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Abstract

In the article, a given well with a flat bottom, hydrodynamic ally incomplete according to the degree
of formation opening, the bottom is replaced by a well with a bottom in the form of a concave
hemispherical surface, and the exact full discharge formula of the given well is derived. Here, the layer is
saturated with non-Newtonian oil and consists of two parts, a flat-radial flow occurs in the upper part with
a thickness a, and a complex percolation flow occurs in the lower part with a thickness h, the percolation
law A. Krasnopolski is non-linear. After replacement, a hemispherical-radial simple percolation flow
occurs in the lower part of the layer, and the flow lines are radial straight lines; and equipotential surfaces
are concentric hemispheres. Two different stationary hydrodynamic problems were solved and discharge
formulas were derived for both parts of the reservoir separately. By summing these two debits, the exact
debit formula of the given flat-bottomed well was obtained.

Keywords: productive layer, degree of opening, hydrodynamic incompleteness, flat-bottomed
well, flat-radial flow, hemispherical-radial flow, concave hemisphere, exact full
discharge, stationary hydrodynamics.

Submitted 24 Jan 2024
Published 17 Mar 2025

For citation:

G.G. Mammadova

[Determination of the Accurate Flow Formula of a Hydrodynamic Incomplete Cooled Well According to
the Degree of Mud Opening]

Herald of the Azerbaijan Engineering Academy, 2025, vol. 17 (1), pp. 37-44



Azarbaycan Miihandislik Akademiyasinin Xobarlori Herald of the Azerbaijan Engineering Academy
2025, cild 17 (1), s. 37-44 2025, vol. 17 (1), pp. 37-44
G.G. Mammadova G.G. Mammadova

Laymn acilma daracasina gora hidrodinamik tamamlanmamas

yastidibli quyunun daqiq debit diisturunun tayini

G.G. Mammadova
Azarbaycan Déviat Neft va Sanaye Universiteti (Baki, Azarbaycan)

Xiilasa

Mogalada, verilmis yasti dibli, layin agilma doaracasino goéra hidrodinamik natamam quyu, dibi
cokok yarimsfera sothi soklinds dibi olan quyu ilo avoz edilmisdir vo verilmis quyunun dogiq tam debit
diisturu ¢ixarilmigdir. Burada lay qeyri-nyuton neftlo doymusdur va iki hissadan ibaratdir, gqalinlig: a olan
yuxari hissado yasti-radial, galinligi h-a olan asagi hissodo miirokkob siiziilmo axini bas verir, siiziilmo
ganunu A. Krasnopolski ganununa goro qeyri-xattidir. ©vozlomodon sonra, layin asagi hissasinds
yarimsferik-radial sads siiziilmos axin1 bas verir vo axin xatlori radial diiz xatlordir; ekvipotensial sathlor iso
konsentrik yarimsferalardir. iki miixtolif stasionar hidrodinamik masalalor hall edilmisdir va layin hor iki
hissasi {iglin ayri-ayriliqda debit diisturlart gixarilmigdir. Bu iki debitlor comlonarok verilmis yasti dibli
guyunun tam daqiq debit diisturu ¢ixarilmisdir.

Acar sozlor: mohsuldar lay, agilma doracasi, hidrodinamik natamam, yast1 dibli quyu, yasti-radial
axin, yarimsferik-radial axin, ¢cokok yarimsfera, dogiq tam debit, stasionar hidrodinamik.

BoiBoa ¢popmyJibl TOUHOIO Ae0UTA IVIOCKOAOHHOM
TUIPOAMHAMUYECKH HECOBEPIICHHOM MO CTENECHH

BCKPBITHSA IIJIACTA CKBAKUHBI
I'.I'. MamenoBa

Azepbatiodicanckuli 20Cy0apCcmeeHublil yHugepcumem ne@mu u npomviuiiennocmu (baxy, Aszepbatiosxcan)

AHHOTAUA

B cratbe paccmaTpuBaercs IIOCKOJOHHAsA, TMAPOAMHAMUYECKHM HECOBEpIIEHHAs IO CTEIEeHU
BCKPBITHS TUTACTA CKBA)KMHA, 3aMEHEHHAsI CKBaXMHOMN, UMEIOIIe BOTHYTHIN moycdepudeckuii 30011, u
BBIBeZIeHa TouHas Qopmyra nebuta HEHBIOTOHOBCKOW HedTH. [IpOayKTHBHEIN IJIAcT COCTOMT W3 JBYX
YacTeil: BEpXHSA Y4acTh C TONIIMHON @, I/ie TIPOUCXOIUT IIOCKOPAAUANbHBINA (PHIBTPAIMOHHBINA MMOTOK, U
HIDKHSS 4acTh C TONIIMHON h-a, T/ie MPOMCXOANT CIIOMKHBIH MIOCKOPaIHaTbHBIN (QUIBTPAMOHHEIN MTOTOK,
(bunpTpanys B IuiacTe MpoUcXouT 1o 3akoHy A. KpacHomonbckoro. Ilocie 3aMeHbl B HIDKHEH 4YacTH
3aJIeKH MIPOUCXOAUT TOIyChHEPHUSCKU-PATUATIBHBIA TPOCTON (PUIBTPALIMOHHBIA IMOTOK, JIMHUU TOKa
OBIBAIOT PaIUaIbHBIME TIPSMBIMHU, a DKBUIOTEHITHAIBHBIE MMOBEPXHOCTH SBJISIOTCS KOHIICHTPUICCKUMU
nosrycepamu. PelnieHs! 1Be cTalioHapHbIE THAPOIMHAMUYECKUE 33a/]Ja4H U BEIBEICHBI (POPMYIIBI IEOUTOB
He(TH JUIS KKIOW YacTH B oTaenbHOCTH. CyMMHpPYS 3TH A€OUTHI, MOTy4YeHa GopMylia MOITHOTO JIeOnTa
3aJ]aHHOM TJIOCKOJOHHOM CKBa)KUHBI.

KuroueBsle ciioBa: MPOJAYKTUBHBIN IUIACT, CTENIEHb BCKPBITHSA, TMIPOJUHAMUYECKH HECOBEPILIECHHAs,
IUIOCKOJIOHHAS  CKBA)XMHA, IUIOCKOPAAMAIbHBIA TIOTOK, TOJyc(hepHyecKu-
panuabHBIN MOTOK, BOTHYTas noycdepa, TOYHbIN MOJTHBIA JeOUT, CTallioHapHAas
TUAPOAVHAMHUYECKASL.
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Giris

Mogalada qoyulmus masslonin mévzusu
aktualdir, nozari vo praktik shomiyyato malik-
dir. Bu mosalonin daqiq halli barods adabiy-
yatda molumat yoxdur. Elmi todgiqatlar vo
aragdirmalar aparilmis, mohsuldar lay qeyri-
nyuton xarakterli maye neftlo doymusdur.
Qeyd etmok lazimdir ki, geyri-nyuton xarak-
terli mayelorin bir ne¢o névlori méveuddur;
onlarin hor biri ayriligda mixtolif geyri-xatti
stiziilmo ganunlarina tabedirlor; onlardan
asagidakilar1 gostormok olar [1-5]. Magalada,
baxilan geyri-nyuton neftlo doymus mohsuldar
laydan quyuya siiziilon mahsul A.Krasnopols-
Ki geyri-xatti siiziilmo ganununa tabe olur.
Umumiyyatls, bdyiikk qalinliga malik olan
mohsuldar layda istismar vo vurucu quyular
layin agilma doracasine géra tamamlanmamis
olurlar, onlarin 6zlari doa iki ciir ola bilirlor: 1)
yasti diblilor, 2) ¢okok yarimsfera formali dib-
lilor (sok.1). Yast1 dibli quyu {iglin geyri-nyu-
ton neftin laydan quyuya A.Krasnopolski ga-
nunu ilo laym agilma daracasina géro tamam-
lanmamuis yast1 dibli quyuya axininda hals in-
diyadok dogig debit diisturunu ¢ixarmamisdi-
lar.

Mogalods, yasti dibli istismar quyusu
¢cokok yarimsfera formali dibli quyu ilo avaz
edilmisdir, hansimin ki, parametlorinin (geolo-
ji-fiziki xassolorinin vo qabarit olgiilorinin)
giymatlori birinci ganunundakina borabor go-
tirtilmiis vo verilmis quyu ii¢lin doqiq debit
diisturu ¢ixarilmigdir [6-8].

Isin moagsadi

Burada, iki miixtolif stasionar hidrodina-
mik masalalor hall edilmisdir: biri layin yuxari
hissasinds bas veran yasti-radial sads siiziilma
aximinda, digari iso asagi hissasinds bas veran
yarimsferik sado siiziilmo axiinda. Hor iki
mosalodo debit diisturlar1 ¢ixarilmisdir; bu

disturlar comlanarak, verilmis quyu {igiin tam
dogiq debit diisturu ¢ixarilmigdir. Sokil 1-do
diblarinin handasi formalar: olan iki quyunun
sxemi toqdim edilmisdir.

2 > o

Cr

Sokil 1 — Diblarinin handasi formalar1 miixtalif
olan iki quyunun sxemi: A - yastiquyudibi,
B - ¢okok yarimsfera formasinda quyudibi

Figure 1 — Scheme of two wells with different
bottom geometric shapes: A - pillow, B - squat a
hemispherical well
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Bu sokildon goriindiiyii kimi, hor iKi
quyu layin agilma doracasine gora hidrodina-
mik tamamlanmamigdir, layin agilma xarakte-
rino gora iso hidrodinamik tamamlanmisdirlar
[9]. Sokil 1-do, asagidak: sorti isaralor gobul
edilmisdir: Rk — gidalanma konturunun radius;
rq — quyunun radiusu; h — mohsuldar layn
galinhigi; a — layin acilmis hissasinin qalinligi;
26 — quyular aras1 mosafs; C1 — laym yuxari
hissosinin siiziilmo omsali; C2 — layin asagi
hissosinin siiziilmo omsalidir.

Sokildan goriiniir ki,

206/2=Rk=o0 (1)

Mohsuldar layin yuxari hissasindo, hor
iki quyular iizro yasti-radial sads siiziilmo
axin1 bas verir. Mohsuldar layin asagi hisso-
sindo quyu Nel {izro miirokkab siiziilmo axini
bas verir, ¢linki bu quyu yast1 diblidir; quyu
Ne2 {izro iso yarimsferik sado siiziilmo axini
bas verir, ¢linki bu quyu ¢okok yarimsferik
dibs malikdir; ona gora do bu quyu iizro axin
Xotlori radial diizxotlordir. Quyu Nel {izro
laym asag1 hissasindo oyri Xatlordir. Burada,
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izobar ayrilori axin xatlori ilo qarsiligli normal
voziyyastdo yerlogirlor. ©gor bu ayrinin axin
xatlorinin  tonliklorini  tapmaq  miimkiin
olsaydi, onda izobar ayrilarinin tonliklorini do
tapmaq mumkiin olardi. Ogor iki miixtalif
kosison  oyri  Xotlor garsilighh  normal
vaziyyatdadirlorss, onda kosismo ndéqtasinda
hor iki ayri Xatlora ¢gokilmis toxunan diiz xatlor
qarsiligh perpendikulyar diiz xatlor olacaglar.
Layin agilma doaroacasine gora hidrodi-
namik tamamlanmamis yast1 dibli quyu {giin
toqribi neft debiti diisturu ¢ixarilmisdir; ados-
biyyatda bu barads malumat vardir [1].
Burada qamma funksiyasindan istifado
edilmisdir. Asagida bu funksiya barado atrafli
molumat verilmisdir. Hidrodinamik islonma
mosalalorin hallini asanlagdirmaq tiglin gamma

{F(x) = J.e_t -t . dt(Eyler int egralz) ya In iz lim =

0

funksiyasi codvallogdirilmisdir, bu cadval 1-do
togdim edilmisdir. Qamma funksiyanin x<1 va
x>1 giymatlori asagidak: diisturlarla hesablana
bilir:

I'(x+1

r)=—"—= 2)
Vo I'(x)=(x-1)7I'(x-1) 3)
Misallar:
_ I7) 0,90864 )
1) 7(0,7) = o7 ~ o7 =1,2981;
2) 1'35) =250(25) =25-15- 1 (15) =
=2,5-15-0,88623 = 3,32336
Diisturlarin ~ vo  grafiklorin  tayini
asagidaki  ardicilligla  aparilir.  Qamma

funksiyasinin faktorial anlayist X-in istonilon
odadina yayilir, 6zii do gqamma funksiyanin
komoayi ilo hom do iki ciir olur:

n x-1

»o X(X+D)(X+2)...x+n+1)

(istanilon x tigiin x>0 olanda)

Qamma funksiyanin osas xassalori:
I'(x+1)=xI'(x);
I'(n)=(n-1)t, n tam va miisbat olanda.

X tam miisbat olanda: T1(x) ::o olur.

le olanda: ]7(1) = F(E) = ﬁ
2 2 2 2

X=-i olanda: 17(—1) = 1“(1) =z
2 2 2

X=-g olanda: 77(— g) =I(- %) =21

I(x)-Irl-x)=—2=
SN X
I(x)- I'(x+ %) - % I(2x)

Laym biitiin qalinliginin tam agilmasina
géro quyu debitinin itkisini aydinlagdirmaq
maraqlidir. Bu sobobdon do Qi1 vo Q neft

debitlorini  miigayiso  edorak,  quyunun

hidrodinamik tamamlanma omsalin1 $1=Q1/Q-
ni hesablamagq olar.
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Sakil 2 — Qrafiklor I'(x) va TI(x)
Figure 2 — Graphs I'(x) and TI(x)
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Cadval 1 — Qamma funksiyasi
Table 1 — Gamma function

X I'(x) X I'x) X I'(x) X I'(x)
1,00 1,00000 1,25 0,90640 1,50 0,88623 1,75 0,91906
01 0,99433 26 0,90440 51 0,88659 76 0,92137
02 0,98884 27 0,90250 52 0,88704 77 0,92376
03 0,98375 28 0,90072 53 0,88757 78 0,92623
04 0,97844 29 0,89904 54 0,88818 79 0,92877
1,05 0,97350 1,30 0,89747 1,55 0,88887 1,80 0,93138
06 0,96873 31 0,89600 56 0,88964 81 0,93408
07 0,96475 32 0,89464 57 0,89049 82 0,93685
08 0,95973 33 0,89338 58 0,89142 83 0,93969
09 0,96546 34 0,89222 59 0,89243 84 0,94261
1,10 0,96135 1,35 0,89115 1,60 0,89352 1,85 0,94561
11 0,94740 36 0,89018 61 0,89468 86 0,94839
12 0,94359 37 0,88931 62 0,89692 87 0,95184
13 0,93993 38 0,88854 63 0,89727 88 0,95517
14 0,93642 39 0,88785 64 0,89864 89 0,95838
1,15 0,93304 1,40 0,88726 1,65 0,90012 1,90 0,96177
16 0,92980 41 0,88676 66 0,90167 91 0,96523
17 0,92670 42 0,88636 67 0,90330 92 0,96877
18 0,92373 43 0,88604 68 0,90600 93 0,97240
19 0,92089 44 0,88581 69 0,90678 94 0,97610
1,20 0,91817 1,45 0,88560 1,70 0,90864 1,95 0,97988
21 0,91558 46 0,88660 71 0,91067 96 0,98374
22 0,91311 47 0,88563 72 0,91258 97 0,98768
23 0,91075 48 0,88676 73 0,91867 98 0,99171
24 0,90852 49 0,88596 74 0,91683 99 0,99581
1,25 0,90640 1,30 0,88623 1,75 0,91906 2,00 1,00000




Azarbaycan Miihandislik Akademiyasinin Xoborlori
2025, cild 17 (1), s. 37-44
G.G. Mammodova

Herald of the Azerbaijan Engineering Academy
2025, vol. 17 (1), pp. 37-44
G.G. Mammadova

27kh(P, —P,)

R P G (0,875h)1"(0,125h R @
2h Iy I'(1-0,875h)7"(1—0,125) 4b
o R
s =2 i _
o L; v 3B _ r(mzs__.-:: I (0,125 r.-)- il R_
2h| v F(1-0875INI'(1-0125h) 4b | (5)
Odobiyyat [1]-do, sokil 2-do sxematik  qeyri-nyuton neftinin  yasti-radial  sado
formada gostorilmis quyu t¢ln togribi distur  siiziilmo axmi A.Krasnopolski qgeyri-Xatti
yuxaridaki kimi gamma funksiyanin istiraki ilo ganunu ilo bas verir.
verilmigdir: Bu ganun asagida verilmisdir:
dP.;
v=0c(--) (6)
LLLIILIIIIr] JIAIII LI E]] dr
© - . .. dP .
o Burada, v — siiziilmo siirati, — - tozyiq
dr
® A B
e PR | . e e -
I;II!IIIIIIIIIIIII!li'l'/ff/!l!//lil!! qradlyentl, 5 unVQt uStudur’ C - SLlZLlh’l’lQ
2
. o omsalidur.
Sokil 3 — Laymn yuxarn a hissosini agmis Cari silindrik siiziilma sathinin sahasi

hidrodinamik natamam quyunun sxemi

Figure 3 - Schematic of a hydrodynamic
incomplete well that opened the upper a part of the
formation

Akademik Leybenzon L.S.
quyunun birinci yuxart hissasinds stiziilma

verilmis

axmint yasti-radial gobul etmisdir, bu dog-
rudur (sok. 3). Quyunun ikinci asagi hisso-
sindo iso axim1 yarmmsferik radial gobul
etmisdir; bu 1S toqribi halldir [9, 10].

Bu mogalods iso yasti dibli quyunun
dibinin ¢okok yarimsfera formasinda qazil-
mas1 toklif etmisdir vo masalonin dagiq holli
gostorilmigdir. Bu masalonin dogiq halli agagi-
dak1 kimi verilmisdir.

Masala 1. Dibi ¢okok yarimsfera sokilli
quyuya mohsuldar layin yuxarisindan siiziilon

asagidaki kimi olur:
F =2arh @)
Burada, = = 3,14; r — cari radius-vektor, h —

layin agilmig yuxari hissasinin qalinligidir.
Diisturlar (6) va (7)-don aliriq:

dP.;
O =V Fl =27hr Cl(a)z (8)

Burada, Q1 - layin yuxar1 hissasinin debitidir.
Differensial tonlik (8)-i doyisonloring
ay1rib inteqrallasaq agagidakilar alariq:

Q _ 4Py 9
27zh_r(dr) ®)



Azarbaycan Miihandislik Akademiyasinin Xoborlori
2025, cild 17 (1), s. 37-44
G.G. Mammodova

Herald of the Azerbaijan Engineering Academy
2025, vol. 17 (1), pp. 37-44
G.G. Mammadova

Q . .dP Q . dr
=r°—, —=dP,
(27ZhCl) ' dr, (Znhcl) r?
P, R, (10)
J‘ p— (&)2 J' dr
P, 27thl r, r

Q . ,1 1

P—-P = (===

«— Ry (2Ic1) ( )
Buradan aliriq:

Q =2mhe, |5+ (11)

Diistur (11) ilo layin yuxari hissasindan
quyuya siiziilon geyri-nyuton neftinin debiti
hesablanr.

Masala 2. Dibi ¢okok yarimsfera sothi
olan quyuya laymn asagi hissasindon siiziilon
geyri-nyuton neftinin yarimsferik-radial sads
stizilma axi1 da A.Krasnopolski geyri-Xatti
ganunu ils bas verir; burada axin Xatlori radial
diiz xatlordir, ekvipotensial konsentrik sathlor
yarimsferik gokildodirlor. Burada da siiziilmo
qanunu distur (6) ilo ifado olunur; cari
yarimsferik siiziilmo sothinin sahosi iso belo
olur:

F, =2z (12)
Diisturlar (11) vo (12)-don aliriq:

1
Q, =VF, = 2nr2c(fj—f)2 (13)

Burada, Q2 — layin asag hissasinin debitidir.
Ogor  diferensial  tonlik  (13)-u
dayisonlorino ayirib inteqrallasaq asagidakilar
alariq:
Q Q dP
s Py (& o= 4
27C, dr
&)2 d—[ =dP

(27zC

Q . td
JoP=G2) =[5

Py fq r
(15)
Q 1,1 1
PP =G g(r—qa—R—kg)5
Buradan aliriq:
Q, =2mc,\/3 (16)

Bu disturla laym asagi hissoasindan
quyuya siiziilon geyri-nyuton neftinin debitini
hesablamagq olar [10].

Diistur (11)-dan Q1 debitini diistur (16)-
doki debitlo comloyarok ¢okok yarimsfera
sokilli dibi olan quyunun daqgig tam debitini
toyin edirik:

V3¢,

hc,
Q_Q1+Q2_2ﬂﬂpk_Pq( i_i—i_ i_i) (17)
R RS
Beloliklo, iki  miuxtolif  stasionar

hidrodinamik mosalalor hall edilmisdir vo
layin hor iki hissasi tiglin ayri-ayriliqda debit

disturlar1  ¢ixarilmisdir. Bu iki  quyunun
debitlor comlonorok verilmis yasti  dibli
quyunun tam  doqiq debit  diisturlar
¢ixarilmigdir. Bunun da yataglarin islonma
layihasinin  tortibindo  istifadesi  moqgsad-
yonlidiir.
Natica

Mogaloda yasti dibli, layin agilma

daracasinae gora hidrodinamik natamam quyu,
dibi ¢okok yarimsfera soklindo olan quyu ilo
ovoz edilmisdir vo verilmis quyunun dogiq
tam debit diisturu ¢ixarilmisdir.

Burada mohsuldar lay qeyri-nyuton
neftlo doymusdur vo iki hissadon ibaradir:
yuxar1 hissads yasti-radial sads siiziilmo axini
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bas verir, asag1 hissoda iSo miirokkab siiziilma
axin1 bag verir.

Bu siiziilmo axmlar1 A.Krasnopolski
geyri-Xatti siiziilmo ganununa tabedirlor.

Ovozlomadon  sonra, laym  asagi
hissasindo yarimsferik-radial sads siiziilmo
axin1 bag verir vo axin xotlori radial diiz
xatlordirlor,  ekvipotensial ~ sothlor  iso
konsentrik yarimsferalardan ibaratdir.

Iki miixtolif stasionar hidrodinamik
mosalalor holl edilmisdir vo laym hor iki

hissosi tiglin debit diisturlar1 ¢ixarilmisdir.
Naticoda bu iki muxtalif debitlor comlanarak,
quyunun tam doqiq debit diisturu toyin
olunmusdur.

Maraqlar miinaqisasi
Miisllif bu mogalods arasdiriimasi tolob
olunan maraqlar miinaqisoesinin olmadigini

geyd edir.
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