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Table 1

20 mm

a. JUfafsEsy

2 mm|

a. Geometry model

A1

b. Ao
b. Finite element model

E: Xo Yy ZRMHEbRE,  MONBE X BN %, Ne-mm.

Note: X, Y, Z are axes; M, is the internal moment around X axis, N-mm.

P oy ST o AT FRALHER)

Geometry model and finite element model of beam

RE TR TR S5 EF05REE LL YRR READ

BIRTTHE

Analytical and finite element results of

stress component and strength ratio of beam under the
bending deformation

o, = BRI ity B§UIN) B
5 JZE S

Method  Layer number Transverse Longitudinal ~ Shear Strquth

stress/MPa  stress/MPa stress/MPa  ratio

e 825 0.18 0 93.56

0°) 413 -0.09 0 187.13

)R 111 0.64 0 121.67
fitris: (909 _|67E-18 -3.24E-17 0 3.12E+19

Analytical

method B=JE -L6TE-18  -324E-17 0  3.12E+19

(90°) 111 0.64 0 35.89

FA] 413 0.09 0 237.57

(0°) 8.25 0.18 0 118.78

)2 825 0.18 0.16E-13  93.56

0*) 413 -0.09 0.32E-13  187.13

R —B 111 0.64 0.16E-13  121.67

Rk m
Finite (90°) 0 0 0.16E-13 1.97E+15
element P 0 0 20.16E-13 1.97E+15
method 5

(90°) 111 0.64  -0.16E-13  35.89

EAup= 4.13 0.09 -0.32B-13  237.57

0*) 8.25 0.18 -0.16B-13  118.78
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a. Sharp trailing-edge modification of b. Schematic diagram of airfoils with
NACAO0021 airfoil and without camber
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NACA0021SC. NACA0021S NH . LLEERIRZERE, o HRUZLK

m; r WA TER AR, =0.5d, m; d ARBEAR, m. TR

Note: Dotted line is the airfoil profile obtained by the coordinate rotation

transformation; p is the length of OT, m; 6 is the angle between OT and x-axis,

rad; £ and ¢ are the angles after rotating around the coordinate origin clockwise

and counterclockwise, rad; % is the trailing-edge thickness, m; T'(x,,y,) ,

T'(x,,y,)and T (x;,y;) are control point coordinates of blunt trailing-edge

airfoil, airfoil obtained by the coordinate rotation transformation, and sharp
trailing-edge airfoil, respectively; xOy is the coordinate system of airfoil;
NACA0021SC and NACAO0021S are sharp trailing-edge airfoils with and
without camber; ¢ is the chord length of airfoil, m; » is the rotating radius of
wind wheel, 7=0.5d, m; d is the diameter of wind wheel, m. Same as below.
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Fig.2 Modification and increasing camber for airfoil
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Note: / is the blade length, m; O is the rotation center of wind wheel; A, B, C, D,
E, F, G and M are key points of computational domain.
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Fig.3 Computational domain and mesh of wind wheel
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Fig.4 Verification of mesh independence and adaptability
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Fig.5 Cross section and mesh model of blade
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a. Pressure distribution b. Blade under multi-loads
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Fig.6  Gravity, centrifugal force and aerodynamic load on the
blade surface
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Table 2 Initial values and change ranges of optimal variables

PR b PME AL
Optimization variables Initial values ~ Change ranges

L 1) B3 AT P

Thickness of uniaxial glass cloth x, /mm 0-50 0-40~0.55
XU 1) 35 3 A JE P

Thickness of biaxial glass cloth x, /mm 0.50 0.40~0.55
= I AT L

Thickness of triaxial glass cloth x, /mm 0.35 0.28~0.39

kI
Thickness of form x, /mm 2 1207220
JBAR AR
Thickness of gel coat x; /mm 025 0.20~0.28
(LS LA
Location of leading-edge web x, /m 0.20¢ 0.15¢~0.25¢
JE SRR E.
Location of trailing-edge web x, /m 0.50¢ 0.50¢7-0.60c
TR
Width of main beam x, /m 0-30¢ 0.25¢7045¢
WEIRATE 2 A
Laying angles of glass cloth 0. 0. 0 0~180

Xor X0 X, /(%)

W c ARAZK, m.
Note: ¢ is the chord length of airfoil, m.
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Fig.7 Flow chart of the blade structure optimization design
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Structural optimization of H-type vertical axis wind turbine blade under
multi-loads

Zhang Xu', Li Zhaoxuan?, Li Wei?

(1. Tianjin Key Laboratory of Advanced Mechatronics Equipment Technology, Tiangong University, Tianjin 300387, China; 2. School of
Energy and Safety Engineering, Tianjin Chengjian University, Tianjin 300384, China)

Abstract: The larger stress and strain concentration will be caused in some positions of the blade by the coupling action of
gravity, centrifugal force and aerodynamic load in the rotation process, which can reduce the reliability and life of wind turbine.
Most of the blades with hollow thin-walled structure are made of glass fiber reinforced composite material, and the optimal
design of internal structure and fiber layer is used to improve the strength and rigidity. Furthermore, the aerodynamic force that
is the main power source changes with the wind speed all the time. Therefore, it is of great theoretical significance of guidance
and engineering value of application to perform the accurate and real-time extraction of aerodynamic force, and optimize
structural geometry parameters and composite layer for the blade under the coupling effects of multiple loads. The
optimization can ensure safe and stable operation of wind turbine. However, the investigation about the structural optimization
of vertical axis wind turbine (VAWT) blade considering the time-varying load effect is few. In the present study, the
multi-objective structural optimization design of the blade was performed to improve the structural performance of H-type
VAWT when the multi-loads were coupled. First, the transverse stress, longitudinal stress, shear stress and strength ratio under
the bending deformation of beam whose constraints and forces were similar to those of the blade, were obtained by analytical
and finite element methods. The results of two methods were compared to verify the correctness of finite element analysis
process. Moreover, the trailing-edge of NACA0021 airfoil was modified with the coordinate rotation and coefficient zoom, and
then the airfoil’s middle arc line located on the circumference of wind wheel. The sharp tailing-edge airfoil with certain
camber, namely NACA0021SC, was obtained. Furthermore, the parametric finite element model of the blade with new airfoil
was established with the APDL language. The pressure distribution on the blade surface was calculated by FLUENT, and the
aerodynamic force extracted accurately and in real-time by the FSI mapping method was applied on mesh elements of the
blade structure to realize the aerodynamic force transfer between FLUENT and ANSYS. Finally, the particle swarm
optimization (PSO) algorithm, which was improved through the cosine adaptive of inertia weight and dynamic adjustment of
learning factor, was applied for the structural optimization by taking the minimum blade mass and maximum laminate strength
ratio as design objectives. The results showed that the mass of single blade at different azimuth angles of 90°, 180°, 270° and
360° decreased by 13.70%, 11.85%, 8.09% and 9.60% after optimization, respectively. The maximum stress and strain
decreased by as much as 20.71% and 23.77% at the azimuth angles of 90° and 180°, the biggest decline of maximum
displacement was 9.34% at the azimuth angle of 360°, and the reciprocal of strength ratio reduced mostly at the azimuth angle
of 180° by 9.38%. To the wind turbine, the mass, maximum stress, maximum strain, maximum displacement, and maximum
reciprocal of strength ratio decreased by 7.51%, 8.50%, 20.20%, 1.90% and 16.11%, respectively. The stress concentration and
deformation decreased and the strength increased, which indicated that the structural performance was enhanced. The research
can provide significant guidance for structural optimization of wind turbine blade with time-varying load.

Keywords: wind turbine; optimization; blade; aerodynamic force; FSI mapping
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