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Graphical abstract Abstract

The non-invasive sensing technique is one of the favourite sensing techniques applied in

the process fomography because it has not a direct confact with the medium of

e inferest. The objective of this paper is fo analyse the simulation of the non-homogenous

system of the non-invasive ERT using finite element software; COMSOL Multiphysics. In

this simulation, the liquid-air medium is chosen as the non-homogenous system. A

Exclaton different analysis of the non-homogenous system in term of the different position of the

- single air, different size of the single air and the multiple air inside the vessel were

investigated in this paper. As a result, the location, size and multiple air inside the pipe

will influence the output of the non-invasive ERT system. A liquid-gas medium of non-

| homogenous ERT system will have a good response if the air is located near the source,
the size of the air is large enough and it has multiple air locations inside the pipe.
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1.0 INTRODUCTION

Process tomography is used to reconstruct the cross-
sectional image of the medium of interest [1]. Process
tomography has been applied widely in monitoring
and visualizing the industrial applications such as in
multiphase flow. The multiphase flow can be either
three-phase flow or two-phase flow. The liquid/liquid,
liquid/gas, and liquid/solid are the examples of two-
phase flow used in the process tomography.
Electrical resistance tomography (ERT) is one the
types of process tomography applied in industrial
applications such as for liquid/gas flow regime as in
Ref. [2-8]. It works based on the conductivity
distribution to getting the fomogram of the medium
of interest [9]. The common practice of ERT system is
by using invasive but non-intrusive sensing technique.
The reason of applied this sensing technique is to
allow the continuous current flow from excitation
electrode through the conductive medium and
detected by the detection electrode [10].
Conversely, the metal electrodes of the
conventional ERT had a direct contact with the
conductive liquid that may result of electrode rust
due to the electrochemical erosion and polarization
effects. As a result, it may consist of unpredictable
measurement error and limits the application of ERT
system [11]. As reviewed by Ref. [12], the non-
invasive ERT system is believed to overcome the
conventional ERT system. The arrangement of the
electrodes mounted on the periphery of the pipe
wall could help to overcome the invasive sensing
technique of ERT system. Thus, the purpose of this
paper is to analyse the simulafion of the non-
homogenous system of the non-invasive ERT system
using finite element software; COMSOL Multiphysics.

20 A SIMULATION MODEL OF NON-
INVASIVE ERT SYSTEM

The important of the non-invasive ERT simulation
model is how the electrical signal penetrates from
excitation electrode through the conductive
medium and received by the detection electrode.
Figure 1 shows the basic principle setting of non-
invasive ERT.

The mathematical model of non-invasive ERT
system is obfained by Maxwell's equation. Since the
system consists of insulating the pipe and conductive
liquid as a major medium in the vessel, the system
can be classified as electro quasi-static (EQS). In EQS,
the magnetic induction is neglected, and results in
the system are influenced by the capacitive effect
[13]. In this paper, the simulation of the system is in
two-dimensional and thus, the fringe effect caused
by the height of the electrodes was neglected. The
2D EQS equation of the sensing field in the non-
invasive ERT system can be shown in (1). Where I and
Ii represent the spatial locations of n electrodes; i
and j are the indexes of excitation and detfection

electrodes respectively, and V, is the applied
voltage fo the system.
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Figure 1 The excitation and detection electrodes of non-
invasive ERT
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In addition, the current measured based on
Ampere’s law. If considering the integral form, we
can get the total current equation on the surface of
the sensing field [14] as (2). The | is a total current on
the surface, Ic is a conduction current, and lq is a
displacement current. The s is the surface of the
electrode, and ds is the discrete element of the
electrode.

§Hdl=§st+§%Dds=lc+|d=| 6y
c s s

Based on Figure 1, the system consists of coupling
capacitances affected by the insulafing pipe used.
Alternatively, the coupling capacitance refers to the
capacitance between the electrode mounted on
the periphery of the insulating pipe wall and the
conductive liquid. It is very different if compared to
the conventional ERT system, which only considers
the resistance between each pair of the
measurement electrodes. In that case, the non-
invasive ERT system will have total impedance, Ziotal
of resistance in series with the coupling capacitances
asin (3).
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By implementing a certain frequency to the non-
invasive ERT system that is high enough to optimise
the reactance part of the impedance, Ohm'’s law
can determine the resistance between any pairs of
electrodes. The Rij, Vo and Iij in (4) refer to the value
of the resistance, voltage and current for every pair
of the electrodes, respectively. The value of the
resistance will be used later for the image
reconstruction part to determine the conductivity
distribution of the medium of interest.

V
=real I—O (4)

ij

Ri,j

In this paper, we adopt the finite element model
software, COMSOL Multiphysics to model the two-
dimensional non-invasive ERT system. The simulation
set-up of the non-invasive ERT model can be divided
into the following approach:

1. The electric current (ec) module under AC/DC
physic is chosen. Also, the frequency domain of
equation form was selected as presenting the
electro-quasi static electric field.The frequency of
the system was set up to 2 MHz.

2. The geometry model of the system drew
according to the specific parameters.

3. The material for each domain of the geomeftry
model was defined.

4. The boundary condition of the electrical
properties of excitation and detection electrodes
was sef-up. The excitation electrode,E1 was
connected to the voltage source, 10 V and the
detection electrodes, E2-E16 were connected fo
the ground.

5. The extra fine mesh was generated.

6. The sensitivity of the sensor was observed and
analysed in terms of current value.

The detail of the parameters used for modelling the
non-invasive ERT system can be found in Table 1.

Table 1 Parameters of simulation model

No ltem Dimension
1 Electrode width 16 mm
2 Electrode length 200 mm
3 Thickness of pipe 2 mm
4 Outer diameter of pipe 100 mm
&= 3.45 (acrylic)

5 Electrical Permittivity &= 80 (water)

&=1 (air)

o = 3e-14 S/m (acrylic)

6 Electrical Conductivity o =7e-3S/m (water)

o =0 (air)

3.0 ANALYSIS OF SIMULATION RESULTS OF
NON-HOMOGENOUS SYSTEM

The non-homogenous system that consists of water as
a main conductive medium and air as the object
field was analysed. The comparative analysis of
different position, different sizes and different
numbers of air are carried out and the simulation
results are described as follow.

3.1 Different Position of Single Air in the Pipe

The different position of air placed in the pipe is
ilustrated in Table 2. The Figure 2 shows the
normalized current distribution for different location
of air the pipe. Generally, the normalised current
value for the air near source was small if compared
to the air placed at the farthest electrode.
Simultaneously, the different position of the air will
influence the current value af the defection
electrode near to that air. It can be seen in Figure 2
for the air located at the bottom of the pipe which is
the detection electrode E11 and E12, it gave the
small value of normalized current compared fo
others detection electrodes. Overall, the sensor of
non-invasive ERT become more sensitive for the area
of non-homogenous near to the source due to the
large reflection of current signal before it can
fravelled and detected by the detection electrodes.

Table 2 lllustration of single air (20 mm) placed in the pipe

Position lllustration

Near source

El

Far from source

E1l

Near Centre

El
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Figure 2 Normalised current distribution for one air in
different position

3.2 Increment Size of Single Air

The analysis of the increment size of air located near
the source was also investigated as shown in Table 3.
The size of air in term of diameter chose randomly
starting from 2.5 mm in diameter fill 30 mm in
diameter.

Table 3 lllustration of the increment size of single air placed
in the pipe

20

El

30
El

Size of air

(Diameter, mm) lllustration

2.5

Based on Figure 3, the normalized current
distribution of air fell with the rise of the diameter of
air. However, when the size of air is too small, the
change of normalized current was not significant.
Consequently, there is better quality of tomography
when the size of air in the non-homogenous system
becomes large enough.
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Table 4 lllustration of surface current line and electric field of
the non-invasive ert system

Surface Current line Electric field

Figure 3 Normalised current distribution for one air in
different size

3.3 Different Number of Air inside the Pipe

In the same way, the homogenous system (full liquid)
was compared with the two and four numbers of airs
located in the pipeline. The reason of doing this
analysis is to do the further investigation of the
changes of the non-invasive ERT system. The
illustration of the homogenous (full liquid) and non-
homogenous in term of surface current line and
electric field is shown in Table 4. Noted that, the size
of the air used is 20 mm in diameter.

As seen in Table 4, the trend of the surface current
line and electric field of the non-invasive ERT system
changed with the different numbers of air inside the
pipe. Furthermore, as shown in Figure 4; the
normalized current value also fell if compared to the
homogenous system with the increasing of the
numbers of air. It was also depending on the position
of the air inside the vessel. Additionally, if the air
placed near o the source electrode, the normalized
current value becomes higher at the adjacent
detection electrodes near the source if compared to
the homogenous system, while it becomes small af
other detection electrodes. Again it is due to the
reflection of the electricity becomes higher when it
was placed near to the source before it can be
received by the detection electrode.

0.001
0.0009
< 0:0008
£ 0.0007
[
5 0.0006
S |
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0.0001
0

Ise

Normal
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=t HOMOQgENOUs ==ll=TwO Qlir === Four qir

Figure 4 Normallised current distribution for different numbers
of air
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4.0 CONCLUSION

To conclude, the objective of this paper had been
achieved. The simulation of non-homogenous of non-
invasive ERT system which is the water-air regime
inside the insulating pipe had been investigated and
analysed. It is proven that the location of air as
obstacle inside the vessel will influence the value of
the normalised current. If the air near the source, the
sensor will have a better response compared to the
farthest air from the source. A large value of the
normalised current will appeared at the adjacent
detection electrodes near the source compared to
the other detection electrodes. Moreover, the non-
invasive ERT will have a better quality when the size of
obstacle is a large enough. Furthermore, if the system
consists of a multiple air, the value of the normalised
current  becomes small  compared to the
homogenous system. A different medium of the non-
homogenous system will have a different
performance of the non-invasive ERT system.
Simultaneously, it is believed that the simulation result
could be applied for the chemical application such
as for monitoring and visualization of the
performance of the bubble column.
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