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PREFACE 
The Talent Factory, under the Danish Wind Energy Association has put together a student 
competition to solve current and future offshore wind energy project issues. The project presented 
in the competition consists in designing and verifying new solutions to prevent scour from 
occurring around monopile foundations of offshore wind turbines.  

 
The current solutions of rip rap or increased steel in the tower have some disadvantages related to 
cost of installation and maintenance as well as some known technical issues. The proposed 
solutions attempt to alleviate these issues and prevent scour from occurring around monopile 
foundations at a lower cost and with better physical results. 
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ABSTRACT 
The issues surrounding offshore foundation stability are numerous and of major concern in the 
offshore wind energy industry. Monopile type foundations are typically used for wind turbines 
located in shallow waters and are often in areas of high tidal currents. The ocean current coupled 
with an intrusive monopile foundation present the ideal condition for sediment transportation 
away from the foundation, thus reducing the structural integrity of the foundation and turbine. 
This problem is what is known as scour. The focus of this study is based on proposing 
specifically two new solutions to prevent scour from occurring. The current solution is presented 
and shows much room for improvement in the areas of physical performance as well as cost. 
 
It is shown through numerical modeling and scaled experiments that the two solutions proposed 
may contribute to a better designed solution than what the industry is currently using. It was 
found in experiments that one of the solutions, namely the �fins� structure, shows good physical 
performance in the reduction of scour and could potentially be improved through a more detailed 
structural analysis of the required material. Secondly, the �diversion� fence solution proved that 
although undermining may occur, this could be prevented through a smoother transition from the 
seabed, as the undermining was created by the leading edge scour caused by the pressure gradient 
imposed by the structure in the flow. 
 
Costs are compared and estimates show that the proposed solutions may provide a more 
streamlined installation process, thus reducing the time required for the vessel. Although initial 
material costs of the solutions are increased over the current solution, the vessel time is shown to 
be the key cost source in the current solution and thus, by reducing installation time, costs can be 
reduced to a competitive level. 
 



1. INTRODUCTION 
Oceanic currents and waves are two major issues when going offshore with wind turbines for one 
common reason; scour. Ocean floor sediment transportation away from the wind turbine 
foundation is what is known as scour and currently the industry is spending a large portion of the 
installation costs, on solving this problem. 
 
When a monopile is placed on the sea bed, the flow pattern changes in the immediate vicinity of 
the monopile, causing an increment on the sediment transport capacity and thereby leading scour 
happens. Scour occurs due to the increase of fluid flow velocity and turbulence around a 
structure. When water flows around a structure, the streamlines are squeezed together and thus we 
have speeding up of the flow close to the structure. Stagnation pressure at the front of the 
structure also plays an important role in this mechanism. Due to the increased velocity of the 
water, an adverse pressure gradient of the flow, and in combination with the shearing effect of the 
velocity, turbulence eddies occur in a �horse-shoe�  shape around the protrusion. These eddies can 
be very destructive as they dig into the ground, and together with the lee-wake vortices pull away 
sediment and carry it downstream, thus leaving a hole around the structure (see sketch below). 
This is the phenomena of scour, and can occur due to any structure placed in a flow field, and 
thus can occur with all offshore wind turbine foundation types. Typically, the depth of the scour 
hole will be 1.5 to 2 times the diameter of the structure. 

δ

Xs

D

Horseshoe Vortex Lee-Wake Vortex

DownFlow

Bed Boundary
Layer Thickness

 
Figure 1: Sketch of Flow around Monopile 

Typical foundations that have been used for offshore wind turbines are monopile type 
foundations and gravity base foundations. A tripod (truss or jacket) type of foundation, which has 
three piles into the ocean connected together by truss sections, is also used for offshore 
foundations as it can support the wind turbine in much deeper waters. However, for our research 
into the potential solutions of scour protection, we have chosen to focus solely into the monopile 
foundation, as this is by far the most common. Figure 2 below shows the three most commonly 
used foundation structures for offshore wind turbines. 
 

 
Figure 2: Offshore Wind turbine Foundation types, graphic courtesy of 

http://www.offshorewindenergy.org/ 
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The concern of scour around offshore wind turbine foundations is three-fold. First, when a scour 
hole is dug due to the flow, this effectively increases the free length of the monopile from an 
engineering standpoint. The increase in free length will decrease the natural frequency of the 
turbine tower. Turbine design is heavily influenced by vibration analysis of the components, and 
if the natural frequency is changed, it may resonate with the excitation frequencies (e.g. waves, 
wind, etc.) and this could imply shorter fatigue life and/or higher bending forces in the steel. 
Secondly, the higher bending forces, as just mentioned, could be detrimental to the foundation 
strength. Finally, with a scour hole around the base of the foundation, we have the issue of 
transmission cable free-spanning. The power transmission cable must exit the foundation at the 
bottom and travel along the seabed to the next turbine or substation. Free-spanning can cause 
damage to the power cable. 
 
The monopile is heavily used in this industry as it has applications in shallow (around 20m) 
waters. Currently, industry has two common solutions for scour protection on the monopile 
foundation. Both solutions are costly and it is our desire to design a reliable and proper solution 
which can cut costs in materials, installation, and maintenance. 
 
The most commonly used current solution is to pile rock �rip-rap� around the foundation base. 
Sometimes up to three layers of rock with decreasing rock diameter are piled around, in a 
minimum radius of five times the diameter of the monopile. This keeps the sediment on the 
seabed but has been shown to be very costly and problematic when the rock diameters are not 
sized properly. Some estimates [1] show that this can cost upwards of �350,000 for a 3.6 MW 
wind turbine. To offset this cost, some developers allow the scour hole to occur and increase the 
steel wall thickness and length of the pile to account for the increased bending stresses. In this 
case, the power cable is incased in a steel J-tube to cross the scour hole, which can sometimes 
reach 7 meters or more. The increase in steel for both added wall thickness and J-tube have, been 
studied in the Dutch Offshore Wind Energy Converter Project [1] and it has been shown that this 
solution can be much more cost effective than the rock solution. The analysis has shown that the 
extra steel costs and added installation costs of a heavier monopile total to an amount only 
slightly higher than the �100,000 for the same wind  turbine previously mentioned. 
 
Our proposed solutions are founded on two main principles. First, we propose a cost competitive 
system that will reduce the installation and operating costs for scour protection. Second, detailed 
engineering analysis and experimentation will yield solutions that will prevent scour from 
occurring around offshore wind turbine foundations. The balance of these two main principles, 
the engineering results, and the cost details of our solutions are the subject of this paper. 

2. OUR APPROACH 
Two solutions are proposed. First, the �fins-fence�  consisting of parallel flat circular plates 
stacked vertically and surround the monopile base. Second, the �diversion fence structure�, a 360” 
structure around the monopile base with a particular shape to lift the scour-producing turbulence 
off the seabed. The process during the development of the two proposed solutions, started with a 
detailed analysis of the scour problem and what is currently done to prevent the problem. New 
ideas for structures resulted from looking into other industries and brainstorming new ways to 
reduce the effects of the horseshoe vortices and the compression of streamlines around 
monopiles; two of the main fluid mechanisms in the development of scour. This study was 
completed regarding the operating environment of the structures, and the results of this study 
provided the inputs for computational fluid dynamics (CFD) modeling. The CFD analysis of all 
our ideas narrowed the list to a few ideas that showed the possibility of reducing or even 
preventing scour from occurring around the monopiles. During the CFD analysis, it was possible 
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to test the models in a water flume and this introduced the need to scale the structures to an 
appropriate level. A meticulous experiment plan was thereby developed, containing a framework 
for the numerous experiments considered necessary to be conduct. Results from the conducted 
experiments were compared to the scale model CFD results. 
 
During the CFD analysis, different suppliers of materials were contacted to get more ideas on 
how the particular material could be used in our solutions. Meetings with offshore wind farm 
developers were conducted and information regarding installation and maintenance costs of the 
current solutions was obtained.  
 
Thus, cost information as well as, results from CFD analysis, measurements taken from the scale 
model tests, and discussions with material suppliers have provided the needed information to 
develop and analyze the two solutions presented below. Before the solutions are discussed, the 
operating environment of the offshore monopile foundations must be presented to fully 
understand the basics of the scour issue. 

3. THE OPERATING ENVIRONMENT 
 
The Sea Floor and Ocean Environment 
The operating environment of offshore monopile foundations is harsh and presents complications 
in design, as a number of issues directly affect the stability of a wind turbine. One of these issues 
is sediment transport away from the foundation, thus creating a depression in the local seabed. 
This is known as scour. Waves, ocean and tidal currents, unsteady soil conditions, a translating 
seafloor and varying water depths, and the salt water all exist in varying forms and combinations 
during the operational lifetime of the turbine foundation and scour prevention structure. A 
detailed geological study is often done before the foundations are designed to ensure all issues are 
dealt with prior to deciding on a design. For instance, large buried rocks can introduce problems 
during the installation of monopile foundations and can dramatically increase the cost of the 
installation. The density and content of the soil is also important in the design of the monopile. In 
the typical monopile applications, sandy or silt type soil is encountered and in water depths of 
approximately 10-25 m. 
 
Due to relatively soft sand of common sea floor conditions, ocean currents can create traveling 
sand waves. These sand waves travel along the seafloor and can change the effective water depths 
in the affected areas by removing sand from one region and depositing the sand in another. If one 
of these sand waves passes through a wind farm, the monopile foundations could either be 
exposed due to a reduction in the amount of sand or buried further. The scour protection 
structures must work in all conditions introduced by traveling sand waves. 
 
Figure 33 below shows the change in the water depth around offshore monopile foundations that 
has occurred over approximately one year. The mean flow direction can be determined by the 
orientation of the scour holes and the deposits of eroded sand downstream of the monopile. At 
any given point on the seafloor, the water depth has decreased by approximately four meters and 
around and near the monopile, water depths have decreased by approximately five meters. The 
occurrence of large sand waves is reduced when there is a presence of cobbles or scatter stones 
mixed with the sandy or silt sea floor soil. 
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Figure 3: Traveling sand waves around monopile foundations, Ref [1] 

Tidal currents and ocean waves are the dominating concern for offshore monopile foundations 
because these two can combine to create soil erosion force around the monopile.  At all sites, both 
of these need to be considered.  Typical ocean wave heights for east UK waters where many 
offshore wind farms are located and are proposed are approximately 2-2.5 m Ref [2]. The typical 
frequency of these waves is in the order of 8-9 sec Ref. [2].  Extreme wave heights in some areas 
for instance off the coast of The Netherlands or in other exposed areas of the North Sea, can be up 
to 13 m with a period of approximately 10 sec Ref. [3]. Typical ocean surface currents are on the 
order of 1.0 m/sec although tidal driven currents can exceed 2.0 m/sec in some areas. For 
instance, in waters near Lowestoft, England, the common tidal rate is 2.6 m/sec Ref. [4] .   
 
It has adopted in this document a mean flow rate of 1.5 m/sec and an average water depth of 10 
meters for the CFD analysis.  These values represent the most common combination of flow rate 
and water depth.  A sample wave scatter diagram and current velocities from a site off the Dutch 
coast is provided in Appendix G for reference. 
 
Water depth is also an important aspect of the operating environment to consider.  The flow 
profile approaching a monopile changes with water depth (discussed in the experiment section) 
and this will have varying effects on the strength of the vortices that create the scour hole.  The 
monopile foundation is typically used in water depths of 10-20 m, although tidal ranges of up to 9 
meters can be found in UK waters.  This means that the foundation and scour protection structure 
can be dried for a significant portion of the operating lifetime.  Water depth has a large influence 
on when swells turn into breaking waves and this must be considered in our design.  Breaking 
waves will introduce large unwanted loads on the monopile and turbine tower as well as 
increased turbulence that can speed up the scour process.  Our designs should not introduce any 
breaking waves for all possible water depths expected during operation. 
 
Materials Selection  
The salt water environment is very corrosive on many materials, thus the materials chosen for our 
solutions must be either corrosion resistant or able to function with the inevitable corrosion.  
Marine growth is also a factor to consider and must not affect the performance of the solutions. 
The growth of barnacles near the Isle of Man, UK has been measured at around 8 cm3 over five 
years Ref. [5] and the rate increases as the population grows.  Small holes, moving parts, soft and 
hard materials, can be affected by the growth of shell fish and other sea life. The materials chosen 
for each of the solutions are discussed in a section below.  
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Case Study: Scour of Different Soil Types 
In order to get a grasp on the effect of the current velocity along the seabed on the scour process 
for different soils, a small study is presented.  Two different water heights, 5 and 20 meters, and 
three different soil types are considered and it is shown that in some cases scour will occur for a 
particular soil type for different water depths. The Shields parameter is a metric used to determine 
if scour will occur and is a function of the soil grain diameter, ds, the specific gravity of the soil 
type, and the bed shear velocity, Vs. The shear velocity is a function of water depth and is shown 
to increase with increasing water depths for a given mean flow velocity. The diameters of the soil 
used in this study are (1mm, 0.1mm, 0.002mm) for coarse sand, fine sand, and silt. 
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Figure 4: Sediment transport threshold and common soil types 

The bed shear velocity is influenced (increased) by the presence of the monopile and thus the 
shields parameter is increased and if it is above the threshold, scour will occur.  The shear 
velocity in the two cases above is 0.99 m/sec (5m) and 1.4 m/sec (20m).  These two shear 
velocities are expected to exist on the seafloor where monopiles will be installed and according to 
the above chart, fine sand and silt soil types will start to erode without the presence of the 
monopile. This is known as a live bed situation.  The erosion will only get worse with the 
presence of the monopile, as the shear velocity is increased.  It is our goal to reduce this bed shear 
velocity around the monopile and this is the main metric we have used to score the effectiveness 
of our solutions presented below. 

4. NUMERICAL MODEL DEVELOPMENT 
The ANSYS computational fluid dynamics software package, CFX was used to numerically 
model our ideas for the scour protection. This tool provided the feedback needed before making 
the decision to build prototypes and test the prototypes in the water flume.  The numerical 
modeling process in CFX involves defining a solid geometry, generating a volumetric mesh for 
the solid, defining boundary conditions, and specifying the flow rate and turbulence intensity. 
Outputs of the CFX simulation include many parameters about the system although we have 
focused on a few key metrics that will be used to rank the various solutions on a relative basis.  
Among the many output variables, the wall shear stress along the floor of the domain, the flow 
streamlines, and the vertical velocity profiles in the mean flow direction at key points around the 
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monopile and scour prevention structures are of particular interest and are used for the ranking 
scheme. 
 
This tool was used to model both the full scale application as well as the scale models that were 
tested in the water flume.  A close comparison between results in the scale model and the results 
from the experiment would indicate that the CFX results are correct.  Since it has been ensured 
that the experiment test conditions are indicative of the real world full scale conditions 
(demonstrated in a section below), the full scale CFX results can be trusted to be indicative of the 
real world conditions.  
 
The key modeling assumptions and settings for the full scale CFX models are outlined in the table 
below.  
 

Parameter Description (Units) Value(s) 

Mean flow rate 
Uniform flow rate at inlet plane of 
model (m/sec) 

0.75, 1.5, 2.25, 3.0 

Turbulence Intensity 
Turbulence component of the mean 
flow, (K-Epsilon turbulence model) 

Medium Intensity (5%) 

Domain Dimensions Size of the total model domain 
(L) 30m x (W) 15m x 
(H) 10m 

Buoyancy Model Gravity acts on Domain 9.81 m/s2 

Water Temperature  10 ”C 

Boundary Conditions 

No slip structure, seafloor, free slip 
top and edge boundary, symmetry 
plane assumed aligned with flow 
direction 

 

Table 1: Full scale modeling parameters and domain assumptions. 

The key modeling assumptions and settings for the scale model CFX models are outlined in the 
table below. 
 

Parameter Description (Units) Value(s) 

Mean flow rate 

Based on an accumulated average 
over the experimental period. Mean 
flow rate is derived for the scale 
model to achieve an appropriate 
boundary layer thickness. 

0.35 m/s 

Turbulence Intensity 
Turbulence component of the mean 
flow, (K-Epsilon turbulence model) 

Medium Intensity (5%) 

Domain Dimensions Size of the total model domain 
(L) 1500mm x (W) 
385m x (H) 400m 

Buoyancy Model Gravity acts on Domain 9.81 m/s2 

Water Temperature  10 ”C 

Boundary Conditions 

No slip structure, seafloor, free slip 
top and edge boundary, symmetry 
plane assumed aligned with flow 
direction 

 

Table 2: Small scale modeling parameters and domain assumptions. 
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Simulations are run until convergence of the fluid momentum RMS values, reach an error under 
1e-4. 
 
Next sections describe each of the solutions; besides a summary of the numerical simulations is 
included. and a discussion of the numerical results. 
 

4.1. FINS STRUCTURE 
One of the structures modeled in numerical simulations is what is known as the �fins� structure. 
The purpose of the fins structure is to minimize the development of the horseshoe vortex, the key 
fluid mechanism in current induced scour. Below is a schematic of the relative proportions of this 
idea. 
 

 
Figure 5: Sketch of the "Fins" Structure 

The horseshoe vortex is generated by the pressure gradient, created by the flow intrusion of the 
monopile, and the fluid shear within the boundary layer. The fins structure attempts to physically 
separate the vertical pressure gradient, thus creating multiple, but smaller vortices within each 
parallel plate set. These parallel plates contain the vortex, thus preventing digging on the seabed 
until downstream of the structure. 
 
One of the driving design factors in the creation of various scour-preventing structures is to have 
full and uniform 360 degrees protection around the monopile. This is not only to protect the 
structure in the case of current direction change, but also for ease of installation and monitoring 
over the lifetime of the foundation. The fins structure satisfies this criterion. The fins act in the 
same way regardless of orientation and thus installation is made easier, and shifting of the 
structure during its operational lifetime is only possible in the vertical direction, thus ensuring 
continuous protection against scour. 
 
Parameters which are concerned in the design of this idea are as follows: 
 

1. Fin diameter 
2. Fin spacing 
3. Number of fins 

 
Numerical modeling in CFX is thus performed to find the sensitivities of plate diameter and 
spacing on the performance. Experimental prototypes are to follow based on the numerical 
modeling results. 

D 

Dfins 
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4.2. DIVERSION FENCE STRUCTURE 
The diversion fence structure is pultruded plastic composite frame with artificial seaweed mat 
webbing that works as a unit to slow the flow around the base of the monopile as well as trap any 
suspended sediment in the flow.  Constant cross section members of the frame are connected at 
the joints using simple T and L-shaped fittings to ensure accurate placement of the frame 
components and tie the frame together.  The artificial seaweed mats acts as the skin to the frame 
and are installed on all sections of the frame to provide 360 degree coverage against scour.  The 
structure has an approximately 30 degree slope at the intersection with the seafloor. This slope 
increases until the top lip that acts to separate the flow at a position away from the seafloor. Any 
sediment that gets disturbed by this flow will be trapped by the artificial seaweed.  Over time, this 
structure may actually collect sand around the base of the monopile. Appendix D shows a sketch 
of the seeweed. Figure 6 below, shows a schematic of one segment of the frame and seaweed 
mats with the monopile. 
 

 
Figure 6: Flow diversion fence 

The figure above shows that there are two lengths of artificial seaweed mat with a shorter length 
mat along the frame closest to the seafloor. The shorter length mat is included to provide a more 
smooth transition between a relatively smooth surface (the seafloor) and the longer 1m artificial 
seaweed.  It was determined in the CFX simulations that a large difference in roughness produced 
a large velocity gradient and thus a large shear stress concentration at the intersection of the two 
different roughness lengths. 
 

4.3. MODELING SIMULATIONS 
Below is a tabulation of the variety of numerical simulations of interest. The modeling is not 
limited to this list, however for brevity only the most promising simulations are presented. 
 

 Dimensions Additional Parameters 
SMALL SCALE MODELING   
Monopile alone 50 mm monopile diameter Listed in Table 2 
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Big fins 50 mm monopile diameter 
150 mm fin diameter 
10 mm spacing between fins 
4 fins 
2 mm fin thickness 

Listed in Table 2 

Small fins 50 mm monopile diameter 
100 mm fin diameter 
5 mm spacing between fins 
4 fins 
2 mm fin thickness 

Listed in Table 2 

Diversion fence 50 mm. monopile diameter 
60 mm diversion height 
200 mm total diversion diam. 

Listed in Table 2 

FULL SCALE MODELING   
Monopile alone 5 m monopile diameter Listed in Table 1 

Diversion fence 
5 m monopile diameter 
5 m fence radius 
3.75 m fence height 

 

Table 3: Structural dimensions in numerical modeling. 

For comparison of parameters, the results of the scaled modeling campaign is presented for the 
monopile alone, two variations of the fins structure, and the diversion fence structure. 
Additionally, full scale models were created for the monopile alone case and the diversion fence 
structure. It was not possible to model the fins structure with our resources as the computation of 
thin surfaces in a relatively large domain was unattainable. 
 
The CFX model of the diversion fence is a solid structure with no porosity and an approximate 
roughness length of the real artificial seaweed.  The results presented for this structure will be 
worse-case-scenario since the real flow will be able to penetrate the structure and be slowed as 
opposed to traveling over the surface of the structure. 
 
The CFX results also only concentrate on the effect of the current on the scour process as the 
wave driven digging forces are not able to be modeled in CFX.  Both structures are designed to 
account for any downwards currents generated from passing waves. The current effects on the 
bed shear stress are more significant than the wave effects as it is illustrated in  the Scroby Sands 
offshore wind farm. 
 

5. NUMERICAL MODEL ANALYSIS AND DISCUSSION 

5.1. SMALL SCALE MODELING RESULTS 
A comparison of the maximum seabed shear stress can give insight into the performance of each 
numerical simulation. Below is a tabulated list of the maximum shear stress created while under a 
flow rate of 0.35 m/s. 
 

 Maximum shear stress 
on domain floor [Pa] 

Monopile Alone 0.446 
Big Fins 0.824 
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Small Fins 0.792 
Diversion Fence 0.552 

Table 4: Maximum shear stress seen on domain floor in numerical simulation. 

The shear stress is observed to increase with the additional structures placed around the monopile 
alone. However, this may not directly imply an increase in scour as the shear stress is only one 
factor in scour. The contraction of streamlines plays the major role in sediments transport, once 
sediment has been mobilized by the shear stress and the digging action of the horseshoe vortex. 
Below is depiction of said streamlines coming off the structures for each of the simulations. 
 

  

  

Figure 7: Streamlines of small scale simulations. a) monopile alone; b) small fins; c) big fins; d) 
diversion fence. 

A noticeable difference in the responses above is the lee-wake vortex. With the large fin set, it is 
seen that the vortex is less pronounced than in the bare monopile case. Additionally, the flow is 
accelerated in a much larger region in the bare monopile case. This is most likely due to the no 
slip conditions of the fins and such a large surface area. The fins effectively slow the flow in the 
region around the monopile. This decreased flow could play a crucial role in whether or not this 
structure is successful in decreasing scour. 
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A largely misrepresented mechanism in these simulations is the horseshoe vortex. In order to 
characterize the generation of the horseshoe vortex, experimental tests are needed for these 
structures. The findings of these experiments will be presented in further sections. 
 
Figure 8 below shows the wall shear for the diversion fence design in a mean flow of 35 cm/sec.  
There is no real indication of increased wall shear at the boundary of the structure since there are 
other instances of the peak wall shear at seafloor locations away from the structure.  It will be 
shown in the full scale results that there is maximum stress occurs downstream of the structure 
that is created by the accelerated flow around the sides of the structure.  Figure 8 below indicates 
the start of this maximum stress location aligned with the outer edge of the monopile. The results 
also indicate that there is no shear stress concentration at the leading edge of the structure.   
 

 
Figure 8: Wall shear stress for diversion fence design 

Figure 9 below shows again the accelerated streamlines around the outside of the structure and 
this acceleration is what is causing the digging force downstream of the monopile.  A porous 
structure would not act to accelerate the streamlines, thus these results are the worst case 
scenario. There is also indication of increased turbulence behind the structure with a significant 
reduction in the mean flow rate.  The velocity profiles taken from CFX as the downstream 
position indicate that flow is traveling back upstream for some heights above the seafloor. 
 

 
Figure 9: Velocity streamlines around scale model diversion fence 
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The velocity profiles for five different positions around the outside of the structure located one 
monopile diameter away from the outer edge of the structure are presented in Figure 10. Zero 
degrees is aligned with the mean flow direction upstream of the monopile.  These results indicate 
an increase in turbulence intensity due to the change in the shape of the profile.   In uniform flow, 
the velocity profile has a steeper curve near the surface although with increased turbulence, the 
profile has a less steep curve near the surface. The speed up effect of the presence of the 
monopile is also noticed as the mean flow rate is higher than the specified 35 cm/sec flow at the 
boundary inlet. There is an approximate 14% speed up effect for the velocity profile located at 
135 degrees relative to the mean 35 cm/sec flow rate up stream of the monopile. 
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Figure 10: Velocity profiles around diversion fence for the scale model 

5.2. FULL SCALE MODELING RESULTS 
The diversion fence design as also modeled with the operational dimensions of the structure and 
with operational flow rates. The goal was to show a reduction in shear stress compared to the 
monopile alone case as well as determine where the new location of the shear stress maximum. 
Figure 11 below shows the wall shear around the monopile alone. The stress concentration is 
located just upstream of the 90 deg position and these results are in agreement with the 
experimental results presented in Ref. [6]. These results are primarily influenced by the 
contraction of the streamlines. The reduction in stress at the leading edge of the pile is due to the 
slow flow and the shear stress calculation in CFX accounts for the velocity and velocity gradients 
to determine the wall shear stress. The high pressure at the leading edge will not indicate a high 
stress concentration due to this modeling feature in CFX. 
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Figure 11: Shear stress for monopile alone (flow rate 1.5m/sec) 

Figure 12 below shows the wall shear for the diversion fence structure in the same 1.5 m/sec flow 
rate. The color scale is changed, although the maximum shear found is slightly lower than the 
maximum shear found in the monopile alone case. The location of this stress is approximately 
0.5D from the trailing edge of the fence structure aligned with the outer edge of the monopile. 
The shear stress around the sides of the structure is slightly lower than the maximum shear stress 
found downstream 0.5D from the trailing edge. 
 

 
Figure 12: Wall shear stress for diversion fence (flow rate 1.5 m/sec) 

As expected, the maximum wall shear stress increases with the flow rate and the location of the 
maximum stress does not change. The compressed streamlines along the side of the monopile 
intersect the seafloor at a location indicated by the red coloring in the image below in Figure 13. 
This stress concentration will be decreased through a reduction of the compression of the 
streamlines in the case of a porous structure with the artificial seaweed.  

 
Figure 13: Wall shear stress for diversion fence (flow rate 2.25 m/sec) 


