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Fundamentals of Analysis of Solidification of Pure Materials
and Numerical Calculation Technique by Finite Difference Method

Mitsuyoshi SHIMAOKA

Mechanical, electro-magnetic and chemical properties of metal materials change remarkably with the com-
position of mterial and/or with the solidification structure. It is necessary to develope a controlling technique
of the solidification structure in order to obtain the useful function of the material. In this paper, to gain a cor-
rect understanding of fundamental theory of solidification phenomenon, analytical solutions of Stefan,
Neumann and Schwarz models for macroscopic solidification of pure materials have been explained. Numerical

technique with finite difference method for these solidification problems has been also explained.
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Fig.2 Production of a rod by suction casting.
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Fig.3 Illustration of dendritic solidification.
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Fig.4 Stefan model for the growth of solid phase of

pure material.
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Fig.5 Solid phase growth of pure materials by Stefan

model.

Table 1 Thermal properties of water, silver, zinc and lead. And calculating conditions on Stefan

model and calculated results.

EBEAN | ELHEmk Mol s TR | SRR | Stefan B EE e
S L {J:, L) Iy T & ¢ A

[T-kg'] |3 kg'-EY|  [m3. o0 (K] [K] [m-s'?2]
O Waler | 233500 | 2000 27IE) | 1.2x10% (27IK) | 273.1% 250 D.1379 | 02559 | 5.628x10"
{DWaer | 333500 | 2000273K) | 12109 273 | 27213 200 0.4378 | 0.4385 |1.0593x10?
{Silver | 105000 | 272 (1D0OK) |37 x10-6 CLOOGKY 123508 1100 | 03497 | 03966 |9.2842x10
@ siver | 105000 | 272 (1000K) | 137 x10-6 C1000%0q 1235.08 300 24221 | 0.8536 |1.9982x10
® Zinc | 102000 | 443 (FOOK) |34.2 x10-5(500KD | 6927 200 D.E362 | 03778 |6.7580%1077
@ Lead 24700 130 (300K) |24.3 %105 300K | 600.7 300 05316 | 04713 |4.7057 x101
@ Lead | - 24700 130 (300K) | 24.3 %105 300K) | 600.7 400 10579 | 0.6339 |6.2496 x10-7
® Lead 24700 130 (300K) | 2431053006 | 600.7 300 15842 | 0.73717 |7.230x109
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Table 2 Thermal properties of water, silver, zinc and lead. And calculating conditions on

Neumann model and calculated results.

T C e M e Seetun B EEE R
oy L 1, ar 3f ’ -
[W-o- KM [W- ! Y [m2- 5] : [m- 517

D Warer | 0576 (280K) | 22 273} | 13721072800 | 01279 | 01738 |2.83069 x10-
@ waer | 0576 (280K | 22 273K | 1a72%10°7(280K) | 04378 | 0.3260 | 7.1415x00
D Saver | 1765 (1Z13K) | 374 (1D00KD | 137104 (1000K) | 3457 | 0.3615 |RA629xt07
@ Silver § 1765 (12T3K) | 374 (FODOED | 137 %1074 (1000K) | 24221 | 0.8131 | L.omd3 xt02
® Zine | 388 (693K) | 105(500K) | 17.5x10-5(600K) | 0.8382 | 0.5083 |5.9449x10°?
@ Leasd § 163 (607K} | 352 (300K) | 9.6 x10-6(300K) | @.5316 | 0.3995 |3.9384x10-?
(D Lead | 163 (607K) | 352 QOOK) | 9.6 x10-50300K) | 10579 | 05402 |5.4145x10-
@ Lead | 163 (607K | 352 300K} | 9.6 10503008 | t.5842 { 0.6303 |6.4112x10-
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Fig.7 Solid phase growth of pure materials by

Neumann model.
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Fig.9 Schwarz model for the growth of solid phase of

pure material.
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Fig.10 Solid phase growth of pure materials by

Schwarz model.

Table 3 Calculating conditions on Schwarz model and calculated results for water, silver, zinc and lead.

Secfan 3| BE L4V | W06
wE 5, | DNBNEE| HRF

Tg [E] |TenlK]

AT | A A REAZEX
Tr A $ B
[E] |To [K] [m-s-13]

(D Wae | 0.137% 2849.6

273.15 | 283.15 | 003522 | 33335x10°F

Wairr | D.4378 125.0

273.15 | 28315 { 0.09281 | 20934x10+4

(B Silver | 03497 1241.%

1235.08 | 1240.08 | 1.878 %103 | 43972 %103

(1) Bilvee | 24221 1242.9

1233086 | 1245.08 | 0.03673 3. spasx10+

Zinc | 0.8182 08.2

6527 027 |9659 %102 | 1.1267Tx104

B Lead | 05316 6223

&00.7 610.7 002347 | 23139x10+

(D Lead | 1.0570 £43,1

&00.7 610.7 0.05650 | 6556Tx104

8814184|5[8|8

& Lead | 1.5842 54,3
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Fig.11 The moving temperature point method and

change of the width of element with time.
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Fig.12 The flow chart of numerical calculation by mov-

ing temoerature point method.
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