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3. B. Boowinésa', M. O. Anocmonoea’, I. I1. Jlakuenko’,

A. M. Anexceesa'?, O. A. /Ipoxscocun’?, E. B. Aumunoe’?

"MockoBcknii rocynapcTBeHHbIi yHuBepeuteT uM. M. B. JlomonocoBa,
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Oco0eHHoCTH cCHHTE3a PYHKIMOHAJIBHBIX YIJIEPOTHBIX MATEPHAJIOB

U3 PaCTHTEIbHBIX YIJI€BOI0B

Paboma noceswena mexnonocuu nomyueHus yenepoonslx Mamepuaios u3 Hauboiee pacnpocmpanesHulx 8 npupooe
caxapos, 2noKo3bl U YeLloN03bl. XumuiecKkue npespayeniuss caxapos @ xooe KapooHuzayuu OvLiu ucciedo8aHbl

€ NOMOWBI0 MEPpMOSpasumempuyecko2o anaiuza. Illoxazano, kax vlOop npexypcopa u cnocod e2o npedobpabomu
GAUSAIOM HA CIPYKINYPY U MOPDONI02UIO YenepooHblx Mamepuanos. Mopghonocus mamepuanos, noiyueHuvix

U3 npedobpabomanHoll Ha 8030yXe 2II0KO3bl U YEILNI0N03bl, OMAUYAEMCS KPYNHBIMU YACMUYAMU HepesyIapHOU
¢opmul. B ceoto ouepedsb npedobpabomia caxapos 8 2uOpomepMarbHblX YCA0B8USX NO360A5em

ROIYYUMb MAMEPUANbl, COCIOAWUe U3 MUKpPOCghep.

KiroueBble cjioBa: YIJIepOAHbIC MAaTCpHUAJIbI, 6HOMacca, TuapoTepMajibHaA Kap60HPI3aI_II/IH
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Z. V. Bobyleva', M. O. Apostolova', G. P. Lakienko', A. M. Alekseeva'?, O. A. Drozhzhin'?, E. V. Antipov'?

' Lomonosov Moscow State University,

2 Skolkovo Institute of Science and Technology

Features of the Synthesis of Functional Carbon Materials Produced from Carbohydrates

This work is devoted to the synthesis of carbon materials from the most common carbohydrates in nature, glucose and
cellulose. The chemical transformations of carbohydrates during carbonization were investigated using
thermogravimetric analysis and FTIR-spectroscopy. The influence of the precursor and the pretreatment process on
the structure and morphology of carbon materials was shown. The morphology of materials obtained from glucose
and cellulose pretreated in the air was characterized by large irregular particles. In turn, the pretreatment of
carbohydrates under hydrothermal conditions makes it possible to obtain materials consisting of microspheres.

Key words: carbon materials, char, hydrothermal carbonization.

JI. M. Benuukuna, A. B. Bocmepukos

WucturyT xumun Hedptu Cubupckoro otnenenns PAH

mps@ipc.tsc.ru

IlepepaGoTka NPSIMOrOHHOI0 OEH3MHA HA MebCOAEPAKAIMX HEOJUTHBIX KAaTAIN3aTOPaX

B cmamve npedcmasnenst pesyriomamol ucciedo8anull no nepepadomre nPAMo2oHHOU OeH3UH080U ppaKkyuu Hedhmu
Ha yeonume cmpykmypuozo muna ZSM-5 u medbcodepocauux yeorumnvlx Kamaiuzamopax, noLyYeHHbIX

€20 CMeueHueM ¢ HaHOPAZMEPHBIM NOPOWKOM Medu. Tlokazana 3a6UcumMoCcms KUCIOMHBIX COUCME U AKMUBHOCU
YeonUmHbIX Kamaiu3amopog om Co0epIHCAHUs 8 HUX HAHONOPOWKA MeOU.

Kmouesble cioBa: 1ieonut ZSM-5, HAHOIOPOIIOK MU, KUCIOTHOCTD, TPSIMOTOHHBIN OCH3MH.

DOI: 10.32935/0023-1169-2021-628-6-7-10



L. M. Velichkina, A. V. Vosmerikov

Institute of Petroleum Chemistry SB RAS

Processing of Straight-Run Gasoline over Copper-Containing Zeolite Catalysts

The results of investigations of the processing of straight-run gasoline fraction of 0il over a zeolite of ZSM-5
structural type and copper-containing zeolite catalysts are presented. The copper-containing zeolite catalysts are
resulted from the mixing of a ZSM-5 zeolite with a nanosized copper powder. It is shown that the acidic properties
and activity of zeolite catalysts depend on the content of copper nanopowder in these catalysts.

Key words: ZSM-5 zeolite, copper nanopowder, acidity, straight-run gasoline.
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®Camapckuii roCy1apCTBEHHBIM TEXHUYECKUH YHUBEPCUTET

Pimerzin. AA@gazprom-neft.ru

OnbIT pa3pabdoTKH U NPOU3BOACTBA MPOMBIILIEHHOT0 KATAIU3aTOPA THAPOOYHUCTKHI

CMeCeBbIX IH3eJbHbIX (paKuui

B cmamve npeocmasnensvt pesyrvmamul npogedeniis pecypcHviX UCHbIMAHUL HOB020 KAMAIUIAMOPA
2UOPOOYUCIKU cMecedblx OuzeavHvlx gpaxyuti komnanuu I1AO «Iaznpom neghmuvy. Ilposedena cpagnumenvras
OYeHKA IKCHITYAMAYUOHHBIX CBOUICME pA3PAOOMAHHO20 KAMANUZAMOPA U UMNOPMHO20 AHAN02A.
Tloomeepoicoeno 8 RPOMbIULIEHHBIX YCAOBUAX COOMBEMCMBUE KAYeCMEd U XAPAKMEPUCTIUK POCCUTICKO20
Kamanusamopa MuposbiM CIanoapman.

KiroueBrble ci10Ba: THAPOOUNCTKA, KATAIN3ATOP, TU3eTIbHAS (DPaKIusi, CMECEBOE ChIPhE, PECYPCHBIE HCITBITAHUSI.
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*Kazan Federal University,
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% Samara State Technical University

The Experience of the Development and Manufacturing of Diesel Hydrotreating Catalyst



The article presents the results of life tests of a new catalyst for hydrotreating mixed diesel fractions by Gazprom Neft
PJSC. Technologies for optimizing the processing of carbon-containing raw materials, a comparative assessment of
the operational properties of the developed catalyst and the imported analog was carried out. The conformity of the
quality and characteristics of the Russian catalyst to the level of world standards has been confirmed in industrial
conditions.

Key words: hydrotreating, catalyst, diesel fraction, blended feedstock, life tests.

A. H. Jlaxosa'’?, C. M. Ilempog'?
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CuHTe3 M HCc/Iel0BAHUE KATAJTUTHYECKOH AaKTHBHOCTH CMEIIAHHBIX OKCHIOB IIUHKA U KeJie3a

JUIS TUAPOTEPMAJIBLHOIO 00J1aropaskuBaHus TaKeJa0i HeTH

Vemanoeneno enusnue MonvHo2o coomuouenus kamuonos Zn>"/Fe’* ¢ npeduwecmeennukax 060tiHbix 2UOPOKCUOOE
Ha cmpoenue oxkcuooe Zn—Fe cmewannozo gazoeozo cocmasa. C ygenuueHuem cOOmHOuEHUs KAMUOH08 MEMALI08
c 1:1 00 1:4, 6 cocmase cmewannvix okcuoos Zn—Fe, cocmoswux uz ZnO u Fe30q, cuudicaemcs Koauuecmeo
C0dICHBIX 0KcUu008 ZnkFex:04, obnadaiowux usomopguoi wnunenvrou cmpykmypoil. C ygenruuenuem y0enbHou
noeepxnocmu ¢ 27,075 0o 34,556 m?/2 snauenus ouamempa nop 23,8 um ocmaiomes nocmosunvimu. Ilpedcmasnens
pe3yIbmamul UCCAEO08AHUL 6IUAHUSL COCTNABA U CIPYKIMYPbI CMEUAHHBIX OKCUO08 Zn—Fe Ha KOMHOHEeHMHbLIL COCMAg
msaddcenol Heghmu HAMeHOapoOMamMuU4ecKko20 OCHOBAHUS 8 X00e ee 001a20paAXsCUBAHUSL 8 2UOPOMEPMATbHOM (proude
npu memnepamype 380 °C u oasnenuu 22 MIlla. Makcumanvnoe ysenuuenue coOepiIcanus HACbIUEHHbIX
Y21e6000p0008 Ha (hoHe 3aMeMHO20 YMEeHbULeHUs KOTUYecmea ac@anbmenos XapaKxmepHo 0Jis 2UuOpOmepMaibHO
npeobpazo8antoll Heghmu 8 NPUCYMCMEUU CMEUAHHBIX 0KcUd06 Zn-Fe (1:4), npu smom ysenuyusaemcs
cooepoicanue H-arkanos Cio—Cia.

KioueBble ci10Ba: CUHTE3, THAPOTEPMAIbHOE BO3/IEIICTBIE, CMEILIAHHbBIE OKCUIBI, CBEPXBsI3Kasi HE(PTE.

DOI: 10.32935/0023-1169-2021-628-6-15-20

A. I. Lakhova, S. M. Petrov

Kazan National Research Technological University

Synthesis and Study of Catalytic Activity of Mixed Oxides of Zinc and Iron for Hydrothermal Refining of
Heavy Oil

The effect of the molar ratio of metal cations Zn’ */Fe’" in precursors of double hydroxides on the structure of Zn-Fe
oxides of mixed phase composition has been established. With an increase in the ratio of metal cations from 1: 1 to I:
4, in the composition of Zn-Fe mixed oxides consisting of oxides ZnO and Fe3;O4, the amount of complex oxides
ZnFe204 with an isomorphic spinel structure decreases, with an increase in the specific surface area from 27.075 to
34.556 m*/d the pore diameter values of 23.8 nm remain constant. The results of experimental studies of the effect of
the composition and structure of Zn-Fe mixed oxides on the component composition of heavy oil of naphthenic
aromatic base during its upgrading in a hydrothermal fluid at a temperature of 380°C and a pressure of 22 MPa are

presented. The maximum increase in the content of saturated hydrocarbons against the background of a noticeable



decrease in the amount of asphaltenes is characteristic of hydrothermally converted oil in the presence of mixed
oxides Zn-Fe (1: 4), the content of n-alkanes of the composition Ci10—C14 increases.

Key words: synthesis, hydrothermal treatment, mixed oxides, heavy crude oil.

B. B. Ocmpuxoe'?, B. H. Opoounckuii’, /1. H. Aponuueé’, A. B. 3a6poockas’

"Bcepoccuiickuii HayYHO-HMCCIEN0BATENBCKAUN HHCTHTYT UCIOIb30BAHUS TEXHUKU

1 He(hTEMPOIYKTOB B CEILCKOM X03sHcTBe, T. TamO0B

’BOpOHEKCKHI TOCYIaPCTBEHHBIN arpapHblii yHUBEPCUTET MMeHHU ummneparopa [lerpa I,

SMudypUHCKHUIi TOCYIapCTBEHHBIN arpapHblii YHUBEPCUTET

viitinlab8@bk.ru

HccnenoBanus no o4ncTKe padorawiero MOTOPHOTo MacJja

U CHCTEMBI CMa3KH OT 3arpsA3HEHH I

Hcnonvzosanue monaue u macen ¢ OMKIOHEHUAMYU OM MPebosanHuLl CmaHoapmos npueooUm K HaKONIEHUio 8 Macie u
Ha 0emainsax 08ueamenst OMA0NHCEH UL, KOMOPbIE CHUNCAIOM CPOK CLYAHCObI CEENCE3ANPABIEHHO20 MACAA U YXYOUlAIom
axcnayamayuontule xapakmepucmuxu mawun. K 150-200 uacam napabomxu Macio cmano8umcs MaionpueoOHbim K
UCNONBL30BAHUIO, YMO YEeAUUUBAEI USHOC Oemaiell U 3ampamsl Ha PEMOHM U IKcnayamayuio. B pesynomame
NPOBEOCHHBIX UCCIEO08AHUIL YCTNAHOBILEHO, YMO 2YOOKASL OYUCMKA C UCTIONb308AHUEM PEA2eHmOo8 NO360Nsem
yoanums pacmeopennvle ¢ macie 3azpasuenus. Ckoazyiuposasuiuecs 3azpasHenusi 8 npoyecce KpamxocpoyHou
pabomwl 0gucamelis 0CANCOAMCI 8 BCHMPOEHHBIX 8 CUCTEMY CMA3KU yeumpugyeax. Mcnonv3osanue peazeHmos
N0360J5€M OYUAMb He MOIbKO MACO0, HO U 06ecneyusams npoMbleKY CUCHEMbl CMA3KU.

KaroueBrble c10Ba: MOTOPHOE Maciio, OYUCTKA, JBUTATENb, IPOMBIBKA CHCTEMBI CMa3KH, KOMIIPECCHS, PACX0]]

TOILJIMBA.
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V. V. Ostrikov'?, V. L. Orobinskii’, D. N. Afonichev’, A. V. Zabrodskaya'

! All-Russian Scientific Research Institute for the Use of Machinery and Petroleum Products in Agriculture, Tambov
? Voronezh State Agrarian University named after Emperor Peter I,

3 Michurinsk State Agrarian University

Research on Cleaning Operating Engine Oil and Lubrication System from Contaminations

The use of fuels and oils with deviations from the standards leads to the accumulation of deposits in the oil and on
engine parts, which will reduce the life of the freshly filled oil and reduce the performance of the machines. By
150-200 hours of operation, the oil becomes unsuitable for use, which increases the wear of parts and the cost of
repair and operation. As a result of the studies carried out, it was found that deep cleaning with the use of reagents
allows you to remove contaminants dissolved in the oil. The coagulated contaminants during the short-term operation
of the engine are deposited in the centrifuges built into the lubrication system. The use of reagents allows you to clean
not only the oil, but also to provide flushing of the lubrication system.

Key words: engine oil, pollution, cleaning, engine, flushing of the lubrication system, compression, fuel consumption.
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I'uapoTepMaibHOE MPe0OpPa30BaHNe OPraHNYECKOT0 BEIeCTBA KAPOOHATHOI MOPOABLI BOIN3M KPUTHIECKOH
TOYKH BOABI

B pabome uccredosanvl 3axonomeprocmu npeoopaz08anus OpeaHuUiecko2o 6euecmea KpeMHUCmo-eIuHUCmou
KapboHamuo nopoowvl 6 2uopomepmanrvHom gaoude npu memnepamype 340-380°C u daenenuu 17-20 Mlla.
Yemanosneno, umo 6 cudpomepmanvrom @rioude ¢ uz661mKoM 800bl € Y@eauieHuem memMnepamypvl U OAGIeHUs.

8 KapboHamHou nopooe, codepaicaujeli OpeaHUiecKoe 8eujecmso, OOMUHUPYIOM PeaKyuy OKUCTeHUs C HAKONIeHUeM
aApoMAmMUYecKUx y2ne6o00po008, CMoll u acgharomenos. Ilokazanvl 3a6UCUMOCIU 2EOXUMUYECKUX NAPAMEMPO8
Y211e8000P0008 (IKCMPAKMO8) KapOOHAMHOU NOPOOLL OM MEMNEPAmypbl U OAGIeHUsL 2UOPOMEPMATbHO20 Gaouda.
OnmumanbHulMu mepmobapuyecKumu napamempamu 2uOpoOmepMaibHo2o Gaouda 011 KapooHamuo

nopoovwl sensiromes 340°C u 17 Mlla, 8 0annvix ycio8usix npoucxooum ygeiuyenue Koaudecmed HemsaHvLx
1271e8000p0008 HA (POHE CHUNCEHUS COOEPHCAHUS OP2AHUYECKO20 8euecmed, YBeauiusaemcs Ouamemp nop,
obpazytomces muxkponopwl. Ilonyuennvle sKCnepumMenmanbHvle OaHHblEe BHOCAM B8KIA0 8 pa3eumue MexHoI02Ull
paspabomru KapooHAMHbIX NOPOO.

KiwueBble cioBa: KapOOHATHBIE TOPOJIBI, OPraHUYECKOE BELIECTBO, THAPOTEPMATBHBIE (PIFOHMIBI,

9KCTPAKIHS, HEPTSIHBIE YTIIEBOIOPOIHI.
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S. M. Petrov

Kazan National Research Technological University

Hydrothermal Conversion of Organic Matter of Carbonate Rock near the Critical Water Point

The paper presents the results of comparative studies to identify the regularities of the transformation of organic
matter in a siliceous-clayey carbonate rock in a hydrothermal fluid at temperatures of 340-380°C and pressures of
17-20 MPa. It was found that in a hydrothermal fluid with an excess of water with increasing temperature and
pressure in a carbonate rock containing organic matter, oxidation reactions dominate with the accumulation of
aromatic hydrocarbons, resins, and asphaltenes. The dependences of the values of the geochemical parameters of
hydrocarbons (extracts) of carbonate rock on the temperature and pressure of the hydrothermal fluid are shown. The
optimal thermobaric parameters of a hydrothermal fluid for a carbonate rock are 340°C and 17 MPa; under these
conditions, the amount of petroleum hydrocarbons increases against the background of a decrease in the content of
organic matter, the pore diameter increases, and micropores are formed. The obtained experimental data contribute
to the development of technologies for the development of carbonate rocks.

Key words: carbonate rocks, organic matter, hydrothermal fluids, extraction, petroleum hydrocarbons.
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dopMupoBaHNEe KOOAIBTCOAEPKALUX IUCIIEPCUIi B dKUIKOMETAUINYECKUX cpeaax

Boinu cpopmuposansr kobansmceooepacawue oucnepcuu Ha 0CHOBe 01064, GUCMYMA, 2ANNUA U CHIABA BUCMYTH/ONI08O.
Ycemanoeneno enusnue npupoost OUCnEpCUOHHOU cpedbl Ha YOpMUPOBaHUEe KobAIbmcooepicauieli OUCNepCHoU (hasbi.
Toxazano eénuanue cnocoba 8sedeHust KobAnbMcooepacaujeco KOMROHEHMAa Ha CMAOUTLHOCIb OUCTIEPCUlL.

H3yueno erusnue KonyeHmpayuu pacmeopa npeKypcopa Ha pasmep 4acmuy okcuoa Kkobaisma, 00pasyrouuxcs

npu ghopmuposanuu oucnepcHol cucmemsl. I1oxazana npuHYUNUATLHAS BO3MOICHOCHb 00PA3068AHUS
Kamanumu4eckux cucmem Ha oCcHoge 2anius ¢ pasmepom wacmuy om 450-540 um.

KiroueBsble ci10Ba: )XUIKHE METAJUIbI, KaTAIH3 B TUCTIEPCHBIX (pa3ax, KoOATbTCOAEPIKAIIIE AUCTIEPCHH.
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Formation of Cobalt-Containing Dispersions in Liquid-Metal Systems

Cobalt-containing dispersions were formed based on tin, bismuth, gallium, and a bismuth / tin alloy. The effect of the
nature of the dispersion medium on the formation of the cobalt-containing dispersed phase has been established. The
effect of the method of introducing the cobalt-containing component on the stability of the dispersion is shown. The
effect of the concentration of the precursor solution on the size of cobalt oxide particles formed during the formation
of a dispersed system has been studied. The fundamental possibility of the formation of catalytic systems based on
gallium with a particle size of 450—540 nm is showns.

Key words: liquid metals, catalysis in dispersed phases, cobalt-containing dispersions.
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TepMogunaMuYecKHii aHAJIN3 peaKlHii CHHTe3a NPOAYKTOB He(pTera30XuMHH U3 OKCHT€HATOB

Tlposeden mepmoounamuyeckull aHaIu3 peakyull npespaujerust OUMemuaI08020 3hupa 6 YyenHvle nPoOyKmul
Hegme2azoxumuuy, 8 HacMHOCMu nponuieHa, popmanvoecuoa, 1,3-o6ymaouena. Onpedenena memnepamypHas
3A6UCUMOCHIb PAGHOBECHO20 COCABA peakyuu noayuenus 1,3-6ymaduena uz oumemunogoeo sghupa. Pacuem
MEMNEPAMYPHOU 3a8UCUMOCTU KOHYEHMPAYUL PAGHOBECHO20 COCABA PEaKyUU 83aUMOOeLiCMEUs NPONUIeHA
¢ ghopmanvoezudom ¢ obpazosanuem. 1,3-ouoxcana, 1,3-6ymanouona u 2-6ymen-1-o1a nokasau, ymo 0CHOBHbIM
NPOOYKMOM NpuU pagHosecuu sagisiemcs 2-oymen-1-oi.

KioueBble c10Ba: OKCUT'€HATHI, TEPMOJUHAMUKA, 1,3-0yTaaueH, nponuieH, Gpopmansaerun, peakuus [Ipunca.
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Thermodynamic Analysis Reactions Synthesis Valuable Products Petrochemiscals from Oxygenates

A thermodynamic analysis of the products of the transformation of dimethyl ether into valuable products, in
particular, propylene, formaldehyde, 1,3-butadiene, has been carried out. The temperature dependence of the
equilibrium formation of the reaction of 1,3-butadiene from dimethyl ether has been determined. Calculation of the
temperature dependence of the equilibrium coefficient of the conversion coefficient of propylene with formdehyde with
the formation of 1,3-dioxane, 1,3-butanediol and 2-buten-1-ol showed that the basic product in equilibrium is
2-buten-1-ol.

Key words: oxygenates, 1,3-butadiene, propylene, formaldehyde, Prince reaction.
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J3eTa-nmoreHuMAa I HAHOPa3MePHbIX YACTHUII LeJJI10J103b] Kak ¢pynkuusa pH

B nacmosuyeii pabome nonyuenst Oucnepcuu HAHOPA3MEPHLIX YACMUY YELNI0N03bl U OnpeoeeH

ux 0zema-nomenyuan npu pH om 1 0o 14. Yemanosneno, umo nanogubpuniapuas yeinonoza (H®OL]) coxpansem
ceoumenmayuonHyro ycmouuusocms npu pH om 3 0o 11. Ilpu smom H®L], nonyuennas kucromuou oopabomxkou
¢ 2omoeenuzayuell, umeen MaKkCUMAIbHbll 03ema-nomenyuai okono —62 mB npu pH = 6. H®L], nonyuennas
OKUCIUMENbHOU 00pabomKoll ¢ 20Mo2eHu3ayuetl, umeem MaKCUMAalbHbili 03ema-nomenyuan okono —46 uB

npu pH = 7. Hanoxkpucmaniuueckas yeinono3d, NOJyUeHHas OKUCIUMENbHOU 00pabomKoll ¢ 2oMo2eHU3ayuel,
coxpamsiem ceouMeHmayuoHHyo ycmoudusocms npu pH om 4 0o 11 u umeem maxcumanoHuli

Osema-nomenyuan okono —73 uB npu pH = 4.

KaroudeBrble c10Ba: HaHOLEIUIION03a, THIPOTeb, CTAOMIBHOCT AUCTIEPCHUH, KOATYJIISAIMS, KUCIOTHOCTb.
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Zeta Potential of Cellulose Nanoparticles as a Function of pH

In this work, we obtained dispersions of nanosized cellulose particles and measured the zeta potential of particles at
pH from 1 to 14. It was found that CNF retains sedimentation stability at pH from 3 to 11. At the same time, CNF
obtained by acid treatment with homogenization has the maximum zeta potential about -62 mV at pH = 6. CNF
obtained by oxidative treatment with homogenization has a maximum zeta potential of about -46 mV at pH = 7. CNC
obtained by oxidative treatment with homogenization retains sedimentation stability at pH from 4 to 11 and has a
maximum zeta potential of about -73 mV at pH =4.

Key words: nanocellulose, hydrogel, dispersion stability, coagulation, acidity.
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MogaeanpoBaHue MHTEHCU(UIHMPOBAHHBIX TEIVIOOOMEHHUKOB C Pa3JIUYHON BA3KOCTBIO Cpejl

Hns pewenus 3a0au MooepHu3ayuLu NPOMbIUIEHHBIX YCIMAHOBOK NOYYeHUs HeQMAHbIX PpaKyull Ha OCHOGe
npumenenus npUbIUNCEHHO20 MEMOo0a MOOEIUPOBAHUS NEPEHOCA UMNYIbCA U MENIOmbl 8 Meni000MEeHHbIX
annapamax ¢ no6epxXHOCMHbIMU UHMEHCUGUKAMOPAMU NOLYHUEeHbL 8bIPAIICEHUS 01 CPEOHUX KOIPPUYUEHMO8 mpeHUs.
u mennoomoayu. Mcnonvszosana mooens mypoyieHmno2o noepanuuno2o cios Haiiccnepa u Ban-/puticma

07151 hyHKYUU MYPOYIEeHMHOU 533K0CMU 0J1 NAOCKOU 2nadkou cmenku. C npumenenuem euopoouHamMuUecKoll
ananozuu Yunmona — Konvboprna nonyueno svipasicenue oas yucia CmaHmona u HOKA3aHO CO2NACOBAHUE

¢ uzeecmuou ananoeuel. Ipu nepexooe Kk MOOEIUPOGAHUIO NEPEHOCA UMNYTbCA U MENTIOMbL 6 KAHANAX

€ NOGEPXHOCMHBIMU UHMEHCUPUKAMOPAMU UCNONb306AHbI UOEHMUUHbBIE TOKATbHBIE CEOUCEA MYPOYIEHMHO20
0BUDICEHUS 8 NOZPAHUUHOM CIO€ HA NIACTHUHE U 8 NPUCHEHHOM Cloe mpPyObl, a MaKdice C80UCEA KOHCEPEAMUEHOCMU
3aKOH08 MPeHUsL 1 MENT00OMEHA K BO3MYUWIEHUAM, KOMOpble yHUumulearomcs napamempuydecku. Ha ocnose
QUCCUNAMUBHOU MOOENU NOJIYHEHbL 8bIPANCEHUSL OJIsL CPEOHEe20 KACAMENbHO20 HANPAICEHUs 8 KAHANAX C
unmencuguramopamu u wucia Hyccenoma. Ilpedcmagnenuvl pe3yivmamol pacyemos U CPAGHeHUsl ¢ U36eCHbIMU
IKCHEPUMEHMANLHBIMU UCCACO08AHUAMU OJIsL MPYO € NOBEPXHOCMHBIMU NPOBOTIOUHBIMU 6CMABKAMU, CO CRUPATILHBIM
opebpeHueM U NPAMOY2ONbHbIMU 8bICTIYNAMU OI51 MPAHCHOPMAMOPHO20 MACAA NPU 3HAYeHUAX yucia Pelinonboca
200 < Re <2000. Ycmanognena adek8amnocms paspadomanHol MamemMamuyeckol Mooeau 8 WupoKom uHmepeae
PEIACUMHBIX U KOHCMPYKMUBHBIX NAPAMEMPO8 U MENA0PUIULECKUX CEOUCNE HCUOKUX U 2A308bIX CPEO.

Hanwi npumepsl npumeHenus Mamemamuieckol Mooeau npu npoeKmupo8anuy menio00MeHHUKO8

Ha pexmuuKkayuoHHbIX yemanosxkax 6 Poccuu u 3a pybesicom.

KioueBbie cJ10B: TETIIOOOMEH, MaTeMaTn4ieckasi MOJIeIb, TOBEPXHOCTHBIE MHTEHCH(DUKATOPHI, MOJICPHU3AIIHS

armaparTos.
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Modeling of Intensified Heat Exchangers with Different Fluid Viscosities

Equations are derived for mean friction and heat transfer coefficients to solve problems of updating industrial plants
for getting oil fractions based on application of approximate method of modeling momentum and heat transfer in heat
exchangers with surface intensifiers. The Dyssler and Van-Driest turbulent boundary-layer model is used for the
turbulent viscosity function for a flat smooth wall. An equation for the Stanton number is written using
Chilton-Colborne hydrodynamic analogy and agreement with the known analogy is shown. Identical local
properties of turbulent motion in a boundary layer on a plate and in a near-wall layer of a tube and the conservative
properties of the laws of friction and heat transfer to turbulences, which are taken account of parametrically, are used
for modeling momentum and heat transfer in channels with surface intensifiers. An equation for mean tangential
stress in channels with intensifiers and, further, an equation for the Nusselt number is derived using a dissipative
model. The results of calculations and comparison with the known experimental investigations are given for tubes

with surface wire inserts, with spiral finning and rectangular projections for transformer oil at Reynolds numbers 200



< Re <2000. Thus, the adequacy of the developed mathematical model is proved in a wide range of operating and
design parameters and thermophysical properties of fluids and gases. Further, the hydraulic resistance of the channel
is the key experimental information about the object of modeling. Examples of use of mathematical model for
designing and commissioning heat exchangers in petroleum fuels fractionating plants at industrial enterprises in the
Russian Federation and abroad are given.

Key words: heat exchange, mathematical model, surface intensifiers, equipment updating, fuel production.
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TepMoanHaAMHUUYeCKUI aHAJIN3 Yepeayoueicd IMKINYeCKOi 3aKaYKH Napa u IbIMOBbIX ra3oB

Ha npuMepe TaxKeJAbIX HedTeilt Koymouu

B cmamve na npumepe 0odviuu maicenvix negpmeii Konymouu npueooumcs oyenka mepmoouHamMudeckux
noxazameineil 3¢ppexmuenocmu 000pYO08anUs 0N YUKIULECKOU YepedVIouelicsl 3aKauk 6005 H020 Napa U ObLMOGLLX
23308 ¢ Yebio NOBbLULeHUS He(hmeomoayu MecmopoICOeHUl U peueHus NPUPOOOOXPAHHBIX 3A0ay.
Paccmampusaemoe obopyodosanue npedcmasneno 08ymMs NOOCUCMEMAMU. 2eHePaYUL 800STHO20 NAPA U CHCAMUSL
0bIMOBbIX 2a3086. [lapamempol dHepeoHOCUmenell 8blOUPAIUC, UCX005L U3 2TYOUHBL 3a1e2aHUsi 000bIEAIOUUX
KOJLIEKMOPO8 U IKCHEePUMEHMATIbHBIX OAHHBIX, NPEOOCHABLEHHbIX 3apybedxcubim napmuepom. Tepmoounamuueckuii
AHANU3 NPedyCMaAmpuUeal OYeHKy nomepsb IKcepeuu KaK OmoeabHo O HOOCUCIEMAM, MAK U 8 PeXNCUMEe UX
cosmecmuoll pabomul 0151 0becneueHus YUKIU4eckol yepedyouelica 3axaixu azenmos. Ilpu smom
PACCMAmpuganucy paziuynble COOMHOWEHUsL BPEMEHY 3aKAUKU 800HO20 NAPA K ObLMOBbIM 2A3aM, NPUBEOEHHbIE K
NAMUOHEBHOMY YUKTY. YCMAaH08IeHO, Umo IHep2odphexmusHoCms co8mMecmHol pabomul NOOCUCTeM, Onpedensemas
MUHUMATHHBIMU CYMMAPHBIMU HOMEPAMU IKCEP2UL, NPUBOOUM K OUAMEMPATLHO NPOMUSONONOICHBIM PE3YTbMAMAM,
Komopbie 3a8UCAm 0m mo2o, KAKOu UCMOYHUK IeKMPOIHEPSUU UCHOIbIYEMCA: YeHMPATU308aAHHbIU UNU HA OCHOBE
Mmecmuot eenepayuu. Coenarn 61800 0 He0OX0OUMOCTU OONOHUMb MEPMOOUHAMUYECKUL AHATUZ DKOHOMUYECKOU
OYEHKOU NepeMeHHOU 4acmuy nPuBederHbIX 3ampam Ha pearusayuio npoyecca YUKIU4ecKou 4epeoyouetics 3aKayku
8005H020 NAPA U ObLMOBBIX 24308, KOMOPAs NOKA3AAA, YO ONMUMATbHBIM MEXHUYECKUM peuleHUeM A6IAenCsl
PENCUM 3AKAUKU C COOMHOUIEHUEM 8PEeMEHU 3AKAUKU NApa U ObIMOSBbIX 2308, pasHuim 4,5:0,5, 6 namuonegHom yukie
NpU UCNOLL30BAHUU IIIEKMPOIHEPSUL U3 YEHMPATUZ08AHHBIX UCTHOUHUKOS.

KiroueBble ciioBa: TsoKenas HedTh, BOASHON map, T5IMOBBIE Ta3bl, kcepretnaeckuii KI1/1,

MSATHIHEBHBIH [UKII, YepeAyIOIas 3aKadka, IPUBEICHHbIC 3aTPaThI.
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Thermodynamic Analysis of Alternating Steam and Flue Gas Injection Process

in Application to Heavy Oil Fields in Colombia



This paper presents the thermodynamic analysis of the cyclic steam and flue gas injection process in application to
heavy oil production for Colombian oilfields in order to improve oil recovery as well as reduce the environmental
impact. The process comprises two subsystems. the steam generation subsystem and flue gas compression process.
Working fluid parameters were selected based on the depth of the producing wells and the experimental data provided
for Colombian oilfields. As part of the thermodynamic analysis, exergy losses were calculated for the subsystems
operating separately as well as together in the cyclic flue gas-steam alternating injection process. The analysis was
conducted for varying ratio between the duration and steam and flue gas injection over a five-day cycle. Is was
determined that the efficiency of the subsystems operating together in the process (which is achieved by minimizing
the total exergy losses) is drastically different depending on whether centralized power or local power generation is
used for energy supply. It was concluded that an economic analysis is required in addition to the thermodynamic
analysis. The varying part of the relative costs for the cyclic steam-flue gas injection process was assessed and it was
shown that the optimal solution would be steam-flue gas injection with an injection ratio of 4.5:0.5 (for a five-day
cycle) that uses a centralized power source.

Key words: heavy oil, water vapor, flue gases, exergy, exergy efficiency, five-day cycle, alternating injection,

unit costs.
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Experimental Quantification of Oil Displacement Efficiency in Pores and Throats with Varied Sizes in
Conglomerate Oil Reservoirs through CO; Flooding

The pilot project of CO: flooding has been implemented in the conglomerate o0il reservoir in Xinjiang, China.

The target reservoir is characterized by the low-porosity (ranging from 8.53% to 11.02%) and low-permeability
(ranging from 3.30 to16.18 mD) parameters. The objective of the pilot CO; flooding is to overcome the water
sensitiveness of the formation. However, the field application of the CO: injection is complicated by technical
difficulties including gas channeling and low sweep efficiency. To control the oil recovery factor, it is critically
important to investigate the efficiency of the oil displacement in pores and throats of the formation in the process of
water and CO; flooding. In this paper, in order to quantitatively determine the oil displacement in the pores of
different sizes, the authors have studied the process of the water and CO; flooding in the core samples obtained from
the conglomerate oil reservoir in the Xinjiang Oilfield. The displacement efficiency is evaluated by the online nuclear
magnetic resonance (NMR) method. Before testing, the samples are saturated with oil till the oil saturation reaches
48.27%. In the process of water flooding, the water content in the large pores reaches 28.70%, the displaced oil is
produced mainly from the large pores, and the oil saturation is reduced to 27.78%. In the process of CO: flooding, the
oil displacement efficiency is increased by 17.97%, including an increment of 7.17% for the middle-size pores and
8.61% for the large pores. The large and the middle-size pores contribute to the high oil recovery, while the oil in the
small pores is difficult to recover. The ultimate oil saturation is 19.97%, and the overall recovery factor is 60.44%.

At the late stage of CO: flooding, a foam-like structure is developed in the large pores, which is prone to plug the pore



throats of the large pores and boost the residual oil displacement in the small pores, thereby further enhancing the o0il
recovery factor. This study is focused on comprehensive research on the relationship between the pore size and the oil
recovery factor in a conglomerate oil reservoir. The results can be useful for guiding the implementation of site-
specific EOR technologies.

Keywords: CO; flooding; online flooding; experiment quantification of flooding efficiency; NMR.
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Flow Mechanism and Transient Pressure Analysis of Multi-Stage Fractured Horizontal Well

Shale gas reservoirs are typical unconventional natural gas resources characterized by low porosity and low
permeability of the formation. To enhance production and provide an economically justified production rate, the
multi-stage fractured horizontal well (MFHW) technology has been widely used in shale gas reservoirs. More
attention has been paid recently to studying the mechanism of multi-scale flow in shale. However, the mechanism of
gas seepage in shale in a multi-stage fractured horizontal well has not been systematically discussed. In the previously
published conventional studies, the authors have not presented a comprehensive analysis of the adsorption,
desorption, and diffusion mechanisms participating in gas seepage, particularly within a linear flow model. In this
paper, the linear superposition method is applied to describe the non-Darcy flow behavior in nano/micro-scale pores
and the Darcy flow behavior in macropores and natural/induced fractures in a shale matrix. Based on the flow mode,
the shale reservoir and the area around the multi-stage fractured horizontal well are divided into three zones:
the outer region flow, the inner region flow, and the flow in the hydraulic fractures. Based on the trilinear flow model,
the authors consider the differences in properties between the initial shale reservoir and the induced fracture network
of the stimulated reservoir volume (SRV). In this model, the dimensionless variables, Duhamel principle, and
numerical Stehfest algorithm are combined to analyze the dynamic bottomhole pressure, adsorption-desorption
behavior, multi-scale flow mechanism, and complex SRV geometry in the MFHW area. Based on the established
model, the effect of the key factors and their influence on the dimensionless pressure and pressure derivate curves are
considered.

Keywords: shale gas reservoir, trilinear flow model, MFHW, multi-scale flow mechanism, well testing.

Cheng Yang %, Li Zihan®*, Zhang Binghai**, Huang Jing*>*, Liao Ruiquan’*

! Yangtze University, Wuhan 430100, Hubei Province

2 The Multiphase Flow Laboratory of Gas Lift Innovation Center, CNPC, Wuhan, Hubei Province
3 CNOOC Research Institute Co., Ltd, Beijing,

* Southwest Petroleum University, Beijing

liaoruiquan@?263.ne



Liquid Accumulation in Horizontal Gas Wells

In the previously published studies, the calculations of critical liquid-carrying gas velocity in a horizontal well were
based on conventional calculation models of a droplet in a vertical well and do not consider the influence of the
inclination angle of the well on the liquid-carrying ability of gas. Horizontal wells are currently widely used in the gas
fields, while the traditional critical liquid-carrying velocity models cannot be applied to evaluate gas flow
characteristics in the inclined sections of horizontal wells. In this paper, based on experimental results, we established
that the critical liquid-carrying conditions in an inclined well occur when the inclination angle is 55°. Considering the
flow characteristics of the liquid phase in a gas well, we obtained the flow mode of the liquid film in the pipeline. The
established liquid-film model provides a calculation method of the critical liquid-carrying velocity for different
inclination angles. The accuracy of the new method has been verified by the field data.

Keywords: horizontal well, critical liquid-carrying conditions, fluid accumulation, critical liquid-carrying velocity.
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Explosive behavior of CH4/C:Hes/C3Hs mixtures in the SAGD process with CO; fusion gases in extra-heavy oil
reservoirs

In the crude oil recovery industries, explosion accidents involving associated gases can often result in fatal damage.
The main purpose of this study is to provide theoretical support and engineering background for the SAGD operations
in the extra-heavy oil reservoirs. To investigate the explosive behavior of CH,/C:Hs/C3Hs gases and the inhibition
mechanism of CO; gas, the authors have experimentally studied the factors influencing the explosion behavior of the
associated gas in a standard-designed 20 L spherical explosion vessel at ambient temperature and pressure. Based on
experimental data, they analyzed the explosive parameters of the combustible gas mixtures, including the explosive
peak pressure, time to reach the maximum pressure, the velocity of flame propagation, upper explosive limit (UEL),
and lower explosive limit (LEL). The results show that a small amount of C:Hs/C3Hs could promote the explosive
characteristics of CH,. The addition of CO; gas has a different inhibitory effect on the explosive behavior of
CH4/C>Hs/C3Hs. The explosive overpressure strength of the CH4/C>Hs/C3Hg gas mixture decreases with increase in
the CO; concentration. When the CO, gas is added to the extra-heavy-oil associated gas, the flame propagation
velocity of the CHy/C>Hs/C3Hs mixture explosion decreases accordingly. Due to the inert effect of the CO- gas, with
the continuous addition of CO; to the mixture, the UEL parameter of CH./C:Hs/C3Hs decreases linearly and the LEL
parameter increases exponentially. The results of the study are important for eliminating potential risks and providing
safety management of the SAGD operations at the extra-heavy oil reservoirs.

Keywords: extra-heavy oil reservoir; associated gas; explosive behavior; inert gas; explosive limits.
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Development of Spontaneous Imbibition in Tight Rocks

Spontaneous imbibition of a wetting liquid in a tight reservoir is an important driving mechanism for enhancing oil
recovery and providing satisfactory flow-back efficiency. In this paper, the authors experimentally study the
characteristics of spontaneous imbibition in the tight sandy samples. The changes of imbibition mass with time in the
samples with a different initial distribution of porosity are measured and analyzed. The nuclear magnetic resonance
(NMR) method is applied to measure the development of imbibition in the pores of different diameters. The results
show that the imbibition process is divided into three stages, depending on the pore size distribution in the samples.

In the first stage, imbibition satisfies the Lucas and Washburn equation. In most cases, imbibition first develops
rapidly in the small pores, and then the wetting phase migrates into the large pores, which is reflected by the peak
shift in the T>spectrum. The variations in the T> spectra also reflect the formation of new fractures and the collapse of
pores. The development of spontaneous imbibition is controlled by the pore size distribution, the formation of
fractures, and boundary conditions. To simulate the imbibition process, the authors propose a simple model based on
the pore size dostribution and capillary bundles. The model is used to demonstrate the three stages of imbibition in the
porous media.

Keywords: spontaneous imbibition, tight reservoir, T2 spectral.
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Experimental Study of Oilfield Water Plugging with Organic Chromium Gel

Application of water flooding technologies in the oilfield causes intensive heterogeneity of the oil reservoir and
improper circulation of the injected water. The profile control and water plugging technologies are applied to adjust
the heterogeneity of the formation, reduce permeability, plug the formation water, and enhance the oil recovery. The
polymer gel used in the profile control and water plugging method is produced by mixing the polymer solution with an
appropriate crosslinking agent. In this study, the organic-chromium gel is prepared by mixing the partially-
hydrolyzed polyacrylamide (HPAM) as the main component and the organic chromium as a crosslinking agent. The
resulting gel contains 1% of HPAM and 1% of the organic-chromium crosslinking agent. The gelatinization of the
solution is evaluated by measuring the gel parameters in relation to temperature, pH value, and salinity parameters of
the solution. The plugging effectiveness of the gel is tested experimentally in the simulated artificial strata. Based on

the optimized temperature, salinity, and pH parameters, the gel solution formula has been adjusted. The optimized gel



is characterized by the gelation time in the range from I to 22 h, the gel strength as high as the I level, and the
plugging rate of above 95%, providing a satisfactory plugging effect in the simulated formation. The experimental
results can provide theoretical and practical references for developing water-plugging technologies in oilfields or
mines. The study is also of interest for optimizing the formulations of the drilling fluids and the polymer-polymer
compositions for enhanced oil recovery.

Keywords: gel, oilfield, water plugging, permeability, organic chromium, crosslinking agent.
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Qil Sludge Treatment by a Microemulsion System Containing Sodium Dodecyl Benzene Sulfonate

In the oil production process, a large amount of generated oily sludge causes considerable pollution to the
environment. In this paper, the oil sludge samples obtained from the Jidong oilfield in China are treated by the
microemulsion system containing sodium dodecylbenzene sulfonate (SDBS) as a surfactant. The microemulsion
system contains kerosene as the oil phase and an aqueous solution containing SDBS, n-butanol, and sodium chloride
as the water phase. This study is focused on the effects of the system’s composition and treatment process on the
efficiency of oil removal. The results show that when the volume ratio of kerosene to water is 1:1 and the weight
concentrations of SDBS, n-butanol, and sodium chloride are 4.92%, 2.59%, and 3.94% respectively, the system
provides the highest oil removal efficiency. When the initial sample mass is 10 g and the water content in the
microemulsion is 100 mL, the treatment provides the removal of 79.3% of oil from the sludge. The oil removal
efficiency is further optimized to 82.5% by treating the sludge at the temperature of 30°C for 2 h.

Keywords: oil sludge, microemulsion, surfactant, oil removal efficiency.
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Influence of Bubbles in Diesel Volume Measurement

Accurate measurement of diesel volume is important in both industrial and domestic applications. The accuracy of
volume evaluation of diesel fuel is affected by the formation of bubbles in diesel. In this paper, the authors have
studied the volume of bubbles generated in diesel in the process of transportation and the change in the volume of the
bubbles with time. They measured the volume of diesel in the metal tank (1x10'mm’) and the metal tank volume
(5x10'mm’) under different temperature conditions. The volume proportion of bubbles generated in diesel in the
process of transportation is quantitatively analyzed. The results show that the bubble volume changes with time in
accordance with an exponential function, and the convergence value of the bubble volume ratio is -3.16356 <107

Keywords: volume measurement, diesel, bubbles, error compensation.
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Optimal Selection and Principles of Production Tubing in Deep-Water Gas Fields

During the exploitation of deep-water gas fields, the complex deep-water environment conditions result in extremely
harsh requirements for the tubing selection. In this paper, the authors studied the selection of tubing in a deep-water
gas field. Based on the specific practices in the deep-water gas reservoir A, they suggested the algorithm of the size
selection and material selection of tubing. Assuming the flow pressure at the wellhead is 7.5 MPa, the optimized size
of the tubing is selected from the most commonly used tubing sizes 5-1/2", 7", and 9-5/8". The selection of the tubing
size is determined by the comprehensive analysis of the tubing sensitivity, liquid-carrying capacity, and fluid erosion
rate. Based on the analysis results, as well as the safety and economy issues, the 7" tubing size is regarded as the most
suitable. The selection of the tubing material is determined by the analysis of the gas composition in the reservoir, the
formation water characteristics, and the acid gas corrosion. The safety of the selected tubing material and the final
strength of the optimized tubing are verified by the WellCat software. The results show that the strength of the 13Cr
LS80 tubing is satisfactory to meet the requirements for operations in the initial gas reservoir stage, the production
stage, the well shut-in stage, the well killing stage, and for tubing leak situations under the conditions of different
water-gas ratios. In this paper, the selection principles of the tubing size and material are summarized. The
conclusions may be vitally important for improving the production safety and efficiency of the tubing, which is

important in promoting the development of production technologies in the deep-water oil and gas reservoirs.
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Fracturing Optimization of New Wells Considering Cross-Well Interference in the Mahu Conglomerate
Reservoir

In recent years, the commercially developed tight conglomerate reservoirs have been benefiting from the continuous
progress of fracturing technology. The overall development trend of fracturing is focused on providing small well
spacing, large-scale cutting, and cross-well fracturing. The productive construction of new wells is restricted by
fracture interference. In this paper, to improve the accuracy of the fracturing design and the final recoverable
reserves (EUR) of the well groups, the authors have put forward a new fracturing optimization method. Based on a
discrete fracture model and the dynamic in-situ stress field data, they have established a refined three-dimensional in-
situ stress model. The model is solved by the coupling analysis of finite element geomechanics and seepage

mechanics, combined with the production data. The model is applied to simulate the evolution of the reservoir in-situ



stress field under the condition of the formation energy deficit. Then, the fracture distribution of the new wells

in the new dynamic in-situ stress field is simulated, and the fracturing parameters are optimized according to the
comparison of the predicted productivity data for different schemes. Taking the well group H1 in the Jin 202
demonstration area as an example, the method has been applied to analyze the factors determining lower productivity
after the new wells are put into production. Based on subsection clustering and pump-injection design, the authors
have put forward the principles of design optimization of the new wells. As shown by the analysis results, the dynamic
in-situ stress model incorporating the influence caused by the production of the old wells is applicable for the
evaluation and interactive characterization of fractured layers of the new wells. When the new wells are characterized
by significant cross-well interference of fractures, the new model provides an important basis for predicting
productivity and optimizing fracturing parameters. When the target horizontal well group is fractured with a cluster
spacing of 20 m and a preflush ratio of 55%, the maximum productivity is obtained and the development effect

is the best.

Keywords: dynamic in-situ stress field; inter-well interference; optimization of fracturing design.
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Effect of Front Water Flooding Injection-Production Parameters on Polymer Flooding Recovery in a
Conglomerate Reservoir

The conglomerate reservoir of the Xinjiang-552 oilfield is characterized by high heterogeneity and complex pore
structure. After several years of water injection development, the formation pressure in the reservoir is low and the
production per well is poor. The reservoir is difficult to regulate and control and does not meet the conditions for the
implementation of the polymer flooding operations. In this paper, the numerical simulation method is applied to
optimize the injection-production parameters, including the injection-production ratio, pressure recovery rate,
reasonable production rate, and polymer injection timing of the polymer flooding in the X-552 reservoir. The
objective of the research is to determine the optimal injection-production parameters and to provide sufficient
injection-production capacity for polymer flooding. The front-water flooding technology is applied to ensure the
successful progress of polymer flooding in the reservoir. The results show that when the reservoir formation pressure
coefficient is 1.0 (the formation pressure is 16.4 MPa), the polymer flooding recovery is reasonably high, the front-
water flooding injection time is 5 years, the injection-production ratio is 1.05, and the average annual pressure
recovery rate is 0.52 MPa. As shown by the predicted results, the production profile and recovery degree are greatly
improved, the development effect is satisfactory, and the goal of the frontal water flooding is achieved. The proposed
method can be applied to provide guidance for front-water flooding in conglomerate-type reservoirs.

Keywords: front-water flooding; polymer flooding; numerical simulation; injection-production parameters.
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Influence of Mechanical Rotary Percussion Tool on Friction Drag in Horizontal Wells

Friction between the drill string and the well wall is one of the key factors restricting the rate of penetration (ROP) in
the process of sliding drilling in a horizontal well. The problem is effectively solved by applying the vibrating drag-
reduction technology. In this paper, the authors propose a new type of mechanical rotary percussion tool driven by
the positive displacement motor (PDM) and simulate the drag reduction effect of the tool in a horizontal well. The
results show that the drag reduction effect depends on how the weight on the bit (WOB) is transmitted to the bit. When
the excitation frequency is high, it causes severe fluctuation of the WOB. To maximize the overall WOB, the excitation
frequency needs to be optimized. The WOB fluctuation contains not only the excitation frequency but also the double-
excitation frequency and triple-excitation frequency. The research results can provide theoretical guidance for the
application of the rotary percussion tool in horizontal wells.

Keywords: horizontal well; friction drag; rotary percussion; vibrating drag reduction; finite element method.
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