MATEC Web of Conferences 261, 05003 (2019) https://doi.org/10.1051/matecconf/201926105003
CIFMA 2018

Numerical modelling of the effect of the hydro-kinetic turbines on
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Interest in electricity generation from low carbon technologies and renewable energy has
become recently the most discussed concern. The need of sustainable, predictable energy
generation has led in recent years to the development of Stream Turbines (ST) and has
become a near reality, to reach 20% from the total energy production in France on 2020.
Determining the impact of ST on their environment is becoming a significant interest
nowadays. Regional modeling with a representation of the turbines’ array with bed friction or
momentum sink approach were proposed to quantify the impacts far away from the turbines.
Sanchez and al. (2014) have studied the flow changes around a farm of stream turbines
operated in Ria de Ortigueira. They concluded that the flow modifications were concentrated
at local scale. While Fairley and al. (2015) found that, a farm of ST does not have remarkable
effects on the baseline morphodynamics of sandbanks at regional scale. The energy extracted
by the turbine will alter the hydrodynamics of the stream by increasing or reducing the
friction in areas around the turbines. The present contribution investigates further the impact
of the deployment of riverine turbines on the variation of the sandy bed at local scale. The aim
is to provide prediction of the evolution caused by multiple stream turbines.

The first part of study is dedicated to represent the turbine, by a momentum source, without
the sandy bed, using first the Actuator Disk, then the Blade Element Momentum Theory
(BEMT) to determine the effects of hydrodynamic blades efforts (Shives et al.2016). The
second part is dedicated to study the transport of sands affected by the turbine. The mixture of
water and sediment is modeled by an Euler-Euler two-phase flow approach (Zhen Cheng et al.
2016), it involves one phase as a granular phase which is treated as a continuum one such as
the sediment phase. The open source CFD software package OpenFOAM (Field Operation
And Manipulation) is used in this study. The numerical results are validated with
experimental measures of Mycek and al. 2014 for the BEMT (figure I), and with Pham Van
Bang et al. 2006’s measures for sedimentation processes (figure II).

In terms of perspectives, the validated models have been used to study the evolution of the
bed level and the dynamic processes of sedimentation near an optimized farm of turbines.
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Figure I : Comparison between numerical (BEMT) and experimental (Mycek) results for:
power (above) and thrust coefficients (below)
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Figure II : Comparison of two-phase Euler model results with experiments of Pham Van Bang et al. (2008):
evolution of the lower and upper interface positions between sediments and fluid in time.
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