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1. OLIHIOBAHHS BTPAT T'A3Y 1] YAC [TPOJIYBAHD YEPE3 GAKEJILHUI TPYBOITPOBIJ TA3BOPIIMHHOIL
CYMIILI 31 CBEPJIJIOBYH I IIJIEN®IB TA3OBUX I TABOKOHAEHCATHMX POJOBUII]
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Pedepar:

1. Inceprauiiiny po60Ty IPUCBSYE€HO PO3B’SI3aHHIO aKTyalbHOI HAYKOBO-TEXHI4YHOI 3a7ja4i MiIBULIEHHS
IOCTOBIPHOCTI 00JIiKy BTpaT NPUPOJHOTO rasy IIifi yac TEXHOJIOTIYHUX IPOlyBaHb yepe3 (pakesibHi Tpy6oNpoBOay,
KOJIY 31 CBEPJJIOBUH i ra3030ipHUX 1171e1(DiB BUCHA)KEHUX Ia30BUX Ta FA30KOHIEHCAaTHUX POAOBUIL y aTMOCchepy
BUTiKae ra3opigyHHa cyMinl. Y po6OTi II0OKa3aHo, 10 B yMOBAaX 3aBepPLIajIbHOI CTaAii pO3POOKY POIOBUIL IIePioANYHI
IIPOJIyBaHHS 3aJIMIIAI0THCS] HAMOLIbII TOCTYIIHUM CIIOCOOOM BUJIAJIEHHS! PIIMHHUX HAaKOIIWY€eHb, O HAK
3aCTOCYBaHHS YMHHUX PO3PaXyHKOBUX MiIXOMiB € MPOO6JIEMHUM Yepes ix OpieHTallilo Ha 0gHO(a3He BUTIKAHHS Ta
irHOpPYBaHHS PifKoOi CKJIa[IOBOI, IO 3yMOBJIIO€ 3HAYHi PO30IKHOCTI 3 (paKTUYHMMU BTPATaMHu. [1j1s1 yCyHEHHSI LIbOTO

HEJIOJIKY [OCIiI>KeHHSI BAKOHAHO KOMIIJIEKCHO 3 TIO€IHAHHSIM TEOPETUYHOTO aHaJli3y, KOMITIIOTEPHOTO



MOJEJIIOBAaHHS Ta €KCIIEPMMEHTANILHOI IEPEBIPKY, IO JO3BOJIMJIO PO3KPUTH POJIb B3aeMoii a3 y GopMyBaHHi
IIBUJIKICHUX i BUTPATHUX XapaKTEePUCTUK ITIOTOKY IIPU BUTiKaHHI B aTMocdepy. Y mexxax CFD-aHanisy nobyznoBaHo
TPUBUMIPHY MOZ€JIb BUTIKaHHSI Fa30piiHHOI CyMillli 3 TPyOOIIpOBOLY Iifl HANJIMIIKOBUM THCKOM i3 3aCTOCYBaHHSIM
ningxony VOF Ta Typ6yneHTHOI Mogeri k—n, 1m0 gano 3Mory BU3HayaTH MIBUKICTb BUTOKY, YACJIO Maxa Ta MacoBy
BUTPATY ra3oBoi (pa3u B IIMPOKOMY Jlialla30Hi TUCKIB i 06’éMHOI 4aCTKU pinuHU. Ha OCHOBI pe3ysbTaTiB
MOJIeJIIOBaHHS BCTAHOBJIEHO 3aKOHOMiPHOCTI BIIMBY pifkoi (pa3y Ha mapameTpy BUTIKaHHS Ta OTPUMaHO
perpeciiiHy 3aJ1e>XXKHICTb 7151 BU3HAY€HHSI 00'€MHOI BUTPATH rasy, IpUBeJeHoi 10 CTaHJapTHUX YMOB, i3 IPSIMUM
yPaxyBaHHSIM BMICTY pifuHU B 1OTOLI. JJOCTOBIpHICTb 3alIpONOHOBAHOTO MigX0Ay MifTBEPIKEHO Bepudikalielo 3a
IAHMMMU [IPOMUCJIOBUX BUMipIOBaHb i 1abOpaTOPHUX €KCIIEPUMEHTIB, IPUYOMY MaKCHMaJlbHa abCOJIIOTHA BifHOCHA
noxu6OKa He IepeBullye 7%, 1110 3aCBifuye iHKeHepHY IPUAATHICTb PO3PO6JIEHOI 3aJIEXKHOCTI /1J151 IPAKTUYHUX
PO3paxyHKiB BTpaAT rasy Iifi 4ac npojyBaHb. [I[paKTUYHUM PE3yIbTATOM POOOTU € METOJMKA KiIbKiICHOTO
OLIiHIOBaHHS BTPAT rasy IiJ] 4yac pojyBaHb CBE€PAJIOBUH i 1ei(iB 3 ypaxyBaHHIM 06'€MHOI YacTKu pinkoi ¢asu,
SIKy BIpoBajkeHo y ¢inii AT «YKprassugo0yBaHHS» YKpaiHCbKUN HAYKOBO-AOCAITHUN iHCTUTYT IPUPOLHUX Ta3iB.
2. The dissertation is devoted to solving a relevant scientific and technical task of increasing the reliability of
accounting for natural gas losses during technological blowdowns through flare pipelines, when a gas-liquid
mixture flows into the atmosphere from wells and gas gathering pipelines of depleted gas and gas condensate
fields. The work shows that under the conditions of the final stage of field development, periodic blowdowns
remain the most accessible way to remove liquid accumulations, however the application of the current
calculation approaches is problematic due to their focus on single phase outflow and the ignoring of the liquid
component, which causes significant discrepancies with the actual losses. To eliminate this drawback, the research
was carried out comprehensively by combining theoretical analysis, computer modeling and experimental
verification, which made it possible to reveal the role of phase interaction in the formation of velocity and flow rate
characteristics of the flow during outflow into the atmosphere. Within the framework of CFD analysis, a three
dimensional model of the outflow of a gas-liquid mixture from a pipeline under excess pressure was built using the
VOF approach and the k-o turbulence model, which made it possible to determine the outflow velocity, the Mach
number and the mass flow rate of the gas phase in a wide range of pressures and the volumetric fraction of liquid.
Based on the modeling results, regularities of the influence of the liquid phase on the outflow parameters were
established and a regression dependence was obtained to determine the volumetric gas flow rate reduced to
standard conditions with direct consideration of the liquid content in the flow. The reliability of the proposed
approach is confirmed by verification according to the data of industrial measurements and laboratory
experiments, and the maximum absolute relative error does not exceed 7%, which confirms the engineering
suitability of the developed dependence for practical calculations of gas losses during blowdowns. The practical
result of the work is a method for quantitative evaluation of gas losses during blowdowns of wells and gas
gathering pipelines taking into account the volumetric fraction of the liquid phase, which was implemented at the
branch of JSC Ukrgasvydobuvannya Ukrainian Scientific Research Institute of Natural Gases.
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