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Introduction 

 Fluid flow over a backward-facing step is fundamental in 

design & geometry and is found in a variety of engineering 

applications. It is one of the most important problems used in 

computational fluid dynamics (CFD). It has an outflow 

boundary condition applicable at any downstream location, so 

that the extent of computational domain can be minimized. 

Results indicating the separation and reattachment locations of 

the re-circulation zones in the steady state solutions are 

presented for 2D simulation. The Navier-stocks equations 

provide a widely applicable mathematical description for the 

analysis of fluid motion. 

Literature review 

Numerous experimental and numerical studies have been 

developed to investigate laminar flow over a backward-facing 

step. Pollard [1] numerically studied the entrance effect for an 

axisymmetric expansion and found insignificant differences. 

Armaly et al. [2] have published experimental data for a 

backward facing step with expansion ratio of 2. Kim and Moin 

[3] have tested 3D, BFS problem using a functional step 

method. Sohn [4] used FIDAP, the commercial course to study 

a few laminar and turbulent flow problem. Thangam and 

Knight [5] studied the effect of step height on the downstream 

flow. Gartling [6] has used the finite element method (FEM) 

to obtain an accurate solution for a steady 2-D incompressible 

flow over a backward-facing step, with the intention to 

provide benchmark data in a format that can be used for 

testing and evaluation of outflow boundary conditions. 

Kaiktsis et al. [7] found 3D transient structures for laminar 

flow over a backward facing step at Re = 800. Dyne and 

Heinrich [8] studied the same BFS problem and investigated 

the Nusselt number (Nu) distribution along the wall. Comini et 

al [9] solved the incompressible 2D flow BFS problem by a 

stream function – vorticity formulation using finite element 

method (FEM). Han et al. [10] have applied artificial far-field 

boundary conditions upstream and downstream to the present 

flow configuration for a low Reynolds number using a 

vorticity-stream function methodology. Barton [11] 

considered the effect of inlet channel length before the 

expansion in the BFS problem and predicted that at low Re, 

the reattachment length is reduced due to channel presence. 

Davidson and Nielson [12] presented the role of the expansion 

ratio in determining the reattachment length for various Re. 

Biswas et al. [13] have reported 2D as well as 3D BFS results. 

They reported the formation of Moffat eddies as Re 

approaches zero. 

Problem definition 

The problem involving a steady state laminar, 

incompressible flow over an isothermal two-dimensional 

backward-facing step is a standard test problem that has been 

addressed by numerous authors using a wide variety of 

numerical methods. As shown in figure 1, the downstream 

channel was defined to have unit height‘H’ with a step height 

and upstream inlet region set equally to H/2. For the purpose 

of generating the base line solution to this problem the 

downstream channel length was taken as L = 30H i.e the 

channel extends 60 step heights from the inlet. The coordinate 

system for describing locations in the channel is centred at the 

step corner. 

 For the backward-facing step geometry, no slip boundary 

conditions are imposed on the step and the upper and lower 

channel walls. The inlet velocity  with the X- coordinate being 

defined as positive in the downstream direction and the Y- 

coordinate across the channel.For the backward-facing step 

geometry, no slipboundary conditions are imposed on the step 

and the upper and lower channel walls.  

The inlet velocity field was specified as a parallel flow 

with a parabolic horizontal component given by u(y) = 24y 

(0.5 – y) for 0 ≤ y ≤ 0.5 at the channel inlet and zero natural 

boundary conditions are imposed in channel outlet. The 

Reynolds number   of 800 is based on the channel height of 

H= 1 and the average inlet velocity of   where, umax=1.5 in a 

parabolic profile. 
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ABSTRACT 

Fluid flow in a backward – facing step (BFS) geometry is one of the most important 

bench mark problems used in computational fluid dynamics (CFD). It consists of an out 

flow boundary condition. In the present work, the laminar, incompressible flow over 

backward facing step is being calculated using computational fluid dynamics. The 

Reynolds number taken for the simulation is 800. For Re = 800, the momentum and 

energy solutions at various downstream locations are compared with the bench mark 

results and found to be in good agreement with bench mark results. 
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Figure 1. Backward facing step geometry with channel 

dimensions and boundary condition 

Results and Discussion 

In the present work 151×81 grid points and Re = 800 have 

been used for all calculations. The velocity vectors along with 

the primary vortex on the bottom wall and the top wall vortex 

are shown in figure 2 (a) and 2 (b) respectively. These plots 

are full scale, but only show the first 11 step heights of the 

channel since few phenomena occur downstream of this point. 

The flow separates at the step corner and forms a large 

recirculation zone with a reattachment point on the lower wall 

approximately 9 step heights downstream. A second 

recirculation zone forms on the upper wall beginning 

approximately 8 step heights downstream and terminating at 

17 step heights. 

 

2 (a). Velocity vector and stream trace plot for bottom wall 

 

2 (b). Velocity vector and stream trace plot for top wall 

Figures 3 (a) to 3 (c) show the stream wise velocity (U-

velocity component), cross stream wise velocity (V- velocity 

component) and temperature profiles at x=3 respectively. 

These profiles demonstrate the flow conditions in the primary 

circulation region. Results from the present study 

(computational) are in good agreement with those of Dyne and 

Heinrich. A similar analysis can be performed at x = 7 which 

is a representative of the flow conditions in the secondary 

circulation region. Figures 4 (a) and 4 (c) demonstrate the 

stream wise velocity ( U- velocity component) and 

temperature profiles at x = 7 with a good agreement between 

the present study (computational) and Dyne and 

Heinrich.Figure  4 (b) demonstrates cross stream wise velocity 

(V- velocity component) at x = 7 with a large discrepancy 

between the present study (computational) and Dyne and 

Heinrich. 

At the downstream of the recirculation regions x = 15 

which represents the flow fully develops. Here the thermal 

entrance effects are quite obvious, as the temperature profile is 

of asymmetric with respect to the centre line of the channel. 

Figures 5 (a) to 5 (c) demonstrate the stream-wise velocity (U-

velocity component), cross stream-wise velocity (V-velocity 

component) and temperature profiles at x = 15 with a good 

agreement between the present study (computational) and 

those of Dyne and Heinrich.The results obtained from the 

present computational study are compared with the results 

obtained from Gartling. On comparison it has been found that 

for x = 7 and x = 15 the stream wise velocity (U – velocity 

component) shown in figure 6 (a) and figure 7 (a) obtained 

from present study (computational) have a good agreement 

with the results obtained from Gartling. But the cross stream-

wise velocity (V – velocity component) at x = 7 shown in 

figures 6 (b) found from present study (computational) has a 

quite large deviation when compared with Gartling results. On 

the other hand the cross stream-wise velocity (V – velocity 

component) at x = 15 obtained from present study 

(computational) has a good agreement with the results of 

Gartling. 

 

3 (a). U-velocity at x = 3 

 

3 (b). V- velocity at x = 3 
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3 (c). Temperature profile at x = 3 

Figure 3. Comparison of (a) U- velocity, (b) V- velocity and 

(c) Temperature profile with Dyne and Heinrich at x = 3 

 

4 (a). U-velocity at x = 7 

 

4 (b). V- velocity at x = 7 

 

4 (c). Temperature profile at x = 7 

Figure 4. Comparison of (a) U- velocity, (b) V- velocity and 

(c) Temperature profile with Dyne and Heinrich at x = 7 

 

5 (a) U-velocity at x = 15 

 

5 (b) V- velocity at x = 15 

 

5 (c) Temperature profile at x = 15 

Figure 5. Comparison of (a) U- velocity, (b) V- velocity and 

(c) Temperature profile with Dyne and Heinrich at x = 15 

 

6 (a) U-velocity at x = 7
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6 (b) V- velocity at x = 7 

Figure 6. Comparison of (a) U- velocity and (b) V- velocity 

with Gartling at = 7 

 

7 (a) U-velocity at x = 15 

 

7 (b) V- velocity at x = 15 

Figure 7. Comparison of (a) U- velocity and (b) V- velocity 

with Gartling at = 15 

 

 

 

Conclusion  

A study of backward-facing step problem has been done. 

The primary reattachment length is has been studied and the 

discrepancy of the V- velocity is reported. The energy 

equation is solved and found to be in good agreement with 

Dyne and Heinrich. For locations at x = 3 and x = 15, it is 

found that the computed results are in good agreement with 

the results of Dyne and Heinrich and also with Gartling. 

Immediately after reattachment of primary vortex, i.e at x = 7, 

the U- velocity computed results are found to be in good 

agreement with the results of Dyne and Heinrich as well as 

with Gartling. However, the predicted V- velocity has a large 

deviation. It feels that the deviation in the V- velocity leads to 

the deviation in the primary vortex reattachment. 
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