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ABSTRACT 
 

 

 

With the rapid expansion of offshore wind power capacity in the world in the last 

decade, innovative offshore solutions are designed in order to meet the upcoming power 

capacity installations. As in all other energy sectors, offshore wind power has certain 

conditions that have to be met to increase the efficacy of the outcome.  

 

In this thesis, wake effect impact on the production results of Hexicon AB’s innovative 

floating and rotating offshore wind power platform project with 3 turbines located in the 

southern part of Sweden are analyzed through the application of “Analytical wake 

models” and the “Actuator Disc method”, with the help of WindSim. 

 

The results of Analytical models and Actuator Disc method were found to be 

independent of one another. Even though analytical wake models did not find any wake 

effect impact among the turbines, the results can be considered as logical. However, the 

Actuator Disc method created unexpected results which might stem from the WindSim – 

AD combination. It is therefore recommended to further explore these scenarios with 

other (more) advanced simulation tools. 
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NOMENCLATURE 
 

𝜌   Density of air 

𝐴   Swept area of wind turbine blade 

𝑉   Wind flow speed 

𝑃   Power 

𝐶𝑝   Power coefficient 

𝐸    Energy 

𝑡   Time 

𝑟   Length of blade 

𝐹  Force 

𝑚  Mass 

𝐴    Area 

𝐶𝑡   Thrust coefficient 

AD   Actuator disc 

EWEA   European Wind Energy Association 

GWEC   Global Wind Energy Council 

CFD    Computational Fluid Dynamics 

DNS   Direct Numerical Simulation 

LES    Large Eddy Simulation 

DES    Detached Eddy Simulations 

RANS   Reynolds-averaged Navier-Stokes 

HAWT  Horizontal axis wind turbines 

AL    Actuator Line  

RES   Renewable energy sources 
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CHAPTER 1. INTRODUCTION  
 

1.1. Energy 

 

Energy is one of the most crucial resources to human life and is a significant tool in the 

evolution of countries. The energy demand in the World has been increasing 

continuously in proportion to the increase in population of World. This increase ratio of 

supply and demand of energy has risen by 1.9 and 2.1 times respectively, from 1970 to 

2010 (Cho and Kim, 2015). The importance of the role of the energy in our lives is 

undeniable and it is becoming more important with each passing day. It is used for 

heating, cooling, production, communication, lighting, transportation etc. In short, it 

plays a part of every aspect of people’s lives. Therefore, the demand must be satisfied in 

order to maintain order. The garnering of the electrical energy may vary according to the 

source which provides it. The most dominant and conventional way for the production of 

electricity remains the fossil fuel, which has an adverse environmental effect such as 

pollution and if we were to consider the predicted energy demand, its consequences 

would be irreversible to the future generations to come. The results of using 

conventional methods can be stated as; global warming, the emission of dangerous 

chemicals, acid precipitation, air pollution, the rising of the sea levels which in turn 

would bring about global economic losses of between 4% and 20% by creating climate 

change (deLlano-Paz et al., 2015). Therefore, fossil fuel consumption must be replaced 

with environmental friendly energy production methods in order to sustain future 

generations. Unlike fossil fuel, renewable energy sources are considered to be 

environmentally friendly and would have minor environmental impact, assuming all 

rules and regulations are followed by the proper agencies. The types of energy sources 

that are seemingly infinite in nature such as Earth (geothermal), waves, light of the sun 

(solar), falling water (hydro), plant materials (biomass), wind flow etc. are called 

renewable energy sources (RES) (A. John Armstrong, 2000). 
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1.2. Wind Energy 

 

One of the most important renewable sources of energy (wind) allows for the production 

of energy from its flow. Using Wind power to produce energy has been in development 

since the 1950’s. The goal of the first turbines was transforming wind energy flow to 

mechanical energy through the use of windmills. The modern wind turbines have been 

developed to turn this kinetic energy into mechanical energy through the usage of tech 

turbine blades. The electricity is produced by the transmission of the mechanical energy 

from generators with the help of modern wind turbine components. Upon the completion 

of all these processes, the electricity is produced by generators and distributed through 

electrical lines (ÖZDEDE, 2013). Even though modern turbines are not as efficient as 

the conventional fossil fuel energy plants, the infinite resources available and the minor 

environmental impacts, make wind energy a more attractive investment in the long term. 

Europe’s total Installed wind power was 106 GW in 2012 which is the total amount of 

electricity consumption of Sweden, Ireland, Slovenia and Slovakia combined and 

according to the European Wind Energy Association (EWEA) estimates, the total 

installed power will increase to 230 GW by 2020 and 735 GW by year 2050 which 

illustrates a significant interest in the sector. Al in all in comparison with other installed 

energy plants, wind power contribution remains limited. However, in some countries, 

wind power contributes a significant percentage of energy sources such as: 26% for 

Denmark, 16% for Spain and Portugal respectively, %12 for Ireland and %11 for 

Germany in 2011.   The capacity of current turbines reach up to 7.5MW and it is 

predicted that this capacity will rise to 20MW in the near future. Not only is this a safe 

way to produce electricity, the wind sector also provides huge job opportunities for 

people with varied educational background. The numbers illustrate that in EU in 2012, 

249 000 people worked in the wind energy sector and according to EWEA predictions, 

this number will increase to 520 000 in 2020. The numbers could be higher if the market 

was to be considered in global terms. 
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Wind power applications are categorized into 2 types; offshore and onshore. As a 

consequence of the wind turbines calculated production limits in theory which is referred 

to as capacity factor, the wind turbines production efficiency can reach a 59% mark. 

This means that only 59% of the energy derived from wind flow can be turned into 

electrical energy through the usage of wind turbines. In addition, while the onshore wind 

turbines have a net capacity factor of about 24%, the offshore ones can reach up to 41%. 

Therefore, the higher capacity factor of offshore wind power can in actuality be 

compared to the capacity factor of coal and gas powered plants which are 35% and 50% 

respectively (EWEA, 2012).  Moreover, According to Global Wind Energy Council 

(GWEC), the global cumulative installed wind capacity reached 369597 MW in 2014 

and the market forecast estimates that number to reach 666.1Gw in 2019 (GWEC, 

2014b). When comparing the offshore and onshore wind power, the high investment 

costs and harsh installation conditions, the offshore wind turbines offer a higher net 

capacity factor as a direct result of the higher average wind speed above the sea surface. 

The permit process for offshore wind power is faster than onshore, due to the fact that it 

has minor environmental impact and therefore requires fewer permits from different 

agencies. Like all the others energy sectors, wind energy faces certain problems which 

directly affects the efficiency of its production. This can be explained by way of energy 

lost through mechanical transmission, electricity transmission, wake effect, etc. One of 

the most important factors for energy loss is wake effect and it is described as a change 

in wind flow speed due to the proximity of other turbines and obstacles within the flow 

area. Wake effect has serious implications as a direct consequence of the measured 

average power of Middelgrunden Offshore Wind Farm in Denmark where 20 turbines 

with the capacity of 2MW each that have a height of 64 meter hub height 76 meter rotor 

diameter. These turbines were placed in a distinctive bow shape with 2.4 rotor diameter, 

however losses due to the wake effect were found to be 10% during the production 

process(Barthelmie et al., 2007). In addition, the ratio of average loss may reach 10 to 20 

% of the total energy production at one of the large offshore wind farms (Horns Rev) 

where the turbines with at least 7 rotor diameter were placed (Barthelmie et al., 2009). 
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Therefore, the impact of wake analysis is vital to the process of the offshore wind power 

applications in order to reduce profit loss. According to the EWEA’s offshore wind 

power statistics with regards to the annual market share in 2014, WindMW, TEW and 

DONG Energy took the first 3 places with their 288 MW, 208,MW and 207 MW 

installed powers respectively (EWEA, 2015). As a result of the increase in offshore 

installations, innovative projects and patents are being developed.  New designs mainly 

offer more reliability, easy installation, and less maintenance than the existing offshore 

solutions.  Principle Power, EDP, Repsol, Statoil, Blue H, Alstom, Nass & Wind, DCSN 

and Vergnet and Hexicon AB will be some of the developers in this innovative field of 

offshore solutions in the coming years. These companies are currently working with the 

turbine manufacturers to commercialize their projects in the next few years (EWEA, 

2013). 

 

1.3. Company, technology, location 

1.3.1. Company 
 

Hexicon AB is an innovative floating offshore wind power solutions consultancy 

company that designs and plans efficient wind farms with new technology. The company 

was founded in 1999 and their head quarter is in Södermalm, Stockholm. Currently, the 

company has 12 employees & 5 consultants. In addition, Hexicon AB has ISO9001 

quality management standards certified by DNVGL. 
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Figure 1: Hexicon AB’s head office at Stockholm SOURCE: (HEXICONAB, 2015). 

 

The objective of the company is to create a more efficient floating offshore wind power 

system to compensate for the world’s growing energy demand by way of a profitable 

renewable systems (HEXICONAB, 2013). 

Currently, the company has an agreement with SSAB regarding the usage of SSAB’s 

high strength structured steel weldox on Hexicons’s patented offshore platforms which is 

considered an “important milestone” by Mr.Baltscheffsky who is the current CEO of 

Hexcion AB (HEXICONAB, 2014). 

 

The other important sign that illustrates the company’s success in the market is the fact 

that their projects are supported by governments as well as foreign investors. Hexicon 

AB was funded by Sweden’s innovation agency in order to improve their offshore 

solutions.  Besides the projects in Sweden, the company also works on projects in 

Scotland, Cyprus and Malta and these projects are supported through the EU investment 

program for renewable energy NER3000 (CISION, 2012). 
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1.3.2. Technology 
 

Investments in offshore wind solutions have been increasing day by day. The majority of 

the energy sector is aware that with the higher energy demand, more efficient wind 

power projects are required. Therefore, the research and development process pertaining 

the improvement of energy production technologies is a crucial factor in this endeavor. 

Hexicon AB’s innovative design for offshore solution offers more efficient outcome than 

the common offshore wind energy platforms. 

 

 

Figure 2: Hexicon AB’s rotating and floating offshore platform SOURCE: (HEXICONAB, 2015). 

 

The company’s patented floating offshore wind power platform design which will be 

used in this thesis’s simulations allows for the rotation of the massive platform at a 180 

degrees in order to acquire the wind flow perpendicularly at all times which translates 

into higher production result than standard offshore projects even if the same turbine 

technology were to be used. Furthermore, when the nacelle rotation is taken into 

account, this innovative rotation system can utilize the wind resources with absolute 

efficiency. During installation, the company’s floating platform offers easier 

construction and transportation. In addition, the water depth is not a factor in the stability 
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of the platform and therefore causes no restrictions. Moreover, the erection of several 

turbines on the platform can mean lower electricity transmission cost and allows for an 

efficient utilization of space and area for additional turbines. These platforms can at the 

same time be combined with other renewable energy applications such as; solar, wave 

power etc. which makes it significantly innovative and unique 

 

1.3.3. Project location 
 

The platform will be located in the southern part of Sweden. The location is chosen due 

to the fact that the southern Baltic Sea is one of the most suitable places for offshore 

installation when depth, wind resource and transportation modes are taken into account.  

 

 

Figure 3: The position of Hexicon AB’s Offshore Platform SOURCE: (HEXICONAB, 2015). 

In general, most of these projects are installed throughout the Baltic Sea. The 

coordinates of the center point of the platform was chosen as 55°51'26.86" North & 15° 

5'2.10" East (Degrees, Minutes, Seconds) The closest distance from the offshore 

platform to the mainland is approximately 28 km which prevents the project from 

possible citing by the populace in the southern coast.   
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1.4. The focus of thesis 

 

The aim of the work is to analyze the impact of changing displacements between 

turbines and wake effects on energy production. The purpose of the project is to find the 

wake impact of different turbine configuration on energy production, the production 

results should not be considered as real outputs. The results will only as a guide to allow 

us to see which configuration can be considered as more suitable as well as 

demonstrating the impact of the wakes on energy production for the given nacelle 

turning angle. The work consists of 2 scenarios which are called best-case and worst-

case scenario. In addition, the best-case scenario will be divided into 2 parts ” part-a” 

and “part-b”. All scenarios will be described in more detail in the following pages. 

 

  

Figure 4: Hexicon AB’s rotating and floating offshore platform SOURCE:(HEXICONAB, 2015). 
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1.5. Thesis framework 
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Figure 5: Thesis framework 
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CHAPTER 2. LITERATURE REVIEW 

2.1. Offshore wind power 

 

The energy production from Wind has been on a dramatic increase. Up until almost 10 

years ago, the installation of the new wind energy project was mainly done in the 

onshore category, due to the following reasons; high transportation cost, lack of 

infrastructure and so on and so forth. In particular after 2008, the offshore wind power 

installation experienced a rapid growth led by Denmark and The Netherlands. Through 

the massive offshore power of UK currently Europe has 90% of near-coast offshore 

wind farms in the World (Zhao and Ren, 2015). 

  

 

Figure 6: A picture of Offshore Wind farm SOURCE:(LONDONARRAY, 2015). 

 

With the growing technology, naval architecture, electricity infrastructures, control 

mechanisms and sea transportation is conducive to the building of offshore wind farms 

as never before. 
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In addition, with the support of governments in such areas as; feed & tariffs, electricity 

purchase agreements, domestic wind turbine component agreements, etc. the offshore 

sector has improved. 

 

In 2014, the global offshore capacity reached 6500 MW and this did not include the 

3000 MW capacity that was under construction during the same period. Furthermore, a 

permit has already been issued for the next 22000 MW installations. Considering this 

massive installation plan for the coming years, the offshore wind farms produce only 

about 2% of the power used in the World (Verhees et al., 2015). 

 

 

Figure 7: Global Cumulative offshore Capacity in 2014 SOURCE:(GWEC, 2014b). 

 

As it is illustrated in figure 7, Europe plays an important role in the field of offshore 

installation. Almost 91% globally installed offshore wind plants are located in northern 

part of Europe and the balance is mainly installed in China’s east coast. If the potential 

of the world’s offshore resources could be used, the total production can reach 7 times 

that of Europe’s and 4 times that of US energy demand (GWEC, 2014a). 
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The offshore wind power applications are a preferred method due to fact that wind 

resources are better in flat areas such as sea surface. Additionally, the sea surface has the 

lowest roughness classification which means that there is almost no friction between the 

surface and the flow. This in turn allows for a higher average wind speed and therefore 

more energy production. At the same time, the fact that the effect of closed configured 

wind turbines in wind farms can be a cause of significance loss in the area of wind 

resources because of the impacts of turbines wakes, cannot be ignored. Therefore, even 

though an offshore installation makes for higher production results and the possible 

conditions under which wind resources must be analyzed, modeled and considered 

during the establishment of projects that will make investments feasible and profitable. 

In addition, In order for the offshore wind power investments to satisfy production a 

feasibility analysis is advisable to evaluate the efficiency of the process. 

 

 

Figure 8: Picture of an offshore wind power installation SOURCE:(LONDONARRAY, 2015). 
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As a consequence of the anticipated higher energy demand in the future, the wind 

turbines will become larger in size. The question as to why offshore wind power is a 

preferred strategy can be explained through the enlargement of turbines in the wind 

energy sector. 

 

Consequently when the turbines increase in size, the unwanted visual impact of onshore 

projects also becomes magnified. Therefore offshore projects are considered more 

appropriate especially when the size of the turbines are larger. Besides the public’s 

acceptance, the permit processes of onshore projects are much lengthier when compared 

with offshore projects. 

 

The offshore wind installation faces several difficulties such as; accessibility to 

platforms, limited number of options in installation with regards to depth and wind 

resources, higher maintenance cost and higher infrastructure costs depending on the 

situation. Regardless of all these problems, profitability may still be higher than onshore 

wind projects.  

 

Currently, massive turbines are 6-8MW are being utilized in ongoing offshore projects 

and subsequently, the offshore wind energy has been dramatically improved. 
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2.2. The importance of correct calculation 

 

The importance of correct calculation can be emphasized through simple observation by 

using the power formula of wind turbines with the same criterion however, with 

different wind speeds. 

 

For wind speed analysis, variables are defined below; 

 

𝜌 = 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝐴𝑖𝑟 (
𝐾𝑔

𝑚3
) 

𝐴 = 𝜋. 𝑟2 = 𝑇ℎ𝑒 𝑠𝑤𝑒𝑝𝑡 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑤𝑖𝑛𝑑 𝑡𝑢𝑟𝑏𝑖𝑛𝑒 𝑏𝑙𝑎𝑑𝑒𝑠 (𝑚2) 

𝑉 = 𝑊𝑖𝑛𝑑 𝑓𝑙𝑜𝑤 𝑠𝑝𝑒𝑒𝑑 (
𝑚

𝑠
) 

𝑃 = 𝑃𝑜𝑤𝑒𝑟 (𝑊𝑎𝑡𝑡) 

𝐶𝑝 = 𝑃𝑜𝑤𝑒𝑟 𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 (𝐼𝑡 𝑑𝑒𝑝𝑒𝑛𝑑𝑠 𝑜𝑛 𝑡𝑢𝑟𝑏𝑖𝑛𝑒 𝑡𝑦𝑝𝑒𝑠 𝑎𝑛𝑑 𝑡ℎ𝑒 𝑎𝑟𝑒𝑎) 

𝐸 = 𝐸𝑛𝑒𝑟𝑔𝑦 (𝐾𝑊ℎ) 

𝑡 =  𝑡𝑖𝑚𝑒 (𝑠) 

𝑟 = 𝑅𝑎𝑑𝑖𝑢𝑠 − 𝑇ℎ𝑒 𝑙𝑒𝑛𝑡𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑏𝑙𝑎𝑑𝑒 

 

The power equation that converts wind flow into electricity by wind turbines:    

 

𝑃 =
1

2
× 𝜌 × 𝐴 × 𝑉3 × 𝐶𝑝        (1) 

 

To calculate the energy, the power obtained must be multiplied by time 

 

𝒕 × 𝑃 =
1

2
× 𝜌 × 𝐴 × 𝑉3 × 𝐶𝑝 × 𝒕        (2) 

𝐸 =
1

2
× 𝜌 × 𝐴 × 𝑉3 × 𝐶𝑝 × 𝑡        (3) 
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If the analysis is done to observe the importance of wrong wind speed calculation, the 

same turbines need to be used but at different wind speed. 

The obtained energies from the both turbines can be shown with 𝐸1and 𝐸2 in below; 

 

𝐸1 =
1

2
× 𝜌1 × 𝐴1 × (𝑉1

3) × 𝐶𝑝1
× 𝑡1      (4) 

𝐸2 =
1

2
× 𝜌2 × 𝐴2 × (𝑉2

3) × 𝐶𝑝2
× 𝑡2      (5) 

 

The objective is to observe the effect of different wind speed, all variables of both 

turbines must be assumed to be the same except for the wind speeds. To demonstrate the 

situation, the equations are shown below; 

 

𝑈 =
1

2
× 𝜌1 × 𝐴1 × 𝐶𝑝1

× 𝑡1        (6) 

  

𝐸1 = 𝑈 × (𝑉1
3)         (7) 

 

𝐸2 = 𝑈 × (𝑉2
3)         (8) 

 

If it is assumed that the difference in wind speed is overestimated by %10, 𝑉1 𝑎𝑛𝑑 𝑉2 

can be explained by the following formula; 

  

𝑉2 =  (1.1) × 𝑉1         (9) 

 

And the overestimation of the wind speed by 10% can lead to a 33% discrepancy in 

result. 

 

𝐸2

𝐸1
=

𝑈×(𝑉2
3)

𝑈×(𝑉1
3)

=
(1.1 × 𝑉1

3)

𝑉1
3 = (1.1)3 = 𝟏. 𝟑𝟑      (10) 
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It can be observed from the result of the above equation, that correct calculations and 

predictions are crucial, especially for an industry that requires a massive budget in order 

to justify investments as in wind power. I conducting the right calculations, the standard 

which affects the output must be analyzed, considered and predicted during the initial 

phase of the projects. The criterion of the output can be seen from the wind power 

energy equation. According to equation 3, besides the turbines efficiency and the time, it 

can be said that the main factors which affect the energy productions are dependent on 

wind resources and the location’s features. Therefore, these vital points must be 

investigated. From this minor calculation, what can be realized is the importance of how 

important wind resource assessment is to the wind energy applications. During the 

specification process of wind characteristic, one of the most important points can be 

argued in the case when wind flow changes when having interaction with turbines and/or 

other objects within the installation area. When the flow changes through interaction 

with obstacles, wakes occur in the air flow this is especially true for the wind farms with 

multiple turbines, which may cause large losses of energy which in turn make it 

undesirable to investors. 

 

2.3. Wake effect 

 

The speed and turbulence in wind flow is reduced after it hits the turbine. The change in 

the characteristics of front and rear wind is called wake (Ali et al., 2009). The case in 

which wind turbines in wind farms encounter a distribution in wind flow due to the 

effect of other turbine’s blades is called the wake affect (Nikolić et al., 2015). In 

addition, these wakes come about through the interaction of wind flow with trees and/or 

obstacles within the area. Therefore, it must not be concluded that wakes are only 

created by wind turbines. 
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Two significant effects of wakes on wind power applications can be categorized in this 

way; 

 

1) Loss of power production due to decrease in wind speed. 

 

2) The promotion of turbulence in wind flow which may induce a dynamic 

mechanical load (González-Longatt et al., 2012). 

 

The blades of the turbines spread the wind flow when they are hit. Therefore, the energy 

production of the other turbines are lower as opposed of the case when they are placed 

alone, because the density of  wind flow decreases when it meets the blades of the first 

turbine in  front (Wu and Porté-Agel, 2015). 

 

Figure 9: Schematic presentation of a wind turbine wake SOURCE:(Crespo et al., 1999). 

 

During the installation of wind farms, the effects of the rotating turbines blade and other 

factors i.e. Forest, obstacles, on wind flow, must be taken into account in order to predict 

their Annual Energy Productions. In some offshore wind farms the average power loss to 

the wakes, have been found to be between 10% - 25% of the total AEP (Wu and Porté-

Agel, 2015). Therefore, these wakes must be anticipated in simulations before the 

installation of the wind farms take place. 
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2.4. Wind energy application tools and simulation models 

 

To make the most accurate simulation, the best solution for this particular case must be 

selected by considering the limitations, targets and the specifications of the installation 

area. The simulation of the wind application is done with the help of wind energy 

application software. These software can be deemed as supportive tools which allow for 

the creation of possible conditions as well as finding solutions to any unforeseen 

problems during the wind power applications. The selection of the tool is dependent 

upon and based on different criterion. Mainly, the purpose of the simulations is to 

regulate the selection of tools. In addition, the target area is a vital factor in the decision 

making process. For instance, when the characteristics of the selected areas change, so 

does the complexity and this change requires the selection of different programs to solve 

the problem. Because of these reasons, there are different software and models that are 

used during the simulations in the market. Some of the reasons of why different software 

and models are used for the simulations are explained below; 

 

 To solve complex orography or complex climatology, more detailed models such 

as CFD based or Mesoscale must be selected to produce more realistic results. 

 

 To prevent waste of time, more basic models can be used if the area and other 

factors are not too complex to simulate. 

 

 If the situation permits, the simulation can be carried out with less software 

knowledge which requires less effort. 

 

The software can be categorized according to complexities and each category has its 

own use and purpose. For instance, the mesoscale mode is used to simulate the wind 

flow with high accuracy in the complex cases such as when the target areas have limited 

surface or do not have the measurements. Due to the high accuracy of mesoscale model, 
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it is mainly used to create the wind resource maps for close to 30 countries in the World. 

In addition, half of the United States wind resource map has been created by way of 

mesoscale models (Brower et al., 2004). The model requires high computational power 

and complex knowledge. Therefore, its use is not common in the process of wind turbine 

applications. 

 

Computational Fluid Dynamics (CFD) method is a way for solving fluid flow problems 

numerically. It uses the conservation of momentum equation from Newton’s second law 

of motion for a fluid and this equation is called Navier-Stokes. In addition, as a 

consequence this equation is offered for 3 dimensions (x,y,z), and it can usually be see in 

plural form Navier-Stokes Equations. 

. 

 

Furthermore, CFD is used in addition to wind power application; 

 

 Environmental applications  

 Mechanical applications  

 Aerospace and aeronautical applications  

 Metrological applications  

 Biological applications (Kronbichler, 2010). 
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2.5. WindSim 

 

The company WindSim was founded in 1993 in Norway by the name of “Vector AS” in 

order to consult with regards to the applications of Computational Fluid Dynamics. 

During the collaboration with Norwegian Meteorological Institute, Norwegian Wind 

Atlas was founded in 1998 to model the Norwegian coastline which is considered to be a 

highly complex terrain due to its changing orography and roughness. After almost 6 

years in development, the first commercial software WindSim 4.2 was introduced to the 

market in 2003 the model and methodology being that of the Norwegian Coastline 

(WindSim, 2015). The software WindSim is a commercial wind farm design tool which 

is used to create various simulations pertaining the wind energy and its’ applications. 

The program has a user friendly interface and it solves the RANS flow equations via the 

use of CFD application software Phoenics (Wallbank, 2008).  

 

 The program allows to apply actuator disc method which models the rotor swept area as 

a spongy disc (Simisiroglou et al., 2014). By using actuator the disc method, the 

modeling of power extraction is done through the usage of stable disc which allows for 

the harvesting of kinetic energy from wind flow (Crasto et al., 2011). The software 

provides for the creation of cyber world with different criteria that allows for comparison 

of the effect of the criteria on the output.  

  

. 
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2.6. Why WindSim will be used? 

 

As WindSim is used as the simulation tool in this thesis, a brief description of the 

software and why it is used is provided below.  

 

WindSim allows us to model the wind flow in detail .by using the Reynolds Averaged 

Navier-Stokes equations to solve the momentum, mass and energy conservation 

equations to model the independent parcels within a given area (Simisiroglou et al., 

2014). The RANS can be called a Solver and it simplifies the equations within 

WindSim. During the simulations, and due to the complexity of the equations, the 

equations are simplified by RANS method which provides speedier simulation with 

acceptable accuracy (Klisić et al., 2011). 

 

For the analysis of the impact of wakes, WindSim offers easy wake models; Jensen, 

Larsen, Ishihara with a more complex one Actuator Disc (AD) model. By doing 

simulations through the application of these models, we shall obtain the effect of wakes 

on the production of the turbines. 

 

According to Castellani & Vignaroli (2013), even with its simple physics, the results 

showed that by using the AD model in calculation of wake simulation, informative data 

can be obtained especially in the development of offshore and coastal wind farms  

(Castellani and Vignaroli, 2013). 

 

In another one of Castellani’s research group which examined the case of a single wake, 

double wake and different tests with the easy wake model, the Actuator Disc in a CFD 

approach provided quite a good match with the estimated and predicted data, even if 

some discrepancies are seen because of factors such as; global effect of stability and 

some deficiencies in physical wake model (Castellani et al., 2013). 
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The impact of wakes on the energy production can also be measured by using WindPRO 

which is another commercial wind energy application software. It also allows for the 

incorporation of easy wake models into the simulations whereas the Actuator Disc 

Model can only be applied in WindSim. 

 

The results of Renkama’s thesis calculations indicated that, at the conclusion of the wake 

simulation in WindPRO with implementation of the Larsen, Jensen and Ainslie models, only 

the Ainslie model was found to have slightly inaccurate data output (Renkema, 2007). It can 

be seen from the research that the actuator disc model must be utilized in order to create 

wake model simulations to obtain wake data that are close to real results. 

 

In addition, Crasto’s joint paper with WindSim showed that In their offshore wind power 

wake model simulation, when higher wind flow speed as well as broad directional sectors 

were taken into account, the actuator disc model provided better predictions, whereas the 

Jensen model overall was the methodology that outperformed during simulations (Crasto et 

al., 2011).  

 

According to Batten’s research, it was also indicated that in the wake prediction for 

horizontal axis turbines, by using AD-RANS in simulations the combined method can 

predict up to 94% accuracy in the real velocity data in the centerline of the wake. It stated 

that the model can be used with trust for the corresponding wake simulations (Batten et al., 

2013). 
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CHAPTER 3. METHODOLOGY AND DATA 

3.1. Description of the experiment  

 

This project focuses on the analysis of the wake effect impact on energy production for 

Hexicon AB’s innovative massive floating offshore platform with 3 turbines. As stated 

before, the company’s technology allows for the rotation of the platform. During the 

time when the platform is unable to rotate, the nacelles of turbines begin to rotate to 

perpendicularly to harness the wind flow. The technology can be examined in figure 10, 

which shows the nacelles following wind flow direction to interact with the flow 

perpendicularly at all times. 

 

 

Figure 10: The rotation of nacelles to face wind flow perpendicularly when the platform cannot rotate anymore 

SOURCE:(HEXICONAB, 2015). 
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During the study, by using WindSim, the 3 simple wake (Jensen, Larsen and Ishihara) 

and Actuator Disc models will be applied to the simulation and by changing the number 

of turbines and their respective positions, different cases will be compared and evaluated 

with regards to their impact on energy production.  

 

3.1.1. The scenarios  

3.1.1.1. Best-case scenario 
 

During the analysis of the best-case scenario, the work will be done in 2 stages. 

3.1.1.1.1. Best-case scenario part-a 
 
 

Part-a will begin by placing 3 turbines in a simple line configuration. The turbines will 

be on the same line and there will be a distance of “1.25 x Diameter” & “1.55 x 

Diameter” & “1.75 x Diameter”. By applying actuator disc method in changing the 

distance, its impact will be analyzed. As was stated earlier, the efficient area usage is a 

vital factor during the wind power applications. According to the results in part a, 

recommendations can be made regarding the efficiency of displacements in such a way 

that in case of 1.25D production is calculated not much lower than 1.55D configuration, 

the recommendation in using 1.25 D was a consideration in saving cost in transportation, 

structure, etc. The coordinates of the turbines were first found on a global level and then 

were changed for the cyber WindSim terrain. The terrain was developed as 10000m x 

10000m, and thus the North-South (Y) and East-West (X) directions could only be 

chosen between 0 to 10000 in both directions (when placing the turbines). The 

presentation of coordinates and drawings of the configurations of best case scenario part 

–a “1.25D & 1.55D & 1.75D” can be seen in figure 11, 12, 13 and 14. 

 



 25 

 

Figure 11: The presentation of 1.25D simple line configuration 

 

Figure 12: The presentation of 1.55D simple line configuration 

 

 

Figure 13: The presentation of 1.75D simple line configuration 

Cyber Coordinates 

Turbine 1: 5000 X   5157.5 Y 
Turbine 2: 5000 X   5000    Y 

Turbine 3: 5000 X   4842.5 Y 

Cyber Coordinates 

Turbine 1: 5000 X   5195.3 Y 

Turbine 2: 5000 X   5000    Y 
Turbine 3: 5000 X   4804.7 Y 

Cyber Coordinates 

Turbine 1: 5000 X   5220.5 Y 

Turbine 2: 5000 X   5000    Y 

Turbine 3: 5000 X   4779.5 Y 
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Figure 14: The presentation of how the turbines will be placed for the best case scenario part-a 

SOURCE:(WINDSIM). 

3.1.1.1.2. Best-case scenario part-b 
 

In this part, the production of single wind turbine will be calculated and multiplied by 3 

to observe the difference in production between “3x1turbine” and “3 turbines”. The 

comparison between the productions will be done between 1 turbine single configuration 

and 3 turbines 1.55D distanced single line configuration. During the analysis, the 

actuator disc method will be applied to both configurations. The presentation of the 

configuration of best-case scenario part–b “1 turbine single configuration” can be seen 

below; 

 

 

Figure 15: The presentation of 1 turbine - single configuration 

Cyber Coordinates 

 

Turbine 1: 5000 X   5000 Y 

 



 27 

.  

Figure 16: The picture shows how a single turbine will be placed for the best case scenario part-b 

SOURCE:(WINDSIM). 

3.1.1.2. Worst-case Scenario 
 

In this scenario, the aim is to observe the impact of wakes the wind coming at a 45 

degree angle with respect to the line of turbines (see Fig. 19). The turbines therefore will 

be configured so that they face the wind flow at 45 degrees in comparison to their 

default position. In this case, it should once again be mentioned that the wind flow must 

hit the blades perpendicularly. Therefore, the coordinates of the turbines position at 45 

degree wind direction will be found according to these measurements. After the turbines 

are placed, to find the wake impact, the actuator disc method will be applied. Beside the 

actuator disc, the Jensen, Larsen and Ishihara wake models will also be applied within 

the simulation through the establishment of a uniform grid. 

 
Figure 17: The representation of 1.55 D - 45 Degree Configuration 

Cyber Coordinates 

Turbine 1: 4861.9 X   5138.1 Y 

Turbine 2: 5000    X   5000    Y 

Turbine 3: 5138.1 X   4861.9 Y 
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Figure 18: The front view of worst-case scenario - 1.55D – 45 Degree configuration 

 

 

 

Figure 19: The picture shows how turbines will be placed for the worst case scenario SOURCE:(WINDSIM). 
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3.2. Description of application tool 

 

WindSim has 6 modules which allow for the development of some files and the 

adjustment thereof of the parameters of the simulation. They are cited below according 

to their respective order in the program; 

 

1) Terrain 

2) Wind Fields 

3) Objects 

4) Results 

5) Wind Resources 

6) Energy 

 

 

Figure 20: The overview of WindSim modules SOURCE:(WindSimAS, 2015). 

During the creation of simulations, when using the modules, some of them are reliant on 

the others. To run the “Energy”, “Wind Resources” and “Results” modules, we need to 

make sure that that the first 3 modules have been run correctly. Regarding the first three 

modules, normally the process must start with the development of terrain with the first 

module and subsequently it can proceed with the establishment of wind field and the 

addition of turbines and the climatology data by way of using the Object module. 

However, for some simulations such as; Actuator Disc simulation, in initializing the 

terrain module, the objects must be developed before and they must be selected when the 

terrain module begins its run. Therefore, the priority order of modules should not be 

generalized since they may vary from case to case and of course the objective. The 

detailed description and applications regarding the modules will be explained under the 

section titled “Description of WindSim work”. 
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3.3. Description of mathematical work 

3.3.1. The mathematical process that WindSim employs 
 

Navier-Stokes equations describe the link amongst density, temperature, pressure and 

velocity changes in moving fluid. The equations were derived in 1800’s by G.G.Stokes 

and M.Navier independent of one another. Due to the complexity and the problematic 

nature of the solution to the analysis, the high-powered computers help solve the 

equations numerically. In solving the equations, there are some particular methods that 

are used in this area called Computational Fluid Dynamics (NASA, 2015). The 3 

dimensional Navier-Stokes equations is considered a coupled system of equations which 

must be addressed simultaneously in order to solve a flow problem (NASA, 2015). In 

WindSim, RANS method is used to solve CFD equations. Due to the “Reynolds 

simplification”, the name of the equations changed from Navier-Stokes to Reynolds 

Averaged Navier-Stokes (Wallbank, 2008). RANS method was found to solve Navier-

Stokes equations through simplification. RANS are mainly used to model the turbulent 

flow therefore it must be considered “time averaged “Navier-Stokes equations, in 

addition to RANS, Direct Numerical Simulation (DNS), Large Eddy Simulation (LES), 

Detached Eddy Simulations (DES) are also used in solving CFD to satisfy different 

needs. In WindSim, Reynolds Averaged Navier-Stokes equations are solved by 

employing the solvers within the Phoenics CFD software to model wind flow field 

 

3.3.2. Description of wake models 
 

WindSim issues in the analysis of CFD based wake models in the simulations. As was 

stated before, the complexity of the scenario and the purpose of the simulation lead to 

the selection of the type of model that was to be used. In this work, the 3 analytical wake 

models, Jensen, Larsen, Ishihara, as well as the CFD based Actuator Disc model will be 

applied to the simulations. 
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3.3.2.1. Analytical wake models 
 

The analytical wake models were initially introduced in the 1980’s for the purpose of 

modeling far wakes. The analytical wake models are based on geometrical or 

mathematical approximations during calculations with regards to the fluid dynamic 

physics. The analytical models are considered simple and fast (Borràs Morales, 2014).  

 

3.3.2.1.1 Wake model 1 - Jensen  
 

 

The oldest and one of the most used analytical wake model, the Jensen model, also 

known as PARK, was found by N.O Jensen. The model assumes a linear expansion of 

the wake. The model uses the momentum deficit theory in modeling the wakes 

(Weiyang et al., 2012). The visual presentation of wake model 1 can be seen in figure 

21.The grey triangles indicate the placed wind turbines. 

 

 

Figure 21: The mean wind speed (m/s) behind the turbine given by wake model 1 (Jensen) SOURCE:(WINDSIM). 
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3.3.2.1.2. Wake model 2 - Larsen 
 

The wake model 2 known as the Larsen wake model which is based on simplification 

assumptions and the “Prandtl” turbulent boundary layer equations. 

The model was first introduced in 1999 for wake load calculations. The idea of the 

model is the assumption that the wake flow is axisymmetric, incompressible and 

stationary (Weiyang et al., 2012). The visual presentation of wake model 2 can be seen 

in figure 22. 

 

 

Figure 22: The mean wind speed (m/s) behind the turbine given by wake model 2 (Larsen) SOURCE:(WINDSIM). 

 

3.3.2.1.3. Wake model 3 - Ishihara 
 

The other analytical model that can be applied by using WindSim, is called Ishihara 

which was developed by Takeshi Ishihara through the use of a scaled model of a turbine 

in a wind tunnel experiment in Japan (Ishihara et al., 2004). The model takes ambient 

turbulence and the mechanical turbulence into account for their effects on wake recovery 

(Weiyang et al., 2012). The model also considers a Gaussian profile for the velocity 

profile. The visual presentation of wake model 3 can be seen from figure 23.  
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Figure 23: The mean wind speed (m/s) behind the turbine given by wake model 3 (Ishihara) SOURCE:(WINDSIM). 

 

3.3.2.2. CFD based wake model 
 

As was stated before, the computational fluid dynamics can be described as the science 

of solving the fluid flow’s partial differential equations via computational power. There 

are many CFD software each aimed for a different purpose. In this project, WindSim 

will be used to model the turbine wakes by using the RANS-Actuator disc method 

(RANS-AD). 

 

3.3.2.2.1. Actuator Disc (AD) method 
 

The combination of RANS- AD is one of the most common method to estimate the wake 

of horizontal axis wind turbines (HAWT) (Batten et al., 2013).  The idea of the method 

can be to estimate wind wake by assuming the swept area as stable (non-rotating) disc. 

The results from this method can be obtained faster than any other CFD based wake 

prediction methods due to the fact that the method has less complexity and requires less 

computational power. Although the approach is accepted as reliable, according to 
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Batten’s paper, there are some limitations within the application which can be 

summarized thusly (Batten et al., 2013); 

 

 Due to the fact that a stable disc is used, eddies of wind flow are not introduced 

as is the case with the real rotating wind turbine blades. 

 

 The tip vortices which are shed from the blades may be represented by Actuator 

Line (AL) method. However, in AD method the replication cannot be done. 

 

 

Taking into account these limitations, the aim of the project must be matched with the 

characteristics of the AD method. In this paper, as the aim is to analyze the impact of 

wakes on different configured turbine production, therefore, the model can be considered 

to be suitable. 
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3.4. Methodological framework 

 

ANALYSIS REGARDING THE CHARACTERISTICS OF 
PROJECT AREA

TERRAIN CREATION

THE CREATION OF 
OBJECTS

RUNNING WIND FIELDS 
MODULE 

RUNNING TERRAIN 
MODULE ONE MORE 
TIME WITH OBJECTS

RUNNING WIND FIELDS 
MODULE

RUNNING THE ENERGY 
MODULE

THE CREATION OF 
OBJECTS

RUNNING ENERGY 
MODEL FOR JENSEN 

WAKE MODEL

RUNNING ENERGY 
MODEL FOR LARSEN 

WAKE MODEL

RUNNING ENERGY 
MODEL FOR ISHIHARA 

WAKE MODEL

FOR ACTUATOR DISC METHOD

FOR ANALYTICAL WAKE 
MODELS

RESULTS

RUNNING TERRAIN 
MODULE

RUNNING TERRAIN 
MODULE

 

Figure 24: The visualization of methodological framework 
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3.5. Creation of the simulations 

3.5.1. Common creations for all simulations 
 

In this part the creation of common elements which will be used for all simulations are 

described. The common facts for all simulation can be categorized as; 

 

1. Creation of the terrain  

2. Creation of the climatology  

3. Creation of the object files  

 

In order to describe the simulations, tables will be added. With reference to the tables, 

the red-yellow colored tables indicate the link with the worst-case scenario and the blue-

yellow colored tables indicate the link with the best case scenario. 

 

3.5.1.1. Terrain creation 
 

 

As the simulations for both scenarios are analyzed with the use of WindSim, all 

necessary files must be prepared or changed for the WindSim software. The preparation 

must begin with creating the simulation area which will be used in both simulations.  In 

this work, the simulation area is placed in the middle of the sea. Due to its position, it 

can be observed from the area picture provided that there is no height change within at 

least 20 km from the platform. In addition, since the platform is situated several 

kilometers off the coast, the roughness length will be defined by hand. Due to these 

conditions, the terrain was created by hand with the help of “CMD” function of 

WindSim. This was done so that during simulations a tremendous amount of time could 

be saved, without any concerns for simplification effects as these will be negligible since 

the platform is far away from the coastline. The only change in the scenarios are only in 

reference to the distance between turbines and wake models, as the same terrain will be 

used in all cases. 
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3.5.1.2. Climatology creation 
 

 

 

The analysis will be done only for one wind direction, all given climatology data was 

erased except sector 270 which includes the wind directions from 255.0 to 285.0 

degrees. 

 

 
Figure 25: The adjusted climatology data for the wind sector of 270 degree SOURCE:(WINDSIM). 

 

In this way and the specific configuration of wind turbines and, the perpendicular 

interaction between the turbines and flow was established. 

 

3.5.1.3. Objects creation 
 

In order to create an object file, the climatology and wind turbines must be defined into 

the program. In this work, as the observation is related to the wake analysis of different 

wind turbine configurations where the positions of the turbines was found. In order to do 

so, the terrain was created by hand, the coordinates of turbine and climatology positions 

for each scenario was calculated for the created area which is 10km x 10km resolution. 

Because the company has chosen NREL-5MW turbine for their project, the chosen 
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turbine’s power curve will be created by hand by using the “create power curve” tool 

within the program. In addition, the hub height and rotor diameter of the NREL turbine 

will be 90 meter and 126 meter, respectively. The sample power curve includes mean 

speed (m/s), thrust coefficient (𝐶𝑡) and power (kW) values which can be observed in 

table 1 illustrated below. The speed and thrust coefficient values can be considered to be 

dependent. As it can be observed from the table, the 𝐶𝑡 value remains with the increase 

in the wind speed. After the red colored line in the table which indicates 11 m/s mean 

wind speed, the 𝐶𝑡 value starts to decrease. The detailed examination regarding the 

relationship between 𝐶𝑡 value, speed and power will be given in the discussion part. 

 
Table 1: Sample power curve table of 3MW wind turbine 

Speed (m/s) Power (kW) Thrust Coef. (-) - 𝑪𝒕 

3 96 0.852 

4 228 0.852 

5 445 0.852 

6 769 0.852 

7 1222 0.852 

8 1824 0.852 

9 2596 0.852 

10 3562 0.852 

11 4712 0.753 

12 3000 0.510 

13 3000 0.420 

14 3000 0.320 

15 3000 0.250 

16 3000 0.201 

17 3000 0.187 

18 3000 0.147 

19 3000 0.130 

20 3000 0.121 

21 3000 0.112 

22 3000 0.082 

23 3000 0.081 

24 3000 0.079 

25 3000 0.075 
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The required object for each scenario can be examined from the table 2 below. 

 

Table 2: The table of necessary object files for the simulations 

Configurations 
Scenarios 

Best-Case A Best-Case B Worst-Case 

1.25 D Simple Line - 3 Turbines     

1.55 D Simple Line - 3 Turbines     

1.75 D Simple Line - 3 Turbines     

1 - Single Placed Turbine      

1.55 D – 45 Degree – 3 Turbines     

 

As it can be observed from the table, 5 object files were created for simulations. For all 

objects, the same climatology file was used by changing the turbine configurations. 

 

The visualization of created wind turbine and climatology objects in the software can be 

seen from figure 26 where the triangles indicate wind turbines and the circle indicates 

climatology tower.  

 

 

Figure 26: The visualization of object module SOURCE:(WINDSIM). 
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3.5.2. The Application of worst-case scenario 
 

During the worst-case scenario, In addition to the AD method, the analytical wake 

models will be applied to the 1.55D - 45 Degree configuration Therefore, the process 

can be analyzed in 2 parts. 

 

3.5.2.1. Worst-case scenario - Actuator Disc Simulations 
 

The creation of AD method for worst-case “1.55D - 45 degree configuration” will be 

done first and the process of creation will be identical in the creation of best-case 

scenario simulations, due to the fact that the best case only includes simulations for AD 

method. 

 

The application process of AD method can be simplified as; 

 

TERRAIN 

MODULE

WIND 

FIELDS 

MODULE

OBJECTS 

MODULE

STEP 1 :  Terrain 

Module is run to 

adjust the terrain 

specifications

STEP  2 : Objects module 

is run after placing the 

objects into the module 

and when it is completed, 

the created objects are 

exported.

STEP 3 : 

Terrain module 

is run one more 

time with 

created  

objects.

STEP 4 :  Due to the terrain 

module resets rest of the 

modules, the objects module is 

run second time  by importing 

the created objects.

STEP 5 : After the 

terrain and objects 

module are 

completed, the wind 

fileds module is run.

ENERGY 

MODULE

STEP 6: 

Energy 

Module is run 

, after the first 

3 module was 

completed

 

Figure 27: The methodology for obtaining production results by using AD method. 
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For running the terrain module, the parameter adjustment will only be done within the 

roughness and numerical model sections due to the objective of the work. Regarding the 

roughness length adjustment, because the sea surface has the lowest fraction in the 

literature, the roughness value will be defined to be 0.002 (Ramli et al., 2009).  

 

 

 

Figure 28: The picture of sample terrain SOURCE:(WINDSIM). 

 

For the refinement type, Actuator Disc option was chosen and the created object files 

were chosen before the module was to run. The necessary steps to run terrain module 

can be examined in the figure 29. 

 

 

TERRAIN 

MODULE

Importing objects

Choosing Actuator Disc option

Defining roughness

Choosing spacing parameter

 

Figure 29: Steps for running the terrain module.  
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In order for the work to examine the wake impact of only one wind flow sector, the 

module will run twice instead of once. In order to start Energy module, all sectors of 

wind resources will be defined into the wind fields. However, the analysis will be done 

only for sector 270, a detailed generation for all sectors will not be necessary. Therefore, 

during the first time, the module will run at a decreased rate in the number of iterations 

to 5. When the first process is finished, the module will run a second time via a change 

in the sector input type to manual which allows for the inclusion of sector 270 in single 

format. In addition, to utilize the initial results, true will be chosen as the option of “use 

previous run as input” parameter. Moreover, the boundary condition at the top will be 

changed to “no-friction wall”, number of iterations will be increased to “500” and finally 

the convergence criteria will be decreased to “0.001”. 

 

WIND FIELDS 
MODULE

1st run for all wind sectors

2nd Run for only sector 270

 Number of iteration parameter : 5

 Number of Iteration : 500
 Use Precious run as input : True
 Convergence Criteria: 0.0001

 

Figure 30: Steps for running the wind fields module 

 

All the adjustment will be made to obtain the detailed field creation for wind flow from 

sector 270. Unlike the initial run, second process will take more time to complete. When 

the 3 initial modules were completed, the Energy module will be run. Dissimilarly to the 

other modules, the energy module can be considered as simpler. 
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There are some parameters which will be changed to ensure the accuracy of the 

simulations during the running process of modules. These critical parameters can be put 

in order as such; 

 

 Height above terrain” will be applied as “800m”,”1500m”,”2500m”,”3500m” 

 Number of spacing will be applied as “16” and “32” 

 

Where the height parameter adjusts the distance between bottom and top, the number of 

spaces, determines the whole resolution for the domain. Because the parameters may 

change the results, the different alternatives will be tried to obtain more accurate 

estimations. Since it is impossible to try to do simulations by trying every applicable 

parameter within the program, the application of parameters will start by using default 

parameters which are defined by WindSim and these parameters will change within the 

limitations of the program. The application of different parameters is summarized by 

table 3 which can be seen below. All lines within table 3 show different simulations. 

 

Table 3: The list of simulations of worst-case scenario 

1.55 D - 45 Degree Configuration - Actuator Disc – Worst Case 

Height above Terrain Spacing (Resolution) Energy Production (GWh/y) 

800 16 
 

800 32 
 

1500 16 
 

1500 32 
 

2500 16 
 

2500 32 
 

3500 16 
 

3500 32 
 

 

As you can see from the table above, the 2 different types of critical parameters will be 

applied and are considered in every possible case, each parameter will be juxtaposed 

with the other parameter’s possible cases. After the simulations are completed, to make 

them more detailed, more spacing options will be applied for 1 stable height which will 
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be found from the production results in table 3. The simulations in the thesis deals with 

the same terrain, wind fields and turbines, the observed stable height will be used to 

obtain most accurate results for the rest of the Actuator Disc simulations after it is found. 

Regarding the detailed spacing simulations, the 3 more spacing options; 20, 24, 28 will 

be applied for observation if there is a stable production increase/decrease trend for the 

spacing parameters between 16 and 32. From table 4 below; the simulations of different 

spacing parameters can be examined. 

 

Table 4: The simulations of worst-case scenario -AD method for different spacing 

1.55 D - 45 Degree Configuration - Actuator Disc - Worst Case 

Stable Height Spacing (Resolution) Energy Production (GWh/y) 

y 16 
 

y 20 
 

y 24 
 

y 28 
 

y 32 
 

 

When the simulations were done, and the empty spaces in table 4 were filled, two graphs 

will be created which will show the production results for different height-spacing 

parameters and the impact of changing the parameter of spacing in relations thereof. 
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3.5.2.2. Worst-case scenario – Analytical wake models simulations 
 

The process for the application of analytical models can be examined from the figure 

below; 

 

TERRAIN 

MODULE

WIND 

FIELDS 

MODULE

OBJECTS 

MODULE

STEP 1: Running the terrain 

module

STEP 2 : The process 

of running wind fields 

module is same with 

AD method

STEP 3 : Objects are 

created and the module is 

run

ENERGY 

MODULE

STEP 4: Energy 

Module is run by 

choosing the type 

of wanted 

analytical wake 

model , after the 

first 3 module was 

completed  

Figure 31: The application procedure of analytical wake models. 

 

 

During the running of terrain module, to apply analytical wake models, parameters of 

height above terrain and roughness height will be the same as with the AD method. The 

refinement parameter will be chosen as “no refinement”. The parameter of maximum 

number of grid cells will be applied at “2 700 000” which is the highest limit of the used 

software version and it will be obtained when choosing “3 000 000” as the number of 

cells parameter, 1500 as height and 30 as number of cells in Z direction which separates 

the x axis of the field into 30 pieces from ground up. The separation of first 10 cells in z- 

direction can be seen from the figure 32 below. 
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Figure 32: The height distribution of first 10 cells in "Z" direction for 30 cells SOURCE:(WINDSIM). 

 

The significant difference regarding the application of analytical wake models can be 

taken to be the energy module which allows for the application of the models separately. 

The results will be obtained by choosing wake models separately. Only parameter 

adjustment roughness length will be defined during the application of wake model 1 

(Jensen). To obtain result from wake model 2 (Larsen) and 3 (Ishihara), the module will 

be run by its default parameters. 

 

 

3.5.3. The application of best-case scenario 
 

As it has been indicated several times before the best-case scenario was separated into 2 

parts which will analyze distance impact and the impact of number of turbines. For both 

parts the AD method will be used to see the impact of wakes on productions. Because 

the AD method will be applied during the worst-case scenario, for the best-case scenario, 

the WindSim will be employed by following exactly the same process as that of the 

worst-case scenario. The only difference between the application of best and worst-case 

AD simulations are the different objects that will be created by changing the coordinates 

and the number of turbines.  Due to the critical parameters which will be used for other 

simulations which are found in worst case scenario, these parameters will also be used to 

obtain the results in best-case scenario. According to the outputs, different parameter 

may be applied to compare the cases or to solve the possible unexpected outcomes. 
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3.5.3.1. Best-case scenario part-a simulations 
 

Table 5: The table of distance impact analysis 

Part A-Distance impact Analysis for “x” height & “t” spacing 

Configurations 
Production 

(GWh/y)  
Turbine 1 Turbine 2 Turbine 3 

1.25 D Simple Line 
 

Separate 

Productions    

1.55 D Simple Line 
 

Separate 

Productions    

1.75D Simple Line 
 

Separate 

Productions    

 

Table 5 shows the 3 simulations of the best-case scenario part-a. During the simulations, 

the distance between turbines will be changed but the parameters of “x” height of the 

terrain and “t” spacing will be applied initially as one value which will be obtained from 

the previous AD simulation as previously mentioned. The presentation of the turbines 

positions and how they were named have been given in figures 14, 16 and 19. 

 

3.5.3.2. Best-case scenario part-b simulations 
 

Table 6: The table of best-case scenario part-b simulations. 

Part B-The impact of Turbine Number Analysis for “x” height & “t” spacing 

Configuration 
Production 

(GWh/y)  
Turbine 1 Turbine 2 Turbine 3 

1.55D Simple Line 
 

Separate 

Productions    

Single Turbine 
 

Separate 

Productions    

 

To compare the cases, additional simulation for 1 single placed turbine will be run. The 

1.55D- Simple Line configuration has already been obtained from part-a, so it will not 

be necessary to run it again.  



 48 

3.6. Conclusion 

 

In this chapter, the description regarding the scenarios and the scientific works were 

given by supporting ideologies and works with visually in the form of tables. In addition, 

the application of methodologies was given to create different types of simulations. The 

work and its application can be understood more clearly by examining the framework of 

visual methodology which summarizes all the work regarding the creation of simulation. 
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CHAPTER 4.  APPLICATION OF THE METHODOLOGY AND 

RESULTS  
 

 

In this chapter, the results of the simulations will be given and some of the outputs will 

be displayed with graphs of obtained results.  

 

 

The results will be introduced in this order: 

 

1. Worst Case Scenario; 

a) The wake impact analysis for 45 Degree Wind Flow Direction 

- AD method  

- Analytical models 

 

2. Best Case Scenario; 

a) Part a - The Distance Impact Analysis 

- AD method 

b) Part b - The production comparison of the “3x1Turbine” and “3 Turbine”  

- AD method 
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4.1. The results of worst-case scenario 

4.1.1. The results of AD simulations 
 

The energy production results of worst-case scenario AD method simulations can be 

examined in table 7. In addition, the impact of different parameters on production results 

can be observed in figure 33. 

 

Table 7: The table of energy production results for 1.55D – 45 Degree configuration by employing AD method. 

1.55 D - 45 Degree Configuration - Actuator Disc - Worst Case 

Height above Terrain Spacing (Resolution) Energy Production (GWh/y) 

800 16 78.3 

800 32 76.3 

1500 16 78.1 

1500 32 76 

2500 16 78 

2500 32 75.9 

3500 16 78 

3500 32 75.8 

 

 

 

Figure 33: The applied parameters and production results in AD method for 1.55D – 45 Degree configuration 
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According to the results from table 7, table 8 was created to see the impact of changing 

height parameter on production results in percentage difference by using the equation 

below, 

 

𝑉𝑎𝑟𝑖𝑎𝑡𝑖𝑜𝑛 (%) =  (
𝐹𝑖𝑟𝑠𝑡 𝑅𝑒𝑠𝑢𝑙𝑡−𝐿𝑎𝑠𝑡 𝑅𝑒𝑠𝑢𝑙𝑡

𝐹𝑖𝑟𝑠𝑡 𝑅𝑒𝑠𝑢𝑙𝑡 
 ) 𝑥 100     (11) 

 

 

Table 8: The table of impact for different height and spacing parameters 

1.55 D - 45 Degree Configuration - Actuator Disc - Worst Case 

Height Difference - 16 Spacing 

Height (m) Percentage of Difference between results 

800 0.3 % 

1500 0 % 

2500 0 % 

3500 
 

   

Height Difference - 32 Spacing 

Height (m) Percentage of difference between results 

800 0.3 % 

1500 0.1 % 

2500 0.0 % 

3500 
 

 

 

It can be seen from the results, the difference in changing height parameter from 800 to 

1500 causes 0.3% difference in the production results for 16 and 32 spacing respectively. 

When the number was increased from 1500 to 2500 and 2500 to 3500 there was 0% 

change since there is no significant change in production after 1500 meters, it was 

considered as the height parameter in the simulations. 
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Table 9: The production values of each turbine for 16 & 32 Spacing - 1.55D - 45 Degree configuration 

The impact of spacing parameter 16 & 32 for 1.55D – 45 Degree Configuration  

Turbine 1  Turbine 2  Turbine 3 

Production of 1.55D - 45 Degree Configuration  - AD method - 1500 height 16 Spacing  

(GWh/y) 

26.3 28 23 

Production of 1.55D - 45 Degree Configuration  - AD method - 1500 height 32 Spacing  

(GWh/y) 

26.7 24.1 25 

 

According to the results of table 9, there is a big impact when changing the spacing 

parameter on energy production, more spacing options between 16 and 32 was applied 

just to see if there is any relation between them. Because the program does not allow for 

an increase in the number more than predetermined value 32, the simulations was run by 

the application of 20, 24 and 28. The results of these simulations can be examined in the 

table 10 below. In addition, a graph was drawn to observe the change of production for 

different spacing parameters. 

 

 
Table 10: The table of productions for different spacing parameters 

1.55 D – 45 Degree Configuration – Actuator Disc – Worst Case 

Stable Height Spacing (Resolution) Energy Production (GWh/y) 

1500 16 78.1 

1500 20 72.7 

1500 24 79.3 

1500 28 80.3 

1500 32 76 
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The graph for the impact of changing spacing on energy production can be seen below; 

 

 

Figure 34: The graph of energy production according to change the spacing 

 

In examining table 10 and figure 34 and the trials 16 and 32 it is found that there is no 

relationship between the parameters.  Therefore, 32 spacing which allows for the 

program to separate the swept area of turbine blades in 32 equal pieces and solve the 

equations for each section, was chosen for the AD simulations, because of its highest 

resolution it should provide more accurate results. According to the chosen parameters, 

the production results of worst-case scenario AD method can be found as green colored 

line in table 7. 

 

4.1.2. The results of analytical wake models simulations 
 

Regarding the results for analytical wake models, due to the height parameter “1500 

meter” was determined as accurate during the application of AD - method, it was also 

used in uniform grid simulations for analytical wake model applications. To produce 

results of analytical wake models for 1.55D – 45 Degree configuration can be seen in 

table 11 below. 
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Table 11: The production results of analytical wake models  

3 000 000 Grid Cells  - Height (1500 meter) - Z value (30) 

Wake Model 1 Wake Model 2 Wake Model 3 No Wake 

76.9 76.8 76.8 76.9 

 

Table 12 was created to compare the production of AD method and Analytical wake 

models.  

 

Table 12: The comparison of wake estimation methods 

The comparison of AD and Analytical wake models 

Model / Method Productions (GWh/y) Difference (%) 

Wake Model 1 76.9 
1.1 

Actuator Disc 76 

   
Wake Model 2 76.8 

1 
Actuator Disc 76 

   
Wake Model 3 76.8 

1 
Actuator Disc 76 

 

In addition, the calculated wake losses for analytical wake models can be seen from table 

13. 

 

Table 13: The results for 1.55 D – 45 Degree configuration for analytical wake models 

3 000 000 Grid Cells – 1500 Height  - Z value (30) - (GWh/y) 

 

 
Wake Model 1 Wake Model 2 Wake Model 3 No Wake 

Productions 76.9 76.8 76.8 76.9 

Wake Loss 0% 0% 0% 
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4.2. The results of best-case scenario 

4.2.1. The results of best-case scenario part-a  
 

 

The results for the best-case scenario were found by running the simulations after 

changing the distance between the turbines. The parameters of simulations were initially 

chosen according to the observations from worst-case scenario AD method as 1500 

meter in height and 32 spacing resolution. The production results of 1.25 D, 1.55D and 

1.75 distance for simple line configuration can be seen in table 14 below. 

 

 

Table 14: Production results for different distances 

Production results for changing distance – 1500 height – 32 spacing 

Configurations 
Production 

(GWh/y)  
Turbine 1 Turbine 2 Turbine 3 

1.25 D Simple Line 72.8 
Separate 

productions  
24.2 24.1 24.3 

1.55 D Simple Line 72.6 
Separate 

productions  
24.2 24.1 24.2 

1.75D Simple Line 72.6 
Separate 

productions  
24.2 24.1 24.2 

 

According to the results of table 14, the variation of productions by changing the 

distance between turbines was investigated. The variation can be examined in table 15. 
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Table 15: Simulations of distance impact analysis. 

The distance impact analysis 

Configuration 
Height 

(meter) 
Spacing 

Productions 

(GWh/y) 

Variation 

(%) 

1.25D Simple Line 1500 32 72.8 0.1 

1.55D Simple Line 1500 32 72.6 0 

1.75D Simple Line 1500 32 72.6 
 

 

4.2.2. The results of best-case scenario part-b 
 

 

Regarding the best-case scenario part-b, the production results of “3 x 1 Single Turbine” 

and “3 turbines” 1.55D Simple Configuration was found through the application of same 

parameters of 1500 height and 32 spacing and can be examined in table 16 below. In 

addition, the visual of mean wind speed distributions for both cases can be observed in 

figure 35 and 37. 

 

Table 16: Table of production results of best-case scenario part-b 

The impact of Turbine Number Analysis for 1500 height & 32 spacing 

Configuration 
Productions 

(GWh/y)  
Turbine 1 Turbine 2 Turbine 3 

1.55D Simple Line 72.6 
Separate 

Productions 
24.2 24.1 24.2 

Single Turbine x 3 71.8 
Separate 

Productions  23.9  
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Figure 35: Mean wind speed (m/s) distribution for AD method - 1 turbine single configuration SOURCE:(WINDSIM). 

 

4.3. Additional results 

4.3.1. The results of different wind flow directions 
 

Additional simulations for different wind flow directions was found due to unexpected 

production results of “1.55D - 45 Degree Configuration” and “1.55D - simple line 

configuration” for AD method which can be observed in the green colored lines in table 

7 and table 14. According to the results, the production results of “45 Degree” 

configuration was found higher than the simple line configuration. Therefore, additional 

simulations for 50, 60 and 70 degree wind direction were run. The production results of 

the simulations can be seen from table 17 below. In addition, mean speed distribution 

visuals for “45,50,60,70 degree” configurations and “1.55 D simple line” configuration 

can be observed in figure 36,38,39,40 and 37 below, respectively. Moreover, the tables 

in the additional results chapter were colored in green-yellow to separate them from the 

original scenarios. 
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Figure 36: Mean wind speed (m/s) distribution for AD method-1.55D–45degree configuration SOURCE:(WINDSIM). 

 

 

Figure 37: Mean wind speed (m/s) distribution for AD method-1.55D–simple line configuration 

SOURCE:(WINDSIM). 

Table 17: Production results for different wind flow directions 

Impact of wind flow direction – 1500  height - 32 Spacing 

Configuration of Turbines according to wind flow 

direction 
Production (GWh/y) 

50 Degree 75.1 

60 Degree 72.9 

70 Degree 57.6 
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Figure 38: Mean wind speed (m/s) distribution for AD method-1.55D–50degree configuration SOURCE:(WINDSIM). 

 

 

Figure 39: Mean wind speed (m/s) distribution for AD method-1.55D–60 degree configuration SOURCE:(WINDSIM). 

 

 

Figure 40: Mean wind speed (m/s) distribution for AD method-1.55D–70 degree configuration SOURCE:(WINDSIM). 
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4.3.2.   Results for different speed about boundary layer parameter  
 

The second and last additional analysis was done by changing the parameter of speed 

above boundary layer height to see the impact by the change in speed at turbines hub 

height. During the analysis, the speed above boundary layer was changed from its 

default value “10” to “8” and “15” for both “1.55D – 45Degree”, “1.55D – Simple Line” 

and “1 Turbine- Single” configurations. 

 

Table 18: The impact of speed above boundary height 

8 (m/s) The impact of speed above boundary height 

Configuration 
Production 

(GWh/y)  

Turbine 

1 

Turbine 

2 

Turbine 

3 

1.55D - 45 Degree 76 

Individual 

Production 
26.7 24.1 25 

Speed at hub 

height (m/s) 
4.4 4.3 4.2 

1.55D Simple Line 72.6 

Individual 

Production 
24.2 24.1 24.2 

Speed at hub 

height (m/s) 
4.1 4.1 4.1 

1 Turbine x 3 71.8 

Individual 

Production  
23.9 

 

Speed at hub 

height (m/s)  
4.3 

 

10 (m/s) The impact of speed above boundary height Analysis 

Configuration 
Production 

(GWh/y)  

Turbine 

1 

Turbine 

2 

Turbine 

3 

1.55D - 45 Degree 76 

Individual 

Production 
26.7 24.1 25 

Speed at hub 

height (m/s) 
5.5 5.3 5.3 

1.55D Simple Line 72.6 

Individual 

Production 
24.2 24.1 24.2 

Speed at hub 

height (m/s) 
5.2 5.2 5.2 

1 Turbine x 3 71.8 

Individual 

Production  
23.9 

 

Speed at hub 

height (m/s)  
5.3 
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15 (m/s) The impact of speed above boundary height Analysis 

Configuration 
Production 

(GWh/y)  

Turbine 

1 

Turbine 

2 

Turbine 

3 

1.55D - 45 Degree 102.7 

Individual 

Production 
34.3 33.8 34.5 

Speed at hub 

height (m(s) 
11.2 11.1 11.4 

1.55D Simple Line 103 

Individual 

Production 
34.3 34.3 34.3 

Speed at hub 

height (m/s) 
11.3 11.2 11.3 

1 Turbine x 3 103 

Individual 

Production  
34.3 

 

Speed at hub 

height (m/s)  
11.4 

 

 

4.4. Conclusion 

 

In this chapter, the production results of simulations were given. In addition, the 

accuracy in some of the parameters used was analyzed. All simulations within the results 

chapter were shared in tables provided. Besides these, additional results were found for 

different wind flow directions as well as speed above boundary height.  
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CHAPTER 5. DISCUSSION AND ANALYSIS 
 

5.1. Analysis of worst-case scenario 

5.1.1. Worst-case scenario – AD simulations  
 

 

As it can be observed from Table 10, increasing the spacing parameters did not make it 

possible to obtain a non-changing production result for the AD-1.55D - 45 degree 

configuration simulation. Simulations performed in a different configuration using the 

Actuator Disc in WindSim had allowed to reach such a state (Simisiroglou, 2015). It is 

not possible to explain at this point why this was case. Due to the fact that the used 

version of WindSim has limitations and the used computational power did not allow to 

increase the spacing parameter to more than 32, this value had to be used in the 

simulations.   

 

Comparison for the production results of “1.55 D - 45 degree –AD” and “1.55D-Simple 

line – AD” shows that the production of 45 degree configuration was calculated to be 

higher than the simple line configuration. This result should be considered as unexpected 

due to the fact that the impact of wake effects for the 45 degree configuration was 

expected to cause production losses, thus this case was expected to result in a lower 

production than the simple line configuration. In addition, the visualization of average 

wind speed distributions of both cases (see figure 36 & 37) illustrates that when the 

turbines are placed as a simple line, the area where upstream wind speed decreases (that 

we are called “reduction area”) was simulated bigger than the reduction area of the 45 

degree configuration. Therefore, the fact that the production results of the simple line 

configuration was found lower than the 45 degree configuration may be explained by the 

different size of the area where the upstream mean wind speed decreases in both cases. 

However when the individual production results for the turbines of both cases are 

compared, the production of turbine 2 (middle turbine) was calculated as exactly the 



 63 

same in both of the simulations, which was also not expected as for the 45 degree 

configuration the wake loss was expected to be higher. Thus, the production results of 

turbines 2 and 3 were expected lower than the same turbines of the simple line 

configuration. In addition the productions of turbine 1 of both cases were expected not to 

be very different as both are not under the effect of any other turbines but the results 

show that the production of this turbine is 2.5 GWh/y larger in the 45 degree 

configuration than the simple line configuration. It seems from these results that the 

wake effects in the 45 degree configuration as calculated by the actuator disc model are 

not too important, and that this model predicts an important velocity reduction effect 

upstream of the turbines from having the three turbines located closely on a line normal 

to the incoming flow.  

 

5.1.2. Worst-case scenario Analytical wake models simulations 
 

 

Results of analytical wake models in the worst-case scenario show that the three tested 

wake models of WindSim, did not find any wake loss in the simulations. The obtained 

results may be explained by the fact that these models did not predict any wind speed 

changes at turbine hub height. Because the power with these models is calculated from 

the wind speed at hub height, to find any production losses, velocity changes at hub 

height would have to be obtained. The wake models in WindSim are applied in post 

process, and it seems that the wake expansion that they predict is not large enough to 

affect the velocity at hub height and create a change in production due to wake losses.  

 

The comparison of the AD method and Analytical wake models shows that they led to 

closer production results (a maximum difference of 1.1%, see Table 12). However, it 

should not be considered that both models are accurate. Due to the unexpected results of 

the AD-worst case scenario and the fact that at the current state we don’t have a clear 

explanation for this, it is not possible to judge the accuracy of the obtained results.  
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5.2. Analysis of best-case scenario 

5.2.1. Best-case scenario part-a  
 

 

Results of the best-case scenario part-a shows that the impact of changing distance 

between turbines does not have a large impact on the productions. The different 

distances changed the production results by a maximum of 0.1%. According to these 

results, in order to reduce the installation cost of the platform, a 1.25D distance between 

the turbines could be applied according to the simulations of best-case scenario part-a. 

However, using such a small distance might increase wake effects. It was however 

outside the scope of this thesis to quantify wake effects for this smaller separation 

distance of the turbines.  

 

5.2.2. Best-case scenario part-b  
 

The results of best-case scenario part-b show that the “3 simple configured” turbines 

produced more energy than the production of the “3 x 1 single configured turbine” case 

which is unexpected. If the productions were calculated for a uniform grid with the 

assumption of no wake, the results for the “3 x 1 single turbine” and “arbitrary placed 3 

turbine” should be calculated exactly same. Therefore, the reason for the unexpected 

results might be considered as to be related to the application of the AD method in 

WindSim.  

 

Upstream wind speed Reduction effect which occur in front of the turbines, can be 

observed from figures 35 and 37. From the figures, the mean wind speed decreases at the 

front area of the turbines. The reduction effect in this area seems to be bigger when the 3 

turbines are placed together. According to the figures, the simple configured 3 turbines 

should have produced less energy than 3 x 1 single configured turbine, as the reduction 

area of the simple configured 3 turbines is bigger than in the 1 single turbine case. 
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Therefore, the size of the area where wind speed decreases should not be considered as 

the only factor which effects the production. It would be interesting to perform 

simulations of this case using a more advanced simulation method, for example relying 

on the Large-Eddy Simulations technique, to investigate if similar results are obtained. 

Preliminary results recently obtained using this technique have actually shown a trend 

opposite to the one obtained here (Sarmast, 2015). It was not possible to find an 

explanation for the results obtained here.  

 

5.3. Additional results 

Because the production outputs of the 1.55D – 45 Degree configuration and 1.55D - 

simple line configuration for the AD method was found as unexpected in section 5.1.1. , 

additional simulations were run for increasing wind flow directions to observe the effect 

on the production results. Besides 45 degree, 50, 60 and 70 degree configuration were 

additionally analyzed and according to the obtained results of the 70 degree wind 

direction, the energy production was found for the first time to be lower than the simple 

line configuration. It seems that such a high angle is needed in order for wake effects to 

become dominant. A very large drop in production was seen when going from an angle 

of 60 degrees to 70 degrees. Figures 38, 39 and 40 clearly showed with isocontours the 

increasing wake effects corresponding to this increase in angle.  

 

The last additional simulation which was done was aimed at observing the impact of 

wind speed at boundary height for the “45 degree” configuration, comparing with the 

“simple-line” and “1 single turbine” configurations. When the speed was decreased to 8 

m/s from 10 m/s, the production results were found as similar as when the parameter of 

10 m/s was applied, i.e. the production results were calculated as lower in the simple-line 

and “1 turbine x 3” configuration than the “45 degree” configuration. However, 

increasing the speed up to 15 m/s gave different results, i.e. the production results of the 

“3 x 1 single turbine” and “simple – line” configuration were found higher than in the 
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“45 degree” configuration. This is expected to be related to the change in the thrust 

coefficient (𝐶𝑡) associated with a different wind speed. The larger wind speeds observed 

at hub height for this case are indeed related to lower thrust coefficient values, see Table 

1. This will change the interaction of the flow with the turbines.  

 

Overall, some results from the AD method were expected while some others were not. It 

would be interesting to extend this study by investigating in more details the results 

obtained, and comparing with results obtained with more advanced simulation methods. 

This would allow to better characterize the results obtained here. On the other hand, the 

obtained results of the analytical models can be assumed as logical even though the 

models did not found any loses. 

 

5.4. Recommendations 

As the limited version of the software did not allow us to increase the spacing parameter 

during the simulation with the AD method, and it also has limitations for applying higher 

grid resolutions during the Analytical wake models, the scenarios could better be 

analyzed with the full version of WindSim. In addition, the other non-applied wake 

models in the literature can be applied for comparison as well. Furthermore, the impact 

of wind flow was only analyzed for 1.55D distance between the turbines. The wake 

impact of different wind flows can be analyzed for different distances between the 

turbines.  In addition, due to the several unexpected outputs of the simulations with 

WindSim – AD method, the same or similar scenarios could be analyzed with more 

advanced simulation tools or methods.  
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CHAPTER 6. CONCLUSIONS 
 

 

Before concluding on this project, the limitations of this thesis work should be pointed 

out. First of all, the project has been conducted in a very limited amount of time. On 

another note, as the used version of WindSim was a limited version of the software, the 

simulations could not be run as detailed as desired. Hence, the scope and findings of this 

thesis is limited as well due to these reasons.  

 

The key target of this thesis was to observe the impact of wake effect among 3 close 

configured wind turbines productions in Hexicon AB’s rotating floating offshore 

platform, by applying analytical wake models and the Actuator Disc method with the 

help of WindSim. 

 

The work was analyzed in two parts as best and worst-case scenario. According to the 

best-case scenario, the effect of changing the distance between turbines for “simple line” 

configuration was found as negligible. In addition, the energy production of an isolated 

turbine multiplied by three was found unexpectedly lower than the production of three 

turbines located on a line perpendicular to the incoming wind. No clear reason could be 

found at this point to explain the unexpected results. 

 

Regarding the worst-case scenario, the production results for the “45-degree” 

configuration were obtained by using WindSim’s three analytical wake models and the 

Actuator disc method. Even though the analytical wake models found almost no wake 

losses, the production results between both methods was found as coherent. 

 

However, during the comparison of the worst-case and best case scenarios of AD 

simulations, when comparing the “1.55D 45 degree” and “1.55D simple line” 

configurations, it was found that the 45 degree configuration had more production which 

was not expected due to the anticipated higher wake impact for the “45 degree” case. It 
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was hypothesized that the blockage effect in terms of reduction of the incoming wind on 

the line of three turbines was more important in terms of production reduction than the 

wake effects for the “45 degree” configuration. Increasing the angle from 45 degree in 

steps up to 70 degrees allowed to obtain more important wake effects resulting in higher 

wake losses. 

 

For the analysis of the impact of wind speed at boundary height, it was found that 

decreasing the speed from “10m/s” to “8m/s” did not make any difference for the 

production results. However, when the speed was increased up to “15m/s”, the 

production results of the “simple line” configuration and “3 x 1 turbine” configuration 

for the first time exceeded the results for the “45 degree” configuration, as expected.  

 

To conclude, since the explanation of the obtained unexpected results cannot be given at 

this point, the outputs should not be considered as either right or wrong and it is 

recommended to use more advanced simulation methods to clarify the results.  
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