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Abstract. Non-destructive testing using infrared rays have widely been used in a 
variety of test methods. In particular, ultrasound infrared thermography is a technique 
that is advantageous in detecting micro-cracks.  The ultrasound infrared thermography 
is also a method to determine the presence of defects through the temperature 
differences resulting from the heat generated inside the micro-cracks by using 
ultrasonic excitation. This study investigated the heat generation characteristics of 
cracks into which liquid penetrates in consideration of the industrial environment 
where most of the pipes are used. The liquid used in an experiment includes water. 
For application to the actual pipes, the experiment was conducted using a defect 
specimen with a form of a square bar in this study. The experimental results confirmed 
that thermal characteristics subjected to frictional heat vary depending on the 
properties of liquid.  
 

1. Introduction  

At present, worldwide research on the new non-destructive testing method is actively in 
progress. In this regard, there have been continuing reports regarding technologies that can 
compensate for the shortcomings of the non-destructive testing techniques that have been 
widely used until now. The non-destructive testing technology using the infrared 
thermography has been highlighted as one of these new non-destructive testing techniques. 
The greatest advantages of the infrared thermography technology are that the presence of 
defects in the object can be identified through the intuitive visualization, and an inspector 
operating equipment is not exposed to hazards such as radiation exposure. The development 
of the infrared thermography method was accompanied by the development of a more 
excellent infrared director. The existing studies were mainly focused on the infrared 
thermography method using a light source, but a new technology that utilizes a variety of 
energies has been developed in recent years.    

More info about this article: http://ndt.net/?id=19671

http://creativecommons.org/licenses/by/3.0/


2 

In this study, the infrared thermography using the ultrasonic excitation was used.[1] The 
ultrasound infrared thermography is an effective technology for detecting defects or 
exfoliated parts, and the use of this technology makes it possible to find cracks in welded 
areas or inside the pipes, localized damages to composite materials, or foliation. In particular, 
it is also a method to determine the presence of defects through the temperature differences 
due to the heat generated inside the micro-cracks by using the ultrasonic excitation, and 
research has recently been conducted regarding the method to detect defects inside the pipes. 
In most environments where the pipes are used, liquid or steam is transported, and if cracks 
occur, damages to the pipes can cause dangerous problems.  
In this study, an experiment was conducted in consideration of such environments, and the 
effects of water penetration into micro-cracks on the ultrasound infrared thermography were 
investigated. 
 

2. Experimental Materials and Apparatus  

 
The crack specimen used in the experiment is a specimen made of carbon steel in which there 
is a crack caused by a load in the middle. The material of the specimen is SM 20C carbon 
steel. The apparatus used as a ultrasonic wave source is a piezoelectric-type ultrasonic exciter, 
and the specimen was excited at 50 mHz through a sine wave cycle. In order to measure the 
displacement acting on the specimen during the ultrasonic excitation, fiber optic 
displacement measuring device was installed to identify the displacement and frequency in 
real time. Experiments were conducted under three conditions. The shape of the specimen is 
shown in Figure 1. In the first experiment, the specimen was excited in a condition of natural 
convection. In the upper part of the specimen with a form of a square bar, the both sides of 
the crack were sealed to create the same condition as that in the inner surface of the pipe. In 
the second one, the both sides except for the upper part of the crack were sealed with tape. 
The third experiment was conducted in a condition of water penetration into the specimen in 
which the both ends are sealed. The reason for using a transparent cellophane tape is to 
identify actual water penetration and moisture absorption. 

 
Fig. 1. The shape of the specimen 
 

 
For adjustment of the emissivity value, a matt black paint was applied to the place where 

the tape is attached in order to maintain the emissivity value of more than 0.95. The data used 
in the experiments was utilized to identify the range of thermal conductivity and frictional 
heat generated in the actual defects by using the temperature difference between the 
excitation and the non-excitation. The composition of the equipment is shown in Figure 2. 
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Fig. 2. Composition of the equipment 
 

3. Experimental  

3.1 Defect specimen exposed to the air  

Space and time-dependent thermal distribution of the object due to the temperature difference is 
represented by a thermal diffusion equation. The general type includes the items of heat source or 
heat sink, and anisotropic thermal characteristics. Here, we consider the simplest case of a one-
dimensional heat transfer where there are no items of the heat generation or heat absorption. In this 
case, a change in temperature with respect to time at a given position in the object is linked with the 
spatial change of temperature, where α is thermal diffusivity. When a certain amount of heat  is 
transferred to or from a certain object, the temperature of the object changes according to the 
following Equation 1. 

 

  Equation (1) 

where, m is the mass of the object, and c represents the specific heat (This is the first degree, which 
is assumed to be independent of T) depending on the material. Of course, a certain amount of time is 
required to reach the new thermal equilibrium within the object. The specific heat determines how 
much energy is needed in relation to the given temperature change. As the unit of Joule per kelvin, 
combined with mass represents the energy storage capacity of the object. In addition, if ρ represents 
density of each object, volumetric heat capacity  given as the unit of  is used to compare the materials. 
The amount represents the energy storage capacity on the volume of the object. Therefore, it is 
possible to know the energy storage capacity and its thermal conductivity (λ), and thus to define the 
thermal diffusivity   of Equation 2, which is given as square meters per second. 
 

 

Equation(2) 

 
The diffusivity is defined as the ratio of the thermal conductivity to the energy storage capacity. [2] 

The results were obtained as phase-locked images from the processing of image signals and 
temperature images through the experiments. Figure 3 shows the temperature images that appear 
when the specimen exposed to the air is subjected to the ultrasonic excitation.[3] Through the figure, 
it was confirmed that heat generation occurred in the defective parts, and there was a difference in 
temperature before and after the excitation. 
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Fig. 3. The temperature images that appear when the specimen exposed to the air 
 
Figure 3 confirms that the temperature difference before and after the excitation is 

more than 0.20 degrees. The image shows that the same heat generation does not occur in the 
entire cracks, but the temperature rises high in a specific place. This phenomenon suggests 
that friction movement proceeds in a state of non-uniform surface roughness rather than 
uniform shape of the crack. In this phenomenon, a more higher frictional heat is generated 
when the interfaces with different roughness which are located close to each other move in 
different directions. This localized heat generation can be clearly identified in the image 
through the phase-locked image processing. With respect to the temperature data in the 
preceding Figure 3, the detection of defects was performed using a phase-locked signal 
processing method. Through Figure 4 in which the phase-locking method is used, the 
presence of defects, the area of high heat generation and the range of thermal diffusion were 
clearly confirmed. 

 

 
 

Fig. 4. Image of defect specimen exposed to the air 
 

3.2 Specimen sealed with tape 

Figure 5 shows the lock in thermal image of the specimen whose sides are sealed with tape 
during the ultrasonic excitation. As natural convention is suppressed, the heat generated in 
the interior is transferred to the tape, clearly showing the defect in the longitudinal direction. 
This is due to the phenomenon caused by the conduction effect of heat as the frictional heat 
generated from the inside is not directly exposed to the air, but is blocked by the tape. Figure 
5 through the phase-locked image processing confirmed the range of thermal diffusion. In 
addition, it was found that most of the actual defects take the form in which only one direction 
is open, and these types of defects can diffuse more heat than the specimen which is 
completely exposed to the air.   
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Fig. 5. lock in image of the specimen whose sides are sealed with tape. 

3.3 Water penetration specimen whose sides are sealed with tape 

Figure 6 shows an image of the temperature during the ultrasonic excitation when water is 
impregnated into the defective parts. Similarly as in the preceding Figure 5, the defective 
parts appear in the entire crack area. In the image derived using the phase-lock image 
processing through Figure 7, as defective region and temperature are widely propagated, the 
heat generating zone very clearly appears.  
The experimental results showed that the image was similar to the one that appears in the 
defect whose sides are sealed with tape, but there was a difference in the shape of thermal 
diffusion in the defective parts.     

 

 
 
Fig. 6. The temperature images that water penetration specimen whose sides are sealed with tape. 
 

 
 
Fig. 7. The lock in images that water penetration specimen whose sides are sealed with tape. 
 

Unlike in the preceding Figure 5 that shows the defect proceeds in the longitudinal direction, and 
the defect propagation takes the rounded shape of letter U, Figure 7 confirms that thermal diffusion 
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is relatively low in the part where the defect proceeds towards the bottom, exhibiting the flow of a 
funnel shape.    

This phenomenon is due to the difference in thermal diffusivity between air and water. Thermal 
diffusivity of the actual air is 19 X10^-6 m^2/S, which is much faster than that of water which ranges 
from 0.143 X 10 to 6 m^2/s. [4] Since the specific heat of water is greater than that of air, it takes 
more time for the frictional heat to raise the temperature of water compared to air, but heat spreads 
quickly and evenly towards the area in which water is contained due to the high thermal conductivity 
and heat capacity.  
 

4. Conclusion 

The experimental results showed that in the case of a crack exposed to the air, the convection 
with the air is suppressed, heat generation occurs at a high rate. Even in the case where water 
penetrates into the defective parts, the heat spreads quickly in the form of a unique shape. It 
is expected that continuous studies are conducted regarding the correlation between the 
defect widths and the penetration materials in the case of the actual pipes, more effective 
research results can be obtained. 
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