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EXECUTIVE SUMMARY

Agerlcy for Non-Conuentional Energg and Rural Technology (ANEKI),

Tiuandrum uide their letter No. 4431/WRA/ANEkT/2OO9 dated

22.11.2011 had approached Natiarnl Institutc of Wind Energg (NIWE),

Chentwi for taking up Wind Monitoing studg at Poopara , Idukki district,

Kerala. This report giues the results of the detailed analgsis carrbd out

ahout the uind characteristics at Poopara, Idukki district, Kerala.

The location Poopara, Idukki uas selected for the studg in Mag 2O12

bo.sed on the Indian Wind atla.s. The Wind Monitoing station at the

proposed location was ammissioned on 16.O5.2013 tDith a 8Om tall-guged

tubular mast utith instrumentotions at 8Om south, 78m south, 50m and

2Om leuels. Wind speed sensors (Anemometer) were Jixed at all the four
leuels mentioned above and the wind direction sensors (wind uane) were

fixed at 78m & 48m leuels. Tun gear data collection utas completed in the

month of May 2O15 and. the data recouery rate is 98.02o/o.

Based on the analgsis of Tun gear data collected at Poopara, the

Mean Annual Wind Pouter Densitg (MAWPD) at 8Om leuel for the period

from June 2013 to Mag 2O14 is found to be 125.51 W/mz and. June 2O14

to MaV 2015 is found to be 93.O4 flm2 respectiuelg. The predominant

uind direction is found to be West (VV) for both gears.
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REPORT ON WIND MONITORING STUDY AT POOPARA,

IDUKKI DISTRICT, KERAI.A

1.0. BACKGROUND

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

(ANERT), Trivandrum vide their letter no. 443UWRA/ANERT/2009 dated

22,LL.2OLL - approached NIWE for a proposal to measure wind

characteristics by establishing a Wind Monitoring study at Poopara, Idukki

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 on 16.05.2013 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 Poopara, Kerala

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

> Preparation and submission of wind monitoring study report.

3,0. SITE DESCRIPTION

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

approximately skms South West from Senapathi town. The orography of the

site is 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

,nnd R@,t e,ll't'grE,c lt rlt
ErEl nqft qr rUN rlorrldrq sbe,r.t W4 Ittuffi oelq xezl, ft

,l/r. /UGR, TrMdt + ,,t y 2Ot,

1
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FIGURE 1: DISTRICT MAP OF IDUKKI

FIGURE.2. MAST LOANON
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TABLE 1: GLOBAL POSIfiON AND OTHER USEFUL INFORMATON OF

POOPARA WIND MONITORING STATION

Latitude 09059'09.5" N

Longitude 77011'50.0" E

Elevation 1284 m AMSL SOI Topomap No.58-G1

Kerala

District Idukki

Taluk Idukki

Poopara

Nearest town

Nearest Railway station Pa la lai

Nearest Airport Kochi

Complex Terrain

Soil Alfisols

Earthquake

Hilly Area

Physiographic Division Complex Terrain

Nearest NIWE mast

location

SENAPATHI - Skms aerially towards
South West
Latitude-09o5643"
Longitude-77o1023"

Nil

,rylrrd Ragre A#tr,tt Itnh
Hrnl RArt oa ,fird rrot ldrrj Sbtlor, * @.O ,rlrfrt Ditffi, ,eda lu

,r,/s. AflEnI iffirun, ,,tly 2Or2

3

State

Village

Poopara

Orography

Zone II

Land Use

Nearest wind farm in

operation
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FIG 3. VIEW OF MET MAST

Anemometer (wind speed sensors) were fixed at 80m south, 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 at 1.5 m above

ground level in locked weather proof housing. The data logger used was

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

Ut rd Prp,aa ll't'''rr,tt alnlt
tnl R*t qt Wrn r rlqffiU futb., n @la ldtffi tJW, xed. fq

n/t AlGn ,,rffiun, |frI,

4

4.0. DESCRIPTION OF THE MASTS &INSTRUMENTATION

A 80m tall guyed tubular wind mast was commissioned on 16.05.2013.

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

from the site is presented below (Fig 3).
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TABLE 2: DETAILS OF WIND SENSORS USED IN THE SITE

Sensors Height
Sensor serial

Number
Slope offset

Anemometer

o.76832

o.76769

o.76527

0.76479

Wind Vane
78m

48m

611

6t2

Temperature

sensor
10m 006

Pressu re Sensor 8m

5,0, DATA I.4EASUREMENT

In the data logger, wind speed and directions were sampled at l 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

mnd e@sra Ag5s,rrent lhrit
fiNl nqi or, a$nd rtotttdttg Sbdqt.t @ra, I&rk*i Diabi.t, fcr.la lv

H/e AflERt, Hvandn rr+ Lrry ml7

5

i.;
*

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.

80m south

78m south

50m

20m

179500166153

179500166154

179500166157

179500166158

o.30762

o.29677

0.31621

0.324t4

18779
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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, 78m south and 80m south) are shown in Figure 8 ofAnnexure-1.

6.0, DETAILS OF DATA ANALYSED

The Wind Monitoring Station was commissioned at Poopara, Idukki as

per the project terms & conditions and two-year data collection was

completed in the month of May 2015. As the data collection at the location

was for two year, the customer had been informed by NIWE in June 2015

that the data collection would be completed and terminates in the month of

June 2015.

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

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

analyzed and details of the analysis / results are given in Annexure-1. The

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

characteristics at Poopara are given in Table 4 and Table 5 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-1. The Mean Hourly Wind Speed tables for the four heights viz',

20m, 50m, 78m south and 80m south are given in Table 6, 6A, 68 & 6C of

Annexure- 1. The graphical representations for the same are given in Figure

4,4A and 48 of @UIe:L.

a1lod Aeura,/lg'[,,,€,,t lrnft
E pl Ra,o.t ot!$d rlq brt O ffiot .t @.r4 lthrfri Di 4 K.t L lv

,t/t /UfrRt, tlffiturr, t rq ztl,

6
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7.0. RESULTS

Year

Mean Annual Wind Power Density(Vm2)

At height
20m

(AGL)

At height
50m

(AGL)

At height
78m south

(AGL)

At height
80m south

(AGL)

2073-20L4 Itg.77 131.19 12 5.51

20t4-20t5 92.73 93.04

Year At height
20m

(AGL)

At height
50m

(AGL)

At height
78m south

(AGL)

At height
80m south

(AGL)

4.50 4.62 4.60

20t4-20L5 3.51 4.t7 4.53

Year
Mean Annual

Temperature
0c

Air density
Kg/m3

20t3-20L4 19.03 1.045 0.13

2014-2015 19.38

,ltrdR@r//aA't5'rsttlt lt
fitel Rqrt q, whd rlorrldrv g,tlor, * Wt . Id,thi oifiid, faaL lq

l,l/e alfrRl, t ffirsr+ t ly 2orz

i.;

The data recovery rate is 98,02olo for the period of measurement. The

comparative details of various parameters are as follows

82.s2

55.14 86.02

Mean Annual Wind Speed (m/s)

20t3-20t4 3.8s

4.25

Power law

1.043 o.20

1
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7.1. WIND FREQUENCY DISTRIBUTION

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

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

Table 7, 7A, 78 and 7C of Annexure-l show the month wise percentage

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

south and 80m south.

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, 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-l shows the monthly wind roses at

80m south, 78m south and 50m heights. From the wind roses, it is revealed

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

7.3. WIND SHEAR PROFILE

The wind shear profile at the site is useful to undenstand 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 @lL.
7.4. TURBULENCE INTENSITY (TI):

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

Typically, lOo/o 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 lune 2013 to May 2014

fllrrdRauaAsrpt tllolt
fipl Rqd an Uhttl rlorrlffirJ ffirr.t W? IAtffi D,W, KqaL ft

l/t /utEzt tffiturr. Imt7

8

t2\.
".Jl
*
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(at 80m AGL) at 15m/s is 0.27 (27o/o) and June 2014 to May 2015 (at 80m

AGL) at 15m/s is 0.27 (27o/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 as Table-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 2005 to July 2015 at 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: 09o 59' 09.5'
Longitude Range: 0770 11' 50.0"
*AMSL - Above l4ean Sea Level

2.9

3.6

4.L

3.3

3.5

3.3

3.6

3.3

3.5

3.4

2.9

1.9

2.L

L.7

2.2

2.9

2.t

2.L

2.3

2.2

2.2

1.8

6.6

6.9

6.1

5.9

7.O

6.2

6.2

6.0

7.O

6.8

3.0

3.4

3.0

2.7

3.1

2.6

2.7

3.4

3.3

2,6

2.9

2.3

1.8

2.4

3.0

2.3

2.7

2.5

2.6

2.8

2.8

2.5

3.2

4.4

4.L

4.4

4,L

3.9

4.t

4.3

4.O

3.2

3.0

6.2

5.5

5.7

5.9

6.3

6.0

6.2

6.0

6.8

6.1

5.7

5.8

5.3

4.8

5.1

5.9

5.9

5.5

5.2

5.5

5.5

4.5

5.1

4.9

5.1

3.9

5.1

4.9

5.0

4.3

2.8

3.2

3.2

2.8

3.2

3.8

2.7

3.2

3.4

2.5

3.2

2.8

2.6

2.8

3.1

2.4

3.2

2.7

2.7

3.3

3.1

4.2

4,L

3.6

3.5

3.1

3.6

4.L

3.4

3.5

3.9

4.O

4.O

3.9

4.1

3.9

4.O

4.0

4.L

3.9

2.6

TABLE 3: I,IERRA REANALYS$ DATA FOR POOPARA, KERAIA
(JANUARY 2005 - MAY 2015)

,lttd Re @Awrrant lrnft
nnal Rqrt o0 wtnd rrot tdog Satba.t Wn Lfrrk*l oldq xcr.la for

,l/t , ER, TrlYrrxrrunt, turl 2Ot,

9

^,-ti.l
m

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

2005

2006

2007

2008

2009

2010

20L7

2012

2073

2074

2015

AVG 3.9
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FIGURE,3A. MERRA REANALYSTS DATA FOR ruOPARA, KERALA
(JANUARY 200s - MAY 2015)

frrd R@ura^'s'an,,rtlrnlt
Flrrl Rqrt o0 lnt <t tlo,rlb,*U fi,br rC WrQ h*tru Obdq XcnL tu

l/t AtlER,,1tu ur+dYmf
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3
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8.0. CONCLUSION

Based on the analysis of Two year data collected at Poopara, the Mean

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

2013 to May 2014 is found to be 125.51 Wm2 and July 2014 to May 2015 is

found to be 93.04 Wm2.

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

2013 to May 2014 is found to be 4.60 m/s and July 2014 to May 2015 is

found to be 4.53 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 not having promising wind power potential for the

development of large-scale wind power p@ects at the area of interest.

10
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Annexure - 1

Data (Tables & Figures)
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POOPARA

STATE

DISTRICT

TALUK

VILIAGE

LATITUDE

LONG'TUDE

ELEVATION

PERIOD OF DATA

co t tss,oNED oN

TAAST HEIGHT

IIEASURED WIND SPEED
AT 80ln south AGL
(JUNE 2013 to ttAY 2Ol1)

I(EASURED WIND SPEED
AT 7Em so.rth AGL
(JUNE 2013 to ilAY 2Ot1)

TTEASURED WIND SPEED
AT shn AGL
(JUNE 2013 to ttAY 2O11)

TAEASIIRED WIND POWER
DENSITY AT tonn south AGL
(JUNE 2O13 to ltAY 2Or4)

ITEASURED WIND POWER
DENSITY AT 78m south AGL
(JUNE 2Ol3 to iAAY zou)

IAEASURED WIND PIOWER
DENSITY AT som AGL
(JUNE 2Ol3 to ltAY 2Ol1)

IAEASURED WIND SPEED
AT 80m suth AGL
(JUNE 2011 to ltAY 2015)

XERAI-A

IUJKKI

tiltKKt

XNPAPA

ut' 59'lD.s- N

077' ii'.50.O'E

I2E1'A A,,,SL

NOTAD.2

JUNE 2Ol3 to IMY 2Ot5

t6.05.20t3

Uht

1.60 mls

1.62 mls

1.50 mls

125.51 Wtrrl

,31.19 Wlnl

119.71 Wlnf

1.53 mls

13
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1.25 mls

1.17 mls

9i.M tlttm2

92.73 Wlm2

56.02 Wtnf

58-Gt

TIEASURED WIND SPEED
AT 78m south AGL
(JUNE 2oll to ttAY 2015)

IIEA$/RED WIND SPEED
AT 50,nAGL
(JUNE 2011 to ltAY 2Ol5)

IAEASURED WIND POWER
DENyTY AT EOn south AGL
(JUNE 2011 to r AY 2Ol5)

,AEASI'RED WIND POWER
DENSITY AT 5&n AGL
(JUNE 2011 to *lAY 2015)

SOI TOPO *UP NUT BER

DENSIIY AT 7Em so,tth AGL
(JUNE 2Or1 to IMY 2Ol5)

14
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Site Photographs
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Svend Ole Hansen ApS ^4.v WND
ENGINEERING
FLUID
DYNAMICS

ScT. JaRGENS ALLE 7 . DK.l615 KoBENHAVN v . DENMABK

TEL: (+45) 33 25 38 38 . FAX: (+45) 33 2s 38 39 . WWV.SOHANSEN.OK

CERTIFICATE FOR CALIBRATION OF CUP ANEMOMETER

Brrooctric pressurc: l0l t.7 hPa Rehaive b[Eidity: I 5.2%

-/F (

-/

IIIII IIIII

0.

E

dn
5

d
{.

0 6 t2 18

FEquency, f. [H4

& oamnx

(x

0 6 12 lE
Frcquency, t [}lz]

CAL Rrgn.4J2
Ac.r.di6tiar lo ISO 17025

Prrc I of2

24

Ccrtifrrte nuDb€r: 11.02.1056 Drte ofi$ue: Fcbtruary l4,20ll
Typc: NRG it$ Serid ourficr: 1 79500 1 66 1 51

M drcturcr: NRG S],sfiems, I l0 Commcrce SEeet, Hin6burg, Vermonl 05461, USA

clicrt3 NRG Systems, hc., I l0 Riggs Roa4 Hineshrg vT 05/t51, t SA

AmEomaer r€cciycd: December 16, 2010 ArcDortcr crlbrrcd: Fdrusy 13, 201I

Crlibrrted by: asj Crlibrrtim procrdE G: IEC 514)Gl2-l, MEASNET

Certificrtc prcpued by: jsa Approvcd by: Colitraticr arginctr, soh

cr[brrdotr cq.rdoo oDtrtD.d: v [m/s] = 0 .76812. f ulzl+ 0.30762 q'r^-'l r-/a ')L'-' c*

StrDdrrd ucertrlnty, rlopc: 0.m142 Strrd.d !.crrtilDty, of..t: 0.04903

Covrrl.rcc: -o.fim 154 ftnlsflllz Cocfficlcrt ofcorrdetlon: p= 9.999999

Ab.ohtc rt.! mun dlvlrdol: -0.038 dE al 16.303 m/s

successi@ Vclcity Tqeratrc in WiDd Frc$tarcy, Devieti@, thccrtafuty
ptcssEr, q. \dnd hmel coEol rm vdocity, 1,. t d. r+ (ts2)

Prl fq t"cl tm/4 tltzl IE/EI tn/sl
2 9.y2 29.9 24.O 4.12t 4.y950 4.44 0.02t
4 t52A 29.8 23.9 5.t0? 6.267 {.017 0.012

6 22.12 29.6 23.9 6.152 7.Nt 0.004 0.03E

I 29.t7 29.5 23.t 7.16 t.9u3 4.00t 0.043

!0 39.04 29.4 23.t t.t69 10.2059 0.020 0.049

t2 49.26 29.4 23.t 9.t75 .52{l 0.0t3 0.055

l3-la$ 60.95 29.3 23.8 10.m6 n,t749 0.007 0.061

tt 73.46 29.4 23.t 11.205 14.1565 0.021 0.067

9 t7.50 29.5 23.t t2.232 t5.5ol4 0.0t4 0.073

7 102.30 29.6 23.9 l3.Xtt 16.79n 0.014 0.079

5 118.64 29.7 23.9 14.248 t8.l29l 0.01t 0.085

3 136.78 29.8 23.9 t5.301 t9.5367 {.017 o.(x)l

l-fiBr 155.16 30.0 24.O 16.303 2O.t675 4.03E 0.097

24
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EQUIPMENT USED

Serial number Dcscripti<n

1256

Borndary layer wind nmnel.

Control cup anqnqneter.

Mounting tubc, D = 25 mm

PT100 temp{rature sg|sor, wind tunnel.

PI I 00 tempaature sasor, cmttol rooll-

PPC500 Fuuess pressure manornelcr

HMWTI U Humidity Eansmittr

PTB Ifl)AVaisala analoguc bruneer.
Pitot tube

Conrputer Berd. 16 bit A/D data ac4uisition boord

rc dedicaled to d8t8 acguisition.

rl
a
904031

x4650038

x4350042

Pll
00155 r

Traceable calibratios of the equipment are carried oul by extsmal accredited institulims: Fumess (PPC500)

and Saab Metech. A rcal{ime aral}6is modulc within thc &ta acquisilion soffware delecls puls€ &equency.

Photo ofa cup aDeinom€ter in the wind imnel. The shown anemometer is oflhe same tlDe as the calibrated ore.

UNCERTAINTIES

The documented unccrtainty is the toral cornbined uncenaiDty al 95% confid€nce level (k=2) itr ac.ordance

with EA-4/02. The urc€naiDty at l0 ntls cornply with the requhcmenls in the MEASNET procedure lhal

prescribes an absolute uncertahty less thar 0.1 m/s at a mean wind velocily of l0 m/s, that is l%. See

Documenl 97.00.004 'ITTEASNET - Test repofl on lhe c.libratio carnpaign" for firrtbo details.

Certlfic.te number: I 1.o2.1056

This c6ri6crt nru.t ror bc rcpod,cc( crccF in ftll, wilhdlt lh. apptoval of S. O Hrnt n APS Pasc 2 ot 2

rl I

l! l

I

I
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Svend Ole Hansen ApS + WND
ENGINEERING
FLUID
DYNAMICS

scr. JoRGENS ALLE 7. DX-161s KoBENHAVI{ v. DENMARK

TEL: (+45) 33 25 38 38 . FAX: l+45) 33 25 38 3S . WWW.SOHANSEN.DK

CERT]FICATE FOR CALIBRATION OF CUP ANEMOMETER

Certificrtc Dumber: I1.02.1055 Drtc ofissue: February 14,20ll

Typc: NRG rl40 Serid numbcr: 179500166154

Mrtrd.ctEcr: NRG Systerns, I l0 ComD€rcr Strcct, Hincsburg, Veflnonr 05461, USA

Client: NRG Systcms, Inc., I l0 tuggs Rmd, Hincsburg, VT 05461, USA

Arcmmter rculved: Dccembcr 16, 2010 Arcmclcr c.llbnEd: Fchrury 13, 201I

Crlibraacd by: asj Crllbrrdo proccdEc: IEC 6l4lXLl2-1, MEASNET

CcrtlEcrtt prtpltd by:js8 Approvd by: CalibrNtio coginca, sob

c.tibrado cqrrdon ouetrcd: u [urls] = 0 .76769 . f nt,l+ 0.296'17 
t/'*--t (& 'W"-

Strrdtrd @ccrtiDty, rlo?c: 0.m186 Str.d.td o..rtrl[ay, ofrcl: 0.06,661

Covrrlucs {.000O2A (mlsYlllz Ccfichrt ol corrdrdotr: p = 0.9999t I

Ab$lulc tndDuD dcyhdoo: 0.039 m/s rt I I . I 89 m/s

B.ronEtric pressure: 1018.5 hPa Relrtive humidity: 16.2%

Succession Velcity
F€68r[er q

tPal

Frcqulocy,

f.

lt,4)

Dcviatim,

d.

ldsl

t Dccriainty

u. (F2)
ldsl

Tcmp€t8turc in Wmd

wind hrocl omtol rom velaity, v.

fq fcl [dg]

4
6

t
l0
t2

l3-lrst
ll
9

7

5

3

t-flst

9.95

1s.42

22.01

29.86

38.89

49.40

@.77

73.22

t7.l l
102.61

I I8.57

t36.49

t54.7 t

4.128

5.138

6.137

7.147

8.154

9.1t9
to.t92
I t.189

t2.205

13.250

t4.245

t5.287

16.281

5.030t

6.!272

7.6t9t
t.9(n9
lo.2170

I t.5t54
r2.8668

t4.1375

15.4706

t6.t459
It.rt43
19.5637

20.t6

4.031

{.016
{.010
0.01!
0.014

{.002
0.017

0.039

0.032

0.021

-0.01|

4.O29

-0.036

0.028

0.033

0.038

0.(N3

0.049

0.055

0.06t
0.066

0.072
o.o't9

0.085

0.091

0.097

29.9

29.4

29.'l

29.5

29.4

29.4

29.3

29.4

29.5

29.6

29.7

29.8

30.t

23.9

23.8

23.8

23.8

23.8

23.8

23.E

23.E

23.8

23.8

23.8

23.8

23.9

'1
_*{

III
.'E/IIITI

0.

A
4.

00 12 t8
Frcquency, f. [lz]

24 6 t2 t8
Frcqucrcy, f. [Hz]

& onruer

6

CAL Rc!.lr. {52

Acartditltidr to ISO I ?ms
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EQUIPMENT USED

Serial numbcr Descripriqr

l2 56

Bendary laycr wird hmncl.

Cotsol cup anqnqret€r.

Moutitrg tube, D = 25 mm

PT I 00 t€mperature sanstr, wind luuel.

PT I 00 renDffanrc smsor, cantsol room.

PPC500 FuDcss pressute Bratronrcl€r

HMWT I U Humidity hnstDinq
PTB I ooAvaisala aDaloguc bsromder.

Pitd rube

C@lpurcr Board. 16 bt A,/D data acquisitiqt b@rd.

rc dedicated to dsta acquisitior.

rl
a
9m4031

x4650038

x435o0t2

Pll
00155 r

Traceable calibrations of the equipmcnt ac carried out by €,(temal acqcdited itlstitulisrs: Fumess (Prc500)

and Saab Metech. A rcal-rime malpis module witbi, $e &ta acquisitio sofrwarc detecls pulse frcquency.

Photo ofa qtp anemometer in the wind tunnel- The drown anemomet€t is ofthc same DOe &s the colib,rated me.

UNCERTAINTIES

The d@urneDted rmcertainty is rhe total courbinei uncenainty at 95% conEdenc€ level (k:2) in qccordalcE

wirh EA-4/02. Thc urcertainty 8r l0 try's conply with the requiremcnts in the MEASNET procedue lh8t

prescribes al absolute uDcertainty tess than 0.1 fiy's 8l a meao wind ],elocity of l0 m/s, that is l7o. see

Document 9?.00.004 "MEASNET - Test report oD lbc calibratiq| c2mpaign" for frrrth€r details.

Certilicrte number: I 1.02.1055

This c.rlific € mrsr nol hc rlp.oalcc( .xc.fl in tull, Irilhort lh. lDForal ofs. O. Hans.n Aps PsSc 2 of2
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Svend Ole Hansen ApS ^4.? WND
ENGINEERING
FLUID
DYNAMICS

CERTIFICATE FOR CALIBRATION OF CUP ANEMOMETER

Certificrte numbcrr I 1.02.1052 D.tc ofirsue: Fekuary 14, 201|

Type: NRG lA0 Seriel numbcr; 179500166157

MrDdrcturer: NRG S)61€ms, I l0 Comm€rc€ Saeeq Hhesbug, V€f,mcnt 05461, USA

ClicDt: NRG Systans, Inc., I l0 Riggs Rood, Hhesburg, vT 0546t, USA

Ar.morrctcr rccdyld: DeccrDb€r 16, 2010 ADcmmtcr cdibrrd: F*rutry t3, 201I

Callbrrtcd by: asj Cdibrrdo proc.dm.: IEc 6l4txLl2-1, MEASNET

Certldcrtc prepttd by: jsa ApproEd by: Cslibratim agiaeer, soh

crttbrsdor eqrrdotr obt tDcrts v [tr/s] =0 .i65z7.tq+o.rt6zt 
q*--t' ('[a'l*'--r'--

Strldrrd ltrrccrldoty, Copc: 0-00130 StrDdrrd unccrtriDty, ofiiret 0.04344

Covrrluce:-0.0000l28br,lsynlz Coefhcientofcorrehliotr:p=0.999991

Abrold. rrrrinuD dcahdor: 0.030 tr/s 8t 10.194 n/5

Successioo Vclocity
prcsEure, q.

[Pal

TemperaEre iD Wind

wird tunDcl c@Eol r@o vclocit-I v

Dsviation, Uncgtainty

d. u. 0F2)
ldsl tu/s]rcl rcI [rl'sl

Frequency,

t-

tHzl
2
4

6

t
l0
l2

l3-h$
ll
9

7

5

3

l -firsl

29.8

29.7

29.6

29.5

29.4

29.3

29.2

29.!
29.4

29.5

29.6

29.8

30.0

4.1l8
5.1 l9
6.t32
7.130

E. t57

9.1il
t 0. I94

I 1.165

t2.195

tl.223
t4.250
r5.259

16.265

0.028

o.032

0.03t

0.043

0.049

0.055

0.061

0.066

o.072

0.07t

0.0E5

0.091

0.097

9.90

15.31

2r.98

29.12

38.n
49.t4

60.t I
72.92

86.n
102.20

I tt.65
135-98

t 54.4t

24.1

24.1

24.O

24.O

24.0

24.0

23.9

24.O

24.0

24.O

24.0

24.r

24.O

5.0065

6.301t

7.5931

8.t843

't0.22v2

ll.54c7
12.E683

14.1ffi
15,5 t 68

16.8632

16.230E

t9.5277

20.8656

/

--'F
III

III
I

0.

'd
dn

A

E.

{
00 24 6 t2 l8

Frcquency, f. [tlz]

P.8.1 of2
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EQUIPMENT USED

Serial number Descriptioo

1256

Boudsry lal,cr wind hmrcl.

Contol cup ancrnorneter.

Mounting tub€, D = 25 mm

PTl00 temp€ratwr sensor, wird tumel.

PTl00 tcmpqahre sasor, cqtird rodn.

PPC500 Furncs pressurc rDaoqtreler

HMWT I U Humidity transIrin€r

PTBIfi)AVaisala analogue barqnder.

Pibr tube

Cornputer Board. 16 hit A/D data acquisition berd-

Pc dcdica&d io data acquisitiorl

Tracable calib,rations of thc equipm€Dl ue carricd or by cxtemal accredited institutims: Fumess (PPC50O)

and Saab Metech. A rcal-timc rnalytis module within the data acquisition soflware detects pulse &equency.

Photo ofa carp atremomeler in the \Mind tunncl. Thc shown anemorneter is ofths samc Rpe as the calibrated oe

UNCERTAINTIES

Tbe rtocumertod rmccrtsinty is th€ total combined uncqlairty at 9570 coDfidence level (k=2) ir accordance

wilh EA-4/02. The rmceflainty at l0 m/s conply with the requiremorts in the MEASNET p.ocedue that

prescribes an ab6olute uncertahty less thao O.l nvs at a mean wind velociry of l0 rn/s, that is 1610. Sce

Documsnt 97.00.0(X 'MEASNET - Test r@ort on lhe calitratim campaign" for firlhcr dctails.

Certificale numberl I 1.02.1052

rl
a
990403 t

x4650038

x4350042

Pll
001551

Thb c.nificsl. ,rlun nol bc..p.odrc€4 .xc.pt in full. \ri$qrl lh. lmroEl ofs. O. Hamen ApS PaAc 2 of2
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Svend Ole Hansen ApS ^4.glls\r
WND
ENGINEEFING
FLUID
DYNA[/ICS

scT. JoRGENS ALLE 7 . DI(-1 61 5 KoBENHAVN V . DENMARK

TEL: (+45) 33 25 38 38 ' FAX ({4s} 33 25 38 39 . WWW.SOHANSEN.DK

CERTTFICATE FOR CALIBRATION OF CUP ANEMOMETER

Certificrtc nurnbcr; I1.02.1051 Drtc of irsue: Fdruary 14, 201I

Typc:NRGif40 Serid Dunbcrr 179500165158

M rfrfircri NRG S]Jst(mE I l0 CoElmetce Ste€r, Hbesburg, v€rmont 05461, IJSA

Cllert3 NRG Syslars, Inc., I l0 Riggs Road, Hinesbug; VT 05461, USA

Alcnonctcr rcccivcd: December 16, 2010

C.Ubrrtcd bla asj

Certlficrtc prrpred by: jsa

Crlibr.tio! .qortioo obtdrcd: v [n/sl = 0.1A19 ' f [}l4l+ 0.32414

ADeDomelcr cdibrrcd: Fchnra'y 13, 201I

Crlibrrtior procedurc: IEC 61400 l2-1, MEASNEr

Approvcd by: Calibratim engineer. soh

q.'-J Qn/N--.^'
StrDdrrd rnccrtdnty, slop.! 0.m175

Covrrlrrcc: -0.00fl)232 (rrnlsYllh

Abxlute ..dmulr deyidir: 0.050 r/s at I I

St ldffd mccrtiltrty, ofirct: 0.05723

Cocfnd.it of .orreLdon: p = 0.9999t3

lE8 m/s

Relrtive humidity: 16.2%
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EQUIPMENT USED

Description

1256

Boundary lalrr wind tuDnel.

Cmrd cup alerDqneter.

Moutrling tube, D = 25 mn
PT 100 temperaturc strrsor, wird runnel

PTl00 te'nperature s€nsor, @ntrol room.

PPC500 Frrll€ss F€ssure tna[omcter

HMWTI U }hmidity trsnsrnitt€r

PTBlooAvsisala ulalogue buoinctcr.

Pito{ tube

Cmrputer Berd- I 6 tfi A/D datr acquisitioo b@rd.

PC dedicat€d to d.ta acquisitiO.

rl
t2

99(N03 t

x4550038

x435()042

P

001551

Tr8c€able calibratioos of the equipmeDa arc caried oul by cxtcnul accrcdired hstitutios: Furness (PPC500)

and Saab Mctech. A real+ime aoalpis modul€ wirhin th€ dsla acquiEition soflware dctects pulse frcquarcy.

Photo ofa cup anonomet€r in the wind turulc{. The sho\xn anemometer is ofthe same qpe as the calibrated cle.

UNCERTAINTIES

The documented unc€rtainty is the total combiDed uDc€rtainty al 95% c4n6dence level (F2) i'l accddance

with EA-4/02. The wc€rtaitrty al t0 n s cotrply with the re4uirements in the MEASNET proc€dure lhat

prescribes an absolute rmcerbinty les6 thao 0.1 m/s at a mcan wind vclocity of l0 nr/s, that is l%. Sec

Documeit 97.00.004 "MEASNE'T - Test repon on fie calibratim crmp.ign" for firther details.

Certific.le numbcr: I L02. l05l

This c.nifcd. tlnn rlol b. r.pmdrce( qc.pt it tull, \tilhqrt th. llIro1?l of S. o. H.Its.n Aps Prgc 2 of2
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