FRBRINLE ¢

PP ERLEE

(PALEphh F PF RFFY)

(Aeroacoustics Research for a Small Wind Turbine)

3% %% : 1032001INER038
REEPBMOE)  A2FELR
FEAIFEL DAL
BT 03-5725363
E-mail address : ymferng@ess.nthu.edu.tw
PBRErBR A R LB A

2 pHp:103& 115 25p






P& |

PR dE R I
ABSTRACT .ottt i
F N FHARET B S 1
BN L B AR s 7

= S IERECI B ECE P E 7

I B 19
v BT NACA-002L 55 3B 3 ooooovveeeeeeeeeeeeeeeee oo eeseeeee 19
S SINERZEZEZ2Z 3 B BB T e 27
N BB R R L T e 36
2. %3 B R ————————————— 37



PR
FER 2R T FXELE > A AR A FTFAARLT

oA AR FTLREL AR R ARTRE BB

FI

RARRRY > AR AR A FFEEFEES B ud
Eghh 4 RGE ETRS 2t o Bt o L E bk 4 R0 & 2R
£3N7P,*K3@¥*Qbﬁ WA e P4 Ay R CFD
F20 0 %A e FA) S Solidity ~ 4 i B B R Sl BT E D
fhit 3 ek BERAEL T TRNT RN 2L ER R EA S

o 2o 25 KW B 4 3 7k kLo



Abstract

The wind power market has grown rapidly in recent years. Large-scale
wind power system mainly depends on the substitutive base-load power,
and small-scale one is utilized in the distributed power for communities
and remote districts. Therefore, the market for small-scale wind power
system has huge potential in the near future, especially for the vertical
axis wind turbine (VAWT) using on metropolises. However, the noise
generated from the wind turbine is the primary problem for the
metropolises, in addition to the requirement of safety performance. In
this study, Computational Fluid Dynamics (CFD) code would be
employed to analyze the different airfoil profiles, solidity, ratio of the tip
velocity, and so on for VAWT. Meanwhile, the efforts and improvement

suggestions will be provided for developing the 25 KW VAWT of INER.
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B 1-3 # 2 23 fhg 7 #(Savonius ~ Darrieus® 3] ~ H-rotor)
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1. Standard k-¢ model:

Turbulence Kinetic:
9 9 _ 9 Be) 9k — e —
a(pk) + a—xi(pkui) = o, [(u + Gk) ax,-] + G, + Gy, — pe =Yy + Sk
(2-3)

Dissipation Rate:

9 9 9
— (pe) + o (peu;) = o, [(u + ZZ) ] + Cier, = (Gy + C3¢Gp) —

2
Coep— +Se (2-4)

2. Realizable k-g¢ model:

Turbulence Kinetic:

9 9 =9 Be) Ok — pe —
E('Dk) + a—xj(pkuj) = 2% [(,u + ak) 6x]] + G + G, — pe — Yy + Sk

(2-5)

Dissipation Rate:
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a(pe) + a—xj(peuj) [(u + ) xj] + pC,Se — pC, P +

Ciet C3eGp + Se (2-6)

3. SST k-m model:

Turbulence Kinetic:
2 (pk) + = (pku;) = T 22| + G — Vi + S
9t \P ox; Pl kax] kK~ Tk T Ok

(2-7)

Specific Dissipation Rate:
]
E(p )+_(pwu1)_ ][Fwaw] Gy — Yy + Dy + S,

(2-8)

4. v>-f  model:

Turbulence Kinetic:
2 2 k) = 2[4 1) 2 2 _
50 (Pl + 5~ (pkuy) = ox; [(u + ak) ax,] +2u S° — pe + Sy

(2-9)

Dissipation Rate:

2 ey 42 (peu) = 2 [( 2
% (00) + 5= (peup) = o= | (1 +2) 25| + 7 @us?Ci = Cape) + 5.

(2-10)
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0’(p=Po) 22, _ _OTij
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(2-13)
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1 0%p ,
a_g atg _vzp _axax [ ] __{[ IJ ]+pu u,—-v )]5(1:)}

+§{[P0Vn +plu, —v,)lo(f)}
(2-15)

He

7~

T R R A )

Ik

Uy =i REE R B2 B o ik
V=4 o R b s E
v, =%m R EZRD s E
5(f) 5 Dirac delta & #c

H(f) % Heaviside & #c

S(f) > H(f) R & &
H(f)=1f(x;t)>0

H(f)=0f(x;t) <0

FW-H = f2:8 % f1 % p d Z B e +k 3 B (Green's function) -

Tyj] Pijn;
41‘[610 [ (x t) pO ax ax I[Tll—Mrl]d [r|1 Mr]dS+
0 PoUn
Ef [r|10 M| ] as (2-16)
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A FW-H 2 #2582 f2¢ » BRENL S 7Rz Rk
Foom HoaeR Yy g gy Moo B 5 AianiRT =2 AR F'Wr
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SRS RE S F PR R BB AT g S g R
B0 bR X EPFRLZRET A7 5 (214)30 0 50 &4 FW-H 2

Rz TR - Bt EREhe TIRhAA % BEHY R
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AR E G M BOMES T R R M T B
B2 e B HE(M<OI) 27T - RN 57 WAL |
#> (Hawkings and Lowson, 1974) » % 77 % (2.14);8 ¢ T A 4 2 v &
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7

b =a2p (3.17)

WA G AR AP EE R B R Bl o LK

PR (3.16) 8 0 T AR S o

Tl]] ] [ Pijnj ]
41t6x16x]f[r|1 —M,| VC 4Tt6xlf r|1—My| ds +

[ 28] ds (3.18)

qmot Y Lr|1-m,|

P(X,t)—PO

4, 3 R
¥ enE % Pascale 4 SFECE B9 5 2x107° ~20Pa = + >
AR T ERAE S & 20~20000Hz 2 %4 » # 2 AW E A HF B 95
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2

# ~ Blockage correction factor ]+ 78 » H 7 & 4T

1/ 4
Esb = /4 S/Sdomain

—1/ rotor rotor/ (3_1)

domaianomain
He
&sp=Blockage correction factor -

AS:%%)}L ] 7&!: ’

Blockage correction factor ez s » A2t 8 B 282 TR

K
80 46 B /T - {945 Bradshaw[21]2 77 3 & % dp > L2 dhh {8 &
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a = arctg /Ucosy +(=U) (3-2)
y=0-9 (3-3)
U
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Speed Ratio, TSR) T 2. #7% » £ 3-1 3 2 e R iE 2% % o

2P TSR:(*)Rrotor/Uoo °
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Free stream velocity
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Casel 9 144

Case2 9 206

Case3 9 266
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