¢

LAWRENCE
LIVERMORE
NATIONAL
LABORATORY

UCRL-CONF-209161

Improved Wind and Turbulence
Measurements Using a Low-Cost 3-D
Sonic Anemometer at a Low-Wind Site

B. M. Bowen

May 12, 2005

Thirteenth Symposium on Meteorological Observations &
Instrumentation

Savannah, GA, United States

June 20, 2005 through June 24, 2005



Disclaimer

This document was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor the University of California nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for
the accuracy, completeness, or usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any
specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise,
does not necessarily constitute or imply its endorsement, recommendation, or favoring by the United
States Government or the University of California. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States Government or the University of California,
and shall not be used for advertising or product endorsement purposes.



IMPROVED WIND AND TURBULENCE
MEASUREMENTS USING A LOW-COST
3-D SONIC ANEMOMETER AT A LOW-WIND SITE

Brent M. Bowen
Environmental Protection Department
Lawrence Livermore National Laboratory
University of California

Presented at 13t Symposium on
Meteorological Observations and Instrumentation

Savannah, GA
Wednesday, June 22, 2005



Sonic Anemometer Use Increasing

 Advantages

— Low/No Maintenance Requirements
— Measurements at very low wind speeds
— Improved technology P lower cost

* Recent Conversions to 2-D Sonics

—  NWS/FAA (ASOS)
— Tennessee Valley Authority

« Recent Conversions to 3-D Sonics

— South Coast Air Quality Management District (CA)
— Army Research Laboratory



Regional Area (Toward South)

2,700 ASL - SITE 200




L.ocal Area Around Tower
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Sensor Characteristics

« R.M. Young 81000 Sonic:

— 3 pairs of opposing ultrasonic
transducers

— 0.01-0.2 m/s starting threshold

— 160 Hz internal, 4-32 Hz external
sampling rate

e Met One Sensors:

— 010C wind vane: +/-3°,D.C.<0.9m
— 020C anem: +/-1%(<30 m/s), D.C.<1.5 m
— starting thresholds = 0.22 m/s

« R.M. Young 27106F propeller:

—  +[-1%(+/-20 m/s), D.C. = 2.1 m
— 1.25 factor for non-cosine response
— starting threshold = 0.22 m/s




Data Anal_yses

Year of 15-min. data (2004) from sonic &

mechanical sensors analyzed/compared:

15-min. avg. & peak (1-sec.) scalar wind speed (u)
standard deviation of along-wind fluctuations (s.)
wind direction (g) and its standard deviation (s)
standard deviation of vertical wind (s) and

angle fluctuations (sf) [note: s @sw/u]

vertical momentum flux (-u'w’)

Suspicious data deleted

All data measured at 1 Hz rate



Wind Speed & Gust Correlations

wind speed Peak wind gust
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Very good over-all correlation...



Wind Speed & S, Ratios

wind speed ratio (cups/sonic) Sigma u ratio {cup/sonic)
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But large bias at low speeds



Wind Direction & S; Comparison

Vane - Sonic ()
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Large bias if u<1.5 m/s Variable bias if u<1.5 m/s



S,, Correlation and Ratios

Sonic anemometer (nMys)
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Good over-all correlation... But large bias at low speeds



S,, and St Ratios

Sigma w ratio (prop/sonic) Sigma phi ratio (cup&prop/sonic)
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Mechanical sensors < responsive at low speedsb large bias



Fluxes

Sonic anemometer (m%s?
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* Now estimating
(using eddy correlation):

— Sensible heat flux
(from sonic measurements)

— Evaporative heat flux &
evaporation (from sonic &
H2O gas analyzer)



Summary Table

Median Mechanical
Variable/ 2 SensorsfSonic ratio

parameter All =2 <2 <1
winds | m/s | m/s | m/s

Wind speed (¢ | 0.966 | 1.06 1.03 | 1.16 | 1.24
Peakwind gust | 0922 | 1.02 | 1.00 [ 1.07 | 1.12

sSigma 4 (ou) 0.98 0.95 094 (098 | 1.08

Sigma theta (o) | 0.84 1.05 1.0/ | 1.00 | 0.94

/0.4?'

N
Sigma phi (o) | 0.56 | 0.78 | 0.88 \0.42

Momentum f
omemum T\ o086 | 0.74 | 0.89 [ 0.02
(LW N

Sigma w (c) | 098 | 0.83 | 0.91




Summary

e Sonic vs. mechanical sensor measurements:

— Good agreement for stronger winds (sw bias: 1.25 factor)
— Better measurements for light winds (large % differences)
— Errors especially large for vertical turbulence b

— sonic Sr: 5-10° greater when cup/prop Sf < 5°

— large (factors of 2-10+) errors in S; estimates

« Sonic anemometer limitations:
— Data loss from wetting (rain/fog with light winds)

— Needs more power (110 mA): 10X cup/vane; 20X vert.
propeller

* ldeal supplement & backup to routine
measurements

This work was performed under the auspices of the U.S. Department of Energy by the University of California, Lawrence Livermore National Laboratory under Contract
No. W-7405-Eng-48.
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