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ABSTRACT

The mismatch of the model and the topology of real objects is important in modeling technological
processes, which is the purpose of this paper. The problem is considered when modeling hot oil
pumping in the "Kasymov—-Bolshoy Chagan" oil pipeline. In this problem, the topology of objects
consists of the linear part of the pipeline and technological equipment (pumps and heating
furnaces) of the stations. The accuracy of the simulation results is determined by the calculations
of pressure and temperature in the oil pipeline. The pressure in the pipeline is created by pumps
at the stations and is determined by the dependence of the pressure and efficiency of the pump
on the oil flow rate. These characteristics change depending on the service life of the pump. The
identification of the actual dependences of the pressure and efficiency of the pump on the oil flow
rate was carried out by the regression analysis of experimental data. The pressure in the linear
part is determined by the hydraulic resistance of the pipeline. The actual dependence of the
hydraulic resistance coefficient on the Reynolds number and wall roughness was obtained by
regression analysis of experimental data. The temperature in the oil pipeline is created at the
stations by heating furnaces. The identification of the actual characteristics of the heating furnace
was also found by regression analysis of the experimental data. The temperature distribution in
the linear part is determined by the heat transfer of oil with the surrounding environment. An
undefined parameter for calculating heat transfer is the soil thermal conductivity, which depends
on the type of rock and the degree of soil moisture. The soil thermal conductivity is determined in
such a way that at a given oil flow rate, oil temperatures at the beginning of the section and soil at
the section, the calculated oil temperature at the end of the section has the smallest discrepancy
with the actual one. Thus, the determination of the actual dependencies of the objects makes it
possible to increase the accuracy of the results of hot pumping modeling and eliminates the
mismatches of the model and the topology of the objects.

Keywords: regression analysis, mismatches of the model and topology of oil pumping facilities,
the actual data of pressure, temperature and flow rate sensors.
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Introduction

learning finds application in industry, such as rolling,

Machine learning is becoming a tool for sheet metal forming, oil production, and
researching technological processes in various fields ~ transportation, well logging in uranium deposits,
of technology and production. In particular, machine  etc. The application of machine learning methods
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Figure 1 - Pipeline structural diagram: tanks, linear part, stations, heating furnaces, pumps, and pressure

allows analyzing and generalizing actual data to
describe the patterns of processes. However, this
will require a large amount of reliable empirical data.
The presence of fuzzy data among them can have an
impact on the results of machine learning. For the
first time, Zadeh [1] introduced the concept of data
oddness. Currently, the theories, models, and
methods of decision-making based on fuzzy data
have been developed [[2], [3], [4], [5], [6]]. The
mismatch of the model and the topology of real
objects is important in modeling and optimizing
technological processes [[7], [8], [9], [10], [11], [12],
[13], [14], [15], [16], [17], [18], [19], [20], [21]]. In
this paper, this problem is considered when
modeling the technological process of oil pumping.
The accuracy of the pumping simulation results
eliminates the mismatches of the model and the
topology of real objects and expresses the novelty of
this work. Below are the results of a study on
achieving accuracy in calculating the pressure and
temperature of hot oil transfer.

Nomenclature
OPS Oil pumping station
OHS Oil heating station

Problem statement

Oil is pumped in the technological sections of
the "Kasymov—Bolshoy Chagan" main oil pipeline
(see Figure 1). This main oil pipeline has only one
starting point for the beginning of the flow (the
"Kasymov" OPS) and only one endpoint for the end
of the flow (the "Bolshoy Chagan" station). Oil flows
through the pipeline in exactly one direction from
the start station to the end station. There are

intermediate stations in the pipeline. The topology
of the object consists of the topology of the linear
part of the pipeline and the topology of the stations.
The accuracy of the simulation results of hot oil
pumping is determined by the calculations of
pressure and temperature in the oil pipeline [[22],
[23]].

The pressure in the pipeline is created by pumps
at the stations and is determined by the dependence
of the pressure and efficiency of the pump on the oil
flow rate. These characteristics change depending
on the service life of the pump (see Fig. 2). The
pressure in the linear part is determined by the
hydraulic resistance of the pipeline. This value varies
depending on the Reynolds number and the
roughness of the pipeline wall (see Fig. 3).

The temperature in the oil pipeline is created at
the stations by heating furnaces and the energy
costs of the furnaces depend on the efficiency of the
furnace. The temperature distribution in the linear
part is determined by the heat transfer of oil to the
environment and depends on the accuracy of
determining the thermal conductivity of the soil (see
Fig. 4).

Machine learning regression analyzes the
accuracy of determining the characteristics of
pumps and heating furnaces, as well as the hydraulic
and thermal characteristics of the pipeline. For this,
the actual readings of sensors (pressure,
temperature, and flow) in the "Kasymov—Bolshoy
Chagan" oil pipeline are used.

The accuracy of the simulation results depends
on the accuracy of determining the characteristics of
objects at the station (pumps and heating furnaces),
as well as the hydraulics and heat transfer of the
linear section of the oil pipeline.
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a) Head curves

b) Efficiency curves

Figure 2 - Identification of the characteristics of the pump at the "Kasymov" OPS by the regression analysis of
experimental data.

Figure 3 - Identification of the hydraulic resistance coefficient of the "Kasymov—Bolshoy Chagan" oil pipeline by the
regression analysis of experimental data

Pressure distribution calculation along
the pipeline

The pressure in the oil pipeline can vary at the
stations and at the linear part. In the stations, the
pressure in the pipe can increase due to the
operation of pumps.

It is known that the pressure and efficiency of
the pump functionally depend on the flow rate of
pumped oil. This dependence, as a rule, is revealed
as a result of factory tests and is indicated in the
pump passport as the pressure and efficiency
characteristics of the pump. During operation, the
pressure and efficiency characteristics of the pump
change. Practice shows that using the correct actual
sensor data, for each pump, it is possible to obtain a

clear actual dependence of head and efficiency on
the flow rate of oil.

Figure 2 shows an example of the obtained
actual characteristics of the pump (main pump No. 1
at the "Kasymov" OPS), using data on flow rate, oil
density, pressure at the inlet and outlet of the pump,
and electricity consumption. The colored dots are
the actual pairs of head and flow rate values (see
Figure 2, a), as well as the pairs of efficiency and flow
values (Figure 2, b). The colors of the dots indicate
the concentration of data in the area: from blue (no
data) to red (maximum data concentration). The
white lines show the passport head and efficiency
curve, the black lines show the actual curve.

Thus, for each pump, it is possible to accurately
calculate its generated pressure (by a head) and
power consumption (based on efficiency) at a given
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Figure 4 - Comparison of the actual and calculated temperature at the end of the section with the thermal

conductivity value in the period of the month of February 2021 at the section of the
"Kasymov" OPS—the"Karmanovo" OHS.

oil consumption by using the machine learning
regression analysis.

At the linear part, the pressure changes due to
the loss of the resistance of the oil flow through the
pipeline. In the "Kasymov—Bolshoy Chagan" oil
pipeline, the oil flow regime is turbulent. Hydraulic
losses in the pipeline are calculated according to the
well-known Darcy-Weisbach formula [24]. The
hydraulic resistance coefficient of the Darcy-
Weisbach formula depends on the Reynolds number
and the wall roughness, which is determined by the
empirical formulas of the following works [[25], [26],
[27], [28], [29]].

The roughness coefficient changes during pipeline
operation. As well as the pipe roughness, it can be
non-uniform along the pipeline length, for example,
as a result of repairs, the pipe sections can be
replaced in the pipeline. It follows that without
actual data on the condition of the pipes, the
calculated values of total hydraulic losses in the pipe
may differ significantly from the actual ones. Using
the actual pressure and temperature data by the
machine learning regression analysis, it is possible to

construct the pipe hydraulic resistance coefficient
dependence and determine the wall roughness
effect. Figure 3 shows the found actual dependence
of the hydraulic resistance coefficient of the Darcy-
Weisbach formula on the Reynolds number in the
turbulent flow regime in the "Kasymov—Bolshoy
Chagan" oil pipeline.

Temperature distribution calculation along
the pipeline

The temperature in the pipeline may vary in the
stations and the pipeline linear part. In the stations,
the temperature can rise due to heating in the
furnaces. Using the actual data from the data of
heating furnace sensors, it is possible to build actual
dependences for the efficiency of heating furnaces,
as in the case of the pump (see Figure 2, b).

In the linear part, the oil temperature decreases
due to heat exchange with the surrounding soil of
the pipeline, and there are various models for
calculating the heat exchange of the oil flow with the
surrounding soil [[22], [23]].
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Figure 5 - Comparison of calculated and experimental data on the distribution of pressure (the blue line on the top
diagram) and temperature (the red line on the bottom diagram) along the length of the "Kasymov—Bolshoi Chagan" oil
pipeline at an oil flow rate of 1143 m3/hour. In the diagrams: the lines are the calculated data, and the dots are the
experimental data.

Some calculation parameters are known: flow
rate, insulation, soil temperature, and the properties
of oil and metal pipes.

The undefined parameter is the soil thermal
conductivity. It is known that the soil thermal
conductivity depends on the type of soil rock (sand,
sandy loam, loam, clay, etc.) and on the degree of
soil moisture.

It is obvious that the soil thermal conductivity
value is not constant along the pipeline length and
over time (it depends on the snowmelt season and
the frequency of rains for a given area). Therefore,
without investigating the actual data, the calculated
oil temperature distributions along the pipeline may
differ significantly from the actual one. When finding
the calculated thermal conductivity, its value is
averaged over the length and time. Averaging over
the length depends on the distribution density of
temperature sensors along the pipeline. In the
"Kasymov—Bolshoy Chagan" pipeline,
temperature sensors are located quite often (at a

main oil

distance of 5-15 km). Averaging over time is
sufficient to carry out by month or by 10-15 days (for
some months). The determination of the soil
thermal conductivity is carried out in such a way that
for a given oil flow rate in the pipe, oil temperatures
at the beginning of the section and soil
temperatures at the section, the calculated oil
temperature at the end of the section has the least
discrepancy with the actual one. Figure 4 shows the
comparison of the actual and calculated
temperature (see the red and green lines in the
figure) at the end of the section with the found value
of the soil thermal conductivity in the section of the
"Kasymov" OPS—the"Karmanovo" OHS.

Thus, by the regression analysis of the actual
data, the dependencies of the topology of oil
pumping facilities are determined and used for the
accuracy of thermal-hydraulic calculations. As can be
seen from Figure 5, the calculated pressure and
temperature distributions agree with the actual data
along the length of the "Kasymov—Bolshoy Chagan"
oil pipeline.
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Conclusions

The mismatches of the model and topology of
objects are determined by the accuracy of pressure
and temperature calculations along the "Kasymov—
Bolshoy Chagan" oil pipeline length. The results of
pressure and temperature calculations depend on
the actual dependencies of the pumps and heating
furnaces, as well as the hydraulic and thermal
characteristics of the pipeline.

The machine learning regression analysis makes
it possible to analyze the accuracy of determining
the actual dependencies of pumps and heating
furnaces, as well as the hydraulic and thermal
characteristics of the pipeline.

By the regression analysis of the actual data, the
following were obtained:

1) the dependences of the pressure
characteristics and efficiency of pumps, as well as
the efficiency of heating furnaces, considering their
operating resources;

2) the pipeline hydraulic resistance coefficient
dependence on the Reynolds number;

3) the dependences of the soil thermal
conductivity to determine the oil flow heat transfer
coefficient in the pipe with the environment.
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MyHait angay o6beKTinepiHiH, mogeni meH TONONOrUACHIHbIH, COMKECCi3AiriHiH,
npob6nemacol

beku6aes T.T., bocuHos [.}K., }an6ac6aes Y.K, Kyaainbepren A.[l., PamasaHosa I.WU.

Cambaes YHusepcumemi, Anmamel, KazakcmaH

TYAIHAEME

HaKTbl HblcaHAAPAbIH, MOAENT MEeH TOMOIOTUACHIHbIH, APacbliHAAFbI COMKECCI3AiK TEXHONOTUANDIK,
npouecTepai MoLeNbAEreH Ke3ae MaHbI3Apl *KIHE OCbl MaKanaHbIH, MakcaTbl 6onbin Tabblnagpl.
KacbimoB-bonbuoi WafaH MyHait KybblpblHAA bICTbIK MyHal algayabl mogenbaey maceneci
KapacTbipbingpl. byn macenese HbicaHAApAbIH, TONONOIMUACHI KyObipAblH, Cbi3bIKTbIK, GeniriHeH
JKOHE CTaHUMANApAblH, TEXHOMOTUAMbIK abaplKTapblHaH (COpFblap MEH XbIAbITy newTepi)
Typagpl. Mogenbaey HaTUKenepiHin, 4an4iri MyHa KybblpblHAAFbl KbICbIM MEH TEMMepaTypaHbIH,
ecenTeynepimeH aHblKTanagbl. Kybbipaafbl KbiCbIM CTaHUMANAPAAFbI COPFbIIAPMEH »Kacanaabl
JKOHE COpPanTbliH, KbiCbiIMbl MeH [19K-HiH, MyHali afblHbIHA TayenginirimeH aHbiKTanagbl. byn
cunaTTamasniap COpFfbiHbIH, KbI3MET eTy Mep3imiHe Kapan e3repesi. JKCNepuMeHTTiK ManimeTTepa,
perpeccuanblk Tangay apKblibl KbICbIM MeH COpfbl TUIMAINIMIHIH, MyHal LWbIFbIHbIHA HaKTbl
Toyenainiri aHbikTanabl. CbI3bIKTbIK GeniKTeri KbiCbiM KybbipAblH, rMApPaBAUKaNAbIK Keaeprici
apKblbl aHbIKTanagpl. MMapasBavKanbik Keadepri KosaddpuuMeHTiHIH, PeiHONbAC caHbiHa »KaHe
Kabbipfa Keaip-6yAaplp/ibifblHa HaKTbl Tayenainiri Toxipnbenik manimetrepai perpeccusnbik
Tanpay apKblabl anbiHAbl. MyHal KybbipblHAAFbI TEMMNEpaTypa CTaHUMANAPAA Kbi3ablpy newTepi
apKblbl  Kacanagpl. MbIAbITYy NewiHiH HakTbl cunaTTamanapblH  aHblKTay Taxipubenik
MaNIMETTEPA  perpeccusanblK  Tangay apKkbiabl  ga  Kyprisingi. Cbi3biKTblK — 6enikreri
TemnepaTypaHblH, Tapanybl MyHalAblH KOpLUaFaH OPTaMeH XKbly a/fMacyblMeH aHblKTanaapl.
biny 6epyai ecenteyaiH, aHblKTasMaraH MapameTpi TOMbIPAKTbIH, KblAy eTKiriwTiri 6onbin
Tabblnagbl, ON Tay XbIHbICTAPbIHbIH, TYPiHE KOHE TOMbIPAKTbIH, bIAFANAbINbIK AdpexeciHe
6annaHbICTbl. TONbIPAKTLIH Kbly OTKI3riLWTIr MblHaZaM TYpPAE aHbIKTanaabl. MyHalabIH, WbIFbIHbI,
yyacKeHiH, 6acbiHAA OHbIH, TemnepaTypacbl KaHe y4yacTKederi TOMbIPaKTbiH TemnepaTypachl
6epineai. OcbiHAaM XKaFpalinapaa y4acTKeHiH, COHbIHAA MyHalAbIH ecenTenreH Temneparypachl
daKkTimeH caikec Kenyi kepek. Ocblnaiwa, 06beKTINePAiH, HaKTbl TOYENAINIKTEPIH aHbIKTAY bICTbIK,
anpay moaenbaey HaTUXKeNepiHiH, AN4iriH apTTbipyFa MYMKIHAIK 6epegi oHe moaenb meH
06beKTIIep TONONOIUACHI apacbiHAAfbl CaMKecCi3aiKkTepai »oaapl.

Makana kengi: 15 maycoim 2022
CapantamagaH eTTi: 03 KbipKyliek 2022
Kabbinganabl: 13 KazaH 2022
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AHHOTAUMA

HecooTBeTcTBME MOAE/NM WU TOMONOTUM pPeasibHbIX OOBEKTOB BAXHO NPU MOAENNPOBAHWUMU
TEXHO/IOTMYECKUX NPOLLECCOB, YTO M ABMAETCA LEeNblo 4AHHOW CTaTbMu. 3a4aya pacCMOTPEHa npu
MOZe/IMPOBaHNM MepeKaykn ropsayein HedTn B HedTenposoge «KacbimoB—Bonbwon YaraH». B
3TOM 3agaye TONO/MOTMA OBBEKTOB COCTOMT U3  JIMHEMHOW 4acTu Tpybonposoga u
TEXHONOTMYECKOro 060pyAoBaHMA (HAacOCOB M HArpeBaTesibHbIX MNeyei) CTaHuui. TOYHOCTb
pe3ynbTaToB MOAENMPOBAHUA ONPeenseTca pacyeTamu [aBAeHWA W TemnepaTypbl B
HedTenposoae. [asneHne B Tpy6ONpOBOAE CO3[AETCA HACOCAMM HA CTAHUMAX U Onpeaensercs
3aBMCMMOCTbIO Hanopa u KM/ Hacoca oT pacxoda HedTU. ITU XapaKTEPUCTUKMU U3MEHAIOTCA B
3aBMCMMOCTM OT CPOKa CAybbl Hacoca. BbisBieHue peanbHbiX 3aBUcMMoOcTei Hamopa u KNJ,
Hacoca oT pacxoaa Hed Ty OCyLLECTBNANOCH NYTEM PErPECCUOHHONO aHaIM3a SKCNEPUMEHTA/IbHbBIX
JaHHbIX. [laBneHuWe B NMHEWHOW 4acTu onpeaensietcd ruapaBAMYECKUM CONPOTUBAEHWUEM
Tpybonposoga. dakTnyeckas 3aBUCMMOCTb KO3pULMEHTA TMAPABANYECKOTO COMPOTUBIEHNA OT
yucna PeiiHONbACA U LWEPOXOBATOCTU CTEHKM Bblia MoyyeHa NyTem PerpeccMoHHOro aHanumsa
3KCMEPUMEHTaNbHLIX  AaHHbIX. TemnepaTypa B HedTenpoBoAe CO343eTCA Ha  CTaHUMAX
HarpesaTe/ibHbIMW NeYamu. BbifiBNEeHME peasibHbIX XapaKTepUCTUK HarpeBaTe/IbHOM Meun TakKe
6bl10  YCTAaHOBNEHO NyTEM  PErPECCUOHHONO  aHa/iM3a  3KCMEPUMEHTA/IbHLIX  AAHHbIX.
Pacnpepenenve Temnepatypbl B JMHENWHOM 4acTW OMpeaenserca TennoobmeHoOM HedpTn ¢
OKpy:Kalowein cpepoi. HeonpegensembiM napameTpom s pacyeTa TenaooTAaun ABAAETCA
TENNoNPOBOAHOCTb PYHTA, KOTOPas 3aBUCUT OT TUMA MOPOAblI U CTEMEHW BAAXKHOCTU TPpyHTa.
TennonpoBOAHOCTb FPYHTA ONPeAenaoT Takum 0bpa3om, YTobbl NpY 3aJaHHbIX pacxose HedTH,
TemnepaTtypax HedTU B Hayase yyacTKa M rPyHTA Ha yyacTKe pacyeTHas Temnepatypa HedTw B
KOHLIe y4YacTKa UMesla HauMeHbLLee pacxoxaeHue ¢ akTuieckoi. Takum obpasom, onpegeneHme
peasibHbIX 3aBUCMMOCTEN 06BEKTOB MO3BO/IAET MOBbICUTb TOYHOCTb PE3YNbTaTOB MOAENNPOBAHUA
ropsyei 0TKauyku M yCTpaHAeT HECOOTBETCTBMA MOAE/M U TONOIOrMM O6BHEKTOB.

Kntoyesble €108a: PerpeccMoHHbIW aHain3, HeCOOTBETCTBMA MOZEAN U TOMONOrMU OBBEKTOB
nepeKayku, GaKkTUYecKmne faHHbIe AATYUKOB AaBIEHMSA, TEMMEPATYPbl U pacxoaa.
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