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A Study on the Development for the Airfoil of Wind Turbine Blade
using Digital Wind Tunnel

ot

Deok Hun Kang’, Young-Jin Woo”, Jang Ho Lee"

Key Words : Digital wind tunnel(T/R|€&&), Vertical wind turbine(5-35 388 7)), Airoil(S) &), Wing shape('d ) F4h, Wind
turbine blade(5F &3 7]S7))

ABSTRACT

Newly updated wing shape to apply small vertical wind turbine is tested with digital wind tunnel in this study. Digital wind
tunnel is designed to reduce length of wind tunnel and also to maximize its area of test section. Same DC fans of ninety six
are installed in the end side of its rectangular duct and air can be blown out to the other side to have uniform flow with same
electricity power. New wing is concluded using experimental plan and analysis with 4-parameters and 3-levels, and tested with
digital wind tunnel. It shows better performance in lift to drag ratio, and can applied to the wind turbine for the higher torque
and lower thrust.
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separation (unit) spec
rated voltages (VOLTS) 48
input currents (AMP) 04
rotational speed (RPM) 2900+10%
max. flow (CFM) 145+£10%
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Fig. 1 Design drawing of digital wind tunnel
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Table 2 Summary of velocity measurement with position

Table 3 Accuracy of measurement

X 12 | 24 | 3 | 8| 60 | 2| &4
12 | 450 | 447 | 453 | 445 | 443 | 427 | 432
24 | 439 | 459 | 470 | 472 | 472 | 448 | 433
36 | 451 | 472 | 479 | 476 | 477 | 449 | 437
48 | 450 | 472 | 483 | 484 | 477 | 457 | 431
60 | 443 | 457 | 474 | 486 | 482 | 471 | 429
72| 439 | 449 | 478 | 483 | 483 | 472 | 431
&4 | 441 | 448 | 479 | 480 | 482 | 471 | 435
9 | 437 | 449 | 469 | 481 | 482 | 474 | 449
108 | 436 | 450 | 466 | 474 | 482 | 474 | 453
120 | 420 | 434 | 453 | 472 | 476 | 463 | 439
132 | 413 | 418 | 431 | 450 | 446 | 431 | 419
2.3 A% AF
2. 3 1. A9 =2
5 WHo 52 Ho-ES 456 m/s, YRR 3.8 %9

X]-Xﬂ A2k digital wind tunneloll 4] A3o] 23] Ao
NACA00120]t}. 2 A12-e F52] blockage
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Fig. 2 Test model assembled with 10 segments

Fig. 3 Coordinates of test condition
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CMASI110-1L
(max load : 10N)

+0.5 % (nonlinearity)

Zraxds load cell +0.5 % (hysteresis)

DATA acquisition | Agilent 34970A

Dynamic Strain gain : x1000 (err : +1 %)

SST-200S

Amplifier stability : 2uV/C
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Fig. 4 Schematic diagram of experiment
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Fig. 5 Lift coefficients of reference and test mode
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Fig. 6 Drag coefficients of reference and test model
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Fig. 7 Boundary condition

Table 4 Boundary condition
No. Name Condition Note
@ in let 4.48m/s Re=30,000
@ out let Natural -

outflow
® wall free slip wall -
wing . chord
@ section stationery wall length=0.1 m
volume Static Analysis turbulence model:
um
® condition MP k e 2000 cycle
Convergence level : 10-4
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Table 5 Summary of key 4-parameters and 3-levels

EERET

4% (chord length 0.1m)

A& 371 (A)

r/c 0.01575

20% Fa

40% =24

71 A (

Xtmax/c 36%

4%0]%5(LE)

8%0]&(LE)

B 914 (C)

Xemax/c 16.7%

4%°]5(TE)

8%0]'5(TE)

Fe 1.6%

10% &th

10% S

Table 6 Experimental plan with orthogonal array of L9-3*

A3 W #(L9-3* )
case | leading edge | HWFA | AHHAA | A=Y
1 base base base base
2 base 4% 4% 10%
3 base 8% 8% -10%
4 20% base 4% -10%
5 20% 4% 8% base
6 20% 8% base 10%
7 40% base 8% 10%
8 40% 4% base -10%
9 40% 8% 4% base
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