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Fundamental Mechanism on the Effects of Nanostructures on Energy
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TR OBEEE (332) : The nonequilibrium molecular dynamics simulation was conducted
in order to clarify the effects of the structures at the nanometer precision on the energy
transfer in a solid or at a liquid-solid interface. The nanostructures which reduce the
average thermal conductivity in a solid by the reduction of the phonon mean free path can
be applicable for the interfacial thermal resistance reduction by the surface area
enlargement and the enhancement of the local nonequilibrium state such as the change of
the self-diffusion coefficients at the interface.

AR ERE
(&AL 2 1)
[ERESEHN RECTES ¢ & &t

200 7THE 9, 600, 000 2, 880, 000 12, 480, 000
200 8 3, 100, 000 930, 000 4, 030, 000
200 9FHE 2, 700, 000 810, 000 3,510, 000

L

FE
&t 15, 400, 000 4, 620, 000 20, 020, 000

Mg - T2

B OSF - M E - BT - AT

F—U— R M, B EBGRET, BMER, i, IRV




1. WFFEBHAE SO 5

WHEDFT )T 7 )aY—0RBIIDIE
L, WRAA Y E—LTAYIck Y im
FicEF ) A= AT A— L
DOEEZIER T LR T7 T —L R ED
F R FERBAEETEDL LI TE
TWA. BFEDOHR AT, W EBE O EE
LI LTENSDOF ) #EE AR5 0
HDOHWNIET S HEEICRE R R AERBLT D
WIZED LTI vos, £, HE
O T2 MR T 27 L —7 A — L
LCEDE I/t - F /R 2FIHT
X EVDOD, ITB->TETWND.

— 55, FIRT - FkiFEFA LTk
ENEL A, WEETR O i OB E A~ DB
ST A~ DO BUREE A~ O BT &
STERPITONTETWS., 2o kX
F BT LT, Dl LT EEST
JRAIZBITDT7x ) v OEELDOENRS
KIZENIZ & B 7 D M B no722h
BENHHZERLTND.

F 7z, WA E IR R S [ R
i CO TR F—Wk iz FIE 28Iz oON
THFEINFEBIT 2 AT 217> TH
b, ZORERIY, F—IEEAR T DOFEMEZ
BWCIE R mE T/ A rE R 2 [ i 5 m C o
TRV —EEE IR L CEER AT A —H
THHZ AR LE. ZoBBETcRmT/
5 38 12 5 1 T O EAR R e BURPTIC)E L TR
BRSO LRSI, RIS R T/
3O TFRmEREEOEM] & v YR
NI T TIEAR L, RimaE Tt [/ &
=V DWTEVEE 2 & S L fLUE R A R
51 E, =512@ 7 28 ok
T O SN ELE L T-57 ) hE
EEOZ NG ot LERST, BEHRA
TAGENERE & LTI, 2D OB AR
B L CRMET 2 HENH D Z &N n

7.

2. Lo HB

AR O e A2 &2 D L, REIHFET
DT I AEENG 2 DEBE AT — LD
M ERIC SR LT, F ORI OBEEN
TENE, FU/EEERIT A ETINE
TRV B 2 b O R 2 k4 5 =
EMTELAEMELRDD EEZBND.
DX Eng, RWFZE T BRI,
[BMRER L) BRI RABEVREDS, 5
FAT =L TIZED LI ENTEHS
BICHRIRCX D E LT 52 LT, £
NoxEF IEED R r — LB EIZL - T
HiliE4 5 = & 2R A, Rl TORRESER
A TR T B 72D OB A ST
THZEEAMEOBRNET S,
FEoOBMOEDIZ, =9, T8 B

L TEMmER) 3, /g &) A—
cMBE AT 7 A— b DR 12k oT
EOEIEDLDENEHLMNCTEZE, K
2, FMEERRA D X I B B
L TEMRE R (CRETLI0ER LT
HTE, bl TEMERPL) BXO T8VYRE
AT BT HEESCE ORIROEEOY
FRA N =X LEALINNIT 5.

3. WHED Tk
ARBEFETIE, HEFH 3B ) AT 2
T, T /KA OMAEERE, i)/ TRk
@ T, T/ HENE AR e b N[
S RE RNV EIC S 7 Lt < Y e
AV 3 - - A DY BT TR E AN IR
TEHAFR L2, LUTIS, T/ s EIREL
R 7 B N [ S w BEPTIC J i E 35
(BT DGR LB D.

(1) 7/ W& ERBMRE I RIFE T
JBR

AT CTrET 7 #EER RO BYRE~DF
I L C—MRIICHEE T LR H L
LT, HEETILELTT IR LN
ZA YT RO _HEOWE AW, F
flif 72 & ICIE M oy T8 )7 I 2 b—
gV EITHoE. BEZRO=y BT,
z B A [001] FHE & 725 K 9 IR T &l
&L=, AWFgE ik, /&0 —fFlE LT
EEN—LPDEFETHHEFROEFEIL
EZ. R, X EHR kT
RN BB~ G 2 5 B2 M9 5 2
CEHEME LD TH D, T EEOKE
MG X R E Y BER O—>TH 503, A4
T CIT M - RS 2 2 L—3 g vicBWn
THREEAEE N 2L L WA T W TREAT
AT o7, ARG ARSI E B R %
WHLTEBY, LO—0P 3 B{bE&Er &
THEERIRR L 228 S8/,

FEFMT S R o L— 3 Tk AEVLER
HrCi, BHRER OBMAE J7 [ BE SR IR 7=
hHZ, FNOBGERZBINT 52 & TH
REXE DN BRE R 2 5 BB A~
WAZBCEHRRBE DR T IREh 2 gt -5 = &
TT7 A/ OIRRERE L B PEfRE R DT,
7 /O WRAREE R - E oo B AR B
D7 —YJ TEHELTRDT.

(2) F 7 W& bR O E S i 2GR T & IE
2

AW IR /& s LT, /ML
PRE LT RS T R34 LR
I E CRMTg & LT, VM58 /5%
V3ial—varEEi LN, AREET
1%, FINLEME LR TRV EE
TIDIHZONTHHAT S, ==y b



L CIE Rk %2 — S OERE CTHA 725 A

ETNERWE. EREIZETEED 3@
575 L, HOOEKE 1 BIC Langevin
EERWD Z L CIRERIBEZIT 72, AR5
TIXEE S B OMAEER O KR E & 2K

TAL LTERNT A= Bt LT, FOEER
ATz, S REGE L BRI E DD o NS
BAEIWCOWTHHRAZN, 22Tz sn
[f— DG DOFEROLERT. FHRARDKF
FFENC JEIBE RS 27 Uiz, RimEdEHio
AR OW T TV ST TR S T

RECTOREY ¥ T 2B RTHRT 5 2

LIk,

4. WF7ERk R
(1) F 7 HEE R RR DS B AR BVR S RIE T
JBR

TR ENCEATEL RRICE
W, K& 72T ) ZEHLMFIET B RIZEB W T
RS I 2 L—3 3 UETY, EIEOEY)
BREEREH L. Zo—flé LT, ¥4
YEY FEESROMRAZK 1IRT. K10
FREIN XA E W iR O e 2k s 0L Icxt
LERLTCWD. £z, O OIIEMA
HRNZEHEEOMET—ETHDL EMREL
CWrE RS DWW D B DT (A 5 — L Zh A
72 WG O EMRER L) 2 e R EfE
fRATIC X - TEMili L7-. S22fbinizdlT 52
R RIS TEIF T ORI G RD T
HLOTHY, SCHRE & ik L TURIERA— 4
—DEE RS> TWVA., 1060055951
T REEDEET DG, Bkl b A
DOPATIART, K& 7R PEBRBEROK T
NHLND., HETTNVIZBITZ 74 /D
SEHE ATRE, TR LNIAA Y
ERRTENENBB L% 50nm 72 5 TNT
33mm THHEEZOLND. 74/ DY
HHEITRIEIWE RS NCEEICL > TRE
SHEippl=oiz, M1 OMEEIET VI HRT
1L J—TixReWnD, VM8 sy
Ral—va itk B BB EROFE
FEROFH, W2 WrimAER D OB %k BRE L
THAEED BRIBIZIEFLTWD Z L 13H
S5 ThD. T, THIVRBRLRICHEA
YEURREBIZ, T/ EERRS/ NS VIE
ERAREROMTOMENRKENT LD
WTET.

WAz, F / REERIEN 7 4 /oy RafR 7
D NI R B M F T 5 2 % B 4y 1
BHFE I —va il o TR #
DOFERTIX, T/ HEDOIFEET 5% TIEIEA
JE I BRI SE ARG BRI IE A B IR o
H LWRET— RSN TWD Z L3y
M7=, REEEREE I STl X 222 kT
Ronizinrotz. U bED X 5 72Tk En s,
HLLLBENEZE—RIIAAL L DE—FRELH
B35 EBMRE A LT, A D

250
X
R e e et
E 200
> [-—---- Perfect Crystal
> 150|—®— Effectof |
B Cross Section Reduction
_g r—@— Calculated by MD
< 100k A Effect of Cross Section 1
S Reduction(Multi pore)
= v Calculated by MD
(Multi pore)

£ sof -
[<5)
IE L

0 N 1 N 1

0.85 0.9 0.95

Cross Section Ratio

B 1 T/ HEEDERRE O BYE =R K
FTE . XA Ve NEROYEA.

T T T

3 W
e 08 W\ -
S \\ ________ .-
L W T e -
7] W - -
[8] P -
= 06 \\\O' ~. -
g \\\\ ,,,, —”’,,
— \\ 2 //V’ —
5 v - -
< 04F \V A —
CI>.> -
= -~ — 0=0.001
o —A - 0=0.060
o 0.2 -/ - 0=0.120
o - 0=0.240

- Q- 0=0.481

| ele 1/s”
0 1 2

L nm

X 2 /SRR 7R © NI+ & [
(RAR AR R S A3 R S i B S B

=5
W

[y
o

Relative diffusion coefficient
-
S

Ly
)

= b
N

T H T

T T T T
—0— 0=0.001 ]
—A— 0=0.060
-/- 0=0.120 ]
-4- 0=0240
- o=0481 |

0.8

L nm

X 3 /SRR 7R © NIy F- & [
(RAH AR 58 & SR BHR Ay F O A B
PEBOZ BAF 3 5%



ET— FERELBLLTW RNV & LY EE
HWEIIE (L TWhWneEEZ NS, £z,
KEEELRESIEFE LTV ARNWZD T
A REIIB LTV RNWEEZLND.
DX RBENG, IFFEHIIaL—T 3
CTCHEIE SN T SRR IR AT L T2
REROWINE, 74/ OV H B TR X
D LBV TH ) EAERE LI LI
X0, 2ORETT7+ /) UBRKFHTBHZ LI
KXV 7x ) EWABRITENBNSLS 25T
WAHTDTHDHEBRTXD. HTEFM
HIZB T ART Y VRERICIERT 5 &,
2 KREIRT Y LR B NCEIRRT v
JVET VT, BRROF /&S F O RkE D
B X 2 EERBYRER N IXE—D A B =
ALK TDHEEZBND.

(2) 7 A 1E TR I S 8] i 5 T B BT M
TR

K 2 IRy ATyl LT
Lennard-Jones ™7 > o ¥ L& HAWTZHEEIC
BOWTHEWES FRIOHEERHORE & a %
LB ST & & O [E R S 2R o AE kit
B & S M2 R RS S* OWik 2 3. A
ZECIx T/ #EEm OE % 0. 00, 0. 70, 1. 40,
2.81 nm & (L S TIRT 21T - 72. Z 2T,
[ % 5 T BV BT O A RHE L DWW T SR 2
1A C O [ i S T BV P TS 1E ) 2 3 T T2 [
REIZ 3T 2 ER A mEIEI A RT 5 2 &
THBIL AT b DL EHT D, E7-%(
TR SOUHE, GeaFiEoRE
&) / (WEW a2 -EEmo£miE) &
L TR, X2 L0 & 7eREEOEL
NG SN VA E - Il A =
1 38 ] I & 1R S i 28K T o0 #8 kHiE o BE AR
&, GG & AR R mAE O W 1/S* O BItR
TR BN E RN oTe. 2Dz En
Do T A — v D KA 7o R AR & B IR
AR HL O AR S O BN IZAR BRI 2 B 5
EEZOND. £, BERAEBEIIOKT
DEEFAZ DWW, [A UHEED IR S < s
L7256, a /S WIE EER R BRSO
KTFEBRRENWZ BT, ZDZ En
O ERA BRI O Iz L, ad/hEn
FEREMAR T - LI BN KX
WeEWz b LB, REMEEILI DR
MRELIRDT ERNboTz.

X 3 ISR FREIRT vyl LT
Lennard-Jones RT3 ¥ /L& HWZHEAIZ
FUF B # i i (H1 B K ONENR 5 1 FE] O FH AR
HORE S o DREETO R LR
OFXHEIZ G- 2 HEBIZOWTRT. 22T
H CIEBARE D FERHE I DWW T SE 2 i
2B 5 B CILE R B CHEIE 2 B [E (R
TOHIEBREZRT 5 2 & THRE(LE
ToTbDEERTD. K3 LY, ad/hE
WIE E R E kT DA 2 RO B A

TOH IR OBEINENKRE L 20, &
KRTCHEEFE TOMITH L, 93%D FF28 5,
bz, T &L, WBEMBNICEET S
ARy 1 D 5 Dy FE 4 W A+l DR AR 77 1 &
D HEYREHFMICBE LT W EERL
TWa. ZORKE LTI, #EE&TsZ
ETCHEREICRBIT AR T v ¥ v V21l
THIE L, HERNICEET DHIESF D
KEF M OBE N IH S 4, 05y, BVRE
Fa~OBEBNEEI N THD LEE
265, T LTI OB ERENICE
WL, =R AF—F5E RIS,
T 72 JE SRR BE N A U TN D 2 & &R
LTCW5. F£7, EiRAmEdRitoHxHE &
SIS BT 2Ky 0 B CIRBRE
DOFRHE & DEFRIZOWTIE, FDEMR) 7
EmN BRI —FH LTV D Nz D

PLED X o s R L v, BRIz W
TR EREZRKTESEL ST/ A— LR
L ORETH->Th, BEIRFHEICAEL
T ETIE, REOILRZIR 72 b NS
B DRSO B SR R DB 72 £
O R/ E ORI L Y, REmEsia
KT EELLENTFET D ENDhoie.
F 72, RS E TR LB, RS+
DRT U VEABEZD TS EIE N
FRA—H DA HONT Y N 5 EfET 5
EEBICEE L ZEREITo MR, Lo
Lot EEDOHENBBLT D56 &
LW AENGFET LI EbynoTz. &
D XD 7R RAIARWFZE D EEIZ L > T
THLMNICENTZLDOTHY, 5%, 0k
57T R Ko TIRIE S N A IR 72
T RV X — BN A BRI BRIE L S
HFERKMEITONTOE LR DN 5
FThHhdHLEEZOLND.

5. FrpREiRE
(BFgEfFeE . I K ONEEERF TR 1
1T TR

CdEskEm ) (BF 13 1)
1 MEEEth, FIRRER, ZHRIEZ, T/ M
fi] o 703 [ AR RS8R RS R E T 5 BRI B
L5 FEVFINNGE,  HAREEM 2 X AE
(B#7), & 76 %, % 762 =, (2010), 312-318,
AT
2. Masahiko Shibahara and Kiyoshi Takeuchi, A
Molecular Dynamics Study on the Effects of
Nanostructural ~ Clearances on  Thermal
Resistance at a Liquid Water-Solid Interface,
Journal of Physics: Conference Series, 191,
(2009), 012008, #HiA .
3. Masahiko Shibahara and Kiyoshi Takeuchi, A
Molecular Dynamics Study on the Effects of
Nanostructural ~ Clearances on  Thermal
Resistance at a Liquid-Solid Interface,




Proceedings of ASME 2009 2nd Micro/Nanoscale
Heat & Mass Transfer International Conference,
Shanghai Jiaotong University, Shanghai, China,
December 18-21, CD-ROM, (2009), #:#iA.

4. Masahiko Shibahara and Kiyoshi Takeuchi, A
Molecular Dynamics Study on the Effects of
Nanostructural ~ Clearances on  Thermal
Resistance at a Liquid-Solid Interface,
Proceedings of The Fifth Taiwan-Japan
Workshop on Mechanical and Aerospace
Engineering, Le Midi Hotel of Chi-Tou, Nantou,
Taiwan, Oct. 21-24, CD-ROM, (2009), &7t 4.

5. Masahiko Shibahara and Kiyoshi Takeuchi, A
Molecular Dynamics Study on the Effects of
Nanostructural ~ Clearances on  Thermal
Resistance at a Liquid Water-Solid Interface,
Proceedings of The 20th International
Symposium on Transport Phenomena, 7-10 July,
Victoria BC, Canada, CD-ROM, (2009), % i
A.

6. Masahiko Shibahara and Kiyoshi Takeuchi, A
Molecular Dynamics Study on the Effects of
Nanostructural ~ Clearances on  Thermal
Resistance at a Liquid Water-Solid Interface,

Nanoscale and Microscale Thermophysical
Engineering, \Wol.12, No.4, (2008), 311-319,
HHA.

7. Masahiko Shibahara, Shin-ichi Satake and Jun
Taniguchi, Quantum Molecular Dynamics Study
on Energy Transfer to the Secondary Electron in
Surface Collision Process of an lon, Journal of
Physics : Conference Series 106, (2008), 012008,
HHA.

8. Masahiko Shibahara, Kiyoshi Takeuchi and
Kiyomori Kobayashi, A Molecular Dynamics
Study on Effects of Nanostructural Clearances at
an Interface to Thermal Resistance, Proceedings
of the Second International Forum on Heat
Transfer (IFHT2008), September 17-19, Tokyo,
Japan, CD-ROM, (2008), & &t

9. Masahiko Shibahara, Kiyomori Kobayashi and
Takao Toshima, A Molecular Dynamics Study on
a Piling up Behavior of a Carbon Nanoparticle on
a Surface, Proceedings of the Second
International Forum on Heat Transfer
(IFHT2008), September 17-19, Tokyo, Japan,
CD-ROM, (2008), & #HiA.

10. Masahiko Shibahara, Shin-ichi Satake and
Jun Taniguchi, Quantum Molecular Dynamics
Study on Energy Transfer to the Emitted Electron
in Surface Collision Process of an lon,
Proceedings of the 7" JSME-KSME Thermal and
Fluids Engineering Conference, October 13-16,
Hokkaido, Japan, CD-ROM, (2008), %A .
11. Masahiko Shibahara and Kiyoshi Takeuchi, A
Molecular Dynamics Study on Effects of
Nanostructural ~ Clearances on  Thermal

Resistance at an Interface between Liquid and
Solid, Proceedings of 3rd Energy
Nanotechnology International Conference(ASME
ENIC2008), August 10-14, Jacksonville, Florida
USA, Paper No. ENIC2008-53058, CD-ROM,
(2008), #EFHA.

12. ZJRIEE, H LS, F 7 HEIERIRE A3 [E
RS BIRGUC RIETBICT 5 0 78
NFINGE,  H AR XE (B i),
T4 737 5, 172-176 (2008), AFiAT.
13. Masahiko Shibahara, Kosuke Inoue and
Kiyomori Kobayashi, A Molecular Dynamics
Study on Effects of Nanostructural Clearances at
an Interface on Thermal Resistance, Proceedings
of ASME Micro/Nanoscale Heat Transfer
International Conference, January 6-9, Tainan,
Taiwan R.O.C., CD-ROM, (2008), ##ifA.

(P& G144
1. FURRER, ZIRIEE, PR, KET
J ORI OBEmHERR RIS 50 FE )%
FORSE, Z5AT [EIGE S22 7 A, 2009 4 12
A 4 B, deiEE L.
2. Masahiko Shibahara, Takao Toshima and
Mariko  Nakamura, Molecular  Dynamics
Modeling of a Piling up Behaviour of Carbon
Nanoparticles on a Surface, The 4th International
Symposium on Atomic Technologies, 2009 4 11
H 19 B, fLEERARET.
3. Masahiko Shibahara and Kiyoshi Takeuchi, A
Molecular Dynamics Study on the Effects of
Nanostructural ~ Clearances on  Thermal
Resistance at a Liquid-Solid Interface, The 4th
International Symposium on Atomic Technologies,
2009 4= 11 H 19 H, Fem IR
4. Vi IE, ZIRIEZ, BEm T W EW R
M EWE S m BT~ G- 2 D, B =
Z 7 L2-%2009,20094F 11 A 7 A, LA RTF
Hr.
5. FMgRER, SHIEE, HAEERT, RET
J KL DOEETH E 2222 B 50 FE )
WIWFIE, 2546 /3] H AIE 227 7 A, 2009
672 H, sUET AT,
6. TN &, ZIRIEEZ, T/ W& MR 28 [E iR
SEBIRTUC RE T BICET 50 FE /)
T, 7 46 [/ H A E S AN D A,
2009 -6 H 2 H, HFUAERBHFRCERT.
7. FURMESS, ZIFIEE, AR, RHET
J ORI DOEEmHERR I 50 FE %
WIWFSE, 2546 [t >N A, 2008 4
127 4R, 57 %, .
8. MR FEJe, ZIAEE, T/ HEERIRR A E
FERICRITTHBICET 20 F81 150
W9, H AR 72 2008 4F/E 44 A2, 2008
£8 741, MIRENRY:, Bk
9. TN h, 2 IEZ, T/ fEiEM R E K
SEBIRTUC RE T B HT 50 F8 /)




FRINFIE, H AR F2 2008 FEEFERAR,
2008 £ 8 H 4 H, MEENL R, Bl
10. Masahiko Shibahara, A Molecular Dynamics
Study on Effects of Nanostructural Clearances on
Thermal Resistance at an Interface between
Liquid and Solid, 6" US-Japan Joint Seminar on
Nanoscale Transport Phenomena - Science &
Engineering, 200847 A 15 H, 75 1 VY VT,
ARA Ry, KE.

11. ZRAEE, /MMIEST, AR, R
TR OHERBEZEENCEI T 2 5 T8 ) TR
Mr, 2545 [a]H KEE S 22 A, 2008 4
51 22 H, > ITEE=EY, > <.
12. Masahiko Shibahara, Molecular Dynamics
Study on Effects of Nano Structural Clearances
on Thermal Resistance and Thermal Conductivity,
Japan-Korea Joint Seminar on Heat Transfer
1V,2007 4211 1 30 A, HE—H A FRT L, fF
e

13. ZIHIEE, KA, T/ AT RREIE
FERICRIFTHBICET 20 F81 150
W9, H AR 72 2007 F/EF L AZ, 2007
F£11 A7 17 H, BIWEKREE, RHET.

14. ZJRIEZ, TN 1, HLRiET, S
125 [1) o8 703 [ 5 1 BRI B E 52 BRI B
T2 FENVITFIIIGE, 42 85 A AHEN Y
DI L A A=, 2007 429 7 12 H,
IR RS, HKET.

6. WFFEHHE

(D) BFFERRE

2 IEZ (SHIBAHARA MASAHIKO)
KPR« TEETER - ez
WFJEE 5 : 40294045




