5 54 45 6 1) Moal it & it KR ¥ o ik Vol. 54 No. 6
2022 4 12 H Journal of Nanjing University of Aeronautics &. Astronautics Dec. 2022

DOI:10. 16356/j. 1005-2615. 2022. 06. 009

EREKFRREBRKERMBIREHR
EmE REF, R B!

(1 Efg s Tk 2 s IWFFTBe , I BH 1100345 2. ¥k BHTT KHLLE vk 5 B5 B vk B A SR 50 %, T FH 110034
3. A SIS B S S B 110034 4. R E K L ML ST B, g 201210)

HE: AW e A G HhRARAGTFREEREIBAFR L, £k 90 m/s B E —4~—9 Cok A KA
(Liquid water content, LWC)0.45~1.5 g/m’ A Z K i# A #2 (Median volumetric diameter, MVD) 20.1~36 pm %
BT, E0.6mEERRR T FREARKERMERT, QABAKRBERE BEACAMER, RBLERAW, X
ME@BERAY RS EE Z R GREBERARBEYNBEARNE, A S FRRABERE - T HMANE R
RERIKERAE ARE B Em A RRRBEGE I, BARAARBIEEGEHT, BAKGRALEZ
LWCE B A 2, LWCHAX KERFRS BAGEE A Al R mEM, 3K
ek S R ERA A EAKRIG S A MBI B AL, Bk A e R A T MVD ) T AR, % MVD A
20.1 pm 3 e A 3 pum B, vk B AR 2 A A SRR vk T A ok A

SRR L K B vk s ok LR vk A

FESES:V211.74 CEARERD A X EHE:1005-2615(2022)06-1074-09

e e e

S

A

o

Icing Test of Characteristic of Runback Ice Accretions on Horizontal Tail
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Abstract: This paper contucts 0.6 m icing wind tunnel tests to study the formation law of the runback ice, 1.
e., start position, coverage, and type, on a horizontal tail section assembly containing an electrothermal
heater under the conditions of a wind speed of 90 m/s, a temperature of —4——9 °C, liquid water content
(LWC) of 0.45—1.5 g/m’, median volumetric diameter (MVD) 20.1—36 pm. Test results show that the
initial position of runback ice formation on airfoil surface is obviously affected by the heating power and the
incoming temperature. When the heating power or the incoming temperature is lower than certain values, the
type of runback ice changes from stream ice to ice ridge. With the increase of heating power or inflow
temperature, the initial position of runback ice moves backward. The overflow range of runback ice is
obviously affected by LWC and the heating power. The larger the LWC is, the more water is collected, and
the wider the overflow range is. The influence of heating power is similar. The increase of heating power will
lead to the increase of overflow water, and the overflow range will be wider. The type of runback ice
formation is sensitive to the change of MVD. When the MVD changes from 20.1 ym to 3 pum, and the
overflow ice changes from typical stream ice to ice ridge.
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Fig.2 Cloud uniformity in test section

U T 25 F I BT UK R Gt HH 22 38 H B
A 3 P o AR AR B AR L I ik e T A
fif S B ) A8 AT Y i B e A AR S A 2 B
220 VA iy (1 3% 380 V i i, i A HL ¥R 380 V.
TR 7R o B A 45 TR E A ) 3R 0
AR i A 75 5K
1.2 KR E

Bt AL 32 K DLV RS 4 B 2 157 AL

—

]

A 38 FH R FR 3R NACAO0012, A I 7R Y3k 36 55 50
W5 NG A 15° NACAOOT2 B R 4 750 38 )
3% K 500 mm, % K J5 4157, J& K B 594 mm,
K% % T 5 B 1 R SF 0.6 m X 0.6 m [ 7K R
T P 3R RERL R 3 mm JBE 7075 45 4, HE A BE i Ak
AL 3 TR .

FAIHT S5 % & 35% X K AL v R #1525 i
LGN TR LA Z R AR A 5 N 12
Shy SR T SV i Jin AR S — b = BAIR 45 10 42 B R T
A, B R 0.1~0.5 mm, i JH 3 BE 98 [fl — 80~
180 “C, fie i TR % 1l 35 3 W/em?, B JE i il 1.5~
380 V5 2R Pkt R AEUNT 0.1 W/ (mK) ,
SO B S E, F2 2 H 04 S BH Lk P e AR Y
ERYA ., B4 g T e A A KO 22 e T UK XU
I BN S A

3t
Fig.3 Test model

P4 IR EITE FL-61 45 vk XU Hh iy 22 2 Sy [
Fig.4 Installation of electro-thermal test model in FL.-61 ic-

ing wind tunnel

1.3 BRENZ

T 56 45 R Y R 1 R O UK BF 5 B A ALK
400 mm , 45 ] B 34~ 52 K D0 3 A T, AH T[] R
150 mm (&l 3) o 7E3AIH] 2 3% 17 A .B.C.D .E
b A S A5 NI (&1 5) o DAEE AL LA %
RS S AR S 12 mm, | T3
KA 6 mm; BAL I ITHE 35 mm 5 C &b Jin A g
I 85 mm; D E Ab fin #4943 518 20 mm
T 6 3k A b R T 28 A SR R TR
B A0 I A IR A O A IR (15~9%) L% TR
S 5% B FE TN T/ B AR 1 mm i FL P, 203 5 78 4
Ao 5% 1) I L A UL 5 AR TR AR LR S B



55 6 ]

NG, A - R B IR T U I oK A RO R R 1077

FIN- e W R s AR R A T
I AT A A B A AR 2 TR A TR A
FEAE IR 2 5

2# 10 mm 1#20 mm

8# 25 mm 9# 40 mm
15 5% ) B A A B s B R

Fig.5 Chordwise distribution of thermocouples

2 RETTIE
2.1 KEWHE

T 0 Ao 7 4 K ER IR, P I AR R i 2 5
B B J7 1A% B B 5 0 A O i L oK AN o 8 i BR
WGE FRETIRLE | 7 55 5 RO IR I AR A L
B7s 37 2 T Y6 U DK B PR A5 P AIE o 5 EEE ST R R A
R Z 0 T BRI A | £ B it 18] o A A
IR B 1 36 2 vk 3 T B9 Y, R 4 B 1
— AN HEAMEBCTIRAS , DLt o il A2 XU | R
5 AR BT B vk o i A Kl T )
f 2B R AT - DGR G 07 e R S R A A )

ATy 2R 5¢ Ky 2% 1 I B o
2.2 KBAA

T2 50 2o R e XU A 5 3 R R IS S E R
P, A A 70 3 T I B S S L R g R 4 L 35 F
55 PR 25 SR I 3 min Ji5 ¢ P S 25 &R G R T A
R FT P U Z KT T T s K S 8 I B
RN B AR 6 s o b BE TEULER B A I 4R AR
Ll kMRS ISR, RERERES
TR AR 58 Mg % 1 U B R AR A 3 2 3 0 B 4l R AR
UMb L5 43 BT I 0 38 TR 7 K 2% T s O K B AR K
o R A G ARSI SR 3 R SR T U6k T
PRAN B LA 3 A R R 07 3R O 3 LA OGBS
o Wi oK A RS EWR R WKL A
RS B W55 B K2 R 3 ming

*ﬁ%ﬁk

— itk
Sew G E — - :T;;_
— B HL IR A

.

o
o

o o
o o

B 6 il vk AR AR B s B

Fig.6 Experimental configuration of runback ice accretion
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Table 1 Test states of formation rules of runback ice
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R v/(ms™)  T/C  MVD/pm LWC/(gm™*) & E
0.46 0.4 0.27
RO1 90 —7 20.1 1.0 0.46 0.4 0.27 FEAET RS
RO2 90 —7 30 1.0 0.46 0.38 0.26
AEMVD
RO3 90 —7 36 1.0 0.46 0.41 0.27
RO4 90 —7 20.1 0.45 0.43 0.41 0.25
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RO5 90 —7 20.1 1.5 0.45 0.43 0.26
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Fig.9 Runback ice accretion details(R02)

(b) Close-up view
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Fig.10 Runback ice accretion details(R03)
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Fig.11 Runback ice accretion details(R04)
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Fig.19 Runback ice accretion details(R08)

(b) Close-up view
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Fig.20 Runback ice accretion details(R09)

G PO AR B SR BRI S — 9 CHY L 25 1 min
ZedAa B A XS 5 BT R VAR I K I AR UL AR
VKA, AL T X D BT 56 A B
X o IR B AIX D B FIA XF R 0 R B e
M) 15 35 R0 S 1 I BE AR Ak i 4 AT 4, WAl 21
Bz o MR AT S 25 40 s J5 i IX D 3 i i
N4 CREZE 0 °C, i B By 47 DX PN TS 7K i U 22 Ut b



% 6

Y % R B UK 3% 16 I K AR R A B AT 5 1081

TFUR VR GG , B A6 5 25 Ak 2, in 3 IX D 3% 1 i 5 24k 25
T, VRAS B9 A 0K 2 1) B 0 XN AR Bl i A
E R O a2 I R N R ) | 2 7 R
KB

Temperature / C

= et ¥ 1 1 1 T
0 20 40 60 80 100 120 140 160 180
Time /s

B 21 ok DX R 3 1 i 2 R A 4k (T=—9°C)
Fig.21 Wing skin temperature distributions of ice ridge re-
gion(T=—9C)

4 % it

A SCEE T B s Tl as KBl i BF O B
FL-61 45 vk AR FF g 11 2 J5 40t 35 A0 o 34 7k XL
T 3256 W 5, B R 45 UK 2% 8 KU 90 m/s, B BER
JE—7°C, MVD 20.1 pm ,LWC 1.0 g/m®, i 5%
B[] 3 min, 1) A0 A4 38 Y15 2% 52 Bz 1) J7 245 2 BT
7 B AH G U U UK AP I 5 24 I S 0 BB T AR %
0.46.0.4 F10.27 W /cm® i, 35 5 55 vk 5 1 B 97 X5
D5 Az o iR R R I UK, LA R B 9 R IR A ol
I AR SRR LB s 55 S ROR L I ) S Ak
Z2 3 57 PK % 1 Vi U VK ) R 5 REAE L A5 20 DLR U U
VKA B B4 AH S R -

(1) MVD M 20.1 pm 3 H0E 30 pm i, i i
UK S 7 b R VK AR B B A ) VKR B MVD 3
K, B 4P X T Y U oK A iR 4R A7 8 T 1R 3R A
MR s, i vk s W B m . 2 LWC M
0.45 g/m B4 K% 1.5 g/m’ i, B4 X J5 35 4 A i
AUEOIR i Ui 0K, 2B B R B 7 B Bl LW C 3 R
AR 3N, T U VK ) T K R 2 AR K

(2) By vk 2 T 4 43k 04 i B4 2 R AR S L B B
DX S J7 2B AU T K 2 TR D R DK B AR oKL Y
IR AR 2 — T, Y TR VK% T ) B AP XN
A B, G 5 BB VKO A i 2 0 A ) SR BE N B
PR\ S W DV R VAR R 1 /= 20 R AR E S RIS
g K

(3) P HE U B2 B AIC B, 5 i B ) OR AR B
RY B vk 2 10 YR I VK AR A RS bR A T 3% T 1) R 2%
% Bl 5 R B8R Ak 2k AR U I K O W ) B 4

NS, HEE SR IX, SR KRS

SE Wk

(1] fRibak, ol ol e SRR KL m s 2
B2 [ ] 0% %4, 2013, 34(7) : 1563-1571.
XU Zhongda, SU Yuan, CAO Yihua. The effect of
tailplane icing on aircraft longitudinal aerodynamic pa-
rameters[ J]. Acta Aeronautica et Astronautica Sinica,
2013,34(7): 1563-1571.

(2] B skt , Ubseh B . 45 vikout 7 2 o BE 1 52 ma B

R o A L], v R R AT S B S 4, 2004, 15
(6): 6-10.
ZHONG Changsheng, ZHANG Bin, HONG Guan
xin. Investigation of iced tailplane[J]. Journal of Civil
Aviation Flight University of China, 2004, 15 (6) :
6-10.

[3] HWI,ZF=. Y-8 KA FRAIKS B AT HiK s
BrlJ]. €47 1%, 2011, 29(5) : 84-86.

SHI Gang, LI Yun. Study of two flight accidents in a
row caused by horizontal tail icing[J]. Flight Dynam-
ics. 2011, 29(5): 84-86.

[4] GENT R W, FORD J] M, MOSER R J, et al. SLD
research in the UK[C]//Proceedings of FAA In-flight
Icing / Ground De-icing International Conference &
Exhibition.[ S.I.]: SAE, 2003.

[5] CABLER S J M. Aircraft ice protection: AC No
20-73A[R]. [S.I.]: FAA, 2005.

[6] PAPADAKIS M, RACHMAN A, WONG S C, et
al. An experimental investigation of SLD impingement
on airfoils and simulated ice shapes[J]. International
Journal of Asian Social Science, 2003, 3 (1) :
682-702.

[7] VAN ZANTE J F. A database of supercooled large
droplet ice accretions: NASA/CR—2007-215020[ R ].
[S.1.]: NASA, 2007.

[8] KEITH T, WITT K D. Development of an anti-icing
runback model[ C ]//Proceedings of the Aerospace Sci-
ences Meeting.[S.1.]: ATAA,2015.

(9] ARmEET AEML AT, BB, 5. W AT RhLEs kit

TR AL BVRRPERIE SR LT ). 028 3 J0 241, 2009, 24(9) -
1966-1971.
DU Yanxia, GUI Yewei, XIAO Chunhua, et al. In-
vestigation of heat transfer characteristics of aircraft ic-
ing under runback water[J]. Journal of Aerospace
Power, 2009, 24(9): 1966-1971.

[10] NS, tci  ARutF . —AEHLIE By vk 3% T Ui i vk



1082 Mow o o= M

PPN

5% 54 %

[12]

I e BB BT ] AL 2 3 Jg 2 4l , 2015, 30(2)
368-375.

BU Xueqin, MA Wentao, LIN Guiping. Numerical
simulation of runback film breakup on two[J]. Journal
of Aerospace Power, 2015, 30(2): 368-375.

HAG R, RSN R, A ok A B X BT K 2 T I K
T R [T]. A R E) Iy 2Rk, 2016, 34(3)
295-301.

ZHENG Mei, DONG Wei,ZHU Jianyun, et al. Influ-
ence of free stream velocity on runback water flow and
heat transfer on anti-icing surface[J]. Acta Aerody-
namica Sinica, 2016, 34(3): 295-301.

DONG W, ZHENG M, ZHU J, et al. Calculation
and analysis of runback water flow on anti-icing airfoil
surface[ J]. Journal of Aircraft, 2016, 53(6): 1597-
1605.

CALAY R K, HOLD® A E, MAYMAN P, et al.
Experimental simulation of runback ice[J]. Journal of

Aircraft, 1997,34(2): 206-212.

[14]

[16]

[17]

WHALEN E A, BROEREN A P, BRAGG B M.
Characteristics of runback ice accretions on airfoils and
their aerodynamic effects[ C]//Proceedings of the
43rd AIAA Aerospace Sciences Meeting and Exhibit -
Meeting Papers (2005).[S.1.]: ATAA,2005.
BROEREN A P, WHALEN E A, BUSH G T, et
al. Aerodynamic simulation of runback ice accre-
tion[ J]. Journal of Aircraft, 2010,47(3): 924-939.
ALEGRE N, HAMMOND D. Experimental setup
for the study of runback ice at full scale[ J]. Journal of
Aircraft, 2011, 48(6): 1978-1983.

ALEGRE N, HAMMOND D. Low speed aerody-
namic study of full-scale figh-fidelity runback ice
shapes[ C]//Proceedings of the SAE 2011 Internation-
al Conference on Aircraft and Engine Icing and
Ground Deicing.[S.1.]: SAE, 2011.

SAE Aerospace. Calibration and acceptance of icing
wind tunnels: SAE ARP5905[S].[S.1.]: SAE Aero-
space, 2003.

(3. 30 8)



