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Choice of the sizes of samples in case of determination
of heat diffusivity of optical quartz glass by method of
laser pulse
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Abstract. The analysis of errors in the determination of thermal diffusivity of optical
quartz glass, caused by radiative energy transfer in the heated layer of material in the
corresponding implementation of the method of the laser pulse when exposed to the surface
of the collimated laser pulse of finite duration. Influence on value of this error of the
geometrical sizes of a sample and process of absorption of radiation is set.

1. Introduction
Now one of the methods which are widely applied to determination of thermal diffusivity of materials
in the moderate range of temperatures is the method of laser pulse [1, 2]. It is based on the absorption in
a thin layer in the front “hot” surface of the sample pulse of radiant energy and an approximate solution
of a one-dimensional heat conduction problem for an infinite plate.
The maximum temperature of overheating of Tmax , time 05 achievements of a half of maximum
temperature of overheating is determined by the received heat pattern of the reverse “cold” (not heated)
surface of a sample. thermal diffusivity of a, specific heat capacity of c and heat conduction of material
 on formulas [1] are calculated.
Practical interest represents use of this method for determination of thermal diffusivity of the
optical quartz glass which is characterized from the used modifications of glasses by the limit
characteristics: high temperature of emolliating and evaporation, low coefficient of thermal extension,
high optical transparency and chemical firmness [3]. Process of heating of such materials is followed
by accumulation of the warmth which arrived not only due to heat conduction, but also and volume
absorption in the certain areas of a range depending on wavelength of thermal radiation.
Conditions of application of a method of laser pulse for determination of heat diffusivity of the
partially transparent materials are considered in [4–6] within one-dimensional tasks of heat conduction.
It is set [4–6] that in case of determination of heat diffusivity growth of the methodical errors caused
by intensification of process of heating due to radiation heat transfer in a sample in comparison with set
earlier [7] for opaque materials is possible.
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Figure 1. Scheme of solutions domain.

It is shown [4–6] that in case of practical implementation of a method of laser pulse restrictions on
lengths of waves of the falling radiation and absorption coefficients are necessary.
However the model of heat conduction [1] in many cases doesn’t consider mismatch of the cross
sizes of the samples and sections of a surface heated to the course of short pulse of laser radiation. As a
rule, it is connected to features of structure of the researched material and difficulties of manufacture of
samples of the small sizes. In this regard the assessment of errors of determination of heat diffusivity of
translucent materials by method of laser pulse in conditions of mismatch of the cross sizes of a sample
to the cross sizes of the section of its surface heated by a laser radiation is expedient. In this operation
the assessment of an error of determination of heat diffusivity of optical quartz glass by method of laser
pulse [1] within model of conductive and radiation heat transfer in a sample is considered in case of the
cross sizes of the heated sections of surfaces, the smaller cross sizes of a sample.

2. Statement of the problem
In case of a problem definition it was supposed that material is gray, and own radiation isn’t enough in
comparison with an external radiation flow.
Such assumption doesn’t superimpose essential restrictions on a community of setting of the task
and real conditions of a heat transfer through translucent material.
As a rule, for carrying out experiments by a technique [1] samples are made in the form of disks.
The transverse section of a laser beam represents a circle. For an assessment of scales of influence of
processes of radiation heat transfer in a heated-up layer of material the two-dimensional task of heat
conduction for a disk of the limited sizes in case of impact on a section of its surface of the collimated
laser radiation of temporal duration and absence of heat exchange on a section is solved “hot” and all
“cold” boundaries (Fig. 1) which aren’t heated by laser pulse.
Possible effects of change of values of heatphysical characteristics with change of temperature
weren’t considered. Such assumption is quite justified for many materials in the real range of possible
change of temperatures in experiment process even in case of high values of specific heat fluxes to the
heated sample surface in connection with a small pulse duration. The area of the decision represented a
cylindrical disk of small thickness of L and the radius of R (Fig. 1) which section of boundary heated
up the collimated energy flow directed perpendicular to the plane of the heated surface in case of radiant
density of H0 and a pulse duration imp . Radius of a transverse section of a laser beam of RH .
The mathematical model corresponding to the accepted problem definition (Fig. 1) includes a
nonstationary differential equation of energy in private derivatives (1) with boundary (2–7) and initial
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where  – density of material; T , T0 – the current and starting value of temperature; t-time; H (z), H (r)
– density of a radiant flux in material in the coordinate directions z and r.
Changing the energy density of radiation-tion of the material was determined by the BouguerLambert-Beer [8]:
H (z) = H0 · exp(−k · z),
H (r) = H (z) · exp(−k · r),

(9)

where k – absorption coefficient of the collimated laser radiation flow, m−1 .

3. Solution method
Boundary value problem (1)–(8) is solved by finite difference method using the iterative algorithm
[9, 10], developed for the solution of nonlinear time-dependent problems of high-temperature heat
transfer in areas with locally concentrated sources of energy. The difference analogs of a differential
equation (1) and appropriate edge conditions are solved by a local and one-dimensional method [11].

4. Results and discussion
Numerical modeling of process of a heat transfer is carried out on the example of optical quartz KU1 glass with thermal characteristics:  = 1, 35 W/(m · K), c = 728 J/(kg · K),  = 2200 kg/m3 ) [12].
Thickness of a sample changed from 1 to 3 mm with change of its radius 8, 10, 12 mm.
The wavelength range of the transparency region of the vitreous silica is 2100 . . . 2800 nm, which
corresponded to a change in the absorption coefficient from 10 to 250 m−1 [12]). Radius of a circle of
laser heating of RH in case of numerical modeling made 80% of radius of a sample for an exception
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Figure 2. Distribution of T (z, r) in a sample (R = 10 mm, L = 2 mm) at time t = 0, 5 s.

of edge effects of interaction of a laser radiation with an external isolation layer [7]. The choice of
values radiative heat flow H0 = 5 · 107 W/m2 and heating duration imp = 0, 5 ms performed taking
into account the basic methods of [1] – obtaining “overheat temperature” to “cold” surface of a sample
of at least 3 ... 6 ◦ C.
In Fig. 2 distribution of T (z, r) is given in a sample (R = 10 mm, L = 2 mm) at time t = 0, 5 s.
It is set (Fig. 2) that in case of a local uniform heat flux in a heating zone temperature changes
not only on disk thickness, but also on radial coordinate. It leads to change of value in comparison
with a one-dimensional problem definition [1]. The obtained results allow us to conclude much the
multidimensional distribution of heat in the system under study and its impact on the error in the
determination of thermal diffusivity of the material. Figure 3 shows the calculated after solving the
problem (1-8) depending on thermal error (a ) optical quartz glass of the thickness L of the sample at
an absorption coefficient k = 20 m−1 , k = 100 m−1 and the radii of heated area, my sample surface 8,
10, 12 mm. By results of numerical simulation it is set that values depend on thickness of a sample and
absorption coefficient of material. In case of k = 20 m−1 (Fig. 3a) and an L = 2 mm error a 8% aren’t
exceeded. In case of k = 100 m−1 value a (Fig. 3b) and the similar sizes of a sample of an error made
about 18%.
With increase in thickness of a sample of value increase and reach the maximum value in case of
L = 3 mm (R = 10 mm) in case of values of k 20 m−1 and 100 m−1 respectively about 6% and 15%.
Rather significant change of value is caused by heattransfer on the radial coordinate of r during the
period after extinction of laser influence.
Accumulated during the pulse in a very thin heated to a high temperature layer of the sample energy
during this period redistributed by conduction and radiation coordinate direction z, in which the heat
transfer is then used for the calculation as described in [1], thermal diffusivity, but also in the direction
of r. Accordingly, the temperature Tmax in the “cold” boundary will be quite significantly different from
its counterpart in the case of one-dimensional heat conduction equation with the size of the “laser spot”
and the radius of the sample material.
The main reason for the error a is the mismatch of the transverse dimensions. The greater the radius
of the sample will vary and the heating region (see Fig. 3), the a greater becomes. The same values
01003-p.4
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a)
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Figure 3. Dependences of an error of heat diffusivity a optical quartz glass from thickness of a sample of L in
case of absorption coefficient k : a) 20 m−1 ; b) 100 m−1 .

of L error in the determination of thermal diffusivity is smaller, the larger the radius R of the heated
portion of the surface of the sample.
With the growth of R (all other conditions remaining the same) two-dimensional nature of the heat
transfer will be shown at the point of measurement (on the symmetry axis of the sample) to a lesser
extent.
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Analysis of the results (Fig. 3) suggests the existence of minimum providing methodological errors
in determining the thermophysical properties of translucent materials, the thickness of the samples at
other appropriate experimental conditions.
By selecting the thicknesses of the samples can be reduced to a minimum value of systematic errors
determination of thermal (and, accordingly, other thermophysical characteristics) translucent materials.
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