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Fig. 1. Definition sketch for plane ski jump flow using
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Fig. 3. Mesh refinement in the entrance of flip bucket
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The
Mesh No. Cell '3%5"%‘121 Error (%)

number | fessure

head (m)
Mesh 1 5844 4749.92 5.32
Mesh 2 12222 4855.6 3.21
Mesh 3 23775 4870.82 291
Mesh 4 40998 4875.19 2.82
Mesh 5 51110 4876.19 2.8

Table (1): The value of Error (percent) in different mesh
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Fig. 2. The value of Error in different mesh
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Fig. 4. Distribution of dynamic p}essure head in numerical and
experimental results for a) I' < 0.057 and b) I' > 0.057
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1 Boussinesq hypothesis
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Abstract:

Ski jump dissipator is one the flow energy dissipators which is applicable downstream of spillway chutes
with velocity over 20 m/s. Flow over a flip-bucket is a two-phase and strongly turbulent flow. Turbulence
modeling is one of the most limiting factors in accurate computer simulation of flows. By fixing the grid
resolution and the discretization scheme, the difference of computation time is mainly attributed to the
turbulence model. The choice of turbulence model depends on factors such as the physics encompassed in
the flow, the level of accuracy required, the available computational resources, and the amount of time
available for the simulation. It is a fact that no single turbulence model is universally accepted as being
superior for all classes of problems.

The main purpose of the present study is numerical investigation of two-phase turbulent flow over a
triangular flip-bucket to evaluate effects of different turbulence models in this type of flow. Hence, using
FLUENT® software, two dimensional Reynolds averaged Navier-Stockes equations have been solved in
unsteady state. Different turbulence models consist of k-g, k-& and RSM; have been used. To simulate two-
phase flow, volume of fluid (VOF) method has been applied.

Standard k-¢ and stress-omega RSM models with low-Reynolds number modifications have the best
performance among the other turbulence models. In standard k-¢ model when low-Reynolds number
modification was activated, the effects of molecular viscosity were taken into account in near-wall regions.
Therefore, in low-Reynolds number k- model, maximum dynamic pressure over the bucket was predicted
more accurately in comparison with standard k- model. Regarding modification in strain-pressure terms in
turbulence equations, effects of anisotropic Reynolds stress tensor were taken into account in stress-omega
RSM model with low-Reynolds number modifications. Thus, compared to other turbulence models,
numerical results of this model are in a better agreement with experimental results. Different k-¢ models
could not predict the jet trajectory after the bucket very well. Due to blending function in SST k-& model,
this turbulence model effectively blended the robust and accurate formulation of the k-o model in near-wall
regions with the free-stream independence of the k-¢ model in the far field. In estimation of maximum
dynamic pressure over the bucket, this model had a better performance than standard k- model and
relatively similar results to k-¢ model. In addition, SST k- model has shown the best prediction of the jet
trajectory among other turbulence models. Eventually, with respect to computation cost and accuracy of
results, SST k- turbulence model has been introduced as the most suitable turbulence model to predict the
flow pattern of a triangular flip-bucket.

Keywords: triangular flip bucket, turbulence models, two-phase flow, ski jump
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