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Turbulence characterisation during ebbing and
ﬂooding tides in the Raz Blanchard with large
eddy simulations.
Philippe Mercier, Sylvain S. Guillou, Jérôme Thiébot, and Emmanuel Poizot

Abstract—The impact of the seabed morphology on the
spatial variability of a strong tidal ﬂow is investigated, at
both ﬂood and ebb tides, using large-eddy simulations. The
simulations are performed over domains of about 0.5 km2 ,
with a spatial resolution of 0.34 m and using a detailed
bathymetry of 1 m resolution. For both simulations, the
presence of trails of reduced current velocity magnitude
and high turbulence level and of trails of accelerated ﬂow
and low turbulence level is conﬁrmed. These trails are
assumed to be originated from speciﬁc seabed landforms
or combinations of landforms that generate a high level
of turbulence at very localised positions. The locations
of the trails differ between ﬂood and ebb tides, due to
the misalignment of the ﬂow during those two periods
of the tide. On another note, the ﬂow conditions notably
differ between ﬂood and ebb, with a large zone of low
turbulence that appears during ebb tide, but not during
ﬂood tide. This is due to the difference in the upstream
seabed morphology: a rough and shallow rocky plateau
during ﬂood tide and a smoother and deeper seabed during
ebb tide.
Index Terms—Large eddy simulation, Seabed morphology, Tidal ﬂows, Turbulence, Raz Blanchard.

I. I NTRODUCTION

K

NOWLEDGE about the dynamics of extreme tidal
ﬂows increases with the growing interest for
harvesting tidal power. More and more studies help
increase the understanding of the hydrodynamic characteristics of the most promising sites. Initially, the
focus has been put on the resource assessment and the
environmental impact of turbine arrays, with analytical estimates [1], in situ ADCP measurements [2]–[4]
and regional numerical simulations based on Reynolds
Averaged Navier-Stokes models [5]–[8]. These studies
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conﬁrm the huge potential of sites such as the Raz
Blanchard, the Minas Passage, the Pentland Firth, or
the Ramsey Sound.
On another note, many studies focus on tidal devices. They show the sensitivity of tidal turbines to turbulence, with impacts on the turbine production and
wake [9]–[13] as well as an increase of the loads (and
thus the fatigue) experienced by the blades [14], [15].
This sensitivity raises interest for the characterisation of
ambient turbulence at tidal power sites. To investigate
this issue, new ADCP conﬁgurations have emerged
involving a higher number of beams (more than four
beams) [16]–[18], which allows for the measurement
of the full Reynolds tensors [19], [20], as well as ADV
measurements [4], [21]. Also, large-eddy simulations
(LES) start providing insight about the hydrodynamic
characteristics of tidal and river ﬂows [22]–[24], over
large areas and with a ﬁne spatial resolution. Such
simulations are suited to a detailed assessment of
the best turbine positioning. In particular, LES based
on the lattice-Boltzmann method (LBM), that are less
dissipative than Navier-Stokes models [25], are suited
to study turbulence generation over rough seabed [26],
[27].
LES are computationally expensive, which, to date,
precludes investigating the whole range of tidal conditions at a given site with a ﬁne spatial resolution.
Despite this limitation, focusing on particular tidal
conditions (e.g. spring tides) permits to obtain crucial
information for the design and the positioning of turbines. Nevertheless, during a tide, the ﬂow reverse and
the hydrodynamic conditions can thus strongly differ
during ebb and ﬂood tides. This difference could be
explained by the tidal asymmetry and/or by the asymmetric shape of the tidal channel that lead to different
ﬂow conditions depending on the orientation of the
predominant current. As a consequence, studying the
hydrodynamic conditions during both ﬂood and ebb
tides is crucial to have a complete view of the ﬂow
characteristics at a particular site.
Here, LES are used in the Raz Blanchard to investigate the spatial variations of the ﬂow characteristics at
both ﬂood and ebb tides. It is noteworthy that the study
zone encompasses a large and abrupt change of water
depth which has a large inﬂuence of the ﬂow. First, the
area of interest is presented, as well as the numerical
setup. Then, the simulated ﬂow characteristics are presented and the impact of the seabed morphology on
the turbulence is discussed.
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Fig. 1. Bathymetry of the investigated zone in the Raz Blanchard.
The rectangles represent the simulation domains for ﬂood (in black)
and ebb (in blue).

II. M ETHODS
A. Geomorphology and ADCP measurements
The Raz Blanchard geomorphology is diversiﬁed,
with the presence of crystalline and sedimentary rocks,
faults, folds, covers of blocks as well as mobile sand
patches and pebble dune ﬁelds [28]. A distinction can
be made between the northern part, that is deeper and
smoother than the southern part. The morphology of
the site is expected to impact the characteristics of the
ﬂow. In particular, we foresee that the change of depth
will impact the current velocity and that the seabed
roughness will inﬂuence the generation of turbulence.
The maximum velocities are observed in the eastern
part of the Raz Blanchard [29].
The study focuses on an area of the Raz Blanchard
where two pre-commercial farms are planned to be
installed (four Simec Atlantis Energy turbines by Normandie Hydroliennes and seven OceanQuest turbines
by Hydroquest). The zone is situated at the frontier
between the northern part of the race that is deep
and composed of a smooth seabed and the southern
part that is shallower and constituted of a rocky (and
rough) seabed (see Figure 1), and in the eastern part
of the Raz Blanchard, characterised by high velocities.
ADCP measurements have been achieved in this area
using two, coupled, 4-beam ADCPs [19], [20]. This
conﬁguration allows for the calculation of the full
Reynolds tensor over a vertical proﬁle, in addition to
the time-mean velocity proﬁle. The temporal evolution
of the sea level over a three day period is represented
in Figure 2(a). Over a full 14-days tidal cycle, the depth
range varies from less than 2 m at neap tides to more
than 6 m at spring tides. The maximum and minimum
sea levels correspond respectively to the ﬂood and
ebb peak currents, as showed in Figure 2(b). The ﬂow
orientation is represented in Figure 2(c). It is very
similar from one tidal cycle to another and roughly
stable over a given ﬂood or ebb period. This conﬁrms

Fig. 2. Temporal evolution of (a) the sea level, (b) the ﬂow intensity
and (c) the ﬂow orientation at the reference ADCP position.

the relevance of a study based on only two simulations,
one for the ﬂood and one for the ebb.
B. LBM-LES
The LBM-LES simulations are based on the opensource C++ library Palabos [30]. The numerical parameters are similar to those retained in an earlier
work [26], with a D3Q19 numerical scheme, a BGK
(Bhatnagar-Gross-Krook) collision operator [31] enhanced by a regularisation procedure [32] and a static
Smagorinsky model [33], [34] using a 0.14 Smagorinsky
constant. The seabed is modelled with a Bouzidi noslip condition [35]. The sea surface is considered to
be ﬂat and modelled with a free-slip condition. A
Dirichlet boundary condition [36] is applied on the
lateral boundaries, where the velocity is set to be
constant, uniform, longitudinal and set to a magnitude
of 4 m.s−1 . A 2 m-large sponge zone is used on
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Fig. 3. Flood and ebb simulation domain. The depths are relative to the sea surface at low tide of a spring tide. The white cross indicates
the position of ADCP measurements.

the lateral and top boundaries where the viscosity is
artiﬁcially increased to improve the numerical stability. A previous work [27] showed that these lateral
boundary conditions inﬂuence artiﬁcially the ﬂow over
a constraint distance to the boundaries (less than 40
m). A periodicity condition is applied between the
outlet and the inlet. The continuity of the bathymetry
is ensured by a transition zone of 20 m that connects
the outlet to the inlet in a linear way. The study
domain must be carefully selected for this transition.
Indeed, abrupt changes of depth between the inlet and
the outlet may generate artiﬁcial ﬂow perturbations.
A pressure gradient compensates the load losses. Its
value is estimated from [26]. The domain is divided
into two areas of different resolutions. In each area, the
mesh is Cartesian. The area of ﬁnest mesh resolution
(0.34 m) is situated near the seabed and the area of
coarsest resolution (0.68 m) is situated near the sea
surface.
C. Simulations
The simulation domain must be aligned with the
predominant ﬂow direction. This results in a 5◦ misalignment between ﬂood and ebb simulation domains,
as shown in Figure 3. To investigate the most energetic
conditions, the reference ﬂow conditions are spring tide
peak ebb and ﬂood conditions. The period corresponds
to the maximum velocity magnitude observed during
the one-month long measurement campaign (October,
6th, 2017).
1) Flood: The ﬂood domain is 960 m long and 360
m wide, resulting in a mesh of 210 million nodes. It
is characterised by a relatively homogeneous seabed
morphology. The depth ranges from 47 m in a depression transverse to the domain in the upstream, to 27 m
at the top of a large landform in the downstream part.
Simulations on this domain has already been validated
against ADCP measurements [26], [27].
2) Ebb: The simulation domain for the ebb tide
notably differs from the one retained for simulating
ﬂood tide. The highest point of the bathymetry is the
same landform as in the ﬂood simulation. However,
its depth is different because the ﬂood peak happens
at high tide whereas the ebb peak happens at low tide,

with a 6.7 m difference in the sea level. The seabed morphology varies from a smooth and deep area (depth of
47 m) in the upstream area to a rocky and shallow
area (depth of 21 m). In order to properly capture
the physical phenomena occurring in both areas, the
domain is extended in the longitudinal direction. Thus,
the ebb simulation domain is 1240 m long and 465
m wide, resulting in a mesh of 470 million nodes.
The validation of the ebb simulation against ADCP
measurements is displayed in Figure 4. This ﬁgure represents a comparison of vertical proﬁles of longitudinal
velocity and two components of the velocity variance,
from ADCP measurements and from the simulation.
A good agreement between the measurements and the
simulation is observed, despite a slight overestimation
of the ﬂow intensity and a slight underestimation of
the velocity variance in the lower part of the water
column.
III. R ESULTS
The simulation results are represented in Figure 5
for the average longitudinal velocity and in Figure 6
for the variance of the longitudinal velocity. The results
are given on a horizontal plane extracted 15 m under
the ebb sea level. In order to visualise the results
from both simulations on the same images, the results
from the ﬂood simulation are represented with isosurfaces whereas the results from the ebb simulation
are represented with iso-contours.
Regarding the average longitudinal velocity in Figure 5, it is found to be stronger in the central part of
the domain, where the velocity magnitude is around
4 m.s−1 , than in the left and right extremities of the
ﬁgure, where the velocity is of the order of 3 m.s−1 .
This difference can be related to the variations of depth
(see Figure 3), with the central part of the domain
being shallower. Also, stream-oriented trails of reduced
velocity magnitude and ﬂow acceleration are observed
for both simulations. They result in alternating blue
and red strips that persist over the entire domain for
the ﬂood simulation. The distance between the trails
ranges between 70 m and 150 m. The difference of
velocity between trails of reduced speed and trails of
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the point A in Figure 6, for example, is situated on a
high turbulence trail at ebb and on a low turbulence
trail at ﬂood. It is the contrary for the point B. This
observation also applies at points C and D during the
ﬂood, with a low turbulence for the point C and a
high turbulence for point D. However, during ebb, the
central part of the domain is characterised by a low
turbulence, thus it is not possible to draw conclusions
for the points C and D. This is a remarkable difference
between ﬂood, where the turbulence is globally uniform in the longitudinal direction, and ebb, where a
signiﬁcant drop in turbulence is observed in the central
part of the domain.
IV. D ISCUSSION AND CONCLUSION

Fig. 4. Validation of the ebb simulation (—) against ADCP measurements. (—)

increased speed reaches 0.5 m.s−1 . Due to the misalignment between ebb and ﬂood, the ebb trails are crossing
the ﬂood trails. Thus, under-speed zones at ebb might
be over-speed zones at ﬂood (e.g. at point A), and
vice versa (e.g. at point B). At both ebb and ﬂood
tides, other zones can be characterised by an increased
velocity (e.g. at point C) or by a reduced velocity (e.g.
at point D). Concerning the point D, it is remarkable
that the trails of under-speed passing by this point are
passing just aside of the highest and largest landform
of the study domain. The particular feature could thus
play a role in the generation of these two under-speed
trails.
Regarding the variance of the longitudinal velocity,
the Figure 6 highlights trails similar to the ones observed for the longitudinal velocity. Within the trails of
low turbulence, the variance of the longitudinal velocity is below 0.1 m2 .s−2 whereas it reaches 0.25 m2 .s−2
within the trails of high turbulence. It is remarkable
that the high turbulence trails superimpose to the low
velocity trails, and vice versa, as already observed in a
previous work focusing on the ﬂood tide [27]. Indeed,

This study provides a detailed spatial mapping of the
ﬂow conditions over a large part of a tidal power site,
at both ﬂood and ebb peaks. It extends the results of
previous investigations using large-eddy simulations,
that focused only on one ﬂow orientation.
The ebb simulation exhibits two zones with contrasted hydrodynamic behaviours both in terms of
the velocity and the turbulence characteristics. Indeed,
the upstream part of the ebb simulation domain is
characterised by a deep and smooth seabed over which
the ﬂow velocity is low compared to the velocity over
the shallower areas located in the southern part of the
race (in the downstream part of the domain). In this
zone, the current velocity magnitude is higher due to
the ﬂow constriction (shallower depth). Furthermore,
the turbulence generation is higher as the seabed is
very rough (mainly composed of rock outcrops). If a
low ﬂow velocity is actually observed in the deep area,
the low turbulence intensity is shifted downstream
and observed in the central part of the ebb simulation
domain. This phenomenon can be explained by the
fact that turbulence is generated near the seabed and
gradually rises in the water column. Turbine developers could take advantage of this shift by installing the
turbines in the area where the ﬂow is accelerated band
the turbulence is relatively low because it remains close
to the seabed.
The presence of trails of reduced speed and high turbulence, and trails of over-speed and low turbulence,
that has already been observed [27] is conﬁrmed for
both ﬂood and ebb tides. Moreover, because of the 5◦
misalignment between ﬂood and ebb ﬂow orientation,
the trails cross each others. Thus, some areas can be
characterised by high (or low) turbulence intensity
during both ﬂood and ebb tides, whereas other areas
can be characterised by a high turbulence intensity for
one ﬂow direction and by a low turbulence intensity
for the other ﬂow direction. This observation supports
the importance of characterising tidal power sites for
both ﬂood and ebb, and more generally speaking, for
all ﬂow directions.
The trails of high turbulence intensity are expected
to result from the wakes of speciﬁc seabed landforms.
However, the identiﬁcation of these landforms is not
straightforward. Thus, the comparative analysis of
ﬂood and ebb simulation can help identifying the zone
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Fig. 5. Average longitudinal velocity at a 15-m depth for ﬂood (iso-surfaces) and ebb (iso-contours).

Fig. 6. Average longitudinal velocity variance at a 15-m depth for ﬂood (iso-surfaces) and ebb (iso-contours).

of turbulence generation: it is potentially relevant to
put the focus on the zones situated on high turbulence
trails for both simulations.
Finally, several limitations (and potential perspectives to improve this work) are reminded:
•

•

The seabed elevation, the ﬂow direction and intensity are highly variable in time. Here, only two
speciﬁc conditions have been investigated. Thus,
it is not possible to draw ﬁrm conclusions that
would apply to the whole range of tidal conditions occurring at this speciﬁc site. However, the
conditions addressed here correspond to the ﬂow
peaks in ﬂood and ebb, when the most energetic
events are expected to happen.
Because of the periodicity of the domain in the
longitudinal direction, the trails of high turbulence
intensity and of low velocity, that subsist over

the whole length of the simulation domain, are
possibly self-sustaining. Thus, the results of this
study apply in a qualitative way.
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E. Poizot, Y. Méar, and A.-C. Bennis, “The alderney race:
general hydrodynamic and particular features,” Philosophical
Transactions of the Royal Society A, vol. 378, no. 20190492, 2020.
[Online]. Available: http://dx.doi.org/10.1098/rsta.2019.0492
II-A
[30] J. Latt, O. Malaspinas, D. Kontaxakis, A. Parmigiani, D. Lagrava, F. Brogi, M. B. Belgacem, Y. Thorimbert, S. Leclaire, S. Li,
F. Marson, J. Lemus, C. Kotsalos, R. Conradin, C. Coreixas,
R. Petkantchin, F. Raynaud, J. Beny, and B. Chopard, “Palabos:
Parallel lattice boltzmann solver,” Computers Mathematics
with Applications, 2020. II-B
[31] P. Bhatnagar, E. Gross, and M. Krook, “A model for collision
processes in gases,” Physical Review, vol. 94, no. 3, 1954.
[Online]. Available: http://dx.doi.org/10.1103/PhysRev.94.511
II-B
[32] J. Latt and B. Chopard, “Lattice Boltzmann method with
regularized pre-collision distribution functions,” Mathematics
and Computers in Simulation, vol. 72, pp. 165–168, 2006.
[Online]. Available: https://doi.org/10.1016/j.matcom.2006.05.
017 II-B
[33] J. Smagorinsky, “General circulation experiments with the
primitive equations,” Monthly Weather Review, vol. 91, no. 3,

2190-6

MERCIER et al.: STUDY OF FLOOD AND EBB TURBULENCE WITH LARGE EDDY SIMULATION

7

pp. 99–164, 1963. [Online]. Available: https://doi.org/10.1175/
1520-0493(1963)091h0099:GCEWTPi2.3.CO;2 II-B
[34] J. Eggels and J. Somers, “Numerical simulation of free convective ﬂow using the lattice-Boltzmann scheme,” International
Journal of Heat and Fluid Flow, vol. 16, no. 5, 1995. [Online].
Available: https://doi.org/10.1016/0142-727X(95)00052-R II-B
[35] M. Bouzidi, M. Firdaouss, and P. Lallemand, “Momentum
transfer of a Boltzmann-lattice ﬂuid with boundaries,” Physics
of Fluids, vol. 13, no. 3452, 2001. [Online]. Available:
https://doi.org/10.1063/1.1399290 II-B
[36] Q. Zou and X. He, “On pressure and velocity boundary conditions for the lattice boltzmann bgk model,” Physics of Fluids,
1997. II-B

2190-7

