
Turbulence Modelling at the Fall of 
Warness, Orkney

Introduction
• The characteristics of tidal sites identified for energy extraction are strongly influenced by turbulent flow,

which is produced and dissipated by myriad site-dependent features.
• These features create uncertainty in flow conditions, which can influence the design and maintenance

program of tidal energy devices.
• Resource estimation and hydrodynamic loading are impacted by turbulence generated at the seabed, and at

the sea surface by wave-induced turbulence.
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Numerical Simulation
The simulation was run utilizing a Large Eddy Simulation (LES) with a Wall adaptive Local-Eddy Viscosity 
(WALE) sub grid scale model on the commercial software STARCCM+.
• The selected bathymetry represents an area of the Fall of Warness, Scotland, in the vicinity of the EMEC

(European Marine Energy Centre) test site as shown in figure 1.
• Measurements of tidal elevation, tidal currents and their turbulence characteristics have been recorded by

Sellar (2018), allowing for a large amount of data to analyze and compare with numerical tests.

EMEC Site 
Validation
Inlet Profiles for velocity and turbulence 
data was taken by EMEC site data at the 
Fall of Warness for a 2.1 m/s flood tide. 
Figure shows comparison of velocity 
Magnitude at test site data point with 
simulation data probe. 

Turbulence Structure

Conclusions & Future Research
• The capabilities of large eddy simulations when aided by site data to create a fuller picture of flow at realistic bathymetries in terms of flow and turbulence statistics.
• High resolution grids are capable of showing unsteady fluctuations that would be lost in time averaged models.
• Turbulence structure analysis showed the influence of the seabed in creating turbulent kinetic energy by way of turbulent bursting events and the associated coherent

structures that emanate from them.
• Future research will aim at explaining the time dependency in an oscillating tide as well as the dependency on ebb and flood tide.

Anisotropy Invariant Map for area near turbine.

iso surface of a Q criterion which has been conditionally filtered to
quadrant events. Red colored portions of the domain are shown to
be Q4 events(sweeps), blue co-responds to Q2 events (ejections)
and the rest is shown in gray.

Figure 1: Map of the Fall 
of Warness EMEC site a) 
Location relative to 
Scotland and Orkney 
Islands b) Magnified view 
with Bathymetry Contours

Quadrant Analysis contours coloured by their probability density
function within 2 Hole (H) size=1 for the dashed and dotted line
and H=4 for solid line. Legend in each quadrant refers to the
contribution of each event to the totals Reynolds stress
component <-u’w’>

Aerial view of the Domain showing contour lines colored for depth. As well as
section planes to show the accelerating velocity.


