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Introduction Governing Equations (cont.) Key Observations (cont.)

PFAS (“forever chemicals”) resist conventional water treat-

. . . where F,, = F 1, + Fy,, with e 3-bubble, p4 = 2: secondary Bjerknes decreases with sep-

ment because the carbon-fluorine bond is exceptionally ’ " . . . . . | .

, ) 2XDA . | ) aration while Levich drag remains dominant; weak inward
strong. Ultrasound-driven argon nanobubbles offer a route Fro. = sin(xx,,) sin(7) i L.

| | Bln ; X&n migration.

to destroying them: PFAS are surface-active, so they ad- s bubble. B4 — 3 self radial translational dominates:
sorb at the bubble—water interface, and the violent collapse F, = 9772 (Xn — V. — E Vm) * ; R Ad T t.se radialmtialisiational COTINALES,
of that bubble under ultrasound generates temperatures 2015, I£n SUOLE HIWal 1Lt atlof.

high enough to cleave C-F bonds [3]. Collapse severity (], primary Bjerknes force (pressure gradient, along wave

is therefore the key lever for destruction efficiency. direction i) and the Levich drag (relative motion against 791 = 192 = ro3 = 1, 4 acoustic cycles, coupled vs. uncou-
A sonoreactor holds a cloud of bubbles, not one bubble. v  and neighbor-induced flow v,). Term colors match the  pled.
The ultrasound-driven dynamics of the bubbles are fU.Hy— corresponding force curves in the plOtS below. Bubble trajectories (3D) | r,=(1,1,1) | p,=2.00 | scale=4.00 | 4 acoustic cycle(s)
Coupled nelghbors may attract OI’ I_ep61) and 1nﬂuen(je COl— Results 18 ga) Bublble radu;alllbubbles: cc;upledvs ungo:lpled . F:7nslatnonalspeed all bUbbl7COLTlfd_\:S u:\{!jobu::l?d_
ol ! | “ | | U VJ - —- Sncouzl i bu bble3:
lapse and peak temperature [1]. Bl | | \ g ¥ A\[\}] A\/\ Sty
. . Rl o | | 1 ‘;&1043 ! ! £ =
Predicting destruction efficiency is therefore a coupled  YVe Present results for 2- and 3-bubble systems, examining ¢ '/ | f 1 || =
multi-bubble problem. We apply an extension of the how bubble interactions depend on acoustic forcing ampli- £ || L - | |
Rayleigh-Plesset (RP) framework [1] to a cloud of N  tude il | | |
1 : ° - i ) p— 0-60 I5 1I0 1I5 2‘0 2I5 10_80 5 10 15 20 25
nanobubbles coupled through the surrounding acoustic field, Two equal-size bubbles, p4 = 2 T T
in which each bubble’s dynamics depends on pressure radi- r01 = Tp2 = 1, 4 acoustic cycles, coupled vs. uncoupled. ) Final pstion, nal  fnal (couplc) 5
ated by its neighbors. For the single-bubble limit, see the Bubble rsctores [ 5,72.00 | d1226:2| 4 coustc yelee) ol . g
i 18 (Ia) Bubble raglii: coupled vs uncoupletl:l . 0.2 (b) Tlranslational‘speed: couplled Vs uncoqpled . 20 “ §15
companion poster; see also [2]. | === o | i S s
: : =l ]
Governing Equations | ol R IR
o 2F 1 % AW T Mean initial pairwise separation
Lengths are scaled by the reference bubble radius R, time — # ' W/ £ ol T e et et et it
by w™! (so 7 = wt, where w = 27 f is the ultrasound angu- I R R o R S R R "
lar frequency), and pressures by the ambient pressure F 0 P q ’ ’ Figure 3: Radius and speed vs. time; final position and force vs. separation.
. . . = — : (c) Position: coupled vs uncoupled xi(0)=+4.6 xj(0)=-4.6 _ (d) Force magnitude vs spacing, coupled . ”
is the gas pressure inside the bubble, P,(t) pasin(wt) 1 Pton: coupled v ncoupled s(0=+45 {045 _ g ot gt spacing coupes Three equal-size bubbles, p 4 — 3

0.04

the applied acoustic pressure, p the liquid density, u the
viscosity, o the surface tension, and c the speed of sound.

The nondimensional radius r,(7) of the n-th bubble (n =
1,...,N) obeys an extended RP equation [1], with = =

ro1 = To2 = Tp3 = 1, 4 acoustic cycles, coupled vs. uncou-

pled.
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(a) Bubble radii, all bubbles: coupled vs uncoupled

(b) Translational speed, all bubbles: coupled vs uncoupled
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pR: W/ Py, x = wRiet/c, n = 4pw/ Py, 6 = 20 /(PyRye).
T he nondimensional position x,(7) of each bubble center
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e 2-bubble, p4 = 3: self radial-translational dominates; mi-
oration ~100x larger.




