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Abstract—This study investigated the void fraction characteristics
under low superficial gas velocity (J,) and low superficial fluid
velocity (Jf) conditions in a 3x3 rod bundle geometry. Three
arrangements of conductivity probes were set to measure the void
fraction at wvarious cross-sectional regions, including rod-gap,
sub-channel and rod-wall regions. The experimental tests were
performed under the flow conditions of J, = 0-0.236 m/s and J; =
0-0.142 m/s, and the time-averaged void fractions were recorded at
each flow condition. It was observed that while the superficial gas
velocity increases, the small bubbles started to cluster together and
become big bubbles. As the superficial fluid velocity increases, the
local void fractions of the three test regions will get closer and the
bubble distribution will be more uniform across the cross section.

Keywords—Conductivity probes, rod bundles, two-phase flow,
void fraction.

I. INTRODUCTION

WO-PHASE flow is a flow system consisting of two

different phases. Two-phase flow will carry out many
different types of flow patterns because of the external
conditions such as void fraction, physical properties of fluid
and gas, flow channel size and geometry, temperature, and
pressure drop. Two-phase flow regimes have been separated
into several parts, such as bubbly flow, slug flow, churn flow
and annular flow [1], [2]. Two-phase flow analysis plays an
important role in safety analysis of nuclear reactors. Therefore,
the two-phase flow characteristics are needed to be analyzed in
more detail.

Chen et al. [3], [4] have developed the one-dimensional
drift-flux model in rod bundle and compared with some
existing models. However, their test condition is under pool
condition and they have measured all cross section void
fractions. In this study, the ranges of the test flow conditions
cover J¢= 0.024, 0.099 and 0.142 m/s, and J, = 0.024-0.236 m/s.
The local void fraction is measured to determine the bubble
distribution in detail.
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II. EXPERIMENTAL FACILITY

Fig. 1 shows the schematic of the test facility. The purified
water from the water tank is pumped into the mixer and mixes
with the normal air from the compressed air tank. The flow
rates of air and water can be controlled by adjusting the flow
control valves such that the specific flow patterns occur. The
two-phase mixture flows into the test section. The
measurement region includes the three pressure sensors and
several electric conductivity sensors which are around the
acrylic rods and the right and left side of the casing. The
test-section’s horizontal cross-section is shown in Fig. 2. The
experimental test conditions and the facility parameters are
listed in Tables I and II. The casing of the rod bundle test
section is made of 52 mm % 52 mm aluminum rectangular duct.
There are a total of 9 (3 x 3) acrylic rods in the rectangular duct.
The rod diameter is 11.5 mm and the rod pitch is 15.4 mm. On
the top of test section is the visualization region, the rectangular
duck and the rods of this region are made of transparent acrylic.
The pictures of two-phase mixture in the test section will be
taken by utilizing the high speed camera at the visualization
region.
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Fig. 1 Schematic of 3x3 rod bundle test facility

TABLEI
EXPERIMENTAL TEST CONDITIONS

Test Parameters Test Condition

Jo(m/s) 0~0.236
J(m/s) 0.024, 0.099, 0.142
height of conductivity probes 270
(cm)

test region rod-gap, sub-channel and rod-wall regions
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Fig. 2 Cross-sectional arrangements of conductivity probes in the rod
bundle test section

TABLEII
FACILITY PARAMETERS
Facility Parameters Values

casing size (mm) Rectangular, 52 x 52

rod bundle 3x3
hydraulic diameter (mm) 9.12
rod diameter (mm) 11.5
pitch distance (mm) 15.4

During the tests, the measured voltage from conductivity
probes is used to determine the void fraction of two-phase
mixture. Because the difference between the dielectric
constants of air and water is large, the dimensionless voltage
can be used to determine the void fraction of two-phase flow
mixture. The voltage of two-phase flow can be turned to
dimensionless voltage by divided the voltage of full water. The
relation of void fraction and dimensionless voltage is:

o= V* — Vtwo‘;‘:hase (1)

where « is the void fraction, V" is dimensionless voltage,
Viwo—phase the voltage of two-phase flow, and V,, is the voltage
of full water.

In the previous study [5], dimensionless voltage was applied
to estimate void or liquid fraction and it has a great performance
for measuring the void fraction. Chen et al. [5] used the electric
conductivity sensors and 1-D drift flux model to verify the
potential error of void measurement. It was found that the test
data can fit the drift-flux model with limited error less than
20%.

III. RESULTS AND DISCUSSION

A. Photography Analysis

The visualization region is on the top of test section. The
pictures of two-phase flow mixtures were taken by a high speed
camera of this section to observe the two-phase flow in the rod
bundle. Fig. 3 shows the picture of the two-phase mixture. The
superficial fluid velocity is 0.142 m/s, and the superficial gas
velocities are 0.047 m/s, 0.094 m/s, 0.165 m/s and 0.236 m/s
respectively. The sizes of bubbles will be larger and the number
of bubbles will be greater as superficial gas velocities increases.

(© (d)

Fig. 3 Exemplary photos of two-phase flow in the rod bundle: (a)
J=0.142 m/s, J,=0.047 m/s; (b) J=0.142 m/s, J,=0.094 m/s; (c)
J=0.142 m/s, J,=0.165 my/s; (d) J=0.142 m/s, J,=0.236 m/s

B. Void Fraction Analysis

The position of the chosen electrode sensors is at 2.7 m
height. Fig. 2 shows the electrode sensors which were chosen to
detect the conductivity in this study. The void fraction of rod-
gap, sub-channel and rod-wall regions will be discussed. The
region of rod-gap is between central rod and four side rods. The
sub-channel region is between central rod and four diagonal
rods. Between four diagonal rods and walls is the region of
rod-wall.

The signals of each condition are recorded for 120 seconds.
Fig. 4 shows the signals during 55 seconds to 65 seconds of the
void fraction which are transferred from the conductivity
signals detected by the conductivity probes. The test conditions
of Figs. 4 (a)-(d) are J=0.142 m/s, J;=0.047 m/s; J=0.142 m/s,
1,=0.094 m/s; J=0.142 m/s, J,=0.165 m/s; and J=0.142 m/s,
J,=0.236 m/s, respectively. In Fig. 4, there are many
fluctuations of void fraction signals and there are sometimes
bigger bubbles passing through such that void fractions
increase rapidly. As superficial gas velocity increases, the void
fractions fluctuate more violently, and the magnitudes of void
fractions increase. Moreover, most big bubbles appear at
sub-channel and rod-wall. The averaged void fractions under
various test conditions are shown in Fig. 5. At very low
superficial fluid velocity, the void fraction of rod-wall is much
lower than the others. As the superficial fluid velocity is equal
to 0.142 mV/s, the void fraction values of sub-channel, rod-gap,
and rod-wall are nearly the same.

15



International Journal of Mechanical, Industrial and Aerospace Sciences
ISSN: 2517-9950
Vol:14, No:1, 2020

sub-‘channcl
rod-wall
0.8 rod-gap
5
= 0.6
£
B04r y
g
| i
] | | | ] 1t
0z \g J' M I | (1 iy
“;MN L m,,w-rr r-s..a'i fuqf”-«b,l‘hw ?-uvm- wwu-u\h,mwmwnw Wk
0 \ | | | | |
55 56 57 58 58 60 61 62 63 64 65
time(s)
(a) J=0.142 m/s, J,=0.047 m/s
1 '
sub-channel
rod-wall
0.8 rod-gap
1=
208
[&]
]
&
Boa
=

e "
° (sl Mﬁﬁuﬁmﬂ.ﬁﬁﬁ!ﬁ%‘m«» ,wwmw. s JJ

55 56 57 58 59 80 61 62 63 &4 85
lime(s)

(b) J=0.142 m/s, 1,=0.094 m/s

sub-channel

rod-wall
0.8 rod-gap
Sos
£ | |
=]
B 04- 1 ‘
= || '.l I L | H 1 ‘ "
DE.I -\ “ ’ | J' I l‘lll L" l”l.'“( ll|”
i N Mw it m el W
055 56 5|? 58 59 60 61 62 (3"3 &4 85
time(s)
(c) J=0.142 my/s, Jg=0.165 m/s
1 sub-channal
rexd-weall
0.8 | md-uap]
: ' I ! -
-%u.a. . l'| |
m
= \ i
204 | ' q
g I‘ Iy | | h! | | " I | | |
ozl" “[” lllljll' 1 ~
o b '“' uw "“ ”” ‘*w‘-ww, ¥ M i L"Wu* i "w
05'5 56 f;? 58 59 60 61 62 63 6 65
time(s)

(d) J=0.142 m/s, J,=0.236 m/s

Fig. 4 Void fraction signals under various test conditions
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Fig. 5 Averaged void fraction under various test conditions

IV. CONCLUSION

In this study, experimental tests of air-water two-phase flow
in a 3 x 3 rod bundle test section have been carried out. The test
flow conditions covered the ranges of J;~ 0.024, 0.099 and
0.142 m/s, and J, = 0.024-0.236 m/s. The local void fraction
signals can be measured by the conductivity probes at various
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local regions such as rod-gap, sub-channel and rod-wall
regions. In addition, the photos of two-phase flow mixtures
flow in the rod bundle geometry were taken by the high speed
camera and used for visual analyses of flow patterns and void
distribution. The major conclusions are briefly summarized as
follows.

(1) The bubble size and void fraction will be larger as
superficial gas velocity increases under constant
superficial fluid velocity flow conditions. While
superficial gas velocity increases, small bubbles may start
to coalesce and gradually become lager bubbles.

(2) All of the averaged local void fractions can increase as the
superficial gas velocity increases.

(3) The void fraction of the rod-wall region is much lower than
the others when J;< 0.1 m/s. As J; is higher than 0.1 m/s,
the bubble distribution can become more uniform
throughout the cross section.
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