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General Method for Solidification and Cooling Analysis
of a Cast in a Mold through a Linear Heat Flow Model

Kazumi Yasupa and Hiroyuki Kanoka

Synopsis :

It has been difficult to get an analytical solution for temperature distribution in a solidifying and cooling process in a
mold of continuous casting machine, because of multi-layered heat resistance between solidification front and water
cooling surface of a mold ; solidified shell/ melt or solidified powder/ air gap/ mold coating/ mold metal and cooling
water. Numerical methods, which are inconvenient to get a perspective of the total system, have been the only measure
to analyse processes.

The object of this research is to present a new general method to analyse a mold cooling system.

The authors proposed a new concept “quasi-steady state”, and defined a new standard function “cast function” as
a solution of a linear heat flow model. They established a new precise general method to analyse a mold cooling system.
As a result it has become possible to express explicitly temperature at arbitary location and time in the casting and

cooling system.

They also made a comparison among this method and other model methods.
Key words : continuous casting ; cooling ; solidification ; mold ; linear heat flow model ; cast function ; analytical solution; quasi-

steady state.
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Table 1. Values of CAST function: (Ya=5.0)

t 00 05 10 15 2.0

0.0 | 1.000 — (—:LUFRFHE)
0.1 | 0.800 1.000 —

0.2 | 0.689 0.962 1.000 —

0.3 | 0.640 0.908 1.000 —

0.4 | 0.603 0.863 1.000 —

0.5 | 0.573 0.826 0.988 1.000 —
0.6 | 0.548 0.793 0.960 1.000 —
0.7 | 0.526 0.765 0.934 1.000 —
0.8 | 0.507 0.739 0.909 1.000 —
0.9 | 0.491 0.716 0.887 1.000 —
1.0 | 0.476 0.696 0.866 0.984 1.000 —

1.5 | 0.418 0.616 0.780 0.907 0.998 1.000 —

2.0 | 0.379 0.560 0.716 0.844 0.942 1.000 —

2.5 | 0.349 0.517 0.666 0.792 0.894 0.973 1.000 —

3.0 | 0.326 0.483 0.625 0.749 0.851 0.934 0.998 1.000 —

3.5 | 0.306 0.455 0.592 0.712 0.814 0.899 0.967 1.000 —

4.0 | 0.290 0.432 0.563 0.680 0.782 0.868 0.938 0.995 1.000 —

4.5 | 0.277 0.412 0.538 0.652 0.752 0.839 0.911 0.970 1.000 —

5.0 | 0.265 0.395 0.516 0.627 0.726 0.812 0.886 0.947 0.997 1.000 —
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Fig. 1. Variation of dimensionless temperature dis-
tribution with dimensionless time.
(a)Ya=0.5 and (b)Ya=>5.0.
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Fig. 2. Variation of dimensionless temperatures at
fixed points with dimensionless time.
(a)Ya=0.5 and (b)Ya=5.0.
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Fig. 3. Variation of dimensionless surface tempera-
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Fig. 4. Variation of dimensionless shell thickness as
a function of dimensionless time.
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(a) Temperature distribution, (b) Variation
of temperature with time and (c) Variation
of shell thickness with time.
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