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Abstract. By using the modified Fourier law’s formula catesiing the relaxation of heat flow
and temperature gradient, a mathematical modéiefdcal non-equilibrium process of plate
heating with ultrashort laser pulses was develop&eé. research showed that consideration of
non-locality results in the delayed plate heat umgspective of the laser radiation flow
intensity. It was also shown that in consideratidrithe relaxation phenomena, the boundary
conditions may not be fulfilled immediately — theyay be set only within a definite range of
the initial time.

1. Introduction
Presently, the laser system is available allowing o generate frequency-variable light pulses with

the duration of up td0™s. They may be used to create extremely non-equitibconditions for

fast-relaxing excitations — relaxation tirt&™** —10™*.

The known heat exchange models are based on pi&réleakt conductance equations. As a result,
they include an embedded infinite heat propagatelacity. Therefore, any change of the reason will
immediately change the consequence. Since no timfirdlues of any parameters may occur in real
processes, the equations derived based on theeFtaun may be adequate to real physical processes
only within a particular time range. It is knowrattparabolic equations are inadequate in describing
all the fast processes, as well as temperaturegehansmall and extra small time values, in anyt hea
processes [1 — 11]. In this connection, new, mdexaate mathematical models should be developed
applicable to these processes. As regards the afeweht of such models, this work elaborates the
direction of considering the time-spatial non-ldgtyal which is based on the heat flow and the
temperature gradient relaxation in the Fourierfasnula.

2. Mathematical task setting
For deriving the differential heat ignition equatjconsidering local not-equilibrium, let us repets
the Fourier law formula in the form of [7]:
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whereq — heat flow;T — temperaturex — coordinatet — time; A — heat conductance factar, 7,

— relaxation factors.
By substituting (1) in the heat balance equation:
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let us find:
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where p — density;c — heat capacity.
By expressingdq/ox of (2) and substituting in (3), one obtains:
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wherea = 1/ (cp ) — heat conductivity factor.

It is obvious that in case of, =7,=0, equation (4) is reduced to the classic parablodat

conductance equation.
Let us find the solution to equation (4) underfibllowing boundary conditions:

T(x,0)=T, (5)

oT (x,0)/0t =0 (6)
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where 0 — the plate thicknessf,— initial temperatureg(t) = q,sin(«t) — time-variable heat flow;

g, — heat flow oscillation amplitudeg. = 272/ — cyclic frequencyy) — full-wave oscillation period.
Let us introduce the following non-dimensional \edwand parameters:
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where ®, Fo, ¢ — non-dimensional temperature, time, coordinaspectively; Ki — Kirpichev

criterion; Pd — Predvoditelev criterionfo,, Fo, — non-dimensional relaxation factors.
Considering the adopted designations, task (4) wilBbe:

00(,Fo) | Fo 0°0(¢,Fo) _ 0°0(¢, Fo)
dFo ' 9Fo0? 0&?

(Fo>0; 0<¢<)])
OE,0=1 (20)
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3. Numerical Solving Method
To obtain solution of task (9) — (13) in the comset region, based on the finite differences method
let us introduce the temporal-spatial mesh witlpste, AFo, respectively, by variableg, Fo, so

that:
& =kA&, k=1K; Fo =idFo, i=11,

where K, | is the number of steps by coordinatesFo .
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4. Discussion of the results
Fig. 1 shows the temperature calculation resultgifercases when relaxation properties of materials

are not consideredHo, =Fo, =0) and are consideredFf, = Fo, = 009). Their analysis allows

concluding that consideration of relaxation proigsrtesults in delayed body heat-up. This fachés t
evidence that due to the thermoinertial propertiethe material, the instant heat-up of the body is
impossible under any conditions of the externat k&ahange.

Fig. 2 shows the results of calculations allowinge do evaluate the influence of heat flow
discontinuity (fig. 3) on the temperature conditmfrthe structure. It follows from their analysiat in
the time range, when the heat flow is equal to ,zérere is the temperature decrease close to the wa
surface (¢ =0 ) which turns to be insufficient as the coordindges.

Fig. 3 shows the change of heat flow over timeKo~10Q
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Figure 1. Temperature distribution in pla
—————— -hot considering the relaxatic
properties of materie(Fo, =Fo, =0);
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properties of the materi
0 0.01 0.02 003 ¢ oo (Fo,=Fo, =009 ; Ki=100; Pd=5000

Figure 2. Temperature distribution in pla
considering the thermélow discontinuity

(fig. 3) (Fo,=Fo,=009; Ki=100
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Figure 3. Step change of heat flow over time
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