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lhc inleraclion of 1\\'0 lih'-signed \'orticcs emheddcd in
<Inolhenvise quiescenl l1uid has heen tiH.' suhjecl 01' intensc
rcsearch l{)r thc I;\sl Ibrec decades. The single most importan!
disco\'ery is thal ;¡ "critical distancc" exists: Two \'orticcs
placed al all inilial inten.:enlroid distance smaller Ihan <lcer-
tain critical valllc (d,.) \,l,'illlllcrge into a single vortcx (scc e.g
Zahushy el al. [ ll!.

Ir lhe inilial dislancc helween Ihc \'orlices is mllch I.1rgcr
Ihan d" lIJe vorliccs rotalc around cach otller quasi-slcadily
\•.'hile lIndergoing link dcformalion. As thc initial inler-
ccnlroid distancc dCLTeases, Ihe rolation hecomes qllasi~
llL'riodic alld lhe \'(mices undcrgo considerahle deformations
(usu.:llly relened lo as 'pll1s;lIions'), Finall)'. as thc initial in-
lerccnlroid distance approaches d,. Ihe motion hecolllcs full)'
aperiodic and Itll' v(miccs lIndcrgo iITc\'crsihle dcfonnations
in (he fmm of Ihin tilamcnts. Ohviollsly, lhc motion is n1.so
apcriodic heln\\' Ihe critical distance for Illcrging.

In Ihis papel' we present expcrimentnl e\'idcnce of Ihe
¡ntense slretching and folding of fluid clemenls lhat oc-
curs during Ihe \'orlcx Illcrger; which is well-knnwn indi~
cation of chaolic particle advcclion. The an.:llytical proof 01'
chaolic particlc dynamics in Ihe velocily lIcio DI' 1\\.'0 inter-
aCling l¡nile-arca vonices has rcccntly heen given by Velasco
Fuentes 121.

The cxperiment was carried out in a square tank 01'
I(JO (m side :lml SO cm dcplh mOllnted on a rotating table.
The tank was filled up 10 a deplh 01' 20 cm ami Ihe rotation
period 01' the syslelll CI') was sel to 7.5 s. Once (he water in-
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sidc rcacl1ed a s(ate nf solid hooy rOlation, cnch vortex wns
generaled hy withdrawing water dllring onc rotntion ol' Ihe la-
hle. This \I,'as done using (hin tuhes (1 cm in diameter) placed
al a distance 01' 15 Clll. Tlle vOrlices were visualized hy adding
dyc arter Ihe gl'lIeration process was compleled.

Four picturl'S nI' lhe experimenlal sequcnce are prcsenlcd
in Fig. X (ne.\( page), Piclure (a) was takcn al time t = 2 T /3
afler Ihe gcneration (Jf lhe vorlices, \vhich are clearly visihle
hy Ihe palches nI' ycllow ami hright green dye in the center 01'
Ihe picturc (thl~ I;¡rger arcas (JI' lighler grcen are remnants of
previolls experinwnls). Al timc f = .1T (piclure h) lhe vor-
tices Iwve starlrd exchanging llIass. as cnn be scen from the
f1Iamenl orycllnw !luid surrollnding the green vorlcx, nnd Ihe
li1ament nI' grcen fluid surrollnding lhe yellow vortex. Notice
also that a fil:lI11CI11(Ir yellow fluid is hcing expelled hehind lo
the greell vor(ex (Inr nI' lhe figur\:) ano thal a fIIament of green
!luid is bcing expdlcd hcllind 10 lhe yellow vorlex (bottom of
lhe figure). A\ time f = 2G T/3 picture e) these filaments
have reached Ihe neighhorhood of lhe vortices from which
Ihey emanated and are lllo\'ing lo\\'anls the opposite \'ortices
again. The lllerging proccss is complcted by lime t = 44 T /3
(picture ti); note that lhere is Iimitcd mixing bctween yellow
and grcen Iluids in Ihe interior 01' the ne\\' vortex.
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FIGURE 8. Experimcmal sequcnce showing Ihe mcrging of (wo cqual \'ortices in a t\\'o-dimcnsionaJ. rot<lting fluid. Thc vortices are mnde
visible hy ycllow and green dyc (the Iightcr grecn arcas <lrc remnmHs 01' prcvioLls cxpcrimctltst Picturcs were takcn al limes t = 2 T /3 (a),
t :::::4 T (h)' t ::::: 26 T /3 (e). amI t :::::44 T /3 (d). \vhere T = 7.S s is Ihe rolation pcriod 01'the ¡ahlc.
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