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Table 1  Macros functions and their meanings
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Table 2 Calculation conditions for NACA0012
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Fig. 1 Mesh independent validation for NACA0012 airfoil
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Fig. 2 Calculation meshes for NACA0012 airfoil
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Table 4  Calculation methods of energy conservation equation
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Table 5 Icing conditions for NACA0012 airfoil
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Fig. 5 Comparison of icing shapes for NACA0012 airfoil
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Table 6 Calculation conditions for NACA64618 airfoil
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Fig. 6 Mesh independent validation for NACA64618 airfoil
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Fig. 7 Calculation meshes for NACA64618 airfoil
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Fig. 8 Water droplet collection efficiencies verses different

angle of attack
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Table 7 Quantitative analysis results of model
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Fig. 9 Rime ice shapes under different AoAs
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Table 8 Calculation conditions of WS, MVD and LWC

0 0.51 0.057 0.059 WS-1 40 20 0.50
4 0.49 0.065 0.027 WS-2 60
8 0.47 0.087 0.016 WS-3 80
12 0.45 0.110 0.009 MVD-1 60 10 0.50
A% 11.76 48.18 84.75 MVD-2 20
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Fig. 10 Influence of ice shapes by wind speeds
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Fig. 11 Influence of ice shapes by medium volume diameter
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Fig. 12 Influence of ice shapes by liquid water content
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protection

ICING SIMULATION OF AIRFOIL OF NREL S MW WIND TURBINE BLADE

Du Jingyu', Hu Liangquan®, Ren Xin', Shen Xin’
(1. Huaneng Clean Energy Research Institute, Beijing 102209, China;
2. School of Mechanical Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: In this paper, the Euler method water droplet collection coefficient model and the airfoil icing model are established , and the
NACAO0012 airfoil icing calculation example is used to verify the effectiveness of the model. The numerical simulation of NREL 5 MW
wind turbine blade outer airfoil icing (NACA64618) is carried out. The effects of wind speed, liquid water content and droplet diameter
on the icing of the airfoil are studied. The numerical simulation results show that with the increase of the angle of attack , the icing area of
NACA64618 airfoil moves towards the pressure surface, and the icing thickness increases (the maximum increase is about 167% ). The
increase of wind speed, liquid water content and droplet diameter can all aggravate the icing of NACA64618 airfoil, and increase the
icing area, icing amount and icing thickness.

Keywords: wind turbines; blades; airfoil; freezing; numerical simulation; water droplets impingement characteristics
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