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Modeling and Simulation of Civil Aircraft Nacelle Anti-ice Performance
Analysis

ZENG Feixiong, MAO Handong, ZHANG Ruchen
(Shanghai Aircraft Design and Research Institute, Shanghai 201210, China)

Abstract: Based on civil aircraft nacelle anti-ice architecture and certification regulation requirement,
engineering simulation process and efficiency improvement solution for performance analysis are depicted.
Criteria for nacelle anti-ice performance and common analysis cases are summarized as simulation
requirement. The energy balance and mass balance are analyzed for the external flow field, the inner flow field
and the thermal-coupling skin. The simplified requirements and methods of engineering are proposed for the
computational mesh. An inverse distance-weighted interpolation algorithm based on K-nearest neighbor
search is innovatively adopted. This method can greatly improve the solution efficiency compared with the
traditional exhaustive method interpolation, and has the characteristics of grid independence. Compared with
the classic surface layer integration method to solve the convective heat transfer coefficient, this simulation
model adopts the convective heat transfer coefficient correction empirical formula of the swept round pipe after
comprehensively considering the three-dimensional effect and the solution efficiency, and provides an interface
for subsequent model correction. Based on the self-built anti-icing performance analysis model of civil aircraft,
this study carries out the anti-ice analysis of the existing nacelle type. The comparison between the calculation
results and the surface temperature of flight test data shows that the optimization in this simulation meets the
needs of engineering analysis and greatly improves the solution efficiency.
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A 1k P55 7 AR 2 S R A Y S AT K T
FATTU 7T TS BT X AL e ATl i AT P
(1 Xof AL e PRI B P 2 R A BT i
4% 5K A, A (D) B

Mg+ D 1500 = M 1y T D g, (1)

K, R AR 2, D9 BROT IR SR A 2 B3
/\7J(§ ’n;lice jjglj:l:‘ﬁki ’n.ievap%]?gﬁ7j(§: 7muu\‘/zj\7%};’t
TLIREE n AR K B o B UK 2 2 i



N

1110 Mow o o= M

JERTF0°C, nlHe &5 vk BEE O 0,

e BEAT T35 98 0 s 22 o Bk, o P P LA 22
W AN P . T ER AL HLIE o RS LA
FAEN o BEU G B KT B A B AT 7 2
M Xk S AR DX IRHE AT RS i, I8 T 100 R 5 T B
2 AR 8 TS SR AT N AN AR N R E T
S 2 B EN A BB IR RN G B AR R SR
BRI L g 1 AR A A TR
LAY R (B 2)

K2 kahblinFicE
Fig.2 Engine boundary condition setting

B VA FE 1A B4 N 3 3 AR AR By K X S ) O ik
T B /AL IR S T B W B BRI Bl
Mg FL Ab T R W S N DL AR N U 5 09O iR RS
JE(E3) .

3 B oKIE N IR I R R B

Fig.3 Inner flow field mesh encryption

3 KDHEEE %

FE B UK T3 v 6 B AR U A% 5 2 25 4 I
5 R M ks 3 BN AR, B IR A T
SA O A 2 T ] A 5 A0 5 L A T S AT
W45 3 o FE — N ERA TR I T AT K
A E A A0

(1) 58 iz 45 A6) 2 18 4% 28 P9 A0 3 3 B 1T 340 3 1)
G 114 AL L A

(2) P9 40T 7 BE T 301 5 0 A 2 5E R 45 H R
DR A% 114 A T RT3 A

PR U7 (T 53070 PR 5 T B3 U R v R AT T
WE 4 .

o TR A TR B — AN AR AR
PEAT PR AL A TR B R AR T ;AT

X K ¥ ¥ W %54 %
F G RGE
| G5 i SR P P | |30 P R R |
[ WS RRE
|mmﬁ$ﬁé&mwwﬁl
%ﬁgﬁﬁﬁ |

B4 By ok T R

Fig.4 Anti-ice thermal-coupling process

ZUAE LA, I FLl B A% g K, B A B
AR R R IR R . SIA, WA N
6 55 58 Fz 25 K I A% BT RE SR FHAS [ B4 40 1, hy ol 4 £
SR LA B 3 L A (T 5 0 5 A T
HEAT , DT 47 (i 11 5 2ok R 5 A BT 2R A T O
Sk TE A 1 R (EDRS B TR TT e R S A AR T O
[F] B R GIE A /53092 BB 4% 35 FH T 4% 28 AN ] I A TR AR
(A% TC S ) 7R SR AL KO S 48 2 1 R iR B
JOASU AR {5 b 5 1o 54l R A T A (S L i R E
HIAE LTS ML A AL 38 2 ) B R i Ak 38 40 3k 2
AR

R A SR Mg 2 2 T KT 4R 48 R A9 S B B i AU
{77 ¥ 68 5 180 B8N TR AT A7 (e S, i R AR AR
WA SRR .

./ —@— M1
KT e g2

® REIRETT A
O4RIE MM T R

BI5 T KT AR 8 2R 0 T i RO B A4 i

Fig.5 K-nearest neighbor search for inverse distance

weighted interpolation

5 F A AR 1 o B FR AT A R R8I B 3 T )
%, WIS 2 9 1 4 (B 2R IBORC 0 19 3% i A, O T AR
B PIAG 2 F B — 19 R B R fE, Je X i1y R TR N A
P A O ) VY R AT A AR SRR R T RN N A
VT AR IE B AT AT 5 3R A 12 s A

2R A 2R B A ek BOE X

N

wlay= St (2)

N

lzozwj(x)

A w HFEAR S N IR S BH  w A
o BRI B w R IR AN
1
d(x,z, )
Kb d MR p WS E . Hp=2iF, BN LL%

(3)

u’f(l"):



55 6 ]

B L TR CLEAR BT KCHE B BT 48 5 07 10 111

Vi) s (IR B ) P BB A . P DL
ST 4 1 T AS0ORTAF AR A51) 5 ie) A

AN TR LR o5 2RIk KIS R
252 R F KD R 25 4 32F 47 PR sd — 43 DC C ,
Bk EE R E 2 O(lg(2N) ), 5 75 28 48 R if 1)
O(N®) i ) 52 7% B A Ll JHL 1 980 3 4 A0 R 2 v
IERE/ g N e T R R R R R A
SR BT KR AR HE R 19 SR B A {6 B A
PSR A5

(DB, BT KIr 4R 48 2 A7 Ay
B[] 520 2% B2, LT 225 [) {07 8 [0 11 2 T P 5
b, H KD TG A il — ik, B 7E AT K3 46
e B R NI O S N R A (TR TR '
K 100 B, 4 FH K 3 &0 4 F 1) 11 530 380 B 1 95 4%
BRI 100015 .

(2) 35 F T 4 R FSMNE 5 0 4 18] 19 5 d e
SF o A (E BRI T RS T AT, 5 R A 2 A
FARFN TG, PR e 24 TUART TG 56 1 5 s JE Kk,
35 T 45 2SN [) 52 S 17 D0 A [ £ 500 e 55

4 WRBARHIHE

X It 46 B 52 T B UK AR AR Y R R R R T
TARZRY, AP 3R TN Ui 4 FAAE JE 28 T 00T B o5 AP AR
BB 50% LA b

TR 37T 458 A 28 02 B SR i R It 45 PRI A O
S, NCABIFORE , 285N 32K KM
J5 3 (1) 3B W AR J1 2% (CFD) oK f# 5 (2) Bt
2Bk () ETIKEBIEMEE AKX
KA

H HTAR 2 15 Ml 05 B0 4 0E W] DL EAT 52 2% U B0 Y
CFD KA, HARTS 09 2 005 1 2% Bl e # P 3R 9
T ZR B AP SR A B NS o B T2 AR
i FH 45 UK b7 oK R i 40k, SRk A5 i )2 A0 ) R
T B A A IS, R AR R 3 A5 1 R 43 R AR B0 I 4
PR B AR (R A SR i R A3 O BRI 8 R
SR T IR 1) 4R TR AL X TR R A Y
I HERA AT 5 22— 2D B E

FRE TR 1 AME 5 B & RS, 5 18 3 S 45 B
BRI C 2 e R AR SO T A B
BB IE 25 A TF R Y A I R B
KA

Nu= CRe" Pr'? (4)
o Nu B IR B, C iR B8 IE R 5L, Re 8
W, m A S EUE E R, Pro S R B IE
L1,

x1 MREERIEERT

Table 1 Flow correction factor of swept tube
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