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Vents with louvers are an important component in the indoor heating, ventilation, and 
air conditioning (HVAC) system in providing a degree of freedom to the occupants to 
direct the air flow and prevent foreign objects from entering or exiting the air ducts. 
As a result, whether designing air ventilation or any duct design that involves louvers, 
the influence of louver design cannot be ignored. For vent design, aside from louver 
angle, blockage ratio is an important factor in air distribution due to its effect on 
pressure drop and flow distribution to indoor space. The blockage ratio is often 
described as the ratio of the projected area of the structure in flow direction to the 
cross sectional area of the domain around the structure. The purpose of this study is 
to investigate the effect of varying blockage ratios on the air flow characteristics of air 
vents including velocity and pressure drop. The chosen air vent model for this study is 
the Proton Wira air vent. Results are obtained using computational fluid dynamics 
(CFD) analysis and by utilizing the free and easily available open source software via 
Code-Saturne. The parameters were set according to available literature. The study 
finds that the pressure drop increases with the increasing blockage ratio. The velocity 
drops almost 7% for blockage ratio greater than 3 and the pressure drop increases 
more than 4%.  
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1. Introduction 
 

Louvers are a system of horizontal or vertical slats that are angled to admit air. They play a huge 
role in ensuring the air flow around enclosed spaces. Louver design allows for design flexibility and 
play a role in ensuring quality indoor air. And louver size will also determine the inflow rate [1]. It is 
well known that, rectangular air ducts used in HVAC systems in automotive vehicles allow the 
passenger to control air flow and prevent intrusion of foreign objects into car cabin or air duct. Due 
to louver’s compatibility with rectangular ducts, we see the popularity rise.   

Yakubu and Sharples [2] proposed a quadratic relationship between pressure loss and airflow via 
a louvered system. The study found that at louver angles of 0 to 45 degrees, there is no resistance to 
airflow. The experiment's drawback is that it only tested smooth hardwood louvers with no 
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inclination. Nakanishi et al., [3] carried out simulation research that compared Yakubu with Sharple 
[2]. They determined that when the louver angle grows smaller, the pressure differential tends to 
diminish, and that by adjusting the louver angle by 20 degrees, the pressure drop could be limited to 
half. Later on, Chinchun et al., [4] conducted a study that effectively uses a porous media model 
instead of an explicit model for CFD simulation of louvers in ventilated places, and then compares 
the two studies to show that the difference in velocity is less than 38% and the cost reduction is due 
to the simplified CFD model. 

Faghani et al., [5] found the association between Reynolds number, aspect ratio, and mixing 
capacity of rectangular cross-section jets based on simulation work. Quinn et al., [6] did a numerical 
investigation of a turbulence-free square jet and discovered that under similar test conditions, the 
jet from a sharp-edged square slot spreads quicker than the jet from a circular or round slot. The 
turbulence properties match the behavior of mean streetwise velocity, and the elliptic treatment of 
the jet allows for the prediction of mean static pressure. Despite the fact that the aspect ratio was 
not specified, it is fair to presume that it was 1:1. At the same time, Berg et al., [7] employed a two-
equation turbulence model to simulate the turbulent flow field in free jets from rectangular slots. 
There is still a lot to learn about turbulence modeling. This flow is challenging from a measurement 
technical perspective, due to high turbulence intensities and high shear, while at the same time 
developing over a relatively short distance that makes it practical and manageable to work with on a 
typical lab scale [8]. The way for determining the degree of uncertainty is to run numerous 
simulations using various turbulence models and examine how modeling affects the outcome. The 
conventional k-ε turbulence model was used to reduce analytical complexity and limit calculative 
resources [9, 10].  

Moreover, a simulation study by Pairan et al., [11] concluded that the blockage ratio gives a 
significant effect to the spray penetration angle for each type of nozzles and wider the spray angle 
means a smaller droplet size is produced and more space to distribute the droplets. Although there 
has been a lot of computational and experimental research into the influence of aspect ratios and 
louver angles for rectangular ducts, the effect of grilles and louver areas, as well as Reynolds number, 
for this variable diameter is still mostly absent for tight places [13-15].  

In conclusion, a study of the literature reveals that there is few research on the impact of blockage 
ratio on jet characteristics. The aim of this study is conduct numerical studies to investigate the 
impacts of grille blockage ratio on airflow characteristics for air vents. It should be noted that the 
airflow characteristics to be evaluated are in terms of pressure drop, and flow distribution. This study 
also attempts to validate the jet flow emanating from rectangular vent based on published data. The 
results obtained will describe the relationship between blockage ratio and air flow characteristics 
including pressure drop and air velocity. The current work is designed to provide a theoretical 
foundation for enhancing the aerodynamics of air vents in automotive vehicles. 
 
2. Turbulence Modelling: k-ε Model   
 

Standard k-ε turbulence models are an industry standard model for most commercial CFD solvers. 
It is almost ubiquitous in all CFD communities and is found in the bulk of nuclear engineering CFD 
literatures [16-18]. It is a two-equation model that includes both turbulence and dissipation kinetic 
energy: 
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where 
 

𝑃 = 𝜏𝑖𝑗

𝜕𝑢𝑖

𝜕𝑥𝑗
  (3) 

  

𝜏𝑖𝑗 = 𝜇𝑡 (2𝑆𝑖𝑗 −
2

3

𝜕𝑢𝑘

𝜕𝑥𝑘
𝛿𝑖𝑗) −

2

3
𝜌𝑘𝛿𝑖𝑗   (4) 

  

𝑆𝑖𝑗 =
1

2
(

𝜕𝑢𝑖

𝜕𝑥𝑗
+

𝜕𝑢𝑗

𝜕𝑥𝑖
)  (5) 

  

𝜇𝑡 = 𝜌𝐶𝜇

𝑘2

𝜀
 (6) 

  
𝐶𝜇 = 0.09, 𝐶𝜖1 = 1.44, 𝐶𝜖2 = 1.92, 𝐶𝜖3 = 1 𝑜𝑟 0, 𝜎𝑘 = 1, 𝜎𝜖 = 1.3 (7) 

 
3. Simulation Setup  
3.1 3D Modelling of Air Vent 
 

The vent with louver employed in this study is from Proton Wira, which can be seen in Figure 1 
below. The hydraulic diameter of the vent is about 66 mm.  Salome was used to create a CAD model 
of the complete geometry. Because this model is too intricate for CFD calculations, it has been 
simplified in several parts [19, 20]. This degree of simplification is not expected to have a significant 
impact on the flow. In addition, the louver is directed normal to vent frontal area, limiting the scope 
of this study to one directional flow only. 
 

  
 

(a) Actual vent with louver (b) CAD model of louver (c) CAD model of vent with 
louver 

Fig. 1. Proton Wira Air Vent 

 
3.2 Computational Domain and Boundary Conditions 
 

The geometry modelling was done using the geom module. The computational geometry 
matches to the study's reduced-scale geometry [12]. The computational geometry specifically 
includes the air vent with louver, a 10 cm opening for air ingress, and the enclosed box as shown in 
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Figure 2. Given their modest thickness of 0.01 m, the louvers are treated as zero-thickness walls in 
the models. 
 

 
Fig. 2. Geometry Setup 

 
A computational domain was defined with dimensions Lz, Ly and Lx in the lateral (z) spanwise (y), 

and streamwise (x) directions respectively. The computational domain was constructed using the 
following dimensions; extended 1000 mm in streamwise from the vent and 260 mm in lateral and 
spanwise. The inlet is specified about 100 mm in front of the air vent while the outlet is the boundary 
at the far end of the computational domain. The wall is adjacent to the inlet and the symmetry planes 
are adjacent to the wall and outlet, which are placed far from the expected jet flow development. 
The meshing was done using Salome mesh module with unstructured tetrahedral type.  

For boundary conditions, four different inlet velocities are specified; 1.7 m/s, 2.57 m/s, 3.5 m/s 
and 5 m/s (equivalent to 0.027, 0.041, 0.056 and 0.08 m3/s of flowrates), a range of airflow rates 
typically found in most sedan HVAC systems. Meanwhile, the value of turbulent intensity used is 
0.05%. As from previous literature, we conclude that turbulent intensity of 0.01% did not show good 
agreement with experimental results.   
 
3.3 Fluid Properties, Turbulence Model and Numerical Setup 
 

The working fluid considered in this study is air at 293.15 K where the fluid properties are 
specified as in Table 1. Standard k-ε turbulence model with standard wall function have been used 
to resolve turbulence flow across the vent with louver. Hence, standard k-ε turbulence model is 
chosen in this study due to the proven accuracy that could be provided by this model [7]. Turbulent 
flow is often three-dimensional and time-varying, whereas laminar flow is typically two-dimensional 
and time-varying mainly during boundary layer transitions. In this study, the flow have been assumed 
to be unsteady to appropriately resolve the flow fluctuations near the louver. Hence, a sufficiently 
small time step have been chosen in accordance with courant number requirements of 1. 
 

Table 1  
Input Parameters for CFD Simulations 
Parameter Value 

Temperature 293.15 K 
Total pressure 101325 Pa 
Density 1.2754 kg/m3 
Viscosity 0.00001625 Pa.s 
Specific heat 1017.24 J/Kg/K 

 
 

Flow direction 

Vent with louvre 
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3.4 Verification Study 
 

In order to ascertain whether the simulation is free from discretization error, four different 
meshes were constructed and tested at different time step, for fulfilling the courant number. Using 
different mesh sizing and minimum and maximum size of mesh, and changing the mesh type, various 
mesh was generated. The total mesh element and corresponding time step being tested are shown 
in Table 2. 
 

Table 2 
Mesh count and time step 
Mesh label Mesh count Time step (s) 

M1 280,000 0.01 
M2 320,000 0.05 
M3 510,000 0.0025 
M4 830,000 0.00125 

 
In this study, the unsteady flow was simulated for more than 60 seconds in order to find the exact 

time the flow becomes steady. This steady flow when achieved is also termed as fully developed flow 
evaluated at three different points of the following coordinates; 𝑥/𝐷 =  10 and 𝑦 =  0, 𝑥/𝐷 =  20 
and 𝑦 =  0, and 𝑥/𝐷 =  20 and 𝑦 = 2𝐷. In order to find the number of iterations required for flow 
to fully converge, the four meshes M1, M2, M3 and M4 were simulated for 1000 iterations at 
different time step values. The data for all four meshes were graphed against the velocity and number 
of iterations. It was found that for point 1, which is nearest to the inlet, the flow converges in 200 
iterations (see Figure 3). But for coordinates farther away from the inlet, the number of iterations 
increases significantly. In addition, mesh 3 (M3) were not much different from mesh 4 (M4) especially 
for velocity data at point 2. Hence, mesh 3 is considered to be mesh independent. 
 

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

Fig. 3. The results of mesh convergence (a) M1 (b) M2 (c) M3 (d) M4 
      
4. Results and Discussion 
 

For the validation study, the findings of Faghani et al., [5] was taken into account because the 
Reynolds number range in the literature was found to be the same as the Reynolds number range in 
this study. The validation study is performed to ensure the jet flow from the vent without louver can 
be accurately captured using the chosen turbulence model and specified boundary conditions. As 
mentioned earlier, the model for validation was created using the dimensions according to Faghani 
et al., [5]. In this case, the streamwise domain length is 100 times greater than the hydraulic diameter 
while the spanwise and lateral domain length is 20 times longer than hydraulic diameter. The results 
were compared for profile 𝑥/𝐷 = 10 as shown in Figure 4. The data shows good alignment with the 
data of the literature. 
 

 
Fig. 4. Validation results 

 
The blockage ratio is defined as the ratio of the louver’s frontal area to the cross sectional area 

of the vent. In this study, different louver counts corresponds to different blockage ratio; 4, 5 and 6 
louvers are equivalent to 2.25, 2.82, and 3.38 of blockage ratio, respectively. The velocity contours 
seen in the Figure 5, 6 and 7 below clearly show that the jet flow development due to blockage ratio 
of 6 louver vent, creates uneven velocity contour at the inlet. The jet development due to 5 Louver 
vent seems to be more well developed, and it travels a further distance compared to 4 louver and 6 
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louver vents. The velocity flow also seems to be more evenly distributed throughout the confined 
area. This can be held true for all flow rates. We can also observe clearly from the velocity contours 
that as the flow rate increases, the air also travels much farther. As can be seen for flow rate of 0.08 
m3/s, the air disperses through the vent to a much further distance as compared to 0.027 m3/s. As 
for the blockage ratio, we can clearly see in Figure 6 that the air flows more evenly and much further 
for blockage ratio of 2.82. But as soon as the blockage increases more than 3, the flow disperses 
much less evenly and travels a smaller distance. This can be clearly seen in Figure 7 for the 6 louver 
vent. Hence, the velocity contours help to better visualize the effect of blockage ratio and flow rate 
on air flow characteristics. This visualization proves some key points including the fact that the 5 
louver vent allows for smoother and faster air flow.  
 

 

  
(a) 0.027 m3/s (b) 0.041 m3/s 

  
(c) 0.056 m3/s (d) 0.08 m3/s 

Fig. 5. Velocity contour for 4 louver vent at different flowrates 
 

 

  
(a) 0.027 m3/s (b) 0.041 m3/s 

  

(c) 0.056 m3/s (d) 0.08 m3/s 

Fig. 6. Velocity contour for 5 louver vent at different flowrates 
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(a) 0.027 m3/s (b) 0.041 m3/s 

  
(c) 0.056 m3/s (d) 0.08 m3/s 

Fig. 7. Velocity contour for 6 louver vent at different flowrates 

 
We can also see from Figures 5, 6 and 7 that the increasing blockage ratio also effects the jet flow 

of the air through the vent. From Figure 6, we can conclude that the 5 louver vent increases the 
volumetric flow at a given section of the jet and increases the width of the jet causing spread. But, as 
the blockage ratio increases to 3.38 in Figure 7, the volumetric flow decreases and the width of the 
jet also decreases causing spot air flow. These comparisons paint a very clear picture regarding the 
effect that blockage ratio can have on volumetric flow and jet development. The 5 louver vent hence 
can provide greater comfort when compared to 6 or 4 louver vents. 

Pressure drop across the louver are affected by the flow rate and blockage ratio. The larger the 
flow rate is, the greater the pressure drop through a restriction is, as shown in Figure 8. Conversely, 
when the flow rate decreases, so does the pressure drop. Our results also implies that the vent with 
larger restriction or blockage ratio will require higher energy to operate the blower at the same flow 
rate attributed by the larger pressure drop. That means, the vent having 6 louvers will require far 
more energy to operate in comparison to the vent with 4 louvers. Typically, pressure drop 
corresponds with sound; if there is a significant pressure drop, more noise from the ventilation 
equipment will be heard. When the pressure drop is modest, the equipment is quieter. 
 

 
Fig. 8. Graph of pressure drop (Pa) against blockage ratio at different flow rates 
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From Figure 9, the maximum velocity for each blockage ratio increases, but when the blockage 
ratio changes from 5 louver vent to 6 louver vent, the maximum velocity takes a steep decline. This 
proves that the restriction caused by a huge blockage ratio, in this case 6 louvers, decreases the air 
speed in the vent. But, when the blockage ratio changes from 4 louvers to 5 louvers, the velocity does 
not decrease, but it increases. That further proves that the increasing blockage ratio will obstruct 
regular flow and cause hindrance in assuring comfort to passengers. 
 

 
Fig. 9. Graph of maximum velocity against blockage ratio at 
varying flow rates 

 
5. Conclusion 
 

This study investigates how the size of the louver and the blockage induced by the louver impacts 
the air flow characteristics in any restricted environment, filling a gap in the current literature. HVAC 
design is a difficult endeavor that necessitates well-informed design decisions and the effective use 
of analysis tools throughout the design process. The advancements in computational design have 
enabled the integration of open source and easily accessible software to analyze the role of louvers 
in ventilation, but a framework for their integrated usage is still required. There are several studies 
in the literature that focus on louver angles and vent design, but ventilation and blockage analysis 
are understudied. By combining 3D design, CFD, and open source software analysis, this research 
produced a number of conclusions that will have a substantial impact on comfort and energy 
requirement. The study may be seen as an attempt to better understand air flow characteristics while 
also giving a step-by-step tutorial on how to undertake CFD studies utilizing open source, free, and 
easily accessible CFD software. The main conclusions of study can be as follows: 
 

i. The study finds that the pressure drop increases with the increasing blockage ratio. At a 
blockage ratio greater than 3 i.e., for 6 louver vent, the pressure drop increases 
significantly at the inlet. Compared to 5 louver vent, the pressure drop increases more 
than 4% for 6 louver vent. 

ii. The velocity significantly drops for 6 louver vent, meaning the current 5 louver vent will 
provide thermal comfort as opposed to 6 louver or 4 louver vent. 
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