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Fig. 1 Wind turbine configuration and frame
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Fig.3 Typical streamlines around the wind turbine
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Droplet collection efficiency
Droplet diameter is 40micron ' 5.45
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Fig. 8 Contour of collection efficiency on the blade
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Fig. 9 Contour of collection efficiency on the prober
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Method of designing icing prober for an horizontal axis wing turbine

YI Xian', ZHAO Ping’, CHEN Kun', ZHU Guo-lin'

(1. State Key Laboratory of Aerodynamics, China Aerod ynamics Research and Development Center, Mianyang Sichuan 621000, China;
2. Dong fang Stream Turbine Co. , Litd. » Dong fang Electric Group, Deyang Sichuan 618000, China)

Abstract: A method of designing icing detection system for wind turbine is presented in this paper. The
main idea of the approach is to integrate icing sensors on an extra prober and to predict ice on wind turbine
according to the prober icing. Basic steps for design are proposed. Numerical arithmetic used for design con-
figuration and shape of the icing prober is given. The arithmetic is composed of the Multiple Reference Frame
(MRF) method to calculate flowfield of air, a LLagrangian method to compute droplet trajectories and a tech-
nique for fast computing ice accretion. Icing prober configuration for a 1. 5MW horizontal axis wind turbine is
then obtained with the approach. The state of wind turbine icing can be indicated by the prober in real time.
All these achievements build a good base for future research.

Key words: wind turbine; ice accretion; icing detection; configuration design; numerical simulation
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A discrete adjoint-based approach for airfoil optimization on unstructured meshes

GAO Yi-sheng, WU Yi-zhao, XIA Jian

(College of Aerospace Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: A technique for developing and implementing discrete adjoint methods for airfoil aerodynamic
optimization problems on unstructured meshes is presented. Two issues in previous discrete adjoint methods
are discussed: the total computational cost is still dependent on the number of design variables in previous
discrete adjoint formulation based on flow adjoint equations; and the lengthy and error-prone implementation
is usually required to develop adjoint codes. For the first question, the adjoint of the object function is con-
structed by linearizing each procedure of the entire optimization problem and transposing the total lineariza-
tion so the computational time required to evaluate the gradient is independent of the number of design varia-
bles. For the second question, an automatic differentiation tool is applied selectively to the development of
the adjoint code so that a “black-box” application of automatic differentiation tool is avoided and the complex-
ity involved in the development and implementation of discrete adjoint methods is reduced. The inverse de-
sign and the constrained optimization results demonstrate the efficiency of the present approach.

Key words: unstructured meshes; discrete adjoint method; aerodynamic optimization; automatic differen-

tiation; inverse design



