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BE: AAFHEFRFESNE, SERENERTHEFRAERS T OEEAEATR
B, #WMEARANEE. AXNEETIHRBERBRAZRTHRAKEEI, HE-KH
A, BE. BN, BEBNASSEKATHALER, FARERENERSE, A
AFHRLBREENEULRATRIE. EYUEHEEH 1.5m, R 76mm, RZAHE_£
B L4, R H k%A Fluent B Multi-Fluid VOF R #4Tit %, &R %W, EHlH
EFAE. REERWALREETARF EEARERERA. BAERERK, HEAN
DMABEEARBRAYERE R, BLUNERERBEN AN, KRBT H
R RAE, RAMKABEAERKENREETY, TEAHLHEN, RESERTH
WA e m LR,

XEIR: FRF: HHE; BEK; RURE; SARK

1 5]

ifllg

FRARS-BAHAEEEE PR —FRE, WS 4A B KE ik m B
2, WOWEURBRNEANEEEE, KRBAUBRNERERIFESHET. H54%
FoER/D, A ERSEERTTREEIMERA TRERS T ARE, HNEE PR, B
ATTRERI TS, WALTEABHR, XWHRATARERER (flow reversal) M. KR
SIFRFPEBBRARERR, NTFIR “SHBRE”, RBEOIHFTESEERD, &
ERAE,

BB OEH S BBR N AR E i, ER4xHBBREI R RS
ERAIBT D . Adaze 6/ Fluent XU REFHEAT T, B3] T WUER B KA 216
AR, WA%SH, BREMAETREUHE, T RENBRSTHETENS,
Hussein S8/ TRSEENRERETEL, B3] TIRE T -RPHENFEREE
RHE, {ELR ZARID P SRR BN T IS L4 S, R BB R A R A TR AR
AR Fluent16.2 ¥ EHERRRESEHTHRSEM, SITERBERET
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BB, MRS T TR
2 CFD MRz T R RIR

BRRS-BHHEEEET P AMNHRES, BV OB 1 ~NENEE, REZN
76mm, FEA 1.5m. BRERBUSBHNHATSLREE—RKEE 6m UL EE, BEXN
TR/MTERARE, SETEMENEE. SENESEEHANEE, RENETER
T 0.38m BUMUIE AN, AOEEREN 20mm.

0.38m +0.02 m‘ Lt
] &

%M%wﬂ“w

b) R il

Bi1 HEUSBEHHEEEER

S H Multi-Fluid VOF Model X ¥R IE R FREATHRL, XT BB R 4 NI 25 /M s an
B 1b)ftn, ATHEBRATE, STEEHMNERT T mE. KRR ENEEHETRE,
Phase Coupled SIMPLE Y& . EA#BETHE, FH B RFTEN S ERRRTGHETE
#(, Compressive LN A A HEHEITHE. #H RNG k-¢ per-phase H R i 1T HH,
I BETH X 34K ] Enhance wall treatment 7708 . AR WERNEEAND, HOBRRN
BHHH (outflow). HWEFSAEFEHEEAN 20~30m/s, BAAFTEEEAN 0.1n/s. Bl
MR o AT 4, R 75000 MRS EHATHE . AT RIETHEARSE, BES
KEEN 1X10%, RASHUMEFRER 1X10°, b, HEBEUAOLRE. TR
BHEASAERAS . FREHITRA, DAWRIIRERE.

3 BEHER

3.1 {REIF
2 RABMBINFRENEIBHES Guoer TRFEEL B, HENEER
&, FHREM, EHOBEED. BEEMOEBEENLEEREEL, RMIRER
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4.08%, MEIHERRERK, XAREFAEKMADZGSZRLRA—HIHH,
Guner MSEREEK 18m, HEHFARREE, WA ITIENT B HHEEREM
TARERE BRSO 75 BT T R SSUa AL 5 I 5 0dext LE L 3.3 5.
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3.2 9

Water.Volume Fraction
Contour 1
1.000e+000

a) V,,=30m/s 4 9.000¢-001
: 8.000e-001
- 7.000e-001
1 60006001
B | 5.000e-001
4,000e-001

b) V,,=25m/s

¢) V,=22.5m/s Jj 20006001

{ 2000e-001

1.000e-001

45 ~dims 0.000e+000
B3 Mo

B 3 R ESES HIN 30m/s. 25m/s. 22.5m/s. 20my/s AR A6 B« 437 B AH N 30m/s
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B, MEEESE, AOLHMBERRERESEERE. EESENERK, BiEADH
EMBEZSEE, HREENRES, XM ANZRREYEDY. i, BREHE
BEHZKR, BRERRBHEREEHRLR.
3.3 BileFRE

B RPITEBENTES TR 0.1nv/s F 24ny/s B, WESDREHRL T BZ
RZS, Guner 2538 b4 WRIE R B A SRASECA 24mys®). AT iR IR BLE S AL T Bk
A, WBERSNERERN 0, EiTXBBLE TR SR, FCHMERE T ZIR. ST
HASHEN 25m/s B, BN 0.49m MEBTEE 1=2.32s B RIBAHABAE S S -BHREE 0E 4(a)
FiR. TEIZI %), WAREIRE S MZIE 0.034m FFEERMN, SRARAD N 0.9, RUEEE
FFERRE (BAAR 0 HEE L) . TR NHER AT, RN BEFSRE,
AR I BN 25m)/s, iZILR AR B &

-------------------

IS (m/s)
w

-0 AR

AmEE

a) =2.23 b) =2.24
B4 S-SRI EEE R E B E RS

SEXTHZBEAHA S FMEEHITIEE, K 0.1s GHRBRERERE, BN RHHEE
R, GRHBLR R E T 455 LS. Guner ZELRHFHMER T ZMER, HE
X2 F IR FHA: D[EENIEFREN, BRESERESIRE LR )
B R EFLEh . XFBIRE E RN R ISR AT AT EER 22.5m/s BRI Rt
iRE T, BEEHESEN 0m/s HERFRHR.

3.4 BEPNA

B 5 ABEEK 0.5m 4HEEE BY R SRR (RIMIRWE .. BIrESE=30m/s iY, BEMEE]
RAEREEARY, BEHRAAE. SE=25m/s F 22.50vs B, BIRIJIEE 0 MHERS,
HR &t IS, AREERBRRE T a IR MERE S % AN AMAAE,
RRHBRBEHI T REATH, HEIFEBREW, BEAHSHEIAR RS
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By /) (Pa)

Bl5  0.5m AbEEEDY R F) B )22 4k

SRR SRR HIT T CFD L, BRUEEMRSHAREZ N LRELEE.
ZRRY, LRTHENMEDBINFRE. BFEBRYE, BREMREERK. BEEH
HSESEA, BENOKEBREE S EEM, FEERGMmE, B '8,
EEBAANOLNBREEENAAE . S RRBRTAES 0 MmN A1 hh, #E
THBEATVE. BRERUERRY, BRBBERFARECERLAT REAR, EHR
FEBERZNEEWEEKR, EXESHEARDRSFERBE%ER LR, Bt
SENRRBBE LK RETA, FRESBBEKSHET .
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The Numerical simulation of liquid film reversal in gas-liquid two
phase vertical pipe flow

WANG Li-song'?, ZHANG Jian?, LIU Shuo® HOU Lin-tong'?, XU Jing-yu'?

(1. School of Engineering Sciences, University of Chinese Academy of Sciences, Beijing, 100049; 2. Institute of
Mechanics, Chinese Academy of Sciences, Beijing, 100190, Email: xujingyu@imech.ac.cn)

Abstract: The liquid film could flow reversal in the annular flow because of the decreasing gas
rate, which can result in the transition of flow regime. A transient numerical simulation of liquid
film flow reversal is proposed in this work. The transient phase distribution, velocity, pressure,
and wall shear stress are monitored to determine the critical velocity of film reversal. These
simulated results are validated by the published experimental data. The height and diameter of
the vertical pipe are 1.5 m and 76mm. Assuming the flow field is axial symmetry, the
Multiphase-Fluid VOF, which is a multiphase model provided by Fluent, is adopted. Results
show that the critical velocity and liquid hold up are consistent with the experimental data. But
the relative errors of pressure gradient are considerable. With the decrease of gas rate, the
thickness of liquid film is thicker and the entrainment of liquid drop increases. The critical
velocity to carry liquid is obtained by monitoring the transient phase velocity and wall shear. It is
found that the liquid film reverses intermittently. But, under the influence of interface wave, the
flow direction of liquid film could be upward in most cases.

Key words: Annular flow; Churn flow; Flow reversal; Liquid loading
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