The working section is 2.22x1.2m(H). The distribution 
control section contracts in cross section from 1.5x0.8m(H) 
to 0.8x0.6m(H) and contains five vertical louvers whose 
angle can be adjusted so as to regulate flow distribution. The 
transit sections are used for connecting the rectangular and 
circular section. 

The room model of dimension of 0.65x0.65x0.5m(H) with 
a centered window opening shown in Figure 2 and Figure 3 
with dashed lines was located at the center of the wind 
tunnel. The window opening with dimension of 1/3 of that 
of the wall was created at the center of the wall of the room 
model facing the air flow. 

The wind tunnel was then tested with different air (wind) 

flow velocities ranging from 1.27m/s to 3.35m/s. Different 
wind directions were tested with the angle of air flow 
incidence ranging from 0o (opening facing the air flow) to 
135o with 22.5o increment. The average internal velocity 
measured from the room model was expressed in percentage 
based the inlet air flow velocity (wind speed).  
 
 
3. NUMERICAL SIMULATION  
 
3.1 CFD code 

Wind tunnel testing is a long-established engineering 
method in general aerodynamic and hydraulic study. It is 
expensive to construct such facilities. Besides, it is quite 
time-consuming to conduct such experimental studies. CFD 
is an alternative approach to study the performance of green 
and innovative features in buildings. A commercial CFD 
code FLUENT has been successfully applied in different 
research works [15-19]. FLUENT version 6.0 and the pre-
processor software GAMBIT version 4.0 were adopted in 
this work to simulate the experiments of Givoni. The 
physical and air flow velocity data obtained from the 
experiments of Givoni were used as input parameters into 
the software. 
 
3.2 Geometry 

There are three major parts in the CFD code. They are: i) 
pre-processor, ii) solver and iii) post-processor. The pre-
processor GAMBIT was applied to create a 2-dimensional 
physical room model that is based on the experiments of 
Givoni. Figure 4 shows the geometry of the computational 
domain. It can be seen in the figure that there is one centered 
opening (case 1) on the wall of the room model of 
0.65mx0.65m. The width of the window opening at the 
centre of the wall is 0.22m. The wind angle is 0° when the 
opening on the wall is facing the wind and its normal is in 
parallel to the wind as shown in Figure 4.  
 

 
Figure 4. Physical model for computer simulation 

(One single-sided window opening) 
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Figure 5. Grids of the simulation model 

 
 
3.3 Numerical grids, turbulence model and boundary 
conditions 

The FLUENT CFD package is used here in modeling the 
natural ventilation by solving the conservation equations for 
mass, momentum and energy using the finite volume 
method. A simple standard (two-equation) k-εturbulence 
model was used though it was inevitable to introduce some 
errors [20]. The number of uniform structured grids is 
around 12700. Figure 5 shows the grids of the simulated 
model. Figure 6 shows the model configurations for all cases 
at different wind angles. Table 1 shows the different inlet 
mean wind speeds for all cases. The descriptions of all four 
cases for the 2-dimensional CFD simulation and the wind 
tunnel experiments of Givoni are as follows: 
Case 1: One centered opening, with 1/3 width of wall, no 
vertical projections (wing wall) 
Case 2: Two lateral openings, with total 1/3 width of wall, 
no vertical projections (wing wall) 
Case 3:  Two lateral openings, with total 1/3 width of wall 
and vertical projections (wing wall) of depth equal to the 
opening width 
Case 4:  Two lateral openings, with total 1/3 width of wall 
and vertical projections (wing wall) of depth double the 
opening width 
 

Table 1. Different inlet mean wind speeds 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. Model configurations at different wind direction 

(Wind angle ranging 0° and 135°) 
 
 
4. ANALYSIS OF RESULTS  

The CFD results of the 2-dimension models are compared 
with the experimental results of Givoni [2,3]. 
  
4.1 Effect of wing wall 

Figure 7 and Figure 8 show the CFD results and the 
experimental results of Givoni respectively. The result of 
each point shown in the two figures was obtained by taking 
average at different wind speeds listed in Table 1. It can be 
seen in these figures that the percentage of mean indoor air 
speed inside the room to wind speed is increased by the 
incorporation of wing wall on the wall facing the wind. 
Significant improvement of natural ventilation is obtained in 
the cases with wing wall (i.e. case 3 and 4) in both 
experimental results and CFD results. The increase in the 
mean indoor velocity in two cases with wing wall can be 
reached up to 350% compared with those without wing wall. 
However, it can be seen that there is no significant 
improvement of natural ventilation when a longer wing wall 
is used.  
 
4.2 Performance of wing wall under different wind  
directions 

Figure 7 and Figure 8 show that there are large variations 
of the percentage of mean indoor air speed to wind speed in 
case 3 and case 4 under different wind directions. There is a 
highest value at around 45°. That means although wing wall 
can increase mean indoor air velocity that would promote 
natural ventilation, its performance is greatly affected by the 
wind directions. This result agrees with other findings [18]. 
The figures show that the wing wall has its best performance 
at wind angle of around 45o. 
 
 
 
 
 
 
 

Different inlet mean wind 

speeds (m/s) 

1.27 

1.68 

1.83 

2.0 

2.95 

3.35 
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Figure 7. Percentage of mean indoor air speed to wind 
speed against wind angle ranging 0° and 135° (CFD results) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8. Percentage of mean indoor air speed to wind 
speed against wind angle ranging 0° and 135°  

(Experimental results of Givoni) 
 
 
4.3 Comparison of CFD results and the experiments of 
Givoni 

Figures 9-12 show the comparisons between CFD results 
and wind tunnel experiments of Givoni for cases 1-4. There 
are no wing wall in Case 1 and Case 2. Case 4 has a longer 
wing wall than Case 3. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 9. Percentage of mean indoor air speed to wind 

speed against wind angle ranging 0° and 135° 
(Case 1) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 10. Percentage of mean indoor air speed to wind 

speed against wind angle ranging 0° and 135° 
(Case 2) 
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Figure 11. Percentage of mean indoor air speed to wind 
speed against wind angle ranging 0° and 135° 

(Case 3) 
 
It can be seen in the figures that the CFD results generally 

have similar trend to the experimental results of Givoni. 
However, there are large discrepancies between CFD results 
and experiments for case 1 (no wing wall). It is found that 
the maximum error of about 200% occurs in case 1 while the 
minimum error of about 5% occurs in case 4. The average 
error obtained in the four cases is around 55%. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 12. Percentage of mean indoor air speed to wind 
speed against wind angle ranging 0° and 135° 

(Case 4) 

5. CONCLUSION  
CFD technique has been applied to model four different 

configurations of the room model of the experiments of 
Givoni in order to study the performance of wing walls in 
terms of single-sided natural ventilation. Both the CFD 
results and the experiments of Givoni indicate that wing wall 
can promote natural ventilation by increasing the mean 
indoor air speed relative to wind speed at various wind 
speeds and wind directions. The best performance of wing 
wall is at the wind angle of around 45°. The study also 
shows that 2-dimensional CFD simulation produces similar 
trend to the experimental results though there are some 
discrepancies. Further work will be 3-dimensional CFD 
simulation of the experiments of Givoni.  
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