
1

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

1234567890‘’“”

MEACS 2017 IOP Publishing

IOP Conf. Series: Materials Science and Engineering 327 (2018) 022029 doi:10.1088/1757-899X/327/2/022029

 
 
 
 
 
 

Investigation of Temperature Change under Influence of 
Ultrashort Laser Pulses Taking into Account Relaxation 
Properties of Materials 

A V Eremin, V A Kudinov, E V Stefanyuk, I V Kudinov  

Samara State Technical University, 244, Molodogvardeyskaya St., Samara, 443100, 
Russia 

E-mail: totig@yandex.ru 

Abstract. By using the modified Fourier law’s formula considering the relaxation of heat flow 
and temperature gradient, a mathematical model of the local non-equilibrium process of plate 
heating with ultrashort laser pulses was developed. The research showed that consideration of 
non-locality results in the delayed plate heat up irrespective of the laser radiation flow 
intensity. It was also shown that in consideration of the relaxation phenomena, the boundary 
conditions may not be fulfilled immediately – they may be set only within a definite range of 
the initial time. 

1.  Introduction 
Presently, the laser system is available allowing one to generate frequency-variable light pulses with 
the duration of up to 1510− s. They may be used to create extremely non-equilibrium conditions for 
fast-relaxing excitations – relaxation time 1411 1010 −− − . 

The known heat exchange models are based on parabolic heat conductance equations. As a result, 
they include an embedded infinite heat propagation velocity. Therefore, any change of the reason will 
immediately change the consequence. Since no infinite values of any parameters may occur in real 
processes, the equations derived based on the Fourier law may be adequate to real physical processes 
only within a particular time range. It is known that parabolic equations are inadequate in describing 
all the fast processes, as well as temperature change at small and extra small time values, in any heat 
processes [1 – 11]. In this connection, new, more adequate mathematical models should be developed 
applicable to these processes. As regards the development of such models, this work elaborates the 
direction of considering the time-spatial non-locality, which is based on the heat flow and the 
temperature gradient relaxation in the Fourier law formula. 

2.  Mathematical task setting 
For deriving the differential heat ignition equation, considering local not-equilibrium, let us represent 
the Fourier law formula in the form of [7]: 
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where q  – heat flow; T  – temperature; x  – coordinate; t  – time; λ  – heat conductance factor; 21,ττ
 – relaxation factors. 

By substituting (1) in the heat balance equation: 

 0
x

q

t

T
cρ =

∂
∂+

∂
∂

, (2) 

let us find: 
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where ρ  – density; c  – heat capacity. 
By expressing xq ∂∂ /  of (2) and substituting in (3), one obtains: 
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where )(cρλ/a =  – heat conductivity factor. 

It is obvious that in case of 021 ==ττ , equation (4) is reduced to the classic parabolic heat 
conductance equation. 

Let us find the solution to equation (4) under the following boundary conditions: 
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where δ  – the plate thickness; 0T – initial temperature; )sin()( 0 tqtq ω=  – time-variable heat flow; 

−0q  heat flow oscillation amplitude; ηπω /2=  – cyclic frequency; η  – full-wave oscillation period. 
Let us introduce the following non-dimensional values and parameters: 
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where Θ , Fo , ξ  – non-dimensional temperature, time, coordinate, respectively; Ki  – Kirpichev 

criterion; Pd  – Predvoditelev criterion; 21, FoFo  – non-dimensional relaxation factors. 
Considering the adopted designations, task (4) – (8) will be: 
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3.  Numerical Solving Method 
To obtain solution of task (9) – (13) in the considered region, based on the finite differences method, 
let us introduce the temporal-spatial mesh with steps Fo∆ ∆ξ , , respectively, by variables Fo,ξ , so 
that: 

 IiFoiFoKkk ik ,1,;,1, ==== ∆ξ∆ξ ,  

where IK ,  is the number of steps by coordinates Fo,ξ . 
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4.  Discussion of the results 
Fig. 1 shows the temperature calculation results for the cases when relaxation properties of materials 
are not considered ( 021 == oFoF ) and are considered ( 09.021 == oFoF ). Their analysis allows 
concluding that consideration of relaxation properties results in delayed body heat-up. This fact is the 
evidence that due to the thermoinertial properties of the material, the instant heat-up of the body is 
impossible under any conditions of the external heat exchange. 

Fig. 2 shows the results of calculations allowing one to evaluate the influence of heat flow 
discontinuity (fig. 3) on the temperature condition of the structure. It follows from their analysis that in 
the time range, when the heat flow is equal to zero, there is the temperature decrease close to the wall 
surface )( 0ξ = , which turns to be insufficient as the coordinate rises. 

Fig. 3 shows the change of heat flow over time for .100=Ki  
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Figure 3.
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