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Numerical simulation of upward co-current gas-liquid two-phase flow in the
vertical pipes of large diameter by volume of fluid method
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Department of Mechanical Engineering, Tarbiat Modares University, Tehran, Iran
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In the present study, flow regimes of co-current, air-water two-phase flow in a vertical tube with 70 mm
Received 29 November 2016 internal diameter were investigated. Simulation was accomplished by open source software,
Accepted 03 January 2017 OpenFOAM, and One Fluid model has been used to simulate two-phase flow, which in this model, the

Available Online 18 January 2017 interface of two-phase flow has been followed by Volume of the Fluid model. Hitherto, most of the

researchers conducted experimentally and the researchers in many of the numerical studies just

Ki ds: . . N . . . H o
TmA_/ S;a:e Flow investigated the small tubes. The simulation was investigated according to boundary conditions of the
Vertical Pipes vertical tube. Air and water superficial velocities in inlet and pressure in outlet were constant.
volume Fraction Distribution Moreover, a no-slip condition in the internal tube walls has been considered. The main purpose of this
\F/'g‘g E/f:dee’rs study is to identify the flow regimes based on the superficial velocities of air and water in the inlet.
Moreover, the diagrams of density distributions of phases were obtained with respect to the behavior of
each two-phase flow pattern which can be identified. Superficial velocity of air and water were in the
range of 0.01-15 m/s and 0.1-1.5 m/s, respectively. By analysis of the results, bubbly, slug, churn and
annular regimes as well as, semi-annular and Cap-Bubbly sub-regimes were observed.
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a) Bubbly b) Slug c¢) Churn d) Annular
Fig. 1 Co-current Two-Phase flow patterns in vertical pipes[6]

[5] (sog0e sladly) (950 guod (S5L90 ()L, SlagSUI L STl

5 seed Djgo 50 4 a5 il Lyx Cgx 4 axg b goges slaaly
G2 ol )0 0ed co odaliv alize b ,> lagSl il co e 8
095> b & ol 5l 5 seoe S50 & Ol 5 e 55lss Qlyr seyn

g 090 Ll o 435 5 3ls0 by slasSll arsis 6lp IS 0
ool il a5 a3 sl g, -1 5l o le 4 Sl Sezg by, v b
Lolliws 3l oslatul § el slaoasay 5l )15y pgal 5 stz Sloalin
BBalel (bs) plea iledr wsdise el g pSojluil sl S
gl 3 o OhREmg5 da by, Gl ) 1688 Slaghs, 2 bl
3 oen ) Sl byl 5l Sy edgame w45 W)l )
i ) Oz el e 535 5 el (el DUl 4y sl

= - = . A

sly @bzl s e oSl 5l (og) Gl TSt sty -3 S
Bl o j0 Kiagh ood Sy cllbo a5 oS oo oolitul Lackis
Bles g9 (g ples 150 cd by, (Silear o o0

6‘)‘.’ AW r:l.?u" g;"’li““l-‘)j éLzh)lS Al » (SH90 L laco!
5 O wsdee alby goges sladly (0 sl slapl,x
ol e 26 MM ld @ Ay S s plagilesl 6] (e
(ol Ol 65z o] ol plowl guse cll> 10 Ol 5 lsa (55850
53,5 oaaline | Vogllae ol > 5 sl soiland (sl

gV cad b olule lp 1) 095 laialesT 7] o) Koo g coecdl
(b ol 6l ez a5 Wlesls pll 54.5Mm s 4 sldy) o Ol
...leoo)s cualice |) 65_al:> 9 p.la)L.A (glasd

1 kb & slalgd 9,0 oIl sz 5 sgzs 8] 5T 5 sl
azS ol @ lag] wasS e g 00, cwyp |y (5340 50.6 MM
il so i ol > ond oatS o Laid 5ol S Bl > 45 Wd,

S5y il wis @y Jlesl 5l eolaiul b 9] o Sen 5 525
o sl ol S Ly olyr sl sy Sy el
50 ,hd @ ay S 50 O g lsa 5lg0 b, S glp ol asis
3,5 samline | gsils 5 Wb sl o> bz 5551 k> mm

5o sladlgd (59,0 b & 5, bz slasSIl [10] (solsT 5 (sl

ololr slss slaglyr ane; ;o ohiagh 5l S e [2] ssie
6@[} odudy [ ul-’)’ GBKH S5 9 g2 9> O9>ge UL 9 laal
Siloals )5).0.2.0

Soy S yld S5y m JlE Sl 2 JB 6 Ay
Sl 3 s Sl aS ol (e 2ST (69508 9 (ol S90S
b Sl (pom S ke 55 i Caldye s Gl slasl (Sund
050> Sibse Olyr &5 S lgiee badly) cuz bl [3] 05
6Lb5§J| )..oL> LTSI .A})b &yl éﬁ)lf (EO9eE 60.5‘ L;Lde;J
WIS 13 oy p 990 390 Sladly) (9,0 le 3B 3Bgs b
2l -5 s3Bss by alizes slagSl 5l (5 paisee By 4 dnlsl j5 a5
&l 5 3 Glasls Copu @ azgi b 09l oo sy (s350e slaalgd (190
Sz o, a4 a5 anle Canods Al slagSl gogee dlg g0
D oo o)l..i'al Liloads somlive ysm as E‘.‘.‘) 691”

= - . = \

B 5B g dig Syget wle 5B Gbyz 8 cnl o b Ol
Y ik a mle (0 (Aise Glaojll b glacl>) oasSTy o500
lojls Sz B3] Joo 4 bz g5 0l 5o W3l ey S 0 25 >
(L-a o) ail e glite

ol sl 55 56 caepu 2al33 b ol by o1 slansd ol >
slole RS b el rosn o8 45 05 5l s adl
5 ok ol s o ol Sl Lol 4 o5 sl o szst 6555
oSl onl oS oo Jlal 1, dy) ghaie glaw plos dy ) olbcad
5 o olml b ganl @l ) peimen g ol lad <l Gl b
(A-b JSe) canl ol jorr Sl gz Sdvsca] g jlxial slalos

S5 sloosss b,z e g il b glasd e e el b >
S8 gl g gl bz 99 G JEST 9 lLL Gl g ead aaSCh
o 4y @lo (Glugs &8 > 0y S8 b ol dlg) bshas o .28 5 waly>
Sl SzeS JkE b ladlgd 3 &S Jloys aade £y ol 9 Y
9 Sl Gy 95 99 o JUEI CS 2 g Cag 8193 939 4 Slag
(L-C JS3) o5y walss 1,35 Loy sgil>

=z . =z ¥ "

95 Sogon mle o 5 5B 90 Oy N ol o el ol
S8 S8y 0l gg al b sl )l Wyl (g0 Jluie il
a8 56 s 95 Gl )0 Bl Vb sl S Gl Cud a5 85 aalys
B 09 b )3 WS (o0 S5 Wy S e 3 g el Alugy Oj9e
Sige & 58 mle ke g o)l 3929 o slaolad (gl 5B Aty
(A0 JSE) o yls seg el ojlgs Bl o aule old

Loy 5o hb S leg)lsss 5l (S pwaige oo L ]
9 pyies o> JUELI slag 5 &5 sl g9090 0ol 53l slo b
Je plyie 4wl aidy Gl sl pwais g 4l 55
oy b5 lp 1) S e Jab mhaw Tpad coul (Ses by dwain
Ok slaadlys (onl pogdle aws )18 130 Cod ajls oo 5551 5 poiiee
o (waid g5 4 gdly jobo 5 58 JB10 )0 (g Led JLad wie )

oo 53 63l Bl sl d o Vb pasih el sl cnlnle
09 wbes g Ol bl B8 owyn g el 4 LS

°Subjective

© Objective

"mist flow

® probability density function

1 oplai 17 0551396 (13355 8 ()0 Suille i

! Bubbly
2 Slug

3 Churn

* Annular

442



QI)MQ,.;J.\.:\_M,,\'.\.}_A»

Jlww pma jh9) & S )59 plo3 S350c A )3 Vb &; 9) gaed alo — 5 15593 VL SISl S33e Silwasub

Void Fraction (a)

Time(s)
Fig. 2 Sample void fraction signals from impedance probe[20]
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Fig. 5 Grid independency considering contours
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Fig. 6 Grid independency considering diagrams
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Fig 9 Volume fraction contours of the Bubbly flow patterns
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Fig. 7 Flow map pattern obtained from experimental work for air and
water two-Phase flow in vertical pipe with diameter of 70mm[10]
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Fig. 8 Comparison between results of present study and experimental
results[10] in 70mm
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Fig. 10 Diagrams of volume fraction changes for the Bubbly flow
patterns
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Table 2 The geometrical parameters of bubbles in different bubbly
patterns

8 eSilee Zes b Sils -
5 b sl cs
Ayl b 4 bl (mm) el
0.18 12.5 Usg = 0.015m/s (&I
Ug, = 0.5m/s
0.12 8.2 Usg = 0.015m/s (o
Ug, = 09 m/s
0.05 37 Usg = 0.015m/s (z
Usp=1.5m/s

448



QI)MQ,.;J.\.:\_M,,\'.\.}_A»

Jlww pma jh9) & S )59 plo3 S350c A )3 Vb &; 9) gaed alo — 5 15593 VL SISl S33e Silwasub

1
00k~ """ Usg = 0.6 ; Us, =0.1m/s
; Us, = 0.5m/s
——1Usc = 0.6 ; Us, =09m/s

0.8

0.7

0.6

IAEAE RENES LAREE LEREE |

0.5

Alpha

0.4
0.3
0.2

0.1

NS IS AT TATET A IATATErE BT |
6 0.65 0.7 075 0.8 0.85 0.9
Y (m)
Fig. 14 Diagrams of volume fraction changes for the Churn flow
patterns
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Fig. 12 Diagrams of volume fraction changes for the Slug flow
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Fig 18 Diagrams of modified pressure changes for different flow
patterns
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Fig 19 Comparison of ansari and et al Flow map pattern’s[10], with
present numerical simulation results
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