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Abstract rn ordcr to investigate the e丑bct of inclination angk on the 8patial

distribIltion 0f pllases，experiInents on g越一liquid two—phase slug丑ow in aⅡinclinc cl

pipe were carried out by u8ing恤e叩tical probe and an EKTAPRO 1000 high spee(1
Ⅱlotion analyzer．1t ha8 been demonstrated that the inchnation an91c and the mh“lrc

代10city are impor七an￡pararneters to in丑uence如e dis￡rjbu￡ion of v。jd fracti。n foi

upward sl“g丑ow in the inclincd pipe．At high mi】[ture velocity’the gas phas。pro矗1e

k axial symmetry in the cr08s．8cction of the pipe．This is 8imilar to that for vcrticaI

slug丑ow．In contrast，most of the ga8 phase is locatcd ne缸the upper pipe wall atlow

mixture velocjty By mea8uri“g the ad“variation of void fractioⅡalong the liqui‘l

siug，it can be coⅡcludcd that there is a high void fracCion wak region wi七h kngtll of

3～4D in the front of liquid slug．In the fully developed zone of hquid slug，the pcak

value of me void fraction is near the“pper wall．

Keywords Gas-ljqujd sJug丑ow，Void hactjon，IncliⅡed pipe
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1 INTRoDUCTIoN

Slug now is one of the】nost coII巾licated gas-liquid two-phase flow patterns． It is

characterized by a quasi—periodic心eration 0f long buuet-shaped bubbks(Taylorbub—

bles)and liqllid slugs．In vertical pipe，the Taylor bubbk is 8”nInetTical The uquid

aT011nd the 1：hylor bubble Irloves dowⅡstream as a thiII faIIjhE f-山[n．Fbr the case of the

inclined slug且ow，the interface strllctllre of Taylor bubble wiU ch柚ge丘om annular to

strat益ed丑ow pattem dependjng on th。gas孤d hquid ndw rates．And the sm“l bubbles

are more or less strati丘ed in the 1iquid slug due to the interaction between buoyancy and

tllrblllence dispersion．The characteristics of incUned slug now盯e qujte di娲rent from

those of Vertical slug now．

Many血vesti蓝ations are focused on the void丘action distribution for vertical o’

horjzon￡a1 sjug丑owll’ Akagawal2J conducted a deta丑ed investjgation 0n Vertjcal air／water

Manusc血n received date：2000—05—29
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slug丑aw试a pipe of 27 6 IrⅡn diameteT by the methods of conductance wires The

experimental reslllts demonstrate that more than 30％gas e妇sts in the hqllid slugs Ma0

and D111【ler【3J measured the local hoIdup in the hqmd slug using a lLi曲-precision radio—

frequency probe．VaII H0ut“o删measured the出stribution of void fraction in the liquid

slug by usiIIg optical probes．They gave the reason that hjgh void在action occtlrred in

the矗nnt of 1iqllid slug：SmaU bubbles are produced due to the tearing from the TaylDr

bubble tail and djspersed into the 1iqllid slug Then，the dispersed bubbles are recaptured

by the next’]闺10r bubble．Fblizola and Shoh锄陋J proposed a u血ed model fb口slug now
in upwaTd jnclined pjpes．

The purpose of the present work is to study the spatial djstribution of phases for

gas—Uqllid slug now缸an near-vertical inclined pipe and the efFect 0f iIIcⅡnation angle

on it The experiⅡLents were carried out by using the optical probe and the EKTAPRO

l000 lligh speed motian analyzer．

2 EXPERIMENTAL SYSTEM AND TEST PRoCEDURES

2

Fig．1 ScheInatic diagram of the experimental

8ystem

1．Filter；2．’I缸k；3．Pump；4．Pressure

ga“ge；5．ThermoIneter；6 Water丑owmeter；

7．Tb“section；8．Mi】cing chamber；9．Air

丑owⅡleter：10 ThermoⅡleter：1 1．Pres8ure

gauge 12．Stabilizer 13．Air compressor

The∞中erinlental system is schemat—

ically shownill Fi91．Water and心are
used as the workiⅡg fluids． Their丑ow

rates are nleasured separately by the fLow

rate meters． The test section is 8 plex—

iglass pipe， which has a length of 6 m

and a diameter O．03m The measuring

p血t is iIlstaUed at the 10cation of 4 5m
a胛ay矗om the血let of the pipe．The u—

type optical probe is used to measure the

void fractjon． The coUecting frequency

is 3000—5000 Hz．’rhe measllring time is

30～60 s so that each v缸ue of void fraction

is the average one of about 30 slug units．

The radjal position 0f the optical probe

caII be adjusted easily．Measurements are

taken at 13 radial positions in the pipe，namely at coordiIIate positions of r=O，土0 2，

士0．4，士0．6，士O．7，土0．8，土0．9R relative to the pipe centerline T11e tlIresh01d value can be ．

obt出ned血synchroⅡous measurement by usiIlg the high speed motion ana】yzer and the

optical probe at the s锄eⅡleasuring position【刮．The fr锄e rate of the hjgh speed moti。n
analyzer is 1000 fr啪es per second． Over矗ve slug u且its are Ineasured each time By
an&IyziIIg the pictllres recorded by the lligh speed motion强alyzer，the time that each

t
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Taylor bubble passes by the me粥llring point is obtained Therefbre，n coⅡesponding

Values只(仁1，2，⋯n)caII be gailIed by comparing to the sigIlals measllred by the

optical probe．The average value can be referred as the thresh01d Value of the probe in

tlIis flow condition，which is as f0Ⅱowing

1 n

F=：∑置 (1)

3 EXPERIMENTAL RESUI』TS AND DISCUSSIoNS

3．1 Radial promes of void fraction for slug丑ow

The f0Ⅱowing nomendatllre is used for the analysis

D·diameter／m

r-radius，m

凡一r8dial position／m

矿_velod‘y／Ⅲs“

z·a)cial position／m

“⋯id fjaft；nTl
p—indination a“gle／rad

<>一aver89e valu。

S1lbscdptsused arc：

ogas ph∞e

L-hq“id pha8e

LS—liqllid sl“g

SG-super矗cial g勰velocity

SL—s“pcr矗ci出hquid vdocity

SU—slug unit

When UsL is const姐t，as shoWn in

Fig．2，the peak 10cation of void fraction

graduauy moVes to the pipe ceⅡt盯1ine —

with the iIlcre聃e of巩G．The Void frac- 《7
tion pr。file is approximately a】【ial sylnⅡle—

try in the condition of以L=O．472m·s-1

柚d巩G=1．156m s～ It demonstrates

that the pro丘1e of void fraction f()r shlg

丑ow in the jnclined pipe is greatly a髓cted

by the rnixtllre Velocit矿 When theⅡ1]b【- Fig．2 In丑uences of g船and liquid velocities

ture Felocitv exceeds a cert ain value。the on void fraction(一=800)

twophases distribute sy衄etricaUy血the u乱=o·472m+s一1，盯jG／m‘s一1：

盯oss section of the pipe． 口0-360，△0．742，o 1·156

The醐_ect of the inclination an91e 0n void丘action is shown in Fi93 Fbr upward

vertical slug now，the prome 0f v0主d丘action is a parabohc type aIld the max抽
vdhle appe缸s at the position 0f pipe ceⅡterliIIe．More and Irlore dispersed bubbles moVe

taw越ds the 11pper waⅡwith the decre镐e of in血砒ion an舀e Gas ph赫e caIl hardly be

。

．
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detected in about O．2 R distance from the lawer pipe waU in the cert越n range ofⅡ]jxture ^

Velocity．And the smauer is the inchnation ande，the more gas can be detected near the

upperwau· ▲

Fig．4 show$the influence o“ncHnation angle on the aveTage void fractioIL The

aVerage values of void fraction in vertical slug丑ow are a 1ittle bigger than those in ．

incliIIed ones．Tllis is partly due to theⅡqllid slug void丘acti皿decreases as the pipe
deviates from vertical【7】．

‘

毽

Fig．3 Innuence of inclinatioⅡa“gle on local

void frac￡bn

日：o 90。，口85 o，△80。；

巩G=0 742In·s一，珧L=0．157m-s一1

^
磊
毽
V

口，(。)

Fig．4 Innuence 0f inclination anglc()

aver89。void fra“ion

魄L20 787m-8～，魄G／m·8—1：

0 0．742，△1．156，口1．792

3．2 Radial pronles of liquid slug Void心action

F培．5 shows the T础a1 pr础es of hqujd Blug void丘action When如L远constant，
there are thee l【inds of void fraction promes with the increase of巩G．Under the con“

tion of 10wer魄G，such as现G=0．360m s～，the peal【v出ue 0f liqllid slug Void fraction

only occllrs ne缸the upper pipe Wan．With the illcrease of魄G，Void fraction peak can

occur either near the pipe centerline or near the upper wall．Tb l【eep the increase of UsG，

the saddle shape prome of void丘action occurs(珧G=1．156m s_1)．Thjs is simnar to

that for vertical slug now．

The innueⅡce of inchnatioⅡangle on the local liqllid slug void fraction is shown in

Fig．6．Th。pro最le of liqIlid slug void fracti0Ⅱpresents the 5addle shape for Vertical slug

now．For incuned slug‰w，the super矗cial g聃and li叫d Velocities greatly a肫ctbotll
the average value aⅡd pr曲le of void fraction． The lower is the IIlixtllre velocit y1 the

Inore gas is close t0 the upper wall．There is only a 1ittle d皿rencebetWeen 1iquid slug
void矗战tion$at the inclin砒ion angles of 80。a丑d 850 und盯the preseⅡt∞中erjment aI

conditions．
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Fig．5 Radial pr曲les of liquid slug void

丘action(口=80。)

以L。0．472 m·8～，巩G／m s一1：

o 0 360，口0．742，△1．156

Fig．6 In丑uence 0f inclination anglc on local

hquid slug void fraction

巩G=0．360m-s～，魄L=0．472m．s～，

p：o 90。，口850，△800

3．3 Axial variation of void fraction along the liquid slug

The liquid slugs are出vided into several sub·llnits Wj亡h length of 1D dllr血g dat8

reduction The average void fraction f醅ea出sub·unit can be calculated with the si弘als

couected by the 0ptical probe．The v对iati皿of void fractioⅡalong the liquid slugs can

be obt缸ned by averag血g the void丘action values in the corresponding unjts ofmore tha工l

30 UqIlid slugs at eaclL experiment．

In the f皿y developed zone of liquid

slug，as shown in Fig．7，the local void

fractions at position 0f z=0．8R are hjgher

than those of at the centerliⅡe of the pipe

whjk the local void fractions at z=一0．8R

afe lower than th08e at the centerlme of

thep咖e．It canbe seenthatthereis ahigh

void fraction wake region w“h length of

3～4Dinthefront 0fliqllid slug．Itis Very

ilnportant for predjct血g the pressure dTop

in the slug now【引．In the wa】ce region，the

radial distribution of void fraction is uIIi—

fo珊丘om一0．6丑to 0．6且due to the effect
’

of the t11rbulence出spersion

Fig．7 IⅡ丑uence of incliⅡation an91e o“

distribution of void fraction along liquid slugs

口0，+0．6R，△0．8R，0—0．6R，◇一0 8R，

E七G=0．742m s一1，￡kL=()157m．s一1
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4 CoNCLUSIoNS

The incHnation angk and the mi】[t11re velocity are iIrlportant pararneters to in丑uence

the distribution of void fraction fbf upward slug丑。岍in the inclined pipe．At high 111ixture

velocitH large bubbks are 10cated in the central zone of七he pipe．SiIllmtaneously，smaⅡ

bubbles distribute synmletricaⅡy a10ng the cross-section of the pipe by the action of

strong turblllent dispersion m liqllid slug．The gas phase distribution is脚a1 symmetry，
wllicll is similar to that for vertical slug丑ow．In contrast，rⅡost of g粥phase gathers near

the upper waⅡby the action of buoyancy at the Iow mixture Velocity．ByⅡleastlr血g the

distribution of void fraction along hquid shlg，it caII be concluded that there is a high

void fraction wal【e region with length of 3～4D long in the front of hquid slug and the void

fraction in this region is llnjfbrm along the radial direction．In the fhUy deVeloped zone

of liqllid slug，the peak value 0f void fraction occllrs near the upper wall．In general，the

average value of void fraction for slug丑ow slightly decreases when the pipe line deViates

fjom vertical．
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