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Summary By usingatwo-dimensionaFourierrepresentationf the Greentensorfor Stokesflow betweerparallelwalls, we calculate
all friction and mobility functionsfor a single sphericalparticle moving betweentwo walls subjectto Poiseuilleflow. The method
readilygeneraliseto N particles.For achanrel narrav with respecto particlesize,superpositiorof one-vall resultsis notanaccurate
approximationfor the two-wall problem. Translation-rotatiortouplingis significantand changests signasthe lateralpositionof the
particlerangesacrosghe channé We illustratethesetwo-wall effectsby calculatingthe trajectoriesof a magneticcolloid particlein
Poiseuilleflow subjectto anexternalmagneticfield.

INTRODUCTION

Hydrodynanic forcesbetweerparticlesplay animportantrole in determiring the dynanics of bulk suspensiosof meso-
scopicparticles[1]. In addtion to particleparticleforces, hydrod/namicinteradions betweerparticlesandsurrouring
walls canplay asignificantrolein sedimentatioii?] andin thedynanics of bound particleclusterd3]. In recentyeasthe
developmert of opticd tweezersandconfocalmicroscopy hasenablel oneto measurealirectly someof thehydrodyramic
interactions betweenone particleanda singlewall [4] or betweenone particleandtwo parallelwalls [5, 6] aswell as
hydrodynamicinteractions betweentwo particlesin the presencef planewalls [7]. Theseexpeaimentaladvarcesand
the possibility of techndogical applicatiors to biologicd sensorandcatalysisbasedon mesoscopiparticlesflowing in

suspensiomearwalls meansthat thereis needof a betterundestandingof particle-wall hydrodynamicinteractionsin

chanrel flow.

TWO-WALL GREEN TENSOR

For a sphericabparticleneara singlewall we have shavn earlierthatfriction functiors andmolilities may be calculated
from the matrix elementswith respectto a completeset of vecta harrmonics of the Greentensorfor the Stokes flow
equatimsin thepresencef thewall [9]. Inversionandprojectionof this matrix givesthe grandresistancenatrix whose
inverse definesthe mobility matrix. The sameformal schemeworks alsofor two walls, however, the difficulty lies in
obtairing atractableform of the Greentensor In earliersinglewall studiesve usedanimagetechniaie[8, 9] to calculate
the Greentensor For two walls, the Greentensorhasbeenobtaired sometime ago by a mixture of imagemethod
andtwo-dimensionalFourier transfamation[10]. More recenly a schemehasbeenpropsedwhich builds on the one
wall imagetechniqie but involves infinite sumsof imagesin the two walls [11]. By useof a two-dimensionalFourier
representationwithout recouseto imagesummatio we have obtaired the exact Greentensorfor Stokesflow between
parallelwalls in arepresentatiorwhichis muchmoresymmetricthanthe earliercalculation[10].

ONE-PARTICLE FRICTION MATRIX

Our Fourier deconpositionmakesit possibleto reduceto one-dmension& quadaturethe calculationof all matrix ele-
mentsof the Greentensorwith respecto a conplete setof vecta harmaics. In obtairing this essentiallyexact result
we derive exact formulae for a classof integrals which involve a scalarspherich harmaic weightedwith a compex
exponentialfunction. By inversionof this Greentensormatrix followed by projectian ontoa finite dimensioml spaceof
low-orderharmanicswe obtainthe grard resistancenatrix for the sphericalparticlein the presene of the two walls. We
deternine the Cartesiarform of the grard resistancenatrix in the presege of animposedPoiseuilleflow betweernthe
two walls andrelatethe Cartesiarrepresentatiorto theharmanic representationFromthe grandresistancenatrix andits
inversewe obtainall scalarfriction andmolility functiors for asinglesphericaparticlebetweertwo walls andsubjectto
anincidert Poiseuilleflow.

NUMERICAL CALCULATION

The nunerical evaluatian of the friction and mohlity functionsinvolves nurrerical integratioan followed by nunerical
matrix inversion. By comparisonwith the numeical boundarycollocation calculatios of Ganats etal [12, 13] we shov
the rapid corvergenceof our scheme.We compae the exact two-wall resultwith the resultfor a singlewall andwith
a supepositionappoximation Whenthe ratio of wall spacingto particle diameer is lessthanaboutfive we find that
simple superpsition of singlewall resultsis not anaccurde apprximation The translationrotationcouging changs
sign asthe lateral position of the particle ranges betweenthe walls. We showv the scalartranslationrotation friction
fundion ¢** (R, /a) below for aratio of wall spacingto particlediameer equalto two. Herethe two walls arelocatedat
R, = £W whereR,, is thelateraldistanceof the spherecentrefrom the centreof thechannéanda is the sphereadius.



APPLICATIONS AND CONCLUSIONS

Fromthe friction andmobility functionswe can carry out Stokesiandynamics studiesof the trajectoryof a particlein
Poiseuilleflow andsubjectto exterral fields. In particular for polar particlessubjectto exterral electricor magnetic
fieldsthetranslationrotationcouping cornvertsexterral torgue into translatioml motion We have studiedthis effect for
arang of field strenghs andfield orientatiors. The single particleresultsarequite interestingin their own right but an
importantadvantaye of ourmethods thatit canbegeneralizedjuitesimplyto NV particlesratherthanto justone For the
mary-particle problemwe requirematrix elementsf the Greentensorbetweertwo centregatherthanthe samecentre.
TheFourierrepresentatioallows usagainto redu@ the calculationof all matrix elementdo quadaturethusopeningthe
wayto N-body Stokesiandynanics studiesof a suspensiobetweertwo walls.
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Figure 1. 4* asafunctionof R, /a for W = 2a and—0.9 < R, /a < 0.
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