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Annoranus. Hedrerazosast oTpacis — oHa U3 BeIyIMX OTpaciel IPOMBIIIICHHOCTH B Hallel cTpane. MUUTHOHBI TOHH
He(TH ¥ raza 100bIBaroT Kaxaplid rox B Poccuiickoit deneparmu. Yacts H0OBITHIX TPUPOIHBIX OOTaTCTB MOCTABISETCS HA
MEKTyHapOIHBII PHIHOK, OCTAlIbHAS YacTh IepepabaThiBaeTCs BHYTPH CTPaHbl, 0OECTeUnBas HaCEIEeHUE SHEPIUel U Ipy-
TMIMH TIOJIE3HBIMH BELIECTBAMU: CEpOi, OCH3MHOM, Maciamu, OUTyMoM U T. 1. [lepepaboTka He(TH 1 ra3a — CIOKHEHIIIHIT
TpoLecc, KOTOPhIA TpeOyeT GONBIIOro KONMYEcTBa YETOBEUECKHX, SHEPTETHUECKHX M TEXHMUECKHX PecypcoB. B cospe-
MEHHOM MHMpeE CYILECTBYET pa3HooOpa3Hoe 00opynoBaHue s HeTerasoBoil epepadOTKH: CenapaTopsl, PeaKToOpsl, I1e4H,
KOAryJIsITOpbI, PEeKTH(HUKAIMOHHBIE KOJOHHBI U Jp. JIJI MepBHYHOTO OT/ENECHHS IUIACTOBOTO ra3a OT MPHMeceH NpHMeHs-
IOTCSI CeTIapaTopsbl, B OCHOBE KOTOPBIX JISKHUT Hporece cenapariil. ChIpheM UL YCTaHOBOK CEapaliiy sIBISIETCS IAaCTOBBIH
a3 BBICOKOT'O JIABJICHHUS, a TAK)KE Ta3 CTAOMIN3AIMY 1 IIPOTYBKH CKBAKIH, COCTOSIIIINE U3 Ta3000pa3HbIX 1 KUAKHUX YTIIEBO-
JIOPOJIOB, IIACTOBOM BOJIBI M CEPOOPTAHUUYECKUX COSUHEHHH. JJaHHbIE YCTAHOBKY MpeIHA3HAUEHBI I pa3ieleHus 100kl
BAEMOI'0 Ha MPOM3BOJICTBE IIACTOBOTO Ia3a BBICOKOTO JABJIECHNUS Ha a3, Ta30Bbli KOHIEHCAT U MOMyTHYIO Boxy. Mcciemy-
I0TCSl BO3MOJKHBIE BapUAHThI MOJACPHU3ALMN KOHCTPYKIMM He()TEra3oBOro ceraparopa s IIyOOKOW nerasaruu HeTH.
B kauectBe 6a30B0i1 MozienM NPUHAT cenaparop KoHueBoi crymenu tuna HI'C-11-6-3000-091"2C, npumensiemblii Ha ycTa-
HOBKaX HOATOTOBKH He(TH. [lepednciens! HeloCTaTKi KOHCTPYKIUH cenaparopa. Pa3paboTaHbl KOHCTPYKTOPCKHE pelle-
HUS B IESIX YCTPAaHEHWS BBIIBICHHBIX HENOCTaTKoB. [IpommmocTpupoBaHa cxeMa MOJEPHHU3MPOBAHHON KOHCTPYKIMH
HedTerazoBoro cemnaparopa. IIpencrasieno noapodHoe onucaHue MPHHIMIA PAGOTHI MPEIIOKEHHON KOHCTpyKuH. [Ipo-
BEZICHbI PACUEThl, TTO3BOJIIOIINE OBBICUTD () EKTHBHOCTD pa3zieieHus He)TH OT rasa.
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Abstract. The oil and gas sector is one of the leading branches of industry in our country. Millions of tons of oil and
gas are produced every year in the Russian Federation. Part of the extracted natural resources is put on the internation-
al market, the rest is processed domestically providing the population with energy and other useful substances: sulfur,
gasoline, oils, bitumen, and so on. Oil and gas processing is a complex process that requires a large amount of human,
energy and technical resources. In the modern world, there are different types of oil and gas processing equipment:
separators, reactors, furnaces, coagulators, distillation columns, etc. Separators are used for the primary separation
of the reservoir gas from impurities, which are based on the separation process. The raw material for the separation
plants is high-pressure reservoir gas, as well as gas for stabilization and purging of wells that consists of gaseous and
liquid hydrocarbons, reservoir water and organosulfur compounds. These plants are designed to separate high-pressure
reservoir gas produced at the production site into gas, gas condensate and associated water. Possible options for up-
grading the design of an oil and gas separator for deep oil degassing are being explored. A final stage separator of the
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NGS-I1-6-3000-09G2S type used in oil treatment plants was adopted as a basic model. The disadvantages of the sepa-
rator design are listed. Design solutions have been developed in order to eliminate the identified shortcomings. The
scheme of the modernized design of the oil and gas separator is illustrated. A detailed description of the principle
of operation of the proposed design is presented. Calculations have been carried out to improve the efficiency of oil-

gas separation.

Keywords: oil and gas sector, separation, reservoir gas, modernization, processing

For citation: Artemyeva N. N., Krivonosov M. N. Optimization of separation processes in high-pressure reservoir gas

separation technology. Oil and gas

technologies and environmental safety. 2023;2:18-22.

(In  Russ.)

https://doi.org/10.24143/1812-9498-2023-2-18-22. EDN DCBRAR.

BBenenne

Ha npotsbkeHun OBYX CTONCTHH HE(ThH SBISCTCS
Ba)XKHEHIIIMM KOMITOHEHTOM B c(hepe CHaOKEeHHUS deno-
BeuecTBa dHeprueld. Kpome Toro, oHa nmpusHaHa IeH-
HBIM CBIPBEM [UIS TIPOM3BOJCTBA MPOAYKTOB pa3iIHd-
HOTO Ha3HAYEHUs — OT pAacTBOPHTENEH OO KOKca
1 TEXHHYECKOTO yTIIepo/a.

B Hactosimee BpeMs HeTETa30BBIH KOMILIEKC
(HI'K) 3anmmaet ofHO W3 JIMAUPYIOMMX MecT B Poc-
CHH 3a CYET MCIOJBH30BaHUSI HE()TH W Ta3a B KauecTBE
SHEPrOHOCHUTENEH, a TaK)Ke CHIPbsI Ul MTPOM3BOACTBA
pa3nuuHbIX nonumepoB. B skoHomuke Poccun HI'K
dopmupyer okoso 20 % BBII, 50 % HedTera3zoBbix
JIOXOJIOB B CTPYKType (emepanbHoro Oromketa, 67 %
BaJIOTHBIX IOCTYIUICHWA OT 3Kcmopra He(TH, Tas3a
U TIPOAYKTOB IepepaboTKy B 00mmeM o0beMe IKCIopTa,
25 % o0bemMa WHBECTHIIMI B OCHOBHOH KaruTai [1].

[IpobieMa parioHa bHOW TIIYOOKOW IepepaboTKu
HeTH, MONy4YeHUS Ka4eCTBEHHBIX IPOIYKTOB C YyIyd-
IIIEHHBIMH 3KOJOTHYECKIMH CBOIICTBAMH BEChMa aKTy-
anpHa. [Ipexkne yem HeTh 0OpeTaeT TOBapHBIC Kade-
CTBa, OHA IPOXOJHUT Yepe3 CHCTEMBI IPOMBICIOBOTO
cOopa 1 moaroToBkH HeTH U raza. OCHOBHBIM BHIOM
ammapaTtypbl B TaKHX CHCTEMax SBJISAIOTCS CEIaparo-
PBI, KOTOpPHIC BHIMOJHAIOT pPa3IHyHbIe (PYHKIUHU, HO
OCHOBHOH SBJISIETCSI OTAENEHHe raza or HepTH. Bo-
mpocaM cenapanuu HeTH OT ra3a kak B Poccum, Tak
1 3a pyOekoM TOCBSIIIEHO MHOXeCTBO paboT. B mc-
CJIEJOBaHUSAX MPOM3BEACHBI TEXHOJOTHYECKUE pacye-
THI, CBSI3aHHBIC ¢ PabOTOI cemapaTopoB, a TaKkKe KOH-
CTPYKTHBHBIM COBEPIIICHCTBOBAHMEM KaK OTACIBHBIX
yacTel, Tak U anmapaToB B 1esoM. [10CKOIBKY TeXHOI0-
U TOOBIYHM W TIepepadOTKU HETErazoBOro CHIPHS IT0-
CTOSIHHO COBEpILEHCTBYIOTCS, TpeOyeTcsi U MOJAEpHHU3a-
LIHs] TEXHOJIOTUYECKOTO 000pYyJOBaHHMSI.

Lenpro HacTosimiel pabOTHI SBISIETCS pa3padoTKa
BapHaHTOB MOJICPHU3AINH KOHCTPYKIUHU HedTeraso-
BOro cemaparopa ais Ooiyiee TIyOOKOH Jerasanuu
HedTH.

MaTtepuaJjbl HcCJIeA0BaAHUSA
B pesynbTate aHanmm3a MaTEHTHOW M TEXHUYECKOU
JTUTEPaTyphl OB PACCMOTPEHBI pasIMYHBIE BapHaH-
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THI KOHCTPYKIIMY HE()TETa30BBIX CEMapaTopoB, B Kaue-
cTBe 0a30BOM MOAETH OBLI MPHUHAT CEMapaTop KOHIIE-
Boi ctynenu tumna HI'C-II-6-3000-091"2C, npumense-
MBI/ HA YCTAaHOBKAX MOATOTOBKU HedTu. [Ipu ananmse
JOCTOWHCTB M HEJOCTATKOB KOHCTPYKIHH IaHHOTO
cemaparopa ObUT BBISBICH DSl Y3KHX MECT, HE TI03BO-
JISIONTUX 00€CTIEYUTh TOCTATOYHO TIIYOOKYIO OYHCTKY
HeTH OT ra3a, a MMEHHO HEBBICOKAas IPOITyCKHas
CIOCOOHOCT, W Mamnass 3(QQGEKTHBHOCTh pPa3AeieHUs
He()TETa30BOH CMECH.

B pesynberaTte ObLT pa3paboTaH psia KOHCTPYKTOP-
CKUX pCIICHHA, 00CCIICYNBAIIINX YCTPAHCHHUE YKa-
3aHHBIX HEJOCTATKOB, B YACTHOCTH: 1) ycTaHOBKa
HAKJIOHHOH TIep(hOpUPOBAHHOM MOJIKH 110 JJTUHE arlia-
pata; 2) ycTaHOBKA THAPOUMKIOHHON TOJOBKH IEpe.
BBOJIOM HE()TH B CEMapaTrop, B KOTOPOM MPOUCXOJIHT
MpenBapuTebHOE YIOaJIeHHE Ta3a; 3) yCTaHOBKa BO3-
BpPaTHOTO TPyOONPOBOJAA M3 THAPOIMKIOHHOW TOJOB-
KA B CEMaparfioHHYI0 eMKOCTh JUII yCTpaHEHHs Tpa-
JMICHTA JaBJICHUS ra3a M JOTOIHUTEIFHONH OYHCTKHA OT
Karenb HeTH [2].

[Ipemnaraemast KOHCTPYKIUS cemapaTopa ¢ y4eTOM
BBIIICTICPCYUCIICHHBIX ~ KOHCTPYKTOPCKHX — PCIICHHMA
npeJcTaBiIcHa Ha puc. 1.

IpuHIUD paboTHI MpeIaraeMoil KOHCTPYKITHA 3a-
KIIFOYAeTCsl B CICIYIOIIEM: HEe(pTh MOAACTCS B MATPY-
00K THUIPONMKIOHHOW TOJIOBKH. B THIPOIMKIOHHOM
TOJIOBKE IIOJ [eHCTBHEM CHJI MHEPUWH BBIICIAETCS
OCHOBHAS 4acTh ra3a, KOTOpas HaIllpaBiseTCs B amla-
par s Ooyiee TOHKOM OYHMCTKH, a TakkKe JUII ycTpa-
HeHHMs TpaaueHTa naBieHus. Hedrte mocrymaer Ha
HaKJIOHHYIO TiepdopupoBanHyo moiky (puc. 2). Ha
TMOJIKE YacTh HEPTH MPOCAYMBACTCSI B OTBEPCTHS, OJia-
rojaps YeMy YBEIMYHBACTCS IUIONIA]h KOHTaKTa (a3,
Ha HIDKHEW CTOPOHE IOJIOK WMEKOTCS TMOIEPEYHEIC
MEPErOpOAKH, YTOOBI MPEAOTBPATHTH ILICHOYHOEC
teuenue. [loce cTekaHus ¢ MOJIKH HEQTh MPOIOTIKACT
Jlera3aiuio moj JevcTBueM cuibl Tspkectd [3]. a3
BBIJICJIICTCS. Yepe3 TOBEPXHOCTh KOHTakKTa (a3 Win
MOBEPXHOCTh 3€pKasia HEe(TH, 3aTeM JONOJHHUTEIHEHO
CEeTIapupyeTcsl CTPYHHBIM KarjIeoTOOMHUKOM U yHams-
ercst yepe3 matpyook /6. OuuiieHHas oT raza HeTh
yaanseTcs aepe3 naTpyook /7.
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Puc. 1. Monepan3upoBaHHas KOHCTPYKLHUS HE(QTEra30BOro cemaparopa:

1 — TUIPOLUKIIOHHAS TOJIOBKA; 2 — BO3BPATHEIM TpyOONpoBo; 3 — mepemHssl KPBIIIKa; 4 — KOPITYC; 5 — 3a/IHsIs KPBIIIKa;
6 — OTIOpHI; 7 — CTPYHHBII KaIIeyJIOBUTEIb; 8 — ONOPHI NONKY; 9 — nepdopupoBanHast moska; /() — HanpasIsIONIast IMOJIKa;
11 — oTOoliHas CEKIMs TUAPOIMKIIOHA; /2 — BEIXOAHOW NaTpyOOK THIPOIMKIIOHA;

13 — matpy06ox 11t BBoJa He(hTera3oBoil cMecH; /4 — BBIXOA Ta3a U3 TUAPOLUKIIOHA;

15— BXoz ra3za B cenapalMoHHYI0 eMKOCTb; /6 — BBIXOJ OYHMIICHHOTO ra3a; / 7 — BBIXO/ Pa3ra3sMpOBaHHON He(TH;

18 — Bxox HedTera3oBoil cMecH B CemnapaluoHHYI0 eMKOCTh

Fig. 1. Modernized design of the oil and gas separator: / - hydrocyclone head; 2 - return pipeline; 3 - front cover;

4 - body; 5 - back cover; 6 - supports; 7 - string drop catcher; § - shelf supports; 9 - perforated shelf; /0 - guide shelf;
11 - fender section of the hydrocyclone; /2 - hydrocyclone output pipe; /3 - pipe for entering the oil and gas mixture;
14 - gas output from the hydrocyclone; /5 - gas input to the separation vessel; /6 - purified gas output;

17 - output of degassed oil; /8 - input of oil and gas mixture into the separation tank

Puc. 2. IlepdopupoBanHas moska

Fig. 2. Perforated shelf
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[IpomyckHast cHOCOOHOCTH MO KUAKOCTH JJIS Pas-
JUYHBIX TIO MOJIOKCHHUIO B MPOCTPAHCTBE CEMapaTopoB
ompeeNsIeTcs mo GopmyIie

O, < 86 400Fw,,

rae O, — PAacXoX KHAKOCTH, M>/cyT; F — IUiomams
KOHTaKTa (a3 B cemapatope, M>; W, — CKOPOCTb
BCIUTBIBAHHMS Ty3BIPHKOB ra3a, M/c.

CKOpOCTh BCIUTBIBAHHS B )KUAKOCTU Ty3BIPHKOB ra-
3a MOXHO omnpeaenutb 1o ¢opmyne CTokca, Kak
U CKOPOCTh OCQXKACHHUS JKUIKUX YaCTHI[ B TOTOKE
raza:

_d*(p,-p.)g

! 18,

>

rae d — AMaMeTp My3bIPbKOB Ta3a, M; Py, P — IUIOT-
HOCTh dacTWIbl (HehTH) W cpembl (Taza) COOTBET-
CTBEHHO, Kr/M3; H. — abCONIOTHAsE BS3KOCTHh CPEIbI
(rasa), ITa; g — yckopeHue CBOGOIHOTO MajeHus, M/c”.

[Tnomane koHTakTa ha3 I cemapaTopa 0e3 Mo-
JICPHU3AIMH BEIYUCIIETCS 10 hopMyIe

F=bL,

rae b — mupHHa IUIONaau 3epKaia HeTH NpU MHUHU-
MaJILHOM YPOBHE JKUIKOCTH B ammapare, M; L — JimuHa
anmapara, M.

[Tnomans koHTaKTa (a3 ajs cernaparopa ¢ yueTom
npeAjgaraeMoil  MOAEPHHU3AlMK  ONpeAeNseTcs 0

dhopmyite
F =F+F,~Fy+Fe,

rae F, — miomanp IOJIKH, M2; Fy — cymmapHas 1io-
Ia1b OTBEPCTHIl HA TOJIKe, M°; Fyy — CyMMapHast Iio-
IIaab MOBEPXHOCTH CTPYH He(TH, MpOUIEIIINX Yepes3
OTBEPCTHS Ha MOJIKE (ClIeNlaeM JIOIyIIEHUEe, YTO CTPYH
HedTH GyIyT HMETh GOPMY LHIHHIPOB), M.

B pesymprare pacueToB YCTaHOBJIEHO, YTO IPO-
ITyCKHAsl CIIOCOOHOCTh He(TEera3oBOTroO cernaparopa Jo

MozepHu3auu coctapmsuia O = 1,983 - 10* m'/eyr,
a ¢ yuetoM Moaeprmsanun O = 3,91 - 10* m’/cyr.

B cenaparope 0a30BOi KOHCTPYKIHMH OCaKICHHUE
YaCTUIBl MPOMCXOIMIIO TOJA ISHCTBHEM YCKOPEHHS
CBOOOIHOTO majieHus g = 9,8 M/CZ, a yCTaHOBKa THI-
POLIMKJIIOHHOW TOJIOBKM IIO3BOJIAET B 3HAUUTEIBHOMN
CTETIEHH WHTEHCU(HUIHMPOBATH MPOIECC pa3IeieHHS
Hed)Tera3oBoil cMecu Onaromapsi BOSHUKHOBEHHIO CH-
JIBI MHEPIIUH C MHEPIIMOHHBIM TI0JIEM, TJIe IIEHTPOOeXK-
HOE YCKOpEHHe onpeenseTcs 1o Gpopmyie

a:wtz/R,

M

e W;Z — JNIMHEWHas CKOPOCTh B HAINPaBJICHHUHU Bpallle-

HUs (TaHTEeHCaJIbHAs COCTaBIstomasn), M/c; R — paamyc
BpAIlIEHHS YaCTUIBI, M.

OmbITHBIE W pacyeTHBIC IAHHBIE MOATBEPXKIAIOT,
YTO LEHTPOOEKHOE YCKOPEHHE B THIPOLMKIOHHBIX
TOJIOBKaxX B COTHH pa3 BBIIIE CKOPOCTH YCKOPEHUS
cBobomHoro manenust [4]. Tak, Hanmpumep, LEHTpPO-
6exHoe yckopeHue, M/c, o dopmyine (1) must ruxpo-
IUKIOHHON TONOBKM C BHYTPEHHHUM JAHaMETPOM
dyy = 0,35 M IIpH ONTUMAJIBHBIX pa3Mepax KOHCTPYKIMU
THIPOIMKIIOHHOH TOJIOBKU U CKOPOCTH W; = 20 M/C:

a=20%/035=1142,9,

YTO JOKA3bIBACT BBINICCKA3aHHOC.

3akaioyeHnue

Pemenue, paccMoTpeHHOEe B HacTosmed paboTe,
MO3BOJIIET ONTHMH3UPOBATh PabOTy peKTH(HUKAIIMOH-
HOW KOJIOHHBI, TIOBBICHTh CTCIICHb Pa3JICIICHUS B MPO-
necce pekruduxanum. LienecoodpasHocTs peanuzanun
MEPEYHCICHHBIX KOHCTPYKTOPCKMX pEIICHHH MO03BO-
JUT, C HAIICH TOYKH 3PCHHS, TOBBICUTH 3((HEKTUB-
HOCTB Pa3JieICHUs] He(TH OT Tra3a, YTO MMOATBEPIKAACT-
cs MaTepHAJbHBIM, TCIUIOBBIM M TEXHHUKO-IKOHOMHU-
YECKHM pacdeTaMH.
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