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EXECUTIVE SUMMARY
Agerrcg for Non-Conuentional Energy and Rural Techralogg (ANEPI),

Tritandrum ui.de their letter No. 4431/WRA/ANERT/2OO9 dated

22.11.2011 ha.d approached National Institute of Wind Bnergy (NIWE|

Chennai for takhg up Wind. Monitoring study at Kulathumedu" Iduleki

di-stict, Keralo- This report gfues the results of the detniled analysis

cani.ed out about the wind charucteri.stics at Kulathumedu, Idulcki distict,
Kerala.

The location Kulathumedu, Idukki uns selected for the studg.in Mag

2O12 based on the Indian Wind atlas. The Wind Monitoring station at the

proposed location was ammissioned on 1O.12.2012 uith a 8Om tall-guged

tubular mast uith ittsFumento;ttons at 8Om south" 78m south" SOm and

2Om leuels. Wittd speed sensors (Anemometer) unre Jixed at oll the four
lcvels mentioned aboue and the wind direction sensors (wind uane) u.nre

fixed at 78m & 48m Leuels. Tun Aear data collection wa.s completed. in the

month of Decenrber 2O14 and the data recouery rate is 98.38ok

Based. on the analysis of fiin yeor data allected at Kulathumedu,

the Mean Annu.al Wind Pounr Densi! MAWPD) at 8Om leuel for the period

from Jarutary 2013 to December 2013 is found to be 244.22 W/m2 and

January 2014 to December 2014 is found to be 212.59 Wm2. The

predominant uind direction i.s found to be West (VU) for both 2O13 and

2014.
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REPORT ON WIND MONITORING STUDY AT KULATHUMEDU,
IDUKKI DISTRICT, KERALA

1,0. BACKGROUND

M/s. Agency for Non-Conventional Energy and Rural Technology

(ANERT), Trivandrum vide their letter no. 4431IWRA/ANERT/2009 dated

22.Il.20lt - approached NIWE to measure wind characteristics by

establishing a Wind Monitoring stations at Kulathumedu, Idukki District,

Kerala. Based on their request, NIWE submitted a project proposal on

28.09.2OI2 for the aforesaid study with 80m tall tubular met mast.

A wind Monitoring Station was commissioned on lO.L2.20LZ and data

collection was carried out till Decembet 2014, This report gives the results of

the wind monitoring study carried out for two year.

2,0, OBJECTIVE

> To establish a 80m height wind monitoring station at Kulathumedu,

Kerala

> To Collect wind data at various levels for 2 years, analysis of data

> Preparation and submission of wind monitoring study report.

The site is located at Karunapuram village, Idukki District-Kerala and is

approximately 1.48km Southwest from kulathumedu town. The orography of

the site is Complex terrain with slightly moderate undulation and the soil type

is known to be Laterite.

The location details of the site and the mast are given in Fig 1 & Fig 2:

Wtf R@,r'Jar5g55,srt lrrft
E rdRqrtot firnf.bt lb*Affio.tXublinrrdt+ Lhrffilr*@ xqabfu

,r,/t AIEAU,Iitffiurr, tu y m77 1

WIND RESOURCE ASSESSMENT UNIT

3.0, SITE DESCRIPTION

The geographical co-ordinates and elevation details of the site are given

in the Table 1



.'i NATIONAL INSTITUTE OF WIND ENERGY
WIND RESOURCE ASSESSMENT UNIT

@

ldulki Olslricl Xap. XeralE

l--a* 16.r.-.r.r

EIGURE 1: DISTRICT ITIAP OF IDUKKI

ldul(ll Dbtrict lrap, Karala

+

I..G'5

FIGURE.2. MAST LOCANON

TABLE 1: GLOBAL POSMON AND OTHER USEFUL INFORMANON OF

KUIATHUMEDU WIND MONITORING STATION
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Latitude 09045'30.2" N

Longitude 0770 to'41.3" E

Elevation 1095 m AMSL SOI Topomap No.58-G1

State Kera la

District Idukki

Taluk Udumbanchola

Village Karu na puram

Nearest town

Nearest Railway station Ethumgur

Nearest Airport

Orography Complex terrain with moderate undulation.

Soil Laterite soil

Land Use Vast land

Physiographic Division Semi Complex Terrain

KULATHUMEDU-1.48 kms aerially towards
Southwest
Latitude-09o4442. 18" Longitu de-77 o lO' 16.4"

Nearest wind farm in

operation

Wfrr,,RC5n r@Agnqrtlffi
E DI Rqottot Oh d rlonlffiA tu6m at Krrlrdrurrr&r,It uhi lri*i4 fqab br

n/e /UERX Trffitdrr, ttrly 2Ot, 3

t

kattapana

Ethumgur

Earthquake Zone III

Nearest NIWE mast

location

Nil
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4.0. DESCRIPTION OF THE MASTS &INSTRUMENTATION

A 80m tall guyed tubular wind mast was commissioned on 10.12.2012 A

picture of the mast mountng arrangements and a panoramic view taken

from the site is presented below (Fig 3).

EIG 3. VIEW OF MET MAST

Anemometer (Wind speed sensors) were fixed at 80msouth, 78m south,

50m and 20m and the Wind vane(wind direction sensors) were fixed at 78m

and 48m levels. The outputs from the sensors were connected to an

automatic sophisticated data logger system that was kept about 1.5 m

above ground level in locked weatherproof housing. The data logger used

was imported from M/s. Second Wind Inc, USA. The sensors used were

frrrd Ple.a@,GlrllErt lt lt
E tl RAtt qr,lrt d r,lot lb*rj flo,r.t t(rMr, rdih' Nfr. xa* lv
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imported from M/s. NRG systems Inc, USA and the anemometers used were

calibrated at M/s. SOHANSEN.DK. Denmark.

The calibration certificates for the instruments used are given in Annexure 3.

TABLE 2: DETAILS OF WIND SENSORS USED IN THE SITE

Sensors Height
Sensor serial

N u mber
Slope

Anemometer

80m south

78m south

50m

20m

179500166133

179500166134

179500166135

179500166136

o.76544

o.7654t

o.76166

o.76446

o.32715

0.28802

o.33942

0.31602

Wind Vane
78m

48m

603

604

0

0

10m 002

Pressure Sensor 8m 18175

5.0. DATA MEASUREMENT

In the data logger, wind speed and directions were sampled at 1 sec and 10

minutes average values were logged. Analysis was performed with 10

minutes average data as per International Electro technical Commission

(IEC) standard. Data was stored in removable storage devices (Compact

Flash Card) which were collected once in a month regularly by NIWE along

with the battery replacement. Data was manually validated to remove outlier

5

offset

1.000

1.000

Temperature

sensor

Wind R€9steA'ss,r,tt lhrft
Fml Rqtt a frnd ,rorribr*rg st,tio, at Kut drtffit, Idnl*i Dirbic+ feb fw
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events due to failed instruments and repeated values, Periodic quality check

on the data was also carried out to avoid incorrectness in the computation

and analysis. Thecollected data was compiled and interim report was sent to

the client regularly as per the terms and conditions prescribed in the project

proposal.

Monthly and Daily Mean Wind Speed values for the four heights (20m,

50m, TSmsouth and 80m south) are shown in Figure 8 of Annexure-1.

6.0. DETAILS OF DATA ANALYSED

The Wind Monitoring Station was commissioned at Kalathumedu,

Idukki as per the project terms & conditions and Two-year data collection

was completed in the month of December 2014.As the data collection at the

location was for Two year, the customer had been informed by NIWE in

December 2014that the data collection would be completed and terminates

in the month of January 2015.

Analysis of the wind data has been performed using Matlab, MS Excel

and Windographer. The data have been checked for quality& correctness,

analyzed and details of the analysis / results are given in Annexure-l. The

consolidated annual wind data and wind data summary tables for the wind

characteristics at Kalathumedu are given in Table-4 & Table-s respectively of

Annexure- 1.

Mean Hourly Wind Speed, Monthly Mean Wind Speed and Monthly

Wind Power Density values are shown graphically in Figure 4 to

6respectively of Annexure-l. The Mean Hourly Wind Speed tables for the

four heights viz,, 2Om, 50m, 78m south and 80m south are given in Table6,

6A, 68 & 6C of Annexure-l. The graphical representations for the same are

oiven in Fioure 4.4A and 4BofAnnexure-1.

hffi Rte,ta,qa','prrt l t
Fnl eryfi qt,ltd rr@ tut .a ntMr, IArfr Dei* x.* fv
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7.0. RESULTS

The data recovery rate is 98.38o/ofor the period of measurement. The

comparative details of various parameters are as follows:

Year

Mean Annual Wind Power Density(Wm2)

At height

20m
(AGL)

At height

50m

(AGL)

At height

78m south
(AGL)

At height

80m south
(AGL)

2012-20t3 69.36 175.64 23s.22 244.22

20t3-20t4 58. s2 154.15 203.71 2L2.59

Year

Mean Annual wind Speed (m/s)

At height

20m

(AGL)

At height

50m

(AGL)

At height

78m south

(AGL)

At height

80m south

(AGL)

2072-20t3 5.78 6.42 6.49

20L3-20L4 3.89 5.60 6.L4 6.2t

Year

Mean Annual

Temperature
oc

Air density
Kglm' Power law

20L2-20t3 20.53 1.052 0.33

20t3-20t4 20.31 1.0 51 0.34

Wlnd Raesre Ags5,r,€nt lt rit
EtlRqtton mt dt orlbr*E Sffirr.t Kt blrldu,Idttffi Dffict, r@ab lor

,r,/5. A Ell, tlrqxrdtt . ),ll 2orz '7

4.14
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7.1, WIND FREQUENCY DISTRIBUTION

A common method of displaying a year wind data is a wind frequency

distribution, which shows the percentage of time that each wind speed occurs.

Table 7, 7A, 78 andTcof Annexure-lshow the month wise percentage

frequency distribution for the four measurement heights viz.,2Om,50m, 78m

south and 8Omsouth.

Joint frequency distribution is another way to display the data, where the

wind is classified by speed and also by direction. Table 8, 8A and 88 of

Annexure- 1 show the joint frequency distribution for 50m, 78m south and 80m

south heights.

7,2, WIND ROSE

Two wind vanes have been installed at the site to measure the 10

minutes mean values of the wind direction. Monthly and Annual wind roses

have been calculated to show the predominant wind direction at all the three

heights. Figure 7,7A, 78 & 7C of Annexure-lshow the monthly wind roses at

80m south, 78m south and S0mheights, From the wind roses, it is revealed

that the wind is flowing predominantly from West (W) directions.

7.3. WIND SHEAR PROFILE

The wind shear profile at the site is useful to understand the wind speed

variation with height. Figure 9 & 10 of Annexure-l shows the Daily wind shear

and Monthly wind shear profiles. The Vertical wind shear profile based on the

measured data is given in Figure 11 of Annexure-l.

7.4. TURBULENCE INTENSITY (TI):

Turbulence Intensity is the basic measure of the turbulence of wind.

Typically, 10% of TI is desired for minimal wear of wind turbine components.

The turbulence intensity related graphs are shown in Figure 12 of Annexure-l.

The Mean Turbulence Intensity for the period of January 2013 to

December 2013 (at 80m AGL) atlsm/s is 0.17 (17%)& lanuary 2014 to

December 2014 (at 80m AGL) at 15m/s is 0.17 (17016).

8
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TABLE 3: MERRA REANALYSTS OATA FOR, KULATHUI',EDU, KERALA
(IANUARY 2004 -DECEMBER 2014)

*hta, R@,rr@ A5t6',rr€,,t lhrlt
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7.5, LONG TERM DATA FOR THE STUDY AREA

MERRA (The Modern Era Retrospective-Analysis for Research and

Applications) data have been made available for the site asTable-4 and

Figure-6. The latitude and longitude of the MERRA grid point nearby the

study site is given below. This information gives the wind pattern during the

period of Jan 2004 to Dec 2014at 50m AMSL in the region of interest. This

reanalysis data is helpful in understanding the long term variability of wind

speed in the region of interest.

Latitude Range: 09o45' 30.2"
Longitude Range: O77o lO' 4L.3"
*AMSL - Above Mean Sea Level

Year Jan Feb Mar Apr May lun Jul Aug Sep Oct Nov Dec Avg

2004

2005

2006

2007

2008

2009

2010

201 1

2012

2013

20t4

AVG 3.5
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8.0, CONCLUSION

Based on the analysis of two year data collected at Kulathumedu, the

Mean Annual Wind Power Density (MAWPD) at 80m level for the period from

January 2013 to December 2013 is found to be 244.22Wlm2and January

2014 to December 2014 is found to be 212.59 Wm2.

The monthly average wind speed at 80m level for the period from

lanuary 2013 to December 2013 is found to be6.49 m/s and January 2014

to December 2014 is found to be 6.21 m/s. The predominant wind direction

is found to be West for both years.

It has been observed from the analysis and the computation of WPD at

80m level, that the site is having promising wind power potential for the

development of large-scale wind power pQects at the area of interest.

Ut rd R.'n a,/l@r'glrt at lt
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FIGURE.3A. MERRA REANALYSIS DATA FOR KUUTHUMEDU, KERAIA

(tANUARY 2O(v - DECEMBER 2014)
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STATE

TALUK

VIL'AGE

IATITUDE

LONGITUDE

ELEYAT'ON

INSTRUTAENTS USED

PER'OD OF DATA

cot/.tilss,oNED oN

TAAST HEIGHT

IIEASURED WIND SPEED
AT aam south AGL
(January 2013 to Decembet 2013)

ITEASURED WIND SPEED
AT 78m south AGL
(January 2O13 to Decembr 2013)

ITEASURED WIND SPEED
AT som AGL
(Jonuary 2Ol3 to D*ember 2013)

ITEASUREDWND rcWER
DENSITY AT 80rn sqth NL
(Jonuary 2Or3 to December 2O13)

ITEASURED WIND POWER
DEN9TY AT 78m santh AGL
(Jonuory 2013 to December 2O13)

IIEA$IRED WND PIOWER
DENSITY AT 50zn AGL
(Jonuory 2013 to December 2O13)

ITEASURED WND SPEED
AT Eon sruth AGL
(Jaouory 2O11 to Decembr 2O11)

KUUTHUMEDU

: KERAU

: IDUKKI

: UDUITBANCHOU

: KARUNAPURAIT

: 09' 15'3O.2 N

: 077' 10'11.3'E

: 10951t AI,SL

: NOfiIAD-2

: JAIIUARY 2Ol3 to DECEI(BER 2O14

: 10.12.2012

: 80m

: 6.49 mls

6.12 mls

5.7E mls

2,U.22 Wlnf

235.23 WlffF

175.61 Wlnf

6.21 mls

13
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6,11 mls

5.60 mls

212.59 Wlm'

58-G1SOI TOPO IIAP NUTIBER

ITEASIIRED WlfiD SPEED
AT 78m south AGL
(Jonwry 2011 to December 2Ol1)

I,EASIIRED W'ND SPEED
AT SlrmAGL
(Jonuary 2OU to Decembet 2011)

TIEASURED WIND POWER
I)ENS/TY AT 8On south AGL
(Jonwry 20/l to D&emDrr 2011)

L4

t EASIIRED W1ND POWER : 203.71 Wtrl
DENSITY AT 7Em south AGL
(Janwry 2O11 to Decemlrr 2Ol1)

iilEASURED WIND POWER : ,51.15 Wtrl
DENSITY AT sl,n AGL
(January 2Ol1 to December 2Ol1)
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Site Photographs
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Svend Ole Hansen ApS WND
ENGINEEFING
FI UID

DYNAMICS
SCT. JORGENS ALL€ 7 DK.1615 KOBENHAVN V . DENMARK

TEL: (+4s) 33 2s 38 38 FAX {+4s) 33 25 3a 39 . WWW.SOIIANSEN.DK

CERTIFICATE FOR CALIBRATION OF CUP ANEMOMETER

Certilic.te numbcr: I1.02.0902 Drte ofissue: Februaryg.20t I

Typc: NRG f40 Seri.l nornber: 179500166133

llhnufrcturer: NRG Syslems, I l0 Commerce Street, Hinesburg, Vermont 0546t, USA

ClieDa: NRG Systems, Inc., I l0 Riggs Road, Hinesburg, VT 05461, USA

Anemometer rcceived: Dccember 16. 2010 Aheftomeaer c.libr.led: Febnrary 8, 201 |

Calibritcd by: bja Celibrarion procedurei IEC 6l40Gl2-1, Mr-ASNFJ'

Cerlilicat. prepared by: jsa Approved by: Calibrati@ engitrecr, soh

e-",)_ (./_ 1U ...C.libratiotr equrtio! obtained: e [ry's] = 0.'16544 tlllzl+ 032115

St.nd.rd umertrinty, slope: 0.00087 Stand{rd umert inty, ofiser: 0.02792

Covrriarce:-0.0000057(rn/s),[tz Co.mcientofcor.elrtion:p=9.999996

Absolute m.rimum devl.tiotr: -0.016 ny's at l3.l8l rr.is

Baromelric pressure: l0lj.2 hPa Relative humidit]': 22.2%

Succession Velocily
prcssw€, q

tP.l

Temperature in Wind
wind hmel control room velocity, v

fcl t"cl tm/d

Deviation, tlncertainty

d. u. (k=2)

[rrs] tm/d

Frequency,

f.

lllzl
2

4

6

8

t0
t2

9

1

5

3

firsl

I l-lasr

27.2

27.1

27.0

26.9

26.9

26.8

26.8

26.8

26.9

27.O

27.1

l',t.t
2'L4

23.8

21.8

23.8

23.8

23.'t

23.'1

23.1

2J.7

23_7

23,8

21.8

23.8

23.8

4.089

5.088

6.082

7.124

8. 138

9.151

to.t17
'lL.t72

12. t84

t 3. l8l
14.21t

15.242

t6.236

4.9247

6.2385
'7.5309

8.8648

r0.1864

I 1.5158

t2.85t8

l4.l59l
15.5053

16.8137

r 8.l3l2
r9.4861

20.79t1

0.028

0.032

0.037

0.o42

0.048

0.054

0.060

0.065

0.0?l

0.011

0.081

0.089

0 09s

9_80

t5.t7
21.69

29.16

38.85

49.t9

60.71

73.22

87.07

10t.87

I r 8.36

136.t2

154.33

-0.008

-0,014

-0.010

0.01 I

0.0t4

0.015

0.012

0.007

-0.01I

-0-016

0.005

-0.00t

-0.005

0.

ri

o
0

0240 12 18

Frequency, f [Hz]
6 12 t8

FrEquency, f [Hz]

.r{'Ul', ',ffi
,._,

& oarunN

II

CAL Rct.tr.45:
A.n.diLris 10 ISO t7025
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EQUIPMENT USED

Serialnumber Descriptiqr

!256

Boundary layer wind turmel.

Control cup anefiometer.

Mounting tube, D = 25 mm

PT l0O temperature sensor, wind tunnel.

PT 100 lempetature sensor. controlroom.

PPC500 Finness pressure nr,momelet

tIMwT I U Humidity transmitler

PTBloOAVaisala analogue trarometer.

Pitot lube

Computer Boatd. 16 bit A/D data acquisitioo board

PC dicated to data acquisition.

rl
t2

990403 |

x4650018

x4150(X2

Pl I

00l55l

Traceable calibrations of rhe equipment are caried out by external accredited instilutic(ls: Furness (PPC500)

and Saab Metech. A real-rime anatysis module wirhi, lhe data acquisition software detects pulse Sequency.

photo ofa cup ananomeler in the *,ind tlmnel. The shown anemomelel is ofthe same fype as the calit'rated me.

UNCERTAINTIES

The documenred uncertainty is the lotal combined unce(ainty at 95olo.onfidence level (k=2) in accordance

with EA-4/02. The ucerrainty al l0 rnls comply with the requiremenls in lhe MEASNET ptocedure that

prescribes an absolure uncertinty less than 0.1 ry's at a mean $ind velocity of l0 m/s. that is lolo. see

Documen( 9?.00.004 "MEASNET - Test repofl on rhe calibraticn campaign" for hrrth€r derails'

Cerlificale lrumber: | 1.02 0902

I

rtt;s 
".ninc"r. 

.otr nor t" t Produ..d, .rc.pi io tull. wilhoul lhc 
'ppro\''

I ofs. O Hsns aps P.8. 2 of2
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Svend Ole Hansen ApS WIND
ENGINEERING
FLUID
DYNAMICS

sCT, JoRGENS ALLE 7 DK 1615 KOBENHAVN V ' DENMARK

TEL: (+4s) 33 25 38 38 FAX: (+45) 33 2s 38 39 \.4\\,\{.SOHANSEN.D,(

CERTIFICATE FOR CALIBRATION OF CUP ANEMOMETER

Certilicate Dumbe.: I 1.02.0903 D.te of issue: February 9. 201 I

Type: NRG f40 Scri.l Durnbcri 179500166134

Mrtrufrclurer: NRC Slstems, I I0 Commrce Street, Hinesburg, Vermonl 05461, USA

Client: NRG Systems, Inc., I l0 Riggs Ro6d, Hinesburg, vT 05461, USA

Alemomete. receivcdr December 16. 2010

Calibrated by: bja

Certilica(e preprred by: jsa

Anemometer c.libreted: February 8, 201 I

Calibration procedurer IEC 61400-12-1, MEASNET

Approved by: Clalibration engineer. soh

4-"^l fkry*-"-
CalibratioD cqu.lion obtaitred: v [n/s] = 0.76541 f[Hz]+0.28802

StatrdrrduncertriDg,slope:0.00098 Standarduncertrinty,offset:0-01614

Covrrirnce:-0.0000071(m,is)':/Hz Coetlicientofcorrelrtion:p=0-999995

Absoluie ElaiimuEl deri.tior: -0.02? rtuJs at 14.204 ny's

Barometric pres$ure: I0ll.5 hPa Relrtive humiditt: 2l .9",6

Succession Velocity

presswe, q

tPrl

Frequency,

f.

LIlzl

Deviation,

d.

tur/sl

Uncertainty

u. (k:2)

ln sl

Tempemture in Wind

wiDd tEnel control room velocity, v

I'cl fcl lrnls]
2

4

6

8

t0
t2

l3-last

ll
9

7

5

3

I -firsr

9.84

r 5.16

29.6
38.71

49.00

60.6t
't2.87

86.74

102. t I

Il8.tI
135.80

154.43

4. r00

5.088

6.091

7.1l6
8.135

9.145

10.170

I1.153

t2.t69
r 3.205

14.2M

15.233

r6.251

4.9884

6.2956

7.5'180

8.9t'.t4

t0_2350

I l_5636

t2.9029

t4.tu1
t5.52!6

16.88,14

t8.2167

t9.52ll
20.8512

-0.006

-0.0t 9

0.003

0.002

0.0r 3

0.006

0.006

0.023

-0.001

-0.007

-0.021

0.004

0.003

0.028

0.012

0.037

o.M2

0.048

0.054

0.060

0.065

0.071

0.011

0.081

0.089

0.095

27.6

27.5

27.4

27.3

21.3

21.2

21.2

27.3

21_l

27.4

27.5

27.6

21.8

23.'t

23.1

23.7

23.',l

23.1

23.1

23.1

23.1

23.7

23.'l

21.1

23.1

23.8

0.

E

30

o
-0.

0140 12 18

Frcquency, f. [Hzl
6 t2 l8

FrEquency, f [Hz]

I]ANAK

6

.. r'\ ":/ "/..
i-..'Y-;tllaffi*
2.1,?i!

Pasr I of2

21

CAL Rc8.nt. 1152

A..r.dilaiion lo lso 17025



EQUIPMENT USED

Serial number Description

1256

Boundary layer wind tunnel.

Control cup aneflometg.

Mounting lube, D: 25 mm

PT I 0O tenrperature smsor, wind turmel.

PTI0O temperature sensot, control loom.

PPC500 Furness pressue manometer

HMWT l U Humidity transrnittcr

PTB I ooAvaisala analogue barometer-

Pitot tube

Computcr Board. 16 bn A'/D dala acquisition board.

PC dedicated ro data acquisitioo.

rl
a
990403 t

x465001E

x4350042

Pr I

001551

Trac€abl€ calibrations of rhe equipm€nt are carried oul by extemal a@redited iDstitulions: Fumess (PPC500)

and Saab Maech_ A real-time anal)5is module within the dala acquisiiion software dstecls pulse frequency.

Pholo of a cup anernonreter in the wind lunnel. The shown anemom€lef is ofthe same $?e as lhe calibrated o|re

UNCERTA!NTIES

The documented unce(ainty is the rotal combined uncertainty a( 95olo confidence level (k=2) in accordance

wilh EA4l02. The un(enainty al l0 n/s comply with tlE requirements in the MEASNET procedure thal

prescribes an ab6olure uncerrainry less than 0.1 nvs al a mean wind velocity of l0 r/s, Ihal is lolo. See

Documenl 9?.00.004 "MEASNET - Tesl tePort on fie calibratioi catnpaign" for firrther details

Certilic.re number: I 1.02 090J

This ..rrifi.arr mus not bc r.p.oduc.( .xc.Pl in tull. widtol lhc .pprowl of S o. H.ns APs Pag.2 of:

II I
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Svend Ole Hansen APS WIND
ENGINEERING
FLUID
DYNAMICS

SCT. JORGENS ALLE 7 DK.I615 KOSENHAVN V'DENMARK

TEL: (+45) 33 25 38 38 FAX: (+45) 33 25 38 39 WWW.SOHANSEN DK

CERTIFICATE FOR CALIBRATION OF CUP ANEMOMETER

C€rtifi.ale number: I L02.0904 Drte of issue: Fcbruary 9. 201 I

Type: NRG #40 Scri,l Dumber: 179500166135

M.n[f.cturer: NRG S)Btems, I l0 Commerce Street, Hinesburg' Vermonl 05461. USA

Clienl: NRG Systems. Inc.. I l0 Riggs Road, IJinesbwg, vT 05461, USA

AneBometer receivcd: Decernber 16, 2010 Anemoneter c'librtted: February 8, 201I

Calibretcd by: bja C.librrtion procedrrc: IEC 61400- 12- l ' MEASNET

Cerlificrtc preprred by: jsa Approved by: Calibtation cngineer, soh

&l-.-i (&'\--',-
C.libr.tioB equ.tior obt.ined: r' liry's] = 0.76166 f[Hz] + 0.33942 '

Strtrdrrd uncertritrty, stopc: 0.00165 Stttrdrrd uncerl.inty, oIIlGt: 0 051 17

Covarirm.: -0-0o002M (m/sr I2 Co.llicient of cotrelrtion: p = 0-999985

Absolule mrximum devirtioD; -0.032 nr/s at 4.091 rnls

Bsrometri. pressure: l0ll.6 hPa R.lative humidity: 21.8%

Succession Velocity

pressule, q

lPal

Temperature in Wind

wind turuel coDtrol room velocity. v

Deviation. [JnccrtainlY

d. u. (F2)

t"Cl tg/sl

Frequency,

f.

trLl ["vs] Irrrs]t'cl
2

4

6

8

l0
t2

l3last
ll
9

1

5

l
l -Ersl

8.8
21.8

23.8

23.8

23.1

23.7

23.7

23.8

21.8

21.8

23.8

23.8

4.093

5.078

6.1l0
'1.134

8.122

9.15't

10.148

I I.164

12. r95

13.157

14.214

t5.245

16.26s

-0.032

-0.018

-0.005

-0.001

0.024

0.020

0.028

0.0t 7

0.029

-0.007

-0.006

-0.030

-0.0r9

0.028

0.032

0.037

o.M2

0.048

0.054

0.059

0.065

0.071

0.071

0.083

0.089

0.095

9.79

15.08

2t.u
29.79

38.62

49.09

60.31

72.9'l

E7.04

| 0t.28

I18.17

t35.88

154.54

28.0

21.8

2',1.8

2't.7

27.6

27.5

27.5

2't.5

27.6

21.1

21.8

21.9
191

4.9'110

6.245s

7.5831

8.9225

t0.1874

I1.5506

12.8415

l4.l90l
t5.5268

16.8314

lt.2242

19.6092

20.9145

c

ir

0

-().

00 t2 18

Frcquency, f. [Hd
21 6 l2 lll

Frequcncy, f. Elzl

( AI R.e i! J!:
.\ccrcdrllrion r. ls() l?1|15

6

i\v-l-1IRffiI-.;.,^.:
zzl,t ii'

Pag. I of2
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EQUIPMENT USED

Serialnumber Descriptim

1256

Boundary laFr wind Iunnel.

Control cup anemomeler.

Mounring tube, D = 2J mm

PTl00 tempcrature sosor. wind tunnel.

PIl00 lemp('.turc scflsor. control room.

PPC500 Furness pressure mzmometer

I IMW? I U Humidity transmin€'

ftBl 00Avaisala anologue barornercr.

Pitor tube

Computer Board. 16 bit A,/D data ac4uisilioi board

PC dedicat€d to daia acquisition-

rl
t2

9904031

x4650018

x4150042

Pt I

001551

Traccablc calib@tions of lllc equipm('lt arc carried out by ext€mal accteditcd rnslitutions: Futness (PPC500)

and saab Metech. A rcal-lime analysis modulc wilhin fie data acquisitioo sofluralc detects pulsc frequcncy.

UNCERTAINTIES

The documented urccrlainty is thc lo{al combined uncenainty al 9570 conlidence level (k=2) in accordancc

with EA-#02. The unceflainty al l0 n s cornply with fie requiremenls in lhe MEASNET procedulc thsl

prcscdbes an abcolule unccdainty less than 0.1 ry's al a m.3n wind veleity of l0 m/s' that is lnl' Sce

Dcument 9?.0O.0O4 "MEASNET - Tcst report on the calibratio campaiSn" foi firthe' delails'

Certili..tc number: I 1.02.090'1

Pholo ofa cup anqnometcr in the wind tunnel. The shown alcmomcl€t is ofthe same type as the calibrdled me

This cdri6@1. rr r not b. rcr.od!.cd- Grc., in tull. ulltoor $. .rp.oul or S O H.trs.n APS P.t 2 of2

I I if
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Svend Ole Hansen ApS WIND
ENGINEERING
FLUID

DYNAMICS
SCT, JOFGENS ALLE 7. DX-1615 KOBENHAVN V OENMABK
'IEL: (+45) 33 25 38 38 FAX: (+45) 33 25 38 39 WIW.SOHANSEN DK

CERTIFICATE FOR CALIBRATION OF CUP ANEMOMETER

Cerlilic.t. n[mb.r: I L02.0905 Drte of is.rue: February 9. 201 I

TlTe: NRG *r4O Scrid trumbcr: 179500166116

Mrnufaclurer: NRG Systenrs, I l0 Commerce Street, Hinesburg, Vermont 05461, USA

Client: NRG Systems, lnc., I l0 Riggs Road, Hinesburg, VT 05461' USA

Aremom.t.r r...ived: December t 6. 2010 An.Domlte. .llibrraed: Febn ary 8' 201 I

Crlibr.l.d by: bja C.libr.tior proc.dur.: IEC 61400- | 2- I' MEASNE'r

Certitic.l. prep.red by: jsa Approt.d by: Calibratim eoSineer. soh

{i-"',1 1-'\ /l*'<'
C.libratioo .qu.lio! obt.ired: v {ry'sl= 0.76446 f Ulzl+ 0.31602

Sl.!d.rd un.ert.irtv, dopc: 0.m157 Sl.nd.rd uBc.rl.loty' otIset: 0.05233

Covrri.oc.: -0.m00185 (mis)'!/tlz CocmcicDl of cortelitiotr: p= 0.999986

Absolute mrrlmum deyiatioo: -0.037 n/s a14.097 m,is

B.romet c prc*!!re: 1013.9 hPa Relatire bumidity: 2l .6o,n

Succession velocity
prcssure, q

lPal

Temperature in Wind

wirld tunnel colEol room velocity, r'

Deviation, tlncertainty

d. q G:2)

t'cl lm/sl

Frequorcy,

f.

tHzl IrVs] lnVslt'q
2

4

6

8

l0
t2

l3-lan
ll
9

7

5

3

l-frst

9.81

t 5.12

21.6
29.',l6

3E.73

48.98

60.15

72.95

86.51

l0 t .64

I I t.34

t35.50

t54_24

28.1

28.I

28.0

27.9

21.8

21.8

21.1

27.4

27.9

2t.0
28. t

28.2

2t.4

23.8

23.8

21.7

2t.1
2).1

21.1

2r.1

23.1

2t.1
23.1

23.8

2.1.8

4.091

5.086

6.087

1.134

8.136

9.150

r0.l]8
.166

l2.l6 t

t3.184

14.229

t s.229

16.255

4.9948

6.2570

1.55W

E.9r03

10.2095

I t.5200

t2.80t0

14.18,14

t5.41t1

l6.E4l8

18.2325

t9_5172

20.8704

-0.037

{.013
-0_002

0.006

0.0t5

0.021

0.034

0.006

0.018

-0.006

-0.025

-0.008

-0.016

0.028

0.032

0.037

o.M2

0.048

0.054

0.059

0.065

0.071

o.o't7

0.083

0.089

0.095

0.

c

0

-0

0 6 t2 t8
Fr.qucncr, f. [Hz]

2{ 0 6 t2 18

Frequency,l [Hz]

:1

& nnrunx
.r.iUl',nffi2-zA.-:'zl,i),:,i'

CAL Reg-nr ,152

Ac.rcdir.rion ro lso l?0:5

z

t
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EQUIPMENT USED

Serialnumber Descriplion

t256

Bo{ndary la}rr wind nnrncl

Cortrol cup anemometer

Mounting nrbe. D : 25 mnr

PT lm tcmpcrature sg|sor. wind tlmDel.

FIlm temperature s€rlsor. conEol room

PPC500 Frrness pressure manometet

HMWT I U llumidity lransmitter

PTBI 00AVaisala analogue barometer.

Pitot lube

Cortrputcr Board. 16 bil AJD data ac{uisnid board

PC dcdicated to dala acquisition.

tl
a
990,0t r

x4650018

x4350(x2

Pl I

00t 551

Traceablc calibrations of the equipmenl ale carri.d oul by cxternal ac.rediled itrstitutios: furness (PPC5oO)

una i""l f.,'"r""f, A rcal-time anaiysis module v/ithin the data acquisilion software derecrs pulse frcquency

Photo ofa cup aoenometel in the wind twlll€I. Thc showr anemooetq is ofrhe same t)?e sr the calibrated 
'ne

UNCERTAINTIES

The documcnt.d uncertainty is rhe toral cornbined uncertainty at 95% confidence levcl (k=2) in actordancc

wi$ EA-4/02. The uncetlainty al lO m/s compty with rhe tequirements in the MEASNET Pro'4dur' lhal

p.escribes an absolute uncstainly less than 0l rvs at a mean wind vclocity of t0 m/s' that is l%- Sce

D&ument 9?.00.004 "MEASNEI - Test report on fie calibraliqt camFi8!" fot fltrlher details'

C.rtilic.lc Dumb.r: I 1.02.0905

Thisc<ni6c.l. nus nor h. r.Produc.d .rc.Pl in full, wilhoul th. rrproval ofs O Hrns.D ApS Prs. 2 of2
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