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Design and calculation of aircraft nacelle anti-icing system
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Abstract: The structure and theory of engine nacelle anti-icing (NAI) system were in-
troduced. According to the principle that the heat available should be larger than the heat
required, the critical design point and required flows of NAI were determining by calculating
the required bleed air at complete evaporation and running wet station respectively. The co-
efficient of water collection of NAI system was determined using Euler method based on the
coefficient of water collection of wing and the data similarity rule. According to the theory
of allowed maximum thickness of ice, the performance of NAI system was calculated using
the VSAERO/ICE software. The result of simulation shows that the maximum thickness of

ice can meet at the critical condition.

Key words: anti-icing system; nacelle of engine; coefficient of water collection;

max accretion of an ice; piccolo tube
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Table 1 Main parameter of inlet
2.2
/mm 10.5
/em? 0.8
D / /cm? 135.0
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Fig. 3 Positions of air inlet and exit
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2
Table 2 Input conditions of NAI
/ / / / /min /min
m C @) @) ) ( ) (g/m*)
1 0 —2.2 0.21 0 15.0 7.61 .34 2.48
4 4572 —6.1 0.28 0 15.0 6.68 .27 2.35
7c 0 0.0 0. 24 0 15.0 5.00 .26 2.50
8 4572 —6.1 0. 29 0 15.0 5.00 24 2.35
9 0 —5.0 0.31 7.0 15.0 2.13 . 80 2.38
12a 4572 —6.0 0. 54 3.4 0.0 3.04 .47 2.36
13 3048 —11.1 0.49 2.59 0.0 3.38 50 2.18
15a 4572 —6.0 0.43 5.6 0.0 3.97 58 2.36
16 4572 —8.9 0.43 5.6 0.0 4. 00 58 2.22
18a 3048 0.0 0. 39 5.6 0.0 4. 38 65 2.50
27 5181 —10.0 0.42 6. 83 0.0 45.0 59 2.20
30 4572 —30.0 0. 38 6.61 0.0 45.0 .67 0.90
31 4572 —6.7 0.41 6.57 0.0 45.0 60 2.32
34 4572 —7.8 0. 39 6. 20 0.0 45.0 63 2.23
45 1524 —16.1 0.19 7.3 40.0 8. 82 32 1. 90
47 1524 —2.5 0.21 7.3 40. 0 7.77 16 2.47
49 0 —1.7 0.19 6.6 40. 0 8.58 .28 2.49
53 0 —1.7 0. 20 6.6 40.0 8.03 .20 2.49
2.3 3
s
s 2 16,27, 31
34 16 s 27,
31 34 s s
[14] [15] 85 3.1
, 45 min, d 22 pm, ,
(C,) 0.59g/m’, )
3
3
Table 3 Critical design points of NAI ; N
16 27 31 34 ’
s
/m 4572 5181 4572 4572 '
/C —8.89 —10 —6.67 —7.78
/min 3. 84 45.0
Ma 0.43 0.42 0.41 0.39 i
d/pm 22
/(g/m*) 0.59 4]
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