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Résumé. 2014 L’influence des pertes thermiques sur la déformation élastique du profil d’une surface provoquée par
1’echauffement d’un faisceau laser continu a été évaluée dans cet article. Une comparaison des résultats expéri-
mentaux obtenus à 1’aide d’une méthode opto-interférrométrique aux résultats calculés analytiquement nous a
permis de définir sans ambiguïté le coefficient de transfert de chaleur du solide avec le milieu extérieur.

Abstract. 2014 The influence of the heat losses on the topography of the surface thermoelastic deformations, caused
by a CW laser is used in the present work. Comparison of the experimental results, obtained by an optical-inter-
ferrometric method, with analytical calculations allows to define unambiguously the heat transfer coefficient in
solids.
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The problem of convective heat-transfer through a
boundary solid-gas is complex enough to be treated
directly, either theoretically or experimentally [1].
On the other hand, its practical importance is great
in modern technology and machine building. In this
connection all contributions to this problem are

actual and useful. In the present paper a contactless,
non-destructive method for the evaluation of the
thermal loss in solids is presented, based on optical-
interferrometric measuring of the surface thermo-
elastic deformations (STD). The surface heating source
is a focused CW laser spot and this allows one to
estimate the heat transfer coefficient in a local region
of the examined surface.

Experiments have shown [2, 3], that when a CW
laser is focused on the surface of a solid, in a short
period of time the temperature field and the corres-
ponding mechanical strains achieve a steady state.

Evidently, the static regime is due to the equilibrium
between the input energy flux, on the one hand, and
the energy flux losses comprising the thermal flow
into the solid and out to the surrounding media plus
the mechanical energy needed to sustain the defor-
mations of the solid, on the other hand.

Having a sufficiently accurate and non-destructive
method for measuring the static STD, which is
described elsewhere [2, 3] one can put forward the
following question. Is there any thermal parameter
of the medium (or a group of parameters) which
unambiguously defines the character of the STD

profile ? If so, it would be easy to define this parameter
experimentally. A theoretical analysis is to be made in
order to answer best to this question.
A theoretical description of the static STD can be

obtained after the steady-state equation of the heat
conduction and the equation of the static thermo-
elasticity are solved together with the corresponding
boundary conditions at the surface of the half-space.
This problem is solved exactly only for isotropic
media. The steady-state temperature distribution and
the static stresses which occur by the action of a
surface circular heat source with radius ro (the radius
of the focused heating laser spot) have been calcu-
lated [4]. Since the geometry of the problem is axi-
symmetrical the temperature field and the induced
stresses are expressed in cylindrical coordinates as
follows :
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with boundary conditions :

Here - rxqr 0 03BC(303BB+203BC 03BB+03BC), 03B1 is the coefficient of linear thermal expansion, Â and y are elastic constants of
Lame, k is the solid thermal conductivity, q is the thermal power density, J1 and Jo are Bessel functions of first
and zero order respectively and h is the heat transfert coefficient. It is defined by the Newton formula
h = q/(T - T 0) and depends on the thermal, physical and dynamic characteristics of solid and gas. The heat
transfer comprises several mechanisms-convection, radiation and conduction.

In order to define the component of the displacement vector along the Z-axis, normal to the surface, we
make use of the relations between stresses and displacement vector components, expressed in cylindrical coor-
dinates :

After some trivial transformations we can obtain from (3) the following relation :

Finally, after substitution (1) and (4) and integrating we obtain the formula for the normal component of
surface displacement :

The integral (5) is numerically calculated and the
result is shown graphically in figure 1. The curves in
figure 1 are normalized by dividing the STD amplitude
to the maximum value at r = ro and the character of
the profile is studied. We must note that the curves
Uz(r) may be normalized at r = 0, which is more

natural, but since the experimental results were

defined for r  ro we chose a normalization at r = ro.
By varying the parameters k and h a family of curves
is obtained, which can unambiguously be identified
by the ratio h/k, so that this ratio is really the parameter
that can be defined from the STD profile. The curves 1
and 3 (Fig. 1) correspond to the extreme values

h/k - oo and h/k ~ 0. All the curves lying in the area
between 1 and 3 correspond to values within the
interval 0  h/k  oo. Curve 2 corresponds to

h/k = 1[m-1].
As a present application we can define the heat

loss in quartz and glass samples, using the experi-
mental results obtained in reference [2]. The norma-
lized experimental STD profiles are presented in

figure 2. The obtained approximate value of the heat
loss in quartz is about 10 times greater than in glass
- h N 1 W/m2 K for quartz and h - 10-1 W/M2 K

Fig. 1. - Theoretically calculated STD profiles : h/k ~ oo
for curve 1, h/k = 1 [m-1 ] for curve 2, h/k ~ 0 for curve 3.
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Fig. 2. - Experimentally obtained STD profiles for quartz
and glass sample.

for glass. Thé data given in reference [2] are not very
accurate because 1) ro are not carefully measured;
2) the samples are cubes, not big enough, so that the
lateral walls influence the STD profiles as shown in
reference [3] ; 3) a mismatch error occurs when

defining the pairs signal-coordinate by comparison
of two photos.
The accuracy of the method for the evaluation of

the heat losses by comparing the expérimental and
theoretical curves is rather low because the curves

Uz Umax ( r ) are very close to one another. But the

accuracy may be improved if numerical values are
compared and statistically processed. This can be
achieved if the signal detection is electronic and data
are computer analysed.

Evidently, the procedure for experimental eva-

luation of h/k may be the following. A laser beam,
focused at the surface will induce STD, whose topo-
graphy is measured with the help of interference
fringes of a probing laser. The relative phase change of
the fringes at every point of the surface may be detected
by a position photodetector or by an ordinary photo-
detector and an automatically driven scanning table.
Thus the signal is locked with the coordinate and the
pair signal-coordinate is fed to a computer for ana-
lysis. The parameter h/k is varied until the difference
between the numerical results of theory and experi-
ment is minimized. The results from many coordinate-

points along the curve can be statistically processed.
The error caused by the assumption that the laser spot
is equivalent to a homogeneous circular heat source
is manifested for values of r near to ro. That is why we
can minimize this error simply by choosing coor-
dinates not too close to r., i.e. r &#x3E; r..

In conclusion we can say that a method is presented
which allows one to evaluate the local heat losses
in solids by measuring the topography of static surface
thermoelastic deformations created by a focused CW
laser. The method can be generalized for bulk thermal
sources since the theory of their surface thermo-
elastic response is well developed [4].
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