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Measurements of Thermal Diffusivity of Heavy Rolled Low Carbon Steel Plate
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Abstract

The heat transfer problem associated with pulse technique for measuring thermal diffusivity
was solved by means of Green function. The obtained general solution was discussed so as to
apply for all possible cases ; kinds of boundary condition and heat source, irradiation positions of
heat pulse, radius of heat pulse, one-and two-dimensional heat flow, finite pulse time effects and
radiation heat loss systems. Experimentally, the laser flash lamp was used as heat source for
measuring thermal diffusivity of low carbon, aluminium chilled steel plate, which was heavily
rolled in order to measure the variation of thermal diffusivity in the temperature range from room
temperature through 500°C. The derived results are (1) materials produced from same furnace
showed a somewhat different thermal diffusivity values. (2) the thermal diffusivity value of rolled
material was smaller than unrolled material and the difference decreased as increasing tempera-
ture. (3) the thermal diffusivity value of an annealed and temper rolled material was larger than
the value of a cold rolled material, even thought smaller than unrolled material. (4) In case of
heavy rolled material, there was no consistent relationships between the thermal diffusivity and
the reduction in thickness.
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Table 1 Rolling process information (cm)

Sample A B C

1 0.2906 0.0914 0.0914
2 0.1994 0.0787 0.0564
3 0.2337 0.1054 0.0686

A : Hot rolled

B : Cold rolled before annealing

C ! Annealed and temper rolled

Table 2 Chemical composition (%)

Fe C Mn P S Cu A%
59.08| 3.68 {29.26| 1.35 | 0.62 | 1.33 | 4.68
Table 3 Specimen descriptions
Specimen| Thickness| Diameter | Mass | Density

(cm) {cm) (g) (g/cm?*)

1A-1 0.2896 1.2672 2.8457 7.7913
1A-2 0.2375 1.2672 2.3331 7.7891
1A-3 0.2022 1.2672 1.9928 7.8415
1A-4 0.0940 1.2687 0.9191 7.7344
1B-1 0.0927 1.2687 0.9114 7.7772
1B-2 0.0927 1.2687 0.9108 7.7720
1B-3 0.0927 1.2687 0.9109 7.7729
1C-1 0.0940 1.2662 0.9288 7.8469
1C-2 0.0950 1.2664 0.9247 7.7276
1C-3 | 0.0950 1.2664 0.9293 7.7661
2A-1 0.1996 1.2682 1.9570 7.7618
2A-2 0.1989 1.2685 1.9528 7.7688
2A-3 0.1991 1.2687 1.9570 7.7752
2B-1 0.0787 1.2662 0.7734 7.8043
2B-2 0.0800 1.2662 0.7752 7.6954
2B-3 0.0798 1.2667 0.7740 7.6966
2C-1 0.0584 1.2662 0.5823 7.9184
2C-2 0.0597 1.2662 0.5835 7.7620
2C-3 0.0597 1.2649 0.5813 7.7486
11A-1 0.2350 1.2687 2.3033 7.7531
11A-2 0.2337 1.2687 2.3024 7.7932
11A-3 0.2350 1.2682 2.3067 7.7645
11B-1 0.1092 1.2687 1.0654 7.7176
11B-2 0.1092 1.2687 1.0615 7.6893
11B-3 0.1092 1.2687 1.0662 7.7723
11C-1 0.0737 1.2687 0.6985 7.4971
11C-2 0.0737 1.2687 0.7000 7.5132
11C-3 0.0737 1.2687 0.6985 7.4971
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Fig. 3 Schematic diagram of the laser flash technique
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