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SUSTAINABLE ENERGY SYSTEMS
EXPERIMENT 7
WIND-TURBINE-GENERATOR EXPERIMENT  
Objective

The objectives of this laboratory experiment are summarized below: 

1. To become familiar with the measurements and a very simple wind-turbine-generator model. 

2. To obtain the nonlinear power-windspeed characteristic for a wind-turbine-
          generator. 

3. To plot the efficiency of a wind-turbine-generator as a function of windspeed. 

4. To obtain the voltage-current characteristic for a dc generator.   

Procedure

As you approach the lab bench you will see the following:

1. A rectangular fan

2. A small wind-turbine-generator

3. A resistive decade box

4. An anemometer

This fan is the source for wind generation. This single-phase ac fan will be connected to “phase a” of the three-phase ac variable supply. Varying the ac voltage applied to the fan will change the windspeed. Make sure that the maximum voltage applied to the fan never exceeds 120 V. Also, the fan should be on dial 3 at all times.
Most large wind-turbine-generators have three blades and an ac induction generator. Our small wind-turbine-generator has three blades, and it has a dc generator. The dc generator is rated for 6 V at no load, and 100 mA at full load. Measure the rotor radius of this turbine in centimeters and convert it to meters for future calculations.  

The resistive decade box is used for loading the dc generator. It is a variable resistor box, and you can vary the load resistance. Measure a few resistances and make sure that the decade box is accurate.
The windspeed is measured with a device called anemometer. Read the instruction manual for this device, and set it to measure windspeed in m/s.
Part 1 – Setting Up the Experiment
Connect the ac fan to the variable three-phase ac supply, and the resistive decade box to the dc generator (Figure 1).
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Figure 1. Wind-Turbine-Generator Setup
Since the dc load current is in mA, make sure you use the correct (lower scale) terminals of the Fluke ammeter. 
Turn the three-phase ac power supply on and set the voltage to 120 V. Turn the anemometer on and set it to measure the windspeed in m/s. Move the anemometer in front of the fan, at the wind-turbine-generator elevation, to find the location of maximum windspeed. Then put a sheet of paper at that location and tape it to the bench. Put the wind-turbine-generator on that sheet at the location of maximum windspeed. Draw a circle around the base of the wind-turbine-generator. This will be the fixed location of wind-turbine-generator for the rest of this experiment.

Set the resistance of the decade box to 1 kΩ and vary the fan ac voltage in 13 equal increments from 60 to 120 V. For each step, remove the wind-turbine-generator from its fixed location and measure the windspeed with the anemometer at that location and the turbine elevation. Then put the turbine back at its fixed location and collect the necessary data to complete Table 1. 
The turbine blade power is calculated from:
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where Cp = 0.0225.

The generated power is calculated from:
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After you have completed the data collection and calculations for Table 1, plot the following:
1. Turbine blade power and electrical (generated) power as a function of windspeed on the same graph

2. Efficiency as a function of windspeed

3. DC voltage as a function of windspeed

Make sure that the x-axis is the windspeed for all of the plots.
Table 1. Experimental Data and Associated Calculation

	Case


	Vac
(V)
	Windspeed (
(m/s)
	Vdc
(V)
	Idc
(mA)
	Pblade
(mW)
	Pgen
(mW)
	Efficiency (
(%)

	1
	60
	
	
	
	
	
	

	2
	65
	
	
	
	
	
	

	3
	70
	
	
	
	
	
	

	4
	75
	
	
	
	
	
	

	5
	80
	
	
	
	
	
	

	6
	85
	
	
	
	
	
	

	7
	90
	
	
	
	
	
	

	8
	95
	
	
	
	
	
	

	9
	100
	
	
	
	
	
	

	10
	105
	
	
	
	
	
	

	11
	110
	
	
	
	
	
	

	12
	115
	
	
	
	
	
	

	13
	120
	
	
	
	
	
	


Part 2 – DC Voltage as a Function of Load Current
Set the ac voltage to 120 V and keep it constant during this part of the experiment. Place the wind-turbine-generator at the location of maximum windspeed. Measure and document the windspeed. 

Now vary the load resistance in 11 equal load current increments and complete Table 2. Make sure that you never set the decade box resistance to 0 Ω, since this is a short circuit and it will cause the ammeter fuse to blow. 
Table 2. DC Voltage-Current Characteristic of a DC Generator – Maximun Windspeed
	Case
	R (Ω)
	Vdc (V)
	Idc (mA)

	1
	Open Circuit
	
	0

	2
	
	
	5

	3
	
	
	10

	4
	
	
	15

	5
	
	
	20

	6
	
	
	25

	7
	
	
	30

	8
	
	
	35

	9
	
	
	40

	10
	
	
	45

	11
	
	
	50


Adjust the fan ac voltage such that the windspeed is 3 m/s. Repeat the measurements and document them in Table 3. 

Table 3. DC Voltage-Current Characteristic of a DC Generator –  Windspeed = 3 m/s
	Case
	R (Ω)
	Vdc (V)
	Idc (mA)

	1
	Open Circuit
	
	0

	2
	
	
	5

	3
	
	
	10

	4
	
	
	15


Now plot the dc generated voltage as function of the dc load current for the data collected in tables 2 and 3 on the same graph. The characteristics should be parallel and almost linear.

Make sure that the x-axis is the dc current for this plot. 
Documentation

At the end of the lab period, submit this document with your insertions, and:

· Excel plot of wind power and electrical (generated) power as a function of windspeed on the same graph

· Excel plot of efficiency as a function of windspeed

· Excel plot of DC voltage as a function of windspeed

· Excel plot of generated DC voltage as a function of the DC load current for the maximum windspeed and a windspeed of 3 m/s on the same graph
� EMBED Visio.Drawing.11  ���
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