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Abstract

Vibration tube liquid density meter（on line）standard facility is established at XJMT. The facility is constituted of double seal thermostatic chamber with 8 workbenches of rotating disc type and High temperature ＆ pressure digital density meter that works as standard to calibrate vibration tube liquid density meter on line.In the temperature range of (10～60)℃, and the density range of (700～1400)kg/m3,the standard device stability and the deviation of density distribution along profile are both less than 0.15%.The calibrationg results and analysis suggest that the expanded uncertainty of Density measurements is evaluated to be:U=0.1kg/m3,k=2. Vibration tube liquid density meter is widely used to measure the crude density of China-Kazakhstan pipe laying on line,and is uesed as standard for hydrocarbon flow standard facility also.The design and experimental analysis of vibration tube liquid density meter standard facility can be widely applied to calibrate vibration tube liquid density meter to acquire the coefficitent k(adjustment coefficient of vibration tube liquid density meter on line).


1. Introduction

Vibration tube liquid density meter（on line）is used widely in the fields of industrial production, the international oil trade settlement, and hyrocarbon flow standard facility.To solve the problem of  vibration tube liquid density meter calibration it is the tusk for Xinjiang Institute of Measurement & Testing Technology(XJMT) to establish standard facility. Primary density meter or standard densit meter is taken as reference meter to calibrate general industrial density meter, however , quantity transfer and traceability about vibration tube liquid density meter is complex and difficult.Research purpose of vibration tube liquid density meter standard facility is to solve this problem, and does not affect the accuracy of the measurement results. 
The chain of traceability at XJMT is showed as figure 1.The measurement standard is made up of grade I standard density meter group and portable desktop vibration tube liquid densiy meter.its density value be traceable to primary standard group.In order to improve the work efficiency, especially for low accuracy degree vibration tube liquid density meter, the introduction of the secondary standard - vibration tube liquid density meter - values transfer through the standard meter method.Standard facility is used to cover the range of (650～1400) kg/m3. In this paper the secondary standard is not discussed because the stability of density and feasibility  is under investgation 
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Figure1: Chain of traceability at XJMT
2. Design & expriment
2.1 Principle of vibration tube liquid desity meter on line 
Vibration tube liquid density meter structure as shown in figure 2, is mainly composed of detection and  frequrency continuous amplifier.Testing parts is mainly composed of vibration components, detection and drive coil,and the core is vibration components and sensors.

Frequency amplifier is mainly composed of electronic components and electronic circuit, its function is to provide energy to the vibration components, keeping continuous stable vibration, and detection unit and amplifier is a magnetic coupling.
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Figure2: Features of vibration tube liquid density
The principle of vibrating tube liquid density meter is based on relationship between the frequency of the vibration body (element) and density. Elastic mechanics theory is that when keeping constant geometric size, shape and material of vibration tube, vibration frequency is only determined by the quality of the vibration system.The quality of a certain volume of fluid flow through the vibration tube is determined by its density, and density change is going to change the tube of the natural vibration frequency. For vibration tube, according to the presence of the fluid through, vibration frequency be provided by:
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Where, v is frequency of vibration tube in flow, v0  is frequency of vibration tube unflow, Δm is quality of the fluid(vibration with vibration pipe), m is quality of vibration pipe.
The relationship between vibration frequency and fluid density theory should be:
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Where, ρ is densty of fluid, k is constant(related to the vibration pipe geometry size, material), T is period of vibration tube in flow, v0  is period of vibration tube unflow.
Due to the vibration tube is not ideal elastomer, and in the case of a fluid involved in vibration, the vibration is not continuous, uniform, and there are differences between the actual situation.The following formula is used to describe the resule of density and the vibration period:
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Where, k0、k1、k2 ​is constant of density meter.
2.2 Standard facility of Vibration tube liquid density meter on line
According to the relation between the density and frequency, vibration for tube liquid density meter, a set of optimal equation is given through least square cureve fitting by frequency and density date, determining coefficent k0、k1  and k2.Therefore, the key of the problem is the need to accurately measure the density of the fluid and the vibration period(the reciprocal of frequency).It is easy to measure the vibration tube period , but the difficulty is the accurately  fluid density value.
Least square method is used to solving the three constants k0、k1 and  k2 ，including the function of MATLAB or Excel VB funtion. The MATLAB function polyfit is uesd in polynomial fit , as follows:
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Where, n is the highest order number of polynomial, x ,y are fitting data by form of array. The fitting equation of output p can be provided by :
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Where , s is fitting standard residual.
The fitting function by Excel VB shoud be :
Rangeresult.cells=worksheetfunction.linEst(range1,range2,1,0).
The principle of standard facility of vibration tube liquid densty meter on line is shown in figure 3. Opening pipeline valve and circulation pump, the liquid is entered in the density meter from bottom to top.  After all air bubble in the system is eliminated, then hold temperature of liquid of circulatory system is constant. When the temperature and pressure stability, and determination of the density of the fluid and the vibration period. The value about density and vibration period of fluid is measured, after temperature and pressure of system on stability. According to the test of density range, choose more than 5 kinds of different density of material experiment, measureing the density value by standard density meter group, and measureing frequency value by frequency meter.
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Figure3: Calibration layout for liquid density
When the temperature average value of import/export of  the liquid density meter achieves (20±0.1) ℃, computer record period value T of density meter, and began to measure the denstiy value ρat the same time.Each group density data is measured at least three times.
Due to " after  standard density meter`s value is stable " ideal condition restriction, so the standard facility use portable desktop vibration tube density meter as the  standard, aims to reappear the real working condition liquid density values (the dynamic flow of liquid temperature and pressure values) .
For low accuracy class vibration liquid density meter (0.5, 1.0 or 2.0), the standard facility consists of standard meter and densimeter in parallel. when two standard meter density values are consistent, and the temperature & pressure of the system is  stability, measure they vibration period value. Through the standard meter method, vibration tube density meter transfer is solved accurately.
2.3 Features of system
The arrangement of standard facility is showed in figure4. The fluid through thermostatic bath, vibration tube density meter (from bottom to top), overflow cylinder, get back to the thermostatic bath finally. The role of the overflow cylinder is keep a continuous flow of liquid, at the same time, measuring temperature, density and vibration frequency.
In order to solve dynamic measurement difficulty of standard density meter group, the portable desktop vibration tube density meter is used in facility, as a supplement to the standard measurement.
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Figure 4: Standard facility layout
Considering installation characteristics of the vibration liquid density meter (installed in horizontal or vertical), working structure as follows figure 5, on the left side for vertical installation, balancing standard meter method, the rotatable workbench is on the right and can be installed vertically, also can be installed horizontally.
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Figure 5: Workbench layout
2.4 Data processing & temperature correction
Values transfer for tube liquid density meter, the  standard measurement is  standard density group, so the final density meter values should corrected.
Standard density meter standard temperature is 20 ℃, when the temperature in overflow cylinder is not 20 ℃, the density corection of ρa should be calculated by:




(5)
Where, Δρ1 is corection value of standard density meter, ρa is indicating value of standard density meter, β is volume expansion coefficiency of glass.
When the temperature taverage(the average temperature at each end of vibration tube density meter) is not equal to the temperature tcylinder (the temperature in overflow cylinder), the density corection value  should be calculated by:



 
(6)

Where, Δρ2 is corection value of standard density meter, r is temperature coefficient of fluid denstiy.
While reading value of standard density meter by on the meniscus ，Δρs (reading difference correction of upper and lower meniscus) and Δρ (corrected value of standard density meter) should be calculated.
Finally, the truth denstiy value of vibration tube liquid meter by the standard density meter can be expressed as (7):




  (7)
Difference about working and trace temperature of vibration tube liquid density meter on-line is very apparent, the key point of data processing is how to solve the density correction because of temperature different.
Vibration tube liquid density meter calibration temperature was conducted in 20 ℃ or so.On the basis of the experimental temperature taverage and liqued, refer to temperature-density table, liquid density value of the corresponding
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 is concluded in taverage.The density value are calculated by vibration period under different temperature, according to the n sets data, to solve coefficient  K18，K19  by the least squares,as follow (8):
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2.5 Pressure correction
Because of the vibration tube liquid density meter actual working pressure is different with verification, so need to pressure correct for density.

Each virbration period value Taverage are obtained by pressure experiment, to the fitting formula, calculating the density 
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 each pressure point.Depending on the liquid and table, getting liquied compressibility F and density ρ0 under standard atmospheric pressure, actual density value can be expressed as (9) ,





(9)
Density value be calculatd in each pressure-point by looking-up table, and coefficient of K20, K21 be calculated by least square equation, as follow (10):




  
(10)
3. Uncertainty evaluation of standard facility
Determining formula (4) by the experimental method, k0、k1 and k2 is constant of the sensor. The curve is fitted by measurement ρ-Tvalue.
3.1 Analyses of influence factor
Experiments show that liquid temperature in the overflow cylinder is always lower than the temperature of the competent road, even if the temperature correction, still have an impact on the result of the measurement.
The temperature changes of liquid and the ambient can cause the change of sensor geometry parameters, elastic modulus and density of the material, which leads to the change of the resonant frequency, causing measurement error, so the temperature is one of the main factor causing the error.
At the same time, the liquid pressure, the bubble also have influence to the measured results in verificaiton process. Vibration period is reduced because due to bubble in the pieline , so it result that measurements in the pipeline is smaller than the actual value of the density.

3.2  Uncertainty analyses
Vibration tube liquid density meter on-line standard facility be composed of the main standard (the standard density meter group and portable desktop vibration tube density meter) and the supplementary equipment. The supplementary equipment mainly includes the frequency meter, thermometer and multifunctional pressure calibration instrument.
When using the standard density meter (or portable desktop vibration tube liquid density meter) for calibration to vibration tube liquid density meter on line, the evaluation of uncertainty budget is showed as Table  1.
Table 1:  Uncertainty budget
	source
	u(xi)

（kg/m³）
	Combined standard uncertainty
	Combined expanded uncertainty

	
	
	
	

	repeatability of density
	0.02
	uc=0.05
kg/m³
	U=0.1kg/m³

k=2

	Indication of meniscus
	0.009
	
	

	Stanadard density meter
	0.02
	
	

	Indication of frequency
	0.0029
	
	

	Sacle interval of thermomoeter
	0.0058
	
	

	Temperature variation of liqued
	0.012
	
	

	Fitted curve
	0.04
	
	


4. Conclusion & discussion
Vibration tube liquid density meter on line standard facility is established at XJMT. The facility is constituted of  workbench with six position and standard density group that works as standard to calibrate vibrationg tube liqued density meter on line. In the denstiy range of (650～1400) kg/m3，the temperture and pressure stability and the deviation of its distribution along profile are both less than 0.2%.  To realize traceability of standard facility is developed. The calibration results and analysis suggest that the expanded uncertainty of standard facility measurements is evaluated to be U≤0.1kg/m3，k=2.
In  this paper portable desktop vibration tube liquid densiy meter is used to standard measurement, however ,it is different of  traceability because primary standard denstiy meter group didn't  calibrate  high temperature and high pressure  vibration  tube densty meter. In addition, standard meter method facility in the experiment, and feasibility is expected to be analyzed and investigated.
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