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METOAOB Pa3paboTKu HePTIHBIX MECTOPOXKAeHHU. DPPeKTHBHOCTh TEXHOAOTHH 3a-
BOAHEHUS IIAACTOB BO MHOT'OM 3aBUCHT OT COOTBETCTBHSA IPOEKTHBIX U GaKTUYECKUX
00'peMOB 3aKa4KK BOABL BcaeAcTBHe HApyIIIeH S TepMeTUIHOCTH IjeMEHTHOTO KOABIIA
B 3aKOAOHHOM IIPOCTPAHCTBE BO3HUKAIOT [IEPETOKHU XXUAKOCTH, KOTOpbIe 00YCAABAU-
BAIOT HEMPOEKTHBIH yXOA 3aKauMBaeMOH KMAKOCTH B HerleppOpUPOBaHHbIE ITAACTDL.
BrisasaeHMe 1 onepaTHBHOE YCTpaHEHHE 3aKOAOHHBIX IIePETOKOB IPH 3aKauKe SKHA-
KOCTH B HATHETaTeAbHbIEe CKBAXKUHBI SBASIETCS OAHOM M3 BAXKHbIX 3aAa4 9P PeKTUBHOM
M 9KOAOTHUYHOM Pa3paboTKy HePTSHBIX MECTOPOKAECHHUIL.

B pabote paccmarpuBaeTcs IpIMeHeH e HHAYKIOHHOTO HarpeBa 00CaAHOM KOAOH-
HBI AASL OIIPEASACHHUS 3aKOAOHHOTO IIePeTOKA CHU3Y BBEPX IIPH 3aKadKe XUAKOCTH
B CKBXXUHY. FIcCAEAOBaHISI OCHOBAHBI Ha YHCAEHHOM MOACAUPOBAHUN B HH)KEHEPHOM
maxere Ansys Fluent. CMoAeAMPOBaHBI ClleHapHUH OTCYTCTBHS U HAAUYLS IIEPETOKA
IIpY 3aKadYKe XXHAKOCTU B CKBaXKHHy. [TokasaHo, 4TO B CKBOXXHHe 03 [IepeTOKa BO3My-
IeHNe TeMITePaTyPHOTO MOAS PACIPOCTPAHSETCS OT HarpeBaeMOoTO YIaCTKa KOAOHHDI
IPEeUMYIeCTBEHHO PAAMAABHO B IIeMEHT M FOPHBIE IIOPOADL, B CKBOXKUHE C IIEPETOKOM
TEIAOBOE BO3MYIJeHHe OT y4acTKA HarpeBa paclpOCTPaHAETCS TAKKe B BEPTHKAAD-
HOM HallpaBA€HHHU I10 HATIPABAECHHIO IIEPETOKA, MPHUIEM HA PACCTOSHHUH AO 1 M BbIIE
y4acTKa Harpesa BO3MyIeHHUS TeMIIePaTyphl B TeAe KOAOHHBI ¥ 3aKOAOHHOM IIPO-
crpaHcTBe AocTuraioT 2...3 K. YcraHOoBAGHO, UTO IPU3HAKAMH MEePEeTOKa SBASIOTCS
TAaK>Ke CHIDKEHHE CTEIIEHH Harpena 06C3AH0171 KOAOHHBI 1 ITOBBIIICHHASA AMHAMHKA
OCTBIBAaHUS KOAOHHBI BO BpEMEHH II0 CPAaBHEHHIO C OTCYTCTBHEM 3aKOAOHHOTO ABH-
JKEHIS JKUAKOCTHU. I ToAyqeHHBIe Pe3yABTATBI CAYKAT TEOPETUIECKUM OOOCHOBAaHHEM
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IPUHIIUITHAABHON HHPOPMATHBHOCTH METOAA aKTHBHOM TEPMOMETPHH IIPH AUATHO-
CTHKe 3aKOAOHHBIX IIePeTOKOB B HATHETaTEABHBIX CKBXKHHAX.

KaroueBbie cAOBa: MHAYKIIMOHHBII Harpes, TeMireparypa, Ansys Fluent, sakoaonHsrit
IepeToK, HarHeTaTeAbHAas CKBAKHHA, TEIIAOBOE BO3MYIIleHIe, KOHBEKTHBHBIH TeIIAO-
nepeHoc
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Features of the thermal field
during fluid injection into the well
during induction heating of the casing
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Abstract. Pumping water into productive formations is one of the most common methods
of oil field development. The effectiveness of reservoir flooding technology largely de-
pends on the compliance of the design and actual volumes of water injection. Due to
the violation of the tightness of the cement ring, fluid flows occur in the column space,
which cause non-project withdrawal of the injected liquid into non-perforated layers.
Identification and prompt elimination of backwater flows during injection of liquid into
injection wells is one of the important tasks of efficient and environmentally friendly
development of oil fields.

The paper considers the use of induction heating of the casing string to determine
the bottom-up backflow when pumping liquid into the well. The research is based
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on numerical modeling in the Ansys Fluent engineering package. Scenarios of absence
and presence of overflow during injection of liquid into the well are simulated. It is
shown that in a well without overflow, the temperature field disturbance propagates
from the heated section of the column mainly radially into cement and rocks, in a
well with overflow, the thermal disturbance from the heating section also propagates
vertically in the direction of the overflow, and at a distance of up to 1 m above the
heating section, temperature disturbances in the column body and the column space
reach 2...3 K. It was found that the signs of overflow are also a decrease in the degree
of heating of the casing string and an increased dynamics of cooling of the column over
time compared with the absence of the column movement of the liquid. The results
obtained serve as a theoretical justification for the fundamental informativeness of
the active thermometry method in the diagnosis of backwater flows in injection wells.

Keywords: induction heating, temperature, Ansys Fluent, backwater overflow, injection
well, thermal disturbance, convective heat transfer

Acknowledgements: the research was supported by the Russian Science Founda-
tion (project No. 23-17-20017, https://rscf.ru/en/project/23-17-20017/). Ansys
Academic Research CFD license is used under an agreement with Bashkir State
University dated June 15, 2020.

Citation: Akchurin, R. Z., Davletshin, F. F,, Islamov, D. F,, Valiullin, R. A., & Ramaza-
nov, A. Sh. (2023). Features of the thermal field during fluid injection into the well
during induction heating of the casing. Tyumen State University Herald. Physical and
Mathematical Modeling. Oil, Gas, Energy, 9(4), 44-58. https://doi.org/10.21684/2411-
7978-2023-9-4-44-58

Received October 4, 2023; Reviewed November 9, 2023; Accepted December 15,2023

BeepeHune

Ha ceropnsamnuii AeHb 3aBOAHEHHE HeQTAHBIX IAACTOB ITyTeM 3aKa4KU BOABI IBASETCS OAHUM
13 HarboAee MOMYASIPHBIX METOAOB yBeAndeHus HepreoTaaun. O CHOBHO IPUHIIIT AAHHON
TEXHOAOTUH Pa3pabOTKU MECTOPOXKAEHHUI 3aKAIOYAETCS B BHITECHEHUH HeQTH U3 IIOP IIAACTA
3aKaIUBaAEMOI BOAOH, IIOAAEPYKAHHIHU [TAACTOBOM 9HEPIUH IIyTeM obecedeHus TpeOyeMoro
MAACTOBOTO AaBAeHMs [ AnTBuHEHKO, 2008 ]. DdPeKTUBHOCTD METOAOB 3aBOAHEHHUS [IAACTOB
B 3HAYHUTEABHON CTETeHH 3aBUCHUT OT TEXHUUYECKOTO COCTOSHUS HATHETATEAbHBIX CKBAXKUH,
yepes KOTOPbIe OCYIeCTBASETCS 3aKauka )KUAKOCTHU. BcaeAcTBUe HapyIIeH s 11 AOCTHOCTH
00CaAHO KOAOHHSBI U IIeMEHTHOTO KOABI]A B 3aKOAOHHOM IIPOCTPAHCTBE BOSHUKAET HEIIPO-
AYKTHBHBIH (HenpoeKTHbIﬁ) YXOA SKMAKOCTH B HerteppoprpoBaHHble IaacTsl. O6HapyKeHIe
U OIlepaTHUBHOE yCTPaHEeHHe 3aKOAOHHBIX IIEPeTOKOB TAaKOTO TUIIA SIBASIETCS 3aAadeH, OT KO-
TOPOIi 3aBUCUT 3 PEKTHBHOCTD BCEll TEXHOAOTHH Pa3paboTku MecTopoxAeHuil [ Baamya-
AUH U Ap., 201S; Matos, Kpemenerjkuii, 2022].

AAst oIipepeAeHHS 3aKOAOHHBIX IIEPETOKOB MHUPOKO MPUMEHSETCS MeTOA CKBOKMHHOM Tep-
MOMETPHH B KOMITAEKCE C APYTHMU re0PHU3NIECKIMI METOAAME HCCACAOBAHISL: GapoMeTpuett,
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pacxopomeTpueli, MeTopamu cocTasa [ Baanyaan, Spyaans, 2014 ]. OpHaxo B psige cAydaes, Ha-
IpUMep IPH ONIPeASASHHH 3aKOAOHHOTO IIEPETOKA CHU3Y BBEPX OT IeppOPHPOBAHHBIX ITAACTOB
K BBIIIEAEKAIMM HeTlepOpUpPOBAHHbIM TOPU3OHTAM B HATHETATEABHBIX CKBOXKMHAX, AAHHBIN
KOMITAEKC He BCETAA TIO3BOASIET AOCTOBEPHO OIPEAEASITh 3aKOAOHHbIE ITEPETOKH. JTO CBA3AHO
C IIPe0bAAAQIOINMM BAUSIHIEM HA TEIIAOBOE II0A€ 3aKAYNBAEMOM KMAKOCTH, IKPAHUPYIOL|el
TEIIAOBOH CUTHAA OT HeT€PMETHIHOTO 3aKOAOHHOTO IIPOCTPAHCTBA B YCAOBHSIX BCTPEUHBIX IIOTO-
KOB: [IOTOK B CTBOA€ CKBKUHBI HAIIPABAEH BHH3, [IOTOK B 3aKOAOHHOM ITPOCTPAHCTBE — BBEPX.
ITpu AAMTEABHOR 3aKauKe SKMAKOCTH B OKPYXKAFOIeM CKBOKUHY IIPOCTPAHCTBe GOPMUPYETCs
30Ha OXAQKAEHIS, KOTOPas elile OOAbIIIE OCAOXKHSIET 3aAaTy OOHAPY KEHHSI 3aKOAOHHBIX Ilepe-
TOKOB. MeXXAy TeM ITpH HeKaueCTBEHHOM [|eMEeHTHPOBAHUH CKBKUH ITePETOK SKUAKOCTH CHHU3Y
BBEPX MOXET AOCTHUIATh [IPECHOBOAHDIX TOPHU30HTOB, OKa3bIBASI HETATHBHOE BAMSHIE Ha 9KOAO-
THYECKYI0 OOCTAaHOBKY B pernoHe. BplleckasaHHOe IIOAYEPKUBAET AKTYAABHOCTb Pa3paboTKu
3} PpeKTHBHBIX METOAOB OOHAPYKEHHUSI 3AKOAOHHBIX [IEPETOKOB B HATHETATEABHBIX CKBAKMHAX
[Abeling u ap., 2021].

AASL pemeHus 3TOH 3aAAUH PACCMATPHBACTCSI METOA CKBASKMHHBIX I'e0pU3MIECKUX HCCACAO-
BaHMI1, OCHOBAHHBII Ha HHAYKIIMIOHHOM HarpeBe KOAOHHBI M, COOTBETCTBEHHO, CPEABI, KOHTAK-
THUPYIOIIEH C HarpeBaeMbIM Y9aCTKOM [BaAI/IYAAI/IH u Ap., 20023, 20026; ITTapadyTAuHOB 1 Ap.,
2023 ). Ilpn HaAMYMH NIepeTOKa B IOTOKE KUAKOCTH B 3aKOAOHHOM MPOCTPAHCTBE BO3HUKAET
TEIAOBOE BO3MYIIjeHHe, ABIDKYIIleecsl BMeCTe C IIOTOKOM. MIHpopMaTUBHOCTD aKTHBHOI Tep-
MOMETpPHUH IPUMEHUTEABHO K OIIPEAEACHUIO 3AKOAOHHOTO [TepeTOKA OCHOBBIBAETCS Ha peru-
CTpaLUHU TeMIIepPaTypbl 00CAAHOI KOAOHHBI BBIIIIE HAM HIDKE YYACTKA HATPeBa, B 3aBUCUMOCTH
OT IIPEAIIOAATaeMOro HallpaBAeHus IiepeToka. Ha puc. 1 mpepcTaBAeHa cxeMa TeUeHMUS XKUA-
KOCTH IIPH 3aKOAOHHOM IIepeTOKe CHU3Y BBEPX B HATHETATEABHO CKBaXKHHE, TAK)Ke TOKA3aHO
pasMelreHre CKBOXHHHOTO IPUOOpa C MHAYKIOHHBIM HarPeBaTeAEM.

Ha ceropHsmmHmuit AeHb OITyOAUKOBAH PSIA HCCAEAOBAHUI, OCBSIIEHHBIX U3y YEHHIO TEPMH-
4ecKoro 3¢ peKTa B IAACTAX 32 CUET UHAYKIIMOHHOTO BO3ACHCTBHUS, AMATHOCTHKE ABIDKEHIS
$AIOHAQ B CTBOAE CKBOXKHHBI M 3AKOAOHHOM IIPOCTPAHCTBE B AOOBIBAIOIIHX CKBKHUHAX 32 CYET
CO3AQHHS HCKYCCTBEHHOTO TEMAOBOTO BO3MYIeHHs B 06capHoit koaonHe [Sharafutdinov u ap.,
2012; Valiullin u ap., 2012; KoBaaesa u pp., 2019; Sharafutdinov u ap., 2022; Axaypus u Ap.,
2023a, 20236; AaBaeTmuH u Ap., 20236; Kocmbiaun u Ap., 2023; Pamasanos u ap., 2023 ].

MeTopabl

B aaHHOT paboTe HCCAEAYIOTCS 0COOEHHOCTH TEMIIEPATYPHOTO IIOASI B HATHETATEABHOM
CKBa)KHHE, B KOTOPOI OCYIECTBASIETCS AOKAABHBIN MHAYKITHOHHBIN HarpeB 06CaAHOM KOAOH-
HBI, IIPU 3TOM OCHOBHOM 3apauell HCCAGAOBAHUI SBASETCS U3ydeHHe BAMSIHUA 3aKOAOHHOTO
[IepeTOKa Ha TEMIIEPATypy 06CAAHOM KOAOHHBL.

MaTemMaTuuyeckas mogesnb MHAYKLUOHHOIO Harpeea o6cagHON KOJTOHHbI

MoaeAnpyeTcs IpoLecc MHAYKIMOHHOIO HarpeBa y4acTKa KOAOHHBI [P HAAMYMH IIOTOKA
HMAKOCTH B KOAOHHE, HAAMYUHU/ OTCYTCTBUH IIOTOKA B 3AKOAOHHOM MPOCTpaHcTBe (pHC. 2).
PacueTHast 06AaCTh COCTOUT U3 IISITU PA3AMYHBIX 30H C OTAMYAIOIMMUCS CBOICTBaMH (TemAo-
¢usmIecKre CBOMCTBA 00AACTEN IPEACTABACHBI B TAOAUI]E 1).
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Puc. 1. Cxema NOTOKOB XWAKOCTW B NpoLecce 3akauku: 1 — CKBaXWUHHbIA Nprubop

C MHAYKUWOHHbBIM HarpesaTeneMm; 2 — NOTOK 3aKaunmBaeMOon XNAKoCTH; 3 — KOJIOHHa;
4 — obnacTb NepeToka; 5 — TBEPAAA cpeaa, BKIOYaroLan LEMEHT 1 Nopoabl;

6 — y4acCTOK Harpesa; @, g — pacxoApbl XWAKOCTM B COOTBETCTBYHOLWMUX 06NacTax

Fig. 1. Flow diagram of the fluid flow during the casing string overflow during injection:
1— downhole tool with induction heater; 2 — the flow of the injected liquid;

3 — casing string; 4 — flow channel; 5 — cement ring and rocks; 6 — the induction
heating section; Q, g — volume flow of liquid in the casing string and the channel

of the casing string overflow, respectively
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Puc. 2. leomeTpus mogenn: H — AnvHa yyacTka MHAYKUMOHHOIO Harpesa, BAOMb
KOTOPOro MPOVCXOANT PaBHOMEPHOE TEMNJOBbIAEIEHNE B KONIOHHE; I—T, — Paaunychl
3/1EMEHTOB MOAENN

Fig. 2. Geometry of the model: H — the length of the induction heating section
along which uniform heat generation occurs in the column; r-r, — the radii

of the model elements
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Ta6bnuua 1. Tennodusnyeckmne napameTpbl Mogenu
Table 1. Thermophysical properties of model

Matepuan (o6nacTtb) TennonpoBogHOCTb YpenbHasi TenioeMKocTb  MMNIOTHOCTb
A, Bt/(M-K) c, Ox/(kr - K) p, kr/m?
Yrnennactuk (1) 0,48 920 1500
YupakocTb, Boga (2, 4) 0,65 4 200 1000
TopHble nopoas (5) 2 1000 2 000
LlemeHT (5) 2 1000 2 000
MeTann, ctanb (3) 50 500 7 800

Papuycs obaacTeit: r,=0021 ™, 7, =0,063 M, r,=0,0735 M, r, =0,0745 M, H = 0,4 m.
Y4acTok Harpesa paclioAaraeTcsi B cepeAuHe MOAeAMpyeMoi obaacth (z =2,8...3,2 m).

IToae ckopocTH U M AQBAGHHS p TIPH TeYEHHHU KUAKOCTH B CTBOAE CKBAXKHMHBI M KaHAAe
3aKOAOHHOT'O ABIDKEHHS PaCCUMTHIBAETCS Ha OCHOBe ypaBHeHuit HaBbe — Crokca B mpu6An-
sennu Byccunecka [ Cyxos, 2012]:

oo . _ _ _ -
po(a—+(u-V)u :—Vp+yAU+p(T)g, Vo =0. (1)
4
Paccunrannoe moae CKOPOCTI/I HCIIOADB3YETCS AAST AaAbHeI:IIHeI'O pacqua TIOASL TEMIIEpATY-
PBI C y4€TOM KOHBEKIIHH 1 TETIAOTIPOBOAHOCTH, B TBepABIX cpeaax (o6aacru 1, 3, S Ha puc. 1)
penraeTcsa ypaBHEHHE TEITAOIIPOBOAHOCTH:

cpaa—fzﬁAT+w(z). )

3Aech U — CKOpOCTD TeueHHs, M/C; g — yCKOpeHHe cBo60AHOTO naaenus, m/c’; A —
oneparop Aanaaca; V — oneparop lamuabToHa; ¢ — yaeAbHas Teraoemkocts, Asxk/ (kr - K);
p — Aasaenwe, [1a; t — Bpems, ¢; T — remneparypa, K; w(z) — yaeAbHas MOmHOCTD Te-
IIAOBBIACACHHSI, IPUHUMAIOIAsI HEHyAeBOe 3HaueHNe TOABKO BHYTPU 00CAAHOM KOAOHHBI,
Br/m}; A — xoapurment tenronpopoprocty, Br/(m - K); y — AnHamMudeckas BA3KOCTS,
Ia - ¢; p — MAOTHOCTD XMAKOCTH, KI'/M’; p — TIAOTHOCTb KHAKOCTH IIPH PaBHOBECHOM
temneparype T, kr/m’.

YcaoBus Ha rpaHHUIIAX MOAEAH, A TAKOKe AeTAABHOE OIMCAHHe METOAOB YHCAEHHOTO pelre-
Hus cuctembl ypasHenuit (1)—(2) nmpeacrasaeno B pa6ore [ AaBaermus u Ap., 2023a].

Pe3ynbTaTbl 1 06CyXaeHne

B pamkax MaTreMaTi4ecKoro MOAEAUpPOBAHMS AAUTEABHOCTD MHAYKIIMOHHOTO HarpeBsa IpHHS-
Ta 20 MUH, TaKKe U3y4aeTcs pacGOpMUPOBAHKE TEIIAOBOTO ITOAS IIOCAE ITPEKpalleHus HarpeBa.
PaccMaTpHBaIOTCS ABa ClieHapHst: 1) 3aKauka SKHAKOCTHU B TEXHUYECKH HCTIPABHYIO CKBAKUHY
(3aKOAOHHDII ITEPETOK SKHAKOCTH OTCYTCTBYeT); 2) 3aKaUKa )XUAKOCTH B CKBAXKHHY C Hapylile-
HUeM IepMeTHIHOCTH LIeMEHTHOTO KOABIIA, 00YCAABAUBAIOLINIM 3aKOAOHHDIIT IIEPETOK CHU3Y
BBEPX MEXXAY KOAOHHOM M IIeMEHTOM (pnc. 1, 2). Pacxop, 3akauuBaeMoil JKUAKOCTU B 06CaAHOI
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xoaoHHe mpuHaT Q = 50 M*/CyT, pacxop B KaHaAe IIEPeToKa g = S M*/CYT, T. e. AOASL IlepeToKa
cocrasasteT 10% OT cyMMapHOTO PacxoAd 3aKaYHBAEMOI SKHAKOCTH. MOIIHOCTD TEIIAOBBIAEAL-
Hs1 B 06capHOM KoAOHHe coctaBasteT 1 000 Br. Kapruna pacnpepeseHus TeMepaTypbl B 06-
AACTH MHAYKIIMOHHOT'O Harpesa IPH OTCYTCTBUH 3aKOAOHHOTO IIepeTOKa ITOKa3aHa Ha pHC. 3.
[MocTpoena KapTHHa N3MEHEHHUs TEMIIEPATYPbl OTHOCHTEABHO HavaabHOH AT =T — T, tae
HavaAbHas Temreparypa B Mopaean T mpunsita 60 °C (333,15 K).

TeraoBOe BO3MYIIeHUe CKOHIIeHTPHPOBAHO TAABHBIM 06Pa3oM Ha y4acTke Harpesa (Bep-
THKaAbHAsl KOOPAMHATA 2,8...3,2 M), pasorpes (yBeAndeHHe TeMIIePaTypbl) KOAOHHBI B 9TOM
obaactu pocruraer 12,9 K. 3a cyeT TeraonpoBoAHOCTH BO3MYyIeHIE TEMIIEPATYPHOTIO IIOAST
PacIpOCTpaHsIeTCs] PAAUAABHO OT HArPETOrO YYACTKA KOAOHHBI K [JeMEHTY U FOPHbIM IOPO-
AaM, B 9TOI1 06AaCTH TeMIeparypa aocturaeT oT 6 Ao 12 K. Pasorpes ABIKyIerocs BHyTpu
KOAOHHBI IIOTOKA B CPaBHEHHU C Pa30rPeBOM CaMO¥ KOAOHHBI Ha MMOPSIAOK HIDKe; N3MeHeHHe
CpeAHEMACCOBOM TEMIIEPATYPbI XKUAKOCTH, IIPOXOASIIIEN Yepe3 YIaCTOK HarpeBa, COCTABASIET
nopsipka 0,4 K; mpu 9ToM Ha ydacTke Harpesa Ha I'paHHIle C METAAAOM AOKAAbHAsI TEMITEpaTypa
sKUAKOCTH pocturaer 6 K.

PacripepeAeHuUe TeMIIepaTypbl B KOAOHHE Ha ee BHyTPeHHel I0BEPXHOCTH (TaKyKe OCTPo-
eHbI KpUBble U3MEHEeHHs TeMIIEpPATyPbl OTHOCHTEABHO HAa4YaAbHOM) B PA3AMYHbIE MOMEHTbI
BPEMeHH IT0CAe HaYaAd HHAYKIIMOHHOTO HarpeBa [oKa3aHo Ha puc. 4. TemmepaTypa BHyTpeH-
Hefl TOBEPXHOCTH KOAOHHDI MOYKET ObITb H3MePeHa CIIeIjaAbHbIMU IIPYKUMHBIMHU AATIHKAMU
[Kanadun, Kocmpiaug, 2017], 1 B yCAOBUSX PaCTIOAOKEHHS] U3BMEPHUTEABHOTO IPHOOPA BHY-
TPHU CKBaXKUHBI TEMIIEPATYPa KOAOHHBI 00AaAaeT HarbOAbLIE HHPOPMATUBHOCTBIO C TOYKU
3pEeHHsI AMarHOCTHKH [IPOLIECCOB B 3AKOAOHHOM IIPOCTPAHCTBE.

10 MuH 20 MUH
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w
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Puc. 3. Temnepatypa (T) B ckBaxuHe 4epes 10 n 20 M1H Noc/ie Hayana Harpesa
Fig. 3. The temperature (T) in the well after 10 and 20 min after the start of heating
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Puc. 4. MameHeHne TemnepaTypbl (AT) BHYTPEHHEN NOBEPXHOCTN KOMOHHbI
no BbIcOTe (z), 061acTb Harpesa 3akpalleHa. Bpems (5, 10, 20 MyH): a — nocfle Havana
HarpeBa; 6 — nocrne npekpalleHnsa Harpesa

Fig. 4. The temperature change (AT) of the inner surface of the column in height (z),
the heating area is painted over. Time (5, 10, 20 min): a — after the start of heating;
6 — after the stop of heating

B oTcyTCTBHE 3aKOAOHHOTO IIepeTOKa ePEHOC TeMAA BAOAD KOAOHHBI BEPTHKAABHO BBEPX
OCYIIeCTBASIETCSA TOABKO 33 CUET TENAOIIPOBOAHOCTH, Pa30TPeB KOAOHHBI BbIIe YYaCcTKA Ha-
rpeBa orMeyaeTcs Ha paccTosHun A0 0,2 M. Huoke ydacTka HarpeBa yBeAuyeHHe TeMIIepaTyphl
KOAOHHBI CBS3aHO KaK C TEAOIIPOBOAHOCTBIO, TAK H C TETIAOOOMEHOM KOAOHHBI C 3aKaYHBae-
MO B CKBYKHHY KHAKOCTBIO, HATPeBAION]eHCS TPU IIPOXOKACHHH YYacTKa Harpesa.

KapTI/IHa TEIIAOBOTO ITIOAA B CKBA)KUHE B O6AaCTI/I HHAYKIIMOHHOT'O HarpeBa npu HaAMIHNH
3aKOAOHHOTO MEePeTOKa XUAKOCTH TT0Ka3aHa Ha PHC. S. 3a CYeT KOHBEKTUBHOTO TEIAOIIe-
PeHOCa BOCXOASIIMM IOTOKOM )XKUAKOCTH B 3AKOAOHHOM ITPOCTPAHCTBE TEIAOBOE BO3MYIIje-
HHe OT y4acTKa HarpeBa PacIpOCTPAHseTCs B BEPTHKAABHOM HAIIPABACHHH; OAArOAAPS TEIAO-
00MeHY C 3aKOAOHHBIM ITOTOKOM HATPEeBAIOTCS TAKOKe KOAOHHA, IJeMEHT K TOPHbIE IIOPOABL.
Ha PacCTOSHHUH AO 1 M BbIIIIE Yy49acCTKa Harpesa BOSMYIIEHUI TEMIIEPATYPbI B TEAC KOAOHHBI
U 3aKOAOHHOM IPOCTPaHCTBe AocTHraioT 2... 3 K. Pacmpeaeaene TemmnepaTyprl BHy TpeHHeH
MOBEPXHOCTH KOAOHHBI IT0 BEPTUKAAHU C yIETOM 3aKOAOHHOTO IepeToKa II0Ka3aHo Ha puc. 6.

BeanynHa MakCHMaABHOTO pa3orpeBa KOAOHHBI AASL CLIEHAPHS C IepeTOKOM COCTaB-
asiet 5,4 K, uto 6oaee ueM B ABa pasa HUIKe IIO CPABHEHHIO CO CIieHapueM 6e3 mepeToka
(12,9 K) Kp0Me TOTO, MMEPETOK HHTEHCHUBHO YHOCHUT TEITAO 3 obaactu HHAYKIJHOHHOTO
HarpeBa, B Pe3yAbTaTe yKe 4epe3 S MHH IT0CAe OCTAHOBKH HarpeBa OCTaTOYHbIE TeMIIEPATyp-
HbIe BO3MYIIeHHUs B KOAOHHE Ha yJacTKe Harpesa He npesbmraoT 0,2 K, Toraa kak aa4 crre-
Hapust 6es neperoka (puc. 46) HarpeB KOAOHHEI Yepes S MHH cocTaBaseT 0koao 3 K, T. e.
Ha IIOPSIAOK BbIIIIE.
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Fig. 5. The temperature (T) in the well after 10 and 20 min after the start of heating
in the presence of a casing string overflow
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Puc. 6. 1ameHeHne TemnepaTypbl (AT) BHyTPEeHHEN MOBEPXHOCTUN KOMOHHbI
Mo BbICOTE (Z) C y4E€TOM 3aKOMOHHOMO nepeToka. Bpems (5, 10, 20 MuH): a — nocne
Hauyana HarpeBa; 6 — nocne npekpaleHns Harpeea

Fig. 6. The temperature change (AT) of the inner surface of the column in height (z)
in the presence of a casing string overflow. Time (5, 10, 20 min): a — after the start
of heating; 6 — after the stop of heating
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O6061mast BblIleCKA3aHHOE, MOYKHO 3aKAIOUHTD, YTO HAAMYHE [IEPETOKA IIPUBOAUT, BO-IIep-
BbIX, K CHIDKEHHUIO CTEIIeHH HarpeBa 06CaAHOI KOAOHHBI, BO-BTOPBIX, K IOBBIIIEHHO AMHA-
MUKe OCTBIBAaHHSI KOAOHHBI BO BpEMEHH. DTH BBIBOABI HATASIAHO AEMOHCTPHPYIOT KPUBbIE
M3MEHEHHs BO BpeMeHH TeMIIepaTypbl KOAOHHSI ( pHC. 7), TOCTPOEHHBIE B CEPEAUHE YIaCTKa
HarpeBa (KoopAmHaTa z = 3 M, puc. 6). BeAndrHa HarpeBa KOAOHHSI AASL CLIEHAPHEB C Iepe-
TOKOM U 6e3 cocraBasieT 0koao 3,6 u 11,4 K coorsercrBeHHO (OTAMYME B TPU pasa), mpudem
IPU HAAMYHU II€PEeTOKA IIOCAE OTKAIOYEHHSI HHAYKIJHOHHOTO HarpeBaTeAsi TeMIepaTypa
KOAOHHBI MHTEHCHUBHO CHIDKAETCS BO BPEMEHH, TaK 4TO Yepe3 S MHH OCTATOYHBII Harpes
koAoHHBI cHipKaeTcs Ao 0,1 K. Yepes aHaAOrHYHBINA IIPOMEKYTOK BPEMEHH B CKBAXKHHE
0e3 IepeToKa HarpeB KOAOHHHI €ellle COXpaHseTcs Ha ypoBHe 6oaee 2 K.

12
6e3 nepeToka
10
8
= 6
Z
4 C NepeToKom
2
0

0 5 10 15 20 25 30 35 40
Bpems, MuH

Puc. 7. IameHeHVe BO BpeMeHn TeMrepaTypbl KONMoHHbI (AT) B cepemHe y4acTka Harpesa
Fig. 7. Time change of the column temperature (AT) in the middle of the heating section

3aknyeHune

ITyTeM 4MCACHHOTO MOAGAUPOBAHNUS B HE>KeHepHOM IakeTe Ansys Fluent usyueno dpopmu-
POBaHIe TEIAOBOTO MOAS B IIPOLjeCCe 3aKAYKH XUAKOCTH B CKBAXKHHY IIPUMEHHTEABHO K 00-
HApY>KeHHIO 3aKOAOHHBIX ITePETOKOB XHAKOCTH C HCIIOAb30BaHHEM METOAA aKTUBHOM Tep-
MOMETPHI — AOKAABHOTO HHAYKIJMOHHOTO HarpeBa 00CaAHOI KOAOHHBL PaccMOTpeHsI ABa
cueHapmust: 1) 3akadKa KMAKOCTH B TEXHIMYECKH HCIIPABHYIO CKBOKUHY (3aKOAOHHBI [EPeTOK
JKMAKOCTH OTCYTCTBYeT); 2) 3aKadKa KHAKOCTU B CKBKMHY C HapyIIeHHeM TepMeTHIHOCTH
I1eMEHTHOT'O KOAbIA, 00YCAQBAMBAIOIINM 3AKOAOHHBII IIePETOK CHU3Y BBEPX MEKAY KOAOH-
HOI1 1 leMeHTOM. IToKa3aHO, YTO B CKBaXKHMHE Oe3 ITepeToKa BO3MYIIleHHe TeMIIEPATyPHOIO
TIOASI PACIIPOCTPAHSIETCS OT HarpeBaeMoro y4acTKa KOAOHHBI IIPEUMYIIeCTBEHHO PAAHAABHO
B IIleMEeHT U TOpPHbIe IOPOADL; B CKBaXKHMHE C IIEPeTOKOM TEIAOBOE BO3MYIIEHHE OT y4acTKa
Harpepa pacIpOCTPaHAETCs TakXKe B BEPTUKAABHOM HaIPaBACHHH I10 HAIIPABACHMIO IIEPeTOKa,
IpUYeM Ha PACCTOSHMHU AO 1 M Bblllle y9acTKa HarpeBa BO3MYILEHMs TeMIIEPaTyPbl B TeAe KO-
AOHHBI U 3aKOAOHHOM IpocTpaHcTBe AocTuraioT 2 ... 3 K. IlocrpoeHs! kpuBble pacipeseAeH s
II0 BBICOTE TEMIIEPATYPBI B 00CAAHOM KOAOHHE HA ee BHyTpPeHHel MOBEPXHOCTH, PEeTrUCTPH-
PyeMO¥ NPMKIMHBIMU AQTYMKAMH. YCTAaHOBAEHO, YTO BEAMIMHA MAaKCHMAABHOTO pa3orpesa
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KOAOHHBI AASL CLIEHAPH C IIEPETOKOM 6oAee yeM B ABa pasa HIDKE II0 CPAaBHEHHMIO CO CLIEHaApHeEM

6e3 neperoxa (5,4 u 12,9 K coorsercrsenHo). Taxke MoKa3aHO, 4TO CLEHAPHUIL C IIEPETOKOM

XapaKTepHU3yeTCa TOBBIIIIEHHON AI/IHaMI/IKOﬁ OCTBIBaHMI KOAOHHBI BO BpEMEHH I10 CPaBHEHHIO
CO Cl€eHapHueM 6e3 IIepeToKa: B YaCTHOCTH, Y€pe3 S MUH MMOCA€ OCTAaHOBKH HarpeBa OCTaTo4-
HbIE€ TEMIIEPATYPHDIE BO3MYIEHNI B KOAOHHE Ha Y4aCTKE Harpe€Ba HE IPEBbIMIAIOT AECATDHIX

AOAefI K, TOrAQ KakK 6e3 TIIEPETOKA Harpe€B KOAOHHDBI AOCTHIAE€T HECKOABKHUX K. HOAY‘IeHHI)Ie

PE3yABTaThI MOT'YT OBITH HCIIOAB3OBAHBI ITPU HHTEPIIPETAIUY PE3YABTATOB TEMIIEPATYPHbIX

I/ICCAEAOBaHI/Iﬁ HAarHEeTAaTEAbHBIX CKBAXKHUH C NCITOAb30OBAHHEM METOAQ AKTUBHOM TEPMOMETPHH.
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