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Abstract

In this study, based on an open source CFD package OpenFOAM we carried out a number of numerical simulations
using Reynolds Averaged Navier-Stokes (RANS) and Large Eddy Simulation (LES) approaches. The numerical
investigation has been implemented for various step angles (10°, 15°, 20 °, 25°, 30°, 45°, and 90 °), different
expansion ratios (1.48, 2.00 and 3.27), and Reynolds numbers (5000, 8000, 11000, 15000, 47000 and 64000). The
comparisons of the flow structures, separation flows and reattachment lengths between the numerical results and the
observations show very good agreement. The results obtained from LES show a better agreement with the
observations than the results obtained from RANS model.
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1. Introduction

The study on the flow over a backward-facing step is very important in hydraulic structures and HVAC systems.
The most important characteristics of such flows are the internal flows, flow separation and reattachment caused by
sudden changes in cross-section geometries. Experimental study for 90° backward facing step flows was intensified
for a wide range of Reynolds numbers and at different expansion ratios, such as Armaly et al. (1983), Ruck and
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Makiola (1993), Lee and Mateescu (1998), Auburn et al. (2000), etc. A number of significant numerical studies of
turbulent flows over 90° backward facing step have been intensively carried out using Reynolds Averaged Navier-
Stokes (RANS) Equations; e.g. Armaly et al. (2003), Nallasamy (1987), Speziale and Ngo (1988), Thangam and
Speziale (1992), Lasher and Taulbee (1992). However there are still limited numerical results obtained from higher
accuracy turbulence calculation methods, such as Large Eddy Simulation (LES), Direct Numerical Simulation; e.g.
Le et al. (1997), Fureby (1999), Meri et al. (2000), etc., particularly DNS is mostly applied for a low-Reynolds
number, and still very expensive.

Several experiments and numerical studies have been conducted for 90 degree step angle with different expansion
ratios, however a detailed study on the turbulent structures, separation flows and reattachment lengths for various
step angles is still not well documented. In this study, we have carried out a number of numerical simulations
following the experimental cases of Ruck and Makiola for the geometry shown in Fig. 1, with various step angles
(10° 15°,20°, 25° 30°, 45°, and 90 °), different expansion ratios (1.48, 2.00 and 3.27), and Reynolds numbers
(5000, 8000, 11000, 15000, 47000 and 64000), as shown in Table 1.
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Fig. 1. Geometry of the experimental channel

Table 1. Parameters of Ruck & Makiola’s experimental cases

Reynolds number Expansion ratio Step angle(o)

5000 1.48 10, 15, 20, 25, 30, 45, 90
8000 1.48 10, 15, 20, 25, 30, 90
11000 1.48 10, 15, 20, 25, 30, 90
15000 1.48 10, 15, 20, 25, 30, 45, 90
47000 1.48 10, 15, 20, 25, 30, 45, 90
64000 1.48 10, 15, 20, 25, 30, 90
15000 2.00 10, 15, 20, 25, 30, 45, 90
64000 2.00 10, 15, 20, 25, 45, 90
5000 3.27 15, 20, 25, 90
8000 3.27 15, 20, 25, 90
11000 3.27 15, 20, 25, 90
15000 3.27 15, 20, 25, 90

Nomenclature

ER Expansion ratio

X, Reattachment length

a Step angle

H Step height
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