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Abst腿ct The me勰urerIlent of Void f}action is of iInportaIlce t0 me oilindus廿y aIld chemical indus臼阱In t|lis ardcle，

the p赢ciple and衄Imematical me岫d of det蛐ing吐le Void胍疽on ofhorizontal gas．-1iqu主d now by us洫g a Sin—
gle-ene唱y丫一ray system is described．The丫一功y source is廿le radioacdve isot叩e of z41Am with丫一ray ene昭y of 59．5

keV The dme—aVeraged Value 6f山e void胁ction in a 50．0一mm i．d．廿aIlsparent horizontal pipeline is meaLsured under

Various combinadons of me liquid now勰d gas now．It is found mat iJlcreasing me gas now rate at a fixed liquid now

race would i【Icrease me Void胁cdon．T色s￡daca are c0Inpared wim me predicdons of山e correladons arId a good

舭mem is found．The result shows mat tlle desi91led^r—ray system c觚be used formeasumg tlle void行action m a
horizontal gas—Iiquid t、Ⅳo—ph觞e flow、)l，ith lligh accllracy．
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1 IntI．oduction

The imagiIlg aIld rIleasm．e】[11ent of multiphase

flows haVe receiVed much anendOn iII recent years，

la昭ely driVen by the need in t11e oil indus町to meas—
ure t11e mass flow rates of oil，water'aIld gas in tlle

production pipehnes．The ability to see the inside of a11

o切ect and m出汜quand嘶Ve IneasureInents of me en—
closed mate矗als and s锄ctures has a wide raIlge of

印plications．HoweVer'me measureInent oVer a wide

range of now re西mes andⅡle abihty to Ineasure mass

now rates of each component wim lligh accllracy re—

qu讹a detailed虹owledge of me hydrod)，IlaIIlics of

multiphase nows，especiaUyⅡle phase f}action on t11e

cross—secdon of a pipelille fbr each component，as tlle

fast changing phase ftactions directly con仃01 tlle Inul一

卸hase now beha、，ior a11d now rates，aIld also me ba—

sic info删on to reconsmlct the flow pa仕em images．
Therefbre，iIl recent years many researchers have de—

Vc舱d tlleir actendon to dete力：niIling phase 6．actions

and to iInproving phase f．raction Ineasurenlent accu—
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racv．Daidzic et a1．L1
o
have Ineasured void f}action us—

ing me magnetic resonance imaging(MRI)syStem。
The shonco皿ng of tllis approach is ttlat 山e liquid
should nc}t be conductible．Kendoush and SarkisL纠

have measured tlle void fraction using X—ray absorp．

don．Yng et a1．【j1 haveⅡleasured me void厅action

using tlle impedanceⅡletllod．W巧tan et a1．。训haVe

rneasured me dynarllic void f}action in stratified types

of flow．Han_Ils et a1．1’jhaVe proposed a void f}acdon

model fbr annular now iIl a horizontal pipe．

Radiadon tecllIlique is being considered aS a bet．

ter opdon to get me details of a multiphase now s缸uc一

眦，as infbrmation a_bout phase distribudon call be
obt2lined des仃uctivel、l Stahl et a1．‘b1 have discussed the

accuracy of Void f．racdon measurementS by sin—

gle-beam g觚吼a—densitometⅨTakenaka et a1．¨JhaVe
Ineasllred tlle Void f}action by neu廿on radiography．

ne In蕊V撕0n for船stlldy presented in tllis anicle
was to exaIIline how 1，一rays could be used in a particu—

lar field of industrial imagillg，that is，me imaging aIld

measureInent of gas—Hquid two-phase nows in pipe—
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lines．Specifically；me possible role of丫一ray techniques

i11 an application of oil indus自ry tIlat requires fig血ng
out me phase f}action，by accur．ately meas嘶ng flow
rates of Hquid and gas in the oil producdon pipes

should be exalIlined．

Tlle radiation tecllIlique considered in t11is study

is aSsociated wim a single—ene玛y丫一ray system．Liquid

in me test section attenuate丫—mdiation witllout d印os—

idng significaIlt aIllounts of ene玛y．As tlle gas phase

has li仕le attenuatmg power for丫-radiadon，the at—

tenuation of gas caJl be neglected．Therefbre，by de—

tecting the a：ttenuation of也e Y—radiation beam，tlle

phase f．ractiOn i11 t11e now ch趾nel can be meausured．h1

tllis amcle，t11e aim is to叩pbr t11e single—eneFgy丫一ray

mdiation technique t0 deten]【line the cross-section Void

胝tion in a h耐zontal gas“quid two—phase flow．

2 T讧easurement pdnciple

Attenuation Of 1，一rays ttmough a s锄ple of tllick_
ness￡is giVenby

h㈦叫L ㈣

where∥is tlle 11]【ean liIlear attenuation coefhcient Of

the s锄ple，而represents the incident(upon the sanlple)
intensity of the丫-ray nux，，is也e ou培oing intensity

f}om the sarnple aIld L is tlle sanlple tllichess．When

me丫一ray passes mrough di髓orent m砷erials，tlle rele-

vant re】atjons become

h(丢]=一肠厶一鸬岛一L c2，

where subscripts 1，2，⋯denote me materials谢th

di妇’erent linear anenuation coemcientS．

According to Eq．(2)，when the丫-ray passes

through me object composed of water and a址tlle in—

tensity attenuation yields：

』心k+以丘=一h(丢] 。3，

【k+丘=d

where subscripts w and a denote tlle material of water

and a近respectiVely’d is山e pipe di锄eter．
hl tllis study'，o represents me intensity of me

丫一my be锄aRer it passes through tlle upper wall，aIld，

r印他sents nle intensit)，of tlle丫一ray beam befbre it

passes tllrough the bottom wall．The attenuation of air

is so small tllat it can be neglected．Hence，Eq．(3)can

be、砸tten as

肚一h㈡ @，

【乞=d—L

By solVing Eq．(4)，the t11ichess of air in tlle test

section can be ob幽ed．So．tlle void f}acdon can be
硎tten as

l妻一os(·一种堑学飓<争忙一(小针孕飓>争
(5)

3 Experimental system

3．1 Expe刊【InentaI setllp

m mis study，me Y-ray sOurce is tlle radioacnve

isotope“1Am，which emitS 1，—ray wim energies of 59．5

keV． ne radioacdve isotoDe is assembled aIld
sllielded in a nlick lead pot to prevent me hannful

eIIlission of 241Am 1，一rays．The砌ation activity of me
isotope is 3．7 GBq．A collimated single 1，一ray beam(in

20 nⅡIl di锄etc缉)radiates from me bottom of me
source pot aIld can be tunled o舶ff by a IIlechanical
s丽tch，to ensure operation s疵ty(see Fig．1)．

Fig．1 ExpeIimental setup．

The scin吐11ation detector is ma(1e of NaI cnrstal．

A cOhIInn crystal of scindUator witll a size Of 40 Im
(height)×40 mm(dial】1eter)is connected witll a pho—
tomuldDHer tube．The total di锄etef of tlle detector is
55 mm aIld tlle 1engtll is 220 111]【11．h addition，a c011i．

mation hole witll a size of 50 mm×30 mm×150 mm
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(Iengnl×widⅡl×he远ht)is mounted on top ofthe de—

tector(see Rg．1)．

The nuclear ins廿I加1ent presented in t11is study is

designed as a multi—channel呻e．The system is oper_
ated iIl count mode．It is made up of 11igh Voltage

power supply，arr平Iifier’shaping a瑾lplifier'a工ld pro—

gr锄mable data acquisidon system．
皿e exp耐ment was carried out in tlle Mul邮hase

Flow hboratory Of the hlsdtute of Mechanics，C11i—
nese Academy of Sciences(see Fig．1)．1№1ength of
tlle test sec丘on is 10 m aIld血e ple)【iglas pipe iIlner

diameter is 50 Im．ne superfici2Ll velocities of air
and water are O．075～1．248 m／s and 0．539～1．617 m／s．

respectiVely．

姗en血e pipeisemp娥舶mEq，(1)，

lIl附之纬4 (6)

where，2 and^represent me intensi够of the丫一则
be锄船alld befbre it paLsses through me test section，
respecdVely'p denotes tlle pipe．So，me Value of，and

而can be obtailled：

，o叫-几?(饰?) (7)

，=，：eXp(一气j

From Eqs．(7)，(4)，and(5)，吐1e void仔action call

be cak：l】1ated．

3．2 Sta石c caHb您tion

T{lble l is the sta吐c calibration data．wllich shOws

that me system can be used to measure tlle Void丘ac—

tion accurately iIl stadc conditions．

1f．a1Me l Static cal主bradon

4 lksuns and discussion

4．1 ExperimentaI data

The reladon between void丘．action and mixture

velocity are shown in Fig．2．妊aXis denotes IIlixt呱e

Velocity aIld y-a)(is denotes Void f．raction．HvF staIlds

for me predicdon of the homogeneous model，a芏ld

MVF is tlle measured void f}action．From Fig．2，it caJl

be seen tllat void f．raction iIlcreases with me mcreasing

of mixture velocitv-NⅣF aIld HVF have the same

tendency'but at lligh lIlixture Velocity MVF is less

tha工l}ryF 1飞e reason for this f犯t can be expIamed aS

f01lows．Acc砌ng to me assuⅡlp廿on of the homoge—
neous nlodel，gas and liquid haVeⅡle sarne velocity i11

me pipe now．But tlle real situation is，when me supe卜

＆ial Velocity of gas is iIlcreased，actual Velocity of

gas is la曙er thall actuaj Velocity of ljquid，so me slip

velocity between gas aIld liquid causes MVF to be less

血an HVF at lligh m恢ture velocity．The supemcial

Velocities of血e hquid iIl Fig．2(a)aJld(b)are 0．8985

m·s～aIld 1．6173 m砖，respectively．The maximum

reladVe error between MVF and HvF is less than

10％．

Mixlu阳veIocity【，¨，m·s一1

Fig．2 Comparison of tIle test data winl me homogeneous
model．

4．2 COmparisOn witll Other cOrItlatiOns

恕maIldc8】proposed an empirical correlation：

拈可面高瓦硒㈣

≈c口嚣mJJ量o^

§co!lum舞pfo>
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’nlis cO虢l撕锄haS been widely used蠡贸tIle
calcu蜥on of Void鼢tion iIl h砸zontal gas“quid
t、)l，o-ph硒e nows． Modified舡m锄d equation was

proposed b硒ed on血e test data：

让可瓜面品瓦。?面∽
The result is shown in Fig．3(a)．The X—a)【is de—

notcs tlle rado of tlle supemcial VeloCity of gas to廿le

supemcial velocity of Hquid'aIld tlle h洒s denotes

吐le void f．raction．nle relad、，e删is less man 8％．

M碱umv“o哪，m·s_1

H93 Comparison of出e test data谢nl co玎el撕on of A珊and
姐d f配mca．

F协ca et a1．【9】nleasured the vOid ft．acdon using a
quick VzLlVe iIl tlle h矾zontal pipe，and proposed aIl

empirical comlalion of the Void f．racdon：
，，

口=——!竖一 (10)
0．98UM+0．16

、 7

The cOrr巾arison between也e test da：ca and me

predicted Value is shown in Fig．3(b)．The maximum

rel撕ve en饼is 5％。ne comp撕s锄of me test data
witll tlle con．elations of Ar【nand aIld Franca shows mat

me丫一raLy system designed here can be used for meaS—

u血g the Void丘粥don in horizontal gas—1iquid
铆伊phase flow丽m lligh aCcumcy．

5 Conchlsions

rIhe Ineasurenlent Of tlle vOid士}actiOn is Of cOn—

siderable iIllportaIlce to tlle oil aIld cheIIlical iIldustries．

rnle pdnciple aIld matIleIn撕cal metllod of deterTnin—

iIlg也e void舷cdon of a hodzontal gas_nquid floW’

by usillg a single-ene玛y丫．ray system is described．

The tirne-aVeraged Value of a Void疳acdon in a

50．0-mm i．d．眦lsparent horizontal pipeline waLs
measured．The measureInentS were made at various

coInbin撕Ons oftlle 1iquid now aIld gas now．It was

foundtllatincreasiIlgtheg硒now rate atafixedHquid

now rate would increase tlle void f．raction．Tbst data

were compared耐tll me predicdons of the following
con．eladons：

(1)The ma五mum I．elative erIDr between test data and

homogeneous model predicdon waS lessⅡlan 10％．

(2)Test data had good agreernent wim the知maIld

equation．【8】

(3)The maximum rela丘ve error between t11e test data

and I协lca correlation Drediction【9】was 5％．
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