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Abstract. The transient methods for the testing of thermophysical properties of materials are
suitable for the material characterization, regarding the stability of the structure or structure
changes invoked by treatment after production within technology process. Contact pulse
transient technique is sensitive enough to be able to record the change in material structure
during any kind of material treatment that influences overall material property.

The reliability of any method in practice depends on fact how much does fit the model with
experimental conditions. A detailed study has to be performed to find experimental
circumstances when disturbing effects influence experimental data.

In this paper we discuss the methodology of mathematical tests of physical model for pulse
transient method. Additional tests were found for the case of real experiment when
disturbance effects like heat loss from the specimen surface and non-ideality of the heat
source influence the ideal model.
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1. Introduction

The transient methods for the testing of thermophysical properties of materials offer the
possibility to observe the changes in material structure through variations of the thermo-

dynamical state. Recently, some papers were published on the new class of transient
techniques [1, 2, 3,4, 5, 6, 7].

The use of any technique is conditioned by good knowledge of the basic model and of the
effects influencing the resulted data. Generally the reliability of any method depends on the
agreement of the model with the experimental set-up.

In this paper the testing methodology for Contact Pulse Transient method is discussed. This
method provides all three thermophysical parameters within a single measurement (thermal
diffusivity, specific heat and thermal conductivity). Originally the ideal model for this method
was developed for infinitive media and for the heat source having the same thermophysical
properties like the measured material [1].

In the real experiment there are some principal problems that could not be avoided: The
specimen geometry is not infinitive. The heat source is not ideal and generates not perfect
planar temperature isotherm. The ideal model assumes the heat pulse in a form of Dirac pulse,
but in experiment it is generated with certain duration. The influence of the radiative part of
the heat transport through the media is not included in model. The described problems results
in the fact that heat flux from the heat source is homogenized after some time (or when
penetrates a certain specimen volume). Then the apparent dependency of measured
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thermophysical parameters on the material thickness should appear [8, 9, 10].

Additional effects are changing the initial and boundary conditions in the model for a certain
time periods of transient recording. The effects usually, are unknown and are not included in
model. The disturbance effects influences real measurement and thus the measured data could
not be described by model properly. Paper discusses additional tests that are required for
reliable data evaluation.

The model and experimental data for the pulse transient method were analyzed in several
ways. The previous analysis on the parameter estimation of the ideal model [8, 11] via theory
of the sensitivity coefficients [12] shows that at the lower and the higher times of the transient
record the linear dependency of sensitivity coefficients causes the scatter of fitted parameters.
This was confirmed by additional test of experimental data — by the difference analysis. This
method offers an additional test, especially in the case when disturbance effects are not
included in model.

A methodology of the evaluation procedure is discussed how to avoid influence of above
mentioned effects at the experimental data evaluation. Experimental data included in this test
were obtained on polymethyl methacrylate (PMMA) that is often used as a standard reference
material (SRM).

2. Theoretical model

The principle of the method is to record the temperature transient response to the heat pulse
generated by plane heat source and to calculate the thermophysical parameters from the
characteristic features of measured curve (Figure 1).
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Fig. 1. The principle of the pulse transient method and the heat loss effect model with drawn isotherms
(left). Example of temperature response (right).

Transient temperature response measured at the distance h from the heat source is calculated
according temperature function T(h,t) providing that ideal model is valid[1]
Q h?

T(h’t):mexm_rat) (1)

Here Q means total pulse heat energy, C is specific heat, a is thermal diffusivity and t is time.
At the standard experiment we use simple relations for the thermal diffusivity, specific heat
and thermal conductivity that were derived for the maximum of temperature response (one-
point evaluation procedure). Then the thermal diffusivity is calculated according equation

a=h*/2t, )
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the specific heat

c= Q/ V27ephT, 3)
and thermal conductivity is a product of the former two ones
A=hQ/2t ~27ehT, @

where p is the density of material, Ty, is maximum of transient response at time ty. The
situation is shown in figure 1.

In real experiment a pulse of lower power, but of longer duration replaces the Dirac pulse.
This difference in pulse duration causes the deformation of the onset of temperature response.
In a modified model the correction considering pulse width has to be applied to ideal model.
Then the modified model is characterized by [1]

. h
T(ht)—C \/_!\f @(2\/_} Ji—t, i (mﬂ (5)

where

i = —x-erfc(x)

Jx (6)

For the thermal diffusivity using maximum of the temperature response (one-point evaluation
procedure) we have

=h*/2t - f
a / tm a (7)
and for specific heat
C= Q/ V27ephT, - f, (8)

where f, and f; are correction factors

= (tm /ty — 1)' IH(M]
t,/t,—1 o)

f, = 2-exp(1/2W, -t /t, LN exp(- 1, /2)— e, 4 ~ 1/t explta 1, /20t /1, ~1)]-
-T2l (\/f /2) ercf (i, /1, 126 4D} )

Thermal conductivity is given by

A=a-Cc-p (11)

3. Evaluation procedures

Thermophysical parameters were measured on PMMA sample modified according to figure 1.
This configuration allows measurements the same piece of sample for different distances h.
The measured curves obtained for some distances are on figure 2.

Measured temperature responses were evaluated by various procedures. Standard one point
evaluation procedure uses Eq. 2, 3 and 4. This evaluation is very simple, but it works just in
the conditions very close to ideal model when no disturbance effects are take place, e.g. for
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optimized geometry of the specimen [8, 11]. The problem with duration of the heat pulse is
then solved by using Eq. 7, 8 and 11 where the correction factors for the duration of the heat
pulse are included. A more complicated evaluation using Eq. 5 for with the fitting the
experimental data in time window when temperature response was not influenced by heat
losses from the sample surface, e.g. low times of transient record was used too.

During the test the theoretical temperature responses were calculated using Eq. 5 with
parameters obtained by one point evaluation (red dotted line) and by fitting procedure for
lower times of temperature response (blue dashed curve). The problem of heat losses from the
sample surface causes drop of temperature response at higher times.

There is evident the shift of the curve maximum for the cases of larger material thicknesses 9
and 20 mm. The drop is evident from figure 2 where the experimentally measured responses
are compared with theoretically calculated one. One can see also the shift of the maxima that
are depicted by circles and triangles.
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Fig. 2. Measured temperature responses measured for the sample thickness of 4, 7, 9 and 20 mm
compared with theoretically calculated one.

4. Results

The complete results depending on type of evaluation procedure for two specimen diameters
30 and 50 mm and for the thicknesses from 4 to 20 mm are in figure 3. The shift of data at
lower times as well as at higher times is evident. Data stability region is larger for the
specimen diameter of 50 mm because of the effect of heat loss from the sample surface is
suppressed. Model accounting real pulse width was applied on temperature response and then
the resulting parameters are practically on straight line. Measured temperature responses for
the sample thickness of 4, 7, 9 and 20 mm were compared with the theoretically calculated
one. The theoretical responses were calculated using input parameters coming from standard
one point procedure as well as fitting procedure.
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Fig. 3. The thermophysical parameters measured for two diameters of the specimen at different
thicknesses of material. The straight line denotes average values of data calculated by fitting
procedure.

5. Conclusions

The analysis of disturbances caused by effects at the interface between the heat source and the
specimen and the effect of heat losses from the free sample surface was performed. These
effects are evident for low and for high thicknesses of material. The methodology of the
optimization of specimen geometry was suggested. The optimal thickness for the data
stability region between 6 and 8 mm and the specimen diameter 50 mm for PMMA material
was found.

The result of analysis is the optimized time window suitable for the data evaluation by fitting
procedure and the region of thicknesses with stabile data, where the fitted parameters are not
influenced by any disturbance and ideal model is still valid.

The optimalised geometry in combination with proper time window increases data reliability
providing that fitting procedure and pulse width correction model are used.
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