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Badminton is highly influenced by wind drift due to indoor ventilation, which changes the 
trajectory of the shuttlecock from the actual. To understand the influence of wind drift 
over different stadium configuration is studied using Computational Fluid Dynamics 
(CFD). CFD is an essential tool to assess and understand the impact of wind in the building 
environment for ventilation comforts. Many studies on natural or cross ventilation on the 
generic model and stadium infrastructure focus only on the ventilation comfort but 
limitedly on the wind influence like wind drift in badminton. Therefore, this paper 
presents a detailed study through computational analysis of the isolated generic model 
with three gable roof slopes ratio and two opening directions. The simulation is 
performed in a 3D steady Reynolds-Averaged Navier–Stokes (RANS) approach with the 
SST k–ω model. Validation is carried out with grid sensitivity study by comparing study of 
a published work with wind tunnel experiment data on a flat roof model. The results show 
that the gable roof in the longitudinal direction with a 6:12 and 4:12 sloped ratio 
performed better than a flat roof with a 6% and 13% volume flow rate higher with almost 
no wind drift near the ground (h=0.02m). The 2:12 sloped gable roof has a higher volume 
flow rate in both longitudinal and lateral wind flow than the flat roof, with 26% and 37 % 
higher but a more drifty environment. 
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1. Introduction 
 

In sports stadium infrastructure, especially in the indoor arena/stadiums natural/cross ventilation 
is vital due to sustainability and less maintenance than Heat Ventilation and Air-Conditioning (HVAC). 
There was a unique challenge in designing the ventilation system for a sports stadium; it needed to 
provide ventilation comfort for the spectators and players without indoor wind disturbance for the 
sports activity. In badminton, the shuttlecock is used instead of a ball, a lightweight bluff body that 
will change from the actual trajectory due to indoor wind leading to a colossal setback for elite 
badminton players. The wind drift is due to natural ventilation caused by wind flow from doors, 
ventilation openings/windows and the HVAC system [1-6]. The natural/cross ventilation in the 
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building depends on many parameters such as the volume of the building, roof configuration (size 
and shape), external wind direction and temperature, opening in the building (Size and Inlet-outlet 
location) and impact of surrounding environments is known from Awbi [7]. There are many studies 
on an isolated model for cross-ventilation based on the impact of computational parameters, roof 
geometries and types, leeward and windward opening location and size, symmetrical and 
asymmetrical opening, and an effect of wind catcher or tower [8-19]. In the case of the stadium, 
studies are based on ventilation comfort, impact opening types, thermal comfort, pedestrian 
comfort, pollution dissertation, wind influence around the stadium at different wind directions and 
impact of the surrounding environment [20-28]. Several studies have been carried out on ventilation 
comfort in isolated models and sports stadiums, but there has yet to study on badminton wind drift 
with ventilation comfort [13-24]. 

A gable roof is the one of the common roof structures used mostly to construct the badminton 
stadium with cross ventilation. Studies like peak pressure impact and wind-induced loads at different 
geometry are studied in gable roofs [8,9]. In the case of an inlet-outlet opening across the building, 
there were symmetrical and unsymmetrical openings, different heights, and different ratios studied 
in previous studies [12-19]. However, studies have yet to be conducted on the different gable roof 
configuration in the longitudinal and lateral opening of the model. Therefore, this paper will 
investigate the impact of the gable roof slope ratio and with opening direction in a generic isolated 
environment in Computational Fluid Dynamics (CFD). This paper will employ the coupled approach, 
where the indoor and outdoor wind flow model is simulated simultaneously in the following CFD 
studies at the same computational domain [29]. 

The aim of the study is not only to identify the best ventilation comfort roof configuration or 
opening direction but also the having a minimum wind drift near the ground. For validation purposes, 
the flat roof with two opposite openings is studied with the same model geometry and wind flow 
data from the literature on the wind tunnel experiment by Karava et al., [29]. The study will analyze 
the seven different models, where one is the flat roof validating model [3]. 

(L X B X H = 0.1 X 0.1 X 0.08 m2) with an opening in opposite directions at the top of the building 
at the height 0.06m from the ground to the center of the opening. The gable roof is studied with 
three different configurations in two opening directions; in total, six gable roofs are subjected to CFD 
analysis to understand the ventilation and wind drift among them. The horizontal measurement line 
between the inlet and outlet is to measure the non-dimensional wind velocity for validating with 
wind tunnel data taken from Karava et al., [29] and to understand the wind flow between the opening 
(Inlet to outlet) is influencing the indoor environment which leads to a wind drift. The non-
dimensional velocity contour is visualized in the vertical plane in the center and at the horizontal 
plane (h=0.06m) to visualize the wind flow exchange between the opening and the horizontal plane 
(h=0.02m) for understanding the wind flow pattern and dominating wind drift areas. 
 
2. CFD Simulation 
 

The simulation is carried out with wind tunnel experiment model dimensions by Karava et al., 
[29] and computational parameters carried out based on Ramponi and Blocken [15] and Perén et al., 
[18]. The gable roof is designed above the flat roof model at the different slope (rise/run) 
configurations (Figure 1(a) and Figure 1(b)) to understand the influences wind drift and ventilation 
[29]. The three different roof configuration models are developed for the analysis at the slope ratio 
(rise: run) 6:12, 4:12 and 2:12. The wind flow in all roof configurations is studied in longitudinal and 
lateral opening in the opposite direction to each other at 10% porosity with opening dimensions L X 
H = 0.046 X 0.018 m2 (Figure 1(c) and Figure 1(d)). 
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(a) (b) (c) (d) 

Fig. 1. (a) Perspective view of the scale down model with dimensions in mm (b) Front view of the 
model illustrating the run and rise length (c) Perspective view of longitudinal wind flow opening 
with dimension in mm (d) Perspective view of lateral wind flow opening with dimension in mm 

 
2.1 Domain and Grid Generation 
 

The commercial package ANSYS Fluent user manual is used for grid generation and CFD 
simulation [30]. The cuboidal domain with a model is constructed in the dimension L X B X H = 1.9m 
X 1.1m X 0.6m (Figure 2(a)), and the model is located from the inlet plane at three times the height 
of the model. The structured mesh was generated using the partitioning technique, where the 
domain is divided into separate volumes, and a fine grid is generated in the model volume. The 
reference mesh model has 4,31,796 grids cell (Figure 2(b)), and the grid sensitivity will be discussed 
in subsequent section. 
 

  
(a) (b) 

Fig. 2. Computational grid model (a) Perspective view of grid 
in building model, ground, side and outlet wall (b) Reference 
model grid of the side view in longitudinal wind flow 
opening model 

 
2.2 Boundary Condition and Solver Settings 
 

The front plane of the domain is the inlet, where the Atmospheric Boundary Layer (ABL) velocity 
profile is enabled based on Karava et al., [29] wind tunnel measurements data is referred from Karava 
et al., [29,31] and according to the logarithmic law Eq. (1), Where U (y) is the velocity-inlet profile, 
U* the ABL frictional velocity, Ǩ the von Karman constant, y the height of the domain and yo the 
aerodynamics roughness length. For turbulent kinetic energy - k(y), epsilon - έ(y), omega - ⍵(y), is 
computed based on the reference from Ramponi and Blocken [16] and Perén et al., [18]. The zero 
static pressure is maintained in the rear plane of the domain, has a pressure outlet, and a zero-
velocity gradient is applied to the side and upper wall of the domain. Based on the literature 
recommendation in the studies by Ramponi and Blocken [15,16] and Perén et al., [18], the model and 
ground surface impose the roughness height and roughness constant. 
 

U(y) = 
𝑈∗

𝐾
ln [

(𝑦+𝑦․)

𝑦․
]             (1) 
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The simulation is carried out with the commercial CFD package Fluent. The SST k-⍵ model and 
3D steady RANS equation was solved in a combined manner. The pressure-velocity coupling, 
interpretation and discretization are all in the second-order scheme with the SIMPLE algorithm is 
used in the previous studies [16,18]. It was assumed to attain the convergence at the scaled residual 
leveled and reached a minimum of 10-4 for continuity and specific dissipation rate (ω), 10-5 for 
turbulence kinetic energy (k) and 10-6 for x, y and z momentum is reliably monitored until 10,000 
iterations to reach a stationary solution. The turbulence model for the study is selected based on the 
literature Ramponi and Blocken [15], where the simulation is compared between different 
turbulence model to understand the impact of turbulence, where the SST k-⍵ model, SST k- ε model, 
Sk- ε model, Rk- ε model, RNG k- ε model, Sk-⍵ model and RSM model. Among all turbulence model, 
SST k-⍵ model shows the best performance for a generic isolated cross-ventilation CFD simulation. 
 
2.3 Grid Sensitivity and Comparison with Wind Tunnel Data 
 

The grid sensitivity analysis is carried out on the flat where the non-dimensional velocity across 
the horizontal line between the opening (Figure 3(a)) is compared for the reference (4,31,796 cells), 
course (2,09,796 cells) and fine (6,92,521 cells) mesh model. From the observation, it was found that 
the course mesh has a huge drop in the non-dimensional velocity (Figure 4(a)) from the windward 
opening to the middle of the model. There is no significant difference between the reference mesh 
and the fine mesh which concludes that the non-dimensional velocity parameter (Figure 4(a)) 
becomes insensitive to an increase in the number of grids. To save the iteration timing and 
computational power demand, it is optimizing to select the reference mesh for the rest of the roof 
models. The reference mesh results gave a good argument with Karava et al., [29] experiment data 
based on their study (Figure 4(b)) from the inlet opening to the middle where the experiment data is 
lacks towards the outlet opening of the model due to the effect of reflecting and shading, which is 
similar to previous studies [18,29]. The contour of non-dimensional velocity is measured in the center 
in a vertical plane (Figure 5(a)) and the horizontal plane at h = 0.06m (Figure 5(b)) to understand the 
wind flow exchange between the opening. The wind drift area is visualized in the horizontal plane at 
h=0.02m (Figure 5(c)), and the ventilation flow rate will be computed to understand the impact of 
the roof slope ratio’s. 
 

 

  

(a) (b) (c) 

Fig. 3. Horizontal line between the opening center for measuring the U/Uref (a) 
Flat roof (b) Gable roof in longitudinal wind flow opening direction (c) Gable roof 
in Lateral wind flow opening direction 
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(a) (b) 

Fig. 4. (a) Comparison of impact of grid sensitivity in mean wind velocity (U/Uref) 
between the opening along the horizontal line in flat roof. (b) Comparison of 
numerical data of reference mesh and wind tunnel data of mean wind velocity 
between the opening along the horizontal line in flat roof 

 
  

 

Wind 

 

   
  (a) (b) (c) 

Fig. 5. Flat roof non-dimensional velocity (|V|/Uref) contours (a) Vertical plane at 
center of the model (b). Horizontal plane at height = 0.06m from the ground of the 
model and (c). Horizontal plane at height = 0.02m from the ground of the model 

 
3. Impact of Gable Roof Configuration and Wind Flow 
 

To understand the impact of the gable roof configuration on wind drift for badminton stadium or 
arena, the analysis is done through non-dimensional contour (Figure 5 to Figure 11), Velocity vector 
of horizontal plane at 0.02m (Figure 12) and mean non-dimensional velocity in a plane (Table 1). The 
three configurations in a longitudinal and lateral wind flow at the different slope ratio (rise:run) 6:12, 
4:12 and 2:12. In all three cases the inlet to outlet opening distance, location and size maintain to be 
the same. The velocity contour in the center vertical plane and horizontal plane (h=0.06m and 0.02m) 
(Figure 6 to Figure 11), Velocity vector at horizontal plane (Figure 12), non-dimensional velocity in 
the horizontal line (Figure 3(b) and Figure 3(c)) between the opening (Figure 13) and volume flow 
rate (Figure 14) will be analyzed to compare the gable roof slope and opening direction impact. 
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Wind 

 
   

  (a) (b) (c) 

Fig. 6. Gable roof [6:12] non-dimensional (|V|/Uref) contours - 
longitudinal wind direction (a) Vertical plane at center of the model (b). 
Horizontal plane at height = 0.06m from the ground of the model and (c). 
Horizontal plane at height = 0.02m from the ground of the model 

 
  

 

Wind 

 
   

  (a) (b) (c) 

Fig. 7. Gable roof [4:12] non-dimensional (|V|/Uref) contours - longitudinal 
wind direction (a) Vertical plane at center of the model (b). Horizontal 
plane at height = 0.06m from the ground of the model and (c). Horizontal 
plane at height = 0.02m from the ground of the model 

 
  

 

Wind 

 
   

  (a) (b) (c) 

Fig. 8. Gable roof [2:12] non-dimensional (|V|/Uref) contours - longitudinal 
wind direction (a) Vertical plane at center of the model (b). Horizontal plane 
at height = 0.06m from the ground of the model and (c). Horizontal plane at 
height = 0.02m from the ground of the model 

 
  

 

Wind 

 
   

  (a) (b) (c) 

Fig. 9. Gable roof [6:12] non-dimensional (|V|/Uref) contours - lateral 
wind direction (a) Vertical plane at center of the model (b). Horizontal 
plane at height = 0.06m from the ground of the model and (c). 
Horizontal plane at height = 0.02m from the ground of the model 
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Wind 

 
   

  (a) (b) (c) 

Fig. 10. Gable roof [4:12] non-dimensional (|V|/Uref) contours - lateral wind 
direction (a) Vertical plane at center of the model (b). Horizontal plane at 
height = 0.06m from the ground of the model and (c). Horizontal plane at 
height = 0.02m from the ground of the model 

 
  

 

Wind 

 
   

  (a) (b) (c) 

Fig. 11. Gable roof [2:12] non-dimensional (|V|/Uref) contours - lateral wind 
direction (a) Vertical plane at center of the model (b). Horizontal plane at 
height = 0.06m from the ground of the model and (c). Horizontal plane at 
height = 0.02m from the ground of the model 

 

Wind 

 

    
  (a) (b) (c) (d) 

Wind 

 
   

 

  (e) (f) (g)  

Fig. 12. Gable roof velocity vector at the horizontal plane at height = 0.02 m from the 
ground of the model. (a)Flat roof, Longitudinal wind direction (b). 6:12 (c). 4:12 and (d). 
2:12 and Lateral wind direction (e). 6:12 (f) 4:12 and (g) 
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(a) (b) 

Fig. 13. Impact of roof configuration (a) U/Uref along the horizontal line in gable roof in 
longitudinal flow direction for different slope ratio (b) U/Uref along the horizontal line in gable 
roof in lateral flow direction for different slope ratio 

 
Table 1 gives more insight into different gable roof configurations where the mean U/Uref in the 

vertical (center) and horizontal plane (h=0.06m) between the opening is studied for the exchange of 
wind flow. The horizontal plane (h=0.02m) mean U/Uref gives insights into the wind drift. In 
longitudinal wind flow, the 2:12 configuration has a huge drop in the non-dimensional velocity (Figure 
13(a)) from the inlet opening to almost the middle of the model due to deviation of flow toward the 
roof compared to 6:12 and 4:12, where there no huge change except near to the outlet opening. In 
6:12 and 4:12, the wind flow exchanged between the opening without deflection from the roof 
(Figure 6(a) and Figure 7(a)) led to less wind drift near the ground (Table 1), but 2:12 had an increase 
in dirty area (Figure 8(a)) (Table 1) due to the flow deflection near the outlet opening. All three-roof 
configuration in lateral wind flow deviates upward to the roof (Figure 9(a), Figure 10(a) and Figure 
11(a)), causing a drifty environment near the ground that is almost the same or more than a flat roof. 
The 2:12 possess a peak mean U/Uref (Table 1) in the horizontal plane (h=0.02m), leading to a more 
drifty area (Figure 11(c)) than any other roof configuration. Altogether, the longitudinal wind flow 
performs better than a lateral wind flow with a less dirty region (Table 1). For all wind direction and 
roof configuration, the velocity vector is visualized in the horizontal plane at 0.02m from the ground 
to understand the no wind drift area. In 6:12 and 4:12 configurations in longitudinal wind flow (Figure 
6(c) and Figure 7(c)) seems to have a better performance which possess a shallow drifty area 
compared to other configurations including the flat roof. 
 

Table 1 
Mean non-dimensional velocity in different plane area at longitudinal and lateral wind flow in gable roof 
Model Case Vertical plane inside 

the model at center 
Horizontal plane inside the 
mode at h=0.06m 

Vertical plane inside the mode at 
h=0.02m 

Reference Case 0.24 0.28 0.12 
6:12_Longitudinal 0.23 0.37 0.06 
4:12_Longitudinal 0.22 0.39 0.05 
2:12_Longitudinal 0.26 0.41 0.10 
6:12_Lateral 0.23 0.22 0.10 
4:12_Lateral 0.21  0.21 0.12 
2:12_Lateral 0.31 0.36 0.20 

 
From Figure 14, We can conclude that the volume flow rate for the gable roof 2:12 in lateral wind 

flow is the highest among all other roofs, with an increase of 37% compared to the flat roofs. In 
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longitudinal wind flow, 2:12 is highest among 4:12 and 6:12, with an increase of 26% compared to 
the flat roof. The 4:12 in longitudinal opening direction has a better volume flow rate with a low wind 
drift area compared to other configurations, with an increase of 13% comparative to the flat roof. 
Comparing 6:12 and 4:12 in lateral wind flow has no significant difference in volume flow rate but 
decrease by almost 10% compared to a flat roof (Figure 14). It can be noticed that the lowest slope 
ratio of the roof will impact largely in the volume flow rate, both a flow direction lower slope 
configuration gains high volume flow rate. 
 

 
Fig. 14. Influence of roof slope ratio with opening flow direction for gable roof on volume flow 
rate improvement in percentage comparing with flat roof 

 
4. Conclusion 
 

The above study result is to understand the influence of the gable roof configuration with some 
limitation. CFD simulation is carried isothermal conditions with a flat roof and three different slopes 
of a gable roof (6:12, 4:12 and 2:12) in an isolated condition without an internal layout with cross 
ventilation opposite opening in longitudinal and lateral wind flow direction to understand the 
dominance of the wind drift (wind velocity near ground h=0.02m) in badminton stadium. 

The following conclusion has been obtained from this study 
i. The six types of CAD model are developed, where two types of roof type and three types of 

sloped roof ratio (Figure 1) for the CFD simulation to understand the wind drift and 
ventilation for the development of badminton stadium. 

ii. The grid sensitivity analysis (Figure 2 and Figure 4(a)) is carried out in the flat roof, where 
the reference case selected for the analysis which perform will computationally with 
acceptable computational time and resource. 

iii. Turbulence model and other computational parameter is selected based on the best 
practice provided in the literature for the isolated building cross ventilation analysis. Based 
on the literature recommendation, SST k-⍵ model perform well to predict the ventilation 
performance and validated well with experimental data (Figure 4(b)). 

iv. The non-dimensional velocity contour at vertical plane at the centre and vertical plane at 
height 0.06m and 0.02m from ground (Figure 5 to Figure 11); Velocity vector at the 
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horizontal plane at height 0.02m from the ground (Figure 12); U/Uref is measured in the 
horizontal line in the centre of the opening (Figure 13); Mean non-dimensional velocity at 
both vertical plane at height 0.06m and 0.02m from ground (Table 1) and Volume flow rate 
compared with flat roof (Figure 14) is analysed for all the roof configuration to understand 
the wind drift and ventilation. 

v. In longitudinal wind flow direction, the gable roof with slope ratio 6:12 and 4:12 performs 
better (Figure 6(c) and Figure 7(c)) with higher volume flow rate than a flat roof (Figure 14) 
and lower wind drift compared to 2:12, even though it has higher volume flow rate (Figure 
14) but has a huge drifty environment (Figure 8(c)). 

vi. In longitudinal wind flow direction, a 4:12 sloped roof is recommended because 6:12 has a 
lower volume flow rate (Figure 14) comparatively, but both have the same lower drifty 
environment. 

vii. In the lateral direction, 6:12 and 4:12 sloped roofs have no significant change in the drift 
environment compared to flat roof (Table 1) but have decreased to 10% in volume flow rate 
(Figure 14). 

viii. The 2:12 sloped roof in lateral wind direction possesses a more drifty environment (Table 
1) with a higher volume flow rate among all roof configurations (Figure 14).  

ix. The CFD simulation is carried out in the isolated condition, there is need of analysis with 
surrounding environment for the better understanding in the wind drift and ventilation. 

x. The CFD analysis is carried in the isothermal condition and steady state, where this analysis 
demand the actual scenario with environmental and weather condition for the more 
insights to balance both wind drift and ventilation in the Badminton stadium. 

xi. The real-time case study will be carried out with CFD and experiment in the Badminton 
stadium in the future research for more progress in development of lower the wind drift 
court area with optimized ventilation. 
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