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Cross ventilation is one of the most common strategies for enhancing indoor comfort 
and decreasing pollutants’ concentrations. It can also be used as an indirect cooling 
tool to lower cooling requirements for buildings. Nevertheless, inadequate distribution 
of airflow in buildings and incorrect orientation of the louvres result in localized 
thermal discomfort and inadequate ventilation. This paper looks at the airflow patterns 
of a SolidWorks designed ventilation system and examines the influence of various 
louvre positions and slat angles of 15° and 30° through numerical modeling. The 
simulations were performed using RNG k-ε and SST k-⍵ turbulence models with the 
wind inlet velocity of 0.3 m/s which is the average wind velocity in Malaysia. The 
findings indicate that a 15° slat angle provides the best airflow distribution because the 
small angle allows a smooth entrance of air and little turbulence. On the other hand, a 
30° slat angle increases velocity and pressure at the inlet and leads to turbulence and 
issues for indoor climate. The SST k-⍵ model provided higher velocity predictions than 
the RNG k-ε model, suggesting that it is better for capturing the detailed flow 
characteristics. Therefore, this study was able to show the effects of louvre angles on 
airflow patterns and found the 15° slat angle to be the most effective for ventilation 
with low turbulence. 
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1. Introduction 
 

Normal cross ventilation is a widely used repair technique for comfortable indoor air and 
pollutant reduction [1-5]. It can also be used as a passive refrigeration system to mitigate building 
cooling demands [6]. However, the configuration of facade openings such as window panels 
significantly affects the efficiency of natural ventilation [7]. In addition, practical issues must be 
discussed, for example rain avoidance, burglarization, and excessive solar radiation. Architectural 
loops can be an efficient solution because they can decrease (especially when they are opaque) the 
entrance of direct solar radiation and prevent rainfall. 
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Several studies have explored unilateral or cross ventilation via louvre structure architecture. 
Some studies conducted cross-ventilation simulations in isolated buildings fitted with loops, wind 
tunnel tests, and computer fluid dynamics (CFDs) [8-11]. The opening position may therefore have a 
significant impact on indoor airflow, air shifts, and pollutant dispersion [12,13]. The air flow rate was 
lower in the building, with the lower portion of the facade having openings in the middle or top of 
the facade than in the building. There are few problems that are faced in buildings where air in the 
building does not flow properly and makes a few areas in the building become hot. Based on Jeong 
et al., [14] the weakness is when the level of louvre ventilation is not place properly and make the air 
flow not going through smoothly. Another problem is usually when the angle of slat is not suitable 
and the air that goes through the ventilation is not properly entered.  

In this study, air ventilation was created using SolidWorks and imported to Ansys fluent 19.2 to 
determine the flow inside the air ventilation. The cube size of the ventilation with different place of 
louvres is set to determine the flow inside the ventilation. Another aim is to determine the best angle 
of slat with 15° and 30° angles that produce good air flow inside the air ventilation. Based on the 
study of Hazem et al., [15] the angle of slat influences the airflow pattern inside the air ventilation. 
Next, this study also compared the best place of louvre and good angle of the slat because it can 
make the air inside the ventilation sufficient to supply the surrounding air. 

Then, the simulation of air ventilation was run in Ansys fluent with RNG k-ε and SST k-⍵ model 
with the same velocity to determine the different results of the velocity and contour of the velocity 
inside the air ventilation. The velocity used is the minimum velocity 0.3 m/s in Malaysia. The 
simulation was performed in 1000 iterations or until the calculation converged. The result is an 
analysis based on the velocity contour and can be compared with each angle of the slat. This study 
used an air ventilation model with different place of louvres and angle that used is 15 and 30° to 
determine the flow inside the ventilation. The simulation was performed using computational fluid 
dynamics (CFD) to determine the best result. 
 
2. Methodology  
2.1 Geometry of the Model 
 

Figure 1 shows the model of air ventilation with different place of louvres. The model is based on 
a previous study [11]. For these studies, the angle of slat that was considered was 15° and 30° to 
determine the flow characteristic in the air ventilation. The geometry model was run with RNG k-ε 
and SST k-⍵ to compare the airflow characteristics based on the velocity contour. The size of this air 
ventilation unit is 150 mm x 150 mm x 150 mm with a cube shape. 
 

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

 Fig. 1. Model of air ventilation with different position of louvres (a) Louvres at  
 centre (b) Louvres at upper (c) Louvres at down (d) Louvres at upper and down 

 
2.2 Meshing of the Model 
 

After the model has been generated, an unstructured grid is exposed across the flow domain. The 
grid comprises cells of various shapes, but usually it is triangular or rectangular for (2D) and 
tetrahedrons or hexahedron for (3D) is being used [16]. The grid type and density depend on the fluid 
domain geometry. Body sizing is performed in the air-ventilation fluid domain because the flow is on 
the fluid domain. Figure 2 shows the meshing of the model with a body size of 0.0062 mm and a 
number of nodes of 10011. 
 

 
Fig. 2. Meshed model of air ventilation 

 
2.3 Governing Equations 
 

All of the equations used in CFD are based on the following principle, and they can be expressed 
in mathematical equation terms. Generally, they are changed in partial differential equation or call 
as Navier-Strokes Equation [17]. 
 
Continuity: 
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2.4 Parameter and Boundary Condition 
 

From the geometry, each boundary condition is specified, and all parameters are inputted. In this 
study, the flow is considered as going through air ventilation at different angles of slat. The velocity 
used for the inlet was 0.3 m/s based on the average velocity in Malaysia [18]. For the outlet, zero 
pressures were set because no parameter was subtracted from the outlet. The fluid domain will 
determine the air ventilation velocity inside it and be compared with another angle of slat. A different 
model of with RNG k-ε and SST k-⍵ is run in this study to determine the flow pattern inside the air 
ventilation with the different place of louvres. 
    
3. Results  
3.1 Verification Louvre Angles in Cross Ventilation Systems 
 

Based on the previous study by Kosutova et al., [11] a verification method was performed to make 
sure the method was true or less error obtained from the verification. The verification results are 
shown in Figure 3. The model that had verified is RNG k-ε and SST k-⍵ to figure out the result from 
the simulation is correct. Based on the verification method, the error obtained was 10.71%, and the 
method was used for all simulation e of 15 .̊  
 

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

Fig. 3. Verification results using different turbulence model (a) RNG k-ε (b)  
SST k-⍵ for previous study (c) RNG k-ε (d) SST k-⍵ for current study 

 
3.2 Velocity Distribution Inside the Air Ventilation with the Different Position of Louvres 
3.2.1 Velocity for slat angle 15  ̊

 
Figure 4 shows the results of the velocity distribution inside the air ventilation with the different 

position of louvres. The velocity applied at the inlet was 0.3 m/s with an average wind in Malaysia. 
Based on the obtained results, the highest velocity inside the air ventilation was 0.45 m/s with the 
louvres at the centre and the lowest velocity was 0.407 m/s for the centre louvres. Based on the 
velocity contour obtained, the up and down louvres showed the wind that entry the louvres flow to 
most areas in the air ventilation. 
 

 
(a)     (b) 

 

 
     (c)                    (d) 

Fig. 4. Velocity distribution for RNG k-ε with 15 degrees of slat for different position of  
louvres (a) Centre (b) Upper (c) Lower (d) Upper and lower 
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Figure 5 shows the velocity contour inside the air ventilation at a slat angle of 15° with the RNG 
k-⍵ model. Based on the results, the lowest velocity obtains for SST k-⍵ is 0.402 m/s for centre 
louvres and the highest velocity was 0.477 m/s for down louvres. Based on contour, the down louvre 
with slat angle 15 degree obtains good air flow inside the air vent, because the wind flowed through 
most of the area inside the vent. 
 

 
(a) (b) 

 

 
(c)                         (d) 

Fig. 5. Velocity distribution for SST k-⍵ with the slat angle 15 degree for different  
position of louvres (a) Centre (b) Upper (c) Lower (d) Upper and lower 

 
3.2.2 Velocity for slat angle 30  ̊
  

Figure 6 shows the velocity contour for slat angle 30 degree with RNG k-ε model. Based on the 
result obtain, the up louvres obtain the highest velocity of 0.563 m/s with a slat angle of 30°. These 
high velocities are obtained because the entry area becomes smaller and makes the velocity entry 
increase inside the air ventilation. The lowest velocity obtained was 0.532 m/s for the centre louvres 
because of the area inside the ventilation is wide than up louvre that the top wall was near the 
ventilation. 

Figure 7 shows the velocity contour of the slat angle 30 for different place of louvres. Based on the 
results, the highest velocity was 0.569 m/s for up louvres because of the wind entry from the louvre is hit 
the top wall, which increased the velocity inside the ventilation. The lowest velocity obtained is for centre 
place of louvres is 0.547 m/s because the wind entry is far from any wall. When the wind hits any wall or 
something, it usually increases the velocity inside the object. 
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(a) (b) 

 

 
(c)          (d) 

Fig. 6. Velocity distribution for RNG k-ε with 30° of slat for different position  
of louvres (a) Centre (b) Upper (c) Lower (d) Upper and lower 

 

 
(a) (b) 

 

 
 (c)                            (d) 

Fig. 7. Velocity distribution for SST k-⍵ with 30° of slat for different position of  
louvres (a) Centre (b) Upper (c) Lower (d) Upper and lower 
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From the obtained results, the angle that was used was 15° and 30° of slat affected the wind flow 
in the air ventilation. A correct orientation of the slats will enhance the airflow within the ventilation, 
but the velocity of wind around should also be taken into consideration. From the velocity contour 
for both 15 and 30 degrees of slat, it is clear that 15 degrees of slat is good for air flow inside the air 
ventilation with the louvres place at down but it gives a low velocity inside the ventilation. If the value 
angle of slat is raised, the velocity value inside the air ventilation will also rise, but the surrounding 
wind hinders the surrounding wind from entering the ventilation since the angle hinders the air from 
entering the ventilation. 

Subsequently, position of louvres does affect the air flow pattern within the air ventilation 
[19,20]. Thus, it is clear that good airflow can be achieved from the suitable place of louvres and 
suitable angle slat. According to the findings, up and down louvres created satisfactory airflow within 
the air ventilation, and satisfactory airflow will make the building create satisfactory airflow. For 
another place of louvres, it obtains not enough air flow, and some of the wind entry into the 
ventilation does not go to some area inside the ventilation.  According to the results, SST k-⍵ 
generated higher velocity value than RNG k-ε. This may be so because of the formula used in the 
calculation of the index. Based on the contour, for an angle of slat of 30°, good airflow occurs inside 
the airflow because most of the area inside the airflow is full with airflow. However, the high angle 
of the slat makes it difficult for air to enter the air ventilation. 
 
4. Conclusions 
 

Therefore, the main aim of this study was to identify the airflow pattern with various position of 
louvres, to identify the airflow pattern with slat angle of 15 and 30 degree of louvres, and to compare 
the airflow pattern with various position of louvre and various angle of slat. Moreover, in this study 
Ansys 19.2 software was applied for 3D steady state and four different types of configurations with 
configuration “centre”, “up”, “down” and “up down” with two different slat angle of louvre which is 
15 and 30°. Further, for a slat angle of 15° RNG k-epsilon, using the results, the maximum velocity of 
the air ventilation is 0.45 m/s for the louvres at the middle and the minimum velocity of 0.407 m/s 
for the middle louvres. Subsequently, for a 15° slat angle SST k-omega, according to the outcome, 
the lowest velocity achieved for RNG k-⍵ is 0.402 m/s for centre louvres and the highest velocity is 
0.477 m/s for down louvres. In addition, for a slat angle of 30° RNG k-epsilon, based on the result 
obtained, the up louvres get the highest velocity of 0.563 m/s at the slat angle of 30°. Next, for a slat 
angle of 30° SST k-omega, according to the results, the maximum velocity is 0.569m/s for up louvres 
due to the wind entering from the louvre hits the top wall and enhances the internal velocity of the 
ventilation. Other than that, on the velocity contour obtained for both 15 and 30 degrees of slat, it is 
found that 15 degrees of slat provides good air flow inside the air ventilation with the louvers placed 
at down but provides a slightly low velocity inside the ventilation. Last of all, the comparison contour 
of different place of louvre with RNG k-ε and SST k-⍵ model. Based on the obtained results, SST k-⍵ 
produced a higher value of velocity than RNG k-ε. 
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