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Abstract:

performance of new materials, especially in nano length scale, could be greatly improved to applied in
modern industry.

New material design has obtained tremendous attention in material science community as the
In certain conditions limiting experimental synthesis of these new materials, new
approach by computer simulation has been proposed to be applied, being able to save time and cost.
Recent development of computer systems with high speed, large memory, and parallel algorithms enables
to analyze individual atoms using first principle calculation to predict quantum phenomena. Bevond the
quantum level calculations, mesoscopic scale and continuum limit can be addressed either individually or
together as a multi-scale approach. In this article, we introduced current endeavors on material design
using analytical theory and computer simulations in multi-length scales and on multi-physical properties.
Some of the physical phenomena was shown be cross—link rule called
‘cross-property relation’. It is suggested that the computer simulation approach by multi-physics analysis
can be efficiently applied to design new materials for multi-functional characteristics.
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Table 1. Four different classes of steady-state effective
media problems (F~K.:G). Class A and B share many
common features [1].

General Average Average
effective Generalized Generalized
property (Ke) intensity (G) flux (F)
Thermal Temperature Heat flux
conductivity gradient
Electrical Electric filed Electric
conductivity current
A Dielectric Electric field Electric
© constant displacement
Magnetic Magnetic field Magnetic
permeability induction
Diffusion Concentration Mass flux
coefficient gradient
Elastic moduli Strain field Stress field
b Viscosity Strain rate field Stress field
Survival time Species Concentration
c production rate  field
NMR survival NMR Magnetization
time production rate  density
Fluid Pressure Velocity field
D permeability gradient
Sedimentation Force Mobility
rate
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Fig. 2. Multiwall CNTs sequentially injected on a Si
substrate (a) molecular dynamic
results. Interfacial morphologies (cross-sectional views on

schematic and (b)

vz plane) for different kinetic energies are shown in (¢)
-le), (f) The pair distribution of Si-Si. (g) The pair
distribution plot of C - C, (h) The pair distribution plot of
Si-C indicates the formation of Si-C chemical bonds
(~1.83 A®) at high impact energies. The peak increases
with the impact energy [5].

Fig. 3. Atomic models of nanochannels with wvarious

cross sectional shapes: (a) triangular (b) square, (c)
kagome, (d) hexagonal, and (e) circular (oxygen: blue,

hydrogen: green, wall: red) [9].
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Fig. 4. Graphene transport device showing the effect of
a nitrogen defect on electron transport (from Materials
Studio, 2014 [12]).
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Fig. 5. Magnetic hysteresis curve.
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Fig. 6. An atomic configuration of SrFe;:Oja.
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Fig. 7.
multifunctional material

structure as a

kagome
(left). A
cooling device made of bamboo shows same patterns with
kagome lattice [22],
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Fig. 8. A bicontinuous structure for optimal electrical
and thermal transport determined by computer simulation
[25].

06 " .
805, 0001, 4 /=10
05
Wh oa b
03¢
02 . . .
02 03 04 05 06

0J0;

Fig. 9. Bounded electrical

conductivities predicted by the cross-property relation for

regions of thermal and

the bicontinuous structure [25].
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