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The Effect of Load on Power Output: Wind Turbines


The Effect of Load on Power Output:
Wind Turbines

Overview

In this experiment, students will measure current and voltage to be able to calculate the power output of a KidWind wind turbine. They will use their data to determine the relationship between optimal resistance and internal resistance by operating a turbine under load. 

related skills

· Zero the sensors.
· Use the Statistics tool to calculate statistics.
· Create a graph using data collected during the experiment (optional).
Estimated time

We estimate that data collection for this experiment can be completed in one 45-minute class period. You may need to allow extra time for the Analysis and Extension. 

equipment tips

1.
This experiment was designed using a KidWind MINI turbine, a hub, and three blades. KidWind products used in this experiment are available from Vernier Software & Technology. Any of the classroom KidWind wind turbines will work, as they all use a DC motor for a generator. Different turbines will produce different power levels and may have a different internal resistance.
2.
This experiment was designed using a Current Probe and a Differential Voltage Probe. It may be done using the Voltage Probe or the 30-Volt Voltage Probe. The High Current Sensor can be used in place of the Current Probe. If using alternate sensors, data might not be the same as the sample data, but students will obtain similar results. 

3.
A quick way to estimate the internal resistance of the wind turbine generator is to use an ohmmeter. The turbine should be turning at constant speed when the resistance reading is made.

4.
The resistors on the Vernier Resistor Board, available from Vernier Software & Technology (order code: VES-RB), work well for this experiment. If you do not have a Vernier Resistor Board, students can wire combinations of resistors in series and parallel to create similar resistance values to those in the data table.

5.
The resistor values in this experiment are low enough that undersized alligator clips or poor connections within the circuit can add a significant resistance in series. This added resistance can be as high as 5–7 Ω. If you find that the data are off by a consistent amount, it may be for this reason. Use larger alligator clips and ensure that connections within the circuit are tight. The Voltage Probe alligator clips can be connected directly to the resistors. 
6.
The fan should be set on a speed setting so that it will spin the turbine at all available load levels. This may require turning the fan to the highest setting or moving it closer to the turbine, depending on the model of fan you are using. 

data collection and analysis tips
1.
The internal resistance of the turbine used to collect sample data was 33 (.

2.
You may wish to discuss with students why it is more difficult for the wind to turn the turbine under certain loads. Consider the following points in your discussion.

· Imagine that there is no load on the turbine and the circuit is open (unconnected). This means that the turbine will not be transforming any of the wind’s kinetic energy into electrical energy, since electric charge cannot flow. When no energy transformation is taking place, the blades of the turbine spin easily, taking very little effort to spin by hand and very little wind to make them move.

· Now imagine a different case, when there is a load. In this situation, the turbine is transforming the kinetic energy of the wind into electrical energy. When electrical energy makes current flow, it has to get the energy from somewhere. In the case of the turbine, it is taking energy from the wind. The transformation of the wind’s kinetic energy into electrical energy takes work, or in everyday terms, effort. In situations where a lot of current is flowing, a lot of effort is needed to continue spinning the turbine.

· If you were to vary the load from infinite resistance (open circuit) to zero resistance (short circuit, such as connecting a plain thick copper wire instead of a resistor), the amount of energy transformed from kinetic to electric will also vary. Depending on the details of the generator, there may be an optimum load where the turbine extracts the most energy from the wind. Maximizing the work done (energy transformed from kinetic to electrical) by the turbine and load system is one of your design goals. This optimum load will also be the load where it takes the most work from the wind to spin the turbine

answers to Preliminary questions

1.
The best location for a wind turbine is a place with strong, steady winds. Hilltops, open plains, and near the coast of the ocean or a large lake are all places that work well. Places with very erratic wind or that often experience tornadoes, hurricanes, or ice storms can all cause damage to the turbines, so they are not good places.

2.
An unintended consequence of wind turbines is the potential impacts on wildlife, especially migrating birds. Some people think they are loud or that they are not very attractive and can get upset about having wind farms placed nearby.

3.
Answers will vary. 

SAMPLE RESULTS
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Output power vs. load resistance

	Resistance
(Ω)
	Run
	Average voltage
(V)
	Average current 
(I)
	Power
(W)

	10
	1
	0.758
	0.071
	0.055

	
	2
	0.781
	0.074
	0.057

	Average power
	0.056

	15
	1
	1.150
	0.072
	0.083

	
	2
	1.110
	0.070
	0.077

	Average power
	0.080

	20
	1
	1.299
	0.061
	0.079

	
	2
	1.371
	0.061
	0.088

	Average power
	0.084

	30
	1
	1.701
	0.052
	0.088

	
	2
	1.734
	0.053
	0.092

	Average power
	0.090

	33
	1
	1.844
	0.042
	0.078

	
	2
	1.866
	0.043
	0.080

	Average power
	0.079

	51
	1
	1.975
	0.033
	0.066

	
	2
	1.967
	0.033
	0.065

	Average power
	0.066

	100
	1
	2.071
	0.021
	0.044

	
	2
	2.075
	0.021
	0.044

	Average power
	0.044


answers to the analysis questions
1.
Power output varies depending on resistance.
2.
Answers will vary. The optimal resistance for this turbine was found to be at 30 ( .

3.
Answers will vary. The internal resistance of the wind turbine used to collect sample data is 33 (.
4.
The internal resistance of this is very close to the optimal resistance for power output.

Extension
2.
Background information: A maximum power point tracker (or MPPT) is a device that presents an optimal electrical load to a device and produces a voltage suitable for the load.


PV Cells, Wind Turbines and Fuel Cells have a single operating point where the values of the current (I) and Voltage (V) of the cell result in a maximum power output. These values correspond to a particular load resistance, which is equal to V/I as specified by Ohm's law. 


Maximum power point trackers utilize some type of control circuit or logic to search for this point and thus to allow the converter circuit to extract the maximum power available from a power source by varying the resistance.


Traditional solar inverters perform MPPT for an entire array as a whole. In such systems the same current, dictated by the inverter, flows though all panels in the string. But because different panels have different IV curves, i.e., different MPPs (due to manufacturing tolerance, partial shading, etc.) this architecture means some panels will be performing below their MPP, resulting in the loss of energy.

Some companies are now placing peak power point converters into individual panels, allowing each to operate at peak efficiency despite uneven shading, soiling or electrical mismatch. By tracking at the panel level, a solar array can become 10–20% more efficient.

At night, an off-grid PV power system uses batteries to supply its loads. Although the battery pack voltage when fully charged may be close to the PV array's peak power point, this is unlikely to be true at sunrise when the battery is partially discharged. Charging may begin at a voltage considerably below the array peak power point, and a MPPT can resolve this mismatch.


When the batteries in an off-grid system are full and PV production exceeds local loads, a MPPT can no longer operate the array at its peak power point as the excess power has nowhere to go. The MPPT must then shift the array operating point away from the peak power point until production exactly matches demand. (An alternative approach commonly used in spacecraft is to divert surplus PV power into a resistive load, allowing the array to operate continuously at its peak power point.)


In a grid-tied photovoltaic system, the grid is essentially a battery with near infinite capacity. The grid can always absorb surplus PV power, and it can cover shortfalls in PV production (e.g., at night). Batteries are thus needed only for protection from grid outages. The MPPT in a grid tied PV system will always operate the array at its peak power point unless the grid fails when the batteries are full and there are insufficient local loads. It would then have to back the array away from its peak power point as in the off-grid case (which it has temporarily become).

� Information on MPPT gathered from WikiPedia and other internet sites.
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