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ABSTRACT

Tow-phase flow is incorporated in all thhermal equipments which
involve flow bBoilinag. Tow-phase single component flow 1is  an
extremely important aystem in the fields of thermal and nuclear
engineering. To carry aub the euperimental study in this work a
test rig has been constructed and built, The test section 1s a
vertical 3 tube-bundle connected electrically in  parallel. They
are arranged in triangular shape. Each tube is 10/12 mm diameters
and 200 cm in lenath. From the obtained e«perimental results, it
igs concluded that the Eatal prressure drop in  two—phase Flrow is
found to increase with increasing wvoid  fractison (guality). In
additicon, it was [ound Ehal the deviation hetween haoth
experimental and thrvo atical pusraman e dhevgr Ties o bthe v ange Iram
-2 ko +20 AL
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INTRODUCTION

Two=-phase flow in the primary system of a pressurized water
reactor is limited and may oecur, as subcooled briling with no net
steam ageneration, only in sowme parts of the reactor core where
the heat flux is very high, The situation is different in a
boiling water reactor where the coolant circult is dominated by
twd-phase flow with considerable steam quality . Upward two-phase
flow is also incorporated in some other reactors and many other
steam ralsing facilities with wvertical beoiling <hannels. This
includes the steam generators of pressurized water reaactor
systems , The bwoiling channels are usually in the form of rod
bundles. Each rod bundle consislks of parallel cylinders containing
the nuclear fuel pins, arranged in a triangular or a square array
and fixed to eazh other by spacers ., If many studies are
available con boiling in rod-bundles, little has been said about
friction pressure drop or more generally the momenbum balance in a
rod bundle [11. The total pressure drop between two points along a
channel containing two-phase flow - without local restrictions -
canh bg generally cobtained Ly applying the momentum between the two
peints for steady state conditions, which yields [2,31 @
2

0 v3 Aarp

[

(dps/dz) = - L(1/A), * TP /AY + tgp min 8)) (1)

Equaticn (1) can he expressed in the following form

{dp/dz) = —(dpfd:'a - l&p!d:)f - rap/az)z (23

wvhere t
fdp/dz? total pressure gradient
(8]:!0:)d acceloration presgsure gradient

(on/dzt, = frictional pressure gradient

[}

(ép/dz) = gravitational pressure gradient’

Therag are three main models applied to analyze the above terms in
two-phase flow [2,3,4] :

1- the homogenecus flow model

2= the separated flow model and

3= the flow pattern models

From the abeve models, the homogeneous flow meodel is rchosen for
its simplicity,. .

in the homogeneous flow model the two-phase flow is assumed to  be
a single—-phase flow having pseuds properties achieved by sultably
weighting the properties of the individual phases. It is also
asgumed that there is no slip between the two phasss and they are
in thermal equilibrium. In this case, the homogengous fluid
denuity e, ig defined by the relation g

(1/Qn] = v, = (x/pvh + U ) = x 3/ py = Cv, + X%

1 vfg] (3)

Substituting for £ in Eq.1 «onsidering channel with constant
cross section ,  one gaets
- .
(_Jpz‘az.!a = I (Jum faz)

Neglgcting the compressibility of the liquid phasw, one obtains
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]
(dp/azd, = ae Cly = v 2. 0aX/8z) + X (v /dp)idp/dzd ] CY

Determination of the frictional pressure drop in two—phase flow is
a problam that can hardly be solved on only a theorgtical basis.
Thergfore, many empirical correlations based on experimental data
are applied £{31. Even in turbulent single-phase flow, the fricticon
factor is calculated from empirical relatiocons by uwusing Feynolds
number and rzlative roughness as correlating factors. In general,
the frictional two—phase pressure drop can be e«pressed in  the
following form:
Z

. _ _ -
[$@p/az> I = [dp/d22 I, . ¢ (S

vheraea ¢2 is a twoi-phase frictional multiplier. The two-phase
frictiaon multiplier can be expressed in several different formulas
accaording to the assumptions made as reported in [2,3,5,6] . One
of these relations is given by @

2 L a=0.25 )
¢ =01+ X 1vfg /vIJ] [ I § (pfg /pIJ] (B
In this case, the single-phase friction factar fSP foar liguid flow
alone is obtained from the ordinary Elasius eguation
o= 0.316 ¢ G De/u ) D+<9 (7)
si m :
where Hy is given by (2] :
[ = Ty =Y -
_llme CLX/pvJ + (1 XJ/uI 1 4N

The most widely used correlation for prediction of the two-phase
frictional pressure drop is an empirical correlation that has been
suggested by (Martinelli and Nelwnon ¥ [Z,3,53]. In this approach, a
single~phase frictional pressure drop for the given geometry  and
the tatal mass flow rate is calculated and the multiplied by a
two-phase multiplier , which is obtained from Martinelli=Nelson
charts . This two-phase factor depends on steam quality and
pressure, An extension to the Martinelli-Nelseon approach has been
suggested by Baraczy which takes into consideration the effect of
the mass velocity [3] .,

The gravitational pressure drop is also given by @

cap/az): =p 49 sin &8 (9
An attempt has been made by Singal et ai. (7] to develop a
corvelation far prediction of  pressure  drop during forced
convective boiling of pure refrigerant 12 and <ther mixtures
flowing horizontal tubes . It was Toond that the deviation between
the maasured and the predicted values {according ki
Martinelli-Nelsaon multiplier? lies within 30X, '
In this wordy pres=ure drop in o sonvective boiling system ts
experimentally investigated. The boiling system simulates (uel

elements i1n a boiling reactor or even a pressurized water reactor
during a Loss Of Coolant Accident (LOCA). -
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EXPERIMENTAL TEST LOOP

Schematic layout of the ezperamental loop is shown in Fig. (1),
This loop consisks mainly of test sectiocn (41, water condenser
(6, preheater {Z) and pumpg €1},

The test secticn - which simulates a nueclear fuel element -
congints of three stainless steel tubes. They are arranged in a
triangular shape. The cutside diameter of each tube is 12- mm  and
ig 2.05 meter in length. The three tubes are housed in a stainless
steal vartical tube with inside diameter of £3.5 wom. The total
sur face area of the three tubes is Z262 cml.

The test section 15 healed eleckrically by Hirect furrent supplied
from a welding rectifier uwunit., Distilled water enters te the test
section through a one way valve. A mixture of saturated vapor and
saturated water flows upward and leaves the test section Eo  the
water coaled condenser. The test section is equipped with U-tube
mgrcury manometer and a pressure gauge to measure the inlet opauge
pressure. The total pressure drop across the taest gection is
measured by connecting the rubber hoses aof a differential mercury
manometer to the pressure tapes ab the inlet and outlet aof the
test length (2.0 m). The total pressure draop is then calculated’
using the folleowing relation:

Apt =7, CZur = hoy o+ Y h .
where F spesific weight for water , lg/m“.s™
rn < specific weight for mercury
h = manocimeter reading C(height diflference), m
Apt = tatal pressure drop along the test section, M/An:s

EXPERIMENTAL RESULTS AND DISCUSSION

All experiments carried aut in this vark cover the following heat
transfer regimes:

1-Single-phase fzrced convection. Z-Subcooled nucleate boiling.
3-SBaturated nucleate boiling with low gquality.

The experiments arme carried oubt in the operating conditions which
are allawed by the test facility. For rach run, the taotal pressure
drop for sinule- and twe— phase flaw threough the Eest sectlion i3
calculated and compared with the measured value. ©Calculation of
the pressure drop in the two-phase lenath is performed according
to the homogsnecous model. The frictional pressure drop is
predicted according to equations (5),t16),(7), and (B) . Fer this
purpase a conmpuler preogram has been proposed [31.

Henerally, the obtained resulls of <alculations show  that  the
total pressure drop in the two—-phase flow region becomes the
predominant value as the boiling length increases. This is because
the frictional part of the Lwo-phase pressure drop increases
rapidly as the wvoid fraction increases, vhere the flow area is
reduced hy the presence aof the steam. With higher heat flux, the
single-phase prassure drop increases due to Ehe change in the
preperties of the water, and the two-phase pressure drop alse
increase due to the increaspe of the void fraction far he same mass
flow rate. The ralcgulation procadure for a typical run iw
per formed acrsording to the homoegsnecus modsl. The Table below
shows the reeults for four salected runa.
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Run no. ! 3 B L6

W (Ka/hr? TG, 00 700, 00 700, 00 &S50, 00
5o, (Kg/mZ.s? R £8.76 £R.76 £3.85
q" (W/zmZz) £. 60 6.6 G.ld S.435
Exit quality X ¢ % 1} 0,649 .70 l.05 O.64
Boiling lenuth 2 i(m? 1.75 1.6x .23 1.61
Single-phase prasaur e
gradient N/mZ/m
tAF/Azhf .10 .50 Z. 00 210
(AF/&:)B G.n3 0. 0, 34 .03
CAP/Az) FIE, QO ISZT .00 22707 IBE5.00
Total (zFibzﬁsp IBECL. LG 3230, 50 932270 3328. 60
Twz-phase prassure
gradient N/mZ/m
(ap/azs o0 g.50 12,30 8. 20
(AF/Az}a 5. 00 81.50 73,00 74.10
CARP/ Az} _ 22400 ZIEZ.00 I246.80 ZBS6, 0
Total f;an:JTP 20935, 90 3052.00 2338. 10 233B.70
Total pressure drop AF

t N/mil LEZPO.ET | 1627517 | 14320.744 | LEL1ES. 14

&n example of the
Fig.(2})., & comparison between the
results is alsz shown in Fig.
the deviation between the experimental and
within 20 % .

caloulakted

pressure

31, It

drop

thearetical
is clear

ig

from

1llustrated 1in

and experimental

Fig.(3)
Lheoretical wvalues lies
This deviation may b due to the existence

that

af  some

heterogeneities 1n the cress section of the test section  which
characterize the subchannels of the rod-bundle.

CONCLUS IONS

From the previcus digcussion, the following oonclusivans  can be

drawn?

i-The total pressure odrop in the two-phase flow reagicn
with increasing woid fraction tquality) hecanse Lhe
pressure gradient term increases rapidly for higher wvoid
dua to the reducticon in the flow area.

ln-reases
f[rictional
fractions

i1-The frictional term in the two-phase flow region is found to be
higher than the correspoanding term 1in  the

singl e-phase
region.

flow
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iii—-The total pressure drop in two-phase flow region is nearly one
third the total pressura drop in one-phase flow region for the
considered run.

iv=1t was found that the deviation between the experimantal and
theoretical pressure drop lies in the range from -2 to +20 i.

NOMENCLATURE

A Area (mz)

G Mass veloccity. (Kg/m”.5)

qQ" Heat flux. (H!cm2)

h  Height (m)

f Friction factor

X Exit guality. (%)

z Prehgating length. <m)

W Mass flow rate. (Kg/hr)

P Ferimeter (m}

Ap Fressure drop. (N/m“)2

H Dynamic viscosity {(N.s/m)

v Speciflc valume (ma/Kg)
Density (Kg/ms)

specific weight
Two—phase friction

-
ﬁh ]

]

Bhear stress

Subscripts

a Acceleration
1 Liquid

f Friction

m mean/mer cury
W Vapor

fg Ligquid—gas
SP Single—phase
. TP Two-phase

t Total

w Wall sWater

T Static head
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