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A. A. Ilymunuyes, A. B. 3yiikoe

PI'Y nedtn u raza (HUY) umenu U. M. ['yOkuna

putinczew2012@yandex.ru

KomiuiekcHbIe MeTOIbI MOBBINIEHUS PEKYNEPANNH TeIJIa HA YCTAHOBKAX

aTMoc(epHO-BaAKYYMHOMH IEPErOHKHU He(pTH

B pabome npedcmaenen 6cecmoporuuil AHAAU3 COBPEMEHHBIX U NEPCHEKMUBHBIX TNEXHOL02UL NOBGLIUUECHUS

Ccmenenu pekynepayuu menia Ha YCmaHoeKax ammoc@eprHo-6aKyyMHOU Nepe2onKu Hegpmu. JlemanbHo paccmompervl
npuHyunsl oeticmeus, obracmu 3HHeKmusHo20 NPUMEHEHUS, 0PAHUYECHUSL, MEXHUKO-IKOHOMUYECKUE NOKA3AMeNU U
npobiemvl BHeOPeHUsL CAOVIOWUX MeMO008: 2TYOOKAs ONMUMUZAYUSL MENT00OMEHHbIX cemell Ha 0CHOBe NUHY-
aHanu3da, nPUMeHeHUue KOHOeHCamopo8-ucnapumenei 8 peKmu@UKAyUOHHbIX KOJOHHAX, YMUAU3AYUsL Menid
OMX00AWUX ObLMOBLIX 2A308 Neyell, UHmMmezpayus Mmenio8blX HACOCO8 PA3IULHBIX MUNO8 U UCHOIb308AHUE MENT0BbIX
akkymyasmopos. Ocoboe Humanue yoeneno Cunepeemuieckomy sQgexmy om Komburnayuu

Memo0oo08 U HeoOX0OUMOCMU CUCMEMHO20 HO0X00d NPU NPOEKMUPOBSAHUL U MOOEPHUZAYUU YCIMAHOBOK
ammocgepno-eaxyymHou nepe2onxu Hepmu. Ilpusedennvl pacueminvie OYeHKU NOMEHYUALA IHEP2OCOEPEICEHU

U dKOHOMUHECKOU 3P PexmusHocmu.

KiioueBble cj10Ba: yCTaHOBKA aTMOC(EPHO-BAKyyYMHOM MIEPErOHKH HEDTH, PeKyTiepalus Tea,
sHeprodGHeKTHBHOCTD, MHHY-aHAN3, TEIIIO0OMEHHAS CETh, YTIIIM3AITUS THIMOBBIX T'a30B, TEILIOBOW HACOC,
HU3KOITOTEHI[MAJIBHOE TEILIO.
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A. A. Putinstev, A. V. Zuykov.

Gubkin University

Comprehensive Methods for Enhancing Heat Recovery

in Crude Oil Atmospheric-Vacuum Distillation Units

This article presents a comprehensive analysis of modern and emerging technologies for improving the degree of heat
recovery in atmospheric-vacuum distillation units. It details the operating principles, effective application areas,
limitations, techno-economic indicators, and implementation challenges of the following methods: comprehensive
optimization of Heat Exchanger Networks based on pinch analysis, application of condenser-evaporators in
fractionation columns, utilization of waste heat from furnace flue gases, integration of various types of heat pumps,
and the use of thermal energy storage systems. Particular attention is paid to the synergistic effects of combining
methods and the necessity of a systems approach in designing and modernizing atmospheric-vacuum distillation units.
Calculated estimates of energy-saving potential and economic efficiency are provided.

Key words: atmospheric-vacuum distillation unit, heat recovery, energy efficiency, pinch analysis,

heat exchanger network, flue gas heat recovery, low-grade heat.

/. P. Kanaywun, A. B. Ocmpoyxos, b. Il. Tymanan
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danya.kalaushin@mail.ru



IpuMeHeHHEe KOHUENIIUH KYMHOTO 3aBOIa» /Il JOCTHKEHHSI ONTHMAJIbHOI NMepepadoTKu

Cs-ppakuuii ¢ yCTAHOBOK KATAJIMTHYECKOI0 KPEeKUHIa

B pabome npeocmasnen cucmemmblil GHAIU3 POaU U NPAKMULECKO20 NPUMEHEHUS. COBPEMEHHBIX CUCTEM
ynpagnenus — om 6a306020 ypoeus (IIH/]-pecynuposanue) 0o unmenrexmyanvHolx pewenuil (Advance Process
Control, Real-Time Optimization, yugposvie 060lUHUKU) — 6 OOCMUNCEHUU ONMUMATILHOU PAOOMbL YCMAHOBOK NO
nepepabomre C4-¢ppaxyuii. [loxazano, ymo KirouegublM Haxmopom dhhexmusHocmu A6IAemcst He MOAbKO 6b100p
MEXHONIO2UU, HO U CNOCOOHOCHb CUCEMbL YPABGIEHUS A0ANMUPOBAMbCSL K USMEHYUBOMY COCMABY CbIPbS,
KOMREHCUPO8amy BO3HUKAIOUjUE BO3MYUEHUsL U 06eCneuusams mo4Hoe coOI00eHUe ONMUMATLHBIX PEHCUMHBIX
napamempos 6 peanvHom gpemeru. Q60CHOBbIBACMCS HEOOXO0OUMOCTb NEPEX00d OM JOKAIbHO20 CIAOUIUIUPYIOULe20
VAPABNEHUsL K UHMESPUPOBAHHBIM AOANMUBHBIM CUCMEMAM, CHOCOOHBIM PEalu306amb KOHYENYUIO «YMHO20 3A600ay.
KiwueBbie cnoBa: Cs-(hpakius, KaTATHTHYECKUIA KPEKHHT, OyTaH-OyTHUIIeHOBAast (PaKIUs, CHCTEMBI YIIPABICHUS,
Advance Process Control, Real-Time Optimization, ontumusarus, nudpoBoii ABoiHNK, HedTenepepaboTKa.

DOI: 10.32935/0023-1169-2026-653-1-8-13

D. R. Kalaushin, A. V. Ostroukhov, B. P. Tumanyan.

Gubkin University

Some Features of Optimal Processing Cs-Fractions

from Catalyting Cracking Units in Terms of Application the “Smart Plant” Concept

The article provides a systematic analysis of the role and practical application of modern control systems — from the
basic level (PID regulation) to smart solutions (Advance Process Control (APC), Real-Time Optimization (RTO),
digital twins) — in achieving optimal operation of Cs-fraction processing plants. It is shown that the key factor of
efficiency is not only the choice of technology, but also the ability of the control system to adapt to the changing
composition of feed, compensate for emerging disturbances and ensure accurate compliance with optimal operating
parameters in real time. The necessity of transition from local stabilizing control to integrated adaptive systems
capable of realizing the concept of a ""smart refinery".

Key words: C4-fraction, catalytic cracking, butane-butylene fraction, management systems,

Advance Process Control, Real-Time Optimization, optimization, digital twins, refinery.

U. P. Bezupoes, Y. P. Bezupoes, 3. I. Tenawes, P. P. Be3upos, P. H. Canaxos

Y dumcknii rocy 1apcTBeHHBINH HEPTAHONW TEXHUYECKUH YHUBEPCHTET,

ivezirov@yandex.ru

IlepcnieKTHBHBIE KOHCTPYKIMM CTPYHHBIX allIapaTOB BAKYYMCO31AI0LIUX CUCTEM

B cmamuve paccmompen cospemennbulii yposeHb pa3gumus 2a306biX U H#HUOKOCMHbIX CMPYUHbIX annapamos. Ilokasana
NPUHYUNUATILHASL CXeMAd COBPEMEHHO20 MHO20CONI08020 NAP0B020 cmpyliHoeo annapama. Ob6ocHo8a b,
IKOHOMUHECKAS YenecO0OPA3ZHOCIb U CPOK OKYRAEMOCMU COBPEMEHHBIX NAPOBLIX 8AKYYMCO30AIOUUX CUCTIEM,
UCTIONIL3VIOWUX NAP HU3K020 0asieHUs 6 Kayecmee paboueti cpedvl. Onucana cxema HCUOKOCMHO20 CIMPYUHO20
annapama yco8epuieHCme08aHHON KORCMPYKYuu, obecneuusarouieli Mernvilee cuOpOOUHAMULECKOe CONPOmuUsieHue U

CHUDICEHUEe DHEP203ampam, a Maxice POPCYHKU ¢ YEHMPOOEICHIM PACNBLIOM 643KO0U paboueli scuoxkocmu. [oxazana



HeobX00UMOCMb NPUMEHEHUS GHYMPEHHUX 6CMPAUBAEMbIX (DULLIMPYIOWUX JNEMEHMO8 8 CIPYUHbIX annapamax,
NOKA3aHa uUx Haubojiee HA0eHCHAs KOHCMPYKYUAL.
KuroueBble ¢j10Ba: BAKyyMCO3/JAI0IIasi CUCTEMA, CTPYIHBIN alapar, HaChIIEHHbIN IIap HU3KOTO JaBJICHUS,

Bs3Kas pa60qa;1 KHUIKOCTD, I.IeHTpO66)KHBII>i pacibll, 3aluTa OT BanHSHCHHﬁ.
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I. R. Vezirov, U. R. Vezirov, E. G. Telyashev, R. R. Vezirov, R. N. Salahov.

Ufa State Petroleum Technical University

Promising Designs of Jet Devices for Vacuum-Creating Systems

The article considers the current level of development of gas and liquid jet devices. A schematic diagram of a modern
multi-layer steam jet apparatus is shown. The economic feasibility and payback period of modern steam
vacuum-generating systems using low-pressure steam as a working medium are substantiated. The scheme of a liquid
jet device of an improved design, providing lower hydrodynamic resistance and reduced energy consumption, as well
as nozzles with a centrifugal spray of viscous working fluid, is described. The necessity of using internal embedded
filter elements in inkjet devices is proved, and their most reliable design is shown.

Key words: vacuum-generating system, jet unit, saturated low-pressure steam, viscous working fluid,

centrifugal spray, protection against contamination.

B. A. Bazapun, B. B. Ilagnenko, H. H. Kucaenko

00O «T"a3npoM NPOEKTUPOBAHUEY
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MexaHu3m pacueTa MEMOPAHHOTO ra3opasie/ieHus JJisl MPOEeKTHPOBAHUSA

M IKCILTYaTAIlNA MeMOPaHHBIX YCTAHOBOK

B nacmosuyee spems gvisenenvi HanpasgneHus UCNOIb308AHUL MEMOPAHHOU MEXHOA02UY 01 U3GTIEYEHUSs YeNeEblX
KOMNOHEHMO8 NPUpPOOHO20 2d3d, 8 MOM YucCe, 2elusl, OUOKCUOA Yeaepood, 8000p00d, ceposodopood u op.
CosmecmHto ¢ npoUALHLIMU UHCIMUMYMAMU U KOMIAHUAMU NPOBOOSINCS UCCIe006aHUS, HANPAGIeHHble HA
CHUDICEHUE COOEPHCAHUS A30ma 6 oObleaeMom 2aze. Pazpabomka npoexkmog ykazanHvix YCMAanoBoK, a makice
HAX0O0AUWUXCSA HA CIAOUL UCCTE)08AHUL HEBO3MONCHA De3 CO30AHUSL MAMEMAMUYECKO20 annapama 01s paspadomiu
CXeMHbIX peuleHUli U pacyema MamepuaibHO-KOMINOHEHMHBIX OANAHCO8 N0 6Cell MeXHOI02U1eCcKol yenouke. B dannoii
pabome Ha npumepe cO30aHUA YCMAHOBKU MEMOPAHHO20 8blOeNeHUs 2e1Ue8020 KOHYEHMPAma NOKA3AHbl OCHOBHbIE
NPUHYUNBL PA3PAOOMKU MAMEMAMUYECKOU MOOEU, UCNONb3YeMOl KK Ha CMaou NPOeKMupo8anus, max u
MOHUMOPUHEA paDOMbl MEMOPAHHBIX 2A30PA30eNUMENbHBIX YCIMAHOBOK.

KiroueBble ciioBa: membpansl, 2azopasoenenue, MamemMamuieckas Mo0elb, OHUCMKA NPUPOOHO20 2d3a,

ycmaHoeKka M€M6paHH020 gblOeNeHUsl 2eNUe6020 KOHYeHnmpama, yCmaHoBKa O4YUCnmiKu 2casa om ouokcuoa yeﬂepoda.

DOI: 10.32935/0023-1169-2026-653-1-19-23

V. A. Vagarin, V. V. Pavlenko, N. N. Kislenko.

Gazprom Proektirovanie LLC



Calculation Mechanism for Membrane Gas Separation

for the Design and Operation of Membrane Plants

Currently, areas of membrane technology use have been identified for extracting such target components of natural
gas as helium, carbon dioxide, hydrogen, hydrogen sulfide, etc. Research aimed at reducing the nitrogen content in
the produced gas is being conducted jointly with specialized institutes and companies. The development of projects for
these units, as well as those at the research stage, is impossible without creating a mathematical apparatus for
developing circuit solutions and calculating material-component balances (MCB) along the entire process chain. In
this article, using the example of the creation of the UMVGK, the main principles of developing a mathematical model
used both at the design stage and in monitoring the operation of membrane gas separation units are shown.

Key words: membranes, gas separation, mathematical model, natural gas purification,

membrane helium concentrate separation unit, carbon dioxide gas purification unit.

B. U. Jlemupoé*, E. M. Busicanxoé?, C. H. Bonzun?, B. A. Mumsazun?

Ynpasnenne paketHoro Tormea u roprouero JlenapramMmenTa pecypcHoro obecreuenus Muno6oponsl Poccun,
2 DAY «25 TocHUU xummoTonorun Muno6oporsr Poccum

25gosniithim@mil.ru

MoaupuuupoBaHHbIH MeTO/I OLIEHKH BbICOKOTEMIIEPATYPHOH CTa0MJIBHOCTH OXJIAMKAAI0LIMX
HU3K03aMep3a0LIuX KHIKOCTei

Paspaboman memoo ucnvimanus 0XnaxncOAOUUX HUSKOZAMEPIAIOUUX HCUOKOCTELL C YelbI0 OnpedeieHus
cmabunvrocmu 8 ycnosusax evicoxkux (0o 150°C) memnepamyp. [lo pesyrvmamam ucnvlimaruli mogapHsix
0XAACOAIOWUX HUZKOZAMEP3AIOWUX HCUOKOCTE YCIMAHOBLEHO, YO Heop2aHuiecKue UHUOUmMopsl KOppo3uu
Xapakmepusyomcs HU3Kol uzuieckoll cmaduIbHOCMbIO 8 OMAUYUE OM OP2AHULECKUX UHSUOUMOPO8 KOPPO3UlU HA
0CHOGe cozell WeN0YHbIX MeMmanilos KapooHO8bIX (OUKAPOOHOBLIX) KUCTIOM.

KioueBble cl10Ba: OXJIKAAIONIAS HU3KO3aMeP3arolasl )KHJIKOCTh, BRICOKOTEMIIeEpaTypHas cTaOWIbHOCTB,

WHTUOUTOPBI KOPPO3HH, TUKApOOHOBAsI KUCIIOTA.

DOI: 10.32935/0023-1169-2026-653-1-24-27

V. 1. Demirov}, E. M. Vizhankov?, S. N. Volgin?, V. A. Mityagin?.

! Department of Rocket Fuel and Fuel of Resource Support, Ministry of Defence of the Russian Federation,

2 Federal Autonomous Enterprise "The 25th State Research Institute of Chemmotology, Ministry of Defence of the
Russian Federation™

Modified Method for Assessing the High-Temperature Stability of Low-Freezing Coolants

A test method for low-freezing coolants has been developed to determine their stability at high temperatures (up to
150°C). Testing of commercial low-freezing coolants revealed that inorganic corrosion inhibitors are characterized by
low physical stability, unlike organic corrosion inhibitors based on alkali metal salts of carboxylic (dicarboxylic) acids.

Key words: low-freezing coolant, high-temperature stability, corrosion inhibitors, dicarboxylic acid.
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MucruryT npobnem HedTH U raza Poccuiickoil akageMuy Hayk,

2PoccuiicKuii YHUBEPCHTET APy kOBl HapoaoB MMeHH Ilarpuca JIymyMOEI,

SPI'Y nedru v raza (HUY) umenu U. M. I'yOkuna,

*Poccuiickuii ToCy1apCTBEHHBIN I€0I0ropa3Be04HbIi yHuBepcuTeT nMeHn Cepro OpIKOHUKUI3E
klimov_ds@ipng.ru

AHaJau3 IPOU3BOACTBEHHBIX 3aTPaT TexHoJorui ynasiauBanus CO2 Ha 00bEKTAX MPOMBIIIJIEHHOTO H
IHEPIreTHYECKOr0 KOMILIEKca

TlepcnekmugHvim Hanpasnenuem MUHUMUIAYUU Y2AePOOHO20 Clledd npedcmasisaemcs ONMmumMu3ayus
IKCNILYAMAYUOHHBIX XAPAKMEPUCUK NPOMBIULIEHHBIX U IHEP2EMUUECKUX 00beKMOo8 NapalelibHo ¢ 6HeOpeHUeM
nepeoosbix MEXHOI02UN CEKBECPAayUU U YMUIU3ayuu OUoKcuoa yenepooa. B pamxax oannoeo ucciedosanus ocoboe
BHUMAHUE YOeNeHO AHANU3) COBPEMEHHBIX MEMOO08 U MEXHON02UYECKUX peuleHUll HO 0eKapOoOHU3ayuy 8 KOHmMeKcme
NOO03eMHO20 XPAHEHUS UNU HOO3EMHOU 3aKAYKU Y2NeKUCI020 2434 015 NPUMEHEHUsI 80002A308bIX MEMO008 YEeIuieHUs
Hegpmeomoauu. Paccmampusaromes oeticmgyoujue u nepcnekmugtbie cnocoowbl y1asiusanus yenepood,
CPABHUBAIOMCS UX MEXHONI02UYECKUe 0OCOOCHHOCTNU, NPeuMyecmed U He0oCmamxu. /lan ananus npou3eo0CmeeHHbIX
sampam Ha yrasnusanue u npedomspawjerue eblopocog CO2 u 0bIMOBbIX 2308 8 PA3IUYHBIX OMPACIAX
NPOMBIULIEHHOCTNU U HA 0OBEKIMAX dHEPeemuyecko20 KOMNIEKCA: OYeHKA IKOHOMUYECKoU d¢hdhexmusrnocmu,
CMOUMOCMU, dHEPeOnOmpebienUs, 3ampam Ha MeXHOL02uYecKUe NPOYecchol.

Knroueswie cnosa: CCUS, mexnonoeuu ynasiusanusi CO2, 60002a308bie Memoobl yeeruyeHus Heghmeomoauu,
OeKkapOOHU3AYUSL NPOMBIULLIEHHBIX 8bIOPOCO8, KANUMALbHBLE 3aMPAMbl, IKCHIYAMAYUOHHBLE PACXOObL,

cebecmoumocmo yiaasiuearus.
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D. S. Klimov*?, A. N. Drozdov?®*

! Oil and Gas Research Institute Russian Academy of Sciences,

2 Peoples’ Friendship University of Russia named after Patrice Lumumba,

% Gubkin University,

* Sergo Ordzhonikidze Russian State University of Geological Prospecting

Analysis of Production Costs and Process Economics

for CO2 Capture Technologies at Industrial and Energy Facilities

A promising approach to minimizing the carbon footprint involves optimizing the operational performance of
industrial and energy facilities while simultaneously deploying advanced carbon dioxide sequestration and utilization
technologies. This study focuses on analyzing modern methods and technological solutions for decarbonization,
particularly in the context of underground storage or injection of carbon dioxide for water-alternating-gas enhanced
oil recovery. Current and prospective carbon capture techniques are examined, with a comparative assessment of
their technological features, advantages, and limitations. The study includes an analysis of production costs
associated with CO- and flue gas capture and emission mitigation across various industrial sectors and energy

facilities: evaluating economic efficiency, cost structures, energy consumption and process-related expenditures.



Key words: carbon capture utilization and storage, CO2 capture technologies, water-alternating-gas enhanced oil
recovery, industrial decarbonization, power generationa, capital expenditures, operational expenditures, CO2 capture

cost.

10. I'. bopucoesa, K. /I. 3amaxuna, P. M. Cynmanoea, /. E. byzaii, C. C. 3nomckuit
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yulianna_borisova@mail.ru

HNHruouTOphl CEPOBOIOPOAHOI KOPPO3HH HA OCHOBE AMMHOB H AMMOHHUWHBIX COJIEi, CopepKaAIINX
HHUKJI0aleTAIbHbIA ¢dparMeHT

Cunme3supogaHul 6MopuuHble U MPEeMmuyHble AMUMbL, A MAKX*Cce Yemeepmuitble AMMOHULIHbIE CONU, coOepicaujue
yukaoayemanvhsie hpazmenmol. [[na noayyeHnslx coeOuneHuli onpeoenena UH2UOUMopHas akmueHOCMs

Ha yenepooucmoti cmanu mapku Cm3 6 3%-Hom 600HOM pacmeope Xaopuda Hampus 8 CPA8HEeHUU

¢ pacnpocmpaneHubiMu 8 Hegpmezazoeotl ompacau peazenmamu «Hegpmexum HC» u «Hegpmexum 1 M».
Yemanoeneno, umo naubonvuiyro cmenens sawumol npossisiem mpemuunoii amun N-(1,3-ouoxcan-4-unmemu)-N-
eexcunnpon-2-en-1-amun (82%,), umo nenamno2o Hudxice nokazameinetl uneubumopos cpasuenus (94-98%),

U 5MO C8UOEeMENLCEYEM 0 NePCNeKMUBHOCMU OAbHellule20 NOUCKA dPPeKmUHbIX coeOUHeHUli OAHHO020 Klacca
8 Kauecmee OCHO8bl HOBbIX PedzeHmO8.

KiroueBble ¢10Ba: aMUHBI, YeTBEPTHYHBIC aMMOHUITHBIE COMIH, 1,3-TMOKCAIMKIIOAIKAHbI, KOPPO3HSI CTAIIH,
MHTHOUTOPHAS CIIOCOOHOCTD, 3alTUTHBIA 3D PeKT, K0OdIPPHUITHEHT TOPMOKCHHUS.
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Hydrogen Sulfide Corrosion Inhibitors Based on Amines

and Ammonium Salts Containing a Cycloacetal Fragment

Secondary and tertiary amines, as well as quaternary ammonium salts containing cycloacetal fragments, were
synthesized. The inhibitory activity of the resulting compounds on St3 carbon steel in a 3% aqueous sodium chloride
solution was determined, compared with the reagents «Neftekhim NS» and «Neftekhim 1M», commonly used in the oil
and gas industry. It was found that the tertiary amine N-(1,3-dioxan-4-ylmethyl)-N-hexylprop-2-en-1-amine exhibited
the highest degree of protection (82%), which is slightly lower than the performance of the reference inhibitors (94—
98%). This indicates the potential for further research into effective compounds of this class as the basis for new
reagents.

Key words: amines, quaternary ammonium salts, 1,3-dioxacycloalkanes, steel corrosion,

inhibitory ability, protective effect, inhibition coefficient.
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MocKOBCKHIi (PU3MKO-TEXHUYECKHMI MHCTUTYT, HanuonansHbIi
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Bansaue mogudukanum neI010361 HA 00pa30BaHHE THAPATA METAHA

B oannou pabome nposoounocsy cpasuenue kongepcuu u CKOpOCMU C8A3b18AHUSL 2A3A NPU POPMUPOBAHUU SUOPATIA
Memana u3 800vl, pacnpedeseHHOU N0 NHOBEPXHOCIU KAPOOKCUTUPOBAHHOU HaHoGubpuiiaprou yernonoszvl (CNC),
MOOUPuUYUPo8arHOU NOaU (2-2UOPOKCUIMULAKPUTIAMOM), ATbeUHATNOM KAAbYUsl, 3-(MPUMEMOKCUCUIUL) NPONUTL
MEMAaKkpuIamom, noaumMemuamemaxpuiamom uau nymem neumpanuzayuu H*-gopmor CNC 600HbIM pacmeopom
ammuaka. Ilonyyennvie 0anHvle NOKA3LIBAIOM, YMO MOOUPDUKAYUSL YELTIOT03bL XOMSL U CHUNCAEM YeTlesble
napamempul npoyeccad, Ho N0380Jslem aPbLUPOBAND UX 8 UUPOKOM OUANA30HE.

KirueBble cjioBa: eudpam mMemana, mamepuaibl HAd OCHO6e YEJII0J103bl, MeMAKpULIamaul, pocm 2u()pama.
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Effect of Cellulose Modification on Methane Hydrate Formation

This study compares the conversion and gas binding rate during the formation of methane hydrate from water
distributed on the surface of carboxylated nanofibrillar cellulose (CNC) modified with poly(2-hydroxyethyl acrylate),
calcium alginate, 3-(trimethoxysilyl) propyl methacrylate, polymethyl methacrylate, or by neutralizing the CNC
H*-form with an aqueous ammonia solution. The data obtained show that although cellulose modification reduces the
target parameters of the process, it allows them to be varied over a wide range.

Key words: methane hydrate, cellulose-based materials, methacrylates, hydrate growth.
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Pa3BuTHe crioco00B OLeHKH KOPPO3MOHHBIX NMPOIECCOB HA 00 LEKTAX NMEePepadoTKH raza

B cmamve paccmompeno uccredoganue cocmasa u c80UCME NPOOYKMO8 cepo80OOPOOHOU U Y2NeKUCTIOMHOU KOPPO3UU
C NOMOUWbI0 MEMOO08 PEHM2EHOBCKOU OUPpaKyuU U I1eKMPOHHOU MUKPOCKONUY OJisL OYEHKU ONACHOCMU NPOYECCOo8
sHympeHnHeti kopposuu. Onpedenenvl OMAULUS CIMPYKIMYPbL 0CA0K08 CYIbuoa dHcene3d, noayuaemslx npu
€epo8000POOHOLU KOPPO3UlU 8 B0OHOU U 2a30801 ¢hasax. IIpoanarusuposano 6osdeticmeaue cocmasa
IKCIIYAMAYUOHHBIX Cped HA 00pa308aHUe U 3aUUmHble COUCMEA CUOEPUNO8 CINEXUOMEMPULECKO20 U
HeCcmexuomMempuiecko20 cocmagos, sA8aiouuxcs npooyKmom YeaeKUCI0mHoU Kopposuu. /[ noiyuerus 0caoxkos
UCTIOIL308AHBL HOBbLE CNOCODBL KOPPOZUOHHBIX UCTBIMAHUY, UMUMUPYIOWUE YCI08U IKCHAYAMAYUL Ha 00beKmax
nepepabomxku 2aza. Ilpusedenvt npumepsbl UCHONLIOBAHUS XAPAKMEPUCMUK KPUCATIUYECKOU CIMPYKMY Dbl
cuoepumog no pe3yibmamam 0o6padomKy U aHaIU3a Pe3yibmanmos 3amMepos MemoooM PeHmeeHOBCKOU Ouppaxyuu

ons onpedeﬂeﬁuﬂ cmenenu onacHocmu 10KaibHOU Koppo3uu Ha cmaiiu.



KuaroueBrble c10Ba: cepoBOOPOAHAS KOPPO3US, YIIEKUCIOTHAs KOPPO3Us, TPOTYKTH KOPPO3HUH,
aHaJIM3 COCTaBa OTJIOKEHUH, METOJ] PEHTTCHOBCKOU Mr(paKimm.
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Development of Methods for Assessing Corrosion Processes at Gas Processing Facilities

The article considers the study of the composition and properties of hydrogen sulfide and carbon dioxide corrosion
products using X-ray diffraction and electron microscopy to assess the danger of internal corrosion processes. The
differences in the structure of iron sulfide deposits obtained during hydrogen sulfide corrosion in the aqueous and gas
phases are determined. The effect of the composition of operating environments on the formation and protective
properties of stoichiometric and non-stoichiometric siderites, which are products of carbon dioxide corrosion, is
analyzed. New corrosion testing methods simulating operating conditions at gas processing facilities are used to
obtain deposits. Examples of using the characteristics of the crystalline structure of siderites based on the results of
processing and analysis of X-ray diffraction measurements to determine the degree of danger of localized corrosion
on steel are given.

Key words: hydrogen sulfide corrosion, carbon dioxide corrosion, corrosion products,

deposit composition analysis, X-ray diffraction method.
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Hepenmennsie mpo6JieMbl N0 re0JIOTHH U pa3padoTke HeQTAHBIX MECTOPOKACHHIT

s onucanus npoyecca 80CnoIHeHUs 3anacos Hepmu u npocHo3a Ha 6ydywee co30ana u anpoouposana
Mamemamuieckas mooenv. Pacuemul noxazanu, 4mo no mepe UCuepnanus u3eneKaemvlx 3andco8 CKOpocms
0bpazosanus Hehmu cpasHuBaemcs ¢ ypoerHem 000biuu Hehmu, U OAHHASE MEHOCHYUS MONCENM NPOOOTINCAMbCS
comnu nem. [Ipednosicen memood pacuema Kodgh@uyuenma uzeneyenus Hehmu ¢ y4emom eCmecmeeHH020 npoyecca
socnoanenus 3anacos. Ilokaszano, umo 6onvuias 4yacms 0ONOIHUMENLHO 000bIMOL Hemu 006y Ccr08IUBAEMC S
NpUPOOHBLIMU (Pakmopamu, a He 8030elicmauem Yelo8eKka Ha Niacm.

KiroueBble cioBa: MPOUCXOKIACHUC HG(I)TI/I, BOCIIOJTHCHHE 3aI1acoB, He(l)TGHO,Z[BOI[HH.[I/Ie KaHaJIbl.
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Unsolved Problems in Geology and Development of Oil Fields

A mathematical model was created and tested to describe the process of replenishment of reserves and the scenario
for the future. Calculations have shown that as recoverable reserves are depleted, the rate the origin of oil is

compared with the level of oil production, and this trend can continue for hundreds of years. A method for calculating



oil recovery factor taking into account the natural process of reserve replenishment is proposed. It has been shown
that most of the additional oil is caused by natural factors, and not by EOR and IOR impact.

Key words: origin of hydrocarbons, replenishment of reserves, oil delivery channel.
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Some Aspects of the Influence of Additives on the Precipitation of Wax in Qil

This study investigates the physicochemical properties of crude oil from the Novosamarskoye field in the presence
of a polymer additive and molybdenum disulfide (MoS:). The selected crude oil sample is prone to wax deposition.
Rheological measurements, differential scanning calorimetry, and complementary techniques were employed to
characterize the key parameters of the systems under study. Two independent methods provided consistent values
for the wax appearance temperature (WAT) of the crude oil, which was found to be slightly above 25°C. The effects
of the polymer (EVA 11) and MoS: additives on viscosity were examined at shear rates of 1 and 100 s*. The role of
these additives in the quantity of deposits formed and the temperature of their formation is discussed.

Keywords: crude oil, rheology, wax, WAT, EVA, deposition rate.
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Research on Production Data Mining and Steam Injection Timing Intelligent Decision System

for Heavy Oil Thermal Recovery Well Groups

In the process of heavy oil steam injection development, the production performance of well groups often exhibits
nonlinearity and high uncertainty. Traditional decision-making methods for steam injection timing, which rely on
manual experience and static analysis, fail to meet the dynamic needs of reservoir development. To address this
issue, this study establishes a production data mining model and, based on full utilization of production data, builds
an intelligent decision-making model for steam injection timing. Through case analysis, the study demonstrates the
advancement of the intelligent decision-making model and lays a foundation for further promoting the development
of heavy oil steam injection. Research results show that by applying the system to five typical well groups in a
certain oilfield, the average production increase reached 17.6%, steam injection savings were between 15% and
25%, and the decision accuracy exceeded 90%. This significantly improved recovery efficiency and economic
benefits. The conclusion indicates that the intelligent decision system can provide scientific, precise, and efficient
technical support for heavy oil thermal recovery and has broad prospects for application and promotion.

Keywords: heavy oil thermal recovery; production data; data mining; steam injection timing; intelligent decision.
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Static Correction Processing Technology and Its Application

to Improve the Imaging Accuracy of Low-Amplitude Structures

A deep clastic rock reservoir, located at a depth exceeding 4500 meters, has an effective thickness of approximately
5-8 meters and a structural amplitude less than 10 meters. After conventional processing, the horizontal
distribution of event lines in the final imaging does not accurately reflect the true distribution of sand bodies,
especially in low-amplitude structural zones. Inaccurate imaging of sand bodies due to inaccurate imaging of
low-amplitude structures often leads to drilling failures. To address the challenge of accurate imaging of deep
low-amplitude structures, the first step is to solve the static correction problem, followed by consideration of
imaging velocity issues. The inaccurate imaging of deep thin sand bodies caused by static correction is an urgent
problem to be solved. Therefore, this project proposes a method that combines 3D-tomographic static correction
with 3D-refraction residual static correction and target layer time window inversion for maximum energy surface
consistency residual static correction. This method effectively solves the static correction problem for imaging deep
low-amplitude thin sand bodies in the western region. The theoretical basis, processing procedures, combination
schemes of key parameters, and their interactions for these three methods are elaborated in detail. The application
effect of this static correction technical scheme in the exploration of low-amplitude structures in the western region
is demonstrated. Drilling verification shows that the proposed method is feasible. According to the obtained
conclusions, the error between the calculated well depth and the actual drilling point is small, greatly improving
the success rate of drillingt.

Keywords: tomographic static correction, refraction residual static correction, layer-wise residual static correction.
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Heavy Oil Production Forecasting Using Steam-Assisted Gravity Drainage

In view of the production forecasting problem in Steam Assisted Gravity Drainage (SAGD) heavy oil development,
this study proposes a novel SAGD production forecasting model. The research first introduces the model from the
perspectives of overall framework, data sources and preprocessing, and model method selection. On this basis, a
case study is carried out with data from a domestic oilfield to demonstrate the application of the SAGD production
forecasting model, providing a foundation for improving the prediction accuracy. The results show that the
constructed model can effectively capture the dynamic variation characteristics of production, with the average
relative error controlled within 5%. Its fitting accuracy is significantly superior to traditional empirical models and
numerical simulation methods. The conclusion indicates that the SAGD production forecasting model not only

provides a reliable tool for production prediction in SAGD development, but also offers theoretical support and



practical value for optimizing injection—production parameters and improving the efficiency of heavy oil resource
development.
Keywords: SAGD heavy oil development, production forecasting, prediction model, model construction, model

application.
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Experimental Investigation on Shale Thermal Properties and Thermo-Poroelastic

Analysis of Wellbore Stability in Shale Formation

During deep shale oil and gas exploitation and development, wellbore instability is a big challenge and
thermo-poroelastic wellbore stability analysis is a powerful tool to obtain the safe drilling mud density window.
XRD results show that shale in the three layers of Puguang gas reservoir contained maximumly 35.5% of clay
minerals and the main type of minerals are chlorite, illite and interlayered illite with montmorillonite. In the
thin-section electron microscopy pictures, beddings can be observed in sample from A layer. Thermal conductivity
was tested with laser flash method, and it ranges from 2.01 to 3.50 W/m-K for shale in the three layers at formation
temperature. Linear thermal expansion coefficient changes from 5.62.10° to 8.09-10° K1, At higher temperatures,
thermal conductivity will reduce while the thermal conductivity increases gradually first and at temperature
exceeding 500°C, rapid increase occurs. Among three layers, wellbore in layer B has the highest collapse pressure
and the narrowest window, which is 1.57-1.83 g/cm®. When the wellbore cools down by 20°C, it changes to be
1.56-1.80 g/cm®.Cooling can help reduce the collapse pressure and is beneficial for wellbore stability.

Keywords: shale, thermal conductivity, thermal expansion, thermal-poroelastic, wellbore stability.
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Research on Optimization Methods for Management of Electric Thermal Gas Multi Energy Systems

In response to the problem of insufficient multi-source heterogeneous data fusion and uncertainty quantification
mechanism in load forecasting of integrated energy systems, a convolutional neural network (CNN) is used to
extract local features of load data, and a bidirectional long short-term memory network (BiLSTM) is used to
capture bidirectional temporal dependencies. Random forest (RF) is used to process high-dimensional nonlinear
relationships, and kernel density estimation (KDE) is used to quantify prediction uncertainty, thus establishing a
CNN BiLSTM RF-KDE hybrid model; At the same time, a multi energy flow coupling model of electricity heat gas
is constructed to analyze the impact of different carbon price ranges on scheduling strategies. The example analysis
shows that the determination coefficients for predicting power and heat loads on the training set are 0.93 and 0.97,

respectively; The determination coefficients for predicting power and heat loads on the test set are 0.79 and 0.85,



respectively. The predicted power generation and heat generation of each device are highly consistent with the
average trend, indicating that the use of this model can obtain a load that is closer to the accurate value. Based on
this data, more reliable analysis and scheduling of the integrated energy system can be carried out.

Keywords: multi energy system, load forecasting, convolutional neural network, bidirectional long short-term

memory network.
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Analysis of Rock Physics Variation Patterns and Time-Lapse Seismic Response Characteristics

Targeting remaining oil-gas prediction challenges in late-stage Chinese oilfield development, this study takes the
DF gas field as a case and integrates core, logging, and seismic data to conduct time-lapse seismic petrophysical
analysis and forward modeling. Core tests show P- and S-wave velocities decrease with rising gas saturation and
pore pressure, with P-wave velocity exhibiting a distinct inflection point at ~40% gas saturation. Model
comparisons verify that the calibrated White gas-patch model characterizes gas-bearing reservoir acoustic
responses more accurately than the Gassmann model. Single- and multi-factor time-lapse seismic forward modeling
reveals that reservoir pressure decline, gas saturation reduction, and gas-water interface rise jointly weaken
seismic amplitude energy, resulting in negative time-lapse differences. Further validation via typical single-well
forward modeling confirms pressure decline as the dominant control factor for the DF gas field’s time-lapse
seismic responses. The established petrophysical interpretation charts and time-lapse difference response patterns
provide a reliable theoretical and methodological basis for quantitatively evaluating remaining gas distribution
using actual time-lapse seismic data.

Keywords: time-lapse seismic, rock physics; forward modeling, remaining gas prediction, patchy saturation model.
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Model Applicability of Characterizing Shale Pore Structure

by Low-Pressure Nitrogen Adsorption Method



In order to select calculation methods to accurately characterize the pore size distribution of shale microporous
and mesoporous, 3 synthesized standard samples were chosen for this study to perform contrastive analysis of
results of the BJH adsorption method, the BJH desorption method and NLDFT method. The research shows that the
NLDFT method is preferred to characterize pore size distribution of shale samples with both mesoporous and
microporous. When the BJH adsorption method or BJH desorption method is used to calculate the shale pore size
distribution, the microporous will be ignored, which allows the methane adsorption capacity of the shale sample to
be significantly underestimated.

Keywords: low-pressure nitrogen adsorption, shale, pore structure, BJH, NLDFT.
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Research on Oil Pipeline Balance Control Method Based

on Hierarchical Architecture and Scheduling Optimization Model

To solve the complex control problem of balancing economic efficiency, safety and stability in the scheduling
optimization process of long-distance oil pipelines, this paper had constructed and verified an oil transportation
equilibrium control method based on a hierarchical architecture and scheduling optimization model, including
upper-level scheduling optimization layer for global economic planning over long periods using a computationally
efficient steady-state hydrodynamics model, and the middle-level coordination control layer for dynamic tracking
and disturbance suppression in short periods, embedding a high-precision discretized transient hydrodynamics
model into the model predictive control algorithm. The results showed that under normal operating conditions,
compared with traditional manual scheduling, the hierarchical optimization strategy can save approximately 61.3%
of energy consumption, and reduce the standard deviation of pressure fluctuations at the end of the pipeline from
0.511 MPa to 0.200 MPa, achieving perfect pressure stability. When facing sudden disturbances such as increased
demand or equipment failures, this method can quickly restore stability within 1-2 minutes, avoiding dangerous
pressure overshoots and operational interruptions. Moreover, this framework had multi-objective optimization
capabilities, allowing decision-makers to weigh different strategies such as “‘energy conservation priority” and
“stability priority” based on operational needs. For example, achieving the ultimate stability required a 36%
higher energy cost compared to the energy-saving mode.

Keywords: oil pipeline, balance control method, hierarchical architecture, scheduling optimization model.
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Research on the Influence of Fractures on Rock Mechanical Properties

of Limestone and Stress around Wellbore

Limestone reservoir resources of the Taiyuan formation in the Ordos Basin have huge potential and its efficient
development is of great significance for Chinese energy industry. But the well-developed and random distribution
of natural fractures put a huge impact on rock mechanics and wellbore stress, leading to frequent drilling fluid
leakage and significant differences of reservoir stimulation, which restricts the production. Therefore, this study
uses SEM, CT imaging, mechanical tests and numerical simulation to analyze how fracture development affects
rock mechanics and wellbore stress. Rock is mainly composed of calcite/dolomite and has high brittleness. Natural
fractures with different scales are noticed, weakening rock integrity. Mechanical experiments show that rock
strength increases with growing confining stress due to this radial constraint on fracture displacement. Also,
because of the difference of fracture number and distribution, rock mechanical parameters are varying. Numerical
simulation reveals that borehole fractures induce an asymmetric shift in wellbore stress distribution, with stress
concentration prone to occur at fracture tips. This triggers fracture propagation and exacerbates leakage risk.
Under fracture condition, the distribution of stress and rock strength are more complex. The fracture initiation
points around the wellbore and the dominant position of fracture propagation are not completely controlled by
in-situ stress, which easily leads to significant differences in the volume of hydraulic fracture network. Results in
this paper are able to guide drilling design and fracturing optimization for fractured reservoirs.

Keywords: limestone reservoir, natural fracture, drilling fluid leakage, hydraulic fracture.
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Simulation Study on Fracture Propagation and Formation Deformation

of Shale Fracturing Based on Cohesive Unit

In order to deeply study the crack propagation law in the fracturing process of shale reservoirs and its influence on
the stress and displacement fields near the wellbore, a numerical model of globally embedded zero-thickness
Cohesive element is constructed in this paper, and the in-situ stress field and seepage field are coupled. By
self-evolving complex fracture paths, the model can more truly reflect the mechanism of horizontal in-situ stress
difference, formation elastic modulus and injection flow on complex fracture propagation. The results show that the
complex fracture network formed by volume fracturing makes the reservoir stress and displacement field highly
non-uniformly distributed, especially in the near-wellbore area. The “ stress deficit * and the uneven propagation of
fractures lead to inconsistent weakening of the axial and radial constraints of the far wellbore to the near wellbore,
resulting in non-uniform stress and displacement responses. The influence degree of horizontal ground stress
difference, formation elastic modulus and injection flow on Mises stress and formation displacement is as follows:
injection flow is dominant, formation elastic modulus is second, and horizontal ground stress difference is the

weakest. The specific performance is that the formation displacement increases with the increase of horizontal



stress difference, decreases with the decrease of formation elastic modulus, and increases significantly with the
increase of injection flow rate.

Keywaords: crack propagation, cohesive unit, ground displacement, fluid-solid coupling, hydraulic fracturing.
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Experimental Study on Solvent Extraction for Heavy Oil Recovery Mechanism

In this study, a series of solvent extraction experiments were conducted to evaluate the effects of different single
solvents and p-xylene-assisted composite solvents on heavy oil recovery, sand surface wettability, and the interfacial
interaction mechanism. Results showed that p-xylene exhibited a distinct synergistic effect with aromatic solvents,
particularly toluene, improving heavy oil recovery by up to 3.3%, whereas its combination with n-pentane caused a
significant reduction in recovery due to the precipitation of heavy components such as asphaltenes. Contact angle
measurements further confirmed that hybrid solvent systems enhanced the hydrophilicity of sand surfaces, with the
[p-xylene]-n-pentane system showing the greatest decrease (14°) in contact angle. Zeta potential analysis revealed
that sand particles possess a positive charge, while bitumen droplets carry a negative charge, confirming the
electrostatic interaction that contributes to their adhesion. This work provides new insights into the synergistic
mechanism of mixed solvents in bitumen extraction and highlights the potential of aromatic-assisted solvent systems
for improving the efficiency of heavy oil separation. MD simulations further revealed that toluene most effectively
promoted the dispersion and diffusion of heavy-oil SARA fractions. Mean square displacement analysis showed that
saturated and asphaltene molecules exhibited the highest mobility in toluene, while colloids remained the least
diffusive. Radial distribution function results confirmed strong [}[] interactions between toluene and
aromatic/asphaltene components, facilitating their structural disaggregation. Concentration and conformational
analyses demonstrated that all four heavy-oil components gradually transitioned from aggregated states to dispersed
equilibrium under toluene solvation. These molecular-scale insights corroborate experimental observations and
elucidate the mechanism by which aromatic-assisted solvent systems improve the efficiency of heavy-oil separation.
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A new Method for Calculating Dynamic Reserves of Fractured-Vuggy Reservoirs

Considering Dissolved Gas Precipitation



The conventional material balance method considers the impact of crude oil, rocks, and their bound water on the
calculation of dynamic reserves, but does not consider the distribution characteristics of oil and water in
fracture-vuggy reservoirs to consider the coexistence of internal oil and water bodies, or water bodies connected to
the outside, as well as the impact of dissolved gas precipitation as the reservoir develops. Based on the distribution
characteristics of oil and water in fracture-vuggy reservoirs, a dynamic reserve correction calculation model
considering the influence of degassing is established. This correction calculation model is used to calculate the
three example wells A, B, and C that produce a large amount of gas in the fracture-vuggy reservoirs. Compared
with the conventional dynamic reserve calculation model, the results show that there is a significant difference
before and after the calculation of the three wells, with an error of over 20%. The maximum error of well C is
45.42%. It indicates that a large amount of gas is dissolved in the three well reservoirs, and a large amount of
dissolved gas is released during the reservoir development process, resulting in a decrease in the reservoir volume.
The calculation results are more in line with the actual reservoir.

Keywords: material balance method, fracture-vuggy reservoirs, dynamic reserve calculation model, dissolved gas.
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An Application of Data Reconciliation in Flow State Monitoring for Compressor Stations

For the construction of natural gas transmission pipeline digital twin, real-time simulation is crucial for obtaining
gas flow state from measurements. However, random noise and gross errors in the station measurements
significantly influence simulation results, while the measurement redundancy along the pipeline is limited for gross
error detection. To address this issue, this study systematically analyzes the intrinsic mechanism of
correntropy-based robust data reconciliation in compressor stations, with the trace of the information matrix
employed as a key numerical diagnostic indicator. First, a reconciliation framework is established to estimate flow
states from redundant pressure and flow measurements that may contain gross errors, with the physical laws of the
station incorporated as equality constraints in the optimization model. Then, by introducing quantitative
diagnostics such as the trace of the information matrix and process variance, this work analyses the internal
conflict-evolution mechanism of reconciliation process in the station. The effectiveness of reconciliation is
validated in a real-world station. The results demonstrate that the gross error in outlet station pressure
measurements is effectively suppressed. Theoretically, the trace of information matrix is reduced by shortening the
window width of correntropy function, thereby enhancing the consistency between reconciled data and the physical
model. This study provides valuable insights for sensor fault detection and suppression in compressor station
operation and monitoring.

Keywords: gross errors suppression, information matrix, data reconciliation, compressor stations.
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A Study on Productivity Prediction Methods for Low-Porosity and

Low-Permeability Sandstone Reservoirs After Fracturing Stimulation

Addressing the current practice of multi-layer commingled testing in the Subei Basin, the productivity results of
commingled tests were allocated to individual layers by comprehensively considering parameters such as porosity,
permeability, formation thickness, and deep induction resistivity. This established a relatively scientific productivity
allocation method, effectively resolving the issue of productivity partitioning. Through the analysis of
productivity-influencing factors, it was found that in Type | and Type Il reservoirs, when the production intensity is
below a certain threshold value, well-logging data can still reflect most of the formation information. In this case,
acoustic time difference, porosity, permeability, and actual fracturing pressure can effectively indicate the
post-stimulation production intensity. However, when the production intensity exceeds the threshold, well-logging
data can only reflect a small portion of the formation information. Here, the fracability of the reservoir and
engineering factors play a decisive role. Consequently, only the brittleness index and actual fracturing pressure
can effectively reflect the post-stimulation production intensity. A quantitative productivity evaluation model was
established based on the identified productivity-influencing factors. Analysis indicates that this method is suitable
for early-stage productivity prediction, as it is highly correlated with well-logging parameters that characterize the
reservoir’s original state. In the studied area, the post-stimulation productivity of the reservoir can not only be
qualitatively evaluated but also quantitatively assessed with high precision, achieving an absolute error within 0.5
t/d. This systematic summary, combined with statistical analysis and production practices, further refines the
productivity prediction method for low-porosity and low-permeability sandstone reservoirs after fracturing
stimulationg.

Keywords: Subei Basin, low-porosity and low-permeability sandstone, reservoir fracturing stimulation, productivity
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Numerical Study on Enhanced Heat Transfer Using Cross-Type Plate Heaters

in Underground Wells for In-Situ Oil Shale Mining

Efficient heat transfer is crucial for improving the thermal performance and service life of downhole heaters used
in in-situ oil shale extraction. In this study, a variable-pitch spiral baffle perforated-plate heater was designed, and
the effects of different decreasing baffle pitches on heat transfer and flow characteristics were numerically
investigated using the RNG k—[_Jturbulence model. The computational domain was meshed in ANSYS Workbench,
with grid-independence verified through multi-scale mesh comparison. Results show that the wall temperature of
the heating plate generally increases along the flow direction, while the heat transfer coefficient decreases,
reaching its maximum at the inlet. Smaller baffle pitches prolong gas residence time, intensify turbulence, and
enhance convective heat transfer, leading to lower wall temperatures and improved thermal uniformity. The
perforated wall surface exhibits consistently lower average temperatures than the non-perforated surface,
indicating more effective heat exchange. Moreover, reducing the baffle pitch significantly decreases both the mean
wall temperature and the temperature difference, mitigating thermal stress and extending heater lifespan. A
comprehensive performance evaluation based on the dimensionless index h/[CP? reveals that heater performance
first increases and then decreases with pitch size, achieving optimal performance at a 200 mm pitch, approximately
84.6% higher than that at 100 mm. This study provides theoretical guidance for optimizing heater geometry to
achieve a better balance between heat transfer enhancement and flow resistance, supporting the development of
high-efficiency in-situ oil shale extraction technologies.

Keywords: variable-pitch helical baffle, perforated heating plate, convective heat transfer, thermal-hydraulic
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Evaluation of Oil/Water Emulsion Properties Stabilized

by SiO2 Nanoparticles and Study on Oil Displacement

With the gradual depletion of conventional recoverable oil reservoirs, enhancing crude oil recovery has emerged
as a critical challenge in oilfield development. This study conducts systematic experimental investigations into the
performance and enhanced oil recovery mechanisms of oil-in-water emulsions stabilized by SiO2 nanoparticles,
aiming to provide technical support for the efficient exploitation of complex reservoirs. By preparing oil-in-water
emulsions stabilized with SiO2 nanoparticles, key properties including viscosity, wetting contact angle, droplet size,
and interfacial tension with crude oil were measured. Core flooding experiments were performed using three cores
with varying permeability levels, involving water flooding, emulsion flooding, and secondary water flooding, with
analyses of pressure variations, cumulative liquid production, and oil production data. Results demonstrate that the
formulated emulsion exhibits superior performance, surface tension of 28.383 mN/m, and interfacial tension with
crude oil of 2.853 mN/m, the contact angle with the rock is 17.109°, and the average droplet size is approximately

30.61 um, and it has good colloidal stability and uniform dispersion.The emulsion flooding significantly enhanced



oil recovery, increasing the recovery rate by 37.50% for the medium-permeability Core 2, with a final total
recovery rate reaching 81.25%, while also modifying flow paths and enhancing conformance control. The injection
pressure during emulsion flooding showed a typical pattern of rapid increase, fluctuation due to pore blocking,
followed by stabilization, indicating dynamic plugging and breakthrough behavior. This study provides
experimental evidence for the application of SiO2 nanoparticle-stabilized emulsions in enhanced oil recovery and
offers feasible experimental foundations and process recommendations for the demonstration of nanoparticle
emulsions in unconventional and complex reservoirs.

Keywords: silica nanoparticles, contact angle, performance evaluation, emulsion.
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Experimental Study on the Mechanism of Carbon Dioxide Injection

for Coal Rock Gas Production Increase

China’s deep coal rock gas resources are abundant, but its efficient development faces challenges such as low
permeability of reservoirs, huge water consumption and environmental pressure. To address the above problems,
this paper discusses the technical path of replacing traditional hydraulic fracturing with CO:2 as fracturing
medium. Through indoor physical simulation experiments, the three core mechanisms of CO. fracturing are
systematically investigated: supercritical CO2 and CO2 foam fracturing can form a complex network of seams,
which is significantly more complex than that of conventional hydraulic fracturing; CO2 has a significant
competitive adsorption and displacement effect on CH4, which can effectively improve the methane recovery rate;
and the solvation effect of CO2 on the matrix of the coal can enlarge pores and improve seepage channels. On this
basis, a set of high-performance CO2 foam fracturing fluid system was developed, which has stable temperature
and shear resistance, and good foaming, stabilizing and sand-carrying capacity. 25 wells field tests show that
compared with conventional hydraulic fracturing, CO: pre-fracturing and CO. foam fracturing can achieve about
15% and 18% yield enhancement, respectively, and save more than 50% water, and at the same time, achieve
partial CO: fracturing. geological storage of CO2. This study provides an important theoretical basis and technical
support for water reduction, efficiency development and carbon emission reduction of deep-seated coal rock gas.

Keywords: coal rock gas; CO: fracturing; complex seam network; production increase; water saving.
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Preparation and Performance Optimization of Chemical Anti-Corrosion Coatings

for Mechanical Oil Recovery Equipment in Oilfield Development

This paper focuses on the preparation and performance optimization of chemical anti-corrosion coatings for
mechanical oil recovery equipment. It systematically studies the selection of coating raw materials, the design of
coating formulations and the optimization of preparation processes. Five types of anti-corrosion coatings, namely
epoxy resin coatings, polyurethane coatings, fluorocarbon coatings, polyamideimide coatings, and composite
coatings, are prepared and tested. The performance of these coatings is evaluated from multiple aspects including
corrosion resistance, adhesion strength, wear resistance, and high-temperature stability. Through single-factor
experiments and orthogonal experiments, the optimal formulation and preparation process parameters for each
coating are determined. Field application tests show that the optimized composite anti-corrosion coating has the
best comprehensive performance, with a corrosion inhibition rate of over 98% and a service life extended by more
than 3 times compared to traditional coatings. This study provides a theoretical basis and practical guidance for
the application of anti-corrosion coatings in mechanical oil recovery equipment, and contributes to the safe and
efficient development of oilfields.
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Modeling Transient Pressure Behaviors of Multi-Fractured Horizontal Wells

in Multilayered Tight Gas Reservoirs with Crossflow And Stress Sensitivity

Tight sandstone gas reservoirs are characterized by heterogeneity and multi-layers, and multi-stage fracturing
horizontal wells (MFHWSs) are commonly adopted to achieve efficient exploitation. The inter-layer cross flow and
stress sensitivity during production make it challenging to accurately characterization of the pressure behaviors of
MFHWSs. This work presents for the first time an analytical model to investigate the transient pressure behaviors of
MFHWs in stratified tight gas reservoirs, incorporating the vertical heterogeneities of layer properties, cross-flow
between adjacent layers, and the stress sensitivity. The point-source function, Laplace transformation coupled with
Pedrosa’s transformation and perturbation technique are adopted to obtain the analytical solution of transient
pressure responses. The proposed model is validated against a commercial software designed for transient pressure

analysis, and the transient pressure behaviors of MFHWSs in multi-layered tight gas reservoirs are analyzed.



Sensitivity analysis reveals that larger cross-flow coefficient causes an earlier start of the crossflow regime in the
transient pressure behaviors. The influence of stress sensitivity is more pronounced during intermediate-time and
late-time productions. The model and corresponding conclusions can be used to interpret pressure data more
accurately for multilayered tight gas reservoirs with crossflow and stress sensitivity and provide more accurate
dynamic parameters which are important for gas reservoir exploitation.
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Structural Optimization and Unsteady Hydraulic Characteristics

of a Rotor-Stator Valve in a Continuous-Wave Pulser

The continuous-wave pulser is a key tool for high-rate mud-signal transmission, and the structural parameters of
its rotor—stator throttling unit directly affect the pressure-wave amplitude and hydraulic-torque characteristics. A
three-dimensional CFD model incorporating the valve-port throttling zone and the radial-gap flow channel was
established using the SST k-w turbulence model, forming a research route of ““steady-state structural optimization—
transient characteristic verification™. The steady-state simulations show that the rotation termination angle exerts a
significant nonlinear influence on the throttling pressure drop, with the effective strong-throttling interval located
at 26-30°. Blade thickness has little effect on the pressure drop but strongly affects the hydraulic-torque response.
Considering the pressure-drop plateau and torgque response, the optimal structural parameters are a blade
thickness of 6.5 mm and a rotation termination angle of 28°. Transient simulations indicate that the sensitivity of
pressure-wave amplitude to the investigated factors, from strong to weak, is as follows: flow rate and rotor—stator
gap; density and operating frequency; and viscosity. These results provide a theoretical basis for structural design
and for matching field operating parameters of continuous-wave pulsers.
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Preparation and Performance Evaluation of Acidic Clay Stabilizer

Clay stabilizers are essential for inhibiting clay mineral swelling and migration. Given the shortage that
polycationic clay stabilizers may block pores in tight reservoirs, a degradable polycationic clay stabilizer (ACS)
was developed in this work. It can gradually hydrolyze at formation temperature, and produce hydrogen ions,
showing the characteristics of acid. The ACS was synthesized by N, N, N’, N’- Tetramethyl ethylenediamine and
Chloroacetic anhydride. Experiments of anti-swelling, swelling-restoration, hydrolysis, and dissolution at
temperatures from 30 to 100 °C were carried out. A maximum anti-swelling rate of 87.04% was achieved at 3%
concentration. The swelling-restoration rate at ambient temperature was 20.69% under the experimental
conditions. The ACS slowly hydrolyzes into a low-molecular-weight stabilizer and release hydrogen ions as
temperature increases. Moreover, hydrolysis is intensified with the increase in temperature. At 95°C, the
dissolution rate of limestone can reach 27.23% when the concentration of ACS is 3%. These performances make
ACS play the role of polycationic clay stabilizer in hydraulic fracturing construction, and automatically degrade
after hydraulic fracturing. And it has a certain dissolution performance. This not only avoided the problem that the
adsorption of polycationic clay stabilizer occupies pore space, but also can improve pore space to some extent.

Keywords: fracturing, clay stabilizer, clay swelling, degradation.
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Structural Parameter Optimization Simulation of Progressing Cavity Pump for Sandy Heavy Oil

When extracting sandy heavy oil, progressing cavity pumps (PCPs) often face mismatches between well conditions
and pump selection. To balance power, efficiency and wear, this study built a 3D CFD-based flow-structural
coupling model (with dynamic mesh) for GLB120 PCPs conveying oil-water-sand mixtures. It analyzed how
clearance, lead and eccentricity affect flow, performance and stator deformation under sandy/pure-liquid
conditions. Results show uniform pressure/velocity in the pump chamber, but sharp changes near the stator-rotor
meshing line. For pure liquid, small clearance, large eccentricity/lead improve performance; for sandy oil, extreme
clearance raises loss/wear, while excessive lead/eccentricity increases leakage. Optimal parameters for sandy
heavy oil: clearance — 0.9-1[ particle diameter, eccentricity — 5 mm, low lead (150 mm, multi-stage). This guides
structural optimization for metal/rubber PCPs..
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