Experiments with Alternative Energy

By John Gavlik WA6ZOK — President, LearnOnLine,.Inc
For Nuts and Volts Magazine — April, 2010

Part 9 — Experimenting with the WindPitch™ Wind Turbine

In Part 8 | introduced you to the
WindPitch horizontal axis wind turbine
(HAWT) and described its’ principles of
operation and how this small device so
closely emulates the large commercial
wind turbines that dot the countryside.
This time I'll demonstrate some
interesting experiments that can be done
with it using the BS2 and 28X2 micros
as data acquisition and measurement
tools. Here are the topics I'll address:

Blade Types

Blade Pitch

Number of Blades

Measuring Power and Efficiency

© O 0O

To recap, the WindPitch is a HAWT
with a 3-phase AC alternator that is
driven by curved blades that are
designed to aircraft standar@sgure

1). The blades can be manually adjusted
for pitch and the removable hub can
accommodate up to twelve blades
(Figure 2). The whole thing stands
about eighteen inches tall from base to
blade tip and makes for some great wind experimeWiksat we're after is to determine
which blade type, pitch and number of blade contimna do best in various wind
conditions. This is summed up as an efficiency beinthat can be used across all the
experiments, so let's get started — that is, giberreview the recommended Safety
PrecautionsSidebar).
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Figure 2 — Blade Pitch Adjustment Mechanism

Micro Setups

To prepare for the experiments you will need to
configure your BS2 or 28X2 processors as shown
in the schematics iRigures 3 and 4

respectively. You will also need to download the
BASIC code firmware that | supply for the
experiments; you can find this on my website at
www.learnonline.com Experimenter Kits
Parallax or PICAXE Code WindPitch_Exp. This firmware outputs data to the
REEL Power software that displays the voltage, current, poavet load resistance on
your computer. Besides the schematics, you cnfaldd the micro component hookups
at this link, as well.

The WindPitch outputs rectified DC that is creavgdhe three-phase alternator
configured in a permanent STAR arrangement alonly svk diodes wired as a full-wave
rectifier for the three phase®arts 7and8 described how this works to rectify AC to
DC so | won’t repeat it here. Since there is meatiaccess to the three-phase AC
outputs from the alternator we will not be abléap into them for any experiments. The
end result is a rectified DC output that has afatpple riding on it, which the BS2 and
28X2 code then “filters” so that the voltage datalte computer is steadier and can thus
produce more consistent current and power readings.

Figure 3 — WindPitch BS2 Schematic Rige 4 — WindPitch 28X2 Schematic
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WindPitch Setup

We'll begin the experiments with three blades dt¢aktto the hubI've chosen to start
with the BP-28 type that comes with the WindPithd there are two other blade types
that we’ll also experiment with shortly. Once theee BP-28 blades are installed set the
pitch angle to about 10 to 15 degrees as showhehub pointerKigure 5). If you

haven't done so already attach the hub to the naéieghator shaft. Attaching the hub is
about the only negative feature I've discoverethamWindPitch design. To do this
successfully you’'ll need to carefully align the diMidash” mark on the inside of the hub
with the flat part of the alternator shaffigure 6). Then push the hub onto the shaft until
it is nearly flush with the fuselage. If you dopioperly align the dash mark and flat part
of the shatft, it won't fit together.

Figure 5 — Pitch Adjustment Mechanism Figure 6 Hub Assembly Notch

The next thing to do is set the whole assemblyantfof a large table or floor fan,
preferably one that is about 16 inches in diametéarger. The diameter of the fan
blades should be at least 50 percent larger theowvarall WindPitch blade diameter to
deliver adequate wind; a

smaller electric fan will work

but not as well, so don’t skimp

here. Also, set the WindPitch

about two feet away from the

fan and not directly in front of

it, since the wind will be more

laminar (smoother) at this

distance Figure 7). Finally,

turn the fan on to its highest

speed setting and witness the

turbine blades spinning. If the

turbine is oscillating (yawing)

wildly (which it can do in high
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winds produced by fans) you might want to adjustgat screw
on the mounting pole to keep it steaéjglure 8). For the
following experiments, keep the distance betweerfah and
wind turbine the same — don’t change it or elser ytata will be
invalid.

Figure 8 — Fuselage Set Screw

With the WindPitch output wires connected to your

microprocessor setup and your computer runnindrREBEL

Power software, adjust the 100 ohm [load] potentiomedull

resistance. You should witness a plot lgure 9 where you

can see voltage, current and power displayed. Ewamgh the

REEL Power software says Solar Panel Interface, this softwaliedo fine for the
WindPitch experiments, since they are all DC anditdavolve any 3-phase AC like the
Whirlybird™. When you have all of this working then you’redgao start experimenting
with this neat product.

Figure 9— Typical REEL Power view
of Voltage, Current and Power

Adjusting for Maximum Power Point

In order to form a baseline for the performancéefWindPitch for all conditions of
blades types, blade pitch, wind speed and so faelfjrst want to know how to
determine the Maximum Power Point (MPP). Thisisreate an even testing
environment for all conditions. Recall frdPart 1 that the Maximum Power Point is
achieved when the impedance of the power sourcal®the impedance of the load, and
this is done by adjusting the 100 ohm load rescstgrot to match the impedance of the
3-phase alternator. By previous experimenting lehaveady determined that the
“average” impedance of the WindPitch 3-phase atem[after being full-wave rectified]
is between 50 and 75 ohms. This is where youusilially find the maximum power
being delivered into the potentiometer load. Hoerethis exact value varies depending
on the wind speed, blade type, and number of bladdslade pitch and it will need
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adjusting. So with the fan on and wind blowingossrthe WindPitch blades adjust the
pot until maximum power is displayed on the compptet. This adjustment is what you
will do for each one of the remaining experiments.

Measuring Wind Speed

An important part of these experiments is measusimgl
speed, but before you can begin to compare power an
efficiency readings you will need to acquire a héwettl
anemometer to measure wind speed. There are nudtlyare
and the one I've selected to do these experimsriteilLa
Crosse model shown Figure 10. | like it because it can be
set to measure wind speed in meters per secondhwhwhat
the Wind Power Equation (below) requires. | introed the
La Cross anemometer and the Wind Power Equatigouan
Part 7 for the Whirlybird™ wind turbine. In order to measure
the fan’s wind speed place the anemometer dir@ctiyont of
the turbine’s blades at three places — left, midadiie right —
then take the average of the three readings for the
measurement. However, be sure to do this eitHerder
after measuring the power as the anemometer arrchyma will interfere with the wind
against the blades and may produce inaccurategsesul

Wind Power Equation
P = 0.5*% *A*V3*E

Where:
P = Power in Watts
= Air Density in Kg/m?3 (about 1.225Kg/m? at seadg\tess higher up)
A = Rotor Swept Area in m2 =2 (r= radius or blade length)
V = Wind Speed in m/s (cubed)
E = Efficiency in percent

As you discovered iRart 7 it's the turbine’s efficiencyH) that’s the wild card in this
equation, so let’s reconfigure it to measure efficly directly. This will tell us how each
combination of blade type, blade pitch and numbiddades affects the overall turbine
performance. We'll get the electrical pow®) directly from the computer display.

E=P/0.5* *A*v3
One of the variables that you will need to deteemsithe air density | at your altitude
and temperature. Ti&idebar illustrates a calculator that | used that workd execept

you'll have to convert from English units (Ibs #)fto metric units (Kg/m3) but I'm sure
there’s a calculator on the web for that, too.soAll can tell you that the Rotor Swept
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Area (A) for all the blade types = 0.099 m2. Again, tlhalgs to determine the overall
efficiencies E) for the three blade types, pitch angles and nurobklades.

Measurement Shortcut

The electrical data from the WindPitch is not vsigble due to the excessive ripple

riding on the DC output. Therefore, to help cagtilre voltage and power data that’s

needed for the experiments | recommend that youhes8creen Capture and Screen
View capabilities that are built into tHREEL
Power software. This way you can capture a
snapshot of the measurement as the data
changes. Simply allow the WindPitch to spin
up to speed at each of the three fan settings
then click the Screen Capture icon to capture
the data on the screen. Then click on the
Screen View icon to read the captured data.
Figure 11is one example of allowing the data
to stabilize and then capturing it.

7\

Screen Screen
Capture View

Blade Types

To begin the WindPitch experiments I've first chose compare the three blade types
(BP-28, NACA-44 and NACA-63) using three bladeshat same pitch angle. We want
to measure the blade performance at a 15 degriebsaguigle at three fan speed settings —
low, medium and high. With the turbine blades smig record the power along with the
wind speed. Then plug the numbers into the Poweraion to determine efficiency.

We really don’'t need the voltage for our efficierammparisons, but it helps to see
what’s happening as the turbine spins. Remembeegdch fan speed and power reading
you want to adjust the 100 ohm pot for maximum postehat wind speed setting.

Table 1is what | recorded.

Blade Type/Angle BP-28 (15) NACA-44 (15) NACA-63 (15)
Wind Speed 3 blades 3 blades 3 blades
Low (1.4 m/s) P =0.049vatts | P =0 watts P = 0 watts

Low (1.4 m/s) E =0.900 E=0 E=0

Medium (2.2 m/s) P =0.21 watts P =0.113 watts P =0.133 watts
Medium (2.2 m/s) E = 0.568 E =0.535 E =0.629

High (4.6 m/s) P =0.336 watts | P = 0.309 watts P = 0.307 watts
High (4.6 m/s) E =0.174 E =0.160 E =0.159

Table 1 — Comparison of Three Blade Types to Thred/ind Speeds
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At first glance it is interesting to note the oukelaw power and equally low efficiency
readings given at what appears is a lot of windgrogoing into the device along with the
fast spinning blades at high wind speeds. Butdladtout all this small device can
deliver with a relatively heavy load of about 507rtdoohms. What's equally interesting
are the efficiency readings - the highest of whecht the lowest wind speed and the
lowest at the highest wind speed (not including z@wer because the blades could not
spin at the low wind speeds). So just becauseawbducing more power at higher
wind speeds doesn’t mean that our wind turbinenysraore efficient at this setting. So
let's see what else blade pitch and number of Islade do for these readings.

Blade Pitch

Next, repeat the same experiment with the thredebtigpes at three different blade pitch
settings as shown in tlable 2 Recall that setting the blade pitch involvegéhparts

of the hub assembly (the Blade Pitch Controllegdgl Assembly Lock and Rotor
Assembly Lock) that are screwed onto the Rotor Baiseing a completed assembly as
shown inFigure 2. By partially unscrewing the Rotor Assembly Loaku can adjust the
blade pitch and then lock it in place again. Rememdach pitch mark represents 10
degrees of angl&.able 2shows my results.

Blade Type/Angle BP-28 (15) BP-28 (30) BP-28 (45)
Wind Speed 3 blades 3 blades 3blades
Low (1.4 m/s) P = 0.049 watts P = 0.034 watts P = 0.012 wattg
Low (1.4 m/s) E =0.900 E =0.624 E =0.220
Medium (2.2 m/s) P = 0.012 watts P = 0.080 watts P = 0.230 watts
Medium (2.2 m/s) E = 0.568 E=0.379 E =1.088

High (4.6 m/s) P = 0.336 watts P = 0.190 watts P =0.115 watts
High (4.6 m/s) E=0.174 E =0.098 E =0.059

Blade Type/Angle NACA-44 (15)) NACA-44 (30) NACA-44 (55))
Wind Speed 3 blades 3 blades 3 blades
Low (1.4 m/s) P = 0 watts P = 0.008 watts P = 0.003 watts
Low (1.4 m/s) E=0 E = 0.147 E = 0.055
Medium (2.2 m/s) P =0.113 watts P = 0.046 watts P = 0.019 watts
Medium (2.2 m/s) E =0.535 E =0.218 E =0.089

High (4.6 m/s) P = 0.309 watts P =0.131 watts P =0.048 watts
High (4.6 m/s) E =0.160 E = 0,068 E =0.025

Blade Type/Angle NACA-63 (15)) NACA-63 (30 NACA-63 (45)
Wind Speed 3 blades 3 blades 3 blades
Low (1.4 m/s) P = 0 watts P = 0.010 watts P = 0.009 watts
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Low (1.4 m/s)

E=0

E=0.164

E =0.165

Medium (2.2 m/s)

P = 0.133 watts

P =0.032 watts

P = 0.015watts

Medium (2.2 m/s)

E =0.629

E=0.151

E=0.071

High (4.6 m/s)

P = 0.307 watts

P =0.116 watts

P = 0.039 watts

High (4.6 m/s)

E =0.159

E =0.060

E =0.020

Table 2 — Comparison of Three Blade Types to ThedtBh Angles

Number of Blades

Finally we want to do the same experiment withidades. The WindPitch normally
doesn’t come with more than three blades of theestgpe, but I've got the requisite
number for these tests, so you can queue off nuftsesYou can also purchase more if
you like. For these tests | set the blade pitchbategrees. The results arelable 3.

Ul

Blade Type/Angle BP-28 (15) NACA-44 (15)) NACA-63 (15)
Wind Speed 6 blades 6 blades 6 blades
Low (1.4 m/s) P=0.059watts | P = 0.011 watts P = 0.050 watt
Low (1.4 m/s) E =1.080 E = 0.202 E =0.918
Medium (2.2 m/s) P = 0.154 watts| P = 0.363 watts P = 0.102 watts
Medium (2.2 m/s) E=0.729 E= 1718 E =0.483

High (4.6 m/s)

P = 0.320 watts

P =0.327 watts

P = 0.290 watts

High (4.6 m/s)

E =0.166

E =0.169

E =0.150

Table 3 — Comparison of Three Blade Types with SiBlades

Comparing Efficiencies

With the data taken for all the variables of bl&g®e, blade pitch and number of blades
and wind speed we come now to comparing what coatibims did bestTable 4). As
the data clearly indicates the BP-28 blade is thetrafficient in two out of three trials,
while the NACA-63 comes in last in each categoryesting. Also, it appears that six
blades produced the largest efficiency. With daatl let’'s not jump to conclusions, since
these comparisons represents the extreme end pbiots measurements. Each case
must be judged based on its individual wind speédh angle and blade type and
number conditions. A general point, however, & th low wind a higher pitch angle is
best while in high wind a lower pitch angle worletter. This is consistent with how the
gear ratios work in a car’s transmission — morgpiiag force is required at startup
while much less is required at cruising speedsommercial wind turbine works the
same way by widening the pitch angle at lower wepdeds and narrowing it at higher
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wind speeds. So while our WindPitch doesn’t putalot of power, it does conform to
these general operational principles.

Condition Highest Lowest
3 Blades at 15 BP-28 NACA-63
3 Blades at 1530 and 48 BP-28 NACA-63
6 Blades at 15 NACA-44 NACA-63

Table 4 — Overall Comparison of Efficiency Readings
RPM

| intended to also measure RPM for these experisnént the WindPitch rotational
speeds are too high for the BS2 and 28X2 BASIQpné&ter’s clock speed to capture. In
effect the BASIC code can’t keep up with rotatiotiale periods, and | didn’t want to get
into assembly language programming to see if itccbe done with that. If you've done
any coding in assembly you know that it's the fasteay to make a micro run through
any firmware algorithm. What is not so well undecsl is that coding in assembly and
having it “called” using a BASIC interpreter maytrabways be as fast as one would
expect given the fact that the BS2 and 28X2 nee¢ddgle between their BASIC
interpreter and the assembly code. This is thddorental reason why | skipped it. What
| can say, however, is that the WindPitch spinsuafige times faster than the

Whirlybird due, mainly, to its smaller physical siand smaller alternator. I've run the
WindPitch up to 1700 RPM (measured with anotheraghand | know it can spin faster
with higher fan wind speeds.

Air Density Calculator

Here’s a website to compute air density at youtualeé and temperature
http://www.denysschen.com/catalogue/density.asp
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Summary

Even though the WindPitch is not the most powesfnid turbine out there, it IS the best
one | have come across for desktop experimentingaches all the main principles of
HAWT technology in a compact, comprehensive uit, Bighly recommend it.

In closing for now | hope that you enjoyed thesar farticles on wind power. Next time
I’'m starting a new series of alternative energychas on hydrogen and hydrogen fuel
cells; those devices that promise to power our @adgshomes in the near future - as long
as we can find some viable sources for hydrogehdrprocess. To help achieve that
goal we’ll use solar and wind power to generaterbgen using a device called an
electrolyzer that splits water into hydrogen angigen. | think you'll find this new
alternative energy series interesting and enga@oauntil next time, conserve energy
and “stay green”.
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