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Interfacial Thermodynamics Fundamentals

Vapor

Tangent Line
L-xv

0=0° Complete Wetting
@ ---- Contact Angle _
8>90° Hydrophobic (water) 4



Interfacial Thermodynamics Fundamentals

Surface Energy = A-y;
A------ Surface Area

¥j - Specific Surface Energy

Vapor
TLv

Equilibrium State:
Ysy = Yis + Vi * €OSH 5



Equilibrium State:
Ysy = Yis + Vi * €OSH

Simplifications: [For Wetting @ lower 0 value]

g — 0, cosd — 1 t @:

Neglect y;s




Equilibrium State:
Ysy = Yis + Vi * €OSH

Simplifications: [For Wetting @ lower 0 value]

g — 0, cosd — 1 t @:

Neglect y;s

Ysv = Viv j> Complete Wetting
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Interfacial Thermodynamics Fundamentals

Equilibrium State:

Ysy = Vis + Yy * €0SO
Tsv

Simplifications: [For Wetting @ lower 0 value]
g -0, cosd — 1 t ‘1@
Neglect y;s @
Ysv = Viv j> Complete Wetting

- < Non-wetting
Ysv < Vv B (Hydrophobic)
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Hydrophobicit

Droplet Water Film

Teflon Ceramic

Water
Water vy = 73 dyne/cm

Glass



Hydrophobicit

!
Surface Energy :@@l

A--—-- Surface Area

14 B Specific Surface Energy
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Hydrophobicit

http://en.wikipedia.org/wiki/File:l otus3.jpg




Hydrophobicit

/Wax crystals

_Epidermal cell
micro-structures

Lotus Effect

http://www.thenakedscientists.com/HTML/uploads/tx naksciimages/lotus leaf jpqg.ipd




Hydrophobicit

Surface Area
of Liquid

Reduced
Surface Area

Water skates ™ of solid
across pillars
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Hydrophobicit

Turblne Inlet Cooling -—— Why there is water?

Stationary Blades

Rotating Blades

Air Flow >

Water Droplets

Gas Turbine Compressor

http://www.wikipedia.org/turbojet
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| Droplet Erosion Issues --- droplet size

Hydrophobicit

Secondary Droplets

Water film Secondary droplets: 100 - 1500 um

o o
o Compressor
Typical size: 5-10 um Rotating blades
(>50 pm, cooling effectiveness )
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~ |Why & Why Not?

Why Hydrophobic? =—=> Water repellence.
Prevent water film.
Reduce secondary droplets.

Hydrophobicit

Secondary
droplets

[ ) .
o
( I
o
o
o ©®
Compressor

Rotating blades
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Hydrophobicit
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~ |Why & Why Not?

Why Hydrophobic? =——=> Water repellence.
Prevent water film.
>condary droplets.

ater film Seco
dropl
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Compressor

Rotating blad
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Hydrophobicit

Static
Load
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Hydrophobicit

Static
Load
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- Hydrophobicit

Domlnant Factor: Dynamic Load, Momentum

Dynamic
Load

Momentum

Overwhelms

Surface Tension
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Hydrophobicit

Turblne Inlet Cooling -—— Why there is water?

Stationary Blades

Rotating Blades

Water Droplets

Gas Turbine Compressor

http://www.wikipedia.org/turbojet
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Wetting in Laser Claddin

Non-equilibrium State @ Laser Cladding
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Clad Bead e

Laser Beam

Substrate

i - o b -
Stream of ® Hution = -——— =
powder h. + b }_7’ + 1
Substrate Dilution « Laser Power

h/b o« 1/ power _



- Wetting in Laser Claddin

Non-equmbrlum State @ Laser Cladding

Spreading Factor: @Tz Vsv —@l— Yis
Laser Power 1 |::> Temperature 1 :> Yiv 1,
> St 0] (wetting?)

®.

\ YLy

a) = | aser power



Wetting in Laser Claddin
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| |Effect of oxidation

Spreading Factor: ®l= @l— Yiv — Vis

v (Al)= 1674-1923 dyne/cm

|

v (Al,O4)= 580 dyne/cm

Oxidation
/ \

Raw Material Laser Heating
* Grinding « Inert gas
e (Deolling)

* Reduce laser power ?
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