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Abstract. Two-phase flow has been used in so many industrial processes, such as boilers, reactors,
heat exchangers, geothermal and others. Some parameters which need to be studied include flow
patterns, void fractions, and pressure changes. Research on void fractions aims to determine the
composition of the gas and liquid phases that will affect the nature and value of the flow property.
The purpose of this study is to find out the characteristics of the void fraction of various patterns that
occurs and to determine the characteristics of the velocity, length, and frequency of bubbly and plug.
Data acquisition was used @@convert the data from analog to digital so that it can be recorded, stored,
processed, and analyzed. High-speed camera Nikon type J4 was used to record the flow. The
condition of the study was adiabatic wigli variation of superficial gas velocity (Jg), superficial fluid
velocity (Ju), and also working fluid. To @jtermine the void fraction by using the digital image
processing method. The results of the study found that the flow patterns which occurred in this study
were bubbly, plug, annular, slug-annular and churn flows. It also showed that the void fraction value
is determined by the superficial velocity of the liquid and air. The higher the superficial velocity of
the air, the lower the void fraction value.

Introduction

Void fraction is one of the parameters used to know the characteristics of two-phase flow. By
deciding the void fraction, we can determine the several characteristics of the flow, namely relative
velocity, the prediction of changes in flow pattern transition, heat transfer, calculation of the pressure
drop, etc. One of the essential factors of this research which determines the void fraction in the a
mini pipe is to get further knowledge and validate previous experiments with different methods. This
research aims to know the flow characteristics, namely the velocity and frequency of flow pattern,
and to determine the prediction of flow pattern transition changes, heat transfer, as well as to calculate
the pressure drop used in the next research. [l] Measured void fraction using the constant flow
method with small bubblys and large gas bubblys calibration. Analysis of void fractions was carried
out by knowing the value of the liquid film thickness which encircles and surrounds the bubbly. The
relationship between film thickness and gas superficial velocity (Jg) on the a horizontal flow was in
the pipe size of | mm, 2.,4 mm, 4.9 mm and 9 mm. [1] They Sstated that the film thickness value
of those pipes was getting more significant with the increase of gas superficial velocity (Jg). On the
contrary, inthe pipeline with a diameter of 9 mm, the value of the film thickness decreased more and
more with the increase of gas superficial velocity (JG). Also, the data obtained from the intermittent
flow pattern could be well linked to the data obtained from an annular flow pattern. [2] Measured the
void fraction with the measurement of electrical conductivity in a flow. Two pairs of electrodes were
installed in the inlet and outlet of the parallel plate with a gap between 0.778 mm - 1.465 mm. The
void fraction was measured by comparing the ratio between the electrical conductivity of gas-liquid
two-phase flow gas-liquid and electrical conductivity of liquid one-phase liquid flow. The result of
this data would be converted into the form of a void fraction. [3] Compared the void fraction data
which was estimated from the photograph taken from the circular test section with the predictions
from several correlations. Except for annular flow where all the correlations tested were exceeded
the data, homogenous model produced the best suitability with experimental results. [4] Measured
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the void fraction in the pipe with the diameter of 100 pm. When the liquid fluid flowed with the low
flow rate, the picture recorded was dominated by the flow without air (¢=0), and the gas core flowed
with a smooth liquid film. Meanwhile, when the average flow average was high, there were three
recorded flows, namely single flow (¢=0), gas core flow with smooth liquid film (e=1), and gas core
flow with thick liquid film (0 < & > 1). Agnieszka L.adosz, etc. The following is the void fraction
graph produc from the research by Kawahara et al. (2002). [5] For the first time demonstrates
demonstrated for the first time a model for pressure drop prediction in three-phase liquid-liquid-gas
slug flow. The proposed equation was successfully applied to oleic acid-water-nitrogen and heptane-
nitrogen-water flows in capillaries of two diffeffht materials and sizes, with good agreement between
experimental and theoretical results. TheyWe found that microchannel material can affect pressure
drop tremendously if the magnitude of surface roughness exceeds the thickness of liquid film present
around the gas or liquid slugs or if wettability of the wall material starts to play a role, i.c. so called
dry-flow occurs. The presented model is simple and can be easily extended or reduced for slug flow
cases where more or less than three- phases are present, including liquid-liquid and gas-liquid flows.

[6] Measured the average time of void fraction in the circular channel with a diameter of D = 50,
100, 250, and 530 um as well as in the square channel with diameter of 96 pm by using the image
analysis. Homogenous flow model had good suitability with the data for D= 530 pm. The data for D
= 530 um was a little bit different from the homogenous flow model but was well suitable with the
correlation proposed previously by Ali et al. (1993). It was that a two-phase flow in a narrow square
channel with Dh ~ 1 mm: o = 0.8 B and B = Jo/IL is volumetric quality. The data [7] for a square
channel of 96 pm and 50 as well as 100 pm showed a very different tendency from those correlations
but showed a non-linear relationship between o and B. [8] Conducted afesearch about gas-liquid
two-phase flow in a horizontal pipe with diameter of 3.5 and 9 mm by using four kinds of liquid,
namely; tap water, poly-oxy-ethylene lauryl solution, nonionic-polymer-fluorinate solution FC4430,
and pure hydro fluoro ether 7200 with the gas fluid was air at atmospheric conditions. They reported
that fluid properties greatly influence the flow pattern transition, especially the change of bubbly flow
to the slug flow; and Lighid properties do not have much effect on frictional pressure drop, but have
a significant impact on the interfacial fraction force and void fraction, especially on bubbly and slug
flows for jL = 2 m/s. [9] Measured the average void fraction in a channel with the diameter of
1.6 mm by using image analysis with software MATLAB. The result of the void fraction
measurement compared to the homogeneous model was a = Jg(Jg+JL), the equation [10], the equation
[11] where p=(0.0300.5) / (1-0.9700.5). They reported that the slug and bubbly flow were above the
correlation line toward the homogeneous model. The position of void fraction of the slug and bubbly
flow which was above the homogeneous line indicated that the slip ratio was valued of more than 1.
It was because the actual speed of air is much greater than the actual speed of water. [ 12] Meanwhile,
the void fraction of the churn, slug-annular, and annular flows were below the correlation line of the
research; where they used pipe of 0.15 mm diameter and studied only for the throat-annular,
serpentine-like gas core flows with the void fraction closed to the correlation line. [13] Studied the
void fraction in which one of its results reported that generally, the increase of Jg affects the void
fraction except for the very low Jg 1t was because in that Jg the flow pattern was bubbly and plug.
From the graph of homogenous void fraction () vs. measured void fraction (g or o), for the bubbly
flow, all the € values were higher than the p value. Whereas, for the plug flow, the value of ¢ scattered
around the correlation line of Ali et al. (2 = 0.8 B) up to slightly above the homogeneous line. This
could be seen because in the bubbly and plug flows there was no slip or even if there was a slip, the
slip ratio was close to 1. For churn, plug-annular, (S-A), and annular flow patterns, the value of € was
minimal, even below the Kawahara correlation line. It was due to a substantial slip ratio, meaning the
gas velocity is much greater than the liquid velocity. CFD on the plug two-phase flow gas-liquid in
the horizontal pipe was conducted [14]. The flow was simulated at the gas superficial velocity (Jg) =
0.12-1.88 m/s and liquid superficial velocity (JL) = 0.16-1.13 m/s in the temperature of 25°C. The
result show that the superficial gas velocity significantly influenced the time variation of the liquid
which is held in a very fluctuating plug flow because the emerge of the small bubbles in the gas phase.
[15] conducted a research about the two-phase flow pattern on short horizontal rectangular
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microchanncls. Thef@sult of this rescarch was the flow patterns of bubble, annular, jet, stratified and
churn regimes. The investigation of two-phase flow, holding fluid and the decreasing pressure in the
thick oil-gas flow were also studied [16]. The result was the flow pattern of stratified, stratified wavy,
bubbly flow, plug flow, roll-wave, and slug flow. The pressure drops and flow pattern visualization
were investigated. In air-water two-phase flow with a sudden magnification of a rectangular section
of a vertical channel. The water discharge was 0.04-0.28 dm3/s, and the air discharge was 6.06-
0.39 dm3/s. The visualization showed that the changes of flow @@ttern did not depend on the water or
air discharge but the changes of cross-sectional area [17]. A measurement method, which is a
combination of the multiwave UVP mffihod and WMT, has been applied to the measurement of
bubbly two-phase flow in vertical pipe. Regarding the measurements of counter-current bubbly flow
of air water in the vertical pipe, measured data showed that the effect of initial flow conditions, e.g.
bubble size, on the pattern of cross-sectional void fraction distribution was confirmed; measured data
of instantaneous profiles of void fraction and velocity can contribute to the assessment and
development of numerical simulation of two-phase flow [18].

Research Method

The experimental set up used in this research are shown in Fig. 1. The measuring tools used in this
research are among other: water flow meter, air flow meter, temperature indicator, thermocouple,
pressure indicator, and pressure transducer. High-speed camera Nikon type J4, with a speed of
1200 fps and a resolution of 640 x 480 pixels, is used for video shooting of the flow. Data acquisition
was used to convert data from analog to digital so that it can be recorded, stored, processed, and
analyzed on a computer. The condition of the study was adiabatic. Experiments were carried out at
the superficial gas velocity (Jo) @ intervals of 0.025 - 66.3 m/s, and superficial fluid velocity (JL) at
intervals@if 0.033 - 4,935 m/s. This rescarch was conducted in 4 stages (based on working fluid),
namely: air-water + 0% glycerin, air-water + 10% glycerin, air-water + 20% glycerin, and air-water
+ 30% glycerin. This research was conducted to determine the void fraction by using a digital image
processing method.

ILI A : Compressor G : Test section

B : Water tank H : Pressure transducer
C : Water pump I :Acquisition system
D :Pressure Vessel ] - Computer

D E :Liquid flowmeter K : Air flowmeter
F : Mixer L : Water trap
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Fig. 1. Experiment set up
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Result and Discussion

The bubbly flow pattern is shown by the appearance of an air bubble formed like a small sphere
floating between the walls of the pipe (Fig.2). This flow pattern is formed when the superficial gas
velocity (Jg) is low, and the liquid superficial velocity (Jv) is high.
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Fig. 2. Bubbly flow pattern with Jg =0.116 m/s and J. = 0.89 m/s

The plug flow pattern is often marked with the air bubbles which covers the whole pipe wall with
various flow pattern lengths (Fig. 3). It shows that the plug diameter is the same as the diameter of
the mini pipe. Based on the phase, the plug flow pattern can be differentiated into two, namely the air
plug and water plug.
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Fig. 3. Plug Flow Pattern with J¢ =0.116 m/s and J. = 0.033 m/s

The plug is the flow pattern which based on the form is categorized as the large bubbly flow
(elongated bubbly).

Bubbly and plug velocity can be found by determining the interlude between the movement of
bubbly and plug from one reference point to another. The value of cross-correlation bubbly can be
seen in Fig.4. It can be observed a fluctuation which contains the value that shows the interlude. The
highest peak represents the interlude resulted from cross-correlation. Furthermore, the value of the
bubble and plug velocity is calculated from the distance of both used references divided by the
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3
specific interlude. If the viscosity increases, then the bubbly and plug velocity will decrease. ghis
phenomenon is caused by the difficulty of air to enter the glycerin mixed pipe flow, and the aquades
has the increasing viscosity.

The velocity of bubbly and plug flow pattern was then plotted and provided in Fig.5. The graph is
made by connecting the bubbly and plug velocity with volumetric flux total, then the velocity of
bubble and plug will increase. Fig.5 presents the graph of plug and bubbly length that are decided by
using the method of manual calculation. The manual calculation is done to the bubbly and plug that
flow in | second, and then the average is calculated to determine the length of bubbly and plug. After
the result is known (At =t — t;) and the velocity from cross-correlation is obtained (v), it can be
obtained the value of bubbly and plug length by calculating (L = At.v). Based on the received result,
there is the only little bubbly length that has the size less than the diameter of the pipe. This result is
caused by the bubbly flow is also found in the plug flow.

bubble Velocity = 1,600000e+00 m/s bubbly Velocity = 1.89080%e +00 m/s
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Fig. 5. The Velocity of Bubble and Plug  Fig. 6. The Length of Bubbly and Plug

The length will affect the average of bubbly and plug (Fig. 6). The void fraction of the bubbly flow
pattern will increase significantly over a period caused by the emergence of plugs. In the flow pattern,
the void fraction plug will reach one at a certain time range. It is because the plug meets the test
section ofhe channel. The bubbly and plug flow patterns are greatly influenced by the viscosity of
the fluid. It is because of the higher the viscosity of the fluid, the faster the velocity of the bubbly and
plug flow patterns, and the lower the viscosity of the fluid, the faster the velocity of the bubbly and
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plug flow patterns. The lengths ofjthe bubbly and the plug patterns arc influenced by the higher
homogeneous value which makes the length of the pattern increases. The frequency of bubbly and
plug is quite high, which increases the void fraction.

Conclusion

When superficial gas velocity (Jg) is increasing, then the obtained void fraction will increase. On
the contrary, when s@erficial liquid velocity (JL) is increasing then, the void fraction will decrease.
The flow pattern of bubbly and plug is significantly affected by the total of volumetric flux. This
phenomenon is caused by the higher J1 (Jg + JL), the higher flow pattern velocity. The length of
bubbly and plug flow pattern is affected by the value of (B) when the value of (p) is increasing then,
the length of the fIfv pattern increase. Moreover, the length of both flow patterns is also affected by
the homogeneity. The length of bubbly and plug are affected by the obtained J; and Ji. At the
frequency when bubbly and the plug occurred — high enough frequency, the value of the void fraction
is increasing enough.
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