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MODELLING THE NATURAL GAS TRANSPORTATION PROCESS USING THE FACTORIAL
EXPERIMENT METHOD

The research presented in detail in this scientific paper refers to the modelling of process parameters for natural gas transmis-
sion in a centralized system. The method of the factorial experiment was used to model some parameters considered to be vital,
namely the gas temperature, the air temperature as well as a certain correction factor on the flow delivered to the population. The
study was conducted by accessing information provided by a regulation-measurement station that delivers gas to an important
locality in a locality in central Romania. Experimental data collected over 24 hours on a summer day but also on a winter day were
used. After a previous study with classical experimental research methods, the factorial experiment was used, which allows the
delivery of much more detailed information and the graphical representations are much more precise and detailed, in other words,
relevant and useful conclusions can be obtained on objective studied in the research approached.
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1. Introduction

The company in which the research was carried out oper-
ates in the natural gas industry and specializes in natural gas
distribution services. This company provides the distribution
service for natural gas consumers from over 1.000 localities in
urban and rural areas, who are served by a distribution network of
18.500 kilometers and covering an area of approx. 122.600 km?
from the northern part of the country. The company is thus among
the most important natural gas distributors in Romania.

The fundamental objective of the research based on the
samples taken from the populations is to extract the maximum
information on the studied population, based on the data pro-
vided by the sample, and in general this implies that based on
the sample to deduce the frequency distribution in the whole
population for the studied characteristic [1].

The purpose of statistical analysis of an experiment is to
determine the extent to which data can provide information about
the true outcome [2]. In such problems the sample is concrete,
but the population can also be hypothetical. In this case, it is the
population of all the determinations that could be made, under the
same conditions, if the necessary means and time were available.

2. Research methodology

In experimental modelling, as a rule, a certain form of the
mathematical model is accepted, which is considered to best
approximate the real model, following the development of the
experiment to provide the data necessary to explain the model [3].

For commercial measurement of the amount of natural gas,
only commercially certified and technically approved measuring
instruments approved in accordance with the current metrological
legislation are used [4,5].

The natural gas regulation and regulation-measurement
stations are installed in their own constructions.

The control, regulation-measuring, measuring stations are
mounted in niches, cabins or directly in the installation for use
by technical units [6-8].

The measuring systems will be chosen and positioned in
accordance with the requirements of the norms in force [9-10].

The type, location and installation conditions of the me-
tering device shall be in accordance with the manufacturer’s
specifications [11-16].

To analyze the influence of gas temperature, air temperature,
gas pressure and correction factor (input data), these parameters
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were monitored and recorded for 24 hours [17-20]. The flow to
the population was read on a turbine meter every hour, starting
at 1:00 and ending at 24:00.

The study was conducted for one day in the warm season,
summer (10.06.2021) and for one day in the cold season, winter
(11.12.2021) using the factorial experimentation strategy.

3. Measurements and interpretation
of results

TABLE 1 presents the experimental data: inlet values at
the location of the regulation-measurement station — summer,
respectively gas temperature, natural gas inlet pressure circulated
through the main transport pipelines; the volume of natural gas
delivered to the population, respectively the corrected volume
for each hour from 1:00 to 24:00 (hourly flow).

TABLE 1
Experimental data collected in the summer
Hour T[—Cg;]‘s 1;5?; P[_;::;'y K_corection Q—[clggfl:]t ed
1 14 18 12.6 12.775 958
2 13 17 12 12.198 938
3 13 16 11.6 11.781 597
4 13 15 11.3 11.469 577
5 12 14 11.5 11.722 640
6 12 14 11.7 11.93 1143
7 12 15 11.8 12.035 1888
8 14 16 11.9 12.048 2848
9 14 17 11.9 12.048 2392
10 15 19 12 12.106 2580
11 17 20 12.1 12.118 2257
12 18 22 12.3 12.277 1971
13 18 23 12.5 12.481 2155
14 17 25 12.7 12.733 1969
15 17 25 12.9 12.939 2397
16 18 26 12 11.97 1698
17 20 26 11.4 11.275 1711
18 23 26 11 10.753 1707
19 18 24 10.8 10.749 1728
20 17 23 10.5 10.483 1698
21 16 22 10.4 10.419 2014
22 15 20 10.2 10.253 1835
23 15 19 10.2 10.253 1541
24 15 18 10.2 10.253 1440

TABLE 2 presents the experimental data: inlet values at
the location of the regulation-measurement station — winter, re-
spectively gas temperature, natural gas inlet pressure circulated
through the main transport pipelines; atmospheric temperature
at the location of the regulation-measuring station; the correction
factor (conversion) and the output value of the volume of natural
gas delivered to the population, respectively the corrected volume
for each hour from 1:00-24:00 (hourly flow).

TABLE 2
Experimental data collected in the winter
Hour ji—c‘(’:,Ts Fliél,;r Pﬁf:;fy K_corection Q—[clggflf ]t ed
1 5 —11 18.8 20.02 10608
2 5 —11 19 20.242 10608
3 5 —-11 19 20.242 10730
4 4 —-12 19.2 20.55 10722
5 4 —-12 19.2 20.55 10910
6 4 —-12 19.2 20.55 11398
7 4 -10 18.4 19.657 12837
8 4 —12 18.4 19.657 11499
9 4 —-12 18.2 19.434 12281
10 4 11 18.2 19.434 14399
11 4 -9 18.2 19.434 13631
12 4 -5 18.3 19.546 9774
13 5 -3 18.4 19.576 12461
14 6 -1 18.6 19.716 10634
15 6 0 18.8 19.937 10669
16 6 0 18.8 19.937 10171
17 5 -2 18.6 19.798 10895
18 5 -5 18.6 19.798 12026
19 4 -5 18.4 19.657 11872
20 4 —6 18.2 19.434 12585
21 4 -8 18.1 19.323 12650
22 4 -8 18.1 19.323 12420
23 4 -9 18.2 19.434 11770
24 5 -10 18.6 19.798 11129

A factorial experiment facilitates the implementation
of 3D graphs that lead to accurately interpret the initial data
and the corresponding conclusions obtained for the analyzed
object.

The following are the most important graphics that can
prompt relevant comments for use.

When processing the data in TABLES 1 and 2, an active-
type software package was utilized, which is dedicated to statisti-
cal data processing, which makes it possible to implement 2D
very accurately and efficiently and 3D graphics.

Data interpretation is performed for an objective function
that correlates with two controllable parameters, so the resulting
graphs allow to track the relation of the atmosphere temperature
and the gas, the correction factor, and the pressure in the cor-
rected hourly flow rate.

Based on the data set, first, the model of the distribution
of each guideline and objective tasks was examined — a point is
given in Figs 1-10.

Interpreting the obtained results, one can notice a series
of aspects related to the influence of the studied factors on the
natural gas flow delivered to the population.

The first factor refers to atmospheric temperature, which, as
can be seen from the graphs, affects the corrected flow rate and
the gas temperature in summer, because in winter the temperature
is controlled by heating natural gas with the help of a control
station heaters bring it to the reference temperature.
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Fig. 1. Gas temperature frequency distribution
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Fig. 2. Quadrant representation of the flow variation corrected for atmospheric temperature and gas temperature
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Fig. 3. Inlet pressure frequency distribution

An approximate correction may show that its effect on
flow correction is the same in both winter and summer because
the facts include the adhesive supplied by the chemical (per
chromatography bulletin) and the gas temperature and pressure.
Regarding the inlet weight, this shows a large effect because

y=24"*0,1"*normal (x; 18,5625; 0,363333)
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the lower the inlet pressure is, the greater is the volume of the
gas supplied.

Since during the distribution in summer no thermal expan-
sion joints are used, but only for cooking, the amount of gas sup-
plied is less than the volume in winter, although the correlation
coefficient should be higher than this.
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Fig. 4. Section through the response area for the corrected hourly flow target function
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Fig. 6. Quadrant representation of the variation of the corrected flow rate according to the correction factor and the gas temperature
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In this context, the research addressed an important and
topical issue of modeling the process parameters for natural gas

b) Winter

4. Conclusion

transportation in a centralized system.
Therefore, the obtained results were evaluated and dis-
cussed, these being accompanied by the evidence presented.

The sizing and equipment of the stations and of the regu-
lation — measurement stations were made considering the flow
parameters, their range of variation, as well as the quality of
natural gas.
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Fig. 8. Section through the response area for the corrected hourly flow target function
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Fig. 9. Quadrant representation of the variation of the corrected flow depending on the atmospheric temperature and the correction factor

The measuring systems have been selected and maintained
in accordance with the requirements of the applicable regulations.

For commercial purposes of natural gas measurement, only
technically certified and approved metering devices will be used
in accordance with applicable meteorological legislation.

With the agreement of a licensed natural gas distribution
operator on the basis of the manufacturer’s specifications, the

type, place and conditions for installing the meter are determined
by the designer.

It can be stated that the enunciation of the hypotheses un-
derlying the elaboration of the mathematical models stated in
the case of each spatial graph implies a good prior knowledge of
the object under research, including the character of functional
cause-effect relationships.
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Fig. 10. Section through the response area for the corrected hourly flow target function

In the present situation, the analyzed systems are complex,
having many influencing factors, of different physical-chemical
nature; strong interactions between variables can be observed.

In the experimental modeling, the form of the mathematical
model specified on the basis is accepted, considering that it ap-
proximates the real model best, following that the development
of the experiment will provide the necessary data to explain
the model.

Following the application of the approached factorial
strategy, it was possible to progressively acquire information
according to the experiments, with the possibility of making
a minimum number of determinations to formulate conclusions.

Mathematical models were estimated with high accuracy
in accordance with the established number of measurements.

REFERENCES

[1] Y. Lu, T. Pesch, A. Benigni, Energies 14, 7680 (2021).

[2] Energie Informationsdienst. Underground Gas Storage in Ger-
many; DVV Media Group GmbH: Hamburg, Germany (2020).

[3] M. Titu, C. Oprean, Al. Boroiu, Cercetarea experimentala aplicata
in cresterea calitatii produselor si serviciilor, Colectia Prelucrarea
Datelor Experimentale, Editura AGIR, ISBN 978-973-720-362-5,
684 pages, Bucharest. (2011).

[4] N. Samotaev, P. Dzhumaev, K. Oblov, A. Pisliakov, I. Obraztsov,
C. Ducso, F. Biro, Chemosensors 9, 340. (2021).

[5] J.Hodgkinson, R. Tatam, Meas. Sci. Technol. 24, 012004 (2012).

[6] D.Degler, S.A. Miiller, D.E. Doronkin, D. Wang, J.-D. Grunwaldt,
U. Weimar, N. Barsan,. J. Mater. Chem. A 6, 2034-2046 (2018).

[71 MP-7217-TC Combined Flammable and Volume Percent Methane
Sensor. Available online: https://www.sgxsensortech.com/content/
uploads/2015/01/DS-0152-MP-7217-TC-Datasheet-V2.pdf (ac-
cessed on 1 December 2021).

[8] L Kalinin, I. Roslyakov, D. Tsymbarenko, D. Bograchev, V. Kri-
vetskiy, K. Napolskii, Sens. Actuators A Phys. 317, 112457 (2021).

[9] F. Biro, Z. Hajnal, C. Diicsd, 1. Barsony. J. Electron. Mater. 47,
2322-2329 (2018).

[10] E.M. Strizhenov, S.S. Chugaev, I.LE. Men’shchikov, A.V. Shkolin,
A.A. Zherdev. Nanomaterials 11, 3274 (2021).

[11] A.Y. Tsivadze, O.E. Aksyutin, A.G. Ishkov, I.E. Men’shchikov,
A.A. Fomkin, A.V. Shkolin, E.V. Khozina, V.A. Grachev, Russ.
Chem. Rev. 87, 950-983 (2018).

[12] J.Zhang, Y. Tan, T. Zhang, K. Yu. Appl. Therm. Eng. 133, 117-124
(2018).

[13] L. Vasiliev, L.Kanonchik, M. Kuzmich, V. Kulikouski, Appl.
Therm. Eng. 185, 1-8 (2021).

[14] G.Zhao, Q. Zheng, X. Zhang, W. Zhang, Chin. J. Chem. Eng. 28,
1964-1972 (2020).

[15] F.Farisco, L. Castellanos, J. Woisetschlidger, W. Sanz, Int. J. Tur-
bomach. Propuls. Power 6, 46 (2021).

[16] P.J. Metaxas, V.W. Lim, C. Booth, J. Zhen, P.L. Stanwix,
M.L. Johns, Z.M. Aman, G. Haandrikman, D. Crosby, E.F. May,
Fuel 252, 448-457 (2019).

[17] S.Clegg, P. Mancarella, IET Gener. Transm. Distrib. 10, 566-575
(2016).

[18] J. Leicher, A. Giese, K. Gorner, M. Werschy, H. Krause, H. Dorr,
Energy Procedia 120, 165-172 (2017).

[19] D.Lohmeier, D. Cronbach, S.R. Drauz, M. Braun, T.M. Kneiske,
Sustainability 12, 9899 (2020).

[20] E.F. Moiseeva, V.L. Malyshev, AIP Adv. 9, 055108 (2019).



	Jialun Wu￼1, Min Xia￼1*, Junfeng Wang￼1, Changchun Ge￼1
	Effect of Electrode Induction Melting Gas Atomization Process 
on Fine Powder Yields: Continuous Metal Melt Flow

	M. Mirmehdi￼1, A. Boochani￼2*, S.R. Masharian￼1
	Electronic, Optical and Transport Properties of HfNiSn under Mn impurity

	E. Gerçekcioğlu￼1*, M. Albaşkara￼2
	Multi-Response Optimization of Electrical Discharge Machining of 17-4 PH SS 
Using Taguchi-Based Grey Relational Analysis

	Dan-Ya Zhang￼1†, Zhi-Sheng Nong￼2*†, Tian-Xing Wang￼2
	Effect of Cyclic Heat Treatment on Microstructure Evolution of TA15 Titanium Alloy

	A. Fazeli Kisomi￼1*, S.J.Mousavi￼2, B. Nedaee-Shakarab￼1
	Investigation on Structural, Electronic, Thermal and Thermoelectric Properties 
of Al0.25B0.75As Alloy Under Pressure, Based on Density Functional Theory (DFT)

	Long Chen￼1,2*
	Microstructure Evolution, Phase Composition, Tensile and Hardness Properties Investigation 
of CrCuFeNi2Tix-Based High-Entropy Alloys

	Dashuang Liu￼1,2,3*, Yucheng Wu￼1, Weimin Long￼2,4, Ping Wei￼3, 
Rui Wang￼3, Wei Zhou￼1,5
	Acidic Corrosion Behaviour of Niobium-Added Welding Overlays Fabricated 
by Self-Shielded Metal-Cored Wires

	M. Kaptanoglu￼1*, M. Eroglu￼1
	Investigation of Hardfacing Deposits Obtained by Using Submerged Arc Welding Fluxes 
Containing High-Carbon Ferrochromium and Ferroboron

	Li Hui￼1, Sun Caizhi￼1, Wang Feng￼1, Qiao Yuanpeng￼1, Li Chuying￼1, 
Xu Pinyi￼1, Zatulovskiy Andrii2, Shcheretskyi Volodymyr2
	Study on Microstructure and Mechanical Properties of Friction Stir Welding Joints 
of In-Situ Al3Zr/AA6082 Particle-Reinforced Aluminum Matrix Composites

	Yao Huang￼1, Xianguo Yan￼1*, Ruize Yuan￼1, Zhi Chen￼1, 
Liang Tang￼1, Ao Shen￼1, Xuemei Niu￼1
	Research on Reducing Residual Stress in Milling of Aluminum Alloy

	A. Grabarczyk￼1, K. Major-Gabryś￼1, J. Jakubski￼1*, St.M. Dobosz￼1, 
D. Bolibruchová￼2, R. Pastirčák￼2
	Tests of Mechanical and Thermal Deformation of Moulding Sands Produced 
in Various Technologies

	Xiaoyan Hu￼1*, Yingbin Liu￼1, Li Yang￼2, Xiaochen Huang￼3
	Microstructure and Mechanical Properties of Stainless Steel/Aluminum Multilayer Composites by One-Step Explosive Welding

	P. Delimanová￼1*, I. Vasková￼1, M. Bartošová￼1, M. Hrubovčáková￼1
	Influence the Composition of the Core Mixture to the Occurrence of Veinings 
on Castings of Cores Produced by Cold-Box-Amine Technology


