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(Meso-scale Modeling)

(Wind Measurement)

(Micro-scale Modeling)

(Wind Resource Assessment)

(Meso-scale Modeling) (Wind Measurement)
e.g. KAMM, MM5, WRF €| ¢.g. Met. Station, SODAR, LIDAR

; (Micro-scale Modeling or Micro-siting) I \

e.g. WAsP, CFD
u (Wind Resource Map)
[ | (Wind Energy)
[ |

1



Wind Measurement

10 m
hub height
60m 10m 30m
50m 60m
Time series
95%

* SODAR (SOund Detection And Ranging) LIDAR (Llund Detection And
Ranging)

60m 10m~
30m SODAR LIDAR !
SODAR LIDAR

hub height
B SODAR
u v w [2,3,4]
! SODAR 200m
u; T 2 T 2
V,=\v, Veosar = e I udt | + 1jvdt
T 0 T 0

T T
Ve =%J'th— 1J'\/u2 +vidt

0 T



SODAR [1]

aV

Sodar — cup

o<l 0.98<0<0.995

B LIDAR

[5]

H =h, + p'cos(30.6°)

h, is the initial vertical displacement of the laser heads(~2m)

p'is the focal length

2 SODAR LIDAR [1]



Meso-scale modeling + Micro-scale modeling

Meso-scale models KAMM

Karlsruhe Atmospheric Mesoscale Model MM5  The Fifth-Generation NCAR

/ Penn State Mesoscale Model WRF  Weather Research and Forecasting
Modeling

RISO KAMM/WASsP Method

Mesoscale

Orography

Land-use | RROUGhNEss j
Generator

KAMM « Climatology

A

Wind Atlas Files

Local T
| I 4

Orography _
N WASP Loca}l Wind
Climate
Local
Roughness
3 KAMM/WASP Method[6]
. Meso-scale modeling
u (
Equation of Motion
%\7,4 =—aVP-20xV +g+F (V, =ui +V])
oP
a—+9g=0
ot g
Continuity Equation
dp -
——+pV-V =0
at



Equation of State
P=pRT

Thermodynamic Equation
: dT da dT dP

Q=¢,—+P—=Cc,——a—
dt dt dt dt
Water Vapor Equation
dg S
dt = a S=source or sink
u
u
KAMM
NCEP/NCAR reanalysis
data Statistical-dynamical downscaling
Statistical-dynamical downscaling
weather class profiles
4
5
00 y) = (YU (X Y)
’ Z f.(x,y)
u(x,y) 100m

f.(x,y) windclassi

u,(x,y) windclassi  100m



G003 T T T B000 T T T GO0 T T
4000 - 4 4000+ P4 e .
WCI109 L 4 zomf P 2000 1
G I OO ek B é . j
0 10 20 30 40 50 a a0 180 270 360 1] 20 40
u D T
600G sy 6000 ——— 6000 T T
WCI114 “°f 1 a0t . 4000 | E
2000 2000 ¢ . 2000
i i g gl 5 3 " . .
o 10 20 30 40 =50 o 80 180 270 380 [+] 20 40
u o :
600G T—— 6000 ————— 6000 T T
WCI 116 “*[ 1T : el ]
2000 - 1 2000 ; 1 2000 - E
o i ol R | o . L
0 10 20 30 40 50 L 90 180 270 360 4] 20 40
4 wind class profiles [6]

(@ Example wind class 109 simulations
Wind Class 109 100} ;;;‘//;‘ ‘ I
Wind Class Properties at 1500m .|

Wind speed 7.6 0o
Wind direction 270 0]

Frequency 1.200% 0]

Wind Class 114 Z

Wind Class Properties at 1500m= fﬁ %
Wind speed 16.6 ol 5t f_’f g
Wind direction 270 = i) =

Frequency 1.196% an

Simulated wind [m/s] at 50m -

(c) Example wind class 116 simulations

Wind Class 116 o
Wind Class Properties at 1500m ..

Wind speed 27.4 o
Wind direction 270
Frequency 0.479%

Simulated wind [m/s] at 50m

5 wind class profiles (a)Example wind class 109
simulations (b) Example wind class 114 simulations (c) Example wind class 116
simulations|[6]



Micro-scale modeling

WASP(Wind Atlas Analysis and Application
Program) MS-
Micro,4 and Raptor,5 Raptor-NL,6 as well as CFD models

WASP 6
Mean wind
speed Mean power density
Weibull A&k

U.. Z
u(z)=—In| —
Kk \Z,
oooooo
Wind Atlas
Orography
0ooooo B B 0oo0ooo
ooooog ooooog
ooooog ooooog
Roughness
ooooog L | ooooog
ooooog ] | ooooog
Obstacles
Wind Data from Wind Climate at
Met. Station Specific Site

ooooooo

Number and Model
of Wind Turbines

Estimate Annual Output
and Optimization

6 WASP [7]



RIS@ ARIX
WASP
WASP
2D Flow model[8,9] WASP
WASP 10m 20
m 30m 50m 60m 67m
RIS@
WASP 1
2 WASP
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Input of NCEP reanalysis data Output of WRF

Grid  250kmx250km Grid  2kmx2km
2000-2005 average surface wind (m/s) Domain—3 windzogr;r'l/s)
- - k L Laera

ge

Downscaling
through
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