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Abstract

Numerical simulation methods are used to analyze the bubbles generated by gas jets in pipelines
under constant water velocity, to track the evolution of bubble generation and separation, and to
focus on the influence of lateral water velocity and ventilation velocity on bubble generation. A fi-
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nite volume method with second-order upwind difference scheme is used to solve the two-dimen-
sional Navier-Stocks equation. The VOF (Volume of Fluid Method) method is used to capture the
gas-liquid interface. The calculation results show that the water velocity dominates the bubble
generation form which also affected by the ventilation speed to a certain extent; the size of the
generated bubbles increases linearly with the increase of the ventilation speed, the smaller the
water velocity, the faster the generated bubbles increase with the ventilation speed. When the
ventilation speed is constant, with the increase of the water velocity, the length of the air column
when the bubble is separated increases slowly at the initial stage, and linearly increases when the
water velocity reaches 0.5 m/s. Along with the change of bubble shape, bubble parameters show
diversity and variability when changing with water velocity and ventilation speed.

Keywords

Horizontal Pipe, VOF Model, Gas-Liquid Two-Phase Flow, Numerical Simulation, Growth of Bubble

Copyright © 2021 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|15

SR P ARG R K B S RIS SR I AL T =25, B MRE. sk, 4
RESN IR SR TREE ARSI A E Z N AR SIHLRGOK FHES & RENAE, )
P I L ST B IR v K R ARRE AT R . e AL S IR, X SRR AR A Az s i )
K. HEENSN, 2G5 P AR TS T, BREFES . SCIRMEUE R Ty
I, HUFTHEAFEEMT TR, X ARl R A T2 R R 2] T AR S1EH

R A T8 S A BANIZ B 1) 1 BT IR R HIZ J1 50 M s 15 B A S 3 A B o Ak
HRZE[2] [3] [4] [B]0 IXELT7VEREA RIS TEK N RZ AR (B FEE . FULS%), HEXELITH AR
PIF ) ST A AR A, RS B IR AR I R B AR K R R

SRS ST T R R B e A SRRSO S 8. i Nikitopoulos 25 [6]F] F A A 235 #)
AR AR BARIRAG 7 AT E ;s Smith S5 [ 712K LS BRI E SR 2B % ;. Kong 55 [8]i i A A%
TR A BB AR SRR B/ P S T AR R0 0 3 Wi 258 [ O o TS e R e AR Sl 2 R S VA T 25 1)
BAREFWAI . BRI, e MR EAR 4 T X HER A 4TI 45 R

BT 70 SO E 138 T HUE 5 R R SIRIE s T ARG SR I 52 3. Hein Amaral 25[10]
SEETACPATIR PBM AT, SRIRHGHER Rt R AE RS 2 Zhou Z5[1111E1E<GHEE) 71°F
AT, B B AR B AR HERA M Amit ZE[121R R FBUR 2L 2 5 (LBMBF AL T A H S
BHIAREE AT N, ZBES[13]EH] VOF BALA RSM Jsit AL AR A Tsui [14]% VOF J7ik
A Level set JEHHATRE G, KT BRI SIEIT T Z4E8UERA . R R IR RAR (R, B
LK H LB R/, Level set 3%, Lattice-Boltzmann i, VOF J51:. PA R ENAR 1545,

gE LR, SIH TESK P BA RIEFIE) e, WSO R R AR s e, ik
E A I k. FIRRERCIRS T ARRE 3 T2 2im s tee . [IBRREREEEm, L
Frid B IE sh 505 R AR CGAR , W8I0 1 F 780 2 o [ P9 7006 TR R S IR R AT T SR 2,
117 HAH S A R E SRR E AR MR BRI S SR T A rE T . X FIEOLT, AT ATE

DOI: 10.12677/m0s.2021.102043 425 e RSE TR


https://doi.org/10.12677/mos.2021.102043
http://creativecommons.org/licenses/by/4.0/

®BHYL, ERs

R 2 SRV I SR A LB o R SRR IZ Bl I B o 3 R B TR A 2 32 BIWIR TE A4S 1 .3
oM. AR IR KNSR RS R B A R . IR B R N S S S R
TR A REAE T EEMFm[15].

AW TSR A M AATAT I 2 R SR S HE N K Hr 43 RS 1) CO, 2594 Tl KH . Chen [16]
WP R RSP RIE T CO FEHR K RIAELERT ] o A STt —HEA 1 b R A A B 3 R A P AR R Sk
17 T HAERN, @ A KR AR, AR B4R TRAREE A B S R T AR
A, ORI ERE TR, e A A SR R EEAE AR R S R . AT EHE S AR R
BEARWARNR AR, NRACHEREE XTI B S T TH W R it 5% .

2. BEIMITEAE
2.1. YR

K1 T N E AL SR, BOEDONK 1.5 m, B4R 0.1 m KK IE . AN R/NEARED, H
1284 0.0475 m; HHEYREAETE, K 0.05m, BN 0.005m: EIEN AN 2GRS . THE
X3 AR A KFUEN F 52, FARBETER G B 6t KBRS RN A, 2 SA
XM, HEOREE K ). ASCEESHGEE: AKREE: 0.1~1 m/s, JBHEE: 0.1~1 m/s,
ARG AE 0.1 mis, it 100 MAFE L. FRETHENEE ST, U7 FaFE i 4e i FRsi il

-)

A

=
—_—

7K

—

Figure 1. Model diagram
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Figure 2. Relation between the bubble diameter of detachment and the number of grids
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Figure 3. Single throat neck bubble: (a-1) inclined ellipsoid, (a-2) horizontal cap
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Figure 4. Multiple throat bubbles: (b-1) single bubble, (b-2) double bubble, and (b-3) special double bubble
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Figure 5. Flowmap for bubble formation
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Figure 6. Flowmap for bubble front shape
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Figure 7. Final stop location: (a-1) upstream of the intake pipe, (a-2) downstream of the intake pipe
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Figure 8. Reflux condition connected with ventilation velocity and flow velocity
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Figure 9. Bubble escape period and escape diameter connected with flow rate
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Figure 10. Bubble escape period and escape diameter connected with air rate
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Figure 11. Final length of air column connected with flow velocity and ventilation velocity
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