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IMPROVING THE EFFICIENCY OF THE FUNCTIONING OF GAS PIPELINES,
TAKING INTO ACCOUNT THE STRUCTURAL FEATURES OF GAS FLOWS

Abstract. The multi-phase and different composition of gas flows during the development of offshore oil
and gas-condensate fields leads to high costs of energy in the system of in-field storage and transportation of
well products.

The analysis of the existing storage and transportation systems of gas-condensate mixtures shows that
the geophysical nature and complexity of the internal structure of the transported fluids must be taken into
account when choosing the mode parameters and calculation schemes of the pipelines. High-speed gas lines
can be operated in a so-called "dry" mode, in which the liquid is carried along with the gas, the pipeline
profile is relatively straight, without ups and downs. In this case, the formation of so-called "stagnant zones"
in the pipeline is excluded.

However, if the processing depth of the gas does not allow it to be transported in a single-phase state, then
the condensing gas factor manifests itself. The hydraulic characteristics of vertical ups and downs on offshore
pipelines are complicated, and pipelines are often filled with water and condensate. As a result, the pressure in
the pipeline increases and the location of the collection point for condensing gases away from the production
site can cause major problems.

If we characterize oil and gas-condensate flows as a dynamic system in which alternating structural
changes take place, the question of whether these systems are fractal is of great scientific interest.

Based on the change in the fractal value, it is possible to diagnose structural changes during the
transportation of various systems, including condensing gases in the pipelines.

In this article the modes of change of basic parameters of a gas flow (pressure, flow rate and temperature)
on various lines of a gas pipeline for the purpose of the producing of diagnostic criterion for revealing of liquid
inclusions as a part of transported gas are investigated in this article. It is established, that in the presence of
liquid inclusions at movement of gas flows there are the structural changes peculiar to fluid systems, systems

which can be identified by variations of fractal dimensions of flowcharacteristics.

Studies have shown that the study of the dynamics of structural changes in gas flows can play a role
in diagnosing the formation of liquid phase embryos in gas pipelines. For this purpose, diagnostics for the
movement of gas streams accompanied by liquid deposits in the pipelines has been proposed.

Key words: gas pipeline, gas flow, diagnosing, flow characteristic, structure form, fractal prices,multiphase,

condensation.

Introduction. Transportation of production
from with gas or gas condensate fields or associated
gases from oil fields is interfaced to increase of the
energy expenditure, caused by multiphaseflows.
The analysis of existing systems of gathering and
transportation of gas condensate mixes shows, that
increase of efficiency demands the knowing of
the rheological nature and complexity of internal
structure of transported fluids at a choice of modes
and calculations of pipelines. High flow rates in
gas pipelines can provide a so-called dry mode of
operation, i.e. carrying out of liquid inclusions with
gas if the pipeline has rather equal profile. Thereby
formation possibility in it of so-called stagnant zones
is excluded. When depth of processing of gas does not
provide its transportation to a single-phase condition,
we deal with condensing gas. Presence up and down

streams in the marine pipelines complicates their
hydraulic characteristic, horizontal and elevating sites
of gas pipelines are often filled in with a condensate
and water. As a result, pressure in the pipelineraises.
The investigation shows, that unlike a single-phase
stream, range of gathering of condensing gas cannot
increase is boundless with increase in diameter
of the pipeline. As shows long-term experience
of arrangement of sea deposits on Caspian Sea,
transportation of such streams to coastal terminals
and points of gathering of production is interfaced to
considerable difficulties. So, on a movement course
on trade pipelines in these systems there are the
phase transitions accompanied by branch of a liquid
and a condensate. Accumulation in the lowered sites
of a line of the pipeline of the separated liquid and
a condensate leads to formation of clogging in the
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pipeline and considerably complicates transportation
of production [1,2].

Methods. Considering gathering in view of
range of points of gathering from an extraction
place, the above-stated problems arise on a course of
movement of production, not reaching to them. One
of ways of the decision of this problem is the choice
of an optimum mode of the swapping excluding the
beginning of formation of a liquid phase on all length
of the pipeline to point of gathering and preparation
of production. This problem is reduced to a choice of
optimum diameter of thepipeline.

Let's present a gas stream as the system having
the characteristic ordered structural form of a current
at a certain combination of values of gas dynamics
parameters, describing its current condition. Change
of a mode of transportation leads to transfer to
other structural form and the system is as though
reconstructed on other structure form with other
measure of orderliness. Differently alternation of
various structural forms of a current is accompanied
by consecutive change of the ordered structures
with the measure of orderliness. Thus, on change

of a measure of orderliness of system as a whole it
is obviously possible to identify the beginning of
formation or transition to other structuralform.

For an evaluation of a measure of disorder of
various structural systems the estimation technique
fractal measures [3,4,5] which has been used at
carrying out of researches of the presented work
is effectively used. According to this technique,
dynamics of gas dynamics parameters on the basis of
operating data on various sites of main gas pipeline
Azadkend-Bilesuvar (the Azerbaijan Republic) first
of all has been investigated. Metering have been made
on the various sites differing not only the extent, but
also character of a profile of a line, that also makes
changes to character of a current of gas streams in the
presence of liquidinclusions.

Results anddiscussion. The results of
measurement (table. 1) have been constructed
curves in dimensionless sizes for change of pressure,
temperature and flow rate on various sites of a gas
pipeline and these curves have been processed by a
method of a covering for an estimation Hausdorf’s

fractal dimensions [4-5].

Table 1. Measurement data for Bilesuvar

Ne | Pressure Temperature ~ Flow | Ne | Pressure Temperature = Flow
kPa °C m3/hour kPa °C m3/hour

1 |251.809 |20.004 |0.656 26 | 252.567 18.352 0.620
2 251904 |19.132 |0.620 27 252775 19.308 0.581
3 |251.981 18.506 |0.597 28 |252.697 19.347 0.596
4 251917 |18.307 |0.589 29 |252.786 18.934 0.590
5 1251.820 |17.808 |0.592 30 |252.808 19.027 0.599
6 |251.806 |17.773 |0.596 31 252389 18.599 0.657
7 1251.694 |18.871 |0.625 32 |251.150 18.142 0.876
8 1250374 |18.087 |0.862 33 |251.036 19.556 1.028
9 1250.079 |19.475 |1.031 34 |251.860 24.337 0.951
10 |250.907 |23.533 [0.965 35 |251.971 29.409 0.946
11 |251.106 |28.738 |0.965 36 |251.459 32.922 1.039
12 |250.600 |33.885 |1.037 37 |250.513 35.447 1.103
13 [249.644 |37.847 |1.061 38 249.963 37.471 1.061
14 |248.972 [40.847 |1.015 39 250.285 38.818 0.915
15 | 249.137 | 42.790 |0.880 40 ]250.170 37.153 0.885
16 [249.061 [43.462 |0.827 41 |250.637 36.166 0.839
17 |248.962 [42.592 |0.833 42 | 249.443 34.823 1.014
18 | 248.806 |39.853 |0.890 43 1249.216 30.458 1.099
19 | 248.758 | 34.786 | 1.000 44 1249.258 27.485 1.141
20 | 248.825 |30.301 |1.082 45 1249.033 23.833 1.219
21 | 248327 |25.194 |1.249 46 ]250.118 21.698 1.081
22 |249.717 |22.374 |1.063 47 1251.379 21.092 0.876
23 | 251.090 |21.690 |0.853 - - - -

24 |251.807 [20.221 |0.762 - - - -

25 252334 | 18.860 |0.675 - - - -
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Results of processing of curves on various
sites of a gas pipeline are presented on figure 1. As
have shown results of the analysis of data curves
of dynamics for these parameters, carry strongly
pronounced fractal character. This conclusion proves
to be true good enough flattening of the curves
received by a method of a covering for an estimation
of Hausdorf’s dimension on all samples taken for the
analysis.

= 120
4
Z 1.00 -

~—4—Pressure

~-Temperature

£ / —i—Flow
8 000 il e By
1357 911131517192123252729313335373941434547

Hours

Results of data processing for pressure
y=1.2231x+6.6903

In N(r)

D = N W s u;

In 1/r

Results of data processing for temperature

y=1.1706x+6.5179

In N(r)

D = oW s »;

In 1/r

Results of data processing for flow
y=1.3159x+7.1039

In N(r)

In1/r

Figure 1. Results of data processing for Bilesuvar
line

The fractal properties for dynamics characteristics
of gas pipelines allows us to identify structural modes
of a current on change fractal measures. Moreover,
data on gas structure, presence of liquid inclusions is
possible to connect with character of change fractal
dimensions of the gas dynamics characteristics and
to find corresponding diagnosticcriterion.

That is, differently presence of liquid inclusions
leads to change of the structural form of a current of

a stream on the pipeline which degree of orderliness
is defined by fractal measure. Hence, in a gas stream
without liquid inclusions and with liquid inclusions
fractal measure of structure of a stream will be
various.

For the purpose of revealing of possibility of early
diagnosing of formation of a liquid phase in a gas
pipeline on change of component composition of gas,
gas samples in operating conditions have been taken.
Gas sampling points are presented in figure 2. In a
point 3 on an exit of compressor station selection of
test of associated gas was made, and in a point 1 after
installations on preparation of gas selection of test of
natural gas was made. Further these two gas streams
after mixture are transported to delivery measuring
station on which input in a point 3 samples already
for a mix of natural and associated gases were taken.
From each point have been taken two samples of gas
(Test 1 and Test 2).

Associated gas

Natural gas Mixture of natural and associated gas

Figure 2. Points of gas samples

Results of the analysis of the taken tests, and also
corresponding values of defined parameters for a mix
of the natural and associated gas, calculated by the
additively rule are shown in the table 2. Apparently
from the table, actual values of parameters of
a mix of natural both associated gases and the
corresponding values calculated by additivity rule,
most strongly differ on following positions: content
of heavyfractions (Cst); content of contamination
and moisture content; dryness of gas (Ci/Cz2+) and a
dew-point (T, ). For more evident picture on figure
3 the picture of change of parameters Cs+ and Ci/
C2t depending on parities of associated and natural
gases as a part of a mix is presented. Here by arrows,
it is shown, to what content of associated gas in a
mix there correspond actual values of parameters of
a mix of gas and so differs from a mix of natural and
associated gases in the ratio 85:15%.

Thus, by results of the spent researches it is
established, that diagnosing of a structural condition
of a gas stream expediently in frameworks, the
analysis which can serve as the tool for studying of
the latent order in dynamics of disorder systems what
gas mixes with liquid inclusions are. The effective
mathematical apparatus for diagnosing of movement
of gas streams with liquid inclusions in pipeline
systems is offered enough simple,but.
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YIC: 621.643.03

Oabman X. Uckanaapos
O3ipOaibkan MeMIIeKeTTIK MYHAH oHE OHEPKICIlT YHUBEpCHUTETI, baky
e-mail: e.iskenderov62(@mail.ru

I'A3 AFBIHJIAPBIHBIH K¥PbIJIBIM/IBIK EPEKHIEJIIKTEPIH ECKEPE OTBIPBIII,
I'A3 K¥YBBIPJIAPBI )K¥MBICBIHBIH TUIMJILJIIT'TH APTTBIPY

AHHoTanus. MyHai ’oHe ra3-KoHIeHCAT KEHOPBIHIAPBIH HIepy Ke31H/Ie ra3 aFbIHIaPbIHBIH KOl (ha3alibl
JKOHE 9p TYPJTi KypaMbl KSHIIITE CaKTay )KOHE TaChIMAIIAy )KYHECiHIe SHEPTUSTHBIH KOFaphl MIBIFBIHIAPbIHA
oKeesIi.

I'a3-koHIEHCATThl KOCTaNap/AblH KOJJIAHBICTAFbl CAKTAy JKOHE TachIMaljay JKyHelepiH Tanjaay KyObIp
PEKUMIHIH TapaMeTpliepi MEH eCenTey CXeMallapblH TaHJay Ke3iHJe TAChIMAIAHATBIH CYWBIKTBIKTAP/IbIH
reopu3uKaNbIK TAOWFATHl MEH IMTKI KYPBUIBIMBIHEIH KYPACTIITIH eCKepy KepeKTiriH kepcereni. YKorapsl
KBUTIAMJIBIKTBI Ta3 KeJIepi «KYPFAKy JICT aTajaThlH PeXKUM/IC )KYMBIC 1CTeH anajibl, OHJIa CYHBIKTHIK Ta30eH
Oipre TachIMaNIIaHAIBI, KYOBIp MPOQHITI CaTBICTRIPMAIIBI TYPIE TY3Y, KYJIIBIpaychi3 Oomanasl. by xxarmaiina
KYOBIp/IaFbl «TOKbIPAY aifMaKTapbIHBIHY» KAJBIITACYBI alIbIHBII TACTANIAJIbI.

Amnaiina, erep Ta3mpl OHACY TEPEHIIrT OHBI Oip (a3aisl Kyime TackMaiaayra MyMKIHIIK OepMece, OoHIa
KOHJICHCAIMUTAHATHIH T'a3 (pakTopsl Kopinei. TeHi3 KyObIpIapbIHIAFhI TIK KOTEPLTYIIep MEH KYJIIBIpaYIapabIH
THJIPABIIUKAJIBIK CHITATTaMaIapbl KYPJIei, aJl KyObIpyiap KeOiHece CyMEH yKoHe KOHICHCATIICH TONTHIPLIAIBI.
Hotmxecinne KyOBIpAarsl KBICBIM KYIICHII, KOHACHCAITMSUTAHATHIH Ta3Mapabl )KUHAWTBIH OPBIHHBIH OHIIpIC
OPHBIHAH aJILICTa OPHAIACYBI YIKSH MaceseNep/Ii TYAbIPYybl MYMKiH.

Erep 6i3 MyHali MeH Ta3-KOHACHCAT aFBIHAAPBIH aybICTIadbl KYPBUIBIMIBIK ©3TepicTep OOiIaThiH
TUHAMUKAJBIK JKYHe peTiHAe CHIIATTalThIH 00JIcak, oHma OyI1 xyienep (GpakTaiasl Ma JETeH CYpak YIKeH
FBUIBIMU KBI3BIFYIIBUTBIK TYIBIPAJIbI.

OpakTaNIbIK MaMaHbIH e3repyiHe CyHeHe OTBIPBII, dp TYPIIi KyHesaep i, OHBIH iMTiHIe KyObIpiIapaarsl
KOHJICHCATTBI Ta3/[ap/ibl TAChIMAIIAY Ke31HJIe KYPBUIBIMIIBIK ©3repicTepli THarHoCTHKAIAyFa O0a bl

Bysimakaiaia rachIMalIaHaThIH Fa3/(bIH KypaMblHa CYHBIK KOCBIHIBLIAPBIH aHBIKTAY/IbIH THATHO CTHKAIBIK
KpUTEPHUIiH KYPy MaKcaTbIHIa Ta3 KYOBIPBIHBIH Op TYPJIi KETIePiHACTI Ta3 aFbIHBIHBIH HET13T1 KbICHBIMBIHBIH
(KBICBIM, IITBIFBIH JKOHE TEMITepaTypa) e3repy peskuMaepi KentipinreH. ['a3 aFbIHAapbIHBIH KO3FAIBICH KE3iHIE
CYMBIKTBIK KOCHIH/IBUTAPHI OOJIFaH Ke3/1e CYUBIKTHIK JKyHesepiHe TOH KYPBUIBIMIIBIK 63repicTep OO0NaThIH BIFBI
AHBIKTAJIIBI, OJIAP.IBI aFBIH CHITATTaMaJIapbIHBIH (PAKTAIIBIK OJIIIeMICPiHIH 63repyiMeH aHbIKTayFa 0oJaIbl.

3eprreynep KOPCETKeHJIeH, ra3 arbIHIAPbIHBIH KYPBUIBIMJIBIK ©3repy JUHAMUKACBHIH 3epTTey Ta3
KYOBIpIapbIHAAaFsl CYHBIK (Da3aiblK IMOPHOHIAPABIH TY3UTyiH THArHOCTHKAJIAylda MaHBI3IBI POl arkKapa
amampl. OCel MakcaTTa KYOBIpIapAarbl CYWBIK IIOTIHAUICPMEH JKYPETIH Ta3 aFbIHIAPBIHBIH KO3FaJIbICHIH
JIMarHOCTHKAJAY YChIHBLIBI.

Tyiiin ce3aep: ra3z KyObIpbl, ra3 arbIHbI, JUATHOCTHKA, aFbIH CHUIATTaMAaChl, KYPBHUIBIM (GOpMAackI,
(bpakranaplk Oaramap, ken ¢a3ajsl, KOHICHCAIIHS.
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YAYYIIEHUE DOPPEKTUBHOCTH ®YHKIIMOHUPOBAHUSA I'A30ITIPOBOJOB
C YYETOM CTPYKTYPHBIX OCOBEHHOCTEU TEUEHUSA I'A3A

Annortauus. Ilpu pa3paborke MOPCKMX HEPTAHBIX M Ta30KOHIEHCATHBIX MECTOPOKACHUH
MHOTO0(a3HOCTb U PA3IMYHBII COCTAB Ia30BBIX TOTOKOB MIPUBOJHUT K BBICOKHM 3aTparaM SHEPTHU B CHCTEME
BHYTPHIIPOMBICIIOBOTO cOOpa M TPAHCTIOPTUPOBKH CKBAYKUHHON MPOAYKIHH.

AHanu3 CymecTBYIOIMX CUCTEM cOOpa M TPaHCIOPTUPOBKM T'a30KOHACHCATHBIX CMECEH IMOKa3bIBAET,
YTO TpU BHIOOpE PEKHMMHBIX IapaMeTPOB U PacUETHBIX CXeM TPYOONpPOBOJOB HEOOXOAWMO YUHTHIBATH
reoU3MYECKUI XapaKTep U CIOKHOCTh BHYTPEHHETO CTPOSHHS TPAHCIIOPTHPYEMBIX (QIIIONI0B. BhIcOKyIO
CKOpPOCTb ra3a MOXHO AOCTHYb B TAaK HA3bIBAEMOM «CYXOM» PEKUME, IIPU KOTOPOM KUJKOCTb YHOCHUTCS
BMECTE C T'a30M, KOrna npoduiib TpyOOnpoBoJa OTHOCUTEIBHO MPSIMOM, 0€3 MoabeMOB U CIYCKOB. B aToM
cllyyae UCKIII0YaeTcsi 00pa3oBaHMe TaK HAa3bIBAEMbBIX «3aCTOWHBIX 30H» B TPyOONpOBOJE.

OpnHaxo, eciu IiTyOrHa mepepaboTKY ra3a He I03BOJISIET TPAHCIIOPTHPOBATH €r0 B 0MHO(A3HOM COCTOSIHUY,
TO MPOsIBIISIETCS (GaKTOp KOHACHCAIMHU ra3a. Ecnn Mopckue TpyOOnpoBOIbl HMEIOT YYaCTKH BEPTHKAIBHBIX
MOABEMOB U CIIYCKOB, TO THAPABINYECKHE XapAKTEPUCTHKH CTAHOBSTCS CIOKHBIMH, U TPYOOIPOBOIBI
YacTO 3alONIHAIOTCA BOAOM M KOHIAEHCAaTOM. B pesynbrate AaBieHHEe B TPyOOIPOBOAE YBEIWYHMBACTCS,
U PacIoJIOKEHUE TOUYKH cOOpa KOHACHCHPYEMBIX I'a30B BJAJIM OT MPOU3BOACTBEHHOH IUIOIIAAKH MOXET
BBI3BATh CEPHE3HBIE TPOOIEMBI.

Ecnu oxapakrepu3oBaTh TOTOKH HE(TH M ra30BOT0 KOHAEHCATA KaK JUHAMHUYECKYIO CHCTEMY, B KOTOPOi
MIPOUCXO/IT YepEeNyIOIIHECS CTPYKTYpHBIE H3MEHEHHSI, BOIIPOC O (PPaKTaIbHOCTH STHX CHCTEM MPEACTABISIET
0O0JIBIION HAyYHBIH HHTEPEC.

[lo w3meHeHuio (paxTanbHON BETUYMHBI MOXKHO AWArHOCTUPOBATH CTPYKTYpPHBIE H3MEHEHHS IPH
TPaHCHOPTUPOBKE PA3JIUYHBIX CUCTEM, B TOM YHCIIE KOHACHCUPYIOLIUXCS T'a30B B TPyOOIPOBOaXx.

B crarbe mpencraBieHbl PeXMMbl U3MEHEHHsI OCHOBHBIX I1apaMETPOB Ta30BOrO MOTOKA (JaBiIeHUS,
pacxoia ¥ TeMIieparypbl) Ha pa3iM4YHBIX YYacTKax Ia3olpoBOJa C IEJbI0 BBIPAOOTKH AMArHOCTHYECKOTO
KPUTEPUS JJIs BBISBICHUS KUAKUX BKIIOYEHUH B COCTABE TPAHCIOPTUPYEMOTIO Ira3a. YCTaHOBIIEHO, UTO IIpU
HaJM4YUM SKUJIKUX BKJIIOYEHUW NPU JBUIKEHUU Ia30BbIX IIOTOKOB IPOUCXOAAT CTPYKTYPHBIE WU3MEHEHUS,
CBOMCTBEHHBIE )KUAKOCTHBIM CHCTEMaM, KOTOPbIe MOXXHO MJIEHTU(HUIMPOBATD M0 BapHalusiM (hpaKkTaIbHbBIX
Pa3MepHOCTEN XapaKTEPUCTUK IIOTOKA.

HccenenoBanus nokasany, 4YTO U3yYEHUE JUHAMUKH CTPYKTYPHBIX U3MEHEHUN ra30BbIX IOTOKOB MOXKET
CBITPaTh POJIb B JUArHOCTHKE 00pa30BaHMs 3apOIbIIIei >KUIKOH (a3bl B razonpoBoaax. Jist 3Toro npemioxena
JMAarHOCTHKA JABHKCHUS ra30BbIX TIOTOKOB, COMPOBOXIAEMBIX OTJIOKEHUSIMH Y KUIKOCTH B TPYOOIIPOBOIAX.

KuroueBble cjioBa: ra3onpoBo, IOTOK rasa, TMarHoCTUPOBaHUE, XapaKTEPUCTUKA ITOTOKA, CTPYKTYpHAs
¢dopma, ppakranbHas BeINIHHA, MHOTO()a3HOCTh, KOHACHCAIIHSI.
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