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Abstract 
Urban wind power is not too developed yet. Only some years ago some countries started to be aware of 

the important source of energy that can be used within built-up areas. The U.K., the Netherland, France 

and Italy are already working on it, but they are still far away to reach models and equations that can be 

useful for any situation. 

 

An urban turbine is going to be installed in Gävle, Sweden, in the roof of Polhemsskolan. Therefore, the 

wind velocity should be found out to come up with some results about the energy yield. But some 

problems appear when try to estimate that velocity.  

 

To calculate this velocity three different ways can be used. They are Mathematical models, 

Measurements and Simulations or Computational Fluid Dynamic (CFD) calculations. All of them are 

quite difficult to use. Both mathematical models and CFD are very expensive as well as they need too 

much time to give a result. In addition, the area where the rotor is going to be installed is quite strange 

and therefore, it is even more difficult to put all the data in the mathematical model or CFD. On the 

other hand, measurements were almost impossible to carry on. The measurement of the wind velocity 

should be done during one year due to the big differences in that value depending on the season; winter, 

summer... depending on the weather; cloudy, sunny and so on. This thesis was only four months long 

and that was not enough to do it. It has been tried too to use any measurements that could be in any 

weather stations in the surrounding of Gävle. Nothing was found. No wind velocity measurements have 

been made in this area. 

 

Hence, different books and reports about this topic have been study quite depth. Most of them from the 

U.K. Estimations and assumptions were taking into account to come up with different solutions to make 

easier in the future to calculate an energy yield when measurements will be done. 
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1. Introduction 

1.1- Background 
 

The Energy Information Administration showed that more than the half of the energy 

used all around the world in 2001 was in the industrialized countries. As well, they have 

predicted an increase of two per cent in the energy consumption for the next twenty years. 

Those countries are the biggest consumers and they have the chance to switch to 

renewable resources. People in the industrialized countries are starting to be aware of the 

waste and the shortage of the fossil sources, as well as the environmental impact that it 

loads. Thus, little by little, the usage of renewable energies in the first world is increasing.  

 

It is not that sure that the temperature in the world is increasing due to the usage of fossil 

fuel, due to the high consumption and, therefore, due to de contamination. Both are 

raising quite high and dangerous levels for both the environment and our health. 

Nevertheless, there are several indications that the greenhouse effect will not allow the 

usage of fossil fuels anymore in some years. This risk may make us change our minds, 

switching from non-renewable energies to renewable energies. 

 

But instead of environmental problems, there are two more different problems. Fossil 

fuels vanish and it price is high. Nowadays, most of the experts predict a peak of 

production of energy from those fossil fuels in, more or less, five years. That means that 

while the production will be in its peak, the consumption will increase and increase, and, 

consequently, this energy has to come from somewhere. That will lead to a rise of prices 

and a general crisis in all over the world. In addition, the actual situation in the Middle 

East does not help. Prices are increasing faster than they should do. Maybe, it is because 

most of the industrial countries depend on their fossil production. On the other hand, the 

estimation of the external prices is also important. If prices are evaluated also with 

external costs, it should be included the cost of some different illness that are appearing 

because of the pollution coming from the fossil fuels. That is quite difficult to estimate, 

but there are some researches that show the total price of the energy included external 

cost. For example, 1 KWh from coal costs between 7 and 10 cents of euro. Nevertheless, 

the same amount got from wind power costs only 4,5cents of Euro.  

 

Several strong forces indicate the increase of the renewable energies in the future. But big 

areas are needed to create this big new net of energy. We are used to a high density of 
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energy production, nuclear plants, CHP plant and so on. Renewable energies need big 

areas to create the same amount of energy. Its density of energy is quite smaller 

nowadays. Big wind turbine farms are needed, big photovoltaic areas... In addition, we 

cannot survive only with this kind of energy; it is very difficult to have a constant supply 

from renewable sources only. In spite of it, some combinations came be made. For 

instance, it has been researched that wind and solar production can be combined due to 

their work conditions. It is known that when it is cloudy, the solar production is almost 

zero, but when the air is moving faster, and consequently, we can profit the wind 

production. It has been research that when the air is not moving means, normally, that the 

sun is shining. The conclusion is that both kind of resources can be installed together and 

get an output power when the other one cannot work. But, of course, the first step is to 

make aware both the industry and the normal user that the energy consumption has to 

decrease and not to waste it, to be able to have a proper usage of the energy resources.  

 

Wind energy is currently one of the most important renewable energies. The installation 

of it in the built environment is starting to be researched now. The main problem of this 

kind of wind power energy is the high value of the roughness factor within these areas, 

and therefore, the low value of the wind velocity through the buildings. Accelerating 

places must be found to set up these turbines. Some local acceleration of the wind speed 

is needed to in order to have a viable energy yield in the urban area. To reach high 

velocities, tall buildings can be built, building with an aerodynamic special design to 

increase it... Anyway, what it is needed in urban areas is to find a concentrator of velocity 

where the yield of energy could be high enough to install the turbine there. Of course, it 

will have to be found out the equilibrium between a bigger investment in a concentrator 

in the building and a bigger investment in a larger turbine.  

 

This kind of renewable energy is starting to be taken into account and to be researched 

since a few years ago. Hence, there are not too many researches and publications about it 

yet. The U.K., Nederland, France and Italy are starting to be aware of the huge amount of 

energy that can be taken from the air in urban areas with a not too big investment. In the 

U.K., as well as in the Netherlands, there are a lot of developed urban turbines in the 

market at the moment, reflected in the large amount of manufactures made in these 

countries. On the other hand, in France and Italy the situation is different because of the 

lack of this kind of manufacturers. Thus, those are the countries where the information 

has been taken from.  
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1.2- Purpose 
 

In this project, an urban wind turbine is going to be installed in Polhemsskolan, a school 

in the south of Gävle, Sweden. This machine is going to be the first of this kind of 

renewable energy which is going to be set up in all Sweden. The purpose of the turbine is 

to study how wind power is obtained, using it in a didactic goal. Therefore, the school´s 

headships are not looking forward to get a big amount of energy from it.  

 

Two different parts are defined in this report. The first one is how to proceed when it 

would be wanted to calculate an accurate estimation of the real output wind power 

explaining the way to measure the wind speed in the roof. Secondly, it will be explained a 

rough calculation of the output power that can be got with such a turbine. 

 

1.3- Delimitations 
 

This topic, urban wind power, is not researched yet as it was said above. There is a big 

lack of studies about it making it difficult to calculate the output power.  

 

Measurements could not be done due to the lack of both time and economical resources. 

The usages of computational fluids dynamic programs or simulations have been 

impossible to do because of the difficulty of simulate the area as well as the lack of time. 

Therefore, some numbers of fictitious calculations on some arbitrary wind velocities have 

been used in order to be able to interpolate the output power when the mean velocity has 

been found out. Nevertheless, these values will be only available for an average year 

wind velocity.  

 

1.4- Literature 
 

As it was said before, the subject urban wind power is quite far away to be researched 

yet. There is a big problem when working in this topic because of the absence of work in 

this area. All what has been done deals with measurements, neither methods nor formulas 

to estimate how the wind flows in an urban area can be found out.  Consequently, all 

those researchers that have already been done are quite specific and that means that their 

results cannot be used in a different building than the one used to the research due to big 
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differences in the behavior of the wind when flowing through buildings with a small 

difference in shape.  

 

The website www.urbanwind.org  was used to contact with some experts in this topic. 

Some reports were given with some researches done. However, here are all those books 

and reports used in this project: 

- Sander Mertens, Wind Energy in the Build Environment; United Kingdom, 2006 

- Klimatplanering Wind. Mauritz Glaumann and Ulla Westerberg. 

- Wind and Solar Power Systems. Design, Analysis and Operation. Mukund R. 

Patel.  

- Urban wind turbines: Development of the UK market; Katerina Syngellakis and 

Peter Robinson.  

- Predicting the yield of micro-wind turbines in the roof-top urban environment; S 

J Watson, Centre for Renewable Energy Systems Technology.  

- Urban wind turbines. Guidelines for small wind turbines in the built environment; 

Jadranka Cace, RenCom; Emil ter Horst, HoriSun; Katerina Syngellakis, IT 

Power; Maíte Niel, Axenne; Patrick Clement, Axenne; Renate Heppener, ARC; 

Eric Peirano, Ademe 

- Wind resource mapping of Sweden using the MIUU-MODEL. Has Bergström, 

University of Uppsala.  

- Wind energy in buildings. Emma Dayan, BRE UK reports. 
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2. Wind power 

2.1 Speed and power relations 
 
The wind turbines capture the kinetic energy from the wind that flows through its swept 

area and the blades (one, two or more) fixed to the rotor; converting it to electrical energy 

in the generator.  

 

The kinetic energy in air of mass m (kg) moving with speed V (m/s) is as follows: 

 

 

( 1) 

And the power which the air has is the rate of kinetic energy per second, in watts: 

 

 

( 2) 

Considering P as mechanical power in the moving air (watts), ρ as air density (kg/m3), A 

the swept-area by the rotor blades (m2) and V as the velocity of the air (m/sec), the 

theoretical power that we get from the wind becomes  

 

 

( 3) 

This formula depends on the area of the rotor. Therefore, the wind power express in watts 

per square meter, also called power density of the site, can be obtained as follows: 

 

 

( 4) 

But, of course, this is not the total power that will be got in the rotor. This is the power in 

the upstream wind, before it goes through the blades. Therefore, it has to be taken into 

account both velocities, upstream and downstream velocities, to make an accurate 

calculation of the output power. On the other hand, the specific power of the site varies 
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linearly with the density of the air sweeping the blades and with the cube of the wind 

speed.  

 
 

2.2 Power extracted from the wind 
 
As it was said above, the specific power of the site upstream the blames is  

 

 

( 5) 

Thus, the actual power extracted from the wind by the rotor blades is the difference 

between the specific power upstream and the specific power downstream the turbine: 

 

 

( 6) 

Where  

P0 = mechanical power extracted by the rotor, output power, 

V = upstream wind velocity at the entrance of the rotor, and 

V0 = downstream wind velocity at the exit of the rotor blades. 

 

The mass flow of the air is not continuous within the surroundings of the rotor blades. 

Consequently, as many excellent books available on this subject write, it is taken a 

macroscopic view of the air flow around the blades. So, the air velocity which will be 

taken into account in the formula above is going to be an average of both velocities, 

upstream and downstream velocities: 

 

 

( 7) 

The mechanical power extracted by the rotor becomes: 

 



 7

 

( 8) 

Rearranged the preceding expression, it is got the formula bellow: 

 

 

 

( 9) 

Where Cp is equal to: 

 

 

( 10) 

This value, Cp, is called power coefficient or rotor efficiency. It is the fraction of energy 

taken out from the upstream wind by the blades of the rotor, and the energy that is given 

to the electrical generator. It is clearly seen that the power obtained depends on the ratio 

V0/V. In the figure bellow it is shown that the higher efficiency (59 %) happens when the 

ratio is one third. 

 

Figure 1: It is shown how the rotor efficiency varies with the V0/V ratio. The rotor 

efficiency is the ratio of energy that the turbine can obtain as an electrical generator. 
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Consequently, the maximum energy extracted occurs when the velocity downstream is 

one third of the velocity upstream, and the efficiency is 0.59. If the equation 9 is 

algebraically rearranged with this data, the maximum power becomes: 

 

 

( 11) 

 

Figure 2: rotor efficiency vs. V0/V ratio. Depending on how many blades the rotor has its 

efficiency changes. 

 

Cp is often defined as a function of the rotor tip-speed ratio (TSR) as it is shown the 

figure above. TSR is known as the linear speed of the rotor´s outermost tip to the 

upstream wind speed. Nevertheless, in practical designs, the maximum performance 

bellows to the interval 0.4-0.5 for modern high-speed two-blade turbines or to the interval 

0.2-0.4 for slow-speed turbines with more blades. Having all these values into account, 

the practical maximum efficiency is 0.5 and the equation 11 becomes:  

 

 

( 12) 

2.3 Rotor swept area 
 
As it can be found out in all the formulas above, the output power of a wind turbine 

varies linearly with the rotor swept-area. The area for and horizontal-axis turbine (the one 

that is going to be studied in this report) is, where D is the diameter of the rotor blades, as 

follows: 
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( 13) 

2.4 Air density 
 
As it happens for the area, the output power of a wind turbine varies linearly with the 

density of the wind. Of course, the wind density that goes through the blades is not 

always the same and it depends on the temperature (T), on the pressure (p) and on the gas 

constant (R) as the gas law says: 

 

 

( 14) 

It is known the value of the density at the sea level, ρ0, (1 atm and 15.5 ºC) equal to 

1.225kg/m3.
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3. Methods 

3.1 Most common methods used 
 

To obtain the value of the wind velocity where the turbine is going to be set up, the 

aerodynamic research can be based on three main pillars:  

- Use mathematical models,  

- Measurements and  

- Simulations or Computational Fluid Dynamic (CFD) calculations. 

 

These separate analysis tools have specific advantages and drawbacks that define the 

suitable of a tool for a certain analysis. The measurements and the CFD provide numbers. 

For the coherence between those numbers and a physical explanation of the observations, 

for design purposes, we need a mathematical model. The mathematical model does also 

need the measurements of a certain quantity are sometimes difficult to obtain. In that case 

the measurements can be supported by CFD calculations. 

 

3.2 Methods used in this project 
 
However, any of those analysis tools explained above can be used in this thesis project 

due to the lack either of time or economical sources. Mathematical models cannot be used 

because of the expensive prices that should be paid to use them. There are not also useful 

measurements in any place in Gävle and this thesis in not long enough to measure the 

wind speed in the area needed during a whole year. And of course, there is not either time 

or money to use a model in a wind tunnel to estimate it. 

 

Hence, here it will be used different ways to try to give an idea to the reader about how 

the wind flows through the building we are working on and how to come up with a 

solution. In the first part, an average during the whole year of the velocity in the 

surroundings of the building will be estimated in a quite accurate way having into account 

the tools that can be used. The second part will be based on try to reach if the rotor will 

be installed in a correct place in the roof due to turbulence problems, taking some 

assumptions to check how the boundary layer grows. 
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3.2.1 Average velocity in the surroundings 
 
A method improved by Mauritz Glaumann and Ulla Westerberg was chosen to estimate 

the wind speed in the area and height that are needed for the set up of this turbine. The 

method was developed some years ago due to evaluate the pedestrian comfort because of 

the air motion in built-up areas at two meters high above the ground. With it, it is possible 

to know, depending on the area that the turbine will be installed and on its surroundings, 

the average of the wind velocity from every direction as well as the probability that the 

air can flow from every direction. This data has been measured at ten meters high. This 

value should be modified in order to know how the wind will affect to the pedestrians. 

Thus, some factors must be applied to estimate how the speed changes from ten to two 

meters high. Nevertheless, the roof is eleven meters high and here we are interested on 

how the wind velocity changes from those eleven meters up to eleven meters above the 

roof. Consequently, this factor will not be taken into account. It is a quite good estimation 

for our turbine, having into account the lack of chances to use one of those accurate tools 

said above. 

 

The method will follow seven steps: 

 

1- Basic wind speed, vb, and probability, f.  

 

In this section, data from different meteorological measurement stations will be used as 

first step to know the wind speed at ten meters high. Twenty meteorological stations, 

those shown in the picture below with a dot, have been used by the writers of this 

method, to estimate an average wind speed for the whole year. With this data, an accurate 

estimation of the wind velocity divide into three different areas has been calculated. The 

values are split in an average velocity during the whole year that it can reach and the 

probability of flowing from every direction. Of course, it will be different depending on 

in which area the turbine will be set up.  
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Figure 3: Map of Sweden with all the meteorological measurement stations and the 

values of those measurements. 

 

2- Roughness factor, r 

 

For every direction, north, south, west... a simple method to estimate the roughness in the 

surroundings of the building which this report is interested on is used. Depending on what 

it can be found in every direction and how far is it from where the turbine is going to be 

set up, i.e., buildings, forests, fields, big open water areas... the roughness value changes. 

It must be taken into account a distance up to 200 kilometres away from the building to 

have an accurate value. 

 

To fill in the table two different values are needed: av (avstånd that means distance in 

Swedish) and kl (klass that means class in Swedish). Avstånd is the distance to the next 

change of roughness in meters and klass is the class of every piece of terrain depending 

on what it will be found there. Therefore, with the help of the table bellow, it will be 

possible to complete the values of av and kl.  
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Class Equilibrium 
coefficient 

Description 

0 1,00 Open water areas bigger than 1 km  

1 0,68 Open areas with high trees or buildings; 
for instance, areas with big fields or an 
airport 

2 0,54 Different open areas and the end of the 
countryside; for instance, small fields and 
small trees and isolated houses. 

3 0,40 The end of the landscape; for instance, 
forest and building areas. 

 

Table 1: Values of the roughness depending on which kind of area it is found. 

 

The figure number 4 will be used to estimate where the roughness changes: 

 

This graph will be superimposed in a map of the place where the roughness is going to be 

calculated. The scale of the map must be 1:50000 and 1:500000 to be able to calculate it 

up to 200 km. The centre of the circle in the graph has to be exactly superimposed in the 

point of the map where the turbine is going to be installed.  

 

To measure the distance (av) when the roughness changes, there are different circles 

drawing in the graph. For a 1:50000 scales map, 1, 2, 3 and so on are kilometers. 

However, for a 1:500000 scaled map those values are Swedish miles that is 10, 20, 

30...kilometers.  
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Figure 4: roughness change graph. 

 

To find out the value of r some calculations must be done. In every direction, the formula 

15 is applied.  

 

 

( 15) 

Where:  

vL = Local velocity, m/s; 

vB = Velocity from the region, m/s; 

n = Amount of changes of roughness; 
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ri = equilibrium coefficient, which can be checked in table 1; 

xi = length until the next change of roughness, and 

f(x) = function of how velocity increases or decreases with the distance until a new 

change of roughness. 

 

 

( 16) 

3- Terrain factor, t 

 

This coefficient is applied in those places where the terrain has changes in height, slopes 

with high gradients, or in those places where the turbine is at the top of a hill, in a 

valley... all those things should be kept in mind when calculating this roughness. As it can 

be seen in the graph below, depending on the height of the surroundings, the factor that 

has to be applied in every direction can be found out. 

 

 

Figure 5: Terrain factor depending on the height of the surroundings. 

Another way to find out this value is shown in the next figure where some situations are 

shown with their particular values of t. 
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Figure 6: Terrain factor. (Lutning: inclination, slope) 

 

4- Local medium velocity during a year, vL, at 2 m out of the building, vL=0,75·vB·r·t  

 

Here it is applied the coefficient to estimate the wind velocity up to two meters, the 

roughness factor and the terrain factor. It is needed the speed from seven up to eleven 

meters high above the roof. Consequently, it will be not applied that first coefficient. It 

will be modified the formula below as follows: 

 

 

( 17) 

At ten meters high: 

 

 

( 18) 

Using t =1 as said in step 3: 
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( 19) 

5- Building height factor, H  

 

Depending on the height of the buildings in the surroundings above where the rotor will 

be set up, this factor will be applied. Using the graph as follows, this factor will be found 

out. 

 

 

Figure 7: Height above the place where the turbine is. 

 

Both the height and the number of floors of the buildings which surrounds the machine 

can be used to check the factor that is going to be applied in this section. For example, if 

in the south of our place there is a house ten meters high, a factor equal to 1.2 will be 

applied in this direction, or a factor equal to 1.4 will be used if the house has eight floors. 

 

6- Local medium velocity at 2 m with buildings, vH, at 2 m with building, vH = vLH 

 

It is obtained here the final value in every direction at the level of two meter if all the 

values and coefficients said before are taken into account. It is only needed to applied the 
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formula above, vH = vLH to get the local medium velocity at tow meters high or a ten 

meter high if it is not applied the coefficient 0,75.  

 

7- Local medium velocity for all the directions, vtot. 

  

In this last section, the formula below will be applies and the final estimation of the wind 

velocity will be obtained having into account the probability of every direction all over 

the year.  

 

 

( 20) 

 

3.2.2 Acceleration in the roof 
 

The acceleration that will be found because of the building shape is meanly based on: 

- The local surface roughness around the building,  

- The building shape,  

- The wind direction and 

- The height of the rotor above the roof.  

 

In figure 8 it is possible to see how the wind flows above a flat roof. It can be checked 

that there is a line called the boundary layer, which shows the shift between the area 

below it where the wind decreases its velocity due to turbulences, recirculation and so 

on... and the area above it where the wind increases its velocity.  

  

 

 

Figure 8: How the air flows through the roof 
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It can be found out in the literature some rough assumptions that can be used when it is 

needed to find out results. A quite good assumption can be done when estimating a line 

that has the gradient of 27º with regard to the roof. Below that line it is impossible to 

know how the wind flows without measure it or without using a mathematical model. 

Areas where the velocity increases, areas where it decreases, turbulences... Above that 

line the wind speed can be estimated as the same value as it has before it reaches the 

building. Therefore, the whole swept area of the rotor is needed to be above that line. 

Otherwise, problems will appear, vibrations and a drop of the energy yield will be found.  

 

 

Figure 9: Angle between the roof and the boundary layer 

 

With this value and the drafts of the building to check the length, width and height an 

idea of how good is the situation of the turbine is. 
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4. Results 

4.1 Average velocity in the surroundings 
 

In the first chapter, the wind speed in the surroundings will be calculated following the 

method improved by Mauritz Glaumann and Ulla Westerberg as it was said in the theory 

part. 

1-  Basic wind speed, vb, and probability, f.  

As it can be found out in figure 10, Gävle bellows to the area II.  

 

 

 

 

 

 

 

 

 

 

 

 

Therefore, these are the values that are needed in this first step: 

  N NE E SE S SW W NW 

VB , m/s 7.8 7.3 6.8 7.4 7.9 7.9 7.7 7.5 

F 0.13 0.1 0.08 0.11 0.16 0.18 0.18 0.12 

 

Table 2: Basic wind speed. 

Figure 10: Map of Sweden with all the meteorological measurement stations and the values 
of those measurements. 
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2- Roughness factor, r 

 

Using the map that can be found in the appendix III we come up with the following 

results: 

 

Class Equilibrium 
coefficient 

Description 

0 1,00 Open water areas bigger than 1 km  

1 0,68 Open areas with high trees or buildings; 
for instance, areas with big fields or an 
airport 

2 0,54 Different open areas and the end of the 
countryside; for instance, small fields and 
small trees and isolated houses. 

3 0,40 The end of the landscape; for instance, 
forest and building areas. 

 

Table 3: Values of the class depending on the area of the surroundings. 

  N   NE   E   SE   S   SW   W   NW   

  kl av kl av kl av kl av kl av kl av kl av kl av 

  1 0.1 1 0.1 1 0.1 1 0.1 1 0.1 1 0.1 1 0.1 1 0.1 

  3 25 3 2 3 2 3 2 3 30 3 15 3 2 3 13 

  1   1 3.5 2 3 2 3.5 2 45 2 20 2 10 2 50 

      2 15 3 8 3 20 3 55 3 25 3 27 3   

      1 20 1 28 2 35 2 60 2 40 2 35     

      0   0 40 3   3   3   3       

          1 47                     

          0                       

                                  

r      0.48   0.57   0.53   0.48   0.46   0.47   0.5   0.47 

 

Table 4: Distance to every change of roughness in every direction. 

3- Terrain factor, t 

 

Due to the flat terrain that can be found in Gävle, this factor will not affect to this 

calculations. There are not either slopes or mountains or valleys or any change in the 
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terrain that can affect to the wind flow in the position the rotor is. The height of the 

surroundings up to a quite big distance is negligible. Thus, in every direction t=1. 

 

  N NE E SE S SW W NW 

Höjd, m                 

t 1 1 1 1 1 1 1 1 

 

Table 5: Terrain factor. 

 

4- Local medium velocity during a year, vL, at 2 m out of the building, vL=0,75·vB·r·t  

The factor t is equal to 1 in all the directions as it is said in the step before. The value r 

has been calculated in the second step for every direction. The value 0.75 will not be used 

because this report is estimating the velocity at ten meters high. 

vL=vB·r 

  N NE E SE S SW W NW 

vL, m/s 3.774 4.16 3.6 3.55 3.63 3.71 3.85 3.52 

 

Table 6: Local medium velocity during a year. 

 

5- Building height factor, H  

The buildings in the surroundings are not high enough to take them into account. In the 

graph can be seen that for small height over the rotor, the factor applied is quite small, 

and consequently, negligible. Therefore, H=1 for every direction. 

 

  N NE E SE S SW W NW 

Höjd, m                 

H 1 1 1 1 1 1 1 1 

 

Table 7: Building heigth factor. 

 

6- Local medium velocity at 2 m with buildings, vH, at 2 m with building, vH = vLH  

 

This section will be exactly the same than the step 4 due to H  is equal to 1 in every 

direction.  
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N NE E SE S SW W NW 

VH, m/s 3.774 4.16 3.6 3.55 3.63 3.71 3.85 3.52 

 

Table 8: Local medium velocity at 2m high. 

 

7- Local medium velocity for all the directions, vtot. 

 

Thus, the average wind velocity where the rotor is installed is equal to the sum of the 

wind speed of every directions times its probability.  

 

  N NE E SE S SW W NW 

Vtot , m/s 3.774 4.16 3.6 3.55 3.63 3.71 3.85 3.52 

F 0.13 0.1 0.08 0.11 0.16 0.18 0.12 0.12 

 

Table 9: Local medium velocity for all the directions. 

 

 

 

 Therefore, with this first estimation, we can calculate the output power that could be got 

without having into account the change of the wind velocity because of the building 

shape and because of the surroundings. 

 

 

Where the swept area is: 

 

 

And d blades = 4.573 meters and d rotor = 0.273 meters. Consequently, the swept area 

becomes 16.37 m2 and knowing that the value of the density at the sea level is ρ= 1.225 

kg/m3 it is easy to find out that the maximum output power, PMax,  is equal to 255.94 KW. 

Of course, this value will be lower due to the effectiveness of the rotor and the decrease 

of the air velocity in the roof. 
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4.2 Acceleration in the roof 
 
The turbine that will be installed in the school has the following features:  

 

Figure 11: Turbine characteristics. 

 

The turbine has three blades. Each one has the length of 2.15 meters, and the rotor 

diameter is 273 mm. The height of the rotor is 9 meters above the roof. That shows that 

the swept area is from the height of 6.85 to the height of 11.15 meters above the roof also. 

The rotor emits a noise of 35 dB when it is measure 25 meters away and it turns 420 

times per minute. The maximum wind speed allowed is 60 m/s.  

The turbine will be installed in the roof as it can be seen in the pictures below: 

 

Figure 12: Situation of the turbine in the roof. 
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Figure 13: Location of the turbine in the roof 

Of course, the wind does not come always from the same direction. Thus, all the different 

situations will be studied now, checking how the boundary layer grows. The height of 

that layer where the turbine is set up, h can be calculated in an easy way using the 

distance from the edge to the turbine, where α= 27º: 

 

 

( 21) 

We need the swept area of the turbine to stay always above this line. If it is not, 

turbulence problems will appear, and consequently a big decrease of the output power. 

Also structural problems will appear if only a small piece all that area is under the effects 

of the low velocity area. 

• When the wind is coming from the NW: 

 

 

 

 

Figure 14: Configuration from the NW. 
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h= 9.93 m. That means that the whole turbine is not above the boundary line. 

• When the wind is coming from the SW 

 

 

 

h= 1.8 m. The whole turbine will be above it. 

• From the SE 

 

 

 

h= 3.16. The whole turbine will be above it 

 

• From the NE 

 

 

Figure 17: Configuration from the NE 

h= 14.58 m. Problems will come due to the whole turbine in below the boundary layer 

and as a result, in a turbulence area. 

Figure 15: Configuration from the SW. 

Figure 16: Configuration from the SE 



 28

 

Checking all the results, it can be seen that the place is not the best one to install the 

turbine because depending on where the wind is coming from, the turbine will have a 

piece of its swept area in the turbulence region, and therefore, a decrease of the wind 

speed will appear bringing a decrease of the energy yield as well as an increase of the 

vibrations and structural problems will appear in the building. 

 

When the wind is coming from the NW the boundary layer is 9.93 meters high. That 

means that it is more than 2.5 meters higher than it should be. That means that a big piece 

of the swept area will suffer the effect of the turbulences. That will bring important 

structural problems due to vibrations when the wind velocity will be high enough. In 

contrast, when the wind is flowing from the NE the line is even higher. Here the whole 

turbine will be in the turbulence area, making completely useless the machine in this 

situation due to the low velocity that it will be there. 

 
 

4.3 How to proceed with measurements 
 
In order to calculate in an accurate way the output power in the turbine, those three tools 

already explained in this report (mathematical tools, measurements and Computational 

Fluid Dynamic calculations) must be used. The measurements are the most accurate tool 

because the real velocity is being checked where the turbine is going to be installed. On 

the other hand, it takes time to do it because to make it useful, measurements must be 

done during the whole year. The wind velocity changes during all over the year; winter, 

summer, cloudy days, sunny days and so on, and this must be taken into account. These 

measurements will give an idea of the behavior of the wind, but of course, it depends on 

the situation of the weather every year. It should be almost the same though. 

 

Different anemometers should be used to obtain the speed in all the swept area. For 

example in this project, the diameter of the swept area is more than four meters. With 

only one anemometer the measurements will not be good enough and will not be real. In 

the whole area turbulences can be found for example at the bottom, while an increase of 

the velocity can be found at its top or vice versa. 

 

With a spread sheet program, all those measurements can be divided into periods, 

summer, winter… and a quite accurate value of the output power all over the year can be 

found out.  
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Here some arbitrary wind velocities will be suggested in order to make it easier to 

estimate the energy that the rotor will give when the measurement will be already done. 

Using the formula 12, written in the theory chapter, it is quite fast to come up with a 

solution. 

 

(12) 

Where ρ= 1.225 and the swept area of this rotor is equal to 16.37 m2. In the figure 18 the 

wind velocity (m/s) is shown in the x axel while the output power in kW is shown in the y 

axel. Wind velocity values were chosen depending on the values written in the table 10, 

where maximums values of 9 meters per second can be found. Therefore, a peak of 12m/s 

was taken into account. 

 

 

 

 

 

 

 

 

 

 

 

Figure 18: Wind velocity vs. Output power 

Table 10: Meteorological measurement values. 
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With this graph it is only needed to interpolate with the values of velocity measured in 

order to have the output power in a really fast way. 
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5. Where to install a turbine in the roof 
 

As it was written in the chapter acceleration in the roof, this acceleration is meanly based 

on: 

- The local surface roughness around the building,  

- The building shape,  

- The wind direction and 

- The height of the rotor above the roof.  

 

This acceleration can be written as follows: 

 

( 22) 

Where ui is the wind velocity after the acceleration, u0,i is the wind velocity in the 

surroundings and Cr,i is the wind velocity change factor that has to be calculated. 

Trying to reach a conclusion about where to install a turbine in the roof, the book “Wind 

Energy in the Building Environment” was used. It shows some results that have to be 

taken into account for a building with a specific shape. Those results were found out after 

different measurements in wind tunnels and the application of mathematical methods to 

characterize this kind of flow, within different assumptions, such as Potential flow, 

Vortex sheets and so on.  

The specific configuration is shown in the table below: 

 

Depth: width: height 1:03:02 

Building height 20 meters 

 

The factor Cr,i was calculated with a CFD ( Computational Fluid Dynamic) calculation on 

three locations above the roof that are marked with a dot in the figure below: 

Table 11: Dimensions of the building. 
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Figure 19: Suggestions of location to analyze them. 

For those locations in the roof the Cr,i values for different wind directions φ are given in 

table 12. The heights above the roof, ∆H/H, were chosen because they showed the highest 

acceleration for a wind direction perpendicular to the largest façade of the building.  

 

    Cr,i   

φ Center Edge Corner 

  ∆H/H=0.25 ∆H/H=0.05 ∆H/H=0.05 

0 1.09 1.06 1.14 

45 1.26 1.25 1.25 

90 1.05 0.89 1.19 

135 1.26 1.11 1.2 

180 1.09 0.38 0.13 

225 1.26 1.11 1.2 

270 1.05 0.89 0.98 

315 1.26 1.25 1.06 

 

Table 12: values of Cr,i depending on the location. 

At the edge and corner location the Cr,i values are at φ=1800 are very low, because they 

are situated on the in or downwind recirculation region. It can be seen also in the next 

figure where the streamlines are clearly shown. 
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Figure 20: How the air flows through the roof. 

The Cr,i values for the center location show the smallest influence from the recirculation 

region. For this location, the height above the roof was ∆H/H=0.25 and the height of the 

streamline above the roof of this building at φ=00 is found at the height of ∆H/H=0.195. 

Of course, other values of φ will give smaller recirculation regions. Therefore, the center 

configuration is above the recirculation region for all φ, and consequently, the best 

location. 

If the center and the edge configurations are compared, some conclusions can be found 

out: 

- The measure for the energy density at the center location is 40% higher than the 

edge and corner configuration.  

- The angle of the flow with the roof at the center location shows less variation 

than the edge and corner positions. 

- The angle of the flow with the roof at the edge and corner location can be large at 

φ=00 

- Table 6 shows that the velocity variations for different wind directions in the 

center configuration are smaller than at the edge and corner configurations. 

Consequently, the center location is the best one, the strongly favorable and as it was 

estimated in the chapter before, the place where the turbine is going to be installed is not 

the best one.  

In the next figure the maximum distance from the edge to the turbine is analyzed. Having 

into account the lowest height that the blades can reach, this distance will be found out. 
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Figure 21: Suitable maximum distance from the edge to the turbine. 

d= 15.17 meters. That means that when the turbine would be set up in the middle of the 

roof, only when the air blows from the NE a small piece of the swept area will be under 

the effects of the turbulence. In this way the turbulence area is minimized. In figure 22 

that configuration is drawn. 

 

Figure 22: Turbine installed in the middle of the roof. 

 

 

Figure 23: The worst situation possible. 
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 . That is 1.4 meters higher than it should be. Even 

that, it is the best situation.  
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6. Wind power issues 
 

When a turbine is going to be installed, there are some effects that have to be taken into 

account due to the consequences that they can bring either to the building and the 

surroundings of turbine or to people who live, work or make any activity close to where 

the machine is going to be set up. Those problems are noise emissions, vibrations and the 

shadow flicker and when it will be not possible to avoid it, a drop of their effects must be 

applied. 

 

6.1 Noise emissions 
a) Theory 

This section must be studied due to healthy reasons, and consequently, legal reasons.  The 

total noise level at homes has to be below some maximum allowable noise levels 

enforced by law. The allowable noise level at homes during nights is the lowest one and 

that is the hardest one to reach. So, it is for night conditions when all the calculations 

must be done. For Sweden, this value is 40 dB (A). To have an idea of this value, that 

noise is equal to the noise level in an rural area with a wind speed of 9 m/s and equal to 

the noise emission that a refrigerator makes when you are situated 1 m away from it.  

 

Noise emissions are the consequences of differences in the velocity as well as in the 

pressure of the wind between the upward and the downward flow through the rotor. It is, 

approximately, proportional to the fifth of the power at the speed in the tip of the rotor. 

Therefore, a low tip speed in urban turbine calculations is try to be reached when 

calculating it.  

 

To calculate these consequences, it can be assumed that the noise source is a point which 

emits as a point source with spherical spreading. Thus, for a distance r from the turbine, 

in meters, a noise level, Lp, in dB, will be found at the localization P and it can be 

estimated with the formula as follows:  

 

 

( 23) 

Where LW is the source sound pressure level in dB. It can be calculated that the noise 

pressure decrease the amount of 6 dB when the distance increase to the double. For an 
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allowable noise level at homes during night of 40 db, some values LW are shown in the 

next table. 

r (m) Allowed LW in db 

10 71 

20 77 

30 83 

40 89 

50 95 

60 101 

 

Table 13: Maximun value( dB) of sound pressure at the distance of r(m) 

 

b) Application: 

25 meters away from the rotor, the maximum noise, that is when the turbine is turning as 

fast as possible, 420 rpm, is equal to 35 dB. If formula 23 is applied, it will be possible to 

find out the noise level in the rotor.  

 

 

 

Where LP is equal to 35 dB and r is equal to 25 meters. Therefore, LW is 74 dB, value 

found in the rotor. As it was said in the theory chapter, the allowable noise level at homes 

during nights is the lowest on. So, it is for night conditions when all the calculations must 

be done. For Sweden, this value is 40 dB (A). It will be necessary to check how far away 

the value of 40 dB is reached with this maximum noise of 74 dB in the rotor. Solving 

again the formula 23 with LP and LW as known data, 40 and 74 dB respectively, the value 

of r = 8.9 meters is obtained. Thus, within a radius of 8.9 meters, the level of 40 dB can 

be reached when the rotor is turning at its maximum velocity. But, on the other hand, the 

mast is 9 meters tall; thus, even in the top of the roof there will be no noise pressure 

problems.  
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Figure 24: Farther than this distance the noise pressure is lower than 40dB 

It should be kept on mind that the urban wind power turbine is going to be set up in a 

school. Of course, during nights the school is empty, and therefore, law and healthy limits 

during night shouldn´t be taken into account. In contrast, buildings in the surroundings 

could have problems with this level, but they all are quite far to find noise problems there.  

 

6.2 Vibrations 
 

a) Theory: 

Vibrations are calculated in such a turbine as accurate as possible in order to avoid the 

risk of resonance in the building because of structural problems. They depend on the 

number of blades that the rotor has, B, on the frequency of the rotor nH. Consequently, 

frequencies of the order of iBnH, where i is an integer number, should be calculated when 

a turbine is installed.  

 

Those vibrations are induced because of different causes. The two lowest ones are 

induced due to the difference of mass unbalance and the difference in the aerodynamic 

loads of the blades when turning.  The mass unbalance can be almost solved if the 

number of blades is even, 2, 4…  
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Another problem, much more difficult to solve, comes from the tower shadow. This 

tower makes a shadow in the air in movement creating a small area where the difference 

of speed is quite big between there and all the other swept area of the rotor. This causes 

an induced frequency of BnH because in every revolution each blade has to go through 

this region, creating a difference of load.  

 

The last phenomenon that can induce vibrations in the mast and thus, in the structure, it is 

the called “rotational sampling”. If a turbulent region is found in the swept area, the 

average wind speed will be again changed, decreasing it and bringing a new vibration in 

the mast, as in the tower shadow, with a frequency of BnH. Depending on how many 

turbulent areas the blades have to go through, the induced phenomenon will change as 

follows: mBnH, where m is the amount of turbulent regions in the swept area. 

 

b) Application: 

As it was said above, the machine has three blades. Depending on it, forces that will 

involve vibrations should be calculated as accurate as possible in order to avoid the risk 

of having structural problems. The frequency of the rotor nH, and consequently, 

frequencies of the order of iBnH, where i is a integer number, should be calculated when 

the turbine is installed.  

 

- Mass unbalance 

 

The two less important effects are induced due to the difference of mass unbalance and 

the difference in the aerodynamic loads of the blades when turning.  The mass unbalance 

cannot be solved here due to the number of blades is odd, three. Therefore, a vibrations 

equal to BnH = 3 x 420 rpm = 1260 rpm = 21 Hz will be induced in the structure. The 

pictures below show both possible situations due to de difference of mass unbalance. 

Each situation will occur three times per turn. 
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                   Figure 26: situation 1 

 

The forces in both axels, x and y, depend on which situation it is being studied. 

Situation 1: 

Axel x:  

 

Axel y: 

 

 

Situation 2: 

Axel x: 

 

Axel y: 

 

 

Where P is equal to the force that the blades make while moving, and that is: 

 

 

( 24) 

 

Where m is the mass of one blade; n is the velocity of the rotor when turning and r is the 

distance from the rotor to the center of mass of each blade. Consequently, the formula 

becomes: 

Figure 25: situation 2 
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It can be checked that it will appear a periodic force in both axels x and y, three times 

every turn because of the three blades. That means that in the axel x it will appear a force 

equal to 0.1P every 1/21 second and a force of 0.1P in the axel y every second also. Both 

forces in axel x and axel y, will be transmitted to the mast, and should be taken into 

account depending on the materials of the building and finding out if they will produce 

any structural problem. 

 

- Tower shadow 

 

 

Figure 27: Vibrations due to the shadow of the mast. 

 

The tower shadow also creates vibrations with the same frequency that the one described 

before, 21 Hz. This force appears due to the lack of wind behind the mast, and 

consequently, it is proportional to the wind speed as follows: 

 

 

 ( 25) 

Where A is the area of the blade that has to hold the wind and p the pressure that the wind 

makes against the blade, depending on the wind density and on the square of the wind 

speed. 
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- Rotational sampling 

 

It is not possible to know in this report if there are some turbulent areas in the swept area, 

due to the lack of both measurements and simulations. 

 

6.3 Shadow flicker 
 

a) Theory: 

All the situations when the wind turbine blades are within the direct path of the sunrays to 

the eyes or reflections of the sunrays on the blades or mast of the rotor must be avoid. If 

the observed is situated in the path of this shadow, close to the rotor, and it is not possible 

to eliminate it, at least, a maximum frequency of shadow flicker must be applied. That 

value is 20 Hz. Therefore, for the shadow made by the blades, the frequency allowed is 

f=BnH=20. For a three blade turbine, the turn speed of the rotor becomes 20/3=6.66 rev/s. 

To decrease the effect on the eyes that reflections of the sunrays in the rotor make, dull 

paint can be used because it helps to not reflect them. 

 

b) Application: 

This turbine turns with a speed of n = 420 rpm, that is n = 7 revolutions/second. This 

value should be close to 6,6 rev/s. The value is close to it, so it cannot be said that the 

shadow flicker will be a problem in the installation of this turbine. 

 

6.4 Safety 
 
There is a big difference between the conditions that must be studied when a turbine is 

going to work in an urban area and when it is going to work in a rural area. This kind of 

turbine, urban turbine, is thought to be installed in areas where the population can be 

quiet high. As a result, the consequence of any problem in its operation has a higher 

probability to injure people and this is why they are restricted to a really small probability 

of malfunctioning, smaller than the one for rural turbines. 

 

As an example, in urban areas, the changes of the direction of the air flow are bigger than 

in rural areas and consequently, the fatigue will appear earlier in the blades than 

normally. It has to be taken into account. A solution to extend the period that those 
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turbines can be useful is the construction of its blades with steel cables inside them or to 

surround the rotor with a steel cage. 
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7. Discussion and conclusion 
 

Working in this area, urban wind power, it is quite difficult to come up with solutions. As 

it has been already said some times in this report, only with three tools (Mathematical 

models, Measurements and Simulations or Computational Fluid Dynamic (CFD) 

calculations) it is possible to have some answers and some results. Without them, only 

assumptions, suggestions and estimations can be done. Hence, all the result written here 

are only rough estimations with the aim of making it easy either to understand how the 

wind can flow through urban areas depending on the build shape or to estimate results 

quite fast when the wind velocity has already been found out. 

 

As it was said in the abstract, this turbine is set up there looking forward to a didactic 

goal instead of looking forwards to get a big energy yield. Consequently, all what has 

been studied here is not very useful when estimate the output power but the school´s 

headship is going to install the turbine anyway. For this reason, all what has been done 

here has the only goal of inform them of every effect that the machine will make 

(vibrations, noise level...) as well as to try to reach an answer for the question “how good 

is going to be the project”.  

 

Talking about the situation of the turbine, it is going to be installed in one corner of the 

roof in the school. Checking the theory it can be seen that it is quite far to be the best 

location, while the best position is the center as it was said as conclusion of the chapter 

“Where to install a turbine in the roof”. But having a look in the drafts of the school you 

can realize that there is a ventilation system in the middle of the roof. Therefore, it is 

impossible to put the turbine there. It is only possible to set up the rotor in a corner. 

 

The maximum noise pressure level by law is not reached even in the roof surface. There 

is a fictitious circle with the diameter of 8.9 meters with its center in the rotor, where out 

of it the noise pressure is lower than that limit level. Consequently, it will be no problem 

due to this effect in any place of the rotor surroundings. Vibrations are led by forces 

which depend on the wind velocity. The bigger the velocity is, the bigger those forces are. 

The wind speed is quite small in this area and that means that they will not be strong 

enough to bring structural problems in the building. As final effect, the shadow flicker 

has a frequency that is really close to the limit. This will give no problems to the 

surroundings. 
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The average wind velocity in the surroundings of the building was 3.71 m/s when using 

the method improved by Mauritz Glaumann and Ulla Westerberg. That value is quite 

small. Normally, it should be bigger than 5.5 m/s to have a good energy yield. Thus, it is 

needed a big acceleration of that wind due to the building shape in this situation. Without 

that acceleration, with a velocity of 3.71 m/s, much lower than 5.5 m/s, it is got an output 

power of 255.84 KW. While when the speed is equal to 5.5 m/s the output power 

becomes 626.5 KW as it is shown in the figure below. 

 

As it can be checked in the figure below, the output power increases when the cube of the 

velocity increases. While the wind speed increases to the double, the output power 

increases eight times. Therefore, it will be interesting to have the fastest movement of the 

air. 

 

On the other hand, there is a technical limit in this speed due to problems in the machine 

that can appear to the high velocities when turning the rotor. But anyway, that problem 

will not happen here due to such small velocities of the wind. This value is 60 m/s for this 

turbine. 

 

Figure 28: wind velocity vs. Output power. 

 

To conclude some rules regarding to the location choice can help to achieve a successful 

installation of an urban wind turbine: 

 

- The annual mean wind speed at the location should be at least 5.5 m/s. 
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- The mast or building roof should be approximately 50% taller than the 

surrounding objects. That is houses, trees… 

 

- The turbines should be positioned near the centre of the roof. 

 

- The turbine should be positioned on the side of the most common wind direction. 

 

- The lowest position of the rotor has to be above the roof by at least 30% of the 

building height. 

 

- If it is possible, ensure building orientation is towards the most common wind 

directions at the location as given on the local wind rose. 

 

- If it is possible, introduce a sloped side to the building to increase the wind speed. 

 

- Ensure that the roof can hold the static and dynamic forces produced by the wind 

turbines. 

 

- Place multiple turbines at the same location or on the same building if it is 

possible to increase energy yield. 

 

- Ensure that the quantity of the generated energy is in proportion with the energy 

needs in that location. 

 

- Ensure that energy saving measures are done in the place before setting up a 

turbine. 

 

- Take measures against flicker, noise and vibrations. 

 

- Ensure acceptance of the turbines in the neighborhood. 
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Appendix I 

Tables to fill in to reach a wind velocity in the surroundings of the building: 

 

1- Basic wind speed, vb, and probability, f.  

 

 N NE E SE S SW W NW 

VB , m/s 

f 

 

 

2- Roughness factor, r 

 

N   NE   E   SE   S   SW   W   NW   

kl av kl av kl av kl av Kl av kl av kl av kl av 

r     

 

 

3-Terrain factor, t 

 

N NE E SE S SW W NW 

Height, m 

t 

 

 

4- Local medium velocity during a year, vL, at 2 m out of the building, vL=0,75·vB·r·t  

 

N NE E SE S SW W NW 

vL, m/s 
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5- Building height factor, H  

 

N NE E SE S SW W NW 

Height, m 

H 

 

 

6- Local medium velocity at 2 m with buildings, vH, at 2 m with building, vH = vLH 

 

N NE E SE S SW W NW 

VH, m/s 

 

 

7- Local medium velocity for all the directions, vtot. 
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Appendix II 
How to calculate Roughness factor, r; second step in the method improved by Mauritz 

Glaumann and Ulla Westerberg to estimate the wind velocity in the surroundings of the 

building:  

 

N 

kl Eq. Coef. av f(x) r(i) 

1 0.68 0 0.00000 0.15066 

3 0.4 0.1 0.22155 0.28809 

1 0.68 25 0.94177 0.03904 

    200 0.99917 0.00000 

      0.00000 0.00000 

      0.00000 0.00000 

      0.00000 0.00000 

      0.00000 0.00000 

      0.00000 0.00000 

      0.00000 0.00000 

        0.47778 

 

 

NE 

kl Eq. Coef. av f(x) r(i) 

1 0.68 0 0.00000 0.15066 

3 0.4 0.1 0.22155 0.15447 

1 0.68 2 0.60772 0.06133 

2 0.54 3.5 0.69792 0.10739 

1 0.68 15 0.89679 0.01852 

0 1 20 0.92403 0.07515 

    200 0.99917 0.00000 

      0.00000 0.00000 

      0.00000 0.00000 

      0.00000 0.00000 

        0.56752 
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E 

kl Eq. Coef. av f(x) r(i) 

1 0.68 0 0.00000 0.15066 

3 0.4 0.1 0.22155 0.15447 

2 0.54 2 0.60772 0.03538 

3 0.4 3 0.67325 0.05923 

1 0.68 8 0.82133 0.08725 

0 1 28 0.94964 0.02005 

1 0.68 40 0.96970 0.00467 

0 1 47 0.97657 0.02261 

    200 0.99917 0.00000 

      0.00000 0.00000 

        0.53432 

 

 

SE 

kl Eq. Coef. av f(x) r(i) 

1 0.68 0 0.00000 0.15066 

3 0.4 0.1 0.22155 0.15447 

2 0.54 2 0.60772 0.04870 

3 0.4 3.5 0.69792 0.09044 

2 0.54 20 0.92403 0.02105 

3 0.4 35 0.96301 0.01447 

    200 0.99917 0.00000 

      0.00000 0.00000 

      0.00000 0.00000 

      0.00000 0.00000 

        0.47979 

 

 

S 

kl Eq. Coef. av f(x) r(i) 

1 0.68 0 0.00000 0.15066 

3 0.4 0.1 0.22155 0.29301 

2 0.54 30 0.95408 0.01121 
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3 0.4 45 0.97484 0.00290 

2 0.54 55 0.98209 0.00141 

3 0.4 60 0.98469 0.00579 

    200 0.99917 0.00000 

      0.00000 0.00000 

      0.00000 0.00000 

      0.00000 0.00000 

        0.46498 

 

 

SW 

kl Eq. Coef. av f(x) r(i) 

1 0.68 0 0.00000 0.15066 

3 0.4 0.1 0.22155 0.27009 

2 0.54 15 0.89679 0.01471 

3 0.4 20 0.92403 0.00710 

2 0.54 25 0.94177 0.01508 

3 0.4 40 0.96970 0.01179 

    200 0.99917 0.00000 

      0.00000 0.00000 

      0.00000 0.00000 

      0.00000 0.00000 

        0.46943 

 

 

W 

kl Eq. Coef. av f(x) r(i) 

1 0.68 0 0.00000 0.15066 

3 0.4 0.1 0.22155 0.15447 

2 0.54 2 0.60772 0.13105 

3 0.4 10 0.85041 0.02353 

2 0.54 17 0.90924 0.02903 

3 0.4 35 0.96301 0.01447 

    200 0.99917 0.00000 

      0.00000 0.00000 
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      0.00000 0.00000 

      0.00000 0.00000 

        0.50321 

 

 

NW 

kl Eq. Coef. av f(x) r(i) 

1 0.68 0   0.15066 

3 0.4 0.1 0.22155 0.26396 

2 0.54 13 0.88144 0.05261 

3 0.4 50 0.97887 0.00812 

    200 0.99917 0.00000 

      0.00000 0.00000 

      0.00000 0.00000 

      0.00000 0.00000 

      0.00000 0.00000 

      0.00000 0.00000 

        0.47534 

 

 

 

Maximum power when the wind velocity is equal to 3.71 m/s:  

 

area 16.36600812 m^2       

ρ= 1.225 kg/m^3       

V 3.71 m/s       

Pmax= (1/4)ρAV^3= 255941.4279 J/s 255.941428 KW 

 

Output power depending on the wind velocity:  

 

velocity (m/s) area (m^2) ρ (kg/m^3 Pmax (W) KW 

          

2 16.36600812 1.225 40096.7199 40.0967199 

3 16.36600812 1.225 135326.43 135.32643 

4 16.36600812 1.225 320773.759 320.773759 

5 16.36600812 1.225 626511.248 626.511248 
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6 16.36600812 1.225 1082611.44 1082.61144 

7 16.36600812 1.225 1719146.87 1719.14687 

8 16.36600812 1.225 2566190.07 2566.19007 

9 16.36600812 1.225 3653813.6 3653.8136 

10 16.36600812 1.225 5012089.99 5012.08999 

 

And graph of all these values: 
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Appendix III 
Maps of the surroundings where the turbine is going to be set up with the graph of the 

roughness factor superimposed: 

 

Scale 1:50000 
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Scale 1:500000 
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Appendix IV 
Drafts of the school: 

Facade: 
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Floor 

1
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Floor 2: 
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Floor 

3:
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Floor 4: 
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Floor 5: 

 


