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1. Introduction

Euramet Project n0.1384 compares the calibration results of VNIIM (Russia) and VSL

(the Netherlands). The artefact that is used for the comparison is a special designed 1000 dm?
proving tank. Both participants use the gravimetric method to determine the volume of the proving
tank. The comparison will allow the participating institute VNIIM to test whether their results and
uncertainties are in agreement with the results of VSL and provide support to a CMC claim for this
type of calibration. The results of VSL are verified during the EURAMET-P1157 comparison and
are consistent with the CMC claim of VSL. The CMC claim of VVSL in the CIPM-MRA database is
0.01% for a 1000 dm?* volume.

The participants in the bilateral comparison are:

VSL B.V.

Liquid Flow and Volume
Thijsseweg 11

2629 JA Delft

The Netherlands

and

D.l. Mendeleyev Institute for Metrology, Rosstandart, (Russian Federation)
190005 Moskovsky pr., 19

St. Petersburg

Russia

The comparison started in May 2016 with the determination of the volume of the proving tank by
VNIIM. Then the proving tank was shipped to VSL that calibrated the volume in turn. Finally the
proving tank was shipped back to VNIIM for the final calibration of the proving tank to
demonstrate stability of the proving tank.
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2. The transfer standard

figure 1: proving tank of VNIIM figure 2: deS|gn of the proving tank
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The proving tank is the property of VNIIM and has the following specifications (see figures 1 and

2)

10X17H13M2T stainless steel construction (analog AISI 316T)

1000 dm?® nominal volume at 20 °C

double windows (glass plates) in the neck (front and back)

the proving tank is of the overflow type

approximate mass: 300 kg

diameter of main body: 1.44 m

overall height: 2.14 m

inner diameter of the overflow neck: 51 mm

coefficient of cubical thermal expansion of the proving tank: 0.0000498 °C!
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3. Calibration method

The participating institutes both used the gravimetric calibration method to determine the volume of
the proving tank of 1000 L.

The results are given for a reference temperature of 20 °C.

While emptying the proving tank a waiting time of 60 seconds after the flow was disrupted has been
observed before closing the drain valve.

When the proving tank arrived at the participating institute after transport a visual inspection was
made. VSL being the pilot laboratory for this comparison was informed about the departure and
arrival dates and about the results of the visual inspection.

VNIIM used the following formula to calculate the volume of the test measure:

VOZ(WHZO MQJX{ L Jx(l_&jx(l_j/'(ti_20))+Vevap (1)
Wg pHZO - pair pg

In which:

Vo - volume at the reference temperature 20 °C (dm?®)

Wh2o - weighing result of the water (kg) (readings of the mass comparator for water)

Wy - weighing result of the mass standard (kg) (readings of the mass comparator for mass
standard)

Mg - conventional mass of the mass standard (1000.00077 kg)

pzo - density of the water (kg/dm?) at the calibration temperature t; (°C) result from density
measuring instrument DMA5000M, Anton Paar

pair - air density (kg/dm?) according to equation (3) from Calibration Guide EURAMET cg-19
[1]

Dy - density of the mass standard, (7,8957 kg/dm?®);

y - cubic thermal expansion coefficient of the material of the tank under calibration (°C*)

ti - liquid temperature used in the calibration (°C)

Vevap - the amount of water evaporation during the measurement (dm?®)

VSL used a formula based on 1SO 4787 [2] to determine the volume of the 1000 dm?® proving tank
with the gravimetric method:

1 o, 1
V... =m, x—x(l——o}« 1 (2)
P ! pliq_pa Pw |_1+7/pt(tliq_tptrt)J
In which:
Vprt - Volume at reference temperature (dm?®)
miqg -  h—le; 4: Weighing result (or result of the substitution, double substitution or other

method of weighing) of the recipient full with liquid (kg); & : Weighing result (or result
of the substitution, double substitution or other method of weighing) of the empty
recipient (kg)

piq - Density of the liquid (kg/dm®)

pa - Airdensity (kg/dm®)
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m - 1.2kg/dm?

pw - Density of masses used during measurement (substitution) or during calibration of the
balance, assumed to be 8.0 kg/dm?®

mo - Cubic thermal expansion coefficient of the material of the instrument under calibration
(°CY)

tig -  Liquid temperature (°C)

trt -  Reference temperature for which the volume is calculated

4. Working conditions and equipment used

The working conditions in the laboratories of the participants are described in table 1:

Table 1 — Working condiitions

Temperature Density Air Atmospheric | Relative
of water of water temperature pressure humidity
tw Pw ta P RH
(°C) (kg/dm?) (°C) (hPa) (%)
VNIIM 20.00 0.998174 20.02 1015.76 54.9
VSL 20.80 0.998347 21.36 1018.36 64.0

4.1. Type of water

The water production method and the formula or method used to determine the density are
described in table 2.

Table 2 — Water characteristics of gravimetric method

Production Method Density formula (or table)

Density measured with Anton Paar Density

VNIIM distilled water Meter DMAS000M
PTB 1990 (Spieweck, Bettin) [3]
VSL Tap water stored in the lab for at least | Density off set calibrated with Anton Paar

one week Density Meter DMA5000 by direct

comparison with double distilled water

VSL applied corrections to the results of the density formula for the impurity of the used water in
order to have the correct water density.
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4.2. Mass standards
Some information about the type of mass standards is given in table 3.

Table 3 — Mass characteristics

Manufacturer Type Upper range Value
(kg)
VNIIM Petves E2 1000
according to the calibration
VSL Eegema certificate 17418/1409-2 1000
U=10g
4.3. Balance
Information about the type of balance is given in table 4:
Table 4 — Balance
Upper range Value Resolution
Manufacturer Type
yP (kg) (kg)
VNIIM Petves BK-1000/2M 1300 0.002
VSL Wohwa 40 3500 0.020

The upper range and resolution of the balance is variable and can influence the declared uncertainty.

5. Measurement results

5.1. Stability of the TS

VSL was the pilot laboratory of the comparison. However, VNIIM performed the first and last tests
which were used to determine the stability of the Prover Tank. The results of the stability
measurements are presented in table 5.

Table 5 - Stability of the TS

Measurement Date Volume U .
(dm?3) (dm?3) (dm?3)
Initial May 2016 999.814 0.055
VNIIM 0.014
Final October 2016 999.800 0.055

The uncertainty associated with the stability is estimated to be 0.014/2v3=0.004 dm®.
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5.2. Measurement results

Initially the value of the first test was taken as the official result of VNIIM. However, after
analysing and discussing the results it appeared that the procedures to determine the volume of the
prover tank were not entirely the same at VNIIM and VSL. The differences between the procedures
were 1) opening and closing the drain valve and 2) the total draining time. VSL opened the drain
valve and waited 6 minutes before closing the drain valve. The situation after closing the drain
valve was the start position for the next test. VNIIM opened the drain valve and waited 10 minutes
before closing the drain valve. Before continuing with the next test the drain valve was opened and
closed at least one more time in order to get the water entrapped in the valve out of the proving
tank.

The consequence of the longer drain time and opening and closing the drain valve a second time
was that the volume of the proving tank measured by VNIIM was larger than the volume of the
proving tank measured by VSL. Tests performed by VNIIM while observing the same draining time
as VSL and closing the drain valve after the drain time without reopening the drain valve
demonstrated that the difference with the previous measurements was about 37 ml. With the new
measurement results of VNIIM the difference between the volumes determined by VSL and VNIIM
was reduced. It was agreed between VNIIM and VSL that for the comparison the results that are
obtained with the same procedure are used. The measurement results of the participants are
presented in table 6. The uncertainty includes the uncertainty due to the stability of the transfer
standard.

Table 6 —Measurement results for the comparison

Volume u U
(dm?) (dm?) (dm?3)
VNIIM 999.777 0.028 0.056
VSL 999.682 0.042 0.084

5.3. Determination of the Degree of Equivalence between the participants

The procedure as proposed by Cox [4] was used to calculate the Degree of Equivalence between the
participants.

dij= Xi - X; (3)
U(di;) = 2 x u(dij) 4)
Where u(di;) is calculated from

u?(dij) = u?(xi) + u(x)) (5)

The factor 2 in equation (4) corresponds to a 95% coverage interval under the assumption of normal
distribution of the results.

Table 7 — Degree of Equivalence

delta U _delta Degree of
(dm?3) (dm?3) Equivalence
0.095 0.101 0.94
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6. Uncertainty presentation

Both participants presented their uncertainty calculations based on the GUM [5].

The uncertainty calculation for each NMI/DI is as follows:

Quantity Value Distribution Standard | Sensitivity | Uncertainty Comment / Explanation
(xi) uncertainty | coefficient u(yi)
U(X\) Ci
Repetibility of vol
sl b it 9.99E-03 norm 9.99E-03 1 0.010
measurements, dm
Mass of standard weight,(kg) | 1000.00078 rect 5.00E-03 1 0.003
Air Density (kg/dm®) 0.0012 rect 5.80E-07 877 0.001 Spieweck’s formula
Water Density (kg/dm®) 0.998 rect 1.00E-05 -1004 -0.006
Density of the mass pieces
a4 el 7.8957 rect 1.00E-03 | 2.00E-02 0.000
(kg/dm®~)
Cub. Coefficient of expansion
of the test measure material 4.65E-005 rect 5.00E-06 3000 0.009
Cch
Water temperature (°C) 19.998 rect 0.02 -5.00E-04 0.000
Drift of mass-comparator, kg 4.00E-02 rect 4.00E-02 1 0.023
Discrete of mgss-comparator 2.00E-03 norm 1.00E-03 1 0.001 1-st for weighing of mass standard
reading, kg
Discrete of mass-comparator | -, e 3 norm 1.00E-03 1 0.001 2-nd for weighing of water
reading, kg
Water evaporation, dm?® 2.00E-02 rect 5.00E-03 1 0.003
Combined Uncertainty
dm3) 0.028
Effecti
ective Degrees of 233
freedom
k 2
Ex taint
panded Ur;cer ainty 0.055
(dm*)
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VSL

Quantity Unit Estimate (3 Source U Probability Divisor Standard u (Vo) fuiV eV s
X X x]™* (m3) distribution uncertainty (m3) (%)
u(x i)
m g (kg) 996.90 100E-03 1 5.25E-02 Normal 2.000 2.63E-02 2.63E-05 0.0026%
Po (kg/m®) 12 -125E-04 2 3.23E-03 Normal 2.000 161E-03 -2.02E-07 0.0000%
P (kg/m?) 8000 188E-08 3 3.00E+02 |Rectangular 1732 173E+02 3.26E-06 0.0003%
4 4.45E-03 Normal 2.000 2.23E-03 -2.23E-06 -0.0002%
e (kg/m?) 9988 100E-03 5 11E-02 Rectangular 1732 6.43E-03 -6.45E-06 -0.0006%
6 2.23E-02 | Rectangular 1732 129E-02 -129E-05 -0.0013%
7 2.00E-02 Normal 2.000 100E-02 -100E-05 -0.0010%
Pa (kg/m?) 11955 100E-03 8 3.23E-03 Normal 2.000 161E-03 162E-06 0.0002%
Vt (€th 4.98E-05 -156E+00 9 249E-06 |Rectangular 1732 144E-06 -2.24E-06 -0.0002%
10 2.00E-02 Normal 2.000 100E-02 -4.98E-07 0.0000%
t g () 2156 -4.98E-05 n 5.00E-02 |Rectangular 1732 2.89E-02 -144E-06 -0.0001%
2 100E-01 | Rectangular 1732 5.77E-02 -2.87E-06 -0.0003%
t oo (C) 20 4.98E-05 - 0.00E+00 - 1000 0.00E+00 0.00E+00 0.0000%
ey (m?) 0 100E+00 3 2.60E-05 -- 1000 2.60E-05 2.60E-05 0.0026%
Jsu (m?) 0 100E+00 4 100E-05 | Rectangular 1732 5.77E-06 5.77E-06 0.0006%
Son (m®) 0 100E+00 5 2.00E-06 [ Rectangular 1732 115E-06 115E-06 0.0001%
Srp (m®) 0 100E+00 16 5.00E-06 [ Rectangular 1732 2.89E-06 2.89E-06 0.0003%
Standard uncertainty u s (m®)/ (%) 4.19E-05 0.0042%
Standard uncertaintyu » mean (m®)/ (%) 2.54E-06 0.0003%
Combined uncertaintyu (m®)/ (%) 4.20E-05 0.0042%
V.ir Welch Satterthwaite equation (effective degrees of freedom) 671349 671349
t-value devided by 2 as calculated on V. for the Welch Satterthwaite equation 1 1
New Standard uncertainty u , mean (m®)/ (%) (only when t-value devided by 2 is larger then 1) 2.54E-06 0.0003%
New Combined uncertaintyu (m?®)/ (%) 4.20E-05 0.0042%
Coverage factor [k ] 2 2
Expanded uncertainty U (m®)/ (%)
Sources
1 = Uncertainty in the calibration of the w eighing balance and reading of balance during calibration of proving tank (including w eight)
2 = Uncertainty for air density during calibration of balance (T, P and RH [calibration, variation and time stability])
3 = Uncertainty in constant values
4 = Uncertainty of temperature sensor fixed in proving tank
5 = Uncertainty due to time stability of the temperature sensor of the proving tank
6 = Uncertainty due to variation of temperature in the prover tank (temperature measurement is a spot measurement)
7 = Uncertainty in the w ater density off set calibration including difference betw een PTB equation and Tanaka equation and air in w ater
8 = Uncertainty for air density during calibration of the proving tank (T, P and RH [calibration, variation and time stability]) see calculation below
9 = Uncertainty in constant values
10 = Uncertainty of temperature sensor fixed in proving tank
1 = Uncertainty due to time stability of the temperature sensor of the proving tank
12 = Uncertainty due to variation of temperature in the prover tank (temperature measurement is a spot measurement)
13 = Uncertainty due to evaporation of w ater during delivery from tank to w eighing scale (Euramet doc)
14 = Uncertainty due to possible air bubles on inside of proving tank (Euramet doc)
15 = Uncertainty in the difference of w ater in the hose betw een runs from proving tank to scale (procedures)
16 = Uncertainty in the tranfer point filling and draining of the proving tank and spirit level placement
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7. Conclusions

Euramet Project n0.1348 compares the calibration results of VNIIM (Russia) and VVSL

(the Netherlands). The artefact that is used for the comparison is a special designed 1000 dm?
proving tank. Both participants use the gravimetric method to determine the volume of the proving
tank. The results of VSL are verified during the Euramet Project no.1157 and are consistent with the
CMC claim of VSL.

In May 2016 Euramet Project n0.1348 started with the determination of the volume of the Proving
Tank by VNIIM. Then the proving tank was shipped to VSL that calibrated the volume in turn.

After the Prover Tank was returned to Russia VNIIM determined the volume of the Prover Tank a
second time. The difference between the two measurements performed by VNIIM was 0.014 dm?
and was used to demonstrate the stability of the Prover Tank. The uncertainty associated with the

stability is estimated to be 0.014/2Y3=0.004 dm®.

After discussion about the calibration procedures VNIIM determined the volume of the Prover Tank
a third time in compliance with the procedure of VSL. With the new measurement results of VNIIM
the difference between the volumes determined by VSL and VNIIM was reduced. It was agreed
between VNIIM and VSL that for the comparison the results that are obtained with the same
procedure are used.

The procedure for evaluation of comparison results as proposed by Cox [4] was used to calculate
the Degree of Equivalence between VNIIM and VSL.

Result of the comparison:

Delta U _delta Degree of
(dm?3) (dm3) Equivalence
0.095 0.101 0.94

The result of the comparison comply with the requirement that the Degree of Equivalence between
participants should be smaller than 1. Therefore the volume of the Prover Tank as determined by
VNIIM with the associated uncertainty is comparable with the result of VSL.
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