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NOMENCLATURE

Roman
A : Swept area
a : Axial interference factor
a : Angular interference factor
B : Number of blade
C : Scale parameter
Cp . Drag coefficient
C, ¢ Lift coefficient
C, : Power coefficient
C, : Torque coefficient
C, : Thrust coefficient
c : Chord length
aD : Local drag force
dL : Local lift force
dm : Local mass flow
de . Local torque

dT : Local thrust



. Probability curve
: Shape parameter
. Power of wind turbine

. Atmospheric pressure

: Power curve

. Rated power

: Wind energy density
. Torque

. Span

. Local span

: Thrust

. Axial velocity

* QOutlet velocity

. Free stream velocity

. Cut-in wind speed

: Prandtl’s correction factor

: Prandtl‘s correction factor of hub loss

. Prandtl’s correction factor of tip loss

. Rear pressure of swept area

. Front pressure of swept area



Vv, - Cut-off wind speed
vV,  Rated wind speed

T/ . Average wind velocity
w . Relative velocity

X : Tip speed ratio

x . Local tip speed ratio.

Greek Symbol

a : Attack angle

I : Gamma function

P  Generator efficiency
T . Mechanical efficiency of power transmission device
6 ¢ Pitch angle

0 : Air density

ol : Solidity

o, : Local solidity ( ? 5)
¢ : Flow angle

cos¢ - Power factor

0 : Angular velocity

W . Angular velocity of wake



SUMMARY

Wind turbine generator system is the resource of the antipollution using
unlimited wind. Recently it takes a growing interest in all around the world.
A Dblade is one of the main part of the wind turbine generator system. It
directly influences the rate of annual electric energy production, the rate of
operation, and the economic efficiency of system. Generally, a blade for wind
turbine generator system is designed by considering maximum lift-to-drag
ratio, conditions of structure, manufacturing process, stable maximum lift
coefficient in stall, and a reduction of noise.

This thesis presents an optimal design of a blade for small horizontal-axis
wind turbine generator system that is based on the result of the wind
potential research on a specific region in Jeju Island. In designing the blade,
we used the strip theory with momentum and blade element theories. The
Prandtl's tip loss theory was also used to consider the finite number of the
blades.

The blade design code calculates the chord length and the twist angle
according to the values of input data, and shows two dimensional and three
dimensional shapes of the designed blade. We used FX S 03-182 airfoil in
order to prevent the effect of decreasing the performance due to dust or
insects. PROP-PC code was used to analyze the -characteristics of the

designed blade.
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Fig. 2-1 Picture of data logger
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Table 2-1 Wind power class according to wind speed and power density

30m 50m
Wind power | Wind power density | Wind speed | Wind power | Wind speed
class ( W/m?) (m/s) density (m/s)
1 160 5.1 200 5.6
2 240 5.9 300 6.4
3 320 6.5 400 7.0
4 400 7.0 500 7.5
5 480 7.4 600 8.0
6 640 8.2 800 8.8
7 1600 11.0 2000 11.9

Table 2-2 Shape parameter, scale parameter, and annual mean wind speed

Point C K Annual mean wind Term of measurement
speed (m/s)

Woodo 8.449 1.941 7.38 '99. 01. 04 ~ 2000. O1. 03
Kimnyung | 7.490 1.835 6.53 '99. 07. 27 ~ 2000. 07. 26

Subji 7.312 1.753 6.35 '97.12. 31 ~ '99. 12. 29

llgwari 7.385 1.923 6.41 '99. 05. 07 ~ 2000. 05. 06

Hamori 7.899 1.884 6.88 '99. 03. 01 ~ 2000. 02. 29

Uboak 6.634 1.564 5.82 '99. 03. 09 ~ 2000. 02. 29
Napeup 2 | 7.401 1.812 6.42 '99. 03. 02 ~ 2000. 02. 29
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dL=BcCLy pWidr ————————————— (3-18)
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Fig. 3-6 Flow chart of optimal design
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Table 4-1 Section coordinates of FX S 03-182

X (upper) Y (upper) X(lower) Y (lower)
.00000 .00000 .00000 .00000
.00422 .01300 .00422 -.00550
.01762 02631 .01762 -.01483
.03802 .04054 .03802 -.02341
.06694 05495 .06694 -.03176
10330 06897 .10330 -.03968
14643 08210 .14643 -.04696
22221 .09910 22221 -.05623
.30861 11169 .30861 -.06229
40243 11803 40243 -.06409
49997 11608 49997 -.05962
29750 10258 HI750 -.04570
69133 08263 69133 -.02833
7773 06102 7773 -.01298
.856350 .04086 .35350 -.00209
.89644 .02920 .89644 .00217
93299 01937 93299 .00414
96192 01139 96192 .00416
98291 .00533 98291 .00275
99571 00144 99571 .00093

1.00000 .00000 1.00000 .00000

\

Fig. 4-1 Section shape of FX S 03-182
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Fig. 4-3 Optimal blade design program and dialogue box
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Table 4-2 Chord length, solidity and inflow angle

Airfoil type = FX S 03-182, Tip speed ratio = 8, Attack angle = 6°
Lift coefficient = 1.07, Drag coefficient = 0.008
/R Chord length (mm) Solidity Inflow angle (, )
0.20 663 0.112 15.115
0.25 556 0.094 11.617
0.30 476 0.080 9.050
0.35 415 0.070 7.108
0.40 367 0.062 5.596
0.45 329 0.055 4.389
0.50 298 0.050 3.406
0.55 272 0.046 2.590
0.60 250 0.042 1.904
0.65 231 0.039 1.319
0.70 215 0.036 0.814
0.75 201 0.034 0.374
0.80 188 0.032 -0.012
0.85 177 0.030 -0.354
0.90 167 0.028 -0.659
0.95 158 0.027 -0.932
1.00 151 0.025 -1.179
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Fig. 4-5 Chord length distribution
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Fig. 4-6 Two dimensional shape of blade

Fig. 4-7 Three dimensional shape of blade
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V. Blade9 F#3a4
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Fig. 5-1 Relation between pitch angles and power coefficients
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loss model for power coefficient ( pitch angle = 8°)
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