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Az1143, Baki, H.Cavid prospekti, 119

Magalads kegiriciliya nozaran geyri-bircinsliliyi ilo saciyyslonan layda gaz-kondensat qarigiginin quyuya
Qorarlagsmamus foza siiziilmasi goraitinds yaranan termodinamiki effektlorin termohidrodinamik sahalorin pay-
lanmasina tasiri mosalasi hall edilmisdir. Uygun alqoritm va adadi hall tisulu taklif edilmis vo program paketi
yaradilaraq ¢oxsayli riyazi eksperimentlor aparilmigdir. Fliidin siiziilmasi zamani yaranan termodinamik
effektin prosess tosiri dyronilmisdir. Alinmig noticolor quyu malumatlarinin etibarhiliginin ve dogigliyinin

artirilmasi tigiin istifads oluna bilor.

Neft vo qaz yataglarinin islonilmosi zamani
fliidlorin siiziilmasi prosesi termodinamiki effekt-
larin yaranmasi sabsbindan geyri-izotermik xarakter
dasiyir. Bu noqteyi-nazardon lay temperaturunun
doyismasinin dyranilmasine marag, har seydon oav-
val, quyu termometriyasi ilo alagodardir.

Termodinamik effektlor hesabina fliidlarin
temperaturunun ciizi doyismesinin miiasir quyu ter-
mometrlari ilo geydo alinmasi quyu va lay sistemi
ilo alagadar olan bir sira diagnostik-praktiki masalos-
lorin hallina imkan yaradir.

Catin ¢ixarila bilon ehtiyata malik yataqlarin
islonilmasina noazarst {iglin bu masalalarin todqiqi
daha aktualdir. Hazirda quyularda aparilan tempe-
ratur 6lgmoalori osasinda mohsuldar laylar1 askarla-
maqg, qaz-neft kontaktinin yerini, qazilan quyularda
mohlulun udulma yerini, hidroyarilma zonasini va s.
toyin etmok miimkiindiir.

Mosamoli miihitds flilidlarin siiziilmosi gorai-
tindo termodinamik effektlori nozoro almagla tem-
peratur sahasinin tayinina vo bunun ssasinda lay-
larin istismar xarakteristikalarinin qiymatlondiril-
masina ¢oxlu sayda todgiqat islari hosr edilmisdir
(Yekamok, 1965; Pazsutue..., 1969; Kapaunackui,
1975; BaxuroB u ap., 1984; Anumaes u np., 1985;
AbacoB u 1p.,1993; Pamazanos, 2004; PamazanoB u
[Mapmua, 2006; Owmnmos, 2006, dwunmoB u
AxwmetoBa, 2006;). Qeyd edilonlora asasan, demak
olar ki, ¢oxfazal fliidin gorarlasmamis siiziilmasi

soraitindo yataglarin islonilmasi zamani istilik-kiitlo
kociiriilmo proseslori ilo miisahido edilon termo-
dinamik effektlorin aragdirilmasi bir sira praktiki
masalalarin hallinds miithiim shamiyyat kasb edir.

Mogalods lay tozyiqgi kondensatladoyma toz-
yigindan asag1 olan kegiriciliya nazaran geyri-bircins
gaz-kondensat yataglarmin islonilmosi prosesindos
yaranan termodinamik effektlorin lay temperaturu-
nun doyismasina tasiri masalasi arasdirilmigdir.

Masalonin qoyulusu

Forz edok ki, kegiriciliyo goro geyri-bircins
Rk radiuslu silindrikformali kiiravi gaz-kondensat
layt Rq radiuslu morkazi quyu Q,(t) debiti ilo

istismar olunur. Layin iglanilmadan avval baglangic
tozyigi Vo temperaturu uygun olaraq po, To,
kondensatla doyumu iss S, -dur.

Qobul olunur ki:

- quyu acilma daracasing, xarakterina nazaran
tamdir vo kifayat godor boyiik uzunluga malik
horizontal layin tam qalinligin1 shats edir;

- layin sorhadi, tavani vo dabani kegirilmoz-
dir;

- gaz vo maye kondensatin siiziilmoasi Darsi
ganununa tabedir;

- flilidin vo moasamoali miihitin temperaturu
layin istonilon noqtasinds eynidir;
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- layda temperatur doyismasinin lay vo ma-
yeni saciyyslondiron parametrlora tosiri nozoro
alinmur;

- kondensat vo qaz fazalarinin ozliliyii vo
sixlig1 yalmz tozyiqdon asilidir;

- layin tavan vo dabanindan istilik 6tiirtilme-
sinin lay temperaturunun doyismoasing tasiri nozors
alinmur;

- layin temperatur sahosino miihitin istilik-
kegirma xiisusiyyatlarinin va barotermik effektin to-
siri nozars alinir.

Qabul edilmis forziyyslor daxilinds qoyulmus
moasalanin halli asagidaki geyri-xatti xiisusi toromali
diferensial tonliklor sisteminin verilmis sartlor daxi-
lindos hollina gotirilir (Yekamrok, 1965; Passutue.. .,
1969; Kapauunckuii, 1975; A3uz u Cerrapu, 1982;
BaxutoB u ap., 1984; AnumaeB u np., 1985;
®ununmos, 2006; OununmoB u Axmerosa, 2006;
Oeitzymmaes, 2011):
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burada (1),(2) gaz-kondensat qarigiginin siiziilmo-
sinin binar modeli ¢ar¢ivasinds horokat tonliklori;
(3) — fazalara nazoran enerji tonliklori;
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p(r,zt) - tozyig; s(r,z,t) - kondensatladoyma;
T(r,z,t) - temperatur; F,(s) n F (S) -uygun
olarag gaz o nozori  faza
kegiriciliklori; ¢(p) - qaz fazasinda kondensatin

maye fazanin
miqdari; 7_/( P) - normal soraitdo kondensatin maye
Vo qaz fazalarindaki hacmi ¢okilarinin nisbati;
S.(P) - qazin mayedo hollolma miqdari; a,(p)-

maye fazanin hocmi omsali; M - siixurun
mosamalik amsali; k - siixurun miitloq kegiricilik

omsali; T - zaman; p, - atmosfer tozyiqi; B vo
Z(p) - uygun olaraq temperatur diizolisi vo 0az
fazasinin sixilma omsallars; uq(p) Vo ,le(p) -

uygun olaraq gaz vo maye fazalarinin 6zliiliklori;
I''Z - foza koordinatlari; i=1 - kondensata aid

olunan indeks; i =2 - gaza aid olunan indeks; C; -
fazalara nozoron xiisusi istilik tutumu; &; - Coul-
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Tomson omsali; 9 - i-ci fazamn siiziilmo siiroti;

p; - fazalarin sixlig; o -lay ilo quyu divar ara-
sinda istilikotiirmo intensivliyini xarakterizo edon
omsal; A, - i-ci fazanin istilikkegirmosi; C” - imu-
mi istilik tutumu; A" - imumi istilikke¢irmo omsali;
n, - i-ci fazanin adiabatiklik omsali; p, -lay siixu-

runun sixlig; t - zaman.

Moasoalonin gedisati {igiin odadi hall {isulundan
istifado etmok magsadilo (1)-(3) tonliklor sistemini
sads gevirmolordan sonra asagidaki kimi yazaq:
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(11) vo (12) tonliklorina geyri-askar, (13)
tonliyina iso askar hall sxemi totbiq etsok, asagida-

kilar1 alariq (A3u3 u Cerrapu, 1982; ®eiizynaes,
2011):
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(4)-(10) sorhad va baslangic sortlori iso asa-
gidaki kimi olacaqdir:
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Gostorilon algoritm osasinda layin miitloq
kegiriciliyinin k(r,z) =k,e’" ganununa tabe oldu-
gunu goabul edarak, asagida verilon ilkin molumatlar
asasinda (codval) program tortib edilmis va riyazi
eksperimentlor aparilmigdir.

Hesablama naticalarinin analizi

Odadi eksperimentlorin  bazi naticalarinin
grafiki tosviri 1-6-c1 sokillordo vetirilmigdir. 1-ci
sokildo temperaturun mosafodon asili olaraq doyis-
mMasinin imumi istilik tutumunun miixtalif giymot-
lorindo asililiq grafiklori oks edtirilmigdir. Qrafiklor-
don goriindiiyti kimi, biitiin variantlarda quyuotrafi
zonada temperaturun koskin azalmasi miisahido

edilir. Umumi istilik tutumunun kicik qiymatlorinds
iSo temperatur anomaliyast daha qabariq sokildo
miisahids edilir ki, bu da quyustrafi zonada konden-
satladoymanin koskin sokilds azalmasi ilo alagodar-
dir (2-ci sokil). Coul-Tomson effektinin giymatinin
doyismasi ilo miisahido edilon temperatur anomali-
yas1 0ziinli daha ¢ox quyustrafi zonada biruzo verir
Vo ¢g; (i=12) parametrlorinin giymatlori artdiqca,
temperaturlar arasindaki forq & =0 variant: ilo mii-
qayisada togriban 1,4-2,4% toskil edir (3-cii sokil).
Istismar prosesindo temperaturun bir giymeatino kon-
densatladoymanin ikili giymoti uygun golir (4-ci
sokil) vo bu anomaliya Coul-Tomson effektinin
miixtalif giymatlorinds 6ziinii miioyyan forglo gostarir.

Fiziki komiyyatlor Olgii vahidlori Odadi giymotlori va ifadalori
1 2 3
T, °S 65
Po MPa 40
So 0
Q, m®/giin 1-10°
m, 0.2
R, m 1000
H m 60
R, m 0.1
A Coul-m?/(kg-san-°S) 2.28
C’ Coul /(kg-°S) 1800
C Coul /(kg-°S) 1880
c, Coul /(kg-°S) 3200
& °S/Pa 0,02-10°
€, °S/Pa -0,3-10°
Ui °S/Pa 0,03-10°
m, °S/Pa -0,2:10°
a Vt/(m2-°S) 10
K, m? 0,05-102
e kg/m?® 691.997
£, kg/m?® 230,66
el kg/m?® 2200
#4,(p) mPa-s 0.0126+0.257-10 p+0.1633107 p*
0.6-0.3295-10%p +0.1044-10* p° -
#.(p) mPa-s —-0.1558-10" p* +0.85-10 " p*
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1 2 3
2(0) 1.0-0.1162:102p+0.3744.10° p* -
-0.2965-10° p*-0.1975-10™ p*

0.637-10* -0.5057-10° p+0.6265-10° p* -

c(p) m*/ m? 0 s s
~0.1595.10"p® +0.13-10™p

a (p) 1.116+0.1157-10% p+0.23674-10° p?

S (p) m’/ m? 0.814286p

- 194.899-0.4297410" p+0.1335.10* p? -

7(P) ~0.6053-10° p* +0.622-10°° p*

F,(s) —0.03965° +0.8978&* —1.730% +0.867

F.(s) 0.8712” —0.03265 +0.0045

5-ci sokildo timumi istilikkegirmo omsalinin
giymatindon asili olaraq layin ¢ixiginda temperatu-
run zamandan asililiq grafiklori verilmisdir. Istilik-
kegirmo parametrinin giymotinin artmasi zamanin
boyiik giymatlorinds temperaturun azalmasina goti-
rib ¢ixarir. Biitlin baxilan hallarda kondensatin de-
biti temperaturun azalmasi ilo azalir vo layin ¢ixi-
sinda bu azalma istismarin t =450 giiniinds ilkin
giymati ilo miiqayisads 20-25% toskil edir ki, bu da
guyustrafi zonada retrograd kondensatin ¢6kmasi,

maye siitununun yaranmasi va siiziilmoays qarsi mii-
gavimatin artmast ilo saciyyslanir.

Layin ¢ixiginda quyu ilo lay arasinda istilik
miibadilosi amsali fliidin temperaturunun istismar
zamanindan asili olaraq diismasini quyu ils lay ara-
sinda istilik miibadilosi olmadigi halla miiqayisodo
langidir (6-c1 b sokil), notico etibarilo quyustrafi
zonada maye kondensatin toplanmasi prosesi zaiflo-
yir (6-c1 a sokil) vo kondensata gors hasilatin diigmo
tempi azalir.

62.5
[9p]
S” 600}
~
o 575 - —& —A |
=
55.0 : ——
52.5
50.0
47.5
45.0 a ~ *
42.5
40.0 T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22 24 26
r,m
R C* =900Coul /(kgx'S),&, =0.02x107°°S / Pa,&, = -0.3x107°°S / Pa,
A =2.28(Coul xm?/(kg x sanx’S)),a = 10Vt /(m?x°S),t = 30giin, z = 30m
—m— C"=1800Coul /(kgx'S),&, =0.02x107°°S/Pa, &, = -0.3x107°°S / Pa,
A =2.28(Coul xm? /(kq x sanx’S)),a = 10Vt /(m?x°S),t = 30giin, z = 30m
—A— C"=2700Coul /(kgx'S),&, =0.02x10°°S/Pa,&, =—0.3x10°°S / Pa,
A =2.28(Coul xm? /(kq x sanx’S)), & =10Vt /(m*x°S),t = 30giin, z = 30m

1-ci sakil. Fliiidin temperaturunun iimumi istilik tutumunun mixtslif
giymeatlorinds masafodon asili olaraq doyismasi
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T T T T T @ T T

0 50 100 150 200 250 300 350 400 450
t, glin

s(t)

0.06

C* =900Coul /(kgx'S), &, = 0.02x10°°S / Pa, &, = —0.3x10°°S / Pa,
A =2.28(Coul xm? /(kq x sanx'S)),a =10Vt /(m?x°S),r = 0.1m,z = 30m
—m—  C’=1800Coul /(kgx'S), & = 0.02x10°°S / Pa, &, =—0.3x10°°S / Pa,

A =2.28(Coul xm? /(kq x sanx’S)),a =10Vt /(m?x°S), r = 0.1m, z = 30m
—A—  C"=2700Coul /(kqx'S), &, =0.02x10°°S/ Pa, &, =-0.3x10*S / Pa,
A =2.28(Coul x m? /(kg x sanx’S)),a =10Vt /(m?x°S), r = 0.1m, z = 30m

2-ci sakil. Kondensatladoymanin zamandan asilihi

60
(n k
o
~ 59
~ \
= 58
|_
57
56
55 + — _
\\“ ; ___________________________________________________ i
54 - == —A
53 T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22 24 26
r,m

e &=0,¢,=0,C"=1800Coul /(kgx'S), 2" = 2.28(Coul xm? /(kg x sanx’S)),
a =10Vt /(m*x°S),t = 430giin, z = 30m
- _m_. &=002x10°"S/Pa,s, =-0.3x10°"S/Pa, C* =1800Coul /(kqx'S),
A =2.28(Coul xm?/(kg x sanx°S)),a =10Vt /(m*x°S),t = 430giin, z = 30m
4 £=004x10°"S/Pa, &, =-0.6x10°"S/Pa, C* =1800Coul /(kqx’S),
A =2.28(Coul xm?® /(kq x sanxS)), & = 10Vt /(m*x°S), t = 430giin, z = 30m

3-cii sakil. Fliidin temperaturunun Coul-Tomson omsalinn miixtalif giymatlorinde mosafodon asililigt
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C()j) 66
T\T— 65
|_
62 /
" //
I ———
o
58 T T T T T T T T T
0.04 0.045 0.05 0.055 0.06 0.065 0.07 0.075 0.08 0.085 0.09
s(t)
g =0,¢,=0,C" =1800Coul /(kgx’S), A" = 2.28(Coul x m* /(kq x sanxS)),
a =10Vt/(m*x°S), r =0.1m,z = 30m
—m— £ =002x10"°"S/Pa,&, =-0.3x10°"S/Pa, C* =1800Coul /(kgx"S),
A" =2.28(Coul xm? /(kq x sanx°S)), @ =10Vt /(m*x°S), r =0.1m, z = 30m
—&— £ =0.04x10"S/Pa, & =-0.6x10°°S/Pa, C* =1800Coul /(kqx'S),
A =2.28(Coul xm? /(kq x sanx’S)),a =10Vt /(m*x°S), r = 0.1m,z = 30m
4-cii gakil. Layin ¢ixiginda fliiidin temperaturunun kondensatladoymadan asililig
& 65
N 64
i i \‘\
” \;\
61 —a—
60 \A\\O
59 A
58 T T T T T T T T
50 100 150 200 250 300 350 400 450
t, giin

_m X =114(Coul xm?/(kqxsanx'S)), C* =1800Coul /(kqx'S), &, = 0.02x10°°S / Pa,
&, =-0.3x10"°"S/Pa, a =10Vt /(m*x°S),r = 0.1m, z = 30m

e A =171(Coul xm?/(kqxsanx'S)), C* =1800Coul /(kqx'S), s, =0.02x10°°S / Pa,
&, = —-0.3x107°°S/Pa, a =10Vt /(m*x°S),r = 0.1m,z = 30m

—&— 1’ =2.28(Coul xm?/(kgx sanx’S)), C* =1800Coul /(kqx’S),&, = 0.02x107°°S / Pa,
&, =-0.3x10""S/Pa, a =10Vt/(m*x°S),r = 0.1m, z = 30m
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5-ci gakil. Laym ¢ixiginda fliiidin temperaturunun timumi istilikkegirmo
omsalinin miixtolif giymatlorinds zamandan asililig
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s(t)

0.14
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0.1

~ il \-\-\
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0.04 ~
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0 T T T T T T T T
0 50 100 150 200 250 300 350 400 450
t, glin
=0, C’ =1800Coul /(kqx'S), &, = 0.02x10 *°S/ Pa, &, = —0.3x10 *'S/ Pa,
A =2.28(Coul xm? /(kq x sanx°S)),r = 0.1m, z = 30m
a) a =10vt/(m®x°S), C* =1800Coul /(kgx’S), & =0.02 x107°°S / Pa,
&, =-0.3x107°°S/Pa, A" = 2.28(Coul x m* /(kq x sanx’S)),r = 0.1m, z = 30m
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0 50 100 150 200 250 300 350 400 450
t, giin
a =0, C" =1800Coul /(kgx°S),&, =0.02 x107°°S/Pa, &, = —0.3x107°°S/ Pa,
A =2.28(Coul xm? /(kq x sanx’S)),r =0.1m,z = 30m
a =10Vt/(m?x°S), C* =1800Coul /(kqx'S), &, =0.02x10°°S /Pa,
b) &, =-0.3x10"°"S/Pa, 4" = 2.28(Coul xm? /(kq x sanx°S)),r = 0.1m,z = 30m
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6-c1 sakil. Layin ¢ixisinda kondensatladoymanin (a) vo flilidin temperaturunun (b) istilik miibadilasi
omsalinin miixtalif giymatlorinds zamandan asililig
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Natica

— Qeyri-bircins layda qgaz-kondensat gqari-
sigimin quyuya qorarlagsmamis foza siiziilmosi sorai-
tindo yaranan termodinamik effektlori, istilik selinin
konvektiv vo konduktiv dasimnmasim vo faza kegid
prosesindo yaranan istiliyi nazors alan hidrotermo-
dinamik model toklif edilmis vo ododi hesab algo-
ritmi iglonilmisdir. Modelo daxil olan parametrlorin
prosess tosiri 0yronilmigdir.

— Aparilmis parametrik todgigatlar natico-
sinda Coul-Tomson effektinin, iimumi istilik tutumu
parametrinin, fliiidin adiabatik amsalinin vo iimumi
istilikkegirmo omsalinin layda temperaturun doyis-
moasina fargli tasirlori oldugu askar edilmis vo bun-
larin quyu termometriyasi ilo bagl tors masalalarin
hallinds nazars alinmasi vacibdir.
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