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1. General facts about wind and wind energy 

 

What direction does the wind come from? 
All sustainable energy (except tidal and geometric energy), and even energy from fossil fuels, are 
ultimately derived from the sun. The sun radiates 174,423,000,000,000. kilowatt hours of energy to 
the earth per hour. In other words, the earth receives 1.74 x 10 watts of power. About 1 to 2 percent 
of the energy from the sun is converted to wind energy. This is approximately 50 to 100 times more 
than the energy that is converted into biomass by all plants on the earth. The conversion into 
biomass by all plants on the earth is approximately 50 to 100 times less than the conversion of solar 
energy into wind energy.

 

Figure 1 Temperature on earth 

Temperature differences driven circulation: 

The regions around the equator at 0 latitude are more heated by the sun than the rest of the world. 

These hot areas  are indicated in the colors of red, orange and yellow in the above infrared image. 

Hot air is lighter than cold air. The hot air will rise to about 10 KM altitude and will spread over the 

north and south. If the earth did not turn, the air at the poles would just sink again and would return 

to the equator. 

 

Coriolis force: 

As the world rotates, any movement in the northern hemisphere, bends to the right and in the 

southern hemisphere to the left. This apparent bending force is known as Coriolis force (named after 

the French mathematician Gustave Gaspard Coiriolis 1792-1843). 
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Globe Wind: 
Coriolis force affects the wind on the entire earth. The wind rises from the equator and moves to the 
north and the south in the higher layers of the atmosphere.  At approximately 30 latitude the Coriolis 
force prevents the wind from moving  much further. On this latitude is a high pressure area which 
results in the air sinking. As the wind rises from the equator a low pressure area arises which will 
attract air on ground level from the north and the south. At the poles, there will be high pressure due 
to the cooling of the air. With the bending forces of Coriolis force in mind, we come to the following 
general results concerning the prevailing winds. 

The size of the atmosphere is grossly exaggerated in the figure. In reality, the atmosphere has a 
thickness of 10 KM, in other words 1/1200 of the diameter of the globe. This section is known as the 
troposphere. The wind directions are important for the placement of wind turbines, but so is the 
local geography which can have an effect on the overall results in the above mentioned table. 

For a complete explanation of global wind (in english):  
http://www.artinaid.com/2013/04/major-wind currents-in-the-earths-troposphere/ 

For animations about wind: 

http://www.keesfloor.nl/weerkunde/2algcirc/2algcirc.htm 

 

Surface wind: 

The efficiency of a wind turbine is determined by the layer of air (100 m) on the surface of the earth 

and factors that are of influence, not only Coriolis force, but also surface roughness and other 

obstacles. 

 

Local wind: 

There are several places in the world that have their own weather and wind conditions, usually 

originating from the local landscape (geography). Mountain regions  for instance give interesting 

weather patterns. One example is the Valley of the wind which originates from the  south-facing 

slopes in the northern part of the southern hemisphere. When the slopes and the surrounding air are 

heated and the density of the air decreases, the air will rise over the surface of the slopes. At night, 

the wind will cool down and turn downward. This natural phenomenon can cause very strong 

(canyon) wind. Examples are Hair wind in the Alps in Europe, Chinook in the Rocky Mountains, Zonda 

in the Andes, Mistral in the Rhone valley, and Sirocco from the Sahara.  

http://www.artinaid.com/2013/04/major-wind-currents-in-the-earths-troposphere/
http://www.keesfloor.nl/weerkunde/2algcirc/2algcirc.htm
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2. Ideal location 
When you have the intention of placing a wind turbine, for example, a UWT at a certain location (eg 
on the grounds of a school), it  important to know how much energy the wind turbine would yield. It 
is important to know  what the circumstances are and  what the specific location of the turbine is in 
the area before placing the device. 
 
2.1 Location Mapping 
That is the reason why you first identify the location in the preliminary research. You pay attention to 
the following issues: 

1. What direction does the wind come from? 
2. Is there any disturbance from the direction? 

 

2.2 The wind rose 
You might have noticed by now that the stormy winds usually come from the same direction and that 
the less strong winds come from different directions.  A wind rose is used for this kind of mapping. A 
wind rose can be drawn on the basis of meteorological observations of wind speeds and wind 
directions. 

This wind rose divides the horizon into 12 sectors 
of 30 degrees, of which the outer radius of the 
broad sections indicates the relative frequency of 
the twelve directions, in percentage of time that 
the wind blows in each section. The narrower 
sections give the same information, but then 
multiplied by the average wind speed from any 
direction. The result is that it is normalized to 
100% which tells us how much each section 
contributes to the average wind velocities of the 
location. 
The color of the bars indicates the wind speed it  
concerns. The darker the color, the higher the 
wind speed. 

So, a wind rose gives you different types of 

information, the relative wind speed and the 

frequency from 12 directions. The longest bars in 

the wind rose indicate  the frequency of direction the wind is coming from. You can deduce from 

Figure 3,  that most of the wind comes from the  south-west. 

 

2.3 Wind rose variety: 

A wind rose can vary extensively by location and it is a kind of meteorological fingerprint from a 

location. The picture above shows a wind rose view of Caen, 150 km north of Brest. Although the 

primary wind direction is the same (south-west) you can see that the other directions are zero, so 

there is hardly note to be held of them at this venue. 

 

Figure 2 Wind rose 
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2.4 The usage of the wind rose: 
The wind rose is ofcourse very useful for the determiniation of the location of a wind turbine. It tells 
us where the primary wind direction is coming from.  It makes sense that you just do not want wind 
roughness (buildings, mountains, forests or other obstacles)from that direction. According to the 
above figure the primary wind direction is south - west and is it not nescessary to worry about other 
wind directions concerning the landscape roughness (2.7). 
 

2.5 Production of a wind rose: 
The Netherlands: http://www.knmi.nl/samenw/hydra/cgi-bin/freqtab.cgi 

2.6 Disturbance 
If you have a clear picture of what the wind speed and directions are during the year on a location, 
you can start looking for a location for the wind turbine in the area. It is important that the wind 
turbine catches wind as much as possible when winds are blowing. There should therefore be no 
obstacles in the direct vicinity of the wind turbine which could disturb and therefore weaken the 
wind. You call these obstacles disturbance, because they disrupt the flow of the wind. These 
obstacles can be tall trees or buildings, for example. 

 
2.7 Landscape Roughness 
High above the ground, at a height of approxamitely 1 kilometer above the surface of the earth, the 
wind is hardly affected. In the lower layers of the atmosphere the wind is affected by friction against 
the surface of the earth which has its effect on wind speeds. In the wind energy sector, a distinction 
is made between roughness of the obstacles of the area, and the influence of contours of the area, 
also known as orography of the area.  We will have to deal with orography when we investigate so 
called speed / speedup effects or tunnel and hill effects. 
 

2.8 Roughness 
In general, it can be assumed, that the rougher the surface of the earth,  the more the wind is slowed 
down. Forests and large cities obviously slow the wind down considerably while runways at airports 
have less influence on the wind. Water surfaces are even smoother as the concrete roaring runways 
but shrubs and bushes will slow the wind down significantly. 

  

http://www.knmi.nl/samenw/hydra/cgi-bin/freqtab.cgi
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Experiment 1: 
The assignment: determine for an area the optimal location to place a wind turbine in order to get 
the highest yield. You will determine three possible locations. You will do this in the following steps. 

1. Determine theoretically by means of the Internet and Google Maps (Google Earth) in which 
three spots the wind turbine will give the highest yield. 

2. In practice, check the locations on site (are the disruptions still correct?) 
3. Place anemometers and measure the average wind speed in a certain amount of time. 

 

Theoretical determination: 

 Make a wind rose for the area. Find the nearest measuring station and print the wind rose. 

 Locate the area on Google Maps/Google Earth. 

 Combine the two (make sure to keep the wind directions the same) so that you can 
determine in which spots the wind turbine will catch most wind. 

 Determine three possible locations for the turbines with the pin. 

 Print the map, the pins and the wind rose (for an example, see Figure 4). 
 

Figure 3: Three locations on a map 
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In practice: 
Now we will have a look at the theory in practice. Print the map that you made in the previous part. 
These are your values for departure. 

 Go to the location. 

 Determine where location (turbine A) is and go to the location 

 Determine what direction is north. 

 Keep the wind rose to the north and check if the long bars on the wind rose (in the example 
south/west) are not unobstructed in view. 

 If relocating your optimal spot is necessary to have a better view, then do this. 

 If the location has changed, indicate this on the map. 

 Perform these steps for all three locations. 
 

Measuring: 
Measurements are knowledge and that is why we will use the anemometers to measure the average 
wind speed in a certain amount of time. The period of time has to be sufficient in order to perform 
an objective measurement. A couple of minutes to an hour is advised. 

 Place a stand on location A. 

 Mount the anemometer on the stand (see Figure 8). 

 Determine from which direction the wind is blowing (you can do this by holding up a wet 
finger) 

 Use the compass to determine the wind direction and write it down in Table 1. 

 Place the anemometer in the direction of the wind. 

 Reset the anemometer so it starts at zero. 

 Adjust the anemometer so it will measure the average wind speed and the maximum wind 
speed (see the manual). 

 Set the stand at the maximum height. 

 Repeat these steps for all three locations. 

 ! Optimal measuring results are obtained when the measurements are started and ended at 
exactly the same time. For this you need a group of three students or more. First place the 
meters and then turn them on at the same time. 

 Wait for the measuring time to be over. 

 Read out the anemometer on location A and fill in the data in the table (Table 1). 

 Take down the measuring equipment. 

 Undertake the above steps for all three locations. 
 

Wind direction:  

 

Location Average wind speed Maximum wind speed 

A m/s m/s 

B m/s m/s 

C m/s m/s 

Table 1, data on different locations 
 

Conclusion 
From the data you can conclude which location has the highest average wind speed. This location is 
the most optimal for the wind direction. If you perform the theoretical part accurately, the set up at 
location A will measure the highest average wind speed. 
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3. Wind height 
 
According to the Dutch saying “high trees catch a lot of wind” the wind speed is dependent on the 
height at which it is measured. This explains why big wind turbines are placed on high masts. The 
higher the wind speed, the more power the wind has and the more energy the wind turbine will 
yield. A higher mast is more expensive. A producer of wind turbines will try to find a good ratio 
between the height and the yield. 
According to Figure 5 the wind speed increases logarithmically in relation to the height. The wind 
speed can be determined with a logarithmic wind profile. In this experiment we will measure at 
different heights and if desired, a graph can be drawn of the data.  
  

Figuur 4 Windspeed at height 



 Experiment : Wind-energy 10/12 
 

Experiment 2 

 Look for a building in your area on which you can place an anemometer at different heights.  

 Place the first stand on the ground floor. 

 Mount the anemometer on the stand (see Figure 8). 

 Determine from which direction the wind is blowing (you can do this by holding up a wet 
finger). 

 Place the anemometer in the direction of the wind. 

 Reset the anemometer so it starts at zero. 

 Adjust the anemometer so it will measure the average wind speed and the maximum wind 
speed (see the manual). 

 Set the stand at the maximum height. 

 Determine the height of the anemometer (measured from the ground up) and write it down 
in Table 2. 

 Repeat these steps for different heights. 

 ! Optimal measuring results are obtained when the measurements are started and ended at 
exactly the same time. For this you need a group of three students or more. First place the 
meters and then turn them on at the same time. 

 Wait for the measuring time to be over. 

 Read out the anemometer on location A and fill in the data in Table 2. 

 Take down the measuring equipment. 

 Undertake the above steps for all three locations. 

 If desired, draw a graph of the data using Excel. 

 Compare your graph to the graph in Figure 5. 
 

Direction of the wind:  

 

Height Average wind speed Maximum wind speed 

m m/s m/s 

m m/s m/s 

m m/s m/s 
Table 2, data at different heights 
 

Conclusion 

 Is it true that the wind speed increases as the height increases? 

 Is this a logarithmic ratio 

 Is your graph in comparison to Graph 5? 
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4. Materials 
The costs when purchasing the materials for this experiment: 
 
Smart shopping will reduce your costs. 
 
3 x Anemometer (€ 40,- each)    € 120,- 
3 x stands for photo camera (€ 30,- each)  €   90,- 
                 ----------- 
Total        € 210,-   
 
 
A cup anemometer (Figure 7) is better for measuring wind speeds from different directions. These 
meters are much more expensive though. 
 

5.  Instructions students 
 Do not leave the anemometers unattended. 

 It is not possible to measure with a vane anemometer when the wind turns a lot. You will 
then have to measure with a cup anemometer so the wind is measured from all sides. 

 

                                   

Figure 5 vane anemometer Figure 6 cup anemometer 

 

 Watch any unwanted disturbances when measuring the wind. When you are measuring 
remember that the location is exposed to the wind. Never place the anemometer in a niche, 
close to a wall or in the vicinity of other objects that could disturb the wind. 

 Always be careful with the measuring equipment to prevent damage and inaccurate 
measurements. 
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6. Instructions teacher (tips) 
 Find a website that shows how to make a wind rose for your country. Add this to the list in 

2.5 so students can use it. 

 Measuring the wind is only possible when there is actual wind. Use a windy day. 

 Make sure students can easily mount the anemometer on the stand. You can do it 
provisionally with cable ties or tape, but to mount it professionally a brace will have to be 
made. In Figure 8 you can see an example. 

 For optimal measurements it is advisable to divide the students into groups of three or more. 
This way enables simultaneous measurements in order obtain the most objective results. 

 Some anemometers have a shutdown time. This means that they shut down after a certain 
amount of time. If this is the case, this time can be used as measuring period. 

 
 

 

Figure 8 Mounted anemometer 

 


