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ABSTRACT 
 
Pipelines are major part of any oil and petrochemical industry. It is common to burry transportation pipelines 
under soil for mechanical protection. However, corrosion in soil can reach high rates and becomes a major 
loss especially in costal environments and wet soils. In this paper, a numerical simulation analysis of 
pipeline corrosion is developed by using a new technique for corrosion evaluation. This technique is 
electrical capacitance tomography (ECT). The electrical capacitance system consists of number of 
electrodes mounted on the outer surface of pipeline, radius-electrode ratio is defined as the ratio of inner 
and outer radius of pipeline. The electrodes will act as a capacitance detector and the resulting capacitance 
can be measured between the electrodes. This capacitance will therefore vary when the pipeline thickness 
changes with time (that is, when the corrosion occurs). The finite element simulation technology can be used 
to calculate capacitance value to obtain the capacitance-sensitive field distribution electrode sensors. The 
effect of pipe wall corrosion on sensor capacitance measurements is presented in this work. It is based on 
the finite element model. The simulation results are obtained using ANSYS and MATLAB software. 
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INTRODUCTION 
 
Pipelines play an extremely important role throughout the 
world as means of transporting gases and liquids over 
long distances from their sources to the ultimate 
consumers. Pipelines suffer from corrosion, cracking and 
other problems. External corrosion has been recognized 
for many years as one of the main deterioration 
mechanisms that may reduce the structural properties of 
buried transmission pipelines (Jones, 1995). Dyakowski 
(2005) presented examples illustrating applications of 
electrical tomography for imaging fluidized beds, bubble 
columns and pneumatic conveyors. Electrical 
tomography opens up new ways for processing, imaging 
and modelling multi-phase flows as shown by 2D and 3D 
images illustrating the various types of flow morphology. 
Alme and Mylvaganam (2006a) focused how to model 
these sensor systems using the electromagnetic module 
(EM) in COMSOL multi-physics. The governing equations 
and the modeling approach for 2D and 3D geometries 
are considered. 3D modeling results are compared to 2D 

simulations, and as shown in this paper, there are 
situations where the 2D models may entail large errors. 
Alme and Mylvaganam (2006b) summarized the theory 
and principles of electrical capacitance tomography 
(ECT) with focus on illuminating the design criteria 
involved in the radial and axial dimensions of different 
electrodes used in ECT sensors. Different aspects of 
ECT sensor design and some principles of image 
reconstruction are addressed. The concept of 
capacitance, which is the property measured, and how 
this is related to the field quantities are reviewed.  Daoye 
et al. (2009) analyzed the effect of pipeline thickness on 
ECT system including sensor and image reconstruction, 
radius-electrode ratio is defined as the ratio of inner and 
outer radius of pipeline. The rules of 8-electrode sensor 
parameters such as capacitance, capacitance change, 
and change rate of capacitance and sensitivity map are 
discussed by ANSYS and Matlab, which are combined to 
simulate sensor characteristic. Liu et al. (2005) introduced  
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a new data acquisition strategy, namely the single drive 
electrode method used in Electrical Resistance 
Tomography (ERT) system. The simulation studies have 
been done by ANSYS software and the results have 
been analyzed for the deep study. Caol et al. (2007) 
designed an optimized square electrical impedance 
sensor. For circulating fluidized beds, a 2D mathematical 
model has been established for the sensor has a set of 
calculable standard values, and thus it is self-calibrated. 
Based on the conformal transformation theory and 
precise integration method for elliptic function, a fast 
image reconstruction algorithm using the model has been 
introduced. Also, the results validate the feasibility of the 
algorithm. Al-Tabey (2010) presented the effect of 
pipeline filling media changing on electrical capacitance 
tomography (ECT) system (that is, change of the 
permittivity coefficient of filling material), which include 
sensor and image reconstruction. He used the finite 
element simulation technology to calculate capacitance 
value to obtain the capacitance-sensitive field distribution 
on the basis of filling fluid permittivity distribution. He also 
presented an image reconstruction algorithm for an 
electrical capacitance tomography (ECT) technique it is 
based on the finite element model. 
 
 
ELECTRICAL CAPACITANCE TOMOGRAPHY 
SYSTEM 
 
Electrode sensor mathematical model 
 
For N-electrode ECT system sensor as an example, its 
partial cross-section is shown in Figure 1. The electrodes 
are installed on the outer wall symmetrically along the 
circumference of pipe. 

When one electrode is excited, the other electrodes are 
kept at ground potential as shown in Figure 2 and act as 
detector electrodes. When electrode 1 is excited with a 
potential, the change 푄 ,  is induced on the electrodes, 
푗 = 2,⋯ ,푁 can be measured. Next, electrode 2 is excited 
whereas, rest the electrodes are kept at ground potential, 
and the induced charges 푄 ,푄 ,⋯ ,푄 	are measured. 
The measurement protocol continues unit electrode N-1 
is excited. Using these charge measurements, the inter 
electrode capacitance 퐶  can be computer using the 
definition of capacitance (Equation 1): 
 
퐶 =

∆
                                                                         (1) 

 
Where 푄  is the charge induced on electrode j when 
electrode i is excited with a known potential. 푉  is the 
potential difference between electrodes i and j ∆푉 =
푉 − 푉 ). So the number of independent capacitance 
measurements using Equation 2 is: 
 
푀 = ( )                                (2) 
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Figure 1. Partial cross section sketch of ECT sensor. 

 
 
 

 
 
Figure. 2 Schematic representation of the 
measurement principle of an ECT system. 

 
 
 
The actual capacitance changes measured will be very 
small, in the order of pico or femto farad 
(10 표푟	10 퐹). The capacitance values when the 
sensor contains air are referred to as “Standing 
Capacitance”, and will be in the range of Pico or Femto 
Farad. Sequential electrodes are referred to as adjacent 
electrodes and have the largest standing capacitance, 
while diagonally or opposing electrodes will have the 
smallest capacitances. 
 
 
Governing equations 
 
The main governing equations to get the desired value 
for capacitance are: 
 
∇. 휀(푥,푦)∇.휑(푥,푦) = 0	(3) E(푥,푦) = −∇휑(푥,푦)(4)퐶 =

∆
     (3) 



 
 
 
 

Table 1.  Sensor physical specification. 
 

ECT sensor Spec. 
No. of electrodes  24 
Guards between electrodes  1 mm 
Inner/outer pipe diameter  49.3/65.2 mm 
Earth screen diameter  120 mm 
Thickness of electrodes 1 mm 
Permittivity pipe wall εr = 7 
Excitation voltage φ = 15 Volts 

 
 
 
Where: 휑(푥,푦)	is potential distribution; 휀(푥, 푦)	is 
permittivity distribution; 퐸(푥,푦)	is electric field vector; ∇.	is 
divergence operator; ∇	is gradient operator. 
 
 
FINITE ELEMENT ANALYSIS OF CORROSION 
SENSITIVITY USING ANSYS 
 
The finite element simulation technology can be used to 
calculate capacitance value to obtain the capacitance-
sensitive field distribution when the inner surface of 
pipeline is exposed to corrosion (that is, when the 
pipeline thickness is decreased). The commercial FEM 
software ANSYS (using the Electrostatic Module in the 
Electromagnetic subsection of ANSYS) is used to design 
the ECT Sensor. Capacitance sensor possesses the 
electrostatic properties. The creation of capacitance 
sensor model in ANSYS aims to obtain a method from 
which numerical calculation can be carried out for the 
electric potential in the space of sensor. This is 
necessary as an intermediate step towards the 
capacitance calculation. 
 
 
Electrode sensors specification 
 
Geometric and electrical properties 
 
For empty partial pipeline of steel, we will get the 
distribution of electric sensitive potential and effect of 
pipeline corrosion on the sensitive field. The simulation 
settings of steel relative permittivity is 7, air 1.0, and set 
number 24 electrode excitation electrodes, excitation 
voltage V0 = 15 volts, the sensor physical specification is 
shown in Table 1. The remaining electrode and shield 
grounding, simulation picture is given in Table 1.  
 
 
Field partition 
 
According to finite element analysis, we will carry out 
imaging of regional triangulation; it is necessary to 
divided pixel pipelines into triangular finite element. 
Imaging region is divided into 991 elements; the map is 
shown in Figure 3. 
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Figure 3. Element map of 
finite element mesh. 

 
 
 
SIMULATION ANALYSIS OF PIPELINE CORROSION 
 
Corrosion on the internal wall of pipeline can occur when 
the pipe wall is exposed to water and contaminants in the 
filling material, such as chlorides. The nature and extent 
of the corrosion damage that may occur are functions of 
the concentration and particular combinations of these 
various corrosive constituents within the pipe, as well as 
of the operating conditions of the pipeline. 
The corrosion on the internal wall of pipeline means 
decrease of pipeline thickness at constant time interval. 
This work is targeted for sensing the corrosion as it 
occurs to avoid the dangerous damage that can occur on 
pipeline such as failure, cracking and other problems. So, 
here, we discuss the effect of internal pipe wall corrosion 
on ECT Sensor Characteristic by decreasing of pipe wall 
thickness, and study the change in the electrode sensors 
measurements.  

The parameters of simulated ECT sensor include inner 
radius R1, outer radius R2, earthed screen radius R3, 
solid permittivity εpipe and filling layer permittivity εair. The 
outer radius is constant. The pipeline thickness T = (R2-
R1) is selected as 7.95, 6.95, 5.95, 4.95, 3.95, 2.95 and 
1.95 mm, respectively.  
 
 
Simulation contrast 
 
The simulation contrast is shown in Figure 4. 
 
 
Effect of pipeline corrosion on sensor capacitance 
 
The effect of corrosion on the internal wall of pipeline on 
capacitance change is calculated and investigated. 
Because of symmetry, 24-electrode sensor has 12 typical 
structures   of  inter-electrode  pair;  hence  only  12  inter  



 
 
 
 

 
 
Figure 4. The node potential distribution of empty partial pipeline 
for change of pipe wall thickness (that is, corrosion behavior) (a) T1 
= 7.95 mm, (b) T2 = 6.95 mm, (c) T3 = 5.95 mm, (d) T4 = 4.95 mm, 
(e) T5 = 3.95 mm, (f) T6 = 2.95 mm, (g) T7 = 1.95 mm. 
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Figure 5. Effect of pipeline corrosion on capacitance change. 
 
 
 
electrode pairs (C1-2, C1-3, C1-4, C1-5, C1-6, C1-7, C1-8, C1-9, 
C1-10, C1-11, C1-12 and C1-13) are listed, as shown in Figure 
5. 

The tendency curve of capacitance change against T is 
shown in Figure 5. In adjacent electrode pair, 
capacitance change increases monotonously with the 
increase of T, and turns from negative to positive. 
However, there exist maximum points in non-adjacent 
electrode pairs, and all the maximum values are at the 
same position where T = 6.95 mm. So sensor with this ρ 
is more suitable to capacitance measurement. 
 
 
CONCLUSION 
 
There are two major computational problems in ECT: the 
forward problem and the inverse problem. The forward 
problem is to determine inter-electrode capacitance by 
solving the partial differential equations from permittivity 
distribution, and the inverse problem is to obtain 
permittivity distribution from measurement capacitance 
with a suitable algorithm. 

The effect of corrosion on the internal wall of pipeline 
(that is, decrease of pipe wall thickness) on ECT forward 
and inverse problem, such as capacitance, sensitivity and 
image reconstruction, is discussed completely by FEM 
numerical simulation. The influence of pipeline to 
electrode pairs decreases followed by (C1-2, C1-3, C1-4, C1-

5, C1-6, C1-7, C1-8, C1-9, C1-10, C1-11, C1-12 and C1-13). 
Maximum capacitance change is gotten at T = 6.95 mm, 
which is beneficial for capacitance measurement and 
image reconstruction. With the decrease of pipe wall 
thickness, the distortion of ECT sensor sensitivity 
becomes more serious. 

Electrical capacitance tomography sensitive field 
distribution has a great impact on image quality of 
imaging; electric potential distribution indirectly reflects  
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the distribution of sensitivity. Finally, we confirmed that 
electrical capacitance tomography imaging has been 
affected by pipe wall thickness change. 
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