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AN EULERIAN-BASED DROPLET IMPINGEMENT AND ICE ACCRETION CODE
FOR AIRCRAFT ICING PREDICTION

SK. Jung,l RS. Myongf2 and T.H. Cho’

As a step toward accurate prediction of droplet impingement and ice accretion on aircraft, an Eulerian-based
droplet impingement and ice accretion code for air flows around an airfoil containing water droplets is developed.
A CFD solver based on the finite volume method was also developed to solve the clean airflow. The
finite-volume-based approach for simulating droplet impingement on an airfoil was employed owing to its
compatibility with the CFD solver and robustness. For ice accretion module, a simple model based on the control
volume is combined with the droplet impingement module that provides the collection efficiency. To validate the
present code, it is compared with NASA Glenn IRT (Icing Research Tunnel) experimental data and other well-known
icing codes such as LEWICE and FENSAP-ICE. It is shown that the collection efficiency and shape of ice accretion
are in good agreement with previous experimental and simulation results.
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2.3 Ice Accretion Solver

7] 2oz 23t dgv)e] AX F212 A7 Glaze Ice
9} Rime IceZ thEEH, Glaze Icet= 2% 0] x
w2} 325 WA Ado] WAehE o2 o] F°3
A7 e BALs7] 93 ﬁ%e—j.ﬂr Heat Flux7} 3L
t}. Rime IceS] A5 vl vt O] 2LoA] HAsh=
2 AHo] AFFE Wt FHol= WA B FE }
= How A3} Heat Fluxe] dde 13 %A]
BTl Ay o= o] EAof FE o] AHo] FAHE=
k173 N

i
A% WAt oA Ps e EAAII,

ll‘

pyloy/ot+5 + (Uphy)]

=U. « LWC+ B3—m._—m,

evop ice

oA g

ohc, T, —
/’f[ };,tf v (Ufthfo)}
laf],

2

—0. 5(L +Lsubl) euap+ (qusi(m —C T)mI(P

evap

+06( T T4>+Ch( Tf 1—;(36,7‘(‘(3)+ Qantlﬁfiwlng

Qunti —icing= Anti-icingS LRI nyr Ulz,y) = th&
¥} 2



AN B 20 S

Solid Surface

L4
?
I
I
{
I
I
1
]

Fig. 2 Edge treatment of solid surface due to ice accretion
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2.4 Grid Regeneration Module
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Table 1 Initial condition of clean flow field

RAE2822 NACA652-415
Reynolds Number 6,500,000 4,900,000
Mach Number 0.729 0.23

Angle of Attack 2.31 Degree 8 Degree
Static Pressure 108987.8 Pa 101300 Pa
Temperature 2555556 K 288.15K
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Fig. 3 Comparison of pressure coefficient between experimental
and present results for RAE2822 airfoil
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Fig. 4 Comparison of pressure coefficient between experimental
and present results for NACA652-415 airfoil

3.2 Droplet Impingement Solver A&
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Fig. 5 Comparisons of collection efﬁci}ency (AoA: 0 Degree,
MVD: 21 pm, LWC: 0.03 g/m’)
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Fig. 6 Comparisons of collection efﬁgiency (AoA: 8 Degree,
MVD: 21um, LWC: 0.03 g/m’)
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Fig. 7 Droplet fields around NACA652-415 airfoil usmg present
code (AoA: 0°, MVD: 21 pm, LWC: 0.0 3g/m’)

Fig. 8 Droplet fields around NACA652-415 airfoil using
FENSAP-ICE, DROP3D(A0A:0°, MVD:21 yim, LWC:
0.03 g/m’)
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Table 2 Initial condition of droplet fields for NACA652-415

airfoil
Mach Number 0.23
Angle of Attack 0 Degree 8 Degree
Liquid Water Contents 0.03g/m’
Mean Volume Diameter 21pm
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Fig. 9 Comparison of shapes of ice accretion for case 1
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Table 3 Ice accretion condition for NACAO0012 airfoil

Case 1 Case 2

Exposed Time 7 min. 6 min.

Mach Number 0.3240 0.2140
Temperature 250.37K 24451K
Liquid Water Contents 0.55 g/m’ 1.0 g/m’

Mean Volume Diameter 20 pum 20 pm
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Fig. 10 Comparison of shapes of ice accretion for case 2
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