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Abstract

In the article, the matter of estimation of critical velocity and dynamic loads was
considered during the movement of multiphase flows through pipelines, taking into account their
main feature. It is determined how the critical velocity changes along the cross-section for
different structural forms of the flow formed regarding the interaction of the phases. Based on the
calculation of dynamic loads in multiphase flows based on the change of the critical velocity, it
was determined that these loads are less for the movement in the form of a dispersed-bubble
structure than in the stratified-plug structures. It was determined that the minimum value of the
critical velocity corresponds to the maximum value of the pressure gradient.

Keywords: critical velocity, dynamic load, multiphase, structural change, pressure gradient,
density.
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Multifazah axinlarda béhran siirati vo dinamik yiiklorin

giymatlandirilmasi
F.B. ismayilova, MLF. Siikiirlii
Azaorbaycan Doviat Neft va Sanaye Universiteti (Baki, Azarbaycan)

Xiilasa

Mogalodo multifazali axmlarin boru komorlori ilo horokoti zamani onlarin osas
xilisusiyyotini nazoro alaraq bohran siiroti vo dinamik yiiklorin gqiymatlondirilmasi mosalasine
baxilmigdir. Fazalarin qarsiliqlt tosirine uygun olaraq formalasan axinin miixtolif struktur
formalar1 ii¢iin bohran siirotinin en kosik boyu neco doyisilmosi miioyyon edilmisdir. Bohran
stiratinin doyismasine uygun olaraq multifazali axinlarda dinamik yiiklorin hesablanmasi asasinda
disperslonmis-qabarciqlt struktur formali horokot {i¢iin bu yiiklorin fazalara ayrilmis-tixach
strukturlarla miiqayisado daha az olmasi miioyyon edilmisdir. Bohran siirotinin minimal
qiymatinin tozyiq qradiyentinin maksimal qiymatins uygun goldiyi miisyyan edilmisdir.

Acar sozlar: bohran siirati, dinamik yiik, multifaza, struktur doyisikliyi, tozyiq qradiyenti,
sixliq.

00 omeHke KpPUTHYECKOM CKOPOCTM M JAUHAMHYECKHX HArpy30K B

MHOro($a3HbIX NOTOKAX

®@.b. UcmaiibuioBa, M.®. llykypay

Azepbatiodcanckuil  20cy0apcmeeH bl yHusepcumem Hegmu u  npomviwieHnocmu  (baxy,
Asepbatiodcan)

AHHOTANUA

B cratbe ¢ yueToM OCHOBHOW OCOOCHHOCTH [JBMKEHUS MYJbTH(a3HBIX CHCTEM B
TpyOONpOBOJIaX PACCMOTPEHBI BONPOCHI OLEHKH KPUTHUYECKOHM CKOPOCTH M JAUHAMHYECKUX
Harpy3ok. JlJis pa3nu4HbIX CTPYKTYPHBIX (hOpM TeueHUs: ObLIM MPOaHATM3UPOBAHBI U3MEHEHUS
KPUTHYECKOH CKOPOCTH IO TONEpEeYyHOMY ceueHHio TpyobompoBoaa. Ha ocHoBe pacuera
JUHAMHYECKUX HArpy30K C YYETOM 3HAUE€HUN KPUTUYECKOH CKOPOCTH OBLIO YCTAaHOBJIEHO, YTO
[I0 CPaBHEHUIO CO CTPYKTYPOM IHUCIIEPrUPOBAHHO-IIY3BIPBKOBOIO TEUYEHUS B pPa3lelbHO-
POOKOBBIX CTPYKTYpPHBIX (opMyJax 3Hau€HHE JWHAMHUYECKHMX HArpy30K HaMHOro OoJibIle.
MakcumanbHOE€ 3HAY€HUE TPAJUECHTA JABJICHHUS COOTBETCTBYET MHUHUMAIBHOMY 3HAYEHHUIO
KPUTHYECKOU CKOPOCTH.

KuoueBblie ciioBa:  KpuThueckass CKOpPOCTb, JWHAMHUYeCKas  Harpyska, MyibTHda3a,
CTPYKTYpPHOE U3MEHEHUE, TPAJTUEHT JIaBJICHHUS], INIOTHOCTb.
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Giris

Molumdur ki, hal-hazirda Xozor doanizi-
nin Azorbaycan sektorunda neft-gaz-konden-
sat yataglarmin “quyu-yigim-nagl” sabakasin-
do heterogen quyu mohsullarinin harakatinin
on ¢ox multifazali axin formalar1 genis yayil-
mugdir [1-3]. Bu ciir axinlarin asas xiisusiyyati
ondan ibaratdir ki, onlar xarici mahdudlasdiri-
c1 sothlo (borunun divar1) yanasi fazalari ayi-
ran sotho do (hidrodinamik, istilik, faza v s.)
malik olur. Odur ki, bu ciir axmlarin 6yronil-
moasi vo onlarin riyazi tosviri xeyli ¢otin ol-
dugundan onlar gorarlagsmamis horokatli axin-
lar sinfino aid edilir [4-6]. Malumdur ki, onla-
rin belo horakatini tosvir etmok mogsadilo ma-
ye vo gaz fazalarinin siiratindon asili olaraq
axm Uclin asagidaki struktur formalarinin
moveudlugu nazora alinir: Disperslonmis-ga-
barcigli; Tixacli; Holgovari; Dalgavari tobage-
losmis; Hamarvari tobagolosmis.

Qaz fazasinin, gaz tutumunun g¢oxlugu,
fazalararasi siirtiinmonin vo boru komoarinin
miirokkab quruluslu trasa malik olmasi hesabi-
na tocriibo gostorir ki, doniz yigim-nogl sis-
temlorinin boru komorlorinds tez-tez maye ti-
xaclart yaranir [7, 8]. Bu tixaclarin boruda ho-
rokati zaman1 maneays rast goldikds (masalon,
ayilma-donmo yerlori, Klapanlar va s.) zarba
tosirindan tozyiq sigrayisi ilo miisahids olunan
miixtolif dinamik yiiklor yaranir. Yaranan zar-
ba qilivvasinin maye tixacinin harakat siiratinin
sixligdan vo boru kamarinin diametrindon asili
olaraq miixtalif qiymatlor almasi miimkiindiir.

Boru komori ilo sixlig1 sabit olan miihi-
tin, mosalon multifazali axiin disperslonmis
gabarcigh struktur formasina malik olan axi-
nin harokoti movcuddursa, onda dinamik ytik-
lar bas vermir. Bu zaman har bir dongoads boru
komoari sabit bir yiiklo yiiklonmis olur [4, 5].

Multifazali axin dinamikasii arasdirar-
kon nozars almaq lazimdir ki, kamords sarfin
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doyismasi zamani axinin strukturu da doyiso
bilor. Belo ki, boyiik sarflordo garisigin haro-
kot siirati goxalir Vo siiratin bohran giymatinds
komoards moéveud olan tobagali, fazalara ayril-
mis struktur formasi todricon disperslonmis —
gabarcigli horokot formasina kegid alir. Bu
halda garisiq bircinsli struktur formasi kimi
biitiin axin boyu sabit sixligla xarakterizs olu-
nur. Ogoar garisigin sarfi azdirsa, bu zaman sii-
rat bohran siiratindan kigik oldugu {igtin multi-
fazali axinda gradiyent-siirat sahasinin goargin-
liyi bircinsli, yani disperslonmis — gabarcigh
garigigin formalasmasi tigiin Kifayst etmir. Bu
baximdan multifazali qarisiq bir-birini ovoz
edon gaz vo maye tixaclarindan ibarat olan bir
axin olaraq galir. Axinda garigig toskil edon
komponentlor bir-birindon fazalarin sorhoddi
ilo ayrilmis oldugundan bu tabagolors (fazala-
ra) ayrilmis struktur formali axin hesab edilir.
Mbohz bu ciir tixach struktur formaya malik
axin zamani fazalarm sixliglar1 fargi hesabina
boru kamorinin déngalarinds vo digar manes-
lor olan yerlordo gorarlasmamis dinamik yiik-
lor bas verir.

Isin magsadi

Boru komarina tosir edon dinamik yiiklo-
rin mioyyan edilmasi mogsadilo yuxarida
geyd olunan vo aximin struktur formasinin do-
yismasina sabab olan bohran siirstinin toyin
olunmasi va giymatlondirilmasi vacibdir. Qa-
risigin siiratinin bohran giymetindo multifazali
boru kamorina tasir edon dinamik yiik maksi-
mal olacaqdir.

Masalanin qoyulusu

Aparict miihiti gaz olan multifazal ko-
mordo statik tozyiq gradiyentinin axinin siiro-
tindon asililigina asasen bohran siiratinin giy-
matlondirilmasina baxag.
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Masalanin halli
Molumdur ki, statik tozyiq gradiyentinin
axinin en kosiyi boyu paylanmasi asagidaki
ifadoys uygun bas verir [4]:
* 2* * QL * - 2
Z_}:=16v qua (1-a%) (1)

burada v — axinm orta sorf siiroti, m/s; pg —

qazin sixhigl, kq/m3; a — nisbi koordinatdir
(@=1).

Nozoro alsaq ki,
disperslonmis — gabarcigl struktur formasinin
formalagsmas1 t¢iin statik tozyiq qradiyenti
maye Vo qaz fazalarmin xisusi ¢okilarinin
forgindon az olmamalidir, onda (1) ifadssi
nozara alinmagla bohran stiratinin giymatlon-
dirilmoasi mogsadils asagidak: ifadeni alariq:

A

Ubsh = Jarioad)

A=0.25*J(”—m—1)*g*0 (3)

Pq

multifazali axinda

(2)

Onda komordo yaranan dinamik yiik
asagidaki kimi olar:

(‘;—’;—1)*g*03 @
ax(1—a?)

Sonuncu ifadslora asasen boéhran siirs-
tinin 7 v paramaterlorindon asili
olaraq paylanmasini miioyyon etmok iigiin
hesablamalar aparilmigdir (Codval).

Hesablamalarin naticalorinoe asason “4”
Vo “o”-min mixtolif giymatlorindo boéhran
stiratinin  doyismasini oks etdiron qgrafiklor
qurulmusdur (sok. 1).

Sokildon goriindiiyii kimi, boéhran siirati
axmin moarkazindon uzaqlasdigca avvalco
monoton olaraq koskin azalir, “a=0.577"
giymotindo minimal giymatino gatir, sonra iso
artmaga baglayir.

Bohran stiratinin ekstremal (minimum)
giymatinin “a”-min hansi qiymatine uygun
galdiyini (1) ifadssindon téromo almagla da

Fgin = 0.05 * Pgar *

“« 6 _ 9

a
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asan yoxlamaq olar. Sokil 1-dan va (2) va (3)
ifadasindon goriindiiyti kimi, “a= 0 va 1”
oldugda bohran siiratini tayin etmok miimkiin
deyil. Onu da geyd etmok lazimdir ki, bohran
stiratinin minimal giymatinda  (yani
“a=0.577" olduqda) statik tozyiq gradiyenti
maksimal giymat alir vo “a= 0 va 1" olduqda,
“0”- a gevrilir (sokil 2).
160
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Sokil 1 — Bohran siiratinin a-dan asililigi (1+5 —
A=5, 10, 20, 30, 40 m/s oldugda)

Figure 1- Dependence of critical velocity on a (at

1+5 — A=5, 10, 20, 30, 40 m/s)
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Sokil 2 — Statik tozyiq gradiyentinin paylanmasi.
Figure 2- Distribution of static pressure gradient

Indi iso aparic1 fazas1 gqaz olan multi-
fazali axinda ayri-ayn struktur formalar ticlin
dinamik yiiklorin miigayisasine baxag.
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Cadval — “A” vo “a”-nin miixtalif giymatlori tigiin bohran siiratinin hesablanmig giymatlori (m/s ils)
Table — Calculated values of critical velocity at different values of “A” and “a”

A, o

m/s | 0.05 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9 0.95
5 22.4 1589 | 1141 | 9.57 8.62 8.16 8.07 8.37 9.32 12.09 16.43
10 44.8 31.78 | 22.82 | 19.14 | 17.24 | 16.32 | 16.14 | 16.74 | 18.64 | 24.18 32.9
20 89.6 63.56 | 45.64 | 38.28 | 34.48 | 32.64 | 32.28 | 3348 | 37.28 | 48.36 | 65.92
30 | 1344 | 9534 | 68.46 | 57.42 | 51.72 | 48.96 | 48.42 | 49.22 | 55.92 | 72.54 | 98.88
40 | 179.11| 127.12 | 91.28 | 76.56 | 68.96 | 65.28 | 64.56 | 66.96 | 74.56 | 96.72 | 131.84

Qarisigin sixliginin doyismosi hesabina ~ Natica

yaranan dinamik yiikii maye vo qaz fazalarin
dinamik yiiklorinin forgi kimi do giymaotlon-
dirmak miimkiin oldugunu vo béhran siiratini
nozors alsaq yaza bilorik:

o= 0.05%(pm—pq)?*g*D? (5)
din pgrax(1—a?)

(4) va (5) ifadalorindon yazmagq olar:

Fiin _ Pm—Pq
Fan  paar ©
Sonuncu ifadadon goriindiiyti kimi, dis-
perslonmis-qgabarcigli axinlarda deyil, fazalara
ayrilmig-tixacli harokat strukturaya malik olan
axinlarda dinamik yiiklarin giymati daha ¢ox
olacaqdir. Hogigaton qaz fazasinin dominant-
hiq (“f>0.7") toskil etdiyi multifazali axin-
larda “pp, — pg” forgi “pgqr~-dan dofalorlo

coxdur.

Multifazali axinlarin mixtalif struktur
formalar1 nozoro alinmagla bohran siiratinin
giymotlondirilmasi asasinda boru kemarlainda
dinamik ytiklarin giymatlondirilmasi masalasi-
no do baxilmisdir. Disperslonmis axinlarla mii-
gayisodo fazalara ayrilmis-tixacli harakot for-
malar1 ti¢lin dinamik yiiklorin dafalarlo ¢ox ol-
mas1 gostorilmisdir. Multifazali axinin en ko-
sik boyu toazyiq gradiyentinin maksimal boh-
ran siratinin iss minimal giymatinin nisbi
koordinatin "a = 0.577" qiymotina uygun
goldiyi gostorilmisdir.

Maraglar miinaqisasi
Miislliflor bu mogalodo aragdiriimasi to-

lob olunan maraglar miinaqisasinin olmadigin
geyd edirlar.
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