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Agency for Non-Conuentional Energg and Rural Techtwlogy (ANEPD,

Tivanrdrum uide their letter No. 4431/ WRA/ ANEk'f/ 2OO9 dated

22.11.2011 had approached National lrlstitulr of Wind Energg (NIWE),

Chennai for taking up Wind Monitorirq studA at Paropool para" Kannur

Di-s/rrict, Keraln- This report giues the results of the detailcd analysis

canicd out about the uind charactenstrlcs ot Parapool para, Kannur

District, Kerala-

The location Paropool para. Ka ruur wos selected for the sfitdy in

May 2O12 based on the Indian Wind dtlas. The uind monitoing station at

the proposed lacation u,us comrnissioned on 09.O5.2013 with a 8Om tall-

guyed tubular mo,st with itstrumentations at 80m south, 78m soutl4 SOm

and 2Om leuels. Wind speed sensors (Anemometer) unre fixed dt all the

four lcvels mentioned. aboue and the whd direction sensors (uind uane)

were ftxed at 78m & 48m leuels. Tuo gear data allection uns ampleted

in the month of June 2O15 and the dato recovery rate is 99.99%.

Based on the analysis of tun gear data allected at Parapool Para,

the Mean Annual Wind Pouer Density (MAWPD) at 8Om leuel for the period

from June 2O13 to Mag 2O14 b found to be 57.46 Wn2 and June 2014 to

Mag 2O15 i,s founl to be 52.33 W/m2. The predomhunt wind direction i,s

lound to be North West (NW) for both Yearc.
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1.0, BACKGROUND

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

(ANERT), Tivandrum vide their letter no. 4431/WWANERT/2009 dated

22,11.2011 - approached NIWE for a proposal to measure wind

characteristics by establishing a Wind Monitoring study at Parapool Para,

Kannur District, Kerala. Based on their request, NIWE submitted a project

proposal on 28.09.2012 for the aforesaid study with 80m tall tubular met

mast,

A Wind Monitoring Station was commissioned on09.05,2013 and data

collection was carried out till May 2015. 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 Parapool Para,

Kerala

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

D Preparation and submission of wind monitoring study report.

3.0. SITE DESCRIPTION

The site is located at Pattuvam village, Kannur District-Kerala and is
approximately 72.44kms South from Talapoya town. The orography of the

site is Semi Complex Terrain and the soil type is known to be Alfisols.

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

in the Table 1

Wfud Rr',r,e llgsEr'€,rt lrrlt
FlEl Rqrtorr rlt td rro, drg S,,&t .t htzpl hr+ Kafltr Offi. Xada for

X,/t AMB, irffitlt t, tdy mt,
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FIGURE 1: DISTRICT MAP OF KANNUR

FIGURE.2. MAST LOCANON
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Latitude 12'01'32.7', N

o75" 20', 32.4" E

Elevation 83 m AMSL SOI Topomap No.48-P8

State Kerala

District Ka nn ur

Thaliparamba

Village Pattuvam

Nearest town Taliparamba

Kan na pu ra m

Nearest Airport Kannur

Orography Semi Complex Terrain

Alfisols

Earthquake Zone II

Land Use

Physiographic Division Semi Complex Terrain

Nearest NIWE mast

location

TALAPOYA -72.44kms aerially towards South
Latitude- 11o50'19"
Longitude-75o58'09"

Nearest wind farm in

operation
Nil

a1t f, R@l//aA't'D,ptt lffit
Flml Rqtt otr lllnd rrqribritv ffioa n hapl tu1 X.onw Ditilq Xqala lw

H/s., ERt, tdn tr,twm17

3

TABLE 1: GLOBAL POSITION AND OTHER USEFUL INFORMATION OF

PARAPOOL PARA WIND MONITORING STANON

Longitude

Taluk

Nearest Railway station

Soil

Vast land
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4.0. DESCRIPTION OF THE MASTS &INSTRUMENTATION

A 80m tall guyed tubular wind mast was commissioned on 15.05.2013.

A picture of the mast mounting arrangements and a panoramic view taken

from the site is presented below (Fig 3).

FIG 3, VIEW OF MET MAST

Anemometer (wind speed sensors) were fixed at 8omsouth, 78m south,

50m and 2Omand 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

UN ere,4,a,/l,['D,stt llolt
E rl Rqrt qr rJ*rd raqtldrt fu., n fbtwl r*1 Kanu lrffi, Xcf.L lv

n/i /UtRl. ,rffiur+ Yt mtz
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was imported from M/s. Second Wind Inc, USA. The sensors used were

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.

Sensors Height
Sensor serial

N umber
Slope offset

Anemometer

80m south

78m south

50m

20m

179500166155

179500165152

179s00166151

179s00166149

o.76779

o.76597

0.76702

0.76227

0.30915

0.30507

0.31149

0.32862

Wind Vane
78m

48m

613

6t4

Temperatu re

sensor
004

Pressure Sensor Bm t8t77

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

events due to failed instruments and repeated values. Periodic quality check

rurf, R@uaAwrEnt lrnk
EEt R*rt d, Ulnd ,lalbr*rg tu ld, at hnpl hra, tanaur Diiffi, Kqala for

,r/s. A ERi, irffitwrr, July 2otz
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on the data was also carried out to avoid incorrectness in the computation

and analysis, The collected 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-l.

,,hf,RrpsraAg55,',Gt tltrlt
EDI R!,prt on,4rot rrorrlffirj sdon.t htwl P.r-?, la,rnlrr Dffi, xqd. lw

,l/t /U@1, ,rrvannt r' t tly 2OD
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6.0. DETAILS OF DATA ANALYSED

The Wind Monitoring Station was commissioned at Parapool Para,

Kannuras per the projed terms & conditions and Two-year data collection

was completed in the month of May 2015, As the data collections at the

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

2015 that the data collection would be completed and terminates in the

month ofJune 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 Parapool Para 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 6 of

Annexure-l. The Mean Hourly Wind Speed tables for the four heights viz.,

20m,50m, TSmsouth andS0msouthare given in Table 6, 6A, 68 & 6C of

Annexure-l. The graphical representations for the same are given in Figure

4, 4A and 48 of MCXUIC:1.
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Year

Mean Annual Wind Power Density(Wm'z)

At height

20m

(AGL)

At height

50m

(AGL)

At height

78m south

(AGL)

20L3-20t4 2t.99 42.LL s2.30

20L4-20t5 20.o4 s2.33

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)

20t3-20t4 2.58 3.38 3.54 3.73

20t4-20t5 2.52 3.30 3.53 3.61

Year
Mean Annual

Temperature
0c

Air density
Kglm'

20t3-2014 26.33 1.163

26.43

Wlnd R@ttr@A5g55,rl€nt lhrft
nnl Pqtton Wlrrd rraldrry tu ron.t hnpol P*a,,Ant,trw, t(a-|, for

lt/s. A ERi, fi*arrdn m, .Mt 2orz

'7

7.0. RESULTS

The data recovery rate is 99.99o/ofor the period of measurement. The

comparative details of various parameters are as follows:

At height

80m south

(AGL)

57.46

38.73 49.53

Power law

o.27

20L4-20t5 t.t64 o.26
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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, 79 and 7C of Annexure-l show the month wise percentage

frequency distribution for the four measurement heights (20m, 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 shows the joint frequency distribution for 50m, T8msouth and

80msouth 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-l show the monthly wind roses at

8Omsouth, TSmsouth and S0mheights. From the wind roses, it is revealed that

the wind is flowing predominantly from North West (NW) 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-1 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 MeXuIgL.
7.4, TURBULENCE INTENSITY (TI):

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

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

The turbulence intensity related graphs are shown in Figure 12 of MeXUfel.
The Mean Turbulence Intensity for the period of June 2013 to May

Ulrd Rearra A'E'5,,r,rt lttlt
f,rrl Rqrt oo Urnd rao.tlbt*rg s',,lqr.t &/r.pl *z' f.r rlr DM4 fqdr lor

,r/3 AIRtr, t ffiur+ Mtmrz

8
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2014(at 80m AGL) at1Sm/s is 0.18 (18o/o) & June 2014 to May2015 (at 80m

AGL) at 15m/s is 0.18 (18o/o).

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 lan 2005 to May 2015at 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: 12"01' 32.7"
Longitude Range: 075' 20' 32.4"
*AMSL - Above Mean Sea Level
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5.0
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4.2

4.9

3.6

4.5

4.2

3.9

4.3

3.5

3.0

3.3

2.5

3.2

7A

2.7

2.7

3.3

2.5

2.7

2.1.

2.4

2.6

2.8

2.7

3.1

2.5

2.6

2.6

2.6

2.6

2.9

2.5

2.4

2.5

2.9

2.7

2.A

2.6

4.O

3.9

3.7

3.7

3.8

3.8

3.8

3.6

3.9

3.5

2.8

TABLE 3: MERRA REANALYSIS DATA FOR, PARAPOOL PARA, KERALA
qANUARY 2005 -MAY 2015)

WM Ranne/l*rErt It t
fid nqtt otr,Jhttl rlot ituit J Sbtu r.t htwl ha, konw Dffi, Xsala lor

,r/t alRl, lritar.hurr, t dy 2Or2
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3.0

3.3

2.8

3.8

4.8

3.8

4.O

4.0

4.0

4.1

4.3

4.2

3.0

2.9

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

2005

2006

2007

2008

2009

2010

207L

2072

2013

20t4

2015

AVG 3.8
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8,0. CONCLUSION

Based on the analysis of two year data collected at Parapool Para, the

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

June 2013 to May 2014 is found to be 57.46W/m2and June 2014 to May

2015 is found to be 52.33 Wm2.

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

2013 to May 2OL4 is found to be 3.73 m/s and June 2014 to May 2015 is

found to be 3.61 m/s. The predominant wind direction is found to be North

West for both years,

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

80m level, that the site is not having promising wind power potential for the

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

Un d Raa/l*rprtlrrlt
Hrtt Rqrt on alw rfrldv ffirr rt tuWl h+ hur Dffi, faA. tu

l/&Alg/, rlffiir*r* r,
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FIGURE.3A, MERRA REANALYSIS DATA FOR PARAPOOL PARA, KERALA

(JANUARY 2OO5 - MAY 2015)

l,
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*e mwE

STATE

D'STRICT

TALUK

VILIAGE

UTITUDE

LONGITUDE

ELEVATION

INSTRUIIENTS USED

cot tilsstoNED oN

fi{!/.ST HE'GHT

TTEASURED WIND SPEED
AT &Om south AGL
(JUNE 2Oli to ltAY 2011)

,AEASURED WIND SPEED
AT 7Em sruth AGL
(JUNE 2013 to I AY 2011)

TIEASUP.f,D WND SPEED
AT shn AGL
(JUNE 2O13 to ilAY 2011)

ITEASURED WIND POWER
DENSITY AT Eom south AGL
(JUNE 2013 to ltAY 2014)

TAEASURED WIND POWER
DEN9TY AT 78m suth AGL
(JUNE 2Ol3 to *lAY 2011)

IAEASURED WND rcWER
DENSITY AT SOnt AGL
(JUNE 2013 to *AY 2011)

TAEASURED WIND SPEED
AT 8Om so{4th AGL
(JUNE 2oll to t AY 2015)

PARAPOOL PARA

: KERAU

: PAUKI(AI)

: THALIPARAIIB

: PATTUVAII

: 12' 01' 32.7'N

: 075' 20' 32.1'E

: 83lt AIASL

: NOI[AD-2

: JUNE 2Ol3 to IUY 2015

: U).O5.2O13

: EOm

: i.73 mls

3.51 mls

3.38 mls

57.16 Wlrrl

52.30 Wtnl

12.11Wlnl

3.61 mls

13
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i {f,i'wc

3,53 mls

3.30 mls

52.33 Wlm2

19.53 Wlnf

3E.73 Wlnl

5E.89SO, TOPO ttl!/.P NUIIBER

IIEASURED WIND SPEED
AT 7Em so,rth AGL
(JUNE 2011 to t(AY 2Ol5)

IIEASUREDWIND PoWER
DENSITY AT E0n santh AGL
(JUNE 2Ol1 to t AY 2015)

TTEASURED WIND POWER
DEN9TY AT 78m south AGL
(JUNE 2011 to ttuY 2Ol5)

IIEASURED W'ND POWER
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Site Photographs
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Svend Ole Hansen ApS ^4.v WND
ENGINEERING
FLUID
DYNAMICS

scT. JoRGENS ALLE 7 . DK-161s KoBENHAVN v . DENMARK

TEL: (+45) 33 25 38 38 . F,A,\: (+45) 33 25 38 39 . VIIWW.SOHANSEN.DK

CERTIFICATE FOR CALIBRATION OF CUP ANEMOMETER

Certificatc numb.r: I 1.02.0928 D.te of issue: February 10, 201 I

TlTe: NRG rg0 Serid Dumber: 179500166149

Menufecturer: NRG S),st€ins, I l0 Commqce Street, Hinesburg, Vt'mont 05,161, USA

Clietrt: NRG S,stems, hc., I l0 tug$ Road, Hinesbug, VT 05,161, USA

Anemmetor received: Decmb€r 16, 2010 AncEorDetcr cdibrrtcdt Febmey 9, 201I

Crlibrrted by: mr Calibration procedure: IEC 61400-12-1, MEASNET

Cerdncate prcpared by: jsa Appror,€d by; Cslibratim ogiaea, soh

cltibratiu eqritlon obt lnedr v [u/s] = 0 :162:27 f W+ 0-32862 
q-"J C& 'Wt*

Studerd ucertainty, 3lopc: 0-00164 Strtdrrd urcert.itrty, oB.t: 0.05255

Cottriuce-0.0000202(mlsYfilz CsclEcicntofcorretrtton:p=0.999985

Ablolute maimum dcvi.tfum: {.035 rnls at 4. I I 0 u/s

Berometric pre$ure: 1021.3 hPa

Succession Veloclty

Pressure, q.

lPal

Freque,rcy,

f.

Ulz

TeDperature itr Wind

wiud tuonel cmtrol r(m velocity, v

fCl fcl tu/sl

Deviation, lldcc[lainty
d. u" (ts2)

tm/sl [ds]
a

4

6

8

t0
l2

3lr5t
ll
9

7

5

3

-6r5t

9.86

15.20

2t.75

29.56

38.46

48.13

60.3 t

72.58

86.29

101.58

I17.85

l35.lo
t 53.57

4.1l0
5.102

6.101

7.nl
8.lll
9.129

t0.155

I l.l4l
12.150

13.185

t4.205

15.2n
t6-224

5.0063

6.3005

7.5@8

8.8666

! 0.1820

I1.5382

12.t739

14. t593

15.4722

16.8658

18.2 r 90

t9_5417

20.887'l

-0.035

4.029
0.006

0.o24

0.02t

0.005

0.013

0.019

0.o27

0.000

-0.012

{.014
-0.o27

0.028

o.o32

0.037

0.043

0.048

0.054

0.060

0.066

0.o'12

0.078

0.084

0.090

0.096

30.6

30.5

30.4

30.2

10.2

30.1

30.0

30.1

30.2

30.3

30.4

30.5

30.7

24.r

24.1

24.1

24.0

24.0

24.0

24.O

24.0

24.0

24.1

24.1

24.1

24.2

0

0

4.
0 't2

FrEquency, f. EIzl
24 612 l8

Frequetrcy, f. [Hz]

I
6 l8
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EQUIPMENT USED

Serial number DescriptioD

\2s6

Boundary la]€r wind tunnel.

Contsol cup anqnometer.

Morlrlti$g tube, D = 25 mm

PT I 0O temp€rature sensor, wind hmn€l .

PTl00 tempgature selsor, conlrol room.

PPC500 FEness pressurc maDomeler

HMwTl U Humidity transmitter

PTBl00Avaisala aDalogue baroneter.

Pitot tube

Comput€r Berd. 16 bit A/D data acquisition board

PC &dicsted ro data acquisition.

Photo ofa cup anemometer in the wind tunel. The shown anemornetef, is ofthe same type as the calibrated one.

UNCERTAINTIES

The <tocumented mc€nainty is rhe total coDbitred rmcertaiDty at 957" confdence lerel (k=2) in accqdance

wirh EA-4l02. The mcertainty at l0 m,/s comply with the requireoenls in tbe MEASNET Procedue that

prescribe,r an abcolute uncertainty l6ss thaD O.l m/s at a mean wind velocity of l0 nr,/s, rhat is l%. S€e

Documcnt 97.00.(x)4 "MEASNET - Tesl report on lhe calibratiq campoign" for irrher details.

Certificrtc number: I 1.02.092t(

This c.riifi.ste musl nol b€ reproducc4 .rccPl in tull, withol. thc apFo\al ofs O. H.nsn ApS PaSc 2 of2

tl
t2

9904031

x4650038

x4350042

Pll
001551

Traceable calibrations of the equipment are carricd out by extemal accredited itrstitulions: Fwness (PPC500)

md Sasb Met€ch. A real+ime anallsis nrodule within the data scquisition soffware detects puke Aequency.

I

E



Svend Ole Hansen ApS /lrvscr. JoRGENS ALLE 7 DK-161s KoBENHAI 'l v . DENMARK

TEI-i (+45) 33 25 38 38 . FAX: (+45) 33 25 38 3S .WVW.SOHANSEN-DK

Certilicate number: I 1.02.1058 Datc of issuc: February l4,20l'l

Tpe: NRG ltl0 Serid Drmbcri 179500166151

MeDufrcturerr NRG S),sterDs, 110 Cotm€rce Sreet, Hineshtrg, Vermont 05461, USA

Client: NRG Systeurs, Inc., 110 fuggs Road, Hinesburg, W 05461, USA

Aremoucter rer.ived: Docembq 16, 2010 Anenomter c![brated: Fetluary 13, 201I

Celibrated by: asj Crlibr{iotr procedure: IEC 6lt0Gl2-1, MEASNET

Certif,crtc preprred by: jsa Approved by: Calikatiu erginetr, soh

Calibrrdon eqtrotioD obtlincd: v [E/s] = 0 .i67O2. IL,z)+ O.3ll4g 
q'-r'-l Ck '\L^-'o-

StrndardEDcertrinB,rlope:0.m149 StrDdrrdmcertainty,ofisetr0.050T5

cor.rrirnce:-0.(x)00169(rVs)2/tlz Ccffclcntofcorrdstion:p=0.999988

Absolute marimuB deyiation: o.(XO rn/6 ol l2-232rDls

Barometric pressurc: 1019.2 hPa

Succession Velocity

Pre$quer q

lPal

Frequenry,

L

lItz)

Deviation,

d.

tm/sl

Ihcenahty
r+ 0c2)

tmisl

Trmp€rat[e iD Wind

wind hotrel cmEol rom velaity, r'.

rcl rcl tn/s1
1

4

6

8

l0
t2

l3-lad
lt
9
7

5

3

l -first

9.89

15.32

22.0t

29.65

38.92

49.66

6l.l I

73.18

87.51

102.6'1

r 18.43

136.54

154.79

4.9916

6.2754

7.5968

8.8626

10.2410

I1.s875

t2.9073

t4.1493

15.4900

16.86@

18.2m0

t9.5294

20.8463

-0.025

-0.m4

-0.002

0.01I

-0.010

0.013

0.007

0.019

0.040

0.004

{.036
-0.002

4.01?

0.028

0.033

0.038

0.04-?

0.049

0.055

0.061

0.066

0.073

0.079

0.085

0.091

0.097

30.0

29.9

29.8

29.7

29.6

29.5

29.4

29.5

29.6

29.7

29.8

30.0

30.2

23.9

23.9

23.9

23.E

23.8

23.8

23.8

23.8

23.8

23.8

23.9

23.9

24.O

4.1t5

5.121

6.137

7.121

8.157

9.212

10.219
'I 1.183

12.232

13.252

t4.236

t5.289

16.285

,r/IIIII IIIII
..!, .d

o

A

0

0

4.
6 12 l8

Frequency, f. [Hz]

0 6 t2 18

Frequency, f. [Iz]

@ nnniEx
CAL Rcg.n ,t52

Acs.diidm ro ISO 17025

0 74

WND
ENGINEERING
FLUID
DYNAMICS

CERTIFICATE FOR CALIBRATION OF CUP ANEMOMETER

RclEtiYe humidity: 1 5. I %
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EQUIPMENT USED

Descriptim

1256

Boundary lalrr wind trmnel.

Cotrtsol cup 8n@ometer.

Mountitrg tube, D = 25 mm

PTl00 temperature s€[sor, wind turmel.

PTl00 temperature sasor, control room.

PPC500 Furness pressure manometel

HMWTI U Humidity transrnin€r

PTBI 00AVaisala onlogue barometer-

Pitot tub€

Cornputer B@rd. 16 bit A/D data acquisition board

PC dedicated to data acquisition.

Traceable calibrations of the equipmant are carried out by extemal ac{redited institrrtims: Fumess @PC500)
and Saab Metech. A real-time aralpis module witbin the data ac4uisition software deiects pulse frequency.

UNCERTAINTIES

The documentei uncertsinty is the total combined unccnainty at 957o confidence level (k:2) in accordance

with EA4/02, The uDcrrtahty ar l0 m/s comply with the requirements in the MEASNET procedure that

prescribes an absolute unccrtainty less than O.l rry's at a mcan wind velocity of lO m/s, that is lol;. See

Document 97.00.004 "MEASNET - Tesr rcpo on lhe calibratim campaign" for further details.

Certilicate trumb€r: I L02.1058

tl
a
9904031

x4650038

x4350M2

Pll
001551

Ihis .6rifcat rnust mr b€ r.ploducc4 cxc.pl in full. wi&ort lh€ approval ofs. o. Han6., Aps Pag. 2 of2

Serial number

I

I

u

I------1

photo of a cup anonometer in the wind twmel- The shom anemomet€r i-! of the same type as the cslibrated ane.



Svend Ole Hansen ApS
scr JoBGENS ALL€ 7. DK 1615 KoBENHAVN v. DENMARK

TEL: (+45) 33 25 38 3a . FA* (+451 33 25 38 39 . WWW.SOIIANSEN.DK

^J\.v WND
ENGINEERING
FLUID
DYNAMICS

CERTIFICATE FOR CALIBRATION OF CUP ANEMOMETER

Ccrtlfic c nnDDer: 1 1.02.1057 Drtc ofbsuc: Febn ay 14, 20l l

Type: NRG Il40 Serid Durnber: 179500166152

MrnEf.clwcr: NRG Systms, M Commerce Stcet, Hineshrg, Vermont 05,161, USA

Clieltr NRG Systerff, tns., I l0 Rigg5 Roo4 Hineshr& vT 0546!, USA

ADcmoDeter raccived: Deceorber 16, 2010 Atrcmretcr cdibrrEd: Fcbnra-y 13, 201 I

Crlibrrtcd by: asj Cdbredor prrucedure; IEC 6l4OLl2-1, MEASNET

Cerdtrcrte prrp.red by: jsa Approwd by: Calibratitn eaginetr, soh

Cafibrrdon eqrrdor obrtltred: y [try's] = 0 -i6597 . trtql+ O.3OsfIl 
V-' J l/Q ' \t-- c-

StrEdrrd uncertdnty, slope: 0.00136, St rdrrd uDccrtrinty, ofiret: 0.04709

CorlrliDcc: {.0000139 (nr/s}/}lz Ccff.ie ofcorr€lstioD; p=0.999990

Ablolutc mdmrm devhdon; -0.039 n/s al 15.266 ttr/s

Berometric presrure: 1018.7 hPa Rclrtive luDirlity: I 6.2%

Succession Vclocity Tcmpcnahtre in Wind
pressurg q. wind tunnel cotrtol rm velocity, u

lPal fcl f cl [ro's]

Frequ€&y,

f.

tIIzl

Deviatim,

d.

tdsl

UtrccsiEinty

u" (ts2)

tm/s1

2

4

6

t
t0
t2

l3-l8s
ll
9

7

5

3

l-first

30.0

29.8

29.1

29.6

29.5

29.4

29.4

29.5

29.6

29.1

29.t

29.9

30.t

24.t

24.1

24.1

24.1

24.1

24.0

24.O

24.O

24.r

24.1

24.'l

24.t

24.1

4.101

5.130

6.tu
7.163

E.164

9.t92
10.20E

I l.l8 t
t2-t96
t3.214

14.259

15.266

t6-290

4.9962

6.3070

7.5973

8.941I

10.2355

I1.5856

12.92M

l4.l9
15.4934

t6.uo
l8.2l0l
19.5820

20.8750

{.031
-0.007

{.001
0.009

0_019

0.0t2
0.m7

0.ml
o.u24

0.@5

0.006

{.039
-0.005

0.028

0.033

0.038

0.M3

0.M9

0.055

0.061

0.066

o.o72

0.078

0.0t5

0.09r

0.097

-/I
IIIII IIIII

0.

E
!

A
{.

6 t2 18

Frequency, f. E zl
0

& DANAK

0 6 t2 t8
Frcquency, f. []lzl

CALRcg.Dr.452

A..rodiEtion ro ISO I 7025

,"ffi:'.\g/j

PaSc I of2

9.82

t5.37

2t.92
30.00

3t.9t
49.43

60.98

'11.t3

86.98

I 02.06

r r8.80

136.10

t54.86

IF
E

)A



EQUIPMENT USED

Serial number Descaipticn

1256

Bqlndary l8y€r wirld hmnel.

Contsol cup anemorneter.

Motoling tubc, D = 25 trtm

PT I 00 lctnpcrar|lIc sens{r, $ind hmnel.

PTIoO tcmp€rarure s(,lsor, certol r@[.
PPC5OO Funcss pres$re nB[omelcr

HMW? I U Humidity lransmitlcr

PTBI OOAVaisala malogue barqnaer.

Pirot tube

Computer B@rd. 16 bit A/D data scquisition bqrd.

PC dedicated to dsta sc4uisitian.

Tracrablc calibrations of thc cguipmenl are carricd ort by extemsl acoedited institulios: Fruness (PPC500)

aad Saab Mctcch. A rcal-timc analysis module within thc &la acquisitim sofrware detects pulse Aequmcy.

UNCERTAINTIES

The docu!€nted |trrc€rrainty is tbe toral combincd rmccrtainty at 95016 coofid€nce level (k=2) ia accsdance

with EA-4/02. The uDcertsinty 8t lO EVs comply with lhe rcquirements in the MEASNET p(ocadure tbsl

prescribes a[ absolute unccrtainty less rhao 0.1 rlr/ts at a meao witrd Yelocity of l0 rn/s, thal is l%. See

Docum€ t 97.00.004 "MEASNET - T€sl report on lhe calibntim campoign" for filrlher details.

Ctrlillcate norrlber: I 1.02.105?

rl
t2

990403 t
x4650038

x435()042

Pll
001551

Photo ofa cup anemometer in $e wind tunnel. The shorur anemomet€r is ofthe same rype as the calibratcd (lfle

Thisc.ni6cat rrusl nol b. rcpodu(.4 .xc!p! in tull. wilhool thc rpP.orEI ofs. O. tlrEsen ApS

ri il
!

t

P.s. 2 of2



^4.9 WND
ENGINEERING
FLUID
DYNAMICS

scr JoFGENS ALLE 7. oK.1615 KoBENHAVN v. DENMARK

TEL: (+45)33 25 38 38 . FA* (+4s) 33 2s 38 3e . WWWSOHANSEN.DK

CERTIFICATE FOR CALIBRATION OF CUP ANEMOMETER

Ccrtific.te DuDbcr: 11.02. t054 Drte ofilsw: Febiuary 14, 201I

Type: NRG /H0 Scrirl omber: 179500166155

MrDdrctr.r: NRG S),Et€rn6, I l0 Commcrce StE€t Hineshrg, V€rDolt 05461, USA

Cllsrt: I{RG Syst€mq hc., I l0 Riggs Roa4 Hheshrg; VT 05/t61, USA

Brrornetric pressurc: I018.6 hPa Rclrtivc hmidtty: I 6.2010

Succcssion Velocity
pressurg q.

lPal

Froqu€acy,

f.

lttzl

Deviati@,

d.

lm/sl

t rnc{rtainly

t+ 0r=2)

ldsl

TsDp€rature itr Wfud

wird hrucl cootol rm vclwity, r,,

fcl fcl tdsl
2

4

6

E

l0
t2

l3-lad
ll
9

7

5

3

| -6rsl

5.0014

6-284t

7.5774

8.8873

l0156l
I 1.4955

12.8r'.97

14.1420

15.4973

t6.8092

It.lE83
t9.5407

20.8688

0.028

0.033

0.038

0,M3

0.049

0.055

0.061

0.066

0.073

0.078

0.0E5

0.091

0.097

9.87

ts.30

2t.95

29.7E

39.tE

49.27

@.92

73.28

t7.38

t02.10

r r8.74

136.52

155.38

24.t

24.0

24.O

24.O

24.O

24.O

2!.9
24.0

24.0

24.0

24.0

24.1

24.t

4. l
s.118

6.128

7. t36

E.I E5

9.177

10203

tt -t92
12.223

13216

t4.255

l5.2tt
16.315

4.038
-0.016

0.001

0.003

0.001

0.041

0.028

0.025

0.0t6
0.0m
-0.019

-0.025

-0.0t7

-^/
-*6

(

-/

IIIII IIIIIr.5

0.

E
d
t0.

o
i.

0240 6 l2 t8
FrEquetrcy, f. [Hz]

^^,

6 12 t8
Frcquency, f. IH4

@ nnrunx
CAL Rcg-d. 452

Ac.rldi.lio to ISO I 7(D5

24

Svend Ole Hansen ApS

Arcmonetcr rccdwd: December 16, 2010 Arcmmt r crtbrrt d: February 13, 201I

Cr[br ed by: asj C.ltbrrdor procadure: IEC 6l40Gl2-1, MEASNL'T

Ccrtficrte prtpercd by:jsa Approvcd by: Calikatio eaginco, soh

crfibrrdor Gq[|doo obtrlned: vln/s]=0 .767'tg.f wl+ o.3ogt5 Q*"^'t l'/" 4l*' 
"-

Sa.rdrrd mGrtrinty, Blope: 0.00175 Sterderd rmccrtainty, offset: 0.05988

Covarirrcc:.0.0fi)02320n/sYfi1z Cocficientofcornl.tion:p=0.999983

Abcoldc mrrimrm devhdon: 0.M I m/s sl 9. I 77 lds

29.9

29.8

29.6

29.5

29.4

29.3

29.3

29.4

29.5

29.6

29.7

29.8

30.0

.ffi",.
iW..

Pasc I of2



EQUIPMENT USED

Serial number Descriptiqr

1256

Bounday lapr wind tmncl,

Cqluol cup an€rD@eter.

Mounting tube, D = 25 mm

Pf l00 temper.rure sqlsq. wind hrnnel.

Pf I 00 r€mpCature sensq, cqraol roorn.

PPC500 Funtess preslurc natrometer

HMwTl U Humidity Eansnitt{t

PTB I ooAvaisala malogue bronner.

Pitot tube

Cornputer Berd. I 6 bit A./D data equisition b@rd-

rc dedicated to dalE acquisitim.

Traceable calibrations of the equiprnetrt are carried out by exremal accledited institutims: Fumess (PPC500)

and Saab Mctcch. A real-time snalysis module within rbe (hta acquisilion soflware dc,tects pulse &equency.

photo of a cup ar!fiiometer in the wind tunel. The drown ancmornet€r is of the same typc aE the calibrated me.

UNCERTA]NTIES

Thc dcumerted uncertEinty is the total cdnbined unc.enainty at 95% confidence level (F2) in accordstce

with EA-4l02. The unccnainty at l0 rds cornply with the requireto€Dts in the MEASNET procedule that

prescribes an sb6olute uncerlainty less than 0.1 llr/s at a rnean wind velocity of l0 n/s, that is l%. see

Documenr 97.00.004 "MEASNET - T€st repod oll the calibratiq campaign" for fr[ther details.

Certllic.tc nnmber: I 1.02.1054

rl
t2

99{X031

x4650038

x4350042

Plt
00155 t

This clrtifcltc mun noa b€ r.p.odrc.d, crccpl in tull. silholrl lh. ap!(o\al ofs. O. Hans.n APs tag. 2 of2
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