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Abstract 
In this study, to better understand the effect and behavior of corrosion and voids in steel pipe, we performed 
numerical simulations in the transient mode based on the principle of infrared thermography and using the finite 
element method. To solve this problem, we adopted three-dimensional simulations of a model representing by a 
cylindrical steel pipe in order to characterize defects like spherical vacuum, which may occur within the pipe. By 
applying an excitation in the form of a thermal pulse on the considered structure, the response of the surface 
temperature of this pipe is studied. For various configurations of simulation, the thermographic images and the 
spatial evolution of temperature on the entry face of these structures are presented and analyzed. 
 The numerical solution of this problem was performed using a numerical computation software based on finite 
element method. 
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1. Introduction 
 
The maintenance and the conduits design take more and more importance in oil industry seen 
their role in the lifespan prediction and the prevention of possible property damages, social 
and environmental which can be produced because of a bad operation of these installed 
conduits. Several methods were developed in order to find the means adequate which will 
guarantee perennial structure and function for this type of industry [1]. 
The vacuums and the rust spots being among the obstacles which undergoes the steel 
conduits, are most responsible for this damage, namely corrosion is the vacuums represent the 
most serious threats to the oil industry. Such defects can produce serious damages on all sides, 
this is why it is so important to detect them as soon as possible to avoid these losses, from 
where need for developing a nondestructive evaluation technique to detect these hidden 
defects [2,3]. 
In this study, we will present a simulation of the rust behavior and vacuums in steel conduits 
in transitory mode based on the principle of infra-red thermography, by using the finite 
element method to solve this problem and by adopting a simulation in three dimensions of a 
cylindrical model representing a steel pipeline [4].  
 
2. Principle of method 
 
When a material is thermically requested (artificial excitation in the case of Laboratory 
measurements or in-situ measurements), the heat diffuse in uniform way in material. The 
presence of a defect within the material (e.g. a crack or a rusted layer) acts like a heat 
insulator and idle this diffusion. It follows from there the appearance of a hotter region on the 
surface compared to the close one without anomaly [5]. 
In this case of study one will use active infra-red thermography, since the conduits, subject of 
study, don’t generate heat spontaneously [6]. The idea is to subject the structure to an 
external, thermal excitation, and to analyze the propagation of heat in this one. If the observed 
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structure presents a defect, the distribution of heat inside is modified and a fine analysis of the 
thermogram makes it possible to highlight it. 
 
3. Governing equations 
 
Let us consider the following thermal equation: 
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Where: 
ρ  : The material density 

 

pC  : The calorific capacity 

 

λ  : The thermal tensor conductivity 
 
q  : Voluminal source of heat 
 
With the boundary conditions: 
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Where: 
 

pT  : The imposed temperature on a surface ST 

ϕS  : The imposed flux on a surface Sϕ  

 S : The surface of the solid  
r
n  : The unit vector perpendicular to S and directed towards outside 
 
And the initial condition: 
 

0 0( , , , ) ( , , )            (3)=T x y z t T x y z  

   
4. Numerical modelling 
 
The analytical resolution of equation (1) is in general inaccessible. One is thus led to seek a 
solution approached by the finite element method [7, 8, 9]. 
The method consists in using an approximation by finite elements of the unknown functions T 
to discretize the variational form of the equation (1) and to transform it into an algebraic 
equations system of form: 
 

[ ]                                  (4)=A T F  

Where: 



A : is a square matrix of dimension [ Nh, Nh ] 
F : is a vector of Nh components 
T : is the vector of the temperatures to be calculated 
 
We start by building the variation form of the equation (1). We carry out a spatial 
discretization which consists in calculating the elementary integrals by using the finite 
element and a temporal discretization. 
There are many specialized software which make it possible to implement the resolution 
method of problems by finite elements in a more or less simple and convivial way. They take 
care in particular of the studied object grid, the automatic elements numbering and the nodes, 
the calculation of a solution then of the chart of the results. 
In this study, we used commercial software “Comsol” based on the finite element method and 
which makes it possible to calculate the evolution of temperature at any moment and in any 
point of material [9]. The material is considered isotropic. The calculation of the thermal 
answer in transient analysis, is made in the case of a portion of oil pipe, subjected to a level of 
flux on the outer face, the Inner surface of the pipe were subjected to convectional heat 
transfer with heat transfer coefficient, h=10 W/m².K. The initial temperature is of T0=30 °C. 
 
5. Results of simulation 
 
5.1 Considered model 
 
In order to detect the rust thermal behavior and the vacuums in transitory mode, on the level 
of the steel conduits, several situations were considered. The study relates to the defects effect 
of the rusts type and vacuum on the thermographical images taken that is inside or outside the 
pipe. 
Generally, from a thermal point of view, the element rust is compared with water, since both 
have close thermal characteristics [10]. When rust tackles a steel cylindrical structure, its 
section decreases with the increase in the rust layer [11], which causes a nonhomogeneous 
reduction of steel accompanied by an embrittlement and a modification by the physical 
properties by the interface [12]. 
Concerning the vacuum defects, one compares them to the air considering which they have in 
the same way, of the similar thermal characteristics. 
Simulations were carried out on steel pipelines, having an internal diameter d=82mm and 
walls thickness e=4.5mm. T0 simulate the corrosion layers, four cylindrical defects with a 
depth = 0.5mm and a diameter of 2mm were considered initially, and 1mm of depth and 4mm 
of diameter in the second time. Thus for the vacuums, four defects having a depth = 0.5mm 
and a diameter = 2mm were selected. 
 
 
 
 
 
 
 

Figure 1. Considered structure 
 
 
 
 



This study is based on the finite element method in order to determine the applicability of the 
impulse infra-red thermography in the detection of the defects in the metal conduits. The 
option of conduction in transitory mode in Comsol 3.5 was chosen, and we have applied a 
flux of 6000W/m ² for one duration lower or equal to 1s over a total time of 180s, the interior 
of pipe is supposed in convection with the air.  
Initially one will study the vacuum defect effect in these conduits by studying the 
thermograms and the curve of temperature change taken inside and outside the conduit.  
In the same way, in the second part, one will study the corrosion layers effect by examining 
the thermograms and the temperature change curves taken inside and outside the conduits.  
 
5.2 Vacuum effect 
 
In order to detect the vacuums effect in transitory mode, a thermal flux impulse duration of 1s 
is applied and one studies the impulse response of the system. Thermographical images of the 
entry face of the flux and the interior face of the pipe, and the curve of the temperature spatial 
evolution, are presented and discussed. 
 

 
Figure 2.Thermographical images of the external surface (left figure) and the interior surface 

(right figure) of pipe   in T =1s 



 
 

Figure 3. Change of the temperature on the external surface of pipe in t=1s 
 

 
Figure 4. Change of the temperature on the interior surface of pipe in t=1s 

 
We can notice that discontinuities (vacuum) temperature in the flux application face (outside) 
is slightly higher than temperature in the remainder of pipe (figures 2(left),3). The difference 
in temperature is about 0.06°C, and if one takes the thermographical image and temperature 
spatial evolution curves inside the pipe (figures 2(right),4), one notices that in this case 
discontinuities have a temperature lower than the rest of pipe. The difference in temperature 
in this case is about 0.03°C. 
This phenomenon is due to the opposition of heat propagation in the structure because of the 
very small thermal conductivity of air (0.002w/m.K) compared to steel (44.5w/m.K).  
These defects being resistive, oppose to heat flux what explains the high vacuums temperature 
in the flux application face, whereas they maintain their temperature in the inner face of pipe 
compared to the steel, which is a very conducting material, which justifies the increase in the 
temperature to interior of pipe.  



The differences in temperature, 0.06°C outside the pipe and 0.03°C with interior, show that 
the defects detection is relatively much easier with the flux input face than the output face.  
 
5.3 Rust effect 
 
In this investigation one will study the rust effect, one keeps the same initial conditions and 
limits adopted in the preceding case and one chooses four layers of the same rust cuts and one 
examines the response of the rusted pipe compared to a flux impulse. 
In order to highlight this effect well, one increases dimensions of rust compared to vacuums. 
In this study one considers four rust layers, diameter= 4mm and depth= 1mm. 
 

 
Figure 5. Thermographical images of the external surface (left figure) and the interior surface 

(right figure) of pipe   in T =1s 
 

 
Figure 6.Change of the temperature on the external surface of pipe in t=1s 



 
Figure 7. Change of the temperature on the interior surface of pipe in t=1s 

 
Just as the preceding case, we can notice that the rust temperature outside the pipe is higher 
than that of steel, whereas inside the pipe, the steel temperature is larger than that of rust. 

The differences in temperature 0.05°C outside and 0.03°C inside the pipe show that the 
defects detection is relatively simple on the input face of flux that on the output face. 

By putting the question which is the most detectable defect by infra-red thermography 
between the two defects quoted previously, one has to make another investigation, this time 
by using rusts layers of the same dimension as the vacuums used before. 

In this case one adopts cylindrical rust layers, having a depth= 0.5mm and a diameter= 2mm. 

 
Figure 8. Thermographical images of the external surface (left figure) and the interior surface 

(right figure) of pipe   in T =1s 



 
Figure 8.Change of the temperature on the external surface of pipe in t=1s 

 

 
Figure 9.Change of the temperature on the internal surface of pipe in t=1s 

 
By comparing the differences in temperatures between the vacuum and rust, those having the 
same dimensions, one finds that for the vacuum one has 0.06° C in the entry face whereas for 
rust one has 0.01°C, and for the output face in the case of vacuum one has 0.03°C and 
0.007°C for rust. So this shows clearly that the vacuums are more detectable than rust by 
using infra-red thermography like a means of examination.  
 
6. Conclusion 
 

In this study, a comparison between two types of defects which can exist in a pipeline was 
made, we have presented the vacuum effect,and studied the rust effect and finally we have 
made the comparison between them. 
As a conclusion we can note that: 



The results of this study show that defects detection in the case of vacuum or corrosion type is 
relatively simpler when the thermographicals images are   taken from the entry face of flux 
and in this framework the detection of vacuums is relatively simpler than the rust one.  
This study shows also that the numerical methods can be used to evaluate and predict the 
results before the experimentation. It helps to identify which kind of defect can be easily 
detected in optimal conditions and to determine when the thermal images must be taken. 
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