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Fig. 1

The simulation model of lightning striking the wind turbine

(a)schematic frame diagram of the 2-D random lightning leader model, (b) simplified model of the turbine
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Fig. 2 Schematic of leader

random propagation

SN R 1S BEM EXH LS
Ja R X T e 0 O e AR D — A O e AR X B —
Tk 2 B — i Ry & r WL RS . 2% XL
73 & B AL I BEALLET AT AR 4 2 AR 1 I K 3k
YRR 5 R AR (] 3) AR 1,71=07;
FEARDS 2,i=15"; HARE 3,i=30"; HARSE
A,i=45% FEARRAE 5,1=060", MBI LREM =
75°F G HEEACIR A 4 REFR ARG N FEACRAS .

AR

AR A HAIRES

3 U3 e e AL T R A R 25 3

Fig. 3 Basic conditions divided according to the turbine model
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Table 1 Different values of P varying with horizontal distance between

the initial downward leader and the turbine
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Fig. 4 P of different possible striking

points in the modeling space
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Table 2 Average value of the upward

leader in different conditions
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when the downward leader is 300 meters(a) or 500 meters(b) horizontal from the turbine
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Simulation and Analysis of the Relationship Between the Turbine
Blade Condition and Its Lightning Strike Probability

Li Dan”” Zhang Yijun"?” Lii Weitao"?
Y (State Key Laboratory of Severe Weather, Chinese Academy of Meteorological Sciences, Beijing 100081)
2 (Laboratory of Lightning Physics and Protection Engineering , Chinese Academy of
Meteorological Sciences, Beijing 100081)

Abstract

To study the interaction between the lightning leader and the wind turbine, a 2-dimension random
model of lightning leader is used to simulate and analyze the cases of lightning flash striking the wind tur-
bine. Random simulation results demonstrate that as the horizontal distance between the initial downward
leader and the turbine increases, the probability of the turbine to be stricken by lightning decreases in-
stead, and even declines to about 4% when the distance is around 500 meters. The lightning strike points
mostly are the turbine blades and there is some distinction in the striking character when the turbine is un-
der different conditions.

Here it is supposed that the wind turbine is relatively still because the rotation speed of the blade can
be ignored compared with the speed at an order about 10° m/s in which the downward stepped leader devel-
ops. For simplicity, the blade in the first quadrant is named as No. 1 blade and the other two as No. 2 and
No. 3 blade in the clockwise direction. Then all possible turbine states are divided into five basic ones,
i. e. , turbine state 1—5 when the inclination angle of the No. 1 blade is 0°, 15°, 30°, 45° and 60°, respec-
tively. When the relative angle between the No. 1 blade of the turbine and the vertical frame is 45°, the up-
ward leader initiated from the turbine blade under the influence of the downward stepped leader has an ob-
vious longer length which reaches 221 meters, nearly 10. 3% higher than the average value of all the five
basic situations. Due to the randomness of the occurrence that a turbine is stricken by lightning, incidences
considering all important factors have been simulated such as the turbine condition and the horizontal dis-
tance between the downward initial leader and the turbine.

To study and analyze the natural lightning strike probability of the blades under different conditions,

the distance value which can vary a lot is hypothesized to be only 0—500 meters. When the inclination an-
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gle of the No. 1 blade is 15°—45°, the turbine will bear a little higher risk to be stricken by lightning if the
horizontal distance between the downward initial leader and the turbine is smaller than 300 meters. But the
probability of the turbine to be stricken is relatively much higher if the distance becomes about 500 meters,
obviously higher than that of turbines under any other conditions. It can be concluded that when the incli-

nation angle of the No. 1 blade is 15°—45°, the probability of the turbine to be stricken is relatively larger.

Key words: leader; random simulation; turbine condition; inclination angle; lightning strike probability
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