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Abstract—Tidal flows suitable for the installation of tidal-
stream turbines are highly turbulent with a broad range of
turbulent scales, and intensities of around 10%. It is important
to understand how turbulent flows affect the performance and
wake profiles for the accurate prediction of the performance
of single devices and arrays. Previous studies have considered
the effects of turbulence intensity, but the effects of turbulent
eddy size have not been investigated. This paper presents a
new method for generating turbulence in large eddy simulations
of uniform actuator disc rotor models. The advantage of the
gridded actuator disc is that the generated turbulence may be
controlled, so the effects of turbulence length scale and intensity
may be investigated. Initial results show the wake recoveryis
faster behind a rotor generating larger turbulent length scales
and intensities, with a corresponding increase in axial induction
and thrust. Therefore turbines may be positioned closer together
if they generate more turbulence, increasing the power output
of an array for a given area, although the individual device
performance may be lower.

Future work will consider the effects of free-stream turbulence
on the performance and wake profiles of the gridded actuator
disc, and validation against experimental data.

Index Terms—Tidal turbines, turbulence, CFD, LES actuator
discs

I. I NTRODUCTION

The tidal energy industry has made significant progress
in recent years with many devices now in development [1].
However, the effects of the harsh flow conditions in which they
operate are little understood. Tidal flows are highly turbulent
with typical turbulence intensities of≈ 10% and a large range
of turbulent scales [2], [3]. Experimental work has shown how
the wake recovery of a tidal turbine is strongly affected by
changes in turbulence intensity [4], [5]. The wake recovery
is increased with an increase in turbulence intensity due to
an increase in mixing between the wake and free-stream.
It was also found that an increase in turbulence intensity
resulted in a decrease in thrust and power coefficients, but
the thrust fluctuations were doubled [5]. It is therefore clear
that turbulence can strongly affect the performance of a tidal
turbine.

For accurate prediction of the performance of a single
device, or array of multiple devices, it is important that the
turbulence characteristics of the flow are considered. To date,
only the the effects of turbulence intensity have been consid-
ered. It is likely that turbulent eddy size, or length scale would
also have a significant effect on performance and wake profile

[6]. While few experiments have highlighted the dependence
of performance and wake recovery on turbulence intensity,
the use of numerical simulations such as computational fluid
dynamics (CFD) to predict the wake recovery and performance
under different conditions is desirable due to the reduced cost
compared to experiments.

An extension of the uniform actuator disc rotor model
has been developed to generate turbulence in large eddy
simulations (LES), based on the principles of grid generated
turbulence. The turbulence characteristics of the generated
turbulence may be controlled to study the effects of turbulence
characteristics on the performance and wake profile of a
device. The objective of this paper is to demonstrate this
new technique and provide a verification study on how the
turbulence characteristics can be controlled. Future workwill
consider the effects of free-stream turbulence on the gridded
actuator disc and validate the method against experimental
data.

II. T URBINE ROTOR MODELLING

Different methods of modelling turbine rotors within CFD
simulations are shown in Fig. 1, adapted from [7]. While full
rotor models are possible, Fig. 1(e), the computational cost is
huge due to the mesh requirements to resolve the boundary
layer over the blades. Flow features such as tip-vortices can
be resolved at the expense of computational power. A single
NREL Phase VI wind turbine was modelled and required
90,000 iterations per revolution (0.83s), and a wall time of
42 days on a 16 core cluster [8]. While this may be acceptable
for the design and optimisation of a single device, a simplified
representation is required to study multiple devices.

An actuator line representation, Fig. 1(d), approximates the
turbine blade forces from 2D lift and drag data. These forces
are then applied as a momentum sink body force along a
line that represents the current location of the blade, which
rotates with time. This method has been used to investigate the
performance of an array of four turbines. The computational
mesh may be coarser than that of a full rotor model, but this
method was still found to capture tip vortices [9]. However,a
mesh with11.8× 106 cells was used, but was reported a larger
mesh was required to capture the largest turbulent scales of
the ambient flow, so the computational requirements are still
significant.



A further simplification is the non-uniformly loaded actuator
disc, or blade element momentum method as shown in Fig.
1(c). The blade forces are calculated, as for the actuator
line method, and then applied over the area occupied by
the turbine rotor instead of at the specific blade location.
Individual blades are not modelled, but the average effects
are applied as a momentum sink term in the simulation. This
method has been found to produce results that are in good
agreement with experimental data [10]–[12]. This method has
been used to investigate the effects of flow acceleration on a
tidal turbine [13]. The results showed faster wake recovery
within an accelerating flow, and highlighted the sensitivity
of a tidal turbine to the ambient flow conditions in which
it operates.

The simplest method is the uniform actuator disc as shown
in Fig. 1(b). Here the turbine forces are calculated from the
average thrust of the turbine and applied uniformly over the
disc area. Only the turbine thrust coefficient is required, no
blade data need be known. This method requires the lowest
computational resources and found to produce good agreement
with experimental data for modelling an array of four wind
turbines with4× 106 hexahedra cells [14]. It has been found
that the agreement with experimental data may be improved
when a turbulence source is added in the uniform disc. This
turbulence source accounts for the turbulence generated by
the turbine and increases the wake recovery. Comparisons
have been made with uniform actuator discs with a turbulence
source and BEM actuator discs and found to be comparable
[10].

Typically, investigations are performed using steady state
simulations that solve the Reynolds Averaged Navier-Stokes
(RANS) equations [10], [14]–[16]. While this method has
been shown to produce good agreement with experimental
data it has some short comings when considering flows with
different turbulent characteristics. Typical RANS turbulence
models assume isotropic, homogeneous turbulence with a
mean turbulence intensity and eddy size. It has been shown
that these simulations are sensitive to the assumptions of
turbulence intensity and eddy size [6]. Therefore in order to
fully investigate the effects of turbulence, a transient method
such as Large Eddy Simulation (LES) should be used that is
able to resolve the larger turbulent structures. Comparisons
between uniform actuator discs and BEM actuator discs with
LES have shown good agreement with experimental data
[11]. However, it was found that the uniform actuator disc
under predicts the turbulence intensity in the near wake as
no turbulence source was added. The addition of a turbulence
source in RANS models is relatively straightforward; a mean
turbulence intensity and mean eddy size may be used to
calculate the turbulent source term which is added in the
actuator disc region. However, as LES models are transient
and resolve a broad spectrum of eddy sizes, the addition of a
turbulent source becomes complex.

The objective of this paper is to investigate a method of
generating turbulence in an actuator disc for LES models. The
resulting model could be used to investigate the performance

of a single, or array of multiple devices operating under
different turbulent conditions. The proposed method is based
on the idea of grid generated turbulence, and the use of porous
discs to represent turbine rotors in small scale experiments.
It is proposed that the momentum sink term is applied on a
grid pattern across the actuator disc where the area averaged
value is equal to the value used in a uniform actuator disc.
Fig. 1(a) shows the distribution of maximum and minimum
momentum sink terms in the gridded actuator disc. The
resulting shear between the maximum and minimum values
of the momentum sink body force generate turbulence. The
turbulence characteristics in the wake may be controlled by
changing the grid parameters, such as the grid spacing,b.
This method allows the turbulence characteristics generated
by the disc to be changed to investigate the effects of device
generated turbulence on the spacing and performance of single
and arrays of devices.

Table I compares the turbulence characteristics of the grid-
ded actuator, uniform, BEM, actuator line and full rotor mod-
els. The actuator disc methods have the lowest computational
requirements which becomes important for LES models that
require finer meshes than RANS. Full rotor or actuator line
representations are only feasible for single devices due tothe
computational requirements. The body forces for the BEM
actuator disc are derived from 2D lift and drag data and is
limited by the availability of hydrofoil data sets for different
flow conditions. The BEM actuator disc is therefore unable
to show the effects of different turbulent flows on the wake
and thrust of a device. Further, it is not possible to control
the turbulence generated by the BEM actuator disc, which
may differ in scale and intensity compared to the turbine rotor
due to the above assumption. While the gridded actuator disc
does not generate rotation in the flow, the rotation generated
by the BEM actuator disc dissipates rapidly, and beyond 4-5
diameters there is little rotation in the developed turbulence
[11]. The gridded actuator disc does allow the turbulent scale
and intensity to be controlled by changing the bar width of
the grid. This method could therefore be used to investigate
the effects of different turbulence characteristics generated by
a device for the optimisation of device spacing within arrays.

III. N UMERICAL DOMAIN AND METHOD

The numerical domain is shown in Fig. 2 and has a low
blockage ratio of≈ 1.5%, where the blockage ratio is defined
as the ratio of actuator disc area to total cross-sectional area.
The inlet was uniform with inlet velocity ofUo = 0.3 m/s, the
pipe walls were set as free slip, and the outlet was set to zero
gradient. The domain was split into a mesh of hexahedral cells
using the OpenFOAMR© native meshing software blockMesh
and snappyHexMesh [17]. Simulations were performed with
an actuator disc on different mesh densities refined from 1
cell across the actuator disc region to 11 cells across the
actuator disc thickness. It was found that a mesh density with a
minimum of 4 cells across the disc thickness was required for
mesh independence, as shown in Fig. 3, resulting in a mesh
with a cell size of 0.25 mm in the disc region. The mesh



TABLE I
COMPARISON OF ACTUATOR DISC MODELS

Turbulence Actuator disc model

characteristic a) Gridded b) Uniform c) BEM d) Actuator line e) Full rotor

Generation from shear generated be-
tween grid bars.

none from rotation introduced at
the disc.

from rotation of actuator
line and body forces.

from rotation of blades and
and flow separation from
blade surface.

Control length scales and intensities
controlled with grid param-
eters (e.g. bar width).

none none none none

Structure approximately isotropic none with rotation up to ≈ 4

diameters downstream [11]
tip vortices and rotation of
flow.

tip vortices and rotation of
flow.

Required data axial induction factor, grid
parameters.

axial induction factor. blade geometry, lift and
drag data of blade sections.

blade geometry, lift and
drag data of blade sections.

full blade geometry.

(e) Full Turbine 

Rotor Model�

(b) Uniform Actuator Disc� (c) Non�Uniformly Loaded 

Actuator Disc (BEM)�

(d) Actuator Line�

Max momentum sink, FBmax�

Min momentum sink, FBmin�

M�

b�

(a) Gridded Actuator Disc�

Fig. 1. Graphical representation of the different turbine models for use with CFD (adapted from [7]).



expands to 1 mm cell size up to 6 D downstream and 2 mm
cell size in the far wake resulting in a mesh with a total of
3.5×106 cells which are the same size in thex, y, z coordinate
directions.

Fig. 2. Schematic of numerical domain with low blockage ratio of ≈ 1.5%.

Simulations were run using a steady-state, Reynolds Aver-
aged Naviers-Stokes (RANS) simulation to solve the mean
flow field. This was then used as the initial condition for
transient Large Eddy Simulations (LES) to reduce convergence
time. Simulations were run on 12 cores for 48 h on the IRIDIS
high performance computer at the University of Southampton.
A time step of∆t = 0.08 s was used and simulations run
until the turbulence statistics converged, approximately40 s.
Comparisons have also been made between the steady state
RANS and transient LES simulations which were run on the
same mesh. The open source code OpenFOAMR© 2.0.1 was
used to solve the incompressible finite volume discretisation
of the Reynolds Averaged (RANS) and filtered (LES) Navier-
Stokes equations [17].
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Fig. 3. Actuator disc thrust and power coefficients with increasing mesh
density or cells across the disc thickness.

A. Reynolds Averaged Navier-Stokes

The incompressible finite volume discretisation of the
Reynolds Averaged Navier-Stokes equations are [17]:

∂Ui

∂xi

= 0, (1)

Uj

∂Ui

∂xj

=−
1

ρ

∂p

∂xi

+
∂

∂xj

[

(ν + νT )

(

∂Ui

∂xj

)]

+ FB .

(2)

where U is the time averaged velocity,x is displacement,
ρ is density,p is pressure,ν is kinematic viscosity,νT is
the turbulent eddy viscosity, andFB is the body force, or
momentum sink, representing the forces a turbine rotor would
exert on the flow. The turbulent viscosity,νT , is resolved
using the Spalart-Allmaras turbulence model and run using
the simpleFoam solver which uses the SIMPLE algorithm [18]
for pressure-velocity coupling. Discretisation was performed
using the second-order central differencing method.

B. Large Eddy Simulation

The incompressible finite volume discretisation of the fil-
tered Navier-Stokes equations are [17]:
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Where ui is velocity, t is time, νSGS is the sub-grid scale
viscosity, and the over-bar represents filtered, grid-scale (GS)
components. The filter function is taken as a simple box filter
with filter width equal to the cube root of the cell volume. This
splits the flow into grid scale (GS) and sub-grid scale (SGS)
components. The effect of filtering introduces residual stresses
that are modelled, using the Boussinesq approximation, as a
sub-grid scale eddy viscosity using the Smagorinsky model
[19]:

νSGS = (Cs∆g)
2

√

2SijSij , (5)

whereCs is the Smagorinsky coefficient,∆g is the grid
size, andSij is the filtered strain tensor. The equations were
spatially discretised using second-order central differencing
and temporally discretised using the first-order backward dif-
ferencing method. The pimpleFoam solver was used which is
a merged SIMPLE and PISO algorithm for pressure velocity
coupling that is a transient solver which is more stable for
larger time steps [17].



C. Turbine body force and performance coefficients

The thrust and power coefficients of a turbine are defined
as [20]:

CT =
T

1

2
ρU2

oA
, (6)

CP =
P

1

2
ρU3

oA
, (7)

whereT is the thrust force,P is power output,Uo is the free
stream velocity, andA is the turbine rotor area. The velocity
at the turbine,Ut is reduced from the free-stream value due
to the extraction of kinetic energy from the flow. The amount
the velocity is retarded at the turbine is described by the axial
induction factor,a, which is defined as [20]:

a = 1−
Ut

Uo

= 1−
CT

CP

. (8)

The thrust force exerted by a turbine may be related to the
axial induction factor using equations 8, 6 and 7 and using
P = TUt. Dividing by the total disc volume,V , and density,
for an incompressible fluid yields the body force,FB :

FB = 2
A

V
U2

o a(1 − a). (9)

For a uniform actuator disc this body force is applied
uniformly throughout the volume occupied by the turbine
rotor. However, for the proposed gridded actuator disc the body
force is split into a maximum and minimum value and applied
on a grid pattern as shown in Fig. 1(a) such that the average
body force is equivalent to the uniform case.

FBmax
= αFB . (10)

FBmin
= βFB . (11)

whereα and β are the maximum and minimum body force
factors respectively. The porosity,θ, or open area ratio of the
grid pattern is defined as the ratio of area with minimum body
force to the total area of the disc.

θ =
(M − b)2

M2
= 0.5. (12)

whereM is the grid spacing andb the bar width. A porosity
of θ = 0.5 was used which results in the body force factors
being related by:

α+ β

2
= 1. (13)

The body force ratio,r, is defined as:

r =
α

β
. (14)

TABLE II
INVESTIGATION PLAN AND PARAMETER SETTINGS.

Results section r a b (mm)

A. Body force ratio 1-3 0.3 5

B. Axial induction factor 2 0.1-0.35 5

C. Bar width 2 0.3 5-15

D. Investigation plan

The results in this paper are initial verification results to
show how the different parameters affect the gridded actuator.
Table II shows the parameters and values used for each part
of the results section A-C.

In each case simulations were first run using the RANS
solver to obtain the steady state solution. This solution was
then used as the initial condition for the LES solver to obtain
the generated turbulence characteristics. Thrust coefficients
and axial induction factors from the RANS and LES models
are compared.

IV. RESULTS AND DISCUSSION

This section presents the initial results from running gridded
actuator disc simulations. The current results are for the
verification of this technique to show how the parameters
controlling the gridded actuator disc affect the thrust, velocity
deficit, turbulence intensity and integral length scale. Further
work is being undertaken to validate this method against
experimental data and to investigate how different turbulent
inflows affect the performance and wake profile.

The results have been split into three sections covering the
effects of body force ratio, axial induction factor and grid
bar width as detailed in table II. Each section considers the
effects on thrust coefficient and axial induction factor (for both
RANS and LES), the effects on the velocity deficit, turbulence
intensity and integral length scale in the wake (for LES only).
The velocity deficit,UD is defined as:

UD =
Uo − Uw

Uo

. (15)

whereUw is the velocity in the wake. The turbulence intensity,
I, is defined as:

I =
u′

U
. (16)

whereu′ is the RMS of the resolved velocity fluctuations.
The integral length scale can be calculated, using Taylors

hypothesis, as the product of the mean velocity and the
integral of the autocorrelation function,RN , of the resolved
fluctuations [19]:

ℓx ≈ U

∫ ∞

0

RN (s)ds. (17)



A. Body force ratio,r

The set axial induction factor was set at 0.3 with a bar width
of 10 mm, orb = D/15. The body force ratio was then varied
for 1.04 < r < 3.00 wherer = 1 corresponds to a uniform
disc. Fig. 4 shows that the thrust coefficient is approximately
constant up to a body force ratio of 1.70. For ratios above 1.70
the thrust coefficient increases from approx 0.85 to 0.94. The
thrust coefficient was higher for LES than RANS.
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Fig. 4. Effects of body force range on the thrust coefficient and axial
induction factor for RANS and LES gridded actuator disc simulations.

The measured axial induction factors were typically 10 %
higher for LES than RANS. This implies the flow is slowed
more though the gridded actuator disc for LES than RANS.
The axial induction factor increases with body force ratio,
although the measured axial induction factor increases more
rapidly for r > 1.4. This can be seen in Fig. 5 where there
is a larger deficit in the near wake, less than 4 diameters, as
the body force ratio increases. Note, for the largest body force
ratio’s the velocity deficit exceeds 1 indicating flow reversal.
However, further downstream the velocity deficit is lower for
larger ranges.
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Fig. 5. Effects of body force range on the velocity deficit of LES gridded
actuator disc simulations.

The differences in velocity deficit can be explained by con-
sidering the turbulence intensity behind the gridded actuator
disc in Fig. 6. It can be seen the turbulence intensity is higher

for a larger ratio, which would increase the rate of mixing
between the wake and free-stream causing the wake to recover
more quickly. 10-12 diameters downstream the decay rate of
turbulence, gradient, is similar for all ranges with intensities
of 10± 2.5 %.

0 2 4 6 8 10 12
0

10

20

30

40

x/D

I
%

 

 
r = 3
r = 2.45
r = 2.03
r = 1.7
r = 1.44
r = 1.22
r = 1.04

Fig. 6. Effects of body force range on the turbulence intensity of LES gridded
actuator disc simulations.

It can be seen in Fig. 7 that the body force ratio has little
effect on the integral length scale which has grown from
ℓx/D = 0.16 ± 0.04 at 5x/D to ℓx/D = 0.31 ± 0.04 at
10x/D.
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Fig. 7. Effects of body force ratio on the integral length scale of LES gridded
actuator disc simulations.

Overall, increasing the body force ratio increases the turbu-
lence intensity in the near wake reducing the velocity deficit,
but has no effect on the integral length scale. However, as the
turbulence intensity is higher the wake recovers more quickly
resulting in lower velocity deficits in the far wake. The increase
in body force ratio results in larger thrust coefficients andaxial
induction factors. It is postulated that this is an effect ofthe
increased generation of turbulence energy at the expense of
fluid momentum increasing the velocity drop across the disc,
hence increasing the thrust. LES models showed higher axial
induction factors than RANS models which is likely to be a
result of the resolved turbulence. A body force ratio of 2 was
found to produce reasonable velocity profiles and turbulence
levels so used for the next sections.



B. Axial induction,a

This section presents results on the effects of the set axial
induction factor used to calculate the body force. The body
force value is constant throughout the simulation allowing
different flow conditions, such as turbulence or blockage
effects, to cause the measured axial induction factor to differ
from the set value.

Fig. 8 shows the thrust coefficient increases with increasing
set axial induction factor. The thrust measured for the LES
model is greater than the RANS model for axial induction
factors less than 0.25. The measured axial induction factor
is approximately equal to the set value fora < 0.2. As
the set axial induction factor increases the measured axial
induction becomes greater than the set value, with the LES
model producing higher axial induction factors than the RANS
model. This is consistent with an increase in velocity deficit
with increasing set axial induction factor showing a greater
reduction in velocity across the disc. For large axial induction
factors flow reversal occurs atx = 1D in the near wake.
However, for axial induction factors less than 0.2 there is
little wake recovery and the velocity deficit is almost constant
to 12 diameters downstream. The cause of this is very low
turbulence generation for axial induction factors less than 0.2,
as seen in Fig. 10, resulting in little wake mixing. Increasing
the set axial induction factor increases the turbulence intensity,
dissipating more of the fluids energy as turbulence and the
velocity across the disc is further reduced. Therefore the
measured axial induction factor increases and is larger than
the set value.
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Fig. 8. Effects of set axial induction factor on the thrust coefficient and axial
induction factor for RANS and LES gridded actuator disc simulations.

The integral length scales fora < 0.2 produced unrealistic
values ofℓx/D up to 15.5. The cause of this is unknown but
likely to be due to the low levels of turbulence fluctuations.It is
likely that the body force ratio would need to be increased for
low axial induction factors to increase the turbulence genera-
tion. However, for most cases the axial induction factor would
be higher. Settinga = 0.3 produces axial induction factors of
0.4 and 0.47 for RANS and LES models respectively.
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Fig. 9. Effects of set axial induction factor on the velocitydeficit of LES
gridded actuator disc simulations.
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Fig. 10. Effects of set axial induction factor on the turbulence intensity of
LES gridded actuator disc simulations.
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Fig. 11. Effects of set axial induction factor on the integral length scale of
LES gridded actuator disc simulations.

C. Grid bar size,b

Using an axial induction factor of 0.3 and a body force ratio
of 2, the grid bar width was varied. It can be seen in Fig. 12
that the thrust coefficient is approximately constant at 0.86 for
both RANS and LES, but the axial induction factor increases
by ≈ 12% as the bar width increases from 5-15 mm. Again,
the LES model produces higher axial induction factors than



the RANS model by approximately 10%.
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Fig. 12. Effects of grid bar width on the thrust coefficient and axial induction
factor for RANS and LES gridded actuator disc simulations.

Fig. 13 shows that the wake recovery is faster for a larger
grid bar resulting in lower velocity deficits after 4 diameters
downstream. Again, there is flow reversal indicated byUD > 1
at x/M = 1 which could be a result of the measurement point
being directly downstream of a grid bar. Fig. 14 shows that
the turbulence intensity less than 6 diameters downstream is
greater for larger grid bars. Further, the integral length scales
grow larger downstream for a wider bar, as seen in Fig. 15.
It is the increase in turbulence, increasing the rate of mixing
between the wake and free-stream that causes the wake to
recover faster.
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Fig. 13. Effects of grid bar width on the velocity deficit of LES gridded
actuator disc simulations.

The significance of this result is that turbines generating
larger scales of turbulence with high intensities may be posi-
tioned closer together within an array, which would increase
the power output of the array for a given area.

Fig. 16 shows a typical contour plot of velocity deficit
and Fig. 17 shows the normalised root-mean-squared velocity
for the b = 10 mm grid. The root-mean-squared velocity
fluctuations were normalised to the free-stream velocity and
therefore akin to turbulence intensity. This was done to avoid
very large intensities being presented close to the disc where
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Fig. 14. Effects of grid bar width on the turbulence intensity of LES gridded
actuator disc simulations.
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Fig. 15. Effects of grid bar width on the integral length scale of LES gridded
actuator disc simulations.

the velocity in the wake is close to zero. The effects of the
grid are visible as variations in velocity deficit just upstream
and downstream of the disc. The high intensity region can be
seen at the disc location in Fig. 17 which decays in the near
wake region until the two shear layers meet at approximately
3 diameters downstream.

Fig. 16. Typical velocity deficit contours for a gridded actuator disc with
bar size of 10 mm.



Fig. 17. Typical root-mean-squared velocity fluctuations normalised with
free-stream velocity (akin to turbulence intensity) contours for a gridded
actuator disc with bar size of 10 mm.

V. CONCLUSIONS AND FUTURE WORK

It has been shown that turbulence may be generated in
LES actuator disc simulations by applying the body forces
on a grid pattern and defined as a gridded actuator disc. The
advantage of this method is that the turbulence characteristics
generated by the disc may be controlled by changing the
grid parameters. It was shown that a device generating higher
turbulence intensities and larger length scales would produce
a faster wake recovery. This allows devices to be located
closer together, increasing the number of devices in an array
for a given area. The results also show that higher thrust
and axial induction factors are measured for transient large
eddy simulations compared to steady state Reynolds averaged
Navier-Stokes simulations. It was postulated that this effect
is due to the resolved turbulence dissipating more energy
resulting in the flow being more greatly retarded through the
disc.

The results shown in this paper are the initial verification
findings to demonstrate how turbulence may be generated
in an LES actuator disc model using the principle of grid
generated turbulence. Further work will include considerations
of how different turbulent inflows affect the wake profiles and
comparison with experimental data for validation.
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