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1 Summary 

The objective of the Supplementary Comparison (SC) SIM.M.FF-S9 for water flow measurement was 

to support and prove the Calibration and Measurement Capabilities (CMC) of the participating NMIs 

of Chile (CISA), Peru (INACAL), Bolivia (IBMETRO) and Argentina (INTI). As pilot laboratories, the 

national metrology institutes of Germany (PTB) and CENAM (Mexico) supported the comparison with 

reference values. The comparison was organized as a single round robin, started in January 2016 at 

PTB and finished in August 2019, also at PTB. A combined setup of a turbine meter and Coriolis meter 

was used as a transfer standard. The nominal calibration conditions of the SC were defined in the flow 

range between 10 m³/h and 130 m³/h, 20 °C fluid temperature and 3 bar line pressure.  

In order to estimate the uncertainties uTS, both transfer meter were subjected to extensive 

characterisation measurements at pilot laboratory PTB. The following parameters were researched in 

detail: fluid temperature, line pressure, reproducibility, flow stability and meter sensitivity to different 

inflow conditions. The EN values for turbine meter were calculated based on PTB data, only. The EN 

values for Coriolis meter are partly linked to Key Comparison CCM.FF-K1.2015 and were calculated by 

using a common reference value of PTB and CENAM data. 

The uncertainty of turbine meter uTS was clearly dominated by the sensitivity to disturbed inflow 

conditions which leads to large values of uTS with > 0.20 %. Beside one calibration, all labs passed the 

EN criteria of ≤ 1.20. But, due to large values of uTS, the calibrations for all labs were evaluated as 

inconclusive. The evaluation criteria ucomp/ubase exceeded the critical value of 2.00 for all calibrations. 

Finally, the turbine meter was not suitable for a confirmation of the submitted CMC values. 

The calibration results of Coriolis meter were characterized by a strong dependency on zero setting. 

The observed effect was adjusted for the data of both reference laboratories by introducing a new 

method for autozero correction. Maximum uncertainty values for Coriolis uTS were estimated with 

0.069 % at low flowrates and 0.033 % at high flowrates. Beside two calibrations, all laboratories 

complied with the EN criteria of < 1.20. In contrast to turbine meter, the evaluation criteria ucomp/ubase 

exceeded the critical value of 2.00 at one calibration, only. In consequence, the calibrations by using 

Coriolis meter were suitable for a confirmation of the submitted CMC values.  

In summary, the comparison was successfully finished for a confirmation of the submitted CMC values, 

related to mass calibrations. For volume related CMC`s this comparison was not suitable.  
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2 Introduction and objective 

The objective of the Supplementary Comparison SIM.M.FF-S9 for water flow measurement was to 

support and prove the Calibration and Measurement Capabilities (CMC) of the participating National 

Metrology Institutes as part of the CIPM MRA (http://kcdb.bipm.org). 

The CMC-values of participating laboratories (Table 1) were evaluated by establishing a 

“Supplementary Comparison Reference Value” (SCRV) and the Degree of Equivalence (EN) between 

laboratories and SCRV. 

The basic subject of the calibrations was to determine the meter K-factor of the transfer flowmeters.  

Depending on the operating principle of the used transfer meters, following meter-K-factors were the 

subject of measurements and had to be determined during calibrations: 

 Meter #1: 

Turbine flowmeter volume-related frequency output: 

    KV   (pulses/unit volume) 

 Meter #2: 

Coriolis flowmeter:  

a)  mass-related frequency output:  

    Km   (pulses/unit mass) 

   b) volume-related frequency output:  

    KV   (pulses/unit volume) 

 

3 Participants and measurement schedule 

Participant list and measurement schedule are presented in Table 1. After three years of preparation, 

the comparison officially started in January 2016.  

 
Table 1:  Participant list and measurement periods of standard calibration program (day #1 until day #3 of Table 

4), * pilot laboratories. Additional calibrations at pilot laboratory PTB are listed in Table 6. 

NMI Country RMO Contact Calibration period 

PTB* Germany EURAMET enrico.frahm@ptb.de 13.01. - 15.01.2016 

CISA Chile SIM j.vargas@ci-sa.com 28.04. – 04.05.2016 

INACAL Peru SIM cochoa@inacal.gob.pe 13.03. – 16.03.2017 

IBMETRO Bolivia SIM fespejo@ibmetro.org 01.03. – 05.03.2018 

INTI Argentina SIM marsil@inti.gob.ar 06.12. – 14.12.2018 

CENAM* Mexico SIM rarias@cenam.mx 03.06. – 05.06.2019 

PTB* Germany EURAMET enrico.frahm@ptb.de 08.08. – 12.08.2019 
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4 Description of the transfer standard 

4.1 Transfer meter setup 

The transfer meter setup (Figure 1) consisted a turbine flowmeter (Figure 2) at the inflow and a Coriolis 

flowmeter (Figure 3) at the outflow. The technical details of the meters are listed in Table 2 and Table 

3. For flow conditioning, tube bundles were installed before and after turbine meter. Beside the two 

transfer flowmeters, all additional items were provided by pilot laboratory (PTB): 

• Pipework for meter installation (Figure 4) 

• Cables for connecting transfer meters and the auxiliary devices to electronic boxes 

• Electronic box (Figure 5). 

In order to provide optimum reproducibility conditions, the flowmeters and the inter-connecting 

pipework were equipped with pin-in-hole alignment capabilities. All elements of pipework were 

manufactured in stainless steel. 

In addition to the used flowmeters, auxiliary measurands for diagnostic purposes were included in the 

transfer meter setup: 

• Water density (based on a signal delivered by the Coriolis flowmeter) 

• Fluid temperature by temperature transmitter 

• Fluid pressure by pressure transmitter 

• Pressure drop across the turbine meter by differential pressure transmitter 

A detailed description of the setup is given in the Technical Protocol of this SC [1].  

 

 
Figure 1: Transfer meter setup and pipework - Sample installation at pilot laboratory 
  (1)   Inlet pipe section    (2)   Turbine meter 
        (2a)  Tube-bundle flow conditioner dedicated to the turbine 
  (3)   Connecting pipe section  (3a)  Integrated tube-bundle flow conditioner 

(4)   Coriolis flowmeter   (5)    Outlet pipe section  
  Auxiliary devices: 
  (A1)  Pressure transmitter    

(A2)  Temperature transmitter 
  (A3)  Differential pressure transmitter 
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Figure 2:  Transfer meter #1 - Turbine meter, DN80 mm 
 

     
Figure 3:  Transfer meter #2 - Coriolis flowmeter, DN80 mm 

 

 

Figure 4:    Transfer setup – pipework 
 

Table 2: Transfer meter #1 - Turbine flowmeter (Figure 2) 

Manufacturer: KEM Küppers Elektromechanik GmbH Germany 

Type: HM 080.71.FDE040-TS15-D   

Serial No.: 01130721   

Pipe size: DN80 Nominal: 80 mm 

Signal pick-up: Type: VTE*/P-Ex 
Carrier-frequency pulse amplifier 
Serial No.: 02497623 

Signal voltage: ca. 24 V 

 

Output signal: Frequency (0 Hz) …  450 Hz (at 240 m³/h) 

 Nominal meter K-factor: KV,nom 11.4850 pulses/L 

Additional equipment: Tube-bundle flow conditioner  Permanently installed at the inflow to 
meter 

 

  

Flow 
conditioner Turbine 

meter 

Tube bundle 



SIM.M.FF-S9.2016, Final Report,  20.12.2023 

Page 7 of 68 

Table 3: Transfer meter #2 - Coriolis flowmeter (Figure 3) 

Manufacturer: Rota Yokogawa GmbH & Co KG  Germany 

Type: ROTAMASS   

Serial No.: D1K601386 (flow sensor)  

D1K601375 (flow transmitter and indicator)  

 

Pipe size: DN80 Nominal: 80 mm 

Signal output #1: Mass-flowrate related:    frequency 0 kHz … 10 kHz 

 Nominal meter K-factor: Km,nom 144.056 pulses/kg 

Signal output #2: Volume-flowrate related: frequency 0 kHz … 10 kHz 

 Nominal meter K-factor: KV,nom 28.800 pulses/L 

Signal output #3: Fluid density: current signal 4 mA … 20 mA 

 

4.2 Additional data logging 

For the reported SC an additional datalogging system was designed. Beside standard impulse logging 

of the laboratory, an electronic device was provided by the pilot laboratory (PTB) for a separate and 

independent data recording. Basically, electric pulses from transfer meters and additional process 

parameter, measured by the auxiliary devices (chapter 4.1), were logged by the electronic box (Figure 

5). Also, power supply of the measurement instruments was provided by the box. The detailed use of 

the electronic box is described in SC Technical Protocol [1].  

The electronic box was developed as a parallel working system, which does not affect the standard 

impulse count recording of the laboratories. 
 

 
Figure 5:  Front side of the electronic box - Connectivity to MUTs, external electronic counters and 

laptop computer 

 

 
Figure 6:    Electronic box - signal acquisition 
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5 Measurement program 

5.1 Calibration program at participating laboratories 

The objective of the measurement program was to verify the CMC entries of the participating 

laboratories. Therefore, it was necessary for all laboratories to calibrate the setup under comparable 

measurement conditions. All participants were asked to calibrate the transfer setup as far as possible 

under the following SC reference conditions. 

SC reference conditions: 

Fluid temperature: 20 °C 

Line pressure: 3 bar (measured as positive back pressure after Coriolis meter)  

Nominal flowrates: listed in Table 4 

Setup: using the complete SC setup (Figure 1). 

Table 4: Main tasks and flowrates of calibration days in participating laboratories as defined in SC Technical 
Protocol [1] 

Calibration 

day 

Main task Preparations 

before 

calibration 

Autozero 

setting at 

Coriolis meter 

Repeated 

measure-

ments 

Nominal 

flowrate 

 

Post-processing 

     m³/h  

Day #1 Lab-to-lab 
reproducibility 

Installation of 
transfer meters 

yes 5 
10, 30, 

60, 100, 
130 

Transfer package 
remains in 

calibration line 

Day #2 
Main calibration of 
KC1 and Day-to-day 

reproducibility 
- no 5 

10, 30, 
60, 100, 

130 

Transfer package 
remains in 

calibration line 

Day #3 
Repeatability at 

selected flowrates 
- no 10 

30, 60, 
130 

Transfer package 
is removed from 
calibration line 

 

5.2 Calibration methods and uncertainties of participating laboratories 

During SC each laboratory had to calibrate the setup by using their standard calibration method, which 

was subjected to the CMC entry (Table 5). Each laboratory provided the pilot laboratory with a 

description of the calibration procedure and an overview to the used calibration rig (Chapter 11.1.) All 

laboratories had an independent traceability in realization of their standards.  
 
 

Table 5: Participating laboratories, calibration methods and CMC-values within the range of SC flowrates 

NMI/DI Country Calibration method and reference  CMC Water CIPM MRA Database (k = 2) 

U(Mass) U(Volume) 

   % % 

PTB Germany Gravimetric / flying-start-stop 0.020 0.020  

CISA Chile Gravimetric / flying-start-stop 0.150 0.150 

INACAL Peru Gravimetric / flying-start-stop 0.076  0.076 

IBMETRO Bolivia Master meter / flying-start-stop 0.100 0.100 

INTI Argentina 

Volumetric tank / standing-start-stop 
(10 m³/h until 60 m³/h) 
 
Master meter / standing-start-stop 
(100 m³/h until 130 m³/h) 

0.070 
 
 
0.220 

0.060 
 
 
0.200 

CENAM Mexico Gravimetric / flying-start-stop 0.030 0.038 
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5.3 Meter characterisation at pilot laboratory (PTB) 

The transfer setup was subjected to extensive characterisation measurements at pilot laboratory 

(Table 6). These calibrations were made under clearly defined conditions, which are basically derived 

from SC reference conditions (Chapter 5.1). The goal of the characterisation measurements was to 

analyze the impact of the following parameters to transfer meter setup: fluid temperature, line 

pressure and reproducibility. The results aimed in a detailed knowledge about meter uncertainties uTS.  

Additionally, a strong dependency of turbine meter characteristics to different inflow condition was 

assumed (Chapter 7.6). In order to consider this type of effects, data of KC1 calibrations were used 

within the presented SC report. During KC1 calibration an identical turbine meter was used, but with 

an inner diameter of 100 mm instead of 80 mm. For a simulation of real inflow conditions, the KC1 

transfer setup was calibrated with several flow disturber (Figure 7) and different inflow lengths (Figure 

8). 

Table 6:  Characterisation measurements at pilot laboratory 

Task of calibrations Nominal flowrate 

 

 

Temperature 

 

 

Line 

pressure 

Repeated 

measu-

rements 

Measurement 

periods at pilot 

laboratory 

 m³/h °C bar   

Temperature 
dependency 

10, 30, 60, 100, 130, 150 
10, 15, 20, 

25, 30 
3 5 

16.06.2015 - 
02.07.2015 

Pressure 
dependency 

10, 30, 60, 100, 130, 150 20 2, 3, 4 5 
01.09.2015 - 
03.09.2015 

Long term 
reproducibility 

10, 30, 60, 100, 130 20 3 5 25.11.2015 

Inflow conditions 
(with DN100 setup 

of KC1) 
30, 100, 200 20 3 5 

03/2019 
during KC1 
calibrations 

 

 
Figure 7:  Used flow disturber for meter characterisation during KC1 - inner pipe diameter: 100 mm 

 

 
Figure 8:  Calibration setup for meter characterisation during KC1 using several flow disturber and inflow lengths 
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6 Data calculation and evaluation criteria  

6.1 Meter K-factor and temperature correction for final meter error xi  

According to the flowrates of Table 4, the meter K-factor was calculated for each calibration by using 

Equation (1) for turbine meter and, respectively, by Equation (2) for Coriolis meter. 

 

 

 

where  KV  - K-factor of turbine meter (pulses/L) 
   Km  - K-factor of Coriolis meter (pulses/kg) 

N  - Counted number of pulses by the transfer meter (pulses) 
Vref  - Volume, measured by the reference standard (m3) 
mref  - Mass, measured by the reference standard (kg) 
 

The relative measurement error e was calculated for each K-factor by:  
 

 

 

 
 

where   eV   - Relative measurement error of turbine meter – volume (%) 

em   - Relative measurement error of Coriolis meter - mass (%) 

KV,nom   - Nominal K-factor of turbine meter (pulses/L) 
Km,nom   - Nominal K-factor of Coriolis meter - mass output (pulses/kg) 
 

6.2 Postprocessing of reported data and estimation of relative meter error xi  

Autozero correction of Coriolis data 

The data of Coriolis meter were characterized by a strong drift in meter error. Especially at low 

flowrates, the meter showed differences of up to 1.33 % between calibration periods 2016 and 2019 

(Figure 9). This observed drift was interpreted as an instability of meter autozero setting, which was 

confirmed by manufacturer of the meter [2]. Data of the turbine meter, which were recorded at the 

same time, did not show such a highly drift at low flowrates (Figure 13). Additionally, the recorded 

autozero value of the Coriolis meter was +59.615 kg/h during calibrations in 2016 and, respectively,           

-92.115 kg/h in 2019, which do underline the discussed autozero instability. 

In consequence, a correction of Coriolis data was introduced as followed. The differences between 

flowrates of Coriolis meter and lab reference were calculated and plotted against reference flowrate 

itself (Figure 10). The interception term of the fitted linear function was detected as the "zero 

missetting" value, separately for each calibration day, but over full flow scale (Table 7). The original 

flowrates of Coriolis meter were corrected by this method and a new meter error was calculated 

(Figure 11). 

This method is based on the following two assumptions: The Coriolis meter is a linear device and the 

non-linear characteristics of the results in Figure 9 were not caused by leakage effects of the calibration 

facility. Both pilot laboratories can guarantee the nonexistence of leakage during reported calibrations, 

which was verified by previous comparisons (e.g. CCM-K1.2015). In consequence, the correction 

method was only applied to the results of pilot laboratories.    

𝐾V =
𝑁

(𝑉ref ∙ 1000)
 (1) 

𝐾𝑚 =
𝑁

𝑚𝑟𝑒𝑓

 (2) 

𝑒V =
𝐾V − 𝐾V,nom

𝐾V,nom

∙ 100 % (3) 

𝑒m =
𝐾m − 𝐾m,nom

𝐾m,nom

∙ 100 % (4) 
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Figure 9:  Meter drift of Coriolis_Mass - original PTB data of day #1 in 2016 and 2019 

 

 
Figure 10:  Example of differences in flowrate between Coriolis and reference data - original PTB data of day #1 

in 2016 and 2019; interception value of fitted linear function for correction of Coriolis data 

 
Table 7:  Correction values for Coriolis_Mass data, based on autozero discussion and estimated interception, e.g. 

in Figure 10 

 Correction value for Coriolis_Mass flowrate  

Pilot laboratory and calibration period Day #1 Day #2 Day #3 

 t/h t/h t/h 

PTB_1 in 01/2016 −0.104  −0.084 −0.068 

PTB_2 in 08/2019 0.030 0.039 0.065 

CENAM in 06/2019 −0.003 −0.008 −0.015 

 

 

 
Figure 11:  Example of autozero corrected final Coriolis_Mass data - PTB of day #1 in 2016 and 2019 
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Temperature correction 

Both transfer meters showed a systematic temperature dependency in meter error (Section 7.3). All 

reported meter error of participated laboratories, including autozero corrected data of pilot 

laboratories, were corrected by applying Equation (22) until Equation (25) and Table 15, to aim a 

temperature corrected meter error eV,cor for volume and em,cor for mass.  

For final evaluation by EN values, a mean meter error (xi) was calculated separately for each laboratory, 

transfer meter and flowrate (Equation(5), based on calibration results of day #1 and day #2 (Table 4).  
 

 

 
 

where      xi -  Temperature corrected meter error for EN-value evaluation 

n -  Number of measurements at calibrated test point 

i -  Laboratory index   
 

6.3 Uncertainty ux,i of reported and temperature corrected values xi 

As described in [2], [3] and [4], the uncertainty of reported values xi include uncertainties introduced 

by the participant’s flow reference (ubase,i), by transfer meter (uTS) and by repeatability of the reported 

values (Equation(6). The used input parameter of ubase,i do represent the CMC values of Table 5 which 

were under evaluation during this comparison. Uncertainty calculations of uTS were based on 

Equation (18), for Turbine meter, respectively, for Coriolis meter on Equation (19). Final values of uTS 

are given in Table 10 and Table 11. The term 
𝑠

√𝑛
 (Equation(6) represents the repeatability of 

measurements made in the participating laboratory [3], based on calibration results of day #1 and 

day #2 (Table 4). 

where           ux,i   - Uncertainty of reported and temperature corrected meter error (%) 

   ubase,i   - Uncertainty of laboratory reference, here it is equal to CMCi (%) 

   ucomp   - Uncertainty of transfer meter measurements (%) 

   uTS   - Uncertainty of transfer meter (%) 

   s   - Standard deviation of the mean of measurements at one flowrate point (%) 

  All values of u are valid for k = 1. 
 

  

𝑥i =
∑ (𝑒cor,k)𝑛

𝑘=1

𝑛
 (5) 

𝑢x,i = √𝑢base,i
2 + 𝑢comp

2 = √𝑢base,i
2 + 𝑢TS

2 +
𝑠2

𝑛
 (6) 
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6.4 Coriolis meter - Method for EN value calculation and linkage to KC1 

6.4.1 Linkage of SIM comparison to Key Comparison KC1 

The evaluation of Coriolis data is partly based on a linkage to key comparison CCM.FF-K1.2015 (KC1). 

The pilot laboratories CENAM and PTB took part in KC1 and supported the presented SIM comparison 

by the higher-ordered results of KC1 (Figure 12). The applied procedure is described in follow and was 

applied for Coriolis_Mass data only.  

 

        Flowrates of KC1 

Nominal flowrate 

t/h 
30 60 100 140 180 200 

 
        Flowrates of  
         SIM.M.FF-S9.2015 

Nominal flowrate  
t/h 

10 30 60 100 130 

 

 
 

Figure 12:  Linkage between comparison KC1 and SIM.M.FF-S9 

 

SCCi - Supplementary comparison correction value 

 

where   SCCi - Supplementary comparison correction for laboratory i (%) 

   KCRV - Key Comparison Reference value of KC1 (%) 
   xKC1,i   - Results of laboratory i during KC1 (%) 

 

Uncertainty of SCCi 
 

 

 

where   uSCC_i - Uncertainty of SCC for laboratory i (%) 

   ux,KC1,i - Uncertainty of calibration results of laboratory i during KC1 (%) 

uKCRV - Uncertainty of KCRV during KC1 (%) 

 

Table 8:  Input parameter and results of SCCi for PTB, based on KC1 data 

Nominal 
Flowrate 

KCRV u(KCRV) xKC1,i u(xKC1,i) SCCi u(SCCi) 

 k = 1  k = 1  k = 1 

t/h % % % % % % 

30 0.041 0.010 0.045 0.024 0.004 0.022 

60 0.038 0.007 0.041 0.016 0.004 0.014 

100 0.033 0.006 0.032 0.014 -0.001 0.013 

 
Table 9:  Input parameter and results of SCCi for CENAM, based on KC1 data 

Nominal 
Flowrate 

KCRV u(KCRV) xKC1,i u(x KC1,i) SCCi u(SCCi) 

 k = 1  k = 1  k = 1 

t/h % % % % % % 

30 0.041 0.010 0.047 0.027 0.006 0.025 

60 0.038 0.007 0.049 0.019 0.012 0.018 

100 0.033 0.006 0.045 0.018 0.012 0.017 

 

𝑆𝐶𝐶i = 𝑥KC1,i − 𝐾𝐶𝑅𝑉 (7) 

𝑢(𝑆𝐶𝐶i) = √𝑢x,KC1,i
2 − 𝑢KCRV

2  (8) 

Linked flowrates between KC1 and SIM.M.FF-S9  
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6.4.2 Supplementary Comparison reference value SCRVCor and its uncertainty 

The Supplementary Comparison Reference Value for Coriolis_Mass data was calculated following the 

procedure A of [6]: 

Input data and uncertainties at linked flowrates of 30 t/h, 60 t/h and 100 t/h: 

 original data of CENAM and PTB were corrected by using SCCi (Equation(9) 

 the uncertainties of the corrected value were calculated by using (Equation(10) 

Input data and uncertainties at flowrates of 10 t/h and 130 t/h: 

 the results of equation (5) were used as 𝑥Cor,i 

 the uncertainties of equation (5) were used as 𝑢(𝑥Cor,i) 

 

where   xCor,i   - By SCCi corrected results of reference laboratory i during SIM comparison (%) 

 

where    u(xCor,i)   - Uncertainty of xCor,i  for reference laboratory i during SIM comparison (%) 

 

The refence value SCRVCor was calculated for each flowrate as a weighted mean error of both reference 

laboratories, including standard uncertainties u(xCor,i) of the measurements as the weights:  
 

 

 

 

where    SCRVCor - Reference value of the comparison for Coriolis_Mass meter (%) 

 

The standard uncertainty u(SCRVCor ) is given with: 

 

 

where    u(SCRVCor)  - Standard uncertainty of SCRVCor with k = 1 (%) 

In equations 11 and 12, i stands for PTB and j for CENAM. 

 

6.4.3 Determination of di and EN-values 

The differences of participating laboratories to SCRVCor were calculated with Equation (13), the 

extended uncertainty of the difference with Equation (14). The final EN values for comparison 

evaluation were calculated by using Equation (15). 

where      di - Degree of equivalence (DoE) as the difference of SIM-participant i to SCRVCor  (%) 
    

Uncertainty of di 
 

 

 

 

where   U(di)   - Uncertainty of di of participant i during SIM comparison with k = 2 (%) 

EN,i -  value of participant 

 

where    EN,I        - Normalized Degree of Equivalence as the difference of SIM-participant i to SCRVCor  (%) 

𝑥Cor,i = 𝑥i − 𝑆𝐶𝐶i (9) 

𝑢(𝑥Cor,i) = √𝑢x,i
2 + 𝑢SCC,i

2  (10) 

𝑆𝐶𝑅𝑉Cor =

(
𝑥Cor,i

𝑢x,Cor,i
2 +

𝑥Cor,j

𝑢x,Cor,j
2   )

(
1

𝑢x,Cor,i
2 +

1
𝑢x,Cor,j

2  )

 (11) 

1

𝑢SCRV,Cor
2 =

1

𝑢x,Cor,i
2 +

1

𝑢x,Cor,j
2  (12) 

𝑑𝑖 = 𝑆𝐶𝑅𝑉Cor − 𝑥i (13) 

𝑈(𝑑i) = 2 ∙ √𝑢𝑥,i
2 + 𝑢𝑆CRV,Cor

2   

 

(14) 

𝐸N,i = 𝑑i / 𝑈(𝑑i)  (15) 
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6.5 Turbine meter - Method for EN value calculation 

6.5.1 Supplementary Comparison reference value SCRVTurb and it`s uncertainty 

The Supplementary Comparison Reference Value SCRVTurb for turbine meter is based on PTB data as 

the reference laboratory, only. Over full flow scale, the calibration results xi (Equation(5) of PTB were 

used as SCRVTurb as well as the uncertainty u(xi) of PTB-data (Equation(6) were used as u(SCRVTurb). 

 

6.5.2 Determination of di and EN-values 

The differences of participants to SCRVTurb were calculated with Equation (13), the expanded 

uncertainty of the difference with Equation (17). The final EN values for comparison evaluation were 

calculated by using Equation (15). 

 

where      di - difference of SIM-participant i to SCRVTurb  % 

    
 

 

 

 

 

where     U(di) - Uncertainty of di of participant i during SIM comparison with k = 2 (%) 

     

 

6.6 Evaluation criteria of comparison data 

For final data evaluation and decision table the following criteria were used - based on [3], [4] and [5]: 

- The participant passed the comparison if EN,i ≤ 1.0 and ucomp/ubase ≤ 2 

The results of participating laboratory i agreed within 95 % confidence level uncertainty 

expectations with the SCRV (k = 2). 

- The participant passed the comparison at “warning level” if 1.0 < EN,i ≤ 1.2 and ucomp/ubase,i ≤ 2 

- The comparison can not confirm the participant’s uncertainty if EN,i ≤ 1.2 and ucomp/ubase,i > 2 

The results were inconclusive, because the calibrations did not show sufficient low uncertainties 

to discern lab to SCRV below certain level. The transfer meter and/or the calibrations were not 

suitable for a confirmation of the declared CMC values. 

- The participant failed the comparison if EN,i > 1.2 

The results did indicate that the agreement was outside of uncertainty expectations. 

 
  

𝑑i = 𝑆𝐶𝑅𝑉Turb − 𝑥i (16) 

𝑈(𝑑i) = 2 ∙ √𝑢𝑥,i
2 + 𝑢𝑆CRV,Turb

2   

 

(17) 
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7 Laboratory conditions, transfer meter characteristics and meter 

uncertainties 

In accordance to the WGFF recommendation for comparison calculations [4], the standard uncertainty 

𝑢TS of the transfer meter is the root-sum-of-square (RSS) of several transfer meter characteristics. For 

this comparison the considered meter characteristics and input uncertainties of turbine meter are 

given in Equation (18), for Coriolis meter in Equation (19). The final values of 𝑢TS were calculated 

separately for each flowrate (Table 10 and Table 11). 

Note: The uncertainties of uTS are specified and valid for the presented comparison under the given 

measurement conditions. The values of uTS may change if the setup or calibration conditions do deviate 

to this comparison. 

 

 

 

where         udrift   - Uncertainty due to drift of transfer meter (%) 

 ureprod   - Uncertainty due to reproducibility characteristics of transfer meter (%) 

 utemp   - Uncertainty caused by temperature characteristics of transfer meter (%) 

 upres   - Uncertainty caused by pressure characteristics of transfer meter (%) 

 uflow   - Uncertainty due to sensitivity of transfer meter to instable flow conditions (%) 

 uinflow  - Uncertainty due to sensitivity of turbine meter to different inflow conditions (%) 

  All values of u are expressed as k = 1. 

 

Table 10:  Final values of meter uncertainties uTS for turbine meter (with k = 1) 

Nominal 
flowrate 

 

Meter uncertainty uTS  

for turbine meter 
Input uncertainties for uTS 

 udrift ureprod utemp upres uflow uinflow 

m³/h % % % % % % % 

10 0.207 0.034 0.010 0.014 0.017 0.006 0.203 

30 0.207 0.034 0.007 0.009 0.017 0.006 0.203 

60 0.211 0.057 0.003 0.002 0.017 0.006 0.203 

100 0.215 0.071 0.004 0.001 0.017 0.006 0.203 

130 0.219 0.080 0.005 0.000 0.017 0.006 0.203 
 

Table 11:  Final values of meter uncertainties uTS for Coriolis_Mass (with k = 1) 

Nominal 
flowrate 

 

 

Meter uncertainty uTS 

for Coriolis_Mass meter 
Input uncertainties for uTS 

 udrift ureprod utemp upres uflow 

t/h % % % % % % 

30 0.069 0.040 0.024 0.043 0.029 0.006 

60 0.056 0.010 0.010 0.045 0.029 0.006 

100 0.035 0.008 0.010 0.013 0.029 0.006 

140 0.032 0.006 0.009 0.004 0.029 0.006 

180 0.033 0.010 0.010 0.006 0.029 0.006 

  

 𝑇𝑢𝑟𝑏𝑖𝑛𝑒 𝑚𝑒𝑡𝑒𝑟:        𝑢TS = √𝑢drift
2 + 𝑢reprod

2 + 𝑢temp
2 + 𝑢pres

2 + 𝑢flow
2 + 𝑢inflow

2  (18) 

𝐶𝑜𝑟𝑖𝑜𝑙𝑖𝑠𝑀𝑎𝑠𝑠:                𝑢TS = √𝑢drift
2 + 𝑢reprod

2 + 𝑢temp
2 + 𝑢pres

2 + 𝑢flow
2  (19) 
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7.1 Drift of transfer meter - uncertainty udrift 

The uncertainty due to meter drift udrift was quantified by performing repeated calibrations at pilot 

laboratory #1 (Table 1 and Table 6), using the reference standard as described in Figure 1 under 

reference conditions of 3 bar and 20 °C fluid temperature. For each calibration period a mean value 

was calculated (Figure 13 and Figure 14). The final values of udrift (Table 12) were calculated by using 

Equation (20), separately for each flowmeter and flowrate.  
 

 
 

where         udrift  - Uncertainty (k = 1) due to long term stability of transfer meter (%) 
   xi   - Averaged and corrected meter error (%) 

 

 
Figure 13:  Long term stability of turbine meter - Mean values of corrected meter error xi for each calibration 

period, measured at PTB laboratory under reference conditions of 3 bar line pressure and 20 °C fluid 
temperature 

 

 
Figure 14:   Long term stability of Coriolis_Mass - Mean values of corrected meter error xi for each calibration 

period, measured at PTB laboratory under reference conditions of 3 bar line pressure and 20 °C fluid 
temperature 

 

Table 12:  Uncertainties udrift caused by drift of meter error – turbine meter and Coriolis_Mass 

 Nominal Flowrate 

k = 1 10 m³/h 30 m³/h 60 m³/h 100 m³/h 130 m³/h 

udrift 

Turbine meter in % 
0.034 0.034 0.057 0.071 0.080 

udrift 

Coriolis_Mass in % 
0.040 0.010 0.008 0.006 0.010 
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𝑢𝑑𝑟𝑖𝑓𝑡 =
𝑀𝑎𝑥 (𝑥i) − 𝑀𝑖𝑛 (𝑥i)

2 ∙ √3
 (20) 
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7.2 Quantification of reproducibility - uncertainty ureprod 

The uncertainty due to reproducibility characteristics ureprod of the transfer meter were estimated at 

pilot laboratory, based on maximum values of long- and short-term reproducibility. For each period, a 

span of meter error  [Max(𝑥i) − Min (𝑥i)] was calculated (Figure 15). Because of non-normal distributed 

data, the uncertainty ureprod was calculated separately for each flow rate by using maximum values of 

observed span (Equation(21). It was assumed that the final values of ureprod (Table 13) did include the 

following sources of uncertainty: short term drift between calibration day #1 until day #3, residual 

uncertainty after correction of autozero (at Coriolis meter) and reassembly of the transfer setup. 
 

 

 

 
 

Figure 15:   Results of reproducibility calibrations at pilot laboratory – Span of corrected meter error xi (max - 
min) during each calibration period - measured at PTB laboratory under reference conditions of 3 bar 
line pressure and 20 °C fluid temperature 

 

 

 

 
 

where               ureprod  - Uncertainty (k = 1) due to reproducibility characteristics of transfer meter  (%) 

               
Table 13:  Uncertainties ureprod due to reproducibility characteristics of the transfer meters 

 Nominal Flowrate 

k = 1 10 m³/h 30 m³/h 60 m³/h 100 m³/h 130 m³/h 

ureprod 

Turbine meter in % 
0.010 0.007 0.003 0.004 0.005 

ureprod 

Coriolis_Mass in % 
0.024 0.010 0.010 0.009 0.010 
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𝑢reprod =
Max [Max(𝑥i) − Min (𝑥i)]

2 ∙ √3
 (21) 
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7.3 Temperature dependency - uncertainty utemp 

Laboratory conditions 

During calibrations in participating laboratories, the span of fluid temperature ranged between 

16.80 °C and 31.13 °C. The maximum variation of fluid temperature within one participating lab, 

expressed as max(Tfluid) - min(Tfluid), was reported with 5.99 °C (Table 14, Figure 16).  
 

Table 14: Fluid temperatures Tfluid (°C) in participating laboratories during calibrations 

NMI 
PTB 1 CISA INACAL IBMETRO INTI CENAM PTB 2 

Max 20.01 25.39 31.13 21.10 24.00 28.12 20.22 

Min 19.85 23.16 25.15 16.80 21.40 27.19 19.94 

Max - Min 0.16 2.23 5.99 4.30 2.60 0.93 0.28 

Mean 19.92 24.29 28.02 18.73 22.77 27.65 20.06 

 

 
Figure 16: Fluid temperature Tfluid during calibrations in participating laboratories - Maximum and minimum of 

calibration on day #1 and day #2 

Meter characteristics 

The temperature characterisation measurements were realised in pilot laboratory (PTB) in 2015. The 

goal of characterisation measurements was to analyze meter error characteristics if the fluid 

temperature deviates from nominal temperature. All reported data were corrected by the following 

procedure, because both meters showed a distinctive dependency of meter error due to changes in 

fluid temperature (Figure 17).  

The correction is based on the relationship between a) deviation DTFluid (Equation(22) of current fluid 

temperature TFluid to nominal temperature Tnom and b) deviation Denom (Equation(23) of meter error at 

current temperature conditions e to meter error enom, calibrated at nominal temperature. The 

relationship between DT and Denom was analyzed separately for each transfer meter by fitting a second-

degree polynomial function using least squares fits (Figure 18 and Figure 19).  

The resulting model parameter of Table 15 were used to calculate a correction value of meter error 

Decor (Equation (24) and the final meter error e at current temperature conditions (Equation (25). 
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where         DTfluid  - Difference of current fluid temperature to nominal temperature of 20 °C (°C) 
 Tfluid   - Current fluid temperature (°C) 

 Tnom   - Nominal fluid temperature of 20 °C 
 

 

 

where         Denom  - Difference of meter error (%) 
 e   - Meter error at current temperature conditions (%) 

 enom   - Meter error at nominal temperature of 20 °C (%) 
 

 

 

where         Decor -  Correction value of meter error (%) 
   a, b, c -  Parameter of fitted polynomial model (Table 15) (-)    
 

 

 

where         ecor   - Temperature corrected meter error (%) 

    

 

 
Figure 17:  Temperature dependencies of turbine meter and Coriolis_Mass - Differences of meter error Denom, 

expressed as results of Equation (23). All calibrations were made at pilot laboratory (PTB) in 2015. 

 

 
Figure 18: Temperature dependency of Turbine 

meter - Example relationship between DTfluid and 

Denom at flowrate of 100 m³/h (results of Equation(22 

and Equation(23) in order to estimate model 

parameters of Equation (24). 

Figure 19: Temperature dependency of Coriolis  

meter - relationship between DTfluid and Denom, this 

mean function is based on flowrates between 60 t/h 

and 150 t/h (Equation(22 and Equation(23) in order 

to estimate model parameters of Equation (24). 
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∆𝑇fluid = 𝑇fluid − 𝑇nom  (22) 

∆𝑒nom = 𝑒 − 𝑒𝑛𝑜𝑚  (23) 

∆𝑒cor = 𝑎 + 𝑏 ∙ ∆𝑇fluid + 𝑐 ∙ ∆𝑇fluid  (24) 

𝑒cor = 𝑒 − ∆𝑒cor  (25) 



SIM.M.FF-S9.2016, Final Report,  20.12.2023 

Page 21 of 68 

Table 15:  Model Parameter for temperature dependent correction of meter error e by using Equation (13) 
until Equation (25) for turbine meter and Coriolis_Mass meter 

 Turbine meter – 
 model parameter 

Coriolis_Mass –  
model parameter 

Nominal flowrate 
in m³/h 

a b c a b c 

10 2.11E-02 6.01E-03 -8.75E-04 

-2.77E-03 -1.13E-02 -2.28E-04 

30 1.10E-02 -5.13E-03 -4.11E-04 

60 2.20E-03 -7.41E-03 1.33E-04 

100 2.74E-03 -5.38E-03 6.38E-05 

130 8.79E-04 -4.55E-03 4.34E-05 

Meter uncertainty utemp 

The presented method was successfully applied during model evaluation by using the temperature 

characterisation measurements at pilot laboratory (PTB) in 2015 (Figure 21). Especially for 

Coriolis_Mass, a meter uncertainty reduction (utemp) of up to 94 % was gained if the meter error e was 

corrected by the described method. This clear improvement of utemp over full flow scale can be 

explained by the distinctive temperature dependency of both meters. 

The calculation of uTS itself is based on the following procedure and assumptions. The temperature 

range of reported laboratory data Tfluid does not exceed the investigated range of 20°C +/- 15 °C during 

characterisation measurements at pilot laboratory (Figure 16). The sensitivities of original meter error 

e and corrected meter error ecor can also be expressed as specific model residuals eresidual to mean values 

over all temperatures (Equation(26 and Figure 20). Maximum and minimum values of eresidual were used 

to calculate utemp (Table 16) with an assumption of a rectangular probability distribution (Equation(27). 

For calculation of EN values, all reported meter errors (eV and em) of participating laboratories were 

corrected by the described method (Equation(22 until Equation (25). 

 

 

where         eresidual   - Model residuals (%) 
   emean  - Mean values of meter error at one flow rate over all temperatures (%) 

 
 

 

where         utemp   - Meter uncertainty caused by temperature effects (%) 
    

 
Figure 20: Temperature dependencies of Turbine meter and Coriolis_Mass - Residuals to mean values of 

Equation (26) for original meter error e 

-0.20

-0.15

-0.10

-0.05

0.00

0.05

0.10

0 25 50 75 100 125 150 175

M
e

te
r 

e
rr

o
r 

e re
si

d
u

al
in

 %

Nominal flowrate in m³/h

Turbine - Temperature dependancy
PTB - Deviation to mean error 

15 °C

20 °C

25 °C

30 °C

35 °C

-0.30

-0.20

-0.10

0.00

0.10

0.20

0.30

0 25 50 75 100 125 150 175

M
e

te
r 

e
rr

o
r 

e re
si

d
u

al
in

 %

Nominal flowrate in t/h

CoriolisM-Temperaturedependancy
PTB - Deviation to mean error

15 °C

20 °C

25 °C

30 °C

35 °C

𝑒residual = 𝑒 − 𝑒mean (26) 

𝑢temp =
max(𝑒residual) − min(𝑒residual)

2√3
 (27) 
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Figure 21:   Meter uncertainties utemp for turbine meter and Coriolis_Mass - based on non-corrected meter error 

e and on corrected meter error ecor in 2015 - using Equation (22) until Equation (27). 
 

Table 16:  Final uncertainties of meter temperature sensitivity utemp 

 Nominal Flowrate 

utemp  (k = 1) 10 m³/h 30 m³/h 60 m³/h 100 m³/h 130 m³/h 

Turbine meter in % 0.014 0.009 0.002 0.001 0.000 

Coriolis_Mass in % 0.043 0.045 0.013 0.004 0.006 

 

7.4 Pressure dependency - uncertainty upres 

Laboratory conditions 

The span of line pressure in participating laboratories pfluid ranged between 0.27 bar and 3.00 bar 

(positive pressure after calibration setup) Figure 22.  

Table 17:  Line pressure pfluid (bar) in participating laboratories during calibrations on day#1 and day#2; *) values 
for INTI representing general facility specifications  

NMI 
PTB 1 CISA INACAL IBMETRO INTI*) CENAM PTB 2 

Max 3.02 3.00 2.15 2.11 3.5  2.93 3.00 

Min 2.97 2.45 2.00 0.27  2.2 2.51 2.98 

Max - Min 0.06 0.55 0.15 1.85   0.41 0.03 

Mean 3.00 2.84 2.06 1.59   2.77 2.99 

 
Figure 22: Line pressure during calibrations in participating laboratories – Mean values at each flowrate of 

calibration day #1 and day #2 
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Meter characteristics 

Pressure dependencies of transfer meters were analyzed at pilot laboratory (PTB) during 

characterisation measurements in 2015 (Table 6). Due to technical restrictions, calibrations were only 

possible at line pressure between 2 bar and 4 bar (Figure 23). 

The deviations of meter error to mean values, expressed as residuals are presented in Figure 24. For 

pressure differences of +/- 1 bar, the sensitivity of meter error does not exceed +/- 0.03 % for turbine 

meter and +/- 0.05 % for Coriolis_Mass. 

 
Figure 23:   Pressure dependencies of turbine and Coriolis meter - Calibration results and mean values of 

characterization measurements at pilot laboratory PTB in 2015 

Meter uncertainty upres 

For uncertainty calculation of upres it was assumed that the following conservative estimation of meter 

sensitivities did include the pressure range between 0.27 bar and 3.02 bar of reported data (Figure 22). 

The pressure sensitivities were treated as uncertainty contribution for turbine meter by upres = 0.030 % 

/√3 and for Coriolis by upres = 0.050 % /√3, based on a rectangular probability distribution.  

The results for turbine meter (upres = 0.017 %) and Coriolis (upres = 0.029 %), were used as constant 

values, valid for full investigated flow scale. For final calculation of EN values, no pressure corrections 

were made to the data submitted by participating laboratories.  

 
Figure 24:  Pressure dependencies of turbine meter and Coriolis_Mass - Residuals to mean values of temperature 

corrected meter error ecor. *) represents the standard deviation of ecor for each pressure rate. For 
Coriolis meter the values at 10 t/h were not considered because of the still present autozero effect 
(Figure 23) 
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7.5 Dependency on flow stability - uncertainty uflow 

Laboratory conditions 

For data analysis of flow stability, the deviations of reference flow between pilot laboratory (PTB) and 

participating laboratories were analyzed. The mean values of observed differences did not exceed +/-

3 % of flowrate at pilot laboratory (Figure 25). 

  
Figure 25:   Flow stability �̇� (t/h), expressed as deviations in reference flow between pilot laboratory (PTB) 

calibrated in 01/2016 and reported values of participating laboratories 

Meter characteristics  

For analyzing meter error sensitivity to changes in flowrate, calibration results at reference 

laboratory (PTB) were evaluated. Between single calibration points, the meter error of a standard 

calibration (Tfluid = 20 °C, pfluid = 3 bar) was linear interpolated. Within this model, the sensitivities of 

meter error were estimated by varying flowrates to maximum values of +/- 5.0 % with a resolution of 

0.5 % (Figure 26). Based on the previously discussed maximum limits in flowrate stability of +/- 5 % 

(Figure 25), both meter showed a maximum sensitivity in meter error of +/- 0.010 % (Figure 26). 

 
   Figure 26:  Sensitivity of transfer meters to flow instability - based on PTB data set in 01/2016 

Meter uncertainty uflow 

The estimated maximum values of flow meter sensitivity were used for calculation of uflow. For both 

meter, the flow stability sensitivities were treated as a rectangular uncertainty contribution, with 

uflow = 0.010 % /√3. It was assumed, that the results of uflow = 0.006 % were valid for full investigated 

flow scale. For final calculation of EN values, no flow stability corrections were made to the data 

submitted by participating laboratories.  
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7.6 Dependency of inflow conditions to Turbine meter 

Laboratory conditions 

The span of undisturbed inflow length in participating laboratories ranged between 0.1 m and 4.6 m.  

Typical fittings like valves, tube bundle or elbows were installed at the inflow of calibration line (Table 

18). 

Table 18:  Reported inflow lengths of undisturbed flow and pipe installation at the inflow of calibration line in 
participating laboratories 

NMI PTB (pilot lab) CISA INACAL IBMETRO INTI 

Undisturbed 
inflow length  

8.5 m 4.6 m 0.1 m 3.5 m > 2.0 m 

Pipe installation 
before inflow 

tube bundle, 
line reducer 

line reducer 
elbow, tube 

bundle 
line reducer, 

valve 
line reducer, 

valve 

 

Turbine meter characteristics 

The used turbine meter was identical to the type of flow meter, which was used during KC1, but with 

an inner diameter of 80 mm instead of 100 mm. During KC1, the turbine meter showed a distinctive 

sensitivity to disturbed inflow conditions. Within the ranges of reported SC inflow lengths (Table 18), 

the turbine meter of KC1 showed maximum sensitivities of meter error (Figure 27) in positive direction 

with +0.351 % (disturber type: 30 % closed orifice plate,  inflow length: 1 m), in negative direction -

0.092 % (disturber type: 2nd turbine meter, inflow length: 4 m). 

 
Figure 27:   Maximum observed sensitivity of turbine meter to different flow disturber and inflow lengths - based 

on PTB calibrations in 03/2019 during KC1 comparison with a DN100 mm turbine meter 

Meter uncertainty 

This research was necessary, because of significant differences in turbine meter calibrations between 

participating laboratories. Whereas, for flowrates higher than 10 m³/h, the maximum span of Coriolis 

meter error reached 0.222 % between laboratories (Figure 42, without INTI). At the same time the 

results of turbine meter differ up to 1.048 % (Figure 29). Such differences could not be explained by a 

standard estimation of transfer meter uncertainties. Behind this background and according to KC1 

procedure, an additional uncertainty parameter (uinflow) was introduced for turbine meter to consider 

the influence of different inflow conditions to calibration characteristics of turbine meter.  

With reference to the minimum reported inflow length of 0.10 m at participating laboratories (Table 

18), the maximum observed meter error deviation at 1 m inflow length (Figure 27) was used for the 

estimation of turbine meter sensitivity uinflow. The inflow sensitivity was treated as a rectangular 

uncertainty contribution with uinflow = 0.351 % /√3 = 0.203 %. It was assumed, that the results of uinflow 

= 0.096 % are valid for full investigated flow scale. For final calculation of EN values, no corrections for 

different inflow conditions were made to the submitted data of turbine meter.  
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8 Results and final data evaluation 

8.1 Ambient air temperature 

Laboratory conditions 

The span of air temperature in participating laboratories ranged between 18.24 °C and 32.31 °C. The 

maximum variation of air temperature within a participating lab, expressed as max(Tair) – min(Tair) was 

reported with 5.40 °C (Table 19, Figure 28).  
 

Table 19:  Air temperatures Tair (°C) in participating laboratories during calibrations on day#1 and day#2;                
*) values for INTI representing general facility specifications 

NMI PTB 1 CISA INACAL IBMETRO INTI CENAM PTB 2 

Max 21.99 26.16 26.30 19.20   28.48 22.70 

Min 21.73 21.19 22.70 16.90   25.40 21.90 

Max - Min 0.26 4.97 3.60 2.30  3.07 0.80 

Mean 21.88 24.76 24.74 17.95  25 °C ± 3 °C 26.65 22.46 

 

 

 
Figure 28:  Air temperature Tair during calibrations in participating laboratories - maximum and minimum of 

calibration day #1 and day #2 
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8.2 Turbine transfer meter 

8.2.1 Summarized results 

Laboratory results 

Table 20: Relative measurement error xi (%) of turbine meter at participated laboratories - temperature 
corrected mean values of day #1 and day #2, comparison reference value SCRVTurb and U(SCRVTurb)  

Flowrate 
 CISA INACAL IBMETRO INTI 

PTB_2 = 

SCRVTurb 

U(SCRVTurb) 
k = 2 

m³/h % % % % % % 

10 −0.700 0.222 −2.255 −0.153 −0.025 0.414 

30 −0.140 0.386 −0.541 0.564 0.135 0.414 

60 −0.220 0.420 −0.187 0.433 0.154 0.423 

100 −0.230 0.450 −0.221 0.476 0.161 0.433 

130   0.488   0.327 0.185 0.438 

 
 

 
Figure 29:   Relative measurement error xi of turbine meter at participating laboratories - temperature corrected 

mean values of day #1 and day #2. The values of PTB_2 were used as the comparison reference value 
SCRVTurb. 

 
The degree of equivalence value EN is a measure of result agreement of each participating laboratory 

to the SCRVTurb. Expressed as the normalized differences of “lab to SCRVTurb”, the final EN values of 

turbine meter are summarized in Table 21 and Figure 30. Beside one calibration, all labs passed the EN 

criteria of ≤ 1.20.  

Table 21: Summary of EN-values for turbine meter of each participating laboratory. a) represents data at 
warning level, b) represents data with EN values > 1.20  

Flowrate CISA INACAL IBMETRO INTI 

m³/h - - - - 

10 1.11 a) 0.41 3.69 b) 0.20 

30 0.46 0.42 1.01 a) 0.72 

60 0.61 0.43 0.54 0.46 

100 0.62 0.47 0.62 0.49 

130   0.48   0.22 
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Figure 30:  Summarized EN-values of participating laboratories for turbine meter 

Conclusive tests of comparison results ucomp/ubase,i 

Based on [3], for a conclusive proof of participant results and an agreement with the SCRVTurb, the 

comparison uncertainty ratio ucomp/ubase,i should be < 2.  

Results from all participating laboratories couldn't comply with this limit (Table 22). For the 

purpose of the presented SC the uncertainty ucomp of turbine meter was too high. A calibration of 

turbine meter gave for all laboratories inconclusive results. Finally, the meter was not suitable for 

a confirmation of the declared CMC values.  

Table 22: Summarized results of conclusive proof ucomp/ubase,i of each participating laboratory for turbine meter 
- c) represents inconclusive data 
 

 
 
 
 
 
 
 
 
 

 

 
Figure 31: Summarized results of conclusive proof ucomp/ubase,i of each participating laboratory for turbine meter 
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8.2.2 Final CMC-decision tables for participating laboratories 

CISA - laboratory (Chile) 

For volume calibration this comparison couldn’t support the declared base uncertainties of the 

participant (Table 23), because of inconclusive data - at all calibrated flowrates the ratio of ucomp/ubase    

was > 2. The turbine meter was not suitable for a confirmation of the declared CMC values. 

 
Figure 32:  Calibration results of CISA laboratory for turbine meter – reported uncorrected meter error eV 

 

Table 23: Comparison decision table for CISA (turbine meter), where xi is the temperature corrected meter error 
(mean of day #1 and day #2) - a) represents EN -values at warning level, c) represents inconclusive data 

 CISA / Chile 

Nominal 
flowrate 

 

Relative 
measure-

ment error 

Expanded 
laboratory 
uncertainty 

Expanded 
measurement 

uncertainty 

Degree of 
equivalence 

Normalized 
degree of 

equivalence 

ucomp/ 
ubase,i 

CMC decision 
status 

 xi Ubase,i  

(k = 2) 
U(xi) 

(k = 2) 
di EN,i   

m³/h % % % - - -  

10 −0.700 0.150 0.445 −0.675 1.11 a) 2.80 c) inconclusive 

30 −0.140 0.150 0.442 −0.276 0.46 2.77 c) inconclusive 

60 −0.220 0.150 0.451 −0.374 0.61 2.84 c) inconclusive 

100 −0.230 0.150 0.457 −0.390 0.62 2.87 c) inconclusive 

130        

 

   

Figure 33:  Comparison results of CISA laboratory for turbine meter 
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INACAL - laboratory (Peru) 

For volume calibration this comparison couldn’t support the declared base uncertainties of the 

participant (Table 24), because of inconclusive data - at all calibrated flowrates the ratio of ucomp/ubase    

was > 2. The turbine meter was not suitable for a confirmation of the declared CMC values. 

 
Figure 34:  Calibration results of INACAL laboratory for turbine meter - reported uncorrected meter error eV 

 

Table 24: Comparison decision table for INACAL (turbine meter), where xi is the temperature corrected meter 
error (mean of day #1 and day #2) – b) represents EN -values > 1.20, c) represents inconclusive data 

 INACAL / Peru 

Nominal 
flowrate 

 

Relative 
measure-

ment error 

Expanded 
laboratory 
uncertainty 

Expanded 
measurement 

uncertainty 

Degree of 
equivalence 

Normalized 
degree of 

equivalence 

ucomp/ 
ubase 

CMC decision 
status 

 xi Ubase,i  

(k = 2) 
U(xi) 

(k = 2) 
di EN,i   

m³/h % % % - - -  

10 0.222 0.076 0.438 0.247 0.41 5.67 c) inconclusive 

30 0.386 0.076 0.429 0.251 0.42 5.55 c) inconclusive 

60 0.420 0.076 0.442 0.265 0.43 5.72 c) inconclusive 

100 0.450 0.076 0.443 0.289 0.47 5.74 c) inconclusive 

130 0.488 0.076 0.447 0.304 0.48 5.80 c) inconclusive 

 

 
Figure 35:  Comparison results of INACAL laboratory for turbine meter 
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IBMETRO - laboratory (Bolivia) 

For volume calibration this comparison couldn’t support the declared base uncertainties of the 

participant (Table 25), because of inconclusive data - at all calibrated flowrates the ratio of ucomp/ubase    

was > 2. The turbine meter was not suitable for a confirmation of the declared CMC values. 

 

Figure 36:  Calibration results of IBMETRO for turbine meter - reported uncorrected meter error eV 
 

 

Table 25: Comparison decision table for IBMETRO (turbine meter), where xi is the temperature corrected meter 
error (mean of day #1 and day #2) - a) represents EN -values at warning level, b) represents EN -values > 
1.20, c) represents inconclusive data 

 IBMETRO / Bolivia 

Nominal 
flowrate 

 

Relative 
measure-

ment error 

Expanded 
laboratory 
uncertainty 

Expanded 
measurement 

uncertainty 

Degree of 
equivalence 

Normalized 
degree of 

equivalence 

ucomp/ 
ubase 

CMC decision 
status 

 xi Ubase,i  

(k = 2) 
U(xi) 

(k = 2) 
di EN,i   

m³/h % % % - - -  

10 −2.255 0.100 0.441 −2.230 3.69 b) 4.29 c) inconclusive 

30 −0.541 0.100 0.523 −0.676 1.01 a) 5.13 c) inconclusive 

60 −0.187 0.100 0.466 −0.341 0.54 4.55 c) inconclusive 

100 −0.221 0.100 0.443 −0.382 0.62 4.31 c) inconclusive 

130               

 

 
Figure 37:  Comparison results of IBMETRO laboratory for turbine meter 
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INTI - laboratory (Argentina) 

For volume calibration this comparison couldn`t support the declared base uncertainties of the 

participant (Table 26), because of inconclusive data - at all calibrated flowrates the ratio of ucomp/ubase    

was > 2. The turbine meter was not suitable for a confirmation of the declared CMC values. 

 

Figure 38:  Calibration results of INTI for turbine meter - reported uncorrected meter error eV 
 

 

Table 26: Comparison decision table for INTI (turbine meter), where xi is the temperature corrected meter error 
(mean of day #1 and day #2) - c) represents inconclusive data 

 INTI / Argentina 

Nominal 
flowrate 

 

Relative 
measure-

ment error 

Expanded 
laboratory 
uncertainty 

Expanded 
measurement 

uncertainty 

Degree of 
equivalence 

Normalized 
degree of 

equivalence 

ucomp/ 
ubase 

CMC decision 
status 

 xi Ubase,i  

(k = 2) 
U(xi) 

(k = 2) 
di EN,i   

m³/h % % % - - -  

10 −0.153 0.060 0.473 −0.128 0.20 7.83 c) inconclusive 

30 0.564 0.060 0.433 0.429 0.72 7.16 c) inconclusive 

60 0.433 0.060 0.440 0.279 0.46 7.26 c) inconclusive 

100 0.476 0.200 0.475 0.315 0.49 7.18 c) inconclusive 

130 0.327 0.200 0.481 0.142 0.22 7.29 c) inconclusive 

 

 
Figure 39:  Comparison results of INTI laboratory for turbine meter 
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8.3 Coriolis_Mass transfer meter 

8.3.1 Results of SCRVCor calculation and EN values for CENAM and PTB 

The comparison reference value for Coriolis meter (SCRVCor) was partially linked to Key Comparison 

CCM.FF-K1.2015 (KC1) - see Chapter 6.4.1. The data of both pilot laboratories (PTB and CENAM) were 

used for the calculation of SCRVCor. - see Chapter 6.4.2. The input data are given in Table 27, the 

calculated values of SCRVCor and it’s uncertainties are presented in Table 28 and Figure 40, the final EN 

values are summarized in Table 29 and Figure 41. 

 

Table 27: Input data for calculation of SCRVCor 

 SIM comparison data  KC1 comparison data 
(based on Table 8 and Table 9) 

Nominal 
flowrate 

Autozero corrected 
measurement error 

Measurement 
uncertainty of xi 

Supplementary 
comparison correction 

value 
Uncertainty of SCCi 

 CENAM PTB CENAM PTB CENAM PTB CENAM PTB 

 xi xi u(xi) 
(k = 1) 

u(xi) 
(k = 1) 

SCCi SCCi 
u(SCCi) 
(k = 1) 

u(SCCi) 
(k = 1) 

t/h % % % % % % % % 

10 −0.049 0.062 0.071 0.070     

30 −0.025 −0.030 0.058 0.057 0.006 0.004 0.025 0.022 

60 −0.015 −0.013 0.038 0.036 0.012 0.004 0.018 0.014 

100 −0.027 −0.009 0.035 0.033 0.012 -0.001 0.017 0.013 

130 −0.027 −0.003 0.036 0.035     

 
Table 28:   Calculation of SCRVCor 

 SIM comparison data  

Nominal 
flowrate 

SCCi corrected 
measurement error 

Measurement 
uncertainty of xCor,i 

SCRV U(SCRV) 

 CENAM PTB CENAM PTB   

 xCor,i xCor,i u(xCor,i) 
(k = 1) 

u(xCor,i) 
(k = 1) 

 
 

(k = 2) 

t/h % % % % % % 

10 −0.049 0.062 0.070 0.071 0.007 0.100 

30 −0.032 −0.034 0.061 0.063 −0.033 0.088 

60 −0.026 −0.017 0.039 0.042 −0.021 0.057 

100 −0.039 −0.008 0.035 0.039 −0.022 0.053 

130 −0.027 −0.003 0.035 0.036 −0.014 0.050 

 
Table 29:   EN-values for comparison between CENAM and PTB 

 SIM comparison data  

Nominal 
flowrate 

di U(di) EN 

 CENAM PTB CENAM PTB CENAM PTB 

   (k = 2) (k = 2)   

t/h % % % % - - 

10 −0.056 0.055 0.101 0.099 −0.56 0.56 

30 0.001 −0.001 0.090 0.085 0.01 −0.01 

60 −0.005 0.004 0.062 0.053 −0.08 0.08 

100 −0.017 0.014 0.058 0.048 −0.29 0.29 

130 −0.013 0.011 0.053 0.048 −0.24 0.24 
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Figure 40:   Results of corrected meter error for Coriolis_Mass and SCRVCor of the comparison between CENAM 

and PTB, including U(SCRVCor) 

 

 
Figure 41:   EN values of basic comparison between CENAM and PTB 

 
  

-0.15

-0.10

-0.05

0.00

0.05

0.10

0.15

0 25 50 75 100 125 150

M
e

te
r 

e
rr

o
r 

in
 %

Nominal flowrate in t/h

SCRV and u(SCRV) of Coriolis_Mass

SCRV

U(SCRV)

CENAM

PTB

-1.60

-1.20

-0.80

-0.40

0.00

0.40

0.80

1.20

1.60

0 25 50 75 100 125 150

E N
-

va
lu

e
   

-

Nominal flowrate in t/h

EN - value of Coriolis_Mass

CENAM

PTB



SIM.M.FF-S9.2016, Final Report,  20.12.2023 

Page 35 of 68 

8.3.2 Comparison results of participating laboratories 

Laboratory results 

Table 30: Relative measurement error xi (%) of Coriolis_Mass at participating laboratories – temperature 
corrected mean values of day #1 and day #2, comparison reference value SCRVCor and U(SCRVCor) 

Flowrate 
CISA INACAL IBMETRO INTI SCRVCor 

U(SCRVCor) 
k = 2 

t/h % % % % % % 

10 −0.194 −0.348 −0.154 −0.137 0.007 0.100 

30 −0.101 −0.120 −0.143 −0.073 −0.033 0.088 

60 −0.075 0.040 −0.160 −0.004 −0.021 0.057 

100 −0.064 0.059 −0.157 0.439 −0.022 0.053 

130   0.072   0.338 −0.014 0.050 

 

 
Figure 42:   Relative measurement error xi of Coriolis_Mass at participating laboratories - temperature corrected 

mean values of day #1 and day #2 

 
The EN values of participating laboratories are summarized in Table 31 and Figure 43. Beside two 

calibrations, all laboratories complied with the EN criteria of < 1.2. Only at the flowrates of 100 t/h and 

130 t/h this critical value. 

Table 31: Summary of EN-values of participating laboratories for Coriolis_Mass transfer meter -  a) represents EN 
– values at warning level between 1.00 and 1.20, b) represents EN -values > 1.20 

Flowrate CISA INACAL IBMETRO INTI 

t/h - - - - 

10 0.82 0.91 0.81 0.77 

30 0.33 0.47 0.63 0.25 

60 0.31 0.47 1.03 a) 0.11 

100 0.24 0.65 1.04 a) 1.96 b) 

130   0.72   1.50 b) 
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Figure 43:  Summarized EN-values of participating laboratories for Coriolis_Mass transfer meter 

Conclusive tests of comparison results ucomp/ubase 

Based on [3], for a conclusive proof of participant results and an agreement with the SCRVCor, the 

comparison uncertainty ratio ucomp/ubase should be < 2. The results for participating laboratories 

are summarized in Table 32 and Figure 44. 

Beside one calibration, all results complied with this limit. For the final purpose of this SC the 

uncertainties ucomp of Coriolis_Mass were sufficiently low enough. Finally, the meter was suitable 

for a confirmation of the declared CMC values. 

Table 32: Summarized results of conclusive proof ucomp/ubase of participating laboratories for Coriolis_Mass 
transfer meter - c) represents inconclusive data 

Flowrate CISA INACAL IBMETRO INTI 

t/h - - - - 

10 1.12 4.88 c) 1.41 2.00 

30 0.79 1.91 1.13 1.66 

60 0.50 1.16 0.71 1.76 

100 0.44 1.09 0.64 0.93 

130   1.02   0.95 

 
 

 
Figure 44: Summarized results of conclusive proof ucomp/ubase of participated laboratories for Coriolis_Mass 

transfer meter 
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8.3.3 Final CMC-decision tables for participating laboratories 

CISA - laboratory (Chile) 

For mass calibration this comparison supported the declared base uncertainties of the participant 

(Table 33). 

 

Figure 45:  Calibration results of CISA for Coriolis_Mass transfer meter – reported uncorrected meter error em 
 

Table 33: Comparison decision table for CISA (Coriolis_Mass transfer meter), where xi is the temperature 
corrected meter error (mean of day #1 and day#2) 

 CISA / Chile 

Nominal 
flowrate 

 

Relative 
measure-

ment error 

Expanded 
laboratory 
uncertainty 

Expanded 
measurement 

uncertainty 

Degree of 
equivalence 

Normalized 
degree of 

equivalence 

ucomp/ 
ubase 

CMC decision 
status 

 xi Ubase,i 

(k = 2) 
U(xi) 

(k = 2) 
di EN,i   

t/h % % % - - -  

10 −0.194 0.150 0.225 −0.201 0.82 1.12 acceptable 

30 −0.101 0.150 0.192 −0.069 0.33 0.79 acceptable 

60 −0.075 0.150 0.168 −0.054 0.31 0.50 acceptable 

100 −0.064 0.150 0.164 −0.042 0.24 0.44 acceptable 

        

 

   

Figure 46:  Comparison results of CISA laboratory for Coriolis_Mass transfer meter 

 

-1.00

-0.80

-0.60

-0.40

-0.20

0.00

0 20 40 60 80 100 120

M
e

te
r 

e
rr

o
r 

in
 %

Reference flowrate in t/h

Calibration results of Coriolis_Mass - at CISA 
Reported uncorrected meter error 

Day #1 28.04.2016_mean

Day #1 28.04.2016

Day #2 29.04.2016_mean

Day #2 29.04.2016

Day #3 04.05.2016_mean

Day #3 04.05.2016

-0.80

-0.60

-0.40

-0.20

0.00

0.20

0.40

0 25 50 75 100 125 150

M
et

e
r 

e
rr

o
r 

in
 %

Nominal flowrate in t/h

Results of Coriolis_Mass - at CISA
xi, U(xi), SCRVCor and U(SCRVCor)

SCRV

U(SCRV)

xi_CISA

*) U(xi) CISA

*)

0.00

0.50

1.00

1.50

2.00

2.50

3.00

0.00

0.40

0.80

1.20

1.60

2.00

0 50 100 150

u
co

m
p
/u

b
as

e

E N
va

lu
e

 -

Nominal flowrate in t/h

Results of Coriolis_Mass - at CISA
EN-value and ucomp/ubase

EN

ucomp/ubase



SIM.M.FF-S9.2016, Final Report,  20.12.2023 

Page 38 of 68 

INACAL - laboratory (Peru) 

Beside the flowrate of 10 t/h, for mass calibration this comparison supported the declared base 

uncertainties of the participant (Table 34). The calibrations with Coriolis meter were not suitable for a 

confirmation of the declared CMC at the flowrate of 10 t/h, because the ratio of ucomp/ubase was > 2. 

 

Figure 47:  Calibration results of INACAL for Coriolis_Mass transfer meter – reported uncorrected meter error em 
 

Table 34: Comparison decision table for INACAL laboratory (Coriolis_Mass transfer meter), where xi is the 
temperature corrected meter error (mean of day #1 and day#2) - c) represents inconclusive data 

 INACAL / Peru 

Nominal 
flowrate 

 

Relative 
measure-

ment error 

Expanded 
laboratory 
uncertainty 

Expanded 
measurement 

uncertainty 

Degree of 
equivalence 

Normalized 
degree of 

equivalence 

ucomp/ 
ubase 

CMC decision 
status 

 xi Ubase,i 

(k = 2) 
U(xi) 

(k = 2) 
di EN,i   

t/h % % % - - -  

10 −0.348 0.076 0.378 −0.355 0.91 4.88 c) inconclusive 

30 −0.120 0.076 0.164 −0.087 0.47 1.91 acceptable 

60 0.040 0.076 0.117 0.061 0.47 1.16 acceptable 

100 0.059 0.076 0.113 0.081 0.65 1.09 acceptable 

130 0.072 0.076 0.109 0.087 0.72 1.02 acceptable 

 
 

   
Figure 48:  Comparison results of INACAL laboratory for Coriolis_Mass transfer meter 
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IBMETRO - laboratory (Bolivia) 

For mass calibration this comparison supported the declared base uncertainties of the participant 

(Table 35). 

 

Figure 49:  Calibration results of IBMETRO for Coriolis_Mass transfer meter - reported uncorrected meter error em 
 

Table 35: Comparison decision table for IBMETRO laboratory (Coriolis_Mass transfer meter), where xi is the 
temperature corrected meter error (mean of day #1 and day#2) - a) represents EN - values at warning 
level between 1.00 and 1.20 

 IBMETRO / Bolivia 

Nominal 
flowrate 

 

Relative 
measure-

ment error 

Expanded 
laboratory 
uncertainty 

Expanded 
measurement 

uncertainty 

Degree of 
equivalence 

Normalized 
degree of 

equivalence 

ucomp/ 
ubase 

CMC decision 
status 

 xi Ubase,i 

(k = 2) 
U(xi) 

(k = 2) 
di EN,i   

t/h % % % - - -  

10 −0.154 0.100 0.172 −0.161 0.81 1.40 acceptable 

30 −0.143 0.100 0.151 −0.111 0.63 1.12 acceptable 

60 −0.160 0.100 0.123 −0.139 1.03 a) 0.70 warning level 

100 −0.157 0.100 0.119 −0.135 1.04 a) 0.64 warning level 

        

 

  
Figure 50:  Comparison results of IBMETRO laboratory for Coriolis_Mass transfer meter 
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INTI - laboratory (Argentina) 

For mass calibration between flowrates of 10 t/h and 60 t/h this comparison supported the declared 

base uncertainties of the participant (Table 36). The laboratory uncertainties for mass calibration at 

100 t/h and 130 t/h must be declined, because the EN value at both flowrates were > 1.20. 

 

Figure 51:  Calibration results of INTI for Coriolis_Mass transfer meter – reported uncorrected meter error em 
 

Table 36: Comparison decision table for INTI laboratory (Coriolis_Mass transfer meter), where xi is the 
temperature corrected meter error (mean of day #1 and day#2) - b) represents EN -values > 1.20 

 INTI / Argentinia 

Nominal 
flowrate 

 

Relative 
measure-

ment error 

Expanded 
laboratory 
uncertainty 

Expanded 
measurement 

uncertainty 

Degree of 
equivalence 

Normalized 
degree of 

equivalence 

ucomp/ 
ubase 

CMC decision 
status 

 xi Ubase,i 

(k = 2) 
U(xi) 

(k = 2) 
di EN,i   

t/h % % % - - -  

10 −0.137 0.070 0.158 −0.144 0.77 2.00 acceptable 

30 −0.073 0.070 0.136 −0.040 0.25 1.66 acceptable 

60 −0.004 0.070 0.142 0.017 0.11 1.76 acceptable 

100 0.439 0.220 0.229 0.461 1.96 b) 0.93 not accepted 

130 0.338 0.220 0.230 0.353 1.50 b) 0.95 not accepted 

 

 
Figure 52:  Comparison results of INTI laboratory for Coriolis_Mass transfer meter 
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9 Nomenclature and unit symbols 

Terms and abbreviations 

BIPM   Bureau International des Poids et Mesures 

CCM   Consultative Committee for Mass and Related Quantities 

CCM.FF-K1.2015 Official identifier of Key Comparison CCM-K1.2015 

CENAM   Centro Nacional de Metrología - Mexico 

CIPM   International Committee for Weights and Measures 

CISA   Calibraciones Industriales S.A. - Chile 

CMC   Calibration and Measurement Capabilities 

DN   Inner pipe diameter (mm) 

DoE   Degree of Equivalence 

EURAMET    The European Association of National Metrology Institutes 

GUM   Guide to the Expression of Uncertainty in Measurement 

IBMETRO  Instituto Boliviano de Metrología - Bolivia 

INACAL   Instituto Nacional de Calidad - Peru 

KC1   Key comparison CCM.FF-K1.2015 

KCRV    Key comparison reference value 

MRA   (CIPM) Mutual Recognition Arrangement 

NMI   National Metrology Institute 

PTB   Physikalisch-Technische Bundesanstalt - Germany 

RMO   Regional Metrology Organisation 

SC   Supplementary Comparison 

SIM     Sistema Interamericano de Metrología 

TP   Technical Protocol 

WGFF     (CCM) Working Group on Fluid Flow 

 

Symbols and units  

di  Degree of equivalence (DoE) as the difference of SIM-participant i to SCRVCor  (%) 
Denom   Difference of meter error (%) 
e    Meter error at current temperature conditions (%) 

ecor    Temperature corrected meter error (%) 

Decor   Correction value of meter error (%) 
emean    Mean values of meter error at one flow rate over all temperatures (%) 

EN,i   Normalized Degree of Equivalence as the difference of SIM-participant i to SCRV (%) 

enom      Meter error at nominal temperature of 20 °C (%) 

em    Relative measurement error of Coriolis meter – mass (%) 

em,cor     Temperature corrected measurement error of Coriolis meter (%) 
eresidual     Model residuals (%) 
eV     Relative measurement error of turbine meter – volume (%) 
eV,cor     Temperature corrected measurement error of turbine meter (%) 
i  Laboratory index   
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k  Coverage factor (-) 

KCRV  Key Comparison Reference value of KC1 (%) 

Km   meter K-factor - mass-related output (Coriolis meter)  (pulses/kg) 

Km,nom    Nominal K-factor of Coriolis meter - mass output (pulses/kg) 

KV   meter K-factor - volume-related output (turbine meter)  (pulses/L) 

DKV   Difference in meter K-factor of turbine meter  (%) 

KV,nom    Nominal K-factor of turbine meter (pulses/L) 

mref  Mass, measured by the reference standard (kg) 
n    Number of measurements at calibrated test point (-) 

N   Counted number of pulses by the transfer meter (pulses) 
pfluid  Line pressure (bar) 
s    Standard deviation of the mean of measurements at one flowrate point (%) 

SCCi   Supplementary comparison correction for laboratory i (%) 

SCRV   Supplementary Comparison Reference value (%) 

SCRVCor  Reference value of the comparison for Coriolis_Mass meter (%) 

SCRVTurb  Reference value of the comparison for turbine meter (%) 

Tair    Air temperature (°C) 

Tfluid     Fluid temperature (°C) 

DTfluid   Difference of current fluid temperature to nominal temperature of 20 °C (°C) 
Tnom    Nominal fluid temperature of 20°C 

ubase,i   Standard uncertainty of laboratory reference (%) 

ucomp     Standard uncertainty of transfer meter measurements (%) 

uTS     Standard uncertainty of transfer meter (%) 

Ud,i   Extended uncertainty of di of participant i during SIM comparison (%) 

udrift     Standard uncertainty due to drift of transfer meter (%) 

ureprod     Standard uncertainty due to reproducibility characteristics of transfer meter (%) 

uSCC_i   Uncertainty of SCC for laboratory i (%) 

utemp     Standard uncertainty caused by temperature characteristics of transfer meter (%) 

upres     Standard uncertainty caused by pressure characteristics of transfer meter (%) 

uflow     Standard uncertainty due to sensitivity of transfer meter to instable flow conditions (%) 

uinflow    Standard uncertainty due to sensitivity of turbine meter to different inflow conditions (%) 

uKCRV   Standard uncertainty of Key comparison reference value during KC1 (%) 

uSCRV,Cor  Standard uncertainty of SCRVCor (%) 

ux,i     Standard uncertainty of reported and temperature corrected meter error (%) 

ux,Cor,i     Uncertainty of xCor,i  for reference laboratory i during SIM comparison (%) 

ux,KC1,i   Uncertainty of calibration results of laboratory i during KC1 (%) 

Vref   Volume, measured by the reference standard (m3) 
xi  Temperature corrected meter error for EN-value evaluation 

xKC1,i    Results of laboratory i during KC1 (%) 

xCor,i    By SCCi corrected results of reference laboratory i during SIM comparison (%) 

 

  



SIM.M.FF-S9.2016, Final Report,  20.12.2023 

Page 43 of 68 

10 References 

 

[1]  Technical Protocol for Key Comparison CCM.FF-K1.2015. Draft 5/3. Unpublished. 23.01.2017 

[2]  Personal communications 

[3]  GUM – Guide to the Expression of Uncertainty in Measurement, JCGM 100:2008. 

[4]   BIPM: WGFF Guidelines for CMC Uncertainty and Calibration Report Uncertainty. 21.10.2013, 

http://www.bipm.org/utils/en/pdf/ccm‐wgff‐guidelines.pdf 

[5]  WRIGHT, J. et al. (2016): Transfer standard uncertainty can cause inconclusive inter-laboratory 

comparisons. In: Metrologia 53 (2016) 1243 - 1258 

[6]  Cox M. G.: Evaluation of key comparison data, Metrologia 39 (2002) 589 - 595 



SIM.M.FF-S9.2016, Final Report,  20.12.2023 

Page 44 of 68 

11 Appendices 

11.1 Information about participating laboratories 

  

NMI/DI Country RMO Contact Address 

PTB Germany EURAMET 

Enrico Frahm 

enrico.frahm@ 
ptb.de 

PTB - Physikalisch-Technische Bundesanstalt 

Department 1.5 Liquid Flow  
Bundesallee 100  
38116 Braunschweig, Germany 

CENAM Mexico 
SIM/ 
Noramet 

Roberto Arias Romero 

rarias@ 
cenam.mx 

CENAM - Centro Nacional de Metrología 

km 4.5 carretera a los Cués,  
El Marqués, Querétaro 
México, 76246 

CISA Chile SIM 
Jeny Vargas Angel 

j.vargas@ci-sa.com 

Calibraciones Industriales S.A. 

Nacional Flujo Líquido 
Barros Arana 73 
Iquique 
República de Chile 

INACAL Peru SIM 

Adriel Arredondo 

aarredondo@ 
inacal.gob.pe 

Instituto Nacional de Calidad 

Laboratorio de Flujo de Líquidos 
Calle De La Prosa 150, San Borja, 
Lima 41 
Perú 

IBMETRO Bolivia SIM 

Juan José Mendoza 
Aguirre 

jjmendoza@ibmetro.
gob.bo 

Instituto Boliviano de Metrología 

Av. Camacho Nro. 1488 
La Paz 
Bolivia 

INTI Argentina SIM 

Marcelo Alejandro 
Silvosa 

msilvosa@inti.gob.ar 

INSTITUTO NACIONAL DE TECNOLOGÍA INDUSTRIAL 

Dirección Técnica de Eficiencia Energética 
Subgerencia de Áreas de Conocimiento 
Parque Tecnológico Miquelete 
Av. General Paz 5445 
B1650WAB San Martín 
Buenos Aires 
Argentina  
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Characteristic information of primary standard 

used during SC 

Working procedure 

CISA – Chile 

Range of flowrate 8 to 300 t/h 

Fluid temperature 17 °C  to 28 °C 

Line pressure 3 bar 

Uncertainty (k = 2) 0.15 % (Reading) 

Reference Weighing  System 
Max. Cap: 3000 kg 

Operating method Diverter-operated 
flying start and finish 

Calibration line 
diameter 

80 mm (used during 
SC) 
Note:  
Max Diameter 250 mm 

Test fluid Cold water 
 

Gravimetric calibration – static weighing – method. 

The used method for flowmeter calibration (Coriolis and 

Turbine) is Gravimetric Method. 

The gravimetric method comprises weighing the 

collected water, and time registration. The initial mass 

(m0) is automatically registered before the diverter 

turns the flow towards the weighing tank, starting the 

measurement of time. After collecting an appropriate 

amount of liquid, the diverter is activated in the 

opposed direction, turning aside the water towards the 

reserve tank; automatically, the measurement of the 

time stops. Thus, the time of filling (t) of the weighing 

tank is determined. When the movement of the water 

in the weighing tank has stopped, the final mass (m1) is 

registered. Then, the weighing tank is drained. 
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Characteristic information of primary standard used 

during SC 

Working procedure 

INACAL – Peru 

Range of flowrate 0.26 m³/h – 130 m³/h 

Fluid temperature 15 °C – 30 °C 

Line pressure up to 3 bar 

Uncertainty (k = 2) 0.26 m³/h – 10 m³/h : 
0.11 % 
10 m³/h – 130 m³/h : 
0.08 % 
mass, volume 

Reference Weighing method 

Operating method Flying start and stop 

Calibration line 
diameter 

DN06 – DN100 

Test fluid Water 
 

The static weighing system for flow determination 

represents the National Liquid Flow Standard of 

Peru. The static weighing system has two 

independent flow measurement lines; each one 

consists of a diverter, a set of nozzles for every flow 

interval and a weighing system, with maximum load 

capacities of 500 kg and 2000 kg, respectively. The 

test flow is established by means of frequency 

converters. Piping lengths upstream of 15D and 

downstream of 10D are available. The temperature 

of the test water is not controlled. 

 

               
            Fig. 1: Diverter and nozzle                      Fig. 2: Water flow entry 

 

                
     Fig. 3: Instrumentation diagram and the main components of the Static Weighing System 
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Characteristic information of primary standard used 

during SC 

Working procedure 

IBMETRO – Bolivia 

Range of flowrate 3 m³/h – 100 m³/h 

Fluid temperature 16 °C – 28 °C 

Line pressure up to 3 bar 

Uncertainty (k = 2) 0.10 % 

Reference master meter 
(Electromagnetic Flow 
meter) 

Operating method flying start stop 

Calibration line 
diameter 

50 mm … 125 mm 

Test fluid water 

 

 

 

The calibration points of the flow meter under test 

(MUT) are established according to the comparison 

standards.  Start the data acquisition program in the 

computer to determine the number of pulses to 

capture. The pulses were collected from MUT and 

the Electromagnetic Flow meter (reference meter). 

For each measurement, record the number of 

pulses from the reference meter and MUT. 

Also, fluid temperature, line pressure and 

measurement time were recorded. 

The ambient conditions at the beginning and at the 

end of each test flow were recorded. 

 

 
Calibration line 

 

 
  Schematic diagram of the flow line    

TAG DESCRIPTION 

V1 Valve 

P1 Pump 

FC1 Flow stabilizer 

V2 Valve 

FIT 1 Meter under Test Turbine 

FIT 2 Meter under Test Coriolis 

FIT 3 Flow meter Krohne 

PT 1 Pressure Sensor  

TT 1 Temperature Sensor 

V3 Valve 

pool Recipe  
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Characteristic information of primary standard used 

during SC 

Working procedure 

INTI - Argentina 

Range of flowrate 0.12 m³/h – 130 m³/h 

Fluid temperature 15 °C – 30 °C 

Line pressure up to 3 bar 

Uncertainty (k = 2) Volumetric tank 
    mass: 0.07 % 
    volume: 0.06 % 
Master meter  
   mass: 0.22 % 
   volume: 0.20 % 

Reference Volumetric tank 
Master meter (turbine 
meter) 

Operating method standing-start-stop 

Calibration line 
diameter 

25 mm, 50 mm, 100 mm,  
150 mm 

Test fluid water 

 

 

 

The calibration system consists of two reference 

systems, a volumetric tank and a reference 

meter. Flow and line pressure are regulated by 

pump and valves. The calibration starts at zero 

flow with an enabled pump, the manual tank inlet 

valve will be opened at the same time as the time 

count begins. To calculate the density and the 

corrected volume of the tank, the temperature of 

the water is measured as well as the temperature 

difference compared to the reference 

temperature of 20 °C at which the tank was 

calibrated. 

 

 

 

   
 

           
             

 
  

Calibration test rig 

Reference turbine meter 

Installed MUT during comparison calibration 
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Characteristic information of primary standard used 

during KC 

Working procedure 

CENAM – Mexico 

Range of flow rate (100... 12 000) kg/min 

Fluid temperature Ambient (not controlled) 
(15…27) °C 

Line pressure up to 10 bar 

Uncertainty U(qm)/%  = 0.030 
U(qv)/%  = 0.038 
k = 2 

Reference Gravimetric  

Operating method Flying-start-stop 

Calibration line 
diameter 

100 mm 
200 mm 

Test fluid Water 

 

 

 

 

 

 

 

 

 

 

 

The Mexican Primary Measurement System for 

Water Flow is of the Static Weighing Design. 

The gravimetric reference consists of two 

independent diverter and weighing systems; 

which maximum load capacities are 1500 kg and 

10 000 kg, respectively. 

Flow is controlled by means of frequency 

converter and throttling valves.  

More than 100D upstream pipe length is available 

for calibrations. 

No fluid temperature control available. 

 

 

  

 

 

Fig. 1: Schematic diagram of 

CENAM water flow facility 

hr
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Fig. 2: A view of the load cell at the 

10 000 kg tank 

 

 

 

 

 

Fig. 3: Front view of the static weighing system at 

CENAM Primary System for Water Flow 
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Characteristic information of primary 

standard used during KC 

Working procedure 

PTB – Germany 

Range of flowrate 0.3 m³/h … 2,100 
m³/h 

Fluid temperature 10 °C … 35 °C 

Line pressure 2 bar … 6 bar 

Uncertainty (k = 2) 0.02 
volume, mass 

Reference gravimetric 

Operating method Direct pumping , 
constant head tank 
flying-/ standing-
start-stop 

Calibration line 
diameter 

25 mm … 400 mm 

Test fluid water 
 

 

The PTB hydrodynamic test field (HDP) represents the 

national primary standard of Germany for the realization of 

the measurands volumetric and mass flow rate as well as 

the total volume and mass of flowing liquids (water).  

The gravimetric reference consists of three independent 

diverter and balance systems with max. loads of 30 t, 3 t 

and 300 kg. For generating and stabilizing flow rates, the 

supply system consists of a 400 m³ storage tank, of a 

frequency controlled pumping system, a constant head tank 

(30 m³, at a height of 30 m) and two calibration lines. For 

each diameter an upstream straight pipeline with a length 

of 50D and downstream of 20D is available. The fluid 

temperature is adjusted and controlled by two separate 

heat exchanger systems. 

 

       
             Upstream view to calibration lines                                           3 t balance and diverter system 

 

 
                                   Principle drawing of the Hydrodynamic Test Field 
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11.2 Detailed data report of participating laboratories 

 CISA laboratory – Day#1 
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