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Icing on wings and sensors is a serious problem for aircrafts, because the icing reduces the aerodynamic performance

and interferes with the accurate measurement of flight speed.

Super-cooled droplets impinge and accrete on wings,

resulting in the icing. In particular, super-cooled large droplets (SLD) icing is difficult to be predicted because the
droplets deform and break up when they are flying. In the present study, we investigate the effect of the deformation
and breakup of SLD in icing simulations. As a wing model, we employed a NACA0012 airfoil and compared the
results with those of experiments performed in NASA. The numerical results indicate that the influence of

deformation of SLD on the predicted ice shape is very small.

predicted ice shape.
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Figure1 Computational grid: black, main grid; red, sub grid.

Table1l Parameter of Extended Messinger Model

Specific heat of ice Cy; [Wkg K] 2050
Specific heat of water C,,,, [Ikg K] 4218
Thermal conductivity of ice k; WimK] 2.18
Thermal conductivity of waterk,,  [W/mK] 0.571
Latent heat of solidification Lg [I/kg] 3.344x10°
Density of rime ice 4 [ko/m?] 880.0
Density of glaze ice p, [kg/m?] 917.0
Density of water g, [ka/m?] 1000
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Figure2 Schematics of flow around the wing (not to scale)

Table2 Computational conditions

Condition 1 2
Static Temperature ['C] -180 -140
Exposure Time [s] 672 876
Inflow Velocity [m/s] 5093 77.16
MVD [um] 165 190
LWC [o/m®] 145 0.73
Chord Length [m] 0.914 0.914
Attack Angle [deg ] 0.0 0.0
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Figure 3  Ice accretion shape at Condition 1 (Deformation)
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Figure5 Collection efficiency (Deformation)
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Figure4 Ice accretion shape at Condition 2 (Deformation)
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Figure6 Time trace of Cyand Re at Condition 1.
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Figure 7 lce accretion shape at Condition 1 (Breakup)

529 MMERANZS VRO L
D08-3
FHRELTEZOND. ), K 4 (TR $EENEOSE:
(Condition 2) T, HMZARZTET UZ Lo TEKIRFULEIZE 3
ROND0, ZOFEIFERIIR LT 12%RETHY, ZON
BIINENWLEER D, T, RTITENETUTET AN &
IR DI E R OAR T T v o« N7 R4 B ROE|
BErT. EHLOAHIBOT OIRREE 2 5B LI 5Haak
TS ERND TN LD, REARZEIR N7

B 5 (ISR A R T, RSN L, BN - AR
720 OFGFHOEZEETH Y, EKTIab—Ta AZBWCEE
18T A —H D—>Th 5.

e IUERR, R AT D OREEEZ R L, IEOEER) R
O, BRSO FlERT. BT TORULEEL S ISR
FHEERITI L722s, M OBl Tk A A B8 UG
H—E L7

Z 2T, Condition 1123513 % 1 >OHEEICEH L, Rz
DHEATE COPIRRORRZALEK 6 1R, K6 X0, &
a2 LT A0 RIS A B L AVA L bR
EL ot WWRIVEET 52 L TERIKEE LI2HE L0 it
TR R E 72D 728, TAHGBRE LIS < 72D Z & CRIC
ERELIZL K IpoTn B BN,

LI bmd, AR EER LSS, W/ FICEZE LIcL <
725 2 & CHRAE RO DR S-S, ORI T
THY, AEOFFECIREREIEE T UL DEKIBIRA~D
ARG T,

4. 2. BEIH

T, 2 ORLE 2 SORELETICRNT, 3.4.2.
TR UIEERNHET NOEROFR L, FRERZ T 5.

X7 {Z Condition 1 (281} 2EKIERE RS, HHEETANH S
WA SRS OFEKIBIRIT B L2, ZAUTZ O%&MTI,
We 223 13.0 DL R 70 & J RIS I-AE L7205 T 12D Th 5.
FFERER L LT, B COKBEES EXFDOX TRTE
IKERFUEZ S <HEZ BTG, FHREERICAR BN A HR—r 0

T T T T
I ® Experiment ]
C = wio Breakup Model | ]
0.1 C = w/ Breakup Model 5
R ! :
S0 .
—0.1F ]
C . . . . ]

0 0.1 e 0.2 0.3

Figure8 Ice accretion shape at Condition 2 (Breakup)

Table3 Property of Impingement (Deformation)

Condition 1 2
Deformation Model Schiller Clift Wiegand | Schiller Clift Wiegand
Adhere Mass  [%] 223 222 218 250 248 246
Splash [%6] 542 541 529 354 331 297
Bounce [%] 5.07 504 501 3.71 381 3.87
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Figure9 Collection efficiency (Breakup)

Table4 Property of impingement (Breakup)

Condition 2
Breakup Model OFF ON
AdhereMass  [%] 250 228
Splash [%] 354 553
Bounce [%] 371 6.65
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