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Advantages of Logarithmic Method — A New Method for Determining
Thermal Diffusivity — in the laser-flash technique

Yoichi Takahashi, Kazutaka Yamamoto, Tetsuo Ohsato

“Logarithmic method” is a novel method for determining thermal diffusivity in the
laser-flash technique. The advantages of logarithmic method over the conventional “t1/2
method’” are discussed in this paper.

By solving the one-dimentional thermal diffusion equation using Laplace transformation
and term-by-term inversion, we obtain a solution which is useful for early stage of elapsed
time. In the logarithmic method, one term approximation of this solution is utilized to
determine the thermal diffusivity from the experimental rear-surface temperature history
of a sample after being flashed by a laser-pulse. The sensitivity analysis showed the follow-
ing advantages of this method: The effects of heat leak from the sample and of non-uniform
heating by a pulse to the determined thermla diffusivity values are much less in this method
than those in case of ty) method. This is associated with the fact that the deviation of the
maximum temperature rise of a sample from the ideal case affects very little in the determi-

nation of thermal diffusivity in this method.

It is concluded that the logarithmic method is much superior to method and we
propose this method to be used as the standard one for determining thermal diffusivity in

the laser-flash technique.
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Fig. 1 Calculated rear-surface temperature histo-

ry using eq. (14) in the text.
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Fig. 2 An example of experimental rear-surface
temperature hisotry.
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Fig. 3 Plot of In (%2 +8) vs. t™! for experimental
data shown in Fig. 2.
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Table 1 Estimated error in thermal diffusivity,
€, caused by the finite pulse-duration
time effect.
€/%
ll/z/T
ty, method logarithmic method
10 —4.80 -9.93
20 —2.46 -5.18
30 -1.63 -3.50
50 —1.00 —2.13
100 -0.50 —1.08
200 -0.22 -0.54
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Table 2 Examples® of calculated heat-loss

parameter, Hey using an experi-
mental decay parameter, k.

T/K Hex/~
300 0.0004
400 0.0008
500 0.0014
600 0.0022
700 0.0030
800 0.0042
900 0.0054
1000 0.0053

* Sample: U-Zr (Zr 52 mol%) alloy.
Parameters used are: '=0.3, L/cm =0.15,
afem?s™! =0.03 (300K) ~ 0.10 (1000K).
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Fig. 4 Calculated rear-surface temperature histo-
ry with heat-loss effect.
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Table 3 Estimated error in thermal diffusivity,
€, caused by heat-loss effect.

€/%
Hex/_ T 4 .
ty, method logarithmic method
0.01 1.17 0.16
0.02 2.06 0.32
0.03 2.89 0.48
0.04 3.72 0.64
0.05 4.36 0.78
0.06 5.08 0.94
0.08 6.36 1.27
0.1 7.60 1.61
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Fig. 5 Examples of non-uniform heating by a
laser pulse. Cases of parabolic type
intensity distribution.
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Fig. 6 Calculated rear-surface temperature histo-
ry with non-uniform heating effect.
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Table 4 Estimated error in therml diffusivity,
€, caused by non-uniform heating

effect.
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Table 5 Dependence of estimated errors in thermal diffusivity, €, upon the

region of logarithmic plot, 6/6 .

€/%
0/6m Finite pulse effect Heat-loss effect Non—unif%)rm heating effect
(ty,/T=10) (Hex =0.1,T'=10.3) (¢ a*=1,I'=0.3)
0 —-0.1 ~24.2 8.33 2.65
0.1t — 0.2 -15.0 0.80 1.35
0.2-03 —12.3 0.90 1.87
03 ~04 -10.4 1.28 2.43
0.4 —-0.5 —8.80 1.65 3.06
0.5-0.6 —7.44 2.14 3.82
0.6 —0.7 —6.23 2.84 4.79
0.7-0.8 -5.08 3.80 6.22
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