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THE ISSUE OF OPTIMAL DISTRIBUTION OF LIMITED
GASES BETWEEN THE WELLS WORKING
PARALEL WITH GAS-LIFT METHOD

A.N. QURBANOV", 1.Z. SARDAROVA!

The task of optimal distribution of limited amount of gas between parallel working gas-lift wells, having different
performance characteristics was set. Mathematical model of wells was obtained by means of numerical experiments and opti-
mization problem was solved with the application of the method of Lagrange multipliers, thus was shown obtaining of maxi-
mum performance.

In order to solve the issue, a mathematical model of the productivity characteristics of wells P(xi) should be pre-
pared. As mentioned, 3 different gas lift wells were selected for numerical experiment. To obtain the mathematical model of
the productivity characteristics of wells, 50 experimental values were obtained using the passive experimental method, and the
smallest squares method was used to find the coefficients of the mathematical model.
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Introduction. During using the gas lift method in oil production, wells are usually provided
with gas in a groups (16 and more), as parallel, and their productivity characteristics are considered
extremely (usually in the form of a parabola). In addition, the productivity characteristics of gas lift
wells differ between each other, and the amount of supplied gas is limited.

Statement of issue. It should be noted that,due to the limited amount of gas providing to wells,
it is not possible to load wells to the maximum measure, and in this case there appear a problem of op-
timal distribution of loads..

Solution methods. The issue of optimal distribution is considered under these conditions.
Oterwise, loads should be equally distributed between the wells [1].

Figure-1 shows the technological structural scheme of parallel working gas lift wells.

Here: i - quantity of gas-lift wells; X — total amount of gas; P(X;)— productivity of i wells ;

n
P(x) =) P(x) total productivity .
i=1
Considered that, the total amount of gas is limited:

x:ixiSA (1)

i=1

The issue of the optimal distribution of a limited amount of gas between parallel wells is being
set as below:
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P(x) :i P(X;) —» max

ZXi <A (2)

i=1
Pmin (Xi) < P(Xi) < Pmax(Xi)
X <Xi <X;

imin = Imax

That means, the loads must be distributed in such way that,obtaining maximum productivity
with limited raw materials [2, 3, 4].

Regarding a numerical experiment was carried out to solve the problem, in order to simplify,
the problem of optimal distribution of loads between n=3 quantity different gas lift wells was consid-
ered. It should be noted that the issue can be resolved for, n=16,n=32 and more cases.

In order to solve the issue, a mathematical model of the productivity characteristics of wells

P(X;) should be prepared. As mentioned, 3 different gas lift wells were selected for numerical experi-

ment. To obtain the mathematical model of the productivity characteristics of wells, 50 experimental
values were obtained using the passive experimental method, and the smallest squares method was used
to find the coefficients of the mathematical model. Used Matlab Software’s polyfit and polyval tools
(functions) in order to find the experimental values of mathematical model, and the coefficients of the
model were clarified. Based on the obtained coefficients, the mathematical model of each well is given
in (3), (4) and (5), accordingly . Calculations show that the obtained mathematical models are character-
ize the object with the allowable accuracy.

P(x,) = —48,281 +1124x, —0,006x; ?)
P(x,) = —66,786 +1,003x,, —0,004x3 4)
P(x3) = —128,459 +1,602x, — 0,005} (5)

Based on the experimental values and the calculated mathematical models, the productivity
characteristics of each well are shown in Figures 2, 3 and 4, respectively. The given characteristics de-
scribe a curve based on experimental values with a broken line, and a curve based on a mathematical
model with a solid line.
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Fig.1 The technological structural scheme of parallel Fig. 2. The productivity characteristic of the 1st well..

working gas lift wells.
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Fig. 3. The productivity characteristic of the 2nd well. Fig.4. The productivity characteristic of the 3rd well.
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The optimization issue (6) is set by using the obtained mathematical methods, and (2).
P(X) = P(%) + P(X,) + P(X3) = —41,281+1124x, — 0,006%,” — 66,786 +1,003x, — 0,004x,> —
—128,459+1,602x5 —0,005x3 — max
In order to solving the optimization issue, used Lagrange’s the INDEFINITE
Xy +X, + X5 <370
80 <x, <100 (6)
120 < x, <150
150 < x, <180

MULTIPLACTION Method [4]. For applying this method, firtsly Lagrange function should be
created with using (7) and (8)

L(x2) =P() + 22.,(x) U
g(x) =X, +X,+X,-370=0 (8)

L(x) = 41,281 +1124x, —0,006x,” — 66,786 +1,003x, — 0,004x,” —128,459 +

9)
+1,602x5 — 0,005%3 + A(X; + X, + X5 — 370)

Based on obtained Lagrange function’s X;, X,, X; vo 1 variables,the special derivatives were
found,equalled to zero and the system of equations (10) was obtained.

i =1124-0,012x;, + 1 =0

0%

a =1,003-0,008x, + A =0

0Xy (10)
oL =1602-0,01x; + 1 =0

0X3

oL

— =X, + Xy + X3 —370=0

EY) 1 2 3

“The Kramer rule” was used to solve the system of equations and the optimal values (11), (12)
and (13) were obtained.

X, =91196 m°®/saat (11)

X, =121,628 m®/saat (12)

X, =157,203 m®/saat (13)
A=-0,03

The maximum debit rate was calculated using the obtained optimal values and mathematical
models (14).

P(Xmax) = P(X;) + P(X,) + P(X3) =1,185+ 0,668 + 1,515 =3,368 m?/saat (14)

Under the conditions of restriction, The total productivity of solution of the problem of optimal
distribution of loads, has a higher total productivity than any distribution .

Conclusion. From the research, we can conclude that, in case of restrictions to parallel working
gas-lift wells with different productivity characteristics and the total amount of the distributed gas,we
can gain the maximum productivity for the solution of the optimal load distribution issue.
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QAZLIFT USULU iLO PARALEL isLQYBN QUYULAR ARASINDA MOHDUD MIiQDARDA
QAZLARIN OPTIMAL PAYLANMASI MOSOLOSI

AN. QURBANOV, 1.Z. SORDAROVA

Miixtolif mohsuldarliq xarakteristikasina malik va paralel isloyan qazlift quyular1 arasinda mehdud miqdarda qazlarin
optimal paylanmasi mosoalasi qoyulmusdur. ©dadi eksperiment vasitasilo quyularin riyazi modellori alinmis, Laqranjin qeyri-
miioyyon vuruqglar metodu totbiq edilmoklo optimallagdirma masslosi holl edilmis vo beloliklo maksimum mohsuldarliq
alinmasi gostorilmisdir.

Mosaloni hall etmak iigiin quyularin mohsuldarliq xarakteristikalarinin P(Xi) riyazi modeli qurulmalidir. Qeyd

edildiyi kimi odadi eksperiment kimi 3 adad bir-birinden forqli qazlift quyusu secilmisdir,quyularin mshsuldarliq
xarakteristikalarinin riyazi modelini almagq {iglin passiv tocriibs tisulundan istifads edilorok 50 tocriibs giymati oalds edilmis vo
riyazi modelin amsallarin tapilmasi ti¢iin on kigik kvadratlar metodundan istifads edilmigdir.

Acar sozlar: neftcixarma, qazlift, quyu, optimal paylanma, mahsuldarlq, eksperiment.

3AJJAYA OIITUMAJIBHOI'O PACIIPEJIEJIEHUSI 'A3A B O'PAHUYEHHBIX KOJIMYECTBAX
MEXAY HAPAJJIEJIBHO PABOTAIOIIUMHU CKBA’KUHAMU METOJOM I'A3JITMPUKA

A H.TYPBAHOB, 1.3. CAPJJAPOBA

B pabore mocraBneHa 3amada ONTHMAIBHOTO pacHpeeleH s OTPAaHMYSHHOTO KOJIMYECTBa Ta3a MEXKAY HapaIelbHo
paboTaloIMMK  Ta3MU(PTHBIMA  CKBOXMHAMH, HMCIOIIMMH  Pa3MYHBlE  XapaKTEePUCTHKH  HPOWU3BOIMTEIBHOCTH.
Maremaruueckass MOJIENIb CKBaXKUH IOJy4eHa C IOMOLIbIO YHMCIEHHOI'O 3KCIIEPUMEHTa, a 3a/auya ONTHMHU3AlMU peIIeHa C
[IpUMEHEHHEM MeToJa MHOxuTenel Jlarpanxka. TakuM o6pa3oM MoKa3aHO MOJydEHHUE MAaKCUMAJIbHON IPOU3BOAUTEIBHOCTH.

Jlist peleHus] MOCTAaBICHHOM 3aaud TOCTPOCHA MareMarhdeckas Mojenb P(X;) MpOIYKTHBHBIX XapaKTEPHUCTHK
CKBaXWH. B KadecTBe UYHCIEHHOTO HSKCIIEPHMEHTa OBUTH BBIOpAHBI 3 pa3HbIe Ta3NMU(THBIE CKBaXHHBIL. I MONydeHHS
MaTeMaTHYeCKOl MOJENH NPOAYKTUBHBIX XapaKTEPHUCTHK CKBAXXHUH C HCIOJB30BAHHEM ITACCHBHOTO 3KCIIEPUMEHTAIHLHOTO
MeToa ObII0 momydeHo 50 SKCIepHMEHTATbHBIX 3HAYCHUH, a IS ompefeneHus Kod(Q(UIMEeHTOB MaTeMaTHIeCKOH Momenn
HCIIOB30BAaH METO/] HANMEHBIIINX KBaJPATOB.

Knrouesvie cnosa: dobviua nepmu, 2aznugm, ckeadcuna, ONMUMAaibHoe pacnpeoeierue, npoOYKMUGHOCMb, IKCnepu-
MeHm.
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MULTIFAZALI BORU KOMORLORINDO DAYANIQSIZ
HIDRAVLIK XARAKTERISTIKALARIN DiAQNOSTIKASI

F.B. ISMAYILOVAY, E.X. ISKONDOROV'*

Multifazali boru kemarlorinin istismar tocriibasi gostarir ki, naql olunan sistemlarin strukturundan asili olaraq, qeyri-
taraz xiisusiyyatlor, tozyiq doyiintiilori vo hidravlik xarakteristikalarda qeyri-stabil zonalarin mévcud olmasi tez-tez bas verir.
Odur ki, bu sistemlarin boru ilo axmasinin modellogdirilmasi vo axinin multifazalilig: ilo bagl geyri-stabil voziyystin bas
verma soraitinin agkar edilmosi miithiim shomiyyat kasb edir.

Mogqalads faza cevrilmoalori soraitindo qaz-maye sisteminin boru komari ilo axini ii¢lin riyazi modelin qurulmasina
cohd edilmisdir. Qaz-maye axininin hidravlik xarakteristikalarini qiymstlondirmok mogsadile komorin uzunlugu boyu tozyiqin
doyismosindon asil1 olaraq axinin miixtolif struktur formalarina baxilmigdir. Miisyyan edilmisdir ki, tozyiqlor forqinin sorfdon
astliligini kub tonlik vasitosilo ifads etmoak va stabil xarakteristikanin movcud oldugu zonalar1 miioyysn etmok miimkiindiir.

Agar sézlar: boru kamoari, qaz-maye qarisigi, multifazal axin, mikroriiseyim, struktur, tazyiq, stabil xarakteristika,
model.

DOI: 10.52171/2076-0515_2021 13 01 54 57

Giris. Boru komorlorindo multifazali sistemlorin harokotine hasr olunmus todqiqatlarin tohlili
gostorir ki, burada asason doyma tozyiqindon asagi qiymstlorde bas veran proseslor nozordon kegirilmis
va hesab olunmusdur ki, qaz qarisiglari doyma tozyiqginden boyiik vo ona yaxin giymotlordo homogen
miihitlora aiddir. Lakin g¢oxsayli tadgiqatlarda [1-8] gdsterilmisdir ki, bu sistemlorin kecidqabagi
hallarinda gazin mikroriiseymlorinin yaranmasi hesabina bircins olmayan strukturlar yarana bilor vo
yaranan mikrorigeyimlorin qatiligir diger borabor sortlor daxilinds tozyiqin qiymetinin vo tempinin
doyisilmasi ilo miioyyan olunur. Hom do miioyyan edilmisdir ki, torkibindo mayenin biitiin hacmi boyu
paylanmig gaz riiseymlari olan sistemds geyri-taraz xiisusiyyatlar tozahiir edir. Doyma tazyiqi vo ondan
yuxar1 hoadlerds gaz riiseymlorinin mévcudlugu ils boru komorlorinin sorf xarakteristikalarinda geyri-
xotti, bir sira hallarda iso aydin sokilds ifado olunmus geyri-monoton sahalor miisahide olunur. Bels
hesab etmok miimkiindiir ki, geyd olunan sorait hidravlik xarakteristikalarda, masalon, multifazali
sistemlarin naqli zamani miixtalif miirokkoblosmalorin yaranmasi vo alave xarclors sabab olan tozyiq vo
sorfin 6z-0zlino qalxmas1 kimi keyfiyyat doyismolorine sabab ola bilor. Bels halda bu sistemlorin boru
ilo axmasimin modellasdirilmasi vo multifazali axinlarda qeyri-stabil vaziyyotin bas verma soraitinin
askar edilmosi miithiim shamiyyat kasb edir.

Isin moqgsadi. Qeyd olunanlari nozoro alaraq, faza g¢evrilmolori soraitinde qazla doymus
sistemin boru ila axini tigiin riyazi modelin qurulmasina cahd edilmisgdir.

Forz edok ki, d diametrli, £ uzunluglu boruya hocmi qazliligi £ olan qazla doymus maye daxil
olur. Borunun baslangicinda tozyiq mikroriiseymlorin amalagslms tozyiqindon (P,,) xeyli ¢ox, sonunda
isa doyma tozyiqindon (Py) xeyli kigik qiymatlors malikdir.

Faza cevrilmalori ilo miisaiyat olunan qaz-maye axinmin hidravlik xarakteristikalarini
giymetlondirmak maqsadi ilo boru kemsrini uzunlugu boyu sarti olaraq ii¢ hisse ayirmaq olar. P>P,,
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olan birinci hissado (0<x<¢;) axim1 homogen hesab etmok olar. Bu hissonin sonunda tozyiqin P,,
giymating diisdiiyii zaman sistemds qaz fazasinin mikroriiseymlori amala galmoyas baslayir vo tozyiqin
sonraki diismasi ilo onlarin qatiligl intensiv olaraq artmaga baslayir. Boru komorinin bu hissasi iigiin
(£1<x<¢y) sistemin Ozliiliiyliniin onun qatililigindan asililigr ti¢in A.Eynsteynin sortlorinin 6donildiyini
gobul etmok miimkiindiir [9]:
k= po(1+yc)

Burada: py-mayenin 6zlililyii; c- qaz riiseymlorinin qatiligi; y- sistemdos qaz riiseymlorinin 6lgii vo
formasindan asili olan omsaldir.

Nohayat, boru kemorinin tigiincii hissasi (£,<x<¢) artiq ikifazali axin zonasi hesab edilo bilar.
Qabul olunmus timumi tasavviirlora gora ¢,-don baslayaraq (harada ki, P= Py), qazin mayedon sarbast
sokilds ayrilmasi bag verir vo axinm komarin sonuncu en kasiyina dogru harokati zamani soraitden asil
olarag gaz-maye sisteminin miixtalif struktur formalart mévecud ola bilar.

Nazori tadqiqat.

Yuxarida geyd olunanlara asason multifazali boru kemarinds hor ii¢ hisse iizra tozyiq itkilori
nazors alimmagla siirtiinmays sorf olunan yekun tozyiq itkilori asagidaki kimi olacaqdir:

£,—¢ £,
AP = Ad2,+/1(1+yc) 2 12—p,+/1 ear [1+¢x [7—1]] (1)
Burada: p’, p"'- miivafiq olarag mayenin vo qazin sixligi;
W- axinin kiitlo stirati;
1 -axiin ikifazaliliq amsalz;
X- orta kiitlo qazlilig;

A- hidravlik miigavimat amsalidir.

Nozors alsaq ki, sistemds tozyiqin azalmasi ilo entalpiyanin (h) giymoti deylserek E E olur,

onda kiitlo siiratinin (W) malum giymatinds boru kemorinin qaz gabarciglarinin méveud olmadigi ¢;

hissasinin uzunlugunu asagidaki ifads ils toyin etmok olar [10]:
nd? ,, dhdP md?

Pl = W(he — hy) (2)
Burada: h,,, hy— uygun olarag P,, vo boru komorinin sonundaki tezyiqlerindo axinin
entalpiyasidir.
Yuxarida gostorilonlors analoji olaraq, boru komorinin diger iki hissalori iiglin asagidaki
ifadslori yazmaq olar:

2
ﬂww m$%=ﬂww hys) (3)
T (1= B~ £) B L~ Ty (hy — hy) (4)

Burada: hy; vo hg — uygun olaraq, doyma va boru komoarinin son toazyiginds sistemin
entalpiyasidir.

Hesab etsok ki [10], boru komorinin sonunda kiitlo qazlihgimi (hg — hy)/r (burada: r-gaz
ayrilmasinin enerjisidir) kimi gobul etmok olar, onda (4) ifadasini nazoro almagla x kiitlo gazliliginin
orta qiymati ti¢iin yazmagq olar:

7= %Xs p'(1- 32)5;; £;)dh dh dP (5)
£1,€, Vo x koamiyyatlorinin (2), (3) va (5) ifadalordaki qumatlsrml (1) borabarliyinds yerina
yazsaq Vs kiitls siiratini miihitin Q hacmi sarfi ils ifads etsok, ¢evrilmalardan sonra alariq:

AP = AQ3 + BQ* + CQ (6)
Burada:
164p'[(p'/p") — 1] [2yc (hq — hyy) (A —B) ]
A= hg — hg)?
3d7§—h C.fz_P (('/p") — 1) e (hamhy)
81¢p YA -p) "
B=nmsF— [(0'/p") = 1(hq - sﬂ

Ap(1- B)p [(p'/p"")-1] % dh aP

¢= nd3r dP dt (7)
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(6) ifadasindan goriindiiyl kimi, tozyiglor forginin ( AP) sarfdon (Q) asililigi iigiincii doracali
borabarlikls ifads olunur. Bu modelin analizi gostorir Ki, agar sorfin biitiin doyismo diapazonunda (6)
ifadoasinin halli bir hagiqgi vo 2 kompleks kokiin olmasi ilo naticalonarss, xarakteristika geyri-stabil
olacaqdir.

Mbohz homin modelo goro sirtiinmoys sorf olunan tozyiq itkilori sorfin {i¢ miixtolif
giymetlorinda eyni giymeot ala bilor. Belo geyri-stabil xarakteristika iki ekstremuma malik ola bilar. Bu
zaman miihitin sorfinin onlara cavab veron giymotlori agagidaki barabarliklo tayin oluna bilar:

%=3AQ2+2BQ+C=O (8)

Aydin mosoladir ki, stabil xarakteristikanin mdvcudlugu (8) barabarliyinin haqiqi koklarinin

olmamasi ilo miisyyan oluna biler. Bu iso B*>3AC halinda miimkiindiir. (7) ifadesindon A, B va C

omsallarint nozoro almagla, hom do hy = h,, (gobul olunur ki, sistemdo faza g¢evrilmalori riiseym

amoalagalmo anindan baslayaraq bas verir, yani boru kamarinin ikinci va tigiincii hissolari birlasir) gabul
etmoklo, xarakteristikanin stabilliyi asagidaki sort daxilindo miimkiindjir:

054 [(¢1/22)-1]
@1 < ¥ S

Sokilda (9) ifadasine asason €1/, vo p'/p"" simplekslorinin miixtalif giymatlorindo gaz-maye
sistemlorinin sorf xarakteristikalarinda aximin stabil vo geyri-stabilliyini oks etdiron zonalar
gostorilmisdir.

7.46 [(£/41)-1]
('/p")-1 ©)

0.6
Pxs
0.5
0.4
0.3

0.2

0.1

Sokil. Axinn stabil xarakteristikalar iigiin sarhad sartlori (1, 2, 3 va 4 xatlori
yuxart hadlori, 1°, 2°, 3’ va 4’ xatlori isa asagi hadlori gostorir)

Belaliklo, multifazali sistemlorin, baxilan halda iso gaz-maye qarisiginin boru komari ilo
axmasinin modellogdirilmasi asasinda kamarin hidravlik xarakteristikalarinda geyri-stabil zonalarin ya-
ranmasinin diaqnostikasi ilo naql zamani bas veran istismar miirokkablogmalorinin qarsisini almaq
miimkiindiir.

Notica. Multifazali boru kamarlarinds dayanigsiz hidravlik xarakteristikanin diagnostikas1 magQ-
sadilo gaz-maye sistemlorinin axini {i¢lin riyazi model qurulmus vo tohlil edilmisdir. Miisyyan
edilmisdir ki, tozyiglor forqinin sorfden asililigimi kub tonlikls ifade etmoak va stabil xarakteristikanin
mdvecud oldugu zonalart milsyyon etmok miimkiindiir.

Multifazali axinlarda geyri-stabilliyin yaranmasi qazliligin ham bdyiik, hom do kifayat godor
kigik qiymatlorinds bas vers bildiyi ticlin sarfin Q (¥ x; kompleksinin) tanzimlonmasi va kamar boyu
tozyigin doyismosine goro /¢, nisbatinin secilmoasi ilo hidravlik xarakteristikalarda geyri-stabil
zonalarin yaranmasinin qarsisini almaq miimkiindiir.
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JTUATHOCTUPOBAHUE HEYCTOMYUBBIX THIPABIMYECKHUX
XAPAKTEPUCTHUK B MYJbTUD®A3HBIX TPYBOITPOBOJAX

®.b. ICMAWBUIOBA, 3.X. UCKEH/IEPOB

OmBIT SKCIITyaTaluu MyJIbTH(GA3HBIX TPYOOIIPOBOAOB MOKAa3bIBAET, YTO B 3aBUCHMOCTU OT CTPYKTYp TPaHCIIOPTHpYE-
MBIX CHCTEM YacTO MMEIOT MECTO HEPOBHOBECHBIE OCOOCHHOCTH IMOTOKA, HAIMYHME CKAYKOB JAaBICHUS M HECTAOMIBHBIX 30H B
THIPABIMIECKUX XapaKTepHCTHKaX. [109ToMy, 4TOOBI CMOEINPOBATh TEUEHHE TAKUX CHCTEM I10 TpyOOIpOBOIY, HEOOX0IUMO
YUYHUTBIBATh YCIOBHS HECTAOMIBHOCTH B XapaKTEPUCTHKAX, CBS3aHHBIX C MHOTO(a3HOCTHIO IIOTOKA.

B craTbe crenaHa MmomsITKa HOCTPOUTh MATEMATHYECKYIO MOJIENb TEUEHHUS Ta30)KUAKOCTHOH CHCTEMBI 110 TPYOOIpOBO-
Iy TIpH HaIMYUH (ha30BBIX MepexomoB. sl ONEHKH THIPaBIMYECKUX XapaKTEPUCTHK Ta30)KMAKOCTHOTO IOTOKA OBLIM pac-
CMOTpPEHBI pa3IHYHbIE CTPYKTYPHBIE ()OPMBI TEUSHHUS C YIETOM HM3MEHEHHUS JaBICHUS 10 JIHHE Tpybomposoga. OOHapyKeHo,
YTO 3aBHCHMOCTD TI€pemaa JaBICHUS OT pacxoja MOKeT OBITh BhIpa)KE€HA KyOMUECKUM ypaBHEHUEM M NPEICTaBIIETCSA BO3-
MOXKHBIM OIIPE/IENICHNE 30H, B KOTOPHIX IPUCYTCTBYET CTAOMIIbHAS XapaKTePHCTHKA.

Kniouesnvle cnosa: mpy6onposoo, 2a30iCUOKOCIHASL CMECh, MYJTbMUpasHviil NOMOK, MUKPO3apoOblul, CMpYKmypd,
dasneHue, CmadUIbHASL XAPAKMEPUCMUKA, MOOEeTb.

DIAGNOSIS OF UNSTABLE HYDRAULIC CHARACTERISTICS IN MULTIPHASE PIPELINES
F.B. ISMAYILOVA, E.Kh. ISKANDAROV

The experience of exploitation of multi-phase pipelines shows that, depending on the structure of the transported sys-
tems, unbalanced features, pressure pulsations and the presence of unstable zones in hydraulic characteristics often occurs.
Therefore, it is important to model the flow of these systems through the pipe and to identify the conditions of instability asso-
ciated with the multiphase flow.

The article shows the possibility to build a mathematical model for the flow of gas-liquid system through the pipeline
in the conditions of phase transitions. In order to assess the hydraulic characteristics of the gas-liquid flow, different structural
forms of flow were considered depending on the pressure change along the length of the pipeline. It has been found that the
dependence of the pressure difference on the flow can be expressed by the cubic equation and the zones where the stable char-
acteristic is present can be determined.

Key words: pipeline, gas-liquid mixture, multiphase flow, microstructure, pressure, stable characteristic, model.
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