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AkmyanbHocmb uccredosaHus 06yciogeHa HeobXo00UMOCMbI0 CHUXeHUST daenieHust 3ampybHO20 2a3a 8 HEPMSHbIX CKeaXUHaX, 06opy-
008aHHbIX WMaH208bIMU CKBAXUHHbIMU HAaCOCHLIMU YCMaHosKaMU Npu 8bICOKUX AaefieHuUsT 8 KOMIEKMOPE U NePCNEKMUBHOM LCNOTb308a-
HUU ycmbegbiX KoMnpeccopoe Onsi peweHust daHHol npobnemb!. OnucaHb! yYCrosus SKkCnyamayuu KOMNPECCopos U PeXUMbI UX pabomel.
Lenb pabombi 3aknoyaemcss 8 OUeHKe 8uUsHUS memnepamypbl okpyxalowel cpedbl Ha npoussoo0UMenbHOCMb KOMNpeccopa, U 8
onpedeneHuu UenecoobpasHocmU yCmaHoBKuU cucmeMb| OXTaxOeHUs Uy menaou3onsyuu.

Memodb1: chusuko-Mamemamuyeckas MoOesb paboms! 0OHOCMYNEHYamoz0 ycmbeg0e0 KoMnpeccopa ¢ NpueodoM Om cmaHKa-kadasnku;
OCHOBHble ypasHeHUsi 0Nl onucaHusi mepmoOUHaMUYECKUX NPOUECCo8 8 KOMNPEeccope ONUChIBalmCcA C NOMOWbI0 NEpeo2o Havana
mepMoOUHaMUKU U 3aKOHa COXpaHeHUs1 MacChbl 2a3a 8 yunuHope komnpeccopa. B paspabomanHol modenu y4umbieaemcsi MexaHuye-
Cckasl paboma, KuHemu4eckasi u mensogas sHepaus. [lpu amom npuHsimo donywieHue, Ymo omkayusaemblli 2a3 udeanbHbit. Mamema-
mudeckas modesnb pabomb! KOMNpeccopa peanu3oeaHa Ha si3bike npoepammuposanus Python.

Pe3ynbmambI. AHanu3 enusiHusi mensoebIx Npoyeccog Ha pabomy ycmbego20 Komnpeccopa nokasasn 3HaduMbill 3ghghekm memnepa-
mypbI OKpyarowieli cpedbl Ha Npou3godUMenbHOCMb koMnpeccopa. 1o pesynbmamam pacyemog 6bi10 yCMaHoBIeHO, YMO NPU HUSKUX
memnepamypax npou3goduUMenbHOCMb KOMNPECCopa BbILE, YeM NPU 8bICOKUX. YcmaHoska paduamopa He2amusHO cka3anach Ha npo-
U3800UMeENBLHOCMU KOMNpeccopa, 0COBEHHO NPU HU3KUX 0asfieHUsIX Ha npueme. YcmaHogka menaiou3onayuu Hanpomus no3geonuna He-
CKOMbKO y8enuyums npou3sodumenbHoCMb KOMnpeccopa, Ho He 3HayumesnsHo. OCHOBHbIM (hakmopoM, 8IUSOUWUM Ha Nnpou3sodu-
menibHOCMb KoMNpeccopa, Aensemcs OaeneHue Ha npueme (genuyuHa nepenada OasfieHust), N0IMOMY 8 HadasbHbIl nepuod pabomsl
Kkomnpeccopa, ko20a daeneHue Ha npueme npubnuxaemcs K nuHeliHomy dagneHuto 8 mpybonposode, npou3goOUMETLHOCMb KOMNPEC-

copa ebICoKa.

Knioyesnble cnosa:

LlimaHz08bIli Hacoc, ycmbesoli KOMNPECcop, MmemMnepamypHbIl PEXUM, NPoU3soAUMEbHOCTIL KOMNPECCOPa, CMaHOK-Kayarka.

BeepeHue

MexaHu3npoBaHHas 100bYa HEYTH COMPOBOKIAETCS
YACTUYHOM cemapalieil MOmyTHOTO He(TIHOro Ta3a Ha
TNpHEME CKBAKUHHBIX HACOCOB M €0 HAKOILICHHEM B 3a-
TpyOHOM MPOCTPAHCTBE.

Poct nmaBnenHust B 3aTpyOHOM IIPOCTPAHCTBE CKBAXKH-
HBI TNPHBOJUT K POCTY MPOTUBOJABICHUS HA HE(TAHOH
IIACT ¥ K YMEHBIICHMIO TMPHTOKA XKMUIAKOCTH K 3a0oto,
4TO  CONpPOBOXKJAECTCA  «OTKATHEM» NTHHAMUYECKOIO
YPOBHSL XKHAKOCTH K IpueMy Hacoca. Huskuii ypoBeHb
TIOTPYKEHUS HAcOCa B XKHUAKOCTH MOXET MPUBECTH K T1O-
TNaJaHNIO Ta3a B HACOC, CHIKEHUIO U CPBIBY €r0 MOAAdHL.
Hanbonee yacTo Takue SBIEHHS BO3HHKAIOT TIPH BBICO-
KMX JIaBJICHUSX B BBIKUJHBIX JIMHUSX CKBAXKHH, UTO MPH-
BOJUT K BBICOKOMY JaBIEHHIO Ta3a B 3aTpyOHOM TMpo-
CTPAHCTBE CKBAXKHHBL.

CHukeHue 3aTpyOHOro JaBJeHHs ra3a MO3BOJIET YBe-
TMYATH I00BIYy He(TH, MOITOMY pa3paboTKa TEXHONOTHH
TIPHHYAUTENBHOM OTKAYKH Ta3a U3 3aTpyOHOTO MpOCTpaH-
CTBa JIOOBIBAIOIINX CKBAKMH SBISCTCS aKTyaJIbHOW 3aja-
ueif. Penrernto 9Toit 3a1a4u mocBsiteH ps pador [1-6].

Hanbosnee mpocTbIM TEXHHUECKHM pELICHHEM, peai-
3YIOIIMM OTKAuKy ra3a U3 3aTpyOHOr0 MpOCTPAHCTBA
CKBAJKUHBI, SABISETCS HCIOIb30BAHUE MOPIIHEBBIX KOM-
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TPECCOpPOB C TPHBOIOM OT CTaHKa-Kadanku. Mcmois3o-
BaHHE KOMIIPECCOPOB € NIPUBOAOM OT OanaHCHpa CTaHKa-
KayaJK{ M3BECTHO YXKe JOCTaTo4yHo jAaBHo [2, 7]. Ilpun-
min paboTHl TTOIBECHOTO KOMIIPECCOpa 3aKII0YaeTCsl B
mepenaue BO3BPATHO-NIOCTYNATENBHOTO [BIDKEHHS 0a-
NaHCHpa TOPIIHIO B IHIHHAPE KOMIIPECCOPa, OCYIIECTB-
JSIONIETO OTKAYKy Trasa U3 3aTpyOHOTO MPOCTPAHCTBA
CKBa)KMHBI Uepe3 BCACHIBAIOIIMI KJIATIaH U 3aKaYKy B BBI-
KAJHYIO JIMHUIO Yepe3 HarHeTaTenbHeIH kinamad. [lpu
3TOM OJIHA YacTh KOMIIpeccopa (MINHIP WIX TMOPIICHB)
MAPHUPHO COEAMHEHA ¢ KaKOW-THOO TOYKOM CTOWKH 0Oa-
JaHCHpa, a JApyras — ¢ Kakoi-mmbo Toukoit camoro Oa-
nancupa (puc. 1).

TexHonorus: NpuUMeHeHNs MOJBECHBIX KOMIIPECCOPOB
oreyectBeHHoro W ummnoptHoro (CLIA) npowsBoactBa
peammszoBana B OAO «Openbyprae¢ts» u ITAO «Tar-
HedThy. JlomonHuTenbHas n00bYa He(TH CocTaBUiIa
0,4...2,7 T/cyT Ha OOHY CKBaXHHY, IIPH 3TOM BBISBICHO,
YTO KOJNMYECTBO JIOTIOJHUTENBHO HOOBITOMH HETH BO MHO-
TOM 3aBHCHT OT JIaBNIEHHS B BBIKHIHOM KOJUIEKTOpE. [5].

OnHuM 13 (aKkTOpOB, BIUSIOMUX HA 3(Q(QEKTUBHOCTD
PabOTHI TIOPIIHEBBIX KOMIIPECCOPOB, SBIACTCS TeMIIEpa-
TYpHBIH PeKUM 3KCIUTyaTaluu. M3BecTHo, uTO B Ipouec-
ce paboThl KOMIIPECCOPA Ia3 CHKUMAETCS, BBIIEIAS HEKO-
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TOPOE KOJIUYECTBO TEIIOTHI, MOITOMY 3a4acTyl0 B KOM-
Ipeccopax yCTAHABIHMBACTCS CHCTEMA OXJIAXKICHHA. JTO
HEoO0XOAMMO C OJHOH CTOPOHBI M UCKITIOYCHHS IIepe-
TpeBa JeTaeil KOMIIpeccopa, a ¢ APYroi — s MOBHIIIe-
HUS 3QQEKTHBHOCTH KOMIIPECCopa, MOCKOMBKY JUIsl CKa-
THA HArpeToro rasza 3Hepruu HeoOxoxumo Oomsire. Ha
Tepputopun Bomro-Ypanbckoro permona temmeparypa
OKpY’KaIomIeil cpesibl B TCUEHHE T0/la MOKET MEHATHCS OT

—45 no +40 °C, uto MoXeT OTpa3uThcs Ha 3PHEKTUBHO-
CTH paboTHI KOMIIpeccopa.

MogzenupoBaniem paboThl KOMIIPECCOPOB 3aHHMa-
JI0Ch MHOXeCTBO aBTOpoB [8-21]. B pabote [9] mokasaHo,
4TO C POCTOM Iepernaja NaBIeHHs KO3(QQUIMEHT moes-
HOTO JICHCTBUS KOMIIpECCOpa CHIKAETCS B CBS3H C PO-
CTOM SHEpruH, MOTPAYCHHOH Ha CXKATHE Ta3a, YTeUKaMu
U TIEPETEYKaMH T'a3a B POLECCe CHKATHS U PACIIHPEHHSL.

Fig. 1.

Puc. 1.

Komnpeccop ¢ npusodom om cmanxa xauarku: 1 — ¢hynoamenm,
2 — onopnas cmotixa, 3 — onopa, 4 — barancup, 5 — 2onoexa 6a-
Jancupa, 6 — noowunHuk, 7 — Kpueowun, 8 — wamyH npugood
wmaneoeoeo Hacoca, 9 — mpasepca, 10 — snekmpoogucamen,
11— peodykmop, 12 — noodsecka, 13 — ycmvegou wmox,
14 — yemvwe, 15 — 3ampybHoe npocmparcmeo, 16 — obcaonas xo-
aouna, 17 — HKT , 18 — nayuowcep, 19 — yuaunop wimanzo8020
Hacoca, 20 — omeepcmusi noo naney Komnpeccopa, 21 — naney,
22 — wamyn komnpeccopa, 23 — wapnup, 24 — wimok KomMnpecco-
pa, 25 — nopuens, 26 — yunundp komnpeccopa, 27 — yenmpamop,
28 — cmotixa, 29 — nanpasasowas onopa, 30 — bIKUOHAS TUHUS,
31 — kaman omeooa eaza, 32 — ecacwigarowuil KIanaw,
33 — nacnemamenvuulll KIANAH

Compressor driven by pumping unit: 1 — foundation, 2 — support
post, 3 — support, 4 — balancer, 5 — balancer head, 6 — bearing,
7 — crank, 8 — pitman, 9 — traverse, 10 — electric motor, 11 — re-
ducer, 12 — suspension, 13 — polished rod, 14 — wellhead,
15 — annulus, 16 — casing, 17 — casing, 18 — plunger, 19 — cylin-
der 19, 20 — holes for the compressor pin, 21 — pin, 22 — connect-
ing rod, 23 — hinge, 24 — stock, 25 — piston, 26 — compressor cyl-
inder, 27 — centralizer, 28 — rack, 29 — guide support, 30 — flow
line, 31 — gas outlet channel, 32 — suction valve, 33 — discharge
valve
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B pabote [10] sxcrepuMeHTAIbHO YCTAHOBIEHO, YTO
CYIIECTBYET BO3MOJKHOCTH CXATHS Ta30B JIO BBICOKHX
JIaBJICHN} HaTHETaHUs B OJIHOM JANMHHOXOJOBOH CTYHEHN
1o nopsiaka 100 pa3 mpu HHTEHCHBHOM OXNaxaeHuu. B
pabote [12] mokasaHo, 4TO TemmepaTypa BHYTPU KOM-
Ipeccopa 3HAYUTENBHO 3aBUCHT OT PEaTU30BaHHOM CH-
CTEMBl OXJNaXACHUA. I[Iph JKUIKOCTHOM OXJQKICHUH
TEeMIIepaTypa BHYTPH KOMIIpeccopa HIDKE, 9eM IpH BO3-
IYLTHOM.

B pa6orax [11, 12] moka3aHo, 4To yIpoIIeHHAs CTAIH-
OHapHasg Mojelb paboThl KOMIIpeccopa TO3BOJSET C JIO-
CTaTOYHOH TOYHOCTHIO TPOTHO3HPOBATH SHEPTETUIECKIE
XapaKTePHCTHKA  OJHOCTYIEHYATHIX  KOMIIPECCOPHBIX
ycTaHoBOK. CpaBHEHHE PE3yNbTaTOB MOJAEIUPOBAHUS C
9KCTIEPUMEHTANILHBIMU  IAaHHBIMH  TI0Ka3aJ10 TOYHOCTb
IPOTHO3UPOBAHHUS Pacxo/ia KoMIpeccopa Ha ypoBHe 5 %.
B pabore [15] mokxa3aHo, 4To MOJEINPOBAHHE KOMIIPEC-
copa ¢ TPUMEHEHIEM IMAKETOB BBIYHCIUTENHHON THAPO-
nunamuku (CFD) TouHee, YeM HCIIONB30BaHHE MPOCTHIX
MaTeMaTHYeCcKUX Mojienell paboThl KOMIIpeccopa, OJHAKO
CKOPOCTb pacyera MpU TOM YBEIMYHBAETCSA HA JABA MO-
piOKa, TPU HE CYIIECTBEHHOM YBEIMICHHH TOYHOCTH
Mojnend. B paGore [16] Obuta pa3paborana gucieHHas
MOJIETTb C Y4eTOM TeUeHHUs B TpyOax u paboThl MPYXHH-
HbIX KiamaHoB. CpaBHEHHE C OKCIEPUMEHTAIbHBIMH
JaHHBIMH TI0KA3aJ10 YIOBICTBOPUTENBHEIE PE3yIIbTATHL

Pabota xommpeccopa ¢ IPUBOJOM OT CTAHKA-KadalKi
XapakTepu3yeTcs IIUTENbHBIM IUKIOM CHKATHI W pac-
umpenns. [lOBBIICHHE TeMIepaTypsl B MOPIIHEBBIX
KOMIIpeccopax B OCHOBHOM OTPaHHMYMBAETCS TEMIIEpaTy-
poif BCTIBIIIKK Macia, MCIONB3yeMOTo M CMa3KH IIH-
JTUHIPIIECKON YacTH pabodmx Kamep H3-3a IPSMOTO
KOHTAKTa C)KMMAeMOro raza u Macia. [lostomy B BBICO-
KOCKOPOCTHBIX KOMIIPECCOpaX, MPOIECC CHKATHSI KOTOPBIX
OMM30K K a[uabaTHyecKoMy, U CTETIeHb TOBBIICHHS JaB-
JICHUS PEIIKO MpeBbINIacT Tpex—mATH. B padote [14] mpo-
TECTUPOBAHA JKCILTyaTalus «MEIEHHBIX» KOMIIPEcco-
POB MpU NMEPEKAYKE Pa3JIMIHbIX I'a30B, B TOM YHUCJIC IIpHU
TMepeKayke MpOoIMaH-OyTaHOBBIX CMECed, MpU ITOM CTe-
TIEHb MOBBIIIEHUS JaBJIeHUs cocTaisua 1o 30 pas.

B paborax [19-21] mokxa3aHa BO3MOXKHOCTh HeHpoce-
TEBOTO MOJIENIMPOBAHUS KOMIIPECCOpa, MPUYEM TOTPEI-
HOCTh TaKOU MOZCIN OTHOCUTEIIbHO SKCTICPUMECHTAIbHBIX
JaHHBIX B CPAaBHEHHH C (PH3HKO-MAaTeMaTHIECKON Moje-
Jp0  TmoNyuwiach Hike. OfHAKO Ui TIOCTPOCHHS
HEHWpoceTeBbIX Mojenell HeobXoauM OoJbIIoH Habop
IKCIIEPUMEHTANEHBIX TAHHBIX.

MocraHoBka npobnembl

[lenpto maHHOW pabOTHI ABJNAETCS OICHKA BIHSHUS
TEMIIEPATYPBl OKPY)XAIONIEH Cpefibl Ha MPOHU3BOIUTENb-
HOCTh KOMIIpECCOpa, a TaKkxke Ienecoo0pasHOCTH ycTa-
HOBKH CHCTEMEI OXJIAXICHH.

Metogonorus

Jist nocTinkeHust mocTaBieHHo enu Obua pazpabo-
TaHA MaTeMaTH4ecKas MOJeb PaboOThI OJJHOCTYIIEHYATO-
T0 YCThEBOTO KOMIIpeccopa C TPHBOJOM OT CTaHKa-
Ka4aJKH, KOHCTPYKIMS KOTOPOTO MPEIOKEHA aBTOPAMH
B pabore [22]. OcoOCHHOCTBIO AAHHOTO KOMIIpECcopa
ABJIAETCS BO3MOXKHOCTb PETYJIMPOBAaHUA [JIMHBI XOJa
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nopurHs. OCHOBHBIC YPaBHEHHS IS OMUCAHKS TEPMOJH-
HAMHUYECKHX TIPOIIECCOB B KOMIIPECCOPE OPEIEIAIOTCS C
TIOMOIIBI0 MEPBOTO Hayala TEPMOIWHAMUKH W 3aKOHA
COXpaHEHHS MacChl Ta3a B LHIMHApPE KOMIIpEccopa.
B MaremaTnueckoil MOJIENH YUUTHIBACTCS MEXaHMUECKas
paboTa, KUHETHYECKas W TemoBas dHeprus. [Ipu stom
HPUHATO TOMYIIEHHE, YTO OTKAUYMBAEMBIH Ta3 HICaIbHEIH
(cBOCTBA r'a3a HICHTHYHBIC CBOHCTBAM METaHa).

JuHamuka paboThl KIANAHOB HE YUYWTHIBACTCH, II0-
CKOJIBKY paboTa KOMIIpeccopa OrpaHHYeHa 5 LUKIaMH
CXKATUS B MUHYTY.

Maremarmaeckas MoJenb pabOTH KOMIIpEccopa OIlu-
CBIBA€TCS CIEAYIOUIMMH YPAaBHCHUAMH: YpaBHEHHE Tiep-
BOTO Hayana TepmoiauHamuku (1), ypaBHEHHE cOXpaHe-
HUS Macchl (2), ypaBHeHHe cocTOsHUA (3) U ypaBHEHHE
pacxopa raza (4).

[lepBoe Haya0 TEPMOJMHAMUKH 3ATIHIIETCS B BULIE:

dU = (K - AT —(:j—\t/P)demm'h—dmom-h, (1)

rae K — xoaddunment temonepenaun Br/K; AT — pas-
HOCTb MEXIy TEMIIEPATYpOH ra3a M CTEHKaMU KOMIIPEC-
dv 3
copa, K; Pl u3MeHeHne 00beMa BO BpeMeHu M /C; P —
JaBJIeHHE BHYTPU Kommpeccopa, Ila; dmj, — MaccoBblii
PAacXojl MOCTYMAIOMIEro ras3a, Kr; Mgy — MaccoBbId pac-
XOJl Ta3a, HACHETAeMOro B HAMOPHYH JHHHUIO, Kr; h —
yZebHas SHTAJIINA ra3a, JIK/Kr.
VpaBHEHHE COXPAHSHUS MACChI 3AMUIIETCS B BUTIE:

dm=dm, +dm,,, @)

rae dm — Macca ra3a BHyTPH KOMIPECCOpa, K.
VYpaBHEHHE COCTOSHUA:

pV =mRT. (3)

3aKOH [IBIKCHHS MOPIIHS COOTBETCTBYET 3aKOHY
JOBWXKCHHUS TOYKHU I10JIBECA HACOCHBIX HITAHI' HA I'OJIOBKE
OanaHcHpa cTaHKa-KayalKH, ¢ OTIHYHEM TOJNBKO B JUTHHE
X0J1a.

[TocKoNbKy CKOPOCTH ABHIKCHHS IUIYHIKEpPa MaJCHb-
KHe (JHCIO LUKIOB CXATHA—PACIIUPEHUs ~4 B MUHYTY,
M3MEHEHHE CKOPOCTH MPOUCXOAUT IUIABHO IO CHHYCOH-
JIe), pacxoJ Taza OyJeT OmpeiesAThes B OONblIeH cTere-
HH CKOPOCTBIO IUTyE)KEpa, a He 0COOCHHOCTSIMHU TEUCHHUS
Yepe3 kinamaH. [103ToMy B MOJENTH ypaBHEHHE Pacxoja
ra3a OmpefeNsuIoch Uil HECKMMACMOH KUIKOCTH C yue-
TOM K03()(DHIMEHTA PACIIUPEHHS.

2 p- AP -dt. (4)

Koapduiment Temmonepenadn 1 MHIMHIPHIECKOHR
CTEHKU ONpENeNsICs C YYEeTOM IUIOM[AanH NOBEPXHOCTH
BHYTPEHHEH CTEHKH, HAapyXKHOM CTEHKM U CTEHKH M30JIs-
i (mpu Hammunn). Koadduupent temnonepenadn s
KOMIIpEccopa ¢ YCTaHOBIICHHBIM Ha KOPITyCe pafraTopoM
ONpEJIENSICA C Y4ETOM YBEIMYCHHOH IIOWaaN MOBEpX-
HOCTH OXJIXKJICHHUS.

KoadunpeHnT TemnooTaaun ot raza kK CTeHKaM ompe-
JeJSICS C TIOMOIIBIO 3aBUCHMOCTEH, TIPEACTABICHHBIX B
Oe3pasmepHoM Buge (¢ yuetoM umcen Hyccenwra, Peit-
Hosbca u [Ipanaris) [8].

Cxema Mojieny KOMIpeccopa TIpe/icTaBIeHa Ha puc. 2.

dm=qa-¢- -
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Puc. 2. Cxema mooenu 00HOCMYNEeHYamo20 KOMNIPeccopa ¢
npueooOM OM CIMAHKA-KAYANKU

Fig. 2. Scheme of a model of a single-stage compressor
driven by a pumping unit

s mocTpoeHusT 3aBHCUMOCTH MAacCOBOTO pacxoja
rasa OT TEMIIEPaTyphl OKPYXkaiomel cpeasl ObLta IO-
CTaBJICHA CEPUs YKCICHHBIX JKCIICPUMEHTOB. UncneHHas
MOZENb pean30BaHa CIEOyIOMNM 00pa3oM: B Hayallb-
HBIil MOMEHT BpeMeHH 3a)HKCHPOBAHBI 3HAYCHHS TEMIIe-
paTypsl W IDaBJCHHsS BHYTPH KOMIIPECCOPa, a TaKXke IO-
JIOKEHHE IUTYHKepa. 3ajaBas H3MCHEHHE IOJNOKCHHUS
ITYHXEPa, COTJIACHO 3aKOHY JBWKCHHS MPHBOIA IMITAH-
TOBOW CKBaXXMHHON HACOCHOW YCTaHOBKH PAaCCUUTHIBAET-
¢sl I3MEHEeHHE 00beMa W COOTBETCTBEHHO JIABJICHUS B Pa-
Oouell kamepe kommpeccopa. Ecim paBneHne B xamepe
MEHBIIIE, YeM JaBJICHHUC HA JIMHUHM BCACHIBAHHUS, TO TPO-
HCXOJIUT TIPOILECC 3aMONHEHHS KOMIIPECCOpa ra3oM, Mpu
ITOM PACCUHTHIBACTCS €T0 MACCOBBIA Pacxoi, €CIU JaB-
JieHne B Kamepe OoJiblie, 9eM JaBICHIE Ha JTMHAN HarHe-
TaHKs, TO PACCUMTHIBACTCS MACCOBBII pacxoj rasa B Jiu-
HUIO HarHetanus. [locie ompeseneHus mapameTpoB Tel-
JIOOT/Ia4M OT CTCHOK KOMIPECCOpa PacCUMTHIBACTCS H3-
MEHEHHEe BHYTPEHHEH JYHEPTHH, TEMIEpaTypsl U JaBie-
HIISl BHYTPH KOMIIPECCOpa, 3aTeM ILUKI MOBTOPSETCH.
Temneparypa BapbupoBanack ot —45 g0 +45 °C. [dasne-
HUE Ha [IpHEMe BapbUPOBAIOCh OT 2 10 § aTM. AHalo-
rUYHas cepus ObUTa MPOM3BEACHA C KOMIIPECCOPOM,
OCHAIICHHBIM PAafHaTopoM oxJaxaeHus. OTInIneM Mo-
JeM ¢ PafuaTopoM 3aKITIOYAETCS B HAIMYHH PaJHATOP-
HBIX TUIACTHH, YBEIWYMUBAIONINX MOBEPXHOCTH TEIIOOT-
Jaun.

OcHOBHBIC TapaMeTpsl s MOJACTHPOBAHHS OBLIH
caenyronume: koddduiuent temtonepeaadn cram — 30,
K03 uImenT Tertonepenaun Temwon3omiuun — 0,5; ko-
9(QQUIHUEHT COOTHOIIEHNUS TMIOMAIN OpeOpPEeHus K IUI0-
Ia/I1 WJTMH/PA KOMIIpeccopa — B iuanasone ot 5 1o 15;
tommuaa msomsinmr — ot 0,01 mo 0,1 M; mokasarens
anmabatel — 1,3; TeMmeparypa Ha BXOZE B KOMIPECCOp —

20 °C; TeMmeparypa OKpyKaroIlel Cpebl — B IUANa3oHe
oT —45 mo +45 °C; naBneHne Ha BXOAE B KOMIIPECCOp —
ot 200000 mo 1900000 ITa; mmomiams MPOXOJHOTO Ceve-
Hist knanasos — 0,0008 M ko3¢ duImeHT pacxona Kia-
nana — 0,8; mIoTHOCTH rasa Ha Bxoge — 2,2 Kr/ M3; JIaBIIc-
Hue Ha Beikuze — 2000000 Ila; auamerp nopuns — 0,095 ;
tommuHa kopiyca — 0,0055 m; mmuHa xoma — 1 M; 00beM
MmeptBoro mpoctpanctBa — 0,003 M3; MOJIIpHasi Macca
merana — 0,016 kr/mouns.

Bo Bcex mostyueHHBIX pe3yJbTaTax MacCOBBIN Pacxo
ra3a OmpejeNsuics KaK MOCTYMAIONINI Ha BXOJ KOMIIPEC-
copa, B TO )¢ BpeMs HaMH OLICHUBAJICS M MACCOBBIH pac-
X071 ra3a Ha BBIKHJIE KOMIIPECCOpa.

O6cyxaeHune

Pe3ynbTaThl YMCIEHHOTO MOJENHMPOBAHUS TOKA3AIH,
4TO C POCTOM TEMIEPaTyphl OKPYKAIOIIEl Cpeibl CHIKA-
€TCs NIPOU3BOAUTENBHOCTh KOMIIPECCOpPa, C POCTOM JaB-
JeHUs Ha TpHeMe MPOH3BOAMTENBHOCTH KOMIIPECcopa
yBenmuuBaercs. Hampumep, mpu pasnennn 1900000 (me-
penan pasnexus 100000 I1a) mpou3BOAUTENBHOCTD KOM-
npeccopa npu Temneparype 228 K Gonbmie Ha 7 %, yem
npu Temmeparype 318 K. Ilpu sToM mmst TemmepaTypsl
273 K npou3BOAUTENHHOCTS KOMIPECCOpa MPH JABICHIN
Ha ipueme 1900000 I1a B 64 paza Gonblue, YeM IpHU IaB-
nenuu Ha npueme 200000 ITa.

YucneHHOEe MOJEIMPOBAHME MOKA3alo, 4YTO IpH
YMEHBIICHHH TEMIIEPaTyphl OKPYKAIOIIEH Cpelbl YBEIH-
YIBACTCA MPOMEKYTOK BPEMEHH, B TEUCHHH KOTOPOTO
TPOMCXONUT KaK HATHETAHWME, TaK WM BCACHIBAHHE Ta3a
(puc. 4). AHanoruyHble M3MEHEHHS HAOIIONAIOTCA MPH
YBEJMUCHUH JABJICHHS HA TpreMe (pHc. 5).

[Ipu pocte TemmepaTypsl OKPYKAlOIIEH CPEAbl yBe-
JMYMBACTCS CPEIHs TEMIIEPaTypa BHYTPH KOMIIPECCOPa.
Bospacranue cpenHedt TemmepaTypbl BHYTpH paboueil
KaMepbl KOMIIpeccopa NPHBOAUT K TOMY, YTO JIaBJICHHE
BHYTpHU paboueil KaMepsl KOMIIPECCOpa MpH YBETHUCHUN
obbeMa KaMephbl JOCTHTACT 3HAUCHHUI JABICHUS BCACHI-
BaHHUS TIpH OOJNBIIKMX 3HAYCHHSIX 00beMa kamep. [ToaTomy
BpEMs BCACBIBAHHS M COOTBETCTBEHHO 00BEM BcachiBae-
MOTO Ta3a MOJNyYaloTcs MeHblne (puc. 3, a—6, KpacHas
TMHUS). 32 CYeT CHIDKeHHs 00beMa BCACHIBAEMOTO ra3a
yMeHbIIaeTcss 00beM HarHeTaeMmoro rasa (puc. 3, a—s,
OpamXeBasl JMHHAS) W MaCCOBBIH PAacxof raza gepe3 KoM-
TIPECCOP COOTBETCTBEHHO.

IIpu yMeHbIIEHNY JJaBIEHUs HA IPUEME KOMIIPECCopa
BpeM1, HeO6XOI[I/IM06 Ha U3MCHCHUC NTaBJICHUSA B KaMEpe
OT 3HAYCHHUS JABJICHAS BCACHIBAHKS O NABICHHS HATHE-
TaHUS U HA000pOT, yBennunBaetcs. [1o3ToMy JuHES Bea-
CbIBaHUA W HarHETaHUA CTaHOBATCA MCHBIIC, KaK U IPO-
M3BOJUTENBHOCTh KOMIIpeccopa. Ecinm MpoM3BOAHTENb-
HOCTb KOMIIPECCOpa OKaXKeTCs HeIOCTATOYHOH IUIs CHU-
KCHHS JIABIICHUS B 3aTPYOHOM TIPOCTPAHCTBE CKBAKHHBI,
10 dhdekra OT yCTAHOBKM KOMIpeccopa He Oyer.
C apyroit CTOPOHBI, €ClIM MPOHU3BOJUTENBHOCTH KOM-
npeccopa OKaXeTCs 3HAUUTETHHO 0O0JIbIIIE HE0OX0UMOTO,
TO KO (UIMEHT TONE3HOTO IEHCTBIS paboTHl KOMIIpEC-
COpa OKaXeTCs HA3KHM.

Ha puc. 4 nokasaHo BIusSHHE MEpenaja JaBICHHS Ha
MaKCHMAJIbHbIE TEMIIEpaTypbl, BOSHUKAIOIINE HpH pabo-
T€ KOMIIpeccopa.

193



V13BecTnst TOMCKOrO NONUTEXHUYECKOTO YHUBEpCUTETa. MHXMHMPKH reopecypcos. 2022. T. 333. Ne 1. 190-199
Ypasakos K.P., laTbinos b.M., Benosepos B.B. TemnepaTypHbIit pexuM yCTbEBOTO KOMMPECCopa Ans OTKauKu rasa u3 3aTpyBHoro ...

2000000

1750000

1500000

Nasnenue, Na

1250000

1000000

750000

500000

250000

Ta =228 K, Py = 200 kI1a

B —

0003 0004 D005 0006 0007 0008 0009 0010
0O6nem, M3

ala

2000000
1750000
1500000

o

1250000

e
O
=
T
U
[
@
o

=

250000

Tu =273 K, Py =200 klla

—_—
0003 0004 0005 0006 0007 0008 0.009 0010
06bem, 3

olb

Na

Dasnenne,

2000000

1750000

1500000

1250000

1000000

750000

500000

250000

Tow =318 K Py =200 xlla

-

0003 0.004 0005 0006 0007 0008 0.009 0010
O6vem, M3

glc

2000000 2000000

1750000 1800000

2000000

ppEEE

Ter = 273 K, Py = 200 11

Taw =273 K, Pop= 500 xl1a

1900000

Turw= 273 K, Py = 1,5 MIla |

1500000 1600000

Na

1250000 - 1400000

1000000 1200000

Jasnenue, Na
DNaenenne,

750000 1000000

500000 800000

250000 600000

Na

- 1800000

1700000

Nasnenune,

1600000

1500000

0003 0004 0005 0.006 0007 0008 0.009 0.010
O6vem, M3

2ld

0003 0004 0005 0.006 0.007 0.008
O6vem, M3

ole

0.009 0010 0003 0004 0005 0.006 0007 0.008 0.009 0010

0O6vem, u3
elf
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Fig. 3. Gas pressure versus volume of space in the working chamber at different ambient temperatures (a, b, c) and intake

pressure (d, e, f)
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Fig. 4. Influence of intake pressure on the maximum temperature inside the compressor

Temmeparypa okpykatomeil cpeisl 3HAYNMO BIHSIET
Ha 3(pdexTHBHOCTS PadoOTH Kommpeccopa. C pocTom
TEMIIEPaTyPhl OKPYXKAIOIIEH CPeIbl MACCOBBIHA Pacxo[ ra-
3a 4epe3 KOMIIPECCop CHIKACTCSL.

C pocToM TemmepaTypbl OKPY)KArOIIeH Cpelbl YBEIH-
YUBACTCA M MAKCHMAIbHAs TEMIEPaTypa, BO3HUKAIOMIAS
npy paboTe KoMmmpeccopa. OTO B CBOIO 04Yepelb YMEHb-
maet 3QQPeKTHBHOCTh PabOTHI KOMIpeccopa, a Takke
MPUBOJHUT K H606XO}]I/IMOCTI/I NPpUMEHEHUA MacCel C BBICO-
KUMH TEMIIepaTypaMH BCIBIMKH. Kpome Toro, BHHO,
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YTO TIPH YMEHbIIEHUHU JABICHUS Ha IIpHeMe KOMIIPECCo-
pa 3Ha4YeHUs TeMIepaTyp, BOSHUKAIOIIUX B MpoLiecce pa-
OOTBI KOMIIPEccopa, PacTyT, a KOMMYECTBO BCACHIBAEMOTO
ra3a yMeHbIIAETCS.

Ha puc. 5 mokazaHo BIusHHE OXJAKACHAS HAa padoTy
komrpeccopa. C yBelMYeHHEM ILUIOUIAAN MOBEPXHOCTH
opebpernst (¢ pocroM F) yMeHbImaeTcs mpoMEKyTOK
BPEMEHH, TP KOTOPOM MPOUCXOAMT KaK BCACHIBaHHE,
TaK W HarHeTaHue. OOBACHIETCS 3TO TEM, YTO TPH YBe-
TH9eHHH 00BbeMa padodeil KaMepsl MPOUCXOIUT CHIDKE-
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HUE JaBJIEHHS Ta3a BHYTPH Hee, P 3TOM YMEHbIIAETCS
¥ TEMIIEPaTypa ra3a, OIHAKO HaIMINe OpeOpeH:ts PUBO-
JUT K TOMY, YTO B IIPOLECCE OXJNAXIEHUS KOMIpeccopa

Jlerye TMOIJIOAeTCs TEeINIoTa U3 OKPYXKalowel cpelpl
(Ip¥ TOCTIDKEHMN 3HAYCHHS TEMIIEPATYPHl BHYTPU KOM-
npeccopa MEHbIIE TeMIIePaTyPhl OKPYKAIOMIeH Cpemsl).
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Puc. 5. 3asucumocmu oaenenus 2aza om obvema npocmpancmea 6 paboueil Kamepe npu paziuinom coomuoutenuu F (nao-
waou paduamopa K niowaou yuiuHopa) u oasienuu Ha npueme pasiom 500000

Fig. 5. Dependences of gas pressure on the volume of space in the working chamber with a different ratio of F (radiator
area to cylinder area) and intake pressure equal to 500000

Ha puc. 6 moxa3aHbl 3aBHCHMOCTH MacCoBOIO Pacxo-
Jla Ta3a OT TeMIIePaTypbl OKPYKAIOIIEH CpelIbl P pas-
nuuHbIX cooTHomeHusx F. Tlpu yBenwueHuu JaBieHus
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Ha TpUeMe pasHHIa MEXIy MAaCCOBBIM PACXOAOM IpU
YCTaHOBJICHHOM PaJHaTope U 63 MEHIMIZHPYETCs, 0CO-
OCHHO TPH HIB3KHX TEMIIEPaTypax OKPYKAIOIIeH CpeIbl.
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Puc. 6. 3asucumocmov maccosozo pacxoda 2aza om memnepamypvl OKpyxcaowell cpedsbl npu pasiuinslx coomuouteHusx F
(nowaou paduamopa K niowaou yunuHopa) u dasienuu Ha npueme pasuom 1000000 (a) u 1500000 (6)
Fig. 6. Dependence of gas mass flow rate on ambient temperature at various ratios F (radiator area to cylinder area) and

intake pressure equal to 1000000 (a) and 1500000 (b)

Cepueil YHCICHHBIX KCIECPUMEHTOB OBLT TIPOBEICH
QHAITM3 BIMSHUA TOJIIMHBI M30JISIIMM HA MAacCOBBIN pac-
x07 raza. C yBelNMYEHHEM TONMIMHBI M30IAIMH ¢ 1 10
10 cm, mpu BHICOKMX 3HAYCHHAX JABICHUA Ha TpHEME
(1-1,5 MIIa), mpOU3BOAMTENBHOCTh pACTET HE3HAYH-
TenbHO. [Ipy HM3KMX 3HAYEHUAX [ABJIEHUA HA MpHEMe
(0,2-0,5 MITa) mpoM3BOAUTENBHOCTE KOMIIPECCOPA YBE-
mmuuBaercs Ha 10-30 %.

Ha puc. 7 moxa3ano cpaBHeHHE 3HAYCHHH MacCOBOTO
pacxona KOMIIpECCOpa B DA3IMYHBIX KOH(DHTYpaumusIx
(c pagmatopom F=5...15, ¢ m3omsmmeit S=0,01...0,1 m u
6e3 ycrpoiicts F=1).

Haubompmmii pacxox raza HaOmiomaeTcs HpH ycTa-
HOBKE TETUIOU30SIIAH.
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Fig. 7. Dependence of the mass flow rate of gas on the ambient temperature for different thicknesses of insulation (S=0,1
and S=0,01), without insulation (F=1) and with different cooling characteristics (F=5, F=10, F=15). The intake

pressure is 1000000 Pa

Haquble U NpakTnyeckue pe3ynbTaTbl

AHanmu3 TEIUIOBEIX MPOLECCOB, BO3HUKAIOMMX MpPH
paboTe yCTheBOTO KOMIIPECCopa, MOoKa3al 3HAYUMBIH 3¢-
(eKT BIMSHUA TEMIIEPATYphl OKpYXKAKOLIeH Cpelbl Ha
TIPOU3BOIUTENBHOCTE KoMmpeccopa. [Ipn Hu3kux Temie-
paTtypax HpOM3BOAMTENEHOCTh KOMIIPECCOpa BEIIIE, YeM
TIPH BBICOKHX. JTO CIIEAYET YUUTHIBATH PU KOHCTPYHPO-
BaHUM YCTHEBBIX KOMIIPECCOPOB M PETYIMPOBAHUU pe-
KUMa UX pabothl. Hampumep, MOXHO clieaTh CMEHHOM
JUTHHY X0J1a KOMIIpEccopa s pexuMa 3UMBI 1 JIeTa.

VcraHOBKa pafmaTopa HETaTHBHO CKa3alach Ha Mpo-
M3BOJUTENEHOCTH KOMIIPECCOpa, OCOOSHHO MPU HM3KHX
JaBICHHSX Ha TpHeMe. YCTAaHOBKA TEILIOM3OJIALUH
HampoTHUB IO3BOJIMIa HECKOJIBKO YBEIIMIUTL MPOU3BOAU-
TEJIBHOCTh KOMIPECCOPa, HO HE 3HAUMTEIBHO.

OcHOBHBIM (DaKTOpOM, BIUSIOMIMM Ha IIPOU3BOJIH-
TENBEHOCTh KOMIIPECCopa, SBIICTCS JAaBICHHUE HA IpUEMe
(BenMuMHA Tepemnaga JABIECHHUS), TTIO3TOMY B HayallbHBIH
nepro/| paboThl KOMIpeccopa, Koria AaBlIeHHe Ha MpHe-
Me TiprOIMKAeTCS K TMHEHHOMY JaBICHHIO B TPYOOIIpO-
BOJIC, MPOHM3BOAMTENHFHOCTh KOMIpeccopa BhIcoka. [lo-
CTETIeHHO, CO CHWKEHHEM 3aTpyOHOTO JaBIIEHHS, IPOU3-
BOIMTENBHOCTh KOMIIpeccopa OyleT TNajaTh, IOITOMY
3HAYUTCIIBHOTO CHMXXCHUA 3any6HOFO JOaBJICHUA MOXXHO
He 100MThCA. B nambHeNIIMX HMccnenoBaHuAX HeoOXoau-
MO OLCHHTh, Ha KAKyI0 BENMYHHY MOXHO CHU3HUTDH 3a-
TpyOHOE J1aBNeHNe ra3a.

Ha ocHoBe pa3paOoTaHHON MaTeMaTHYECKOH MOJIENH
KOMIIpeccopa TipeiaraeTcst pa3padoTka WHPOpMAIMOH-
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The relevance of the study is caused by the need to reduce the annular gas pressure in oil wells equipped with sucker rod pumping units
at high reservoir pressures and the prospective use of wellhead compressors to solve this problem. The operating conditions of the com-
pressors and their operating modes are described.

The purpose of the work is to assess the effect of ambient temperature on compressor performance, as well as the advisability of in-
stalling a cooling system or thermal insulation.

Methods: physical and mathematical model of a single-stage wellhead compressor driven by a pumping unit; the basic equations for de-
scribing thermodynamic processes in a compressor are described using the first law of thermodynamics and the law of conservation of gas
mass in the compressor cylinder. The developed model takes into account mechanical work, kinetic and thermal energy. At the same time,
it is assumed that the pumped gas is ideal. The mathematical model of the compressor operation is implemented in the Python program-
ming language.

Results. Analysis of the influence of thermal processes on the wellhead compressor operation showed a significant effect of the ambient
temperature on the compressor performance. Based on the results of calculations, it was found that at low temperatures, the compressor
performance is higher than at high temperatures. Installing a radiator has a negative impact on compressor performance, especially at low
intake pressures. Installation of thermal insulation, on the other hand, made it possible to slightly increase the compressor performance,
but not significantly. The main factor affecting the compressor performance is the intake pressure (the value of the pressure drop), there-
fore, at the compressor start, when the intake pressure approaches the line pressure in the pipeline, the compressor performance is high.

Key words:
Sucker rod pump, wellhead compressor, temperature conditions, compressor performance, pumping unit.
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