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Effect of the Icing Conditions for NACA0012 Airfoil using E-MPS Method
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In the present study, numerical simulations of icing phenomenon on an airfoil were carried out using a particle-based
method. We focused on some of the important parameters for the icing such as flight speed, liquid water content and
angle of attack, and investigated the effect of the icing conditions on the aircraft icing. We employed the explicit
moving particle simulation method (so-called E-MPS method), which is based on the Lagrangian approach, to obtain
the complex ice shapes such as horn and feather. The results indicated that the icing mass and the maximum ice
thickness increase for faster flight speed and larger liquid water content, and the icing mass increases for larger angle
of attack, though the maximum ice thickness is not affected by the angle of attack. Moreover, it was confirmed that
angle of attack affects the icing limit on the airfoil. Furthermore, the microstructures of icing such as ice ridge and void
cavity, which are difficult to obtain by grid-based methods, were reproduced using the particle-based method.
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(a) NACA0012 airfoil

(b) Droplet

(c) Particle

Fig.1 Computational target.

Tablel Computational condition.

Exposure Time [s] 60
Chord Length [m] 0.53
MVD [mm] 10
Particle Diameter [mm] 01
Inflow Velocity [m/s] | 50~140
LWC [gmq | 02~16
Angle of Attack [deg] -8~20
Effective Radius [mm] 031
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(a) Inflow velocity =60 m/s  (b) Inflow velocity = 100 m/s

(c) Inflow velocity = 140 m/s

Fig.2 lce shapes at different inflow velocities.

Fig.4 Comparison of ice shapes for LWC of 0.5 and 1.2 g/m°.
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(a) AoA =0 deg. (b) AoA =10 deg.

(c) AoA =20 deg.

Fig.5 lce shapes at different AOAs.
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Fig.6 Ice mass and maximum ice thickness for each inflow velocity.
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Fig. 7  lce mass and maximum ice thickness for each LWC.
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Fig.8 lce mass and maximum ice thickness for each AoA.
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