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Case

Turbine T7 registered a particular high frequency of yaw related failures
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Windfarm

Siemens SWT1:3-62 x 16
Hub Height 60m.
. Rotor Diameter 62m S
~IEC Class 1A \ X ~ “Kihoku Windfarm
- Operation since Felruary 2004 - Kagoshima-Prefecture, Kyushu, Japan




Approach

Turbulence Wind Flow
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Intensity Direction Simulation
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SCADA = T7 = Rose
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SCADA = T7 = Tl

TI

Yellow Line - measured data (characteristic Tl)
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SCADA = T7 = Topography = Tl

Turbulence Tl Count

Elevation .
Intensity (Tl)  exceed IEC

Topographical Cross—Section from T7
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Topography

Undulating Terrain close to T7




CFD = Model

Software
RIAM-COMPACT

Turbulence Model
LES Smagorinsky

Calculation Area (km)
5.6(x) X 6.3(y) X 3.1(z)

Mesh Size

X :10m ~ 50m

y: 10m

z: Im (minimum)

Mesh Grid
401(x) X 631(y) X 61(z)

Total Grid Points
15,430,000

Inflow Wind Direction
290 degree

Inflow Wind Speed
7m/s

Inflow Shear Exponent
0.14

Atmospheric Stability
Neutral

i
e
it it

m!l m i

T |l i ||

|||l |

il |= "' |||1
It

il i
il il il
it n%m"'"ﬁﬁﬁaﬁs'...m n

il
}H’l\“’l’l\“’l i

i |||||1'-“|m||| ' i
i |||1|||IIII“'H1}‘ aﬂl i

'i‘l‘ll uuul .,1'|Iqﬂllllumll

l

i |IIII'l|I||||1| Il

IIIIHII piinle

|IIIIII1I |
1| I1

o et e ' T T—

il
: H”m Jﬁmurﬁ’}j{{{w:m.

Hff J
i
IJ iy mWﬂl‘ i
u ff ﬂﬂw
RS
i ﬁfﬁ?‘”’”’f i f;:”

i Mﬂfﬂ#ﬁlﬂrﬂﬁwiﬂﬂﬂrﬂ mmm,;ﬂfr

i J!”

Jm,,,m{f,lunrﬂfmﬁu rrmrrf W’ i

rﬁ'ﬂ.rnﬂﬂﬁ&&’*ﬁ*ﬂﬂ;mw‘fﬁiffﬂ*",{gg@ o
a

ity

‘,'H"Jmnrrrr,‘,’ﬁmfrfﬁ{{ffﬁmﬂf;
"u"n’n’r”frr‘#’f ‘ﬂﬁﬁ’fa’f'ﬂfﬁr’rﬁf” i y
i lmmu ‘JJ JJJ If H

J

if mu". "’fﬂ Hum fHIJ'm
”‘II;rr,,rl"fr]lu}r,,f“]irlrmfrmjr

I'




CFD = Vector

Flow Separation upstream of T7 Wind Direction Fluctuation at T7



CFD = Shading

Large and Fluctuating Wind Speed Difference
across Rotor Face of T7



CFD = Time Series
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CFD = Time Series
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Summary

Turbulence Wind R Flow
Intensity Direction Simulation
High TI Data . . 290 . Highly Fluctuating

” wind speed difference
across rotor face

' Fluctuating Loads

Yaw Failures

West to North-West degree



Implications=Future

0 The same approach has been applied to other existing
wind farms with satisfactory results.

0 The temporal and spatial wind speed distribution
provides useful information about turbulent wind conditions
and can be used as inputs for load calculation.

O LES-based CFD simulation thus has the potential for
assessing the operational risk associated with turbulent wind
conditions for both existing operational wind farms and new
wind farms under planning.



Thank you for Listening !
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