
TransactionsofJASCOME,Ｖｏｌ､５，Ｎ０．２(Dec､2005),PaperNo.01-051209 JASＣＯＭＥ

ＬＡＲＧＥ－ＳＣＡＬＥＴＨＥＲＭＡＬＡＮＡＬＹＳＩＳＯＦＣＯＭＰＯＳＩＴＥＳＥＭＢＥＤＤＥＤＷＩＴＨＣＮＴＳＯＦ

ＡＲＢＩＴＲＡＲＹＳＨＡＰＥＳＡＮＤＲＡＮＤＯＭＤＩＳＴＲＩＢＵＴIＯＮ

ＭａｓａｔａｋａＴＡＮＡＫＡｌ),ＪｉａｎｍｉｎｇＺＨＡＮＧ２）

l)FacultyofEngineering,ShinshuUniversity,(Nagano380-8553,E-mail:dtanaka＠gipwc､shinshu-uacjp）

2)FacultyofEngineering,ShinshuUniversity,(Nagano380-8553,E-mail:zhangjm＠homer､shinshu-u､acjp）

Thesuperiorthermalconductivityofcarbonnanotube(CNT)makesthematerialpromising
indevelopmentoffimdamentallynewcomposites、TostudytheinfluenceofCNTs
distributionontheoverallpmpertiesofthecomposite，modelingofaRepresentative
VolumeElement(RVE)includingalargenumberofCNTsthatarerandomlydistributed
andorientedisnecessary、However，analysisofsuchanRVEusingstandaIdnumerical
methodsfacestwoseve1℃difficulties：discretizationofthegeometryandtheverylarge
computationalscale,Inthispaper,thefirstdifficultyisalleviatedbyemployingtheHybrid
BoundaryNodeMethod（HdBNM)．Toovercometheseconddifficulty，asimplified
mathematicalmodelisproposedtoreducethetotaldegreesoffTeedomoftheproblemby
nearlyhalfThe､,theFastMultipoleMethod(ＦＭＭ)iscombinedwiththeHdBNMbased
onthesimplifiedmodeltofUrther1℃ducethecomputationalscale,resultinginanefficient
toolfbrlarge-scalesimulation・Ｔｈｅdevelopedcodeisemployedtocomputetheequivalent
heatconductivitiesofRVEscontainingvanousnumbe応ofCNTswithdifferentlengths，
shapesandalignments・Insightshavebeengainedintothethermalbehaviorofthe
compositematerial・
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1.Introduction

lnrecentyears,intensiveresearchhasbeencanriedouton

carbonnanotubes（CNT）concemingtheirproduction，
physicalpropertiesandpossibleapplications［1,2]､Dueto
theirnear-perfectnanostructure,thecarbonnanotubes(CNT）
possessexceptionalphysicalpropertiessuchassuperior
thermalandelectricalconductivities，aswellashigh
stiffhessandstrengtｈＴheseremarkablepropertiesmay
makｅＣＮＴｓｉｄｅａｌｆｂｒａｗｉｄｅｒａｎｇｅｏｆｔｅｃｈｎological
applications・Oneofthemostintriguingapplicatｉｏｎｓｉｓｔｈｅ
ｕｓｅｏｆＣＮＴｓ，assmallvolumefiFactionfiller，innanotube‐

reinfbrcedpolymers・CNT-basedcompositesoffbr

significantimpmvementstostructuralpropertiesovertheir
basepolymers､Ithasbeendemonstratedthatwithｏｎｌｙ１％
(weightfmction)ofCNTsaddedtoamatrixmaterial,the
stiffhessofaIcsultingcompositecanincreaseashighas
36％４２％andthetensilestrmgthupto25％[3]､Inthework

ofBiercuketal.[4],samplesofindustrialepoxyloadedｗｉｔｈ
ｌｗｔ％single-walledCNTsshoweda70％increaseinheat

conductivityat40Ｋ,ａｎｄｒｏｓｅｔｏｌ２５％atroomtemperatu唾．
Numericalsimulationscanhelptou､derstandofthe

relationshipbetweenthegeometricalcharacteristic（e､9．
nanotubeorientation）andthepropertiesofthe
nanocomposites・ThiswillallowthedeteIminationand

optimizationofdifferentprocessingmethodtomanufacture
thenanocompositematerials・Atthenanoscalelevel，
atomisticormoleculardynamics(ＭＤ)havebeensomehow
‘‘natural，，simulationmethods，andhaveprovidedabundant

resultshelpinginunderstandingtheirthermal，ｍｅchanical
andeleclricalbehaviors[5]､However,duetothelimitations

incurTentcomputingpower，thesesimulationsaresofar
limitedtosingleindividualpureCNTsorveIysmallscales
fbrCNT-composite；fbrexample，anRVEincludingsingle
shoｒｔＣＮＴ，only，ＴｏｓｔｕｄｙｔｈｅｉｎｆｌｕｅｎｃｅｏｆＣＮＴ，s
distributionontheequivalentpropertiesofthecomposite，

modelingofanRVEincludingalargenumberofCNTsthat
arerandomlydistributedandorientedisnecessary､Thisis
because，inarealCNT-composite，ｔｈｅＣＮＴｓａｒｅｎｏｔ

ｕｎｉｆｂｒｍｉｎｓｉｚｅａｎｄshape,Ｔｈｅｙcanbestraight,ｔｗｉｓｔｅｄａｎｄ
ｃｕｒｌｅｄｏｒｉｎｔｈｅｆｂｒｍｏｆｒopesandtheirdistributionand
orientationinthematrixcanbenonunifbrm，unidirectional

orrandom・Evenwiththemostsupenorcomputerresources

availableintheworld,ｃｏｍｐｕｔａｔｉｏｎｏｆｓｕｃｈａｎＲＶＥｂｙＭＤ
ｉｓａｌmostimpossible､Liuetal.[6]hasdemonstratedthatthe
useofatomisticormoleculardynamics(ＭＤ)simulationsis
inevitablefbrthea､alysisofsuchnanomaterialsinorderto
studythelocalloadtransfers,interflceproperties,orfailure
modesatthenanoscale・However，fbrtheglobalanalysis
studyingtheefYbctsofCNTsconfigurationontheoverall
propertiesofthematerial，theysuggestedacontinuum
model，inwhichthephysicalbehaviorofthecompositeis
govemedbycontinuumequationssuchasLaplace,s
equationfbrthermalpropertyandLame-Navierequations
fbrelasticproperties・

Thisstudyaimsatgaininginsighti､tothethermal
propertiesofCNT-basedcompositesthroughnumerical
simulation・Theequivalentheatconductivityofcarbon
nanotube-basedcompositesisevaluatedusinga
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