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Summary A blinking rotletmodelis usedfor theanalysisof stirringin a Stokesflow in arectanguladomain.After thetwo-dimensional
biharmonicequationis solved analytically the associatedrelocity field of a pair of blinking rotlets positionedsymmetricallyon the

y-axis, is usedstudyingthe stirring qualitiesof this blinking rotlet model. Contourkinematicsimulationsare performedin orderto

obtaininformationaboutthe chaoticbehaiour of ablob of passie tracermaterialputin this flow field.

INTRODUCTION

Theway in which passie tracermaterialwill be distributedin anambientfluid dependsasicallyupontwo processes:
adwectiondueto the presencef animposedvelocity field and secondlyupon mass-difusion. Although mixing is es-
sentiallya combinationof both mechanismspnly the effects of adwectionare considered.Strictly speakingwith this
limitation onedoesnot dealwith mixing anymore,but with stirring.

The spreadingof tracer particlesthroughadvection becomeanore efficient when the flow hasa chaoticnature. This
chaoticnatureis characterizedy anexponentialgrowth in time of the contactiengthof a patchof tracermaterialwith its
surroundingsTime-dependengis in 2D anessentialngredienttowards’good stirring’ [1] — whatis meantby this, not
to mentionhow to quantifyit, is not just of importanceor a goodunderstandingf stirring, but alsoof mixing.

In this study the behaiour of tracermaterialis consideredvhenput in anincompressiblehighly viscousfluid. The
velocity field is driven by two, independentlyadjustablerotlets. In orderto adwect the tracermaterialchaotically a
blinking rotletmodelis used by which atime-dependeriaminarflow is obtained.This blinking rotlet modelwasstudied
beforeby Aref & Meleshlo [2]; they consideredhe stirring effectsof two rotletsin a circulardomain.

PROBLEM FORMULATION AND SOLUTION APPROACH

A highly viscous,incompressibléluid is capturedn arectanguladomainIl: I = {x e R| —a < z < a,—b < y < b},
andis stirredby two individually adjustableotlets. Theresultingvelocity field is describedy anoverall streamfunction
U, letting therotletsblink, impliesthat ¥ is actuallyafunction of time, althoughnot continuously

Thepositionof therotletsarerestrictedsuchthatthey areconfinedalongthe y-axis: rotlet A is positionedat (0, ¢o) and
rotlet B at (0, —cy); +cp arestagnatiorpointswhich depend®n a andb. Thusablinking rotlet modelof two rotletscan
beconstructedn which therotlet thatis "off", doesnot disturbthe flow. So,onewrites

\I’(ta X) = eA(t)lIlA(x) + eB(t)\I’B(x)a (t,X) € Rt x II, (1)

wherethe time-dependenfunctionse 4,5 (t) are periodicsquarewavesusedto adjustthe intensity of the rotletsandto
switchtherotlets"on" and"off". Thetime-independentontritutions¥ 4 and ¥ g satisfythe biharmonicequationand
canbedecomposeéhto two, whatmight be called,elementabktreanfunctions®, (x) and ¥, (x), in suchaway that

a(x) = [T1(x) + T2 (x)], )

Up(x) = [T1(x) — ¥z (x)]. ®3)

Dueto thelinearity of the biharmonicequationboth ¥; and ¥, have to be solutionsof the biharmonicequation. The
mainobjective therefores to find theanalyticalexpressiondor theseelementafunctionssatisfyingthe appropriatewith
no-slipassociatedpoundaryconditions.

Theunderlyingideasolvingthe biharmonicequationis thatthe elementaktreamfunctions¥; (i = 1, 2) arewritten asa
sumof two contributions

Ti(x) = 917 (x) + 9i(x), i=1,2. 4)

The first contribution takes the effectsinto accountof two imaginaryrotlets, positionedat (0, £¢). In the casewhere
i = 1, therotletsrotatesin the samedirection;in the othercasewherei = 2, therotletsrotatein oppositedirections.The
secondcontribution, v;, is dueto the presencef the boundariesit indicatesthe effect of the boundarieson theinterior
flow field.

SinceV2¢§”) = 0, the unknown functionss); are solutionsof the biharmonicequationaswell. The requiredno-slip
boundaryconditioncanbetranslatednto Neumanrboundaryconditionsfor ;. Oneimportantfeatureof theconstruction
of the solutionis the appearancef a systemof infinite serieswhich is solved usingthe methodof reduction[3]. Some
mathematicabackgroundcanalsobefoundin Ref. [4].



SOME RESULTS

Thevelocityfieldu = —V x (e, ¥), calculatedrom theoverallstreanfunction¥ (eq.(1)),is usedn acontourkinematics
simulationto follow thetime evolution of aninitially circularblob of tracermaterialplacedin thecentreof therectangular
domain. In the two casesherepresentedihe individual adjustableotletsare positionedat (0, +¢), wherec = 0.6, and
therotletintensitys is setequalto 1. The maindifferenceis the positionof the walls with respecto the positionof the
rotlets. This makesit possibleto studythe effectsof the walls on the interior flow field andthereforethe effectsof the
walls onthe chaoticbehaiour of thetracerparticles.
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Figure 1. Advectionof a patchtracermaterialdueto two blinking rotlets(c = £0.6, 04 = o = 1,a = 2b = 2.5).
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Figure 2. Advectionof a patchtracermaterialdueto two blinking rotlets(c = £0.6, cu = o =1,a = b = 1).
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