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Sommario 
 

Su richiesta dell’istituto elvetico METAS è stato organizzato e realizzato un confronto ibrido bilaterale per 
quanto riguarda la realizzazione del punto di rugiada/brina nel campo tra -30 °C e 70 °C. l’INRIM ha 
partecipato nella funzione di coordinatore del confronto e di ISSUING NMI ed il METAS come APPLICANT 
NMI. 

La finalità del confronto è dimostrare la capacità del METAS nel generare un gas umido di temperatura di 
rugiada noto per ottenere le CMC per la grandezza umidità relativa.  L'attuale presidente EURAMET TC-T 
Dott. Steffen Rudtsch ha accettato di agire come terza parte indipendente. 

Il confronto ha avuto luogo per mezzo di un campione di trasferimento individuato nell’igrometro MBW 
373HX SN 06-0102 di proprietà del METAS. Le misure iniziali e finali per la determinazione della stabilità del 
campione di trasferimento sono state eseguite dal METAS.   

I responsabili del confronto sono per  INRIM  il Dott. Denis Smorgon, per METAS il Dott. Remo Senn e per il 
PTB Dott. Steffen Rudtsch. Il sig. Riccardo Salerno ha partecipato alle misure nelle attività di misura ed 
elaborazione dei risultati di taratura. 

L’INRIM ha emesso il certificato 22-0723-01 del 2023-03-08. 
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Introduction 

To demonstrate the technical competence at METAS with respect to dew/frost-point realizations, a hybrid 
measurement comparison was performed with INRiM. The comparison took place simultaneously with the 
calibration of the METAS transfer standard (dew point mirror) for its realization of relative humidity. 

The current EURAMET TC-T Chair was informed in advance about the project and agreed to act as the third 
independent party. 
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1. Transfer Standard 
Dew point mirror MBW 373HX SN 06-0102 

 

2. Comparison Schedule/Communication 
 Direct measurements at METAS from 28th of September to 25th October 2022 

 Measurements at INRiM between 10th of November and 21st of December 2022 

 Return measurements at METAS from 8th of February to 21st February 2023 

 

During the whole time period above, the communication between METAS and INRiM was forwarded as a 
copy to the independent third party, the EURAMET TC-T Chair. 

INRiM sent the measurement results to the third party on 31st of January 2023. METAS sent all the results 
of the direct and return measurements to the third party on 22nd of February 2023 

On 22nd of February 2023 METAS and INRiM received the confirmation from the third party to share the 
results and further analysis of the data. 

 

3. METAS System and Measurement Procedure 
 

3.1 Humidity Generator 
Thunder Scientific 2500 SN 0811713 with METAS traceable calibrated temperature and pressure sensors. 
The same system was also part of EURAMET.T-K8. 

 

3.2 Measurement Procedure 
The transfer standard was connected directly to the generator output by means of a tee. The conditioned 
air from the generator is thus fed directly into the measuring chamber of the generator and expanded to 
atmospheric pressure and, on the other hand, the conditioned air can be fed directly to the transfer 
standard without the measuring chamber having a direct influence. To achieve the necessary flow rate for 
the transfer standard, the internal pump and display of the transfer standard was used to set the flow rate 
to 0.5-0.6 l/min. The pressure difference between the atmosphere and the measuring head of the transfer 
standard was determined and applied as a correction to the measurement results. 

For both measurement loops (direct/return), three complete cycles were performed over the entire range 
from -30 °C to 69.5 °C. The order of the measuring points was always in the following ascending order of -
30 °C, -20 °C, -10 °C, 0 °C, 10 °C, 20 °C, 30 °C, 40 °C, 50 °C, 60 °C, 69.5 °C.  

For the points -30 °C, -20 °C and -10 °C the definition over ice (frost point) was applied and for all remaining 
points the definition over water (dew point). The "Forced Frost Point" function below -5 °C was set and 



6 
 
 

 

 

activated on the transfer standard. In this way, it was ensured that all three points really correspond to the 
correct definition over ice. 

The final results of both measurement loops (direct/return) are represented by the mean value and 
standard deviation of the three realized cycles. This standard deviation represents the repeatability and the 
larger value of both loops was directly included in the uncertainty calculation as type A uncertainty. The 
observed standard deviation during the measurement of single point was also taken into account, but has 
no dominant influence when combining both type A values. The complete uncertainty budget can be found 
in the appendix of this report. 

 

4. INRiM System and Measurement Procedure 
The transfer standard was connected to the primary frost/dew-point generator. The primary generator 
INRIM-01 and INRIM-02 are both single pressure recirculation type generators working at fixed pressure 
kept during the calibration session approx. at 1050 hPa. The UUT was fed with a gas flow-rate of  0.5/0.6 
l/min, the pressure drop between the point of realization and the measurement head of the UUT was 
measured and considered as negligible. 

Two complete session of measurements were performed over the entire range from -30 °C to 69.5 °C.     
The order of the measuring points was always in the following ascending order of -30 °C, -20 °C, -10 °C, 0 °C, 
10 °C, 20 °C, 30 °C, 40 °C, 50 °C, 60 °C, 69.5 °C.  

For the points -30 °C, -20 °C and -10 °C the definition over ice (frost point) was applied and for all remaining 
points the definition over water (dew point). The "Forced Frost Point" function below -5 °C was set and 
activated on the transfer standard. In this way, it was ensured that all three points really correspond to the 
correct definition over ice. 

The final results released correspond to the second set of measurements. The estimated uncertainty 
include a minor contribution due to the reproducibility of the UUT in the forming of the mirror condensate. 
This is the reason why the INRIM calibration uncertainty does not correspond to the current published CMC 
on the KCDB. 
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5. Results 
 

TNOM Phase REF UUT UUT-REF U (k=2) 
°C  °C °C °C °C 

-30 Ice -30.00 -29.98 0.020 0.034 
-20 Ice -20.00 -20.04 -0.033 0.040 
-10 Ice -10.00 -10.02 -0.020 0.037 
0 Water 0.00 0.00 0.004 0.041 

10 Water 10.00 10.01 0.013 0.047 
20 Water 19.99 19.99 0.004 0.043 
30 Water 30.00 30.01 0.007 0.042 
40 Water 40.00 40.00 0.001 0.041 
50 Water 50.00 50.01 0.002 0.048 
60 Water 60.00 60.01 0.005 0.047 

69.5 Water 69.50 69.54 0.039 0.050 
 

Table 1: Direct Measurements METAS 

 

TNOM Phase REF UUT UUT-REF U (k=2) 
°C  °C °C °C °C 

-30 Ice -30.00 -29.99 0.012 0.034 
-20 Ice -20.01 -20.04 -0.033 0.040 
-10 Ice -10.00 -10.02 -0.025 0.037 
0 Water 0.00 0.00 0.000 0.041 

10 Water 10.00 10.00 -0.005 0.047 
20 Water 20.00 19.99 -0.014 0.043 
30 Water 29.98 29.98 -0.002 0.042 
40 Water 40.00 39.99 -0.005 0.041 
50 Water 49.99 49.98 -0.007 0.048 
60 Water 60.00 60.00 0.002 0.047 

69.5 Water 69.50 69.54 0.031 0.050 
 

Table 2: Return Measurements METAS 
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TNOM Phase REF UUT UUT-REF U (k=2) 
°C  °C °C °C °C 

-30 Ice -30.06 -30.06 0.00 0.06 
-20 Ice -20.07 -20.07 0.00 0.06 
-10 Ice -10.09 -10.09 0.00 0.06 
0.1 Water 0.09 0.06 -0.03 0.06 
10 Water 10.04 10.02 -0.02 0.06 
20 Water 20.11 20.09 -0.02 0.06 
30 Water 30.10 30.07 -0.03 0.06 
40 Water 40.02 39.98 -0.04 0.06 
50 Water 50.11 50.07 -0.04 0.06 
60 Water 60.09 60.05 -0.04 0.06 

68.5 Water 68.54 68.48 -0.06 0.06 
69.5 Water 69.53 69.47 -0.06 0.06 

 

Table 3: INRiM Measurements 

 

TNOM Phase DriftTransfer 
°C  °C 
-30 Ice -0.007 
-20 Ice 0.000 
-10 Ice -0.004 
0 Water -0.004 
10 Water -0.017 
20 Water -0.017 
30 Water -0.009 
40 Water -0.007 
50 Water -0.010 
60 Water -0.004 

69.5 Water -0.008 
 

Table 4: Drift of the Transfer Standard 

 

5.1 Degree of Equivalence 
 

The comparison results can now be easily expressed in terms of degree of equivalence: 

- 𝑇𝑇𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 − 𝑇𝑇𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 

- 𝑈𝑈(𝑇𝑇𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 − 𝑇𝑇𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼) =  2 ∙ �𝑈𝑈2
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 +  𝑈𝑈2

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 +  �𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
√3
� �

2
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TNOM Phase TMETAS-INRiM UMETAS-INRiM (k=2) En 
°C  °C °C °C/°C 
-30 Ice 0.020 0.073 0.24 
-20 Ice -0.033 0.074 0.41 
-10 Ice -0.020 0.070 0.26 
0 Water 0.034 0.070 0.44 
10 Water 0.033 0.077 0.42 
20 Water 0.024 0.075 0.30 
30 Water 0.037 0.072 0.49 
40 Water 0.041 0.071 0.54 
50 Water 0.042 0.075 0.55 
60 Water 0.045 0.074 0.60 

69.5 Water 0.099 0.076 1.29 
 

 

Table 5: Degrees of equivalence and corresponding expanded uncertainty (k=2) for this comparison. 

 

Figure 1: Degree of equivalence and corresponding expanded uncertainty (k=2) for each measurement point. 
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Attachment: METAS Uncertainty Budgets  
 

 
 

 

 

 

 

Quantity Components Standard Sensitivity Uncertainty 
(symbol) uncertainty coefficient contribution

Qi u(Qi) ci ui in °C
Frost point -30 °C
  Saturation temperature

Thermometer:
Calibration uncertainty (sensor and indicator unit) 0.005 °C 1 °C 0.005
Long-term stability (sensor and indicator) 0.005 °C 1 °C 0.005
Self-heating and residual heat fluxes (sensor) 0.001 °C 1 °C 0.001
Resolution and linearity (indicator unit) 0.003 °C 1 °C 0.003
Saturator:
Temperature homogeneity 0.005 °C 1 °C 0.005
Temperature stability 0.002 °C 1 °C 0.002

  Saturation pressure**
Pressure gauge:
Calibration uncertainty (sensor and indicator unit) 0.0002 bar 1.386 °C/bar 0.0003
Long-term stability (sensor and indicator) 0.0001 bar 1.386 °C/bar 0.0001
Resolution and accuracy or linearity (indicator unit) 0.0001 bar 1.386 °C/bar 0.0001
Linearity 0.0020 bar 1.386 °C/bar 0.0028
Pressure differences in the saturator cell 0.0001 bar 1.386 °C/bar 0.0001
Stability of the pressure 0.0002 bar 1.386 °C/bar 0.0003
Effect of the tubing between the saturator and the pressure gauge 0.0002 bar 1.386 °C/bar 0.0003

  Gas pressure at the generator outlet**
Pressure gauge:
Calibration uncertainty (sensor and indicator unit) 0.0002 bar 9.889 °C/bar 0.0021
Long-term stability (sensor and indicator) 0.0001 bar 9.889 °C/bar 0.0010
Resolution (indicator unit) 0.0001 bar 9.889 °C/bar 0.0010
Linearity (over a range of ±10 hPa against the calibration point) 0.0004 bar 9.889 °C/bar 0.0040
Stability of the pressure 0.0000 bar 9.889 °C/bar 0.0002
Effect of the tubing between the saturator and the pressure gauge 0.0002 bar 9.889 °C/bar 0.0020

  Saturation efficiency
Saturation efficiency 0.006 °C 1 0.0060

  Uncertainty due to formulae/calculations
Saturation vapour pressure formula(e) 0.006 °C 1 °C/°C 0.006
Water vapour enhancement formula(e) 0.001 °C 1 °C/°C 0.001

Other uncertainties
Accuracy of the pressure drop correction DUT point of measurement 0.0001 bar 9.889 °C/bar 0.0010
DUT Typ A Uncertainty 0.011 °C 1 °C/°C 0.011

Combined uncertainty 0.018
Expanded uncertainty 0.034
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Quantity Components Standard Sensitivity Uncertainty 
(symbol) uncertainty coefficient contribution

Qi u(Qi) ci ui in °C
Frost point -20 °C
  Saturation temperature

Thermometer:
Calibration uncertainty (sensor and indicator unit) 0.005 °C 1 °C 0.005
Long-term stability (sensor and indicator) 0.005 °C 1 °C 0.005
Self-heating and residual heat fluxes (sensor) 0.001 °C 1 °C 0.001
Resolution and linearity (indicator unit) 0.003 °C 1 °C 0.003
Saturator:
Temperature homogeneity 0.005 °C 1 °C 0.005
Temperature stability 0.002 °C 1 °C 0.002

  Saturation pressure**
Pressure gauge:
Calibration uncertainty (sensor and indicator unit) 0.0002 bar 1.643 °C/bar 0.0003
Long-term stability (sensor and indicator) 0.0001 bar 1.643 °C/bar 0.0002
Resolution and accuracy or linearity (indicator unit) 0.0001 bar 1.643 °C/bar 0.0002
Linearity 0.0020 bar 1.643 °C/bar 0.0033
Pressure differences in the saturator cell 0.0001 bar 1.643 °C/bar 0.0002
Stability of the pressure 0.0002 bar 1.643 °C/bar 0.0003
Effect of the tubing between the saturator and the pressure gauge 0.0002 bar 1.643 °C/bar 0.0003

  Gas pressure at the generator outlet**
Pressure gauge:
Calibration uncertainty (sensor and indicator unit) 0.0002 bar 10.778 °C/bar 0.0023
Long-term stability (sensor and indicator) 0.0001 bar 10.778 °C/bar 0.0011
Resolution (indicator unit) 0.0001 bar 10.778 °C/bar 0.0011
Linearity (over a range of ±10 hPa against the calibration point) 0.0004 bar 10.778 °C/bar 0.0043
Stability of the pressure 0.0000 bar 10.778 °C/bar 0.0002
Effect of the tubing between the saturator and the pressure gauge 0.0002 bar 10.778 °C/bar 0.0022

  Saturation efficiency
Saturation efficiency 0.006 °C 1 0.0060

  Uncertainty due to formulae/calculations
Saturation vapour pressure formula(e) 0.006 °C 1 °C/°C 0.006
Water vapour enhancement formula(e) 0.001 °C 1 °C/°C 0.001

Other uncertainties
Accuracy of the pressure drop correction 0.0001 bar 10.778 °C/bar 0.0011
DUT Typ A Uncertainty 0.014 °C 1 °C/°C 0.014

Combined uncertainty 0.020
Expanded uncertainty 0.040



12 
 
 

 

 

 

Quantity Components Standard Sensitivity Uncertainty 
(symbol) uncertainty coefficient contribution

Qi u(Qi) ci ui in °C
Frost point -10 °C
  Saturation temperature

Thermometer:
Calibration uncertainty (sensor and indicator unit) 0.005 °C 1 °C 0.005
Long-term stability (sensor and indicator) 0.005 °C 1 °C 0.005
Self-heating and residual heat fluxes (sensor) 0.001 °C 1 °C 0.001
Resolution and linearity (indicator unit) 0.003 °C 1 °C 0.003
Saturator:
Temperature homogeneity 0.005 °C 1 °C 0.005
Temperature stability 0.002 °C 1 °C 0.002

  Saturation pressure**
Pressure gauge:
Calibration uncertainty (sensor and indicator unit) 0.0002 bar 2.407 °C/bar 0.0005
Long-term stability (sensor and indicator) 0.0001 bar 2.407 °C/bar 0.0002
Resolution and accuracy or linearity (indicator unit) 0.0001 bar 2.407 °C/bar 0.0002
Linearity 0.0020 bar 2.407 °C/bar 0.0048
Pressure differences in the saturator cell 0.0001 bar 2.407 °C/bar 0.0002
Stability of the pressure 0.0002 bar 2.407 °C/bar 0.0005
Effect of the tubing between the saturator and the pressure gauge 0.0002 bar 2.407 °C/bar 0.0005

  Gas pressure at the generator outlet**
Pressure gauge:
Calibration uncertainty (sensor and indicator unit) 0.0002 bar 11.611 °C/bar 0.0024
Long-term stability (sensor and indicator) 0.0001 bar 11.611 °C/bar 0.0012
Resolution (indicator unit) 0.0001 bar 11.611 °C/bar 0.0012
Linearity (over a range of ±10 hPa against the calibration point) 0.0004 bar 11.611 °C/bar 0.0046
Stability of the pressure 0.0000 bar 11.611 °C/bar 0.0002
Effect of the tubing between the saturator and the pressure gauge 0.0002 bar 11.611 °C/bar 0.0023

  Saturation efficiency
Saturation efficiency 0.006 °C 1 °C/°C 0.0060

  Uncertainty due to formulae/calculations
Saturation vapour pressure formula(e) 0.006 °C 1 °C/°C 0.006
Water vapour enhancement formula(e) 0.001 °C 1 °C/°C 0.001

Other uncertainties
Accuracy of the pressure drop correction 0.0001 bar 11.611 °C/bar 0.0012
DUT Typ A Uncertainty 0.012 °C 1 °C/°C 0.012

Combined uncertainty 0.019
Expanded uncertainty 0.037
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Quantity Components Standard Sensitivity Uncertainty 
(symbol) uncertainty coefficient contribution

Qi u(Qi) ci ui in °C
Dew point 0 °C
  Saturation temperature

Thermometer:
Calibration uncertainty (sensor and indicator unit) 0.005 °C 1 °C 0.005
Long-term stability (sensor and indicator) 0.005 °C 1 °C 0.005
Self-heating and residual heat fluxes (sensor) 0.001 °C 1 °C 0.001
Resolution and linearity (indicator unit) 0.003 °C 1 °C 0.003
Saturator:
Temperature homogeneity 0.005 °C 1 °C 0.005
Temperature stability 0.002 °C 1 °C 0.002

  Saturation pressure**
Pressure gauge:
Calibration uncertainty (sensor and indicator unit) 0.0002 bar 1.871 °C/bar 0.0004
Long-term stability (sensor and indicator) 0.0001 bar 1.871 °C/bar 0.0002
Resolution and accuracy or linearity (indicator unit) 0.0001 bar 1.871 °C/bar 0.0002
Linearity 0.0020 bar 1.871 °C/bar 0.0037
Pressure differences in the saturator cell 0.0001 bar 1.871 °C/bar 0.0002
Stability of the pressure 0.0002 bar 1.871 °C/bar 0.0004
Effect of the tubing between the saturator and the pressure gauge 0.0002 bar 1.871 °C/bar 0.0004

  Gas pressure at the generator outlet**
Pressure gauge:
Calibration uncertainty (sensor and indicator unit) 0.0002 bar 14.222 °C/bar 0.0030
Long-term stability (sensor and indicator) 0.0001 bar 14.222 °C/bar 0.0014
Resolution (indicator unit) 0.0001 bar 14.222 °C/bar 0.0014
Linearity (over a range of ±10 hPa against the calibration point) 0.0004 bar 14.222 °C/bar 0.0057
Stability of the pressure 0.0000 bar 14.222 °C/bar 0.0003
Effect of the tubing between the saturator and the pressure gauge 0.0002 bar 14.222 °C/bar 0.0028

  Saturation efficiency
Saturation efficiency 0.006 °C 1 °C/°C 0.0060

  Uncertainty due to formulae/calculations
Saturation vapour pressure formula(e) 0.006 °C 1 °C/°C 0.006
Water vapour enhancement formula(e) 0.001 °C 1 °C/°C 0.001

Other uncertainties
Accuracy of the pressure drop correction 0.0001 bar 14.222 °C/bar 0.0014
DUT Typ A Uncertainty 0.014 °C 1 °C/°C 0.014

Combined uncertainty 0.021
Expanded uncertainty 0.041
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Quantity Components Standard Sensitivity Uncertainty 
(symbol) uncertainty coefficient contribution

Qi u(Qi) ci ui in °C
Dew point 10 °C
  Saturation temperature

Thermometer:
Calibration uncertainty (sensor and indicator unit) 0.005 °C 1 °C 0.005
Long-term stability (sensor and indicator) 0.005 °C 1 °C 0.005
Self-heating and residual heat fluxes (sensor) 0.001 °C 1 °C 0.001
Resolution and linearity (indicator unit) 0.003 °C 1 °C 0.003
Saturator:
Temperature homogeneity 0.005 °C 1 °C 0.005
Temperature stability 0.002 °C 1 °C 0.002

  Saturation pressure**
Pressure gauge:
Calibration uncertainty (sensor and indicator unit) 0.0002 bar 4.157 °C/bar 0.0009
Long-term stability (sensor and indicator) 0.0001 bar 4.157 °C/bar 0.0004
Resolution and accuracy or linearity (indicator unit) 0.0001 bar 4.157 °C/bar 0.0004
Linearity 0.0020 bar 4.157 °C/bar 0.0083
Pressure differences in the saturator cell 0.0001 bar 4.157 °C/bar 0.0004
Stability of the pressure 0.0002 bar 4.157 °C/bar 0.0008
Effect of the tubing between the saturator and the pressure gauge 0.0002 bar 4.157 °C/bar 0.0008

  Gas pressure at the generator outlet**
Pressure gauge:
Calibration uncertainty (sensor and indicator unit) 0.0002 bar 15.444 °C/bar 0.0032
Long-term stability (sensor and indicator) 0.0001 bar 15.444 °C/bar 0.0015
Resolution (indicator unit) 0.0001 bar 15.444 °C/bar 0.0015
Linearity (over a range of ±10 hPa against the calibration point) 0.0004 bar 15.444 °C/bar 0.0062
Stability of the pressure 0.0000 bar 15.444 °C/bar 0.0003
Effect of the tubing between the saturator and the pressure gauge 0.0002 bar 15.444 °C/bar 0.0031

  Saturation efficiency
Saturation efficiency 0.006 °C 1 °C/°C 0.0060

  Uncertainty due to formulae/calculations
Saturation vapour pressure formula(e) 0.006 °C 1 °C/°C 0.006
Water vapour enhancement formula(e) 0.001 °C 1 °C/°C 0.001

Other uncertainties
Accuracy of the pressure drop correction 0.0001 bar 14.222 °C/bar 0.0014
DUT Typ A Uncertainty 0.017 °C 1 °C/°C 0.017

Combined uncertainty 0.024
Expanded uncertainty 0.047
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Quantity Components Standard Sensitivity Uncertainty 
(symbol) uncertainty coefficient contribution

Qi u(Qi) ci ui in °C
Dew point 20 °C
  Saturation temperature

Thermometer:
Calibration uncertainty (sensor and indicator unit) 0.005 °C 1 °C 0.005
Long-term stability (sensor and indicator) 0.005 °C 1 °C 0.005
Self-heating and residual heat fluxes (sensor) 0.001 °C 1 °C 0.001
Resolution and linearity (indicator unit) 0.003 °C 1 °C 0.003
Saturator:
Temperature homogeneity 0.005 °C 1 °C 0.005
Temperature stability 0.002 °C 1 °C 0.002

  Saturation pressure**
Pressure gauge:
Calibration uncertainty (sensor and indicator unit) 0.0002 bar 2.414 °C/bar 0.0005
Long-term stability (sensor and indicator) 0.0001 bar 2.414 °C/bar 0.0002
Resolution and accuracy or linearity (indicator unit) 0.0001 bar 2.414 °C/bar 0.0002
Linearity 0.0020 bar 2.414 °C/bar 0.0048
Pressure differences in the saturator cell 0.0001 bar 2.414 °C/bar 0.0002
Stability of the pressure 0.0002 bar 2.414 °C/bar 0.0005
Effect of the tubing between the saturator and the pressure gauge 0.0002 bar 2.414 °C/bar 0.0005

  Gas pressure at the generator outlet**
Pressure gauge:
Calibration uncertainty (sensor and indicator unit) 0.0002 bar 16.667 °C/bar 0.0035
Long-term stability (sensor and indicator) 0.0001 bar 16.667 °C/bar 0.0017
Resolution (indicator unit) 0.0001 bar 16.667 °C/bar 0.0017
Linearity (over a range of ±10 hPa against the calibration point) 0.0004 bar 16.667 °C/bar 0.0067
Stability of the pressure 0.0000 bar 16.667 °C/bar 0.0003
Effect of the tubing between the saturator and the pressure gauge 0.0002 bar 16.667 °C/bar 0.0033

  Saturation efficiency
Saturation efficiency 0.006 °C 1 °C/°C 0.0060

  Uncertainty due to formulae/calculations
Saturation vapour pressure formula(e) 0.006 °C 1 °C/°C 0.006
Water vapour enhancement formula(e) 0.001 °C 1 °C/°C 0.001

Other uncertainties
Accuracy of the pressure drop correction 0.0001 bar 16.667 °C/bar 0.0017
DUT Typ A Uncertainty 0.015 °C 1 °C/°C 0.015

Combined uncertainty 0.022
Expanded uncertainty 0.043
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Quantity Components Standard Sensitivity Uncertainty 
(symbol) uncertainty coefficient contribution

Qi u(Qi) ci ui in °C
Dew point 30 °C
  Saturation temperature

Thermometer:
Calibration uncertainty (sensor and indicator unit) 0.005 °C 1 °C 0.005
Long-term stability (sensor and indicator) 0.005 °C 1 °C 0.005
Self-heating and residual heat fluxes (sensor) 0.001 °C 1 °C 0.001
Resolution and linearity (indicator unit) 0.003 °C 1 °C 0.003
Saturator:
Temperature homogeneity 0.005 °C 1 °C 0.005
Temperature stability 0.002 °C 1 °C 0.002

  Saturation pressure**
Pressure gauge:
Calibration uncertainty (sensor and indicator unit) 0.0002 bar 4.786 °C/bar 0.0010
Long-term stability (sensor and indicator) 0.0001 bar 4.786 °C/bar 0.0005
Resolution and accuracy or linearity (indicator unit) 0.0001 bar 4.786 °C/bar 0.0005
Linearity 0.0020 bar 4.786 °C/bar 0.0096
Pressure differences in the saturator cell 0.0001 bar 4.786 °C/bar 0.0005
Stability of the pressure 0.0002 bar 4.786 °C/bar 0.0010
Effect of the tubing between the saturator and the pressure gauge 0.0002 bar 4.786 °C/bar 0.0010

  Gas pressure at the generator outlet**
Pressure gauge:
Calibration uncertainty (sensor and indicator unit) 0.0002 bar 18.000 °C/bar 0.0038
Long-term stability (sensor and indicator) 0.0001 bar 18.000 °C/bar 0.0018
Resolution (indicator unit) 0.0001 bar 18.000 °C/bar 0.0018
Linearity (over a range of ±10 hPa against the calibration point) 0.0004 bar 18.000 °C/bar 0.0072
Stability of the pressure 0.0000 bar 18.000 °C/bar 0.0004
Effect of the tubing between the saturator and the pressure gauge 0.0002 bar 18.000 °C/bar 0.0036

  Saturation efficiency
Saturation efficiency 0.006 °C 1 °C/°C 0.0060

  Uncertainty due to formulae/calculations
Saturation vapour pressure formula(e) 0.006 °C 1 °C/°C 0.006
Water vapour enhancement formula(e) 0.001 °C 1 °C/°C 0.001

Other uncertainties
Accuracy of the pressure drop correction 0.0001 bar 18.000 °C/bar 0.0018
DUT Typ A Uncertainty 0.011 °C 1 °C/°C 0.011

Combined uncertainty 0.022
Expanded uncertainty 0.042
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Quantity Components Standard Sensitivity Uncertainty 
(symbol) uncertainty coefficient contribution

Qi u(Qi) ci ui in °C
Dew point 40 °C
  Saturation temperature

Thermometer:
Calibration uncertainty (sensor and indicator unit) 0.005 °C 1 °C 0.005
Long-term stability (sensor and indicator) 0.005 °C 1 °C 0.005
Self-heating and residual heat fluxes (sensor) 0.001 °C 1 °C 0.001
Resolution and linearity (indicator unit) 0.003 °C 1 °C 0.003
Saturator:
Temperature homogeneity 0.005 °C 1 °C 0.005
Temperature stability 0.002 °C 1 °C 0.002

  Saturation pressure**
Pressure gauge:
Calibration uncertainty (sensor and indicator unit) 0.0002 bar 4.529 °C/bar 0.0010
Long-term stability (sensor and indicator) 0.0001 bar 4.529 °C/bar 0.0005
Resolution and accuracy or linearity (indicator unit) 0.0001 bar 4.529 °C/bar 0.0005
Linearity 0.0020 bar 4.529 °C/bar 0.0091
Pressure differences in the saturator cell 0.0001 bar 4.529 °C/bar 0.0005
Stability of the pressure 0.0002 bar 4.529 °C/bar 0.0009
Effect of the tubing between the saturator and the pressure gauge 0.0002 bar 4.529 °C/bar 0.0009

  Gas pressure at the generator outlet**
Pressure gauge:
Calibration uncertainty (sensor and indicator unit) 0.0002 bar 19.444 °C/bar 0.0041
Long-term stability (sensor and indicator) 0.0001 bar 19.444 °C/bar 0.0019
Resolution (indicator unit) 0.0001 bar 19.444 °C/bar 0.0019
Linearity (over a range of ±10 hPa against the calibration point) 0.0004 bar 19.444 °C/bar 0.0078
Stability of the pressure 0.0000 bar 19.444 °C/bar 0.0004
Effect of the tubing between the saturator and the pressure gauge 0.0002 bar 19.444 °C/bar 0.0039

  Saturation efficiency
Saturation efficiency 0.006 °C 1 °C/°C 0.0060

  Uncertainty due to formulae/calculations
Saturation vapour pressure formula(e) 0.006 °C 1 °C/°C 0.006
Water vapour enhancement formula(e) 0.001 °C 1 °C/°C 0.001

Other uncertainties
Accuracy of the pressure drop correction 0.0001 bar 19.444 °C/bar 0.0019
DUT Typ A Uncertainty 0.009 °C 1 °C/°C 0.009

Combined uncertainty 0.021
Expanded uncertainty 0.041
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Quantity Components Standard Sensitivity Uncertainty 
(symbol) uncertainty coefficient contribution

Qi u(Qi) ci ui in °C
Dew point 50 °C
  Saturation temperature

Thermometer:
Calibration uncertainty (sensor and indicator unit) 0.005 °C 1 °C 0.005
Long-term stability (sensor and indicator) 0.005 °C 1 °C 0.005
Self-heating and residual heat fluxes (sensor) 0.001 °C 1 °C 0.001
Resolution and linearity (indicator unit) 0.003 °C 1 °C 0.003
Saturator:
Temperature homogeneity 0.005 °C 1 °C 0.005
Temperature stability 0.002 °C 1 °C 0.002

  Saturation pressure**
Pressure gauge:
Calibration uncertainty (sensor and indicator unit) 0.0002 bar 8.222 °C/bar 0.0017
Long-term stability (sensor and indicator) 0.0001 bar 8.222 °C/bar 0.0008
Resolution and accuracy or linearity (indicator unit) 0.0001 bar 8.222 °C/bar 0.0008
Linearity 0.0004 bar 8.222 °C/bar 0.0033
Pressure differences in the saturator cell 0.0000 bar 8.222 °C/bar 0.0002
Stability of the pressure 0.0002 bar 8.222 °C/bar 0.0016
Effect of the tubing between the saturator and the pressure gauge 0.0002 bar 8.222 °C/bar 0.0016

  Gas pressure at the generator outlet**
Pressure gauge:
Calibration uncertainty (sensor and indicator unit) 0.0002 bar 20.889 °C/bar 0.0044
Long-term stability (sensor and indicator) 0.0001 bar 20.889 °C/bar 0.0021
Resolution (indicator unit) 0.0001 bar 20.889 °C/bar 0.0021
Linearity (over a range of ±10 hPa against the calibration point) 0.0004 bar 20.889 °C/bar 0.0084
Stability of the pressure 0.0000 bar 20.889 °C/bar 0.0004
Effect of the tubing between the saturator and the pressure gauge 0.0002 bar 20.889 °C/bar 0.0042

  Saturation efficiency
Saturation efficiency 0.006 °C 1 °C/°C 0.0060

  Uncertainty due to formulae/calculations
Saturation vapour pressure formula(e) 0.006 °C 1 °C/°C 0.006
Water vapour enhancement formula(e) 0.001 °C 1 °C/°C 0.001

Other uncertainties
Accuracy of the pressure drop correction 0.0001 bar 20.889 °C/bar 0.0021
DUT Typ A Uncertainty 0.017 °C 1 °C/°C 0.017

Combined uncertainty 0.024
Expanded uncertainty 0.048



19 
 
 

 

 

 

Quantity Components Standard Sensitivity Uncertainty 
(symbol) uncertainty coefficient contribution

Qi u(Qi) ci ui in °C
Dew point 60 °C
  Saturation temperature

Thermometer:
Calibration uncertainty (sensor and indicator unit) 0.005 °C 1 °C 0.005
Long-term stability (sensor and indicator) 0.005 °C 1 °C 0.005
Self-heating and residual heat fluxes (sensor) 0.001 °C 1 °C 0.001
Resolution and linearity (indicator unit) 0.003 °C 1 °C 0.003
Saturator:
Temperature homogeneity 0.005 °C 1 °C 0.005
Temperature stability 0.002 °C 1 °C 0.002

  Saturation pressure**
Pressure gauge:
Calibration uncertainty (sensor and indicator unit) 0.0002 bar 14.222 °C/bar 0.0030
Long-term stability (sensor and indicator) 0.0001 bar 14.222 °C/bar 0.0014
Resolution and accuracy or linearity (indicator unit) 0.0001 bar 14.222 °C/bar 0.0014
Linearity 0.0004 bar 14.222 °C/bar 0.0057
Pressure differences in the saturator cell 0.0000 bar 14.222 °C/bar 0.0003
Stability of the pressure 0.0002 bar 14.222 °C/bar 0.0028
Effect of the tubing between the saturator and the pressure gauge 0.0002 bar 14.222 °C/bar 0.0028

  Gas pressure at the generator outlet**
Pressure gauge:
Calibration uncertainty (sensor and indicator unit) 0.0002 bar 22.333 °C/bar 0.0047
Long-term stability (sensor and indicator) 0.0001 bar 22.333 °C/bar 0.0022
Resolution (indicator unit) 0.0001 bar 22.333 °C/bar 0.0022
Linearity (over a range of ±10 hPa against the calibration point) 0.0004 bar 22.333 °C/bar 0.0089
Stability of the pressure 0.0000 bar 22.333 °C/bar 0.0004
Effect of the tubing between the saturator and the pressure gauge 0.0002 bar 22.333 °C/bar 0.0045

  Saturation efficiency
Saturation efficiency 0.006 °C 1 °C/°C 0.0060

  Uncertainty due to formulae/calculations
Saturation vapour pressure formula(e) 0.006 °C 1 °C/°C 0.006
Water vapour enhancement formula(e) 0.001 °C 1 °C/°C 0.001

Other uncertainties
Accuracy of the pressure drop correction 0.0001 bar 22.333 °C/bar 0.0022
DUT Typ A Uncertainty 0.015 °C 1 °C/°C 0.015

Combined uncertainty 0.024
Expanded uncertainty 0.047
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Quantity Components Standard Sensitivity Uncertainty 
(symbol) uncertainty coefficient contribution

Qi u(Qi) ci ui in °C
Dew point 69.5 °C
  Saturation temperature

Thermometer:
Calibration uncertainty (sensor and indicator unit) 0.005 °C 1 °C 0.005
Long-term stability (sensor and indicator) 0.005 °C 1 °C 0.005
Self-heating and residual heat fluxes (sensor) 0.001 °C 1 °C 0.001
Resolution and linearity (indicator unit) 0.003 °C 1 °C 0.003
Saturator:
Temperature homogeneity 0.005 °C 1 °C 0.005
Temperature stability 0.002 °C 1 °C 0.002

  Saturation pressure**
Pressure gauge:
Calibration uncertainty (sensor and indicator unit) 0.0002 bar 23.333 °C/bar 0.0049
Long-term stability (sensor and indicator) 0.0001 bar 23.333 °C/bar 0.0023
Resolution and accuracy or linearity (indicator unit) 0.0001 bar 23.333 °C/bar 0.0023
Linearity 0.0004 bar 23.333 °C/bar 0.0093
Pressure differences in the saturator cell 0.0000 bar 23.333 °C/bar 0.0005
Stability of the pressure 0.0002 bar 23.333 °C/bar 0.0047
Effect of the tubing between the saturator and the pressure gauge 0.0002 bar 23.333 °C/bar 0.0047

  Gas pressure at the generator outlet**
Pressure gauge:
Calibration uncertainty (sensor and indicator unit) 0.0002 bar 23.778 °C/bar 0.0050
Long-term stability (sensor and indicator) 0.0001 bar 23.778 °C/bar 0.0024
Resolution (indicator unit) 0.0001 bar 23.778 °C/bar 0.0024
Linearity (over a range of ±10 hPa against the calibration point) 0.0004 bar 23.778 °C/bar 0.0095
Stability of the pressure 0.0000 bar 23.778 °C/bar 0.0005
Effect of the tubing between the saturator and the pressure gauge 0.0002 bar 23.778 °C/bar 0.0048

  Saturation efficiency
Saturation efficiency 0.006 °C 1 °C/°C 0.0060

  Uncertainty due to formulae/calculations
Saturation vapour pressure formula(e) 0.006 °C 1 °C/°C 0.006
Water vapour enhancement formula(e) 0.001 °C 1 °C/°C 0.001

Other uncertainties
Accuracy of the pressure drop correction 0.0001 bar 23.778 °C/bar 0.0024
DUT Typ A Uncertainty 0.013 °C 1 °C/°C 0.013

Combined uncertainty 0.026
Expanded uncertainty 0.050
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Appendix 1: INRIM Calibration Certificate 22-0723-01   
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Appendix 2: Studio della riproducibilità   
 

Al fine di valutare la riproducibilità del campione di trasferimento (MBW 373) e dello strumento di controllo 
(MBW 573) sono state eseguite le misure ai punti del confronto in due sessioni separate (SET 1 e SET 2) a 
confronto con i generatori primari. 
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