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The fixing of the operating system of a gas well consists
in the adjusting of the pressure and the flow, by a suitable
choice of the diameter of the adjustable bean and / or by
the mounting of a fixed bean to the outlet of the christmas
tree or of the feed pipe, near the well [1, 2]. At the passage
of gas through the bean orifice, there can be two types of
flow regimes: the sonic flow regime (critical) or the
subsonic flow regime (non-critical) [3-7].The sonic flow
regime is achieved when at the passing of the gas through
the bean, it reaches a value of the rate of velocity of the gas
equal to the velocity of sound in gas (the velocity of the
sound in the natural gas is 400 m/s). In the critical flow
regime, the pressure ratio values (downstream pressure
of the bean P2 on P1 upstream pressure of the bean), is

 In this case, the backpressure in the feed

pipe does not affect the flow of gases, the gas well
behaving as it delivers into the atmosphere. The subsonic
flow regime is achieved when the gases (passing through
the orifice of the bean) flow at a velocity less than the
velocity of the sound in gas. In this case, the flow rate of
the gas well decreases with the increasing of the
backpressure in the feed pipe. This situation entails the
increasing of the pressure in the entire network of pipes,
which results in the decreasing of the flow rate of all
extraction wells. In this case, the value of pressure ratio is

between   The gas flow passing through the
bean of the christmas tree is calculated by the formula:

(1)

where δ is the relative density of methane. Only in this
situation it applies the equation:

     ,

       

     (2)

Influence of Natural Gas Composition on Gas Flow Measurement
using Cylindrical Beans

FLORINEL DINU1*, ION PANA2, IULIANA GHETIU1, MIHAELA NEAGU3

1Petroleum– Gas University of Ploiesti, Faculty of Petroleum and Gas Engineering, Department of Wells Drilling, Hydrocarbon
Extraction and Transportation, 39 Bucuresti Blvd., 100680, Ploiesti, Romania
2Petroleum – Gas University of  Ploiesti, Faculty of Mechanical and Electrical Engineering, Department of Mechanical Engineering,
39 Bucuresti Blvd., 100680, Ploiesti, Romania
3Petroleum and Gas University of Ploiesti, Faculty of Petroleum Refining and Petrochemistry, Department of Petroleum Refining
and Environmental Protection Engineering, 39 Bucuresti Blvd., 100680, Ploiesti, Romania

This paper proposes a mathematical model in which will be used both the classical equations and the
modern mathematical correlations appeared in the literature concerning the determination of the physico -
chemical parameters of the gas mixtures. All these are aimed to develop a modern methodology and a
computer model, to design and sizing properly and fast of the calibrated orifice diameter of the cylindrical
beans, commonly used in the natural gas producing companies. The results of the calculation achieved on
the basis of the developed model lead to an error of 3.12 %, compared with the experimental results.

Keywords: gas flow measurement, natural gas composition, cylindrical beans

* email: flgdinu@upg-ploiesti.ro; Tel.: 0721213200

where C2 is  the flow coefficient of a cylindrical calibrated
bean. In (1) we denote by ϕ the function that expresses
the relationship between the flow rate Q and the pressure
ratio β:

    
         (3)

where:
Q is the volumetric flow rate of gas in Nm3/day;
μ– the flow coefficient of the bean which belongs to the

interval [0.94;0.96];
d – the diameter of the bean hole in mm;
P1 – the absolute pressure of the gas at the entrance into

the bean, in bar;
P2 – the absolute pressure of the gas at the outlet of the

bean in bar;
δ – the relative density of the gas;
T1 – the absolute temperature of the gas at the entrance

into the bean, in K;
Z1 – the compressibility factor of the gas at the entrance

into the bean. We make the following notations:

                           

For a quick calculation, in the case of the cylindrical
calibrated beans, it is used the diagram from the figure 1.
With the previous observations, the determination of
methane flow passing through the cylindrical bean (Lapuk)
is done with the relationship [7]:

                                      (6)

In the case of the gas mixtures with relative densities
different from that of methane, the expression of calculus
for the flow rate of the gas will be likewise of the form (6)

(4)

(5)
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in which Z1 is the compressibility factor of the gas mixture,
calculated in the conditions of pressure and temperature
at the input of the fixed cylindrical bean [8, 9]. The
compressibility factor may be calculated with the
methods: Standing-Katz; Dranchuk, Purvis and Robinson;
CNGA California Natural Gas Association method [10-13]
and with other two standardized methods [14-17]. The
beans can be: fixed with a constant flow area or variable
with an adjustable cross section of the flow. According to
the location of the fixed beans, they can be: the surface
beans or the bottom beans (which is not the subject of our
study) [1,16]. The fixed surface bean is usually in the shape
of a truncated cone with a taper of 1/6 (as shown in fig. 2)
and a central orifice of a constant diameter d (calibrated
hole). The bean is mounted in a device named port bean,
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√K on the basis of the pressure and

temperature [1]

Table 1
DIMENSIONS OF THE FIXED

STANDARD CYLINDRICAL
BEANS

and it is constructed of solid steel or mineral - ceramic
sintered materials, figure 3. In the table 1 are presented
the diameters at which are constructed the fixed surface
beans.

Experimental part
To test the computer model it has been used the actual

data taken from the current extraction wells that produce
in the groups located at a structure of a producer from
Romania. The data used are the chromatographic analysis
of the gas mixtures (table 2), the parameters of operation
of the extraction wells 1, 2 and 3, located on this structure
(table 3) columns 1-5.

Table 2
 COMPOSITION AND SOME PHYSICAL
PROPERTIES OF THE GAS MIXTURE

FROM THE EXTRACTION WELLS

Fig. 2. Standard fixed cylindrical bean:
a) a section through the bean, b) the

three-dimensional model

a b
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The meanings of the parameters denoted in the table 3
are: BEAN the diameter of the calibrated orifice of the
cylindrical  fixed bean, existing at the well, mm; P1, P2 – the
absolute pressure at the inlet /outlet of the cylindrical beam
in bar; t1 – the temperature of the gas at the inlet of the
cylindrical beam in °C; Qcon – the gas flow registered at the
measure panel in Nm3/day; QA, QB –the gas flow rate
determined with the computer model developed for the
cylindrical fixed  bean: on the methane well (index A) or
on a well that produces a gas mixture (index B), Nm3/day;
εA,  εB – the error corresponding to the variants A, B in %;
Qsim–the gas flow calculated with the process simulator,
Nm3/day;  εsim – the error corresponding to the simulator
calculus, %;  BEANsim – the diameter of the calibrated orifice
of the cylindrical  fixed  bean (calculated with the
methodology proposed by the authors for the  cylindrical
beans) corresponding to the gas flow rate calculated with
the process simulator, in mm.

Results and discussions
The gas flow expressed by the equation (6) is calculated

for the standardized cylindrical beans with the relationship
(7):

 
   (7)

where C2  is the flow coefficient of the fixed standardized
bean. The values of the coefficient C2  are given in the table
4 for a gas with the relative density δ = 0.6 and the
temperature of T = 288 K. If the gas mixture has a different
relative density (as against of the air) δ and another
absolute temperature T, then the flow rate is calculated
with the formula:

           
   (8)

where the flow coefficient C3  valid for the standard fixed
beans (fig.1) is given by the relation:

                                                            (9)

Table 3
COMPARATIVE CALCULATION OF
NATURAL GAS PRODUCTION IN

THE ANALYZED STRUCTURE

The calculus relations of the gas flow flowing through
the bean of the christmas tree of a gas well shown in the
several papers published in the literature, are based on a
series of correlations established between the physical and
chemical parameters of the gases which characterize this
process [8, 16-19]. If the determination of these
parameters is correct and accurate, the calculus of the
gas flow rate has a higher degree of accuracy.

In the following, we will present some mathematical
correlations involved in the relationships of calculus of gas
flow, selected on the degree of accuracy, in order to achieve
the proposed computer model and the best correlations
describing the variations of the physico - chemical
parameters of the gas compared to the actual results of
the laboratory experiments. The achievement of a
computer model requires a fluent mathematical algorithm
which does not depend on the reading or the using of the
charts and the data tables. For this reason, the paper
presents new mathematical correlations to accurately
model the function ϕ, the standardized coefficient C2 which
occurs in the flow relationship, ultimately leading to a
greater accuracy of the software. The mathematical
correlations developed are:

a. The determination of the function ϕ (of the argument

β) for the subsonic flow domain 

Fig. 3. Bean support.
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(10)

where the values of coefficients of the polynomial  ai
expressing the function ö are given in the table 5.

b. The determination of the coefficient  (fig. 1 for
different temperatures t) for the fixed calibrated cylindrical
beans, in the case when it is not known the composition of
the gas mixture, considering 100 % methane (case A):

                                     (11)

where the values of the coefficients involved in the
expression of factor   are shown in the table 6, the
pressure P1 is expressed in bar.

Table 5
COEFFICIENTS OF THE

POLYNOMIAL THAT EXPRESSES
THE FUNCTION ϕ

Table 4
VALUES OF THE FLOW COEFFICIENT

C2 OF THE STANDARDIZED
CYLINDRICAL BEANS (FOR A GAS

WITH THE RELATIVE DENSITY δ = 0.6
AND THE TEMPERATURE OF

T = 288 K)

c. The determination of the standardized value of the
coefficient C2st function on the standardized diameter of
the cylindrical bean dst:

           (12)

where the values of the coefficients involved in the
expression of C2st are given in the table 7, the diameter dst is
expressed in cm.The extraction wells located on analyzed
structure due to the high levels of the system operating
parameters (flow and pressure) are equipped with fixed
cylindrical beans, ensuring good operation of the gas wells.

The computer model developed (based on
mathematical algorithm presented) is performed within

Table 6
VALUES OF THE COEFFICIENTS

INVOLVED IN THE EXPRESSION OF
 FROM RELATIONSHIP (11) FOR

DIFFERENT TEMPERATURES t

Table 7
VALUES OF THE COEFFICIENTS

INVOLVED IN THE EXPRESSION OF C2st

FROM RELATIONSHIP  (12)
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the Mathcad 15 version, language which allows us to easily
follow both the accuracy of the used calculus relations
and the results obtained. In the computer simulation model
developed it was intended to determine the diameter of
the fixed cylindrical bean, for a gas flow required. We have
achieved the calculation of the gas flow into two situations,
namely:

- Version A is valid for methane wells, named the model
“A  (100 % methane) “;

-  Version B is valid for all natural gas wells, named the
model “B - when it takes into account the composition of
the gas mixture.”

The comparison with the production data recorded was
made with:

a) the results obtained by the running of the computer
design model developed;

b) the process simulator data, existing at the Petroleum
– Gas University of Ploiesti, developed by a company from
domain;

c) the finite element modeling of convergent bean, with
the program Flow Simulation included in Solid Works.

To determine the accuracy of the calculations, we used
the calculation error [ defined by the following relationship:

                                                    (13)

where Qcon is the registered gas flow rate in the
measurement panel;  Qmod –gas flow rate calculated using
one of the previous models a-c. The results are summarized
in the table 3.

Good results regarding the accuracy of the gas flow rate
were obtained: variant A (methane), calculated error εA =
3.05% and the variant B (considering the composition of
the gas mixture), calculated error εB=3.12%. The error
corresponding to the gas flow rate calculated with the
process simulator is εsim = 14.21 %.

The verification of the model of calculation was done
also, with the program SolidWorks, Flow Simulation
module. For this it was developed the model of the bean
figure 4,a and a flow study has been conducted with the
following parameters: the static pressure P1 and the
absolute temperature T1 at the input of the model; the static
pressure P2  and the absolute temperature T2 (1) figure 4,b
at the outlet of the model; the elements used to monitor
the convergence of the study are placed in the center of
symmetry of the outlet section of the bean: the total
pressure, density, velocity, and temperature (2) figure 4,b;
the values  used for the calculation of the volumetric flow
are evaluated in the center of symmetry of the bean exit,
namely: the density  of the gas mixture ρg and its velocity
(3) vg  figure 4,b.With the values of ρg and vg have been
calculated the mass flow passing through the bean Qm
and the volumetric flow rate (calculated by the Flow

Fig. 4.  The model of the bean in the
program Solid Works/Flow Simulation: a)
the section through  the bean support; b)

the elements of the simulation; c) the
entering of the characteristics of  the gas
mixture  according with the information

from table 2

Table 8
ANALYSIS OF THE

PRODUCTION DATA  USING
FLOW SIMULATION PROGRAM
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Simulation software) QFS expressed under normal
conditions. In the simulation were used the actual data of
the gas mixture according to the analysis bulletin of the
table 2, figure 4,c. For the actual data from table 3 (columns
1-5), the results obtained are given in the table 8. There is a
εFS= 12.87 % error of the method. It is noted that (as in the
case of the simulator) the error is higher than at the
analytical methods. The explanations for the differences
between the results provided by the analytical methods
proposed by the authors and the methods implemented
into the simulator and in Solid Works / Flow Simulation
are:

-  the Flow Simulation program (Solid Works) is general
(not specialized in certain applications). At the velocity
rates of the gas which exceed the velocity of sound, the
gas flow is almost constant [3-6]. The program does not
take into account these practical issues and therefore those
differences occur. The error is comparable with the
simulator error.

- The simulator is specialized in petroleum applications
where the modelling of beans as flow control elements is
well done, so that errors are less 14.21 %. It must be noted,
however, that the methodology used by program leads to
errors three times higher than the actual proposed method.

Conclusions
1. The comparative results of the calculation of the

production of the natural gas wells, as shown in the table 3
were made assuming fixed bean diameters used on the
site (BEAN) for the computer model, process simulator
and the Flow Simulation (program using the finite element
method). To the extraction wells located on analyzed
structure, the closest results to Qcon  were found to be those
obtained by the computer model developed for the fixed
cylindrical bean,   mounted to the gas well variant A,
calculated error εA = 3.05%. Good results regarding the
accuracy of the gas flow rate were obtained (for the fixed
cylindrical bean) also for the variant B (considering the
composition of the gas mixture), calculated error εB =
3.12%. For the extraction wells located on the analysed
structure, there are significant differences between the
values recorded of the gas flow on the measurement panel
Qcon considered as reference and the calculated gas flow
rate corresponding to the  process simulator, the error
calculated is εsim = 14.21 %.

2. Because of these significant differences, we aimed
to determine the diameter of the calibrated orifice of the
cylindrical fixed bean corresponding to the gas flow Qsim
calculated with the process simulator BEAMsim.  By imposing
the flow values of Qsim into the design computer model
developed, it appears that, for the same gas flow imposed,
the calibrated orifice diameter of the fixed cylindrical
equivalent bean has lower values compared with the fixed
bean diameter mounted in the analysed group,
corresponding to the wells 1 and 3. For this reason, it is
concluded that there are differences between the
Romanian method of calculating of the gas flow passing
through the fixed cylindrical bean and methodology existing
in the process simulator.

3. The using of the finite element method for the flow
verification at cylindrical bean (at pressure drops,
temperatures and geometry indicated in table 3) in the
program SolidWorks, Flow Simulation module, indicates
the gas flow values with an error of εFS = 12.87 %. The error
is more than three times higher compared to the error
obtained using the methodology proposed by the authors.
These errors are explained by the complexity of high-speed

flow phenomena that cannot be captured with a sufficient
accuracy by the finite element analysis programs [20-24].

The subject has also been disscused in other paper [25].
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