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Local Characteristics of Two-Phase Flow Parameters
in an Annulus Boiling Channel

Byong-Jo Yun*, Suk-K. Sim*, Su-Hyun Hwang** and Goon-Cherl Park**
(Received July 30, 1996)

Local two-phase flow parameters were measured to investigate the internal flow structures of
steam-water boiling flow in an annulus channel. Two kinds of measuring methods for the local
two-phase flow parameters were investigated. A two-conductivity probe was used for local
vapor parameters and a Pitot tube for local liquid parameters. Using these probes, the distribu-
tions of phasic velocities, interfacial area concentration(IAC) and void fraction are measured
in a steam-water boiling flow. In this study, it is observed that the local void fraction is
smoothly decayed out from the surface of a heating rod to the channel center in subcooled
boiling without any wall void peaking, which were observed in air-water experiments. The
distributions of the local IAC and bubble frequency coincide with those of the local void
fraction for a given area-averaged void fraction.
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Nomenclature

a:(7) : Local interfacial area concentration

(1/m)
D, Hydraulic diamater (m)
Ds  : Local sauter diameter (m)
71 : Local liquid superficial velocity (m/sec)
k : Momentum transfer factor of Pitot tube in

the single phase flow
L : Channel length (m)
Nsz . Number of bubble velocity pg,;
N, . Bubble numbers per second
Vs, . Vapor bubble velocity (m/sec)

vss . Velocity measured by a two-conductivity
probe (m/sec)

vs: . Arithmetic mean of pg;

VUL : Local liquid velocity (m/sec)

A7 . Probe distance (m)

a . Local void fraction

og-0 . Phase density for vapor and liquid (kg/m®)

* Korea Atomic Energy Reserach Institute, Taejon,
305-600, Korea.

** Departement of Nuclear Engineering Seoul
National University, Seoul, 151-742, Korea

4dp . Dynamic pressure of the Pitot tube
r : Time difference between probes (sec)
{¢> : Area average of parameter ¢

1. Introduction

Two-phase flow phenomena have been studied
with theoretical and experimental methods for
engineering applications
hydraulics and other related industries. In partic-

in  nuclear thermal
ular, precise prediction of the phasic behaviors in
subchannels under two-phase flow conditions is
of great importance to the safety analysis of
nuclear power plants and the verification of the
thermal-hydraulic design code. The measure-
ments of distributions of the local two-phase flow
parameters are needed to get detailed informa-
tions on the flow structure of two-phase flow. But
the measurements of local phasic parameters in
two-phase flow are very difficult since applica-
tion of currently avaliable instrumentation is
limited and the phasic behaviors are so compli-
cated to understand. For a few decades, a consid-
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erable amount of works on the measurements of
the local two-phase flow parameters have been
successfully performed by many investigators
since Neal(1963)’s work on the measurement of
local void profile in an air-water flow condition.
Serizawa (1974) measured the turbulence struc-
ture of air-water bubbly flow, Kataoka et. al
(1984) measured local IAC in air-water bubbly
flow, Welle (1985) measured the local two-phase
flow parameters in air-water flow, Sim et. al
(1986) measured phase distributions in a complex
flow channel. In these experimental works, the
flow structure of air-water two-phase flow was
figured out and the exact prediction of phase
distribution in air-water flow condition was
possible.

Most of those works were, however, limited to
adiabatic flow conditions like air-water flow and
thus more comprehensive understanding on the
two-phase flow phenomena are needed to predict
the local two-phase flow parameters in boiling
channels. Especially, measurements of the
distributions of local two-phase flow parameters
are essentially necessary because they give us
detailed informations on the flow structures of
boiling flow.

The present work is an experimental study on
the measurements of the local phasic parameters
in a steam-water boiling flow. For this, an an-
nulus boiling channel was set up and the measur-
ing techniques for the local phasic parameters
were investigated. The instrumentations devel-
oped here are a two-conductivity probe method
for local vapor parameters and a Pitot tube
method for local liquid parameters, both of which
are applicable to the steam-water boiling flow
condition. By applying these techniques, the dis-
tributions of the local void fraction, local phasic
velocities, local vapor turbulent fluctuation and
the local IAC were measured simultaneously in a
steam-water boiling flow. The system pressure
and liquid superficial velocity of the test channel
are | bar and less than 2 m/sec, respectively, and
the flow regime considered is limited to the
developing region between the subcooled and the
bulk boiling.

T — L i T anm
o -
w ol . =
LT | . | I # cowpurmson
=1 D= B =
. c _J]- {l——
i :L |
B=(} ="
1 " raan | [T
oo _| I ;
] M moarne s
./ | Goree
L — ¥ ‘_‘;}_ﬁ_‘ﬂ,&__’_‘z ]
I i) cimee. ® | ® @ remmscoums

Fig. 1 Schematic diagram of test loop

2. Experimental Facility

The boiling loop is composed of, as shown in
Fig. 1, a test channel, a cooler, a pump and a
preheater. The test channel is designed to be an
annulus type, that is, a circular stainless steel tube
of 33 mm I. D. having a heating rod with 16 mm
O. D. inside the annulus region. The test channel
is 2 m in length and the flow area of the test
channel is 6 54cm? The maximum heat genera-
tion rate of the heating rod is 30kW and the heat
generation rate can be controlled by the thyrister
chip. The local probes are located 1.6m down-
stream of the inlet of the test channel ([,/D,=
94). A traversing system to position local probes
consists of a ball slide unit and a micro vernier
meter with 1/100mm spatial resolution.

3. Measuring Methods

3.1 Local measurement of vapor phase

In-this study, the local parameters of vapor
phase are measured by the two-conductivity
probe method. This method is described below.

3.1.1 Two-conductivity probe method

The two-conductivity probe method is based
on the electrical resistance difference between the
vapor and the liquid phase. It was developed first
by Neal in 1963. And then Serizawa(1974),
Herring & Davis(1976), Welle(1983) and Liu
(1989) used the two-conductivity probe method
in the measurements of local bubble parameters in
air-water flow. More recently a multi-sensor
probe method to measure the local void fraction
and local IAC was developed by Ishii and Revan-
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Fig. 2 Schematic diagram of two-conductivity
probe

kar (1990).

The two-conductivity probe used in this study
is shown in Fig. 2. The distance between two
probe tips should be selected properly to measure
the bubble velocity with sufficient accuracy. If the
probe distance is too long, bubbles which pass the
start probe may be scattered without touching the
stop probe. Many previous investigators reported
that the most suitable distance between tips is
about Smm. However, more attention is needed to
the determination of the proper probe distance in
the steam-water boiling flow because the bubble
is generated or grown on the surface of the
heating rod. In the analysis of high-speed photo-
graph, the probe distance of 4 to 5 mm is found to
be also proper in this boiling experiments. Mea-
surements of the probe distance are performed
with an electron microscope with a spatial resolu-
tion of 1/1000mm. The instantaneous measure-
ments of local resistivity changes in the two-phase
stream are converted into voltage drops reading
by a AC rectifier circuit.

3.1.2 Determination of the cutoff level for

phase discrimination

The determination of the proper cutoff level,
which is the boundary between the two phases, is
very important to get the accurate measurements
of void fractions and bubble velocities.

Many previous researchers, such as Neal &
Bankoff(1963), Herring & Davis (1976) and Ser-
izawa (1974), used the Schmitt triggering circuit
with a preset constant cutoff level for all bubbles.
But this preset cutoff level is not always proper
because the output signal is varied by probe
fouling, flow condition, water conductivity and
water temperature. Especially, the multi-peaked

output signal above the preset level, which is
caused by a chaotic motion of the bubble, coales-
cence of bubbles or wetting of the probe tips,
affects the measurement of the bubble frequency.
Recently, Liu(1991) developed a new iterative
algorithm. He determined the cutoff level by
comparison with channel-averaged void fractions
obtained by the quick closing method in the air
-water flow. But it is difficult to apply this algor-
ithm in steam-water boiling experiments as in this
study. Thus, here, a new computer algorithm for
the phase discrimination of steam-water boiling
flow was developed. The new algorithm is also
based on the pulse height and the slope criterion
as previous investigators. The difference is that
the cutoff level for each bubble is calculated based
on the slope criterion and the pulse height for
each bubble instead of the constant preset cutoff
level for all bubbles. That is, the cutoff level for
each bubble is proportional to the pulse height
produced by individual bubbles. But the phase
discrimination above the cutoff level is carried
out by slope condition. The proportional constant
is predetermined by air-water experiments and
found to be 0 55. The main advantage of this
algorithm is that the cutoff level for each bubble
is varied according to the signal variations in-
duced by factors mentioned above. The algorithm
is based on the fact that the pulse heights of the
output signals are different for all bubbles. If the
pulse height is lower than a presetted cutoff level,
the pulse will be neglected in the calculations of
local parameters even though it is explicitly gener-
ated by a bubble. But the present algorithm will
identify the signal as a bubble.

3.1.3 Calculations of local vapor parameters

(1) Calculation of the local void fraction and
the bubble frequency

The local void fraction can be calculated from
the converted two-value signal obtained by the
phase discrimination scheme. It is defined as the
fraction of bubble elapsed time and total measur-
ing time at the local position. For the statistical
treatment of local void fractions, the total measur-
ing time should be sufficiently long. In this study,
total measuring time for each local position is set
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to about 2 minutes, which is long enough to
guarantee repeatable void fractions. The void
fraction is determined by the upstream signal of
the two-conductivity probe because the down-
stream signal is affected by the wake of a bubble
that passed the start probe. The local bubble
frequency, defined as the number of bubbles that
pass through the point per unit time, is also
measured at the start probe. It will be used in the
evaluation of the local IAC of the two-fluid
model.

(2) Calculation of the local vapor velocity and
its spectrum

The local vapor velocity can be calculated
based on the elapsed time at the boundaries
between vapor and liquid phases, if it is assumed
that all the bubbles are in uni-directional motion
and a bubble hitting the start probe will sequently
hit the stop probe. The local vapor velocity V,
can be calculated if the mean elapsed time 7 is
known as follows.

Ve=d4Z/t (H

A bubble hitting the start probe will not always
pass the stop probe. Thus, the identification of the
probe signals is necessary. It is performed by
comparing the chordal length of the start probe
with that of the stop probe. If the chordal length
of the stop probe is within +30% compared to
that of the stop probe, then the signal of the start
probe is considered as that of the stop probe.

The local mean velocity is calculated arithmeti-
cally from the velocity spectrum. Also the velocity
fluctuation, that is the turbulent fluctuation of a
bubble, is obtained by calculating the standard
deviation of the bubble velocity.

(3) Calculation of the local IAC and the
Sauter mean diameter

A lot of works has been carried out to deter-
mine the [AC by experiments and analysis, but
most of studies were limited to the measurements
of the area-averaged or volume-averaged 1AC in
the air-water two-phase flow. Generally, they
were measured by the light attenuation technique,
the chemical technique and the high-speed photo

graph technique. In this study, the local IAC was
measured using the methodology of Kataoka et.
al (1984).

They derived following Eq. (4) by assuming
that the turbulent fluctuation of a bubble velocity
may be approximately isotropic and the bubble
shape is spherical.

a:(r)=

N B /)
1

[—cot % ln(cos %’) —tan

N‘g s

n<sin %)
(2)

where

sin2a_ 1—{(c¥|vs]) 3
2w 143(0%/| vs: [*) )

Oz— (%:st; (Uszj‘Usz) Z/ENsaJ) 1z (4)

Using above Egs. (2), (3) and (4), the local
TAC can be calculated by measuring the local
vapor velocity spectrum and bubble frequency for
each measuring point. These can be applied to the
forced subcooled boiling regime where small
bubbles move mainly in the axial direction and
the average lateral motion must be very small.

In this study, the Sauter mean diameter was
calculated to analyze the IAC. The reason that the
Sauter mean diameter is the most important
length scale in the analysis of the IAC is the
definition of the Sauter mean diameter is similar
to that of the JAC. The local Sauter mean diame-
ter can be calculated as follows by assuming that
the bubble is spherical.

D=2 (5)
a:

3.1.4 Verifications of the void fraction and
the vapor velocity

The local void fraction is verified by separate
air-water experiments in a cylindrical glass tube
of 8 mm inner diameter. Area-averaged void
fractions are calculated by measuring the
entrapped air volume and compared to cross
-sectional integrated local void fractions mea-
sured by a two-conductivity probe. The flow
conditions of the test loop are 0_5m/sec~3m/sec
of liquid velocities and 1 .9%~42 4% of area
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-averaged void fractions. The maximum relative
error and standard deviation of the area-averaged
void fraction are 8.6% and 1.008%, respectively.

Verification of the vapor velocity is carried out
by and analysis of high speed photograph. The
high speed camera of PHOTEC whose maximum
shutter speed is 10000 frames/sec is used for this
analysis. The shutter speed is set to 4000 frames/
sec in experiments. The maximum relative error
and standard deviation of local vapor velocities
are 4_52% and 3 08%, respectively.

3.2 Measurement of the local liquid velocity

In this study, the distributions of the liquid
velocity in the boiling channel was measured by a
Pitot tube. The problems of a Pitot tube to the
application in two-phase flow is that the possibil-
ity of gas or vapor inflow into the Pitot tube is
large and it may disturb the flow field. To avoid
the former problem, the pressure holes of the Pitot
tube and the volume exchange between the pres-
sure tube and the sensor cell which is caused by
pressure fluctuations in the two-phase stream
should be small. The latter problem is minimized
by adopting a small size Pitot tube. In this study,
a 1/16” Pitot tube of UNITED SENSOR is used.
The dynamic pressure is measured by CD-I5
demodulator and DP-103 differential pressure
transducer of VALIDYNE, which is the dia-
phragm changeable type. These instruments mini-
mize the possibility of the problems of vapor
inflow into the pressure tube and disturbance of
the flow field. But the cold water injection system
is made to get rid of vapor phase entrapped in the
Pitot tube. In this study, the local liquid velocity
is calculated using the Bosio & Malnes model as

follows ;
1 24p
— 6
UL T— 2 ka ( )

The measurements of the momentum transfer
factor £ is requisite in the application of the low
liquid velocity region because the drag force at
the Pitot tube tip is changed rapidly according to
the liquid velocity. The determination of %, was
carried out in the experiments of the single phase
flow. The model showed good agreement with the

average liquid velocities obtained by volume
measurements in air-water experiments. In these
tests, the maximum relative error was 4 2%.

4. Measurements

Measurements were performed with varying
heat flux and flow condition. A total of 48 sets of
experiments were carried out in the subcooled
boiling. A summary of the experimental condi-
tions are described in Table 1.

Table 1 Experimental conditions

Parameter Range
Superficial liquid velocity 0.45~2m/sec
Area-averaged void fraction 0~10%
Local void fraction 0~35%
Inlet subcooling 3~45C
Heat generaton rate 10~30 kW
System pressure 1bar (48sets)

5. Results and Discussions

Distributions of the Local Void Fraction and
the Bubble Frequency

In air-water flow, the interfacial transfer terms
such as the interfacial mass transfer and inter-
facial energy transfer, are negligible because the
physical quantities such as the pressure and the
temperature between phases are negligible. How-
ever, in the boiling flow, those terms can not be
negligible due to phase change. Thus, the distribu-
tions of the two-phase flow parameters in air
-water flow and in steam-water boiling flows will
be different explicitly for these interfacial transfer
phenomena. Among these parameters, the local
void fraction is most important because it reflects
the energy of the fluid and its distribution affects
the distributions of another local parameters such
as the vapor velocity, the liquid velocity and the
local 1AC in the two-phase flow.

In air-water experiments, the peaking of the
local void fractions near the wall are reported by
many investigators. It is known that the phenom-
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Fig. 3 Radial distributions of local void fraction in the annulus loop

ena is happened by the migration of bubbles
toward the wall and then the bubble frequency
profiles are similar to those of local void frac-
tions. Up to now, the reasons of this wall peaking
phenomena are known that the unbalanced lateral
pressure gradient around the bubble-liquid inter-
face resulting from the interaction with the liquid
phase gradient and the vortex resulting from the
deformed bubbles near the wall give the lift force
to the bubbles toward the wall.

However, the wall peaking caused by the lift
force was not observed in this steam-water boil-
ing experiments. The radial profiles of the local
void fractions for various flow conditions and the
area-averaged void fractions are shown in Fig. 3,
In the ﬁgure’ (V_Rlnner)/(Router_Rlnner) =0
means the surface of a heating rod and (»

_Rlnner)/(Router_Rlnner):1 means the outer
wall of on annulus channel. As shown in this
figure, the local void fractions for all flow condi-
tions smoothly decayed out from the surface of
the heating rod to the outer wall. These distribu-
tions of the local void fraction is quite different
from those of air-water experiments performed by
other investigators where wall peaking were ob-
served. The distributions coincide with those of
the local internal energy in the subcooled boiling.

To obtain more informations about the internal
structure of the subcooled boiling, the distribu-
tions of the bubble frequency should be known.
The radial profiles of local vapor bubble fre-
quencies are shown in Fig. 4. The profiles are
similar to those of local void fractions, that is, the
bubble frequency is high where the local void



Local Characteristics of Two-Phase Flow Parameters in an Annulus Boiling Channel 449

r‘:;’ =048 - 040 misec
30000 - O coenioes
\ B cono
O care0 0801
I| &+ aaon \

A woow |
A asams

g8
8
—L-._J

Bubble Frequency (numberfsec)
g
8
|

0.00 020 0.40 0.60 0.80 1.00
Radial Position (~R __ V(R__-R__)

a1 04 - 1.12 mipee

-
{. | O  on-aim
30000 —| | B eann
| Lo Q=T 1T]
£ 3 + 0@
R
5 20000 -: i I Gae—ld
£ {s 8 =
g 10000 — © o
| n
io*¥o @
T ag o 0 o
| O 3% o™
0.00 —}--Fﬁl—;&—i—m“&—‘

0.00 020 040 0.80 080 1.00
Radial Position (R _ MR__-R__)

40000 —
-DH-ONM:
- ]
30000 1
carel) B
4 a2l G49)
- wared XN
5. 20000 -‘o e 0147
<l DY
s 1 2 g el D30
L o000 - 4 W
.B ° .
s _+ B
LL‘.I. g -3 L ™
000 - -
0.00 020 0.40 060 0.80 1.00
Radial Position (-R__ MR __-R__)
400.00
—l <> =187 - 178 misec
- QO a-ama
i 30000 - B e
O o Q3
1 * cuane
- s ™
20000 — s | & =0 T
A oo
4 ; ! 0 e-oms
w | 4 ) ® w=onss
g 100.00 s g o T 0o
. o 0
L]
0.00 -2

0.00 0.20 040 060 080 1.00
Radial Position (r-R __ MR__-R__)

Fig. 4 Radial distributions of local bubble frequency in the annulus loop

fraction is high. It shows that the increase of local
void fraction caused by increase of an internal
energy is not due to the increase of a the vapor
bubble size but mainly due to the increase of the
vapor bubble frequency for a given area-averaged
void fraction in the subcooled boiling.

Distributions of Local Phasic Velocities
The local vapor bubble velocity and liquid

velocity were measured simultaneously in this
study. It is known that the vapor velocity is
greater than the liquid velocity in two-phase
flow. It is due to the buoyancy force caused by the
density difference between phases. And the slip
ratio of low liquid flow condition is larger than
that of high flow condition and the distributions
of local phases velocities are affected by the phase

distributions in the channel.

The radial profiles of local phases velocities for
various flow conditions and area-averaged void
fractions are shown in Figs. 5 and 6, respectively.

As shown in Fig. 5, the vapor velocities at the
center of the channel are higher than those at the
heating rod. But a sudden decrease of the bubble
velocity near the heating rod was observed in the
low flow conditions such as 0_46m/sec~0_49m/
sec of (;,>, even though such a decrease of bubble
velocity is not observed in the higher flow condi-
tions. In the high void crowded region, the phase
velocities are increased due to high buoyancy
effect. But the sudden decrease of the vapor veloc-
ity is seemed due to the micro pumping induced
phenomena. If bubbles are ejected from the boil-
ing site, the pressure at that position is suddenly
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Fig. 5 Radial distributions of local vapor velocity in the annulus loop

decreased and so the liquid phase moves to the
lateral direction. The lateral velocity of liquid
phase is increased and then the axial liquid veloc-
ity will be decreased and also the axial bubble
velocity will be decreased. The liquid velocity
profiles in Fig. 6 confirm this explanation. In
high flow condition, the lateral liquid velocity is
relatively small compared to the axial liquid
velocity and so the phenomena is suppressed by
liquid inertia force. However, more investigation
is needed to understand this phenomena in the
annulus boiling channel.

Figure 6 shows the profiles of local liquid
velocities. In the single phase flow, the velocity
profile is parabolic due to the effect of shear force
at the channel wall. However, in the two-phase
flow, the nonuniformity of void distribution and
bubble velocity across the test section change the
liquid velocity profile from the shape in the single

phase liquid flow. The position of the maximum
velocity of the liquid phase is moved toward the
heating rod as the area-averaged void fraction
increases for all flow conditions. These trends
imply that the high velocity phase lifts the low
velocity phase.

The radial profiles of the local slip ratio are
shown in Fig. 7 The profiles of the local slip
ratio are similar to those of the vapor bubble
velocity. The local slip ratios at the channel center
are higher than those near the heating rod. The
slip ratio increases as the area-averaged void
fraction increases for a given liquid flow condi-
tion and decrease as the area-averaged liquid
superficial velocity increases. The reason of the
trend according to liquid flow condition is that
the increase of the vapor bubble velocity driven
by the buoyancy force is suppressed by the
increase of inertia force.
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Fig. 6 Radial distributions of Local liquid velocity in the annulus loop

It is interesting that the local slip ratios around
the heating rod for high flow conditions such as
1.0dm/sec~1 T6m/sec of (j) are less than 1,
that is, the liquid velocity is faster than the vapor
bubble velocity. The first reason is the effect of
wall shear stress of liquid phase and the second is
that the velocity of the vapor bubble around the
heating rod is not reached terminal velocity for
high flow condition.

The radial profiles of turbulent intensity of
vapor bubble at various flow conditions and area-
averaged void fractions are shown in Fig. 8. The
profiles of refative turbulent fluctuations of vapor
bubbles are decayed out from the surface of the
heating rod to the channel center. The effect of

T - ~fthe area-averaged void fraction was

to increase the relative velocity fluctuation of the
vapor bubble for a given flow condition. But the
increasing of area-averaged liquid superficial
velacity decrease the relative velocity fluctuations
of the vapor bubbles. The relative velocity fluctu-
ations of vapor bubbles decrease as the average
liquid velocity increase. It is due to that the
relative velocity fluctuation of the vapor bubble is
suppressed by increase of inertia force of liquid
phase.

Distributions of the Local IAC and the Sauter
Diameter

The 1AC is the most important parameter in the
two-fluid model. To analyze the local 1AC, the

bubble size should be considered simultaneously,
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Fig. 7 Radial distributions of local slip

since the local void fraction is the product of the
bubble number density and the volume of a
bubble. The radial distributions of the local IAC
and the Sauter mean diameter are shown in Figs.
9 and 10, respectively.

In Fig. 9, the radial distribution of the local
IAC is similar to that of the local void fraction
for a given area-averaged void fraction. This also
means that bubble coalescing due to increase of
the local void fraction is not significant as discus-
sed in previous section. The evidence for this is
shown explicitly by comparison of the distribu-
tions of vapor bubble frequency in Fig. 4 and the
local Sauter mean diameter in Fig. 9, simultane-
ously. In Fig. 4, the bubble frequency distribu-
tions are similar to those of the local void frac-
tions which are same as the local IAC distribu-
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ratio in the annulus loop

tions. In addition, the variations of order of the
Sauter mean diameter are smaller than those of
the vapor bubble frequency for a given area
-averaged void fraction.

These results imply explicitly that the most
dominant cause of increase of local IAC due to
increase of the local void fraction is resulted from
the increase of bubble frequency for the same area
-averaged void fraction in the steam-water boil-
ing flow. This is the same result with air-water
experiment of earlier researchers such as Serizawa
and Kataoka(1990). They studied the bubble size
effect on the local IAC using the bubble size
controlling technique at the channel entrance in
their air-water experiments. They reported that
the bubble frequency and the bubble size are
determined by air nozzle type of the bubble
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Fig. 8 Radial distributions of local bubble turbulent fluctuation in the annulus loop

generation system and so the local IAC also
depends on the bubble size and the bubble fre-
quency at the channel entrance. However, in the
steam-water boiling flow, the bubble frequency
and the bubble size are determined by enthalpy
distribution, instability of bubble motion and
fluid properties in the test channel. As shown in
Fig. 10, the local Sauter diameter depends not on
the area-averaged liquid superficial velocity but
mostly on the area-averaged void fraction as in
the case of the local IAC. It implies that the local
Sauter diameters can be assumed to be constant
for a given area-averaged void fraction.

6. Summary and Conclusion
The two-conductivity probe and Pitot tube

methods are applied to the steam-water flow
boiling in an annulus-type channel to measure

the local flow parameters such as phasic velocity,
JIAC and void fraction. Major findings in this
study can be summarized as follows:

(1) In the two-conductivity probe method for
the local measurements of vapor phase, a new
cutoff algorithm was successfully developed for
the phase discrimination of steami-water-boiling
flow. And in the Pitot tube method, for boiling
two-phase flow condition, the local liquid veloc-
ities were calculated successfully by modifying the
Bosio & Malnes model.

¢2) The void fraction distribution decays out
from the surface of the heating rod to the outer
wall in subcooled boiling without any wall peak-
ing, which were observed in air-water experi-
ments. And the increase of the local void fraction
is mainly due to the increase of the vapor bubble
frequency for a given area-averaged void fraction
in the subcooled boiling.
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Fig. 9 Radial distributions of local interfactal area concentration in the annulus loop

(3) Vapor velocities at the channel center are
higher than those near the channel wall region.
But sudden decreases of the vapor velocity around
the heating rod are observed in low flow condi-
tions. And the profiles of liquid velocity are
parabolic and the maximum velocity of liquid
phase moves toward the heating rod as the aver-
age void fraction increases in the annulus chan-
nel. The profiles of local slip ratio are similar to
those of the vapor bubble velocity.

(4) The profiles of relative turbulent fluctua-
tions of vapor bubbles are decayed out from the
heating rod to the channel center.

(5) The distributions of the local IAC are
similar to those of the local void fraction for a
given area-averaged void fraction.
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