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The Effect of the Surrounding Medium and Its
Pressure on Data Obtained in Thermal Diffusivity
Measurements Using the Flash Method'

D. E. Stroe*? and P. S. Gaal?

This work describes experimental measurements made with a high temperature—
high pressure flash thermal diffusivity instrument, using nitrogen, argon, and
helium as environment. Data was generated using pressures from vacuum to
30 bar in the temperature range of ambient to 1000°C. NIST SRM 8425 (Poco
AXM 5Q, fine grain graphite) was used for the tests. A total of 2.970 data
points were obtained, showing a clear and prominent shift in the data, depending
on the pressure and the thermal properties of the surrounding gas. Preliminary
conclusions drawn from the work indicate the influence of heat conduction,
convection, and diffusion through the environmental gas, on the thermal diffu-
sivity results.

KEY WORDS: atmosphere; flash method; high pressure; losses; thermal dif-
fusivity.

1. INTRODUCTION

The thermal diffusivity, «, of a medium is the thermophysical property that
determines the speed of heat propagation by conduction during changes
of temperature with time. The flash method, which is one of the most
common ways to measure it, is based on depositing a very short energy
pulse on the front face of a small disc shaped sample, and calculating
its thermal diffusivity from the characteristic curve (thermogram) of the
temperature excursion of its rear face.
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The basic, analytical solution was first derived by Parker [1], who
found that, for ideal conditions, the thermal diffusivity of the material can
be calculated from:

L2
«=0.1388 — (1)

LAY

where L is its thickness and #,,, is a characteristic time on the thermogram,
when the rear surface reaches one half of its final temperature. Numerous
corrections have been introduced to account for radiative heat losses
during the process, the finite width of the laser pulse, and other factors
interfering with the experiment, to more realistically represent actual
experimental conditions. The method has been amply described in the lit-
erature [ 1-10]. The equipment used in the present work and its character-
istics have been presented earlier [11], as a first part of a three-phase
project. The current work represents the second phase.

In the past, little or no attention was paid to the role the environmen-
tal gas (or vacuum, if that was the case) played in the resultant thermal
diffusivity data. In most cases, 2 to 3% variation in the results was con-
sidered to be within the experienced noise band of a +5% of measured
value. This study uncovered a definite influence of the type of gas used as
atmosphere for the experiments and its pressure, on the measured thermal
diffusivity values.

2. EXPERIMENTAL

The graphite reference material SRM 8425 was tested at 100°C
increments, in argon, nitrogen, helium, and vacuum, from room tempera-
ture to 1000°C. For each type of gas used, the pressure inside the furnace
was varied from 1 to 10, 20, and 30 bar. All other test parameters were
kept the same in all cases, and the same procedure was followed for all the
measurements.

Upon reaching thermal equilibrium, the pulse was applied and the
data were recorded. Immediately thereafter, the basic Parker analysis and
nine selected corrections (Koski, Heckman, Cowan (for two partial time
ratios), Clark and Taylor (for three partial time ratios), Degiovanni (for
two partial time ratios)) were calculated. The software is able to apply
several additional corrections, as well as a regression analysis among them,
named “goodness of fit,” to determine which correction provides the
closest results to the ideal ones. For this study, the Clark and Taylor
method of correcting the results was chosen, based on the best agreement
between the experimental and the theoretical values, obtained at all
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instances. The thermal diffusivity values obtained using three different
ratios of partial times were averaged and taken as the results of the mea-
surements. However, at elevated pressures, none of the existent corrections
could account for the effect of the particular type of heat transport present.

A total of 54 tests were performed: 24 in nitrogen, 12 in argon, 6 in
helium, and 12 in vacuum, producing 2,970 data points. The relative stan-
dard deviation of the mean values of the thermal diffusivity results ranged
between 0.1 and 0.5% [12], the larger values corresponding to tempera-
tures lower than 200°C. This was expected, due to the extremely high
variability of thermal conductivity of graphite around room temperature
[13].

The results are combined and showed in Table I, which gives an over-
view of all the average values obtained over the entire temperature and
pressure range (including vacuum) for argon, nitrogen, and helium.
Incremental differences are calculated between the thermal diffusivity
values obtained for each pressure and vacuum. The differences are pre-
sented in units of cm?-s~!, and also normalized, in percents of measured
value. Data for helium at 1000°C is not included, due to the inability of the
furnace to reach the highest temperature with this type of atmosphere.

The data listed in the “average” columns is plotted in Fig. 1, showing
a clear dependence on the nature of the gas, as well as a hint of some pres-
sure dependence.

Each surface shown in Fig. 1 represents the overall behavior in each
particular gas. (In order to include on the plot the vacuum data, which is
the baseline, a nominal, very narrow pressure range was assigned to it.)

The surfaces created by the sets of data overlap, and it appears that
they do not differ too much from each other. This is in line with currently
prevalent interpretation in thermal diffusivity investigations where no pro-
vision is made to account or even acknowledge the existence of media
dependent functionality. However, a more detailed approach reveals a
consistent dependence of the results on the type of gas used, and on its
pressure. This is a new concept, which becomes visible only if very small
differences can be resolved by the equipment. When the differences
between the curves are analyzed in terms of incremental variations of
thermal diffusivity obtained from vacuum to each individual pressure, the
changes are substantially magnified. Plotting them as a function of tem-
perature, and with pressure as a parameter in similar three-dimensional
form, yields Fig. 2.

The pressure dependence, as well as the dependence on the nature of
the gas is clearly visible, while neither of those two, when expressed in
incremental units, seems to change substantially with temperature. This
suggests that one might squeeze each surface into a representative line (by
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Fig. 1. Combined thermal diffusivity results for NIST SRM 8425.

Argon
Nitrogen

Helium

400

Te 600
empera tUI‘e i

Q
1000 0 <

Fig. 2. Combined incremental changes for NIST SRM 8425.
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Table II. Average Incremental Thermal Diffusivity Differences Versus Pressure, Referenced
to Vacuum, for NIST SRM 8425

Average incremental thermal diffusivity differences (%)

Pressure (bar) Argon Nitrogen Helium
0 (vacuum) 0 0 0
1 —-2.83 —4.27 —4.56
10 —2.34 —3.51 —4.17
20 —1.73 —2.63 —3.63
30 —1.03 -1.79 —3.65

averaging all temperature points for a particular gas) at each incremental
pressure point. Then, summarizing the results from Table I in this format,
the incremental differences can be further averaged to give an overall view
of the variations of the measured thermal diffusivity with pressure for
each type of gas used, now referenced to the values obtained for vacuum.
Table II shows the averaged incremental differences.

This, then, can be further represented in a more conventional graphi-
cal form, as shown in Fig. 3. Second-order polynomial curves were fit to
the points obtained for each type of gas.
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Fig. 3. Average of the incremental differences of thermal diffusivity, as a
function of pressure, for NIST SRM 8425.
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The results of this analysis indicate clearly the dependence of measured
values on the surrounding medium. Earlier metrological validation process
[12] has shown that the combined standard uncertainty associated with the
thermal diffusivity values generated using this equipment is 1.13%. There-
fore, the systematic trends shown in Fig. 3 are considered significant and
real.

3. CONCLUSIONS

This work shows that there is a definite dependence of the thermal
diffusivity results on the nature of the environment in which the measure-
ments are conducted. Since pressurization was found to have profound
effects on the results, it is concluded that the process may be influenced not
only by the radiative heat losses present in the thermal diffusivity experi-
ment, but also by the heat conduction, convection, and thermal diffusion
present in the surrounding gas. While no numerical or analytical relation-
ships were established in the present study to concisely describe this rela-
tionship, the existence of this systematic behavior has been well indicated.
The work is continuing, in an attempt to link thermal conductivity, specific
heat capacity, and density of the surrounding medium to a practically
useful loss factor for measurements.
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