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Numerical investigation of a non-circular cylinder (D-shaped bluff body) of fore body, 
geometrical effects on the drag as well as on the flow-field were simulated at the 
subcritical flow regime at a velocity of 26.84 m/s. The non-circular cylinder (D-shaped 
model) front surface for a positive pressure of the unsteady vortex generation in the 
near wake, the square plate was attached upstream of the non-circular cylinder as the 
base model. The forebody modifies the streamlines that separate from its edges to 
attach smoothly onto the front face shoulders of the main body, thereby converting 
the bluff body into an equivalent streamlined body, resulting in minimum drag. The 
height of the forebody (B1) is 25 mm, and the length of the front body (L2), was in the 
range from 0.25B2 to 1.75B2. The results obtained from the simulation are compared 
with the experimental results. The results indicate that the side faces and the rear faces 
are subjected to low pressure, whereas the front face is experiencing high positive 
pressure. With this flow pattern, the pressure drag coefficient assumes a substantially 
significant value in the range of 1.0 - 1.42. Such a high value of drag coefficient is 
particularly valid for bluff bodies with noncircular cross-sections with the sharp 
corners.  
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1. Introduction 
 

The base flow field is a critical study to understand the practical problem which has various 
applications in the automobile industry. When the front body or the base has the blunt base will 
result in the wake formation resulting in sub-atmospheric pressure, and that results in colossal drag 
at critical Mach numbers. Any drag reduction will result in increasing the efficiency of the engine and 
savings in the energy, as fossil fuels are depleting in nature. Fossil fuels may be available only for the 
next twenty-five years. Hence, there is a need to design the aerodynamic shape in such a way that 
results in minimum drag. Most of the study conducted in the field of base flows were mostly 
experimental. In view of the cost involved in the wind tunnel test, simulation of such flows 
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numerically is need of the hour. From the numerical results, we can arrive at the optimum solution 
and hence, reduction in the number of wind tunnel runs. 

Sowoud et al., [1] investigated experimentally with the non-circular cylinder shape in order to 
visualize the flow field, estimate the pressure coefficient (CP), and the front body drag. In their study, 
they investigated the pressure coefficient at different velocities (that is 15.34 m/s, 20.38 m/s, and 
26.84 m/s), the pressure coefficient (CP) is determined for with and without pipe. After the pressure 
coefficient, CP has determined the drag coefficient, CD for both cases with and without pipe cases. 
Since the simulation results were not available for this problem, hence the present study focuses 
attention on numerical simulation using Ansys software. Hence, their experimental results were 
validated with the simulation results.  

Suresh et al., [2] have found the drag coefficient through the simulations. They found the net 
drag coefficient (CD) and did not mention anything about the pressure coefficient, which is essential 
here to compare the results, especially for the base pressure and hence the base drag. The 
experimental results of Sowoud et al., [1] are to validate their experimental results from the 
simulation results. Sajali et al., [3] run the simulation test to discover the flow field and pressure 
coefficient, CP of the non-circular cylinder shape. However, they studied only at the speed of 
20.38m/s and their distance of a front body of a non-circular cylinder with 0 mm and 100 mm. The 
author labels the 0 mm and 100 mm distance of a front body of the non-circular cylinder as without 
pipe and with pipe respectively. Then, the flow field is shown in term of pressure, temperature, 
density, and Mach number. Thus, this study is a continuation of their work to show the influence of 
the distance of the front body of the non-circular cylinder and validate the pressure coefficient (CP) 
with the speed of 26.84 m/s.  

Khan et al., [4-8] obtained the effectiveness of microjets to control the based pressure by using a 
convergence-divergence nozzle with sudden expansion. The authors used the simulation results to 
compare with the experimental result with different parameter studies, which are the area ratio, 
length to diameter ratio, and NPR at different Mach number. Khan et al., [9, 10] identified the 
supersonic flow over a delta wing through an ANSYS simulation. Used the microjets to study the flow 
development [11-15] and pulse jet for heat transfer augmentation by using ANSYS [16]. A 
dimensionless ratio of the pressure is known as the pressure coefficient (CP) is commonly used to 
compare different pressures around a bluff body for a variety of flow conditions. The pressure 
coefficient, CP compares the pressure on the surface of the non-cylinder, P, to that at infinity, P∞ 
[17]. An approximate formula was introduced by using a semi-empirical relation by Garabedian for 
the drag of an isolated disk with a cavity wake, where CD is the drag coefficient of the drive based on 
its diameter [18].  

The nature of the wake also affects the bluff body itself [19]. Next, the boundary layer affects the 
wake around the bluff body [20]. There are also three different types of flow regimes and pattern 
could be identified for strakes close to the corner, optimum strakes configuration, and the third 
strikes close to the center. There is another factor that contributes towards drag reduction is the 
suction over the windward face [21]. There are two forms of separations from bluff bodies; they are 
the sharp-edged, and the continuous surface where the boundary layer is unable to resist some 
critical adverse pressure gradient [22]. The measurements on circular cylinders have demonstrated 
that a curved or serrated separation line restrained the periodic vortex shedding. Therefore, 
producing a steady base flow behind the cylinder and a corresponding increase in the base pressure 
[23]. The Computational Fluid Dynamics (CFD) is a numerical technique used to solve equations 
regarding fluid flow and heat transfer problems inside a defined flow geometry [24, 25].  

From the literature, most of the studies has been found for flow development using different 
object such as nozzle. Moreover, bluff body has been utilized for experimental study in order to 
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optimize the pressure and drag coefficient. However, theoretically it is intensely to obtain the 
visualization of the flow field by using the analytical approach. The visualization of the flow field from 
the experimental method is also a challenging task. This is because the visualization of the flow field 
needs to have a proper experimental setup and high cost of work. Therefore, the current focus of the 
study is to compute the flow field of a noncircular cylinder with the different distance of the front 
body and validate the pressure coefficient (CP) with the flow velocity 26.84 m/s. Thus, can get the 
simulation result and can compare to the experimental result with saving costs. 
 
2. Methodology  
 

In this study, the finite element analysis is used for solving the problem of fluid flow for a non-
circular cylinder. ANSYS software is utilized as a technique of modeling and simulation of flow fields 
that provide accurate results [26].  

2.1 Pressure Distribution 
 

The geometry of the finite element for fluid flow based on the designed square plate front body 
on the drag reduction and pressure distribution of a bluff body is shown in Figure 1. The square plate 
front body of a bluff body is designed which is 108 mm of length, and 100 mm of the width of the 
rear body [1] is formed to investigate the flow structure on the blunt-edged body. Further, the term 
called Vortex Flow Experiment (VFE-2). The primary objective of the VFE-2 test was to validate the 
results of Navier-Stokes calculations and to obtain more detailed experimental data. The VFE-2 
experiments were carried out for both sharp and blunt leading-edge shape delta wing [27-29]. 

 

 
Fig. 1. The geometry of 2D square plate front body of a bluff body 

 

The dimensions of the square plate bluff body are mentioned in Table 1. 
 

Table 1 
The dimension of 2D square plate front body of a bluff body 
B1 B2 D1 D2 L1 L2 L3 L4 R1 t1 

25 mm 100 mm 10 mm 8 mm 10 mm 0.25B2 to 1.75B2 mm 15 mm 43 mm 50 mm 8 mm 

 
2.2 Two-Dimensional Finite Element Model and Meshing 

The two-dimensional (2D) model of a bluff body with 0 mm distance of a square plate front body 
is shown in Figure 2(a). The two-dimensional (2D) model of a bluff body with a 100 mm distance of a 
square plate front body is shown in Figure 2(b). Both the 2D models were created by using ANSYS 

workbench [30]. 
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(a) (b) 

Fig. 2. 2D planar fluid body finite element (a) 0 mm and (b) 100 mm 
 

The final form of finite element meshing for a 2D model of a bluff body with 0 mm distance of a 
square plate front body is shown in Figure 3(a). Total, 20320 binary nodes were generated for the 2D 
planar model. The final form of finite element meshing for a 2D model of a bluff body with a 100 mm 
distance of a square plate front body is shown in Figure 3(b). Total, 43140 binary nodes were 
generated for the 2D planar model. Both the 2D models were created by using ANSYS workbench for 
an unstructured mesh with the number of elements that have been used were high to enhance the 
mesh quality. 

The meshing of the finite element for fluid flow and the number of elements used must be high 
to create a fine mesh in the close area at the edge of the planar body. It produces the most 
appropriate mesh for accurate and efficient solutions [31]. In the present case, the fine mesh is used 
with the number of divisions for edge sizing is 100 for all cases. The mesh is fine at the bluff body 
because we need to see the precise result for the bluff body. The volume area need not have high 
mesh. The triangle shape was used for an unstructured mesh with refinement to get smooth triangle 
shape of mesh with a high number of the element. 
 

  
(a) (b) 

Fig. 3. 2D planar fluid body meshing (a) 0 mm and (b) 100 mm 

 
2.3 Meshing Independence Study 
 

The grid independence study has been done with three relevance center which is for coarse, 
medium and fine in order to see which test has the closest value with the experimental result for 0 
mm distance of front body. The test results that the coarse test has some different value as compared 
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with the experimental results, while for medium and fine mesh have similar results when compared 
with the experimental result. Thus, the fine mesh has been selected for this study to evaluate the 
simulation result to compare with the experimental result. The meshing independence study is 
shown in Table 2. 
 

         Table 2 
          The meshing independence study for 0 mm distance of front body 

Mesh Type No. of Element CFD Runtime Total Pressure  

Coarse 26840 192 seconds -61.3961 Pa 
Medium 30368 372 seconds -55.7733 Pa 
Fine 39464 691 seconds -54.7262 Pa 

 
2.4 Validation of Finite Element Results 
 

In order to validate our present FE model, considered the experimental work of Sowoud et al., 
[1]. Sowoud et al., [1] have conducted experiments at the velocity of 15.34 m/s, 20.38 m/s and 26.84 
m/s for without and with pipe to see the flow field, to investigate the pressure coefficient (CP) and to 
determine the drag coefficient (CD). By comparing the experimental results of Sowoud et al., [1], and 
the present simulation result, the pressure coefficient, CP is comparable where the difference 
between each method is minimal and are in an acceptable limit. However, the graph of pressure 
coefficient, CP from the simulation is slightly different when compared with the experimental results 
of the pressure coefficient, CP. The difference in the results may be due to the unstructured mesh. 

The results of the pressure coefficient, CP from simulation also is not smooth as compared to the 
experimental values as shown in Figure 4(a) and Figure 4(b). The results indicate that the simulation 
values show fluctuations as compared to the results from experiments. This is because the results 
obtained from the simulation have a large number of data points, whereas the experiments were 
performed for limited discrete points.  
 

  
(a) (b) 

Fig. 4. Validation of result for 26.84 m/s (a) 0 mm and (b) 100 mm 

 
3. Results 
 

In this section, discussed the results of the simulations for different velocities and the distances 
between the front and rear body for the problem as shown in Figure 1. The ANSYS software already 
has the equations that required to proceed with calculation such as partial differential equation, 
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ordinary differential equation, and the energy equation. Hence, in this study used several equations 
and boundary condition to calculate the parameters. 

 
3.1 Pressure Distribution 
 

In this section the pressure variation from the inlet to the outlet of the 2D model of a bluff body 
for 0 mm, 25 mm, 50 mm, 75 mm, 100 mm, 125 mm, 150 mm and 175 mm distances of square plate 
front body with a velocity of 26.84 m/s. This pressure variation consists of total pressure only.  A 
numerical study was performed to accomplish and verified each [32]. The Figure 5, 6, 7, 8, 9, 10, 11 
and 12 show total pressure variation from the inlet to the outlet of the 2D model of a bluff body for 
0 mm, 25 mm, 50 mm, 75 mm, 100 mm, 125 mm, 150 mm and 175 mm distances of square plate 
front body by considering contours (Figure 5(a), 6(a), 7(a), 8(a), 9(a), 10(a), 11(a) and 12(a)) and plots 
respectively (Figure 5(b), 6(b), 7(b), 8(b), 9(b), 10(b), 11(b) and 12(b)). 

 

  
(a)                                                                   (b) 

Fig. 5. Total pressure for 0 mm distance of front body (a) contours and (b) plot 

 

  
(a)                                                                 (b) 

Fig. 6. Total pressure for 25 mm distance of front body (a) contours and (b) plot 
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(a)                                                                (b) 

Fig. 7. Total pressure for 50 mm distance of front body (a) contours and (b) plot 

 

  
(a)                                                                   (b) 

Fig. 8. Total pressure for 75 mm distance of front body (a) contours and (b) plot 

 

  
(a)                                                                   (b) 

Fig. 9. Total pressure for 100 mm distance of front body (a) contours and (b) plot 
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(a)                                                                    (b) 

Fig. 10. Total pressure for 125 mm distance of front body (a) contours and (b) plot 

 

  
(a)                                                                   (b) 

Fig. 11. Total pressure for 150 mm distance of front body (a) contours and (b) plot 

 

  
(a)                                                                   (b) 

Fig. 12. Total pressure for 175 mm distance of front body (a) contours and (b) plot 
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3.2 Mach Number 
 

In this section shows the velocity variation from the inlet to the outlet of the 2D model of a bluff 
body for 0 mm, 25 mm, 50 mm, 75 mm, 100 mm, 125 mm, 150 mm and 175 mm distances of square 
plate front body with a velocity of 26.84 m/s. This velocity variation consists of Mach number only.  
A numerical study was performed to obtain and verify each. The Figure 13, 14, 15, 16, 17, 18, 19 and 
20 show Mach number variation from the inlet to the outlet of the 2D model of a bluff body for 0 
mm, 25 mm, 50 mm, 75 mm, 100 mm, 125 mm, 150 mm and 175 mm distances of square plate front 
body by considering contours (Figure 13(a), 14(a), 15(a), 16(a), 17(a), 18(a), 19(a) and 20(a)) and plots 
respectively (Figure 13(b), 14(b), 15(b), 16(b), 17(b), 18(b) ,19(b) and 20(b)). 

 

  
(a)                                                                   (b) 

Fig. 13. Mach number for 0 mm distance of front body (a) contours and (b) plot 

 

  
(a)                                                                     (b) 

Fig. 14. Mach number for 25 mm distance of front body (a) contours and (b) plot 
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(a)                                                                       (b) 

Fig. 15. Mach number for 50 mm distance of front body (a) contours and (b) plot 
 

  
(a)                                                                       (b) 

Fig. 16. Mach number for 75 mm distance of front body (a) contours and (b) plot 

  
(a)                                                                  (b) 

Fig. 17. Mach number for 100 mm distance of front body (a) contours and (b) plot 
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(a)                                                                  (b) 

Fig. 18. Mach number for 125 mm distance of front body (a) contours and (b) plot 

 

  
(a)                                                                   (b) 

Fig. 19. Mach number for 150 mm distance of front body (a) contours and (b) plot 
 

  
(a)                                                                            (b) 

Fig. 20. Mach number for 175 mm distance of front body (a) contours and (b) plot 
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4. Conclusions 
 

The simulation of a non-circular cylinder with various distance of front body has been successfully 
studied by using an analytical and numerical method. The dimensionless terms for pressure 
coefficient are used and compared with the experimental result. The Bernoulli equation is also used 
as used by [1-3] for analytical calculation in ANSYS software. Furthermore, the ANSYS software is 
used to generate the non-circular cylinder flow field numerically and to prove the analytical method 
from research papers of [1-3]. From the simulation result, it is seen that a large wake zone at the back 
of the non-circular cylinder is formed. The flow field streamlines from the simulation result are 
smooth with the colors variation. The difference between all cases which are 0 mm, 25 mm, 50 mm, 
75 mm, 100 mm, 125 mm, 150 mm, and 175 mm distances of square plate front body, it shows the 
different flow field for all cases. The results show that the flow field from the numerical method is 
the same as seen from the research papers from [1-3].  
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