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Outline

* Definition sketch

— Spreading mechanisms
* thermocapillarity
* wetting vs. spreading

* Quasi-static spreading
— axial vs. radial thermal gradients
* flows, interface shapes and spreading rates
— bi-stability
* competition
— effect of applied temperature profile
* linear vs. logarithmic heating



Why do fluids spread?

e Spreading forces
— Body

 gravity, centrifugal

— Surface
* thermocapillarity Young Dupre’
static contact-
* wetting angle
Ols -

 Competition can lead to instabilities!




Heating conditions

motivated by experiments in Behringer group (Duke University)
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Thermocapillary forces
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wetting vs. spreading

modeling microscopic effects using macroscopic quantities
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force balance (statics)
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Definition sketch
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Solution method
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Quasi-static spreading

steady droplet shape (small heating)
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Outline of results

large parameter space (M. N. 9% G.04.m)
— equilibrium, flow fields and path to equilibrium
review isothermal spreading

linear temperature distribution
— small heating
— isorotational spreading

 axial vs. radial thermal gradients
e competition and bi-stability
— centrifugal effects
logarithmic temperature distribution

— compare retraction laws to experiment
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Isothermal spreading

equilibrium shapes spreading law base flow
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axial gradient VS. radial gradient
Ehrhard 91 (JFM) Smith 95 (JFM)—2D
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Approach to equilibrium
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Competition

(1or3) equilibrium and Descartes’ rule of signs (0 or2)
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Bi-stability
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Centrifugal effects

equilibrium equation
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centrifugal forces can replace/overcome the effect of heat transfer!
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Logarithmic temperature profile
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Concluding remarks

bi-stability <---> competition

centrifugal forces can enlarge regions of bi-stability
— thermal conditions may be relaxed

— more control
* map regions of indefinite spreading

e generalized to other heating conditions

Acknowledgement: NSF FRG Grant # DMS-0968258 @

Michael Shearer, Karen Daniels, Joshua Dijksman
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Quasi-static spreading (C - 0)

steady droplet shape (small heating)

31

1
hy.+—=h, —GI O2r 1+ 22
( . l)r—l— r A

(ﬁr (T,), + ﬂ-qfhr) — (). “+ auxiliary conditions”

Imbalance of contact-line forces drive motion

m ore
F(6—04) response N da _ oh o, <~ mobility exponent
dt or
6

ﬂ-lg A
(Dynamic CL Law
static contact-angle O 9,
64
G-IS - -"[Tﬁg

Map the problem to the contact line!

> UCL

20




Evolution equation
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Evolution equation
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Field equations

velocity field
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Boundary conditions
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Wetting

modeling microscopic effects using macroscopic quantities
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Young-Dupre equation: o
liquid
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Evolution equation
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Spreading
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Why do fluids spread?

centrifugal forces (body) 7
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Competition
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radial gradient (M
Smith 95 (JFM)—2D

axial gradient (N =
Ehrhard 91 (JFM)
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Quasi-static spreading

steady droplet shape
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Approach to equilibrium
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Competition

axial-cool, radial-in

axial-heat, radial-out
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Heating conditions

ambient temperature heat transfer
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Experiments by Behringer group (Duke University)

35




Why do fluids spread?

centrifugal forces (body) 7
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Gravity-driven spreading

equilibrium shapes
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Quasi-static limit (C—> 0)

equilibrium
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Results

e Large parameter space (ﬂﬂﬂ,:ﬁﬁ'ﬂﬂ_ﬂt)
* Unforced spreading (base-flow)

— power laws

* Spreading by thermal-gradients (forced)
— axial vs. radial gradients
e similarities, mechanisms and power laws
— equilibrium, stability and bifurcation
 surface chemistry (wetting)
— bi-stability

* competition
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