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Note: V represents natural wind speed, m's™; Vj represents wind speed in the
wake region, m's”'; Rrepresents wind radius, m; & represents vertex angle of the
cone, (°); X represents distance between two wind turbines, m; r(X) represents
projection radius of wake cone, m.
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Fig.1 Ideal conical wake hypothesis
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Note: Ry represents wake radius, m; Vr represents wind speed passing through

the wind rotor, m-s™.
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Fig.2 Jensen model
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a. Curves of transit-wind speed related
to thrust coefficient under different
nature-wind speeds

b. Curves of transit-wind speed
related to nature-wind speed under
different thrust coefficients
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Fig.3 Curve of transit-wind speed related to different nature-wind
speeds and thrust coefficients
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Note: The wake drop factor k is 0.08, the natural wind speed V; is 8 m's™,
the thrust coefficient is equal to 0.2, M=X/R.
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Fig.4 Curves of wake speed related to distance and m
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Fig.5 Effects of different factors on blade root loads
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Analysis on relationship between wake and fatigue load of wind turbines

Deng Ying, Li Jianan, Liu Hesheng, Pang Huiging, Tian De
(Renewable Energy Institute, North China Electric Power University, Beijing 102206, China)

Abstract: With the continuous development of wind power industry, the power record of single wind turbine is
constantly expanded, and the scale of wind power generation is becoming larger and larger. For large wind turbines, the
wake effect cannot be ignored. It has an important influence on the fatigue load of the wind turbine, and also has a
significant impact on the output power characteristics of the wind turbine. In order to study the influence of wind turbine
wake on the load of the downstream wind turbine, several important wake parameters such as upstream and downstream
wind turbine spacing, upstream wind turbine thrust coefficient and nature wind speed are assumed according to the
theoretical results of some researchers. The physical quantity of wake region can be obtained according to the
momentum theory. The relation between the natural wind speed, the wind speed and the thrust coefficient can be
obtained by calculating the axial thrust based on the Bates’ theory. The wind speed increases linearly with the natural
wind speed, but with the increase of the thrust coefficient, the wind speed of the wind rotor will gradually decrease.
When the natural wind speed is fixed, with the increase of thrust coefficient, the wind speed of the wind turbine will be
reduced, and if the thrust coefficient can be large enough, then the wind speed of the wind rotor will tend to 0. However,
there will be no thrust coefficient greater than or equal to 1 in the actual operation of the wind turbine. Use GH Bladed
software to build a model of FL1500/70 1.5 and 3.0 MW doubly-fed wind turbine, and calculate the load response of the
wake model to the downstream wind turbine. The conclusions are obtained by analyzing the calculation results which are
as follows: 1) When the natural wind speed is constant, the wind speed at the wind rotor will decrease nonlinearly with
the increase of thrust coefficient. The wake wind speed increases with the distance between 2 wind turbines, but the
trend is gradually stabilized. But for different wind rotor radius, the larger the value, the closer to linear variation the
relationship curve of wake wind speed and distance. 2) When the wind turbine is in the influence range of the wake,
under the same wind speed and thrust coefficient, the farther the distance, the less the load will be affected by wake. In
the case of larger absolute value of turbulence intensity difference, the load difference increases with the decrease of
turbulence intensity difference, which is due to that the decrease of turbulence intensity under the wake effects makes the
load increase; sometimes the load difference decreases with the increase of the difference of turbulence intensity, which
means under the wake effect the turbulence increases and at the same time the load is reduced. The reason is when the
turbulence increases, the load increases, but at the same time the wind speed affected by the wake effect becomes smaller,
so the thrust coefficient decreases, followed by the decrease of the load. Comparing the turbulence intensity with the
thrust coefficient, the reduction of thrust coefficient has a more influence on the load. 3) When the thrust coefficient of
the upstream wind turbine increases, the load will increase; when the wind speed is greater than the rated wind speed, the
thrust coefficient should be reduced by adopting the pitch control so as to reduce the fatigue damage of the wind turbine.
4) Based on the wind turbine modeling and numerical simulation calculation with Bladed software, the influence of
upstream wind turbine wake on the fatigue loading of the wind turbine is discussed. The accuracy of this calculation
which is used to determine the load response characteristics of wind turbines is limited, but it is very difficult to carry out
on-site verification of the fatigue load data of wind turbine. Therefore, the data provided by the chart in this paper are for
reference only.

Keywords: wind turbines; computer simulation; models; distance; thrust coefficient; wind speed; wake; fatigue load



