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This work investigates numerically a local scour moves in irregular waves around
tripods. It is constructed and proven to use the numerical model of the seabed-tripod-
fluid with an RNG k turbulence model. The present numerical model then examines the
flow velocity distribution and scour characteristics. After that, the suggested
computational model Flow-3D is a useful tool for analyzing and forecasting the
maximum scour development and the flow field in random waves around tripods. The
scour values affecting the foundations of the tripod must be studied and calculated, as
this phenomenon directly and negatively affects the structure of the structure and its
design life. The lower diagonal braces and the main column act as blockages, increasing
the flow accelerations underneath them. This increases the number of particles that are
moved, which in turn creates strong scouring in the area. The numerical model has a
good agreement with the experimental model, with a maximum percentage of error of
10% between the experimental and numerical models. In addition, Based on
dimensional analysis parameters, an empirical equation has been devised to forecast
scour depth with flow depth, median size ratio, Keulegan-Carpenter (Kc), Froud
number flow, and wave velocity that the results obtained in this research at various flow
velocities and flow depths demonstrated that the maximum scour depth rate depended
on wave height with rising velocities and decreasing particle sizes (dso) and the scour
depth attains its steady-current value for Vw > 0.75. As the Froude number rises, the
maximum scour depth will be large.

1. INTRODUCTION

New energy sources have been used by mankind since they
become industrialized. The main energy sources have
traditionally been timber, coal, oil, and gas, but advances in
the science of new energies, such as nuclear energy, have
emerged [1, 2]. Clean and renewable energy such as offshore
wind has grown significantly during the past few decades.
There are numerous different types of foundations regarding
offshore wind turbines (OWTs), comprising the tripod, jacket,
gravity foundation, suction anchor (or bucket), and monopile
[3, 4]. When the water depth is less than 30 meters, Offshore
wind farms usually employ the monopile type [4]. Engineers
must deal with the wind's scouring phenomenon turbine
foundations when planning and designing wind turbines for an
offshore environment [5]. Waves and currents generate scour,
this is the erosion of soil near a submerged foundation and at
its location [6]. To predict the regional scour depth at a bridge
pier, Jalal et al. [7-10] developed an original gene expression
algorithm using artificial neural networks. Three monopiles,
one main column, and several diagonal braces connecting the
monopiles to the main column make up the tripod foundation,
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which has more complicated shapes than a single pile. The
design of the foundation may have an impact on scour depth
and scour development since the foundation's form affects the
flow field [11, 12]. Stahlmann [4] conducted several field
investigations. He discovered that the main column is where
the greatest scour depth occurred. Under the main column is
where the maximum scour depth occurs in all experiments.
The estimated findings show that higher wave heights
correspond to higher flow velocities, indicating that a deeper
scour depth is correlated with finer silt granularity [13]
recommends as the design value for a single pile. These
findings support the assertion that a tripod may cause the
seabed to scour more severely than a single pile. The
geography of the scour is significantly more influenced by the
KC value (Keulegan—Carpenter number)

The capability of computer hardware and software has made
computational fluid dynamics (CFD) quite popular to predict
the behavior of fluid flow in industrial and environmental
applications has increased significantly in recent years [14].

Finding an acceptable piece of land for the turbine's
construction and designing the turbine pile precisely for the
local conditions are the biggest challenges. Another concern
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related to working in a marine environment is the effect of sea
waves and currents on turbine piles and foundations. The earth
surrounding the turbine's pile is scoured by the waves, which
also render the pile unstable.

In this research, the main objective is to investigate
numerically a local scour around tripods in random waves. It
is constructed and proven to use the tripod numerical model.
The present numerical model is then used to examine the flow
velocity distribution and scour characteristics.

2. NUMERICAL MODEL

To simulate the scouring process around the tripod
foundation, the CFD code FLOW-3D was employed. By using
the fractional area/volume method, it may highlight the
intricate boundaries of the solution domain (FAVOR).

This model was tested and validated utilizing data derived
experimentally from Schendel et al. [15] and Sumer and
Fredsee [6]. 200 runs were performed at different values of
parameters.

2.1 Momentum equations

The incompressible viscous fluid motion is described by the
three RANS equations listed below [16]:
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where, respectively, u, v, and w represent the x, y, and z flow
velocity components; volume fraction (VF), area fraction (4;;
I=x, y, z), water density (f), viscous force (f;), and body force
(G;) are all used in the formula.

2.2 Model of turbulence

Several turbulence models would be combined to solve the
momentum equations. A two-equation model of turbulence is
the RNG k-model, which has a high efficiency and accuracy
in computing the near-wall flow field. Therefore, the flow field
surrounding tripods was captured using the RNG k-model.

2.3 Model of sediment scour
2.3.1 Induction and deposition

Eq. (4) can be used to determine the particle entrainment lift
velocity [17].
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a; s the Induction parameter, 7, the normal vector is parallel
to the seafloor, and for the present numerical model, n,~(0,0,1),
.- is the essential Shields variable, g is the accelerated by
gravity, d; is the size of the particles, p; is species density in
beds, and dx The diameter of particles without dimensions;
these values can be obtained in Eq. (5).
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Uris this equation a dynamic viscosity of the fluid. ¢, was
determined from an equation based on Soulsby [18].

Ocr +0.055[1 — exp (—0.02d,)] (6)

T1+1.2d,

The equation was used to determine how quickly sand
particles set Eq. (7):

1%
Wpgeuting = d—f [(10.36% + 1.049d3)%5 — 10.36] 7)
L

vystands for fluid kinematic viscosity.

2.3.2 Transportation for bed loads
Van Rijn [19] states that the speed of bed load conveyance
was determined as:

dp,i

8iCp,ifp ®)

bedload,i =

f» is the essential particle packing percentage, gs, 7 is the bed
load transportation rate, and ¢, I the percentage of sand by
volume 7. These variables can be found in Eq. (9), Eq. (10), f5,
0; the bed load thickness.
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In this paper, after the calibration of numerous trials, the
selection of parameters for sediment scour is crucial.
Maximum packing fraction is 0.64 with a shields number of
0.05, entrainment coefficient of 0.018, the mass density of
2650, bed load coefficient of 12, and entrainment coefficient
of 0.01.

3. MODEL SETUP

To investigate the scour characteristics near tripods in
random waves, the seabed-tripod-fluid numerical model was
created as shown in Figure 1. The tripod basis, a seabed, and
fluid and porous medium were all components of the model.
The seabed was 240 meters long, 40 meters wide, and three
meters high. It had a median diameter of dso and was composed
of uniformly fine sand. The 2.5-meter main column diameter
D. The base of the main column was three dimensions above
the original seabed. The center of the seafloor was where the
tripod was, 130 meters from the offshore and 110 meters from
the onshore. To prevent wave reflection, the porous media



were positioned above the seabed on the onshore side.

Fluid Tripod Foundation

Y

Seabed

‘ Di I braci Main col
v iagonal bracing Tripod's pile

Figure 1. An illustration of the numerical model for the
seabed-tripod-fluid

3.1 Generation of meshes

Figure 2 displays the model's mesh for the FLOW-3D
software grid. The current model made use of two different
mesh types: global mesh grid and nested mesh grid. A mesh
grid with the following measurements was created by the
global hexahedra mesh grid: 240m length, 40m width, and
32m height. Around the tripod, a finer nested mesh grid was
made, with dimensions of 0 to 32m on the z-axis, 10 to 30 m
on the x-axis, and 25 to 15 m on the y-axis. This improved the
calculation's precision and mesh quality.

Global mesh

Nested mesh
H

Figure 2. The mesh block sketch
3.2 Conditional boundaries

To increase calculation efficiency, the top side, The model's
two x-z plane sides, as well as the symmetry boundaries, were
all specified. For u, v, w=0, the bottom boundary wall was
picked. The offshore end of the wave boundary was put
upstream. For the wave border, random waves were generated
using the wave spectrum from the Joint North Sea Wave
Project (JONSWAP). Boundary conditions are shown in
Figure 3.
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Figure 3. Boundary conditions of the typical problem

The wave spectrum peak enhancement factor (=3.3 for this
work) and can be used to express the unidirectional
JONSWAP frequency spectrum.

3.3 Mesh sensitivity

Before doing additional research into scour traits and scour
depth forecasting, mesh sensitivity analysis is essential. Three
different mesh grid sizes were selected for this section: Mesh
1 has a 0.45 by 0.45 nested fine mesh and a 0.6 by 0.6 global
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mesh size. Mesh 2 has a 0.4 global mesh size and a 0.35 nested
fine mesh size, while Mesh 3 has a 0.25 global mesh size and
a nested fine mesh size of 0.15. Comparing the relative fine
mesh size (such as Mesh 2 or Mesh 3) to the relatively coarse
mesh size (such as Mesh 1), a larger scour depth was seen; this
shows that a finer mesh size can more precisely represent the
scouring and flow field action around a tripod. Significantly, a
lower mesh size necessitates a time commitment and a more
difficult computer configuration. Depending on the sensitivity
of the mesh guideline utilized by Pang et al., when Mesh 2 is
applied, the findings converge and the mesh size is
independent [20]. In the next sections, scouring the area
surrounding the tripod was calculated using Mesh 2 to ensure
accuracy and reduce computation time. The working segment
generates a total of 14, 800,324 cells.

3.4 Model validation

Comparisons between the predicted outcomes from the
current model and to confirm that the current numerical model
is accurate and suitably modified, experimental data from
Sumer and Fredsee [6] and Schendel et al. [15] were used. For
the experimental results of Run 05, Run 15, and Run 22 from
Sumer and Fredsge [6], the experimental A9, A13, A17, A25,
A26, and A27 results from Schendel et al. [15], and the
numerical results from the current model are shown in Figure
4. The present model had dso=0.051cm, the height of the water
wave(h)=10m, and wave velocity=0.854 m.s™\.
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Figure 5. Comparison of the present study's maximum scour
depth with that authored by Sumer and Fredsee [6] and
Schendel et al. [15]



According to Figure 5, the highest discrepancy between the
numerical results and experimental data is about 10%,
showing that overall, there is good agreement between them.
The ability of the current numerical model to accurately depict
the scour process and forecast the maximum scour depth ()
near foundations is demonstrated by this. Errors in the
simulation were reduced by using the calibrated values of the
parameter. Considering these results, a suggested simulated
scouring utilizing a Flow-3D numerical model is confirmed as
a superior way for precisely forecasting the maximum scour
depth near a tripod foundation in random waves.

3.5 Dimensional analysis

The variables found in this study as having the greatest
impacts, variables related to flow, fluid, bed sediment, flume
shape, and duration all had an impact on local scouring depth
(¢). Hence, scour depth (S) can be seen as a function of these
factors, shown as:

S=f(p,v,V,h g,ps,dso, 09,V D,d, Ty, t) (11)

With the aid of dimensional analysis, the 14-dimensional
parameters in Eq. (11) were reduced to 6 dimensionless
variables using Buckingham's -theorem. D, V, and were
therefore set as repetition parameters and others as constants,
allowing for the ignoring of their influence. Eq. (12) thus
illustrates the relationship between the effect of the non-
dimensional components on the depth of scour surrounding a
tripod base.

S h d50 V
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s LV .. ds0
where, - are scoured depth ratio, e flow wave velocity, -

median size ratio, Fr represents the Froud number, and Kc is
the Keulegan-Carpenter.

4. RESULT AND DISCUSSION
4.1 Development of scour

Similar to how the physical model was used, this numerical
model was also used. The numerical model's boundary
conditions and other crucial variables that directly influence
the outcomes were applied (flow depth, median particle size
(dso), and wave velocity). After the initial 0-300 s, the scour
rate reduced as the scour holes grew quickly. The scour depths
steadied for about 1800 seconds before reaching an asymptotic
value. The findings of scour depth with time are displayed in
Figure 6.

4.2 Features of scour

Early on (t=400s), the scour hole began to appear beneath
the main column and then began to extend along the diagonal
bracing connecting to the wall-facing pile. Gradually, the
geography of the scour; of these results is similar to the
experimental  observations of Stahlmann [4] and
Aminoroayaie Yamini et al. [1]. As the waves reached the
tripod, there was an enhanced flow acceleration underneath the
main column and the lower diagonal braces as a result of the
obstructing effects of the structural elements. More particles
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are mobilized and transported due to the enhanced near-bed
flow velocity, it also increases bed shear stress, turbulence,
and scour at the site. In comparison to a single pile, the main
column and structural components of the tripod have a
significant impact on the flow velocity distribution and,
consequently, the scour process and morphology. The main
column and seabed are separated by a gap, therefore the flow
across the gap may aid in scouring. The scour hole first
emerged beneath the main column and subsequently expanded
along the lower structural components, both Aminoroayaie
Yamini et al. [1] and Stahlmann [4] made this claim. Around
the tripod, there are several different scour morphologies and
the flow velocity distribution as shown in Figures 7 and 8.
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Figure 6. Results of scour depth with time
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Figure 7. The sequence results of scour depth around tripod
development (reached to steady state) simulation time
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Figure 8. Random waves of flow velocity distribution around
a tripod

4.3 Wave velocity's (Vw) impact on scour depth

In this study's section, we looked at how variations in wave
current velocity affected the scouring depth. Bed scour pattern
modification could result from an increase or decrease in
waves. As a result, the backflow area produced within the pile
would become stronger, which would increase the depth of the
sediment scour. The quantity of current turbulence is the
primary cause of the relationship between wave height and bed
scour value. The current velocity has increased the extent to
which the turbulence energy has changed and increased in
strength now present. It should be mentioned that in this
instance, the Jon swap spectrum random waves are chosen.
The scour depth attains its steady-current value for Vw>0.75,
Figure 9 (a) shows that effect. When (V) represents the mean
velocity=0.5 m.s™'.
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Figure 9. Main effects on maximum scour depth (Smax) as a
function of column diameter (D)

4.4 Impact of a median particle (dso) on scour depth

In this section of the study, we looked into how variations
in particle size affected how the bed profile changed. The
values of various particle diameters are defined in the
numerical model for each run numerical modeling, and the
conditions under which changes in particle diameter have an
impact on the bed scour profile are derived. Based on Figure 9
(b), the findings of the numerical modeling show that as
particle diameter increases the maximum scour depth caused
by wave contact decreases. When (dso) is the diameter of
Sediment (dso). The Shatt Al-Arab soil near Basra, Iraq, was
used to produce a variety of varied diameters.

4.5 Impact of wave height and flow depth (h) on scour
depth

One of the main elements affecting the scour profile brought
on by the interaction of the wave and current with the piles of
the wind turbines is the height of the wave surrounding the
turbine pile causing more turbulence to develop there. The
velocity towards the bottom and the bed both vary as the
turbulence around the pile is increased, modifying the scour
profile close to the pile. According to the results of the
numerical modeling, the depth of scour will increase as water
depth and wave height in random waves increase as shown in
Figure 9 (c).

4.6 Froude number's (Fr) impact on scour depth

No matter what the spacing ratio, the Figure 9 shows that

908

the Froude number rises, and the maximum scour depth often
rises as well increases in Figure 9 (d). Additionally, it is crucial
to keep in mind that only a small portion of the findings
regarding the spacing ratios with the smallest values. Due to
the velocity acceleration in the presence of a larger Froude
number, the range of edge scour downstream is greater than
that of upstream. Moreover, the scouring phenomena occur in
the region farthest from the tripod, perhaps as a result of the
turbulence brought on by the collision of the tripod's pile.
Generally, as the Froude number rises, so does the deposition
height and scour depth.

4.7 Keulegan-Carpenter (KC) number

The geography of the scour is significantly more influenced
by the KC value. Greater KC causes a deeper equilibrium
scour because an increase in KC lengthens the horseshoe
vortex's duration and intensifies it as shown in Figure 10.

The result can be attributed to the fact that wave
superposition reduced the crucial KC for the initiation of the
scour, particularly under small KC conditions. The primary
variable in the equation used to calculate This is the depth of
the scouring hole at the bed. The following expression is used
to calculate the Keulegan-Carpenter number:

Vw xTp

Kc =
¢ D

(13)

where, the wave period is 7, and the wave velocity is shown
by V..

04
03

0.2

Smax/D

01

Kc

Figure 10. Relationship between the relative maximum scour
depth and KC

5. CONCLUSION

(1) The existing seabed-tripod-fluid numerical model is
capable of faithfully reproducing the scour process and the
flow field around tripods, suggesting that it may be used to
predict the scour around tripods in random waves.

(2) Their results obtained in this research at various flow
velocities and flow depths demonstrated that the maximum
scour depth rate depended on wave height with rising
velocities and decreasing particle sizes (dso).

(3) A diagonal brace and the main column act as blockages,
increasing the flow accelerations underneath them. This raises
the magnitude of the disturbance and the shear stress on the
seafloor, which in turn causes a greater number of particles to
be mobilized and conveyed, as a result, causes more severe
scour at the location.



(4) The Froude number and the scouring process are closely
related. In general, as the Froude number rises, so does the
maximum scour depth and scour range. The highest maximum
scour depth always coincides with the bigger Froude number
with the shortest spacing ratio.

Since the issue is that there aren't many experiments or
studies that are relevant to this subject, therefore we had to rely
on the monopile criteria. Therefore, to gain a deeper
knowledge of the scouring effect surrounding the tripod in

random waves,

further numerical research exploring

numerous soil, foundation, and construction elements as well
as upcoming physical model tests will be beneficial.
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NOMENCLATURE

CFD

Computational fluid dynamics

FAVO  Fractional Area/Volume Obstacle Representation
R

VOF Volume of Fluid

RNG Renormalized Group

OWTs  Offshore wind turbines

Greek Symbols

€, ® Dissipation rate of the turbulent kinetic energy,

m?s™



Subscripts

dso Median particle size

\ Volume fraction

Gr Turbulent energy of buoyancy
Ky Turbulent velocity

Pr Kinetic energy of the turbulence
A Induction parameter

Ns Induction parameter

Ocr The essential Shields variable
D; diameter of sediment

d+« The diameter of particles without dimensions
Ik Dynamic viscosity of the fluid

910

Qb
Cs,i

D¢
Fr
Kc
Vw

Tp

The bed load transportation rate
Sand particle's concentration of mass
Diameter of pile

Diffusivity

Diameter of main column
Froud number
Keulegan—Carpenter number
Acceleration of gravity g

Flow depth

Wave Velocity

Mean Velocity

Wave Period

Scour depth





