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Original article

FOUNDATION AND ASSESSMENT OF OPTIMAL FRACTURE
GEOMETRY IN MULTI-STAGE HYDRAULIC FRACTURING
OF HORIZONTAL WELLS

Aigiz I. Garaishin', Yuri A. Kotenev?

1. 2Ufa State Petroleum Technological University, Ufa, Russia

Yaigiz-garaishini@mail.ru
2geokot@inbox.ru

Corresponding author: Aigiz I. Garaishin, aigiz-garaishini@mail.ru

Abstract. The article is dedicated to the
calculation and assessment of the optimal ge-
ometry of fractures in the context of conducting
hydraulic fracturing in horizontal wells. The sig-
nificance of correctly determining the geometry
of fractures to maximize well productivity and
the efficiency of the hydraulic fracturing process
is considered. The paper analyzes various
methods for calculating and evaluating the op-
timal geometry of fractures, including numerical
modeling, experimental research, and practical
observations.

Additionally, the article covers the results of ex-
perimental studies aimed at analyzing the be-
havior of fractures in different geological condi-
tions. These studies include the analysis of
physical and mechanical properties of rock for-
mations, as well as the influence of well param-
eters on fracture formation. The obtained results
can be useful for engineers and specialists in
the oil and gas industry in designing and con-
ducting hydraulic fracturing operations to in-
crease hydrocarbon recovery from reservoirs.

Keywords: multi-stage hydraulic fracturing, field development, fractures, reservoir permeability,

geomechanical data
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Figure 1. Stability analysis results of wellbore (compiled by the authors)
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Figure 2. Placement options of hydraulic fracturing ports relative to reservoir geomechanical
parameters in the wellbore (compiled by the authors)
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Figure 3. Geometry of hydraulic fractures depending on proppant mass (compiled by the authors)
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Figure 4. Fracture geometry for a hydraulic fracturing program with a 50 t proppant injection per well
(compiled by the authors)
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Figure 5. Fracture geometry for a hydraulic fracturing program with a 62 t proppant injection per well
(compiled by the authors)
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Original article

STUDY OF THE INFLUENCE OF MECHANICAL CLEANING
DEVICE SPIRAL FIN GEOMETRY ON TRANSPORTING CUTTING
PROCESS IN HORIZONTAL WELLS AT EXPERIMENTAL SETUP

Flus Kh. Mukhametov
Ufa State Petroleum Technological University, Ufa, Russia
Flus664877@gmail.com

Abstract. The problems of creating an on the developed experimental installation;

axial load and clearing cuttings when drilling -

horizontal wells are considered.

The purpose of the work is to study a
combined drill string and the geometry of spiral
fins of mechanical cleaning devices to achieve
optimal load on the bit and clean cuttings when
drilling wells with a long horizontal section.

Main objectives:

- study of the influence of spiral fins of
mechanical cleaning devices on the
transportation of sludge in the annular space

designing the optimal layout of a combined
drill string with mechanical cleaning devices,
determining the area of its effective application;
- conducting a comparative analysis to
determine the main advantages of the compiled
layout.

The use of mechanical cleaning devices
has been proposed, in particular the design of a
lock-centralizer-turbulator, which makes it
possible to improve the cleaning of the
horizontal part of the wellbore by turbulizing the

20 [ 2 (148) A2024
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flow of the flushing fluid and lifting the cuttings
to the region of higher flow rates. An
experimental installation was  designed,
manufactured and put into operation to conduct
a study of the processes of transferring load to
the bit and cleaning the well from cuttings.
Research and comparative analysis of various
configurations was carried out according to the

sludge transportation using an experimental
setup. The results of a study on rational spiral
fins of a lock-centralizer-turbulator are
presented. An optimal combined drilling
assembly with mechanical cleaning devices
was designed, a comparative analysis was
carried out, and the main advantages of the
constructed assembly were determined.

nature of their influence on the process of

Keywords: horizontal wells, combined drill string, light alloy drill pipes, mechanical cleaning de-
vices, load on bit, well cleaning from cuttings, rational spiral fins, friction force, well with long vertical
reach, cuttings settling rate, turbulization of the drilling fluid flow, cuttings transportation, lock-
centralizer-turbulator, centering of the drill string
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skvazhinakh na eksperimental'noy ustanovke [Study of the Influence of Mechanical Cleaning De-
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Table 1. Results of experiments No. 4, No. 8, No. 28, No. 32
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Figure 3. Results of experiment No. 4
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Figure 7. Experiment matrix and measurement results
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Figure 8. Dependence of cutting transport on the flow rate and RPM of the drilling tool
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Figure 9. Dependence of cutting transport on the flow rate at O rpm
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Figure 10. Dependence of cutting transport on the flow rate at 50 rpm
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Figure 11. Dependence of cutting transport on the flow rate at 100 rpm
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Figure 12. Dependence of cutting transport on the RPM at 2 I/min flow rate
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Figure 13. Dependence of cutting transport on the RPM at 3 I/min flow rate
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Figure 14. Dependence of cutting transport on the RPM at 4 I/min flow rate
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Figure 15. Dependence of cutting transport from the angle of the spiral at 0 rpm
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Figure 16. Dependence of cutting transport from the angle of the spiral at 50 rpm
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Figure 17. Dependence of cutting transport from the angle of the spiral at 100 rpm
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Figure 18. Dependences of cutting transport on the flow rate, RPM and tool joint type
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SUBSTANTIATION OF SOLUTIONS TO INCREASE
THE DURABILITY OF THE INNER ROWS OF STEEL TEETH
OF ROLLER CONE BITS DURING DRILLING
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Abstract. The article deals with issues
concerning the increase in the productivity of
roller bits when drilling soft and soft-medium
rocks with inclusions of boulder-pebble for-
mations by justifying solutions to increase the
relative safety margin of steel teeth expressed
in an increase of the impact strength of the ma-
terial for making cones in combination with an
increase in the geometry of steel teeth. The effi-
ciency of the rock-crushing tool and, as a result,
the destruction of rock during the entire drilling
cycle, directly depends on the resource and du-
rability of the elements of the roller bit. When
drilling the upper intervals of deposits in the

East Siberian region, composed of soft and soft-
medium rocks with inclusions of boulder-pebble
deposits, there is a problem of premature wear
of the drill bit. Both PDC bits are subject to cat-
astrophic wear due to chips and fractures of
PDC cutters, as well as roller bits. The use of
first-class roller bits with steel teeth leads to ad-
vanced wear, expressed by the scrapping of the
teeth of the inner rgw
inge of the bit and aa
tion speed. Based on this, the work provides
recommendations for increasing the durability of
steel teeth for first-class roller cone bits.

40 [ 2 (148) A2024



http://dx.doi.org/10.17122/ngdelo
mailto:karimrus@gmail.com

. geo o h &b myo me 7y’ e
Drilling and Well Development Technology

Keywords: oil, gas, drilling, roller cone bit, rock-crushing tool, steel teeth bit, milled teeth, wear

For citation: Valyamov K. R., Ishbaev G. G. Obosnovaniye resheniy po uvelicheniyu stoykosti
vnutrennikh ryadov stal'nogo vooruzheniya sharoshechnykh dolot pri burenii valunno-galechnykh
otlozheniy [Substantiation of Solutions to Increase the Durability of the Inner Rows of Steel Teeth of
Roller Cone Bits during Drilling of Boulder-Pebble Rock Formations]. Problemy sbora, podgotovki i
transporta nefti i nefteproduktov - Problems of Gathering, Treatment and Transportation of Oil and Oif
Products, 2024, Issue 2 (148), pp. 39-50. [in Russian]. http://d0i.10.17122/ntj-0il-2024-2-39-50. EDN:
JBYJSQ.

TEdoeqa3hoq doao»so, cdlovpiqdbbyMqp omdgy e Edoegqe (doaRqb
efFa3qdoadq so0dododFErdoy Frilqn o, Yobjdoood shoFyebmwoth B. 3 Es &g 33 A |
ydayqoady odbodoeomd) Bah oo, bFeos ed¥ 66doeosRPybYY YbhH.
goadodoy dYdsqnpg, cdYb3sYO¥EHgs yd b ¢ & ¥jyEgadgpabbbgon Y goaoRgb¥Y
bE yeoeaqeoas¥Y3Ibodoace J3Idgjo mWYo3sGqHOEFEEoadoqb¥¥j adqE3 Yy, 2¢q
Lbo e6dgqqdsasEF3ayqs do¢ oy odheodRbeEocHowbadjeododoact-edoe o e
eopneobgbobary dYdoaqonae,Y-cbygposgdozsyRIrIVYJoadgbyYy dges Yy
sqaecbodssc, bEQhRbodose YeBdEddodB®¥¥agqdbodec edogROgqIdqqDpc
dFEgoosg (doaos9sE ¢ EIYdys evHBvdas dodogdowybdgd ERgb daoboop
eobdodoees3s¥YY WrehEagdadPYwIqalFeqlyvoydodroodyoeo da Rqim¥y Y o¢
29 cdF3IYacecboy yedcaoFoByv¥Yy JIdHodoaoob¥YOHE3qbWy bpDqe EbH
dqRYonbge cFEdEpnqgqoadod éEodaqdbovdys Y 1gdR€oqeyY, DOE Idge Ybosqgd

Lé)ygqg¥Yfrdqdsosbo, 3990 6dYDYeys d oebdq¥q aZy jPegwedy dE+ qEEoosek
60doQq foadcy B8EFEdoeqe (doaoRdbGYIDhdhueYeys¥dgqseboaoj YrqdeYe
j odbay e9do(ds Y o09eFagd BlowawoEwHegdbydg#Egdo¥dqayryagby¥q 9:¢
GUEDE o9Fe . dongddaehb#y RY¥YJqe¥dFTEI IJoodoaRqbWwWwy EHrfreadmdryds
bodYaFE dErdosqbbory. cOMgog@eridgegEgodiogqbbodsay Fdoeqgq3bo
daos3FoyY, J eYbgoEFEoYeoqR-dEg¥sFadgqaseb®qqdmwmq) qb¥Yq odqy,
bE e6dqogaFdEoc deZagd Eryg dc qdic obdb ¢ bbb addcqb by¥Ye Y ©vEaYeg:
Oay QqodsYRqbYy poDFedYoHoehupldgododpX¥b¥q odqy, ojoa b
dgbyYy ed¥Y 3bqddqb¥Y roog¥#F Idepa od]md dgbe 3FIFr | qodéqody¥YY
Rgb ©6dod3odEsYIEscdagewdd daqdoosdoaBgEYyY. ] 0 3ogebesdbo d s G
bYy eEdoeseY. ] 0093qododgdhhHabh o desobbgks dodFajs qd Ydos Ye DpEs
qoao9F (doaRBE oeFrgldFEpe osmBud¥Worda eebbdy ciqgoe e 2f 3D-a¥9s adq
qqydsd¥Yq DbDE rEdoy, wevosod¥gqqdoepywi #ZA®Ed Jodo¥daRqbYy 609
pEaon ojagq bEeaodbFE 3Fesog JIndBgiaql EdodokpegqbYys-dsoyeo
bodoa¥Y d pbFEFed¥YoFaebo I o ndooRRiggoy yd negl dgobeYgugenbge (doaos 6q(d.
2dgy e6KFdoengw (¥ ¥ O0ace Yo gadEqaFaddonoosdgqbBE j doeceody oa3qb
Y oFm a2jaon fFodoadgqb¥Yy rpgdag@Eddodqbbgpoj ob osqeb¥aqgde

YVE OodbOoOIEDBYY ¢EFKErolgec obydgqud¥oqdBEq +tEf dEgOo-EDDEY |
sYdoJIEDbYyY Edoma»Edho 3qdqoaqaqbyYy o09bod¥sqgachbmp-io fEel
3920 Qay | Fé EBdlylobh 22HFI,EdDO¥Yq ec09f Ioayqos o2€o9¢) Yae Yrbod

2(148) A2420 |



http://dx.doi.org/10.17122/ngdelo

& ~

ho*’“a.m'oh”’z c o ° oto th”emcoht™ e

Problems of Gathering, Treatment and Transportation“of_OiI and Oil Products

dgqdadd JoodoeRqgqb¥Yy (qayo-eEROOHIYo¥adEYeFEHRboq JaYyubyq
eqe (doaosE. VE odbolEDbYUsospngBOA¥eY doaFdashoaKFo IoodoaRgby
29bod¥sqacehojo fEehdH yIEPFESsRPHYuUuedyY Eod FuvebdFEaabmo
6do3qQgqb dEd3qgqs 299bodiro RdBryi, 0o o Foe@EUHEE 33000 b b g ¢ 3 dErf d
deaRgqbYy Qqay 6Fdoeq3bojococu¥fEoadd 2B959@j eogad¥noy d
Z1RSJ U643 (IADC 117) , cdqdbEZr 6o FhYaqddXydos 3 E 2dbo3dboj
Qay €o9dqb¥Yy jodbge 69d9 @D FPoRaddiFoEYyY Y] oo o¥3ja.q b Y- € o do 3
tgfoaco9Fsg 6dY¥3qdqgbg bE bdgred athoeao sl..

VEdarvyQEgqeady dbYRqbYqg 925 bmmidivisvremdbragj o¥fr bododsoyeods ¥
t FcEdEoaRopbYy bOE JIboasdqbB¥sdaRAOFEYy ¢+ EdY ¢ ajdibdraytbgi Faa b
da>qos oDYDbYopEFacbojo deFagdbyyogRqb Yyyooo o aRb 3 o¢gqdflcq3YIEo
bgyosdFacecbon dg3qgqb¥yYyY ®Ed oecqedtl sGowdoZbl qv -D q colYi¥ Yyseqpd e Y ¢
JoqyYses e o906qdqREY) qpna Y+ bdaddboay,d oBg d ¥ RqdbobJogodes qbdos 3 o3I EDbYqgn
daopnpop froédcql oevEr Ebbxg-e dg@FGobdbge Bpibé aqdr I
qYs ®© ¢60Qq3IYdEbYrveée (dovo9oF Dagogodqbiygqe Bhj eYe jodbge
3qgdeoy deodoWsy¥Y edoeo(e +oadcy QqqaExysdy d €oaclB-Yn Jgag

O dqeqgb¥Yyn, e090ddq QiFxjsaday e Fa¥BR o0¢dEropn, qa950¢g ¢
sqaebhos Ja¥Yysec DBE o8lqo¥smbVYdqdsesdbodypadayebboq q¥-bqddaqbH¥
doa¥ dosKFacbhojo J3oodoaRpbYyo BEdJb emmthgEes@ d joddoy e62d2

a29, DORDO o29bqdsi¥: gYDbo, dE3Iboaxy 3 gdomas, rdecgda Oat
1) dodqdegbdsdo3EbEgq FArobvHEzoqeh Bvee nQay ¢goadaqbyYy ddagqdb
959dYEaoJd,; cgdgogRE¥] Yedy 93qddgonyY Y FE¢
2) do3dqdeqbdsas 3 o3 EbYq (gqdafbYyero Y} 9 Jqay¥YaYBE dboq) q
27daRqb¥Yy; doeqe 3 ecaFEbg edYbYobFEqgsdy pb¥Yb

3) dodqdegbd¥dmiFENag oo FEso3boy day e20a8xdgb¥Yy 3g
f 9903aqgqb¥y eKFdoeqe (doaosdosqy ¢€o2dgb¥Yy 3 ja¥xB.ydsge e602d9o

98 o0

oo o4
a0
82
EE-. a0 =]
£
=
g 70
§ 60 - 55
g
E 50
iz
40 1 34
&
e
E 30 -
[¥)
=]
E 20 |
10
0 L T T T T T
0 25 50 75 100 125 150

R - paccToAMME OT OCH AONOTA A0 BEHUA WAPOWHK, MM

t Ydaboe, dbodY¥osqacbhgy f EOBI2IMSIASR (IADCYLT)

Figure 1. Relative stock of weapons BIT 295,3 Z1RSJ U643 (IADC 117)

42 [ 2 (148) A2024




. geo o h &b myo me 7y’ e
Drilling and Well Development Technology

OoaosE dauy gadqb¥yYy GdgdEYva oo odd doe dEDbab-YY bpEed
2dqdeq3yYadBRgeoY3Iboq dFEs donsqbbYg oeddpql gbY¥Yy Y EigqqddyY3dbo
caFdoseod c60do fbE3>Yoqasywp,y 99 Jqd 3dowasdbY¥Yq 93qddods
FedEr YIDodoaY, e0o2yos0pna r asegceoy qbogddviwagdby y¢oedqayYsqbyYqgno 6
eodose¥YnY, a2dqfqdoeavyoady & FodEhaeYm ekl odmedms b o jga Joodae
go006e8YD o9jaopn fEododghYRYy.ndpd¥f®Rqb¥ab IoodaRgbYy edo
DY obgqRe oevErEbbgnY dEDbdaq GsvreiFwoy ocdybeo 3Wgon cEdEpngsdEDo
¢cjJ] e uydayrsdy dQooGbFr bAseeo gcmdq e Edoeqgqge doaoss E.
bgaq day ¢oadqbYy opyjeyYe Y nEdE@®mvedFEe¥doq eEdEesqd¥r:«
(eaosbgq javYbg d 3Edog-ndo@Edsbdgogyp¥geqdjylayroasdy:
aqy, cqd3EbYeY, doay, i Yed-a% o@. Q.Ep.dogai¥qgl BDuERFs b
392 yY9Y (doao9F (oaRbgo-dEgpPEEPGqY I Yoddodeqaj By ) qy § dEbynYy
eFe ©60doQq e2903geqgqbboy Yolingadp dmrE 3(qebqvdas Zobjf a E, s9qpn ¢g20acG8e
efe) , Qauy bYe cdqYbyso dogqueb¥eégsgFEHoedeYRFEFqsady 3bgQd
FRaoj Yaboq (oao295Fpn osWeFktrRE| daqdDagoceddqy sa00) EQY weobs
bYy ao9368Y¥Ye deododoabge cijwlEbdbbyqepyodaggqbYhE3qbyYy IEde
Dpyj eye, caFdoa¥Yabge coddq, 504;ag bEZeaobF
3Fea Y o8jag eobadol dEdocgw,dYBRosedae RYHEdrdadlE bYq bpqR(ds
23bgy 9fj20 evEaYgdodeY OGELZAREGYG QUAQTEdEdY Evitgyp | dED YD
aY+re¥YDY a¥Y¢o o0(YbEeodgnivgedy rluBa@Eb¥Yqgo¥aFoocaqbyYy, 9
Ye, F qaf¥bBboYr &¥¢ evOooaYBR-qEagdzbdgd¥d Yngqqos fog, eho dbHYR
9 edopgRa903bgny¥ pqqROoeosYImoad¥® YdBrrdaslqbyYy j¥H-dboy 623
¢cYe ¥ @&§l.endFopgbgqb¥Yq e6FEda¥a®Ehgdy ¢ bE3qb¥Yq ecdYdascaqhb¥Ll
oaos 3 o8daod¥Yye dEodEbBbY®ondqaEhdgodrdbwqidIddbge 60d9o2(Q.
aod Eo djov@gbddeosi o dqjosvo b @j-docod@bywe ¢ bEz>gqbY@odpdsFIaygq
1] qdsdqbbo daoRqgbbojo -pDyje¥YmWwWdYYWd EojjdebddsoybyYq pgR(dgs
ddqdb¥YoyY jodbgn¥ codosFodEybPoy wazrd#EonY 3 e6dodoacho
bEY¢goaqq yoaoqesYIbo Quy r@EEFEIYRERWYW YBgd s dJdEdek-aoaRqb YU
eYe deododosqy e6doeoe¥d¥- aodVmdhpdbddrye Bvdowxya Y3 qdoso3-FE dydo.
bggq Qdoaos FIARC o0 Qolo7 qH-2dTs E.OF) 93ga¥Yaqb¥qon od-qdQodsy¥
bgy o9Ye J3oodeaRgb¥Yy Y evhhpgdododaqdyYy I dovavHE dbYREqsdy;
29gdeq3>Y3IFEqgqes Jgdoear H-asaoqeoXgdoap cd BedbdlsoybyYq Foros o9sqak
RqbYy fEéddoy fE dz3qo gedqogapqbFeyd YoBREecboy Jgqdebgy 99
JEr) qj o ydoadwdbPeoeschodoa¥YqHo IgdoeXerFachoy edoqesyYyY. J
Fi dgddyY3bodosc JoodoRagbryyqddodgYoppdbge e02doq fbEzqb
Jgbbo Ydeoacfroaqody eohp-dadfedRyYyr I Yddmec yo sy dEdeo2aoRqby
QoY fogcqd, 3 o¢éd)qy ddzRbydaFovae¥yrqdhdyyo E 9sEEaysq
frogcqgqd dodosFlaygs 299 65 dQ#EI®gbFgr HOIdbdYIobogks Y EopgqoadyYs
29 gdoa¥Yay JoodeRqqbYuyr- pqo#rsavedbdesagR dagydyYoqgqbhgonge bDE
Jodq¥Y¥sqaqy Y dvogADGgad3I loghiigey pnopbqbs Y edqqaoalj Egonge 609
eFe ed¥Y €902} Y Yoqbbody ovaddoo qaQwel# bQroya 03s EHEM| Y Fybdo-d) E o 9 q .
9Yj Eqoady DbDEYgoaqq Jgd@eRByobedbdydadadedd¥dagqbg bE dYdab
eY. nd¥oqbgb¥q eEdoeqabge rflohomy beb¥gye day Jdqce 9Y6 0
DpEZagn¥Y ¢bE3qbYyny¥Y dpoogjj-qb¥g) FQdYIeodec a3 YIFqo H-FEIboary s
dqddyY3dbodoscy J3oodoeaRgbdy jdd¥Remw(WE v odibwR s EJdOGaHp 390
bYry pbpqeBFbY¥Y3>qdeoy deododoRgbtipmen @efbyYyagqgdeoy deodods¥Y

Oay QqEbbge odaod Yy ¢oxd@bbvhe ofjegese FrabogqbYye »d»-dgqloy b
cdY¥onqbyse od¥Yaqbboqgq Iood¥RqU¥GEc#Hadeqd bBE Iqgbs3sEe 6 E(

=< O W Q

2(148) A2420




ho* ~ a. m*oh®g3s c¢cor- oto them<coht™ e

Prablems of éathering, Treatment and Transbortation“of_()il ana Oil Products

bEEaVYEEFEJIYEbosg Ydecoabqgqb¥Yy frogcqld

Table 1. Teeth versions

dbYe roécqd
nEdEnqgqoadg f o
) 9EbJEd»s pdYaqbbg nYdEoY(QEa
EgdosE ¥y, bpbD 29 29 29
ndY¥seaeaqb¥q O, 3 4 3114
TYdYbE E, oD 16,9 18,9 18,9
®p} oa fEodsasdqbyYy 43 46 48
naos} Qe 3qdeSrb @ 41 46 46

Cmardapimmsi Srumermsil [lyparuidamtin

it YdobET WX KEbosg Ydecoabqgb¥Yy fodcqld

Figure 2. Teeth designs
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Figure 3. The scheme of hardness distribution over the cross section of the cone
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Table 2. Physical and mechanical properties of steel types
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15y3YA 784 (80) 686 (70) 12 55 107,8 (11)
19Cey YA 833 (85) 735 (75) 12 45 78,4 (8)
19¢ey3YA  835(86) 735 (75) 12 50 98 (10)

bEEavY3tFqr3aacokoag YdegoBEbYy bE dEdsyRgbyYq (dqay dosEa¥Y 1

Table 3. Tensile test results (for steel 19HGN3MA)
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Table 4. Impact bending test results (for steel 19HGN3MA)
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Figure 4. Loading schedule for impact tests of standard (&), reinforced (b) and pyramidal (c) teeth
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Figure 5. Relative stock of teeth bit BIT 295,3 Z2RSJ U700 (IADC 117)
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EFFICIENCY OF COMPLICATED WELL STOCK OPERATION

Elvira M. Alimukhametova®, Alexander Yu. Gutorov?, Arina D. Maksimova®, Ranil I. Rafikov*,

Alexander A. Smagin®

1.2.3.4.%|nstitute of Oil and Gas, Ufa State Petroleum Technological University (Branch in

Oktyabrsky), Oktyabrsky, Russia

Abstract. One of the key problems of the
oil industry is the of asphalt-resin-paraffin de-
posit (ARPD) formation which affects the effi-
ciency of well equipment operation. This leads
to significant economic losses during extraction
and transportation of products. In conditions of
a reduction in the resource base of liquid hydro-
carbons, the inability of constant monitoring the
well operation process becomes a critical factor
for the technical and economic aspects of the
activities of oil and gas production departments.
The factors influencing the intensity of ARPD
formation including changes in the characteris-

tics of productive formations and the use of res-
ervoir pressure maintenance are analyzed. The
need to ARPD control within the framework of
various systems and geological and technical
measures is important for effective control of
sediment intensity. Taking into account the non-
linearity of the ARPD formation process is a key
point in solving urgent issues of well safe opera-
tion. An integrated approach taking into account
the peculiarities of the ARPD formation at vari-
ous facilities to increase the efficiency and du-
rability of downhole equipment is recommend-
ed.

Keywords: well, production, field, deposits, operation, reservoir, oil
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Table 1. Variation of the extracted product main parameters from the Nozhovskaya group of field
for Objects I and
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Figure 2. Graphical representation of the nonlinear process of paraffin particle formation
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SCALE FORMATION IN THE OIL AND GAS INDUSTRY
AND THE TRANSITION TOWARDS ¢ GR E E MNHIBITORS

llya V. Valekzhanin

RN-BashNIPIneft LLC (Company of Rosneft Group), Ufa, Russia

Valekzhaniniv@bnipi.rosneft.ru

Abstract. Hydrocarbon production in oil
field conditions invariably involves the joint pro-
duction of significant amounts of water. Mineral
salts of various compositions can precipitate
from produced water under certain conditions.
In the oil and gas industry, the deposition of
mineral salts on the surface and underground
production equipment can cause various prob-
lems, such as deterioration of reservoir proper-
ties, reduced production and premature failure
of well equipment. Scale deposition can also
lead to pump malfunctions, reduced efficiency

of heat exchangers, reduced quality of commer-
cial products and increased corrosion process-
es. Salt deposits lead to expensive restoration
work, downtime in well operations and, ultimate-
ly, to an increase in the cost of produced hydro-
carbons.

As a result of the geochemical processes
between the injected water and the formation
water and the formation rock, as well as the
complex composition of the formation fluids,
controlling the formation of inorganic scales be-
comes a challenge. In the oil and gas industry,
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carbonate (calcium), sulfide (iron) and sulfate
(calcium, barium, strontium) deposits are most
often encountered. The formation of scale de-
posits depends on several factors, which in-
clude, but are not limited to, temperature, pres-
sure, solution saturation and hydrodynamic flow
characteristics.

There are many approaches to managing
scale deposits, but the most common currently
is the use of chemical reagents T scale inhibi-
tors. Traditional scale inhibitors contain phos-
phorus- and nitrogen-based chemicals as their

active base, which can be harmful to the envi-
ronment and human health. In this regard, in the
world practice of oilfield chemistry, the direction
of ¢cgreené chemistryiret
agents that can effectively prevent the formation
of mineral salts with minimal negative impact on
the environment and humans.

This review discusses various scale
types, methods for their removal, scale inhibi-
tors of various natures and the mechanism of
their work. Attenti om-
hibitors and their development.

Keywords:s c al e

deposition,

calcite, gypshemistry bar i
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Figure 1. Examples of scale deposits: gypsum (left) and barite (right)

BoaY eYon¥Yzqde¥Yq J3q)qdosdBEfdwB@reodadprusgo gdBEr o3 EbYy Qauy
edosqdd o¢gdqEfro3EDYYy dp-avqdbBEdoREYDL Fjoo®FEdosE bq ¢ggay
dE3 Yy bpeq@Eevggeqy, ©o295ddqsRBaacmODdWr azqbg;
ogdErarves 93qddgy odEdoe. @YY -qdbiFgd29slBso3abo yaaqe
doaqoosaoRgqbYy Ydeoacrdyahy dqe&Fpudoddar»iyy qoégga¥Y dq
bodbojo paeEbYroE ocdEIaqbyFydetedeBylyddPPsqeboasi YY 64
doaqogdEfro23EDYYy, o2bBY bd oPHjoep dFEdEDoYdoIEse
c6o02abog 995deasdsd3¥Yq doaqdgce %aagagQayo gqngbqbyy dEd
sEye, weoj QF VhjYOHOadFud bbb aoRgbYYy, E bq YbHj YEYO9 O
aoRgb¥Yy bq ed¥Y3IodyYs m'oxf{gﬂ#&@?@@déioq»jaﬂngQg [ 4] .
9SFEomaRqs 609dqgoIFEecdly- Adejyyh ¢e ¥y IPoosngoyoacs, 390 ¢
sqdeojo ddEdeBosBYesqaca-dyxayyu¥isRonbgee YbjYEYoaodod do
bYyy. ydayrysdy (qodosEoso3bo og-FEdbgnony

nd¥pqbgqb¥aq osoaced d-bipRgYoPArdqyd®B vy bHE odedoREY, o
29a02RqgqbYy poRqo OPE‘qurct[qu:pﬁ(gd)d%\%%%%fhgeE. E Yy 90 d
yaaqesYibgn, bEedYoaqda- §od@afo¥R {&oFFEvo oqa@god EbYy
sEye: pgo bgesqgedongdaodgn fdqFj qbok
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Jod¥Y¥sqa¥ J3gboaR(gbg YdeFosc EaocaBhHddEmxF I ol ¥dvY3qdqbg b
3 csodaqdbhqgqgq 3dgnpuy pDboj ¥d o dradzdbyyyQowagidzp g Ybgasgqg¥dongdao
dFEfr qEEgFEsgIEYys crgqagqbgv<e ehFdvBEO¥Faog Ybj Y¢
90doJ3. dbgbdqgb3s¥Yy © 299a0a2Rqd¥YY bqgeo
OEbbEHKoay edqddsF3ddyoqmqydo gonbre Ye e Foec sdreya 6Yo Ed F deYRy , £
frod EDbjaoyrgszboy aY¥YosqdEes&EdydY¥os b¥s dpHaqdhdé g . L b Eeo
bE dEddpnosdgb¥Yq dEf aYagbopsaadRgDI¥ydodagece Yodos I E doaqy,
eEDYroE Ye 0o0¢dEfo2IEDYUY Ye FodogboehsFvoo bW Ha @ EW ¥ y deacecayY(g Y
YO YéYoodod, 290030bg eRepogmBEEQY¥E¥Y¥UNFgqed®s pH ddaqdg.
Ybji YéYoodg, o9Fe Y dE+fé&-Yobbgpop ROBIEE omYedys 33 (o dHBEdd-930d YD
aFdesY¥Y c¢cfrqgqagboye eYpDYY. 953o0dY¥Yong 3 eYdaooKFe. JoddbFeo bq
Rgb¥Yy bg dEdsdodyysdyosdby¥y 3 3o
1.t FravYsbgq 9Ycg vYbqdFPabdbgeZadodydyd bEsdYy ydayqoady
pgqgdon JoqodEds3odYpoy doay.
] 909g3gq 9299%0a9RgqbYy 3- PHaeseefdopngdaacay¥Y(d RqgaqfrE Y 01
Joy edFes¥Yeq pnojos ¢godc c@oqddedbafaizabyoy od Erobgoooy e Yalao90dEd
dFfr bgony¥ 2 dodosEJlo, ¥ o0dRyb Yoyo.RgqBosdFEesdYIo(qQYH#-© 90D3
3Foaecdy ©vEFe pbpgR((e dqEf byoWodbeyd HR VDb Ehdrgdfmafdv 3 aqs cgab¥3Iqd
i o bpgdesodoR({qgbyYy, sFe YbgyejogBdy¥bygdvdbdboeg, Ydeodogbgy
50y Rq delEBYOWg.sqichdbamoppzdhdmay Yagqdeoy Y yeodhon¥Yaqde
s503eY fdqb¥Yy doa¥ vevoaEddirews3syqEoagoxmoddi s5Yeg gpYbqdEa
DoRbodsasY ¥ edodsosqgq Ye WVWHyYEYdqoIEDYyYy Y/ YaY
a9 qEaqgbyYy [5] .

bEEaM3EF Ao agdpa o Rgb Yy

Table 1. Types of scale deposits

OFdgobEsg ] sacaFoag
OFaG3 Yo CaCO; eYod CaSo,L: 2,8
EFsqd¥Yo CaCO; Abj YyqdyYs CaS0,
AdEjobYos CaCO3 ABEddEDbYs (6]CaSO,0,,05H
] YQqdYoe FeCO; aEdys BaSO,
Ooaobn¥s CaMg(COs), fqgaqds¥hb SrsO,

] 9acaY(dg ] oqgqYbgbyYy Rqaqr¥
nYyddosyYh Fe,Sg evY(qdoedyY(d R{(Fe(OH),
dbdoYa¥Yo FeS eY(ddoedyY( R({FelOH)
YEeYDEJ3IYo FeeSs eqnDEoYs Fe,03
nyYdys FeS, YEj bgqoa¥Yo Fes0,
YEdeFEf Yo FeS, AeFEj qb¥Ys U-FeOOH
edgyi Yo FesS, eqoyYo a-FeOOH
] aFaqd¥Yoe ZnS 6qeY(Joedoe Y!{AFeOOH
eFaqb¥Ys PbS eYEggyYDj Yo Fe,(OH),CI
ndassqq
adadyYs Mg(OH),
nqgdyYeakBkr MgO
KqddYs bYedNiFe,0,
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11y FYZoaqq JqFdsdodsdFPFbabdbygygnP¥esgdg 3odq doaec,2-qq dEI:
oYbqdFacbge doaqy dsElayqosj 01j@®IB6dg A)dYo dQ
cqdFoodE osbod¥sqacbhod-daFEgo 3
OFqdgobFs ©Facs Yy s93odY¥Yonodsce j YedE 3 3oqQq.
] dqodson sqgqpneqédfFosdfEgado 40
OFdg¢obFEs we©vFacsYy yldaoaQqBEeddy bEXgEDHEaXosqachoqg-a3qayYs
3Edeso 3dodqs3BEr)qydy doad¥pdddyajoysdBod 3oqq.o-OFacbqy
daoloy edFesYeq. Ep YebdoVddEm@Gal FGBhyg yddqdg ed¥Y 3o @vo e db
Jdodg3FEqoady 3 o95dge oxdp¥EodWooEdohY¥pYed®#Fad 3Iodq. OFe
3Y9 Y J3Foqd¥Yos ipEYE O OFqp @d®s qd Eo0dFdEo <c oo eE&e3 Yy o¢
gYaecbEFEYy e2a¥YpodebFy omo(ifrodesd#gYy dEqQd | YedE, E Ebji Y¥(Q
bEsE e©Faca3aYy, Y Yoqbbbor I¢ bHremayd boyogdooagg QB gdoe¥Ye o9qbpeq
bEy doac Jdodqs3Eqoady I dFEHOEqys ddRdnYy pbE JFEdo-30dE Y
20doado3IEDbYY. Yqe EbYr V- RAERIQAOUWYs etFicdEds 3odY¥onodse j
9 F Jeamx3zEdqIdqE);qby¥Yqg 3oy EHBDIo ddvonaocijeoE s v Eae3 Yy pngbqggq
gYeEdegobEsE eEacs3 Yy 3 agdFadGbiod#Es Ido dIvgodgoye Yo pH Y b Yrfe
eZdéobEs eFZaGc3 Yy, Jgr3Bpboq dbYRqb¥Yqgn
cFEd3YFEaecboj o QB3I aeqbIrgus q®G g op
sqpneqdFEoaadg. yqodeo(dYdas 09DQq9Y9cearadps d#FJ Yy
s53odY¥Yonodsac Jdqce 22doDo eEZdégobEsE wevEac3 Yy
26dFobo edoeoda3eodbiomecdbqgE s qn saoRgbYy doacaEsEIEEdYy (
] EqQDE 0¢dEfFo03IEDBYYy PEdERDDOEBE wEDIFDYYYF bEY¢goaqq da
9 dFIaqby¥Yy doaqdge 09m0oRQgbYy
Ca” + 2HCO; MCaCoOs@ +CO,+H,0. (1) pngdaodoy cdEes¥Yeq.
OEbbBFEYy doac oseaRqm-3Fqsdy
Ldbodbgq dE3IDOoIqdYy, @oIHUBY ok ;ydy 23qbc ¥adoobge
dFEds3odq, 3 o¢o¢i1qbbon Jdvsggaao 3, e2090dgq d ¢€odeeYpD 9

cdF3IYao, bYreoy yoeoeoqe#sYIbodoc

CO,(})T CO,(3), 2 YodgYoY¥YazqdeYo deodogFEd- aqQEaqf
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Figure 3. Structures of ethylenediaminetetraacetic acid (EDTA) (left)
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Abstract. The creation and development C=NiOH with electronegative N, O atoms and a
of technology for the production of highly effec- double bond at the same time, which have good
tive environmentally friendly inhibitors is an im- solubility in water, are nontoxic and biode-
portant area for modern low-tonnage chemistry gradable. Selected compounds, in particular bu-
and the oil and gas industry. The application of tanone oxime (methyl ethyl ketoxime), which is
the principles of c¢grae a fairly common organic compound used in in-
tion economics in this matter makes it possible dustry to inhibit the polymerization process. The
to reduce the cost of production of inhibitory effect of a number of ketoximes (with a C4 chain
compositions by using waste or excess produc- length) on the corrosion resistance of carbon
tion of organic compounds as raw materials. steel in an imitation of NACE formation water

One of these classes of compounds are saturated with carbon dioxide and hydrogen sul-
ketones and their derivatives, the production of fide has been studied. The influence of medium
which is common in small- and large-tonnage temperature and exposure time on inhibitory
chemical enterprises. Poorly studied ketone de- properties has been established. The influence
rivatives are ketoximes, a product of the interac- of t he ¢ $ tprr wteu rt gtié and
tion of ketones and amino compounds; an im- physico-chemical parameters of interaction, as
portant advantage in the context of studying the well as the mechanism of adsorption on the
inhibitory properties of ketoximes is the pres- metal surface are investigated.

ence in their structure of the functional group

Keywords: ketoxime, corrosion inhibitor, hydrogen sulfide and carbon dioxide corrosion, diffu-
sion to the surface, adsorption on metal, enthalpy of the inhibition process, entropy of the inhibition
process, Arrhenius equation

For citation: Karachevsky D. Yu., Mustafin A. G., Valekzhanin I. V. Study of the inhibitory proper-
ties of ketoximes in hydrogen sulfide-containing media [Studying the Inhibitory Properties of Ketoximes
in Hydrogen Sulfide-Containing Environments]. Problemy sbora, podgotovki i transporta nefti i
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| eFERgp jodon o3daeVYnV¥YOBEGqBAYr B3y Y doaqldoy (EbYDO

3qdsasdo fdgage pgdsosod#ROmdFd9 o IPEB BIogdh ¥qvfd o QqdiREDYY (
dFesqdyYdasyYeoy vo90dge¢y Ibaoyighsodoy &b awBIFAM, OIS, RrSH,

Jogbgbbodoae (oggIEqpnoj o odgd EDFBqdeiygdedddos, o9qpneqdEs

codosoybbgn 83qa¥Yaqb¥Yqd- Qodg3bdr HaasyY dFE

909 Y e o oaevoeoqddpgimyqpnoy- 3gdoebRbo o99pbpqoa¥Yoce, 39%- ddqqqQqYy

aqesY3dboy iIHYoYY [ 1 bgbYy dgdodododoQq oda®dqEqs daq

eaF3Ibgpny¥Y 6dY3>YbEDY, de¥hgp YodI HD¥EdsIEo Y, bgtr gIEry)

dFEfrdeegb¥Yq o9¢odadolFbdy,0qqddpdsdy bigidFad Frdacer 3 dqRgqby
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of¢godadodEbyYy. Oay ¢odR-# gydd oGl gD Yovd mwoed Yo bgg- doqQYh
bqbYyn¥Y odqgoaqody ed¥onpqbgBYq YEDVEFYo20d3dI eoddor YY o6 dE

eoddof¥YY [5]. E 1998 j92ds VYvyaaqd Y Qd. [ 4]
eqoqdoKEosonbgq doqdYbdm¥Yuybwy ayEkodyj YéYpgogadaEBFgy I 3o
bEYZ¢0oaqq yooaqeosY3IbgnonVb-odiddRY3qdedrdpdorywy 5dqe Fdool

] YéEY90dEDY ®voddofr¥YY [W] 24 FApEBY¥¥qddYqb§d; d¥YqqybgbyYy.
g¥Ysodg o¢gzbo d 1Qdqd R BB+ pelYYd@tqob + Ealg o e(ddvba Y3 YaFac JoedyYr
dgqds. 1 dqdyY odj EbYszqdeYe2j WodngeXsroEgad smabbboed Yo E (3
Jgdga¥se aqo993Yq EnpYbg, 2-4ovdddbbevtisvogedewgyrd ® o B o b R O) Ea
daosg Y Ye doa¥Y, bpqde¥s oFbHOdry( s voqxrg)a,c sFdbjgé bs o e ¥ EayY, 3
3qde¥q deaeca¥Y(qg Y (Ydosajc¥wsrgdga ¢ d¥E=3Yg wWEw EFaaoaFqoedYobg
s¥Yopno3q3d¥bE, gqbroodYEr DX yn BaorasReyaqqubdyB Foec@9Iodeo
pgdekFeosEbg, AY¢qbr Yadb-abagye dWod, Yédrfilejyxgdrqg dIopdosdE oe
boldbgaq de¥Ydog, Jearvy3FEy q@¥NaoBy o ¥edd&r shqI E¥vo, 390 ¢
javyeobEs DbEosdYy [2]. gd¥bhyyosxB Yoz Ye¥Eaghs ¥Boom (day Ybi
i EbYsqdeyYq doqQYbqbyYUyr- oceofdrdgodrByYs. Ybij Y ¢
dovjqq daydesd¥Yq ¢ E d»gqo F qQdpbdgesnY b Fb FQED D gy ob-ngqbs I
Jgdebodoay¥Y 3qdg+f FEFoopgoN,qE®qy @,3cFgqaBeyRqg EFX¥osEo o5 wvod(
pg d odoyboy Ya¥Y docduRbHoWdadqegBEy YeddIddgqEe .
FGY YaVYEosErogodeYp evoacgan I yYyHogoa2qYnd 29D YSG, 3390 Y
eaaydboy doadeesadgq. 2 deodogbodoa¥Y o wewdVoyb g¥- Whojq QY ¢

Jjgdeqgq Qqay e6d¥Yjo9023aqBEWYWIFEDPYEYosodo03 dYachbo- e0dd:
dyYybsqf Ydoaqgqody b E cdoYr ¥3 QA HREsl b peFadbd qqFe bq YfoaszqbF
ddgdbgosobbERDOY EYDYYY,- coyboomBbdovay ) adpwodEgEoosqb-ggalfF Y+
podese 3 dIyfryY d pFEagnon 3JgerEdegmo ) FyRqdec Fdddsbodoe adge
qodsFEsoso3bo Jgdoevoy. ng-¥ dyZsoody Hp j g sieeqpEYogbe ¥MEDH Y b
dFEgFog 3B INe(dFe (ynod) cddyr 3ogpyxdbyo b oed¥Yo (2), 3Yea
QodosEsosbo ¢goaceoy o¢lf-q 3YFr OFEDbgyg admiddyd YeadsEbo I Y
bYsqde¥Ye dogQqyYbgbvyy, eobotyygbagdodbFeasdde bOE ov-bj YE Yo
sqgeboaoj ¥Yqdeoj o edYoabdgEYWOI (qQ¥baql¥dy o
e o qEpnY cdoYfr 3Io(qdsas I E) YaY Ocddloy@IdEMBYWy sdoIodyYayvyde
edoeboosobbERDbgDY ecEdodXyn¥ 3( de dbodd sbFE} owad 98,86 @ d0,2; %: Fe
dgg pgbeeq edgqdaoRgb¥Yy) .Mni05;Sii0, 150,044S70,05;Cri0,3;Nii

L db Yvr coogbge doq{YOh bWy @u3I 3 YDYoEosq caFdsodoy
gody ©qgqoob dEfa¥Yzbojo daddae®@¥ E.,i SMWNfacCky |Cyd OR0 i / a.
edY JrEYpodQqqydsdYY d joqqgdoed¥adPyg Fmdraec dqdxmdododoq:
poRbDO 6020983Y9e6 FbFaoj Yabydragwo | #9doq ¥y qa e Ho-. OF 3 ac
eqooed¥Ynp. EERbgp (odooYhWd¥Iamyvim@.doBEdi¥po I nEbobbgqoadyYaqd
ydayqoeady bEaY¥Y3>Yq 3 Ys- dgdaedoadq qeo bmje/¥a)o e A @0300EayY b
bEZacbhoy f de@®H gd CyNgwHY3soddgqQdsasdgqbbo 3 dEgozqn dJEdo.
sqacbgny¥Y EsopbpEon¥Y N, O viqdaruymMdwIdddeday)] Yq ,Boa¥zqds
20dbo3ddgonqgqbbo, wvosodgqd-Yorqwg | §3dreodbr qbBJdE3 Yy B-09s2doj o
s3odq¥onodse 3 J3oQq, b#EsoeE&abygo o ngqvooddviraod e o, hXme do I EbD
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1. Oroezqb¥Yq Ybj YEY¥YdoryFepYadoedaddge JodosKworzbho ¢ga
vqoovd¥Yonod aqq yaaqeosyYlboy dofr¥Y¥Ydoleoy
1000 / a, codaq eosodoyddoageqbe
1.1. EaYybYq vob3qbsdF3dy kgodwaddwot/bE3xYosqaechbo.

bE Ybj YEYqdoIEDYq Koab(QFEonqbosFag@ghYyddeo 3
dodégs3yYY Ybj YdYoodE bBbE e23qdebh
YyVE dYdeabeq 2 YrogdERpPORDBDIA Yyshdvopqaead¥s e 69 Yr 295q9qdDbpq
3qbodE3YY evqooerdYnE bE- JadegmecepnEZi¥Y¥yoagpqodo, JIemx3zFy Kd
sFaaYsgdeoy ©23R6¢c PALCH s YIjdmsyE, dbgqone¥YbE, AdqybQayYe E,
yedegdfriRaY%. ] 3YbeqadE -ZFjAaYHdVE, YdeoaGf an
no e6dgqdoasBF3aqbbgon (JEDbMDagy BY¥ddophYposdoo093qodesd Yy ye:l
3YeaogooKEbob oevd¥p Y  RBRiyo bgd&dbgn. E €0Qq YroszmbYy EQd
Jgdebodoacec DgoEZaaE 929 Yeoaauwd¥Xygd adiowaYomaddoadoqih-g Y¢ 29(
bgbYy aYbgqybojo dodoqb¥YuyYY¥1Kddyb(@Ra)Y,c FEd Aaqpaffagliy&d b Z, Bac

BAnAHME KOHUEHTPaLMKM KETOKCUMOB Ha BAMAHWE KOHUEHTPaLUWU KETOKCUMOB Ha
uHrubupoeaHue uHrubupoeaHue
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Figure 2. Effect of ketoxime concentration on the protection degree and corrosion rate
of the compounds: 3-methylbutanone-2-oxime (1), butanone oxime (2),
cyclobutanone oxime (3). Ambient temperaturei2 0 AC, ex pi@shur e t i me
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bEEdayYanEdl¥E.nqoadg EQdodégs YVwo,c030930bGdaydgs Yy sdqe oed¥Yob
Y Yroosqdog EQdodgsyYY oqbEevydHdebods¥Y e0da¥YbyQ@-osdy Yo
dod¢gsyYY o0qbjordE.
Table 1. Adsorption parameters obtained dbFeRq fbEzxqb¥Yq EQqdodégsyYy d
from Langmuir adsorption isotherm dyqQea: (3) > (1) > (2).
L dg3bo ¢€oaeceoq ¢fbEzxqb¥Yqgq K
OobdsEhb A 390 YbjYéY¥Yosod aqjeods Y edqos3bo
| 2qQYhq Edqedoodq0¢d3f egﬁ}ooc bE 603qdebodsy¥Y pngosFaa#F- 390 o
poac/j By YaoeoaqesYdIbhbWdord Ebivig- Bsoso ¢
5,81°% L -30,9 doeo doosbod¥sdy do fIbE3qb¥Yyr
3 37° L 296 bodoa¥Y, ecoevE+rEbbgon¥Y bE dYdabeq
’ . ’ 0bE3gbYq FEKEQdodgs¥YY day do
9, 00" L -32,0 (3) ydayqosdy ¢2aqq bWreyYon dd
i pge doqgqQq¥YbqbvYy; Yy99 {0323o2d¥s
OoyaaY3Yqbs a¥YbqybBy ®edvWHdamowye Y(Y3)( Yngqgs ¢€-@cear¥ 95(q
Y bFeaob 0o03qbc ga¥Yre¥Y edidé¢ynmwINPREDIIBYS ngBFaaE.
U3oTepma aacopbumum JleHrmiopa
R et y |
Sts ——1
0
- . . KO;IU.EHTPBL‘MH l‘(eTOKCMMa, Mt;nblll - . . .
tYdob®Oe 903.dpE EQdodgsYY 06qbj np-ordq#&Y €a fRPbeodYDY B(qlb) Y.y 3
gooFbob oed¥n (2), 3YeaogoosHHgBWYPedYo (3). ddqo¢
Figure 3. Langmuir adsorption isotherm for the compounds 3-methylbutanone-2-oxime (1),
butanone oxime (2), cyclobutanone oxime (3). Ambient temperaturei2 0 A C
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1.2. EaYybYq 95quesqdFoso0dgobFeUbFeg VYeer/dPadosyY e©oddofr¥YY
dioydosdF vgqoovdY¥Yvoafobesay¥YY 1/ .
nZdEonqoadg, coaa3qbbgq Yr
YVE dYdoYoreoqf dERqbo DbavYAQGUqb¥adE, cdqQqdoaF3aqgqbg bE d°
cqdFoadg bE doqegqbc frFE)} ¥HEgaVegEROaY3zqdeoy
6023qdebhodsy, edo ¢ b adEYy Of I ddg 390 bYrevYgq( brgbE3qby

yedeg o rie4a3Y.Y goaqqe ORY podadesV)qgqoqacdasdars 9
dbgpeqdEoadFE ydayqody os3qfeRFhdgrmy esybigbqdeoy dIxedg3YY
aqdeyYno aFesodon, Ja¥Yyr¥ovdoo d b E o YdzeqgoddeoYdes cd Ya Do @gRgQe Ees’

eoddofr¥YY pnqgqoFaoaaE Y, doos¥ybbegdYbbgbodWn ¥ bE c023qdebo
dodégs3syYy VYH} PEYesod qgdebodry dooghdelorBbe.E oY ( ViB)j} YdEo ddBrY)
tooédg Yfoa3x¥Yasc Ja¥YybyYqY-o pomegddlics d g ¢ H Eqrqgbbiid g d ¥e Yo e
gYdor)¥Yq dIoydodEFE eqob-edYdadIrooyeddedgvddrgosqgacdos 3p-¥ys 9 6
95g ©6do23oQqYa¥Yde 3 ¥YboqdlBodoad#oerYydEEasddED®OD dasazxFq b
80A] d YbosqdAJEaowE 20YdBRHb e Bl qdr¥Fey cHYdoasdsdYY YDbhj YEgYood
ft EDbE d3yrce pqR(Ose dogeqmbo¥dy@p¥ae Y doaeome EbYgop eYopyYaqd
dFsoadoy (3dqnpydocdnifdiaagmdRdyds d o(dboddqongbbovYy-gdosqgel
L 3q3y(dbo, 392 yaaqesYJb ozdygsdee oVyh j dVogdVEd3oYIglyh. Y un, d Yo fry¥oYo o d q F
dbYREgoeady 6692 pqdg dodoE¢ asdmms gedoFbFaldagy, 9 cyeo bE 623qdebo
cdoédqgbbo fEpngsosho ed¥Y &+ maqbdey d¥ecec DEEDgeoedygosge Ybi
dg oA 4@MA)80 OEbboq ydagqbFqaFasdddYse s0o03qdebodsyce, )
2 500D, 392 ¢20qqQq 3gdoeYqoaoqesqdPatoqdadY smBjydfa EogdEfr oD,
Jgfr 3JEosc (qdodés¥bj vedageedBgzxgddg JIrfrEYpo(gqydsdor-y eQgqoot
6023qdebodsasy¥Y pDgoFaak. Jgdebodoaecy dosFa¥Y 3 dqdodoqqd*t

Oay Yroa3qbvYy ybqdij¥¥yYe dbeomeRFeY of¥fr Yaaqde EZy, sFe Y
dodoqb jdEeYe AddgqbYodEdodgs¥dgy ydaygqsdy

BAuMAHMe TeMnepaTypbl Ha MHTMBUpYIOLLMe CBOWMCTBA BnuAHMe TeMnepaTypbl Ha MHrM6UpyloWwmMe cBolCTBa
KEeTOKCMMOB KeTOKCMMOB
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Figure 4. Temperature effect on the inhibitory property of the compounds: 3-methylbutanone-2-oxime
(1), butanone oxime (2), cyclobutanone oxime (3). Concentration 1 100 mg/l, exposure time i 24 h
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Figure 5. Arrhenius curve for compounds: 3-methylbutanone-2-oxime (1), butanone oxime (2),
cyclobutanone oxime (3)
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Table 2. Parameters obtained from the Arrhenius equation

] 0qQqYbq| @A, eOR/| E, eOR/ g gH eOR/| g5 OR/ (D02
1 130,9 72,77 69,75 305,64
2 129,6 63,44 60,11 266,45
3 32,0 89,97 87,01 377,75
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YVE dYdebeq 6 YrogdEROW|}IIYoOYDbOD G bEeoRQqby¥Yq e

pgb¥Y yedeorY¥Y3YY DbDE dagqeg®¥IrEYsvroge odudbdb dg3sYY d 6923q

a¥Ysqdeoy 603qdebodoa¥Y,i 3I&¥qbaqgqbrad B3bWywYrE dYdeabeE 6. ]

100pj { asgqpneqdEod2E) ddqdg edY ysob ecoeFrglEqs aaszeYq Y

pdoEbodaqgqbo, 390 ¥dogoiyp y yx=edE 04 a2 Hogsqwdp qdb ¥y (1) Y

f DbE3>Ysqaebho JIaYyqoes DLE dbgqecybsh E EiaWegYagybeoj o dasdoqby

Yooj FEos 7y2e0dc 0f Y3YY dosqeqbc &g ormiyyY sQoayc b o

adoEbolaqbo,

Fogdydbuyc

eERCO} 9 Yf doqQq¥Y¥bqgqbVYyY-doddBENEqQHYY edE#EBQdEosoadB- dogeqhb
aqdeyY 3 2 dErf E, 390 egdqHEhygqqdgq eopqbeqgb 3o
qp fbE3qbYy ybqdi YY e VY¢@EmbE.qongYoypddl QpbgdodgsYY bEQ

CpaeHeHue 3¢ HeKTHBHOCTU NPU PasNHYHbIX TEMNEepaTypax
BPEMEHM 3KCNO3ULIMK

BnuaHWe BpemMeHH! 3KCNO3UL MK Ha CTeNeHb 3alUTbl

CreneHb 3awuel, %
BN W B W@ N B W
5 © &8 &8 &§ &8 & & &
w

o

1] 100 200 300 400 500 800

BpemA IKCNOIHLMM, Y

600 700

Temneparypa cpeas:, *C

tYdebXTw¥YeybyYq Idgqpongb¥ yedecofr Y3YY DE dsqgeqbe
3—0997¢652E0beodb‘7‘0 (1), ¢oeaosEbob oevd¥n (2),
Oobsgbsod#qyybilO0Vya,o o b6 o d EaladlEp A

Figure 6. Effect of exposure time on the degree of protection of samples for compounds:
3-methylbutanone-2-oxime (1), butanone oxime (2), cyclobutanone oxime (3).
Concentration of compounds i 100 mg/l, medium temperature 12 0 C A
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Original article

AN NEGATIVE PRESSURE WAVE METHOD OPTIMIZATION
FOR GAS PIPELINE LEAK LOCATION

Anar F. Baghirov

National Aerospace Agency, Baku, Republic of Azerbaijan

anar.baghirovOl @gmail.com

Abstract. The article is devoted to the op-
timization of the negative pressure wave meth-
od, designed to determine the location of leaks
from a gas pipeline.

The proposed negative pressure wave
method provides a more accurate determination
of the leak location, because a group of reada-
ble equally spaced sensors is used. To deter-
mine the location of a leak, the sign of the ap-
pearance of a minimum of a certain functional is
used, which contains, as an integrand, the

product of two exponential functions that char-
acterize the weakening of a negative pressure
wave propagating from the location of the leak
to the position of the selected left and right sen-
sors.

Calculation formulas are given for calcu-
lating the optimal distance between a displaced
pair of readable sensors, and the form of the op-
timal functional relationship between the dis-
tances from the place of leakage to the position
of the sensors is established.
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dY3sEsqaecboq JaYyb¥Ygq bE oedddREEDPgaqodyqda 3Idqe DbEcdEI
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eF3eY dgdoy besbQoy 26aqdoglelc oacr 903 Ebg ocoBhdeXe afmgq d
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dbgqbdqgbs Yy 6dqo¢aZqFEb Y& decdadmBdibdyg q 269230ao02evobbg
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103106¢e b . eobbgoszYeY edoaj odoy bEZesdyR
] OjaBEdbo [ 2], sqdqus&mEE)é?‘jecEq’.iaq(ﬁocb:Eq:n’.bqus sdag¢os(d
690 sdogqBmo ydayqoasdy dEFogon OFwobosongaEgqoady I doBEgosq [
pYabgn Y €qfroecFdbgn npgodddonds Jevy¥ ddBEIfeY (JEIaqd-Yq | Er F
bYyy d eqdgqdoreoy o2jaqgloqqdy¥aqds Fadmdasqmboay JIqayYayvYbo.
602d990D, bEZ pnpoddeYe doGFEe Ympdry 33 RqoYgebHoqQqbyYY o9q3e¥Y
doRbge 3YdosqdbFEce. Enpgdsos o qdl qzdd], EBéaoqHFHq 399 e6dy¥Ioqy
dy dods dFEfrayYa3bge (gpgsad®d@e qla¥eabbdogy be qdqe FQFE, QFEIaqgqhb
apgeagqbbge) dao3¥Fqd BIEAdYY o b@Es d FE¥phhdn,d e bgeosodons
QFe. dFeYq KFIEQYY JaqeofgEFidqwWygoy srege¥qododq. ndy
>2YbEFEbdodgq 629qdY, Fr BEs¥aqaePVoge bggdFmyvgoady c¥oqpn aYt
bogq 3ofrQqqydosd¥Yq bHE oedasRPFepdpyIqablE, sadoEbo bd#Eqbbgaq
doggbbodo¥ gday Jor bYeHwgve dedX¥dqy samoo3oaaee-dbbgaq
99093eY Yr 95doag¢oesdodoqE Mgy odggbbFddoadRyY.3 E v o d y
26qgdFEoavY3ibgon ogdEfoD. Emdoasq d o95qbnp, J oedEr Ebbonp
OFe o9pqa3Fqody 3 cqiffig ojomd 9339 q 9o Cuaye 099 dEy baqosdgqdqaq
95Y3bojo oébEdoaRqqbYy asqdle BBET¥qopbgEbapfpEoayYIbgie dgbdo
6d232d23 DpDojog ¢ggoc ¥depumenaddbge dHEIWYaYe dEF¥EYY ocdYe
bgwgqoo,dgosFeYq eFe Feollsvxmpbdvy, OGwmbdygd so0, 32 pnpgdso
edEdbgy, o#HFEDbDBEFEBHEaYsYeoakj Fqnge o9q3>qe fEJEDbgqgq bag?
de¥Yq p0pg9o2dg (doEosYdovYzqdg¥gibgaorGQoefaflaqymbbygdsd I
ceqdaqe EqQE dE3Iaqb¥Yy, D -JEDYd IEPBA o dogbgdlo do 3, em-sdsdgq
eo(dbge edos3qddod) ¥ Qqd. a2o0dpEao¥dB IJoa¥Ya¥Y ¢€g o90e6dgqdgqayoc
] dqdQY pbg9o9od, odbo 3 EdbdbgmxeHWE EbBEaYr q
cqgdqe EQF QQE3Iaqb¥Yy, gpr-odaoOPoqq rYrmsPYiofgqos dy esdgqdaBj Eq
boawmqgqdso r EbYpDEqQ>o pnqoodoodgddedemyE bdIyEYnoddyh-Ebbge ¢
Joabg qF 3 Negydiivey Preqsure Wave dodo 3, Ydeoaecroaqnge dqay 3Igs3¥Y
(NPW)) [4i7]. OFe o9spq3FEqoady o- dBgaed.[ 4], o
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Figure 1. Schematic representation of a pipeline with sensors installed on it
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Abstract. The relevance of the study is | = 05i1.5 m, depth of the pipeline
due to the testing of the results of the numerical
calculation of the stress-strain state of the sup-
port-centering device and pipeline in ANSYS
software through an experimental study. The
purpose of the work is to experimentally study
the effect of the support-centering device on the
pipeline when centering the boundary sections
when cutting out a defective coil during emer-
gency repairs. The object of the study is an ex-
perimental bench of a pipeline with diameter

Ddz 40 mm, chosen as a prototype of a pipe-

h = 50180 mm) and experimental response - de-

formation Uu;

- during the processing of experimental
values of deformations, it was revealed that the
depth of the pipeline does not affect the results
of measuring the displacement of the pipeline
axis from applied transverse forces, therefore, it
was decided to carry out measurements at a
constant depth of 0.08 m;

- based on the results of the experiment,
graphs of theoretical and experimental depend-

line with diameter DOz= 1020 mm. Research ences of the movement of the pipeline axis on

methods: mathematical modeling, experimental the longitudinal load were constructed: the dif-

research, processing of experimental data. ference between the two schemes for securing
The following results were obtained: the pipeline is 41 %, in the calculations it is
- the maximum deformation of the end of necessary to take into account the part of the

the pipeline in a computer model of a full-scale pipeline located in the ground;

pipeline with an applied load of 10 kN is - the relative error of the experimental results,

62.9 mm, the maximum stress is 87.2 MPa; taking into account theoretical errors, is no more
- factors identified: load F = 0i50 N, than 10 %.

length of the free end of the pipeline

Keywords: repair, defective section, design position, experimental bench, graphical dependen-
cies
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Figure 1. Diagram of installation of a support-centering device on a pipeline [5]
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Figure 2. Calculation scheme [9]
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Figure 10. Range of points obtained with a free end length of the pipeline of 50 mm

£g392:qQg 6o 3olGm5i1, 5j nog¥HEHEORQbBYYy o4
) -¢DEBquQDEm;EEGbﬁgqqquaoquq %EY OJFB%].%O%EO bp) Y os¥aYe yed
sdoeg¢oscdodad G doq 2 ¥ 3
bojo o9dag¢oedoIodE ed¥Y sq" bo@i‘é’é’éiypwﬁé’j dEereq

3 10 ey dodsE&mLExedeGEp@ 5 eo2(aq o gooseY¥Y yedeqd¥Yo
bEsdquyuRqbYq dFE3Ibo 87, 2 blz(f“q Yeyng«Q%Oqu%aYy 3Jgydaqbo,
-oe6dgqqqaqbyg :aEbeEsjoqQagf%%OORq Yy odo¢osdododi bq Ja

. . f9Qq6 Ee Yroqdagb¥Yy eqdqpoqgq) gby
F=050,¢@ayYbE dIogodboijoo Oecfisegq ¢¢q:)‘73cnoC1FEqbobegsa;~qsosqc1q

2(148) A2420 [




ho* ~ a. m*oh®g3s c¢cor- oto them<coht™ e

Prablems of éathering, Treatment and Transbortation“of_oil ana Oil Products

bge dYa, daqQo3Esqacbha, dbgeFiddmmeBd jdZdzdoFe Ygogeody
dYse Yfpnqdgb¥Yy e6dY ecFdoogbBog pHIgEDadegoscdoIoqE, b
ao2Rgqb¥Yy, dEJIDOoy 0,08 bp; jdebsq (d¥Ydeboe 7);

-6 9 dgf aaGcoE9En yede qd¥oooghoodEro gac by ec2j dEebhodoc
doadoqgqbg { dEaYeY o9qodgoyvagdeweddqdodeid d 939q992D 9
pgboFacbge frEIYdYpnOodoqy o8fdamq )} dobdiayf Jogptn g q 18- % (dY

5dofoedoloEchay chBiddrar © ¥ £0). d E
bYsE (Q3oce deqn fEedqeaqbyy sdoagoedodoqE

J]sYdoe YdsoabYeod ) References

1. nEo. 148090F16K1/ ¥X6,0 | 1. Matveev Yu.G., Konnov Yu.D., Sidorkin D.I.
3gbsdYdeavyyqq odsdoyds3oE- Oporno-tsentriruyushchee  ustroistvo  kontsevogo
j YdoadFacbojfaybgq&Eosaqecdodod uchastka magistral’nogo nefte- ili gazoprovoda [Sup-
3Jqqd, g. O. Oobbyg¥dode port-Centering Device of the End Section of a Trunk
2014111881/ 06, 6Fydaqbo Oil or Gas Pipeline]. Patent RF, No. 148090, 2014.
27.11.2014. 4axa 33. [in Russian].

2., EcepEosaaa¥YbE Y. A. Odad- 2. Rakhmatullina Yu.A. Issledovanie
Jov) Ye osemphdbdb¥Ydoavy) Ye odoad sushchestvuyushchikh oporno-tsentriruyushchikh
269YpKFachojo IEJqYEDOE (al ustroistv i vybor optimal'nogo varianta dlya analiza
dqaodo¥YdodEDbboj o dodsoyb napryazhenno-deformirovannogo sostoyaniya
adodoydsib3gddq 6do3qQqghb truboprovoda i ustroistva v protsesse provedeniya
FIFdYyDddoEho3IYoaqaechoj o009+ kompleksa avariino-vosstanovitel'nogo remonta [Re-
c6do3o(bgy odEbdeodoes (9909 search of Existing Support-Centering Devices and
® 3 (85%¥02 . 50 Selection of the Optimal Option for the Analysis of the

3. aBeosYr¥Yb +.Vy., YoadosEe Stress Strain State of the Pipeline and the Device in
Y qd. J929daRqbYq Y yedsa. the Process of Carrying Out a Complex of Emergen-
ObboIE3YY ¥ c dFaoxreqogdd( cy Repairs]. Truboprovodny@ eotrri
yaqoesqj Ef ey OA: 2 0 158.. DOI® p r a k)t iPipgine Transport (Theory and Practice),
10.5510/0GP20160300289. EDN: UGKDLN. 2023, No. 3 (85), pp. 50-60. [in Russian].

4. toeEdqIE y. E., t qIE+ 3. Bakhtizin R.N., Mustafin F.M., Bykov L.I. e.a.
bop. A. dbYeo2boIE . E. Y d Sooruzhenie i  ekspluatatsiya  truboprovodov.
90 F3Yy sdY qaYsqachoy 9y Innovatsii i prioritety [Pipeline Construction and Op-
dFaecbhge o9deg¢oedo3odod pHq- eration. Innovations and Priorities]. Na v c hny e
JqdgE [/ s dqE3Iaqb¥g wevE3q¢ NI Pl Neftegaz GNKAR 3%
eonsaqedq. 2 0 159. EDN®NVXJILR.] . NIPI Neftegaz SOCAR, 2016, No. 3, pp. 52-58. DOI:

5 nkEs 2708758 t K, Yno 10.5510/0GP20160300289. EDN: UGKDLN. [in
1/10. jeodog dgpbpobsE (qoe- Russian].
6do3oqF 3 sdEbesqq [/ Y. 0. 4. Chukhareva N.V., Revazov AM.,
P.K. CEEgY¢doaay¥Yh, 3A. 28016t Mironov S.A., Tikhonova T.V. Prichiny avariinykh
6Fydaqbo 10.10.2016; L eas situatsii pri  dlitel'noi ekspluatatsii magistral'nykh

6.t e nEo92a0a0YbE Y. A n, qad- truboprovodov v usloviyakh Krainego Severa [Caus-
gocdo3oqQF edY DEjdoreEes es of Accidents during Long-Term Operation of Trunk
FIEdqYYyDddoasEboIY¥Ysqaaehojo Pipelines in the Far North]. Upr av/ eni e k
Neftegaz. RU. 2023. o 12 neftegazovom kompl eksetin

7. TEj YEepnqoo03E 6.E. Jeo Oil and Gas Complex, 2011, No. 2, pp. 56-59. EDN:
9sdogocHOBD¥Qr Egoao3qbboyo- NVXJLR. [in Russian].
bYy sqd¥YoQq 3dgqponqgqb¥Y 3 dEy¥ 5. Konnov Yu.D., Matveev Yu.G.,
/'l Oods¥Rqb¥Yy, edog¢agng ° Khabibullin R.F., Chebotarev A.Yu. Sposob remonta
bgesqj Erodoy o0s9dEday: D £ defektnykh uchastkov truboprovoda v transhee
cdFeo. eoba. Aacponqgqscqlde [Method of Repair of Defective Pipeline Sections in
298. EDN: ZBCITR. ) the Trench]. Patent RF, No. 2708758, 2019. [in Rus-

8. A¢QdEFeconEDBo3 A.30.¢. AArorX sian].

JEbYq bEFEedyRqbbo ({dqaodpn¥ 6. Rakhmatullina Yu.A. Peremeshchenie osi
sdogoedodoE ed¥Y dgpoobsogq truboprovoda  pri  nagruzkakh v  protsesse
o3FdoseFE. AapbpEsg: 9ygqasc Y provedeniya avariino-vosstanovitel'nogo remonta

9. tFeoEFEooaa¥YbE Y. A., A€ [Pipeline Axis Displacement under Loads in the Pro-

118 [ 2 (148) A2024




t ho t TUEm t o
. E

- *

t -~

< . <

'H_mc’“x”"t""e Y e

Construc*tion and Operation of Oil and Gas Pipelines, Depots*and Storages

sEbopEjopngqQdod .., CEd #b
aY+ E bEecdQgregbdbooy o ¢ Bb dod
260ddphoady¥Ydar) qj o adsdoyd
QF 3 e6dos3qddg sdo3qqQqqbyy
JoddsEbod¥Ysquaebhojo dqbodb-
i o s02aYosqeb¥aqdeoj o ab¥YJ
i qodqdaddaod. 2023. -a&b. D@::
10.18799/24131830/2023/7/4085. EDN: COZMJN.

10,.aadeo 3 n. ., asadeod

dYooaqqd E. Y. Ofros3qb¥
dqeaodon¥YdodEbbojo dodsoydb-
JoQFE d w®©oae3qlgp (dgaqeso

yagqongqbsod d Ydeoacr o3 EMY
gedFE ANSYS Oblf ¢FEgddiebY¥ e -
bbojo o9qeb¥Y3qdeoj o aby
.5-13. DOI: 10.26730/1999-4125-2019-5-5-13.
11.Yo2QqaYdo3EbYq sdeg¢osd:
ANSYS i 2¢6¥f 0d Jorf oo RBORLD
https://www.ansys.soften.com.ua/about-ansys/blog/
299-modelirovanie-truboprovodov-s-pomoshchyu-

ca
3q

ansys-obzor-vozmozhnostej.html ( QB9 E 2 ¢ d
08.02.2024). _
12.t aqQ¥3>qbeos A.E., | Edeaq

EedyRQbBodnYdodEbbojo oad
23. -Xw ndrep, 02071 1.
t 5 7R2700B..10tYdadqhb
aYf YaqdeYe 6d0
pYdo3Ebbojo qd
Y JEaY(QE3 Yy g
qgbo93 eobdod-
b

b
¢

3}
o
G
o

fal

oO®LC G,
gm_

o
8

cemam®
OCoOOOD PpH®®

co0Q0p—- <420 o

© 000
4o «4Mm~A
O oDO.o My

msoaoaolh-
T WM AT A

O 4®» 4
Q"0 0o0
coo0NToma@m™m
44O M "< 9o

~«
O 0o
foRyo]
“on
w0

bgeaesqgedo(doae

GWSNYC.

15.) a9 FEbo¥jonqQod . ] G-
bge e6qdgqpnqgq)qb¥Yy o9doagoeds
dgaodonYdo3Ebboq dodsoyby
93FdoeE D0pDbOojoaqobgpqgqdfad
959eho02}j YY o9doag¢oedo3odboj
bgesgedodoaesod. 2022 . -339.

o} .
DOI: 10.28999/2541-9595-2022-12-4-331-339. EDN:

BYAQAW.

16.) sas EboEj onqQod d. | .,
| a9 FEboEjonqQod | .Y., ®q
do3EbBYgq edodoachbge ©09dqgDpi
J obojoaqoeabgpnqgdfrage jdeb
deoj o coaYosqeb¥Y3qdd¥p qsovE
d¥Ybj jgodqdaddod. 20-261DOI: ¢

2

1/04/3151. EDN: MNZQYE.

17aEdoa3 O. A. edEaYaqdmxy
caqedE ANSYS. JEdEos23: nc
239 d [-54B88-008 1208 EDN: ZGJVOT.

18e, ) d +t -30385 YEj Ydoal-
g¢oedodo(dbgy o9dEbdeods baqc
] 9do¥sqacdslo DpDEj YdosdFae
bgesgedo(daesosdo3odod. (

cess of Emergency Repair]l. Nef t e gRd)z
Neftegaz. RU, 2023, No. 12. [in Russian].

7. Shagiakhmetova Z.V. Sposob vrezki katushki
truboprovoda na zabolochennoi mestnosti v letnii pe-
riod vremeni v raionakh Krainego Severa [The Meth-
od of Insertion of Coil Tubing on Wetlands Summer
Time in the Far North]. Materialy Mezhdunarodnoi
nauchno-pr akti cheskoi konfer
probl emy | perspekti vy r
[Proceedings of the International Scientific-Practical
Conference ¢Achi evementos
spects of oi | and Gas
Almetyevsk, AGNI Publ., 2018, pp. 296-298. EDN:
ZBCITR. [in Russian].

8. Abdrakhmanov  A.Zzh., Azmetov Kh.A.
Issledovanie  napryazhenno  deformirovannogo
sostoyaniya truboprovoda pri remonte s zamenoi
defekitnogo uchastka [Investigation of Stress-Strain
State of the Pipeline during Repair with Replacement
of the Defective Section]. Almaty, Neft' i gaz Publ.,
2004. 67 p. [in Russian].

9. Rakhmatullina Yu.A., Alekseev V.A,
Sultanmagomedov T.S., Khasanov R.R. Metodika
analiza  napryazhenno-deformirovannogo  sosto-
yaniya oporno-tsentriruyushchego  ustroistva i
truboprovoda v protsesse provedeniya kompleksa
avariino-vosstanovitel'nogo remonta [Methodology of
Analysis of Stress-Strain State of the Support-
Centering Device and Pipeline in the Process of
Emergency Repair Complex]. / zvesti ya
pol i tekhnicheskogo | namii,

georesursov Yy Proceedir
University. Georesources Engineering, 2023, Vol.
334, No. 7, pp. 7-16. DOI:
10.18799/24131830/2023/7/4085. EDN: COZMJN.
[in Russian].

10.Burkov P.V., Burkov V.P., Vakhitov D.L.,
Timofeev V.Yu. Izuchenie napryazhenno-
deformirovannogo sostoyaniya uchastka

truboprovoda s kol'tsevym defektom metodom
konechnykh elementov S ispol'’zovaniem
programmnogo kompleksa ANSYS [The Study of
Stress-Strain State of the Pipeline with the Annular
Defect by Finite Element Method using ANSYS Soft-
ware]. Vestnik Kuzbasskogo
tekhnicheskogo wuniversit
State Technical University, 2019, No. 5, pp. 5-13.
DOI: 10.26730/1999-4125-2019-5-5-13. [in Russian].

11. Modeling of Pipelines with ANSYS i Overview
of  Opportunities.  Available at:  https://www.
ansys.soften.com.ua/about-ansys/blog/ 299-modeliro
vanie-truboprovodov-s-pomoshchyu-ansys-obzor-
vozmozhnostej.html (accessed 08.02.2024). [in Rus-
sian].

12.Rudachenko A.V., Saruev A.L. /ssledovanie
napryazhenno-deformirovannogo sostoyaniya
truboprovodov [Studies of the Stress Strain State of
Pipelines]. Tomsk, TPU Publ., 2011. 136 p. [in Rus-
sian].

13. GOST R 57700.10-2018.  Chislennoe
modelirovanie fizicheskikh protsessov. Opredelenie
napryazhenno-deformirovannogo sostoyaniya.

2 (148)

A242 0



https://www.ansys.soften.com.ua/about-ansys/blog/%20299-modelirovanie-truboprovodov-s-pomoshchyu-ansys-obzor-vozmozhnostej.html
https://www.ansys.soften.com.ua/about-ansys/blog/%20299-modelirovanie-truboprovodov-s-pomoshchyu-ansys-obzor-vozmozhnostej.html
https://www.ansys.soften.com.ua/about-ansys/blog/%20299-modelirovanie-truboprovodov-s-pomoshchyu-ansys-obzor-vozmozhnostej.html

ho* ™ a . m

+ohmz

c o ” oto t h™emcoh

Prablems of Gathering, Treatment and Transportation“of_oil ana Oil Products

t

dogqgq¥b¥sqachbge dq
Y.: JoFEbQKEdeaYbhaodn, 2017.
2 839 £NK5/00,GriON
9 po2dqayYdo 3k
dqeaodon¥YdoJIEDD dodsoyhb
d. | . ] a9 Fbnp
19.03.2021; |
20y qoY¥dodYs AL
o doaqbdE cpaqyp sxerddbbry qj o
sdogoedoIodE // to2a6 DEsc
degq3YFEaYdo E: pEsqd. -nygR
eoba. @oFo @e Whdp, 2-891EDN:
ZKFCGL.
2. YEe EdYsqld

i o

. A., OJ3EDD
cO0EbYdoJdEDBYYy yedeqd¥onqbol
/1 | B o &JRim. http://em.samgtu.ru/sites/em.
samgtu.ru/files/mpe_posobie_2016.pdf ( QF 9 EE -
JqbYy: 08.02.2024).

22.16¥YdYb Y. A. 0E3C{03 E
asbqyb A.t ., dge¥b A.A
YogdEgooseY dq 0G9KF923 YY
pqbosE. OeEsqq gadji: LLJ
ISBN: 978-5-9904848-4-9. EDN: WCTGGT.

23 g¢do3E O.A. naEbydold
URL: https://portal.tpu.ru/departments/kafedra/iksu/
ucheb_rabota/literatura/special/Tab/KonspPExp.pdf.
(QE 0 d £ q8802j2024). ]

243 q3 Efrod3 A.Y., 0qRbqE-
dyy bE oéddqeske sdoagosd
bgqesyY Y bqeam:dbEleoedaRE"
6F) YoF oedoREY)qy ddaqQg -
csaqgqedq. 2021. @ 617. (D®I0
10.33285/2411-7013-2021-6(303)-12-17. EDN:
OEJKBU.

25.0RqpbYaqd B.:., TEDDEr
0. Y qQd. t Efr dEEgo9s el 9«
y ddfooobfsg YdodFaecbge ode
¥
¥

as
fF o
YD

Ye dqeqeoabge om-
2. 2 0 2 282. D®I: 1D.24887/0028- °
. EDN: KCHEOH.
3 A Yqo9o(Qoa
EbYq yedsqd¥Yoc
( 1% EDN: UNSIWIG 3
3330.2012. Y&j
. Y.: eoddsdoy, K/
28.)n 86.13330.2022. YE&i
c6do3oqQg. Y.: Keap ¢t e,

Verifikatsiya I validatsiya chislennykh modelei
slozhnykh elementov konstruktsii v uprugoi oblasti
[State Standard R 57700.10-2018. Numerical Model-
ing of Physical Processes. Determination of Stress-
Strain State. Verification and Validation of Numerical
Models of Complex Structural Elements in the Elastic
Region]. Moscow, Standartinform, 2018. 16 p. [in
Russian].

14. Bakhtizin R.N., Sultanmagomedov S.M.,
Sultanmagomedov T.S. e.a. Eksperimental'nye
issledovaniya  soprotivleniya merzlogo grunta
prodol'nym peremeshcheniyam truboprovoda pri
izmenenii temperatury i vlazhnosti [Experimental
Study of the Axial Movement of the Pipeline in Per-
mafrost Conditions with Changes in Soil Temperature
and Humidity]. Nauka I tekhnol og
transporta nefti [ neftl,
nology of Pipeline Transportation of Oil and Petrole-
um Products, 2020, Vol. 10, No. 3, pp. 243-251. DOI:
10.28999/2541-9595-2020-10-3-243-251. EDN:
GWSNYC. [in Russian].

15. Sultanmagomedov T.S. Vliyanie prodol'’nykh
peremeshchenii truboprovoda na napryazhenno-
deformirovannoe sostoyanie pri ottaivanii uchastka
mnogoletnemerzlogo grunta [Influence of Longitudi-
nal Displacements of the Pipeline on the Stress-
Strain State during Thawing of a Section of Perma-
frost Soill. Nauka i tekhnologii truboprovodnogo
transporta nefti / neftepr
Technology of Pjpeline Transportation of Oil and Pe-
troleum Products, 2022, Vol. 12, No. 4, pp. 331-339.
DOI: 10.28999/2541-9595-2022-12-4-331-339. EDN:
BYAQAW. [in Russian].

16. Sultanmagomedov  T.S., Bakhtizin R.N.,
Sultanmagomedov S.M,, Urmanova AR.
Modelirovanie prodol'nykh peremeshchenii

truboprovoda v mnogoletnemerzlykh gruntakh [Mod-
eling of Longitudinal Displacements of the Pipeline in
Permafrost Soils]. lzvestiya Tomskogo
politekhnicheskogo universiteta. Inzhiniring
georesursov i Proceedings of Tomsk Polytechnic
University. Georesources Engineering, 2021, Vol.

332, No. 4, . 87-96. DOI:
10.18799/24131830/2021/04/3151. EDN: MNZQYE.
[in Russian].

17.Basov K.A. Graficheskii interfeis kompleksa
ANSYS [Graphic Interface of the ANSYS Complex].
Saratov, Profobrazovanie Publ., 2017. 239 p. ISBN
978-5-4488-0061-0. EDN: ZGJVOT. [in Russian].

18. GOST R  57385-2017. Magistral'nyi
truboprovodnyi  transport nefti | nefteproduktov.
Stroitel'stvo magistral’nykh  nefteprovodov |

nefteproduktoprovodov. Teplovaya izolyatsiya trub i
soedinitel'nykh detalei truboprovodov [State Standard
R 57385-2017. Trunk Pipeline Transportation of Oil
and Oil Products. Construction of Trunk Oil and Pe-
troleum Product Pipelines. Thermal Insulation of
Pipes and Connecting Parts of Pipelines]. Moscow,
Standartinform, 2017. 31 p. [in Russian].

19. Sultanmagomedov T.S. Stend modelirovaniya
napryazhenno-deformirovannogo sostoyaniya
truboprovodov [Stand for Modeling the Stress Strain

[ 2 (148) A2024

~


http://em.samgtu.ru/sites/em.%20samgtu.ru/files/mpe_posobie_2016.pdf
http://em.samgtu.ru/sites/em.%20samgtu.ru/files/mpe_posobie_2016.pdf
https://portal.tpu.ru/departments/kafedra/iksu/%20ucheb_rabota/literatura/special/Tab/KonspPExp.pdf
https://portal.tpu.ru/departments/kafedra/iksu/%20ucheb_rabota/literatura/special/Tab/KonspPExp.pdf

t ho t TUEm t o
. E

* < - *

H_ me Tx "t~ ¢ Y e t ~

< . <

Construction and Operation of Oil and Gas Pipelines, Depots and Storages

State of a Pipeline]. Patent RF, No. 2766839, 2022.
[in Russian].

20.Nemirovich S.A. Razrabotka ispytatel'nogo
stenda dlya oporno-tsentriruyushchego ustroistva
truboprovoda [Development of a Test Bench for the
Pipeline  Support-Centering  Device].  Materialy
Mezhdunarodnoi nauchno-metodicheskoi
konferentsii ¢cRol "’ mat
s pet s/ [@rbceedihgs ef the International Scien-
tific and Met hodol ogi cal

Mat hematics in the For ma
USPTU Publ., 2017, pp. 58-59. EDN: ZKFCGL. [in
Russian].

21.Makarichev Yu.A., Ivannikov Yu.N. Metody
planirovaniya eksperimenta i obrabotki dannykh
[Methods of Experiment Planning and Data Pro-
cessing]. SamGTU. Available at:
http://lem.samgtu.ru/sites/em.samgtu.ru/files/mpe_po
sobie_2016.pdf. (accessed 08.02.2024). [in Russian].

22.Spirin  N.A., Lavrov V.V., Zainulin L.A.,
Bondin A.R., Burykin A.A. Mefody planirovaniya i
obrabotki rezultatov inzhenernogo eksperimenta
[Methods of Planning and Processing of the Engi-
neering Experiment Results]. Ekaterinburg, OOO
¢UlI NTse Publ ., 2 0 1 5-9904B489
4-9. EDN: WCTGGT. [in Russian].

23.Rebrova I.A. Planning of the Experiment.
Available at: https://portal.tpu.ru/departments/kafed
ra/iksu/ucheb_rabota/literatura/special/Tab/KonspPE
xp.pdf. (accessed 08.02.2024). [in Russian].

24.Revazov A.M., Lezhnev M.A. Vliyanie avarii
na ob"ektakh truboprovodnogo transporta nefti i
nefteproduktov na okruzhayushchuyu sredu [Impact
of Accidents at the Facilities of Pipeline Transporta-
tion of Oil and Oil Products on the Environment].
Zashchita okruzhayushche
kompl ekse y Environmeni
Complex, 2021, No. 6 (303), pp. 12-17. DOL:
10.33285/2411-7013-2021-6(303)-12-17. EDN:
OEJKBU. [in Russian].

25. Dzhemilev E.R,, Shammazov LA.,
Sidorkin D.I. e.a. Razrabotka tekhnologii i ustroistva
dlya remonta magistral'nykh truboprovodov s
vyrezaniem ikh defektnykh uchastkov [Developing
Technology and Device for the Main Pipelines Repair
with Cutting out Their Defective Sections]. Ne f ¢t y .
khozyaistvo 2032, No.1@pp/ 78-82n
DOI:  10.24887/0028-2448-2022-10-78-82.  EDN:
KCHEOH. [in Russian].

26.Bessonov A.S. Metodologiya issledovaniya i
planirovanie eksperimenta [Research Methodology
and Design of Experiments]. Perspektivy nauki i Per-
spectives of Science, 2019, No. 4 (115), pp. 63-65.
EDN: LNSIWK. [in Russian].

27.SP 36.13330.2012. Magistral'nye
truboprovody [SP 36.13330.2012. Trunk Pipelines].
Moscow, Gosstroi, FAU c¢F7
Russian].

28. SP 86.13330.2022. Magistral’nye

truboprovody [SP 86.13330.2022. Trunk Pipelines].
Moscow, FGBU ¢RSTé Publs:
sian].

2 (148)

A242 0



http://em.samgtu.ru/sites/em.samgtu.ru/files/mpe_posobie_2016.pdf
http://em.samgtu.ru/sites/em.samgtu.ru/files/mpe_posobie_2016.pdf
https://portal.tpu.ru/departments/kafed%20ra/iksu/ucheb_rabota/literatura/special/Tab/KonspPExp.pdf
https://portal.tpu.ru/departments/kafed%20ra/iksu/ucheb_rabota/literatura/special/Tab/KonspPExp.pdf
https://portal.tpu.ru/departments/kafed%20ra/iksu/ucheb_rabota/literatura/special/Tab/KonspPExp.pdf

ho* ™ a . m

c o oto

+ohmz

t h ~

Prablems of éathering, Treatment and Transbortation“of_oil ana Oil Products

emc o h

t

Obaodo Pagtyobed
AFcopEosoaa¥YbE BYaYy AaqedE
paYondeYy jodeaqEddeadqgqbbgy
sqeb¥z>rqde¥Yy oab¥Y3Iqdd¥sqgo

YEj Ydou#Ebpddg ¢ndoqes¥Ydold

Y dodo¥Ysqacdold 2édqesad
Y j Ero3oy sedopngeaqgqbboda ¥
todd¥Yy, 450064, @aE, oa0a.

yraxmat@bk.ru

~

A Aaqedqqd E
poYodeYy | od
sqeb¥zrqdeyYy

YEj YdoadEDbos
Y doado¥Yoaqa
Y | Erodoy

todd¥Yy, 45
alex_vadiim@mail.ru

ocaoo 4o .0

Om@sS ©O®

voo0oaoCo

4wa <o
m~

o0 oOooOoO0Q@mM
~

paYodeYy jodeaqEddsasdqgqbbgy
aqeb¥3z>rqgde¥Yy oab¥Y3Iqdd¥sasqgo

J oEdeYy edqeceoH&EdHagac
¢ndogqes¥Ydo3IEbYq Y dsdo¥Yoc
bgqesyboy Y jEfro230oy edopngc
todd¥yy, 450064, paE, 20.
tsultanmaga@gmail.com

A | oa9sFbbFEjonqQod | oaasEbr
YEj onqQoEj Yuoadrd,2qebyYaqd
bEFEoae, (Qo3qbos

paYoded¥p qEgddoadgbbgy bqgasl
aqeb¥azrqdeYy ab¥Y3lqdd¥Yosqgo
ndoaqddod eEaqddg ¢ndoqe:
Y dodo¥oasqaecdoalo oéddqesod
Y | Ero3oy esdopngeaqbbodsa¥ye
todd¥Yy, 450064, maE, aad
ftt2010@mail.ru

) 9F96y

3 Y ¥5.03.2024.

Information about the authors
ARakhmatullina Yuliya A.
Ufa State Petroleum Technological University
Undergraduate Student of Design and Construction
of Oil and Gas Industry Facilities Department
1, Kosmonavtov str., Ufa, 450064, Russia
yraxmat@bk.ru

AAlekseev Vadim A.

Ufa State Petroleum Technological University
Undergraduate Student of Design and Construction
of Oil and Gas Industry Facilities Department

1, Kosmonavtov str., Ufa, 450064, Russia
alex_vadiim@mail.ru

A Sultanmdige®edov

Ufa State Petroleum Technological University
Senior Lecturer of Design and Construction of Oil
and Gas Industry Facilities Department

1, Kosmonavtov str., Ufa, 450064, Russia
tsultanmaga@gmail.com

A Sultanmagomedov Sultant
Doctor of Engineering Sciences, Associated

Professor

Ufa State Petroleum Technological University
Professor of Design and Construction of Oil

and Gas Industry Facilities Department

1, Kosmonavtov str., Ufa, 450064, Russia
ftt2010@mail.ru

600905 YWOF03.2024 q QEI3EYq b F 690 daq 14632084 ¢ ¥ /oy HH b EE -2

The article was submitted 01.03.2024, approved after reviewing 14.03.2024, accepted for publication 15.03.2024.

[ 2 (148) A2024

- e

cofa v


http://yraxmat@bk.ru/
mailto:alex_vadiim@mail.ru
http://yraxmat@bk.ru/
mailto:ftt65@mail.ru
http://yraxmat@bk.ru/
mailto:alex_vadiim@mail.ru
http://yraxmat@bk.ru/
mailto:ftt65@mail.ru

t ho t m t o]
L =

-

H_mec

Sy vt

c, Y =

t ~
<

Construction and Operation of O|I and Gas Pipelines, Depots and Storages

ndog@quodgoqk,
ISSN 1998-8443 (print)

6o0dfosoieyY Y

‘o c ho

95qFbds o 2B EFgg 41¥8). ). 18391849 q 6 d 2 o b

Problems of Gathering, Treatment and Transportation of Oil and Oil Products. 2024. Issue 2 (148). t. 123-134.

ISSN 1998-8443 (print)

yEesmBEscy
O B32.517.4:004.925
doi: 10.17122/ntj-0il-2024-2-123-134

60
A A Gap

EEO¢LOE

Aaqedqy YYOBaok3a¥mE(QYDY(

Ar EpEos

1] EA
aGipe 0

0E]
DAV

~2.

D&

EDN: KBQJCW

6 6 YOO O
LQ'Y'PO

(@]

60

On 94
S’o

Jadj a3y aesgd¥h
pacakls3 3o YeesVeyo ADQdqidyYs tqdqbsod

ddYy OpYosdYqdYs 6qqBiEedqobYQqoYbE LYRqiIdeREy

EFQYo Abqany@mprs
L234567Hhypgbde Yy
Ylis-prepod@mail.ru
%kasatkin.tolik@bk.ru
%ya.yakupov-azamat@yandex.ru
“cherentsovda@tyuiu.ru
°yd_zemenkov@mail.ru
®chizel76@yandex.ru
"ivanovva@tyuiu.ru

Alsod,Igqoadsadqbbgy
cherentsovda@tyuiu.ru

AbbooEANBaYsr ©do3 gEd
3YY 3 J¥Yedgdoy @e©Epngdq
cdgdeoaoRgqbYY o daj)qds
>FEr 230} 0 JEONDEp Xy de-
3qddg, JorbYeEr¥y) Yq e4d°
3Y8dQ30y eFpnqgqdq, deodo
RyQeoy Y jEroog¢dErboy
doqdqy. hFe, 6gdqge o dF-
gYaecbogq dodsoyb¥q 3 3Y
7dajqdasdaysecdy fE pqgbe
sdqEQY3Yobbge pnqoo(Ece.

YbdoadsdYFaecbgy

abY3dqddyYsqo,

VE odbodq dEf dFE¢o sk
dgloy eEonqdg 3 ANSYS |
dqd¥y 3>Ydaoagbbge yedecaqd
bo Ja¥Yyby¥Yq dEfaYabge Ye
3Yba J3gbodE RY(deoy Y ijj
aq3odododbgce dngdqy . q-
bYgf bQYbEpnyYeasa 3IgbodE R
i Ef oo oeE+rglE¥s ocovEE4
eoy oaFrg, 3 909 3dgpy ¥
i Efrodoy @aFE+rg DORDBDO eq:
doEs¥Ydsas¥Ya>qdeoy bqf bE3Y

E Osaa¥Yeosd A. Y.

aoo@dYbt&daqhdogdda®rsdIPgA. O.

EYRqJI Ap2H24 6.

0.,

byonqb

OBEYedYyec KHEdgqdyYs tqdqbsod,

O3 EEB

2 (148)

A242 0



http://dx.doi.org/10.17122/ngdelo
mailto:1lis-prepod@mail.ru
mailto:2kasatkin.tolik@bk.ru
mailto:cherentsovda@tyuiu.ru
mailto:yd_zemenkov@mail.ru
mailto:chizel76@yandex.ru
mailto:ivanovva@tyuiu.ru
mailto:cherentsovda@tyuiu.ru

ho* ~ a. m*oh®g3s c¢cor- oto them<coht™ e

Prablems of éathering, Treatment and Transbortation“of_oil ana Oil Products

ndY YddoqQo3IEbBbYY wo EgeoabqbE dosEFoaYdsYs
Joy eFEpnpqdg bEYonpgbegYy Y dgqjdqddyYobbgy EbEFEad-
c6dY odoEbodeq Jeo(boijo aqbbojo pbpodqa¥YdoIEDbYUy.-
JaqdeE eEoqdg (goaqq f sqde¥Yq a2dE3IbgbYy (qayagq
Loeboeqb¥Ygq H/ D oeE+gdE-« bodE evEeqaecbhoy RY(Jeods
bYq, -OhE®2d pbpobosobbo dg. t FRdB Ydqa Y YDE (Qqvd
93gqayY3qby¥YY cFdEpqgqosdE ok JgdqbE fbE3YDOdoe evOoye
doa¥ ©c02090vE Y doososboayy ayy. no dogroaaGcoF9sED 0
JEr)y Yedy 3 ecFosdogeFe, Jodedo¥Yfr 3o(QYopodoa, Eqr
d3vydgqoeqaecdsasdaxys o9 900D, 3g3oQq o9 ed¥YjoQbodoay¥Y dFE
i Efrodoy eoBfrg 3o Jeoqyu ay dEdz>gs23.
RY(Qeodsos¥Y o8d3qavYyvHBago dp
boop eFosdoageq oevErgIEQs

Oarvaqdgq Jdvaeoddgf:Fy eEonqdE, ANGYSs FLWENTJo Js w0s-
eobqgbdEasbge npgdsodoRgbyYy

Oay 3Y9YdO3IEB¥YI A. Y., aoesgd®h, ELtqdqhsoNemw®d.oIA.A.
eod.0., EYRqJIdeFy 6. 6., O3IEBOI E. A. t¥Ydagbbog po2dqa
2ddFErbowjaBdododo(dbge doqdagy /¥ InWeoddandgooyg edBEmoaddZa, 60 (j
sdqEbdecodoasE bgeasy¥Y Y 2024 &g g (148) o 4281;H. http://doi.10.17122/ntj-oil-
2024-2-123-134. EDN: KBQJCW.

Original article

NUMERICAL MODELING OF THE SEPARATION OF LIQUID
AND GASEOUS PHASES OF HYDROCARBON MIXTURES
IN A VORTEX CHAMBER

Alexey M. Kulikov', Vladimir S. Butyrin®, Azamat U. Yakupov®, Dmitriy A. Cherentsov*,
Yuri D. Zemenkov®, Elena L. Chizhevskaya®, Vadim A. Ivanov’

123,456 Industrial University of Tyumen, Tyumen, Russia

1Iis-prepod@mail.ru

*kasatkin.tolik@bk.ru

%ya.yakupov-azamat@yandex.ru

4cherentsovda@tyuiu.ru

5yd_zemenkov@mail.ru

®chizel76@yandex.ru

" ivanovva@tyuiu.ru

Corresponding author: Dmitriy A. Cherentsov, cherentsovda@tyuiu.ru

124 [ 2 (148) A2024



http://dx.doi.org/10.17122/ngdelo
mailto:1lis-prepod@mail.ru
mailto:2kasatkin.tolik@bk.ru
mailto:cherentsovda@tyuiu.ru
mailto:yd_zemenkov@mail.ru
mailto:chizel76@yandex.ru
mailto:%20ivanovva@tyuiu.ru
mailto:cherentsovda@tyuiu.ru

t ho t TUEm t o
. E

-

*

'H_mc’“x”"t”’e Y e

< . <

Construc}ion and Operation of Oil and Gas Pipelines, Depots*and Storages

Abstract. Analysis of the separation pro-
cess in a vortex chamber is based on the as-
sumption of phase equilibrium existence in the
system. Dynamic processes occurring while
phases moving in a vortex chamber contribute
to the separation of the liquid and gaseous
phases of hydrocarbon mixtures. Thus, the
transition of the fluid to a metastable state in the
vortex chamber will occur in less time than us-
ing the traditional methods.

Based on the developed model of a vor-
tex chamber in ANSYS FLUENT a series of
numerical experiments were carried out. The
influence of various parameters on the amount
of removal of liquid and gaseous phases of hy-
drocarbon mixtures was determined. Indicators
of the properties of the liquid phase have the
greatest impact on the dynamics of the removal
of liquid with gas, while the characteristics of the
gas phase can be neglected due to their statis-
tical insignificance.

When studying the design of a vortex
chamber, the smallest removal is observed

when the inlet pipe is installed further from the
top of the chamber (more recessed into the
flow). The H/D ratio has less influence, but the
offset decreases monotonically as the H/D pa-
rameter increases. The influence of the flow
rate and the ratio of phases formed in the noz-
zles on the amount of carryover indicates that
with an increase in the gas phase in the incom-
ing flow, the removal of liquid increases. The
inlet rate has a less influence.

Statistical processing and regression
analysis of the results of numerical modeling
were carried out. Empirical equations for calcu-
lating the amount of droplet liquid removal from
the vortex chamber are obtained. The disper-
sion value was calculated and the significance
of the regression coefficients was checked.
Based on the results of assessing homogeneity,
reproducibility, and adequacy, a conclusion was
made about the suitability of the developed
model for calculations.

Keywords: vortex chamber, ANSYS FLUENT, treatment of full well stream from gas-condensate

field
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Figure 1. The effect of phase densities on the amount of liquid removal
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Figure 2. The effect of phase viscosities on the amount of liquid removal
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Table 1. Values of factors in the characteristic equation (10)
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Table 2. Values of factors in the characteristic equation (11)
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Table 3. Result of processing the experimental results

o o~

\ g q & YA
0,0006 0,00136 2,25 0,0054
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Table 4. Results of regression analysis of the experiment

g q & YA
0,0006 0,00125 2,08 0,0054
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Abstract. Laboratory experiments were
carried out to study the non-stationary and non-
equilibrium flow regimes of some paraffinic and
high paraffinic crude oils of the Timan-Pechora
Basin in a rotational viscometer. The presence

of thixotropic properties (shear thinnig and hys-
teresis loops on the flow curves) is shown. The
threshold character of the dependence of the
area of the hysteresis loop on the oil tempera
ture is demonstrated. Experiments have shown
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that under certain conditions on the flow curves
of the studied oils, there are areas of a de-
crease in shear stress with an increase in shear
rat e, similar to areasc
viscosity (SAV) in plastic lubricants. The shape
and size of these areas, i.e. the intensity of the
gsuperanomalitye ma n ief
pends on the experiment conditions and are
poorly reproducible from experiment to experi-
ment. In experiments, the SAV phenomenon at
temperatures below the gelation temperature
was always observed when the sample of paraf-
finic oil was at rest for a sufficiently long time
before deformation. If, however, it was in the
gap between the viscometer cylinders after the

end of the next measurement cycle for a short
time (no more than a few minutes), then at the
next cycle of recording the flow curve, the SAV
phenomenon can be practically imperceptible,
although the hysteresis remains. Experiments
show that if a sample of high paraffinic oil is de-
formed at a constant low shear rate, i.e. con-
stant angular velocity of rotation of the device
cylinder, and a temperature below the tempera-
ture of gelation, then on the falling curve of the
dependence of shear s
thinninge), oscillatiee
riod equal to the period of rotation of the vis-
cometer cylinder can be observed.

‘o c ho

Keywords: high paraffinic crude oil, rotational viscometer, structured disperse systems,
thixotropy, super anomalous viscosity
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Figure 1. Graph of tangential shear stress versus time for oil from the Kyrtael field under intermittent
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Figure 10. QOil flow curves of the Kyrtael field with several areas of non-monotonicity
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Abstract. The article discusses the issues draulic calculation of the pipeline, determining

of improving the accuracy and efficiency of ini-
tial data preparation, as well as carrying out
technical calculations when planning the route
of field trunk pipelines (FTP) by automating the
solution of tasks for: choosing the pipeline route

the locations of pumping stations on the route
and their operating modes. The results of the
research carried out on the development of a
software module for hydraulic calculation of field
trunk pipelines for special software of the auto-

according to a topographic map, constructing mated contr ol system o
the profile of the pipeline route, conducting hy- presented.
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Figure 1. Pumping unit anchor (general view)
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31 gyrocourse indicator of the course system;

47 automated device control panel for pumping unit location on the field trunk pipelines;
57 courseplanner

1 Ydobd# o020 qoIFEDbYq e6dYIyr3aYel bEdodbge dosEbs

Figure 2. Pumping unit anchor equipment
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Figure 3.The use of MDC 14C8004 to determine the coordinates of the position and elevation
of the pipeline route in the diiSa mtfieam pofl ¢Teasiegamil
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c6dqYyosayYy d 3qacy dFf dF¢ oo RggYydHEaoreiboe 9) , Yde o QE
podeaay deq3YFaeboj o eqdof GHEEPPYVd Yeoldqdosd Fddg o@2doagoedo.
aqb¥Yy (ynl) ¥YfrqQqqa¥Yy A)gboed,109nFavkdeeo Qbgq JqEWBgq 60
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CrnpaBoYHUK Tpy6

Tpy6a HauveHoBaHune: NMTN-150
BHYTpeHHAA WepoxoBaTocTb: |@,035800 MM <
Hosas Tpy6a (3) Paboyee paeneHue: 6,0 MMa <
H:%H’}gg HapyxHbin gnameTp: 152,0 mm ¢
BHYTpeHHMIA AnamMeTp: 145,6 mm <
BcraBrka-nosywrka 6e3 noTka 9,32
YroneHuk 90° 0,67
YronpHuk 45° 0,34
Tpoinuk. (Npn HanpaeneHnu noroka npAMo) 9,2

Tpoinnk (npu noeopoTe noToka) 2,0
MNepexooHuk c BonbWero Ha MeHbWWA AWaMeTp 9,2
lNepexooHuk c MeHbwero Ha Bonbwwin AnameTp 9,1
3aABNXKA OTKPLITAs MONHOCTbLH 0,1
3a4BuMKa, OTKpbiTas Ha @,5 agvameTrpa ceyeHus 1,2
3afBuxka, OTKpbiTaa Ha @,25 guamerpa cedeHus 8,8
O6paTHbIil KnanaH 9,5
BcTagrka ¢ ceTkon 3,8
3alBMXKA, OTKpLITAA Ha @,75 guaMeTpa ceueHWa 0,2

t Ydobjwebd. dedqFEIozbYeE os9doagoedododod

Figure 4. Window of pipeline directory

CnpaBoYHUK NPOAYKTOB NEPEKAUKU

cv: -4, 8 *1e/-T7;
dv: 6,10 *¥10/-5;
ev: -8, 7 ¥101-3;
fu: -5, 0 *10/0;

CtTrEem oC HanmeHoBaHWe npogykTaTC-1
HoBoi MDOIVKT TemnepaTypa: 28 °C <
fnoztoct: BN
KnHemaTwueckasa BA3kodl, 3400 cCt <
Eggg”zg_isc %g KozdduumeHTol annpokcyav: @,0C *1870; <
Fona P 0 bv: 0,00 *1870; O

1t YdobjebdbecdqFEIozsmyvyBegodelZaeY

Figure 5. Window of transfer products directory
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CnpaBquwx noAnopHBIX HacocoB x

CpeacTso nepekauku Mapka HacocHOTO arperaTa (\JCTaHOBKMW): Nncr-16e .

Hosoe cpenctso meperauru (3) MowHocTs npuBoAAwero geuraTens: 62,5 kBT <
- 3anac no mowHoctu (oT 18 mo 20 %): 15 % &
I YacToTa Bpauenna sana aswraTens, He Gonee: |1900 o6/MuH <
YacToTa BpauleHua Bana Hacoca, He Gonee: 2908 ob6/mMnH <

KosdduumeHT nonesHoro neidcTeuA peaykTopa: |95 %
KospduuneHTsl annpokcuMaunn Q-H xapakTepucTuk Hacoca

aH: -3,000 M/(m3/4)3 O *¥101-5; CbH: 5,700 u/(M3/u)2 T *107-4; <
cH: -9,300 m/(M3/u) T *¥107-2; C dH: 184,730 m C *10870; <
KosddnumeHTol annpokcumaunn Q-n xapakTepucTuk Hacoca
an: -1,300 %/(n3/4)3 C *107-5; Sbn: -3,338 %/(mM3/u)2 C ®107-3; g
en: 1,073 %/(mM3/4) $ *1010; Cdn: 2,428 %(m) < *1070; <
KosdduumeHTsl annpokcyMauuy UacTOT BpaweHus Bana gBMraTend
aN: -6,680 kBt/(Mun-1C *¥104-6; CBN: 5,248 kBt/(Mun-1)T *104-2; z
cN: -12,990 kBT C *1018; c

t Ydabjeb®d. dedqEFEIozxbYeF ddqQdesd dor QEbBbYYy e692(dse

Figure 6. Window of directory of means of creating a backup

CnpaBOYHWK Marucrpa/bHbiX HACOCOB

CpencTso nepekaqku Mapka HacocHoro arperaTa (yCTaHoOBKW): NHY-100/200K
MakcumanoHoe konWyecTBO nogrnwuaemMelx Ha HC: 2 wr 3
Has?ie;%g;;m nepekaurn (3) MowHocTb nNpueogsAwWero ABWCaTend: 125 kBT 3
3anac no mowHocTu (oT 10 no 20 %): 10 % <
YacToTa BpaweHws Bana ABuraTena, He Bonee: 1780 o6/mMuH S
YacToTa BpalweHws Bana Hacoca, He Donee: 4330 06/MuH >
MuHMManeHOe gaBneHWe Ha Bxo4e, He MeHee: 8,100 MMa 3
MakcuManeHoe OaeneHWe Ha Bxode, He Oonee: 3,000 MMa 3
MakcuManoHoe gaeneHWe Ha Bolxode, He bBonee: 4,088 MMa >
KosddnumeHT nonesHoro AeACTBMA peaykTopa: 96 % <

KosdduuymeHTol annpokcumayun Q-H xapakTepucTurk Hacoca
aH: 08,00 m/(M3/4)3 T *¥10"0; CDbH: -5,43 m/(mM3/u)il *¥10/4-3; 3
cH: 8,48 m/(m3/u) T *107@; CdH: 299,37 m C *¥19/0; <

KosddrumeHTol annpokcuMaumn Q-n xapakTepUCTUK Hacoca
an: 0,000 %/(M3/4):C *1870; Thbn: -3,320 %/(M3/4.C *¥10/°-3; <
cn: 08,929 %/(m3/4) & *10°0; Zdn: 2,779 %(wm) < *¥1070; <

KosdpdUUMEHTbl annpokcHMauWKW YacTOT BPaWeHWa Bana AEWCATEns
aN: -4,82 kBt/(mMun-C ¥107-5; CbN: 28,39 kBt/(Mun-C *¥107-2; 2
cN: -81,87 kBt C *10709; <

t Ydobdebd. dedEIosbYel ddqQdsd dor QEbYYy bEe2

Figure 7. Window of the directory of pressure creation tools

1 Ydobleb®t EdozxFEy eEdoEe

Figure8. Wi ndow c¢cWar#éng
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