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Multi-Physics Modeling for Ice Accretion Phenomena
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Droplet Motion
BASSET-BOUSSINESQ-OSEEN (BBO) EQUATION

dv, ]
m, = (mp -m, ), :Body Force Mei(1996)
Du . .
+m, —- :Pressure Gradient
Dt
1 dv, Du, , 0%u, ..
2 { T —Ea o ] :Additional Mass m, - Particle Mass
m; : Fluid Mass
1 , 0%y, . !
- 67T3P-¢(Vi Ui S0 J :Drag a : Particle Radius
J , V; : Particle Velocity
d V__u__laza Ll U; : Fluid Velocity
t dr ' ' 6 6xf .
- 6na2uJ. dt — :Basset History
0 (TEV (t - ‘t))
+F :Others
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( Droplets Impingement ) (Convection) (Evaporation)
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Aerodynamic Heating ‘ Out

AIR |
WATER im: impingement in: runback-in
- - f: friction

ev: evaporation ou: runback-out
ac: accretion c: convection

ICE

Latent Heat of
Icing

Schematic of Heat Balance for Control Volume

( Mass Balance My, + My, = My, + M, + My
( Energy Balance Eim+En+0; =&, + B T EEEE )
( Ice Volume [m3] dv =m, At/ pi. )
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Lift Coefficient C_
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Angle of Attack

NACA0012 (C=0.53 [m])
Re: 3.0 x10°
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Computational Conditions

AOA(deg) | Velocity(m/s) | Temperature(°C) | LWC(g/m®) MVD( ¢ m) Ice Type
Case 1 4.00 58.10 -27.8 1.3 20.0 Rime
Case 2 4.00 58.10 -19.8 1.3 20.0 Mix
Case 3 4.00 58.10 -13.9 1.3 20.0 Mix
Case 4 4.00 58.10 -6.7 13 20.0 Graze

AOA : Attack of Angle .
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LWC:Liquid Water Content . MVD:Median Volume Diameter

Particle Diameter Distribution

Wright et.al (2005)
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Main Grid : 161 X 61
Sub Grid : 91 X% 31

%/,5//55/'“ Dz (FK)

0.0

a

=)
i e

-0.05

Comparison of Error and Differential-Angle
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