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Abstract

India Meteorological Department hastablisheda network of 125 stateof-art Automatic
Weather Statiosm during 20062007. In earlier IMD network of Automatic weather station,
conventionaimechanical wind sensofBVID make) have provided adequaténd data Cup and

vane or propeller and vane anemometers sense the force of the wind through mechanical means.
It has serviceable parts and always requires maintenance. In view of this problersoritt

wind sensor (Gill make) has been used in the expanded 125 network of Automatic Weather
Station.It is robust, lightweight unit with no moving parts. It has no serviceable parts, requires
no calibration at field site and maintenance fiee performancend calibration has beetiso

verified in IMD wind tunnel. Its performances have beeonitored since installation and data
have been compared with <collocat ¢dPTA M6 s Dyn
sensor. The ltrasonic wind sensor data have been compared with Dyne Pressure Tube
Anemograph at Pune and Kolkata. The comparison of wind data is beingwd@ne both

sensors are kept at same height (10 meters above ground as per WMO guitleirgs)inutes

vector averaging of Wind data in Ultra Sonic wind sensor has been done as per Synoptic
observation. The performances Witra Sonic wind sensor in expanded network of Automatic
Weather Station are very encouraging since their installation
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1. Ultrasonic Wind Sensor

1.1.Intro duction:

Ultra sonic wind sensors had been in use
very expensive to produce, were fragile and prone to failure and required a lot of
maintenance. Sonic anemometers as rem@aents for conventional mechanical
anemometers havbeen in production since teear | y 1 9 9 0 6 sdateagaided h a v e
acceptance by thesar community As new materials, solidtate electronics and the
proliferation of the microprocessor became a realibge cost to produce a sonic
anemometer started rivaling the conventional wind senghis.new generation of sonic
anemometers does not have the response, maintenance and icing problems associated
with conventional, mechanical wind sensors.

1.2. Principle and sensor details:

Sonic anermmeters operate on the princigleat the time required for a sound wave to
travel from point A to point B is féected by the speed of the wind in a predictable and
repeatable waylt is easy to install and maintabecause olightweight and compact, and

has no moving part&or operation in areas where frequent extreme icing conditions will
be encountered, builh, thermostatically controlled heaters are aataeg. Sonic
anemometersare provided with a builin, flux-gate compass, which automatically
references the wind direction output to magnetic north, regardless of the sensors
orientation. This compass feature, combined with our sensors small size, |dwt arig

low power requirements makes it very easy to transport and deploy fotesimogtidies.

These features also maiteghe ideal sensor for providing meteorological data input to a
computer that performs real time dispersion calculations at an atadidgill orrelease

of hazardous material®A sonic anemometer measures the wind using the principles
described above without any moving mechanical devices, i.e. there are no physical
constraints on the sensor respe due to mechanical frictioagrodymmic drag, lift @
transducer mass. Aonic anemometer is an instrument that exhibits an instantaneous
response, has zero threshold, no delay distance and is critically darnpestcuracy of

the wind speed measurem&nthe same as the resolutidhl( n1s) and is only limited by

the electronics of the sensor

It is easy to install and maintabecause ofightweight and compact, and has no moving
parts For operation in areas where frequent extreme icing conditions will be encountered,
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built-in, thermostatically controlled heaters are afad#. Sonic anemometerare
provided with a builin, flux-gate compass, which automatically references the wind
direction output to magnetic north, regardless of the sensors orientation. This compass
feature, combined with our sensors small size, low eagd low power requirements
makes it very easy to transport and deploy for stesrh studies. These features also
make it the ideal sensor for providing meteorological data input to a computer that
performs real time dispersion calculations at an aotadespill orrelease of hazardous
materials.A sonic anemometer measures the wind using the principles described above
without any moving mechanical devices, i.e. there are no physical constraints on the
sensor resptse due to mechanical frictioaerodymmic drag, lift @ transducer mass. A
sonic anemometer is an instrument that exhibits an instantaneous response, has zero
threshold, no delay distance and is critically dam@édxae accuracy of the wind speed
measuremeris the same as the resolutidhl( nis) and is only limited by the electronics

of the sensor

This type of sensolikely to become a natural roosting or nesting spot for birds. In
addition, misalignment of the transducers due to bent support arms is another potential
probem. Ice buildup on the transducer will degrade the sensor performance and often
damage the transducer(s) to the point where the data produced by the sensor is no longer
meaningful.

At low wind speeds, a small error in the measuremeasrigabne axignay lead to a
relatively large error in the calculated wind direction. Therefore most sonic anemometers
do not definewind direction accuracy below a minimum wind speed. Thiseshold

speed varies by manufacturer and configuration.

2. Wind sensor in IMD network of Automatic weather station:
2.1 Gill wind sensor

The Gill Wind sonic sensor has been installeti2é network ofAutomatic ~ Weather
Station in India and ishewn in Fig.11t is robust, lightweight unit with no moving
parts. It has no serviceable paregjuires no calibration at field site amdaintenance
free.Their performancand calibratiorwas evaluatedh IMD wind tunnel before
they deployed in field sitéAuthors have evaluated the performance of theseensors
with collocatedDyne Pressure TubAnemograph DPTA).The study shows that the

performance of Ultrasonic wind sensor is found satisfactory and they could be used for
4
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operational use as replacement of conventional wirgensor.The performanceof
Wind sonic sensawas found to be accurate and comparaleprinciple of operation
iIs  as follows:

2. Principle of Wind sonic sensor

The principle of wind sonic is based Dopplershift principle.lt has fourtransducers
which are in all four directionblorth, South, East and We The wind sonic measures
the time taken for an ultrasonic pulse to trévedn onetransducer(North Direction) to
another transducer (South direction) aodhpares it with the timdor a pulse to travel
from transducer (Soutthirection) to transduceNprth Direction).Similarly same case is
repeated foEast and West transducers.

TIME OF FLIGHT THEORY

l=—0— m I =

R N e S A

Theralors:

T 2|1 T,

NORTH MARKER ARROWS
L = Distance between transducer faces
C = Speed of sound
W =Velodty of gas flow \"""-———-"""/
T1 =Transit time of ultrasound
T2 = Transit time of ultrasound

Fig 2



3. Dynes Pressure Tube Anemograph

TheDyne Pressure Tub®&nemograph is an instrument for the continuous
recording of the instantaneous value of wind speed widl direction on a single chart
so thatthe wind is completely describe@ds vectorquantity. Wind direction is
measured andecorded by means ofwind vane and a mechanical twin pen recorder.
Wind speed isneasured by means of a pitot static tube andrded by a sensitive float
manometer. The pitothead is kept facing the wind by means of the vane and as the
wind blows into the mouth of the tube, it produces an increase in pressure in it
proportionalto the square of the wind speed (called pressure fubke wind blowing
the suction holes below thearm of the vane produces a decrease of pressure inside the
suction tube.The difference in pressure in the pressure tube and suction tube is
directly proportional to the square of the wind and is recorded by ¢hfloat manometer
on chart wound on a clockdrum.

4. Comparison of Wind data of Ultrasonic Wind Sensor and Dyns Pressure Tube
Anemograph:

The principle of operation of Ultrasonic Wind Sensor and Dyne Pressure Tube
Anemograph(DPTA) are different. The DTPA wd has threshold of 1 knot whereas
Ultrasonic Wind Sensohas zerothreshold. The accuracy of Wind speeahd wind
direction ofUltrasonic Wind Sensaare as +/2% and +/3%.The error in DPTA is not
more than 1 knot in a steady wind an@ Rnots at alspeeds. Theensor of both method

are kept at a same height (10 metre above as WMO recommendation) W&/@ran
accuracy for horizontal wind speed of 0.5 m/s below 5 m/s and better than 10% above 5
m/s is sufficient for weather monitoring and forecastinmgnd load climatology, wind
energy, estimatioof surface fluxesvaporation, air pollution dispersion and agriculture
applications and probability of windamage. Windlirection should measure agcuracy

of 5 degree.



4.1 Comparisons of Wind data of AWS andDPTA at CAGMO, Puneis shownbelow
(Fig 3).
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4.2 Comparisons of Wind data of AWS and DPTA at M.O. Kolkata is shown
below Fig.4:
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4.3. Performancesof Ultra wind sonic sensorin Indian Subcontinent:

The wind dataluringJure, 2007(SVWMonsoonperiod)of Ultra sonicwind sensor irEast
coastsandWest coasts dhdia havebeen analyzed and grapfredrawn.

The wind data of four AWS stations along east chast beemnalyzed and are

Shown(Fig 5 and §. The locations of @tomatic weather stations are

Sagardsland L at . ,l2ry. 7&I8),Hkignagarand [ | G ® My ®oec IN5) ,[ 2y T Dy
Chennail at . ,18ng8lC. ZXe Khrakald rd . 10. 9¢ E, Long. 7
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The wind data of fouAWS stations along west coast have been analyzed and are shown
(Figs 7 and 8). The locations of automatic weather stations are
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