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To model the generation and propagation of the acoustic waves in the piezoelectric substrate,
we employ the time-domain constitutive equation governing the motion of a piezoelectric

solid:1>
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where D;=eyky is the electric displacement, Ey is the electric field, ik are the dielectric

T

coefficients, t is the time, €ikl are the piezoelectric stress coefficients, " are the stress

components, and ikl are the elastic stiffness coefficients; the superscripts S and E denote that
these quantities are measured at constant strain and constant electric field, respectively. Here,
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we assume the electric field is quasi-static and hence 0 Together with the infinitesimal

strain-displacement relationship,
05w 1(625k N ¢, )
ot 2\ox,0t 0x,0t)
Egns. (S1) and (S2) can be simplified to

(53)

OE) ey 1(avk N avl)] ()
ot g5 (2\0x, 0x)|

@:C.E 1% ﬁ —e % (S5)
ot UMi2\ax,  ax || Moat’

where ¢ is the particle displacement and V is the velocity of the solid.
Equations (S4) and (S5) are solved together with Newton’s second law of motion
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simultaneously using a finite difference time-domain method; in the above, Ps being the mass
density of the substrate. To minimize wave reflection from the boundaries, split-field perfectly
matched layers are adopted along the left, right, and bottom boundaries of the piezoelectric
domain (see Fig. 2 in the manuscript).®’ To generate the SAW, a sinusoidal electric potential,
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angular frequency with fsaw =30 MHz, is imposed on the surface of the piezoelectric substrate.
The dimensions of the piezoelectric substrate are Ly~ 15454y and Hyy=~ 4)‘SAW; the distance

between computational nodes is 2%ty =AYy = 0468

To model the acoustic wave propagation and the subsequent acoustic streaming in the liquid
atop the LN substrate, we employ a lattice Boltzmann model based on the single-relaxation-time
Bhatnagar-Gross-Krook scheme on a two-dimensional square lattice with nine velocities (D2Q9).
The macroscopic fluid velocity is defined by81?
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and the fluid density is defined by
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where X denotes the position on the lattice; for D2Q9 (see Fig. w in the manuscript), the lattice
vectors are €0 = (0,0)’ e, = (1,0)' e, = (- 1,0)’ e;= (0,1)' e,=(0,- 1)’ es = (1,1)' eqc= (- 1,1)’
&=(-1L-Dapges=1 -1 1phe particle distribution function fi spatiotemporally evolves as
1
filx + et + At) = f,(68) - =[fi(x0) - fI(xD)], (59)
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where At js the time step and 7 is the relaxation time, which is related to the kinematic shear
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viscosity ¥ = eyt~ 1/2)(A /At), where for D2Q9 ¢f = 173 is the sound speed in the lattice unit.
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is the local equilibrium distribution function, whose weight factors Yi are

wy=wy=wz=w, =19 wy=wg=w;=wg=1/36 5,4 Wo =49 ¢, the D2QQ lattice.

We assume the top boundary of the liquid film (¥f = Hf) is non-deformable (¥=0), i.e., a
bounce-back boundary condition applies; periodic boundary conditions, on the other hand, are
assumed at both ends of the fluid domain, i.e., at *f = 0 and *r = Lf. As noted earlier, the aim of
this simplified calculation is to approximate the ion distribution within the liquid film atop the
LN substrate, rather than an accurate hydrodynamic quantification of the flow; thus, we adopt a

simplified assumption of a bounce-back boundary condition is employed on the top surface. The
total number of cycles is t=300f5;11}|/ and the streaming velocities “dc are computed from
t= 20fS;“}Vto t= SOOfSZH}V. The dimensions for the liquid domain are Lf 2245 gng Hp~0.54;
whereas the distance between computational nodes is 8%f =2Y¢ = 0117 ey At the interface

between the piezoelectric substrate and the liquid, i.e., VLN = Hin and Yr= 0, the domains are
coupled through continuity in the velocities and stresses.



In the absence of any ion generation reactions, the equation governing the transport of ionic
species in the liquid is:1>14
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where Ci denotes the ionic concentration of species i, Zi is the ion valency, F is the Faraday
D

constant, “i is the diffusion coefficient of ionic species i, R=kpN, is the molar gas constant in
which X5 is the Boltzmann constant, Nais Avogadro's constant and T is the temperature of the

liquid. Additionally, we solve the Poisson equation
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to obtain the potential field #f; i is the net charge density, é is the relative

permittivity of the medium, and 0 is the permittivity of free space. At the interface between the
piezoelectric substrate and the liquid, i.e., Yin=Hyy and Yr= 0, the boundary conditions

PLN = PF and €3300Ln/0N = ££0¢/0n (" being the normal coordinate) are imposed, whereas far

t |Zl:22| =1:1

from the LN substrate, <pf(yf—>00) = 0. For simplicity, we assume tha wherein %1

and %2 denote the valence for the positive and negative ions, respectively, the bulk ionic

_1n-6
Co=10""n1 " the temperature T = 293K, the dielectric constant
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concentration

_ _ -10
£ = £ =2.6x10 C?/)*m, and the diffusion coefficients for both ions

m?/s.13 Equation (S11) is solved using the finite difference time-domain method, whereas Eq.
(512) is solved using the Gauss-Seidel method.?
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