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Site Calibration for the Wind Turbine Performance Evaluation 

Yoonsu Nam*, Neungsoo Yoo, Jungwan Lee 
Division o f  Mechanical and Mechatronics Engineering, Kangwon National University, 

192-1 Hyoja 2 dong, Chunchon city, Kangwon-do, 200-701, Korea 

The accurate wind speed information at the hub height of a wind turbine is very essential to 

the exact estimation of  the wind turbine power performance testing. Several methods on the site 

calibration,  which is a technique to estimate the wind speed at the wind turbine 's  hub height 

based on the measured wind data using a reference meteorological  mast, are introduced. A site 

cal ibrat ion result and the wind resource assessment for the TaeKwanRyung  test site are 

presented using three-month  wind data from a reference meteorological  mast and the other  mast 

temporari ly installed at the site of  wind turbine. Besides, an analysis on the uncertainty 

al location for the wind speed correction using site cal ibrat ion is performed. 
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I. Introduction 

The goal of  this study is to analyze the wind 

data of  the TaeKwanRyung  test site, and perlorm 

a site cal ibrat ion for the wind turbine perform- 

ance evaluation. The performance of  a wind tur- 

bine is evaluated based on the wind data which 

are picked up at a meteorological  mast (Hau, 

2000). Usually,  this meteorological  mast (MM) is 

located near to the wind turbine and at the place 

which is not aerodynamical ly disturbed by the 

presence of  a wind turbine. Especially, if there are 

some obstacles such as mountains,  buildings, etc., 

the wind data measured at the meteorological  

mast are not the same as those at the site of  wind 

turbine. Therefore, a way of  the site calibration 

which converts the measured wind data at the 

meteorological  mast to the equivalent  wind data 

at the wind turbine is to be considered for the 
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exact testing of  the wind turbine performance. 

Figure 1 shows the map of  the TaeKwanRyung  

test site. A meteorological  mast and the wind 

turbine to be tested are located at the point  

marked as 'Ref. MM'  and 'Temp. MM'.  As can be 

seen, a lot of  obstacles, mainly mountains  and 

buildings, influence the wind flow. Therefore,  a 

site cal ibrat ion is to be made. 

In accordance with the IEC (International  

Electro- technical  Commission)  standard 61400- 

12, a site cal ibrat ion is carried out ( IEC,  1998). 

As shown in Fig. 1, two meteorological  masts 

are constructed for a site calibration.  One is the 

reference meteorological  mast of  measuring wind 

resources for the test site and the other is the tem- 

poral  meteorological  mast for the site calibration, 

which will be replaced by the wind turbine to be 

tested. The distance between two meteorological  

masts is 3.4 times of  the wind turbine rotor dia- 

meter, which complies with the IEC standard. 

Figure 1 also shows the disturbed wind sector 

where sensors installed on the reference me- 

teorological  mast are influenced by the wake of  

the wind turbine. The measured data at the refer- 

ence meteorological  mast for winds from the 

disturbed sector shall not be used for the wind 

turbine site cal ibrat ion (IEC, 1998). Two site 
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Fig. 1 Map of the TaeKwanRyung test site 

calibration methods are introduced, which are the 

bin-averaging ratio method and the least square 

method. A site calibration is made based on these 

two methods and the usefulness of these methods 

is to be reviewed in this article. The three-month 

wind data at the TaeKwanRyung site are used in 

this study. Finally, the uncertainty issue in the site 

calibration is covered, in which the reliability an- 

alysis on the wind speed correction is conducted. 

2. W i n d  D a t a  

o f  t h e  T a e K w a n R y u n g  T e s t  S i t e  

Two meteorological masts which are schema- 

tically shown in Fig. 2 are required for the site 

calibration. The wind resources at the test site are 

presented from Fig. 3 to Fig. 5. These show the 

wind data measured on the two meteorological 

masts at the TaeKwanRyung site for three months 

from the July 9, 2002 to October 8, 2002. All the 

sensor outputs on the two meteorological masts 

such as anemometer, wind vane, thermometer, 

and barometer are 10-minute averaged and re- 

corded (NRG systems, 1996). Figure 3 shows the 

data acquired from four anemometers on the re- 

ference meteorological mast installed at the height 

of 46 m (#l),  45.6 m (#2), 23 m (#3), and 10 m (# 

4). Also, Fig. 4 shows the data obtained from 

three anemometers installed on the temporal 

meteorological mast at the height of 46 m (#1), 

23m (#2), and 10m (#3). And, the wind vane 

sensor is located at the height of 46 m on each 

meteorological mast. The effect of the wind shear 

by the height difference can be noticed from 

Temporary M a s t  

i 46 rn 

'::~ ] i = 

Reference Mast 

- ; -  =9 ! . . . . . . . . . .  " 

i 

Fig. 2 Reference MM and temporal MM 

25 

< 
5 

0 
0 10 20 30 40 50 60 70 ~0 90 

~ , ~  . . . .  i , .  . . . . . . . . . . . . .  ~ . . . . . .  

~ 10 ....... 

~5 0 10 20 30 40 59 60 70 80 90 

; . . . . . . . .  [ . .  - 

0 10 20 30 40 50 60 70 80 90 

~'~1  i~, l~ . ,~  1 : ' i l l  ~ lo "&- 

0 10 20 a0 40 S0 SO 7 0  eo 9o 

Day' 

Fig. 3 Wind speed data at the reference MM 

Figs. 3 and 4. Figure 5 plots the wind speed 

distribution according to the wind direction from 

the measured wind speed data on the two mete- 

orological masts. The degree means the wind 

direction, and the 0 degree represents the north 

wind, and the degree is increased clockwise. It 

can be concluded from the measured wind data 

that the major wind of the TaeKwanRyung test 

site comes from the east and west, although there 

is a little dependency on the season. The circles 
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Fig. 4 Wind speed data on the temporal MM 
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Fig. 5 Wind rose of the TaeKwanRyung test site 

on the wind rose plot stand for the wind speed 

of  25 m/s ,  2 0 m / s ,  1 0 m / s ,  and 5 m / s .  Al l  the 

data in Fig. 5 are coming from the anemometer 

and the wind directional vane posit ioned on the 

two meteorological  masts at the height o f  46 m. 

Because o f  the difficulty in setting the north of  

the wind vane as the true north, a special cali- 

bration method using a vis ion image correction is 

applied (Lee et al., 2003).  By using this method, 

the amount of  error in reading a vane can be 

l imited within 2 degrees from the true direction. 

3. Site Calibration Methodology 

As mentioned before, a site calibration at the 

TaeKwanRyung  test site is the very necessary 

step for the successful performance evaluation of  

the wind turbine, because o f  its large topological  

variations (IEC, 1998). However,  the IEC 61400- 

12 specifies only min imal  requirements on the 

wind data col lection and selection for a site cali- 

bration. There is no ment ioning about the site 

calibration methodology  in the IEC standard. 

Therefore, the site calibration researchers should 

devise their own ways o f  a site calibration. The 

requirements on the wind data handling for a 

successful site calibration are summarized as 

fol lows based on the IEC 61400-12 standard. As 

described in Fig. 6, the measurement sector which 

means the set of  wind direction not disturbed 

by the wake of  the wind turbine should be divided 

as wind direction sectors o f  a max imum of  30 ° 

width. Then, all the measured wind data are to 

be sorted in wind direction sectors. For each wind 

direction sector, a m i n i m u m  of  24 hours of  data 

at wind speeds ranging from 5 m / s  to 1 0 m / s  

should be acquired. A l l  the wind data processed 

in a site calibration should be 10 minute averag- 

ed data (IEC, 1998). Therefore, at least 144 wind 

speed data are required for a reliable site cali- 

bration. If enough data are acquired for each 

wind direction sector, the f low distortion correc- 

tion factor, Kce in Eq. (1) should be determined 

using an appropriate method. 

VWT = Kce V R ~  ( 1 ) 

The above relation predicts the wind speed (Vwr) 
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Fig. 6 Schematics of a site calibration procedure 

at the hub of the wind turbine by using the mea- 

sured wind speed (V~F) at the reference me- 

teorological mast. 

There are two methods in calculating a flow 

distortion correction factor, KcF. The first one 

is the bin-averaging ratio method (Antoniou  et 

al., 2001 ; Hunter  et al., 2001). If there is enough 

wind speed data in the i - th  wind direction sec- 

tor, then the ratio of  the average wind speed in 

the sector for the temporal meteorological mast 

over that for the reference meteorological mast 

can be calculated, which is the flow distortion 

correction factor, KcF for the i - th  wind direc- 

t ion sector. By applying the above procedure 

for all bins in the measurement sector, Kce is to 

be determined as a function of the wind direc- 

tion. The other method relies on the least square 

algorithm. The correlation between two wind 

speed data measured at each meteorological mast 

can be approximated as a linear equation of 

Vwr=Kc~V.E~+Vwr 10 (2) 

KcF and Vwr 10 are the slope and interception in 

the linear equation, and are determined using a 

least square algorithm (Curvers, 1999 ; Ferreira et 

al., 1999). 

4. Site Calibration 
of the TaeKwanRyung Test Site 

The wind resources collected for 3 months 

(from July 9, 2002 to October 8, 2002) at the 

TaeKwanRyung  test site are used for the site cali- 

bration. All  the wind speed data are sorted into 
each wind direction sector, which is obtained by 
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Fig. 7 Wind data for the east and west wind direc- 
tion sector 

dividing the measurement sector of Fig. 1 into 

the uni t  of  10 °. Fig. 7(a) and (b) represent the 

east wind components ranging from 60 ° to 700 

(wind direct ion,sector  #7) and the west wind 

components ranging from 240 ° to 250°C (wind 

direction sector #25). The points marked 'C)' 

and ' X '  indicate the measured wind data on the 

reference and temporal meteorological mast re- 

spectively. The wind data expressed as ' × '  in this 

figure are scattered because the wind direction 

sectors are classified based upon the data from 

the reference meteorological mast. The reason of 

wider scattering at the low wind speed is coming 

from the imperfection of the wind direction vane. 

The threshold of the wind vane sensor is 1 m/s,  

below which the vane is not responding (NRG, 

1996). This scattering phenomenon,  however, is 
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Fig. g The correlation of  the wind data measured at 
two meteorological masts 

not a problem in the site calibration because the 

wind speed data above the l imit  o f  5 m / s  are 

used. Figure 8 shows the correlation of  wind 

speed data measured at the two different me- 

teorological  masts. The center line in these figures 

is the opt imal  line in the sense o f  the least square 

curve fit. Figures 7 and 8 use the same wind data, 

but show some different aspects in interpreting the 

data. 

The f low distortion correction factor, KcF is 

calculated based on the data o f  Figs. 7 and 8. 

Figures 9(a) and (b) show KcF for the wind 

direction from 40 ° to 100 ° and for the direction 

from 220 ° to 280 ° , which is obtained using the 

bin-averaging ratio method. Also,  Fig. 10(a) 

and (b) show KcF, which is the result o f  using 

the least square method. In order to evaluate the 
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Flow correction factor by least square meth- 
od 

efficacy of  each site calibration method, the 

result o f  the f low correction using two different 

Key is compared. The wind data which are used 

in this comparison are depicted in Fig. 11 and 

Fig. 12, which are the wind direction and speed, 

respectively, collected from the 22-nd to the 

25-th day from the day of  July 9, 2002. In Fig. 

11, there is 2 ° difference in the mean between 

the wind direction measured at the reference 
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Fig. 13 Flow correction result for the west wind 

meteorological  mast and that at the temporal  

mast. The causes of  this difference are consider- 

ed coming from the misalignment in setting the 

true north for each mast and the dead band 

characteristics of  the wind vane sensor. The dead 

band of  the wind vane sensor which means the 

range of  directions for which the output signal 

is undefined amounts typically 4 ° (NRG,  1996). 

It can be also noticed in Fig. 12 that the wind 

speed measured at the reference meteorological  

mast is usually greater than that at the temporal  

mast. The site cal ibrat ion results based on the 

above wind data are shown in Figs. 13(a) and 

(b). The wind speed at the hub height of the wind 

turbine is estimated by using the flow distortion 

correction factor, KcF, and compared with the 

real wind data measured at the temporal  me- 

teorological  mast. Fig. 13(a) shows the flow cor- 

rection based on the bin-averaging ratio me- 

thod, and Fig. 13(b) is for using the least square 

method. Comparing these two figures with Fig. 

12, it can be concluded that the site calibration 

works well. However,  relatively large amounts of 

the flow correction errors in both figures exist 

around the time axis of  22.5 day and 24.7 day, 

where there is a lot of  deviation between two 

measurements in the wind direction and speed 

(see Figs. 11 and 12). The statistical results of  the 

site cal ibrat ion are summarized in Table 1. The 

average and the standard deviation of  the differ- 

ence between the wind speed measured at the 

temporal  meteorological  mast and that at the 

reference mast are listed in the 2-nd  and 3-rd 

column for the east and west wind. The average 

and the standard deviation of  the difference be- 

tween the wind speed predicted by using the bin-  

averaging ratio method and the real wind speed 

measurement at the temporal  mast are listed in 

the 4-th and 5-th column for each wind. The 

same data for using the least square method are 
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T a b l e  1 Statistical data of the site calibration results 

wind 
dir.\speed (m/s) 

difference in wind speed 

average std. deviation 

east wind 0.1390 0.5916 

west wind --0.7722 0.9174 

bin-averaging ratio method 

average std. deviation 

0.0865 0.5390 

0.0183 0.7898 

least square method 

average std. deviation 

0.0891 0.5343 

0.0144 0.7838 

summarized in the 6-th and 7-th column. It's ~ ~o 
E 

difficult to decide which method among the ~ 8- 
t a  

6 ~  
bin-averaging ratio and the least square method 

is better for the flow correction. Two methods ~= ~ 

show almost the same performance in the site 

calibration. ~ o 

5. The Uncertainty Analysis of the 
Site Calibration 

The accuracy in the measurement of  the wind 

speed is the critical factor in the power perform- 

ance testing of  a wind turbine. The power curve 

and A E P  (Annual  Energy Product) characteris- 

tic of  the wind turbine are directly affected by 

the nature of  the wind speed. Therefore, the IEC 

61400-12 claims the quantification o f  the uncer- 

tainty amount in the wind speed measurement. 

The uncertainty of  the wind speed is to be deter- 

mined by the Eq. (3) 

Uv, ;=, / - -~ , , i  + ~ 2 , ,  + U & ,  + ~ , , ,  + ~ d , ,  (3) 

U w ,  is the uncertainty of  the anemometer  mea- 

surement, which is the maximum value of  the 

nonlinearity stated in the manufacturer 's  spec- 

ification. Uvz,g is the uncertainty determined by 

the operating environments of  the anemometer  

such as an atmospheric temperature and weather 

cl~ange. Uv3,e represents the uncertainty coming 

from the installation problem of  the anemometer  

on the meteorological  mast. Uw.~ is the uncer- 

tainty in the flow correction using the site cali- 

bration and a method of  specifying Uv4,,- is ex- 

plained in this section. Finally, Uva,,- is the un- 

certainty allocated for the data acquisition sys- 

tem. 
By analyzing the flow correction error, the 

uncertainty level of  this correction, Uv4,~, can be 
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Fig. 14 Uncertainty allocation for a flow correction 

determined. Figure 14(a) represents the averaged 

wind speed measured at the hub height of  the 

wind turbine for all the wind direction sectors, 

which shows the similar distribution trend like 

the one in Fig. 5. Figure 14(b) shows the stand- 

ard deviations of  the wind speed error between 

the predicted wind speed by the flow correction 

and the measured data on the wind turbine's 

hub height for each wind direction sector. Figure 

14(c) shows the ratio of  the standard deviation 

of  the flow correction error to the averaged wind 

speed for each wind direction sector. The magni- 
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tude of the flow correction uncertainty is about 

10% for the main wind directions. The uncertain- 

ty magnitude in Fig. 14(c) seems to be reason- 

able, considering that the uncertainty due to the 

flow correction for a flat test site which does not 

require a site calibration shall be taken to be 3% 

or greater if the distance between the wind turbine 

and the meteorological mast is 3 to 4 times of the 

rotor diameter (IEC, 1998). The reason of having 

large magnitude of the flow correction uncertain- 

ty for the south and north winds is coming from 

that the enough data are not available for these 

wind directions (see Fig. 5). This, however, does 

not make any problem in the performance testing 

of a wind turbine at the TaeKwanRyung test site, 

because the main winds are the west and east 

winds. 

6. Conclusions 

The wind resources at the TaeKwanRyung 

test site are excellent for the wind power genera- 

tion. A site calibration, however, is required be- 

cause the test site has a complex terrain like 

mountains and small buildings. Throughout this 

study, a general methodology of a site calibra- 

tion is introduced. After presenting the experi- 

mental data on the wind resources of the Tae- 

KwanRyung test site, two methods for the flow 

distortion correction which are the bin-averaging 

ratio method and the least square method are 

explained. It turns out that there is almost no 

difference in performance-wise between the two 

methods in the point of the flow correction. For 

a systematic evaluation of the power perform- 

ance of the wind turbine, it's very important to 

allocate the uncertainty level coming from the 

flow distortion correction error. The amount of 

the uncertainty in the flow correction is about 

10~o for the main winds at the test site, which 

is reasonable considering the IEC specification 

on the site calibration. 
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