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ABSTRACT 
 

This study focuses on the numerical study of flow structure analysis around bluff bodies close to the 
downstream face of the free-channel surface. This was investigated using coefficient pressure, coefficient 
drag, lift coefficient and skin friction coefficient on high Reynolds number (ReH = 2.19 × 106). The general 
procedure for this research is formulated in detail for allocations in dynamic analysis of fluid computing. The 
numerical model used is the 2D RANS model (Steady Reynolds Averaged Navier Stokes) with the standard k-ɛ 
model by giving a flow rate of 40 m / s. This bluff body model will be given the addition of diffuser treatment 
on the back where the result will be compared to the model without the addition of diffuser and the addition 
of round shape on the top front on both models. From the research it was found that the coefficient drag bluff 
body with the addition of diffuser is bigger than bluff body without diffuser, it can be concluded that the 
diffuser angle used is too big causing the coefficient drag to become bigger. 
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INTRODUCTION 

Many research has been done to 

determine the fluid flow characteristics in 

crossing a bluff body. It is done for the sake of 

academic as well as to examine various forms 

of construction related to the technical 

application. In this study, the researchers 

tried to compare the fluid flow characteristics 

in bluff body given additional diffuser and 

without the diffuser. 

The diffuser is one of the most important 

aerodynamic devices often found on F1. It is 

often used to reduce lift for race cars. In 

recent years, the diffuser has also been 

widely used in ordinary cars. The diffuser can 

work to both reduce drag and increase the 

downforce of cars placed in the rear section 

of an underside of a car. 

Yakhot and Liu conducted an 

experimental study of flow on bluff body 

showing that the flow type is characterized 

by a horseshoe whirl in the downstream face, 

an arc vortex in the wake region, the flow of 

separation on the side and top walls of 

obstacle and vortex shedding. Krajnovic and 

Davidson show numerical counter-rotating 

vortices downstream on the wall-mounted 

cube. 

Lee investigated numerically the high-

gap effect of the ground by using unsteady 

wake flow fields on the bluff body model area 

close to the ground. He reported that the 

vortex was started to explain the interaction 
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between the upper shear layer separation 

and the upwash layer in the gap region. 

Gurlek et al. conducted experiments to 

investigate flow structures around the body-

oriented bluff body with zero yaw angle 

referenced in the direction of free flow. In the 

vertical symmetry area, a large reversed flow 

is observed at the top of the model and found 

that the distance of the leading edge 

reattachment is x / H = 1.3. But the point 

spacing of the reattachment on the side wall 

in the horizontal symmetry of this model is 

about x / H = 1.06 with H as the height of the 

model. From the research, there is a higher 

fluctuation rate along the upper sliding layer 

due to the higher level of momentum. 

This research aims to study the effect of 

adding a diffuser on the bluff body at the rear 

and comparison with no addition of diffuser. 

This research will use the 2D RANS (Steady 

Reynolds Averaged Navier Stokes) numerical 

method of standard k-ɛ models on high 

Reynolds number (ReH = 2.19 × 106). 

Numerical Method 

This study will be compared form bluff 

body without additional diffuser with a bluff 

body with an additional diffuser. In Figures 1 

through 3, it describes the dimensional shape. 

The geometric model is used for meshing like 

mesh in Figures 4 and 5. 

 

 

Fig 1. Dimensions and boundary conditions of numerical simulations 
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Fig 2. Bluff body With Additional Diffuser 

 

Fig 3. Bluff body Without Additional Diffuser 

 

 

 

 

 

 

 

 

 

Fig 4. Meshing bluff body with the addition of 

Diffuser 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig 5. Meshing bluff body without adding 

Diffuser 

a. Governing Equation 

Using Reynold's average equation of mass 

and momentum: 
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respectively; u1 and u2 are the 

components of average velocity;   is a 

component of Reynolds voltage which 

indicates the speed fluctuations; P is 

pressure, and  is the density of the fluid. 

 
The general equation in this simulation 

Continuity: 

           (1) 

Momentum: 

 

 

b. Two Equation 

Standard k-ɛ 

The turbulent k-ε model the current 

standard of turbulence models is most 

widely used for practical engineering 

flows as they are strong, economical 

and provide adequate accuracy for 

various currents. The model transport 

equations for k and ε, For steady flow, 

are given in the literature. 

The formula for k-ε for steady state 

and an incompressible flow: 

 

 

 

 

With value C1ε = 1.44, C2ε = 1.92, Cμ = 

0.09, σk = 1.0, σε = 1.3 

 

Discussion 

The total drag and lift coefficient for the 

bluff body with the addition of diffuser and 

without the addition of diffuser are shown in 

Table 1. From Table 1, we can find when the 

bluff body with the addition of diffuser 

coefficient total drag is greater than bluff 

body bluff body without the diffuser and the 

total coefficient of lift larger than the bluff 

body without the diffuser. this is due to the 

addition of diffuser with an angle that is too 

large such as research conducted Xinjun Hu 

at al (2011) where they do research on the 

body sedan that was given the addition of 

diffuser on the back of the body with different 

diffuser angle variation (range 00-120). 

Research concludes that a diffuser with a 

large angle of 60 has a smaller drag 

coefficient. 

Table 1. The amount of drag coefficient on the 
bluff body model 

Model Cd Cl 

Without Diffuser 0.119 -1.572 

With Diffuser 0.602 -0.546 

 

Comparative analysis can also be seen 

from the following figures 6 and 7: 
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Fig 6. Pathline Velocity Model Bluff body with Additional Diffuser 

 

 

Fig 7. Pathline Velocity Model Bluff body Without Additional Diffuser 

Figures 6 and 7, the point of stagnation 

can be seen in areas marked with red circles 

on the back of the body. The front of the bluff 

body is marked with a purple circle where 

there is a bubble separation, in addition, the 

diffuser has a smaller and shorter bubble 

separation than without the addition of 

diffuser. This is due to the bottom of the bluff 

body model there is a gap that caused a 

considerable pressure difference in the gap 

area and free stream near the body. 

The front of the body is marked with a 

purple circle that also looks blue, shown by 

arrows. This states that the area has a small 

velocity and great pressure, while the area 

near the gap has a higher velocity and lower 

pressure. Because of this pressure difference, 

the adverse pressure gradient occurs so that 

the flow is subsequently separated by the 

flow of energy from the free stream that can 

define the flow attach back to the contours 

then bubble separation occurs. Because of the 

difference in speed in both large areas of the 

bluff body model with the addition of the 

diffuser, it provides a small bubble 
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separation. For more details see Figures 8 

and 9. 

Figures 8 and 9 show the rear of the bluff 

body model with the addition of a diffuser 

there is a small bubble separation close to the 

top, while at the rear of the bluff body model 

without the addition of a diffuser provides a 

larger bubble separation compared to the 

model with the addition of diffuser. This is 

due to the back of the bluff body model with a 

diffuser there is a steering that causes a 

considerable pressure difference in the back 

of the upper and lower body. In an elliptical 

picture, the pressure on the upper area of the 

upper body is greater than the lower body of 

the addition of the diffuser and the pressure 

on the lower body is greater than the upper 

body of the model without the diffuser. 

Because of this pressure difference, an 

adverse pressure gradient occurs so that the 

flow is subsequently absorbed by the flow 

energy of the free stream that is capable of 

deflecting the attach flow back to the contour 

and bubble separation occurs. Because of the 

difference in speed in both large areas of the 

bluff body model with the addition of a 

diffuser, it provides a small bubble separation 

and the area is at the top. On the front with 

the addition of round shape on the top of the 

front can reduce the occurrence of bubble 

separation at the top of the two models bluff 

body. 

 

 

Fig 8. Contour Velocity On Bluff Body Model With Diffuser Addition 

 

 

Fig 9. Contour Velocity In Bluff Body Model Without Diffuser Addition 
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CONCLUSION 

Based on the results of the research and 

discussion above, some conclusions can be 

drawn as follows: 

a. The addition of a diffuser with an overly 

velocity angle to the bluff body gives the 

result of a larger drag coefficient than the 

bluff body without additional diffuser. 

b. In this research coefficient drag bluff 

body with the addition of diffuser is 

bigger than bluff body without diffuser, it 

can be concluded diffuser angle used is 

too big causing coefficient drag a become 

big. 
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