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Thispaper isbased on
the 0.1 class 2000L standard
bell prover of gasflow which
Isthe provincial highest
measurement standard
established by our institute.
Theresearch subject of this
deviceisfrom the provincial
science and technology
special project of hebel
province.
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- { 2. Bell prover overview

Bell prover isakind of metering standard equipment
which isused calibrate and test the gasflow meter with gas
asthe medium. Many countries have studied and

established it asareference devicefor low-pressure gas
flow.

Radius M easuring height measuring Grade and Calibration
Instruments | nstruments M ethod of Bell Prover

dlameter ruler 1
thickness meter steel rufer I ”
inside diameter : Oow accuracy whole
micrometer RAeter segment calibration
encoder
laser interferometer grating ruler :
high accuracy segment
special device developed laser interferometer calibration

The main factor affecting the uncertainty of flow measurement of bell prover is

theinter nal volume,whichis obtained by measuring the radius and height.
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' 3. T-he concept of volume coefficient

After calibrating, the specific relationship
between the Inner radius and the heght is
obtained, which is called the volume coefficient of
the bell, with » = f(h).

The volume coefficient model 1s different
between whole section calibration and section
calibration.
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4. @dmmonly used volume coefficient model

o7

Volume coefficient model with low accuracy level bell prover
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'4 3 mmonly used volume coefficient model

E—

an example of the volume coefficient model
with high accuracy level bell
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9: inner top surface of the bell;

1: bell prover;2: bottom support (self-developed);
'8, Measuring camera;
4. Reference datum photographic mark (RRT);

< 5: inner wall of the prover;6: vertical bar RRT;
Q/ 17. Irregular splicing RRT;8: referenceruler;

Using Photography to measure theinner radiusof the bell prover
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. TR * me coefficient model of this paper
———

The cross-section radius of 160 different heightsat 11 mm
Intervalsin therange of 1800 mm of axial height is obtained with
V-star software and the two-dimensional array of heights and
radiusisformed,whichis (h, r,) .

699,7

699,6 -

6995 . .- ——

6994 -

r/mm

6993 -

699,2 - °-

699 y 1 | \ \ | | \
0 300 600 900 1200 1500 1800

h/mm

Institute of Metrology of Hebei Province



me coefficient model of this paper

Matlab software was used for curvefitting of two-dimensional
array.
After analysisand comparison of fitting error, it was deter mined
to adopt eight-time Fourier fitting curve. Its mathematical model is

the next: 8
r=f(h)=ay+ Z[ak cos(kwh) + by, sin(kwh)]|
k=1

ay, a;, b, arethe Fourier coefficients, w isfundamental frequency.
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me of gas discharged from the bell prover

The above volume coefficient model is a continuous function, which
can be calculated by definite integral to obtain the gas volume at any
height of the bell, asshown in formula below:

= [, wr2dh = [,* n[f()]2dh
h, is the height measured by the displacement measuring

mechanism ( Hereisthe grating ruler) before the bell descends,h, isthe
height after the bell descends.
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The bell prover has a liquid leve
balancing mechanism, the liquid
level remaining unchanged during
the bell descending process.

The difference between the
reading head and the internal
liquid level is h,.

The bell descends to discharge
gasthe actual height
corresponding to the volume of
the gas is hy(hl prime) to h,,
however,the height measured by
the grating ruler is hy to h,.
Where, hy = hy — h, ,
h, = h, — h,.

The volume of the gas in the bell
at the initial position is V4,and at
thefinal positionis V,.
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'--- 6f gas discharged from the bell prover

During this descent, the volume of the gas discharged
from the bell is:
Vp=V1—-V;
h h h
— nfhlz f?(h)dh + ﬂfh'll f?(h)dh — «t fh'; f?(h)dh

- f,ff f2(h)dh + Tt f,f‘f f2(h)dh + T f,:le f2(h)dh

o f:l fz(h)dh—ﬂf:lz fz(h)dh Definite
2 - |ntegral
_ T[fh'lz fz(h)dh — nfhl— ccfz(h)dh property

It can be seen that the grating ruler measures the
desending height ,the actual volume of the gas discharged is
equal to the volume corresponding to desending height
trandlated downward by h..
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7.Conclusion
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thereisnotransverseweld in the height
section of the actual discharged

the height of the actual discharged

Not the height indicated by the grating ruler
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