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Abstract

As the technology has developed and new materials have been produced, it is important to measure
the thermal diffusivity of material and to predict the heat transfer in the solid subject to thermal
processes. This measurement can be done in a non-contact way using photothermal displacement
spectroscopy. In this study, photothermal displacement method was used to measure the thermal
diffusivity quantitatively. The specimens used in this study were the pure materials. The Ar-ion laser
was used as an energy source and the periodical deformation induced by this pump laser was detected
by the He-Ne laser. The magnitude and the phase angle of deformation gradient were measured. The
thermal diffusivity was obtained by analyzing the phase angle of deformation gradient. As the result,
comparing with the literature value, the thermal diffusivities of materials measured were showed about

2% error.
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Fig. 2 Schematic diagram of experimental setup
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Table 1 Optical & physical properties of specimens

Thermal Thermal expansion Optical .
. . X . Thermal diffusivity
Poisson | conductivity . coefficient absorption , 5
K j Reflectivity . . (m'/s)x 10
ratio (W/m®) (1/Cyx 10 coefficient (25T
. . a
at 25 at 25T x 10°
[ron(99.90%) 0.28 80.3 0.6102 12.0 99 2.3
Nickel(99.90%) | 0.31 89.9 0.6147 13.0 84 2.3
Copper(99.98%)| 0.35 398 0.6403 16.6 70 11.6
Zinc(99.80%) | 0.35 113 0.7470 35.0 98 44
Silver(99.90%) | 0.38 427 0.9250 19.0 73 17.3
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Table 2 Comparison of the measured thermal diffusivity and the literature value'”

. . Thermal diffusion Thermal diffusivity (m®/s) x 10°
Material Thickness (mm) Error(%)
length (mm) Literature value Measured value
1ron(99.90%) 1.03 0.275 23 2.332 1.39
Nickel(99.90%) 0.56 0.275 2.3 2.327 1.17
Copper(99.98%) 0.85 0.275 1.6 11.54 0.52
Zinc(99.80%) 0.78 0.275 4.4 4.428 0.64
Silver(99.9%) 0.58 0.275 17.3 17.58 0.62
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