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Fig. 1. Phase shifts of a photoacoustic signal as a func-
tion of /f/f. with different g values.
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Fig. 2. Amplitude variations of a photoacoustic signal
as a function of \/f/f. with different g values.
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Fig. 3. Sensitivity coefficients for the phase measure-
ment (f.=177.75 Hz, g= 0.014).
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Table 1. Calculated values of correlation coefficient in the phase and amplitude measurement for different

values of f. and g.

Phase Amplitude
f g measurement measurement
(Hz) fg f A, fog A g
0.01 —0.582 —0.994 0.884 —0.829
50 0.10 —0.358 —0.995 0.882 —0.833
10.00 0.064 -0.982 —0.701 0.793
100.00 0.073 —0.977 —0.752 0.839
0.01 —0.352 —0.995 0.855 —0.810
200 0.10 —0.348 —0.997 —0.639 0.693
10.00 0.064 —-0.971 —0.302 0.501
100.00 0.111 ~0.963 —0.631 0.786
0.01 —0.289 —0.991 0.843 —0.763
500 0.10 —0.342 —0.993 0.827 —0.754
10.00 0.062 —0.986 —0.842 0.910
100.00 0.116 —0.980 —0.853 0.925
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Fig. 5. Schematic diagram of the experimental setup
and the design of a photoacoustic cell.
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Fig. 6. Phase variations of a photoacoustic signal with
different backing materials. Sample is stainless
steel 304 (£,=0.274 mm).
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Table 2. Thermal diffusivity and thermal effusivity values obtained from the phase measurement compared

with the values quoted in literature.

Sample a, (cm®-s ) &W-s% ecm 2 K™Y
measured literature® measured literature”
1 0.043+0.003 0.039 0.55+0.06 0.689
2 0.041+0.003 0.039 0.49+0.05 0.689
3 0.313+0.008 0.340 1.60+0.30 1.930
4 0.940+0.020 0.970 2.10+0.30 2.193
5 1.160+0.030 1.200 3.00+0.40 3.466

“Quoted from references [23, 24]

¢Computed from values of thermal conductivity and thermal diffusivity [23, 24]
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Fig. 7. Experimental data with the theoretical curve
fit using the parameter estimation of f. and g
in phase measurement.
sample (3): £,=112.27 Hz, g=0.030
sample (5): f,=183.54 Hz, g=0.016
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Fig. 8. Experimental data with the theoretical curve
fit using the parameter estimation of A, and
£ in amplitude measurement.
sample (3): A,=45.2, £g=0.022,
sample (5): A, =349, g=0.017

Table 4. Thermal effusivity values obtained from the
amplitude measurement by 2-parameter esti-

ment by 3-parameter estimation. mation.
Sample P ‘ P Sample a1r—1
o (cm?«s™hH sW- s ecm 2K & (W - s*cm 2Ky
number number
1 0.034+0.002 0.19+0.02 1 0.67+0.09
2 0.035+0.001 0.18+0.04 2 0.58+0.04
3 0.37+0.02 not available 3 292 +0.1
4 1.02+0.02 not available 4 19 +0.2
5 14 £07 0.80+0.03 5 28 403
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is substituted into this estimation.
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Photoacoustic Determination of Thermophysical Properties
of Thin Metallic Plates by Using Parameter Estimation

Sok Won Kim
Temperature Laboratory, Korea Research Institute of Standards and Science

(Received: October 24, 1991)

The phase and the amplitude of the photoacoustic signal were measured as a function of chopping
frequency for several kinds of widely used thin metallic plates (stainless steel 304, brass, aluminum
and copper) attached to plexiglass backing. The experimental data have been analyzed systematically
by parameter estimation technique based on the two-layer model developed from Rosencwaig-Gersho
(R-G) theory. Using this analysis, the values of thermal diffusivity and thermal effusivity of the mate-
rials have been determined.



