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Calculation of Heat Conduction of Solid by Classical Molecular Dynamics Method

R {CWN D)

fmiE Ll SERCRKER)

Soon Ho CHOI and Shigeo MARUYAMA
Dept. of Mech. Eng., The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo, 113-8656

The thermal conductivity of a solid with a finite size was investigated with the classical
molecular dynamics method. Solid argon is selected as the target material since it is well known to
be expressed with the simple Lennard-Jones potential and no electron effect is expected on the
thermal conductivity. The calculated values by MD simulation are compared with the available bulk
experimental data. We confirm that there are the size and pressure effect on the thermal conductivity.
Especially the former indicates that the micro-scale system has the lower thermal conductivity than
that of the bulk material in the heat transfer direction. Also the temperature dependence is carefully
investigated and a good agreement with the experimental trend is obtained for the relatively high
temperature region. On the other hand, the ability of a classical MD is limited in the low temperature
region where quantum nature of vibration is apparent through the specific heat.
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Table 1 L-J Potential Parameter

Length Parameter, ¢

34 A

Depth of Potential Well, ¢

1.67x1072' ]

Mass of Argon, m

6.634x107 kg

Time Interval for Calculation

1 fs (At*=1/2143)

Cut-off Length

350
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Fig.1 Arrangement of Solid (12x12x30)
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(a) Pressure vs. density
Fig.2 Pressure and density (intermolecular length) relations for (12x12x18)

1.14

. 1.16 T T T T T T

sessesssssssenssssasenss Fix 3 Layers T T T T T
(EALEL YT EY )
sessssce —} 100 - B L @ Present Simulation
eee } Tcop r B [J Dobbs—Jones (1957)
sae | L 60 K © 1.14 4
. 54 | 40K =
N o —_ £
N 5 S | 10K g
. 2l g =) -
. 215 g o 8 112
. R 2 3

o @ L [3)
" | = »n o
. 2|0 ) S
. SN ooor E
. =l + Q
. = - 11126\ 1240 £ 14
M [} 1.097¢
* I
N A
. ~100
: 1 1 1 1 1 108 1 1 1 1 1 1 1
M 1.1

0.2 0.4 0.6
Temperature T*

(b) Temperature dependence
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Fig. 3 Heat Flux Fig. 4 Temperature Profile

Fig. 5 Dependence on Pressure
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Fig.6 Dependence on Cross-section
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Fig. 8 Specific Heat of Solid Argon
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