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Simulation calculation of hot air anti-icing system based on

internal-external comjugate heat transfer
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Abstract: Based on the principle of conjugate heat transfer between the external and in-
ternal chamber, AMESim simulation model was established for the hot air anti-icing system.
The change rules of the flux, pressure and skin temperature in different bleeding conditions
were researched. The internal flow characteristics and the conjugate heat transfer character-
istics of the aircraft wing anti-icing system were calculated using this model. The predictions
of the flux, temperature and pressure were verified against those in the flow distribution ex-
perimental data of the wing anti-icing system, showing a satisfactory agreement. The maxi-
mum error was less than 9%. Its accuracy and validity were validated with the comparison of
results. On the basis of modeling, a nacelle hot air anti-icing system was simulated. The
transient characteristics of key parameters under a certain flight envelop, such as the heat
flux, temperature and heating efficiency, were analyzed. The results can be provided as a

reference for design, analysis and optimization of hot air anti-icing system.

Key words: hot air anti-icing system; conjugate heat transfer; anti-icing chamber;

transient characteristics; AMESim simulation model
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Fig. 1 Schematic of wing hot air anti-icing system
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Fig. 2 Conjugate heat transfer model of anti-icing chamber
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Fig. 3 Schematic of wing anti-icing system flow distribution experiment
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Table 1 Comparison of simulation results and

experiment results of flux

RS G
E 314
1 2 3 4
P T /kPa 250 400 550 450
BERHRE/C 220 220 220 200
25

W/ (kg/h) 3550 5879 6103 5985
R/ (kg/h) 3349 5659 5704 5561
WE/% 5. 66 3.74 6.54 7.08

—— JRE3IAG(Y
—— R T

—— R LR
—— RS IR

—AREARB M ARG
100 v REE2R M —e— AREAAR (Y
a Y T T T T
280} -4 s Seers S
: i i i % =%
260 5 5 ; N}
3 | Ny
£ 240} - - - -
2
220
»
200 F-- i : i ;
180 -4t —%xﬁ%
160 ! g
Py Py Py Py, P Pia

FE 710 5 4
Bl 4 AR SR 45 R
Fig. 4 Comparison of simulation results and

experiment results of pressure

—=— R LA —— 3R
—— R A —— R A3
—A— AR RS

v RGN —e— R

i

220

212 ;\\\ :
205 &\‘
200 \ \

ey,
;

REEC

190 h\\\\///;h

H i H H

. t L,

3l

S
Bl 5 AR IR R0 46 A L

Fig. 5 Comparison of simulation results and

»

185

180 L i
'r!I

Ve,

experiment results of temperature

AL (25 D@, -, @), [FIFEKG IR 0
FHRL B 10 BE. B oK JE F0 45 0 50 JE 1w A P4

LN A B UK L IR R TR A
WHREAMFE R HIEERKN 3. 1m, Bl 28
mm, HIEFLFLE R 1. 2 mm, FLECH 200, g5
SR J12R 450 kPa, 51 R BE SR 200 °C, B 9K I 1]
FIE AT 1R 350 kPa. 53 4h, ©AT M L IR B IR
FRATHBEEREE AT By 22 e an &l 7 fros.

O 66 O

. T 1
P
Li

¥
ot
1

%

i { 1|
fL. it 3%

L 1L 1

o W

®@ © ©® ©
/6 AL

Fig. 6 Nacelle configuration

— AR
— RITHEEE
— KfTEE

25 250
-30 -
5 200 -
© 40FE2 | E
= . E E150F 2
= A5y r
IE = C o7
E EZ =
8 -S0F® 0k
¥ s5ES [ ¥
—60 50
-65 -
70 =

4 Y = 5
-0.5 0.5 1.5
a7 s

B7 AT
Fig. 7 Flight condition

25 3.5 4.5

Pl 8 O A BB vk I A A4 FA A B AT N 1]
0. L8 ] DU L B C AT 3 5 119 4
T S 3 o O AR KL B UK R ST R R
5¢ I P BE 55 558 I 22 ) £ X I e BAHE iR 7E 52 R |
PERTHY 4 B BGAL . 5¢ K P9 A0 3R T A4 X8 3 e B8
T FE T A R Ok B e K, AR A ALY
TR R GE G, A Ah 3R T Y RS I 8 BAOZ T R
A AETRATIE IR I B T E. 5 Ah L SR Ah R
F1 A A AR L 5 R PR BE R T A BE 22 ] 1) A S 46
PALEN.

P9 5 BBl ok M 1 5 1 Al B L R A U
il 2 PR A B L A A I BE I 5 B il BE
BE AT I TR] B 20 A1 W] LA M T 52 B A I RE A



2626 it =

g1

B 5K I P AR 4 L A AR RE T 2 L T
A M- X L R R O A R R A Al R E AR
/I AE 2303 s BT I A oL 52 R A0 3 R BE
13°C.

— B P REA R R

—— SEHE P RE S HTTRAT RENY SRR A

—— &2 SRR AY R

—— SEH AN K AR SR R s A YRR A

&
4L
z 20
20
# Sl
4t
-6 1 1 1 1 1 1 1 1 |
0 05 1.0 15 20 25 30 35 40 45
M H/10° s
B8 45 5 BrBi vk P 45 Fi A O
Fig. 8 Fluxes in the 5th chamber
— G — Bk S At e
— WA AR — AT e
— WY R
_ AT R S
150
A
o 100 /V’
50 /"L«\ ’
= 0
=50
_100 paoa o e el o a el yeslonolyossloosaloysilosail
0 05 1.0 1.5 20 25 3.0 35 40 45
FfEl/10° s
B9 B BeBy ok s i BE 4 A

Fig. 9 Distribution of temperature in a anti-icing chamber
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