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Abstract: Supercooled large droplet (SLLD) icing is beyond of the protection ability of the conventional anti-
icing system. SLD is a more serious icing environment and could badly affect the flight safety. In order to
ensure flight safety in the SLD icing condition, the precondition is that the SL.D should be detected explicitly
required by the 14 CFR 25.140 of Federal Aeronautics Administration. It is found that the breakup of droplets
will change their trajectory and distribution, and reduce the impingement limit on the wing-leading edge,
while the splash of droplets has little effect on the impingement limit. Therefore, ice detection technologies
satisfying airworthiness compliance of SLD is studied in this paper considering the characteristics of a various
range of large and small droplets. Conventional ice detectors with mature technologies are used and are
located in the ice sensitive zones according to the collection range of water droplets. It can detect the whole ice
environment in the methods above.
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Fig.12 Location range of icing detection for SLD
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3.5 kRN RSGENRSEZIT

S5 URER I 2R e 25 5 B bR vk R 48 31, Al DL
I 4 5 B RAT R B KL, BRIEZ Ab, Xk vk R
HITRGEZ s AT D

e & 13 H 20 0 il 26 97 7 IX 8 A B — A 45 VK45
2%, 0 TR0 E 45 KR 2B, 1D, £ .
BT T i R O € 7 R RE
M SLD i [ &5 vk K 3 85, 3 9 1D, 1D, %R o
FH17 7 45 vk BRI 2544 0 21 25 DK I 0, <07 e &5
DR 5 5 A R0 0 25 VK Ol o BRI SLD Vi Bl 45
VKA T 2485 KM 2%, R 30T Cor) #E 4712 45
FIWT, W 14 FE 7S, FH 1D, 2278 31X 2 A4S 45 vk 45 I 2%
MR Es R (K 2),

. P —€

K14 SLD R 2 55 P
Fig.14 Logic relationship of icing detection for SL.D

*2 ID,RREMEFR
Table 2 Voting of ID,,
HEWRE 1D, D, TP s R 1D, i
0

= o= O O

1 0
2 1 1
3 0 1
4 1 1 PR N

AR 5 5 o B 2R mT i, 3R 2 R LA IR
A5 4 S 2 B VKPR I % TD, A4S vKAR I 45 1D,
) if A a5 vk B R B B R . X2 N i —
Tl 48 DRI 7K I 8 ol A PR TA] I 35 13X A 4 vk
R A8 A B . HR TR TR Uy R
PR BB J7 i, BB — A 45 oK BRI 458 %

T 45 UK AT B CHLEE A ZE KR S 3 5, R
22X Y AT B AL B 33 RE s W] A ORE G He R
— AN PRI 25 0E R T — MR G R R
G2 Bt e, oS BOR BE IE IR 25k R MR
M,

GEVKRI R TRV R EH BN RS
B BR VK R GE IR AS L RBLAR 2R A5 5 A RATBY B
o Horb, R B bR VK R GE T IR IR A5 5 R 4 W7 45 vk
A . EHLELRT UK R G AT IR, 45 0Kk M5 5
Ry v G CAn i 86 9 ) 158, I B A 00 2E SR L 45
2y AT P67 & CATHLA N LR 5 S L3 B
KR GATTFG 45 VK5 5 09 25 2 g ) ] DR 2% (4
PR . CHLREAE S BB T AW CHLES
ISR M T, 36 5 QML AE Ml T 5 2 AT T B BR VK R 5
2 RHLEE A SR R E . B R AT B R
JETE R GBI B 4 UK AR S A, — R AR
25/ F 0.18 Ma 5 # ®AT & BE /T 500 m BlAH
TRHLAL TR KB B, RO B BE AT B TAE
AT B EE, I HCAT B (R A R A K — M e
CKHLET LA 32 T LY

KALZAE SLD Z5 7K AR B8 T % 4 € AT, 5k
23 5%F B B VK ZR e 4R T R A0 R X R
TRHILIE T B A R A R TR R AL R
() B B K B B 2 1 K R AR SC &S VKR R B
BT AR 76 RS VKRG B T IT I /N Bl e
Bii B UK 2 8t 5 78 SLD &5 vk <5 PR B8 TT i 4290 [ B
Brok R G0, W& 15 ff s, nl DL 2> AL Y i i
P o AT B BWF ST BT R UK R GE R TR RS 2
USIEN PR S E W = - WKt - A =R=r I
A7 By B A At PR 52

IEHBIBRIK R 5t

&Y PRIk R G
15 BiBR vk & 8 Fl s B R

Fig.15 Schematic diagram of anti-icing system range

B B3 VK 2 48 )i M5 5 o] LS A B R - 55 1 Fb
R IEH PiBR VK R G IR LIPS, Fom 5 55 2 Fp o &
0B B R VK R G TT R, TIPS, %R o 20 FH“17
“O” R XTI FR GE R T S R SE ] .

gih TRAR B, N T AT R TER
HH, B B UK 22 48 n] i LR BT 2 4 v Rl B B 0Kk &
4t IPS, 4T JF BF , 1E & B Bk 7K & 48 1PS, B 3 FF 15
2 4 S F B B K 2R 45 1PS, ¢ M I, 1E % 7 4% vk &
G2 1PS, AN K BUIT Ao sl AE |, 07 Bl G P B B 0K R 42
IPS,. IE% BBk UK 2R 48 TIPS B 3T I 5 C 1A, S 5% 1
430 B BT 9 UK 2R 45 TIPS, B T 006 1] o 435 vk B8 )



272 Moa o o= i KR ¥R %55 %
R AR 3R break-up of aircraft-icing droplets[ C]//Proceedings of
the 43rd ATAA Aerospace Sciences Meeting and Ex-
®3HEARURESER hibit. Reno, Nevada: AIAA , 2005.
Table 3 Alarm state of icing detector system [2] National Transportation Safety Board. Aircraft acci-
A ID, 1D, IPS, IPS, St g 9 iﬁ dent r'eport: In*'ﬂi.ght icing encounter' and loss of c.on*
trol simmons airlines, d. b. a. American Eagle Flight
1 0 0 0 0 AHH x 4184 Avions Transport Regional (ATR) model 72-
2 1 0 0 0 i A4 K RES 212,N401am Roselawn, Indiana October 31: NTSB/
3 0 1 0 0 A AE RS K1 Y AAR-96/01 [R]. Washington D C: National Trans-
4 1 1 0 0 SLD Z57k SES portation Safety Board, 1996.
° 0 0 1 0 LK TR [3] ASC.GE 791 Occurrence Investigation Report: In-
6 1 0 1 0 LA VK 15 flight icing encounter and crash into the sea, Transasia
7.0 1 1 0 A AL LSS VKA T Airways Flight 791, ATR72-200, B-22708, 17 kilome-
8 L 1 1 0 SLD 457K RES] ters southwest of Makung City, Penghu Islands, Tai-
S 0 0 0 ]'4ﬁﬁ - wan, December 21 2002: ASC-AOR-05-04-001 [R].
0 b0 0 TIPS B R I [S.1.]: ASC, 2005.
w0 10 1 Rgersamitng (4] 2R, s RiSr . F TAZBH MR ROM 164 X 006 B
z 1. 1 0 1 45 oK R J7 1k 7). A% R 2 i, 2017, 30(2)
30 0 1 1 SLD &5k 25 206-210.
14 1 0 1 1 H LS VK 2 LI Wei, HOU Rui, CHENG Li. An icing detection
15 0 1 1 1 ANAEAERLES PR TE method using double optical paths based on memristor-
16 1 1 1 1 SLD 41K [ bridge effect[ J]. Chinese Journal of Sensors and Actu-
ators, 2017,30(2) :206-210.
4 % 1t (5] XIVA 7 . 3 T FPGA 45 vk 0 % % 3t 5 52 9
(D] BB AR #2013,
AR SCINSLID 9 25 DK AT 6 0 e 19 5 P R i LIU Zhijun. Design and implementation of FPGA-
S, Bt T T DL R R H R4 UK R R B A based icing detection system [D]. Wuhan: Huazhong
SLD 5 KRR A B G MU AT G PESS KR B A . A& University of Science & Technology,2013.
CEELRA (6] 7 W HE . Al 45 fuk o 2 DK BRO 2R 2 BE 0H 5 F 5
(1) 3o K 0 G 8 £ (D). &I R R, 2012
T PRI IE R 0L K T Tl 2 ok 738 K 36 3 B 50 LI Lingyan. Non-contact icing detection system design
S A KA A A KR TR o B R AR /DN | T K & and expefriment re;;earch}ED}l. Wuhaf: Huazhong Uni-
sy versity of Science & Technology,2012.
HoAls ﬁmi& Bﬁﬂﬁf’ﬂﬁm‘ (7] SCTLob . T 2040 B 5 0 e 4 AR 72 5
(2) FEZE VKRR R J5 1, MVD=40 pm [ K (D1 2 4t B K2 2010,
i A R 2 2 T MVD=20 pm HY USGE oo DAI Weizhong. Rotor icing detection based on infra-
MR, #% B MVD=20 p.m EI/J JK i 48 i A BE%EE red reflection[D]. Wuhan: Huazhong University of
ﬂkf"ﬂ’{m' R INYRT PR RS ISR St B 7=yt OE 3] B Science &. Technology,2010.

BT R0 X jv%ﬂﬂfr SLD é‘mhﬂ%ﬂ% [8] JACKSON D,OWENS D,CRONIN D, et al. Certifi-
/[j(,_‘%HL;@'E'Hi“’&EI’J LUK R IREE IR, N Y Ak cation and integration aspects of a primary ice detec-
WA 8y 28 Horh — S e R B XL tion system [ C]//Proceedings of the 39th Aerospace
T 35 0 A1 33 e \j(ﬂﬁ% Bk 25 T B9 SLD %5 vk 1% Sciences Meeting and Exhibit. Reno, Nevada: AIAA,
SRHE R 23,635 — A B AE ERERBLT 242% o B L 1 5
TG AmmRE T sLDgukg 0 L8 TR AT
B AR 145 XU Yifei. SLD ice detector design with numerical sim-

AR SCH B FE R T g v R ALAE S5 DK 4T ulation and experiments[ D]. Wuhan: Huazhong Uni-
9 3 AT IDUTIE R TROBIL B 45 DK RAT 2 A 4R it versity of Science &. Technology, 2014 .
2%, [10] B, 5 g4  FERE, % . UL SLD PRI 2% 45 K H

S E Wk

[1] LUXFORD G, HAMMOND D W, IVEY P. Model-

ling, imaging and measurement of distortion, drag and

PO [T]. R CHLR TS 5, 2021(2) :6-17.

ZHANG Ruchen, GE Junfeng, GUI Kang, et al. Icing
characteristics of dual-spindle structure ice detector
[J]. Civil Aircraft Design and Research, 2021 (2) .



%2 W MR L T 4 KK T A 50 90 25 K R AR 5 273
6-17. sity, 2017
[11] SRR, FIOAR kAR, 4 . S5 ok & R & 48 e B [19] COBER S G,KOROLEV A V,ISAAC G A. Assess-

[12]

[14]

[15]

[16]

[17]

[18]

AIxARGN AT LP]. P E  CN205256681, 2016-
05-25.

SHI Xianlin, XIN Xudong, YANG Shenghua, et al. Ic-
ing condition detection system and aircraft with the sys-
tem[P]. CN:05256681,2016-05-25.

YT A, 5 Y, A 5 BB 01 2 RO Y 4 vk
60 AR L A8 OE T [T]. S 5w 4K T 2, 2020, 34
(3):97-103.

LT Weihao, LT Weibin, YI Xian, et al. A correction
method of icing testing scaling law with dynamic ef-
fects [J]. Journal of Experiments in Fluid Mechanics,
2020,34(3):97-103.

SRR MM, X R 2, A5 5 URORUIR v v SRk T
= F AR BUE DT LT ). s 243, 2020, 41(8)
123655.

GUO Xiangdong, LIU Qinglin, LIU Senyun, et al. Nu-
merical study of supercooled large droplet cloud evolu-
tion characteristics in icing wind tunnel[J]. Acta Aero-
nautica et Astronautica Sinica,2020,41(8):123655.
TAN S C. Effects of large droplet dynamics on airfoil
impingement characteristics [ C]//Proceedings of the
43rd ATAA Aerospace Sciences Meeting and Exhibit.
Reno,Nevada: ATAA , 2005.

KR AL SR, 0k L JORL AR 2 v K IR 45 IR AL I
B AL 58 (7] 28 A3l T % o i, 2013, 31(2)
144-150.

ZHANG Chen, KONG Weiliang, LIU Hong. An in-
vestigation on the breakup model for icing simulation
of supercooled large droplets[J]. Acta Aerodynamica
Sinica,2013,31(2) : 144-150.

MUND O. Experimental studies of the deformation
and breakup process [J]. Elsevier Scicence, 1995, 21
(2):151-173.

BN N R R N L L Y QR FUR LN
K S5 VK FFE [T]. P AL Tk 2= 2441, 2016, 34
(5):740-746.

SANG Weimin, CAI Yang, LU Tian. Numerical anal-
ysis of splashing for icing effects at supercooled large
droplet impingement[J]. Journal of Northwestern
Polytechnical University, 2016, 34(5) : 740-746.
FLAEZE RS 45 VK 3 Ve BE R AL 2R R e BF 5T
(D] bl b2, 2017

KONG Weiliang. Mechanism and fundamental theory
of supercooled water solidification on the abnormal air-

craft icing[ D ]. Shanghai : Shanghai Jiao Tong Univer-

[20]

[21]

[23]

[24]

ing characteristics of the rose mount icing detector un-
der natural icing conditions [ C]//Proceedings of 39th
ATIAA Aerospace Sciences Meeting and Exhibit. Re-
no,Nevada: AIAA,2001.

SRR, T ORAR L R CHLEE VR I 25 22 T 5T
(1], BH {5 ., 2011(22) : 806-807 .

SHI Xianlin, WANG Dawei. Study on installation lo-
cation of ice detector for civil aircraft[J]. Science &.
Technology Information,2011(22) :806-807 .

X T R S DR R g K B 2 AL AL 3 4 o
FLLD ] B A R R, 2012

LIU Wei. Research on the location of the flat-film ic-
ing detector in the big aircraft’s aerofoil[D]. Wuhan:
Huazhong University of Science &. Technology,2012.

Wt AR BT AR LG UKL A R
Wi Ik T]. LR AR 127, 2018, 32(2) :48-54.

YI Xian, LI Weihao, WANG Yingyu, et al. Method of
determining the location for aircraft icing prober [J].
Journal of Experiments in Fluid Mechanics, 2018, 32
(2):48-54.

KRB FhaE AT, 5 2Rk FSE vk £ 22 2 6
BOHTLI] Az 3 J1 24, 2011,26(12) :2676-2683.

ZHU Chengxiang, SUN Zhiguo, FU Bin, et al. Analy-
sis on installation location of probe-style ice detectors
[J]. Journal of Aerospace Power,2011,26(12) :2676-
2683.

KRR INVERE M, 45 . K 2 R 43 1 %7K i #
ErEER b SRS A DI RARN A IRS PN =
#,2010,42(5) :620-624.

ZHU Chengxiang, SUN Zhiguo, FU Bin, et al. Effects
of multi-dispersed droplet distribution on droplet im-
pingement and ice accretion [J]. Journal of Nanjing
University of Aeronautics &. Astronautics, 2010, 42
(5):620-624.

AR . XU By A ™ B e T AR A R e LT o & B 2
AR, 2014,25(6) :51-53.

LIN Li. Research on the selection of the most adverse
condition of windshield anti-icing[ J]. Aeronautical Sci-
ence & Technology,2014,25(6) :51-53.

RART . BHAGGI R BUEAID . At M s
ZMR K, 2011,

ZHU Dongyu. Numerical simulation of ice accretion
on airfoil[ D ]. Nanjing : Nanjing University of Aeronau-

tics and Astronautics, 2011.

(% % : 703 )



