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A Non-Contact Measurement of Thermal Conductivity
and Diffusivity of Anisotropic Materials

Motoo FU]JII, Soochun PARK, Toshio TOMIMURA
and Xing ZHANG

The purpose of this paper is to develop a non-contact method for simultaneous
measurement of thermal conductivity and diffusivity of anisotropic materials. This
method could be applied to biological materials. Three-dimensional transient heat
conduction equation in an anisotropic solid is solved numerically when the solid surface
is heated locally. Then, the time variations of non~dimensional average surface tempera-
ture are obtained as a master plot, which depend on the ratio of thermal conductivities in
x-, y-direction E,,(=2,/1,). In experiment, the surface of an anisotropic sample is
heated locally by the laser beam and the surface témperature profiles are measured by an
infrared thermometer. The measured temperature variations are compared with the
numerical ones to yield the thermal conductivity and diffusivity in x-direction 1, @, and
the ratio E,, simultaneously. To confirm the applicability and the accuracy of the present
measuring method, are used the multi-layered paper and vinyl chloride resin film as the
samples with known thermophysical properties. It is found that the method could obtain
the thermal conductivity, diffusivity and anisotropic ratio (E,,) within errors of 6%, 25%

and 49, respectively, when the errors of measured laser output, heating radius and

temperature are assumed to be within 293, 39 and 0.2K, respectively.
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Detail of multi-layered test pieces

Tested Thickness of | Number of Total thickness[mm] Density after
material | a paper[mm] papers Before fixed After fixed | fixed[kg/m?]
Kent-a 0.227+0.003 60 14.7 14.3 911
Kent-b 0.2241+0.003 60 13.8 13.5 916
Kent-c 0.228+0.003 60 13.8 13.4 915
Kent-d 0.226+0.003 60 17.6 . 16.0 950
C. vinyl 0.115+0.006 115 13.2 12.7 1300
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Table 2 WHEE 0y 7D x, y AAOBEHERE

Table 2 Evaluated thermophysical properties
ax[m?/s] ay[m?/s] 2[W/mK] | 1,[W/mK] Eol—] Acryl tape
Kent-a 0.367x107¢ | 0.136X10°® 0.610 0.226 0.370 not used
Kent-b 0.321 0.125 0.592 0.231 0.390 not used
Kent-c 0.309 0.114 0.604 0.223 0.370 not used
mean value | 0.332 0.125 0.602 0.227 0.377 not used
Kent-d 0.253 0.127 0.566 0.284 0.501 used
C.vinyl 0.125 0.105 0.261 0.219 0.840 not used
(a) Based on single layer model
a[m?/s) a,[m?/s] A[W/mK] | 1,[W/mK] E.[—] | Acryl tape
Kent-a 0.369x107¢ | 0.075X10°° 0.577 0.117 0.203 not used
Kent-b 0.300 0.063 0.552 0.116 0.211 not used
Kent-—c 0.358 0.070 0.571 0.112 0.196 not used
mean value | 0.342 0.070 0.566 0.115 0.203 not used
Kent-d 0.200 0.070 0.506 0.177 0.349 used
C.vinyl 0.102 0.067 0.200 0.132 0.660 | not used

(b) Based on two layer model
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Table 3 Error estimation
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