Modelling of flow separation over a backward-facing step using
Flovent

Philip Davies and Y ongmann Chung

School of Engineering
University of Warwick
Coventry
CV4 7AL

e-mail: philip.davies@warwick.ac.uk

28" November 2003



| ntroduction

In typical flows around buildings or large structures, flow separation occurs when the
flow passes sharp corners of the building and it reattaches far downstream. The
presence of separated flow, together with flow reattachment, can cause increased
unsteadiness, pressure load, structural vibrations and noise. Understanding the flow
around buildings or large structuresis of vital importance for better design.

Flow over a backward-facing step has been used as a means of testing the ability of
CFD methods to model separation and turbulence accurately.

Kim et al.! conducted a series showing that the flow will separate as it passes the step
and reattach downstream at a distance equivalent to about 7 times the height of the
step. More recently, Park et al.? reviewed the backward-facing step problem and
concluded that in some cases standard turbulence models such as k-e tend to
underestimate the reattachment distance. To model the distance accurately they used
more specialised models.

We wished to evaluate Flovent with regard to modelling of flow separation and
decided to model the backward-facing step problem exactly as described in
reference 1.

Modelling and results

The height of the duct was modelled as 76.2 mm (3 inch), with a57.2 mm (1.5 inch)
step causing an expansion to 114.3 mm (4.5 inches). The duct width was 609.6 mm
(24 inches) the flow being modelled asa 3D one. The air velocity at the duct inlet was
18 m/s corresponding to Re = 30000.

The turbulence model chosen was LVEL k-g, this being the most accurate of the
three options available in Flovent.

The model was run with progressively finer grids. The results are summarized below:

Grid cells per Separation Approximate | Comments
step height length/step height* run time
3 3 1min
7 3.6 20 min
16 6.8 3 hours Grid refined locally near step

* experimental value 7 +1.

Figures 1 to 3 show the flow fields resulting from the modelling for each level of grid
refinement. The reattachment point was taken to correspond to the cell adjacent to the
wall where the wall velocity changed direction.




Conclusion

We conclude that Flovent can model separation over the backward-facing step
accurately, provided an appropriately fine grid is used. From this study, it appears that
the grid should have more than ten cells per length of the governing geometrical
feature. The computation time could probably be reduced by a more careful local
refinement of the grid, or by modelling a narrower section of the duct and imposing
symmetrical boundary conditions.
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Figure 1: Coarse grid (3 per step height)

Figure 2: Medium grid (7 per step height)

Figure 3: Fine Grid (16 per step height)



