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Angle of Attack vs Power

Th bli hool h des: d basi d bi Research Question 1: Overall, the collected data showed = Analysis of data support expected outcomes, which recreate previous historical
ree public school teachers designed basic wind turbine energy that turbine setup distance from the wind turbine did not research on basic wind turbine function. This research supports the Georgia DOE

production tests to help them teach wind energy principles to middle significantly affect the power output. At the same pitch, curriculum standard for replicating previous research to validate reliability of results.
and high school students. Variables affecting wind turbine energy all four blades registered consistent power output

: : : : : : regardless of the distance of the setup from the wind
production were 1dentified (distance from wind tunnel, blade design, tunnel, with a few outlier readings that were discounted

angle of attaCk9 and wind Speed), and €XP€rim€ntS were conducted to for vagaries in the equipment. — =R CONC LUSIONS
test each variable. This research aligns with Georgia DOE Research Question 2. For the second research question, . e

the collected data showed that blade design did have a e mameRz AR e

- _ 3 : .. Data on all four test blades indicating optimal angle of attack (15°) : . : : :
curriculum standard STEM-FET-3.7: Apply STEM kIlOWlGdg€ and significant effect on energy output. The control blade 3 e on e on esfor;iil;lj;a;g\igf ;Esuf neie e Data determined that distance from the wind tunnel for experimental turbine setup

skills thr ough hands-on research and lab experiments that are (which had the greatest area) recorded the largest energy L S — did not have an appreciable effect upon the recorded energy output of a straight,

- . . . - output readings of all four experimental blade designs, : : : :
focused upon recreating the inventions and social solutions that were q y b S non-twisted turbine blade design at any blade pitch.

with output readings falling as blades with smaller surface D : . L

: - - tad trated that blade d did h ficant effect

realized in the past, present, and possible future. These areas were tested. Blade 4, alg quifioRnaivt 1o Datio Gebis " 78 favk @ SIS edrl st DR eielary
_ production. Blades with greater surface area generated greater energy production.

: : : - ith the smallest surf . recorded the smallest = » LWL & . . . . o
QCNLS Wlﬂ be a part of an instructional Wi © STIATESL SUTTACE dltd, TECOTERE The SHIAHEs — Depending on blade design, blade angle of attack (or pitch), did have a significant
energy output readings &8 .

I middle and high school students the of all experimental blades at comparative blade pitch v 4 _— effect on recorded energy output of experimental turbine setup. The optimal angle
(d E ‘

wind turbine energy production. settings. Taking Data Loggor Pro readings of at.t‘c}ck that was tested was shown to be 15 degrees of.pitch. | |
Research Question 3. The third question identified an Distance vs Power Additionally, data determined that blade energy output increased at higher wind

speeds, this effect proving to be consistent over all tests.

Power (mWatts)

optimal angle of attack, or pitch, for each blade that
varied depending on experimental blade, from 10 to 15
degrees, not supporting the expected result that higher
angles of attack would result in lower energy output

. . : “ : 1 . n”
readings. However, pitch settings Distance (Inches)
in excess Of 15 degrees did I'eSLllt in Signiﬁcantly lower @ Blade Angle (10) @ Blade Angle (15) .BIade Ar‘.gle.l,BO} ® Blade Angle (60)
Data on all four test blades, showing equivalent power output

Four straight, untwisted turbine blade designs were tested for energy output. energy output readings, confirming an inverse ratio of regardless of distance from wind tunnel.
Researchers designed three blade shapes and kept one blade unaltered as a control, energy production with increased angles of attack.

resulting in four different blade profiles (images 1-4). Using a commercial wind Research Question 4. For research question four, tested Power vs Wind Speed
turbine testing kit manufactured by KidWind, wind tunnel tests of all four blades energy output readings supported the expected outcome
were conducted using a hub with three equidistantly spaced blades at a constant wind of increased energy production at greater wind speed,
speed of 3 meters squared (tested and verified by anemometer) for all tests, with three even ata blade pitch that proved less optimal at lower = I
trials for each blade. A variable motor resistance on a potentiometer in this circuit of W'Qij,?ﬁfw,m,,,e . - - —

. . . Distance (inches x 10)
nine ohms was set and maintained for all blade tests. Four angles of attack (10 Distance Biade Angle | Power (mWs)Avg, windspeed 3m/3
{inches) (degrees) 10 15 30 60 WMz 8 ans

degrees, 15 degrees, 30 degrees and 60 degrees of blade tilt) were tested for each 10 0] 1530 60 23582 [1a37a [ 823 | 991 Power comparisons: 3M2 and 4M2
20 101 1S | 30 22.374 | 13.958 | 7.777 | .9589

blade, at three distances from 30 10| 15| 30 2298 | 13.318 | 7.257 | .984
the wind tunnel opening (10 inches, Blade 1 — Measurements were 11
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20 inches, and 30 inches). Data was , inches long, 2.5 inches at the/ ‘
, ) 8::,':::; Z‘,deei:)g’e domcdlodi, base, and 5/8 inch at the tip. o

collected using a Vernier Energy . | 10 10| 15[ 30 20.558 | 31.122 | 6.195 | 0.535 Blade 1 proved the optimum

Sensor and Logger Pro 3 software. e AP - o A e e blade of all for the experiment.

The same setup was also used for 'y AE T Blade 2 - Measurements were 11
the testin Of the four ex erjmental 1), | ;‘-‘ ; ': “~ Blade #3-CONTROL {Control- no design at all remained the same) lOIlg, ~2.5 inches at the base, and :

g | p - i o fé;”%{ ,: ’ / Distance Blade Angle Power [mWs)Avg 1 inch at the tlp ";“ R E F E R E N C E S
blades at a wind speed of 4 meters S B ot gnches) Cegrees) | 2 = 2 Blade 3 — The control blade: "

d God by hand-held 1 W 7 28 10 10 115 iso 60 70367 | 43830 |11643 0632 N q o o
squared. veriiie and-ne S e 20 10 |15 |30 |60 21654 | 44019 | 10838  0.637 nothing was done to alter the
b , . Y . : WU 1727 s e T s ook kil 30 10 |15 |30 | B0 54685 | 84230 | 12103 0619 blade from its original design ’ 0§ Chamorro, Leonardo P.; Porte-Agel, Fernando. (23 April 2009). A Wind tunnel Investigation of Wind-Turbine
anemometer readings. - | |

. . . . . The measurements were 11 ' Wakes: Boundary-Layer Turbulence Effects. Boundary-Layer Meterology July 2009, 132:1, pp. 129-149.
Circuit resistance settings varied for o inches long, by 3 inches (width) »
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The results of experiemnts on basic wind principles supported researchers’ expectations. These prod.sandia.gov/techlib/access-control.cgi/2006/061100.pdf

replications of historic experiments were determined to be necessary for students to recreate to Yurdusev, M.A.; Ata, R.; Cetin, N.S. (September 2006). Assessment of Optimum Tip Speed Ratio in Wind Turbines
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understand how wind turbines work. These principles and experiments will be incorporated into

future 1nstructional strategies for students.
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Future testing on the effect of additional or fewer blades since all tests were
conducted with three blades (see C, D) on energy production would be suggested,
as well as testing energy production using blade designs in a vertical axis
configuration (see A, B) since all tests were conducted with horizontal axis
configuration).
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