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Governing Equations

Navier-Stokes equations:

Boundary Conditions
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Normal stress:

Tangential stress:

Stress tensor 
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Marangoni Flows
!   flows dominated by the influence of surface tension gradients

!           may arise due to dependence of  
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Recall tangential stress BC:
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Thermocapillary Flows

!  Marangoni flows induced by temperature gradients

!  Navier-Stokes coupled to heat equation through BCs

e.g. thermocapillary drop motion: drops migrate toward heat source
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Convection in a plane layer



Convection in a plane layer



Marangoni-Benard

THERMAL  CONVECTION

Rayleigh-Benard
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Stability prescribed by:

Rayleigh number
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Marangoni number

Note: Marangoni convection dominates for thin films
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The flow in an evaporating coffee drop



The flow in an evaporating coffee drop





The tears of wine

Note the nibbling tears…



Proverbs 23: 29-32

“Who hath sorrow? Who hath woe? They that tarry long at the wine.
 Look not though upon the strong red wine that moveth itself aright.
 At the last it biteth like a serpent and stingeth like an adder.”

- Proverbs 23: 29-32

The Tears of Wine    (Thomson 1855)
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Tear line

Reservoir



The tear ducts of strong wine  (Hosoi & Bush 2001)

! layer marked by streamwise vortices, Marangoni convection rolls





Nibbling tears of wine
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Surfactants: surface-active reagents
!  molecules that find it energetically favourable to reside at an interface

!  generally act to reduce       locally,                   : may induce Marangoni flows
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e.g. commercial detergents
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!   beyond the CMC (critical micell concentration),
     there is no further dependence of        on    

micells shed by saturated
interface, desorbed into bulk
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Surfactant properties

air

water

Solubility

!   prescribes the ease with which surfactant passes from the surface to the bulk

!   an insoluble surfactant cannot dissolve into the bulk, must remain on surface

dissolution

sublimation

Volatility

!   prescribes the ease with which surfactant sublimates/evaporates from surface

Diffusivity

!   prescribes the rate of diffusion,         , of  a surfactant along an interface
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!   prescribes the rate of diffusion,         , of  a surfactant within the bulkDb



The evolution of a surfactant-laden interface

Since             ,  N-S equations and BCs must be augmented by

Surfactant evolution equation:
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Surfactants:  impart effective elasticity to contaminated interfaces

Surface divergence

Surface convergence

    through resisting flows with non-zero surface divergence
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Surfactants:  impart effective elasticity to contaminated interfaces

Surface divergence

Surface convergence

    through resisting flows with non-zero surface divergence
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Clean interface  =  `slippery trampoline’

!   resists deformation through generation of normal curvature pressures

Surfactant-laden interface  =  trampoline

!   resists surface deformation as does a clean interface

!   can support tangential stresses via Marangoni elasticity

!   cannot generate traction on the interface



Marangoni propulsion
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!   lateral force may be generated by surface tension gradient 
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integrate around 
contact line

!  motion driven by soap cannot be sustained in a closed contained

!  motion may be sustained if driven by a volatile component (e.g. camphor)

e.g. water-walking insects, dispersal of pine needles



Nakata (2005)



Nakata (2006)



Marangoni Flows
!   flows dominated by the influence of surface tension gradients

!           may arise due to dependence of  
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The cocktail boat:  fueled by alcohol

Video:
Lisa Burton



Jose Andres





Soap films



Soap films

!  stabilized against rupture by presence of surfactants

Draining soap film

!   weight of film supported by Marangoni stress
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