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ABSTRACT

A prototype windmill is a Darrieus rotor. Designed for electricity generation at the
maximum rated of 500 watts at wind velocity of 8 m/s. The rotor consists of 4 blades, which
made of extrude aluminum alloy of the NACA 0018 profile with chord length of 150 mm. The
rotor is also included with a Savonius rotor, with its dimension of 4 m diameter and 2 m height,
for starting.

The generator was modified from a 150 A/ 24 V car alternator to work at low speed as
350 rpm. Car battery and a 500 watts inverter are used. for energy storing and 220 volts power
supply output.

The test results, after many years and 4 generations of the prototype models, show that

the last model can work properly, though the site location of high wind availability is needed.
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u, blade velocity

e |

g T Rotor plane
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1 . .

i V, air velocity
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Gravity Tower Shadow
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VAVAYEY
Wind Shift

N 2.8 dnyenisifavearseaiuiy 7

o uwllsy (gyro forces)

® ANNANRAVV IUWA (blade balance)
®  ANUTEANIUYENAL ]an (wind shear)
o ms/syuimvevay (wind shifis)

® usvavgavevlan (gravity forces)

® yonpyIy (tower shadow)
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Lead-Lag
Flapping
Pitching
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Zacan\ ALCAN S.A. ZURICH-SUISSE

Al K.2 foyasumizvey lunn

Alcan CA
Heat-Treatable Al-Mg-Si Wrought Alloy 50 S
66050
Chemical Composition Limits (in %)
Other elemants
Mg st Fe Cu Cr Mn T Zn each  total
0.45-0.85 030060 0.30 .10 Q.10 0.10 Q.10 Q.03 0.05 0.15
Outstanding Characteristics
Excellent extrudability.
Medium strength alloy suitable for intricate extrusions,
High corrosion resistance. Good formability in T4 condition.
_Good surface finish.
Standard Commodities
Extrusion ingot; extrusions; tubs; rod, wire and bar.
Typical Uses
Architectural members such as window frames and glazing bars; irrigation tubing.
Yypical Physical Properties Other Characteristics
Spacﬂic gravity 2.7 g/cm? Corrosion resistance: Very good
Moadulus of elasticity 7000 kgfmm? Anadizing: Very good
Modulus of-rigidity 2850 kg/mm? Weldability: Good
Meiting range -800—850°C Brazeability: Good
Specific heat between 0—100°C  0.21 calfg - °C Formability: Good (in T4
Coefficient of linear expansion temper)
between 20--100°C 23 x10-/°C LAEEY
Thermal conductivity at 25°C  0.48 cal/cm - s-°C AL ¢ RSN
(T 4 condition)' ALUAR e
Specific elactrical resistance ST . e
at 20°C 0.033 Q@ mm?*/m { R

Sth edition 1871
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Alcan CA
Heat-Treatable Al-Mg-Si Wrought Alloy 50 S
. 2nd sheet
Mechanical Properties
Commodity 0.2% Proof Ult. Tensile  Elongation Brinell Ult. Shear i-‘atigue
and Temper Gauge Stress Stress By Hardness Stress Strength
mm kg/mm? kg/mm? /A kg/mm®  kg/mm? kg/mm?

Extruded Shapes

TS up to 3.2 12.0 (18.3) 15.5 (21.1) 8 (11) (69) 1
32— 64 12.0 (17.6) 15.5 (20.4) 10 (12) (69)
6.4—19 12.0 (16.9) 15.5(19.7) 10 (16) (69)

T8 12.7 and over 10.9(19.7} 19.7 (22.5) 12 (15) {88) } Rockwell “F’

T6C upto 32 16.2 (19.7) 19.7(23.2) 8 (12) (074)
3264 15.5 (19.0) 19.0 (22.5) 10 (13) (70)

6.4-19 14.8 (18.3) 183 (21.8)° 12(15)  (68)
Drawn, Flattened and Rolled Wire, Rod and Bar
o] all sizes - (3.5) (10.5) 12.0 (40) (26) (1.5)
T4 under 6.4 {9.0) 14.0(17.5) {30) {42) (12.5) {8.5)
T6 under 6.4 (21.1) 21.0 (24.5) @) ) {15.5) (10.0)

Extruded Rod and Bar

T8 12.7 and over 16.9 (19.4) 19.7 (22.5) 12 (15) (78)

T6C wupto 32 16.2 (20.8) 19.7 (23.6) 8 (11.5) (75) R
32— 64 15.5 (20.1) 19.0 (22.9) 10 (12.5) (75)
8.4—-19 - 14.8 (20.1) 183 (22.2) 12(14.5) (%5
Heat Treatment . ‘l ‘}L v et
Solution heat treatment Ageing A
Tomper . Temp.°C Quenching Temp.‘c Tima b
T4 520 +3 In water - -
TS - - 185413 5
T6 520+ 3 in water 17543 8
or180 +3 6 B

# Selution heat treatment may be achieved by quenching extrusions emerging at a minimum tompera-
ture of 495 °C at a minimum rate of 80 °C/min. Still air quenching is usually sufficient for this purpose.

AN ALCAN S.A. ZURICH-SUISSE Sth edition 1671

2l A3 Soyadumizveslunn (¢e)
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Heat-Treatable Al-Mg-Si Wrought Alloy

Mechanical Properties

Commodity 0.2% Proot Ult. Tensile  Elongation Brinell Ult. Shear Fatigue
and Temper Gauge Stress Strength Oye Hardness Strength Strength
mm kg/mm? kg/mm? % kg/mm?  kgfmm?®  kg/mm?
Drawn Tubing
O gl sizes (3..'?) (10.5)12.0  (40) {286) a0
T4 W.T. 04—12 7 (10.5) 127 (16.9) 16 (26) {42) (10.5)
.12—-66 7 (10.5) 12.7 (16.9) 18 (33) (42) {10.5)
W.T. 6.6—12.7 7 (10.5) 12.7.(18.9) 20 (33) {42) (10.5)
Té¢ W.T. 04— 12 155(21.1) 19.0 (23.9) 10 (18) (70) (144&_.
12— 66 155(21.1) 19.0 (23.9) 12 (20) (70) (14.1)
W.T. 6.6—12.7 15.5 {21.1) 19.0 (23.9) 14 (20) {70) {14.1)
T3A W.T. all sizes 17.6 (25.3) 21.1(28.2) 8 (13)
T8D W.T, all sizes 23.9 (28.9) 26.0 (31.0) 7(12)
Extruded Tubing
O  W.T. all sizes (5.2) (0.1)120 (30)  (28) an
T4 W.T. 32—-84 7 (9.1) 13.4(14.8) 20 (26)
T 6419 T (9.1) 13.4 (14.1) 24 (29)
T5 W.T.upto 3.2 12,0 (18.3) 15.5 (21.1) 8 (11)
3.2— 64 12.0(17.6) 155 (20.4) 10 (12)
6419 120 (16.8) 155 (19.7) 10 {16) )
T8 W.T.127 16.9 (21.1) 19.7 (23.9) 12 (18) (78) {18.)
_ and over
T6C W.T. upto 3.2 16.2(20.4) 19.7(23.2) 8 (12) 75)
32— 64 155 (19.7) 19.0(22.5) 10 (13) (75)
8.4—12.7 148 (19.7) 18.3(21.8) 12 (14) (75)
o |
- . \\ %
A

§th edition 1971

ALCAN S.A. ZURICH-SUISSE

il 1.4 Yoyasumizvesluva (#e)
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Apply Bquivalent Pointed Lead uwmu Uniferm Distributed Lead o mhumiy

Centroid wee Air Foil facmzine q 7 uezwemanesoulsumay Kol
2,50 'm. .
4
; 0.33 0.72 1,27 1.76 2.26
4
/) ; . ' ‘
A ] i |
4 + { { | ’
' ' | !
i ¢ |
| |
A { i !
| I 1
B | (
: l
[ ¢ ‘
B }
E
Load(kg) fnhumiv
et A B c D E Defiectien Moments
fuany {cm) (N-m)
1 ' 0.2 0.6 1.0 1.4 1.8 5.3 81.72
2 .4 1.2 2.0 2.8 3.6 10.6 162,85
3 0.6 1.8 3.0 4.2 5,4 15.8 244.27
4 0.8 2.4 4,0 5.6 7.2 21.0 326.67
S 1.0 3.0 6.0 ° 7.0 8.0 26.7 407.10
[ 1.2 8.8 6.0 8.4 10.8 3s.4 488.54
7 1.4 4.2 7.0 9.8 12.8 37.6 569.96
s 1.8 4.8 8.0 11,2 14.4 43.4 851.38
9 1.8 5.4 8.0 12.6 18.2 51.5 782.80
10 2.0 8.0 10.0 14.0 18.0 * fn 814.23
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