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Scaled governing equations

Before dropping the higher order terms, the scaled governing equations in the liquid are
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where Re = p,URy/n; is the liquid Reynolds number.
In the solid, we have
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where Re,, = (ps/pi)Re is a modified Reynolds number, G = ERy/o€® is a dimensionless
parameter quantifying the ratio of elastic forces to liquid-solid interfacial-tension forces and
m = ns/m is the viscosity ratio between the solid and liquid phases.

At z = —H the boundary conditions are

Uy = U, = 0, (7)
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v, = v, = 0. (8)

At the liquid-air interface z = ((x,t), the kinematic, normal stress, and tangential stress

boundary conditions are respectively given by
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where Z = /(1 +¢€09(/0z)? and C;' = 3o /nU is a rescaled capillary number based on
the liquid-air interfacial tension. Note that due to our choice of characteristic velocity, the
magnitude of C’l_1 is equal to unity.

At the liquid-solid interface z = £(z,t), the continuity-of-velocity, normal stress, and tan-

gential stress boundary conditions are respectively given by
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where £ = /(14 ¢0¢/0z)? and C;' = e3y/nU is the rescaled capillary number based on
the liquid-solid interfacial tension. Substituting the characteristic velocity U = oe3/n; leads to
C;! = ~/o, which is a ratio of the liquid-solid and liquid-air interfacial tensions.
To obtain the leading-order equations, we assume € — 0 in equations (1)-(15). The leading-
order equations in the liquid are
oy 0*v,

— 55 =0, (16)

2



0, n ov,
ox 0z

In the solid, we have
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At z = —H the boundary conditions are
Uy = u, =0,

v, = v, = 0.
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At the liquid-air interface z = ((x,t), the kinematic, normal stress, and tangential stress

boundary conditions are respectively given by
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where pegpy = —C; 1 (02¢/02?) is the capillary pressure in the liquid.

At the liquid-solid interface z = &(x,t), the continuity-of-velocity, normal stress, and tan-

gential stress boundary conditions are respectively given by
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where pegp s = —C71(0%¢/0x?) is a capillary-like pressure in the solid.
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