Droplet synchronization in multiple interconnected parallel channels
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Droplet synchronization

= Pairing of droplets flowing in parallel channels

= Required to promote position control, encounter and coalescence

= Passive synchronization achieved with bubbles [1] and droplets [2] in a [adder-like channel network
Our goal: understand, find the limits, optimize and generalize passive synchronization

Lumped-element modeling Hypotheses
= Two parallel channels, each one conveying water drops in continuous oil phase = Droplet production in two flow-focusing structures Droplet = localized resistance R,
* |nterconnecting rungs = ladder-like network allowing oil transfer only » Droplets sufficiently separated =2 one droplet per channel " Mainly due to end caps
* Independenton L, (okifL,> W) [3]
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AQ, (flow rate imbalance), L,

Y }:T Yy Y A = |nitial condition: Ax;, = position shift

I SR W W\

+ v+ I vt t | FlowsQ/q Optimization
AXin<Ls 4 L{_l + 4 3 Flow anaIVSiS and E = Synchronization efficiency = max (Ax; ) allowing synchronization in 19 rungs

Ly + A2V i " synchronization mechanism
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L L 14 RIR=LL, RRE10, Axipsls = Lx=3 Ls E(R., R,) in pressure-driven regime

X Y T 3 1 = Different recirculation mechanism for each Ax,, o

1 m A = Asymmetric flow (one droplet blocks, the other not)
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3 L 1 1 2 Synchronization until Ax;, = 2 L N = Synchronization in flow-rate

= No synchronization from Ax;, = 3 L, 11 = & in pressure-controlled regime
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—_ e Optimal synchronization when:
,, =» Bad synchronization > = R./R.>>1
Ax,=4L| A+ I~ T T A 6:R/R=1.1, R, /[R.=10, OX,, = L, L,=0 001 - : o
, AQ d= U
4 P Y Y ) R, considered as pointlike =» does not distribute around the rung E(L, AQ,) in flow-rate-driven regime

Weak influence of AQ,
=» No synchronization

Experimental results
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High speed recording. Two droplets enter the top and bottom e used lumped-element modelling to better explain the synchronization mechanism. Ackowledgments
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Resulting channel speed : top > bottom, despite AQ,=0 We encountered several experimental issues that are not solved yet. (IAP 7/38 MicroMAST) initiated by the Belgian

Our next move is to generalize to more complex ladder networks (incl. three channels).  scjence Policy Office.
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