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Perspective

Oceanographic Model for Tidal Stream Turbines in Three Dimensions
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DESCRIPTION

A three-dimensional numerical oceanographic model serves as
the foundation for the creation of a tidal turbine simulation
system. In order to take into consideration how tidal turbines
affect water velocity and the formation and dissipation of
turbulence, the current and turbulent governing equations have
both been updated. In order to capture the finer features of the
hydrodynamics caused by the turbine operation, a high
resolution mesh size is assigned to the turbine position. The
system is put to the test using extensive measurements from a
water flume experiment and the outcomes of CFD simulations.
According to the validation results, it has been demonstrated
that the novel modelling system can accurately mimic
hydrodynamics in the presence of turbines. A number of test
cases involving the deployment of a standalone turbine are then
used to apply the created turbine simulation system. This allows
for the realization of comprehensive velocity profiles and mixing
that are not possible to achieve with a conventional two-
dimensional technique. The observed faster flow near the bed in
the wake of the turbine, which causes increased bottom shear
stress, is of special relevance in these instances.

Clean and renewable energy sources are receiving a lot of
attention as a response to the global energy crisis and climate
change that are partly caused by the combustion of fossil fuels to
meet our ever-increasing energy needs. For instance, the UK
wants to produce 15% of the nation's total energy from
renewable sources by 2020. Due to its regular predictability and
availability, tidal stream energy is viewed as a very promising area
of exploration in this regard. On the website of the European
Marine Energy Centre (EMEC), 119 Tidal Energy Converter
(TEC) designs created by various firms are listed as of this
writing. Full-scale tests of these devices are currently being
conducted in coastal waters all over the world.

The investigation of the turbine-induced environmental impact
has not yet been the primary subject of any significant on-site
TEC project, despite the growing interest in tidal stream energy
exploitation, leaving significant gaps in our knowledge of the
effects of tidal stream energy devices. Alternately, quantitative

models and prototype trials are frequently utilized to study such
implications. For example, in basic investigations, porous discs
were employed to represent turbines in prototype trials. More
recently, downscaled dynamic turbine prototype models have
been taken into consideration in an effort to mimic the
turbulent effects produced by genuine turbines. Complementing
realworld laboratory prototype tests, Computational Fluid
Dynamics (CFD) modelling is another popular technique for
examining the behavior of turbines. Early investigations utilizing
CFD software programmers modelled turbines as porous discs,
which is similar to practical trials. Recently published works have
resolved realistic turbine geometry in the calculating mesh.
These studies concentrate on how nearfield size flow patterns
alter both upstream and downstream of the turbine and how
these variations in flow affect the turbine's behavior.

The Unstructured Grid Finite Volume and Regional Ocean
Modelling System (ROMS) are two examples of numerical
oceanographic models. The effects of the operation of turbines
and turbine arrays on farfield hydrodynamics have also been
studied using community ocean models. In order to mimic the
impact of tidal stream turbines, such models must be updated.
In general, the alterations reported in the literature can be
divided into two categories: adding bottom friction to the ocean
floor and altering the flow motion with additional turbine-
induced forces. In two-dimensional investigations, the first
strategy is frequently used. It causes in unrealistic expected
effects because the devices' drag is now being generated on the
bottom rather than in the water column. In compared to the
"added bottom friction" method, the second approach, often
known as the "retarding force method," is typically more rigorous
from a scientific standpoint. Additionally, it makes more sense
to use this idea in three dimensions. As a result, the retarding
force method is more frequently used in studies of large-scale
impact on specific sites. Unfortunately, a substantial portion of
these efforts depended on two-dimensional models, which is at
odds with the way that turbine representation approaches
actually work in the real world. The vertical flow structure
downstream of the turbine and, consequently, the mixing in the
wake, may not be well predicted by the two-dimensional models,
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which is another possibility. In contrast, a three-dimensional
model can accurately depict the vertical flow structure and the
mixing in a turbine's wake.
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