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single device for a 12 month period within Ramsey
Sound. Previous work off the Welsh coast included a
series of shipboard ADCP surveys within a 1km2 area
in the Bristol Channel to study power attenuation
effects on turbine performance [2].
The data was collected onboard Cardiff University’s
12m RV Guiding Light as part of the Low Carbon
Research Institute (LCRI) Convergence Programme.
This paper discusses the benefit of tidal flow data for
use within numerical models and demonstrates its
importance for validation and calibrations purposes to
help bridge the gap between physical data collection
and pure mathematical modelling.

Abstract

Insights into the performance of tidal flow in
complex areas have been made using a shipboard
acoustic Doppler current profiler (ADCP). This
system
was adopted
to obtain
detailed
measurements of the tidal flow structure in an area
off the Welsh coastline where tidal flow typically
peak at 3-4 ms-1 during spring tides. This paper
describes the importance of such field data for the
calibration and validation of numerical models for
tidal stream power generation.
Keywords: ADCP, hydrodynamics, numerical modelling,
tides

1.

Introduction

ADCP surveys have been undertaken within the
Bishops and Clerks (including Ramsey Sound) off the
west coast of Wales, UK (Fig. 1), which has a
combined extractable power estimate of 541 GWh/y
[1]. The principal objective of these surveys was to
examine the region’s tidal stream resource potential, as
well as understanding the hydrodynamics of the region.
Given its resource potential, this region has been
earmarked by the Welsh Government as a potential site
for tidal stream energy generation, with the first Welsh
developer gaining consent in July 2011 to deploy a

Figure 1: Shipboard ADCP track lines completed within the
Bishops and Clerks, west Wales, UK.
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2.

model. The ADCP data has been used to set the
boundary conditions at the inlet and outlet of the model
domain. The third model is a coupled Blade Element
Momentum (BEM-CFD) model. This model has been
used to run numerical simulations of tidal stream
turbine arrays to assess turbine performance (as
characterised by power outputs) and wake development
downstream of the devices. The measured velocities
have been used to set the boundary conditions at the
inlet of the domain as well as validate the velocities at
arbitrary points within the model domain. The fourth
model is a transient CFD model (which was used to
examine the performance of a horizontal axis tidal
turbine for a similar project [4]) investigating power
attenuation in an array of turbines. The measured
velocity profiles have been used to identify the
optimum lateral and longitudinal separation between
the turbines where the flow accelerates due to flow
constraint. The increased velocity typically results in a
small increase in the power output when modelled with
rectilinear upstream flow conditions.

Methods

The ADCP data, which was collected during three
major deployments in May and August 2011, and
May/June 2012, involved the completion of 396 vessel
tracks over a range of tidal states within the Bishops
and Clerks. The area comprises a deep, narrow channel
(with maximum depths of around 70m), which lies
between Ramsey Island and the mainland, a reef known
as “The Bitches”, which protrudes from Ramsey Island
into Ramsey Sound, and a series of rock outcrops that
form the Bishops and Clerks. A significant rock, known
as “Horse Rock” protrudes from the seabed within
Ramsey Sound and pierces the surface at low spring
tide. This coastal and bathymetric configuration,
coupled with peak tidal velocities in excess of 3-4 ms-1
during springs, can give rise to a turbulent sea state
with strong tidal mixing.
A 1.0 MHz shipboard ADCP with bottom-track
capabilities and manufactured by Sontek was mounted
on a detachable mount on the side of RV Guiding Light
for the ADCP surveys. The instrument, which
comprises three narrow-beam transducers orientated
25º from the vertical, measures the three components of
velocity through the water column to a maximum depth
of around 40m with a 1m vertical resolution. The
system transmits averaged data to a shipboard laptop
once every 5s to 10s (depending on the length of the
track lines). An on-board Differential Global
Positioning System (DGPS) was utilised as the velocity
reference given its ability to provide sub-metre
positioning for the computation of accurate flow
measurements. Ship heading, pitch and roll information
was provided by a compass integrated into the ADCP
unit to convert measured water current velocities from
the XYZ coordinate system to Earth (East-North-Up)
coordinates. The objective of the third deployment was
to run transect lines downstream of Horse Rock in
order to examine the flow structure and wake extent
created. Given the size of this rock, it was necessary to
use an RDI Workhorse ADCP, which possesses a
higher horizontal resolution (1s ping rate) and greater
depth range (circa 60m) than the Sontek system to
capture the flow structure downstream. Fig. 2 shows a
typical two-dimensional contour plot of the tidal flow
regime immediately downstream of Horse Rock. This
plot, which displays the state of tide two hours after
slack water, clearly displays the shadow zone created
by Horse
A series of numerical models have been employed as
part of this research project to investigate various
elements of marine renewable energy generation. The
first model is a three-dimensional (3D) unstructured
oceanographic model (ADCIRC) of the Bishops and
Clerks, driven by an outer (POLCOMS) model of the
Irish Sea. Inclusion of turbines in this model follows a
methodology developed in earlier work [3]. The second
model, which has been developed to investigate the
flow structure within Ramsey Sound, uses a standard
finite volume CFD approach with a k-ɛ turbulence

3.

Results

Vector plots of the hydrodynamic regime of the
western-most point of mainland Wales have been
established. Scrutiny of these vector plots, in addition
to on-site observations of phenomena such as upwelling, eddies and vortices have identified the
significant flow characteristics of major tidal channels.
Preliminary results have revealed characteristics of the
interrelationships between coastal configuration and
bathymetry and hydrodynamics of the areas. Although
the tidal regime in this region is well-established, the
results indicate the extent to which smaller-scale
features, such as geographical salients, and point and
linear features (Horse Rock and The Bitches) are
significant in influencing the principal tidal flow. Low
pressure and areas of significant turbulence and vertical
mixing form in the wake of these features. The
outcrops that form the Bishops and Clerks were
originally thought to channel tidal flow; however, at
certain states of the tide local pressure fields build up to
create a further complex of back-tides and localised
eddy systems. The results suggest that well-developed
jet streams exist in close proximity to narrow, deep
channels and that the resultant chaotic system is
characterised by extreme turbulence, standing waves,
well-defined vertical mixing, vortices, eddies and
locally significant flow anomalies.
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Figure 2: Two-dimensional contour plot of tidal flow within
Ramsey Sound, west Wales, UK.

Interpretation of the vectors using 2D and 3D
visualisation techniques at different tidal states has
identified key hydrodynamic areas to quantify the flow
structure and deviations from it. This information is
vital for the calibration, validation and ground-truthing
of mathematical models. Future work will explore the
possibility of using a linear set of features, like the
Bishops and Clerks rocks, as an analogy for a tidal
stream array and the effects downstream of such an
array.
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