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The blunt base either in the front or at the rear portion of the vehicles is prevalent and 
is found in railways where the front and rear portions the coaches are blunt, which 
results in zero velocity and hence the stagnation pressure, which is undesirable. The 
aim of this study is to investigate the effect of the splitter plate on the wake control of 
a bluff body. A rectangular bluff body of dimension 50 mm x 60 mm is controlled by a 
splitter plate positioned at the front of the bluff body as a passive control technique. 
The variation of the splitter plate length with respect to the height of the bluff body 
was considered. In the present study, K-epsilon enhanced wall treatment turbulence 
model has been used for the validation of the simulation results with the existing 
experimental data. The experimental results agree with the simulation's results with a 
significant impact of upstream splitter plate on the drag reduction in a turbulent flow. 
From the results, it is found that the splitter plate is useful to decrease the drag by 
controlling the flow field.  
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1. Introduction 
 

In the field of external aerodynamics and automobile engineering, the subject of drag reduction 
is a significant problem with various applications. Splitter plates have been widely used in the 
aerospace industry where it can be found in some aircraft. The basic principle of the splitter plate is 
by dividing the flow field and diverting the boundary layer that becomes a source of vortex shedding 
[1]. This is usually away from a body that is being controlled, and in this study, a rectangular bluff 
body flow filed is controlled by the splitter plate. 

From literature, splitter plate is also known as a passive control in the external aerodynamics. The 
splitter plate controls the flow by reducing the drag, and the passive control divides the flow through 
the splitter plate and reduces the wake region [2]. A bluff body is characterized by a body that resists 
the flow of fluid and forms a vast wake region with the stagnation region. Due to this, the value of 
drag is considerable [3]. This is due to the massive wake that is present on the body. Unlike a 
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streamlined body, the drag is minimal compared to the bluff body. The difference between a bluff 
body and a streamlined body is seen mostly on the geometry [4] of the bodies, and the effects of the 
bodies have been experimented and analyzed by Konstantinidis et al., [3]. Numerical simulation of 
CD nozzle and effect of microjet control studied thoroughly from the previous authors using k-epsilon 
turbulence model, and they proved this type of model is suitable for optimizing inlet flows [5-9], the 
similar model experimentally studied well and also validated some cases with simulations results [10-
18] circular cylinder [19], wedge [20,21], rectangular channel [22], and backward-facing step model 
[23]. 

One of the significant problems in the field of aerodynamics is to reduce drag. The problem of 
aerodynamic drag can be treated in many ways; however, the proper and careful study should be 
made. Various types of experiments had been conducted to understand how fluid flows across an 
object. It can be done by the flow visualization by smokes or fluids such as water past through an 
object. The experiment related to this paper was conducted at a high-speed aerodynamics 
laboratory, Indian Institute of Technology, Kanpur [24]. From his paper, with a splitter plate, the value 
of drag is reduced when varying the length of the splitter plate; however, this is most effective at 
zero angles of attack. Meanwhile, from the literature study, it has been found the experimental work 
has been done for splitter study. Hence, the focus of the present work is to validate the results of the 
wind tunnel tests and the effect of the splitter plate length and location with the CFD software. 
Therefore, computational fluid dynamics has been used to visualize the flow, and simulation was 
done with the help of ANSYS software. 
 
2. Problem Formulation  
 

The fundamental approach and conditions of the experiment were similar to Rathakrishnan [24], 
as shown in Figure 1. However, the experiment is fully simulated in CFD software. The rectangular 
bluff body has a dimension of 62 mm x 50 mm with varying lengths of the splitter plate. Unlike in 
Teksin et al., [25] and Gurram et al., [26], the splitter plates are not flexible. Moreover, the position 
of the splitter plate is fixed at the center of the bluff body, and the angle of attack is also fixed to 0 
degrees. Figure 1 shows the schematic model of the experimental setup prepared by Rathakrishnan 
[24]. For this paper, the same model is to be used; however, a different set up is made. The wind 
tunnel modeled for the simulation is of different size. Besides, a 2D model is used to obtain the 
results.  

 

 
Fig. 1. Experimental setup by Rathakrishnan [24] 
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3. Finite Volume Method  
3.1 Design and Modeling 

 
The shape of the object is taken from the side view in order to design a two-dimensional (2D) 

model. With this, it is easier to know where the flow will go through and hit the splitter plate. The 
geometry for 2D is created, as shown in Figure 2. Few constraints have to be made to ensure the 
geometry is created correctly. The first constraint would be the horizontal lines are created so that it 
is parallel to the y-axis and the horizontal line is made so that it is parallel to the x-axis. The other 
constraints would be specific 2 lengths are to be made symmetry with respect to a specific line. As 
for example, the top and bottom part of the bluff body is both symmetries with respect to x-axis as 
its center. 

Moving on from that, as had been mentioned, the test section for the body was in a wind tunnel; 
therefore, a rectangular test section is built to match the wind tunnel. With this, a more accurate 
representation of the 3D model is created for the 2D.  

 

 
Fig. 2. Two-dimensional finite element model 

 
From Figure 2 above, the rectangular section is already created to match the wind tunnel 

condition. Therefore the geometry is now ready for surfacing. The surfacing will give the geometry a 
surface with material. The material of the surface can be changed during the setup step. The surfacing 
tool is found under the concept of toolbar. Only after surfacing, then the geometry is ready for 
meshing. The surfacing of the geometry would look as of Figure 3. 

 

 
Fig. 3. Geometry with control volume 
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3.2 Meshing and Boundary Conditions 
 

The crucial part of the simulation is meshing. According to Sadrehaghighi [27], suitable meshes 
leads to good results. Therefore, careful consideration has been made on the mesh generation. 
Figure 4 shows the meshing of the bluff body with the splitter plate. It can be observed that the mesh 
is denser at the body because that is the part of flow where high stresses are present. The meshing 
from Akhtar et al., [6] also has a high meshed area in the highly stressed area. The element size is 
defined by several divisions. The meshing surface is made up of triangular meshes, and this is clearly 
seen in Figure 4 at the zoomed areas. Table 1 illustrates the elements which used mesh the model. 

 

 
Fig. 4. Two-dimensional FE mesh model close view of the model 

 
Table 1 
Number of elements generated for each 
L/h 

L/h 
Number of Elements (triangular 
cells) 

0 8128 
1/4 8564 
1/2 8848 
1 9554 
3/2 10460 
2 9910 
3 11500 

 
For the selection of the turbulence model, a proper turbulence model was selected and used, 

which is also recommended from the previous authors [28-30]. Therefore, in the present work, K-
epsilon turbulence model has been used for the simulation with enhanced wall treatment at near-
wall function. Apart from that, K-omega is not used as it works well with lower Reynold’s number 
[29,31] for 2D model. However, for a 2D model, an advanced turbulence model is used for better 
results. Table 2 shows the applied boundary conditions for the two-dimensional model. 
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Table 2 
Two-dimensional boundary conditions 
Turbulence Model K-Epsilon 

K-epsilon Model Standard 
Near-Wall Treatment Enhanced Wall Treatment 
Fluid Air, ideal gas, viscosity by 

Sutherland law 
Inlet Velocity 16.18 and 24.8 (m/s) 

Solution initialization Standard, from Inlet 

 
3.3 Mesh Independence Study 
 

To check the quality of mesh of the present work. It is considered three types of mesh types by 
changing the number of element division or element size (Table 3). To optimize the result, considered 
only one case of splitter plate length of L/h=1/4. From the results, it has been found that the higher 
mesh type model (elegant) has quite good results when it is compared to the experimental result of 
Rathakrishnan [24]. Therefore, for further cases of present work considered the mesh types as 
elegant. 

 
Table 3 
Mesh Check 
Mesh Type Number of Elements  CPU Run Time CFD Result 

Coarse 5,431 13 minutes 0.2215 
Medium 6,639 15 minutes 0.2661 
Fine 8,564 19 minutes 0.2822 

 
4. Results and Discussion 
 

This section explains the results for a given problem in terms of numerical simulation, which is 
obtained for all cases of the current study. 
 
4.1 Experimental Validation 
 

Experimental results from Rathakrishnan [24] are observed. The results from the experiment are 
the change of drag coefficient (Cd) and pressure coefficient (Cp) with the variation of splitter plate 
length. The graph of Cd and Cp vs. L/h is to be plotted in this paper as well and compared with results 
from Rathakrishnan [24]. The graphs taken below are only for a single angle of attack of zero degrees 
with the splitter plate placed at the center of the bluff body. Under this section, the graph of Cd vs. 
L/h from [24] to be compared with the results achieved in this paper. Figure 5 shows the results of 
drag coefficient variation with respect to splitter plate length variation from Rathakrishnan [24] and 
comparison with the present numerical simulations.  

Figure 5 indicates that simulation and experimental results show a similar trend of decrease of 
drag coefficient Cd with a more extended splitter plate. This validates the effect of splitter plate to be 
able to reduce the drag in the bluff body. However, while comparing the values of the Cd, it is seen 
that there is a difference in the values of drag coefficients. The differences in values can be attributed 
due to several factors. The first factor is that the experiment results represent the exact values 
provided without any errors during the measurements. The experimental results are the measured 
values at fixed locations, whereas the simulations results are the average values on the entire area.  
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On the other hand, simulation through CFD represents the ideal situation where, during the 
initialization, most parameters are set to be for ideal conditions. The simulation is based on a 
mathematical model that leads to solving the system of equations. However, despite the differences 
in values of Cd in the results, both results from experiment and simulation can visualize the effect of 
the splitter plate on a bluff body. 

 

 
Fig. 5. Graphical validation of the present results 

 
4.2 Without Splitter Plate 
 

Data for the drag coefficient, total pressure variation, velocity variation, and flow visualization 
are presented in Figure 6 and 7. Flow visualization is presented in the form of contours and vector 
contours.  

For the preliminary results, it is seen that on a bluff body without flow control is dominated by 
vortex found at the leading corner of the body, as seen in Figure 6 and 7. The results for this 
preliminary part corresponds to the results of the experiment from Feuvrier [32]. Apart from that, 
the pressure variation is high only near the body (Figure 6 and 7). At the side of the body, the pressure 
has a negative value, and on top of the body and at the back of the body, the pressure is almost zero, 
and this indicates the formation of the wake region. Besides, at the front of the body, the low-
pressure region is also formed, causing the flow to result in high values of drag. According to Roshxot 
[33], the critical region for the bluff body is near the vortex formation. There is a close relation 
between drag and wake in order to control the wake region; the drag must be reduced. With the 
reduction of drag, the wake becomes smaller [34]. From the vector Figure 6 (c) and 7 (c), the zoomed 
figures clearly show the movement of fluid in the recirculation region, indicating the wake region 
formation at the back of the bluff body. 



CFD Letters 

Volume 11, Issue 11 (2019) 25-38 

31 
 

  
(a) (b) 

 
(c) 

Fig. 6. Velocity = 16.18 m/s (a) total pressure contour (b) velocity contour (c) vector 

 

  

(a) (b) 

 
(c) 

Fig. 7. Velocity = 24.8 m/s (a) total pressure contour (b) velocity contour (c) vector 
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4.3 With Splitter Plate 
 

This section illustrates all the results of the pressure and drag coefficient of the defined problem 
in figure 1. 

  
4.3.1 Pressure coefficient 

 
Results for the pressure coefficient of the rectangular bluff body with a variable length of the 

splitter plate is presented in Figure 8 and 9. From each figure, they contain 3 different graphs for 
pressure variation at three different parts of the body. The first part is where the pressure coefficient 
is taken from the whole body with a splitter plate; the other is the front face and rear face of the 
bluff body. 

From Figure 8 and 9, it is seen that the values of the pressure coefficient for the whole body with 
a splitter plate increases with more extended splitter plate. The pressure variation remains the same 
when taken at the front and back face of the bluff body. For the whole body with a splitter plate, the 
pressure attains negative value and later decreases in magnitude approaching zero until L/h is 0.5, 
then the value increases in magnitude. The linear increase in pressure can be seen from L/h = 2 to 
L/h = 3. As for the pressure variation at the rear face is concerned, there is an increase in the 
magnitude of the pressure coefficient. However, the values are negative. The results for pressure 
coefficient variation in Rathakrishnan [24] show that the pressure increases until L/h = 1; however, 
decreases and L/h 1.5 and above there is again increased in the pressure coefficient. With the change 
of velocity, the effect of splitter does not change. From the figures, the critical L/h can range from 1 
to 1.5; this matches a result of experimental work of Rathakrishnan [24], where the author states 
that a critical L/h is about 1. 

 
4.3.2 Drag coefficient 
 

Results and the effect of splitter plate length variation on the drag coefficient are presented in 
Figure 10. Three separate graphs are plotted for three different sections of the splitter plate, and 
they are the splitter plate in the front face of the bluff body and the rear face of the bluff body. This 
helps the study of drag variation at different parts of the body for analysis. The Figure 10 show that 
by increasing the length of the splitter plate, the value drag coefficient decreases progressively. When 
taking the drag coefficient at the back of the body, the effect differs. 

Figure 11 indicates that for drag at L/h more than 1, the drag increases with a more extended 
splitter plate. This shows the wake region formed at the back of the body (rear) is significant with the 
long splitter plate. The drag coefficient decreases for the front part of the body, and hence, the 
splitter plate reduces the drag at the front part of the body. However, the drag decreases at the back 
of the bluff body resulting in the wake region, a low-pressure region. The results for the drag variation 
show similar trends for both the velocities of the present study. 
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(a) 

 
(b) 

 
(c) 

Fig. 8. Pressure coefficient variation at Velocity = 16.18 m/s 
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(a) 

 
(b) 

 
(c) 

Fig. 9. Pressure coefficient variation at Velocity = 24.8 m/s 
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(a) 

 
(b) 

 
(c) 

Fig. 10. Drag coefficient variation at Velocity = 16.18 m/s 
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(a) 

 
(b) 

 
(c) 

Fig. 11. Drag coefficient variation at Velocity = 24.8 m/s 
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5. Conclusions 
 

In the present study, the influence of a splitter plate placed on a bluff body in the front as well as 
at the rear is studied with the help of the CFD method for two different velocities. Experiment results 
compared using the CFD method, and they are found to be in good agreement. While comparing the 
simulation results with the experimental data, the results show the variation of pressure values with 
the length of the splitter plate. However, the drag coefficient is found to be increasing with the length 
of the splitter plate. The slitter plate can reduce the drag coefficient, but it is only possible for the 
front face of the bluff body. When looking at the drag coefficient at the rear part of the body, the 
results are reversed, and this corresponds to the formation of the vortex and an increased wake 
region. While comparing the simulation results with the wind tunnel experimental values, the effect 
of splitter plates in reducing the drag is on the similar line with that of Rathakrishnan [24]. 
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