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Investigations of the bleed air anti-icing system for an aircraft wing

CHANG Shi-nan', YUAN Mei-ming', HUO Xi-heng, ZHANG Quan?®

(1. School of Aeronautic Science and Engineering,
Beijing University of Aeronautics and Astronautics, Beijing 100083, China;
2. The Aircraft Design Institute, Shanxi Aircraft Industry Group, Hanzhong 723213, China)

Abstract: Calculation and analysis for bleed air anti-icing system of an aircraft wing was
conducted, Influences of droplet diameter on impinging limits and Mach number on heat
transfer coefficient were analyzed. Evaluation of the system's effectiveness at different flight
height was conducted. The results showed that impinging limits increased with the droplet
diameters increasing, heat transfer coefficient of the wing surface increased with the Mach
number increasing, and dry temperature of anti-iced surface was higher than wet temperature
under the same conditions. Results for several typical cross sections under different flight
conditions indicated: for the given parameters, the system was effective at H =4 km and

H=7 km, some wet temperature of anti-iced surface at H=7 km was lower than 0 C.

Key words: aerospace propulsion system; aircraft wing; bleed air anti-icing system;

droplet impingement; heat transfer analysis; wet surface temperature
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Fig. 1 Schematic diagram of anti-icing cavity
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Fig. 2 Configuration of channel for anti-icing bleed air
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Fig. 6 Impinging limits with droplet diameters
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Fig. 7 Heat transfer coefficient with Mach number

HE 7 ATLLE N, B S EEmet, Pl K
4 B R B0 B B0 1 K. B R A R A AR 2R R Bl
HERmESETANINK, fEMREXTRA, E
KRR LR A SCH A B2 E , BASCHT i &
Wit B SR AR RS RS
3.3 RERE

R LA AR S5 51 AR 45§ 28R
HRIBE G, VLI B VK P 6174 R 23 18] 56 97
TR 01 1 YL BB Y S IR O o R S R Y, B RSB
BEHTILEE (9 8 1] 2 AR Ak 1, LIRS AR /N, BT LA
25 L
3.3.1 MFEERE

ML I EGE WS EMF S
AUV e RALAE A e o B A B T HLEE b i Ay
B I R .

Bl 8 FIE 9 B EHHBERBHERARTES
MREFITENG R, HERT BN EELER K
HIKSEMHT 4 km &R, YL I 5% m K
XA MR R ERERE T 278 K, 48 K4
XA R T 280 K, BT, By vk 3 48 87 LARAE KL
PLEARLE VK. 7 km & EEET .t T 355 00 B ARG, Bl
BEREAHHERGXBAMBEOTRESRS T
272.5 K, B R XA R T 275 K, JE, Kl

BB VK R G SR AT LA R B K FF K. BT 7 km
B, P R A, BT LA 3R T A R
F 4 km AR

35
~a-350 km/h 4° o
BOF e 350 knv/h,7° M
a5k ¢ 400 kmhiae A
SPL v 400 km/h,7° &
300 b
295
2901
285+
L v 9
2801
| 1 1 1 ] i 1 1 ] 1 —
5571 03 02 0l
LI s/m

v

PIEERIRE T/K

B8 HLEEAM4 km & EARRS SRR EEE
Fig.8 Wet surface temperature distribution of a

cross section at H=4 km

315
I -« 350 km/h,4°

310 e 350 km/h,7°
% 05k ¢ 400km/h4°
SN v 400 km/h,7°
= 3001
iE] i
=2 205k
= [
=% 290}
3 L
=2 [ vy .

2751 b | LA R O P T il

1 1 i 1 1 1

1 1 1
3 -02 -0.1 0.0 0.1
K s/m

27—8.5 I—0|.4 l—O.

Ao HLERERD7 km gERERESAWEETIRE
Fig. 9 Wet temperature distribution of a cross

section surface at H=7 km

3.3.2 THRERE

MIFZBE R WHLE S S ER LGS,
R EA KHE S YLE R E, 77 LU B HLTE
AN T v BE O BE T A LR T 3R v IR

ME 10 fE 11 AT AE L IR T RERE
4370 R AT TR B T 5K R R R T R
1,4 km & L, ILE KX T REBERS
F 283 K. 7 km & E B, P13 B K X 38 T % 1@ B
FEERE T 280 K. L R B W % 1 o KiR#
7E 4 km BY 29K 62 KL, 7E 7 km BF 240 70 K, X &
BT 7 km BFREASMEZE KR, B, %R
ERETHRK— L&,

B 12 APLE R E A TR R SR, AR
PRI LUE Y, T8 R T B R A T, KR
B o Lo R ZE B R B e P R 5 = SR A
B R B IR K R B L R R — S R BT
AT A X BRI, A R A4


http://www.cqvip.com

.0 0 0 http://www.cqvip.com|

5 6 34 WA R RN Bk R G AT 1145
wso e 5 HUR TR A9 B4 R B % T AR R
8! 3% ’m0 Y o > y s
. o TR TS0 55 TR i 3 1618 M A 76 A0 3150
= a0 & - 400knhT ST T SRR FE M T 7
% 320f
= a0l o SE3 k-
]}];%i -
B 300} [1] B FERE OB KR EIM]. b3 iz & ok Bt
= 2901 H 4, 1985,
»s0l_s . [2] B Lh. SUREE R MR REWIHIC)/ /b
06 04 -0z 00 02 04 06 B 2 R A BRI R R SCSR EoF BA2E
{ s/m

B 1o HEEEE 4k HEARRES W TRGEE
Fig. 10 Dry temperature distribution of a cross

section surface at H=4 km

350 - .

. “ = 350 km/h4°

340 b « 350 knvh,7°

¥ 3300 i + 400 km/h/4°

e 20T v~ 400 knvh, 7°
# 320F
@ -
& 310F
#® [
i 00y
és’ 290
280f

270- I ] I 1 L 1 e 1 1 1 I 1

“06 -04 -02 00 02 04 06

P s/m

B11 MEEEE 7 km SEAFARESSWTEDRE
Fig. 11 Dry temperature distribution of a cross

section Surface at H=7 km

6F AR REPPIREA /-'
@

BTG A kW/m2K)
O

St A o o

Of wuvTTw ‘"""1" & ; A : il
-0.4 -0.3 -0.2 -0.1 0.0 0.1
I s/m

B 12 4 km B 1 3E 30 2% T #0045 T S

Fig.12 Heat flux distributions of a wet surface

at H=4 km

TR T 0L B L R T L O g — 2
4 & it

AR SGEM X FE A KRG K REHITHE
FARTE O T I BB LT 4598 K
9 X A B K I B AR 0 T AR K, B AR AR B

45,2006,

[3] Thomas SK, Cassoni R P. Aircraft anti-icing and de-icing
techniques and modeling [J]. Journal of Aircraft, 1996,33
(5):841-854.

[4] Mark G. LEWICE/E: An euler based ice accretion code
[R]. AIAA-92-0037,1992.

[5] BEN. dExaR & syl S E KR E LR R AR

FIDL AL AL A AR K%, 2006.
ZHAO Jianguang, Water droplets trajectories simulation
and thermal load research on an unsymmetrical engine in-
let [D]. Beijing:Beijing University of Aeronautics and As-
.tronautic, 2006,

(6] WM, XEEG ExW. CHRHHBIHFKELNR

WHEL] LA E AR K ¥ %M, 2007,33(6): 649~
652.
CHANG Shinan, Al Suxiao, Bl Wenming. Design and cal-
culation for the anti-icing system of an aircraft engine let
[J]. Journal of Beijing University of Aeronautics and As-
tronautics, 2007, 33(6) . 649-652.

(7] ®Am.mR%e WAV ESENERB KR EE
SrirlI]. EEMEEMRKEEHR, 1999, 25(2):201-203
CHANG Shinan, HAN Fenghua. Performance analysis on
hot-air anti-icer of airplane engine inlet[ J]. Journal of Bei-
jing University of Aeronautics and Astronautics, 1999, 25
(2):201-203.

L8] #fE, ®LH, BET. RVl E KRS RE T
(7] bt s MR 24 > 2002,28(8) :362-365.
YANG Qian, CHANG Shinan, Yuan Xiugan. Analysis on
droplet trajectories of an engine inlet[ J7]. Journal of Beijing
University of Aeronautics and Astronautics,2002, 28(3):
362-365.

Lo w4, iz, 2T AfmmAER &N RKkERD
BEMREZW]]. s sh %M .2007,22(8):1247-1251.
CHANG Shinan, HOU Yagian, Yuan Xiugan. Influence
of periodic electro-heating pulse on deicing surface temper-~
ature [ J]. Journal of Aerospace Power, 2007, 22 (8):
1247-1251.

[10] ®+tH, Xx&, BT ARAVEREHE/BRKRS
BT 4P B S (). A 22 30 ) 4%, 2007, 22(3) 1 360-364.
CHANG Shinan, HOU Yaqgian, Yuan Xiugan. Research
on protected range of the anti-icing/deicing system for hel-
icopter rotor [J]. Journal of Aerospace Power, 2007, 22
(3): 360-364.


http://www.cqvip.com

