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Abstract. Two-phase f-low is widely elicoi ntt'r',:d in s::verai engineering and industrial fa:ilities. l'he
purpose of this study is tc investigate ilt,: clieiar:ter',stic i>f slug countercurrent flov'' 1;attern irr a
vertical small diameter pipe. An experittirni.iLi irrvcstigatirl:-r in tiris str"rdy has been perlbrmc'cl tolvard a
transparent tube of l9 rnm diameter (oui:ii:ie ,.iiame;UL llL mm. length 200 mm), water alrd air as the
Iiquid and gas fluid in the vertical pipe fbll,rr,*'r'(J hv ial..iug a picture of florv pattern in the trzrnsparent
pipe using the high-speed camera. J'rio riii-ft:r'ential plessrrre sensors were set in transparent tube in
order to receive slug countercurrertt flou'r;:ii.e assccinir:d v,'ith the acquisition data as rnedia to record
data and then displayed on the screen. T'rre t\\'r-i-pha:;e ilor,, 'was alrvays preceded by the instabilit-v- of
flow rate and bubbles appearance. it occiri'l'ed rrlier tirc steady flow data acquisition rate was iurned c.n

for recording the differential pressure. l'lre lesult slrorve<J that the flow pattern characteristic of
trvo-phase flow(air-water) in the venicai r,,iFi{ calrsc:rl bv ii"le superficial velocit-v- of air.

Introduction

vertical slug florv is part of the multi-phase ik:vi,. The rnull;i-pirase ilow consists of tllo-phase llow or
more. The study of trvo-phase flow can be ciassified into solrre categories, i.e. phase fblm, streamline
and channel position. Two-phase flow can :)? Ji:r.rnil iri the ;s1eam boiler florv, condenser, h;at transfbr,
nuclear reactor. liquefaction of natural i:il:;. g;r1;ei'nc. etc. Ver-tical slug flow pattent i;r ii l-rolizontal
pipeline will be different to a vertical pireiine .-fhe ciifference focuses on the position ot'gas/steam,
i.e. in the horizontal pipe, the gas tenris ic be on ioo trecause it's a lightu'eight particle. It u,as
observed the flor.i visualization and pressure r-ii'r:;;s. t'irevei'y tlorv patterns in a varietl'of'fiuid and gas

velocity diameter 25.3 mm. the fluicl ve l(,c it.,i \',';rs i). i., . l.i ut/s and the air velocit), was C:.624 rn/s. T'he

result shou'ed that the ver,v irigh air rar,: r,',-: lr:r-'iil, vi or.. ii.l der;r'ease the pressure artd constan llr/ c(lnt in ue

after reaching the ranclom flor.v pattern I i j

The pressure drops and flow patterir ','i:,Lr:r!i;:afi,f,:.t \ve'' r invcstigated. In air-water two-pir;ase flt>rv

with asudden magnifica*tion of arectangrrlar ;ect;on of :,r v'ertical channel. Tlre water,Ji:;charge \\/as

0.04-0.28 dm3/s, and the air discharge \i,as (i.tlr1-0.i9 irliis. The visr-ralizatiorr shou,ed that the
changes of flow pattern did not depend on lhr: r!&trir or air discharge but the r:ltrnges of
cross-sectional area [2]. The characteristics, ,-,f t^lr-ri', 1:altenis iri gas and liquid flolv in the straight pipe
were observed. The inner diameter of pipe was -ifi rnrn r,vith superficial liquid velc,citv of 0.5

minute/second and the pressure of 0.2 har,'I-lre result shcwed thatthe changes of flor'' patterns as it
approached the superl.rcial liquid veloci:'i' i,r itlr brrbbies flow injector Reynolds was 49488 [.iil. The
effect of viscosity on the flow of gas-iiquid i.lr-ricl thrc,ri!:h a vertical pipe u,as studied. The vertical pipe
irad a specified i.d. of 2000 rnrn. The dischargc lf ;itluicl llow started from 1 .8 lpnl - l0 5 lprrr and the

discharge of air began tiorn l0 lpm - ,/0 lpr;r. lt lvas l:rovin that change of flo,rv pattern depelided on

the variant of increase of r,vater and air dischargr:. In a liquid discharge constaut and a,r dii;charge
increase, the slug transformed to ring in a. ccr;rdition that the air discharge was increasing [a]. The
characteristic of water flow' resistance in the ilertro\l/ anrtulus was observed. Three concentric pipes

with the length of 1350 mm and the size of inlet annulus were 0.9 mm; 1.4 mm and2.4 mm. 'Ihe result
mentioned that florv rvithout heat transf'er r-rccurrcd in a rtarrow inlet causing a higher ftiction. The

Al nghts reserved. No part of contents of this yaper rnay pe reprorjuceo or transnlitt.rd rn any form or by any means without the wrrtten pe|missron of Trans
Tech-Publications, www.scientific.net. (#1 1 1 840931-22i1 2/1 8,09:C4:06 i

n
;

5
E
E



Key Engineeir":ti91 :r'1e',ier:r;rtg iri cX. 797 'i'91

transition area of flo..'i fror',i laminlr io iiii'i,L;iciri cl:rt-lie:.i :lr R. numbei'o1'2000.
e:i.change in differeiit tetnperature hai a li'liir ':1'fb,;j1 {1,, pt'r:rssure Crop [51.

The measuremeltt irf vacuurt fiactiort r\/ilS ;,.liuiri:rc,i il liquid-gas two-phase llou in the pipe rvith
a specified i.d. of 50 mm and length oj'2ri0() rii:ir. 'l'h,: :;upc:riicial gas .relocit.v- was 0.006 7- 0. I 2 i7 nris,
and superficial iiquid velocity was 0.0ti I {r-.i,r.iiU'7Ji!. rni.;. lnn'as obtained that if the corrsrant f-lLrid llow
was higher than the superficial gas velo*it,v, thr:i: tlre vacu:r-un fraction would be rnore signiiicant and

vice versa [6].A measurement method" *.1is:i; is a i:omt:ir:ation of the multiwave {.JVP n:thocl and
WMT, has been applied to the measurem<:nt oi'bubbi'' two-1:hase flow in vertical pipe. Re'garcling the
measLlrements of courrter-current bubblt, flov" t:t air ii';rter in the venical pipe, measurecl cla:a.;horved
that the effect of initial flow conditior:i, e.[i. brrbblt: si;r:e. on the pattern ol cross-sec;tional void
fraction distribution \vas confirmed: n'lca:;r-u'rri data ot'iristarttaneoLls profiles ol'void tiaction and
velocity can contribute to the assessment anil ci*l'eio-:rnrenl cf nurnerical simulatioir of irvo-phase flurv

171.
The flow patterns of air-rvater. tr,vi>-pi,;rsc {lil',,'':; h.a'ye been investigerted experimcntallv ir:, a

vertical mini pipe was investigated [8i. ; he 11or.v rcgirll3s were observecl by a high s,peecl virjeo
recorder in pipes with diameters af 2, 3 ar,icl "-1 rnm arid le ngth 27, 31 and 25 cm, respectiiz"'ly. 1-he

comprehensive visualization of air-rvatet, ::\\'c'r-phast: flor,r in a vertical nrini pipe has tleen peribrrled
to realize the physics of such atrvo-phase ikril. C)n ti-,e rlther hand. the counter-current llo',v pattern
transition and pressure drcp are modeled. Ii,rrrpha.;is i:r piaced on the understanding of tt:e transition
mechanisms from a mechanistic point of vier,'',. S<xir, of ihe results are supponeil by <lata {iionr the
literature), others are sonlewhat tentative suggestins luture experimental verificalion is neecled [9].
Meanwhile, Research on the countercurrent lr.ir-Vr'aier Florv in Two Vertical Channels u'as aiso
conducted [10].

In obtainingthe characteristic of slug pattefn, ih,i zrnalv:;is of flow can be clone by using specific
visualization method, i.e. Digital Image Froi:essirrs 

-[hus. 
lhe method irnpiementeci n'as bas,:d on a

comprehensive analysis of image combined rvith sC,i-il-- steps of collecting data, e.g. layer thi'ikr:ess.
liquid film and characteristic of slug gases v*iociq, One of the superiorities of this rncthod is tlie
ability to analyze slug gas rvith good &cor.lr'?(:\' irr croad scale and r,vithout distLrrbing the flow. It can
be concluded that this study is lirnited iu t,',l"iri of ccirr:tercurrent two-phase flow" especiallr, the slug
flou,pattern.
Experimental Method. The scherne of rese:arili irrsiallation cair be seen itr figura l. Tire ecluiprnents

were water tank. pipes, air flow rneter. \d:a.i*i' {lcu nreter. data acquisitiott and coflpr(:S:ior as llas
supply system. The test secticn rvas equipetJ ill'fi'anrlereilt llipe rvith Di of 19 tnm. [-),, of ?2 rnnt and

length of 200 mm. The research was conr;iucred i:r conlirining the u'ater and air thzrt flori, l'recaitte

churn (countercurrent two-phase florv) in tlie ','r:r1ir:;tl llipeline.

Noie:

1-. Valve of compressor

2. Transparent pipe

r:. Sensor of Pressure

4.. Computer

5. Acquisiiion data

6. Compressor

l. Flowmeter of air

B. Reservoir of water
9. Pump

lL0. Valve of pump

11. Flowrneter ofwater
12. Flowwater conditioner

Fig. 1. Sche rne oI re:iearch installation
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Resutrt and Discuslsion

Based on the result of experiment and di,la art;lltsis or''lvaterJr anci air/scountercrrrrenl ol-lri,r.r-plrase
flow in r,'ertical pipe, the calculation fc r flou, i.ratiern in vertical pipeline ivas obrained. Ttre
experiment started frorn the liquid velocity i.ri' jt 1.6"t x l0-3 m/s up to 8.33 x 1C-3 nr/s and thE air
velocity started from lG 8,33 x 10-'rn/s u,: lc'1,a7 r l0*" mls. From these five variations observecl,
forrr variations namely bubble flow, siug; llivi', Sv\'arrri of bubble flow and ',vispy, annrrli,rr wt:re
obtained.

Table 1 Variation Ji,8,il ,; l()-:inr/s ir;ihe Jr, 1,67 x l0-rmls

The following figure 2 shorvs the visuaii;i,:riiun patl.ern c,f rhe flow of vertical pipe in the: opposite
direction and the graphic of tire correlation ol .rP with the tirrre (millisecond) on each tri;ll variation.
At the first trial, the water was florved u,irh lhc r'elocit'i cl'(.is) 1,67 :sl0-' mis. antl the air r,va:; tlcived
with the speed of (J6) 8,33 x i0-l m/s. The triirl of thrs flou'tbrmed slug flow pattern and rr,aler rnist
ring flow pattern on the pipe's side as tlre rolrc,rvinlr I ig. :i (a) and (b). The second trial. '.rater lvas
flowed with the velocity of (Jr-) 3.33 x l0 l;rr,'s 

zinci the air was f-lowed with velocity o1'(J6') f,.(i;I x I 0-3

m/s.The trialof second flow formed a slug iaftem. 11 llrpp',:ned because in the middie of the pipe there
was a bubble like a bullet containing air. The rvater ihlw":; position surrounds the slug 11o,,v as sho!\,ll
in fig.3 (a) and (b).
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Fig. 2. a) The

1i\ :.S rii r:r' , :'

) liir

relation betl.,'een AP (lviP;'') l i:

8,33 x l0-3 m/s. b) i-hc \

(b)

fiorn (Ji) 1.i57 :< I0-r n.ls iurci (J.:)
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Fig. 3. a) The Relation ot'AF (ltlf'a) rvith time (milisecond)
on (Js) 3,33 x l0-3 rnis dan (Jr,) 6"67 ..; l0'3 rn,/.;. bi Vizual ization of the stug patte'rtr,

y'1 (m/s,) /o (rn/s)

1,57 x lJ- \ 8.3-i x l0-'
6,57 x 10-3
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The thircl triai, rr,ater was flilweC r,r'illi ii:.-' 
',

velocity of (ic) 5 x l0-i m/s. T'he trial oi;1ri;

the air phase tl-rere were srnall bubbles u li

Fig.-L. (a) and (b).

;: r.rli;r, Ji'1 i, i .: :" i{i-:t;.ltis anrj tite ait' \','a:) il:il e .. rr.':ll.l ll,u
,'i 1';i,rv:,tiii {r;r'iiri;:ci si:rallbubbies alid slrtpl ,'!lv ti';t.aitse in
,e il l'io',,,,so t!',cse bubbles beconie: siLrg flotv its shcr,vn in
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Fig.4. a) The relation of AP (MPa) willr iiiitc' "rr:ilis;,..tlndi i.11.) 5 x 10-3m/s clan (Jci 5 r j()':'it/s. b)

Visualization of the iittl'" Lrubi'lie j'lc,u, pa.tiern and siug flort pattem.

The fourth trial, water was flowed with tlls ',,r:lririi.v tif ,,.11) 6.61 x l0-r mis and air rvas i-iov,ed ivitii the

velocity of (J6) 3,33 x 10-l m/s. This iburih::iiai srill .brrried small bublrles i-ior,v resr-rlting in btrbble

blobs caused by the frising of one bubble,,,,i't.L] aitc,ll',i:r'8s siloivn in fig.5.(a) anci (b). 1-he ias'', l'v'ater

was flowed with the s,oeed tJr) 8,3, * ,r'-" n;i: anil :iit rr,a:; flowed rvith the speecl of Uc) 1.6;' r 10-'

m/s. This fifth trial formed big bubble flr>r,r rviiich i\,ii:j cir.;Sed by the rvater llorv rvhich rvas b;gger as

shown in fig. 6. (a) and (b).

Fig. 5. a) The correlatiop between AP (h'ri:'ill r.' itir ;irn* {r:rilisecorrd) 1j1) 6.67 x I t}-' mi:; darr i'ir;) 3,33

x l0-3 rrrls. b) Bubbtr:'i llciri 11,','l.t'r:-t'il v;r!;Lialization, big bubble'

Fig. 6. a) The correlation between AP (lviiPa.) r', ith ;inre (irrilisecond} (Jr-) 8,3.3 x 10-3 m/s dan(J) 1,67

x 10-3rn/s. h,) Lltihbie llstl'v i:'afiertt visualization.


