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AnnoTtamms. [Tpu 3aianHO# (0OBIYHO HU3KOIT) CKOPOCTH CMECH U BIIOJIHE OIPEIeIICHHOM ra30co/iep)kKaHii HACTYNAeT CHOKOHHOE
pa3ziesIeHHOE TeUEHUE, XapaKTepU3YIoIeecs IPAKTHIECKUM OTCYTCTBUEM Iyibcaiuii. C poctoM F1y,,( BO3pacTaHue CKOPOCTH HIIH
yMEHBLICHHE JMaMeTpa) 4acToTa W aMIUINTyJa IyJIbCallii BO3pacTaloT. 3aBUCHMOCTH YaCTOTHI M aMIUIUTYJIbI ITyJIbCalWii
CYILIECTBEHHO OTJIMYAIOTCS IIPH PAa3INyHbIX (popMax TeueHus. [IToMHMO MHOTr00Opasus CTPYKTYp, OTINYUTEIbHOH 0COOEHHOCTBIO
TEYEHHMS Ta30-)KUJIKOCTHOH CMECH B TpyOe SBIIAIOTCS BBICOKHE ITyJIbCALIMK AABJICHHS, BEI3BAaHHbIE HANMUHEM (a3 ¢ pasIMuHBIMU
(U3UIECKIMH CBOHCTBAMH, CYIIECTBOBAHHEM OTHOCHTEIBHOH CKOPOCTH JBIDKCHHS KOMIIOHEHTOB, OOJBIION CKHMAaeMOCTHIO
ra30-XKHAKOCTHOM cMecH W ApyrnMH mnpuunHamu. Ha moBepxHOCTSIX pasmena (a3 BO3HHKAIOT OCOOBIE CHIIOBBIE, a IPH
HEM30TEPMHIECKOM TCUCHUH U TEIUIOBBIE B3aUMOJICHCTBHS. DTH B3aUMOJICHCTBHS CAaMbIM CYIIECTBEHHBIM 00pa30M CKa3bIBAIOTCS
Ha U3MEHEHUSAX MOJIeH CKOpOCTEeH TeUeHUs, JaBICHUM, TeMIepaTyp, KOHLEHTpAaluil IpU Eepexo/e OT OJHON TOUKHU IIPOCTPAHCTBA
K JPYTOi, OTIEICHHON OT epBOH OBEPXHOCTHIO pa3jena (a3. Bo MHOTHX cilyuasx Ha TpaHULAxX paszena (a3 BOSHUKAIOT CKaYK1
JIaBJICHHS, TEMIIepaTypbl U BEKTOpa cKopocTh TedeHus. Crenuduueckoil 0COOEHHOCTBIO paccMaTpUBaeMOM Cpejbl SBIISIETCS
TaKKe U TOT (aKT, 4TO Jaxke B CiIyyae, Korjaa 06e (asbl MPakTHIECKH MOKHO CYUTATh HEC)KUMAEMbIMH, Ta30)KUIKOCTHAS CHCTEMa
BeJIeT cels KaKk CXKMMaeMasl KHIAKOCTb. DOpMBI COBMECTHOTO ABMKEHUS Ta3a M KHUAKOCTH MCKIIOYUTENBHO MHOTOOOpa3Hbl U
OXBATHIBAIOT BCE BO3MOXHBIC COCTOSHHUS, J€XKallde MEXIy IBWKEHHEM JBYX CIUIOIIHBIX MapaUIebHBIX IIOTOKOB,
B3aUMOJICHCTBYIOIINX TOJNBKO MO OJHON HENPEPHIBHON MOBEPXHOCTH pa3jela, U ABMKEHHEM MOTOKA IIEHBI, B KOTOPOit 00e (a3kl
00pa3yloT CIIOXKHYIO, TOHKYI0O M HEYCTOHUMBYIO CTPYKTypy. Takum oOpa3oM, (GOpMBI IBIDKCHUS IBYX(a3HBIX HOTOKOB
3HAUUTEIFHO MHOT0OOpa3sHee M 3aKOHBI HMX CYIIECTBEHHO CIIOXKHEe, 4eM (OpMBI ABIKEHHS W 3aKOHBI THIPOIWHAMUKH
onHOpoaHbIX cpel. [ToaroMy MeTob! 0000IICHHOrO aHaIN3a ONBITHBIX JAHHBIX UMEIOT B 3TOM 00J1acTH ele OoJbliee 3HaUYCHHE,
4yeM B THAPABIUKE OJHOPOAHBIX IOTOKOB.

IIpeameT Mccaen0BaHNsA: IPOLECCH MACCOOOMEHA B TETUIOBBIX MOTOKAX.

MaTtepuaJjbl M MeTOAbI: MATEMaTHYECKHE METO/IbI (PU3MUECKOr0 U YUCISHHOTO MOJICIIMPOBAHHS.

Pe3ynbTaThl: B pesyibTare HCCIEIOBaHUI MOTyUeHbl 3aBUCHMOCTH, MO3BOJIAIONINE BBIABUTH TPAHHILYy MEPEeXoja PEKHMOB OT
KOJIBLIEBOTO K TPOOKOBOMY.

BbIBoABI: OCHOBHOE BIMSIHME HA MPOIECCH Mepexoja OT KONBIEBOTO PeXHMMa K MPOOKOBOMY OKa3bIBAIOT TeMIIEpaTypa U
HM30BITOYHOE JTaBJICHUE MEXTy TTapOBOH H )KUAKOCTHOH (pa30il B JOKAJILHON TOUKE CHCTEMBI.

KunrwueBble ciioBa: MOBEPXHOCTH pasjcia, (1)8.30BLI€ IpeBpalCHus, CKOpoCTb, INIOTHOCTh, JaBJICHUE, TEMIIEPATYypa.

BBEJIEHUE OJHOM MOBEPXHOCTBIO pa3leina. BceiencrBue 3TOro

KpUTEpUH TOAOOMS MOTYT BBIBOIUTHCS U3 3THX
YpaBHEHUM [UIsl BCEM CUCTEMBI B LEJIOM C YYETOM
YpaBHEHHH M TapaMeTpOB, OINPEACISIONINX pPa3Mephl
BO3HMKAIOIINX JUCKPETHBIX JJIEMEHTOB U BEPOATHOCTh
ux pacrpeneneHus[1].

IIpu paccMOTpeHHMH  JBWXKEHUs  HEOOJBLIOTO
OAUHOYHOI'O Hy3blp51 WX IIOTOKOB C HereprBHOﬁ
(hUKCHUpOBaHHOM TpaHUIlCH pa3gena (GopMyITUPOBKA
OCHOBHOHM CHUCTEMBI YPaBHEHHI IPOIIECca MOXKET OBITh
MPOU3BE/ICHA CO BCEeH HEOOXOIMMOI CTpOrocteio. B -
cllyyae K€ CIOXHBIX TEUEHHH, KOTJa KOMIOHEHTHI AHAJIA3 IYBJIUKALIUA
[MOTOKA PaCUJICHEHBI HA OTACIIBHBIC YIIEMEHTHI, HMEETCS
psan obiacteil, 3aMKHYTBIX TpaHHLIAMH pasjena, TIe
BO3HUKAIOT TPYTHOCTH, CBSI3aHHBIE C HEOOXOIUMOCTHIO
paccmarpuBarthb BEPOSITHOCTHBIC CUTYyaIUH C
JJIEMEHTaMH, TEPEeMEHHbIMH B MPOCTPAHCTBE U BO
BpemeHu. [locienoBarebHbIC aHATUTHYCCKUE METOIBI
JUIA TaKUX CHCTEM B HACTOSIICC BpeMS[ OTCyTCTByIOT.
Perraroriiee 3HaueHUE TYT UMEET IKCIIEPUMEHT U METO/T
nozo6us. OHAKO U B 3TOM Cllydae He0OXOIMMO UMETh
o0ImmMi METOM BBHIBOJAA W aHaIM3a 0Oe3pa3MEpHBIX
mapaMeTpoB Iporiecca. B menoM, Bce B3auMoIeicTBYS,
HMEIOMAEe MeCTO B IBYX(a3HOM TIOTOKE JIF000M
CIOKHOCTH, I KaXKIOW €ro OTAENbHOH o00JacTu

OIHCHIBAIOTCSL TEMU YPABHCHHUSIMH, YTO M JUIS CHCTEM C Puc. 1. Venosus 3auMozelicTBus (ha3 Ha rpaHuie pasjena
Fig. 1. Conditions of phase interaction at the interface

st ypaBHEHUI ABMKEHMSI, HAMCAHHBIX MMONApHO
JUTSE KaKIOW U3 (ha30BBIX 00NacTed paccMaTphBacMOM
ra30KUJKOCTHOH  CHCTEMBI, HEOOXOJUMO  3aJaTh
YCIIOBHSI, CBSI3BIBAIOIINE ITOJI JABJICHUN M CKOPOCTEH

IO TTIOBEPXHOCTSIM pazzena ¢as[2].
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Brinenum KOHTPOJIbHOU IIOBEPXHOCTBIO F
3aMKHYTYI0 007acTh 00BeMOM V, 3aKIIOYAIONIYIO B
ce0e JacTh MOBEpXHOCTH pazjena das[1].

K mosepxuoctu F = E, (F') + E.(F'") npuinoxeHs
HOpPMaJIbHBIE  HANpsOKEHUs] O U KacaTelibHbIe
HaIpspKeHHs T. YCJIOBHE AMHAMUYECKOTO PaBHOBECHS
paccMaTpuBaeMoit obnactu umeet Bua[3]:

> > N aw
J, vav + [, dF + [, dF = M—=2,
(1
3716Ch ¥ - HEKOTOpas 00beMHas cuIa; Tae M - Macca,

aw
3aKIIOYeHHas B o0BeMe V; d °

.~ - YCKOPCHHE LCHTPa
MaccChl 3TOro oobeMa.
C apyroii ctoponsI[1],

Jo 0dF + [, G,dF + [ &.dF

[, 7dF + [ #,dF + [, #.dF

(@)

CrsaruBas moBepxHOCTH F k 3akimtoueHHON B 00beMe
V noeepxnocTn pasnena $has K, umeem[126]:

F - FpV = 0; [, ddE, + [, TdF, — 0.

3

Takum 00pa3oM, MOCKONBKY & L T, UMEET MECTO
JMHAMHYECKOE PAaBHOBECHE M YCIIOBHE Ha TpaHHUIIE
pa3zena (a3 pacmamaeTcs Ha 1Ba COOTHOMICHHUA| 1

Oxrp +arrp =0; Txrp +Trrp =0. (4

Ecnmm  mpsMOyronbHYI0 — CHCTEMY  KOOPIHMHAT
pACTONIOKATE TaK, 9YTOOBI IUIOCKOCTh Xz ObIIa
KacaTeNbHOW K TOBEPXHOCTH pasfena (a3 B JaHHOU
TOYKE, a OCb y HOpPMalbHa K 3TOW IMOBEPXHOCTH, TO
COTJIACHO YPAaBHEHUSAM THAPOIIMHAMUKHI[4]

2 . — ow
oy = —p —;udivw + Zua—yy;\

_ o (Owx aﬂ)
Txy—.u(ay + ox )’ (5
_ ow aWy
ty =n(52+52).

W3 ycroBus OTCYTCTBUSL CKOJIbKeHHs (a3 Ha
TpaHUIIe pa3zena CIeayeT, 9To[5]

(6)

Wik xzrp = Wrxzrp-

HOpMaJ'II)HbIe K INIOCKOCTH XZ COCTaBJIAIOIIUC

BEKTOpa CKOPOCTM Ha TpaHule pasjena (a3
OTIPEJICTISIIOTCS  MacCoBOM  CKOPOCThIO  (pa30BOTO
OpeBpalieHus grp[6]:
Irp Irp
W, =+—; w =+— 7
XY Ip oy’ TYTP or (

[Ipu orcyreTBuM BasoBbIx npespameHui g, = 0 u
Ha TIOBEPXHOCTH pa3lella COBIALAIOT HE TOJIBKO
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TaHTEHIMAJLHBIE COCTABJIAIONINE BEKTOPOB CKOPOCTEH
Te4YeHHUs (a3, HO U CAMH BEKTOPBI.

MATEPHAJIBI U METO/JIbI
HCCJEJOBAHUM
Ilpu  (a30BBIX  MPEBpAIICHHSX  HEPABEHCTBO

IUVIOTHOCTEH (a3 BBI3BIBACT H3MEHEHHE BEKTOPOB
CKOpOCTEH TedyeHusl Ha rpanuue paszpena. Ilpu stom
MCHACTCA TaKXC KOJMYCCTBO JABWXKCHHS IIOTOKaA
BEIIECTBA g, PY NIEPECEUECHUH TPAHUIIBI Passiena has.
Bcnencteue 3TOro BO3HUKAeT CHia, HOpMalbHas K
MTOBEPXHOCTH paszenia u paBHas[7]
_ &)
P/

®)

2
_ _ Yp
P, = grp(Wryrp _merp) - Z(l

)
(€)

TJIe ¢, - ITIOTHOCTH TEIUIOBOTO MTOTOKA, HIAYIIETO Ha
HCTIapeHHUe Ha TIOBEPXHOCTH paszena (a3; r - CKphITas
TerioTa (ha30BOr0 PEBPAIICHUS.

TemsoBOi 0anaHC PacCMOTPEHHOrO BbIlIe 00beMa
V, BKIIIOYAIOIIEro B ce0s MOBEPXHOCTh paszena ¢as,
nMeeT BuA[8]:

di .
J, pa—;dV =—[. qudF — [, igydF,

(10)

TZ€ Gy, gy - TPOEKIH COOTBETCTBYIOINX BEKTOPOB
Ha BHEUIHIOIO HOpMaJb K F.

CrsruBast 006eM V K oBepxXHOCTHU Frp ¥ IpHHUMAs
BO BHUMAaHUE, 4YTO I, — i, =T, MOJIY4YUM YCJIOBHE
COXpaHEHMs II0TOKa TeIUla MpU Mepexoje uepes
rpanuiy pasaena ¢as[9]

aT;

_Am (%)rp = rgrp - /11“ (E)Fp’ (11)

e gpp > 0 mpu ucnapenum.
W3 ycrmoBus HENPEPHIBHOCTH IOJISI TEMIIEPATyp
umeem[10]:

Trrp = T)Krpa (12)
rne T B ciy4dae (ha30BOTO TIPEBpAIICHUS
MPECTaBIsIeT CcOoOOM  Temreparypy  HACHIIICHHUS,

COOTBETCTBYIOIIYIO TEPMOAMHAMHYECKHAM YCIOBUSAM B
JTAHHOW TOYKE rPaHMIIbI paszena ¢as.

PE3YJIBTATBI 1 UX AHAJIN3

YpaBHEHUS, ONUCHIBAIOIIME TOT WJIM HWHOW Kjacc
¢u3MYecCKUX  MpoLeccoB, MOryT ObITh  Bcerza
MpEeICTaBICHBI B Oe3pa3MepHOi popme. Dta omepanus
MOXET OBITh COBEpILICHA MyTEM JICJICHUS yPaBHCHHS Ha
OJIMH U3 €ro YICHOB HJIM ITyTEM BBEICHHUS MACIITAOHBIX
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BeIMYMH. B mepBoM ciyd4ae UHCIO BO3MOXKHBIX
0e3pa3sMepHBIX KOMIUIEKCOB HE IIPEBBINIACT 4HCIa
YJICHOB ypaBHeHUs 0e3 exuHuibl[11].

Bo BTOpOM ciydae B KayecTBe MacIITaboOB MOKHO
BBIOpATh XapaKTePHbIC 3HAYCHHS BETMIHMH, BXOJISIINX B
ypaBHEHHE, WIM KOMOWHAIMIO BEJMYHMH, MMEIOIINX

HEOOXOIMMYI0 Pa3MepHOCTb. Hampumep,
Oe3pasMepHas CKopocTh[12]
w
W= (13)

A€ W - 3HaU€HHE CKOPOCTU B JAHHOW TOYKE B
JaHHBIH MOMEHT BPEMEHH; W, - CPEIHSSA pacxXoiHas

CKOPOCTh B 3aJJaHHOM CEYCHHH WJIH CKOPOCTh BHE
MTOTPAHUYHOTO CJIOS B 3aJIAHHBII MOMCHT BPEMCHH.

Ha ruapomuHaMHYecKuWid PEXUM  KUIKOCTHOTO
IpoIecca B CUCTEME BOJISIHOTO OTOIUICHHS BIHSACT PSII
(HU3MUECKUX BEITUYHH.

Ha pucynke 2 mnpeicraBieH aHalU3 JaHHBIX B
Oe3pa3MepHBIX TEIUIOBBIX IMapaMerpax. B kavecTBe
Macmtaba  BbIOpaHa — BENMYMHA  TEMIIEPaTypHI
TEIJIOHOCUTEIIS.

Ha pucynke 3 mnpencraBieH aHaliU3 JaHHBIX B
Oe3pasMepHbIX  JUHAMHYECKMX  Iapamerpax. B
KayecTBe Maciitaba BbIOpaHa BEIMYWHA JABJICHUS
TEIJIOHOCHUTEIIS B CUCTEME OTOTIIIEHMS.

w
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Fig. 2. Analysis of theoretical data in dimensionless thermal parameters
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Puc. 3. AHanu3 TeopeTnuecKuX JaHHBIX B Oe3pa3sMepHBIX AMHAMHYECKHX MTapaMeTpax
a) KOJIbLICBOI TOPH30HTAIIBHBIN U BOCXO/IAILNIA; 0) MPOOKOBBIII TOPH30HTAIBHBIN U BOCXOSIIHIA; B) KOJBLEBOM
HHUCXOSIIHHN; T') IPOOKOBBIH HUCXOASIINI
Fig. 3. Analysis of theoretical data in dimensionless dynamic parameters
a) annular horizontal and ascending; b) corked horizontal and ascending; c¢) annular descending; d) corked descending
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O/IHOMMEHHBIE MapaMeTpbl UMEIOT OJHO M TO Ke
YuciIeHHOoe 3HaueHne. Kakaplii u3 Heonpeaessrommx
KpUTEpUEeB  sBIAETCS  (YHKIMEH  COBOKYITHOCTH
OTIPEJICTISIONMX KpuTeprueB. Takum o0OpazoMm, MeTon
NoAo0OKs TO3BOJSIET B OTYETIMBOW W KOMIAKTHOM
(dopMe aHaNM3MpPOBATH OONBIIOE YHCIO (HAKTOPOB,
OTPENISISIFONINX PacCMaTPHBACMOE TCUCHHE.

BbIBO/IbI

I'padudeckuii  aHaaM3 3aBUCHMOCTH  BBISIBHJI
TpaHuIly IIepexoja pEeKHMOB OT KOJIBLEBOTO K
pOOKOBOMY ITPU BIUSHUM CUJIBI TSXKECTH U JABJICHUS C
Y4eTOM H3MEHEHMs THIPABINYECKOTO CONPOTHUBICHUS
ra3oKMJIKOCTHOW cMmecH. lIpu KoJIbLIEBOM pexuMe
JBIDKEHUS JKUAKOCTU TPAaHUIA Mepexojia HaXOquTcs B
npenenax pasinenus 12 - 16 Ila/M, a npu npoOKoBOM
peXXHUMe MPOUCXOTUT Pe3Koe yBEIMYEHUE AABIICHHSA C
Y4E€TOM HM3MEHEHHs TUAPABINYECKOTO COMPOTHBICHUS
U NEPEX0/a U3 OJHOTO PEXUMA JBUKECHUS KHUIKOCTU B
Jpyroii He mnpoucxoauT. OCHOBHOE BIMSHHE Ha
MIPOLIECCHl TIEPEXOAa OT KONBIEBOTO K IMPOOKOBOMY
OKa3bIBAIOT TEMIIEpPAaTypa M H30BITOYHOE JaBIICHHE
MEXIIy TapoBO W JKUAKOCTHOH (ha30i B JIOKAITBHOW
TOYKE CHCTEMBI.
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INFLUENCE OF THERMODYNAMIC CRITERIA ON THE MOVEMENT REGIME OF A GAS-
LIQUID MIXTURE

Dikhtyar! T.V., Zaitsev? O.N., Angelyuk® I.P., Dikhtyar* M.S.

1.3 4Institute "Academy of Construction and Architecture", V.1. Vernadsky Crimean Federal University,
Kievskaya str., 181, Simferopol, 295943, e-mail: ta_titova@mail.ru
2 Southwest State University, 50 let Oktyabrya str., Kursk, 305040, Kursk Region 94, e-mail: zon071941@mail.ru

Abstract. At a given (usually low) mixture velocity and a specific gas content, a calm separated flow occurs, characterized by a
practically non-existent pulsation. As [Fr) _cm increases (either by increasing the velocity or decreasing the diameter), the

frequency and amplitude of pulsations increase. The frequency and amplitude of pulsations vary significantly depending on the
flow pattern. In addition to the variety of structures, a distinctive feature of the flow of a gas-liquid mixture in a pipe is the high
pressure fluctuations caused by the presence of phases with different physical properties, the existence of relative velocity of the
components, the high compressibility of the gas-liquid mixture, and other factors. Special forces and thermal interactions occur at
the phase interfaces during non-isothermal flow. These interactions have a significant impact on the changes in flow velocity fields,
pressures, temperatures, and concentrations as we move from one point in space to another, separated by a phase boundary. In
many cases, there are abrupt changes in pressure, temperature, and flow velocity at the phase boundaries. Additionally, even when
both phases can be considered incompressible, the gas-liquid system behaves like a compressible fluid. The forms of the combined
motion of gas and liquid are extremely diverse and cover all possible states that lie between the motion of two continuous parallel
flows that interact only along a single continuous interface, and the motion of a foam flow in which both phases form a complex,
thin, and unstable structure. Thus, the forms of motion of two-phase flows are much more diverse and their laws are much more
complex than the forms of motion and laws of hydrodynamics of homogeneous media. Therefore, the methods of generalized
analysis of experimental data are even more important in this field than in the hydraulics of homogeneous flows.

Subject: mass transfer processes in heat flows.

Materials and methods: mathematical methods of physical and numerical modeling.

Results: as a result of research, dependencies are obtained that allow to reveal the boundary of the transition of modes from annular
to cork.

Conclusions: the main influence on the processes of transition from the annular mode to the cork mode is the temperature and excess
pressure between the vapor and liquid phase in a local point of the system.

Key words: interface, phase transformations, speed, density, pressure, temperature.
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