International Journal of Fluid Dynamics {430 7122, 2020, 8(1), 1-8 Hans X
Published Online March 2020 in Hans. http://www.hanspub.org/journal/ijfd
https://doi.org/10.12677/ijfd.2020.81001

Aerodynamic Performances of the Wind
Turbine Airfoils in the Condition of Low
Wind Speed

Yuan Zhang!?, Jianjun Ye?*, Xiaohong Huang3, Ruyi Ji¢, Shehab Salem}, Jiangcun Yu?,
Yan Hong?, Siyao Hul, Wenjun Li?

'School of Power and Engineering, Huazhong University of Science and Technology, Wuhan Hubei

’China-EU Institute for Clean and Renewable Energy, Huazhong University of Science and Technology, Wuhan
Hubei

*Institude of New Energy, Wuhan Hubei

4Industry Shanghai Lanya Petrochemical Equipment Inspection Institute Co. Ltd., Shanghai

Email: "hustyjj@hust.edu.cn

Received: Mar. 3rd, 2020; accepted: Mar. 18th, 2020; published: Mar. 25”‘, 2020

Abstract

In this paper, the aerodynamic performances of the NACA4412, S8037, S1091 airfoils are studied
respectively. Firstly, CFD fluid dynamics models are constructed for these three airfoils. Secondly,
velocity and streamline characteristics are studied and compared under low wind speed and dif-
ferent angles of attack through numerical simulation. The characteristics of flow separation are
analyzed respectively at a high angle of attack. Finally, the lift-drag characteristics are researched
in different conditions. Furthermore, the influence rule on aerodynamic characteristics of airfoils
for different wind speeds and angles of attack is analyzed. This article provides a reference for the
design and optimization of low-speed wind turbines by studying the aerodynamic performance of
three kinds of airfoils.
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A BRAEAS IR IEAE 5] RSB SRR 2 (DG, IR A IR PR 857 e 5 i) A B0 2 B B IR R R R KR
J&, Wk i E A H T RER S A i ORI R AR 2 —[1] [2]. BT, H E DR & A H ) R EE
BAERIERAE SR EE I “ =db” X RIZR R Ui, XS X R IR LT, PR RGE R E, LA
TR R LA B AR o (H S H Al e KSR B AN DL T AN A PR, 5%
MPRAILG Hai ™ i, Sebr b, REMCKEXGETIEAER £5, FEST, BERREE R
TN EEINARIT A rp AR RN B 7 1 DX Bty b AR BRI, ER XU R Rt 445 T 20 5 R XU 3 905 4 A [ R
W&o ERILE, ot R AR 5 R R T 5, AEXUE XU A SR LT 43 EEEE[3]. KUJIHLI Fr i
RAIWLRGE B N EE A2 —, FEER R BN R R EER] SR A< a8 [4]. % HarE N
PH R B JEICR, B B KR R AU AL b 25 R e, Yo T KRR 4B [5]. HATE P
SNELHIRZ2EIFRE T RSN AT . Kenneth W. Van Treuren 25225 %t EUBF R T 2 FhAS R 3
RUFEAR TR IR N B VERE, R I A Ak 5 7K 1T I (8 0 A e K T BEL LG 0 2 R B A A el T HL, AR
ELAL E387, S823, NACA0012 il NACA4412 iX LA E AL, NACA4412 £ )M 8 AT BEARRF 4 55 07 Thi 45
HAWRRMRA6]. ROTFEESFEF @I S BRI IHIAT BUEAIL,  H0E b S, e e
T S B AASEMERE RIFRI 7] [8]. N. Karthikeyan &2 % AN A 5 8 () BAHEAT T X LSS, K
I SRR G T A S T e, T HLE R 7S 7 TR G AR % [9]. Muhammad S. Virk FIRT 7L R
i, JE R A G 5 R AR IR IR [10]. BRIk, ASCES S A SRR, 164 H AT EE BT AR IR
NACA4412, S8037 Al S1091 iX =FhEAANERXF R, 43t XX =Fh B A AT IR AN A BN R 58, IF
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Figure 1. Profiles of three kinds of airfoils. (a) NACA4412 airfoil profile; (b) S8037 airfoil profile; (¢) S1091 airfoil profile
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Figure 2. CFD domain. (a) 2-D model domain; (b) mesh computational domain
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Figure 3. Mesh independence validation
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Figure 4. Pressure coefficient comparison of airfoil NACA4412
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Figure 5. Velocity distribution and streamlines of airfoil NACA4412. (a) Angle of attack = 3°; (b) Angle of attack = 6°; (c)
Angle of attack = 12°
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Figure 6. Velocity distribution and streamlines of airfoil S8037. (a) Angle of attack = 3°; (b) Angle of attack = 6°; (c) Angle
of attack = 12°
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Figure 7. Velocity distribution and streamlines of airfoil S1091. (a) Angle of attack = 3°; (b) Angle of attack = 6°; (c) Angle
of attack = 12°
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Figure 8. Comparison of lift-drag ratio at different wind speeds. (a) Lift-drag ratio at 4 m/s; (b) Lift-drag ratio at 5 m/s; (c)

Lift-drag ratio at 6 m/s
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