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Part? : Quantitative Analyses of Accumulated Ice Shapes
with Various Icing Conditions
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ABSTRACT

Ice shapes accumulated on the aircraft surfaces are categorized into rime and glaze
ice, which are highly dependent on various parameters such as ambient temperature,
liquid water contents (LWC), mean volumetric droplet diameter and freestream
velocity. In this study, quantitative analyses on the ice accretion have been attempted
in a systematical manner and the key findings are as follows. First, the increase of
freestream velocity can cause tremendous change in the ice accumulation such as the
growth of ice accretion area, ice heading direction and maximum thickness of ice
horn. Second, LWC is found to be linearly proportional to the ice accretion area.
Third, the effects of ambient temperature on incoming water mass seem to be
relatively small in comparison with LWC and freestream velocity. Finally, it was
shown that MVD has only a little influence on ice shapes. However, it may increase
the ice accretion area by increasing the droplet impacting range.

S o o 1% Y &
j e

)

flo

[

Key Words : Aircraft icing(&37] 2HH),
accumulated area(2% W3), Ice heading direction(8& 3 W3,
Maximum thickness of ice(8+2 &5 7)

+ 20109 8€ 139 A4 ~ 2010 102 259 AAletE .M B2
489, Badetn G e

= A3, P 93530

w439, RSt FESF IR

WA olspld AWEA 2n EAse -
WA1A A}, E-mail : daedalus@pusan.ac.kr 7] 4#HSupercooled Liquid Droplet)7} ¥}
AN FAT FRE b 30WA A FErisk TEst dErle R FE=

=
[<)
=
3
ol

=



T AH1]. AE L F57] 4R FE7] 9
iR FE §F 54 AWgd. B5EsiH
xAe] S wE Guet A S5 A
ol W FElESS HW FTES YA &
H $E 5 € uEs olFH 3WS wet 5
27 "tk 29 E(Runback Water)o] o Fol
o) o] &3t FHoA ZAWstr] ufFol
A2 B(lce Horn)S &A3HtH2]

olglgt AX AL MY £x(V,), W7l F
571 HH@LWC : Liquid Water Content),

71
7] £5(T.), %57 A2 Z7/(MVD :Mean
Volumetric Droplet Diameter) 52 <]7]Z70l
o JFES wenh grixY Wyt A=Ed
+ EE EESoE I B9 ARV R ¢
N Bl WES st dle] 71954
E friddte 9Qlo]
3] Ehe F719sE e Fac ¥
Astr]  fsl  FF7I=  FAR
Appendix C[4]°] 2]3ll Anti/De-icing FX& 3
&3kal AHH5].

71z Wt wE AW A4 E5AH
249 BEE 9dls AFE Anti/De-icing 3
Ao AAl 712HQ sz &89+ o]
ax WA, 45 Ao FAS 2 A o
52 Anti/De-icing 39 A& WS ZA3}
I FHOAN aFEE F&FS AEET] 99

L7Eg7].
ole] we} B dAFdAe Uiz

B

=

A

=

N
BN
™
[
iy
ok
ot
ox
lo
!
X
e
)

(o}
gL

7
N
N
rfo Llf
1 1o

—
=
0
<
<
o
_>|~I_‘
Jo
=i
I
k1

[e

L

.

ox
o =

K

SN
N O
N

RN APY: )
o :
¢

TN o
-,

2 ol 29 ¥
F4S Partloll
2 A8k

(Ja,r(za)’ OE—]‘E_ =
B FA), A8 "ol AT 45

,d
oX o fo
Nt ox
[0
ol

ot

2

At

Y

=

N e 32
&
_I \
At rfr
o

—_
rx

of

o

ol

ofit
g A

N, X [0 of |0 £ dfo

o
1o e o
e

)

Y
ox (& o
K3
R
8
Z
>
0
>
o
=
N
o
iu
AN o to ogt

OLWC(Liquid Water Content)

LWC= 7] & 57 73S Yedth
Ao GA AT 23 AH] AFS v
sttt ti7jexe WHIlE Fo ML
deol AN HES ST 2(1)[10-11]2 th7]
dlA Erl BEHA fFAEE FFVY o=
LWC7F S71845 97 i1de fYdde %
7| &)l F7hsint

My = LWC' » V. 3As
LWC : Liquid water content
V., : Free-stream velocity 1)

154 : Collection efficiency
As : Length of control volume

AEdSd fFEldgel HAHEE RS
7}z 20°Ce} -5°CE FAE Table 13 20

LWCE 0.25, 0.75, 0.1, 1.25, 1.5g/m3i HBlA] A
AWege A5seo

Table 1. The flow conditions with various LWC

Rime \ Glaze
a’ 4
Chord NACA0012/0.5334m
To('C) -20 \ -5
Veo(m/s) 50
LWC(g/m’) 0.25, 05, 0.75, 0.1, 1.25, 1.5
MVD(um) 20
1(s) 300
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ool M fFAHE ARG Wt wet e
5 FEEse WIE AvEdy. 29 3
d& 45 272 Table 29} 2ot

. ) 1%

Emm =M om Crp‘u,ns(Too - :Tw(’) +T
C,,s + Specific heat of water at constant pressure @)
T,  : Ambient temperature
T, : Temperature of ice
V., : Freestream velocity

Table 2. The flow conditions with various Too

OMVD(Mean Volumetric Droplet Diameter)
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L\)\//Oé((m//S)S) 66 0‘6 120 Table 4. The flow conditions with various MVD
ag/m .
MVD(um) 15 Rime \ Glaze
(s) 384 a 4
Chord NACA0012/0.5334m
OAFFH S5 (Vo) Tw(C) -20 \ -5
AR SEE A0)Z 2ol IRdA F9 Veo(m/s) 50
B eI 99 Fi A9 2ol grle LWC(g/m3) 0.5
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Table 3. The flow conditions with various Ve

Rime [ Glaze
a’ 4
Chord NACA0012/0.5334m
Too(0) -25 \ -10
Voo(m/s) 33, 48, 64, 81, 101, 129
LWC(g/m3) 0.6
MVD(um) 15
(s) 384
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Liquid Water Content (Rime ice condition)
(2)0.25g/m® (b)0.50g/m?® ¢)0.75g/m® (d)1.00g/m® e)1.25g/m® (H1.50g/m®
Fig. 1. Ice shapes in rime ice condition with varying LWC
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Fig. 3. Ice heading direction Fig.

and max. thickness

Fig. 2. Ice accumulated area
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Liquid Water Content (Glaze ice condition)
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Fig. 5. Ice shapes in glaze ice condition with varying LWC
§ —— 025’ -
S —@— 05gm’ o | o 0.25g/m’ A
o r o 0.50g/m’ S~ W
§ o A 0.75g/m ORI
N ST
o i
o) St
Ny §f
S 512
N

Fig. 6. Ice accumulated area Fig. 7. Ice heading direction Fig. 8. Thickness of ice along
and max. thickness airfoil surface
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Ambient temperature(Low speed condition)

C

and max. thickness

(a)-3°C (b)-6°C (c)-9°C (d)-12°C (e)-15°C (f)-18°C (@)-21°C
Fig. 9. Ice shapes in low speed condition with varying ambient temperature
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Fig. 16. Thickness of ice
along airfoil surface
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Freestream Velocity(Rime Ice Condition)

C L

(2)33m/s (b)48m/s (c)64m/s (d)81m/s (e)101m/s (f)129m/s

Fig. 17. Ice shapes in rime condition with varying freestream velocity
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Fig. 18. lce accumulated area Fig. 19. lce heading direction Fig. 20. Thickness of ice
and max. thickness along airfoil surface

Freestream Velocity(Glaze Ice Condition)
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Fig. 21. Ice shapes in glaze condition with varying freestream velocity
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MVD(Rime Ice condition)

C

(a)20um (b)30um (c)40um d)50um e)60um (f)70um

Fig. 25. lce shapes in rime condition with varying MVD
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Fig. 26. lce accumulated area Fig. 27. Ice heading direction Fig. 28. Thickness of ice
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MVD(Glaze Ice condition)
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Fig. 29. lce shapes in glaze condition with varying MVD
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