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Abstract

Aiming at the characteristics that the wavy leading edge structure can delay stall and change the
flow field of the blade, the aerodynamic performance and flow field characteristics of the wavy
leading edge blade are studied by numerical simulation method, and the influence of the wavy
leading edge structure on the flow field around the blade is obtained. The results show that the
wave leading edge structure can effectively delay the occurrence of stall, especially at high angle of
attack. The static pressure change at the leading edge trough is more severe than that at the peak,
and the peak control flow effect is the best, and the trough is the worst.
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Figure 1. Waveform leading edge blade modification diagram
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Figure 2. Waved leading edge blade models with different leading edge parameters
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Table 1. Geometric parameters of the model
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Figure 3. Calculation domain diagram
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Figure 4. Near wall grid schematic diagram
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Figure 5. Grid independence verification
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Figure 6. Aerodynamic performance comparison diagram of wave leading edge blade and original blade
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Figure 7. Distribution of static pressure coefficient on blade surface at 6° angle of attack
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Figure 8. Distribution of static pressure coefficient on blade surface at 8° angle of attack
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Figure 9. The velocity streamlines at different sections of the blade at 6° angle of attack
9. 6'W A TH R AR ELERE R %kE

10 R T Q MENITHEE, 45 1 t =02 s, A B LLEAEAL C 18 6 BUM T [T % S5 e 1T 1 )5
oA

HI& 10 AT4S, BN 67, IR DT A 1OV B =2 B, R, R LTS, R
AL ) BRI, BER AT R, RIZHARE, REGMRERRK, 5RG EIHRKNER, B
FERTZRI ARG AT 1 G, RS, A2 KN TR S A

N T BE— BTG AT G 7 SR AR AN, ASHE 73R APt B T AW R 2 AN - Py B T B 57) 7
PITT TR AT, BE— BT FU T G 45 R Wi S ine s (K4 P AL o

DOI: 10.12677/mos.2023.123285 3108 A ()


https://doi.org/10.12677/mos.2023.123285

Velocity [m-s™-1]

(a) BB B (b) #iH C

Figure 10. 6° angle of attack Q criterion vortex core contour map
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Figure 11. The comparison of the limit streamlines of the original blade and the leading edge blade wall at 6° angle of attack
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Figure 12. Comparison of wall shear force between original blade and leading edge blade at 6° angle of attack

E 12. 6 WA R IRIEA B SR ATGM R EE S Y H Xt E

DOI: 10.12677/m0s.2023.123285 3109 A ()


https://doi.org/10.12677/mos.2023.123285

W B e TR A5, BT Al G R A I Wi g e B 7 BB AT B I AV e o B LR ekt HL
2T B T BE T A7 AE 70 B, AR IR B e i) — Bt R A AR Ak, TS IR AR i i 46 46 R A2 A2 Ak
P Top Kb R T B 5] 3 K 1 W A B T A AL 52 2 B U1 70K, AR AL S A1 4 » IR AL
ERREE B U)K, B 7 AR )E, WERARIE, BRI A A BE T B ) BRI A o S AR X ) AEAE
XFR AN RS E A A, TR RS2 B, A SR 2 s B ml g g hn 7 BE g, AR R AR A B
158, VBN CTAR,  ITAE B AT S P A2 KB AT T 4R BOR T A7

4, 4Eip

AEE LTI BUE RIS, BT 7 BIE RGBSR SR s o, 3l 7 gk A LR 48

1) BIEHTGH A2 NBUR T (0°~6") I T 1 R B EUR G (i /D, A2 KIUR T (6°~12°)F, Ry K58
HIAEIR S BU ) RBOLAES R BT, BOR TG AEBCRBUR T3t R 7t 1, A ROE S 1R
A, RIS BRAR T B R BRI, THEL Bt K

2) AEM T IR DIEAL, R R R AR W B A ZE R, RO T G P i DT UL K ik
LY, A REE S T g2, B ATG T FAT AL,  MBURBLIR S0, LI BTG A AL
AR L -

3) RIS, BIUATEGM R VNI HEE 7 R /oK, WA IRRT 2 . SR A AL, B
TR G Fr e A A I ROR Bl A ORI %2

4) S Ia T AR X IR SRR AR, FE I A e S A, i P SRt i sl S 45 ] B A0 1 PR
71, RIS vl 9g, WhEFAR, AMAERIE AT i A2 KB I AT AT 4ERF R T 77

SE 3k
[1] Fish, F.E. and Battle, J.M. (1995) Hydrodynamic Design of the Humpback Whale Flipper. Journal of Morphology, 225,
51-60. https://doi.org/10.1002/jmor.1052250105

[2] Walsh, M.J. and Weinstein, L.H. (1978) Drag and Heat Transfer on Surfaces with Small Longitudinal Fins. 11th Fluid
and Plasma Dynamics Conference, Seattle, 10-12 July 1978, 1161. https://doi.org/10.2514/6.1978-1161

[3] Pedro, H. and Kobayashi, M. (2008) Numerical Study of Stall Delay on Humpback Whale Flippers. 46th AIAA Aero-
space Sciences Meeting and Exhibit, Reno, 7-10 January 2008.

[4] Stanway, M.J. (2008) Hydrodynamic Effects of Leading-Edge Tubercles on Control Surfaces and in Flapping Foil
Propulsion. Ph.D. Thesis, Massachusetts Institute of Technology, Cambridge.

[5] Skillen, A., et al. (2015) Flow over a Wing with Leading-Edge Undulations. AIAA Journal, 53, 464-472.
https://doi.org/10.2514/1.J053142

[6] Nierop, E., Alben, S. and Brenner, M.P. (2008) How Bumps on Whale Flippers Delay Stall: An Aerodynamic Model.
Physical Review Letters, 100, 054502. https://doi.org/10.1103/PhysRevl ett.100.054502

[71 M3, XIRF, BEgESE, 2%, (EieR, BB, I RESS P 6 BT 5 e PE B A /N B KL KB A ],
MROK 22230 (T 24 R), 2012, 42(1): 79-84. http://doi.org/10.13229/j.cnki.jdxbgxb2012.01.035

[8] Yoon, H.S., et al. (2011) Effect of the Wavy Leading Edge on Hydrodynamic Characteristics for Flow Around Low
Aspect Ratio Wing. Computers and Fluids, 49, 276-289. https://doi.org/10.1016/j.compfluid.2011.06.010

[9] Serson, D. and Meneghini, J.R. (2015) Numerical Study of Wings with Wavy Leading and Trailing Edges. Procedia
IUTAM, 14, 563-569. https://doi.org/10.1016/j.piutam.2015.03.069

[10] @hHRfH. 2T S8 FRFALI 07 B & XL B RERT E[D]: [ 22 A0 0], & AT Bk, 2021

DOI: 10.12677/mo0s.2023.123285 3110 jé

[

S


https://doi.org/10.12677/mos.2023.123285
https://doi.org/10.1002/jmor.1052250105
https://doi.org/10.2514/6.1978-1161
https://doi.org/10.2514/1.J053142
https://doi.org/10.1103/PhysRevLett.100.054502
http://doi.org/10.13229/j.cnki.jdxbgxb2012.01.035
https://doi.org/10.1016/j.compfluid.2011.06.010
https://doi.org/10.1016/j.piutam.2015.03.069

	风力机波形前缘叶片气动性能及流场特性分析
	摘  要
	关键词
	Analysis of Aerodynamic Performance and Flow Field Characteristics of Wind Turbine Leading Edge Blades
	Abstract
	Keywords
	1. 引言
	2. 数学模型及计算方法
	2.1. 几何模型
	2.2. 数值计算方法

	3. 结果分析
	3.1. 气动性能
	3.2. 流场分析

	4. 结论
	参考文献

