Proceedings of the 14th European Wave and Tidal Energy Conference 5-9th Sept 2021, Plymouth, UK

On the spatial variability of the flow
characteristics at a Tidal energy site: Case of
the Raz Blanchard
S. Guillou, A. Bourgoin, J. Thiébot, R. Ata
Abstract—Tidal turbines will be installed in strongly
turbulent flows. One of the main problems of turbine
developers is to have a good knowledge of the flow before
deploying the turbines. Indeed, a high loading frequency
induced by turbulence could increase the blade fatigue and
damage the turbines. Acoustic Doppler Current Profilers
deployed at tidal sites permits to characterize the flows.
However, results are only available at one location. In areas
with very complex bottom morphology, turbulence is
expected to vary strongly spatially and thus punctual ADCP
measurements are not sufficient. We developed a Large
Eddy Simulation (LES) model, in TELEMAC, to simulate the
flow in the Raz Blanchard, a tidal energy site located
between the Cap de La Hague Cap and the Alderney Island.
The LES model covers a 1.8 x 2.5 km2 area and is embedded
in a wider domain where the tidal flow is solved with a
Reynolds Averaged model. In the contribution, we present
the model validation with ADCP data. Then, we analyse the
spatial distribution of the current velocity and the
turbulence intensity, under contrasted tidal flow
conditions.
Keywords—Tidal Energy, Turbulence, LES,
characterization, Raz Blanchard, Alderney Race.

I.

Site

INTRODUCTION

T

he installation of tidal turbines or Tidal Energy
Convertors (TEC) in specific site requires having a
good knowledge of the flow characteristics both in
terms of velocity and turbulence. Indeed, when blades
rotate, they travel alternatively in a fast-moving flow in the
upper part of the water column and in a slow-moving flow
in the lower part of the water column. This induces a cyclic
variation of the blades load that could increase their
fatigue. Flows with limited vertical variation (flat velocity
profile) are thus more desirable for turbines’ deployment.
The turbulence is generally high at tidal sites [2,23] and has
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a significant influence on the turbines’ performance and
the blades’ fatigue [2]. Small vortices are responsible for
vibration of the blades. Medium-sized vortices can affect
the unsteadiness of the mean flow and hence the power
production. As stated by [5], the streamwise turbulence
intensity is the primary driver for horizontal axis turbines.
A common approach to estimate the flow characteristic is
to measure the velocity with Acoustic Doppler Current
Profilers (ADCP) or Acoustic Doppler velocimeters. The
latter provide a high temporal resolution, which is
desirable to estimate the turbulence characteristics.
However, the measurements are only performed in the
immediate vicinity of the device, thus giving a limited
information of the current distribution (provided that a
limited number of ADV are deployed). Bottom mounted
ADCP allow measuring the velocity along a vertical profile
with a lower temporal resolution. Coupling two ADCPs
permits to complement the measurement on time-mean
current characteristics with the estimation of up to five
components of the Reynolds stress tensor, thus providing
crucial information on the turbulence. Coupled ADCPs
have been deployed in the Raz Blanchard [3] during the
THYMOTE project. Velocity and turbulence characteristics
have been analysed in [4,5].
Tidal energy sites with complex seabed morphology
experience significant spatial variations of current and
turbulence characteristics. Therefore, ADCP and ADV
measurements are generally not sufficient to provide a full
understanding of the flow characteristics. In that context,
high fidelity numerical simulation could help improving
the knowledge on the flow characteristics by providing a
full spatial coverage. Such modelling approaches have
been applied in the Raz Blanchard, relying on a local Large
Eddie Simulation (LES) model (mesh size of 0.25m)
capable of simulating a 20-min long period of the tidal flow
[6] and a regional LES model (horizontal mesh size of 3m)
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capable of simulating several tidal cycles over few squared
kilometres [7]. It has been demonstrated in [7] that velocity
and turbulent energy profiles strongly vary along the
direction of the predominant current direction. In the
present communication, we extend this analysis by
examining the flow and turbulence characteristics at other
locations of the Raz Blanchard. This greater spatial
coverage provides new insight on the effect of the seabed
morphology on the flow. Furthermore, we also analysed
the flow characteristics under different tidal condition.
This advanced hydrodynamic characterisation is of utmost
importance for the deployment of tidal turbines in the Raz
Blanchard as it permits to obtain reliable input data for the
design of turbines (to ensure the turbines’ strength) and
the estimation of the tidal energy potential.
II.

METHODS

A. Numerical methods
Turbulence modelling in tidal flows is a difficult task as
multiple motions must be resolved from the tide
propagation (regional scale) to the dynamics of the largest
eddies. To achieve this objective, we opted for TELEMAC3D. It is a finite element hydrodynamics model designed
to simulate free surface flows by solving the full ReynoldsAveraged Navier-Stokes (RANS) equations. This code
uses a sigma transform and permits to impose both
dynamic and kinematic conditions at the free surface [8,9].
A Large Eddy Simulation (LES) model has been
implemented in TELEMAC and validated in [10].
The modified version of TELEMAC-3D used in the
present article permitted to perform LES embedded in
RANS simulations [7]. The model solved the LES
equations in the study zone ΩLES (with a refined mesh) and
the RANS equations outside of this area (Ω – ΩLES, where
Ω is the full computational domain).
In the inner domain (ΩLES), where LES are performed, all
the turbulence structures greater than mesh size were
resolved while the smallest ones were modelled. LES
approaches assume that interactions between the largest
scales and the subgrid scales are governed by a dissipative
process. For the present purpose, this was done by
introducing an equivalent dissipative term with a subgrid
viscosity νt [11]. Here, the Anisotropic Minimum
Dissipation model (AMD) [12] was retained. This model is
based on the invariants of the strain rate tensor. The
resolution of the Navier–Stokes equations relied on a
second order Adams–Bashforth time integration scheme
for the convection term and a Crank–Nicholson scheme for
the diffusion term [13]. All spatial derivatives were of
second order and a Chorin-Temam method [15, 16] was
used to solve the velocity–pressure coupling. Finally, we
used the Synthetic Eddy Method (SEM) [14] to introduce a
turbulent fluctuation at the entrance of the LES domain.
Outside the LES domain (ΩRANS), a RANS model was
applied. It was based on the one equation closure model

proposed by Spalart-Allmaras [17], introduced in
TELEMAC by Bourgoin et al. [18].
The coupling between the two domains depended on
the type of interface. When the flow left ΩLES to go in ΩRANS,
a turbulent viscosity was computed from the averaged
velocities and the mean turbulent characteristics and was
used as input of the RANS model.
When the flow left ΩRANS to go in ΩLES, fluctuating
velocities had to be added to the mean flow to represent
turbulent motion. Three main methods could be used to do
that: introducing random fluctuations, using a spectral
method, or using a Synthetic Eddy Method. The simpler
method consists in introducing random velocity
fluctuations. However, as stated by Jarrin [14], a large
distance is needed to establish a fully turbulent flow. The
spectral method is the most suited reconstruction method.
However, it is hardly implementable in our case where we
couple two models (LES and RANS). The SEM method is
a compromise between the two aforementioned methods.
It consists in introducing eddies having characteristics
determined from the mean Reynolds tensor [14]. An
advantage is that it permits to have consistent mean
turbulence characteristics between ΩRANS and ΩLES. This
method has been developed and validated in TELEMAC
[10]. In the present work, we applied isotropic Divergence
Free Synthetic Eddy Method (DFSEMiso) [19].
B.

Site and model descriptions

The Raz Blanchard is located between the Cap de La
Hague and the Alderney Island, in the English Channel.
With a maximum power potential of 5.1 GW [20], it
represents one of the most promising sites in the World for
installing tidal turbines. The seabed is heterogeneous and
composed of rock outcrops in the south part of the race and
of pebbles in the north part. The two zones are separated
by a W-shape line that corresponds to an abrupt change of
bed level (Fig. 1).
The entire TELEMAC domain Ω covered a surface of
150 km × 120 km. The ΩLES domain covered a rectangular
area of dimensions 1.8 km × 2.5 km located in the area of
maximum velocities (Fig. 1). Bathymetric data came from
a 1 m resolution Digital Elevation Model (DEM) in the area
of interest, and a 100 m-resolution DEM elsewhere (Fig. 1).
The bathymetry has been provided by the French Navy
SHOM.
We used a wall function at the seabed boundary. The
bottom shear stress has been computed from the local
horizontal velocity and the local seabed roughness
(determined from a sediment map [21]) with the
Nikuradse law [22]. At open sea boundary of Ω, we used
the TPXO database to determine the depth-averaged
horizontal velocity. A log profile was retained to distribute
the velocity along the vertical. The simulations focus on a
spring tide occurring on 7 October 2017.

2216-2

GUILLOU et al.: ON THE SPATIAL VARIABILITY OF THE FLOW CHARACTERISTICS IN A TIDAL ENERGY SITE: CASE OF THE RAZ
BLANCHARD

mesh convergence has been obtained with a 3m cell size in
ΩLES. Elsewhere, the horizontal mesh size increases
gradually and reaches 500m near the offshore boundary.
The mesh convergence relied on 25 vertical sigma layers
and a time step of 0.375s, which is also retained here. Fig.
2 displays the comparison between modelled and
measured profiles of velocity and turbulence intensity.
Additional results are available in [7].

Fig.1 Seabed elevation (with respect to the mean sea level) and
domain decomposition: Top left) domain Ω; top right) location of ΩLES
domain and zone retained for the TEC pilot farm area (The W-shape
red line represents the approximative limit between two seabed
types: rock outcrops and pebbles); bottom) bathymetry in ΩLES with
the locations of numerical probes. Point 1 corresponds to the location
of the ADCP. The points P2 to P8 correspond to virtual sensors.
TABLE I
LOCATIONS OF THE POINTS RETAINED TO EXTRACT HYDRODYNAMIC
DATA (UTM30 GEOGRAPHIC SYSTEM)
Latitude

Mean depth
(m)

571859.88

5507240.25

31.41

571400.00
572200.00
571400.00
572200.00
571800.00
571400.00
572200.00

5506800.00
5506800.00
5507600.00
5507600.00
5508000.00
5508400.00
5508400.00

37.23
34.28
41.42
42.58
46.42
53.54
52.99

Profiles

Longitude

P1 (ADCP)
P2
P3
P4
P5
P6
P7
P8

A mesh convergence has been utilised to determine the
mesh size [7]. It was based on the comparison between the
model predictions and turbulence characteristics
measured by Acoustic Doppler Current Profiler (ADCP)
during the field campaign performed in the framework of
the THYMOTE project from 25 September 2017 to 4
November 2017 [3, 4, 5]. The location of the ADCP is
referred as P1 in Fig. 1 and is provided in Table 1. The

Fig.2 Vertical profiles of velocity magnitude and
turbulence intensity compared to ADCP measurements
during the 7 October 2017, at peak flood (Top) and peak
ebb (bottom).
C. Results processing
The study focuses on eight numerical probes located in
the LES domain (see Fig. 1 and Table 1). The LES domain
covered two main zones: a southern area, which is shallow
and composed of a rocky bed and northern area, deeper
and constituted of large dunes of pebbles. We add a third
area corresponding to a transition zone. P1, P2 and P3 are
located on the rocky plain. P1 is located on an underwater
hill of outcrops and is the shallowest point. P7, P8 are
located in a smoother and deeper part of the domain. P4
and P5 are located in the transition zone, very close to the
abrupt change of bathymetry between the northern and
the southern parts. P6 is located in a zone that is relatively
smooth and composed of large dunes of pebbles. Fig. 3
shows the South–North bathymetric profiles passing
through the 8 points.
Fig. 4 shows the West-Est
bathymetric profiles at the latitude of P2-P7, P1-P6 and P3P8. Those figures exhibit the large change of bathymetry
between the northern and the southern parts of the study
zone, as well as the difference in macro-roughness (rough
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seabed in the southern part and smoother bed in the
North).
We define the local ADCP frame as (xn, xt, z) where xn
has an angle of 109° with the North (y-axis) (Fig. 1). Thus,
(un, ut, uz) denote the velocity components in the ADCP
frame. The flow statistics obtained with LES simulations
are extracted along the vertical profiles every 5 min. An
average per block operator has been introduced to
discriminate the turbulent fluctuations from the slowvarying tidal motions.
We focalise our study on the velocity magnitude and
Turbulence Intensity (I) at the eight locations and on the
shape of their vertical profiles. Firstly, we consider a spring
tide and compare the flow characteristics at both flood and
ebb peaks at the eight locations. Secondly, we compare
neap, spring and mid-tide conditions, focussing only on
three locations (P3, P5 and P8 in the Eastern line)

Fig.3 South–North bathymetric profiles passing by the points P1 to
P8 (See Table 1). P3, P5 and P8 are on green curve. P2, P4 and P7 are
on blue curve. P1 and P6 are on orange curve.

Fig.4 West-East bathymetric profiles passing by the points P2, P3,
P4, P5, P7, P8 (See Table 1).

III.

RESULTS

A. Spatial variability of the hydrodynamic characteristics
Figure 5 shows the vertical profiles of velocity magnitude
and turbulence intensity during the flood of a spring tide,
for all points. We observe a significant variability in the
distribution of both the velocity and I. Fig. 5.a shows that,
at point P7 and P4, the velocity profile follows a power law
and that the I profile follows an inverse logarithmic
behaviour (I(z)/Ih=1/log(z/z0) where Ih is the turbulence
intensity at the free surface and z0 is the roughness height).
This behaviour is representative of a turbulent flow on a
regular rough bed. At point P2, we observe a strong

velocity deficit in the lower part of the profile (<25m),
combined with a high level of turbulence (I higher than
10% for z<15m). This profile does not follow a similar law
than the two others. The higher values of I suggest a strong
turbulence generation upstream of this point. The velocity
is lower at point P7 than at points P2 and P4, which may
be due to the constriction of the flow induced by the
reduction of depth (change of seabed elevation in the
Norh-South direction). The averaged turbulence intensity
differs between these three points. The difference between
point P2 and points P4 and P7 is certainly induced by
contrasted bed morphologies. Indeed, whereas P2 and P4
are located in a region with 0.5-1m-high macro-roughness
super-imposed over a series a 5m-deep hollows and
bumps, the seabed around P7 experiences a much
smoother morphology.
On the one hand, in Fig. 5b, the velocity at point P1
follows a power law and I follows an inverse logarithmic
behaviour. On the other hand, at point P6, there is a strong
velocity deficit for z<25m and a high level of turbulence for
z<25m. Point P1 is one of the shallowest points on the
rocky plateau. His hydrodynamics may thus be relatively
independent of the wakes generated by other shallow
rocky structures. The vertical distribution of velocity
magnitude follows thus a regular profile. On the contrary,
point P6 is in the direct wake of the hill where point P1 is
located (Fig. 3, orange curve). The difference in height
between P1 and P6 is about 15m. Moreover, point P6 is in
the hollow of a pebble dune and is located downstream of
the abrupt change of bathymetry between the rocky
plateau and the zone composed of dunes (orange curve in
Fig. 3). During flood tide, it is therefore downstream of an
area that may encourage the development of high levels of
turbulence.
Fig. 5c shows the profiles at points P3, P5 and P8. The
velocity profile at point P3 follows a regular power law
behaviour; and the I profile can be described by an inverse
logarithmic law. This point is located on a shallow region
of the bedrock in the vicinity of a rapid variation of the
bathymetry, which may lead to a rough turbulent profile.
Profiles at P5 and P8 are marked by a significant velocity
deficit in the 20 m above the seabed for P5 and in the 40 m
above the seabed for P8. The deficit is greater for P5. Point
P5 is located downstream the bedrock, in the transition
zone, about ten metres below the plateau. It may therefore
be influenced by the turbulence generated over the rocky
seabed. This may explain the increase of turbulence
intensity in the 20m above the seabed. Point P8 is much
further away, and 10 m deeper. Although the impact of
the turbulence generated over the plateau is visible over a
larger part of the water column, it is also less significant
than at point P5 where I reaches 12% at 15m above the
bottom against 9% at point P8 at the same height.
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visible for a distance from the bottom less than 10m. Point
P2 (at z=-37m) is downstream of a mound culminating at 31m from the mean sea level, which could induce a
detachment effect.

a)

a)

b)

b)

c)
Fig.5 Profiles of velocity magnitude and turbulence intensity
at flood peak at locations: a) P2, P4, P7; b) P1, P6; c) P3, P5,
P8. z is the distance to the bottom.
Figure 6 shows the profiles of velocity magnitude and I
during the ebb, at all virtual locations. This figure shows
that the profiles are different than those obtained during
the flood tide. There is much less variability in the shape
of the velocity profile, which suggests that the bed
morphology has a lesser influence on the hydrodynamics.
P7 is the most northern point. In this area, the water
flows over a regular pebble dune field and the profiles are
representative of a common turbulent flow, with a power
law velocity profile and an inverse log law for turbulence
intensity (Fig. 6a). There is no particular velocity deficit
near the bottom nor particular increase in I. Point P4 is
downstream of P7 and is located higher (Fig 3, blue curve).
There is a slight deficit in the 10m near the bottom, and a
slight increase in I up to 20m from the bottom. This deficit
is probably due to a shadowing effect by the dune located
between P7 and P4, which may induce an upward flow. At
point P2, a slight deficit in velocity and an increase in I is

c)
Fig.6 Profiles of velocity magnitude and turbulence intensity
at ebb peak at locations: a) P2, P4, P7; b) P1, P6; c) P3, P5,
P8. z is the distance to the bottom.
In Fig. 6b, point P1 is the highest point while point P6 is
located in the depression of a dune. The profiles at point
P1 follows a power law for the velocity and an inverse
logarithm for I. The local hydrodynamics may be
influenced by the local roughness of the terrain.
Nevertheless, the distribution of velocity and I remains
regular. Contrarily, at point P6, we observe a velocity
deficit in the 8m near the seabed and a slight increase in I
up to 15m. This may be related to the position of the point,
located in a 5m-deep trough (fig. 3, orange curve)
downstream a continuous slope of 12/600 creating a lift-off
effect.
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During ebb tide, point P8 is upstream. The profiles in
Fig. 6c exhibit a slight deficit up to 15m above the bed, with
little impact on the I profile. This may be because P8 is in
the trough of a dune 5m-high dune (Fig 3). A slight flow
detachment should thus occur at this point.
At P5, a more pronounced velocity deficit is visible up
to 15m from the bottom and an increase in I is visible up to
20m from the bottom. P5 is in the transition zone between
the dune zone and the rocky zone. Upstream, the seabed is
very rough (between the location d=1600m and 1900m in
Fig 3) and contains a 5m- high rock. This should be the
origin of a flow detachment and an important turbulence
generation close to the bottom. These effects are visible up
to 3 times the height of the big rock, which represents 1/3
of the water column.
At point P3, there is also a significant velocity deficit up
to z=12m and an increase of I up to 12m. P3 is the highest
point on the north-south profile (Fig. 3, green curve) and is
located on the middle part of the rocky plateau, which is
nearly flat. However, between P3 and d=1000m (Fig. 3,
green curve), there is a 5m-deep depression. In addition,
between d=1000 and 2500m there is an average slope of
20/1500. The combination of this slope and the depression
may be responsible for a flow detachment at d=1000m,
which is noticeable at P3.
A first analysis shows that the velocity and the I profiles
are strongly heterogeneous over the LES domain and that
flow conditions differ between flood and ebb tides.
Regular power-law velocity profiles are obtained at points
P1, P3, P7 and P8 during the flood, and at point P1 and P7
during the ebb. A velocity deficit is observed in the lower
part of the water column at P2, P4, P5 and P6 during the
flood and at P2, P3, P4, P5, P8 during the ebb. This velocity
deficit is associated to an increase of I. This effect can be
seen up to 30 m from the bottom (P2, P6) during the flood.
The transition area between the dune area and the rocky
plateau is more remarkable at P5 than at P4.
The present study shows that the velocity profiles
significantly vary spatially. At several locations, velocity
profiles are irregular, which is associated to an increase of
turbulence intensity. Those anomalies are directly related
to the local and/or upstream seabed morphology.
Significant differences in velocity magnitude along the
vertical are known to increase the fatigue of the blades
because they experience cyclic loading during their
rotation (high loads when they are in the upper part of the
water column and low load when they are in the lower
part). Such a loading difference will therefore influence a
turbine like the one of Atlantis, of 24m-diameter and
located 3-5m above the bottom. Significant effects on the
turbines’ production are also expected (in comparison to a
vertically uniform flow).

B.

Effect of the flow type on the hydrodynamic
characteristics

Now, we analyze the difference in the shape of the
profiles under different tidal conditions: neap, mean and
spring. To do so, we focalise on the three locations P3, P5
and P8 during the flood (Fig. 7) and the ebb (Fig. 8).

a)

b)

b)

Fig.7 Profiles of velocity magnitude and turbulence intensity
for several flow conditions during the flood at point: a) P3, b)
P5, c) P8.
During the flood, the velocity profile at P3 (Fig. 7a)
follows a power law for all the flow conditions. However,
we observe that below 10m the turbulence intensity
slightly increases from neap to spring tide. This may be
related to the location of P3, on the top of the rocky plateau.
In this area, the turbulence generation is free from the
influence of large obstacle or slope. Noteworthy, I
increases with the flow magnitude.
At point P8 (Fig. 7c), the velocity deficit up to 40m from
the bottom is more marked during neap tide than during
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mean or spring tides. I is slightly higher during neap tide.
This can be due to a masking effects due to the strong
bathymetric variation between P3 and P8 (20m) producing
a boundary layer stall and causing a reduction of the
velocity.
At point P5 (Fig. 7b), the velocity profile has a different
shape compared to the other two points. As a reminder,
point P5 is along a slope descending between P3 and P8,
and it is located at the limit of the rocky plateau,
downstream (in the flow) a zone of significant roughness.
Turbulence remains strong in the water column and
increases from the surface (5%) to the bottom (I = 20% 5 m
above the seabed). The velocity profile seems more
impacted by the strong turbulent intensity during neap
tide than during other conditions even if the turbulence
intensity seems to follow a similar behaviour.

8c), which is upstream of the rapid bottom variations. At
this location, we can see an established turbulent flow.
There are very little variations in the shape of the velocity
and I profiles.
Point P3 (Fig. 8a) is on the bedrock, which is
characterised by a high and homogeneous roughness. The
velocity deficit in the 15m above the bottom could be
related to a flow detachment downstream the top of the
slop close to the latitude of P1 increases with the tidal
condition whereas I decreases in this lower part of the
profile.
Point P5 is located on the upslope and is located
downstream of several pebble dunes, just behind a 5mhigh rock. This could be the origin of a velocity reduction
effect (wake) up to 15m from the bottom, which is manly
visible during neap and mean tide conditions. The lower
the velocity, the greater the masking effect is.
In general, it can be seen that bathymetric variations
have a greater effect on the lower part of the velocity
profile during neap tides than during spring tides.
IV.

a)

b)

c)

Fig.8 Profiles of velocity magnitude and turbulence intensity
for several flow conditions during the ebb at point: a) P3, b)
P5, c) P8.
During the ebb (Fig. 8), the velocity profiles seem to be
more sensible to the flow conditions excepted for P8 (Fig.

CONCLUSION

In this study, we applied an embedded LES technique
to the Raz Blanchard. We focussed our analysis on the
spatial variation of the velocity and turbulence intensity
profiles and compared, under different tidal conditions
(neap, mean and spring tides), the local hydrodynamics at
several possible locations for the deployment of tidal
turbines. The main conclusions are as follow:
The velocity and the turbulence intensity profiles
significantly differ from a location to another. Some
of them are typical of fully developed turbulent
flows. The others present anomalies induced by
specific turbulent processes, depending on the local
and upstream seabed morphology and roughness.
Those flow perturbations may impact significantly
the loading and the performance of the future
turbines.
The anomalies are different between flood and ebb
tides.
The characteristics of the seabed influencing the
shape of the profiles are of the macro-roughness, the
slope, the rapid change of bathymetry, the presence
of big rocks and dunes.
The change of depth between the northern and the
southern parts of the race has a greater impact on
the vertical flow distribution during neap tide than
during spring tide.
The method developed here and the new results provide
essential data on the distribution of velocity magnitude
and turbulence intensity in the Raz Blanchard. Those
information will help the tidal turbines’ developers in
determining the best horizontal and vertical locations for
the deployment of turbines. Further analyses on the
dataset will be carried out in the framework of the TIGER
project.
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