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Abstract: The calibrations of great tank provers are carried out by transferring water volume from other calibrated tank prover. In this article, we present the results of two different methods of calibrations of 0,5m3 tank prover in site by using the low viscosity mineral oil. In the first case the standard was a master flow meter and in the other case the weighing method was adopted. The results were very compatibles
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1. INTRODUCTION. 

The calibrations of tank provers (volume provers or volumetric tank or volume gauges) up to 20dm3 are usually realized in the calibration laboratory using water, where there is environmental control, by weighing method, which provides a lower uncertainty. Some tank provers must be calibrated in site since it is impossible to transport them to a calibration laboratory. In these cases, generally there is no environmental control and the calibration is realized by transferring water from standard tanks to the calibrating tank or vice-versa. 


In this article we present the results of two different methods of calibrations in site of 0,5m3 tank prover. In the first case the standard was a master flow meter and in the second case the weighing method was adopted. The calibrated tank prover is the standard of the flow meter calibration system (see figure 1) and the mineral oil is the working fluid. The calibration of the tank prover was carried out by using the same mineral oil of the calibration system instead of water to avoid the estimation of difference between the water film and the oil film, which remain in the tank after the oil discharging.
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Figure 1 - Flow meter calibration system

2. OBJECTIVE.

This study objective is to present two calibration methods of the 0.5m3 tank prover in site using the mineral oil and to analyze the calibrations results. 

3.METHODS


The first calibration of the tank prover was in 1999. The calibration was realized in an accredited flow laboratory without temperature and humidity control. 

The density of the mineral oil was determined at different temperatures, using a hydrometer. The 150kg capacity balance was installed beside the flow meter calibration system (see figure 2). The balance was calibrated three times, before, during and after the flow meter calibration. The positive displacement flow meter (oval gear type) was assembled on the calibration system, which could fill the tank prover or the recipient installed on the balance in order to measure the mineral oil mass. The flow rate was controlled and the mineral oil temperature was monitored. The fluid, mineral oil, passed through the flow meter and it was delivered to the recipient on the balance. The air buoyancy was considered to determine the mineral oil mass. The mineral oil density was estimated by its temperature. The mineral oil volume was calculated as its mass divided by its density. The calculated volume was used as the reference to compare to the measured volume by the flow meter. The tank prover volume was finally calibrated by using the volume measured with flow meter as the reference. The flow meter was calibrate before and after tank prover calibration to confirm that there was no modification on the flow meter performance.
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Figure 2 - First calibration - using mater flow meter


The new calibration was done in 2007 in the same local by the weighing method. The first step was the construction of an apparatus to transfer mineral oil from a recipient to the tank prover and to measure the transferred mineral oil mass (see figure 3). The density of mineral oil was measured in different temperatures using the digital density meter. A 300kg capacity balance was installed beside the tank prover and the balance was calibrated three times, before, during and after calibration of the tank prover. Due to the small capacity of the balance, we had to do two transferences of mineral oil from the recipient to the tank prover in order to complete 500dm3. The transferred mineral mass was determined in each transference. The mineral oil temperature in the tank prover was measured to determine its density. The volume of mineral oil in the tank was calculated as its mass divided by its density. The calculated volume was compared with the indicated volume on the tank prover scale. 
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Figure 3 - Second calibration - weighing method

4.MATHEMATICAL MODEL
The following mathematical model for weighing method was adopted:

Where:

ML1 – liquid (mineral oil) mass at the first transference from the recipient to the tank prover;

ML2 – liquid mass at the second transference from the recipient to the tank prover;

MLi - (apparent mass of the full recipient before transference i of liquid) - (apparent mass of the empty recipient after transference);

apparent massi – is the indicated mass on the balance display with the stated correction on the calibration certificate;

L(TL) – liquid density at temperature TL, (it was determined by a  polinomium);

A – air density during the liquid mass measurement, it depends on the air temperature, the humidity and the absolute pressure;

ab – air density during the balance calibration;

b – density of the standard weigh that was used in the balance calibration;

V – volumetric thermal expansion coefficient of the tank prover;
TL – liquid temperature during the reading of the tank prover scale;

Tt – tank prover temperature;
Tr – tank prover reference temperature;
R – random error due to the repeatability of volume measurement;

V – error due to the resolution of the scale;

5.RESULTS
The relevant influence quantities for the weighing method:

	Quantity
	Contribution to the uncertainty

	ML
	23,9%

	c
	6,0%

	Td
	5,7%

	R
	18,8%

	Vr
	40,6%


The result of the first calibrations using mater flow meter was: volume at 20ºC was 499,78dm3; expanded uncertainty was 0,25dm3 with k=2,28 with 95% of coverage probability (level of confidence).

The result of the second calibrations using weighing method was: volume at 20 ºC was 499,78dm3; expanded uncertainty was 0,18dm3, with k=2,28 with 95% of coverage probability.

6.CONCLUSION

The results of both methods were compatible and the volume of the tank prover was very stable.

The weighing method can provide lower uncertainty, but it requires more complex procedures. Although uncertainty can be higher, the calibration with master flow meter is more simpler and it can be used even in cases when the volume is too great to use the weighing method.
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