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A B S T R A C T 

This study investigates effect of turbulence models and boundary layer simulation 

methods on the accuracy and run time of numerical simulation of the recirculation zone 

after the backward facing step. Expansion ratio and aspect ratio of the backward-facing 

step are 2.02 and 8, respectively. The numerical simulations are conducted in 6847 and 

4926 Reynolds number (based on the hydraulic diameter of inlet channel and average inlet 

velocity). The Shear Stress Transport (SST) and the standard turbulence models are 

utilized and two cases of unstructured mesh are considered:1) near-wall coarse mesh and 

2) near-wall fine mesh.The results show that the SST turbulence model predicts the 

reattachment length more accurately than the model along with enhanced wall treatment. 

Although, the standard model is less accurate, it's required CPU time is significantly 

shorter than the SST model. This study investigates effect of turbulence models and 

boundary layer simulation methods on the accuracy and run time of numerical simulation 

of the recirculation zone after the backward facing step. Expansion ratio and aspect ratio 

of the backward-facing step are 2.02 and 8, respectively. The numerical simulations are 

conducted in 6847 and 4926 Reynolds number (based on the hydraulic diameter of inlet 

channel and average inlet velocity). The Shear Stress Transport (SST) and the standard 

turbulence models are utilized and two cases of unstructured mesh are considered:1) near-

wall coarse mesh and 2) near-wall fine mesh.The results show that the SST turbulence 

model predicts the reattachment length more accurately than the model along with 

enhanced wall treatment. Although, the standard model is less accurate, it's required CPU 

time is significantly shorter than the SST model.. 
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1. Introduction 

 Accuracy of numerical simulation results can be 

affected by various factors such as computational 

domain, mesh distribution, boundary layer modelling 

methods, turbulence models and etc. Backward-

facing step is a fundamental flow in fluid mechanic 

and reattachment length after step can be used for 

assessment of the methods applied in computational 

fluid dynamic (CFD). For this purpose, numerical 

simulation results ought to be compared with the 

experimental results. 

  Many researchers have conducted the numerical 

simulations on the reattachment length of the flow 

after backward-facing step. [1] And [2] are the 

experimental works performed in a wide range of 

flow regimes (laminar, transient and turbulent), and 

have been used to verify the numerical simulation 

results of two-dimensional and three-dimensional 

backward-facing step, respectively. [3], [4] and [5] 

used the numerical simulation to study the flow over 

backward-facing step which had been experimentally 

modelled by [1]. And also, [6] simulated numerically 

the backward-facing step which had been 

experimentally modelled by [2]. Here, the simulation 

results of three-dimensional backward-facing step 

models are compared with the results of Ref. [2]. 

 This study investigates the effect of turbulence 

models and boundary layer modelling methods on the 

reattachment length that takes place after backward-

facing step. The governing equations and turbulence 

models are presented in section 2. Then, 

characteristics of computational domain, such as the 

geometry of the domain and boundary conditions, and 

also numerical methods for solving equations are 

described in the section 3. Finally, results and 

conclusion of paper is presented in section 4. 

  

 

         2. Materials and Methods 

       For accurate prediction of a given physical 

phenomenon, its governing equations ought to be 

known. In the first subsection, the governing 

equations of fluid flow are presented. Turbulence 

models applied in this paper are then briefly described 

in the second subsection. 

 

      2.1. Navier-Stokes equations 

 Governing equations of incompressible turbulent 

fluid flow over the three-dimensional backward-

facing step can be expressed as: 
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 where, 


is the mass density of fluid, t is the time, V 

is the velocity vector, P is the static pressure, 


 is 

the dynamic viscosity, u, v and w are respectively the 

velocity vector components in the x, y and z 

directions [7]. 

 

 2.2. Turbulence models 

  

 In this study, standard k-  model along with 

enhanced wall treatment and SST k-  turbulence 

model is employed. The standard k-  turbulence 

model is a two-equation turbulence model. Partial 

differential equations for the turbulent kinetic energy 

( k ) and the turbulent dissipation rate ( ) in the 

standard k-  model can be expressed as [8]: 
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 where, t is the turbulent viscosity, kS
 and 

S   are 

source terms, k  and   are the turbulent Prandtl 

number for k  and   respectively, 1C  and 2C  are 

constants and S is the modulus of mean rate-of-

strain tensor which can be calculated using the 

following formula: 
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 The turbulent viscosity (
t ) is computed by: 
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 where, 
C   is a constant parameter. Closure 

coefficients for above equations are: 

 

 
1 21.0,  1.3,  1.44,  1.92,  0.09k C C C    = = = = =  

 

 The SST k-  turbulence model is a k-  based model. 

Therefore, in this model, two partial differential 

transport equation is solved for the turbulent kinetic 

energy ( k ) and specific turbulent dissipation rate (

). The SST k-  turbulence model uses the standard
k-  model for modelling near-wall regions, and the 

standard k-  model for modelling the regions far 

from the walls. The partial differential equations for 

this model are [9]: 
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 Auxiliary relations for above equations are: 

 

  
 

  
 

  
 

  

  

  

  

 where, kG
is the generation of turbulence kinetic 

energy due to mean velocity gradient, kS
and 

S  are 

source terms. The switching function is defined as 

[10]: 
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 where, 1F
 and 2F

are the blending functions, d is the 

distance to the nearest wall and ,2  is a constant 

parameter which is equal to 1.168. The turbulent 

viscosity ( t ) is computed by: 
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 where, S is the strain rate magnitude and 1a
is a 

constant parameter which is equal to 0.31. 

 

 2.3. Computational Domain 

  

 In this study, the reattachment length after the step is 

selected for assessing the turbulence models. The 

backward-facing step with expansion ratio 2.02 and 

aspect ratio 8 is considered. The numerical 

simulations are conducted in the 6847 and 4926 

Reynolds number (based on the hydraulic diameter of 

inlet channel and average inlet velocity) and results 

of the numerical simulation are compared with 

available experimental data [2]. Fig. 1 shows a 

schematic view of the computational domain and 

boundary conditions of the backward-facing step. 

The step height (S) is 1 cm, channel height before the 
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step (h) and channel height after the step (H) are 0.98 

cm and 1.98 cm, respectively. The channel width (w) 

is 8 cm but due to the symmetry condition of the flow 

in the channel, half of the channel is considered and 

symmetry plane boundary condition is used instead. 

Because of using the fully developed velocity profile 

fitted to the experimental data [2] for inlet boundary 

condition, Length of the inlet channel is considered 

equal to the step height. Length of the channel after 

the step (L) is 40cm (40S). This length ensures that 

the flow downstream of the step be fully developed 

again. 

 No-slip boundary condition ( 0,  0,  w=0u v= = ) is 

employed for all the walls and symmetry boundary 

condition is employed for the right side of the domain 

and half of the domain is not considered. The fully 

developed velocity profile fitted to the experimental 

data is applied to the inlet plane. For the outlet plane, 

flux diffusion of all flow variables in the outlet 

direction are set to zero. 

 

 

 

 

Fig.1. Schematic view of the computational domain geometry 

and boundary conditions 

 

 

 

 

 The above partial differential equations are solved 

with ANSYS FLUENT software and the finite 

volume method (FVM) is employed for discretizing 

these equations. For obtaining the pressure field and 

linking pressure field and velocity field, the Semi-

Implicit Method for Pressure-Linked Equations 

(SIMPLE) algorithm is used. These equations are 

solved on the tetrahedral element. Fig. 2 (a) shows the 

unstructured near-wall fine mesh for the SST k-  

turbulence model without wall function ( 1y +  ) and 

Fig. 2 (b) shows the unstructured near-wall coarse 

mesh for the k −  turbulence model with enhanced 

wall treatment. 

 

 

 

 

 
      a) Without wall-function           b) With wall-function 

 
Fig.2. Unstructured mesh of the backward-facing step 

 

  

  

 

 

 

         3. Results and discussions 

  

 Due to separation of the flow on the step, primary 

recirculation zone after the step takes place. Fig. 3 

shows the primary recirculation zone after the step in 

the 6847 Reynolds number that obtained by SST k-

turbulence model and without wall function. Even 

though this study focuses on the reattachment length 

of the primary recirculation zone, secondary 

recirculation zone on the top wall is captured (see Fig. 

3). 

 

 The reattachment length is defined as the distance 

between the edge of step to the point with zero 

velocity in flow direction (u=0). The results of 

numerical simulation such as simulation CPU time 

and the reattachment length of every simulation case 

are given in table 1. In this table, the error of 

estimations ( Er ) is calculated by: 

  

 ,exp ,num

,exp

100
r r

r

L L
Er

L

−
=                                      (16) 

 

 where, ,exprL
 is the experimental reattachment 

length and ,numrL
is the numerical simulation 

reattachment length. 

  

 The results show that the SST k-  turbulence model 

in comparison with the k-  model has more plausible 

results considering experimental data,but needs more 

CPU time. Because of using the enhanced wall 

function in the k-  model, required number of 
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elements is reduced and consequently the total CPU 

time and accuracy of the results are reduced. 
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Fig.3 Streamline of velocity in Re=6847 

 

 

 

 
  

 Table 1. Results of numerical simulations 

 

  

  

  
 

  

 

        

        4. Conclusion 

 

For simulation of the flow over the three-dimensional 

backward facing step the standard k-  model along 

with enhanced wall treatment and the SST k-  

turbulence model is used. Assessment of the accuracy 

and run time of these models show that the SST k-  

model along with refinement mesh near the walls is 

an accurate model and can be used where the 

minimum required accuracy is relatively high. Also, 

the k-  model is an economic model which is used 

for initial estimating in engineering applications with 

less computational cost. 
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