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Sample met. mast

e Prevailing winds along boom
e Find ‘five errors’...
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Cup anemometry 1(2)

e Tower effects (shadow)
— lightning rod

e Boom and clamp effects

< Anemometer design
— distance constant ()
— mech. and elec. construction

e Turbulent biases
— u-bias « (gy,/U )? (overspeeding)
— v-bias « (o,/U )? (DP-"error?)
— w-bias « (/U )? (angular response)
— stress-bias o« <uw>/U 2
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Cup anemometry 2(2)

e Anemometer condition
— long-term stability of output
— maintenance/rehabilitation schedule

e Environmental conditions
— sea spray, salt, dust, insects...
— icing of instrument

e Calibration procedure
— wind tunnel calibration (Claminar’)
— atmospheric (in-situ, turbulent)
— re-calibration at regular intervals

e Anemometer siting
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Anemometer calibration 1(2)

Station: GJMAST
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Generic calibration vs. reference anemometer: “looks good”?
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Anemometer calibration 2(2)

Station: GJMAST
2/2 95 = 13/2 95
Kopanem.
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% difference can be significant! Solution: Individual Calibrations
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Tower shadow

1.4

Wind speed ratio

0.6
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180
Wind direction [deg]

270

e Triangular lattice tower with
side length 1.2 m

e two cups mounted on 2.5-m
booms on opposite sides of
the tower.
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Boom and clamp effect 1(2)

i
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Boom and clamp effect 2(2)
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Cup rotor should be > 12-15 boom diameters above boom!

Riss DTU

National Laboratory for Sustainable Energy

=
=
=

i



Flow distortion according to I1EC 61400-12-1 standard

Triangular lattice mast
Optimum boom direction @ 90°

Cylindrical tubular mast
Optimum boom direction @ 45°
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Met. mast top arrangement — IEC

Hub height relative 1

T to ground at met mast ? "

Minimum f’

Vertical tube |
0,75 m / | |
l S sl Lo e s it A Minimum
No flow disturbances allowed 15m
above this line y

- oHw
,/ }2 * Mast top

/\'ﬂer instruments

Mast shall be within 1.5 cone _
(mast centre to cone relative \ on booms above this line
to vertical distance to anemometer f’l I N

IEC 2038/05
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Sample met. masts

25-m lattice mast Top-pole 70-m lattice mast
Risa DTU
National Labaratory for Sustainable Energy




The GIGO principle

e This universal principle for computer models (and many other aspects of
life ;-) states:

Garbage In = Garbage Out
or in math terms:
Garbage Out = (Garbage In)"

e Unfortunately, the exponent for wind energy models is:
n=1.5-3

e 'Garbage’ or not — it’s difficult to make accurate, reliable, long-term wind
measurements!
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... and finally a few rules-of-thumb to remember

Wind measuring issues

e Cup anemometer rotors should be
> 12-15 boom diameters above boom

e Boom lengths
lattice mast: > 3-5 mast side widths
tubular mast: > 6 mast diameters

e Boom orientation
lattice mast: 45°-90° from prevailing
tubular mast: 45° from prevailing wind

e Uncertainty of wind measurements is

I/ ctill 1204 (Or \wnOrce)
1 2 Ll = = J /YU \UI V\'Ul\’\ll
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Quality of wind data

e The wind data must be accurate
— equipment design and specifications
— calibration of sensors (anemometers)
— careful mounting of sensors on mast

e The wind data must be representative
— data collection for > 1 year

— data statistics for a number of full years
(no seasonal bias — cut if necessary!)

— data recovery > 90% (missing data distributed randomly)
— careful siting of mast (similarity principle)

 The wind data must be reliable
— verification of sensor outputs (QA)
— O&M (rehabilitation and recalibration)

— redundant sensors, long-term, wind index, ...
Riss DTU
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Climate Analyst details (1) — hierarchy

-'@, WIndData3Y-92-95 - WAsP Climate Analyst

=143 WindData3y-02-95
= ds “windDatasite!
E-o 12,0 m a.qg.l,
EI Cbserved daka (4]
[ 1992, 02t0 12
- [ 1993 to 1993
o 1994 ko 1994

------ 1995, 01 to 02
EI--% Resulks

 w—)
—]
[

i

File 5Site Instrument Data Resulks Climate Tools  Window  Help

H Imported data: 1993 to 1993 ("WindDat 0] x|

taraphs | iarid | Irnport repu:urI:I

| e LN

[7]

199353-01-01 00:15:00 199353-01-31 23:55:00
)
£ %

1993-01-01 00:15:00 1993-01-31 £3:55:00

*. 1993-01-01 1993-12-31

SME 1= | | [or.on1995 =] o [arona

1ol (|
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WAsSP — the OWC view

< VersionBWaspdale - WAsP version 9.0

Eile Member Library Reports Tools Window Help
S EH E-w-a 3 %l @@
. : ¥ 'Waspdale' Observed wind climate =] 4|
5 "Version3\Waspdale' WASP workspace — ) - i o
5-43) ‘Waspdale' WASP project | Histogram bins | Location information | Statistcs |
"Waspdale' Vector map Sector Wind dimate Power Quality
@'Waspdale' Wind atlas # angle [7] freq. [3:] W-A[mfs] ‘Weibulk U [m/s] power [W/m2]  delta-l [%d]
- % "WAsPdale Airport 1983-85, Runway NW anemometer,' Met, station 1 i} 2.0 3.4 1.95 3.04 33 -2.435%
F\Waspdale' Observed wind dimate 2 30 4.4 4.4 2,01 3.88 68 -2.385%
il 'Waspdale Airport’ Obstade groug m 3 &0 5.6 3.8 1.85 3.38 45 -1.830%
4 "Airport’ Roughness rose . & » 4 90 7.6 4.0 2,66 3.59 43 1.326%
B 4 Hiltop’ Turbine site A ELE 5 120 8.1 43 2,53 3.83 54 1.119%
A2 My Wind turbine generator Insert from file L 5 150 53 4.5 2,31 3.97 84 0.684%
=N Rename "Waspdale' 7 180 7.8 5.0 219 446 95 -1.231%
“2 Remove 'Waspdale' 3 210 8.3 53 2,25 523 150 0.805%
m Export 'Waspdale' to ... 9 240 12,3 0.8 2.66 .04 204 -0.263%
10 270 15.5 5.9 232 6,03 230 -0.128%
Reports » 11 300 16.7 6.3 233 5.59 178 0.782%
) \ 12 330 7.9 4.8 1,95 4,26 93 -2,362%
El Show properties for "Waspdale All {(emergent) 4,90 135
Source data nfa nfa
3007 Sector: All
U 4.90 m/s
] Pi 135 W/m2
— Emergent
oemen{ [
¥
ﬁ ﬂ_
aLibrary folders Z ]
e[ Sample files (13 files) b %’jr
(3] Wind turbine generators (41 files) 20.0% 0.0 o u ;n;,fs] 25.00
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The OWC file (**.tab, now *.owc)

at__Lon __Heightag.l
£ B Leen L Sectors  speed factor  sector off-set
WasP I.Bltpﬂ.tu_iﬂﬂ;ﬂi_ﬂma.y_uu_mrlmeter —
~55.78 -167.90 °~  12.00 / Sector-wise frequencies
12 1.0808 0.06
2.0 &4 5.6 7.5 6.2 5.3 7.8 8.4 12.2 15.7 16.8 8.1
1.488 Fra 5d 1Y} 5L 1Y) 58 E: i G0 17 TH Z0 £
2.80 246 124 208 185 177 189 | 87 | 71 29 49 66 122
3.80 269 246 294 196 207 289 143 | 166 68 82 119 224
4.80 186 214 225 202 238 271 262 | 165 154 158 144 263
.80 174 188 111 180 222 222 (224 | 1486 161 153 172 162
6.8 36 45 63 66 6% 78 136 | 145 17% 155 184 111
7.8 18 87 35 27 48 20 | 47 | 123 1590 148 125 73
§.00 8 32 15 3 15 11 |23 | 77 182 87 71 42
9.80 8 8 2 8 6 16 | 23| 35 78 71 w7 26
10.00 0 3 8 0 0 ¥ |28 21 w7 58 33 12
11.00 8 8 8 8 8 2 5 | 18 13 23 1o 1
12. 00 8 8 8 8 0 0 0| 1o 3 1y 3 1
13. 00 8 8 8 8 0 0 0 0 3 2 1 0
1400 0 0 0 0 8 8 8 8 0 1 1 8
15 00 0 0 0 0 0 0 0 0 0 1 1 0
16.00 8 8 8 8 8 8 8 8 8 2 1 8
17..00 8 8 8 8 0 0 0 0 0 0 1 0
il Sector-wise v s
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