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ABSTRACT  

 

 

Solid-liquid i(S-L) iinterfaces iare iphases ibetween ia isolid iand ia iliquid. iIt iis 

icommonly iused iin ilubrication iand icoating isystems iwhere ithe ithermal ienergy itransport 

iis ione iof ithe imain iproblems ifor ithe isystem. iLubrication iand icoating isystems ihave 

ibeen istudied iup ito imolecular iscale iover ithe ilast ifew iyears ito ifind ithe isolution ifor 

ithermal itransport iproblem idue ito iwear iand ifriction. iThe icharacteristics iof ithe ithermal 

ienergy itransport ion ithe imolecular iscale iare iquite idifferent ifrom ithe iconventional ione. 

iTherefore, ithe ipurpose iof ithis istudy iis ito ispecifically iinvestigate ithe icharacteristics iof 

ithermal ienergy itransfer iin ithe imolecular iscale iat ithe isolid-liquid iinterfaces ibetween 

iface-centred icubic i(FCC) ilattice iof i110 icrystal istructure iand isimple iliquid iat idifferent 

ireduced itemperature iof iliquid. iIn ithis inumerical istudy, ithe iprimary iissue iis ithe isurface 

istructure iof isolid iand ithe itype iof iliquid imolecules. iThe icharacteristics iof ithe ithermal 

ienergy itransfer iat ithe iS-L iinterfaces iare ievaluated ibased ion ithe idensity, itemperature 

ijump i(TJ) iand ithermal iboundary iresistance i(TBR) iat ithe iinterfaces. iIt iis ifound ithat 

ithe idifferent idensity, iTJs iand iTBRs ican ibe iobserved ifor ivariation iof iliquid ireduced 

itemperature. iThe ifindings iobtained ishow ithat ithe ireduced itemperature iwill ihave ia 

isubstantial ieffect ion ithe icharacteristic iof ithermal ienergy itransfer iat isolid-liquid 

iinterfaces.  
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ABSTRAK  

 

 

Antara imuka ipepejal-cecair iadalah ifasa iyang ibelaku idi iantara ipepejal idan 

icecair. iBahagian iini isering idigunakan idalam isistem ipelinciran idan ipelapisan idi imana 

ipengeluaran itenaga ihaba imerupakan isalah isatu imasalah iutama idalam isistem itersebut. 

iKebelakangan iini, ikedua-dua isistem iini itelah idikaji isehingga ike iskala imolekul iuntuk 

imengatasi imasalah ipengeluaran itenaga ihaba iyang idisebabkan ioleh ikehausan idan 

igeseran isistem. iDalam ikajian iyang idilakukan, iia ididapati ibahawa iciri iciri itenaga ihaba 

ipada iskala imolekul iadalah iberbeza idengan itenaga ihaba ikonvensional. iOleh isebab iitu, 

ikajian iini itelah idijalankan iuntuk imengaji iciri-ciri ipemindahan itenaga ithemal ipada 

iskala imolekul idi iantara imuka ipepejal-cecair iantara ikisi ikubik iberpusat idaripada i110 

istruktur ikristal idan icecair isimple ipada isuhu icecair iyang iberbeza. iMasalah iutama iyang 

idihadapi idalam ikajian iini iadalah istruktur ipermukaan ipepejal idan ijenis imolekul icecair. 

iCiri-ciri ipemindahan itenaga itermal ipada iantara imuka ipepejal-cecair iakan idinilai 

iberdasarkan ikepadatan icecair, ilompatan isuhu iyang idialami idan irintangan isempadan 

itermal ipada iantara imuka. iMelalui ikajian iini, iia ididapati ibahawa iterdapat iketumpatan, 

ilompatan isuhu idan irintangan isempadan iterma iyang iberbeza itelah idiperolah iuntuk isuhu 

iberkurang icecair iyang iberbeza. iPenemuan itersebut imenunjukkan ibahawa isuhu 

iberkurang iakan imemberi ikesan iyang ibesar iterhadap iciri-ciri ipemindahan itenaga iterma 

ipada iantara imuka ipepejal-cecair. 
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CHAPTER 1 

 

INTRODUCTION 

 

1.1 BACKGROUND 

In ithe iphysical isciences, ian iinterface iis ithe iboundary ibetween itwo ispatial 

iregions ioccupied iby idifferent imatter, ior iby imatter iin idifferent iphysical istates. iThe 

iinterface ibetween imatter iand iair, ior imatter iand ivacuum, iis icalled ia isurface. iIn 

ithermal iequilibrium, ithe iregions iin icontact iare icalled iphases, iand ithe iinterface iis ia 

iphase iboundary. iThere ican ibe iseveral itypes iof iinterfaces ibetween isame ior idifferent 

imatter isuch ias isolid-solid iinterface, iliquid-liquid iinterface, isolid-gas iinterface, iliquid-

gas iinterface iand isolid-liquid iinterface. iThis istudy iwill ionly ifocus ion isolid-liquid 

iinterface.  

The isolid-liquid iinterface iis ia iphase ibetween ia isolid i(phase iα) iand ia iliquid 

i(phase iβ). iThe isolid ican ibe icategorise iinto i3 itypes iwhich iis ipolar i(high isurface 

ienergy isolid isuch ias ioxide), isemi ipolar i(intermediate isurface ienergy isolid isuch ias 

icellulose iacetate) ior inonpolar i(low isurface ienergy isolid isuch ias ihydrocarbon isolid ior 

ipoly-tetrafluoroethylen). iThe iliquid ican ibe ipolar i(such ias iwater ialcohol) ior inonpolar 

i(such ias ihydrocarbon ioil). iThe isolid-liquid iinterfacial itension ican ibe idefined ias ithe 

ienergy iper iunit iarea iin imJm-1, iwhich idepends ion ithe inature iof ithe isolid iand ithe 

iliquid. iFor ia ipolar isolid idispersed iin ia ipolar iliquid, icharge iseparation imay itake iplace 

iresulting iin ithe iformation iof ian ielectrical idouble ilayer i(Tadros, i2014). iSolid-liquid 

iinterface iplays ia ifundamental irole iin ia inumber iof iareas iand ihelps ito iexplain ithe 
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iphysical iphenomena iand istructural iknowledge iof ithe iinterface, iat ithe iatomic iscale, ifor 

iexample iin icatalysis, icrystal igrowth, ilubrication, ielectrochemistry, ienvironmental 

iscience, icolloidal isystem iand iin imany ichemical ireactions. iTherefore, iunravelling ithe 

iatomic istructure iat ithe isolid-liquid iinterface iis ione iof ithe imajor ichallenges ifacing iby 

ithe isurface iscience itoday iin iorder ito iunderstand ithe iphysical iprocesses iin imodel 

isystems i(Park iand iSeo, i2014).  

Solid-liquid iinterfaces ihave ialso ibeen iwidely iused iin itribology iapplications ithat 

iare irelated ito ilubrication iand icoating isystems i(Munir iet ial., i2017). iSome iof ithe 

iexample iof ithese iapplications iare icharacterisation iof ithe ithermal iinterface imaterials, 

iproduction iof imagnetic ihard idisc iand ijournal ibearing idesign. iDue ito ithe iadvancement 

iof inanotechnology iin irecent iyears, imost iof ithe ilubrication iand icoating iprocesses ihave 

ibeen istudied ion ithe imolecular iscale. iBased ion ithe istudies iconducted iby iTari, iNakano 

iand iOhara i(2018), iit iwas ireported ithat ithe isystems ithat iare iin ithe imolecular iscale 

ihave ianomalous icharacteristics ithat icould inot ibe ieasily idetermined ior ipredicted ibased 

ion ithe iconventional imacroscopic iconcept. iTherefore, iin iorder ito iaddress isuch 

iproblems, imolecular idynamics i(MD) isimulation ican ibe iutilized ias ithe ipowerful itools 

ito ireproduce ithe imolecular-scale iphenomena ifor ithe idetailed ianalysis. 

In ithe ipast, ithere ihave ibeen ia inumber iof itheoretical iand iexperimental 

iinvestigations ithat ifocus ion isolid-liquid iinterface iand imolecular idynamics. iMolecular 

idynamics iwas ifirst ireported iby iAlder iand iWainwright i(1969) iby istudying ia imethod 

ito icalculate ithe ibehaviour iof iseveral ihundred iinteracting iclassical iparticles. iThe istudy 

iof ithis imany-body iproblem iis icarried iout iby ian ielectronic icomputer iwhich isolves 

inumerically ithe isimultaneous iequations iof imotion. iOne iof ithe iaims iof ithe istudy iis ito 

icompare ithe iresults iwith ithese ianalytical itheories. iSuch icomparisons iare imore iclean-
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cut ithan icomparisons iwith iexperiments ion inatural isystems ibecause iit iis ipossible ito iset 

iup iartificial imany-particle isystem iwith iinteractions iwhich iare iboth isimple iand iexactly 

iknown iand ifor iwhich ianalytical itheories iare irelatively ieasy ito iwork iout. iAnother iaim 

iof ithis istudy iis ito iinvestigate ithe iphenomena iwhich ipresent itheories i(1969) ihave 

idifficulty idescribing ibecause itoo imany imolecules ihave ito ibe iconsidered 

isimultaneously. 

Later, iA.R.B. iSaleman iet ial i(2016) iinvestigated ithe ieffect iof ithe imolecular 

ilength iof ithe ilinear ialkane iin icontact iwith ieach iof ithe iface-centred icubic i(FCC) 

icrystal iplanes ion ithe ithermal iboundary iresistance i(TBR) iat ithe isolid-liquid iinterfaces. 

iThis istudy iwas iconducted iby iusing inonequilibrium imolecular idynamics i(NEMD) 

isimulations iwhere iconstant iheat iflux iwas iapplied. iDifferent itypes iof iface-centred icubic 

iof igold iwere iused iin ithis icase, iwhich iare isurfaces iof i(100), i(110) iand i(111) icrystal 

iplanes. iThis istudy iinvestigated ithe ieffect iof imolecular ilength iof ithe ilinear ialkane 

iliquids iwith irespect ito ithe ithermal iboundary iresistance iof ithe isolid-liquid iinterfaces. 

iIt iwas ifound ithat ion ithe isolid iwall isurface iof i(110) icrystal iplane, iwhere ilattice-scale 

icorrugation iexists, imolecules iof iliquid ialkanes iare iadsorbed iinto icorrugation. iThe 

ithermal iboundary iresistance iover isolid-liquid iinterfaces iwere iobtained ibased ion ithe 

itemperature ijump iat ithe iinterfaces iand ithe iheat iflux, iand iit iwas ifound ithat ithermal 

iboundary iresistance iis iinfluenced iby ithe ilength iof iliquid ialkane imolecules, ithe inumber 

idensity iof isolid iatoms iat ithe isurface ilayer iand ithe igap idistance. iTherefore, iit iis 

iconcluded ithat ithe ithermal iboundary iresistance iis iinfluenced iby ithe igap idistance iof 

ithe iS-L iinterfaces iand ithe inumber idensity iof isolid iatoms iat ithe isurface ilayer, iwhich 

ivaries idepending ion ithe ilength iof iliquid ialkane imolecules. 
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Thermal irectification iis ia iphenomenon ithat iheat iis iconducted ieasily iin ione 

idirection ibut imuch iharder iin ithe iopposite idirection. iIt iwas ifirst iintroduced iby iStarr 

i(1936). iHe iperformed iexperiment ion ithe ithermal ienergy itransfer iat ithe iinterfaces 

ibetween icuprous ioxide iand icopper iin iorder ito ifind iout ithat ithere iexists ian 

iasymmetrical ithermal iconductance. iThen iin ithe iyear i2002, iTerraneo iet ial. ihave 

ireintroduced ithe iphenomenon iof ithermal irectification iwith ithe isimulation iof i1D inon-

linear iheat iconduction isystems. iAfter ithat, iChang iet ial. i(2006) ialso ireintroduced ithe 

iphenomenon iwith ithe iexperiments iof inon-uniformly imass-loaded inanotubes. iIn i2018, 

ia istudy ion ithe ithermal irectification ieffect iat ithe isolid-liquid iinterfaces iwas iconducted 

iby iOhara iet ial. iDifferent iface-centred icubic iof igold iwith ithe isurface iof i(100), i(110) 

iand i(111) icrystal iplanes icontacting iliquid imethane i(CH4) iwas iexamined iby iusing inon-

equilibrium imolecular idynamics isimulations. iThe iinvestigation ion ithe ithermal 

irectification ieffect iwas iperformed iby imeasuring ithe ithermal iboundary iconductance 

i(TBC) iat ithe isolid-liquid iinterface. iThe iresults isuggest ithat ithe ifactors ithat iinfluence 

ithe ithermal irectification iat ithe isolid-liquid iinterface iare ithe imagnitude iof ithe 

iadsorption iof iliquid imolecules iand ithe isurface istructure iof ithe isolid iwalls ithat idiffer 

isignificantly iamong ithe ithree itypes iof icrystal iplanes. 

The ipast istudies iof isolid-liquid iinterfaces ihave idone ion imany iaspects isuch ias 

imodified isurface iand iinteraction ibetween isolid iand iliquid isuch ias iOhara iet ial iin 

i2016. iHowever, ithe iimpact iof ithe ireduced itemperature iand ithe itype iof iliquid 

imolecules ion ithe ithermal ienergy itransfer icharacteristics iat ithe iinterfaces ihave iyet ito 

ibe iinvestigated. iSo ifar iin ithe iprevious istudies, ithe ieffect iof ireduced itemperature ion 

ithermal ienergy itransfer iat isolid-liquid iinterface ihas inot ibeen ifully iunderstood. 

iTherefore, ithe ipurpose iof ithis istudy iis ito ispecifically iinvestigate ithe icharacteristics iof 
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ithermal ienergy itransfer iin ithe imolecular iscale iat ithe isolid-liquid iinterfaces ibetween 

iface-centred icubic i(FCC) ilattice iof i110 icrystal istructure iand isimple iliquid iat idifferent 

ireduced itemperature iof iliquid. iThe icharacteristic iof iheat ienergy itransfer iat isolid-liquid 

iinterfaces iwill ibe ievaluated ibased ion ithe idensity, itemperature, iand ithermal iboundary 

iresistance i(TBR) iat ithe iinterfaces.  
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1.2 PROBLEM STATEMENT 

During pervious time, there have been a number of inquiries that focus on the thermal 

energy transfer characteristic at solid-liquid interface such as the influences of molecular 

interactions between solid and liquid (Khare, Rajesh, Pawel and Arun, 2016) and surface 

roughness (Priezjev and Nikolai, 2017). A number of molecular dynamics (MD) investigations 

on thermal boundary resistance (TBR) at the solid-liquid interfaces have been conducted which 

utilise simple molecules that studies the influence of the interfacial interaction on TBR at the 

interfaces (Barisik and Beskok, 2012) and molecular scale structure of the solid surface (Pham, 

Barisik and Kim, 2013). However, to this date, there is very limited substantial research on the 

impact of the surface structure of solid walls and the type of liquid molecules on the thermal 

energy transfer characteristics. Thus, this study deliberates on the effect of reduced temperature 

on structure quantities and thermal boundary resistance. This study investigates the 

characteristics of thermal energy transfer in the molecular scale at the solid-liquid interfaces 

between face-centred cubic (FCC) lattice of 110 crystal structure and simple liquid at different 

reduced temperature of liquid. Moreover, the considerations of surface structure of FCC 

surfaces will be described using thermal boundary resistance. Only face-centred cubic (FCC) 

lattice of (110) crystal structure will be used in this study. 
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1.3 OBJECTIVE 

The objectives of this project are as follows: 

1. To investigate the influence of reduced temperature on structure quantities.  

2. To study the effect of reduced temperature on thermal boundary resistance. 
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1.4 SCOPE OF PROJECT 

The scopes of this project are: 

1. Only face-centred cubic (FCC) lattice of (110) crystal structure is studied in this project. 

2. Only critical temperature ranges from 0.8TC to 0.6TC is used to analyse the performance 

of different factors in this project. 

3. Only Reversible Reference System Propagator Algorithm (r-RESPA), one of the 

Algorithm methods is applied in the simulation to study the molecular dynamic in this 

project. 

4. Only solid-liquid interface is used to calculate σ and Σ for the potential function in this 

project. 
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1.5 GENERAL METHODOLOGY 

This subtopic describes the general progress for this project. The Flow Chart and Gantt 

Chart are shown in Figure 1.5.1 and Figure 1.5.2. There are 7 processes in flow chart which 

are problem statement, literature review, hypothesis, simulation, data collection and analysis, 

validation of data and report submission. 

The general progress starts with the selection of the final year project. The title of the 

project has been set as “The Characteristics of Thermal Energy Transfer Across Solid-Liquid 

Interfaces Between Face-Centred Cubic Lattice of 110 Crystal Structure and Simple Liquid at 

Different Reduced Temperature of Liquid”. A total of 20 journals and articles are analysed and 

adopted as references in the literature review. 

The method applied in the simulation for this project is Reversible Reference System 

Propagator Algorithm (r-RESPA). This method can be used to calculate the molecular 

dynamics of the lattice structure during the simulation’s analysis. This report will be submitted 

on 15/01/2021 prior to the due date. 
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Figure 1.5.2: Gantt Chart 

  


