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Abstract

Oil-gas practice shows that starting from wells up to delivery to a treatment station in in-
dustrial pipelines in most cases the transport of multicomponent and multiphase systems (oil-
water-sand and other solids) is realized. The abnormal flow properties of these systems under
field conditions during their collection, treatment, and transportation, as a rule causes certain
problems and result in additional power consumption. So, the investigations of the formation rea-
sons of such systems and their geophysical and hydraulic features are becoming actual. In this
paper is given the results of study on the basis of roto viscometric studies of various oils of the
"Muradkhanly” field on "Reotest-2", the influence of the content of various fractional composi-
tions of sand on the rheological characteristics of water-oil systems. In particular, it was found
that the effect of a bulk element on the viscosity properties of these systems is nonmonotonic and
strongly depends on the water content in heterogeneous mixtures.

Keywords: rheology, “well-gathering” system, amount of sand, effective viscosity, oil-sand-
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Neft-qum-su qarisiqlariin reoloji tadqiqi

F.B. ismayilova, Q.Q. Ismayilov, G.A. Zeynalova
Azarbaycan Déviat Neft va Sanaye Universiteti (Baki, Azarbaycan)

Xiilasa

Neft yataglarinin istismar zamani madon tocriibasi gostorir ki, quyu yigim sisteminds quyudan
baglayaraq hazirliq mentaqesinadek yi1gim va naql boru kemorlorinde osason mutlifazali vo cox
komponentli heterogen sistemlorin horokoti mdvcuddur. Bir qayda olaraq bu ciir anomal sistemlorin
reoloji xiisusiyyatlori noticesinde yigim-naql sistemlorindo miioyyan texnoloji ¢atinliklor va enerji
xorclorinin coxalmasi bas verir. Moqalodo “Muradxanli” yatagmin neftlori timsalinda miixtolif qum
qarisiglarindan asili olaraq neft emulsiyalarinin “Reotest”-do sinanilmasi asasinda reoloji xiisusiyyatlori
tadqiq olunmus va miioyyan edilmisdir ki, su-neft sistemlorine qumun tasiri geyri-monoton olmaqla vo
sulagsma faizinden asili olaraq miixtslif olur.

Acar sozlor:  reologiya, quyu-yigim sistemi, qumun miqdari, effektiv 6zIilik, neft-qum-su qarigigr.

Peosiornyeckoe ucciaenoBanue HehreBoa0NMeCYaAHbIX cMecel

®.b. UcmaiibLioBa, I'.I'. UcmaiiblioB, I'.A. 3eiiHaioBa
Azepbatiodicanckuli 20cy0apcmeeHublil yHugepcumem negmu u npomviuiiennocmu (baxy, Azepbaiioscan)

AHHOTAUA

HedrenpombiciioBas npakTHka MOKa3bIBAET, YTO, HAUMHAS OT CKBKWHBI J0 MOCTYIUICHUS B ITyHKT
MOJTOTOBKH, B TEXHOJOTHUECKUX TPYOOIPOBOJAX B OOJBIIMHCTBE CIY4YaeB OCYIIECTBISICTCS TPAHCIIOP-
TUPOBKA MHOTOKOMIIOHEHTHBIX U MHOTO(a3HBIX cUCTeM (HE(PTh — BOJIa — MECOK U APYTUX MEXIPUMECEH).
AHOMaITbHBIE PEOJIOTHYECKHE CBOMCTBA 3TUX CHCTEM B IPOMBICIOBBIX YCIOBUSAX MpU WX cOope, MoJro-
TOBKE M TPAHCTIOPTHUPOBKE, KaK MPABUIIO, BHI3BIBAIOT OMPEICICHHBIC TPYIHOCTA M MPUBOAAT K JTOTIOTHU-
TEJNBHBIM dHEpreTHYecKuM 3arparaM. [loaTomy nmpruoOperaeT akTyallbHOCTh HCCIIeI0OBaHIE IPUIHH 00pa-
30BaHUS TAKUX CHUCTEM M UX peOPU3NIECKUX U THAPABINUECKUX 0COOCHHOCTEe!. B paboTe Ha ocHOBaHHMHU
POTOBUCKO3UMETPUYECCKUX HCCIICIOBAHUN pPa3IMYHbIX HedTel MecTopoxaeHus «MypaaxaHibDy Ha
«Reotest-2» 6bII0 U3yUeHO BIUSHHUE COACPIKAHUS PA3IMYHBIX (PPAKIIMOHHBIX COCTABOB IECKa Ha PeoJIo-
TUYECKHE XapaKTEPUCTUKU BOJOHE(PTSIHBIX CUCTEM. B 4acTHOCTH, OBLJIO YCTAHOBIIEHO, YTO BIHMSIHUE ChI-
IIy4ero 3JIEMEHTAa Ha BSI3KOCTHBIE CBOMCTBA YKa3aHHBIX CUCTEM HOCUT HEMOHOTOHHBIN XapaKTep U CUIBHO
3aBUCHUT OT COJEPKAHUS BOJBI B TETEPOTEHHBIX CMECSX.

KaroueBble ciioBa:  peosiorusi, cucrema cOOpa CKBaXKHH, COJepKaHHe Iecka, d((PEKTUBHASL BS3KOCTH,
HedTeBoI0TIecHaHas CMECh.
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Giris

Neft-modon praktikas: gostorir Ki, istis-
mar quyularindan baglayaraq neftin hazirlan-
mas1 montaqgasinadok modoandaxili texnoloji
boru komorlorinds asason ¢oxkomponentli,
multifazali heterogen sistemlor noql edilir. Bu
zaman miixtalif garisiglarin hesabina zaman-
dan asil1 olaraq homin sistemlar 6z fiziki-kim-
yavi va reoloji xiisusiyyatlori ilo yanasi, omtos
keyfiyyatlarini do doyismis olur.

Hasil olunan reoloji miirokkab, qum ga-
risig1 olan neftlor, onlarin emulsiyalari, miixto-
lif gesidli vo sulasmig neftlorin garisiglarinin
anomal xisusiyyatli (elastik, struktur dayaniq-
liginin pozulmasi, 6zli-elastik vo s.) olmasi
moadan soraitinds onlarin yigilmasi, hazirlan-
mast vo naqli zamani xeyli ¢atinliklor vo olavo
enerji xarclori toradir [1-3].

Hal-hazirda bu ciir neftlorin fiziki-kim-
yavi, reoloji xiisusiyyatlorinin dyranilmasi vo
deemulsasiyas1 masalalarine goxsayli tadgigat
islorinin hasr olunmasina baxmayaraq, “lay-
quyu-yigim sistemi”-nda, eloco do texnoloji
boru komarlarindo anomal xassali goxkompo-
nentli sistemlarin vo emulsiyalarin yaranmasi
ilo alagadar problem masalalarin bir goxu halo
do 6z hallini tapmamigdir. Bu baximdan ha-
min sistemlarin yaranma sababi, onlarin reolo-
ji, hidravliki vo reotexnoloji xiisusiyyatlorinin
todqiqi xeyli aktualliq kosb edir [4-6].

Isin magsadi

Molumdur ki, madan boru komarlari sis-
temindo bas veron texniki—texnoloji miirok-
kablagmalarin say1 daha ¢oxdur vo onlarin hal-
li magistral komarlora nisboton daha gatindir.
Bu ¢atinliklorin boyiik bir gismi sulasma vo
garismadan (multifazaligdan) asili olaraq naql
olunan sistemlorin reoloji cohatdon anomal

xiisusiyyatlora malik olmasi ilo baglidir.

“Quyu-y1gim” sisteminds 6ziinii gosto-
ron bu anomalliq istismar quyularinda nefto
garisan qumun tasirinden daha da kaskinlos-
mis olur. Moahz buna gors reoloji miirokkob
neftlorin vo onlarin mixtalif garisiglarinin,
hamginin ¢atin pargalanan vo qumlu su-neft
emulsiyalarmin yigim vo noaql sistemlarinds
hidravliki xiisusiyyatlorinin do nazara alinmasi
zaruridir .

Masalanin qoyulusu

Azorbaycanin miixtolif neft yataglarin-
dan hasil olunan geyri-Nyuton xassalorino ma-
lik bir sira neftlorin vo onlarin emulsiyalarinin
boru komorlorindo axint zamant miioyyan
konkret soraitdo 6z horokot dayanigliliglarinin
itirilmasi fakt1 bir ¢ox tadgiqatcilar torafindon
artiq tosdiglonmisdir.

Bir gayda olarag, bu halin bas vermasi
sistemin daxili struktur doyisikliyi vo elastikli-
yi ilo olagoalondirilir. Bela sistemlar reoloji co-
hatdon geyri-taraz sistemlars aid edilir vo on-
lar Giglin axma oyrilori oksor hallarda qeyri-
xattidir. Bu neftlordo geyd olunan anomalliq
miixtalif amillorlo izah edilo bilor. Struktur
omologatiron neftlor iiclin an ¢ox toyinedici
amil — torkibindo gotran, parafin vo asfalten
hissaciklarinin olmas1 va onlarin bir-biri ilo
qarsiligl tasiri, hamginin faza gevrilmalari za-
man1 sistemds yeni fazanin riiseymloarinin
omola golmosidir [4, 5].

Digor torafdon, hamin sistemlarin visko-
zimetrdo aparilan reoloji todgigatlarinin nati-
colori gostarir ki, mixtalif struktur omologati-
ron neftlorin boru kamarinds harakati zamani
axmin struktur dayaniqliligi, Reynolds ododi
bohran giymatino ¢atmamis pozulur [3, 4].

Boru komorilo nagl olunan vo ya noqgl
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olunacaq qarisiglarin reologiyasinin, fiziki-
kimyovi Xxassalorinin nazars alinmasi va boru
kamorlarinin hidravliki xarakteristikasinin he-
min xisusiyyatlordon asililiginin  miioyyan
edilmasinin praktiki shamiyyat kosb etmasini
nozora alarag, isdo “Muradxanli” INM-nin
miixtolif quyularindan gotiirtilmiis neft nimu-
nalarinin vo onlarin qarisiglarinin rotoviskozi-
metrik todgigatlar: asasinda su-neft sistemlori-
nin reoloji xassalorino miixtalif qum fraksiya-
larmin tasiri dyronilmis va sistemin ozliliyii-
niin donavar elementin (qumun) migdarindan
geyri-monoton asililigi miioyyon edilmisdir.

Coxkomponentliliyin, yani qum garisigi
olan sulasmis neftlor {i¢iin aximinin hidravliki
meyarlarinin  dogiqlosdirilmasinin  zoruriliyi
gostorilmisdir.

Masalanin halli

Laboratoriya soraitindo su-neft emulsi-
yalarinda difraksiya tisulu osasinda mayelarin
struktur doyisikliklorini toyin etmoyo imkan
veron Nu-2E tipli elektron mikroskopundan is-
tifado etmokls, onlarda bas veran fiziki-kimyas-
vi xiisusiyyatlor tadqgig olunmusdur.

Sokil 1-3-do iso “Muradxanl” INM-nin
Cofarli sahasinin 28, 34, 36, 37, 43 sayli quyu-
lariin isladiyi ¢gondon gotiiriilmiis 52% sulas-
maya malik garisiq neft nimunasinin qumsuz
va d= 0,1 mm fraksiyali miixtalif (C=0,5; 1,0;
1,5; 2; 2.5; 3; 3.5; 4; 5; 6; 7 %) ¢oki faizlorin-
do qum gatmagla oldo olunan su-neft-qum ga-
ngiginm t=20°C—do “Reotest-2” viskozimet-
rinds sinaglardan avval va sonra ¢akilmis mik-
roskopik slaydlar1 verilmisdir.

Slaydlardan goriindiiyti kimi, g¢oxkom-
ponentli neft-su qum garisiginin mikroskopik
qurulusu tokca suyun vo qumun migdarindan
asili olaraq deyil, hom do reotest sinagindan

sonra xeyli doyismis olur.

Laboratoriya soraitindo homginin
t=20°C-do “Muradxanli” INM-nin qarisigsiz
(qum hissaciklari gatilmadan) vo d=0,Imm
fraksiyali miixtalif gatihiglarda (C=0,5; 1,0;
1,5; 2,0; 2,5; 3,0; 3,5; 4,0; 5,0; 6,0; 7,0 %)
qum gatmagla osldo olunan g¢oxkomponentli
su-neft-qum garisiginin 52, 60, 70, 80% sulas-
ma  dorocalorindo  reoloji  gostoricilori
“Reotest-2” viskozimetrinds 6yranilmis va ali-
nan rotoviskozimetrik gostaricilor uygun ola-
raq cadval 1-4-do verilmisdir.

Homin codvallor asasinda ¢oxkompo-
nentli su-neft-qum qarisigh sistemlorinds qu-
mun miixtolif faizlori vo sulasma doracalori
ticlin qurulmus t=f(y) axma oyrilarinin tohlili
gostarilmisdir Ki, sulagsma doracasi vo qumun
migdarindan asili olarag anomal ¢oxkompo-
nentli sistemlorin reologiyasit shomiyyatli do-
rocado doyisir, su ilo doyma haddinds isa
(80% sulagma oldugda) axma ayrilorinds gey-
ri-monotonlug vo strukturca dayanigsizliq
miisahido olunur (sokil 4).

Bu hal ham qum olanda, hom do qumsuz
su-neft sistemlorinds bas verir.

Laboratoriya soraitinds su-neft sistemlo-
rinin reoloji xassolorino miixtalif qum fraksi-
yalarimin tosiri 6yronilmis va sistemin effektiv
Ozliiliiyliniin denavar elementin (qumun) mig-
darindan geyri-monoton asililigi, neftin su ilo
doyma hoddi — 80% sulasma istisna olmagla
miioyyon edilmisdir (sokil 5, 6).

Sakil 5 vo 6-dan goriindiiyii kimi, neft-
su-qum garisiqlarinin effektiv ézlililyliniin qu-
mun gatiligindan (kiitlo %) asili olaraq doyis-
masSino heterogen garisigin sulasma doracasi
ohomiyyoatli doracodo hom keyfiyyat, hom do
kamiyyatca tasir gostarir.
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“Reotest”sinagindan avval — “Reotest” sinagindan sonra

“Muradxanl” INM qarisiq neft niimunasi, suyun migdar1 52 % - qumsuz

Sakil 1 — Coxkomponentli neft-su-qum niimunasinin “Reotest” sinagindan avval vo sonra mikroskopik
slaydlar1 (qumsuz,0,5;1,0% qum qatmagqla)

Figure 1 — Microscopic slides of the multicomponent oil-water-sand sample before and after the
“Rheotest” test (without sand, with 0.5%; 1.0% sand addition)
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“Reotest” sinagindan avval — “Reotest” sinagindan sonra

“Muradxanli” INM qarisiq neft niimunosi, suyun miqdar1 52 %, qumun fraksiyas: 0,1mm - 1,5%

Sakil 2 — Coxkomponentli neft-su-qum niimunasinin “Reotest” sinagindan avval vo sonra mikroskopik

slaydlar1 (1,5;2,0;3,0% qum gatmagq]la)
Figure 2 — Microscopic slides of the multicomponent oil-water-sand sample before and after the

"Rheotest" test (with the addition of 1.5, 2.0, 3.0% sand)
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“Reotest” sinagindan avval — “Reotest” sinagindan sonra

“Muradxanli” INM qarisiq neft niimunosi, suyun miqdar1 52 %, qumun fraksiyas: 0,1mm - 5%

Sakil 3 — Coxkomponentli neft-su niimunasinin “Reotest” sinagidan avval va sonra mikroskopik slaydlari
(5; 6; 7% qum gatmagla)

Figure 3 — The microscopic slides of multicomponent oil-water sample before and after “Rheotest” test
(5; 6; 7% adding sand)
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Cadval 1 a, b — “Muradxanl” INM-nin qarisiq nefti iigiin 52 % ilkin sulasmada t=20 °C-do qumsuz vo
d=0,1mm fraksiyali miixtalif (C=0,5; 1,0; 1,5; 2,0; 2,5; 3,0; 3,5; 4,0; 5,0; 6,0; 7,0 % ) faizlordo qum
gatmagqla alds olunan su-neft-qum qarigiginin reoloji gostaricilori
Table 1 a, b — Rheological parameters of the mixed oil of "Muradkhanli" at 52% initial water-cut at
t=20 °C without sand and the water-oil-sand mixture obtained by adding sand in percentages (5; 3.0; 3.5;
4.0; 5.0; 6.0; 7.0 %) with d= 0.1 mm fraction

a)
Siirat gumsuz 0.5% 1.0% 1.5% 2.0% 2.5%
gradiyenti, Siiriismo [Ozliiliik,| Siirismo [Ozliliik, | Sirismo |Ozlilik,| Siirismo [Ozliilik,| Siirismo |Ozlilik,| Siriismo |Ozliliik,
Y,s ' [gorginliyi,| m, Pa-s |garginliyi,| n, Pa-s [garginliyi,| n, Pa-s |garginliyi,| n, Pa-s (garginliyi,| n, Pa-s |garginliyi,| n, Pas
7, Pa T, Pa 7, Pa 7, Pa T, Pa 7, Pa
0,3333 | 0.506 | 1.517 | 26.976 |80.936 | 37.935 |113.82 | 34.985 |104.96 | 43.836 |131.52| 27.398 |82.201
0,6 0.674 | 1.124 | 34.563 |57.605| 47.208 | 78.68 | 42.15 | 70.25 | 50.58 | 84.3 | 36.249 |60.415
1,0 0.843 | 0.843 | 44.679 |44.679| 54.795 |54.795 | 55.638 |55.638| 61.539 |61.539| 45.522 |45.522
1,8 1.096 | 0.609 | 51.423 |28.568| 62.382 |34.657 | 69.969 |38.872| 73.341 |40.745| 53.531 (29.739
3,0 1.349 | 0.449 | 60.696 |20.232| 67.44 | 22.48 | 77.556 |25.852| 80.085 |26.695| 61.118 |20.373
54 1.686 | 0.312 | 73.341 |13.582| 76.4 |14.148| 80.22 |14.856| 87.86 | 16.27 | 75.87 | 14.05
9,0 295 |0.328| 76.4 |8.4889| 99.32 |11.036| 87.86 |9.7622| 106.96 |11.884| 80.22 |8.9133
16,2 5.479 | 0.338 | 103.14 |6.3667 | 126.06 |7.7815| 114.6 |7.0741| 137.52 |8.4889| 103.14 |6.3667
27,0 9.273 | 0.343 | 129.88 (4.8104 | 156.62 |5.8007| 137.52 {5.0933| 171.9 [6.3667| 133.7 |4.9519
48,6 | 16.017 | 0.329 | 171.9 | 3.537 | 206.28 |4.2444 | 183.36 |3.7728| 191 3.93 | 175.72 | 3.6156
81,0 | 24.869 | 0.307 | 217.74 |2.6881| 248.3 |3.0654| 236.84 | 2.924 | 233.02 [2.8768 | 225.38 |2.7825
145,8 | 40.043 | 0.274 | 290.32 |1.9912| 328.52 |2.2532| 313.24 |2.1484| 282.68 |1.9388| 282.68 |1.9388
b)
Siirat 3.0% 3.5% 4.0% 5.0% 6.0 % 7.0%
gra- | Siiriismo |Ozliiliik, | Siiriismo |Ozliiliik, | Siiriismo |Ozliiliik, | Siiriisms |Ozliiliik, | Siirlismo |Ozliiliik, | Siiriismo |Ozliiliik,
diyenti, |gorginliyi, | n, Pas |garginliyi| n, Pa-s |gorginliyi,| n, Pa-s [gorginliyi,| n, Pa-s gorginliyi,| n, Pa-s gorginliyi,| n, Pa-s
Y, s! T, Pa T, Pa T, Pa 1, Pa 1, Pa 1, Pa
0,3333| 36.249| 108.76| 28.662| 85.995| 29.505| 88.524| 16.86 [50.585 | 14.331 (42.997 | 10.116 |30.351
0,6 45522 75.87| 33.72| 56.2| 35.406| 59.01| 21.075 |35.125| 17.703 |29.505 | 10.959 |18.265
1,0 55.638| 55.638| 39.621| 39.621| 46.365| 46.365| 24.026 |24.026 | 21.075 |21.075| 11.802 |11.802
18 65.754| 36.53| 46.365| 25.758| 53.109| 29.505| 28.662 [15.923 | 25.29 | 14.05 | 13.067 |7.2592
3,0 76.713| 25.571| 57.324| 19.108| 60.696| 20.232| 30.77 |10.257 | 28.662 | 9.554 | 16.439 |5.4795
5,4 76.4| 14.148| 69.969| 12.957| 72.498| 13.426| 36.249 [6.7128 | 34.563 |6.4006 | 21.075 |3.9028
9,0 95.5| 10.611| 80.085| 8.8983| 81.771| 9.0857| 44.679 |[4.9643 | 42.993 | 4.777 | 26.133 |2.9037
16,2 122.24| 7.5457|  99.32| 6.1309 95.5| 5.8951| 52.688 |3.2523 | 50.58 |3.1222| 34.142 (2.1075
27,0 152.8| 5.6593| 126.06| 4.6689| 114.6| 4.2444| 59.853 (2.2168 | 57.324 (2.1231 | 43.836 |1.6236
48,6 191| 3.93| 168.08| 3.4584| 145.16| 2.9868| 72.498 [1.4917 | 67.44 |1.3877 | 60.275 |1.2402
81,0 244.48| 3.0183| 217.74| 2.6881| 198.64| 2.4523| 84.04 |1.0375 | 78.399 |0.9679 | 79.242 |0.9783
145,8 282.68| 1.9388| 282.68| 1.9388| 259.76| 1.7816| 110.78 |0.7598 | 95.5 | 0.655 | 99.32 |0.6812




Herald of the Azerbaijan Engineering Academy
2025, vol. 17 (1), pp. 65-75
F.B. Ismayilova, G.G. Ismayilov, G.A. Zeynalova

Azarbaycan Miihandislik Akademiyasinin Xabarlori
2025, cild 17 (1), s. 65-75
F.B. Ismayuova, Q.Q. Ismaytlov, G.A. Zeynalova

Cadval 2 — “Muradxanl” INM-nin garisiq nefti ii¢iin 60 % sulasmada t=20 °C-do qumsuz vo d= 0,1 mm
fraksiyali mixtolif (C=0,5; 1,0; 1,5; 2,0 %) faizlordo qum gatmagla oldo olunan su- neft-qum qarisiginin
reoloji gostaricilori

Table 2 — Rheological parameters of the mixed oil of "Muradkhanli" at 60% initial water-cut at t=20 °C
without sand and the water-oil-sand mixture obtained by adding sand in percentages (C=0,5; 1,0; 1,5; 2,0
%) with d= 0.1 mm fraction

Qumsuz 0,5% 1% 1,5% 2%

Siirat | Siiriismo |Ozliiliik, | Siiriismo |Ozliililk, | Siirisma |Ozliiliik, | Siiriismo |Ozliilik, | Siiriismo |Ozliiliik,

gradiyenti, |gorginliyi,| n, Pa's |garginliyi,| n, Pa-s |garginliyi,| n, Pa's |garginliyi, | n, Pa's |garginliyi,| n, Pa's
v, 8! T, Pa 1, Pa T, Pa T, Pa T, Pa

0,3333 | 1.0116 | 3.0351 | 4.215 | 12.646 | 2529 | 75878 | 3.372 |10.117 | 3.372 | 10.117
0,6 1.686 2.81 5.058 8.43 3.7935 | 6.3225 | 3.7935 | 6.3225 | 5.058 8.43
1,0 2.1075 | 2.1075 | 6.744 6.744 | 54795 | 54795 | 5.058 5.058 7.587 7.587
1,8 3.372 | 1.8733 | 7.587 4215 | 7.1655 | 3.9808 | 6.744 | 3.7467 | 10.116 5.62
3,0 5.4795 | 1.8265 | 8.0085 | 2.6695 | 10.538 | 3.5125 | 8.0085 | 2.6695 | 12.224 | 4.0745
54 8.43 15611 | 10.538 | 1.9514 | 15.174 281 11.802 | 2.1856 | 16.439 | 3.0442
9,0 12.645 | 1.405 16.86 | 1.8733 | 22.761 | 2.529 | 16.017 | 1.7797 | 21.918 | 2.4353
16,2 18.546 | 1.1448 | 20.232 | 1.2489 | 32.877 | 2.0294 | 24.447 | 15091 | 29.505 | 1.8213
27,0 28.662 | 1.0616 | 29.505 | 1.0928 | 47.63 | 1.7641 | 37.935 | 1.405 42.15 | 1.5611
48,6 43.836 | 0.902 | 45522 | 0.9367 | 70.812 | 1.457 | 58.167 | 1.1969 | 59.01 | 1.2142
81,0 64.068 | 0.791 | 68.283 | 0.843 91.68 | 1.1319 | 81.771 | 1.0095 | 80.928 | 0.9991
145,8 84.04 | 0.5764 | 99.32 | 0.6812 | 137.52 | 0.9432 | 114.6 0.786 | 106.96 | 0.7336

Cadval 3 — “Muradxanli” INM-nin garisiq nefti {igiin 70 % sulasmada t=20 °C-do qumsuz vo d= 0,1 mm
fraksiyalt miixtolif (C=0,5; 1,0; 1,5 % ) faizlordo qum gatmagqla slds olunan su-neft-qum qarisiginin
reoloji gostaricilari

Table 3 — Rheological parameters of the mixed oil of "Muradkhanli" at 70% initial water-cut at t=20 °C
without sand and the water-oil-sand mixture obtained by adding sand in percentages (C=0,5; 1,0; 1,5 %)

with d= 0.1 mm fraction

Siirat Qumsuz 0,5 % 1% 1,5%
gradiyenti, | Siiriismo Ozliliik, Stiriisma Ozliliik, Stiriisma Ozliiliik, Stiriismo | Ozliiliik,
Y, 87! garginliyi, n, Pa's | gorginliyi, n, Pa's | gorginliyi, n, Pas | gorginliyi, | m,Pa‘s
T, Pa T, Pa T, Pa T, Pa
0,3333 2.1075 6.3231 5.901 17.705 3.372 10.117 2.529 7.5878
0,6 3.7935 6.3225 8.43 14.05 4.6365 7.7275 3.7935 6.3225
1,0 4.6365 4.6365 11.802 11.802 5.901 5.901 5.4795 5.4795
1,8 6.3225 3.5125 16.86 9.3667 7.1655 3.9808 7.587 4.215
3,0 9.273 3.091 23.604 7.868 9.273 3.091 8.8515 2.9505
5,4 13.488 2.4978 33.72 6.2444 14.331 2.6539 11.802 2.1856
9,0 20.232 2.248 42.993 4.777 21.075 2.3417 16.86 1.8733
16,2 32.034 1.9774 58.167 3.5906 31.191 1.9254 25.29 1.5611
27,0 46.365 1.7172 75.87 2.81 44.679 1.6548 38.778 1.4362
48,6 70.812 1.457 91.68 1.8864 65.754 1.353 54.795 1.1275
81,0 91.68 1.1319 103.14 1.2733 80.22 0.9904 72.498 0.895
145,8 129.88 0.8908 129.88 0.8908 103.14 0.7074 91.68 0.6288
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Cadval 4 — “Muradxanli” INM-nin qarisiq nefti iigiin 80 % sulasmada t=20 °C-do qumsuz vo d= 0,1 mm
fraksiyali miixtalif (C=0,5; 1,0 % ) faizlordo qum gatmagqla oldo olunan su-neft-qum qarigiginin reoloji
gostaricilori

Table 4 — Rheological parameters of the mixed oil of "Muradkhanli" at 80% initial water-cut at t=20 °C
without sand and the water-oil-sand mixture obtained by adding sand in percentages (C=0,5; 1,0 %) with

d= 0.1 mm fraction

Qumsuz 0,5% 1%
Siirat Siiriismo Ozliiliik, Siiriismo Ozliiliik, Siiriismo Ozliiliik,
gradiyenti, | gorginliyi, T, n, Pa‘s gorginliyi, T, n, Pa‘s gorginliyi, , n, Pas
Y, S ! Pa Pa Pa
0,3333 5.058 15.176 18.546 55.644 26.976 80.936
0,6 10.116 16.86 24.447 40.745 31.191 51.985
1,0 15.174 15.174 27.819 27.819 42.15 42.15
18 27.819 15.455 31.191 17.328 54,795 30.442
3,0 47.208 15.736 39.621 13.207 65.754 21.918
54 66.597 12.333 55.638 10.303 79.242 14.674
9,0 76.4 8.4889 69.126 7.6807 84.04 9.3378
16,2 129.88 8.0173 76.4 4,716 91.68 5.6593
27,0 198.64 7.357 87.86 3.2541 103.14 3.82
48,6 244.48 5.0305 95.5 1.965 6.744 0.1388
81,0 275.04 3.3956 4.215 0.052 5.901 0.0729
145,8 84.04 0.5764 3.372 0.0231 4.215 0.0289
300 Sokil 4 — Su-neft-qum qarigig1 tgiin siirismo gorgin-
o //\ li_yzigigciﬁret gradiyentindon asililiq ayrilori (W=80 %,
200 .,/ \ Figure 4 — Dependence curves of shear stress on
& / \\ velocity gradient for water-oil-sand mixture (W=80 %,
% 150 / \ t=20 Oc)
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Sakil 5 a, b — Su-neft-qum qaris1g1 iigiin dzliiliiyiin qatilan qumun faizindan asilihig: ayrilari (t=20 °C)
Figure 5 a, b — Curves of dependence of viscosity on percentage of added sand for water-oil-sand mixture
(t=20 °C)
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Sakil 6 a, b — Su-neft-qum qarisig {igiin dzliiliiylin qatilan qumun faizindon asililig: ayrilori (t=20 °C)
Figure 6 a, b — Curves of dependence of viscosity on percentage of added sand for water-oil-sand mixture

(t=20 °C)

Naticd

Neftlorin istehsali, yigimi, hazirlanmasi
vo naqli sisteminin somoraliliyinin artirilmast
vo bas veron olave enerji xarclorinin azaldil-
mas1 li¢lin miixtolif neftlorin bir-biri ilo,
homginin qumla (mexaniki hissociklorlo)
qarigsmast vo sulasmasi kimi amillorin nozors
alinmast vo onlarin reoloji, fiziki-kimyovi

todqiq olunmasi, hamg¢inin movecud hidravliki
meyarlarin doqiqlegdirilmasi ¢ox vacibdir.

Maragqlar miinaqisasi

Miislliflor bu moqalods arasdirilmasi
tolob olunan maraqlar miinaqisesinin olma-
digin1 qeyd edirlor.
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