
Journal of the Korean Crystal Growth and Crystal Technology
Vol. 14, No. 3 (2004) 115-122

Multi-scale simulation of drying process for porous materials using molecular
dynamics (part 1 : homogenization method)
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Abstract When porous materials are dried, the particles flocculate into fish-net structure in gel phase. In order to exactly
analyze the stress distribution of porous materials during drying process, the elastic tensor of microscopic gel structures has
to be predicted considering pore shapes as well as porosities of porous materials. The elastic characteristics of porous
materials associated with porosities were predicted analyzing microscopic gel structures with circular and cross pores via
homogenization method and the drying processes of the electric porous ceramic insulator were simulated using finite
element method (FEM). Comparing analysis results between consideration and negligence of pores, the deformed shape and
distributions of temperature and moisture were similar but the residual stress was significantly different.
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Fig. 1. Finite element model of a microscopic particle aggre-
gate unit cell with various pore shapes.
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Fig. 2. Finite element model of a nanoscopic gel unit cell with
a pore.

Fig. 3. Relative elastic tensor component D11 of microscopic
particle aggregate unit cell associated with various porosities.

Fig. 4. Comparison of relative elastic constant among experi-
ments and other investigator’s result [5].



120 J.W. Oh, S.M. Baik and Y.T. Keum

êWê> Eparticle& êÖB
. �Ò� 
�W bî~ �î

z êWê> EH
º ��� n" �(43)öB �� Eparticlej

ÒÏ~� �(41) 6º �(42)öB êÖB
.

�¶& ��F r Ú¦~ Nê 5 Ûê ª�º Keum

�[6, 18]~ ��Ö"f ÿ¢~¾, º~wK ª�º 
²


� Ö"¢ �� "î
. Fig. 6" Fig. 7f '' 1�*

" 5�* ÿn �¶¢ ��� ê~ º~wK ª��
.

1�*� æÂ ê �& º~wK 8f ö; ��" �¶

; ��j �J� �C Ö"öB '' 29.1 MN/m2
f

27 MN/m2
�î�, ��j �J~æ pf �C Ö"öB

40.7 MN/m2
�î
. 5�*� æÂ ê �& º~wK 8

f ö; ��" �¶; ��j �J� �C Ö"öB '

' 142 MN/m2
f 131 MN/m2

�î�, ��j �J~æ

pf �C Ö"öB 174 MN/m2
�î
. ��;ç" ��

�*ö V� �& º~wK 8j Table 1öB �� "�

®
. ��j �J~æ pf �C Ö"f jv~�, 5�

* �� ê�
 1�* �� êö ç&' �& º~wK

8� � N�¢ ��º �Fº �*� æÆ>� �¶ Ú

¦~ >ª �Fï� 6²~� êWê> 8j Ã&�ÊV

Fig. 5. Relative elastic tensor component D11 of nanoscopic
gel unit cell associated with various porosities.

Fig. 6. Comparison of residual stress distribution of a electric porous ceramic insulator after drying for 1 hour between present result
and Keum et al. result [6, 18].

Fig. 7. Comparison of residual stress distribution of a electric porous ceramic insulator after drying for 5 hours between present
result and Keum et al. result [6, 18].
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