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Abstract 

A regional air speed comparison between six EURAMET laboratories used an 
ultrasonic anemometer and a laser Doppler anemometer (LDA) at air speeds 
between 0.2 m/s and 40 m/s. Based on periodic calibrations at the pilot lab (PTB), 
the uncertainty contributed to the comparison by the LDA was 0.2 % and the 
uncertainty contributed by the ultrasonic anemometer depended on the air speed 
and varied between 2.95 % and 0.11 %. The degrees of equivalence between the 
participants were notably better for the laser Doppler anemometer data than for the 
ultrasonic anemometer data. For example, using the 95 % chi squared consistency 
check, 16 of the original 59 participant data points were removed as discrepant from 
the ultrasonic data set, but only one point was discrepant in the LDA data. A 
possible explanation is that the LDA is non-intrusive and therefore does not alter the 
velocity field in the wind tunnel whereas the ultrasonic device does produce 
blockage effects. The results of this comparison (and prior EURAMET and CIPM 
comparisons) indicate a need for more attention to blockage effects during air speed 
calibrations and their effect on air speed uncertainty statements. 

1 Introduction 

Airspeed measurements are of increasing relevance for efficiency and safety 
related subject areas for example wind energy and environment including 
meteorology and occupational health and safety. The application of calibrated 
anemometers covers a variety of anemometer types and a wide velocity range from 
below 0,5 m/s up to over 40 m/s. Related to the different types and working 
principles of anemometers, the calibration results can depend on the specific 
features of the different calibration facilities and calibration procedures. This 
experience has already been gained within the EUROMET project 388 
“intercomparison of anemometers” with anemometers of different sizes in 
laboratories with very different instrumentation for the calibration. Referring to this, 
relatively big deviations in the calibration results were obtained. 

Up to now one key comparison CCM.FF-K3 initiated by the CCM Working Group 
for Fluid Flow with the four participating national metrology institutes NIST (United 
States), NMi (The Netherlands), NMIJ/AIST (Japan) and PTB (Germany) with 
NMIJ/AIST as assigned pilot laboratory has been performed. Key reference values 
have been determined based on the results of an ultrasonic anemometer as transfer 
standard for the two air speed values 2 m/s and 20 m/s. Required linkages to key 
comparisons are to be organized  by the RMOs. For this the EURAMET project 514 
“Intercomparison of anemometer test facilities using thermal anemometers and 
mechanical anemometers” in the velocity range 0,2 m/s up to 4,5 m/s with NMi (NL) 
as pilot, reported as “Euromet.M.FF-K3 Euromet Key Comparison for Airspeed 
Measurements”, will be completed in the velocity range by the EURAMET project 
1050 “Comparison of Airspeed measurements at high speeds (2 m/s up to 50 m/s)” 
with INRiM  as pilot laboratory. 

The aim of the EURAMET project 827 was to accomplish appropriate pre-
conditions for a detailed analysis of calibration results in order to decrease the 
deviations between calibration laboratories and to reduce the calibration 

http://www.euromet.org/cgi-bin/projectfile.pl?prefno=388
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uncertainties for different types of anemometers. The increasing use of Laser 
Doppler Velocimeter (LDV) systems as velocity standards in different calibration 
facilities ensures ideal conditions to realize low uncertainties for the representation 
of the unit “flow velocity” over a wide velocity range. 

The main feature of the EURAMET project 827 is the use of a Laser Doppler 
Anemometer as transfer standard to ensure non-contact and non-reactive 
comparison measurements in order get a direct information about the degree of 
equivalence concerning the traceability in each calibration facility. The second 
transfer standard, a small sized ultrasonic anemometer, serves as conventional 
anemometer with marginal but not necessarily negligible interactions in the 
calibration facilities. The covered velocity range from 0,5 m/s up to 40 m/s overlaps 
the ranges of the comparison measurements carried out up to now. 

Furthermore the use of a Laser Doppler anemometer as transfer standard is 
intended to give a hint for the future choice of appropriate transfer standards to 
assure  the NMI’s best calibration and measurement capabilities (CMC) in range 
and uncertainty of measurement. 
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2 List of participants and time schedule 

The list of participants initially planned to be involved in the comparison is shown 
in table 2.1. 

 
Participating Laboratory 
Country 
 

 
Address 

 
Contact person 

DTI 
Danish Technological Institute 
 
Denmark 

Teknologisk Institute 
Kongsvang Allé 29 
DK-8000 Aahus C 
Denmark 

John Frederiksen 
john.frederiksen@teknologisk.dk 

Tel.: + 45 7220 1235 

VSL 
Van Swinden Laboratorium 
 
Netherlands 

VSL 
Thijsseweg 11 
2629 JA Delft 
Nederland 

Gerard Blom 
gblom@vsl.nl 
Tel.: + 31 1529 1765 

INRiM 
 
Italy 
 

DIASP, Politecnico di Torino 
Duca degli Abruzzi, 24 
I10129 TORINO  
Italy 

Pier Giorgio Spazzini 
P.SPAZZINI@INRIM.IT 
Tel.: +39 011 0906862 
 

BEV/E+E ELEKTRONIK 
1)

 
 

Austria 

BEV/E+E 
Langwiesen 7   
A-4209 Engerwitzdorf 
Österreich 

Mathias Rohm 
Mathias.rohm@epluse.at 
Tel. : +43 7235 605275 

UCL 
2)

 
Université catholique de Louvain 
 
Belgium 

UCL 
TERM-Place du Levant 2 
B-1348 Louvain-la-Neuve 
Belgique 

Jean-Marie Seynhaeve 
Jean-
Marie.Seynhaeve@uclouvain.be 
Tel. : + 32 1047 2233 

CETIAT 
Centre Technique des Industries 
Aéronauliques et Therniques 
 
France 

CETIAT 
27-29, bd du 11 Novembre 
1918  
BP 2042 – 69603  
Villeurbanne Cedex 
France 

Isabelle Care 
Isabelle.care@cetiat.fr 
Tel.: + 33 472 44 4992 

INTA 
3)

 
Instituto Nacional de Tecnica 
Aeroespacial 
Spain 

INTA 
Carretera de Ajalvir, km4, 
28850 Torrejón de Ardoz  
Spain 

Raffael Bardera 
barderar@inta.es 
Tel.: + 34 91 520 1637 

LEI 
Lithuanian Energy Institute 
 
Lithuania 

LEI 
Breslaujos 3 
LT-3035 Kaunas 
Lithuania 

Antanas Pedisius 
testlab@mail.lei.lt 
Tel. + 37 037 35 1271 

PTB 
4)

 
Physikalisch-Technische 
Bundesanstalt 
Germany 

PTB 
Bundesalle 100 
38116 Braunschweig 
Germany 

Harald Müller 
harald.mueller@ptb.de 
Tel.: + 49 531 592 1310 

    
1)

 to become designated institute for airspeed in Austria 

2)
 responsible calibration facility for air speed in Belgium 

3)
 no associated laboratory of EURAMET  

4)
 pilot laboratory 

Table 2.1: List of participants initially planned to be involved in the comparison. 
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The comparison was performed according to the time schedule shown in table 2  
apart from the measurements in “group 3” and the final recalibration at PTB. These 
activities had to be withdrawn, as the second transfer standard, the ultrasonic 
anemometer, irretrievably failed after its recalibration at PTB in July 2009.  

 

 
  

Table 2.2: Time schedule of the intercomparison 

 

Packaging and transportation of the transfer standards was carried out by PTB. 
PTB as pilot laboratory visited each participant by car to ensure safe transportation 
and consistent operation and reliability of the transfer standards. 

 Detailed arrangements concerning arrival and measurement time on-site were 
organized by the pilot laboratory in agreement with each participating laboratory. 
The operation of the transfer standards on site was carried out by PTB staff and the 
comparison measurements were performed in cooperation with each participant 
according to individually applied calibration procedures. 
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3  Description of the transfer standards 

 

3.1 Laser Doppler Anemometer  

 

 

Fig. 3.1.1: Laser Doppler Anemometer: 

Specifications of the LDA: - working distance 40 cm 
- laser wavelength 852 nm 
- expanded uncertainty < 0,2% 

 

Fig. 3.1.2: Laser Doppler Anemometer mounting capabilities 
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Fig. 3.1.3: LDA and LDA support  

A mounting device as shown in figure 3.1.3 allowed where necessary a working 
height of the measurement  position between 0,8 m and 1,2 m. The working 
distance from the front lens of the LDA was 0,4 m. 

 

3.2 Ultrasonic Anemometer (UA6 – Airflow) 

The ultrasonic anemometer used as second transfer standard was an Airflow-
UA6 with a specially modified slim supporting bar see figure 3.2.1. 

 

 

Fig. 3.2.1: Ultrasonic anemometer sensor probe 
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The geometrical dimensions of the probe which were needed for the mounting 
devices of the probe in each calibration facility are shown in figure 3.2.2. 

 

Fig. 3.2.2: Ultrasonic anemometer sensor probe dimensions 

 

 

 

Fig. 3.2.3: Installation example  of the  ultrasonic anemometer  
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The specification of the ultrasonic anemometer UA6 are shown in the table below. 

 

 

Table 3: Specifications of the ultrasonic anemometer UA6 

 

3.3 Operation of the transfer standards 

Both transfer standards were operated by colleagues of the pilot laboratory 
during the comparison measurements on site. 
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4  Measurement procedure 

In each calibration facility two series of comparison measurements were  
performed successively, one with the LDA and one with the ultrasonic anemometer 
as transfer standard. For both of the comparison measurement series the probe 
volume of the transfer standard was placed at the measurement position used for 
anemometer calibrations according to the procedure applied in each laboratory. 

A velocity range from 0,2 m/s up to 40 m/s with the individual air speed values: 
0,2 m/s, 0,5 m/s, 1,0 m/s, 2,0 m/s, 5,0 m/s, 10 m/s, 15 m/s, 20 m/s, 25 m/s, 30 m/s, 
35 m/s, 40 m/s was considered and each laboratory was advised to realize its 
maximal operating range.  

For each adjusted air speed ten reference air speed values vref were allocated to 
the velocity values vts simultaneously measured with the used transfer standard. In 
the case of the LDA as transfer standard one velocity value results from several 
hundred burst signals depending on the achieved data rate. In the case of the 
ultrasonic anemometer each velocity value has been calculated as mean value of 
the anemometer readings recorded within the given measurement time. The 
measurement time for each velocity value was in general approximately one minute. 

5 Measurement results  

For each velocity value the measurement result xi ,  reported by laboratory i, is 
presented as the ratio of the laboratory reference air speed to the averaged air 
speed measured by the transfer standard. Each value xi  represents the mean value 
of ten measurement series simultaneously recorded for the reference velocity and 
the transfer standard.  

The uncertainty of measurement is calculated from the uncertainty of the 
reference value given by every participant for each velocity value and the 
uncertainty of measurement resulting from the measurements with the transfer 
standards including type A and type B contributions. The type B contribution for the 
ultrasonic anemometer (see table 4a) has been merged from its resolution stated by 
the manufacturer and its stability having been estimated from the recalibration 
measurements at PTB. For the LDA transfer standard adjustment and recalibration 
after each tour ensured a stability within the calibration  uncertainty (see table 4b).  

 

  a) UA6            b) LDA 

Table 4: Type B uncertainties of the ultrasonic anemometer UA6 and the LDA transfer 
standard considering their stability during the comparison measurements. 
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5.1  Ultrasonic anemometer as transfer standard 

Table 5.1 and figure 5.1 show the comparison results based on the ultrasonic 
anemometer UA6 . 

 

 

 Table 5.1: Intercomparison result based on the ultrasonic anemometer “UA6” 

 

 

  Figure 5.1: Intercomparison result based on the ultrasonic anemometer “UA6” 
  according to table 5.1   

 

The overview in figure 5.1 shows that all comparison measurements match within a 
range of approximately 2 % but that not all comparison results are equivalent within 
each other related to the stated uncertainties of the calibration facilities. 

A more detailed analysis of the intercomparison results is given in chapter 6 “data 
evaluation”. 

D K N L IT A T B E D E

v  /  (m /s ) x i
U (k = 2 ) x i

U (k = 2 ) x i
U (k = 2 ) x i

U (k = 2 ) x i
U (k = 2 ) x i

U (k = 2 )

0 ,2 0 1 ,1 5 2 8 0 ,1 4 1 0 1 ,2 8 1 9 0 ,0 5 5 3

0 ,5 0 1 ,1 4 3 4 0 ,0 2 4 1 1 ,1 2 2 7 0 ,0 4 5 1 1 ,1 8 3 5 0 ,0 3 1 2 1 ,1 1 8 2 0 ,0 2 9 1 1 ,1 0 7 9 0 ,0 3 0 4

1 ,0 0 1 ,0 8 5 8 0 ,0 1 2 7 1 ,1 0 2 5 0 ,0 1 4 4 1 ,1 1 3 4 0 ,0 1 9 6 1 ,0 7 6 6 0 ,0 2 6 5 1 ,1 0 0 8 0 ,0 1 7 2

2 ,0 0 1 ,0 2 7 5 0 ,0 0 7 8 1 ,0 6 2 7 0 ,0 1 1 5 1 ,0 4 6 4 0 ,0 1 2 5 1 ,0 4 4 7 0 ,0 1 3 1 1 ,0 1 5 9 0 ,0 1 5 4 1 ,0 4 2 6 0 ,0 1 3 5

5 ,0 0 0 ,9 8 6 9 0 ,0 0 4 9 1 ,0 0 5 5 0 ,0 1 0 2 1 ,0 1 3 7 0 ,0 0 8 4 1 ,0 0 0 1 0 ,0 0 9 6 0 ,9 9 3 8 0 ,0 0 6 4 1 ,0 1 0 1 0 ,0 0 8 0

1 0 ,0 0 0 ,9 9 2 8 0 ,0 0 4 7 1 ,0 2 1 5 0 ,0 1 0 1 1 ,0 1 7 4 0 ,0 0 8 3 1 ,0 0 9 0 0 ,0 0 8 9 1 ,0 0 8 2 0 ,0 1 1 3 1 ,0 2 2 3 0 ,0 0 7 3

1 5 ,0 0 0 ,9 8 2 2 0 ,0 0 5 9 1 ,0 0 0 0 0 ,0 1 0 6 1 ,0 0 9 7 0 ,0 0 8 7 1 ,0 0 3 9 0 ,0 0 9 3 0 ,9 9 9 3 0 ,0 0 6 6 1 ,0 1 9 6 0 ,0 0 6 4

2 0 ,0 0 0 ,9 8 0 9 0 ,0 0 5 8 1 ,0 1 9 7 0 ,0 1 0 6 1 ,0 0 3 7 0 ,0 0 8 1 0 ,9 9 8 1 0 ,0 0 9 4 0 ,9 9 4 4 0 ,0 0 6 6 1 ,0 1 4 6 0 ,0 0 9 2

2 5 ,0 0 0 ,9 8 0 6 0 ,0 0 7 2 1 ,0 1 5 3 0 ,0 1 1 5 0 ,9 9 6 9 0 ,0 0 8 8 1 ,0 0 0 8 0 ,0 1 0 5 0 ,9 9 2 4 0 ,0 0 7 8 1 ,0 0 9 1 0 ,0 1 0 1

3 0 ,0 0 0 ,9 7 9 8 0 ,0 0 7 9 1 ,0 1 0 5 0 ,0 1 2 5 0 ,9 9 8 7 0 ,0 1 1 2 0 ,9 8 7 1 0 ,0 0 9 6 1 ,0 0 6 2 0 ,0 1 1 4

3 5 ,0 0 0 ,9 9 0 8 0 ,0 1 2 7 0 ,9 9 7 1 0 ,0 1 1 3 1 ,0 0 2 4 0 ,0 1 2 7

4 0 ,0 0 0 ,9 8 8 6 0 ,0 1 3 5 1 ,0 0 5 4 0 ,0 1 2 5
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5.2  Laser-Doppler-Anemometer as transfer standard  

Table 5.2 and figure 5.2 show the comparison results based on the LDA system 
as transfer standard. 

 

 
 

Table 5.2: Intercomparison result based on the PTB-LDA system 
 

 

Figure 5.2:  Intercomparison result based on PTB-LDA system 
 

The first impression of the results presented in figures 5.1 and 5.2 is that the 
prevention of interactions in the calibration facilities by using a non contact transfer 
standard produced a higher degree of equivalence.  

 The comparison reference values xi,KCVR, the uncertainty of the reference value 
U(xi,KCVR), the deviation of each laboratory from the reference value di and the 
degrees of equivalence di,j between the participating laboratories will be calculated 
based on Cox´s report. 

D K N L IT A T B E D E

v  /  (m /s ) x i
U (k = 2 ) x i

U (k = 2 ) x i
U (k = 2 ) x i

U (k = 2 ) x i
U (k = 2 ) x i

U (k = 2 )

0 ,2 0 0 ,9 1 6 1 0 ,1 3 4 0 0 ,9 8 6 2 0 ,0 0 7 0

0 ,5 0 0 ,9 9 3 2 0 ,0 1 2 7 0 ,9 4 8 2 0 ,0 4 2 1 0 ,9 9 6 0 0 ,0 1 0 9 0 ,9 9 1 1 0 ,0 1 2 7 0 ,9 9 5 9 0 ,0 0 6 0

1 ,0 0 0 ,9 9 6 2 0 ,0 0 7 6 0 ,9 6 6 6 0 ,0 1 0 5 0 ,9 9 5 6 0 ,0 0 8 3 0 ,9 8 7 8 0 ,0 1 7 7 0 ,9 9 6 9 0 ,0 0 6 3

2 ,0 0 0 ,9 9 4 6 0 ,0 0 5 6 0 ,9 8 4 8 0 ,0 1 0 3 0 ,9 9 6 7 0 ,0 1 1 7 0 ,9 9 6 4 0 ,0 0 7 1 0 ,9 9 0 1 0 ,0 0 6 0 0 ,9 9 3 7 0 ,0 0 6 4

5 ,0 0 0 ,9 9 6 3 0 ,0 0 5 0 0 ,9 8 2 3 0 ,0 1 0 2 0 ,9 9 4 7 0 ,0 0 8 1 0 ,9 9 5 5 0 ,0 0 6 5 0 ,9 9 6 2 0 ,0 0 6 0 0 ,9 9 8 1 0 ,0 0 4 5

1 0 ,0 0 0 ,9 9 5 7 0 ,0 0 4 9 0 ,9 8 6 0 0 ,0 1 0 2 0 ,9 9 4 2 0 ,0 0 8 4 0 ,9 9 5 8 0 ,0 0 6 6 0 ,9 9 5 5 0 ,0 0 5 5 0 ,9 9 7 2 0 ,0 0 4 4

1 5 ,0 0 0 ,9 9 6 2 0 ,0 0 5 0 0 ,9 8 8 2 0 ,0 1 0 2 0 ,9 9 2 1 0 ,0 0 8 0 0 ,9 9 6 0 0 ,0 0 6 6 0 ,9 9 9 9 0 ,0 0 4 9 0 ,9 9 7 6 0 ,0 0 3 7

2 0 ,0 0 0 ,9 9 7 3 0 ,0 0 5 0 0 ,9 8 8 6 0 ,0 1 0 2 0 ,9 9 0 2 0 ,0 0 7 1 0 ,9 9 5 9 0 ,0 0 6 9 0 ,9 9 6 5 0 ,0 0 5 2 1 ,0 0 0 9 0 ,0 0 5 0

2 5 ,0 0 0 ,9 9 9 0 0 ,0 0 5 0 0 ,9 8 8 0 0 ,0 1 0 2 0 ,9 9 2 2 0 ,0 0 7 5 0 ,9 9 5 8 0 ,0 0 7 2 1 ,0 0 0 2 0 ,0 0 5 0 0 ,9 9 9 5 0 ,0 0 5 0

3 0 ,0 0 0 ,9 9 9 0 0 ,0 0 5 0 0 ,9 8 8 7 0 ,0 1 0 2 0 ,9 9 5 9 0 ,0 0 7 5 0 ,9 9 8 5 0 ,0 0 4 8 0 ,9 9 8 1 0 ,0 0 5 7

3 5 ,0 0 0 ,9 9 1 3 0 ,0 1 0 2 0 ,9 9 5 7 0 ,0 0 7 0 0 ,9 9 9 2 0 ,0 0 4 9 0 ,9 9 6 8 0 ,0 0 5 0

4 0 ,0 0 0 ,9 9 6 4 0 ,0 0 6 6 0 ,9 9 8 8 0 ,0 0 4 3
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6 Determination of KCR values and degrees of equivalence 
 
6.1 Description of the method 

Reference values based on both of the transfer standards were determined for 
each velocity value separately. The method of determination for each reference 
value corresponds to the procedure A presented by Cox.  

There reference value xi, KCRV was calculated as weighted mean according to: 
 

22
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2
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22
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2

1

1

KCRVi,

1
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11
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xnxx

xn

n

xx
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u

x
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where    x1,  x2, ….. xn   are the measurement results in the different laboratories 
1, 2, …...n as presented in chapter 5 table 5.1 and 5.2 

             ux1, ux2,…..uxn are standard uncertainties in the laboratories  1, 2, …...n 
  (not the expanded value listed in tables 5.1 and 5.2)  
  

The standard uncertainty of the reference value uxi,KCRV  is given by 
 

22

2

2

1

2

x

1
........

111

KCRVi, n
uuuu

. 

 

The expanded uncertainty of the reference value U(xi,KCRV) is 
 

KCRVi,x
KCRVi, 2)( uxU  

 

The  chi-squared test for consistency check  was performed using the measurement 

results for each velocity value. At first the chi-squared value
2

obs
χ  was calculated by 

                               

2

2

KCRVi,

2

2

2

KCRVi,
2

2

1

2

KCRVi,
12

............

xn

n

xx

obs

u

xx

u

xx

u

xx
χ  

  

The degrees of freedom were assigned as 1n  where n is the number of evaluated 
laboratories.  

The consistency check was failing if  

 

Pr{ 22

obsν
χχ } < 0,05. 

 

(The function CHIINV(0,05;n) in MS Excel was used. The consistency check was 

failing if   CHIINV(0,05;n)< 
2

obs
χ ) 

 
If the consistency check did not fail then xi,KCRV was accepted as the key 

reference value xi,KCVR and U(xi,KCVR)  was accepted as the expanded uncertainty of 
the key reference value.  
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If the consistency check failed then the laboratory with the highest value of 
  

2

2

KCRVi,
i

ix
u

xx
 

 

was excluded for the next round of evaluation and the new reference value, the new 

standard uncertainty of the reference value and the chi-squared value 2

obs
χ  were 

calculated again without the values of excluded laboratory. This procedure was 
repeated till the consistency check passed. When the consistency check passed, for 
each value xi the degree of equivalence di between each laboratory and the key 
reference value xi,KCRV was calculated  

 

KCRVi,i
i xxd  

 

Then  U(di) was calculated.  
 

2

x

2

x
*i

KCRVi,i
2)( uudU  

 
The degrees of equivalence are indicated in table 6.2.4 for the ultrasonic meter as 
transfer standard and in table 6.3.4 for the LDA transfer standard. The red colour 
indicates that 

U(di)s<s|di| 

corresponding  to 1Ei  (see below). 

 
The degrees of equivalence between the laboratories have been determined 
according to the formulas: 

 
di,j  = xi – xj 

 
and 

U(dij) = 2 * u(dij) 
with 
 

u2(dij) = u2(xi) + u2(xj) 
 
The following tables 6.2.7 and 6.3.5 show the degrees of equivalence between the 
laboratories for each velocity. The red colour indicates that Uij < dij. 

 

The information given by the often calculated coefficients Ei 

)( i

i

i

dU

d
E  

stating that a laboratory passed if  1iE  and failed if 1iE  is congruent with the 

information given in the tables 6.2.4 and 6.3.4.  
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6.2  Ultrasonic anemometer transfer standard 
 
6.2.1  Determination of the KCRV  

 

According to the Cox procedure the data based on the UA6 ultrasonic 
anemometer transfer standard have been analysed and the KCRV has been 
determined. The chi-square test has been performed to find a consistent subset of 
comparison data for each velocity value. If the test failed, the successive exclusion 
of the largest inconsistency was applied (see 6.1). Considering the data presented 
in table 5.1 one gets:  
 

 
 

Table 6.2.1: UA6 results of the Chi-squared test, round 1 
 
In the first round only the data for the velocity values 1 m/s, 35 m/s and 40 m/s 
passed the chi-square test. For the velocity of 0,2 m/s a key comparison reference 
value could not be determined. After eliminating the data of the laboratories with the 
highest chi-square value for each airspeed value which did not pass the test 
(marked red) one gets: 
 

 
 

Table 6.2.2: UA6 results of the Chi-squared test, round 2 
 
After the second round 58 % of the velocity values failed the test. Eliminating again 
the data of the laboratories with the highest chi-square value for each airspeed 
value, in this case data from VSL (NL), UCL (BE) and PTB (DE)  already 75 % of 
the airspeed data passed the test (see table 6.2.3). 

a irs p e e d D K N L IT A T B E D E s u m

[m /s ] c h i s q r c h i s q r c h i s q r c h i s q r c h i s q r c h i s q r c h i s q r n C H IIN V (0 ,0 5 ;n -1 ) p a s s e d

0 ,2 5 ,4 4 7 5 ,4 4 7 1 0 ,8 9 2 3 ,8 4 n o

0 ,5 0 ,4 5 1 0 ,6 8 8 9 ,5 5 4 1 ,3 8 6 3 ,2 5 4 1 5 ,3 3 5 9 ,4 9 n o

1 ,0 2 ,3 7 5 0 ,6 5 2 3 ,3 1 1 2 ,0 4 7 0 ,3 7 6 8 ,7 6 5 9 ,4 9 ye s

2 ,0 6 ,8 1 4 1 3 ,5 7 3 1 ,9 2 4 1 ,1 2 0 7 ,9 8 7 0 ,5 1 5 3 1 ,9 3 6 1 1 ,0 7 n o

5 ,0 1 9 ,8 3 4 3 ,5 3 5 1 3 ,9 6 8 0 ,1 9 8 1 ,6 6 9 9 ,1 9 3 4 8 ,4 0 6 1 1 ,0 7 n o

1 0 ,0 4 1 ,3 5 3 1 4 ,0 2 9 5 ,2 6 7 0 ,0 6 0 0 ,0 0 4 1 5 ,7 8 0 7 6 ,4 9 6 1 1 ,0 7 n o

1 5 ,0 4 1 ,1 2 0 0 ,0 8 2 4 ,0 0 2 0 ,4 0 5 0 ,2 4 8 3 4 ,3 5 9 8 0 ,2 2 6 1 1 ,0 7 n o

2 0 ,0 3 2 ,5 8 6 2 3 ,1 4 2 2 ,3 2 4 0 ,0 1 5 0 ,8 7 1 1 3 ,6 5 5 7 2 ,5 9 6 1 1 ,0 7 n o

2 5 ,0 1 8 ,7 7 5 1 4 ,3 2 7 0 ,0 3 0 0 ,7 6 4 0 ,9 5 7 6 ,5 3 7 4 1 ,3 9 6 1 1 ,0 7 n o

3 0 ,0 1 1 ,3 8 5 9 ,2 7 7 1 ,0 1 8 1 ,5 5 4 5 ,2 7 3 2 8 ,5 1 5 9 ,4 9 n o

3 5 ,0 0 ,8 7 2 0 ,0 0 3 0 ,7 7 3 1 ,6 5 3 5 ,9 9 ye s

4 0 ,0 1 ,8 1 0 1 ,5 5 0 3 ,3 6 2 3 ,8 4 ye s

a irs p e e d D K N L IT A T B E D E s u m

[m /s ] c h i s q r c h i s q r c h i s q r c h i s q r c h i s q r c h i s q r c h i s q r n C H IIN V (0 ,0 5 ;n -1 ) p a s s e d

0 ,2 n o  re s u lt

0 ,5 2 ,2 0 2 0 ,0 3 5 0 ,2 5 5 1 ,3 4 8 3 ,8 4 4 7 ,8 1 ye s

1 ,0 2 ,3 7 5 0 ,6 5 2 3 ,3 1 1 2 ,0 4 7 0 ,3 7 6 8 ,7 6 5 9 ,4 9 ye s

2 ,0 2 ,8 8 8 3 ,8 2 6 2 ,5 6 8 5 ,5 8 7 1 ,5 5 0 1 6 ,4 2 5 9 ,4 9 n o

5 ,0 0 ,2 3 8 5 ,8 0 7 0 ,5 1 8 9 ,2 5 2 2 ,6 8 7 1 8 ,5 0 5 9 ,4 9 n o

1 0 ,0 1 ,3 3 0 0 ,0 0 1 3 ,4 9 5 2 ,5 7 3 1 ,9 0 4 9 ,3 0 5 9 ,4 9 ye s

1 5 ,0 4 ,2 3 6 0 ,5 0 0 0 ,3 3 7 4 ,9 1 1 1 6 ,7 3 2 2 6 ,7 2 5 9 ,4 9 n o

2 0 ,0 1 1 ,2 8 6 0 ,0 1 8 1 ,7 0 8 8 ,8 1 3 5 ,0 3 6 2 6 ,8 6 5 9 ,4 9 n o

2 5 ,0 7 ,5 8 7 1 ,0 1 2 0 ,0 1 4 5 ,3 7 5 2 ,3 2 9 1 6 ,3 2 5 9 ,4 9 n o

3 0 ,0 3 ,8 0 1 0 ,0 1 2 6 ,5 0 7 1 ,4 4 0 1 1 ,7 6 4 7 ,8 1 n o

3 5 ,0 0 ,8 7 2 0 ,0 0 3 0 ,7 7 3 1 ,6 5 3 5 ,9 9 ye s

4 0 ,0 1 ,8 1 0 1 ,5 5 0 3 ,3 6 2 3 ,8 4 ye s
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Table 6.2.3: UA6 results of the Chi-squared test, round 3 
 
Again the data corresponding to the highest chi-square values for the velocities 
which did not pass were eliminated in round 4 of the rest. Now all data passed the 
test except for 0,2 m/s, where based on inconsistent data of only two participants no 
result was determined (see table 6.2.4). 
 

 
 

Table 6.2.4: UA6 results of the Chi-squared test, round 4 
 
Thus it was possible to determine key comparison reference values for 92 % of the 
given nominal velocity values covering the velocity range from 0,5 m/s up to 40 m/s 
and based on the remaining 71 % of the original input data. 
 
The KCRV values determined according to the data which passed the chi-squared 
test (see table 6.2.4) are listed in the table 6.2.5 and presented in figure 6.2.1. 
 

a irs p e e d D K N L IT A T B E D E s u m

[m /s ] c h i s q r c h i s q r c h i s q r c h i s q r c h i s q r c h i s q r c h i s q r n C H IIN V (0 ,0 5 ;n -1 ) p a s s e d

0 ,2 n o  re s u lt

0 ,5 2 ,2 0 2 0 ,0 3 5 0 ,2 5 5 1 ,3 4 8 3 ,8 4 4 7 ,8 1 ye s

1 ,0 2 ,3 7 5 0 ,6 5 2 3 ,3 1 1 2 ,0 4 7 0 ,3 7 6 8 ,7 6 5 9 ,4 9 ye s

2 ,0 5 ,1 7 9 2 ,5 4 7 1 ,5 8 3 0 ,8 3 1 1 0 ,1 4 4 7 ,8 1 n o

5 ,0 0 ,3 2 7 1 ,9 6 1 2 ,5 7 8 0 ,3 3 6 5 ,2 0 4 7 ,8 1 ye s

1 0 ,0 1 ,3 3 0 0 ,0 0 1 3 ,4 9 5 2 ,5 7 3 1 ,9 0 4 9 ,3 0 5 9 ,4 9 ye s

1 5 ,0 0 ,4 4 9 2 ,9 6 1 0 ,1 3 9 0 ,7 5 6 4 ,3 0 4 7 ,8 1 ye s

2 0 ,0 0 ,3 5 7 0 ,4 5 8 4 ,2 8 5 8 ,3 2 3 1 3 ,4 2 4 7 ,8 1 n o

2 5 ,0 0 ,1 3 4 0 ,1 7 6 2 ,5 3 4 4 ,3 4 7 7 ,1 9 4 7 ,8 1 ye s

3 0 ,0 0 ,9 0 7 1 ,2 7 8 0 ,0 4 1 2 ,2 3 3 5 ,9 9 ye s

3 5 ,0 0 ,8 7 2 0 ,0 0 3 0 ,7 7 3 1 ,6 5 3 5 ,9 9 ye s

4 0 ,0 1 ,8 1 0 1 ,5 5 0 3 ,3 6 2 3 ,8 4 ye s

a irs p e e d D K N L IT A T B E D E s u m

[m /s ] c h i s q r c h i s q r c h i s q r c h i s q r c h i s q r c h i s q r c h i s q r n C H IIN V (0 ,0 5 ;n -1 ) p a s s e d

0 ,2 n o  re s u lt

0 ,5 2 ,2 0 2 0 ,0 3 5 0 ,2 5 5 1 ,3 4 8 3 ,8 4 4 7 ,8 1 ye s

1 ,0 2 ,3 7 5 0 ,6 5 2 3 ,3 1 1 2 ,0 4 7 0 ,3 7 6 8 ,7 6 5 9 ,4 9 ye s

2 ,0 0 ,0 8 0 0 ,0 0 0 0 ,0 9 3 0 ,1 7 3 5 ,9 9 ye s

5 ,0 0 ,3 2 7 1 ,9 6 1 2 ,5 7 8 0 ,0 0 0 0 ,3 3 6 5 ,2 0 4 7 ,8 1 ye s

1 0 ,0 1 ,3 3 0 0 ,0 0 1 3 ,4 9 5 2 ,5 7 3 1 ,9 0 4 9 ,3 0 5 9 ,4 9 ye s

1 5 ,0 0 ,4 4 9 2 ,9 6 1 0 ,1 3 9 0 ,7 5 6 4 ,3 0 4 7 ,8 1 ye s

2 0 ,0 1 ,8 9 2 0 ,0 0 0 1 ,2 4 6 3 ,1 4 3 5 ,9 9 ye s

2 5 ,0 0 ,1 3 4 0 ,1 7 6 2 ,5 3 4 4 ,3 4 7 7 ,1 9 4 7 ,8 1 ye s

3 0 ,0 0 ,9 0 7 1 ,2 7 8 0 ,0 4 1 2 ,2 3 3 5 ,9 9 ye s

3 5 ,0 0 ,8 7 2 0 ,0 0 3 0 ,7 7 3 1 ,6 5 3 5 ,9 9 ye s

4 0 ,0 1 ,8 1 0 1 ,5 5 0 3 ,3 6 2 3 ,8 4 ye s



 

Physikalisch-Technische Bundesanstalt 

Bundesallee 100 
38116 Braunschweig, GERMANY 

 
Final Report 

EURAMET Project No. 
827 

 

 Page 18 of 25 

 

 
 

Table 6.2.5: Resulting KCRV based on the UA6 transfer standard data 
 
 

 
 
Figure 6.2.1: Resulting KCRV based on the UA6  transfer standard data 
 
 
 
 
 
 
 
 
 
 
 

         D K          N L           IT          A T          B E          D E       K C R V

v /(m /s ) x i
U (k = 2 ) x i

U (k = 2 ) x i
U (k = 2 ) x i

U (k = 2 ) x i
U (k = 2 ) x i

U (k = 2 ) x i
U (k = 2 )

0 ,2 0

0 ,5 0 1 ,1 4 3 4 0 ,0 2 4 1 1 ,1 2 2 7 0 ,0 4 5 1 1 ,1 1 8 2 0 ,0 2 9 1 1 ,1 0 7 9 0 ,0 3 0 4 1 ,1 2 5 6 0 ,0 1 4 0

1 ,0 0 1 ,0 8 5 8 0 ,0 1 2 7 1 ,1 0 2 5 0 ,0 1 4 4 1 ,1 1 3 4 0 ,0 1 9 6 1 ,0 7 6 6 0 ,0 2 6 5 1 ,1 0 0 8 0 ,0 1 7 2 1 ,0 9 5 6 0 ,0 0 7 7

2 ,0 0 1 ,0 4 6 4 0 ,0 1 2 5 1 ,0 4 4 7 0 ,0 1 3 1 1 ,0 4 2 6 0 ,0 1 3 5 1 ,0 4 4 7 0 ,0 0 7 5

5 ,0 0 1 ,0 0 5 5 0 ,0 1 0 2 1 ,0 1 3 7 0 ,0 0 8 4 1 ,0 0 0 1 0 ,0 0 9 6 1 ,0 1 0 1 0 ,0 0 8 0 1 ,0 0 7 8 0 ,0 0 4 2

1 0 ,0 0 1 ,0 2 1 5 0 ,0 1 0 1 1 ,0 1 7 4 0 ,0 0 8 3 1 ,0 0 9 0 0 ,0 0 8 9 1 ,0 0 8 2 0 ,0 1 1 3 1 ,0 2 2 3 0 ,0 0 7 3 1 ,0 1 7 3 0 ,0 0 3 7

1 5 ,0 0 1 ,0 0 0 0 0 ,0 1 0 6 1 ,0 0 9 7 0 ,0 0 8 7 1 ,0 0 3 9 0 ,0 0 9 3 0 ,9 9 9 3 0 ,0 0 6 6 1 ,0 0 2 1 0 ,0 0 3 7

2 0 ,0 0 1 ,0 0 3 7 0 ,0 0 8 1 0 ,9 9 8 1 0 ,0 0 9 4 0 ,9 9 4 4 0 ,0 0 6 6 0 ,9 9 8 1 0 ,0 0 4 5

2 5 ,0 0 0 ,9 9 6 9 0 ,0 0 8 8 1 ,0 0 0 8 0 ,0 1 0 5 0 ,9 9 2 4 0 ,0 0 7 8 1 ,0 0 9 1 0 ,0 1 0 1 0 ,9 9 8 6 0 ,0 0 4 6

3 0 ,0 0 1 ,0 1 0 5 0 ,0 1 2 5 0 ,9 9 8 7 0 ,0 1 1 2 1 ,0 0 6 2 0 ,0 1 1 4 1 ,0 0 5 1 0 ,0 0 6 6

3 5 ,0 0 0 ,9 9 0 8 0 ,0 1 2 7 0 ,9 9 7 1 0 ,0 1 1 3 1 ,0 0 2 4 0 ,0 1 2 7 0 ,9 9 6 8 0 ,0 0 7 0

4 0 ,0 0 0 ,9 8 8 6 0 ,0 1 3 5 1 ,0 0 5 4 0 ,0 1 2 5 0 ,9 9 7 7 0 ,0 0 9 1
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6.2.2 Degree of equivalence 

Table 6.2.6 indicates the degree of equivalence between each laboratory and 
the KCRVs according to the comparison measurement data in table 6.2.5 and the 
method described in chapter 6.1. The red colour indicates that |di| > U(di). 

 

 
 
Table 6.2.6: Degree of equivalence to the KCRV according to table 6.2.5 

 

Table 6.2.7 includes for each velocity value a table with the degrees of 
equivalence between the laboratories where the red colour indicates that |dij| > Uij. 

 

 

 

 

 

Id iI> U (d i) D K N L IT A T B E D E

v /(m /s ) Id iI= Ix i-x i,K C R V I U (d i) Id iI= Ix i-x i,K C R V I U (d i) Id iI= Ix i-x i,K C R V I U (d i) Id iI= Ix i-x i,K C R V I U (d i) Id iI= Ix i-x i,K C R V I U (d i) Id iI= Ix i-x i,K C R V I U (d i)

0 ,2

0 ,5 0 ,0 1 7 8 0 ,0 1 9 5 0 ,0 0 2 8 0 ,0 4 2 9 0 ,0 0 7 3 0 ,0 2 5 5 0 ,0 1 7 7 0 ,0 2 7 0

1 0 ,0 0 9 8 0 ,0 1 0 1 0 ,0 0 6 9 0 ,0 1 2 2 0 ,0 1 7 9 0 ,0 1 8 1 0 ,0 1 9 0 0 ,0 2 5 4 0 ,0 0 5 3 0 ,0 1 5 4

2 0 ,0 0 1 8 0 ,0 1 0 0 0 ,0 0 0 0 0 ,0 1 0 7 0 ,0 0 2 1 0 ,0 1 1 3

5 0 ,0 0 2 3 0 ,0 0 9 3 0 ,0 0 5 9 0 ,0 0 7 3 0 ,0 0 7 7 0 ,0 0 8 6 0 ,0 0 2 3 0 ,0 0 6 8

1 0 0 ,0 0 4 2 0 ,0 0 9 4 0 ,0 0 0 1 0 ,0 0 7 4 0 ,0 0 8 3 0 ,0 0 8 1 0 ,0 0 9 1 0 ,0 1 0 7 0 ,0 0 5 0 0 ,0 0 6 3

1 5 0 ,0 0 2 1 0 ,0 1 0 0 0 ,0 0 7 5 0 ,0 0 7 9 0 ,0 0 1 7 0 ,0 0 8 5 0 ,0 0 2 9 0 ,0 0 5 4

2 0 0 ,0 0 5 6 0 ,0 0 6 7 0 ,0 0 0 0 0 ,0 0 8 3 0 ,0 0 3 7 0 ,0 0 4 8

2 5 0 ,0 0 1 6 0 ,0 0 7 6 0 ,0 0 2 2 0 ,0 0 9 5 0 ,0 0 6 2 0 ,0 0 6 3 0 ,0 1 0 6 0 ,0 0 9 0

3 0 0 ,0 0 5 4 0 ,0 1 0 6 0 ,0 0 6 3 0 ,0 0 9 1 0 ,0 0 1 2 0 ,0 0 9 4

3 5 0 ,0 0 5 9 0 ,0 1 0 6 0 ,0 0 0 3 0 ,0 0 8 8 0 ,0 0 5 6 0 ,0 1 0 6

4 0 0 ,0 0 9 1 0 ,0 0 9 9 0 ,0 0 7 8 0 ,0 0 8 5

0 ,5  m /s D K N L IT A T B E D E

Id ij I  >  U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij

D K 0 ,0 2 1 0 ,0 5 1 0 ,0 2 5 0 ,0 3 8 0 ,0 3 6 0 ,0 3 9

N L -0 ,0 2 1 0 ,0 5 1 0 ,0 0 4 0 ,0 5 4 0 ,0 1 5 0 ,0 5 4

IT

A T

B E -0 ,0 2 5 0 ,0 3 8 -0 ,0 0 4 0 ,0 5 4 0 ,0 1 0 0 ,0 4 2

D E -0 ,0 3 6 0 ,0 3 9 -0 ,0 1 5 0 ,0 5 4 -0 ,0 1 0 0 ,0 4 2

1 ,0  m /s D K N L IT A T B E D E

Id ij I  >  U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij

D K -0 ,0 2 0 ,0 2 -0 ,0 3 0 ,0 2 0 ,0 1 0 ,0 3 -0 ,0 2 0 ,0 2

N L 0 ,0 2 0 ,0 2 -0 ,0 1 0 ,0 2 0 ,0 3 0 ,0 3 0 ,0 0 0 ,0 2

IT

A T 0 ,0 3 0 ,0 2 0 ,0 1 0 ,0 2 0 ,0 4 0 ,0 3 0 ,0 1 0 ,0 3

B E -0 ,0 1 0 ,0 3 -0 ,0 3 0 ,0 3 -0 ,0 4 0 ,0 3 -0 ,0 2 0 ,0 3

D E 0 ,0 2 0 ,0 2 0 ,0 0 0 ,0 2 -0 ,0 1 0 ,0 3 0 ,0 2 0 ,0 3

2 ,0  m /s D K N L IT A T B E D E

Id ij I  >  U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij

D K

N L

IT 0 ,0 0 2 0 ,0 1 8 0 ,0 0 4 0 ,0 1 8

A T -0 ,0 0 2 0 ,0 1 8 0 ,0 0 2 0 ,0 1 9

B E

D E -0 ,0 0 4 0 ,0 1 8 -0 ,0 0 2 0 ,0 1 9

5 ,0  m /s D K N L IT A T B E D E

Id ij I  >  U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij

D K

N L -0 ,0 0 8 0 ,0 1 3 0 ,0 0 5 0 ,0 1 4 -0 ,0 0 5 0 ,0 1 3

IT 0 ,0 0 8 0 ,0 1 3 0 ,0 1 4 0 ,0 1 3 0 ,0 0 4 0 ,0 1 2

A T -0 ,0 0 5 0 ,0 1 4 -0 ,0 1 4 0 ,0 1 3 -0 ,0 1 0 0 ,0 1 3

B E

D E 0 ,0 0 5 0 ,0 1 3 -0 ,0 0 4 0 ,0 1 2 0 ,0 1 0 0 ,0 1 3
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Table 6.2.7: Degree of equivalence between laboratories for each velocity value 

 

1 0  m /s D K N L IT A T B E D E

Id ij I  >  U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij

D K

N L 0 ,0 0 4 0 ,0 1 3 0 ,0 1 3 0 ,0 1 3 0 ,0 1 3 0 ,0 1 5 -0 ,0 0 1 0 ,0 1 2

IT -0 ,0 0 4 0 ,0 1 3 0 ,0 0 8 0 ,0 1 2 0 ,0 0 9 0 ,0 1 4 -0 ,0 0 5 0 ,0 1 1

A T -0 ,0 1 3 0 ,0 1 3 -0 ,0 0 8 0 ,0 1 2 0 ,0 0 1 0 ,0 1 4 -0 ,0 1 3 0 ,0 1 2

B E -0 ,0 1 3 0 ,0 1 5 -0 ,0 0 9 0 ,0 1 4 -0 ,0 0 1 0 ,0 1 4 -0 ,0 1 4 0 ,0 1 3

D E 0 ,0 0 1 0 ,0 1 2 0 ,0 0 5 0 ,0 1 1 0 ,0 1 3 0 ,0 1 2 0 ,0 1 4 0 ,0 1 3

1 5  m /s D K N L IT A T B E D E

Id ij I  >  U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij

D K

N L -0 ,0 1 0 0 ,0 1 4 -0 ,0 0 4 0 ,0 1 4 0 ,0 0 1 0 ,0 1 3

IT 0 ,0 1 0 0 ,0 1 4 0 ,0 0 6 0 ,0 1 3 0 ,0 1 0 0 ,0 1 1

A T 0 ,0 0 4 0 ,0 1 4 -0 ,0 0 6 0 ,0 1 3 0 ,0 0 5 0 ,0 1 1

B E -0 ,0 0 1 0 ,0 1 3 -0 ,0 1 0 0 ,0 1 1 -0 ,0 0 5 0 ,0 1 1

D E

2 0  m /s D K N L IT A T B E D E

Id ij I  >  U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij

D K

N L

IT 0 ,0 0 6 0 ,0 1 2 0 ,0 0 9 0 ,0 1 0

A T -0 ,0 0 6 0 ,0 1 2 0 ,0 0 4 0 ,0 1 1

B E -0 ,0 0 9 0 ,0 1 0 -0 ,0 0 4 0 ,0 1 1

D E

2 5  m /s D K N L IT A T B E D E

Id ij I  >  U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij

D K

N L

IT -0 ,0 0 4 0 ,0 1 4 0 ,0 0 5 0 ,0 1 2 -0 ,0 1 2 0 ,0 1 3

A T 0 ,0 0 4 0 ,0 1 4 0 ,0 0 8 0 ,0 1 3 -0 ,0 0 8 0 ,0 1 5

B E -0 ,0 0 5 0 ,0 1 2 -0 ,0 0 8 0 ,0 1 3 -0 ,0 1 7 0 ,0 1 3

D E 0 ,0 1 2 0 ,0 1 3 0 ,0 0 8 0 ,0 1 5 0 ,0 1 7 0 ,0 1 3

3 0  m /s D K N L IT A T B E D E

Id ij I  >  U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij

D K

N L 0 ,0 1 2 0 ,0 1 7 0 ,0 0 4 0 ,0 1 7

IT

A T -0 ,0 1 2 0 ,0 1 7 -0 ,0 0 7 0 ,0 1 6

B E

D E -0 ,0 0 4 0 ,0 1 7 0 ,0 0 7 0 ,0 1 6

3 5  m /s D K N L IT A T B E D E

Id ij I  >  U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij

D K

N L

IT

A T -0 ,0 0 6 0 ,0 1 7 -0 ,0 1 2 0 ,0 1 8

B E 0 ,0 0 6 0 ,0 1 7 -0 ,0 0 5 0 ,0 1 7

D E 0 ,0 1 2 0 ,0 1 8 0 ,0 0 5 0 ,0 1 7

4 0  m /s D K N L IT A T B E D E

Id ij I  >  U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij

D K

N L

IT

A T -0 ,0 1 7 0 ,0 1 8

B E

D E 0 ,0 1 7 0 ,0 1 8
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6.3  LDA transfer standard 
 
6.3.1  Determination of the KCRV  

 

According to Cox the data based on the use of the LDA transfer standard 
have been analysed and the KCRV has been determined. To evaluate the  
consistency of the data the chi-squared test has been performed. 

 
 

 
 

Table 6.3.1: Results of the Chi-squared test, round 1 
 

As can be seen in table 6.3.1 over 90 % of the results based on the 
measurements with the LDA transfer standard passed the test in the first round. 
After eliminating the result with the highest chi-square value for the measurement 
point which did not pass the test,  all data passed the test already in the second 
round (see table 6.3.2).   
 

 
 

Table 6.3.2: Results of the Chi-squared test, round 2 
 

The KCRV values determined according to the data which passed the chi-
squared test (table 6.3.2) are listed in the table 6.3.3 and presented in figure 6.3.1. 
This result illustrates that the consistency of the comparison results and the 
achievement of minimum uncertainties of KCR values highly depend on the 
selection of the transfer standard (ideally non-contact!) provided that the traceability 
of each participating laboratory is reliable within the stated uncertainties.  

a irs p e e d D K N L IT A T B E D E s u m

[m /s ] c h i s q r c h i s q r c h i s q r c h i s q r c h i s q r c h i s q r c h i s q r n C H IIN V (0 ,0 5 ;n -1 ) p a s s e d

0 ,2 1 ,0 8 9 0 ,0 0 3 1 ,0 9 2 3 ,8 4 ye s

0 ,5 0 ,0 3 7 4 ,8 2 8 0 ,0 8 8 0 ,2 8 3 0 ,2 4 2 5 ,4 8 5 9 ,4 9 ye s

1 ,0 1 ,2 1 9 2 3 ,5 7 0 0 ,7 0 2 0 ,2 3 8 2 ,3 6 9 2 8 ,1 0 5 9 ,4 9 n o

2 ,0 0 ,3 2 2 2 ,5 6 5 0 ,3 7 9 0 ,9 0 8 0 ,9 7 7 0 ,0 4 2 5 ,1 9 6 1 1 ,0 7 ye s

5 ,0 0 ,0 5 8 6 ,9 3 3 0 ,0 6 8 0 ,0 0 8 0 ,0 2 3 1 ,0 6 5 8 ,1 5 6 1 1 ,0 7 ye s

1 0 ,0 0 ,0 0 9 3 ,4 1 5 0 ,0 9 5 0 ,0 0 9 0 ,0 0 0 0 ,6 4 7 4 ,1 8 6 1 1 ,0 7 ye s

1 5 ,0 0 ,0 4 6 2 ,7 9 8 1 ,3 7 4 0 ,0 4 8 1 ,5 9 2 0 ,2 2 8 6 ,0 9 6 1 1 ,0 7 ye s

2 0 ,0 0 ,1 1 0 2 ,3 5 3 3 ,1 9 6 0 ,0 2 7 0 ,0 0 0 3 ,1 7 7 8 ,8 6 6 1 1 ,0 7 ye s

2 5 ,0 0 ,2 9 1 3 ,6 0 2 2 ,1 2 1 0 ,2 7 9 1 ,0 0 2 0 ,5 3 6 7 ,8 3 6 1 1 ,0 7 ye s

3 0 ,0 0 ,3 1 9 3 ,0 2 8 0 ,1 8 9 0 ,1 6 3 0 ,0 3 2 3 ,7 3 5 9 ,4 9 ye s

3 5 ,0 1 ,2 9 2 0 ,1 4 3 0 ,7 9 4 0 ,0 0 7 2 ,2 4 4 7 ,8 1 ye s

4 0 ,0 0 ,2 6 0 0 ,1 0 9 0 ,3 7 2 3 ,8 4 ye s

a irs p e e d D K N L IT A T B E D E s u m

[m /s ] c h i s q r c h i s q r c h i s q r c h i s q r c h i s q r c h i s q r c h i s q r n C H IIN V (0 ,0 5 ;n -1 ) p a s s e d

0 ,2 1 ,0 8 9 0 ,0 0 3 1 ,0 9 2 3 ,8 4 ye s

0 ,5 0 ,0 3 7 4 ,8 2 8 0 ,0 8 8 0 ,2 8 3 0 ,2 4 2 5 ,4 8 5 9 ,4 9 ye s

1 ,0 0 ,0 0 7 0 ,0 0 8 0 ,8 5 2 0 ,1 0 6 0 ,9 7 4 7 ,8 1 ye s

2 ,0 0 ,3 2 2 2 ,5 6 5 0 ,3 7 9 0 ,9 0 8 0 ,9 7 7 0 ,0 4 2 5 ,1 9 6 1 1 ,0 7 ye s

5 ,0 0 ,0 5 8 6 ,9 3 3 0 ,0 6 8 0 ,0 0 8 0 ,0 2 3 1 ,0 6 5 8 ,1 5 6 1 1 ,0 7 ye s

1 0 ,0 0 ,0 0 9 3 ,4 1 5 0 ,0 9 5 0 ,0 0 9 0 ,0 0 0 0 ,6 4 7 4 ,1 8 6 1 1 ,0 7 ye s

1 5 ,0 0 ,0 4 6 2 ,7 9 8 1 ,3 7 4 0 ,0 4 8 1 ,5 9 2 0 ,2 2 8 6 ,0 9 6 1 1 ,0 7 ye s

2 0 ,0 0 ,1 1 0 2 ,3 5 3 3 ,1 9 6 0 ,0 2 7 0 ,0 0 0 3 ,1 7 7 8 ,8 6 6 1 1 ,0 7 ye s

2 5 ,0 0 ,2 9 1 3 ,6 0 2 2 ,1 2 1 0 ,2 7 9 1 ,0 0 2 0 ,5 3 6 7 ,8 3 6 1 1 ,0 7 ye s

3 0 ,0 0 ,3 1 9 3 ,0 2 8 0 ,1 8 9 0 ,1 6 3 0 ,0 3 2 3 ,7 3 5 9 ,4 9 ye s

3 5 ,0 1 ,2 9 2 0 ,1 4 3 0 ,7 9 4 0 ,0 0 7 2 ,2 4 4 7 ,8 1 ye s

4 0 ,0 0 ,2 6 0 0 ,1 0 9 0 ,3 7 2 3 ,8 4 ye s
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Table 6.3.3: Resulting KCRV based on the LDA transfer standard data 
 

 
 

Figure 6.3.1: Resulting KCRV based on the LDA transfer standard data 
 
 
 
 
 
 
 
 
 
 
 
 

         D K          N L           IT          A T          B E          D E       K C R V

v /(m /s ) x i
U (k = 2 ) x i

U (k = 2 ) x i
U (k = 2 ) x i

U (k = 2 ) x i
U (k = 2 ) x i

U (k = 2 ) x i
U (k = 2 )

0 ,2 0 0 ,9 1 6 1 0 ,1 3 4 0 0 ,9 8 6 2 0 ,0 0 7 0 0 ,9 8 6 0 0 ,0 0 7 0

0 ,5 0 0 ,9 9 3 2 0 ,0 1 2 7 0 ,9 4 8 2 0 ,0 4 2 1 0 ,9 9 6 0 0 ,0 1 0 9 0 ,9 9 1 1 0 ,0 1 2 7 0 ,9 9 5 9 0 ,0 0 6 0 0 ,9 9 4 4 0 ,0 0 4 5

1 ,0 0 0 ,9 9 6 2 0 ,0 0 7 6 0 ,9 9 5 6 0 ,0 0 8 3 0 ,9 8 7 8 0 ,0 1 7 7 0 ,9 9 6 9 0 ,0 0 6 3 0 ,9 9 5 9 0 ,0 0 4 1

2 ,0 0 0 ,9 9 4 6 0 ,0 0 5 6 0 ,9 8 4 8 0 ,0 1 0 3 0 ,9 9 6 7 0 ,0 1 1 7 0 ,9 9 6 4 0 ,0 0 7 1 0 ,9 9 0 1 0 ,0 0 6 0 0 ,9 9 3 7 0 ,0 0 6 4 0 ,9 9 3 1 0 ,0 0 2 9

5 ,0 0 0 ,9 9 6 3 0 ,0 0 5 0 0 ,9 8 2 3 0 ,0 1 0 2 0 ,9 9 4 7 0 ,0 0 8 1 0 ,9 9 5 5 0 ,0 0 6 5 0 ,9 9 6 2 0 ,0 0 6 0 0 ,9 9 8 1 0 ,0 0 4 5 0 ,9 9 5 7 0 ,0 0 2 5

1 0 ,0 0 0 ,9 9 5 7 0 ,0 0 4 9 0 ,9 8 6 0 0 ,0 1 0 2 0 ,9 9 4 2 0 ,0 0 8 4 0 ,9 9 5 8 0 ,0 0 6 6 0 ,9 9 5 5 0 ,0 0 5 5 0 ,9 9 7 2 0 ,0 0 4 4 0 ,9 9 5 5 0 ,0 0 2 4

1 5 ,0 0 0 ,9 9 6 2 0 ,0 0 5 0 0 ,9 8 8 2 0 ,0 1 0 2 0 ,9 9 2 1 0 ,0 0 8 0 0 ,9 9 6 0 0 ,0 0 6 6 0 ,9 9 9 9 0 ,0 0 4 9 0 ,9 9 7 6 0 ,0 0 3 7 0 ,9 9 6 7 0 ,0 0 2 2

2 0 ,0 0 0 ,9 9 7 3 0 ,0 0 5 0 0 ,9 8 8 6 0 ,0 1 0 2 0 ,9 9 0 2 0 ,0 0 7 1 0 ,9 9 5 9 0 ,0 0 6 9 0 ,9 9 6 5 0 ,0 0 5 2 1 ,0 0 0 9 0 ,0 0 5 0 0 ,9 9 6 5 0 ,0 0 2 4

2 5 ,0 0 0 ,9 9 9 0 0 ,0 0 5 0 0 ,9 8 8 0 0 ,0 1 0 2 0 ,9 9 2 2 0 ,0 0 7 5 0 ,9 9 5 8 0 ,0 0 7 2 1 ,0 0 0 2 0 ,0 0 5 0 0 ,9 9 9 5 0 ,0 0 5 0 0 ,9 9 7 7 0 ,0 0 2 5

3 0 ,0 0 0 ,9 9 9 0 0 ,0 0 5 0 0 ,9 8 8 7 0 ,0 1 0 2 0 ,9 9 5 9 0 ,0 0 7 5 0 ,9 9 8 5 0 ,0 0 4 8 0 ,9 9 8 1 0 ,0 0 5 7 0 ,9 9 7 5 0 ,0 0 2 7

3 5 ,0 0 0 ,9 9 1 3 0 ,0 1 0 2 0 ,9 9 5 7 0 ,0 0 7 0 0 ,9 9 9 2 0 ,0 0 4 9 0 ,9 9 6 8 0 ,0 0 5 0 0 ,9 9 7 1 0 ,0 0 3 0

4 0 ,0 0 0 ,9 9 6 4 0 ,0 0 6 6 0 ,9 9 8 8 0 ,0 0 4 3 0 ,9 9 8 1 0 ,0 0 3 6



 

Physikalisch-Technische Bundesanstalt 

Bundesallee 100 
38116 Braunschweig, GERMANY 

 
Final Report 

EURAMET Project No. 
827 

 

 Page 23 of 25 

 

6.3.2 Degree of equivalence 
 

Table 6.3.4 indicates the degree of equivalence between each laboratory and 
the KCRVs according to the comparison measurement data in table 6.3.3 and the 
method described in chapter 6.1. The red colour indicates that |di| > U(di). 

 

 
 

Table 6.3.4: Degree of equivalence to the KCRV according to table 6.3.3 
 

Table 6.3.5 includes for each velocity value a table with the degrees of 
equivalence between the laboratories where the red colour indicates that |dij| > Uij. 

 

 

 

 

 

Id iI> U (d i) D K N L IT A T B E D E

v /(m /s ) Id iI= Ix i-x re fI U (d i) Id iI= Ix i-x re fI U (d i) Id iI= Ix i-x re fI U (d i) Id iI= Ix i-x re fI U (d i) Id iI= Ix i-x re fI U (d i) Id iI= Ix i-x re fI U (d i)

0 ,2 0 ,0 6 9 9 0 ,1 3 3 8 0 ,0 0 0 2 0 ,0 0 1 0

0 ,5 0 ,0 0 1 2 0 ,0 1 1 9 0 ,0 4 6 2 0 ,0 4 1 8 0 ,0 0 1 6 0 ,0 1 0 0 0 ,0 0 3 4 0 ,0 1 4 2 0 ,0 0 1 5 0 ,0 0 3 8

1 0 ,0 0 4 2 0 ,0 0 6 5 0 ,0 0 3 5 0 ,0 0 7 4 0 ,0 0 4 3 0 ,0 2 2 4 0 ,0 0 4 9 0 ,0 0 4 9

2 0 ,0 0 1 9 0 ,0 0 4 8 0 ,0 0 8 0 0 ,0 0 9 9 0 ,0 0 3 9 0 ,0 1 1 3 0 ,0 0 3 7 0 ,0 0 6 5 0 ,0 0 2 7 0 ,0 0 5 3 0 ,0 0 0 9 0 ,0 0 5 6

5 0 ,0 0 0 7 0 ,0 0 4 4 0 ,0 1 3 4 0 ,0 0 9 9 0 ,0 0 1 0 0 ,0 0 7 7 0 ,0 0 0 2 0 ,0 0 6 1 0 ,0 0 0 5 0 ,0 0 5 3 0 ,0 0 2 4 0 ,0 0 3 7

1 0 0 ,0 0 0 5 0 ,0 0 4 3 0 ,0 0 9 2 0 ,0 0 9 9 0 ,0 0 1 1 0 ,0 0 8 1 0 ,0 0 0 6 0 ,0 0 6 2 0 ,0 0 0 2 0 ,0 0 4 0 0 ,0 0 2 0 0 ,0 0 3 7

1 5 0 ,0 0 0 9 0 ,0 0 4 5 0 ,0 0 8 9 0 ,0 1 0 0 0 ,0 0 5 1 0 ,0 0 7 7 0 ,0 0 1 1 0 ,0 0 6 2 0 ,0 0 2 7 0 ,0 0 2 9 0 ,0 0 0 5 0 ,0 0 3 0

2 0 0 ,0 0 0 6 0 ,0 0 4 4 0 ,0 0 8 0 0 ,0 1 0 0 0 ,0 0 6 5 0 ,0 0 6 7 0 ,0 0 0 8 0 ,0 0 6 5 0 ,0 0 0 1 0 ,0 0 3 9 0 ,0 0 4 2 0 ,0 0 4 4

2 5 0 ,0 0 0 3 0 ,0 0 4 4 0 ,0 1 0 7 0 ,0 1 0 0 0 ,0 0 6 5 0 ,0 0 7 2 0 ,0 0 2 9 0 ,0 0 6 8 0 ,0 0 1 5 0 ,0 0 3 2 0 ,0 0 0 8 0 ,0 0 4 4

3 0 0 ,0 0 1 4 0 ,0 0 4 2 0 ,0 0 8 9 0 ,0 0 9 9 0 ,0 0 1 6 0 ,0 0 7 1 0 ,0 0 1 0 0 ,0 0 2 0 0 ,0 0 0 5 0 ,0 0 5 0

3 5 0 ,0 0 5 8 0 ,0 0 9 8 0 ,0 0 1 3 0 ,0 0 6 4 0 ,0 0 2 2 0 ,0 0 2 2 0 ,0 0 0 2 0 ,0 0 4 0

4 0 0 ,0 0 1 7 0 ,0 0 5 5 0 ,0 0 0 7 0 ,0 0 2 3

0 ,2  m /s D K N L IT A T B E D E

d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij

D K

N L -0 ,0 7 0 ,1 3

IT

A T

B E

D E 0 ,0 7 0 ,1 3

0 ,5  m /s D K N L IT A T B E D E

Id ijI  >  U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij

D K 0 ,0 4 5 0 ,0 4 4 -0 ,0 0 3 0 ,0 1 7 0 ,0 0 2 0 ,0 1 8 -0 ,0 0 3 0 ,0 1 4

N L -0 ,0 4 5 0 ,0 4 4 -0 ,0 4 8 0 ,0 4 3 -0 ,0 4 3 0 ,0 4 4 -0 ,0 4 8 0 ,0 4 2

IT

A T 0 ,0 0 3 0 ,0 1 7 0 ,0 4 8 0 ,0 4 3 0 ,0 0 5 0 ,0 1 7 0 ,0 0 0 0 ,0 1 2

B E -0 ,0 0 2 0 ,0 1 8 0 ,0 4 3 0 ,0 4 4 -0 ,0 0 5 0 ,0 1 7 -0 ,0 0 5 0 ,0 1 4

D E 0 ,0 0 3 0 ,0 1 4 0 ,0 4 8 0 ,0 4 2 0 ,0 0 0 0 ,0 1 2 0 ,0 0 5 0 ,0 1 4

1 ,0  m /s D K N L IT A T B E D E

d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij

D K 0 ,0 0 1 0 ,0 1 1 0 ,0 0 8 0 ,0 1 9 -0 ,0 0 1 0 ,0 1 0

N L

IT

A T -0 ,0 0 1 0 ,0 1 1 0 ,0 0 8 0 ,0 2 0 -0 ,0 0 1 0 ,0 1 0

B E -0 ,0 0 8 0 ,0 1 9 -0 ,0 0 8 0 ,0 2 0 -0 ,0 0 9 0 ,0 1 9

D E 0 ,0 0 1 0 ,0 1 0 0 ,0 0 1 0 ,0 1 0 0 ,0 0 9 0 ,0 1 9

2 ,0  m /s D K N L IT A T B E D E

d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij

D K 0 ,0 1 0 0 ,0 1 2 -0 ,0 0 2 0 ,0 1 3 -0 ,0 0 2 0 ,0 0 9 0 ,0 0 5 0 ,0 0 8 0 ,0 0 1 0 ,0 0 9

N L -0 ,0 1 0 0 ,0 1 2 -0 ,0 1 2 0 ,0 1 6 -0 ,0 1 2 0 ,0 1 3 -0 ,0 0 5 0 ,0 1 2 -0 ,0 0 9 0 ,0 1 2

IT 0 ,0 0 2 0 ,0 1 3 0 ,0 1 2 0 ,0 1 6 0 ,0 0 0 0 ,0 1 4 0 ,0 0 7 0 ,0 1 3 0 ,0 0 3 0 ,0 1 3

A T 0 ,0 0 2 0 ,0 0 9 0 ,0 1 2 0 ,0 1 3 0 ,0 0 0 0 ,0 1 4 0 ,0 0 6 0 ,0 0 9 0 ,0 0 3 0 ,0 1 0

B E -0 ,0 0 5 0 ,0 0 8 0 ,0 0 5 0 ,0 1 2 -0 ,0 0 7 0 ,0 1 3 -0 ,0 0 6 0 ,0 0 9 -0 ,0 0 4 0 ,0 0 9

D E -0 ,0 0 1 0 ,0 0 9 0 ,0 0 9 0 ,0 1 2 -0 ,0 0 3 0 ,0 1 3 -0 ,0 0 3 0 ,0 1 0 0 ,0 0 4 0 ,0 0 9

5 ,0  m /s D K N L IT A T B E D E

Id ijI  >  U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij

D K 0 ,0 1 4 0 ,0 1 1 0 ,0 0 2 0 ,0 0 9 0 ,0 0 1 0 ,0 0 8 0 ,0 0 0 0 ,0 0 8 -0 ,0 0 2 0 ,0 0 7

N L -0 ,0 1 4 0 ,0 1 1 -0 ,0 1 2 0 ,0 1 3 -0 ,0 1 3 0 ,0 1 2 -0 ,0 1 4 0 ,0 1 2 -0 ,0 1 6 0 ,0 1 1

IT -0 ,0 0 2 0 ,0 0 9 0 ,0 1 2 0 ,0 1 3 -0 ,0 0 1 0 ,0 1 0 -0 ,0 0 2 0 ,0 1 0 -0 ,0 0 3 0 ,0 0 9

A T -0 ,0 0 1 0 ,0 0 8 0 ,0 1 3 0 ,0 1 2 0 ,0 0 1 0 ,0 1 0 -0 ,0 0 1 0 ,0 0 9 -0 ,0 0 3 0 ,0 0 8

B E 0 ,0 0 0 0 ,0 0 8 0 ,0 1 4 0 ,0 1 2 0 ,0 0 2 0 ,0 1 0 0 ,0 0 1 0 ,0 0 9 -0 ,0 0 2 0 ,0 0 8

D E 0 ,0 0 2 0 ,0 0 7 0 ,0 1 6 0 ,0 1 1 0 ,0 0 3 0 ,0 0 9 0 ,0 0 3 0 ,0 0 8 0 ,0 0 2 0 ,0 0 8
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Table 6.3.5: Degree of equivalence between laboratories for each velocity value 

The degree of equivalence of all LDA based results was remarkably good for almost 
all data. Inconsistencies were mainly observed in view of some data from VSL (NL), 
where the usually applied procedure based on the approved volume flow rate 
traceability was slightly modified in order to provide the seeding for the LDA 
measurements. This may have had a bigger influence than originally estimated. 

1 0  m /s D K N L IT A T B E D E

d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij

D K 0 ,0 1 0 0 ,0 1 1 0 ,0 0 2 0 ,0 1 0 0 ,0 0 0 0 ,0 0 8 0 ,0 0 0 0 ,0 0 7 -0 ,0 0 2 0 ,0 0 7

N L -0 ,0 1 0 0 ,0 1 1 -0 ,0 0 8 0 ,0 1 3 -0 ,0 1 0 0 ,0 1 2 -0 ,0 0 9 0 ,0 1 2 -0 ,0 1 1 0 ,0 1 1

IT -0 ,0 0 2 0 ,0 1 0 0 ,0 0 8 0 ,0 1 3 -0 ,0 0 2 0 ,0 1 1 -0 ,0 0 1 0 ,0 1 0 -0 ,0 0 3 0 ,0 0 9

A T 0 ,0 0 0 0 ,0 0 8 0 ,0 1 0 0 ,0 1 2 0 ,0 0 2 0 ,0 1 1 0 ,0 0 0 0 ,0 0 9 -0 ,0 0 1 0 ,0 0 8

B E 0 ,0 0 0 0 ,0 0 7 0 ,0 0 9 0 ,0 1 2 0 ,0 0 1 0 ,0 1 0 0 ,0 0 0 0 ,0 0 9 -0 ,0 0 2 0 ,0 0 7

D E 0 ,0 0 2 0 ,0 0 7 0 ,0 1 1 0 ,0 1 1 0 ,0 0 3 0 ,0 0 9 0 ,0 0 1 0 ,0 0 8 0 ,0 0 2 0 ,0 0 7

1 5  m /s D K N L IT A T B E D E

Id ijI  >  U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij

D K 0 ,0 0 8 0 ,0 1 1 0 ,0 0 4 0 ,0 0 9 0 ,0 0 0 0 ,0 0 8 -0 ,0 0 4 0 ,0 0 7 -0 ,0 0 1 0 ,0 0 6

N L -0 ,0 0 8 0 ,0 1 1 -0 ,0 0 4 0 ,0 1 3 -0 ,0 0 8 0 ,0 1 2 -0 ,0 1 2 0 ,0 1 1 -0 ,0 0 9 0 ,0 1 1

IT -0 ,0 0 4 0 ,0 0 9 0 ,0 0 4 0 ,0 1 3 -0 ,0 0 4 0 ,0 1 0 -0 ,0 0 8 0 ,0 0 9 -0 ,0 0 6 0 ,0 0 9

A T 0 ,0 0 0 0 ,0 0 8 0 ,0 0 8 0 ,0 1 2 0 ,0 0 4 0 ,0 1 0 -0 ,0 0 4 0 ,0 0 8 -0 ,0 0 2 0 ,0 0 8

B E 0 ,0 0 4 0 ,0 0 7 0 ,0 1 2 0 ,0 1 1 0 ,0 0 8 0 ,0 0 9 0 ,0 0 4 0 ,0 0 8 0 ,0 0 2 0 ,0 0 6

D E 0 ,0 0 1 0 ,0 0 6 0 ,0 0 9 0 ,0 1 1 0 ,0 0 6 0 ,0 0 9 0 ,0 0 2 0 ,0 0 8 -0 ,0 0 2 0 ,0 0 6

2 0  m /s D K N L IT A T B E D E

Id ijI  >  U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij

D K 0 ,0 0 9 0 ,0 1 1 0 ,0 0 7 0 ,0 0 9 0 ,0 0 1 0 ,0 0 8 0 ,0 0 1 0 ,0 0 7 -0 ,0 0 4 0 ,0 0 7

N L -0 ,0 0 9 0 ,0 1 1 -0 ,0 0 2 0 ,0 1 2 -0 ,0 0 7 0 ,0 1 2 -0 ,0 0 8 0 ,0 1 1 -0 ,0 1 2 0 ,0 1 1

IT -0 ,0 0 7 0 ,0 0 9 0 ,0 0 2 0 ,0 1 2 -0 ,0 0 6 0 ,0 1 0 -0 ,0 0 6 0 ,0 0 9 -0 ,0 1 1 0 ,0 0 9

A T -0 ,0 0 1 0 ,0 0 8 0 ,0 0 7 0 ,0 1 2 0 ,0 0 6 0 ,0 1 0 -0 ,0 0 1 0 ,0 0 9 -0 ,0 0 5 0 ,0 0 8

B E -0 ,0 0 1 0 ,0 0 7 0 ,0 0 8 0 ,0 1 1 0 ,0 0 6 0 ,0 0 9 0 ,0 0 1 0 ,0 0 9 -0 ,0 0 4 0 ,0 0 7

D E 0 ,0 0 4 0 ,0 0 7 0 ,0 1 2 0 ,0 1 1 0 ,0 1 1 0 ,0 0 9 0 ,0 0 5 0 ,0 0 8 0 ,0 0 4 0 ,0 0 7

2 5  m /s D K N L IT A T B E D E

Id ijI  >  U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij

D K 0 ,0 1 1 0 ,0 1 1 0 ,0 0 7 0 ,0 0 9 0 ,0 0 3 0 ,0 0 9 -0 ,0 0 1 0 ,0 0 7 -0 ,0 0 1 0 ,0 0 7

N L -0 ,0 1 1 0 ,0 1 1 -0 ,0 0 4 0 ,0 1 3 -0 ,0 0 8 0 ,0 1 2 -0 ,0 1 2 0 ,0 1 1 -0 ,0 1 2 0 ,0 1 1

IT -0 ,0 0 7 0 ,0 0 9 0 ,0 0 4 0 ,0 1 3 -0 ,0 0 4 0 ,0 1 0 -0 ,0 0 8 0 ,0 0 9 -0 ,0 0 7 0 ,0 0 9

A T -0 ,0 0 3 0 ,0 0 9 0 ,0 0 8 0 ,0 1 2 0 ,0 0 4 0 ,0 1 0 -0 ,0 0 4 0 ,0 0 9 -0 ,0 0 4 0 ,0 0 9

B E 0 ,0 0 1 0 ,0 0 7 0 ,0 1 2 0 ,0 1 1 0 ,0 0 8 0 ,0 0 9 0 ,0 0 4 0 ,0 0 9 0 ,0 0 1 0 ,0 0 7

D E 0 ,0 0 1 0 ,0 0 7 0 ,0 1 2 0 ,0 1 1 0 ,0 0 7 0 ,0 0 9 0 ,0 0 4 0 ,0 0 9 -0 ,0 0 1 0 ,0 0 7

3 0  m /s D K N L IT A T B E D E

d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij

D K 0 ,0 1 0 0 ,0 1 1 0 ,0 0 3 0 ,0 0 9 0 ,0 0 0 0 ,0 0 7 0 ,0 0 1 0 ,0 0 8

N L -0 ,0 1 0 0 ,0 1 1 -0 ,0 0 7 0 ,0 1 3 -0 ,0 1 0 0 ,0 1 1 -0 ,0 0 9 0 ,0 1 2

IT

A T -0 ,0 0 3 0 ,0 0 9 0 ,0 0 7 0 ,0 1 3 -0 ,0 0 3 0 ,0 0 9 -0 ,0 0 2 0 ,0 0 9

B E 0 ,0 0 0 0 ,0 0 7 0 ,0 1 0 0 ,0 1 1 0 ,0 0 3 0 ,0 0 9 0 ,0 0 0 0 ,0 0 7

D E -0 ,0 0 1 0 ,0 0 8 0 ,0 0 9 0 ,0 1 2 0 ,0 0 2 0 ,0 0 9 0 ,0 0 0 0 ,0 0 7

3 5  m /s D K N L IT A T B E D E

d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij

D K

N L -0 ,0 0 4 0 ,0 1 2 -0 ,0 0 8 0 ,0 1 1 -0 ,0 0 6 0 ,0 1 1

IT

A T 0 ,0 0 4 0 ,0 1 2 -0 ,0 0 4 0 ,0 0 9 -0 ,0 0 1 0 ,0 0 9

B E 0 ,0 0 8 0 ,0 1 1 0 ,0 0 4 0 ,0 0 9 0 ,0 0 2 0 ,0 0 7

D E 0 ,0 0 6 0 ,0 1 1 0 ,0 0 1 0 ,0 0 9 -0 ,0 0 2 0 ,0 0 7

4 0  m /s D K N L IT A T B E D E

d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij d ij =  x i-x j U ij

D K

N L

IT

A T -0 ,0 0 2 0 ,0 0 8

B E

D E 0 ,0 0 2 0 ,0 0 8
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7.  Conclusion  

A comparative diagram of the comparison results based on the two transfer 
standards, the ultrasonic anemometer used as conventional standard with low but 
not necessarily negligible interactions in the different facilities and the laser Doppler 
anemometer used for the first time as non contact transfer standard is shown in 
figure 7.1. 
 

 
 

Figure 7.1: Consistent data sets and resulting KCRV´s for both transfer standards; 
                  ultrasonic anemometer (UA, red), laser Doppler anemometer (LA, green)  
 

The use of the laser Doppler anemometer as transfer standard assured the 
largest consistent data sets of all participating laboratories, the highest degrees of 
equivalence and the lowest achievable uncertainties of the resulting key reference 
values in the velocity range from 0,2 m/s up to 40 m/s. 
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