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Relevance of research. Industrial composite materials consist of a large number 

of microstructural components with different characteristics, the combination of which 

determines the properties of the material as a whole. The processes used in composite 

materials are described by differential equations with rapidly oscillating coefficients. 

The numerical solution of these problems requires significant computational costs, 

since it involves the use of a small step computational grid. This led to the emergence 

of a new area of mathematical research, the purpose of which is to construct methods 

for mediating partial differential operators such that the resulting solutions of equations 

with average coefficients are close to the solutions of the original equations and ade-

quately describe the behaviour of the composite. The effective characteristics of com-

posite materials are determined experimentally or numerically. 

The efficiency of discrete wavelet transformation in damage identification based 

on transient heat conduction experiments in [1]. The examples of damage detection 

based on real experiments of transient heat transfer and measurements of temperature 
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fields with the infrared digital camera showed a good qualitative agreement with the 

examples based on numerically simulated experiments. 

However, most often, when testing prototypes, a number of difficulties arise re-

lated to the choice of sizes and shapes of samples, the exclusion of the influence of 

edge zones of fastening of the sample and internal defects, the creation of the stress 

state or thermal fields necessary for calculations. In addition, the methods of testing 

and processing the results are different for different types of composite materials - a 

single approach is hardly possible here. These shortcomings complicate the determina-

tion of the characteristics of the composite based on experiment, and the experimental 

results given in the literature in some cases differ significantly. 

The existing analytical estimates of the characteristics of composites for elastic 

constants, thermal and filtration properties usually give a wide range of possible values 

of material properties and are used only for a rough estimate. 

Review of prior studies. The lack of classical mediation methods encourages the 

development of new mathematical approaches. The basis of one of the approaches was 

the use of wavelets - a class of basic functions used in digital signal processing, as well 

as in information compression, pattern recognition [2]. 

One of the main advantages of the wavelet transform is the ability to obtain a 

representation of quantities at the scale of interest. Using the wavelet transform, one 

can obtain an average representation of a function (coarse scale - "low resolution") and 

highlight its local properties (small scale - "high resolution").  

The influence of thermal and geometrical parameters on the temperature distribu-

tion in multilayer composites, associated with dimensionless time, was determined us-

ing a numerical finite element model for the wavelet transform [3]. Experimental anal-

ysis shows differences in heat distribution in intact and defective structures. The de-

lamination thickness has a significant effect on the temperature in the defect zone. This 

transformation property is associated with multi-scale analysis of the function under 

study or analysis with variable resolution. The properties of wavelets suggest that the 

wavelet transform will also be useful in mediating solutions of partial differential equa-

tions for composites with known structure and properties of constituent components. 

Objectives. The main novelty of this work lays in the analysis of the wavelet 

transform for extruded polystyrene, expanded polystyrene and polyurethane studied in 

[4]. The coefficient of thermal conductivity is determined by the differential method of 

local heat influence. The method of local heat influence is based on applying a heat 

flux of constant density to the sample surface through a probe with a heater, while the 

second probe remains undisturbed by the thermal effect area.   
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Results. The wavelet transform method was selected to analyze the thermal con-

ductivity of materials in the range of 0.2 – 1.4 W·m–1·K–1. Wavelet analysis is used for 

the decomposition, reconstruction, and denoising reduction of thermal conductivity 

time series tNt = , where st 100= , 1521 ...,,,N =  is the argument shown in Fig. 1.  

Discrete wavelet transform is based on wavelet coefficients, which are scalar 

products of the signal ( )tf  and the mother wavelet mn . Discrete inverse transform is 

defined by the following relationship  

 

( ) ( ) ==

n,m m n

mnmmnmn d,ftf  [n] ,                                  (1) 

 

where the wavelet coefficients ( )mnm ,fd [n]  define the common features of the signal 

( )tf  and the wavelet. The parameter m  allows one to determine the scale level, and 

the parameter n  enables signal location in time when signal ( )tf  should be analyzed.  

The results of a comparative analysis for the thermal conductivity signal and the 

Daubechies wavelet of the order of 2 are shown in Fig. 1, 2. 

 

 

Figure 1. Relative thermal conductivity (W·m-1K-1) amplitude subsidence  

for extruded polystyrene (A, 1 = 0.0022) and polyurethane (B, 2 = 0.0058). Wave-

let – solid curve, signal – dotted curve. 

 

  

                                   A                                                                                  B 
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Figure 2. Relative thermal conductivity (W·m-1·K-1) amplitude subsidence for ex-

panded polystyrene (3 = 0.0024). Wavelet – solid curve, signal – dotted curve. 

 

Conclusions. An increase (2 > 1) in the average relative amplitude subsidence 

for case B (Fig. 1) indicates a worse wavelet decomposition process of the thermal 

conductivity signal for heterochain polymers in comparison with uniform closed-pore 

structures, which include extruded polystyrene foam. 

 

Анотація 

Проведено статистичний аналіз вейвлет амплітуд сигнал-шум для теплоп-

ровідності полімерних композитів. Показано, що наявність розвиненої питомої 

поверхні знижує ефективність вейвлет-розкладання сигналу. 

 

REFERENCES 

 

1. Ziopaja K., Pozorski Z., Garstecki A. Damage detection using thermal experiments and wavelet 

transformation / K. Ziopaja, Z. Pozorski, A. Garstecki // Inverse Prob. Sci. Eng. – 2011, 19 (1), 

127 – 153. 

2. Guo Y., Qiu H., Ruan K., Zhang Y., Gu J. Hierarchically Multifunctional Polyimide Composite 

Films with Strongly Enhanced Thermal Conductivity / Y. Guo, H. Qiu, K. Ruan, Y. Zhang , 

J. Gu // Nano-Micro Lett. – 2022, 14:26, 1 – 13. 

3. Muc A., Chwał M., Stawiarski A. Experimental and numerical analysis of heat convection in 

cylindrical composite structures with internal defects / A. Muc, M. Chwał, A. Stawiarski  // Adv. 

Compos. Lett. – 2019, 28, 1 – 7. 

4. Hotra O., Kovtun S., Dekusha O., Grądz Ż. Prospects for the Application of Wavelet Analysis to 

the Results of Thermal Conductivity Express Control of Thermal Insulation Materials / O. 

Hotra, S. Kovtun, O. Dekusha, Ż. Grądz //  Energies – 2021, 14, 5223 1–15. 

 

0,0385

0,0390

0,0395

0,0400

0,0405

0,0410

0,0415

0,0420
1

2

3

4

5

6

7

89

10

11

12

13

14

15


