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Diagnostics of multiphase flow zones during transportatio
of liquid gases

[.I. icmawnos, AT.H, X.T. kaxaxruposa

AzepbaiifpkaHCKuiA FOCYAaPCTBEHHBIN yHUBEPCHTET HePTU U
NPOMBILNEHHOCTU

KnioueBble C10Ba: OKUXEHHBIN ras, AaBieHWe Hacbile-
HUR, MMAPABAMYECKIIA TPAAVIEHT, AaB/IEHIE, TOUK Nepexoaa,
MHOrOha3sHbIi NOTOK.

Tpy6OnNpOBOAHbIA TPAHCMOPT, ABASIOWMICA OAHUM U3
€noco60oB TPaHCMOPTUPOBKW XAKUX [a308, B OTAMUYWE OT
HedTenposoaos, umeet crieunduyeckve ocobeHHocTn. B
nepay'o ouepeab B Tpy6onposoae HeobxoanMo obecneunTts
NepexoA XwaKoii dasbl B Nap, MHaue NOTEPN AABNEHUA B TPY-
6onposoge 3HauMTeNLHO BO3PACTatoT, U BOMPOCH! Gesonac-
HOCTW CTaHoBATCA Bonee aktyansHeiMU. [lnn 310r0 Creayer
onpeaennTb, UMEIOTCA M Ha Tpacce TpyGonposoaa “onac-
Hble" TOUKW, a AaBAeHne Mo AivHe TPyBONpPOBOAA AOMKHO
6biTb 6onblue AaBAEHNA HACbILLIEHHbIX NapOB. Bo MHOMMX City-
4anx B 3aBUCMMOCTU OT penbeda, U3MEHEHUA pexuMa pabo-
Thl ¥ CBOWCTB TPAHCMOPTUPYEMBIX XWAKVIX Fa308 B pesyabtare
VCNapeHus, BO3HUKAIOLWEro Npu TPaHCNoOpTUPOBKe B Tpy6o-
npoBoae 06pasytoTca 30HbI MHOrOhasHoro TeueHus. Bonpo-
Cbl CYLLLECTBOBaHWA TakvX 30H U ONPEAENEHUA UX KOOPAUHAT
BECbMa aKTyanbHbl.

Paspa6otaH rpaoaHanvTUUeckuii METOA AMarHoOCTUKM
30H MHOTO}a3HOrO TeYEHNA W ONpeAeneHUs UX KOOPAVHAT
NPK TPaHCNOPTUPOBKE OKUXEHHBIX ra308 Ha OcHOBe 6anaHca
AABNEHUNA.

G.G. Ismayilov, Dr. in Tech. Sc., Kh.T. Jahangirova
Azerbaijan State University of Oil and Industry

Keywords: liquid gas, saturation pressure, hydraulic gradi-
ent, pressure, transition point, multiphase flow.

Pipeline transport, which is one of the ways to transport
liquid gases, unlike oil pipelines, has specific features, First
of all, it is necessary to ensure the transition of the liquid
phase into steam in the pipeline, otherwise the pressure
loss in the pipeline will increase significantly, and safety
issues become more relevant. To do this, it is necessary to
determine whether there are “dangerous” points on the
pipeline route, and the pressure along the length of the
pipeline must be greater than the saturated vapor pres-
sure. In many cases, depending on the relief, changes in
the operating mode and properties of the transported lig-
uid gases, as a result of the evaporation that occurs during
transportation, zones of multiphase flow are formed in the
pipeline. The questions of the existence of such zones and
the determination of their coordinates are very topical.

In the article, a graphic-analytical method for diagnos-
ing multiphase flow zones and determining their coordi-
nates during the transportation of liquid gases based on
the pressure balance has been developed.

Molumdur ki, maye qazlarin naqlini hayata kegiran boru kamarlarinin layihalondirilmasi maqgsadilo
onlarin hesablanmasi (méhkomlik va hidravlik) zaruridir. Bu zaman maye qazlan nagl edan boru kamar-
lorinin hidravlik hesablanmast izotermik komoarlar iigiin (yaxud temperaturun uzunluq boyu az dayisdiyi
halda) neft mohsullar komorlarinin hesablanmasindan prinsipca farqlonmir. Fargli olan odur ki, miiayyan
termobarik saraitdo maye qaz asanligla qaz halina kegarak, canli en kasik sahasinin dolmasi sababindan
komorin buraxma qabiliyyati xeyli agag diisiir. Bu hadisanin yolverilmazliyi ham ds onunla baghidir ki,
bu halda nasoslarda kavitasiya hadisasinin bagverma ehtimali artir. Digar tarafdon, qaz fazasinin yaranma-
s1 boru kamoarinds hidravlik miigavimati va tozyiq itkilorini ¢oxaltmig olur. Maye qaz kamorlarinda qeyd
olunan halin bag vermasi adaton gorxulu noqts hesab edilan an yiiksak néqtads (aginm néqtasindo) bag
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vermis olur. Odur ki, maye gazlarin naqli zamani boru kamarinin trasinin hansi ndqtasinda buxarlanma
(qazlasma) halinin bas vermasinin avvalcadan diagnostikasi va yaranan buxar zonasinin koordinatlarinin
tayini ¢ox vacib masalolardandir. Bir gox hallarda temperatur rejiminin va nagl olunan maye qazlarin
(masalon propan-butan va ya butan-propan qarisiglarinin) fiziki-kimyavi va reoloji xassalarinin kamor
boyu dayismasi hesabina qorxulu ndqta asirim néqtasi olmaya da bilar.

Masalonin qoyulusu. Farz edak ki, boru kamarinin miiayyan bir hissasinda qaz ayrilmasi bas vermis
va harokat zamani axinda milayyan uzunluqda qaz fazasi ila dolan boru hissasi méveud olmusgdur.

Belolikla, kamarin (x,, X,) hissasinda agirliq qivvasinin tasiri altinda. maye gazin boruda tam en ka-
sik boyu olmayan axim bas veracak (sakil 1). Boglugu dolduran qaz fazasinda tazyiq, buxar elastikliyi
tazyiqina p, _ barabar olmagla sabit qalacaq. Belo axin zonasinin (x,) va (x,) kasiklori arasinda miiayyan
basqular farqi hamin kasiklarin geodezik hiindiirliiklari farqina (Z,-Z,) barabar olacaq. Bu halda baslangic
(x,) noqtasi asinm kimi gabul edila bilar. Qeyd etmak lazimdir ki. bu ciir noqta bir qayda olaraq trasin
profilinin hiindiir nqtalorindan biri ila Gst-lista disir.

Sakil 1. Maye qaz Kamoarinda multifazal axin zonast

Maye qaz kamorlarind geyd olunan multifazali sahalarin yaranmasi kamoarin statik vaziyyatinds, hatta
gorarlagmus is rejimlarinda do miisahida oluna bilar. Hamin zonalarin tadqiqi va toyini maye qaz komar-
lorinin tohliikasiz, ssmarali istisman iigiin gox vacibdir. Bela zonalar bir qayda olaraq asinm noqtasi
ilo slagadar oldugundan is rejimindan asili olaraq onlar heg méveud olmaya da biler. Multifazah axin
zonalarinin yaranmast is rejiminin doyismesi, dayandiriimasi, nagl olunan maye gazin xiisusiyyatlarinin
doyismasi zamani miimkiindiir [1-3].

Multifazali axin zonasmnmn tayini masalasine maye qaz kamarinin sarti sxemina asasan baxaq. Asirim
noqtasini tayin etmak magsadila hidravlik maillik (i) hesablanmali va sxem qurulmalidir (sokil 2). Bu
magqsadla kamarin son néqtasindan (K) trasin profilini kasano kimi K, maillik (i) xatti kegirilir. Bu xatta
paralel (3) va profili kesmayan, yalniz onunla toxunma néqtasi (D) asirim noqtasi olacaq.
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Sakil 2. Maye qaz kamoarinds multifazali axin hissasinin tayini
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Boru kamoarinin sonunda tozyi S illi i
q(p ) olarsa, onda maillik xatti f =Z + tindiirli
_ Bor ! Jol »0 . =Z +p_/ pg basq hiindiirliiyii
Faog?;mia'n p'r.c'ﬁl:j kasona qadar (2 xaFn) ¢akilir. Boru kamarinds asirim néqtiininqmévcul;r;gz?lal?af
asrmm :6 (;g;oqs?n on bas(ljyar]a_?( multifazali axin saholori yaranacaq. Bu ciir sahalorin baslangnclgll:amin
] u 159 hidravlik mailliyin profilla kasismo no i i i
r ’ ' L qtasi olacaq. Bels ki, gokil 2-do 1 vo 2i
uygun olaraq a va b kasisma néqtalori yaranan hamin o I
: ‘ zonalarin sonunu gostaran négtalar olaca
Qeyd etmak lazimdir ki, multifazali zonalarin yaranmamast li¢iin boru kamoarinin istanilon n?i;:ltssinde

pyezometrik basqi (hiindiirliik — H) vakuumetrik hiindiirli;
I ) iirliik do (4,) nazara alin 1 ibdir ki i
hiindiirliikdan (Z) az olmasin. Yoni asagidaki barabarsizlik sdanilmolidir: el vaelbdirk, geoderik

H>Z+h;h =p,  /pg
Q)]
burada, p, . — maye gazin doymus buxar elastikliyi tazyiqidir, Pa.

nmSklz)r(?:';iiZ?]lSl (V=/2¢g =0) baxllfin halda gox kigik oldugundan nazors alinmir. Multifazali axin zonasi-
Mool ﬁl:ml;I‘l tjglim] mgq;adlle asagida qrafoanalitik @isulun islonilmasina baxilmisdir.

alli. ndvbads hid i - - <

seghnse il idravlikanin malum diisturlarina asasan agagidaki naql parametrlari

1. Axinin siirati va Reynolds adadi;

$=4Q/nd", R =vd/$9.

)
2. Hidravlik miigavimot amsali;
A=64/R_ - laminar rejim iigiin (R,<2300) 3)
2= 0.3164 i
= {/R_ — hamar kola-kétiirlitk zonas: tigiin (R, >2300),

Q — maye qazin sarfi, d — kamorin diametri; $ — mayenin kinematik 6zliiliiyiidiir.
3. Hidravlik maillik;
=22

2gd’ o @

Sokil 3. Multifazali axin zonasinin tayini

i Mu!tifazah zonanin koordinatlarini toyin etmak tiglin sokil 3-do gostorilon sxema baxaq. Bu zaman X
néqtasi bu zonanin son néqtosi olacaq. a bucag malum oldugu iigiin multifazali zonada hidravlik maillik
profils paralel va ondan h, masafasindan kegmoklo agagidaki kimi tayin olunur:

Z

. Z,-Z,
i=tgo =—u —F

LE' - L,.s ’ (5)
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burada Z_, L, Z,.. L.~ uyBun olaraq aginm noqtasi vo multifazali axin zonast olan boru kamari hissasi-
nin sonu ucun (E antssn geodezik hiindiirliik, 7 — kamarin baslangicindan olan moasafalordir.
Qeyd olunanlan nazar alaraq asagidak barabarliyi yazmaq olar:

ZE, & ¥ ¢ (LE_ -X)= HF_ + i(Ll:_ -X). (6)

Onda (6) ifadasindan multifazali axin zonasimin son noqtasinin koordinatini (x) vo uzunlugunu (/ )
tayin etmak iigiin asagidaki ifadalori yazmagq olar:

(-":LE' "u‘
l i—i (7)
Ima=x-L_

burada i* va i uygun olaraq boru kamoarinin multifazal axin va monofaza hissalarinda hidravlik maillik:

H,. — multifazali aximin sonundaki (£ noqtasinda) olan basqidir. Bu basqimi §ak1l 2-y2 asason asagidaki
kimi hesablamagq olar:

H=Hg—iL, ~L.) m, (8)

burada L, . Hj — uygun olaraq boru kamarinin uzunlugu va sonunda yaranan basqidir. Adatan bu basqi
molum olur.
Boru kamarinin basiangicinda olan basqi (tazyiq) malum deyilsa, onu hesablamaq iigiin i (hidravlik

maillik), asirim noqtasinin malumatlan (Z Lve vakuummetrik hiindiirliiya (h,) asasan asagidaki kimi
tayin etmak olar:

H=Z +h+iL_. 9)
burada i - Ll§ — boru kamarinin agirim noqtasina kimi olan hissasinda basqi itkisidir, m. Sonuncu ifadani
nazars alsaq, baslangicda olan tazyiq p, agagidaki kimi olacaq

p,=p g H,Pa, (10)

burada p — nagl olunan maye qazin sixhgidir, kg/m’.

Basqili harakat zonasinda siirat multifazali axindaki siiratdan az oldugu iigiin sarfin sabitliyi ganununa
gora qaz fazasi aynlmig hissalorda mayenin harokati tam kasik boyu olmadig ii¢iin borunun maye ils do-
lan en kasik sahasi tam en kasiyindan az olacaq. Hamin sahalorin dolma smsali (K ) kamarini diametrina
uygun sarf moduluna asasan tayin edilir. Diametrin doyismosina géra sorf modulunun dolma amsalina
uygun doyismosi cadvolda verilmisdir. Hidravlik mailliys asasan sarf modulu (M) asagidaki kimi tayin
edilir [1. 4-6]:

M=0/i*, (1

burada O — mayenin sarfi, mYs; i* — sarbast axin sahasinds hidravlik maillikdir, m/m.
Cadvala asasan (11) tayin olunmus M-in giymatina uygun K -nin giymati toyin edilir. Ogar bu giymoat
cadval giymatlari ils iist-iista diismazsa, onda K — amsali mterpolya51ya iisulu ils daqiqlogdirilir:

M, -M) (M-M,) 12
K,(M)=K,(M,)~——=+K,M)——=, (12)
M=K Ty -,
burada M, M, — M-3 asagi vo yuxaridan yaxin cadval qiymatlori; K (M,), K (M,) — miivafiq olaraq M,
M- uygun galan dolma amsallaridir.

Belalikla, multifazali zonada gazla dolan hissanin hacmini asagidaki ifadaya asasan tayin etmak olar:

7rd2 13
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00 00

0.05 0.0184 0.0542 0.0818
0.10 0.0368 0.1058 0.1636
0.15 0.0552 0.1627 0.2455
0.20 0.0736 0.2170 0.3273
0.25 0.0920 0.2712 0.4091
0.30 0.1104 0.3254 0.4909
0.35 0.1288 0.3767 0.5727
0.40 0.1472 0.4339 0.6545
0.45 ] 0.1656 0.4882 0.7364
0.50 0.1840 0.5427 0.8182
0.55 0.2024 0.5964 0.9000
0.60 0.2208 0.6509 0.9818
0.65 0.2392 0.7051 1.0637
0.70 0.2576 0.7593 1.2273
0.75 0.2760 0.8136 1.3091
0.80 0.2944 0.8678 1.3909
0,85 0.3128 0.9221 1.4728
0.90 0.3312 0.9763 1.5546
0.95 0.3495 1.0306 1.6363
1.00 0.3500 1.0800 1.7000

Islonilmig grafoanalitik Gsula asasan sorti maye qaz kamarinds multifazali zonanin qiymotlandiril-
masing baxaq. Masalon, uzunlugu L=50 km va diametri D=200 mm olan maye qaz komari ilo sixhg
p=550 kq/m’, kinematik 6zliiliiyii v=0.0310 m¥s olan maye gaz naql olunur. Sonda tozyiq p=0.1 MPa
olarsa, baslangicda tazyiq na qadar olmalidir ki, mayenin sarfi Q=200 m?/saat olsun. Buxar elastikliyi
tozyiqi p, = 0.2 MPa.

$akil 2-dan goriindiiyli kimi, asinm néqtasindan (D) baglayaraq multlfazah axin zonast movcud ola-
caq. Ovvalca verilanlora asasan naqlin parametrlorini hesablayaq:

4 .
=20 4200 gy
7d®  3.14-(0.3)' 3600
R =24 07803 _ 0000
vy 0310
03164 _ oo

~ 4/780000

2 b3
,‘:,1l"_=().01()6ﬂw
d2g 0.3-2-9.81

_ Py _ 02 10°
pg  550-9.81

=0.0010942 =1.094 ™
m km

=371m.

v

Kamorin sonunda (K ndqtasi) basq1 asagidaki kimi olacaq:

6
H (150)=2Z,, + P =50+ 2110 g sm
pg

aso + 550-9.81

Onda vakuummetrik hiindiirliik nazars alinmagla boru kamarinin F, E va D kimi xarakterik ndqtalarin-
da basqilar asagidaki kimi olacaq:

H(125)y=H, (150)+i-25=68.5+1.094-25=95.85 m < 0+37.1=37.1 m
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H(100=H(125)+1-25<65.85+1.094-25=138.8 > 50+37.1=87.1 m
H(75)=H(100)+1-25=138.8+1.094-25=166.2 < 200+37.1=237.1 m

Sonuncu basqinin giymatindan goriindiiyti kimi, D noqtasinda basqi geodezik hiindiirlitkdon az oldugu
tiglin ( Hy=150.6 m < 268 m) kamarda baglangict mohz 75-ci km-da (D noqtasinda) olan multifazah zona
yaranacagq (bax: sakil 2).

Bu halda multifazali zonada hidravlik maillik asagidaki kimi olacaq:

) Z,-2 200-50 m m
*=1ga= LotE = =0.0060— =6—.
(100-75)-10 25000 m km

Belalikla, multifazali hissonin son noqtasinin koordinati (7) ifadasind asasan asagidaki kimidir:

He—Z; _ o 1232-50

i _=10° —14920 = 85080 m = 85 km.
i*—i (6-1.094)-107

x=L;g -

Onda multifazali axm zonasinin uzunlugu
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l a=x—LM:85.O—75=lOkm=10‘m.

Boru kamarinin digar kasiklarinds (C, B va A néqtalari) tam basqularin hesablanmasina baxaq:

HC(SO)=HD(75)+i-25=l66.2+l.094-25=l93451 m > 150+37.1=187.1 m,
HB(25)=HC(50)+1‘-25=193.51+1.094-25=220.8 >100+37.1=137.1 m,
HA(O)=HB(25)+i~25=220.8+1.094'25=248.2 > 100+37.1=137.1 m.

Hesablamalardan gériindiiyii kimi, boru kamarinds yuxarida geyd olunandan oslava multifazali zona
yaranmir. Natica etiban ilo kamarin baslangicinda tozyiq asagidaki kimi olacaq:

p,=p - glH0)-Z)=550" 9.81[248.2 - 100] = 799613 Pa = 0.79 MPa.

Multifazal axinda boru kamarinin en kasiyinin hanst hissosinin maye ilo dolmasini aragdiraq.
Bu moagsadla (11) diisturuna asason sarf modulu hesablanr:

b) 3
9 200 .om7 X,

Ji* J6-107 -3600 s

M-in hesablanma qiymatina vo diametra (D=300 mm) uygun cadvalden M =0.7051, M= 0.7593,
KM, =070 va K, (M,) = 0.65 qiymatlorina asasen (12) ifadasina uygun dolma smsalini hesablamaq
olar.

M=

K (M) =070 QT3B=0T1T) g 5.
(0.7593-0.7051)

(0.717-0.7051)
(0.7593-0.7051)

=0.68 =68 %.

Belolikls, multifazal axinda en kasiyin maye ilo dolma daracasi 68 % taskil etdiyindan gazla dolan
boslugun hacmi (13) ifadasine uygun olaraq asagidaki kimi olacaq:

3.14-03)°
4

- _ 4 _ 3,
Vi = (1 0.68) 0" =226 m".

Notica
Maye qazlann boru kamori ila nagli zamam gararlagms harakat rejiminda basqilar balansina va hid-
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ravlik mailliya asasan relyefdon asili olaraq komards multifazali axin zonalarinin mévcudlugu vo onlarin

koordinatlarinin toyini tigiin diagnostika iisulu islonmis va sorti maye qaz kamorinin timsalinda sinagdan
gixarilmigdir.

AND GAS

Sdabiyyat siyahisi

|,‘]'smayllov 0.0, Ze?'nalov E.A. Relyefli neft komoarlorinin bogaldilmasi zamam bogluglarin hacminin toyini #/
“Neftin, qazin ge.otexnolop problemlori vo Kimya” ETi-nin maqalalor toplusu. Baki, 2014, s. 36-40.

2. Mnvunckuti A.A. TpaHCTIOPT M XpaHeHHe MPOMBINUIEHHBIX CKHXEHHBIX ra3oB. — M.: Xumns, 1976, 210 c.

3. [Tonosos A.E., Kvaxun B.A. Tlpeonenenne nByX(a3HOCTH Te4eHHS TPAHCTIOPTHPYEMOTO CAMIKEHHOTO MPHPOIHONO
ra3a o Tpy6onposony // Bectuux BI'TY um. B.I Illyxosa, 2005, Ne 12, c. 58-61. '

4. Anues P.A., benoycos b./1., Hemyopoe A.I" u dp. Tpy6onpoBomHblii TpaHCTIOPT He yueb. Y308, —
M P TO8, B . k! pT HedyTh H rasa / . i BY 30e.

2705. Hwumyxamemos H.T., Hcaee C.JI. u 0/1 Tpy6onposoasiii TpaHcnopt Hedrenponykros. — M.: Hedrs  ras, 1999,
C.

6. I'yoicoe A.H. CoBmecTHbiit c6op  Tpaucniopt HedTH U rasa. — M.: Henpa, 1973, 280 c.

QAZIN HAZIRLANMASI V@ NaQL

NEFTIN,
TPAHCIOPT ¥ TOATOTOBKA HE@TU U [A3A / PREPARATION AND TRANSPORTATION OF OiL

References

. l..lsmaytlav 0.0., Ze)'/'nalav E'A. Relyefli neft kemerlerinin boshaldilmasi zamam boshluglarin hecminin teyini //
‘Neftin, gazin geotexnoloji pr?blemleri va kimya” ETi-nin megaleler toplusu. Baki, 2014, s. 36-40. l

g_ ﬁy:[nskxy ,/;Z' Transport i xranenie promishlennix sjijennix qazov. — M.: Ximiya, 1976, 210 s.

. Polozov A.E., Jmakin V.A. Preodelenie dvuxfaznosti techeniya transportiruemoqo s'i: i

truboprovodu // Vestnik BGTU im. V.Q. Shuxova, 2005, Ne 12, s. 58-61. . PRI *
4. Aliyev R.A., Belousov B.D, Nemudrov A.G., i dr. Truboprovodniy trans ii i 1
P8 gk p! niy port nefti i gaza / Uchebnik dlya VUZov. - |
5. Ishmametov LT, l.s:aev S.L, i dr. Truboprovodniy transport nefteproduktov. — M.: Neft i gas, 1999, 270's.
6. Gujov A.1. Sovmestniy sbor i transport nefti i qaza. — M.: Nedra, 1973, 280 s. . i

AZBRBAYCAN N

PN

zerbaijan Oil Industry

102023 [PL]




