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6.642, Continuum Electromechanics, Fall 2004
Prof. Markus Zahn

Lecture 7: Pressure—Velocity Relations for Inviscid,

Incompressible Fluids

Continuum Electromechanics (Melcher) — Section 7.9, 8.9

Governing Equations
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Linearize:
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Take curl of Equation: = v x (Vv (p'+£'))=0= Vxv'=0

V.v'=0=V20'=0 (Laplace’s Equation)
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Pressure-velocity relations for perturbations of inviscid fluid.

Cartesian

Cylindrical

Spherical
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Courtesy of MIT Press. Used with permission.

1. Gravity — Capillary Dynamics

6.642, Continuum Electromechanics
Prof. Markus Zahn

Lecture 7
Page 3 of 5




Equilibrium:

—p,OX + Py
Po=
-, 9X + Py

Perturbations:

~ . —coth ka
[p1] _ J(Dpa
P, kij_ 1
sinh ka

5 k 1

~ . —coth kb
[93] _ Jop,
P4

" sinh kb

~

Qxl =Vv,, =0 (rigid boundaries)

43

Interface: v, = Bt +V

Force Balance
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%(pacoth ka+ p, coth kb)+g(pa —pb)—yk2 £E=0
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Dispersion Relation: CO?(pa coth ka+ p, coth kb) = yk* +g(p, — p,)

Instability if: 1k? +g(pp —pa) <O Rayleigh-Taylor Instability
(heavier fluid above)

if Pa > Pp
f=v*+g(p,-p,)
A
Stable
\ |
Unstable
1
K — g(pa_pb) é 2n
.= &
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At =21 _r (Taylor Wavelength)
9(Pa—Po)
A > A Unstable
A <Ay Stable
Stable if p, > p,
Long Wavelength Limit: ka<1, kb <1, yk* < g(p, - pa)
coth ka ~ 4,
coth kb ~ ¥

=—— Non-dispersive gravity wave
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