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A Prediction Algorithm of Temperature in Slab in Reheating
Furnace by Use of Analytical Solution

Synopsis:

Toshio ENDO and Yasuyuki FUNAHASHI

An analytical solution of one dimensional heat conduction equation is derived under the following con-

ditions.

(1) Constant heating energy E’ is applied at the top surface of the slabs.
(2) There is no flow of heat at the bottom surface.
(3) The initial temperature distribution is approximately equal to the quadratic function determined

by the both surface temperature.

Further, a practical and fast algorithm is proposed for the prediction calculation of heating tempera-

ture. The algorithm uses the analytical solution.
lytical solution.

First, the slab temperature is predicted by the ana-
Every time the calculated temperature goes beyond the predicted temperature range,

the calculation is interrupted. The thermal constants used are corrected to become appropriate to the
next range of temperature and to rest the initial distribution of temperature and energy E’ decided by ra-

diant heating energy calculation, and then the prediction calculation is started again.

The proposed al-

gorithm has a great advantage in reduction of computation time over the difference equation method.
As the proposed algorithm takes into account the nonlinearity of thermal constants, the computation ac-
curacy is expected to be nearly equal to that of the difference equation method.
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Fig. 2. Flaw chart of prediction calculation.
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Table 2. Truncation error 40y (x,t') (=8x(x,¢")
— 0100 (%, 2')).

40x5 (z,t') [C]

t*[h] N=1 N=2 N=3
z=0 =1 z=0| z=1| z=0 z=1
4,00 0.00 0.00 0,00 0. 00 0.00 0.00
4,25 0.00 0. 00 0,00 0,00 0.00 0. 00
4,50 0. 00 0,00 0.00 0.00 0.00 0.00
4. 75 0.00 0.00 0,00 0.00 0.00 0.00
5. 00 0.00 0.00 0.00 0,00 0.00 0.00
5.25 0.03 0.00 0.00 0.00 0. 00 0. 00
5.50 0.20 0.00 0.00 0. 00 0.00 0.00
5.75 0.33 0.05 0.00 0.00 0.00 0.00
6. 00 0. 46 0.09 | 0.00 0. 00 0. 00 0. 00
6.25 0.09 0. 03 0. 00 0.00 | 0.00 0.00
6. 50 0.00 —0.23 0. 00 0. 00 0.00 0. 00
6.75 —-0.16 -0. 62 0.00 0.02 0.00 0.00
7.00 -0.39 —0, 96 0.01 0.02 0.00 0.00
7.25 -0, 56 —1.50 0.01 0.04 0.00 0. 00
7.50 —0.75 —1.37 0. 02 0.03 0.00 0,00
7.75 —0.68 —1.36 0.02 0.03 0.00 0.00
8.00 —0. 61 -1.14 0.01 0.03 0.00 0. 00
8.25 —0. 49 —0. 96 0.01 0,02 0.00 0.00
8.50 —0. 41 —0. 81 0. 00 0.02 0.00 0.00
8.75 —0.34 -0, 75 0.01 0.02| 0.00 0.00
9.00 —0.32 —0.69 0. 00 0.01 0.00 0.00

t’ (min)

Fig. 6. Convergence of the function ¢ #t .
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Fig. 7. Temperature distribution of the slab
approximated by the quadratic function.
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equation. ‘

Where, ¢, is the absolute value of the maximum
deviation from the calculated temperature by A4¢'
=5 second and n=10.
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Fig. 10. Comparison of the required computa-
tion time.
Tp is the computation time by the difference
equation, T is the one by the proposed algorithm
in this paper.
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