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Abstract—The ambient turbulence in the surrounding
flow is of the utmost importance in the design of tidal
turbine arrays, as it influences both the load and fatigue
on each turbine and its wake. Various methods have been
developed in order to replicate its effects in the context of
Eulerian simulations, however none of these methods are
easily transferable to a Lagrangian framework. This paper
presents the adaptation of the Synthetic Eddy Method,
originally formulated in order to generate turbulent in-
flows, to encompass the entire fluid domain in the back-
ground of a three-dimensional Vortex simulation code. The
physical properties of the ensuing flows are analyzed, to
better characterize the parameters of the model and ensure
an adequate replication of experimental behaviors. These
developments are carried out on the Vortex simulation
code Dorothy developed at LOMC in collaboration with
IFREMER for the simulation of tidal turbines.

Index Terms—Numerical Simulation, SEM, Tidal Tur-
bine, Turbulence, VPM, Wake.

I. INTRODUCTION

THE ambient turbulence intensity in the upstream
flow plays a determining role in the behavior of

horizontal axis marine current turbines. Velocity fluctu-
ations have an impact not only on the performances of
an individual turbine, but also on the shape and length
of its wake. This is of utmost importance in the design
of marine turbine arrays, when considering the effect
of a row of upstream turbines on the power output of
any turbines positioned downstream.

Experimental studies in potential tidal sites have
shown that turbulence intensity can range from ap-
proximately 3% to 20% [1]. Such non-negligible vari-
ations in inflow conditions must be taken into account
when attempting to replicate numerically the true op-
erating conditions of a tidal turbine.
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Various methods have been developed to emulate
this ambient turbulence in the context of Eulerian
simulations, through the use of boundary conditions.
The Synthetic Eddy Method (SEM) proposed by Jarrin
et al. [2] [3] was initially formulated within this context:
its original purpose is to generate inflow conditions for
the Eulerian simulation of turbulent flows using Large
Eddy Simulation (LES).

However none of these methods can be applied as
such to a Lagrangian framework. Thus, this paper
deals with the adaptation and integration of the Syn-
thetic Eddy Method proposed by Jarrin et al. to the
context of Vortex simulation. First of all, an overview
is given of the unsteady Lagrangian method. The
adapted SEM is then presented and analyzed on a sim-
ple study case. Finally the combination of adapted SEM
and Vortex methods is applied to the simulation of a
simplified marine current turbine in varying turbulent
conditions.

II. NUMERICAL METHOD

As a matter of nomenclature convention, bold signs
will refer to vectors, regular letters will refer to con-
tinuous field (e.g. u for the continuous velocity field)
and capital letters will refer to the corresponding dis-
cretised field (e.g. U i for for the velocity of the i-th
particle).

A. The Lagrangian Vortex method

An account of ambient turbulence has been inte-
grated into the framework of a Vortex method com-
putation [4]–[7]. This unsteady Lagrangian method is
based on a discretisation of the flow into vorticity
carrying particles. The governing equations for this un-
steady and incompressible flow are the Navier-Stokes
equations in their velocity/vorticity formulation.

The fluid domain is discretised into N particles,
each particle i represented by its position Xi and its
vortical weight Ωi. The particles’ transport over time
is described by the following displacement equation,
integrated using regular time stepping schemes:

dXi

dt
= u(Xi) = U i. (1)
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This leads to a dicrestised formulation of the previ-
ously mentioned Navier-Stokes, dictating the evolution
of the vorticity carried by each particle i:

dΩi

dt
= (Ωi · ∇)U i︸ ︷︷ ︸

Stretching term:SiVi

+ ν[∆ω]x=Xi
Vi︸ ︷︷ ︸

Diffusion term:LiVi

(2)

The Lagrangian Vortex method is based on a
Helmholtz decomposition of the velocity field:

U = ∇∧ψ︸ ︷︷ ︸
Uψ

+ ∇φ︸︷︷︸
Uφ

+U∞, (3)

where the components of the velocity can be summa-
rized as the following:
• A rotational velocity component Uψ accounting

for particle-particle interaction, the core of any
Lagrangian Vortex method.

• A potential velocity component Uφ, representing
the influence of a solid body.

• A velocity component U∞ representing the up-
stream velocity field at infinity, generally treated
as a constant vector.

For a more comprehensive overview of the method
and its implementation, see Pinon et al. [8]. The focus
of this paper will be adapting the upstream velocity
component U∞ in order to account for ambient tur-
bulence in the upstream flow, based on the Synthetic
Method detailed in the next Section.

III. AMBIENT TURBULENCE MODEL IN THE
LAGRANGIAN FRAMEWORK

The aim of this study is to account for ambient
turbulence in the fluid, with any given turbulence
parameters and at any point in the study space. The
Synthetic Eddy Method formulated by Jarrin et al. [2]
[3] allows the generation of an input flow with any
given turbulent intensity I∞ and anisotropic ratio
(σu:σv :σw). Within Jarrin’s initial formulation, these
turbulence conditions are only verified at the inlet of
the fluid domain. Thus, this method must be adapted
in order to encompass the entirety of a given study
space.

The ambient turbulence intensity percentage
I∞ quantifies the velocity fluctuations in a three-
dimensional flow (u∞, v∞, w∞) as the following:

I∞ = 100

√√√√ 1

3

[
σ2(u∞) + σ2(v∞) + σ2(w∞)

]
ū2∞ + v̄2∞ + w̄2

∞

(4)

B. General overview of the method
In the Synthetic Eddy Method proposed by Jar-

rin, ambient turbulence in the upstream flow is ac-
counted for by modifying the upstream velocity com-
ponent u∞. This upstream velocity is rewritten via the
Reynolds decomposition:

u∞(x) = u∞ + ũ(x) (5)

where u∞ is the mean velocity of the flow, and ũ a
perturbation term representing the fluctuations due to
ambient turbulence.

The perturbation term ũ is calculated as the influ-
ence of N ”turbulent structures”, also called ”eddies”,
randomly positioned throughout a three-dimensional
study space of volume Ṽ . Each ”turbulent structure” k
is characterized by its position xk and its intensity ck,
to be defined in the following paragraphs.

The perturbation induced by N turbulent structures
is calculated as the sum of the influences of each
structure k:

ũ(x) =
N∑
k=1

ũk(x), (6)

with x a point of the fluid domain and ũk the pertur-
bation velocity induced by a single turbulent structure
k. This individual perturbation velocity is expressed as:

ũk(x) =

√
Ṽ

N
ckFλ(x− xk) ∀k ∈ J1, NK, (7)

where Fλ is a shape function, discussed in Sub-
Section III-C. As for the intensity ck, its three compo-
nents are defined as:

cki =
3∑
j=1

ai,jε
k
i,j ∀i ∈ {1, 2, 3}, ∀k ∈ J1, NK. (8)

All instances of εki,j are independent random values
that follow a normal or Gaussian distribution centered
around 0 with a variance of 1, representing the random
aspect of turbulence. The terms ai,j are the elements of
a matrix A, which is the Cholesky decomposition of the
Reynolds Stress Tensor R:

R =

R1,1 R1,2 R1,3

R2,1 R2,2 R2,3

R3,1 R3,2 R3,3

 = AA
T

with A =
(
ai,j
)

(9)
Through Equations (8) and (9), the link between

the intensities ck of the turbulent structures and the
Reynolds Stress Tensor R ensures the generation of
a velocity field that statistically replicates any given
turbulence intensity I∞ and any given anisotropic ratio
(σu:σv :σw) [2], [9]. Indeed the three components of the
anisotropic ratio (σu:σv :σw) are given by the square
roots of the diagonal components of the Reynolds
Stress Tensor R. Thus the turbulent intensity I∞ can
be rewritten as a function of the trace of the Reynolds
Stress Tensor R:

I∞ =
100

|u∞|

√
tr
(
R
)

3
(10)

This last Equation (10) ensures that the turbulent
field will have the desired turbulent intensity I∞ and
anisotropic ratio (σu:σv :σw).

C. Definition of the shape function and the structure sizes
The next step in the definition of the reformulated

Synthetic Eddy Method is the characterisation of the
shape function Fλ, appearing in Equation (7). It is
expressed as prescribed by Jarrin et al.:

Fλ(y) =
3∏
i=1

fλi(yi). (11)
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λ determines the size of the area of influence of each
turbulent structure k. This size could be naively in-
terpreted as one of the well-known turbulent length
scales (such as Taylor or Kolmogorov length scales),
but its implementation is not as straightforward. These
aspects will be investigated in Sections IV and V.

The fact that λ is defined as a vector allows the area
of influence to have different sizes λi in each direction
i. Each individual turbulent structure k could also have
its own vector size λk, as will be discussed in the
following Sections.

For the first preliminary results presented in Sec-
tion IV, a basic shape function Fλ given by Jarrin et
al. is used.

This basic tent function belongs to the C0-class func-
tions: it is continuous but its first derivative presents
large discontinuities. In the framework of Lagrangian
Vortex computations, such discontinuities in the veloc-
ity derivatives can be problematic, more specifically for
the evaluation of the stretching term SiVi as presented
in Equation (2). Smoother alternative shape functions
fλ can be defined, such as a Gaussian function used in
the remainder of this study:

fλ(y) =

{
c(λ)

(
1− e1 y2

λ2 exp(− y2

λ2 )
)

if −λ ≤ y ≤ λ
0 otherwise

(12)
where c (λ) = 1√

L ( 25
8 +

3 e2
√
π∗erf(

√
2)

16
√

2
−e1

√
π∗erf(1) )

.

D. Enabling variation in the turbulence structure sizes
The theory of turbulent scales dictates that every

turbulent flow contains a wide range of whirlpools of
various magnitudes. Despite its purely mathematical
nature, the purpose of this model remains to best
represent the true physical phenomenon of turbulent
agitation. Thus a standard deviation of the size of
turbulent structures, denoted σ(λ), is added as a pa-
rameter of the model. At deviation zero, all turbu-
lent structures k will have the same size λ. A non-
zero value of deviation will result in a term σ(λ)
being added into the size of each turbulent structure,
generating turbulent structures ranging in size. The
added term σ(λ) is computed so as to assure that these
sizes are normally distributed: λ ∼ N (λ, σ2(λ) ) in
each independent dimension i = 1, 2, 3. The standard
deviation σ(λ) is expressed as a percentage of the
variable λ, for instance: σ(λ) = 10% = 0.1 λ. In all
cases, this will result in a more or less wide spread of
turbulent structure sizes, centered around the average
given by the prescribed values of λ.

E. Integration of the Synthetic-Eddy-Method into the Vor-
tex method

The Vortex Particle Method presented in Section II
is an unsteady Lagrangian method in an unbounded
domain, where the fluid domain is considered to be
infinite. However, as mentioned in Sub-Section III-B,
the Synthetic Eddy Method requires the definition of
a set volume Ṽ containing all the turbulent structures.

To this end a study space ES of volume Ṽ is defined,
inside which the artificial ambient turbulence is desired
(see Fig. 1).

u∞

E −k

E +
k

Ẽ

ES

λ1 λ1

λ2

λ2

The turbulent structures are generated by the Syn-
thetic Eddy Method inside a second larger space Ẽ,
designed so that one turbulent structure can fit in be-
tween the two nested spaces, to ensure the uniformity
of the fluctuations all over the actual area of interest. N
turbulent structures k are generated within the chosen
space Ẽ, at random initial positions and of sizes dis-
tributed around the average vector size λ, as discussed
in the previous Sub-Section. After their initialization,
the turbulent structures are advected with the flow as
the simulation progresses. If during the course of the
simulation a turbulent structure is advected outside
of the boundaries of the sapce Ẽ, it is deleted, and
replaced by a newly generated structure at the inlet of
the space.

Each newly generated turbulent structure k is as-
signed an intensity ck, calculated using Equation (8),
and a random variable εki,j , which has equal probabil-
ities of being equal to 1 or −1.

In this preliminary study, the simplest level of cou-
pling is selected: advecting the turbulent structures
with the constant velocity u∞, and omitting their influ-
ence in the calculation of stretching and diffusive terms
of the Navier-Stokes equation. Thus in our application,
further detailed in Section VI, the turbulent structures
function as an under-layer: they influence the velocity
distribution on the turbines and in their wake, without
being influenced reciprocally.

As an alternative to setting an arbitrary number of
turbulent structures N , their saturation level within the
study space is characterized by the filling ratio Rf :

Rf =
N∑
k=1

Vk

Ṽ
(13)

where Vk is the volume of the area of influence of the
structure k (for instance if λ1 = λ2 = λ3, Vk = 4

3πλ
3
1).

IV. NUMERICAL RECONSTRUCTION OF THE AMBIENT
TURBULENT VELOCITY FIELD

In order to better study the turbulent flows gener-
ated by the Synthetic Eddy Method and the influence
of the various turbulent parameters, numerically gen-
erated flows are first studied in the absence of turbines.

Fig. 1. Schematic view of the integration of the
Synthetic-Eddy-Method into the Vortex method
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F. Reconstructed velocity field

Fig. 2 (a)-(b) shows examples of turbulent flow fields
generated with the Synthetic Eddy Method for differ-
ent values of turbulent intensity I∞. At first glance,
these flows appear to be very realistic, with the dis-
ruptions to the flow field increasing with the value of
the turbulent intensity.
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(a) I∞ = 5%
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(b) I∞ = 10%
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(c) λ = (0.25, 0.25, 0.25)
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(d) σ(λ) = 50%, λ =
(0.5, 0.5, 0.5)

∞ = 15%,
λ = (1, 1, 1), σ(λ) = 0%.

The size of the turbulent structures, set to λ =
(1, 1, 1), is not immediately apparent. Fig. 2 (c) shows
the influence of this size parameter. When the turbu-
lent structures are small, each structure can be clearly
identified; whereas when the size increases, individual
structure shapes are lost in the overlap.

Fig. 2 (d) shows the influence of the variation σ(λ)
allowed on the turbulent structure sizes λ. For higher
variations σ(λ), the shape of the turbulent structures
becomes increasingly eclectic and diverse.

G. Numerical reconstruction of the Reynolds Stress Tensor

The main function of the Synthetic Eddy Method
is its ability to reproduce any given Reynolds Stress
Tensor. Before integrating this method into turbine
simulations, the accuracy of this reproduction must be
verified. This will ensure the correct representation of
any given turbulence intensity I∞ and anisotropic ratio
(σu:σv :σw), as their direct link to the Reynolds Stress
Tensor is made clear in Equation (10).

In order to simplify this verification, one unique
quantity is examined: the Turbulent Kinetic Energy
(TKE) K as defined in the following Equation.

K =
1

2
(σ2
u + σ2

v + σ2
w) (14)

The value of K is calculated based on the velocity
time series recorded at a single point in a turbulent

flow, as it would be in the context of an experimental
study. To this end, a turbulent space Ẽ is built around
the sampling point. Turbulent structures evolve within
this space, advected with a prescribed upstream ve-
locity of U∞ = (1, 0, 0) m/s. Various parameters are
tested, such as the size of turbulent structures λ, the
variation on the size of the turbulent structures σ(λ),
and the filling ratio Rf as defined in Equation (13).

Each time series is generated over a simulated period
of 12 hours, with a sampling interval of dt = 0.1
seconds. However due to the probabilistic nature of
the Synthetic Eddy Method, the results are not strictly
reproducible for any given set of parameters. In order
to obtain an accurate representation of the value of K
to be expected, 50 time series are computed for each
set of parameters. The average and maximal error on
the value of K out of the 50 trials are measured for
each set of parameters.

With the physical turbulence parameters of I∞ = 3%
and the prescribed Reynolds tensor mentioned above,
the expected theoretical value of the TKE is set at 1.35×
10−3.

Fig. 3 shows the average and maximal errors on the
reconstructed TKE for different values of the turbulent
structure sizes λ and filling ratio Rf . For all structure
sizes λ, the average error on the TKE is at its lowest
lowest for the higher filling ratios Rf . Additionally, the
relative position of each average error curve shows that
the error on the TKE is lower for smaller structure sizes
λ.

10−6

10−5

10−4

1 10

E
rr
or

on
T
K
E
[m

2
/s

2
]

Rf

λ=0.25

λ=0.5

λ=0.75

λ=1.0

f , for various size of turbulent
structures λ. In all cases: I∞ = 3%, σ(λ) = 0%, and the
sub-function fλ uses the Gaussian kernel.

Fig. 4 shows the same average and maximal errors
on the TKE for different structure sizes λ, plotted now
over a variance σ(λ) allowed around the average sizes
λ. This graph shows a slight increase in the value of
the errors for higher variances σ(λ). The difference
between the curves corresponding to different average
sizes λ is no longer evident. The blurring of these
differences could be explained by the introduction of
size variation σ(λ), meaning that turbulent structures
are no longer all of the exact same size λ for each curve.

Fig. 2. Examples of velocity fields provided by the
Syntehtic Eddy model for N = 1000 structures and
different sets of parameters. The dimensions of the
displayed plane are 6x6. Unless captioned otherwise,
the parameters used are the following: I

Fig. 3. Average error (full lines) and maximal error
(dashed lines) on the value of the TKE K plotted
against the filling ratio R
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These tests show that for all sets of parameters, the
error committed on the value of the TKE, ranging
around 10−5, is always satisfyingly low compared to
the expected value of 1.35 × 10−3. However it can
be concluded that the Reynolds Stress Tensor is more
accurately reproduced when using a high number of
turbulent structures of small size λ. Introducing varia-
tion on the sizes of the turbulent structures also slightly
disrupts its components.

V. PHYSICAL ANALYSIS OF THE RECONSTRUCTED
TURBULENT FLOW

In order to pursue the analysis of numerical flows
generated by the Synthetic Eddy Method, velocity
spectra can also be considered, as is done by Med-
ina [10]. Two characteristic physical behaviors of the
turbulent flow are analyzed. Firstly the time-averaged
instantaneous power spectral density (PSD) of the ve-
locity field in the Fourier space illustrates the principle
of energy decay in a turbulent flow. Secondly the
integral length scale of the flow, also called Taylor
macroscale, gives a representation of the size of the
generated turbulent structures.

H. Spectral analysis
The synthetic turbulence generation method is based

on a stochastic algorithm. The statistical properties of
turbulent kinetic energy can be described by energy
distribution spectra, commonly represented in a log-
arithmic scale over the wavenumber of the turbulent
structures.

The purpose of this study is not to measure the
kinetic energy along the wavenumber, but rather to
paint a picture of the global behaviour of the kinetic
energy in the numerically generated turbulent flow.
We focus here on the velocity fluctuations at a single
central point in the flow, caused by the presence of N
generated turbulent structures.

Velocity time series recorded at this point are now
used to calculate spectra, based on the variations in
the driving axis of the flow. Fig. 5 shows the power
spectral density for a fixed average size λ of turbulent
structures and various values of the size variation σ(λ).
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f =
2.

While all PSD curves show the evidence of a general
energy decay, this decay is not always linear, but dis-
rupted by recurring ”bumps” in the absence of strucure
size variation σ(λ). These ”bumps” are explained by
the nature of the Fourrier transform used to compute
the PSD, when applied to a sum of kernel functions of
identical width λ.

However when the standard deviation σ(λ) on the
size of turbulent structures is nonzero, the flow is
filled with a range of structures of different sizes.
The Fourrier transform of the velocity signal becomes
a sum of now staggered ”bumpy” elements, leading
to a smoother end result. This PSD curve appears
to converge with respect to the variation σ(λ) as of
σ(λ) = 75%, towards a quasi-linear energy decay.

Similar results are obtained with both types of sub-
function kernels fλ. This shows the importance of
introducing a wide enough range of structure sizes, in
order to accurately reproduce the behavior expected of
a realistic turbulent flow.

I. Comparison with experimental data

With sufficient variation on the size of the turbulent
structures, the PSD now displays a realistic behavior.
However it has yet to be validated by comparison with
experimental spectra calculated from real turbulent
flows. The work of Medina et al. [11] provides such
data, for an upstream velocity of u∞ = 0.8 m/s and
a turbulent intensity of I∞ = 15%. Fig. 6 compares
this experimental data with the numerically obtained
results, for different average sizes of turbulent struc-
tures, and a variation in these sizes of σ(λ) = 100%. In
all cases, the correspondence between numerical and
experimental data appears to be very satisfying. This
result validates the generation of turbulent flows by the
Synthetic Eddy Method: it can be concluded that the
synthetic turbulence reproduces the accurate energy
behavior of a real turbulent flow.

Fig. 4. Average error (full lines) and maximal error
(dashed lines) on the value of the TKE K plotted
against the variance σ(λ) allowed around average tur-
bulent structure sizes λ, for various size of turbulent
structures λ. In all cases: I

Fig. 5. Influence of σ(λ) on the spectral representation
for a Gaussian kernel, with λ = (0.5, 0.5, 0.5) and R
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J. Autocorrelation and the Taylor scale L
True physical turbulent motions occur over a wide

range of time and length scales, with the largest scales
accounting for the largest transports of momentum and
energy. In this case, we attempt to link the spatial scale
of the turbulent behavior in the numerically generated
flow to the prescribed sizes λ of the turbulent struc-
tures. There are many possible methods to measure the
scales of turbulent behavior in a given flow. One such
measure is the Taylor macroscale L, which gives an
estimate of the characteristic size of turbulent eddies.
L is calculated using the autocorrelation method based
once again on the fluid velocity measured at a single
point over a period of time:

L = u

∫ ∞
0

R(τ)dτ (15)

with R(τ), the autocorrelation fonction.
The characteristic length L of the flow is calculated

for varying turbulent structure sizes λ, with no vari-
ance σ(λ) allowed. The results displayed in Fig. 7
shows a near-linear relationship obtained between the
prescribed size λ and the resulting turbulent spacial
scale L, evidenced using a linear regression model. This
study yields similar results for the triangular kernel
sub-function fλ.
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The turbulent scale L is now recalculated with the
introduction of variances σ(λ) around the average
structure sizes λ. Table I shows that this results in only
small disruptions of the value of the scale L. It can thus
be assumed that with or without variation on the size
λ of the turbulent structures, λ is proportional to the
scale of the turbulent behavior in the generated flow.

Rf

VI. NUMERICAL RESULTS WITH MARINE CURRENT
TURBINE

The properties of the turbulent flows generated by
the SEM have been thoroughly studied in the absence
of turbines. It can now be verified how well these flows
fulfil their purpose of showing the influence of ambient
turbulence in the surrounding flow on the behavior of
a tidal turbine.

K. Simulation conditions

Single turbine simulations are performed with tur-
bulent intensities ranging from 0 to 15%, which is the
highest turbulent intensity reproducible in the IFRE-
MER flume tank for later comparison with experimen-
tal data.

These simulations are initially carried out with a
simplified turbine model: only the three turbine blades
are represented. The turbine hub is omitted in order
to avoid any possible numerical instabilities that can
occur when turbulent structures push fluid particles
sideways into its mesh.

90 seconds of physical time are simulated, and ve-
locity averages are post-treated over the last 50 sec-
onds once the turbine wake is stabilised. The velocity
component ũ produced by the SEM, as mentioned in
Equation (5), is omitted from this post-treatment, in
order to emulate the effect of a longer time average.

For these first simulations, small turbulent structures
of size λ = (0.5, 0.5, 0.5) are used with no variation
σ(λ) on these sizes allowed. Turbulent structures are
set to cover the entirety of the study space, with the
filling ration Rf = 1.

L. Influence of the turbulent intensity

Fig. 8 shows the velocity maps of turbine wakes
obtained in these conditions for varying turbulent in-
tensities I∞. Despite the evidence of the missing hub
in the form of a heightened velocity at the center of
the wake, satisfying tendencies can be observed.

First of all, in the absence of ambient turbulence,
the turbine wake extends to approximately 10 diam-
eters behind the rotor, which is the correct behavior
expected in low turbulence conditions [12]. Secondly,
when using and progressively increasing the ambient
turbulence intensity generated by the SEM, the turbine
wake becomes progressively shorter. This is further
evidenced when considering the velocity deficits inte-
grated in the wake of the turbine. By the relative po-
sitioning of the velocity deficit curves, Fig. 9 confirms
the ever faster wake recovery as the turbulent intensity
is increased.

Fig. 7. Linear relation between L et λ (Gaussian kernel).

Fig. 6. Comparison between numerical and experi-
mental data, with the Gaussian kernel sub-function,
σ(λ) = 100%, I

σ(λ) (%) 0 25 50 75 100
L (λ = 0.25) 0.163 0.163 0.162 0.162 0.169
L (λ = 0.5) 0.330 0.336 0.310 0.327 0.328
L (λ = 0.75) 0.496 0.478 0.474 0.486 0.518

TABLE I
INFLUENCE OF THE VARIATION ON THESTRUCTURE SIZES
σ(λ) ON THE VALUE OF THE TAYLORMACROSCALE L WITH

= 1 AND THE GAUSSIAN KERNEL.
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The Synthetic Eddy Method thus proves its compat-
ibility with the full marine turbine Vortex simulation
software. In addition to its ability to reproduce physical
properties of experimental flows, it can also have the
correct influence on the wake of the turbine, in the
form of the shortening of its wake, also observed in
experimental studies conducted at IFREMER [1].

VII. CONCLUSIONS AND FURTHER WORKS

The important role played by the ambient turbulence
intensity on marine current turbines’ behavior is ad-
dressed by the means of numerical simulation. In the
simulation code developed at LOMC in collaboration
with IFREMER, a new module based on the Synthetic
Eddy Method initially proposed by Jarrin et al. [2] [3]
represents ambient turbulence around marine current
turbines.

This ambient turbulence model is able to generate
a perturbed flow verifying any given turbulence in-
tensity I∞ and any anisotropic ratio (σu:σv :σw). With
the correct parameters, the Power Spectral Density is
satisfyingly aligned with experimental results, and a
remarkable relation is evidenced between the size of
turbulent structures and turbulent behavior in the flow.
Its compatibility with the turbine simulation software
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∞. The velocity deficit is calculated as a
percentage representing the velocity deficit compared
to the average upstream velocity U∞

is proven by the quality of the first wake simulation
results.

A more detailed study is in progress of the influence
of the various parameters of the SEM on the simu-
lated turbine wakes. Once this has been accomplished,
simulations can be carried out using more than one
turbine, the end goal of this study being the simulation
of an entire marine turbine farm in various turbulent
conditions.

As a development to the SEM itself, the fact that the
present implementation is not divergence-free must be
addressed. For the turbulent intensities considered here
the error in the flow poses no considerable issue. Fur-
ther work is needed in order to reformulate the velocity
perturbation term ũ, in a way that is compatible with
the present Vortex formulation.
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