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ABSTRACT

Aircraft ice protection systems are applied to the window shield, engine inlet, and wings to
protect the aircraft from ice that may form on the surfaces of aircraft and sensors during
operation. Icing on the aircraft can cause serious accidents by degrading the flight stability of
the aircraft and by malfunctions in sensors such as the air data probe. Various types of ice
protection systems have been developed for aircraft in the past. The electro-thermal type ice
protection system contributes greatly to improving energy efficiency in a relatively simple
structure, and has established itself as one of most popular ice protection systems for modern
aircraft. In this review, two representative ice protection systems—hot-air and electro-thermal
types—were intensively analyzed, and the prospect of ice protection systems was discussed
based on the current status and application cases.

x =

&7 AW RaAA = &F719 Window Shield ¥ Engine Inlet, Wing 5ol &= o] &
T 2T F A= FeUIe AAMe 21 ANoR Y FEr]E Huddt ZHd S4dE 2Y
& < AtAZIA W7IAs ZRHe] eAFS doFjoma AZe Abale
, O1F WA flste] TR o] AW BRI AAT} HH‘H 1tt. Electro-

thermal "2} Hlili‘i [k Fxolal AR ZES wO
sk Sk B R =EdAe ﬂhfﬂm A" BI3FgA
S ATz E4sla, Ve FF A8 AEE vges 2

r{r
&
Ho
gﬂ
£
S
N
o)
g
g
2
>~
2>
o
)
¢

Hot-air ¥ Electro therma
W B A o3

kl
mzl_r‘
_O|L
30
o =

Key Words : Aircraft Icing(¥37] Z4), Ice Protection System(ZAY X 3E7X]), Ice Detection

),
System(Z®W ZA X)), Anti/De-lcing(*8H /AIW), CFD(X 44 4 &}

* Received : June 25, 2020 Revised : September 27, 2020 Accepted : October 6, 2020
! Researcher, >® Graduate Student, *° Professor

5 Corresponding author, E-mail : myong@gnu.ac.kr, ORCID 0000-0002-1424-6728

© 2020 The Korean Society for Aeronautical and Space Sciences



912 oA -

x
:

Adoh v
FAAAA HA @ WY Ao

!
=
™
Jor
jins
oy [
ol
flo
f
101:
ofr
ol
N
do
CED
il

5ol dATE

Fol mefol WAH FEre de H Ao =
© 2T 540l AstE F AH1-7]. olo AW HzF
AAe AW F4e WASAY 2] F4H7 A
o FF7IE2HEH Adzd "olH ud F I=F
. AR RS AdE FsHA AU AA
HAE 2Hste] A 7S dekA REske Afole
FE7] Atz olojd ¢ k. A Aoz I7
th3EZAQl At AHElEZE 19949 American Eagle
418473} 1997'd Comair 32723 & Abazh Slth

FoFEA L BE U gRE el

Arol BAsHA G dETo] A7 AFol

7t FHol as F3717F FERE AoIH 8]

ole} o] AWML FILro Zr|dstHom ofyaF
3

53

Impingement)st Al T2 23}
of Wiz} Wepols 714 Waek W Warh Stk
7174 Waee EUEY ¥ A% (Median Volume
Diameter; MVD)# = & (Liquid Water Content;
LWQ), &5 37 57} glon vy Wgos vy
&5l v & Az 1E7F I FE ¥ F49 2
He 9 843 o wet Jerr 9
(Rime Ice)?} FH(Glaze Ice) F+ 7HAE Y™ A&
/AL A-LWC 210X 258 I3 F3l,
T2 A>d TH7he)/ 1%/ LWC 24 FH
g Ao Fo] yehdn. st Ao A
HA4e g 2d T 5 X< (Conjugate Heat
Transfer; CHT)o|t}. & F7]o] 9 diFe} A"
HogAzsee dxrl £3dd 5343 dde=
TAEL BAUA = BE A FETH9-12].
2AY H3AZAAE WY 27 GANH e
st WA X (Anti-icing System)$} AW F2& Al

System) =
71 @A A =AL F7]

o O el 1>
v}
A
N
oL
of,
o}
N
)
0
oo
o
)

ot b o
oo

ol
o
fr jz o
i)

[
iR
o,

° T
}01:
ol
N
N
fd
rO
i
2
i)
S

0

¢

o Do T >
2
fu

} Al o

ofr
-

o, ot
3
ox
e

2

ofd Rl B rlr &
0

o

B

o

i

o

. Gl

(M
2 =
N

o2
o 1 of

N

N

B>

E’
ol &
Fi
2

= 54°] Utk
H4E AA AsHe
7HA7E .
1940t e BAH o Atel AW FeAEH vl
YA Fo] thxrFolm, 1970t FREE YHg
FE AlEdEelAd 7Mool Ao vl AW T4
AW BRaAA o Fees ATyl A8 197090 F
HEREL oF 30de] e VIRE St AFEH AlEEolA
< &gttt =2 v8H T PPl FukHE
2 FEANE B H3ANESE Y AHFE AEEY

Ae B F8E AA AA AFol E8EHe 5
7HA olER. HFEH AlEdoldE a7l gk

el 9 = 24T o 3, dF ez BE&
AIZE & FEEFolunr AW FEAIE 2 Ay
ANde tAZ 5 d= kel Fu16]. ool thal
TAHOE EHE For|#oEs v=9 NASA
Lewis Research Center®} 9= DERA (Defence
Evaluation and Research Agency), 1980t = &+
gk Z3 2~ ONERA (Office National d’Etudes et de
Recherches Aérospatiales) 5°| AT

B =EdAe Aoz RE 37| ¥4 A
719 kA B AHeS BAS] AF AW RIAXA
2 A AAA L 71E Aol s £48ka, o]

7] A

R
Ho rlr
o

oo i,

oty T

2
2 ok

T

(ST
b
P'ﬂ
=
Y
ok
kv

Figure 12 &37] AW HIAX F8 EsE
AEE Jepd Zojth AW RIAAE 19239
GoodrichAtell A A& IAEHAT. ST S 2
ol FA3tes El 4 F4E eH o2 Wy
A A WA 3E Pneumatic Boot ¥H2][17]¢]t}. o] &3k
4 WYL FF7e Y T 39y oz oy
FE HAA FHol AR dolu HU|EES &3



M 48 # M 11 Z, 2020. 11. 37 A4

1 A} 913

gFAJo = HH ZHTET‘:‘% Hnzd o
Fo 2 el A g 3Heje] i, <Azl
ol &84} o]% 20073 Cox & Company

Aol mE H71d $A AW R A
A Fele WAUES 5=
dstAch HAsE AW HRIFAAE ouA AR

ZaAN7IaL F1719 2 BFouA| 7t AlgkE
371 Ao w AE3nt o9 HEo AW B
Aol E&S Suisstr] 9% 7k 7 XH(Heater
Zone) A& 2 7}YE &4 (Cycle Sequence) 52 A+
+ FA7MA = &ds] W= JTH10].

29 H3RAArE ALdHe FHe A A=
SE 2 o), A, dEHdE, dirjats Al
ol (Pitot-static, AoA, TAT AlA F)o=z FEE &
ATh e G AW RIAAE HL&L Ent
oblet 1997'd B. F. GoodrichAte] 539} Zo] =2
Helo] 5 RE ZAY] HIAAES xqg.»g].ﬂc iy
o} 1951d Westinghouse Electricoll A &g E3&=

=10 5

2 ooy [T
Lo

for ot mft e

.|_,

r

Axle] dol AW BH3AA ol ALEEHE NEE AA
g a3 55 F stuolth. o] E ofe]HolE n}
go2 1975 General ElectricAtolAl= <17 Nose
of WYAHAE ALttt FE7] A AW HS
AA = FYTE X8t A Noseol A8t
5 A7 EBEol=d® AW HIAXE FHEse
55 A7 oy, Az Egelze digoew
sl AW RSAAATE Ao BastA Frh A==
o A FH AV|HA=EE ARE AHEstd AR
AASHE P oz 1981 BoeingAtoll A EUF 5
571 e 7 As Al2HE o)Fd =9 ¥
& 5% 7&‘%1 BeAA7 B4z og A gH.

HITde AW B 7E 9 HANE
Z3ste] & Jled 8t A7 IFHL A

5 ..
1923, Goodrich: Elw?,.’_GmFl.a.l
) . ectric: anti-icing
de-ice protection
system for a gas
system

turbine engine

1997,B.F.
Goodrich: sliding
contact for a
propeller ice
protection system

th dE 5o, 3E RIZFA(LPS;
tion System)e} HZ<l ’EJ‘E%%%
[18]7F Ayt = HEH
stat7] flef v

2005'A ol = 6P17H =
o AaFIF sh= s =dsath
Hoe 3117]/] ﬁ%ki};a‘ Hal S22 50% ©]%
< BFAZ Azets B9 Bk olel wek 2017
W AirbusAloll 1= CFRP (Carbon Fiber Reinforced
Polymer Composites)& 23 AW HIAX] )
2018'd Sikorsky AircraftAtell A& 31z Q] &F7]9
E4A 28 Edol=od Ard W4 AR HIAXA
£ A&t 59 %%O}ﬁiq AfHom AW B
TAAE 3719 Aide] He Fol weh Es
Rew, FxHow g& H 1ES V|EE ATE

Lightning Protec-
Hebshs AT
A NE H2
7] wZolth
AW BERA

—

2.2 Hot-air anti-icing system (bleed)

gL o] g3 AW REAA F Yuz
Hot-air (Bleed) w2l Ay
o] &3t} o] & =433 ig. 2(Top
A FyF =AL FINE
EAAIZITE ojw] gl A&
e+ 721 #& Piccolo Tubez}il 3t} Piccolo
Tubeoll Al U2 371 AWl X5t o2 F4
o] FAFE AFoR Er) I M=z 2 A
Hr} o]l & T3 @MY FTHLEE sty 2%
AWe A AR Yolr} Runback IceE FH A 331
AARE BA7] g8l T 2EEF =H1E
RE Zﬂo']%]' A= A2Eo 3t Hot-air ¥l
AL F77F BEFAE FAHAE WEEAHES &4
7]'%"301 Jorz HEdE AT F e AlA7
HE= Al E Q 31TH19-29].

o
ok
2
s

aQ
)

=

o]}

]

0>~
(N IH ol

=

r=

-

2007, Cox &
Company: energy-
efficient electro-
thermal ice-
protection system

2018, Sikorsky
Aircraft: heating
design for rotorcraft
blade de-icing and
anti-icing

1951, Westinghouse Electric: anti-

e atus havi ¢ 1981, Boeing:

icing apparatus having means to electrically heated

control temperature and pressure . )
window

of the heating gases

2005, radar
absorbing electro
thermal de-icer

2017, Airbus: ice
protection device
and method

Fig. 1. Time-line of the patents applied to the aircraft ice protection system [16]
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Fig. 2. Hot-air IPS (top) and CFD result (bottom) [30]
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Fig. 4. Fluid protection system (top) and de-icing
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Table 1. Comparison of PIIP and pneumatic boot

Description PIIP PneBl:)rgtatic
Displacement, in. 0.030-0.050 0.25 -0.38
Inflation time, s 0.000050 05-6

Pressure, psi 400-1500 18
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Fig. 6. Schematic of (a) icephobic coating and
(b) SLIPS [42]
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temperature during resistive heating (right)
of ZnO/woven CF composite [71]
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Table 2. Comparison of power required

Power required

Type of IPS (W/m2)
Ultrasonic (plate) 500
Ultrasonic (airfoil) 2,000

Electro—-thermal (airfoil) Higher than 7,750

Electro-thermal

(wind turbine) Higher than 4,313

7. Wideband satellite communications

8. Accommodations for the common radar airborne collision avoidance
system, a due-regard radar for safe separation from conflicting air
traffic

O 9. Thermal and mechanical deicing system along the hail and bird
strike-resistant wing

10. Electronic support measures

L

Sensors
ZPY-3 multifunction AESA radar (360-deg.)
MTS-B multispectral targeting system
7101 electroric support measure
Automatic Identiication System
Due-regerd radar (planned)

Fig. 22. Ice protection system for UAV [74]
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Fig. 23. Measurements of temperature, power
setting (PWM) and current for UAV [76]
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Table 3. Comparison of icing characteristics
between aircraft and wind turbine [82]

Section Aircraft Wind turbine
Sudden, fatal, Unavoidable,
General . gradual, long,
short, expensive
remote
0~12km 0~250m from the
Cloud Supercooled large ground
droplet, ice crystal | Freezing rain, etc
lced area Leading edge Leading edge and
other areas
Non-shadow Tip of blade (not
Ice sensor .
region nacelle or tower)
Exposed | 45 30 45/2 mins.|  Hours, days
time
Anti/ Boot, hot-air Hot-air, boot (due
de-ice Retrofitable to centrifugal force)
Surface Instability due to .
. asymmetric Fatigue
ice
roughness
Pitot tube Anemometer/wind
Instrument ) .
malfunction vane malfunction
Lifetime 30 years 15~20 years
BIA Y ARES 39T + gl JJAHge= 2
Az AA dojdt) Tak &Fr] AWl 7
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