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Abstract—There is a strong tidal energy potential in France,
especially in the Alderney Race. In the area of study, where
turbines will be installed, bathymetry variations are causing
velocity fluctuations with a high turbulence rate in the water
column: large coherent turbulent structures can be observed at
the sea surface. Such events can have a major impact on the
marine tidal turbines behaviour and structural fatigue.
To reproduce and analyse these turbulent events, tests are carried
out in the wave and current circulating flume tank of IFREMER
in Boulogne-sur-Mer. Before trying to reproduce a complex
bathymetry, we chose to introduce the topic by studying ele-
mentary obstacles representative of real seabed elements (with an
aspect ratio of the magnitude of the mean bathymetry variations):
a wide square cylinder and an inclined floor. Experiments are
carried out with Reynolds number as high as achievable in
Froude similitude: Re = 2.5× 105 and Fr = 0.23.
The impact of the aspect ratio is studied by comparing results
obtained with PIV and LDV measurements on the cube and
cylinder cases. The addition of an inclined floor is also investi-
gated. Results show a significant increase of the wake with the
aspect ratio. The inclined floor induces a reduction of the shear
layer created by the obstacle and modifications on the shedding
frequency.

Index Terms—Turbulence, Experimental trials, wall-mounted
obstacles, LDV, PIV

I. INTRODUCTION

The idea of harvesting energy from the sea dates back
to antiquity, however it is only recently that industrial
projects have started to emerge. There is a strong tidal
potential in France: over 20% of the European potential is
located in French water, especially in the Alderney Race
(Raz-Blanchard) that presents currents up to Uinsitu = 5m/s.
Surveys performed in this area give access to the bathymetry
(see fig. 1) showing an average depth variation of
Hinsitu = 5m. The Reynolds number in situ, based on
Hinsitu and Uinsitu and the kinematic viscosity of water ν,
is high: Re,insitu = HinsituUinsitu/ν = 2.5× 107 and strong
velocity variations exist. Such variations are causing a high
turbulence rate in the water column, where marine current
turbines are meant to be installed. Turbulence can have a
major impact on the tidal turbines, on their production [1]
and on the structural fatigue [2]. Before trying to reproduce
complex structures, we chose to introduce the topic by

studying elementary obstacles representative of real life
condition: i.e. with an aspect ratio of the magnitude of the
mean bathymetry variations encountered between France and
Alderney.

Fig. 1: Bathymetry of the the Alderney Race (between Cher-
bourg and Alderney) in the studied area.

The wall-mounted cube is a widely studied obstacle in the
literature and this case was developed in [3,4]. The impact of
the aspect ratio (AR = Width/Height), although fundamental
(see [5]) is not often investigated in the literature. One of
the most extensive study on the topic is the experimental
work of Lee et al. [6], at Re = 5 × 104. They studied the
influence of AR but only with factors of 0.5, 1, and 2. More
extensive studies on AR and its impact on the wake are even
less common. AR was experimentally studied in the work of
Martinuzzi & Troppea [7]. They found that for AR > 6, the
recirculation region downstream of the cube switches from a
3D aspect to a nominally 2D aspect. Another experimental
study of AR was achieved at low Re [8], showing global
wake behaviour for various AR. For obstacles with high AR,
the two ends of the horseshoe vortex are farther apart and
have smaller influence on the middle region of the wake,
unlike for small AR obstacles where they interact and cause
a very 3D behaviour of the wake. Martinuzzi & Troppea [7]
show the evolution of the recirculation end downstream of
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the obstacle from a clear point for a 3D cube to an array of
alternating saddle and node points similar to rib (AR = ∞)
cases when AR > 10. The main differences between 2D and
3D square obstacles are described by Schofield & Logan
[5] in matter of recovery rate and recirculation length that
significantly increase for ribs.
The case of AR =∞ is a classical example of a 2D1 obstacle
in the literature. Among the first to ever characterize the flow
past a 2D block (= rib), Castro [9] characterized its wake at
Re = 1.5 × 104. He underlines the effect of the boundary
layer height δ∗, especially on the reattachment of the flow
on the top surface of a square rib that occurs if δ∗ >> 1.
More recently, Liu et al. [10] carried out experiments on a
rib in a turbulent flow for Re = 1.3× 104 and δ∗ < 1. They
give a detailed explanation of the intermittency aspect of the
reattachment of the recirculation region and found that the
reattachment position x∗ds = xds/H is x∗ds = 9.75. The value
is similar in [11]: x∗ds ∼ 11.5. Liu et al. [10] also found that
for x∗ = 15.75 the streamwise velocity is not fully recovered,
whereas it is in the wake of the 3D wall-mounted cube (see
[12]). Finally, the experimental works of Wang et al. [13]
offer a topology of the fluid past a rib at Re = 2.2 × 104.
These studies on 2D ribs are completed by numerical work
such as the one of Panigrahi & Acharya, [14] who simulated
a turbulent flow at Re = 1.4× 104 on 2D square ribs. It shall
be noted that none of the studies exposed in this bibliographic
review presents cases with Re > 105, even if Castro & Robins
[15] made the hypothesis that, for Re > 4000, the turbulent
flow achieves a certain Reynold number independency. The
results of the present study should provide complementary
informations at higher Reynolds number in water on the flow
past a 2D obstacle.
No study on inclined floor placed just downstream of a
nominal 2D or 3D obstacle was found. The closest set up is
the experimental study of dunes and the impact of the dune
slope on the flow. However, the impact of an inclined floor
on the wake of the obstacle as such is a different approach.

After presenting the experimental set-up, a spatial character-
ization of the wake past wide wall-mounted square obstacles
is presented. A comparison with the cube case and the impact
of the inclined floor addition are studied for low and high
AR cases. Then, a temporal analysis is presented and the
velocity profiles that are created by various obstacle geometry
are compared.

II. EXPERIMENTAL SET-UP

A. The tank and the obstacles

The tests are carried out in the wave and current circulating
flume tank of IFREMER in Boulogne-sur-Mer presented in
figure 2. The test section has the following dimensions:
18m length × 4m width × 2m height. The incoming flow
is assumed to be steady and uniform. By means of grid

12D obstacles are obstacles where a dimension is large enough to be
considered infinite and a part of the flow can be considered as 2D

and honeycomb (that acts as a flow straightener) placed at
the inlet of the working section (see fig. 3(a)), a turbulent
intensity of I = 1.5% (equation 1) is achieved. In this study,
non dimensional lengths are used: x∗ = x/H , y∗ = y/H and
z∗ = z/H , with H the obstacle height.

Fig. 2: IFREMER Flume tank in Boulogne-sur-Mer

In this work, we focus on the three instantaneous velocity
components denoted (U, V,W ) along the (X,Y, Z) direc-
tions respectively (Fig. 3(a)). The Reynolds decomposition
is used allowing the decomposition of each instantaneous
velocity component into a mean value and a fluctuation part:
U = U + u′, where an overbar indicates the time average.
Turbulence intensity I in the incoming flow is defined as
follows:

I = 100

√
1
3 (u
′2 + v′2 + w′2)

U∞
2
+ V∞

2
+W∞

2 (1)

where (U∞, V∞,W∞) are the uniform velocity components
of the incoming flow. In the following, the denoted Reynolds
shear stress component corresponds to τuw = u′w′.

U∞
[m/s]

Rugosity
height H

[m]

Depth
D [m]

Re =
HU∞
ν

Fr =
U∞√
gD

Alderney
Race 5 5 40 2.5× 107 0,25

Flume
tank
(1/20)

1 0,25 2 2.5× 105 0,23

TABLE I: in situ and experimental conditions (1:20 scale)

All obstacles considered in this study are chosen to represent
the real-life conditions at scale. Reynolds similitude could not
be achieved so the experiments are carried out in a Froude
similitude with a Reynolds number as high as achievable to
be closer to real conditions. Each element represents a key
bathymetric element in the area of interest at a 1:20 scale (see
table I). The aspect ratio is defined as AR = width/height.
Previous experiments were achieved on a wall-mounted cube
with height: H = 250 mm (AR = 1) and results are detailed
in [3,4]. For the present study, the first set of experiments
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is carried out on wall-mounted cylinders with dimensions
length × width × height = H × 7H × H (AR = 7).
The experimental set-up consists in the same wall-mounted
cylinders with an additional inclined floor downstream of the
cube. The floor is a 3m long × 3m wide plane with an
inclination of 6.5◦ representing a smooth variation of the
bathymetry that exists at site: it represents an average elevation
of 12 meters of the floor over 105 meters. The floor is disposed
directly downstream of the cube. In the rest of this study, the
obstacles will be referred to as CnSm with C for the wall-
mounted obstacle and S for inclined floor, n is referring to
the obstacle aspect ratio and m the floor inclination.

(a) Representation of the cube in the tank
with (X,Y,Z) axis

(b) Picture of the cube in the tank with PIV shooting
(C1 test case)

Fig. 3: Schematic view and picture of the cylinder and inclined
floor in the wave and current circulating tank of IFREMER

B. Measurement tools

To characterize the flow, 2D Laser Velocimetry techniques
are used (see fig. 3(b)), the tank is seeded with 10 µm
diameter micro-particles. For the PIV (Particle Image
Velocimetry) measurements, a Nd-YAG Laser GEMINI-LIKE
is used with a Camera FLOWSENS EO-2M 1600pix×1200pix
that makes double images with a time step of 1600 µs for
case C7 and 800µs for case C1. A particle is detected on 3
to 5 pixels. PIV acquisitions are made for 150s, hence 2250
double images are taken with a 15Hz acquisition frequency.
The data are post processed with the software DYNAMIC
STUDIO. The displacement of particles is calculated using a
single pass Cross-Correlation on a 32pix×32pix interrogation
windows with 50% overlap [16]. Outliers are replaced with
the Universal Outlier Detection [17]. Various cases are
considered and summarized in the table II.

Obstacles
Plane

spanwise
position

number of
planes

Pixel size
[mm]

Plane size
[mm]

C7 y∗ = 0 12 0.72 1162× 581
C1 y∗ = 0 10 0.23 350× 275

TABLE II: Precisions for PIV measurements.

The LDV (Laser Doppler Velocimetry) acquisitions are
made using a 2D DANTEC FiberFLOW system. The probe
is positioned both horizontally ((U, V ) measurements) and
vertically ((U,W ) measurements) at various streamwise
positions and along the Z or Y axis depending on the case.
With LDV measurements, the acquisition frequencies are not
constant, a re-sampling is done in the post processing. Based
on previous works performed in the tank [18], we re-sample
using the mean sample rate of the set of measurements
considered.

Various sources of error can be identified. Positions fixed
using the human eyes are considered to have an error of
0.5 cm and 0.5◦; it is the case for the obstacle and the
lasers positioning. Particles motion follows the Basset-
Boussinesq-Oseen equation; for silver-covered glass particle,
the response of particle is of 0.14 mm/s. The laser sheet
indices a magnification that causes an error of 0.3% [19].
Measurement standard deviation goes up to 0.1%. Calibration
is achieved by the manufacturer for LDV. For PIV, calibration
is precise to 1 mm. The pixel size is added to the errors for
PIV measurements. Finally, vibration of the LDV probe can
induce and error up to 1 cm. Hence, the errors on the results
are of 2% and 2.6% for LDV and PIV respectively.

A comparison is made between the two measurement
methods and on two obstacles with different aspect ratio
(AR = 6 and AR = 7). U profiles are plotted in figure 4 at
various streamwise positions and in the plane of symmetry
y∗ = 0 using the available database: LDV measurements for
C6 and PIV measurements for C7. Profiles at x∗ = 1 and
x∗ = 3 are identical. For x∗ > 5, a difference of about 10%
to 15% appears for z∗ < 2. This difference might be caused
by the Velocimetry technique used, also note that this area
is a highly turbulent zone where I ∼ 20%. Finally, it might
be caused by the AR difference, hence the side effect impact
the case C6 sooner. However, considering the measurement
errors present in that zone, two conclusions can be drawn
from this comparison. First, the two measurement tools give
similar results and some sameness of the C6 and C7 profiles.
Second, these cases can be considered conjointly as a large
AR case CL in the symmetry plane y∗ = 0. It is confirmed
by [7], that shows that for AR > 6, the evolution of the
wake with AR is very smooth and that there is few difference
between AR = 6 and AR = 7 (∼ 8%).
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Fig. 4: U profiles at positions x∗ = 1.5, 3.5, 5.5, 7.5, 9.5, 11.5
and y∗ = 0 for cases C6 (−−) using LDV measurements and
C7 (−) using PIV measurements.

III. CHARACTERISATION OF THE WAKE PAST LARGE AR

OBSTACLES

A. Large AR spatial characterisation

Streamlines are presented in figure 5. The recirculation
length l∗ is evaluated. We find: l∗ = 6. In [7], for AR = 7,
they found l∗ = 5.7, which is similar to our results, at a
similar Re. In their study, the value of l∗ then increases up to
l∗ = 8 or 9 for ribs, which is closer to [10,11]. Furthermore,
the flow shows an area of W > 0 at x∗ = 6 from the floor
to z∗ ∼ 1. This causes the apparition of a stagnation point at
x∗ = 5, z∗ = 1. Hence, due to the absence of side effects,
the wake is impulsed towards the surface. Side effects then,
tend to reduce the wake and redirect it towards the ground.

(a)

(b)

Fig. 5: Streamlines of case a) CL and b) C1 from PIV
measurements

Maps of averaged Reynolds shear stress τuw = u′w′ are

presented in figure 6. When a fluid meets an obstacle, the flow
separates between the outer steady region and the recirculation
area where U < 0. Between these two parts, the Reynolds
shear stress is intense as can be seen on figure 6. This region
is called shear layer; its form and intensity are an indication of
the extend of the far wake of the obstacle. Even if some parts
were badly lighted during measurements close to the floor, this
figure shows the large shear region that appears to be directed
towards the surface. It shall be remembered that the surface
is at z∗ = 8, hence the shear layer reaches half of the tank
depth at x∗ = 12. Furthermore, it is expected that structures
are shed from the shear layer and rise near the tank surface.
More precisions will be given in the chapter V.

(a)

(b)

Fig. 6: τuw of case a) CL and b) C1 from PIV measurements

B. AR impact

The wall-mounted cube alone case was extensively studied
in [3,4] and is here compared to case CL, streamlines and
Reynolds shear stress maps for case C1 are presented in
figures 5(b) and 6(b). In figure 7, a schematic representation
of the recirculation zone and wake of both cases in the
plane y∗ = 0 is represented using U maps. The recirculation
lengths are l∗(C1) = 1.9 and l∗(CL) = 6 , hence for
AR that is six times superior, the recirculation triples due
to the reduction of side effects in the symmetry plane
y∗ = 0. It is expected that the same occurs on the far wake,
i.e. it triples, although no measurements were achieved that far.

Due to the increase of the aspect ratio, the side effects
become less important in the middle plane. Additionally, the
flow goes necessary over rather than around the obstacle. Both
of these behaviour are causing the increase of the recirculation
area and of the wake.
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Fig. 7: Schematic representation of the recirculation (−−),
where U < 0 and the wake (−), where U > 0.9 for cases CL

(red) and C1 (green)

IV. EFFECT OF THE ADDITION OF AN INCLINED FLOOR ON
THE CYLINDER WAKE

In-Situ conditions show various floor altitude variations. In
order to represent smooth depth variations, an inclined floor
is added downstream of the cubic wall-mounted obstacles. Its
angle is α = 6.5◦ and is referred to as case S6. The influence
of the inclined floor on the cube is detailed in a previous
paper [4]. Results showed the reduction of the circulation
zone with the addition of the inclined floor. The shear layer
was also reduced, thinner and reoriented towards the free
surface. The effect of the inclined floor on the cylinder wake
is investigated here.

Streamlines for cases CLS6 are plotted in figure 8 and
are to be compared to streamlines in figure 5. First obvious
effect of the floor is the reduction of the recirculation length,
we have l∗(CLS6) = 5.2, whereas l∗(CL) = 6, hence a
reduction of 13%. The comparison of the case C1 and case
C1S6, gave a reduction of l∗ of 11% which is very similar
to large aspect ratio case. The floor also seems to give a
substantial impulsion to the cylinder wake towards the surface.

To evaluate the effect of the inclined floor on the flow
development, the streamwise growth rate of the shear layer is
estimated in the y∗ = 0 plane for both cases. First, the centre
of the shear layer (z∗0 ) is determined for each streamwise
position. It corresponds to the inflexion point of the mean
velocity profile. Second, in each streamwise position x, the
vorticity thickness is computed:

δw(x) =
Us

(dUs/dz)z=z0

(2)

where Us = U∞ − Ui(x) with Ui(x) the streamwise
velocity underneath the shear layer.

In order to find the inflection point, for each streamwise
position x, the streamwise velocity profile Us(x, z) is fitted
by a function f(x, z) = a(x) + b(x)tanh(c(x)z). Results
are presented in figure 9 for both cases. Impact of the floor
inclination is similar to case C1 [4]. The floor elevation
causes the elevation and the thinning of the shear layer.
z∗0(CLS6) remains higher than z∗0(CL) and the difference

(a)

(b)

Fig. 8: Streamlines of case a) CLS6 and b) C1S6 in the plane
y∗ = 0 from PIV measurements.

between both increases from z∗0(CLS6) − z∗0(CL) = 0.12
at x∗ = 3 up to z∗0(CLS6) − z∗0(CL) = 0.6 at
x∗ = 8. δw difference between both cases is very low
δw(CL)− δw(CLS6) = 0.01 up to x∗ = 6 and than increases
to reach δw(CL) − δw(CLS6) = 0.13 at x∗ = 9. The floor
position is indicated on figure 9(a) and it shows that the shear
layer in case CLS6 follows the floor elevation until x∗ = 6
and is then impulsed towards the surface. It shall be noted
that x∗ = 6 is around the position of the reattachment of the
recirculation zone.

(a)

(b)

Fig. 9: a) Evolution of the shear layer centre altitude z∗0 with
the inclination of the floor for comparison and b) streamwise
evolution of the shear layer thickness δw for case CL using
interpolated PIV measurements profiles.

To conclude, there are two zones on the wake past combina-
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tion CLS6. For x∗ < 6 (before the recirculation ends), where
the inclined floor does not have an impact: the wake develops
the same way behind CL and CLS6 with only a translation
given by the floor impulsion. Then, for x∗ > 6, the inclined
floor has a significant effect on the wake: the translation given
by the floor triples and the shear layer becomes thinner.

V. TEMPORAL ANALYSIS

With the LDV measurement system, the acquisition fre-
quency allows a wider spectrum range and the acquisition time
a good datarate. Samples have at least 20 000 points with an
acquisition frequency between 15 and 300 Hz . Fast Fourier
Transform are used to plot Power Spectrum Densities (PSD)
for the fluctuating velocity component.

A. Large AR temporal characterisation

Points where the temporal analysis is performed are
presented in figure 10, their positions are: A(5.5; 0; 4),
B(15.5; 0; 6), C(3.5; 0; 3.6), D(3.5; -1; 3.6) and E(3.5; -2; 3.6).
Points C, D and E allow a spanwise comparison to understand
the impact of side effects. A is a point higher and further
away to understand the evolution of the wake and point B is
one of the point with most distance to the obstacle achievable
in the tank.

Fig. 10: Positions of A B C D E for PSD spectrum study of
LDV measurements.

Cases CL and CLS6 are compared with the u′ component
spectrum in figure 11, PSD are plotted versus the Strouhal
number defined as St = fH/U∞. A peak appears on the
spectrum of both cases and for positions A and B on the
u′ component. When the flow meets an obstacle, a shear
layer is generated and vortex are shed from the shear layer
into the flow at a precise frequency which corresponds to
the shedding frequency that will be referred to as Sp

t . A
slight difference of the peak is visible between both cases:
Sp
t (CL) = 0.065 and Sp

t (CLS6) = 0.074. In the literature
[20,21], another non-dimensional frequency can be found
using the recirculation length l that is different with or
without the inclined floor. If we consider Stl = fl/U∞, we
have Sp

tl(CL) = Sp
tl(CLS6) = 0.39. Hence, the inclined floor

has an impact on the recirculation length but not on the
turbulent organisation of the shear layer and the structures
being shed. The floor elevation impact appears to be on the

near wake and not so much in the far wake.

(a) (b)

Fig. 11: PSD(u′) for cases CL (blue) and CLS6 (red) at a) A
and b) B.

Figure 12 shows the PSD for all velocity components at
point A. The shedding peak appears on PSD(u′) and PSD(w′)
but not on PSD(v′). The vortex detected here is then in the
(x, z) plane. The 3D effects caused by side effects do not
affect the wake in the plane y∗ = 0.

Fig. 12: PSD(u′) (blue), PSD(v′) (red) and PSD(w′) (green)
for case CLS6 in A.

The shedding peak evolution along the Y axis is studied in
figure 13. It shows that a peak appears for y∗ < 0 on v′ and
that the peak on u′ is still present but less intense. Hence,
vortices in the plane (x, y) are detected and side effects
appears as soon as y∗ ≥ 1. These vortices are generated by
the vertical sides of the wall-mounted cylinder.

The furthest position downstream of the obstacle where
LDV measurements are performed is x∗ = 19.5 and z∗ = 6.
At this point, the peak is still visible (PSD are not presented
here). It is remembered that the free surface is at z∗ = 8.
Hence, this point is close to the surface. It is then expected
that perturbations might reach the free surface.
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(a) y∗ = 0 (b) y∗ = −1 (c) y∗ = −2

Fig. 13: PSD(u′) (blue) and PSD(v′) (red) for case CLS6 in
a) C, b) D and c) E.

B. AR impact

The same temporal analysis is achieved on case C1

for two points at different spanwise positions using LDV
measurements. Results for all velocity components are
presented in figure 14. First observation is the shedding
frequency peak that shifts to Sp

t = 0.09 (superior to CL). In
the symmetry plane y∗ = 0, the peak appears on v′ only. But,
for y∗ = 0.5, it appears on all components. The presence of
a peak on v′ in y∗ = 0 should be a mark of (x, y) vortices,
however no peak appears on u′. As explained by McArthur
et al. [22] who studied the wake past Ahmed bodies, the
shedding peak is proportional to the fluctuating velocity
intensity. In the plane y∗ = 0, τuu = 0 and then its value
rises for y∗ 6= 0 whereas τvv presents a peak at y∗ = 0 and
decreases for y∗ 6= 0. This causes an absence of u′ peak at
y∗ = 0 and the reduction of the v′ peak intensity at y∗ 6= 0.
Vortices hereby detected are in the (x, z) plane, this is caused
by the side effects. Indeed, this peak was absent for case CL.
The absence of w′ peak might be caused by the symmetry as
well.

It shall be noted that the shedding peak is obtained at a
higher St for case C1 indicating more frequent structures.
Additionally, fluctuating velocity maps are plotted in figure
15. For case C1, as mentioned in chapter II, PIV planes
are smaller than for case CL. For each case, one of the
more intense turbulent event is represented. It is obvious on
the maps that events are much larger for case CL than for
case C1. Also, as expected, these structures reach further
and higher positions for large AR: the vortex centre is at
x∗ = 14.7, z∗ = 4 for CL and x∗ = 2.5, z∗ = 1.5 for C1.

Conclusion is that, turbulent events are more frequent for
smaller aspect ratio case C1 and they are much smaller and
less intense compared to case CL.

(a) (b)

Fig. 14: PSD(u′) (blue), PSD(v′) (red) and PSD(w′) (green)
for case C1 in x∗ = 2, z∗ = 0.7 a) y∗ = 0 and b) y∗ = 0.5.

(a)

(b)

Fig. 15: Fluctuating velocity field for a) case C1, small PIV
plane and b) case C7, large PIV plane.

VI. IMPACT OF THE OBSTACLE GEOMETRY ON THE
VELOCITY PROFILES

A. Averaged velocity profiles

Turbines are meant to be installed in the Alderney race
and, the final goal of the present study is to predict the
velocity profiles impacting the turbine. In reality, turbines
have a diameter of 15 m and are positioned on the seabed
with the hub at a 20 m altitude. In the tank, at a 1/20 scale, it
would mean at mid-depth, so between z∗ = 2.6 et z∗ = 5.4.
Two cases are considered: low AR ratio case C1 and high
aspect ratio case CL. For the first case, we consider the near
wake (x∗ = 1) and far wake (x∗ = 3) and for the second
case, the near (x∗ = 5), middle (x∗ = 11) and far wake
(x∗ = 19). Using PIV and LDV measurements, we are able
to get profiles for z∗ ∈ [2.5; 4].
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In order to understand the different impact of the geometries
in z∗ ∈ [2.5; 4], a schematic representation inspired from
figure 7 for both cases is made in figure 16. For case
C1, perturbations do not reach the altitude on interest
here. Hence, no profiles are plotted for that case. However,
for case CL, the wake does have a strong impact from x∗ ≥ 6.

(a)

(b)

Fig. 16: Schematic representation of the recirculation (−−),
where U < 0 and the wake (−), where U > 0.9 for cases a)
CL (red) and b) C1 (green). Black dots indicate z∗ = 2.5 in
horizontal.

In order to evaluate the impact of CL on the velocity profiles
at the turbine altitude, U are plotted for x∗ ∈ [0.5; 11.5] from
LDV measurements in figure 17(a) and at x∗ ∈ [13; 19] from
PIV measurements and in figure 17(b) for z∗ > 2.5 since
measurements are not available at a lower altitude. In the
shear layer, for x∗ = 5.5, z∗ = 1.4, urms = 34%, and, at
the turbines altitude (x∗ = 9.5, z∗ = 2.8), urms = 20%, it is
lower but remains elevated compared to the value in the outer
flow. This value remains identical until x∗ = 13, z∗ = 2.8
and then starts decreasing for x∗ = 19, z∗ = 4, where
urms = 14%. The profiles show the increase of turbulence
intensity above z∗ = 2.5. Near the obstacle, turbines
should not be impacted by the obstacle, however for x∗ > 5,
turbulent structures might have a strong impact on the turbines.

Temporal series of u′ are plotted in figure 18 for cases C1

and CL at a fixed point. This figure illustrates the extend of the
wake past wide AR objects compared to small AR objects. In
average, u′ is 10 times higher for CL. This can be understood
looking at figure 7 that shows that the chosen point is in the
wake of CL but not C1. At this point, the PSD have a very
different intensity, proportional to u′. The shedding peak is
detected for both cases, although, as explained in chapter V,

(a)

(b)

Fig. 17: U profiles with urms =
√
u′u′ for case CL at a)

x∗ = 0.5; .5; 3.5; 5.5; 7.5; 9.5; 11.5 from LDV measurements
and b) at x∗ = 13; 15; 17; 19 from PIV measurements

the frequency of emission of shed vortices is higher for C1

than for CL.

Fig. 18: Temporal series of u′ for cases C1 (blue) and CL

(red) at point (x∗ = 3.5,=; y∗ = 0; z∗ = 1.6) over 120 s.
Data from LDV measurements.

B. Turbulent structures impact

In chapter V, using LDV measurements a spectral peak
for case CL is detected for Sp

t = 0.65, or fp = 0.26 Hz

hence 39 vortices detected for 150 s. In figure 19, a map
of instantaneous u′w′ for z∗ versus t is plotted for a chosen
streamwise position x∗. A vortex passing is detected [23] with
a high u′w′ > 0 peak followed by u′w′ < 0 with amplitude
> 0.02. At mid-height z∗ = 3.7, we count ∼ 40 vortices
in 150 s of PIV acquisition. This matches the number found
with LDV measurements. Another aspect is the fact that some
events are more energetic than others and are still persistent
above z∗ = 4.5. These highly turbulent events that rise higher
than others can have a strong impact on the turbine structure
and production.

VII. CONCLUSION AND PERSPECTIVES

In the present paper, the wake past wall-mounted cubic
elements with two aspect ratios is investigated. PIV and
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Fig. 19: u′w′ in a z∗ versus t map at x∗ = 10.8 for case CL.
From PIV measurement

LDV measurements are used and experimental conditions
are chosen to be representative of real-life conditions in the
Alderney Race.

First, spatial analysis is performed using PIV measurements.
The wake past large aspect ratio cylinder CL is studied. A
comparison is then made between C1, the wall-mounted cube
and CL, the wall-mounted cylinder. It appears that for AR

that is six times superior, the recirculation area triples due to
the reduction of side effects on the cylinder. Afterwards, the
study of the impact of the floor inclination on the wake is
made. It is found that the inclined floor causes a reduction of
13% of the recirculation length, which is similar to the cube
case. The thickness and centre position of the shear layer
are studied and conclusion is that the inclined floor redirects
the shear layer towards the surface. The shear layer becomes
thinner with the inclination of the floor. The inclined floor
has a similar impact on the wake of a 3D wall-mounted cube
[4].

Then, a temporal study is performed using LDV
measurements. A shedding peak is detected on the spectrum.
For case CLS6, this peak appears only on u′ and w′ in
the middle plane (y∗ = 0), when getting closer to the
edges of the cylinder (y∗ 6= 0), a peak on v′ appears with
the apparition of side effects. In case C1, however, the
3D wake is more complex and only v′ shows a peak in
the plane y∗ = 0 and all three components on the plane
y∗ = 0.5. Hence, the structures shed into the flow are
very different for large and small AR obstacles. For case
C1, turbulent structures are small in size, frequent and
they do not reach higher altitudes. Whereas, for case CL,
they are much larger, they appear less frequently and can
be seen much higher and further from the obstacle in the flow.

Finally, the turbulent velocity profiles for different bottom
geometries are studied. As expected, the larger the aspect
ratio, the higher the turbulence intensity at the position where
turbines are meant to be installed. Depending on the distance

to the obstacle, velocity profiles show low or high turbulence
intensity. Furthermore, strong turbulent events, additionally to
the vortex shed from the shear layer are detected. All of these
turbulent events might cause a strong load on the turbine
and will have to be characterised through additional PIV
and LDV measurements. The size, trajectory and intensity of
such structures is an essential part of the understanding of
turbulence in the Alderney Race.

The present study is placed in a larger project called
THYMOTE (with France Énergies Marines). It includes
numerical work and in-situ measurements. This work is also
meant to create a database for numerical work ([24]–[26]).
Their aim is the modelization of turbulence in the Alderney
Race, the obstacles tested in the tank are usable for numerical
benchmark.
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