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W[l 30BEIXIMECTOPOXAE AN} [kathe/pa)pa3paboTKnInIaKCIny aTalnHIHEDTAHEIS
JaCCHCTEN TS IWla30BE1X{MECTODOXAEANY]
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\THOMEHCKUANHAYCTPHANBHBIH \THOMEHCKUHAUHAYCTPHANBHBIN
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"Poccus, 625000, TiomeHb, yn. Bonopapckoro, 38

B cmamee npedcmasneHsl Haubosnee nonynsapHele u 3ghgpekmusHsie memoOobl 6opbbbi

c npobriemoli 06800HeHUSA U «CaMO3a0a6/UBAHUA» 2A308bIX CKBAXCUH Ha 3asepwiarouieli
cmaduu paspabomkKu. PaccmompeHo npumeHeHue neHoobpaszosameseli 0158 04UCMKU
CK8aM(UH. [MpedcmassneHa sKcrnepumMeHmansbHasa yCMaHo8Ka 0719 UMumayuu
2a30HUOKOCMHOU cmecu U OUHAMUYECKUX MPoyeccos 8 Cmaosie 2030800 CKBAXUHbI,
M10380/1A0UW,AA 8 WUPOKOM OUAra3oHe rnapamempos ucciedosamse 2a30H#UOKOCMHbIe
MOMOKU, 8 MOM YUC/IE MPOUECChbl OYUCMKU CKBAMCUHbI C MOMOW,bI0O MeepOobiX U HUOKUX
neHoobpasyrowux MNoBepxXHOCMHO-AKMUBHbIX 8elecms

KnioyeBble cNnoBa: ra3oBble CKBaXMHbI; aBTOMATIU3ALMSA; NOBEPXHOCTHO-AKTUBHbIE BELLECTBA; 3KCNEPUMEHTANbHbIE UCCIef0BaHNA

PYMnHble ra3oBble M ra30KOHAEHCaTHble *KUH [1]. HakonneHue KnaKkocTn NpomcxoguT ns-3a
MecTopoXaeHua Poccunm muctowarTcA HEeAO0CTAaTOYHOM CKOPOCTM MOTOKA Fa30XKWAKOCTHOM

M MOCTENeHHO NepexoAAT Ha 3aBeplla-  CMECM B 3KCMAyaTaLUMOHHOMN KOJOHHE U NNGTOBbIX
loLWyto cTaauio paspaboTku. Mossasetca  Tpybax, HEOBXOAMMOW ANA CAMOOYUCTKN CKBAXKUH
Bce 6osiblle «OBBOAHAOLMXCA» U «Ca- [2]. HakonneHune »unaKocTn (KoHaeHcaTa, naacro-
MO33/1aB/IMBAIOLLMXCA» KUAKOCTbIO ra30BblX CKBa- BOW BO/AbI, KOHAEHCALMOHHON BOAbl U3 rasa, ra3o-
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Puc. 1.

06wuli 8ud uccnedosamesnbCcKo2o cmeHoa
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HaumenoBanue Eavunua usmepenns | aktuyeckue napameTpbl
[nnHa nudhToBbIX Tpy6 (6a30Bas) M 6
BHELUHWA/BHYTPEHHUI SUAMETP INKTOBLIX TPY6 MM 50/42
Pa6ouee nasneHuwe B cucteme (He 6oree) Mma 1,5
Pa6oy4min ananasoH Temneparypebl °C 15-50
MakcumarnbHasi CKopocTb NOTOKA NpW aTMOCEPHOM [aBIIEHUM m/c 35
MakcumanbHas ckopocTb noToka npu gasnequu 1, MMa m/c 8
06bEMHBIN pacxop, XWAKOCTH n/™ 3..1200
0O6bemHbIN pacxon pacteopa AB nM 3..1200

Ta6bnuua 1.
Xapakmepucmuku ycmaHoeKu

BOrO KOHAEHCATa) BHYTPY CKBaXKMH NPUBOAMT K UX
NoCTENEHHOMY FNyLIEHUIO (MW «33[aB/IMBAHMUION)
CTONBOM KMUAKOCTH, T.e. laBeHne Ha 3aboe ypas-
HOBELMBAETCA MAPOCTATUYECKMM AaBAEHUEM
cTonba XKUOKOCTH, U NPUTOK ra3a NpekpaLlaeTcs.

M3BecTHbl cnegyloume crnocobbl yaaneHus
YKUAKOCTU U3 ra30BOM CKBAXKUHbI:

— nepeocHalleHvWe/[oocHalWeHe Komnpec-
copHoro obopynoBaHuAa Ans nonyyveHus bHonee
HU3KMX JaB/IEHWUI Ha YCTbAX CKBAXKUH;

— nepuoauyecKkas «npoayBKa» CKBaXKMH OT
KUAKOCTU Ha GaKeNbHYO NHUIO;

— 3ameHa iMbToBbIX TPY6 Ha TPYOblI MeHbLIEro
AnameTpa;

— «MpOoAYyBKa» CKBaXKMH Yepes 3aTpybHOe npo-
CTPaHCTBO ra3oM BbICOKOrO [aB/IeHWA U3 «CKBa-
KUH-40HOpPOB» 6e3 noTepsb rasa;

— MNPUMEHEHUE CUCTEM KOHUEHTPUYECKOTO
nudTa (Tpyba B Tpybe, nmb0o «HKT + 3aTpy6») AnA
NepuoanYeckor OYUCTKU CKBAXKMHbI OT XKUAKOCTU
paboToi No BHYTpeHHeN Tpybe;

— UCnosb3oBaHWe 3ab0NHbIX KOMNOHOBOK AN
OTKAYKM }KUAKOCTU;

— NPUMEHEHME CUCTEM KTJTYHKEPHOro Nnudrar
(nMdTOBas KONOHHA, OCHAWEHHAs «NEeTAWUM»
COCYAOoM, HabupalolWwmm U TPaHCNOPTUPYIOLWUM
UOKOCTb HA YCTbe, BbITA/NIKMBAETCA AaBAEHUEM
rasa);

— WCMNONb30BaHME BCMEHUBAKOLWMUX TBEPAbIX
W JKUIKWUX BellecTs (B TOom uncne pactsopos MAB)
C X nopaveit Ha 3abon.

MocnegHuin cnocob — oanH M3 Hambonee ad-
beKTUBHbBIX (B TOM YMCne C SKOHOMMUYECKOWN TOUKM
3peHus). Ha cerogHAWHMI aeHb B PO onbIT npume-
HEHMA MMEIOT KaK XWAKWE pPacTBoOpbl, TaK U TBep-
Aple neHoobpasoBaTenn. MHOr1e cocTasbl NPOLWAN
anpobaLmio Ha CKBa)KMHAX YHWKa/IbHbIX ra30BbIX
MeCTOpOXKAeHUI 3anagHol Cubupm [3].

Cnocob 3KkcnnyaTauun HU3KOAEOUTHLIX CKBa-
YKUH C MOCTOSAHHOM MW NePUOAUYECKU [03UMPOBaH-
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HOM 3aKauyKol KUAOKMX NeHoobpasoBaTenein cTa-
HoBUTCA 6onee nonynsapHbimM B PD. B To ke Bpems,
OTCYTCTBYIOT MaTeMaTU4YecKnue MOLENU, B NOAHOM
Mepe OMUCbIBAtOLWME NPOLECCHl OYUCTKU CKBAXKWH
€ NoMoLbto NeHoobpasoBaTenen, NeHHbIE MNOTOKM.
3To cBA3AHO, B MepByl o4vepenb, C OTCYTCTBUEM
NCCNeoBaTeNbCKMX CTeHA0B (dM3nYecknx moge-
nei), KoTopble Moran 6bl B LUMPOKOM AuanasoHe
napameTpoB BOCNPOW3BOAUTL YCAOBMA HAKomMJe-
HWUA M OYMCTKU CKBAXKMH C NeHoobpasoBaTenamu.
B P® Haubonee n3BecTeH U QyHKLMOHANEH CTEHA,
Nno oTpaboTKe TEXHONOMMM 3KCNayaTauumM rasoBbixX
CKBa)KMH Ha nosgHen ctagum paspabotkmu (000

Puc. 2.
Yuacmok umumayuoHHoUl KOn0HHbI AUgpmMo8sbix mpyb



«lasnpom BHUUTA3», nateHT PO Ne 48581). OH aa-
€T BO3MOKHOCTb B YCNOBUAX, BN3KUX K CKBAXKUH-
HbIM, UCCNea0BaTb ra30XKMAKOCTHbIE MOTOKKU (nnd-

Puc. 4.
Y3en 8800a meepobix u HUOKuUx neHoobpazosameneli
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CEPBHC U MMMOPTO3AMELLEHUE

Puc. 3.
CenapayuoHHble eMKOCMU, 8KAoYaroujue y3en
neHoz2aweHus

TOBbIN NOABEMHMK), HO GYHKLMOHAN He no3BonseT
NpoBOAWTbL MUCCNEeAOBaHWUA C NeHoobpasyowmnmm
NMOBEPXHOCTHO-aKTUBHbIMW BELLECTBAMM.

[na nopbopa oNTUMANbHbBIX TUMOB U KOHLEH-
Tpauui neHoobpasoBaTenei c y4eToM onpeseneH-
HbIX YC/I0BUIA MECTOPONKIEHMA, MPOrHO3MPOBaHUA
TexHonormyeckoro apdexkta OT NpUMeHeHUs ne-
Hoobpa3oBaTenel, He0bXxoAMMO UMETb MaTEMATU-
YecKylo U GU3MYECKYID MOAENN Ta30KUAKOCTHbIX
NOTOKOB, NOTOKOB MeHbl B TpybHax.

[na BbINONHEHWA 3TUX 3agadv bbia paspabo-
TaHa M peann3oBaHa YHUKa/JbHas «IKCNepuUmeH-
Ta/bHAA YCTAHOBKA 411 MMWTALMU Fa30XMUOKOCT-
HOM CMecU M AUHAMMUYECKMX MPOLLECCOB B CTBOJE
raso0BOM CKBa*KMHbI», NAaTeHT Ha M3obpeTeHne PP
Ne 2654889 (puc. 1).
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Puc. 5.
Y3en ombopa rneHol

Ha ycTaHOoBKe BO3MOXHO BOCMpou3BeaeHUE
N U3yYyeHne MPOUCXOAALLMNX B Fa30BbIX CKBAXKMHAX,
paboTaloWnxX B peXMME HAKOMNEHUA KUIAKOCTM,
MPOLLECCOB OYMCTKU CKBAXKMHbI OT XKUOKOCTU MpU
NMOMOLLM KUAKUX U TBepAbIX NneHoobpa3osaTtenei.
doTtorpadum HeKOTOpbIX Y3/710B YCTAaHOBKU npes-
CTaBneHbl Ha puc. 2—4.

B xome npoBefeHUA McCAefoBaHWA Ha ycTa-
HOBKE BO3MOXHa dUKcaums:

— [AHHbIX TENeMETPUM C NOKa3aHUAMK aaBie-
HWIM, TemnepaTypbl B Pa3/IMUHbIX TOYKaX MOTOKA,
pacxog, rasa, *umgkoctu, pactsopa MAB;

— pe3ynbTaToB HabnwaeHWA 3a KOANYeCcTBOM
cenapupyemoi WAKOCTM BO BPEMEHW, 33 OTO-
6paHHOM neHol (06bem MeHbl, 06bEM KUOKOCTH,
doTorpadmpoBaHMe neHbl, B T.4. HabAaeHMA 33
npoLeccamu pacnaza neHbl Npy pas/MyHbIX gaBe-
HuAx/nepenagax aasnexus) (puc. 5);

— XLS-daitnos ¢ 06paboTKol AaHHbIX, rpaduKa-
MW U Anarpammamu;

— BUAEOPO/IMKOB A/1A KaXO0ro pexmma B Tpex
TOYKax CbeMKMU (puc. 6).

Mpouecc npoBefeHNA 3KCMEPUMEHTOB MOHO-
CTbO aBTOMATM3UPOBaAH, NPU MOAENNPOBAHUM NPO-
LLleCcCoB BO3MOXHO noagepraHme GUKCUPOBaHHbIX
3HaYeHUI ra30XUAKOCTHbIX COOTHOLIEHWN, Temne-
paTypsbl, pacxoga MAB u gp. napameTtpos (puc. 7).

Ha nporpammHoe obecneyeHune ana ynpase-
HWA YCTAHOBKOM NOJIly4YeHO CBUAETENbCTBO O FOCY-
[APCTBEHHON perucTpauum nporpammbl ana 3BM
Ne 2018615013. @
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Puc. 6.
Cucmema s8udeopuKcayuu NomoKa 8 eepxHeli yacmu aAugmoasoli KosIoHHbI, 8 mpybax 0bpamHO20 NOMOKa, 8 HUMcHel
yacmu aAugmosoli KonoHHbI

Experimental set-up for simulation of liquid-gas mixture and dynamic processes in gas well bore

Abstract. Large gas and condensate fields in Russia are being depleted and are gradually moving to the final stage of development. There are more and more
"watering out" and "self-squeezing" gas wells. Liquid accumulation occurs due to insufficient velocity of gas-liquid mixture flow in production string and tubing,
which is necessary for self-cleaning of wells. Accumulation of liquid (condensate, formation water, condensation water (from gas), and gas condensate) inside
wells causes their gradual killing (or squeezing) by liquid column; i.e. bottomhole pressure is balanced by vertical head and the gas inflow ceases. Today, the
lift method for marginal producers using continuous or periodically dosed injection of liquid foaming agents is becoming more popular in Russia. At the same
time, there are no mathematical models that describe to the full the processes of well cleaning using foaming agents and froth flows. This is primarily due to
the lack of testbeds (physical models) that could reproduce the conditions of foam accumulation and well cleaning within a wide range of parameters. In order
to select the optimal types and concentrations of foaming agents taking into account certain field conditions, predict operational benefits of the use of foaming
agents in these conditions, mathematical and physical models of gas-liquid flows, foam flows in pipes should be available. To accomplish these tasks, a unique
"Experimental set-up for simulation of liquid-gas mixture and dynamic processes in gas well bore" was developed and implemented. It is possible to reproduce
and examine the processes in gas wells operating in a liquid accumulation mode, processes of hole cleaning from fluid using liquid and solid foaming agents.

Keywords: gas wells; automation; surfactants; experimental studies.
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CHUMOK 00HoUi u3 8K1a00K nosb3osamens (uHmepgelic 10)
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