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Experimental and analytical investigation of presste
Drop and void fration for vertical downward Two -
phase (Annular) flow in large diameter pipe

Abstract :-

An experimental and an analytical in co-currentvdward
two-phase (Annular) flow was preformed . The resutf
observation of flow rates , void fraction and pressdrop in
annular flow pattren were presented. Air-water om&twere used
in transport test-section of 7.35 cm I.D. and 3m@3ength with
operation condition of 36-42 C° temperature and Kg8 and 143
Kpa pressure .Void fraction was measured locallyubyg a new
method which is Auto-transformer technique .The ezxpental
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results of pressure drop was compared very weh aitalytical
results presented .

Introduction :-

Two-phase flow phenomena have been studied fofatste
five decades because of importance especiallyajommndustrial
fields like chemical , petroleum and nuclear indest.

There is large technological need for informationtwo-phase
flow and this has resulted in a rapid expansioregearch over the
last decades , particularly in gas-liquid two-phtiee .

In chemical industry the two-phase flow applicaiooccurs as
example in boilers , condensers , reactors , ldisth plants and
evaporators .

In petroleum industry the two-phase flow occurs imyrthe
production and transportation of oil and gas [Abliajeed , 1997]

In nuclear reactor engineering there are many ebesnpf two-
phase flow such as flow rate in turbines and flae rduring loss
of coolant accident-LOCA- or evaporation of cooldne to high
rates of heat flux . [Rivard and Travis , 1979] .

Because of little usage of downward flow , onlyfeav
number of studies and experiments of limited rang@ge been
conducted concerning flow pattern , void fractiamd goressure
drop , in contrast to comprehensive studies of ugwiow .
Downward flow as opposed to upward flow , has lmeggested as
a method to improve the characteristics of heaistex to high
guality steam water mixtures in the core of nucleaactors
[Oshinow and charles , 1974] .

Most of the experimental data where carried owgnmall diameter

vertical tubes , usually less than 5 cm [.D. , whihe designs
involving much larger diameter tube , and becaddeaak of data

for such vertical tube size , scaling up is usuatlppted . This is a
doubtful procedure since , for example , bubblesndbscale up
with tube size .
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However , no other methods are available , at ptesand large
errors can not be avoided . The need for data rigelaiameter
vertical tube is thus obvious .

Orkiszeewski (1967) presented accurately method to
calculate pressure drop of two-phase flow over dewiange of
conditions through vertical pipe .

Yamazaki and Yamaguch (1979) , made an experimstudy in a
co-current downward flow air-water system in 2 mdaand 2.25
cm inside diameter flow pattern , void friction apcessure drop
were investigated . Salcudean and leung (1988)asured local
pressure drop for single and two-phase flow aloegical and
horizontal channels . The relation between thesumesdrop and
obstructed flow momentum has been investigated .

The present research will concentrate on vertioaicuarent

downward two - phase annular flow through largarditer pipe
using air-water mixture as a component under tAshew method
Is used to calculate a void fraction locally , whics Auto-

transformer technique which presented firstly byhdaush an
Sarkis (1996) for non-flow .

The experimental results of pressure drop is coetpavith a

simple analytical results presented ,

Experimental system:-

The schematic diagram of the experimental systeshown
in Fig ( A1 ) . It consists of an air compressoa yeservoir -
separator tank , an air-water mixer , a circulapogps , a 7.35 cm
[.D. and 3.25 m long glass tube pipe as a testeseaind various
other accessories . Tap water was circulated flwanréservoir -
separator tank by means of four centrifugal redatowg pumps to
the test-section through the air-water mixer. Theservoir-
separator tank was opened at the top and containedertically
fixed baffles and two fixed framed wire-mesh filtercompletely
execute the air separation before water enteriagothmp section
line . Care was taken to ensure the evaluationntfapped air
bubbles from the water flowing system . Air was @igud by the
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compressor , and its flow rate was measured by upleoof
calibrated Rota meters connected in parallel .

Water flow rate was measured by a calibrated terfimw meter .
The two-phase flow patterns were visualized foridewange of
flow rates of (6-26 rithr) water and (0.2 - 11 ir) air . Absolute
and differential pressure reading were taken by fpwessure
gauges located on the ends of the test-sectiore witer and air
used in the experimental were at ambient temperatii( 36 to 42
C°) and 136 Kpa outlet system pressure .

The void fraction ¢) was measured by using an Auto-transformer
technique which is a new method [kendoush and sal®96] . By
the calibration of the Auto-transformer was fouhdttthe optimum
operating frequency is 675 KHz and the optimum afieg voltage
(Vpp is 18 V.

The calibration of Auto-transformer was achievethvgtationary (
no flow) system consisted of a finite length glésst tube of the
same diameter of test-section Fig (2) known gedo#tsize of
empty plastic tube were inserted into filled tedde with tap water
to simulate the bubbles .
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Void fraction measurement theory:

A new method was used to measure the void frictvbrch
Is Auto-transformer technique show in Fig ( A2 I} consists of
wire winding around the glass tubular test-sectiofihe basic
principle of the this technique is that when thenary (input) ceil
[point ABJ] is connected to an alternating currenfpgly , an
alternating magnetic flux is setup inside the ashéch represents
the test-section for each turn of the cell . THisxfinduces an
electromotive force (emf) of self-inductance in teBecondary
(output) cell [point AC] .
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If a two-phase medium is occupying the test-sectimeasurement
of (emf) will indicate a particular value for theid fraction () .
The presence of gas-liquid two-phase medium intéisésection
(which is the core of the magnetic field) , prodaie@enet change in
the magnetic flux a cross the medium. This chamgides the
measured (emf) .

Steel tube test-section can not be employed herause of

the magnetic field tends to concentrate in the heatd prevents
the magnetic flux line from crossing the two-phassdium due to
the well-known magnetic shielding phenomenon . Jag¢i, M. M.
1997] .
All of the experimental results of the void fractioneasurement
were presented using the equation given by KendanshSarkis
(1996) .

*=[ (Vi(@)m - (Va(0=1)m)] 7 [(V 1(0=0) (V2(0=1)m)
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Fig.A2. Experimental arrangement of the Auto-Transformer

Analytical Results:

Consider an equilibrium annular flow as shownFig (

+0:A3 ) , a momentum balance on each phase (gas godtl li
phase) yield :

dP
_AL[_}_TLSLJrTiSl *ALALG=0 mmm @
dz

dP
-%[—]—ris. *PGAGE =0 @
dz
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Fig (3) ; Annular downwhard vertical fl|ov{/
From equation (2)
dP
5 =‘Ac{d—J+pGAG9 """""""" Q)

Substituting equation (3) into equation (1) yield
dP dP
AT A PP ALAL90T )
dz dz
dP
_[_](AL FAG) TS TP AGI T ALAL9=0 T 0)
dz

Now , the first term in above equation
Represented the total pressure drop over totas«estional area .
since :

A +Ac=A
Substituting into equation (5) yield
dP
_‘{;J"TLSLWGAGQWLALQ:O """"" ©)
dP S A A
dz A A A

From the diffention of void fractioruj
Substituting into equation (7) yield
A A
= GA(ga) and (1-a)=-L ——————- @®b
A A
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Using $=aD  ------mmmmmmmmmmeeees (10)
The shear stresses of liquid )(is evaluated in the conventional

and A=D2 - 1)
4

Henc,the term [—LJ = —-—————- @2
A D

substitutng into equot (9) yield

dP 4

{_J = g(apG + (1—a)pL j —— T T (13)
dz D

| =f = e (L4)

manner

With the liquid friction factor evaluated from :
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Since , it is difficult to calculate liquid diametD, )

Therefore
4A A A A
DL ] L [_] ] 4[—LJ s | a6)
SL A A SL

Substituting equation (8b) and equation (12) iretmation (16)
yield

The following coefficients were used in equatiorb)(lake the
value of:

D
D, =4(-a) H ——————————— L7)
ang D D =@-a)D —==————m——— 18)
4AL
D|_ - T TTTTTTTTT T @9
SL

C.=0.046 and n=0.2 for the turbulent flow and
C.=16 and n=1.0 for the laminar flow [Barine@®82]
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Results and Discussion

From the experimental , there are three flow pastevere
observed , bubbly , slug and annular which is thsearch
concentrated on it .
The air bubbles in downward two-phase flow arecée by two
dominating force , the first force which is the gltands to descend
the bubble in the downward direction . The secomdd is the
buoyancy force which tends to lift the bubble updvarThese
opposing two-forces try to deform the bubble fropherical to
ellipsoidal .
Co-current downward two-phase flow takes place wiendrag
force overcomes the buoyancy force . The reasothtoslip ratio
was less than one may be raised from the factttigatmain flow
and buoyancy are in the opposite direction .
The transition between one flow pattern and anotoeurs , as
observed gradually . The transition between bubhly slug occurs
when void fraction ¢) equal or more the 0.26 , which is
approximately in agreement with the analysis ofivig and Ishil
(1984) and also with Kendoush and Al-khatad (199%)e annular
flow appeared at void fractiom) equal or more than 0.68 and the
slug flow range was 0.26 &« < 0.68 . The transition between
annular and slug flow nearly agrees with the prtezhicof Barnea
etal . (1982) , as well as kendoush and Al-kh&i894) .
The pressure drop in downward flow in pipe occurge do
hydrostatic difference and the friction between ¢jas-phase and
the liquid phase as well as the friction at pipdl wa
The hydrostatic pressure effected by the bulk dgnsithis is
clearly shown in the analytical presented-and g teason , the
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pressure drop decreases when the gas flow rateases with
constant water flow rate .

By further increasing the air flow rate with kegpiconstant water
flow rate , the liquid slug between the large besbVirtually

disappears with significant amount of liquid emed in the gas
phase . In this state the liquid flow in a film anal the inside wall
of the pipe and the gas flows at a higher velaaitthe central core
depending on the gas flow rate .

This is a fairly stable state which is represehts annular flow .
The water film thickness becomes thinner by furihereasing the
air flow rate . At higher air flow rate . The intace between air
and water film is disturbed by waves traveling e tdownward
direction of the flow .

The pressure drop is less in annular region floantthe other
regions were observed. This is coming due to thi& Hensity

effect as we discussed abrasively.
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At last a good agreement between the experimeasalts and an
analytical calculation results as show in the feguplotted.
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Fig.1.Variation of pressure drop with void fraction at constant liquid flow rate.
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Fig.2.Variation of pressure drop with void fraction at constant liquid flow rate.
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Fig.3.Variation of pressure drop with void fraction at constant liquid flow rate.
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Fig.4.Variation of pressure drop with void fraction at constant liquid flow rate.
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Fig.5.Variation of pressure drop with void fraction at constant liquid flow rate.
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Fig.6.Variation of pressure drop with void fraction at constant liquid flow rate.
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Fig.7.Variation of pressure drop with void fraction at constant liquid flow rate.
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Fig.8.Variation of pressure drop with void fraction at constant liquid flow rate.
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Fig.9.Variation of pressure drop with void fraction at constant liquid flow rate.
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Conclusions:

An experimental and an analytical study on the presure
drop , void fraction in downward two-phase (Annular) air
water flow was made leading to the following mainanclusions

Three flow patterns was observed which is bubblyslug
and annular flow .

The transition between the different flow patternsoccurs
as observed gradually .

The transition between bubbly and slug flow occurs
when the void fraction equal or more than 0.26 an@.68 for
transition from slug to annular flow .

The pressure drop in vertical pipe downward flow
decrease with increase air flow rate at constantdquid flow
rate .

A good agreements between the experimental resudsd
an analytical calculation results through annular fow
region .
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Nomenclature

A Total cross-sectional area , m?

Ac Area accupied by gas-phase, m?

AL Aerea accupied by liquid-phase , m?

C. Constant in the liquid friction correlation
D Pipe dimeter , m

D, Pipe dimeter accupied by liquid , m

d Differentional

emf Electromotive force, V

fL Liquid friction factor

g Acceleration of gravity , m/s®

L* Relative inductance , dimensionless
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P Pressure, Kpa
DP/dz Pressure gradient i. e. Pressure difference

Per unit length , N/m°
S Parameter over which the stress acts
U Velocity in the zdirection , m/s
V; Potential defference a cross output line, V
Vs, Potential defferencea crossinput line, V
(V)m Peak value of output emf
Vop I nput peak to peak amptitude voltage , V
Z Coordinate in the downword direction , m
Greek symbols
a Void fraction , dimensionless
0 Liquid film thickness, m
v kinematic viscosity
yZi dynumic liquid viscosity
p density , kg/m®
T Shear stress,

Subscripts
gas

liquid gasinterface
Liquid
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