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Abstract

A program to design a small capacity wind turbine blade is proposed in this study. The program
is based on a matlab GUI environment and designed to perform blade design based on the blade
element momentum theory. The program is different from other simulation tools available in a
point that it can analyze the side-furling power regulation mechanism and also has an algorithm
to find out optimal torque schedule above the rated wind speed region. The side-furling power
regulation is used for small-capacity horizontal axis wind turbines because they cannot use
active pitch control due to high cost which is commonly used for large-capacity wind turbine.
Also, the torque schedule above the rated wind speed region should be different from that of the
large capacity wind turbines because active pitching is not used. The program developed in this
study was validated with the results with FAST which is the only program that can analyze the
performance of side-furled wind turbines. For the validation a commercial 10 kW wind turbine
data which is available in the literature was used. From the validation, it was found that the
performance prediction from the proposed simple program is close to those from FAST. It was
also found that the optimal torque scheduling from the proposed program was found to increase
the turbine power substantially. Further experimental validation will be performed as a future
work.

Keywords: &2 ©] = 53 7|(Blade aerodynamic design), ¢} 8 425 0| Z(Blade element
momentum theory), “3-5-%|Z(Performance prediction), & EIA|E(Optimum torque
schedule), A}°] & H 3 (Side furling)
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Small Horizental Axis Wind Turbine Blade Optimization_KW V4.0

FurlParameter Airfoil BladeShape Result Power About

Main
Design Parameter
Tip Speed Ratio [ A ] 5 Blade Number []: |3 N
Rated Wind Speed [m/s] 12 Viscousity [Ns/M?2 ] 1.79¢-5
Desity [kg/m3)] 123 Blade Length [m] : 35
Max Iteration : 5 Optimization Method :  Maximum Lift to Drage
Analysis Parameter
Wind Speed Range 2 mis to 20 mis by A 02 mis
Shape Factor(k) 021 Scale Factor 15
TurbineEfficiency(n) : 08 Power Regulation Method : Torque .
Reset Save
State : Calculate Calculate Reset Close

(a)

Small Horizontal Axis Wind Turbine Blade Optimization_KW V4.0

Main ‘ FurlParameter Airfoil BladeShape Result ‘ ‘ Power ‘ ‘ About

FurlParameter

Overhang : m

Offset : m

TailBoom m

— W-— H

o —_— FurlAxisAnige Deg
J_._ FurlAxisAnige : Deg

by . ’

w m

w: m

DefineTailFoil 5909.txt Mass : kg
State : Ready [ Calculate Reset Close

(b)

Teonzs

Small Horizental Axis Wind Turbine Blade Optimization_KW V4.0

Main FurlParameter BladeShape Result Power About

Airfoil

Section 01 Section 03 | Section 05 | Section 08
Section 02 Section 04 Section 06 Section 09

Section 10

Section 01 | 5901t Section 02 | S902.xt Section 03 | S903.t Section 04 | S904.&t Section 05 S905.xt
Section 06 | S906.xt Section 07 | S907-xt Section 08 | S908-txt Section 09 | 3909-txt Section 10 S909-txt
State : Calculate Calulate Reset Close

(©
Fig. 2 Graphic user interface of developed program (a) Main tab, (b) FurlParameter tab, (c) Airfoil tab, (d) BladeShape tab, (e)
Result tab, (f) Power tab
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Small Horizontal Axis Wind Turbine Blade Optimization_KW V4.0

Main H FurlParameter H Airfoil H BladeShape H Result Power About
BladeShape
'

Chord

0ol

06—

Twist

L | L L 1 L 1 1
) 1 2 3 4 5 i 7 0 o

Radial Position, r[m]

State : Calculate Calculate
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Small Horizental Axis Wind Turbine Blade Optimization_KW V4.0
Main FurlParameter Airfoil BladeShape Result Power About
Result
- Total Result -
Chora e | Crordopt | Tt | Tusto | s | e[ wemn | . 3 a @ [ ax p
Section 1 02990 02990 490132 490132 10 2.0867e. 00273 00075 00207 10000 14822 00215 688435 01 /
senz | 03217 03217 431050 43.1050 1024430e.. 00202 00100 00178 10000 14895 00201 742893 hos /
Section 3 03490 03490 256662 256662 836519 00422 00261 00117 10000 13820 00155 892189 /
Section 4 02416 02416 104259 104259 846637e. 00740 00862 00102 09995 13917 00136 1024062 J
Section 5 01609 01609 36815 36815 8 5.2645¢. 01166 01951 00100 09882 14073 00128 1102036 "> /
section 8 01510 01510 29446 29446 853600e. 01252 02178 00100 09785 14040 00127 110.2907 02 | \
Section 7 01662 01662 43632 43632 660535e. 01339 02128 00086 09605 11985 00112 1072963 | o |
Section 8 01597 01597 39582 39582 66.2399. 01426 02293 00088 09270 11754 00108 1089342 , \
secions | 01508 01506 37810 37810 66313%. 01514 02480 00094 08650 11781 00107 1097950
Section 10 01394 01394 29046 29046 87.0743e. 01751 03820 00224 03525 11143 00097 1147580 ' ,,
b.06] ~ .
%2 0 ez 04 o8 o8 1
State : Calculate Calculate Reset Close
e - X
Small Horizental Axis Wind Turbine Blade Optimization_KW V4.0
Main FurlParameter Airfoil BladeShape Result Power About
Power
Power Curve TorqueSchedule RotationalSpeed
PKW ! ' T knmj Qipm)
08 /
/ \. 250
/ o7 / N
06 200
0s
/ 150]
04
03 100
02
5
01
2 4 5 6 7 9 0 = 5 10 15 20 0 5 10 15 2 o 5 10 15 20
Tip Speed Ratio, A [] WindSpeed, U [m/s] WindSpeed, U [m/s] WindSpeed, U [m/s]
Estimated Annual Energy Production, AEP : 35166.60 MWh
State : Calculate Calculate Reset Close

()

Fig. 2 Graphic user interface of developed program (a) Main tab, (b) FurlParameter tab, (c) Airfoil tab, (d) BladeShape tab, (e)
Result tab, (f) Power tab (Continued)
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Fig. 7 Aerodynamic performance of SH3052 airfoil of Excel 10 turbine
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