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Motivation

Agglomeration induced by an acoustic standing wave.
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Objective

System parameters.

A different behavior can be found for different combination of parameters?
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Outline

* Governing equation.

* Linearization and theoretical approach for the solution by a
complex Fourier series.

* Parametric stability of the solution and development of stability
maps.

e Validation and conclusions.
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Governing equation

Balance of forces i, + f1Cx, = f1Cu. + EDHC C= i%’é:
r P P}/ Dt p
Y = Py Pe
Non-linearities
1) fi = 1 — Stokes flow. Re, <1 R?p = \Hc—-’f?p ‘D-p/yc
(1) = 1 + U.ISRBB'BST — Schiller and Naumman. Re, < 800
(2) Ue(y, t) = Uesin(wyt) cos(ZEa,)

This non-linearity is the
particularity of our work
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L Inearization

1 Du,
Non-linear system i, + Cz, = Cu,
(Stokes flow) v Dt
Linearized around the ¥ 4+ Cg. + N =0
equilibrium point b p i(,l p
(Standing wave node) spring coeff.

o

f(t) = me(" sin(wyt) + 72 1;” cos(wyst) — % (%%)Zsinz(wft)

parameters reduction St = wy/27C Stokes number

A = 2mu./Aws  Acoustic displacement

T = Pp/ﬁc Ratio of densities
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Hill's Equation

the variable transformation q(t) = $p(f)6%t

T = Wyl Non-dimensional time

produces a Hill's equation

2
1 A A A2
7))+ | — + sin(7) + — cos(7) + — sin“(7 7) =10
i) ((m) o sin(r) + = cos(r) + = ())qu
Parameter Periodic function
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Solution in form of a complex Fourier series

C
Critical growth rate :;.:p(t) = q(t) e~ 2t
a real growth/decay rate is added to this mode B nore -. (%ﬂg)—r
the first sub-harmonic is dominant Q(T) o Z Cn€
w, = C)2 w, =0forn#1

Inserted in the differential equation

n=-+o0 (w;ﬂ,_}_-ﬂ) 2 1 2 A iT L —iT A T —iT A2 .
> e T ((2hil) () s (T )+ 2 (S5 ) - S @ e -] o
W 2 A5t 47 S 24 y 2 4y

MN==—0

recursive relation is found

A2 1A A —in  n%* A? 1A A AZ
_ Cn—2+ — — = | et — {jn+2—{—ﬂfjn+4 =

T Tgrs T 2y
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Hill's determinant

HNCR =0

No trivial solution if det(HN) =0

which is an implicit polynomial

det(Hpy) =
2
1 + N_E 0 A A 0 &—2 0 0
4ﬂ25t 4 Bn5; 2y 4~y
2
0 1 + (N-1) 0 s A 0 Az 0
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2
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(4?r23t)
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Principal stability map

Periodic solutions of (%)
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Validation
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Validation

v = 816
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Validation

v = 816
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Conclusions

* A parametric resonant particle response is demonstrated and the
stability maps are constructed.

* The sub-harmonic response is dominant.

* Agglomeration can occur be still induced at different nodes even in
a resonant response.
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Thanks for your attention!

Time for questions
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