
Flow over Bluff Bodies using LES 

Mousa Farhadia, Kurosh Sedighia 
 

a Faculty of Mechanical Engineering, Mazandaran University, Babol, Iran 
 
ABSTRACT: Flow over tandem surface-mounted cubes in a channel was investigated numeri-
cally using Large Eddy Simulation (LES). The Selective Structure Function model was used for 
determination of eddy viscosity appears in the subgrid scale stress terms in momentum equa-
tions. Flow over this geometry has very complex phenomena such as several horse shoe vortexes 
and recirculation regions. The main objective of this study is identifying the features of flow past 
two in-line wall-mounted cubes in a channel for Reynolds number 22000. The LES results ob-
tained are in reasonable agreement with the experiment both qualitatively and quantitatively. The 
time-averaged streamlines and velocity vectors were compared with experiment that showed 
good correspondence. A result of this study includes time-averaged contours of turbulent inten-
sity and some details of flow parameters such as Strouhal number and drag coefficient. 

KEYWORDS: Tandem surface-mounted cubes- Large eddy simulation- Turbulent flow -
Selective Structure Function. 

1 INTRODUCTION 
Flow separation from the wall-mounted bluff bodies results in strong shear layers, along which 
turbulence production terms are large. The high turbulence levels increase diffusion by the shear 
layer of low momentum reverse flow in the near-wake, which strongly affects the local pressure 
gradients and increases mixing (Martinuzzi and Tropea [1]). In the far wake, the stream-wise 
vortices, such as the extensions of the horseshoe vortex, cause rapidly changing spanwise gradi-
ents, which increase heat, mass, and momentum transfer. 

Sakamoto and Haniu [2] have investigated the buffeting for tall (free-ended) square cross-
section, surface-mounted obstacles in a thick, turbulent boundary layer. Martinuzzi and Havel 
[3] have studied the buffeting of surface-mounted tandem cubic obstacles in a thin boundary 
layer. Havel et al. [4] experimentally investigated aerodynamic buffeting for moderate Reynolds 
number, turbulent flows around two- and three-dimensional bluff bodies in tandem. The observa-
tion of researchers showed several shedding regimes that could be identified due to the interac-
tion between the separated shear layer from the first obstacle and the lateral faces of the second 
obstacle. The general buffeting regimes are: (1) one-body regime (2D only) [4]; (2) bistable re-
gime (two no harmonic frequencies); (3) resonant (lock-in) regime; (4) quasi-isolated regime. 
Several studies have identified more than four regimes [2], but it is suggested that some of those 
represent transitions between mechanisms [4]. The one-body regime does not exist for the 3D 
geometry due to constant mass-flux from the top side. Also, the 2D resonant regime is less well 
defined as compared to the 3D case and needs further investigation and could identify at least 
three regimes [3&4]. Martinuzzi and Havel [5] investigated vortex shedding from two surface-
mounted cubes in tandem experimentally. In the present study, the flow structure and character-
istics over two surface-mounted cubes were investigated numerically using LES.   
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2 GOVERNING EQUATIONS AND COMPUTATIONAL DETAIL 

The application of the filtering operation to the continuity and Navier-Stokes equations gives the 
resolved Navier-Stokes equations, which, in dimensionless incompressible from, are: 
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In this study, the eddy viscosity ( tυ ) was evaluated using Selective Structure Function (SSF) 
models. More detail about this method was explained by Farhadi and Rahnama [6]. The govern-
ing equations were discretized using a finite volume method with staggered grid. The convective 
terms were discretized using Central Difference (CD) and third order Runge-Kutta algorithm 
was used for the time integration. The geometry considered in this study is consisted of two sur-
face-mounted cubes with a uniform velocity at the inlet (Fig. 1). The no-slip boundary conditions 
were used for all the walls and the outlet boundary condition was of convective type. The span-
wise boundary condition was selected as periodic. The minimum grid spacing used in the present 
computations is 0.0085H in x and y directions and 0.015H in z direction with grid expansion ra-
tio of 1.08. The numbers of grid points used in the present computations were 188×79×92 and 
195×79×92 for S/H=1 and 2 respectively. The average time in the simulation is 150H/Uinlet and 

22000/Re == υHU inlet  where H is the cube height and Uinlet is the velocity at the inlet.  
 

 
Figure 1. Geometry of problem and computational domain. 

3 RESULTS 

The turbulent flow over two surface-mounted cubes was investigated numerically using LES. 
Figure 2 shows oil visualization [3] of flow over two inline cubes that compared with time-
averaged streamlines from the computational data at the floor of the channel. The flow pattern 
upstream and on the sides of the leading obstacle is characterized by the presence of a horseshoe 
vortex system. The circulation due to the vortex induces a high shear region plate, which results 
in a white band of low pigment accumulation observed in Fig. 2a and 2b which is directly up-
stream of the horseshoe vortex (Fig. 3a&b). One of the complex phenomena in the flow over sur-
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face-mounted bluff bodies is the converging and diverging of flow pattern which the present 
study showed this structure.  

  
(a)                           (b) 

  
(c)                          (d) 
Figure 2. Time-averaged streamlines at the floor of the channel for S/H=1 and 2, (a and b) experiments [3] and (c 
and d) numerical results. 

  
                (a)                                              (b) 

  
                (c)                                              (d) 
Figure 3. Time-averaged vector plot at the center line of the channel for S/H=1 and 2. (a and b) experiments [3] and 
(c and d) numerical results. 

  
                   (a)                                              (b) 

   
(c) (d) 

Figure 3. Time-averaged turbulent intensity at the center line of the channel for S/H=1. (a and b) experiments [3] 
and (c and d) numerical results. 
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The results of computational data show reasonable agreement compared to experiments. It is ob-
served that some discrepancies compared to the experiments which maybe comeback to the grid 
resolution near the wall. At the center line plane of the cube, the vector fields show good agree-
ment with the measurement data (Fig. 3). It is observed that there are four recirculation regions 
in the flow field. The first recirculation region is the upstream of the first cube. The second and 
third are on the tope and rear of the first cube respectively. The fourth recirculation is at the rear 
of the second cube. It should be mention that there is no any recirculation at the tope of the sec-
ond cube for S/H=1 and 2. Figure 4 shows time-averaged turbulent intensity at the center line of 
the cube for S/H=1. It is shown that the center core of the recirculation regions has maximum 
turbulent intensity. There are some difference between numerical data and experiments espe-
cially at the distance between two cubes at S/H=2 that is due to the small different position of the 
recirculation center (Fig. 4b&d). 

Table 1 shows global parameters in flow over two wall-mounted cubes. The values of 
Strouhal number (St.) are very close to the experiment. The drag coefficient and root mean 
square value of drag coefficient are shown in this table.  

 
Table 1.Global characteristics of flow over two surface-mounted cubes were compared with experiments. 
contribution St LR/H CDCube1 CDrms(Cube1) CDCube2 CDrms(cube2) 
Present study S/H=1 0.1308 1.17 1.3609 0.06068 0.0152 0.152 
Present study S/H=2 0.112 1.2 1.3658 0.06105 0.3426 0.207 
Experiment[3]S/H=1 0.127 0.97 - - - - 
Experiment[3]S/H=2 0.096 0.82 - - - - 
  

3.1 Conclusions 
The flow over tandem two surface-mounted cubes was investigated numerically using LES. The 
time-averaged results of computational data show reasonable accuracy compared to experimental 
data. There were some recirculation areas at the upstream, rear of cubes and only tope of the first 
cube which predicted by numerical technique. With increasing the S/H ratio, the mean drag coef-
ficient increases over the second cube while it is approximately constant for the first cube. The 
root mean square of fluctuation drag coefficient decreases with increasing the S/H ratio over the 
second cube. 
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