18.357: Lecture 11

Fluid jets and the Rayleigh-Plateau instability



Apply Bernoulli at points A and B:

where

Continuity:

In limit:



Fluid jet break-up
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Sub into Navier-Stokes and linearize to solve for disturbance fields

= instability for modes with

" fastest growing mode: Unstable







pinch-off depends on Ohnesorge number

at high Oh: and

at low Oh: and Iincreases with



Jet impingement on a reservoir

= a field of standing waves may arise at base of jet

= the wavelength A =27/k is set by the requirement

that the phase speed correspond to the local jet speed:

= using the dispersion relation @(k) deduced for
the Rayleigh-Plateau instability thus yields
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= if U is known, this may be inverted to deduce A



What if the reservoir 1s contaminated?

" Marangoni stress draws surfactant up jet

" the jet enters the reservoir as if through a rigid pipe

= pipe height H set by balance of viscous and Marangoni stress
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" boundary layer takes Blasius-like form:
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= substituting O into stress balance yields pipe height:
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ouV Fluid Pipes (Hancock & Bush, 2000)
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