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Abstract—The assessment of turbulence characteristics
at a tidal power site is a prerequisite for near future
installation of industrial tidal turbine farms. Computing
costs still penalize unsteady numerical simulations of
tidal flows. The lattice Boltzmann method associated with
large eddy simulation is particularly adequate to simulate
flows on such large and complex domains. A simulation
involving a real bathymetry is conducted. First results are
promising, as the model results fit well the turbulence
characteristics measured by ADCP near the seabed. In
this article, we show the possible contribution of the
model in understanding the turbulent processes in the Raz
Blanchard. Such results may have great implications for
tidal site characterization.

Index Terms—Computational fluid dynamics, large eddy
simulation, lattice Boltzmann method, seabed morphology,
tidal power, turbulence

I. INTRODUCTION

The industrial development of tidal stream power in
a near future calls for a deep understanding of envi-
ronmental conditions and flow characteristics. The ex-
tractable power on promising sites is assessed through
regional numerical flow simulations [1], [2]. Simplified
models of turbines such as actuator disc [3] or models
of turbine farms such as enhanced bottom friction [4]
may be integrated in these simulations to help optimize
tidal turbine positioning [5] and assess the impact of
tidal turbine farms on environmental flows [6]. Com-
parisons with on-site measurements [7] demonstrate
the need for innovative approach to simulate and
characterize the turbulence at tidal stream energy sites.

Turbulence has large effects on tidal turbines [8],
[9]. However, the knowledge of tidal site turbulence is
not exhaustive. Despite difficulties related to the harsh
environment, measurements with ADCP (Acoustic
Doppler Current Profiler) or ADV (Acoustic Doppler
Velocimeter) are widely used [10], [11], [12]. They
provide a good understanding of the turbulence at a
particular location. However, such results cannot be
extrapolated over a large zone because the turbulence
is spatially highly heterogeneous. Indeed, it depends
on the local hydrodynamics and seabed morphology
but it is also influenced by far-field effects. Numerical
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modelling could complete this missing information.
The model should be accurate enough in time and
space to allow modelling the effect of fine seabed
morphology details on a vast area, which is a big
challenge.

Large Eddy Simulation (LES) method [13] is suited
for simulating the unsteady behavior of tidal flows
and assessing the turbulence caracteristics. It may be
associated with the Lattice Boltzmann Method (LBM),
that numerically solves the Boltzmann equation [14].
As this approach is explicit, it allows massively parallel
simulations and can thus be used to compute the flow
over large domains with refined mesh.

For the present purpose, simulations of a tidal power
flow at a local scale are performed, using LBM associ-
ated with LES. The numerical tool, based on the Pal-
abos open-source C++ library for LBM, was validated
with experimental data acquired in a turbulent open
channel flow above macro-roughness [15]. This vali-
dation was a prerequisite to simulate turbulent flows
at real tidal power sites such as the Raz Blanchard
(see Figure 1). The present contribution, carried out
within the THYMOTE project, consists in simulating,
at a local scale, the effect of the seabed morphology
on the turbulence. This method is applied to the Raz
Blanchard.

Fig. 1. Annual maximal tidal current speed in the
Raz Blanchard.

II. NUMERICAL BACKGROUND

The Lattice Boltzmann Method is well suited for
simulation of large and complex domains such as
a tidal flow over a rough seabed. This section is a
reminder of the main insight of this method. A more
complete description can be found in [15].
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A. The lattice Boltzmann method

The Lattice Boltzmann Method defines a fluid as a
composition of agitated molecules. It describes the flow
from the individual behaviour of the molecules using a
statistical description. A collision operator models the
interaction between particles and allows calculating the
molecule speed changes. This requires the introduction
of distribution function.

The distribution function f(~x,~c, t) quantifies the den-
sity of molecules situated at position ~x at time t and
moving at speed ~c. The density and the velocity are
deduced from this function by an integration of the
density and of the first momentum on the whole speed
space (Equation 1 and Equation 2).∫

f(~x,~c, t)~dc = ρ(~x, t). (1)

∫
f(~x,~c, t)~c ~dc = ρ~u(~x, t) (2)

The numerical treatment of a distribution function
implies its discretization with respect to its three con-
tinuous variables (position, time and velocity). Spatial
discretization is performed on a Cartesian lattice of
nodes spaced by a ∆x length. The time discretization
corresponds to the time ∆t between two computation
steps. The velocity space is narrowed to the velocities
allowing joining a fixed number of neighbour nodes
in a ∆t time. The number and positions of retained
neighbour nodes depend on a chosen scheme. A usual
3D scheme uses 19 nodes.

The distribution function evolution obeys to the
Boltzmann equation (Equation 3), where ~∇ is the clas-
sical gradient operator and Ω is the collision operator.
After discretization, this equation becomes Equation 4
with i varying between 0 and 18.

∂f(~x,~c, t)

∂t
+ ~c.~∇(f(~x,~c, t)) = Ω(f) (3)

fi(~x+ ∆t~ci, t+ ∆t)− fi(~x, t) = Ωi(~x, t) (4)

The calculation of the distribution function at time t+
∆t is then straightforward. The difficulty relies on the
definition of the collision operator Ω.

The most known collision operator is the BGK op-
erator ΩBGK [16]. It is based on the principle that
collisions lead distribution functions towards an equi-
librium state. This equilibrium state corresponds to the
Maxwell velocity distribution fMaxwell [17]. The BGK
operator writes as follows:

ΩBGKi
(~x, t) = −fi(~x, t)− fi(~x, t)Maxwell

τ(ν)
(5)

where ν is the kinematic viscosity and τ(ν) is a relax-
ation time defined as:

τ(ν) = 3ν
∆t

∆x2
+ 0.5. (6)

Latt [18] introduced a regularization procedure to
handle high Reynolds number simulations with a good
numerical stability.

B. Large eddy simulation

The domain discretization implies a loss of infor-
mation on eddies smaller than the mesh resolution.
A sub-grid model compensates this loss by modelling
the effect of small eddies. This method is inspired by
Smagorinsky work [19], and well described by Sagaut
[13] for Navier-Stokes equation applications. The same
principle can be adapted to LBM [14]. The Boltzmann
equation is spatially filtered, and only the large-scale
eddies are simulated. The sub-grid model used is the
static Smagorinsky model [19], [20]. It consists of an
additional viscosity νt named turbulent viscosity cal-
culated from Equation 7:

νt = (CS∆x)2|S| (7)

with S the strain-rate tensor and CS the Smagorinsky
constant, uniformly set to 0.14. This directly impacts
the value of the relaxation time τ = τ(ν + νt).

III. RAZ BLANCHARD

The Raz Blanchard is among the most promising
tidal stream power sites. This section describes its
general morphology and hydrodynamics.

C. Raz Blanchard morphology

The Raz Blanchard is situated in the Channel Sea,
between La Hague cape in France and the Alderney
Island. The tidal stream is concentrated in this 15 km
wide passage. Its depth is well suited for tidal stream
harvesting (around 50 metres depth).

The Raz Blanchard seabed morphology is complex
(see Figure 2), as the seabed is composed of pebbles
(0.2-0.5 metre diameter) and rocks. The relief is charac-
terized by wave-cut platforms with 0.5-3 metres high
rifts, canyons and small submarine hills.

The study zone of THYMOTE project is situated at
the frontier between a deeper dune zone and a shal-
lower rocky and rough zone. This choice allows study-
ing different hydrodynamics conditions between ebb
and flood. This site was selected for pre-commercial
tidal farm testing (2015 French state call for projects).

Fig. 2. The seabed morphology of the Raz Blanchard.
Data from the French Naval Hydrographic and
Oceanographic Service (SHOM).
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D. Reference ADCP data

The reference for the numerical simulation comes
from on-site measurements conducted in the frame-
work of the THYMOTE project. Two coupled ADCP
Teledyne RDI Workhorse Sentinel 600kHz were placed
on the Raz Blanchard seabed (see Figure 3). The data
are measured on 1.2 metres high cells, at a 2 Hz
frequency, during 38 days between the September 27th
and the November 3rd 2017. The data was treated to
extract velocity [21] and velocity variance [22].

Fig. 3. THYMOTE ADCP on the Raz Blanchard
seabed [23].

At the ADCP position, the tidal range varies between
1.5 metres the 29th of September 2017 (tidal coefficient
28) and 7 metres the 7th of October 2017 (tidal coeffi-
cient 104). The mean depth is 31.5 metres. The current
direction relative to the north varies around 15◦ during
flood and 197◦ during ebb. The maximum current
magnitude varies between 2 m.s−1 the September 29th
2017 and 5 m.s−1 the October 7th 2017.

For the model validation, we opt for a period when
the current magnitude and direction and the depth are
stable. Figure 4 presents the time evolution of these
three parameters during a flood tide. The conditions
can be considered as stable over a 20 minute period,
when the current magnitude is maximum.

IV. SIMULATION OF A PART OF THE RAZ BLANCHARD

The objective of this work is the simulation, at a local
scale, of Raz Blanchard tidal flow. It aims to understand
and describe the physical phenomena responsible for
the emission of turbulent vortices.

E. Simulation parameters

One big challenge of such a simulation is to generate
proper inflow boundary conditions.
In particular, the distance required for the turbulence
to develop over the whole water column is unknown.
To restrict the size of the simulation domain, periodic
boundary conditions are used in the longitudinal direc-
tion. A free slip boundary condition is applied on the
water surface, and Dirichlet boundary conditions on
the domain lateral sides. These boundary conditions
are combined with an increase of viscosity near the
boundaries to prevent numerical instabilities.
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Fig. 4. Depth, current intensity and direction
variations 20 metres above seabed, at ADCP location
[23], for a 6 hour period.

The SHOM provides bathymetric data of the study
zone with a spatial resolution of 1 metre. For the
present purpose, a 300 mx80 m domain surrounding
the ADCP has been selected to build the computa-
tional domain. We opt for simulating the peak flood
conditions. The study zone has been oriented so that
the longitudinal axis corresponds to current direction
(15◦/north). The ADCP is located near the outlet of the
study zone, which is required to allow for a maximal
turbulence development. As periodic boundary condi-
tions are used, the selected zone has been enlarged on
each side of the domain so that the water depth on
the inlet corresponds to the water depth on the outlet.
Those 10-metre long zones are visible on the top and
the bottom of Figure 5.

The depth varies between 41 and 27 metres relatively
to the lowest astronomical tide. A big asperity is sit-
uated in the middle of the domain. Several geologic
cracks are visible in the domain (Figure 5). In this
figure, the ADCP position is indicated by a black cross.

The mesh resolution ranges from 0.21 metres close
to the seabed to 0.42 metres close to the surface. The
time step is set to 6.25.10−3 seconds. The total number
of nodes is 36.8 million. A volumetric force is used to
sustain the flow. It is gradually fine-tuned until flow
speed convergence. The final value corresponds to an
acceleration of the flow of 2.10−3 m.s−2.

Data acquisition starts after a stabilization period
equivalent to 30 minutes of real-time. The data are
extracted, at the location of the ADCP, during a 6
minute period. Data treatment provides time-averaged
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profiles of velocity and velocity variance. The whole
computation takes 30 hours on 112 processors.

The reference measurements correspond to a peak
flood (October the 5th 2017 at 6:00 am). These data
result for the treatment of 2 minute sample periods.
Due to high variability of the results on successive
sampling periods, the measurements data are averaged
over 10 successive sampling periods (solid black curves
in Figure 6), and the standard deviation relative to
these 10 periods is plotted in dashed curves.

The coordinate system is based on the ADCP beam
orientation. This avoids performing rotations on the
variance tensor. The x axis is almost in the opposite
direction of the flow (directed 109◦ from north), the y
axis is almost perpendicular to the flow (directed 199◦

from north), and the z axis is vertical.

F. Results
Simulation results are compared to on-site mea-

surements in Figure 6. The measured and simulated
velocity profiles significantly differ. The longitudinal
simulated speed fast tends to a stable value from the
seabed to the surface, whereas the measured profile
shows a much progressive evolution. The two other
speed components agree well with measurements. The
simulated variance profiles show a very low intensity
in the highest part of the water column compared to
measured data. However, the intensities of simulated
variances are coherent with measurements near the
seabed (distance smaller than 10 metres). This ob-
servation is verified for all six variance components.
The influence of the water surface boundary condition
is visible on uu, vv and ww components. It leads
the turbulence intensity to zero at the water surface.
However this influence seems to be confined to the
firsts meters under the surface, and thus do not affect
the comparison with measurement data.

Fig. 5. Simulation domain (data from the SHOM).
Top view.
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Fig. 6. Vertical profiles of velocity and velocity variance. In red: simulation results. In black: (solid) time
average of measurements over a period of 20 minutes, (dashed) standard deviation of 2 minute samples relative
to the 20 minute sample.
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Fig. 7. Vorticity cuts in a simulated flow of a part of the Raz Blanchard.

The lack of turbulence intensity is also observed in
Figure 7. Instantaneous vorticity along vertical planes
show high vorticity in red and low vorticity in blue.
Intense vortices are generated near the seabed. But
most of them stay near the seabed and do not reach
the surface.

However, large-scale turbulent vortices are gener-
ated in the simulation. A common hairpin vortex that
took off from the seabed can be observed in Figure 8,
which represents a lambda2 isosurface. As they de-
velop in the flow, such vortices reach sizes around 20
metres.

Fig. 8. LBM-LES simulated hairpin turbulent motion
in a tidal power environmental flow. Lambda2
surface plot.

V. CONCLUSION

LES simulation of a Raz Blanchard tidal flow has
been carried out. The simulation incorporated mea-
sured bathymetry and hydrodynamic parameters ob-
tained from on-site measurements.

The simulation results are too far from the mea-
surements to fully validate the simulation. Still, the
speed variance is quite well reproduced close to the
seabed. This suggests that the mesh resolution is not
responsible for the poor results in the upper part of the
water column. Indeed, the hydrodynamic conditions
close to the seabed asperities are well reproduced.
The hydrodynamic conditions in the upper part of
the water column, more sensitive to the far upstream
conditions, are thus missing, which may be due to a

too short domain dimension in the longitudinal direc-
tion. Indeed, strong bathymetry variations are visible
upstream the simulation domain, and may explain the
high turbulence intensity of the high part of the water
column.

Qualitative results are promising, with the detection
of hazardous turbulent motions, which demonstrates
the ability of the code to simulate these motions and
paves the way to a better understanding of the link
between seabed morphology and intense vortex emis-
sion.

The lattice Boltzmann method specificities make it
a well-suited method to investigate local effect of
the seabed morphology on turbulent events. Further
work may allow to better understand the physics
of environmental flows and to perform precise site
characterization for the tidal stream power industry.
Moreover, different boundary conditions at the water
surface could be used to take into account the role of
waves and wind on the turbulent characteristics of the
flow near the surface.
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