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Abstract

The paper examines the problem in risers and in the case of multiphase flow due to the relief of the
seabed, and shows the desirable and undesirable conditions in the curves rising from the seabed to the
platform, ie in the elbow sections. The undesirable conditions that occur in the part of the pipe that rises to
the platform, ie in the elbow sections of the vertical pipe, are shown mathematically. Due to the relief of
the seabed, the accumulation of mechanical solids in the depressions of subsea pipelines between
platforms and from the platform to the shoreline considering that it leads to the perforation of subsea
pipelines and environmental pollution, in the latter part a technological scheme is proposed to prevent
such cases. The technological scheme is simulated according to the results of laboratory analysis by Aspen
HYSYS program and graphical dependences of various thermodynamic parameters were given.
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artirilmasinin bazi masalalari
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Xiilasa

Mogalads dik borularda va doniz dibinin relyefi ilo slagadar olaraq multifazali axin zamani yaranan
problemlor arasdirilmig, donizin dibindon stasionar 6ziilo qalxan oyrilords, yoni oyribucaqlilarda
aragdirmalar naticasindo arzuolunan vo arzuolunmaz sortlor gostorilmisdir. Borunun 6ziilo galxan
hissasinds, yoni dik borunun dirsok hissalorinds omolo golon arzuolunmaz hallarin riyazi tosviri
verilmigdir. Daniz dibinin relyefi ilo olagodar olaraq, Oziillor arasi vo sahilo gedon su alti boru
komoarlorinin ¢okok hissalorindo mexaniki bark hissaciklorin toplanmasi sualti boru kamarlarinin
desilmasine vo otraf miihitin ¢irklonmasina sebab oldugunu nozors alaraq, sonuncu hissads isa homin
hallarin gargisin1 almaq {igiin texnoloji sxem taklif olunmusdur. Aspen HYSYS programi vasitasilo
laboratoriya tohlili naticalorine uygun texnoloji sxemin simulyasiyasi aparilmig vo miixtalif termodinamiki
parametrlorin qrafiki asililiglart verilmigdir.
Acar sozlor:  dik boru, platforma, kondensat, mexaniki hissaciklar, separator.
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AHHOTaNUA

B cratse nepBUYHO MCCIIeOBaHEI TPOOIEMBI, BOSHUKAIOIINE B MyJIbTU(A3HOM ITOTOKE, CBSI3aHHEIC
C penbedoM JTHA MOPS U B paif3epe, MoKa3aHbl KellaTeIbHbIC U HeXKeIaTeIbHBIC YCIIOBUS B KOJICHAX B Me-
cTax noanéma TpyOOIpoOBOJa OT JHA Ha IutardhopMy. PaccMOTpeHbl HeXellaTeNIbHbIE YCIOBUS B MECTax
noaséma TpyOonpoBoa Ha TaThopMy, T. €. B KOJICHaX paizepa ObUIM MMOKa3aHbl MaTeMaTHuecku. CKori-
JIeHUE TBEPJABIX MEXaHWYECKHX YaCTHUI] B YIIyOJEHHBIX MECTax JIHA B TOJBOJHBIX TPyOONpOBOAAaX IO
Oepera win Mexay miaTGopmMaMu, CBsI3aHHOE ¢ peabe)OM MOPCKOIrO JIHA, CTAHOBUTCS MPUYMHOM MPOKa-
JIBIBAHUS TIOJBOJTHBIX TPYOOITPOBOJIOB U 3arpsi3HEHUS] OKpYXaroliel cpeabl. [l mpenoTBpalieHns Takux
CIIly4acB MpPUBEICHA TCXHOJIOTMYECKask CXeMa, MPOBECHA CUMYJISIUS JaHHON cXeMbl. C MOMOIIBIO TPOo-
rpamMmbl Aspen HYSYS mokazanbl rpaduueckue 3aBUCUMOCTH Pa3jIMUHBIX TEPMOJMHAMHUYCCKUX Iapa-
METPOB, COOTBETCTBYIOIIHX Pe3yJbTaTaM J1ab0paTOPHBIX aHAIU30B.

Karouessble ciioBa: paiizep, muiatgpopma, KOHACHCAT, MEXaHUYECKUE YaCTHUIIBI, CErapaTop.
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Giris

Azorbaycan doniz gaz-kondensat yatag-
larindan istehsal olunan qaz-kondensat ga-
risiglart (o ciimlodan sulu, mexaniki hissacik-
1i) ozillords saquli gravitasiya separatorlarin-
da gaza vo kondensata ayrilaraq miivafigq boru
komoarlari ilo nagl olunur. Qazin dafalorlo se-
parasiya olunmasina baxmayaraq, olgiisii bir
ne¢o mikrometr olan mexaniki bark hissacik-
lor dibina ¢oka bilmir vao oksar hallarda gaz
aximi ilo aparilir. Naticado magistral gaz k-
morilo istehlakgiya verilon gazin torkibinds
nomlik va toz halinda olan mexaniki bark his-
saciklorin miqgdar1 boazi hallarda normadan
xeyli artiq olur. Nomliyin vo mexaniki bork
hissociklorin tutulmasi ii¢ciin  koamoarin son-
lugunda adaton siizgacli separatorlar qurasdiri-
lir vo onlarn isina daim nazarat olunur. Nati-
cado, giin arzinds separatorun siizgaci dafalor-
lo tomizlonmaya va doyisilmaya moaruz qgalir
ki, bu da xeyli amok sarfing, vaxt itkisina, se-
paratorun isci tozyiqinds nominal hacmi gador
gazin atmosfera atilmasina vo beloaliklo otraf
miihitin ¢irklonmasino vo karbohidrogenlorin
itkisina sobab olur. Boru kamarloari (va dik bo-
rular) neft yataginin gan damarlaridir; doniz-
doki karbohidrogen ehtiyatlarinin istehsalinda
bir sira moagsadlor iigiin istifads olunur (sokil
1) [1].
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Sokil 1 — Sualt1 boru kamorlari va dik boru sistemlori
Figurel — Submarine pipelines and riser systems

Bundan olavo oziillor arasi su altt boru
komoarlarinda doaniz dibinin kala-kétiir relyefi
ilo olagadar olarag, boru komorlarinin ¢okok
hissalorinds va dik borularin doniz dibindan
Oziilo galxan ayrilorinds (dirsok hissalorinda)
multifazali axin zamani har hansi bir texnoloji
problem yaranarsa, mexaniki bark hissaciklor
diba ¢okar vo tixaclar yarana bilor. Sadaladigi-
miz hallar bas verorss, sualtt boru kemarlori-
nin eroziya vo korroziyasi naticasinda istismar
miiddoti azalar vo ya desilmalar naticasinds,
komoardoa desilmoalor vo yariglardan sizmalar
bas verar.

Xiususilo do nagl olunan multifazali
axmlarin torkibindo CO, va H,S kimi korrozi-
yanin siiratinin artmasina sorait yaradan agres-
siv_komponentlorin maddolorin olmasi arzu-
olunmaz texnoloji risklorin bas vermo ehtima-
lin1 daha da artirir.

Isin magsadi

Sualt1 boru kemarlarinds va dik borular-
da multifazali axin zamani istismar samaralili-
yinin arasdirilmasi vo aparilmig laboratoriya
stnaglarinin naticalorina uygun olarag, mexa-
niki hissaciklorin tutulmasi tgiin tatbig olunan
texnoloji sxemin Aspen HYSYS programi va-
sitosilo hesablanmasi.

Masalanin qoyulusu

Aparilan miisahids vo todgiqatlar natico-
sindo miioyyan olunmusdur ki “Giinssli” ya-
taginda quyulardan cixarilan har litr mayenin
torkibinds 0,01-0,4 mm o6lgiilords 0,5-4 q me-
xaniki garisiglar olur. Homin mexaniki hisse-
ciklorin boru kamoarlorinds ¢okmasi naticasin-
do avadanliglarin ¢irklonmasi, onlarin istismar
miiddati va istismar mahsuldarliginin azalmasi
bas verir va alava xarclor yaranir.

Molumdur ki, imumiyyatlo ballastlarin
— su, mexaniki garisiglar vo duzlarinin mig-
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darina goro xam neftlorin torkibi miixtalifdir.
Bir ¢ox hallarda neftlorin garismasi zamani as-
falten, parafin vo gatranlarla yanasi geyd olu-
nan ballastlarin da ¢6kmasi bas verir [2].

Multifazali quyu mohsullarinin  mey-
dangalar aras1 va sahilo nagli zamani boru k-
morlarinin kalo-kotiirlii relyefli doniz dibinin
cokok yerlarinda, eloco do donizin dibindan
oziilo galxan hissasindo su, parafinlor, mexani-
ki garisiglar vo duz birlosmalori yigilir ki, bu
da boru kamarinin isci en kasiyinin azalmasina
Va naticada yigilan birlosmalorin mexaniki va
kimyavi tosirindon eroziya-korroziyaya ugra-
masina sabob olur.

Klapanlar, ¢onlor, tutumlar, separatorlar
Vo sairo kimi mekaniki statik avadanliglar
forgli nov bir korroziyaya garst hassasdir, an-
caq boruxatlori mulfifazali axinda igindoki
COy, H5S, H,0, bakteriya, qum va sairo var-
ligindan dolay: korroziyaya daha meyllidir [3].
Noticada materialin deqradasiyas: giic, elastik-
lik, zarboa giicii vo sair kKimi mexaniki xdisusiy-
yatlorin itirilmasina sabab olur [4]. Bu, mate-
rial itkisino, galinligin azalmasina vo bozon
son ugursuzluga sabob olur [4].

Miisahidalar naticasinds neft tfiigi boru
komarinin dibinda, moahsul dirsays daxil olma-
dan bazi neft sizintilarinin oldugu miiayyan
edilmisdir (sok. 2) [5].

Problemin riyazi ifadasi
Dik boruda tazyiqin riyazi olaraq ifadssi
asagidaki sokil 3-o osason beladir [6]:

P = AP, + AP, + AP, + AP, + AP, (1)

AP, - hidrostatik tozyiq; AP, stirtinma
tozyiqi; AP, — tocil naticasinds yaranan tozyig;
AP, — klapanda tozyiq diskiisii; APy —
seperatourun tozyiqi.
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Sokil 2 — a) sualt1 boru kemoari dik boru konfiqurasiya-

siin sxematik diaqrami, (b) qozaya ugramig sualti1 boru
komorinin goriiniisi

Figure 2 — a) Schematic diagram of the subsea pipeline
riser configuration, (b) view of the failed subsea
pipeline

P

Sakil 3 — Boru kamori-dik boru konfiqurasiyasi
Figure 3 — Pipeline-riseconfiguration

Dik bourdaki tozyiqin gazin sorfiyyatina
olan hassasligi asagidaki kimi ifads oluna bilor

[6].

dP _ dAPy , dAPs | dAP; , dAPy | dPs
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Texnoloji sxemin izahi

Qaz-kondensat quyularindan ¢ixan moh-
sul ilkin separator (S-1) qurgusuna verilorok
gaza vo kondensata ayrilir. Separatorda gaz-
dan kondensatin daha yaxsi ayrilmasi tigiin
onun maye vo qaz ¢ixislarinda tonzimlayici
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klapanlar, govdesinds iso ¢ixis kamerasi qu-
ragdirilmigdir.

Cixis kameras: igorisindo nozaroat Olgi
cihazi olaraq lizgoc qurasdirilir, onun vasitosi-
lo separator daxilinde maye saviyyasi tayin
edilir. Maye ¢ixisindaki tonzimloyici klapan
vasitasilo separatorun daxilinde maye saviyys-
si sabit saxlanilir. Bels ki, separatorda ayrilan
kondensat vo mexaniki garisiq hissaciklori
drenaj ¢ixigindan bilavasito maye xattina vuru-
lur. Separatorun dibinde mexaniki hissaciklo-
rin yigilmasiin qarsist alinir. Noticado gaz
mexaniki hissacik va garisiglardan ayrilir. La-

kin, ikinci SDO-ys gedon xotto miioyyon miq-
darda mexaniki hissaciklor arsin buraxma ka-
merasi1 ilo gatirilir, ona goro do istehlakgiya
verilon gazin tam tomizlonmasi ti¢iin yenidon
separatora verilir. Burada gaz mexaniki garisiq
va kondensatdan tam ayrilir. Qaz birbasa naql
xattina verilir (sokil 4). QX - uygun olaraq 1,
2, 3, 4-cli qaz xattloridir; MX - uygun olaraq
1, 2, 3, 4, 5-ci maye xottloridir; K - uygun
olaraq 1, 2, 3, 4, 5 — klapanlardir; S-1, S-2 —
uygun olaraq birinci vo ikinci oOziillordoki
separatorlardir; K — kollektordur.

Qaz xatti 4
K-35
MxX-4 K

l Z Maye xatti 5
o — T
MX-3 K4 \"“

QX3
=
—O—’DQ— S -2
K1 K3 QX2
—_ = S-1
Qx-1 Qx-2
L b -
MX-1 K-2 MX-2

Sakil 4 — Texnoloji sxemin Aspen HYSYS proqraminda qurulmasi
Figure 4 — Creation of the technological scheme in the Aspen HYSYS software

Aspen HYSYS programinda texnoloji
sxemin qurulmasi vo labaratoriya analizlorinin
naticolorino asason simulyasiyanin aparilmasi
vo termodinamki parametrlorin grafiki asililig-
larinin alinmas.

Gostorilon  texnoloji  sxemin  Aspen
HYSYS programinda hesabatin1 aparmaq tigiin
asagidaki laboratoriya analizlorinin naticalori-
no uygun maddoslarin tozyiq, temperatur, sor-
fiyyat1 vo mol fraksiyalari, uygun olaraq cad-
val 1 va 2-do verilmisdir.

Naticolorin grafiki simulyasiyalarinin gaz
xatti 4 ti¢lin tayini va termodinamiki parametr-
lorin grafiki asililiglart asagida (sokil 5, 6, 7)
gostorilmisdir.
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Sakil 5 — Qaz xatti 4 iiclin temperaturun hacmdon
payindan asililig1 (%-10)

Figure 5 — Temperature & VVolume percent for gas
line 4 (%)
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Sakil 6 — Qaz xatti 4 ligiin temperaturun hacm payindan
asililig1 (%-1o)

Figure 6 — Temperature & VVolume percent relationship
for gas line 4
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Sakil 7 — Qaz xatti 4 iigiin standart maye sixliginin hacm
payindan asililigi (%-19)
Figure 7 — Standart liquid density & VVolume percent (%)

Natica

Aparilmis todgigatlar naticasinde miioy-
yan olunmusdur Ki, dik borularda har hansi bir
arzuolunmaz hal bas verorso, mohsulun torki-
bindaki mexaniki bark hissaciklor sualt1 boru
komorinin dibina ¢okiir vo naticods boru komo-
rinin daralmasina va desilmasino sabab olur.
Noticado, yaranan desiklordon sizmalar bas ve-
rir va otraf miihitin ¢irklonmasina sabab olur.

Drenaj xottinin noql xottina birlosdiril-
masi naticasinde mexaniki bork hissaciklarin
separatorun dibindo ¢okiib gqalmasinin qarsisi
alinmisdir. Bunun naticasinds separatorun tez
siradan ¢ixmasinin qarsist alinir vo istismar
miiddoti uzanur.

Qazin mexaniki hissaciklor vo konden-
satdan tam tomizlonmasi iigiin yenidon ikinci
SDO-ya gondarilir, burada istehlakgiya verilon
gaz mexaniki bark vo maye hissaciklorindon
tam ayrilir.

[lkin verilonlor program vasitosilo hesab-
lanmis vo gazin tomizlonmosina verilon texno-
loji sxem vasitosilo tam nail olunmasi gostoril-
misdir. IIkin verilon parametrlors uygun olarag
grafiki simulyasiyalar gostorilmisdir.

Cadval 1 — Temperatur, tazyiq v Sorfiyyatin hesabati tigiin qaz xotti 1-o daxil edilmasi
Table 1 — Inclusion of temperature, pressure and molar flow to gas line 1 for calculation

Axinin adi Qaz xatti 1 Buxar fazasi Maye fazasi
Buxar/faza fraksiyasi 0.9905 0.9905 0.0095
Tempratur (C) 32.10 32.10 32.10
Tazyiq (atm) 40 40 40
Molyar sorfiyyat (kq mol/saat) 2567 2543 24.46
Kiitls sarfiyyati (ton/giin) 1105 1047 58.04
Standart ideal maye hocmi (m*/saat) 142.9 139.5 3.463
Molyar entalpiya (kC/kg mol) -7.776e+0.004 -7.636e+0.004 -2.233e+0.005
Molyar entropiya (kC/mol C) 153.7 153.7 159.6
Istilik axim (kC/saat) -1.996e+0.008 -1.941e+0.008 -5.464e+0.006
Maye hocmi standart soraitdo (m®/giin) 1.452e+0.006 1.439e+0.006 81.45
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Cadval 2 — Maddolorin mol fraksiyalarinin hesabat iigiin programa daxil edilmasi
Table 2 — Inclusion of mole fractions of substances to the program for reporting

Maddalar Mol fraksiyalari Buxar fazasi Qaz fazas1
Azot 0.0078 0.0079 0.0005
Karbon dioksid 0.0015 0.0015 0.0006
Hidrogen sulfid 0.0000 0.0000 0.0000
Metan 0.9470 0.9545 0.1661
Etan 0.0212 0.0212 0.0165
Propan 0.0065 0.0064 0.0150
i-butan 0.0015 0.0014 0.0075
n-butan 0.0026 0.0025 0.0173
i-pentan 0.0012 0.0011 0.0163
n-pentan 0.0010 0.0008 0.0169
n-heksan 0.0015 0.0010 0.0542
n-heptan 0.0023 0.0010 0.1399
n-oktan 0.0020 0.0004 0.1643
n-nonan 0.0007 0.0001 0.0661
H,O 0.0000 0.0000 0.0000
Cl10+gaz-1* 0.0032 0.0002 0.3188
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