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Introduction

Void fraction measurement in various industries such
as nuclear, chemical and petrochemical will give a
useful understanding of the distribution of phases
in a multiphase system. In research conducted by
Bombak and his colleagues in 2019, it was shown that
measuring the void fraction in nuclear reactor loops
is very important for safety and efficiency in nuclear
energy production [1]. In research by Wang et al. in
2020, using an array of electrical capacitance sensors,
the void fraction in the water-gas phase was measured
[2]. In another research in 2021, Al-Amoudi and his
colleagues were able to measure the thickness of the
sediment attached to the pipe wall in the presence
of gas-liquid two-phase flow for different regimes
and various amounts of void fraction by combining
the gamma ray attenuation technique and artificial
intelligence [3].

In this research work, the aim is to measure the void
fraction using the gamma attenuation technique
combined with the use of a flat panel detector. What
makes this study different from the previous works is
the use of the imaging process instead of reading the
gamma intensity passing through the tube containing
the two-phase fluid, which makes it possible to
measure the void fraction with better accuracy and for
a wide range.

The Problem

In this research work, in order to solve the problem
of gamma-ray transport in matter, a creative idea was
proposed, which is to use a wide beam around the

Accepted: November 10, 2024

radioactive source that can be installed inside the tube
with a probe near the wall and a flat plate detector
outside the tube and opposed it for two-dimensional
imaging. Furthermore, by counting the number of
bubbles located in a certain volume of fluid and using
the calibration graphs of the phase fraction versus the
bubble numerical density, the phase fraction can be
calculated for the different sizes of the bubbles that are
homogeneously distributed in the tube.

Materials and Methods
The arrangement of source and detector in the system
presented in this research is shown in Fig. 1.

FLAT-PANEL DETECTOR

PIPE-LINE

FAN-BEAM COLLIMATION

GAMMA SOURCE

Fig. 1 Conceptual design of void fraction measurement
module.
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In this research, the bubble size ranges from 0.5 to
2 mm and its phase fraction covers the range from
1 to 10%. In order to separate the bubble from the
liquid, a cobalt-60 gamma source with an average
emission energy of 1.25 MeV was used. The used flat
panel detector with dimensions of 10 x 10 x 0.5 mm
was covered with pixels with dimensions of 0.146 x
0.146 mm. By doing all dimensional and geometrical
considerations, the simulation process was done for
each input file and by recording the output related
to tally TMESH in a time period of 2160 minutes in
MCNP code environment.

Results and Discussion

The validation results of the Monte Carlo code for
the emission energy spectrum by a standard X-tube in
IPEM Report No. 78 with a voltage of 150 kV and a
tungsten anode are shown in Fig. 2.

The simulation process was performed for 160 different
bubble arrangements in the liquid phase for different
values of bubble radius and numerical density, and the
images were recorded on the flat panel detector. Fig.

0.008 T

MCNPX spectrum
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0.005 4

0.004 -

Intensity

0.003

0.0024

0.001 ~

0.000 T T T T T T Y
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3 shows some images taken from the fountain shutter
valve for different radius and bubble density values.
Finally, after the completion of the simulation process,
the results of changes in bubble numerical density in
terms of void fraction for different values of bubble
radius were shown in Fig. 4.

Based on the studies which have been carried out, it
is demonstrated that by considering the error bars, a
satisfactory differentiation is achieved between the
profiles depicting the variations in droplet count per
unit volume for different radii. Notably, this resolution
exhibits an upward trend as the radius decreases,
implying enhanced measurement precision for smaller
air bubbles within the liquid carrier.

The graph consistently exhibits an upward trend,
indicating that there is a proportional increase in the
number of bubbles per unit volume with an increase in
the gas void fraction.

As anticipated, it is observed that for a constant void
fraction, reducing the droplet radius leads to an increase
in the number of droplets per unit volume. This trend
suggests greater compressibility of the bubbles.

.4
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Fig. 2 Comparison of x-ray spectrum obtained through MCNP simulation and IPEM report number 78 at a working voltage of

150 keV [4].
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Fig. 3 Two-dimensional images obtained for 2% bubble fraction and different bubble radial values including a) 0.5 mm, b) 1.0

mm, ¢) 1.5 mm, and d) 0.2 mm.
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Conclusions

By plotting the changes in droplets per unit volume
with liquid volume fraction for different droplet ra-
dii as shown in Figure 4, it can be concluded that the
ability to distinguish different bubble fraction values
increases with decreasing bubble radius. Also, for a
constant bubble fraction, the difference in consecutive
number density values shows a decreasing trend with
increasing radius, which indicates lower resolution in
this situation. The higher the bubble fraction, the better
the ability of the proposed imaging system to distin-

Petroleum Research, 2025(February -March), Vol. 34, No. 139

guish different and consecutive bubble radius values.

References

1.

Bombac, A., Rek, Z., & Levec, J. (2019). Void
fraction distribution in a bisectional bubble
column reactor. AIChE Journal, 65(4), 1186-1197.
doi.org/10.1002/aic.16534

Wang, X., Chen, Y., Wang, B., Tang, K., & Hu,
H. (2020). Sectional void fraction measurement
of gas-water two-phase flow by using a
capacitive array sensor. Flow Measurement and
Instrumentation, 74, 101788. doi.org/10.1016/j.
flowmeasinst.2020.101788

Alamoudi, M., Sattari, M. A., Balubaid, M.,
Eftekhari-Zadeh, E., Nazemi, E., Taylan, O., &
Kalmoun, E. M. (2021). Application of gamma
attenuation technique and artificial intelligence
to detect scale thickness in pipelines in which
two-phase flows with different flow regimes and
void fractions exist. Symmetry, 13(7), 1198. doi.
org/10.3390/sym13071198

Martin, C. J., Temperton, D. H., Jupp, T., &
Hughes, A. (2019). IPEM topical report: personal
dose monitoring requirements in healthcare.
Physics in Medicine & Biology, 64(3), 035008.
doi.org/ 10.1088/1361-6560/aafa3f.



