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On the Laminar Separation of the Flow over a Backward Facing Step

Suketsugu NAKANISHI* and Hideo OSAKA**

Abstract

The flow over a backward facing step mounted in a two-dimensional channel was investigated
numerically, and was especially examined for the zone of recirculating flow. A stream function-vorticity
formulation for the flow equations was used, and was solved by the finite difference method using the
pseudo-unsteady technique. The calculation was performed for the range of step Reynolds number (the
Reynolds number based on the step height) of 25< R.,<250. and for the range of step ratio of 0.1 k<
1.0. The results of calculation are reported, and are compared with other numerical and experimental
results. The present study also includes the experimental results utilizing the flow-visualization tech-
nique by the authors, and an example (R.,=40) of those results is presented in this paper. Good
agreement was obtained between the experimental and numerical results.

In most of the available work, the step Reynolds number was used as a single parameter that defined
the reattachment length (the length of recirculationg flow zone) in the laminar two-dimensional back-
ward facing step flow. However, B.F.Armaly et al. (1983) suggested that the reattachment length in
laminar two-dimensional backward facing step flow was not a function of a single variable but was more
likely to be a function of three or more variables, including the step or expansion ratio, the step or
inlet-section Reynolds number and the velocity profile at the inlet section. In this paper, this suggestion
was examined by utilizing the numerical and experimental results.
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Fig. 1 Computational model for the backward facing step
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Table 1. Parameter defining geometry of the computational model and calculated

condition
hs ;

calculation domain, L ;

step reatio #/H , L, ; length measured from the step to the inlet of
length measured from the step to the end of

calculation domain, R.,; Reynolds unmber based on the step height (step

Reynolds number) ,

H ; mesh constant

he | L L Ren AH
2 25, 50, 100, 150
O a1 497900 250
2 50, 100
0.7 3 40 200 0.05
1 81,5, 12.5
0.5 2 15| 25, 40, 55, 70, 85
3 | 31100, 150, 200, 250
0.4 1 11| 50, 100, 200 0.04
0.25 1 14 | 50, 60, 70, 80, 90, 100, 200 | 0.05
0.2 1 10 | 50, 100, 200 0.04
6|50, 75, 100, 125
0.1 1 10 | 150, 175, 200 0.02
Re =100
-10 -10 9 -10 -2 - _
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Fig. 2 Stream line and pressure distribution
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