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Abstract. The main goal of this paper  is the  numerical study of the solder metal effect, used to unify two parts of a pipe, on the 

distribution of the surface temperature of the welded pipe. The analysis of the obtained results (such as thermograms and surface 

temperatures curves curves) allows verification of the weld thermophysical quality of the used welding metal. The finite element 

method is used to solve the heat equation on the welded structure. The thermal response of this struture, previously subjected to a 

heat flux step, is presented and analyzed. The modelling results are presented in the form of surface thermographic images and 

temperature curves, to show the contrast in temperature due to the presence of the weld region .  To better quantify the contrast 

induced by the welding, the temperature along of welded pipe axis is presented. 
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1. Introduction  
      Non-destructive Testing (NDT) is a technique of inspection and method used to detect the presence of defects 

within a given structure without destroying its physical integrity. The use of this technique of inspection has 

progressively increased in the last few decades as commercial and military method of nondestructive characterization. 

 

Infrared Thermography (ITR) is one of the principal NDT methods and one of the most attractive and promising 

techniques, especially in the evaluation of defects in composites materials [1,2,3,4,5]. 

 

It has proved to be an effective tool for fast and qualitative inspection of damaged structures. It is a non-contact and 

optical technique, based on the surface temperature analysis, after the application of thermal excitation over the material 

surface,  

 

Infrared thermography as a non-destructive testing (NDT) measures and interprets the surface temperature field of 

the specimen to be studied [6]. The theoretical principle is based on the fact that, for a structure containing a given 

defect, the internal heat flow will propagates differently in the region without defect and the one with defect. The result 

of this difference in heat flow will be translated as a contrast of surface temperature [7], which reveals the defect 

presence. 

 

The most useful wavelengths are between 0.7 and 20 μm. The energy emitted by the chosen specimen depends on its 

temperature [8] [9]. 

 

The objective of this work is the exploitation of these infrared properties to analyze the quality of a welded pipe [10] 

by analyzing the temperature distribution along the pipe using infrared thermography principle and finite element 

method. Simulations achieved concern a two parts of aluminum pipe welded by a filler metal whose thermal 

conductivity and heat capacity are taken as variable parameters. 

 

2. Studied model 

The modeled structure in this work, presented in figure Fig.1, is a weld, thermally characterized by the density ρw, 

the thermal capacity Cpw and the thermal conductivity kw joining two parts of a pipe in aluminum, characterized by the 

density ρa, the thermal capacity Cpa and the thermal conductivity ka. The welding has a cylindrical form and a triangular 

section as indicated in figure 2. The pipe geometry is defined by the external diameter d =120 mm, the pipe thickness ep 

= 30 mm, and the total length of the studied structure l = 3000 mm. the welding is defined by a width of 8 mm and 

depth of 30 mm. 
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Figure 1. welding pattern 

 

 
Figure 2. a) configuration of welded aluminum pipe, b) section cup of pipe, c) form of used weld 

3. Numerical modelling  

      In this study, we are in presence of an inhomogeneous structure due to the different physical nature of the welding 

and the pipe to weld. The contrast of the thermal characteristics of the parts of the structure (pipe + welding), leads to 

the solving of a three dimensions (x,y,z) heat equation depending on time described by the equation (Eq. 1) below for a 

homogeneous and isotropic material without volume heat source: 

 

      ρCp
∂T∂t

= k  ∂2T∂x2
+

∂2T∂y2
+

∂2T∂z2
                                                                                                                                    (1) 

 

With: 

ρ   : the material density [Kg/m3
] 

Cp : the heat capacity at constant pressure [J/(kg.K)] 

k   : the material thermal conductivity [W/(m.K)] 

T   : the temperature to be calculated [°K] 

With the boundary conditions: 

  T = TP  on ST                           

k 𝑛  .𝑔𝑟𝑎𝑑           𝑇 = φ
S
 on Sφ    

S = ST ∪ Sφ ,   ST ∩ Sφ = ∅   
 𝑇𝑃  : the imposed temperature on a surface 𝑆𝑇  𝜑𝑆  : the imposed flux on a surface 𝑆𝜑  

S   : the solid surface 𝑛    : the unit normal to S directed outwardly 

 

      The initial condition at the instant t=t0  (2)                                                                                                     

 

      T x, y, z; t0 = T0(x, y, z)                                                                                                                                              (2) 

 

      For more complex structures, the heat equation is difficult and even impossible to solve analytically, for this reason 

we used a commercial software based on numerical finite element method to study the evolution of temperature on the 

studied structure. 

 

      The presented simulations achieved by taking one thermal parameter constant (k or Cp) of welding metal and 

searching the effect of the other varying thermal parameter (k or Cp) on the surface temperature of the pipe in and 

around the region of welding.  



      When varying the thermal conductivity k (variable around that of the aluminum 160W/(mK)), the capacity Cpa of 

aluminum and Cpw of welding metal have de same value and vice versa when varying the thermal capacity Cp (variable 

around that of aluminum 900J / (kg.K), the conductivity ka of aluminum and kw of welding metal have de same value 

 

      To analyze the results of the simulation, we introduce relative thermal parameters:  

The relative thermal conductivity kr, and the relative thermal capacity Cpr defined by the ratio of welding metal 

thermal parameters (kmetal and Cpmetal) by their corresponding thermal parameters soldering pipe, considered as 

references, (kreference, Cpreference) 

 

kr = kmetal / kreference and  Cpr = Cpmetal / Cpreference and 

The thermophysical parameters of aluminum used in this part are: k = 160W / (m.K), ρ = 2700kg / m3
 and Cp = 

900J / (kg.K). 

 

The material is considered isotropic with the following boundary conditions: 

A heat pulse is applied to the outer surface of the aluminum tube, with a flux density Q = 600W / m² (flat faces 

excluded). The inner surface of the pipe is subjected to a convection cooling of heat transfer coefficient h = 10W / 

(m
2
.K) and external temperature Text = 25 ° C. The planar faces (pipe sections) are supposed to be thermally isolated 

and the initial temperature of the subdomains is set at 25 °C. 

 

4. Results of simulations 

 

4.1. Effect of thermal conductivity 

 
      Let’s us Consider the heat capacity and the density of the welding material the same as those of the aluminum tube 

to be welded and we vary the thermal conductivity of the welding around that of aluminum. The simulated relative 

thermal conductivity varies within an arbitrary chosen range: [0.25; 0.5; 0.75; 1; 1.25; 1.5; 1.75]. The thermal capacity 

and the density are identical for the pipe and the welding (Cpr = 1 and ρr = 1). The numerical results are presented in 

the form of thermograms and temperature curves for a chosen time of 600s. Figure 4 shows the thermographic images 

plotted as well as the temperature curve along the AB line, taking the thermal conductivity of the welding as variying 

parameter. 

 

 
 

 
 

Figure 3. Thermograms of welded pipe For Kr = 0.25, Kr =1 and Kr = 1.75 for a duration of 600s of heating and 

evolution of welded tube temperature along the pipe for Kr = 0.25, Kr = 0.5, Kr = 0.75,  Kr =1 Kr = 1.25, Kr = 1.5 and 

Kr = 1.75 

 



4.2. Effect of thermal capacity 

      The same principle is applied in this second case. Now, we keep the thermal conductivity and the density constant, 

but the thermal capacity of the welding material is variable. The range of the simulated relative heat capacity varies in 

an arbitrary range [0.25; 0.5; 0.75; 1; 1.25; 1.5; 1.75]. The thermal conductivity and the welding density are the same as 

those of the pipoe (kr = 1 and ρr = 1). Figure 5 shows the thermographical images plotted as well as the temperature 

curve along the AB line, taking the thermal capacity of the welding as a varying parameter. 

 

 
 

 
 

Figure 4. Thermograms of welded pipe For Cp = 0.25, Cp =1 and Cp = 1.75 for a duration of 600s of heating and 

evolution of welded tube temperature along the pipe for Kr = 0.25, Cp = 0.5, Cp = 0.75,  Cp =1 Cp = 1.25, Cp = 1.5 and 

Cp = 1.75 

 

4.3. Comparison 

      Figure 5 shows the comparison between the effect of thermal conductivity variations and the variations in thermal 

capacity on the surface temperature of the welded pipe. 

 

 
 

Figure 5. Comparison between the transition zones corresponding to variable k and variable Cp 

The main point between the two effects, as shown in Figure 5 is the width of the transition zone. 

 



 
 

Figure 6 Obtained surface temperature difference due to the thermal capacity Cp and the conductivity k varying. 

 

      The observation of the surface temperature of the welded pipe region has shown that the width of the transition 

region depends on the thermal characteristics of the weld material. The width of the transition zone obtained by varying 

the thermal conductivity is less than the width obtained by varying the heat capacity. 

Due to the heat transfer between the pipe and the weld material, the transition zone was made wider than the thickness 

of the weld. 

The nondestructive infrared thermography allowed us the prediction of homogeneity of the materials, comparing it to 

the healthy one, which helps us to perform a fast and simple nondestructive test using a special thermal camera and 

shows the reliability of this technique in various fields such as industry, aeronautics, shipbuilding, etc. 

5. Conclusion 

In this paper, we analyzed the surface temperature evolution on a welded aluminum pipe as a function of two 

parameters: the effect of the thermal conductivity and the effect of the heat capacity of the welding material, this allows 

us to draw the following conclusions: 

The detectability of the part of the welding material becomes easier for a greater (or smaller) thermal conductivity of 

the welding material compared to that of the aluminum pipe. 

The detectability of the part of the welding material becomes easier for a greater (or smaller) heat capacity of the 

welding material compared to that of the aluminum pipe. 

The smaller the difference in surface temperature, the closer the thermophysical characteristics of the weld and the 

weld pipe are. 
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