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;f Classification of Numerical Methods for Transient Heat Transfer
> Problem and Improved Inner Nodal Point Method

Itsuo OHNARA
L. Synopsis:

A proposal has been made for the classification of numerical methods to two groups; one is based on a
differential equation and the other is not. The latter “Direct Method”, which means that a finite—dif-
ference equation is derived directly from the phenomenon, may be divided into Outer and Inner Nodal
@ Point Methods (ONP Method and INP Method). The typical ONP Method is the matrix method develop-
i ed by the authors, where the nodal point is designated on the element boundary. In the INP Method
the nodal point is designated within the element and the nodal domain is the element itself. On the basis
?» of this classification and some discussion on the conventional methods, an improved INP Method has been
developed and the outline with finite-difference equations for energy balance, mass balance and momentum
equations for potential flow is presented. In addition, numerical examples for solidification problems are
demonstrated and discussed. Although the combination of right triangle elements forming a rectangle

¢ can not be used in the proposed method, it has the same advantage as the ONP Method over the conventional

finite element method and is superior to the ONP Method in simplicity and computing time.
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Fig. 1. Classification of numerical methods.
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Fig. 2. Boundary elements and nodal points by
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Fig. 3. Dividing by triangular and
rectangular elements.
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Fig. 5. Direction of heat flow should be consi-
dered in the method where the nodal
point is designated at the center of gra-
vity of each element.
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Fig. 7. Error (deviation from converged value)
of calculated solidification time -of steel
plate cast in a sand mold chiefly depends
on element size, 4xp, in the sand mold.
Adx, denotes element size in casting and
D, thickness of plate casting.
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Fig. 8. Computing time by various methods
(NEAC ACOS-800)
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Fig. 9. Heat flow to be considered in the Outer
Nodal Point Method (a) and the Inner
Nodal Point Method (b)
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Fig. 10. Combination of elements forming rec-
tanglelike domain should be aboided,
because the short length between the
nodal points needs a small time step.
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STEEL CASTING

Fig. 11. Temperature contours in sand mold and
prism steel casting st 300s after pouring.
Solidification time by solid line dividing
was 345s and 357s by broken line divid-
ing.
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Fig. 12. Progress of solidification front in plate
cast iron joined as L section cast in a
sand mold.
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Fig. 13. Flow in solid-liquid region due to so-
lidification contraction. (Columnar steel
casting of 160¢ x 500mm. Darcy’s law
is assumed. 1020s after pouring.)
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