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Abstract

Recently, the problem of the availability factor being lower than that originally anticipated has be-
come manifest with wind power stations built on complex terrains. In other words, troubles have oc-
curred such as an extreme decrease in the generation output, failures of components inside and outside
wind turbines like yaw motors and yaw gears, and cracking on wind turbine blades. As one of the causes
of the occurrence of these troubles, the effects of wind turbulence (terrain-induced turbulence) is pointed
out. In this study, we investigated and studied the effects of terrain-induced turbulence on the structural
strength of wind turbines through the measurement of strains in wind turbine blades and of wind condition
data in order to establish a method of optimum arrangement of wind turbines based on numerical wind
condition data with the conditions of structural strength of wind turbines taken into consideration. The in-
vestigation and study were conducted on wind turbine 10 of the Kushikino Reimei Wind Power Station in
cooperation with Kyudenko New Energy Corporation (commissioned in November 2012). Following this,
we conducted numerical wind condition simulation (diagnosis of terrain-induced turbulence) of the effects
of the properties of air flow on the structural strength of wind turbines from the viewpoint of numerical
wind conditions, by using an actual terrain version of RIAM-COMPACT based on large eddy simulation
(LES), and we successfully reproduced the characteristics of wind conditions and the structure of
three-dimensional air flow. These results, to be reported below, have enabled us to determine the threshold
values for the quantitative optimum arrangement plan on the basis of the actual terrain version of Rl-

AM-COMPACT.
) F—J— K EHEHIE, HOBMEELEE, LES

Key Words : Complex terrain, Terrain-induced turbulence, LES
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Wind Farm

Fig. 1 Map of the area around Kushikino Reimei

Wind Power Station (Google Earth)

General Specifications
Manufacture : Hitachi,Ltd.

Model : HTW2.0-80
Power : 2MW

Hub height : 60m
Rotor diameter : 80m

IEC—Class: T A

Table 1 Positional relationship between Mt.Benzaiten
(Altitude : 519m) and No. 10 wind turbine

Wind turbine Offset distance
No. from wind turbine

Altitude |Blade tip height

10 418m 518m About 300m
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Blade tip height : 100m

|

I

|

rain sensor i
&5 ¢80m

Hub height|: 60m

Mt . Benzaiten

N

About 300m

Fig. 3 Positional relationship between Mt.Benzaiten

(Altitude : 519m) and No. 10 wind turbine
(Google Earth)

Journal of JWEA

-

//

=i

Fig.4 Blade strain measurement positions,
No. 10 wind turbine

2017 4



SR ALE AU AN SR 5 2 B B S 50198 GEEHTLAE 7V LES 12 X 5 M ESL i )

Table 2 Frequency distribution and average wind speed at a hub height (= 60m)
(Analysis period : 2015.11.13, 0:00 ~ 2016.3.17, 7:00)

height item N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW | total

Frequency

distribution(®) 22.5 |13.8 | 5.6 4.0 4.4 3.6 7.5 4.3 3.0 2.2 1.2 0.9 1.3 1.8 |12.6 |11.2 | 100.0

60m

Average wind

6.1 5.8 4.8 4.1 4.5 4.7 6.7 6.0 5.1 5.0 5.0 3.0 4.6 5.0 9.2 6.6 6.1
speed (m/s)

(a) Wind rose (Frequency distribution) (b) Wind speed by direction

Fig. 5 Frequency distribution (%) [left] and average wind speed (m/s) [right] at a hub height (= 60m)
(Analysis period : 2015.11.13, 0:00 ~ 2016.3.17, 7:00)
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(b) Damage equivalent load of blade flapwise bending
Fig.6 Time series data (Interval : 10 minutes, Analysis period : 2015.11.13, 8:00 ~ 13:00)
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(a) East wind (b) North wind
Fig. 7 Blade strain data (Blade flapwise bending data) in the case of two wind directions
(Interval : 0.02 second, Average wind speed : 9m/s)
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Table 3 Wind direction range and data number

Wind dierection Data number

ranges 10 minutes average
North wind 0° =+ 15° 4, 036
East wind 90° =+ 15° 496
Note) Target data: more than 4m/s (Cut—in wind speed)
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Fig.8 Standard deviation distribution in the case of two wind directions at a hub height (= 60m)
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Fig.9 Turbulence intensity distribution in the case of two wind directions at a hub height (= 60m)
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10 minutes, Analysis period : 2015.11.3, 0:00 ~ 2016.3.17, 7:00)
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Fig. 13 Wind velocity vectors at a wind turbine No. 10,
Instantaneous flow field, East wind
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Fig. 14 Vertical profiles of a streamwise wind speed
component at a wind turbine No. 10, East wind
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Fig. 15 Time—series data of a streamwise wind speed component
Table 4 Measured data analysis and LES simulation results (Summary)
Wind Occurrence . ) DEL (Blade Simulation results

. . - Average wind speed | Blade strain . . —
direction| Days Time flapwise bending) |Turbulence evaluation index

Bast 1 11/13| 8:00~10:00 Large 2.03 0. 236
wind fluctuation
ey about 9m/s Sl

St 11179 | 17:00~22:00 et 0.95 0. 099
wind fluctuation

Note) Turbulence evaluation index =o ,(standard deviation at a hub height)/U(inlet boundary wind speed(=

Vol.41, No.2

10m/s))
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