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Abstract — The calculation of gas volume flow, reduced to
standard conditions, using differential pressure method, was
analyzed. New algorithm for calculating natural gas volume
flow, reduced to standard conditions, considering the
equivalent roughness of the internal surface of the measuring
pipeline, measured in real time, was obtained. It will allow to
increase the accuracy of measuring natural gas volume flow
by differential pressure method.
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I. Introduction

At the present stage of development of instrument
engineering receiving highly accurate measurement results
of roughness of the internal surface of the measuring pipeline
is important. It stimulates the development of new
approaches to the development of tools and methods for
measuring roughness of the internal surface of the measuring
pipeline in order to increase accuracy of measuring natural
gas volume flow and quantity.

Il.  Analysis of Calculation of Natural Gas
Volume Flow Considering Roughness
of Internal Surface of Measuring Pipeline

The calculation of gas volume flow, reduced to standard
conditions, carried out by the mathematical model [1] of
differential pressure method, which includes equations [2-4]:
to calculate coefficients and parameters that are included in
gas flow equation; to determine the conditions of application
and limitations of differential pressure method. However value
of equivalent roughness of internal surface of measuring
pipeline is given as the input value in this model, not measured
in real time. It introduces additional component of
measurement results uncertainty in the determination gas
volume flow ¢., reduced to standard conditions. As can be
seen from mathematical model of differential pressure method
[1], determination g, requires complex iterative process. Thus
the task of development of the algorithm for determining gas
volume flow, reduced to standard conditions, considering the
equivalent roughness R, of the internal surface of the
measuring pipeline, measured in real time, for standard orifice
plate with corner pressure tappings. It will increase the
accuracy of measuring natural gas volume flow, reduced to
standard conditions, by indirect method.

[ll. Algorithm of Calculation

The calculation of gas volume flow, reduced to standard
conditions, considering roughness of internal surface of
measuring pipeline, requires determination equivalent
roughness R,; of internal surface of measuring pipeline in
real time.

The input data for determination ¢. considering
equivalent roughness of internal surface of measuring
pipeline, measured in real time:

— - value of gas absolute pressure p;

— - value of pressure drop Ap on standard orifice plate;

— - natural gas temperature ¢

— - standard orifice plate diameter d,, at temperature 20
°C and linear expansion coefficient oy, of the material
from which standard orifice plate is manufactured,

— - internal diameter of the measuring pipeline D,, at
temperature 20 °C and linear expansion coefficient o, of
the material from which measuring pipeline is
manufactured;

— - initial radius r, of orifice plate input edge and the
period of time of orifice plate exploitation t,;

— - densityp, of natural gas at standard conditions;

— - molar fraction of carbon oxide x, and molar fate of
nitrogen x, in natural gas;

— - the pressure loss 4p; between the inlet face of a
standard orifice plate and at a distance / from the standard
orifice plate that arise due to friction of natural gas on the
wall of the measuring pipeline.

The determination of gas volume flow, reduced to
standard conditions, considering equivalent roughness of
internal surface of measuring pipeline, , measured in real
time, carried out by following algorithm:

1) calculate value of thermodynamic temperature 7' of
natural gas by the equation [2]

T=/.(t); (1
2) calculate average value of pressure p on section L

of measuring pipeline by the equation [5]
r=r,(p.Ap,); ©)

3) calculate isentropic exponent x of natural gas by the
equation [6]

k=f(p.T.p..%,); 3)

4) calculate natural gas dynamic viscosity p by the
equation [6]

n="f,(p7.p..x,.x,): @

5) calculate average value of density p of natural gas by
the equation [6]

p=1,(p.T.pex,.x, ); 5)

6) calculate average value of density p, of natural gas
on section L of measuring pipeline by the equation [6]

pL:f;(p,T,pC,xa,xy); 6)

L
7) calculate standard orifice plate diameter d at
operating temperature of natural gas by the equation [2]

d = f(dyy, 0ypst); ™)
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8) calculate internal diameter D of the measuring
pipeline at the entrance of standard orifice plate at
operating temperature of natural gas by the equation [2]

D = f,(Dyg,0,0,1); ®)

9) calculate diameter ratio 3 of the standard orifice plate
the equation [2]

B=/p(d,D); ©)

10) for B value of input speed coefficient £ by the

equation [2]
E=7:PB); (10)
11) determine the value of correction factor K, which
takes into account blunting of the input edge of the
standard orifice plate, by the equation [3]

K, =fg (d.r,.1;): (1)
12) calculate value of expansion factor £by the equation [3]

e=f.(B.p.Ap); (12)

13) take the first approximate value of the Reynolds
number Re;, which is 10°;

14) calculate value of discharge coefficient C; by the
equation [2]

C = f. (B,Re,, D); (13)

15) determine roughness R, of the internal surface of
the measuring pipeline by the equation

R, =D(3,71-10 %" —18,684,,), (14)
where A4y is coefficient determined by the equation
%=iJ 2 — (15)
2D\ Ap,2p+Ap,)p, D

16) calculate the value of correction factor Kj,;, which
takes into account roughness of the internal surface of the
measuring pipeline, by the equation [3]

Kml =fK (RLT_ll’B’Re])D);

» (16)

17) calculate the value of gas volume flow gci, reduced
to standard conditions,by the equation [4]

4. =ch, (d’CHE’Kml’KH’S’Ap’p); a7

18) itemize value of the Reynolds number Re, by the
equation [2]

Re, = fRe2 (qcl’D’ pc’“)’ (18)
for which calculate value of discharge coefficient C,,
roughness R, value of correction factor K,;, which takes
into account roughness of internal surface of pipeline, and
value of gas volume flow gc; by items 14)-17);

19) calculation of R, Re, C, K, and ¢, carried out until
the relative deviation J,.; between obtained value of gas
volume flow ¢ and its previous value q..; will satisfy
condition [4]

qci -1 qci
qci

8, =100 <107, (19)

During calculation of gas volume flow, reduced to
standard conditions, considering roughness of internal
surface of measuring pipeline, measured in real time,
necessary to enforce system of conditions for execution
and application of differential pressure method [1].

Conclusion

The calculation of gas volume flow, reduced to
standard conditions, using differential pressure method, is
analyzed in this paper.

New algorithm for calculating natural gas volume flow,
reduced to standard conditions, considering the equivalent
roughness of the internal surface of the measuring
pipeline, measured in real time, is obtained.
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