55 1 2006 1

Vol.55 No.1 January 2006

1000-3290/2006/55 01 /0001-05 ACTA PHYSICA SINICA (©2006 Chin. Phys. Soc.
*
¥
150001
24 2005 6 6
fee EMD
NEMD
2.124—
5.310nm
PACC 0200
1.
27
EMD
NEMD
EMD  NEMD
2.
MD
. MD
/
Newton
Lagrangian ~ Hamiltonian
* 973 5131201

+ E-mail hitwgq@hit. edu. cn



55
1
2.3. .
2 3
dynamics motion MD Boltzmann J
T
1Y 3
2.1. > Zmiv% = EMkBT}MD 2
N;
J ky ky = 1.38066 x
1072 J/K T, MD
Lennard-Jones 12-6 =
Debye
. 45K
- . Debye 92K 2
o c
o =4l (7) - (7)] !
.MD
r e o
2 MD
I vai Bose-FEinstein
all pairs
Cell Velet . Cell
Velet Velet
13
U - Z z n‘l P hwq p 3
2.2. ¢ p
q p
1 w n,,
y oz S
T thermal equilibrium
X occupancy Planck Bose-
Einstein
- ! . 4
exp fiw/kyT -1
q D w
density of
states 3
UZZJDI,CU n, o T dw. 5

q w . Debye



1
w = vq 7 k W mk V m ky
Debye v ky =1.38066 x 10°® J/K T
. Debye K J ¢t
T 3 @D/'r xABx N N N
c,=Nk(—H —re 4 8 V1 [ENGIN
=g, | |, oo A DO YR D T I
N ky  Boltzmann B, Debye N
iz ou 1 r.- v 11
S 2 i=1 ixj arijﬁc ! i
Debye U
T 3re,T x3 . .
3Nky T,y = 9N,.kBTj(@—D) JO S da. 9 i
9 MD 1 &
—EZ..VurU r; v,
i=1 izj
3. 1 :
r.=2.5 T" =0.375
3.1. T =45K {0* =1.0547 N =256 Leap-
frog t" =8000. 2
Aresull —
0.52237 W/m K ?
Green-Kubo 16 17
ko= ¥I Jot- J 0 di 10
S 3VkT?) ' A =25.113T" 12
1 L-] 12-6
elky ] 61071 m m/10~*kg z, = ¢ mle 2/107"? s
119.8 3.405 6.64 2.16
r K- . 0.65
T — 45K AExpenmenlaJ — 0.55807 ﬂ
W/m K. 0.60 _f‘;jf‘ LA
~ o e
AExperimenla.l _ Aresull % / ' \ /‘\\V//\:\
/B ——— 0.06397. 13 = Y \“\\ [,\
A 5 0.55 Vo
= : T
ﬁé{g v;\\ 2 S
3.2. i 0.50 T
04, 5 10 15 20
EMD - NEMD A 2/ 7
2 EMD
NEMD
Fourier



55

4
_ AKin, + AKin, /2 14 5
& = At L+ L, ) 18
: __,dr 0.75
Fourier q. = —A A
AKiny + AKin, /2
=_ ¢ R.=2.5 0.75x 2x1.5595
A=A L L oT/ox 15 TEe X ox
AKiny AKin,
At Ly L, yz At 4
1. Lennard-Jones 12-6
0. 50 T T EMD
0.45) Pt NEMD
E 0408 ol e . e i 2
5 al P
= 0.3 ) S
Nﬁ o e
£ 0.30} //
i ~5 "
0.25r, . 7 i
0.20 s : '
2.124 3.186 4.248 5. 310
MRS /nm 3.
3 19
A= Lo 16
001 3
fee T = 0.5 x 119.8K l C v
p=1.0547 0.531nm ‘ "
1.5595 2.5 »
T
l ~ 22) —a 17
4 vy T
4%x0.531nm Y Griineisen 2 T,
a
l~d 16 Aocd
T,=0.6x119.8K
T.=0.4x 119.8K 4.
At =0.005z, . T=0.5x
119.8K k' = 0.419249
W/ mK. 3 3
3 0.06397
. 3 12
3 0.75 0.5



1 Puri P. 1998 ASME J. Heat Transfer 120 44 Tech. 41 83 in Chinese 2001
2 Shi H YuM Huang R et al 2005 Chin. Phys. Lett. 22776 41 83
3 Tian WD Ma Y G 2005 Chin. Phys. Leit. 22 306 13 Kotake S Wakun S 1994 JSME Int. J. B 37 103
4 Cai L C Chen Q F 2005 Chin. Phys. Lett. 22 514 14 Kittel C 1996 Introduction to Solid States Physics New York John
5 Hu GQ Zhang XS Tang X W 2004 Acta Phys. Sin. 534277 in Wiley & Sons Inc
Chinese 2004 53 4277 15 Feng X L Li Z X Guo Z Y 2001 Journal of Engineering
6 Geng CY Wang CY Zhu T 2005 Acta Phys. Sin. 54 1320 in Thermophysics 22 195 in Chinese
Chinese 2005 54 1320 2001 22195
7 Liu YZ Luo C L2004 Acta Phys. Sin. 53 592 in Chinese 16 Ciccotti G Tenenbaum A 1982 Phys. Rev. A 252778
2004 53 592 17 Kotake S Wakuri S 1984 JSME International Journal Series B 37
8 Chou F C TLuke J] R Ling X G 1999 Annual Review of Heat 103
Transfer 10 141 18 Tukes]J] R Li DY Liang X G Tien C 2000 Journal of Heat
9 Cook G A 1961 Argon Helium and the Rare Gases New York Transfer 22 537
Interscience Publishers Inc 19 Ziman ] M Biermasz T H 1960 Electrons and Phonons — Oxford
10 Allen M P Tildesley D J 1987 Computer Simulation of Liquids Clarendon Press
Oxford Clarendon Press 20 Zim ] M 1979 Principles of the Theory of Solids London Cambridge
11 Volz S Saulnier ] B Lallemand M 1996 Physical Review B 54 340 University Press

12 FengX L LiZX GuoZY 2001 J. Tsinghua Univ. Sci. and

Molecular dynamics simulation on the out-of plane
thermal conductivity of argon crystal thin films*

Wu Guo-Qiang  Kong Xian-Ren ~ Sun Zhao-Wei ~ Wang Ya-Hui
Harbin Institute Technology Research Center of Satellite Technology —Harbin 150001  China
Received 24 March 2005 revised manuscript received 6 June 2005

Abstract
Part of results of research on satellite heat control under the Harvest Project of the National 973 Program is reported. In
accordance with thé' minimized nucleus” requirement of the satellite the thermal conductivity of the dielectric FCC argon-crystal
nano-film in the normal direction is predicted using the equilibrium molecular dynamic EMD and non-equilibrium molecular
dynamic NEMD methods. The calculated results are compared with the experimental value of the bulk cryastal . Our calculation
shows that the thermal conductivity of the thin films is much lower than that of its bulk conterpart and the size-effect is

significant it increses nearly linearly with increasing thickness in the thickness range of 2.124—5.310nm.
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