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ABSTRACT 
 

For high-rise buildings, natural ventilation is one of the important smoke control 
methods. Driving forces for smoke movement and natural ventilation in these buildings 
are basically wind-induced actions. This effect depends on the surrounding environment 
in a dense urban area. Studies on the fire behavior in the compartment of high-rise 
buildings in wind environment are needed for exploring some effective methods for 
evaluating compartment fire smoke movement and control. In this paper, an 
experimental facility was designed and placed in a wind tunnel. CFD model was created 
and some results were presented. The wind effects on the indoor-air flow pattern and 
the smoke development were studied. Results are useful not only for providing better 
ventilation, but also for working out a fire action plan in case of accidents. 
 

1. INTRODUCTION 
 
The smoke exposure is the major killer in fire situations. The movement of 

fire-generated smoke in buildings is of considerable practical importance for human 
evacuation (Robert 2011). For high-rise building, natural ventilation is one of the import 
smoke control methods (T.van 2010). However, the fire development and smoke 
movement are often influenced by the ambient wind induced indoor-air flow especially 
for buildings in hot and humid countries. Driving forces for smoke movement and natural 
ventilation in these buildings are basically wind-induced actions (Chow 2004). This 
effect depends on the surrounding environment in a dense urban area, where buildings 
are closely built together. For a building located next to a vertical wall or a taller building, 
turbulent effects due to incident wind fields would be important. Study concerning fire 
behavior in the compartment of high-rise buildings in wind environment is needed for 
exploring some effective methods used for evaluation of compartment fire smoke 
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movement and control (Himoto 2009).   
 
There are few concerns on the effect of environment wind in the current fire code. 

For example, in the code of Ohio Building Code Section 909.4.3, the wind effect was 
mentioned. However, there are no details on how to deal with the wind effect (Klote 
1995). For the fire code of China motherland and Taiwan, the wind effect was not 
concerned (Yang 2005). Some scholars have paid attention to this problem. However, 
there are few studies on the wind effect on the smoke movement near the fire (Lu 2002, 
Cheng 2007, Cheng, 2008). Chow and Li had changed some parameters to 
compensate the effect of wind in their research on the performance of venting system 
(Chow and Li 2004). Porch paid attention to the wind effect on smoke plume (Porch 
2000). There are also some studies on the wind effect on smoke parameters (such as 
temperature) during natural venting (Chen 2009, Andersen 2007, Yuan 2007, Hong 
2009).  

 
In this paper, an experimental facility was designed and placed in a wind tunnel. 

The wind effects on the indoor-air flow pattern were studied. The wind speed, distance 
between the barrier and other parameters were varied. CFD model was created and 
some results were presented. These results are useful not only for providing better 
ventilation, but also for working out a fire-action plan in case of accidents. 
 
2. EXPERIMENTAL STUDIES 
 

An experimental facility (Fig.1) was designed and placed in a wind tunnel 
(30000mm (L) × 1600mm (W) ×2500 (H)). The wind effects on the indoor-air flow pattern 
and the smoke development were studies. 
 
     The facility was composed by a barrier and a model building. The barrier was 
2250mm height. The building model was 1500mm height and was divided into three 
parts. The lower layer of each part was a door layer. Four doors opposed to four 
different directions were designed. Every door with100mm width and 100mm height was 
placed in the middle of each side. The distance between the barrier and building model 
can be varied from 0 to 2000mm. The wind flowed to the barrier and the velocities can 
be varied from 0m/s to 5m/s. The wind speed in the area between the barrier and 
building model can be measured by handheld anemoscope. During experiments, the 
facility was placed in the center of the wind tunnel (Fig.2). 
 
     For the current studies, only two cases were carried out and no fire source was 
used. The objects of these experiments were to present a primary figure of wind flow 
pattern in the area between the barrier and building model. The distance between the 
barrier and building model was fixed to 1000mm. The wind speeds were 1.5m/s and 
2.5m/s. The wind speeds of points in central cross-section were recorded. All of the 
results were shown in table 1 and table 2. 
 
 



 

 
 

Fig. 1 Experimental facility 
 
 

 
 

Fig.2 Photo of Experiment 
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As shown in Fig.3, due to the prevention of the barrier, the upcoming wind flow 
would move downward along the barrier and then flow back to the building model. A 
whirlpool would form. The vortex intensity is decided by the upcoming wind velocity, 
distance between the barrier and building model, and other parameters. It can be seen 
the upcoming wind speed has a great effect on the back flow velocity (Table 1 and 2). A 
clear interface can be found in the area between the barrier and building model. Higher 
wind speed would result a higher interface layer. In the area of 600mm distance from the 
building model, the highest wind speed could be found. That means the highest speed 
area would appear in the distance area 40% distance to the barrier.  
 
3. NUMERICAL STUDIES 
 

 
Fig.4 CFD model 

 

     For more clear studies the wind effect on the smoke flow, FDS (Fire Dynamics 
Simulator) was used. The model was composed by a building and a barrier. The building 
was 75m height and has 25 floors. Each floor was 3 m height and four windows opened 
to different directions (North, South, East and West). The window was 1 m height and 2 
m width. The barrier was 90 meters high. The distance between them was 36 meters. 

 
     A total of 12 cases were studied. The upcoming wind speed was set to 2.5m/s. 
The fire was 2 MW and the increasing factor of fire was 0.12. The smoke layer height, 
temperature, visibility and wind speed at south window were recorded. Table 3 listed the 
results. When the wind flowed into the building from north window, the smoke in the 
room would be dragged out from the east and west windows (Fig.5). Because the speed 
was high, the wind would cool the smoke inside the building. So the cases for the four 
windows open and E、W and N windows open would give the higher smoke layer and 
lower smoke temperature. When the south window was open, the speed of wind flowing 
back to the building was slow and would increase the combustion intensity. It also can 
be seen that the fire place has few effects on the results. 
 
 



 

Table 3 CFD Model Cases List 
 

Case No. Fire Place 
Smoke layer 

height /m 

Highest 

temperature/0C 

Wind speed/ 

m/s 
Windows Open 

1 

First Floor 

1.10 70 2.0 Four windows open

2 0.75 135 0.8 E、W and S 

3 1.00 76 2.5 E、W and N 

4 0.80 137 0.6 E、W  

5 

Thirteenth 

Floor 

1.15 46 2.8 Four windows open

6 0.70 118 1.0 E、W and S 

7 0.85 56 3.0 E、W and N 

8 0.75 130 0.5 E、W  

9 

twenty-fourth 

floor 

0.90 83 1.5 Four windows open

10 0.70 153 0.4 E、W and S 

11 1.20 83 2.3 E、W and N 

12 0.75 151 0.6 E、W  

* N:North; S:South; E:East; W:West 
 
 

 
 

Fig.5 Flow pattern of upcoming wind 
 
 

4. CONCLUSION 
 

In this paper, an experimental facility was designed and placed in a wind tunnel. 
The wind effects on the indoor-air flow pattern were studied. The wind speed, distance 
between the barrier and other parameters were varied. CFD model was created and 



 

some results were presented. 
It can be concluded that upcoming wind speed would give effects on the vortex 

intensity. Higher wind speed would result a higher interface layer. Due to the drag force 
to upcoming wind, the cases for the four windows open and E、W and N windows open 
would give the higher smoke layer and lower smoke temperature. During the fire 
happens, the windows leeward must be closed. 
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