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Abstract

The flow downstream an hydraulic turbine is a swirling flow which presents
a strong unsteady vortex core within the draft tube. It may trigger instabil-
ities whose development has serious impacts on the efficiency of the system.
The draft tube is also sensitive to flow separation due to the presence of a
strong pressure gradient. It is still a great challenge to numerically reproduce
the flow dynamics and to predict the associated instabilities. The purpose
of the present study is a first step towards the numerical simulation of a full
draft tube configuration: we here consider a simplified draft tube consisting
of a straight conical diffuser. This flow exhibits most of the complex features
of a draft tube: presence of swirl generated by the inflow conditions, high
Reynolds number and adverse pressure gradient which may eventually lead
to flow separation. The code validation is based on an ERCOFTAC data
base which provides accurate experimental data even close to the wall [1].
The experiments reproduce the essential features of the complex flow and
are here used to test the numerical procedure and the modeling assumptions.

Since high Reynolds numbers are here involved, the goal of the present
study is to test the wall function procedure originally proposed by Manhart
et al. [2] which has the ability to take into account the presence of local
pressure gradients and is therefore suitable to reproduce flow separation. A
crucial point to correctly reproduce the flow within a diffuser is an adequate
representation of the inflow conditions.

We use the newly distributed OpenFOAM, Open Source CFD tool for
turbulent incompressible flow to solve the Navier-Stokes equations. This
freeware was already evaluated for turbulent flow in water turbines and was
proved to be comparable with major commercial CFD tools [3]. The C++
code library of classes includes a well-tested and validated large-eddy simu-
lation (LES) capability [4]. In the LES method, large-scale are numerically
resolved whereas small-scales are modelled by a well chosen sub-grid scale
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model. It is an extremely powerful technique for unsteady flow, since it
describe explicitly all the energy containing scales of the flow.

We choose an adapted LES model, with one equation eddy viscosity
model for the subgrid kinetic energy [5]. This model allows using distorted
cells in the streamwise direction.

At the present time, we have obtained preliminary results indicating a
good agreement with the experimental data. More complete results will be
presented at the Conference.
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