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Introduction
With the interest in low carbon energy sources and energy security, tidal current energy devices have been identified as a viable option. The energy conversion system includes
but is not limited to a tidal current energy converter on a support structure, fully submerged in water. It is positioned to extract the kinetic energy from the fast flowing ebb and
flood flow in a tidal channel. Rapid tidal velocity fluctuations combined with the high density of sea water may create substantial momentum forces leading to unforeseen
challenges during the installation and operation of the energy device. These random velocity fluctuations are as a result of turbulence. Therefore, understanding the turbulent
character of tidal channels is crucial to modeling the structure/fluid interface. Also, it is economical to use model testing to extrapolate results to full-scale devices. The project
seeks a turbulence model that closely approximates the turbulence structure generated by an energy device, fully submerged in a typical tidal channel. A generic review of
turbulence and its potential impacts on an energy device submerged in water is presented in this poster.

Method

Potential Effects of Fluid/Structure interactions

Developing an understanding of turbulence in tidal channels and
the nature of flow around devices submerged in water through
literatures.

Lift force
Vortices

Seek a mathematical model that closely approximate the large
scale turbulence and fluctuations observed in Tidal channels.

Drag force

Raw ADCP data from a fast flowing Tidal Channel with currents
ranging between 2.5m/s to 4m/s will be analysed to measure the
turbulent parameters and to have an insight of the depth variations of
turbulence in the channel.

Water current

Marine device

Physical modeling and experimentation for data validation.
Fig. 3: A sketch showing a typical flow pattern past a submerged
object in water.
 Modification of the velocity and pressure distribution of flow pattern

Turbulence?

Significant pressure drag on bluff sections of device due to asymmetry of
pressure distribution.
Vortex shedding in the wake region could lead to resonance
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Effect of fluctuating loading on the device.
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Figure. 1: Energy Cascade principle idealised by
Richardson (1922) and quantified by Kolmogorov (1940).

Shear generated
turbulence

Figure 4: Picture showing
the significance of shear
and stratification at
different depth of a typical
tidal channel.
Towing tank testing will be
carried out to model the
resultant forces on the
submerged device.

Turbulence in Tidal Channels evolve on a scale larger
than the Energy containing scales of turbulence.
Conclusion and Further work.
Turbulence Observed in Tidal Channels
Boundary
Effects

Stratification

Shear

•Turbulent eddies are
deformed by shear.

•Bottom topography

The Turbulence behaviour of a typical tidal channel vary from site to
site and the length scales of turbulence may have a profound impact on
the design, installation and operation of tidal current energy devices.
The turbulence structure inherent in the flow in tidal channels will be
accounted for in the mathematical model using boundary layer approach
while correctly applying the appropriate boundary conditions.
The mathematical model will need to be validated by experimental
results from model testing.

•Moving surface
boundaries
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Figure 2: Turbulence structure modified by shear, stratification and
boundaries.
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