
Page 1 
A REEL Power tm (Renewable Energy Education Lab) Experiment 

© LearnOnline, Inc.     www.learnonline.com 

 

Experiments with 3-Phase Wind Turbines  
For the Parallax Board of Education and Homework Bo ard 

Using the Whirlybird 3-Phase Wind Turbine 
 

Experiment #4 – Wind Speed, RPM and Rectified DC 
Voltage 
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Purpose 
 
This experiment is designed to show how the wind turbine can power a resistive 
load.  In it you will see how the wind turbine slows down by adding more and 
more load (less and less resistance). 
 
You will come to understand that: 
 

1. The wind turbine generates power based on the load applied to it…and 
 

2. The wind turbine generates power based on the wind speed. 
 
 
 

Background Information 
 
If this is your first experiment or if you just need a refresher on some of the 
details please refer to the following background information guidelines: 
 

·  Parts Assembly and Wiring Guidelines 
·  Coding Guidelines 
·  A/D Converter Chip Operation 
·  Resistor Color Codes 
·  Computing Current with Voltage Drop 
·  REEL Power Software Installation and Operation 

 
Wind Turbine Information 
 
This will give you supplemental information on the wind experiment.
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Equipment 
 
Qty  Description 
1  Whirlybird 3-Phase Wind Turbine  
1  Parallax BOE or Homework Board 
1  9-volt battery or +12 volt regulated DC supply  
1  MCP3208 - 12-bit A/D converter chip 
6  Diodes 
1  1 ohm resistor 
1  100 ohm potentiometer 
1  Hand held anemometer 
10  Solid hookup wires 
1  USB or RS232 cable 
4  Clip leads 
1  Table fan 
1  Windows PC computer with REEL Power tm software  
  (MACs must have Parallel’s “Desktop 3.0 for Windows”) 
1  Printer (optional) 
 
 

General Hardware Hookup for Whirlybird Wind Turbine  
 
Setup the equipment as shown here, and then examine the Jumper Board 
Hookup  (next) for specific details.   
 
 
 
 
 
 
 
 

DC Power 
Source

3-Phase
Wind Turbine
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Jumper Board Hookup for Whirlybird Wind Turbine 
 
Caution: This is a very dense hookup with many comp onents 
whose wires can accidentally short together.  Be ca reful in 
placing components so that they remain apart from o ne another . 
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Schematic for Whirlybird Wind Turbine 
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Code File 
 
 

Download the following file to the BASIC Stamp: 
 

Parallax_Wind_RPM_Exp.bs2   
 
The code file can be found on the REEL Power CDROM that came with this 
lesson or on the LearnOnLine website at www.learnonline.com. 

 
 

Code Algorithm 
 
Here’s how the code works to acquire and display the rectified voltage, current, 
power and RPM.  For complete details refer to the above code file. 
 
The Main loop looks like this… 
 
Wind_RPM_Exp: 
  GOSUB   Take_Samples 
  GOSUB   Measure_RPM 
  GOSUB   Transmit_Data_To_PC 
  GOTO    Wind_RPM_Exp 
 
The first subroutine acquires and averages samples of the rectified DC signal.   
 

GOSUB   Take_Samples  
 
Sixteen samples are taken one after the other then summed and averaged in an 
attempt to filter out the majority of the ripples.  While somewhat effective, ripples 
still remain; however, the computed current is far more accurate doing it this way. 
 
The second subroutine measures the RPM or revolutions per minute of the 
spinning wind turbine. 
 

GOSUB   Measure_RPM 
 

It does this by detecting the period of the phase1 signal and then computes the 
rate of rotation (RPM) using this time period number.   
 
  GOSUB   Transmit_Data_To_PC 
  GOTO    Wind_RPM_Exp 
 
The final routine computes the checksum for the sampled data and transmits it to 
the computer.  Then the entire routine repeats. 
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This experiment uses a hand-held anemometer 
to measure wind speed in meters per second to 
correspond with the wind power equation shown 
below: 
  

P = 0.5*� *A*V³*E 
 
Where: 
P = Power in Watts 
� = Air Density in Kg/m³ (about 1.225Kg/m³  
at sea level, less higher up) 
A = Rotor Swept Area in m² = � r² (r= 
radius of the rotor) 
V = Wind Speed in m/s (cubed) 
E = Efficiency in percent 

 
 
These devices are available from multiple sources on the web for under $20.00.  
Simply do a search for “hand held anemometer”. 

 
 
 
 
 
Procedure – Using the Whirlybird Wind Turbine 
  

1. Click on the REEL Power tm icon to bring up the software menu.  
Then click on the Wind Turbine Electrical Parameters + RPM icon. 

 
 
 
 
 
 

2. On the graphic display, click on the Connect button at the 
lower-left of the screen. Verify that the connected icon 
appears validating the Comm port selection. Make sure to 
click on the arrow and select the highest comm port number.   

 
3. On the computer adjust the voltage (vertical) scale on the REEL Power tm 

software to 10.00 volts. 
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4. Adjust the potentiometer for maximum resistance – normally fully counter- 
clockwise.   

 
5. Set the fan to its highest speed setting. With the wind turbine spinning, 

verify the following plot in Figure 1. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5.2 - Rectified DC under No Load 

 
6. With the fan pointed directly towards the wind turbine, take 

the first RPM and rectified DC voltage readings.  Place a 
mark on the table or floor as to where the fan and wind 
turbine are at the moment.  This will be used to later 
measure the wind speed with the anemometer.  Click the 
screen capture icon to take a snapshot of the reading. 

 
7. Move the fan further away from the wind turbine (about a foot) so that the 

RPM and rectified DC voltage are reduced and mark this spot. Take the 
next RPM and rectified DC readings.  Take snapshots to capture the exact 
electrical readings + RPM. 
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8. Continue to move the fan further back and take more RPM and rectified 

DC voltage measurements. Mark each new position of the fan.  
 

 
9. Next, remove the wind turbine and replace it with the anemometer that is 

mounted securely so that it receives the same wind energy from the fan.  
Repeat steps 6 through 8 and obtain the corresponding wind speed 
readings in meters/second.  For best results, the anemometer should be 
placed in at least three different positions – center, left and right of the 
spot where the wind turbine was setting – in order to capture the average 
wind speed.  Readings from these three positions should then be 
averaged at each fan placement. 
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Analysis  
 
Based on the information gathered above, the following data was taken with the 
test setup, and the corresponding graphs can be constructed from it: 
 

 
Wind Speed (meters/sec)  RPM Rectified DC Voltage  

5.4 166 8.132 
4.4 138 7.036 
3.6 119 5.671 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

As can be seen by the graph the relationship between wind speed and RPM can 
form a trend line when the wind is blowing at a reasonable rate of speed, which 
means that a linear equation can be developed to convert RPM into wind speed 
as in: 
 

Y = mx + b  where Y is the RPM value (Y axis) 
    m is the slope of the line 
              x is the wind speed (X axis) 

b is the RPM value where it intersects 
the Y axis  where the value of wind 
speed (x) is zero 

 
The slope of the line (m) can be determined by inputting the low and high 
endpoints as follows: 
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  m = change in y value / change in x value 
  m = (166 - 119) / (5.4 – 3.6) 
  m = 47 / 1.8 
  m = 26.1 RPM for every 1 m/s change in wind speed 
 
 
One thing to remember in this analysis is that we have made certain 
approximations for wind speed versus RPM.  These assumptions may not  
extend well to lower or higher wind speeds; however, the analysis was done in 
order to approximate the efficiency of the wind turbine under the wind speeds 
experienced for these experiments. 
 
You can solve for wind speed versus rectified DC voltage by the same method as 
shown below: 

 
Listed below are two websites that can help explain the above equations in more 
detail:  
 
http://id.mind.net/~zona/mmts/functionInstitute/linearFunctions/lsif.html 
 
http://www.math.com/school/subject2/lessons/S2U4L2GL.html 
 
 
To create similar graphs go to this website… 
http://nces.ed.gov/nceskids/graphing/classic/line_data.asp  

 


