BTEHEELY
2016 4E 2 A

= TR RE
ADVANCES IN AERONAUTICAL SCIENCE AND ENGINEERING

Vol.7 No. 1
Feb. 2016

X EHE:1674-8190(2016)01-087-07

ETFREER N AR SH ML R

N, EZHgR L, RE LK, AR, BARE?
QRN E T EFAFRTEAF 650 BT, BB 330024)
C. AT R% fiz%E, HE  710072)

H OE: ERIMMEAN.EETEHTSEMER MASINEEUERNERER AL, FEH SR,
MTIREERMMEERN . 2TENIEFTHSINRREAEREL ZAEARERSPETEEEMA M
FRBEEHNERE L BEENE F R EERNEFT LN =B k7R R
WEBM MRS REERE . R ESHAMITERAERIE. ERRU . EFRAELLGT . FNATERK
BEEWREEBLTS. HRENTEEFERME, M IR FENEERUHERURNEN IR
HTRESZEX.

KRR BAHEHN HKEE
hESES: V271.6

SCERARIRAG : A DOI; 10, 16615/j. cnki. 1674-8190. 2016, 01, 012

Method of Airfoil Selection in Wing Design Using Rough Set Theory

Liu Zhuo', Li Ziqi', Liang Bin', Yang Bo®*, Wei Binbin*, Gao Yongwei®
(1. 650 Research Institute, Jiangxi Hongdu Aviation Industry Group
Corporation Limited, Nanchang 330024, China)

(2. School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: In a new design of an aircraft wing, the multiple objective decision making is needed. But in selecting
training aircraft wings’ airfoils the prior experience is insufficient, so it is needed to further study and conclude
the selection rules of the wing airfoil. The airfoils used in training aircraft wings are collected and a method of
airfoil selecting for wing design by using rough set theory is provided. Weight reflecting importance of each fac-
tor is the key parameter in evaluating or decision-making, The method of weight determining combining the at-
tribute importance with conditional information entropy, which is conformed by conducting a project of trainer
wing design, is suitable for airfoil selection in wing design. The number of breaking point in discretization of pa-
rameter of airfoil is studied. It is advised that two breaking point method is preferable than one and three, when
the number of airfoils in data base available is limited. The method used in this paper is believed to be useful for
trainer aircraft wing’s design.
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Table 1 A sample of decision information table
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Table 3 Three breakpoints discrete decision information table of wing root aitfoils in training aircraft wing

P _ SRS R AE -
ClLmax as Comia  (L/D)mex Cr Cmo
1 NACA64,-210 2 3 4 1 3 3 3
2 NACA 23012 4 4 1 2 2 4 3
3 NACA63A212 4 4 3 2 2 1 4
4 NACAG65;-415 2 4 4 3 2 2 2
5 NACA64,-415 3 4 3 3 3 2 3
6 NACA4412 4 4 2 2 2 4 2
7 NACA®63,-212 2 4 3 2 4 3 3
8 NACA2412 4 4 1 2 3 3 3
9 NASA GA(W)-2 4 3 2 1 4 1 4
10 NACAG64,A212 2 4 3 2 4 3 3
11 NACA64,-212 2 4 2 2 4 3 3
12 NACA®64,-215 2 4 3 1 3 3 4
13 NACA64-009 1 1 4 1 2 3 3
14 NACA 23013 4 4 1 2 2 4 1
15 NACA 23012 4 4 2 2 2 4 1
16 RA 1243 4 4 1 1 3 4 3
17 FX67-K-170 1 1 4 4 3 1 3
18 NACAS64,A212 2 3 3 1 3 3 3
19 NACA64,A212 2 3 3 1 3 4 1
20 NACAG64,A212 2 3 3 1 1 3 1
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Table 4 Two breakpoints discrete decision information table of wing root airfoils in training aircraft wing

SRS R AE
& g | R
ClLmax as Comia  (L/D)mex Cr Cmo
1 NACA64,-210 2 2 2 2 3 1 2
2 NACA 23012 3 3 3 3 1 2 3
3 NACA63A212 3 2 3 3 2 2 3
4 NACAG65;-415 3 1 1 3 3 2 1
5 NACA64,-415 3 1 2 3 2 2 2
6 NACA4412 2 3 3 3 1 2 1
7 NACA®63,-212 3 2 2 3 2 1 2
8 NACA2412 3 3 3 3 1 1 3
9 NASA GA(W)-2 2 1 3 2 2 1 3
10 NACAG64,A212 3 2 2 3 2 2 3
11 NACA64,-212 3 2 2 3 2 2 2
12 NACAG64,-215 3 2 2 3 3 1 3
13 NACA64-009 1 2 1 1 3 1 2
14 NACA 23013 3 3 3 3 1 2 1
15 NACA 23012 2 3 3 3 1 2 1
16 RA 1243 3 3 3 3 1 1 3
17 FX67-K-170 3 1 1 1 3 3 2
18 NACAS64,A212 3 2 2 3 3 1 3
19 NACA64,A212 3 2 1 3 3 1 1
20 NACAG64,A212 2 1 1 2 3 1 1
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Table 5 Single breakpoint discrete decision information table of wing root aitfoils in training aircraft wing

SRS R AE
& g | R
ClLmax as Comia  (L/D)mex Cr Cmo
1 NACA64,-210 1 2 2 1 2 2 2
2 NACA 23012 2 2 1 1 1 2 2
3 NACA63A212 2 2 2 1 1 1 2
4 NACA®65,-415 1 2 2 2 1 1 1
5 NACA64,-415 2 2 2 2 2 1 2
6 NACA4412 2 2 1 1 1 2 1
7 NACA®63,-212 1 2 2 1 2 2 2
8 NACA2412 2 2 1 1 2 2 2
9 NASA GA(W)-2 2 2 1 1 2 1 2
10 NACAG64,A212 1 2 2 1 2 2 2
11 NACA®64,-212 1 2 1 1 2 2 2
12 NACAG64,-215 1 2 2 1 2 2 2
13 NACA64-009 1 1 2 1 1 2 2
14 NACA 23013 2 2 1 1 1 2 1
15 NACA 23012 2 2 1 1 1 2 1
16 RA 1243 2 2 1 1 2 2 2
17 FX67-K-170 1 1 2 2 2 1 2
18 NACA64,A212 1 2 2 1 2 2 2
19 NACA64,A212 1 2 2 1 2 2 1
20 NACAG64,A212 1 2 2 1 1 2 1
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Table 6 Weight of each aerodynamic parameter of

wing root airfoils in training aircraft wing

WEHE
(L/D)mex Curq Cuo

R
T

CLmax as CDmiu

ZWis 0.1189 0.107 2 0.2210 0.1006 0.2261 0.226 1
Bilis 0.1182 0.1030 0.2281 0.2267 0.1025 0.2216
—Wis 0.1231 0.2349 0.2181 0.0944 0.2335 0.0959
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Table 7 Weight of each aerodynamic parameter of

wing tip airfoils in training aircraft wing

REE
(L/Dmax Crq Ciuo

R
T

CLmax as CDmiu

ZWis 0.1369 0.1164 0.257 5 0.1153 0.258 6 0.1153
Bilis 0.1396 0.1140 0.2554 0.1138 0.2632 0.1140
—Wis 0.208 9 0.156 3 0.1612 0.1572 0.158 0 0.158 3
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Table 8 Wing root alternative airfoil aerodynamic parameters list

SEERSEK
BEAR
Crmex as Comin (L/D) mex Cro Crmo

D15 1.579 6 15 0.003 75 173.35 0.115 8 —0.090 3
Cl5 1.570 8 16 0.004 23 156. 77 0.115 5 —0.094 7
TR18-1 1.743 2 17 0.004 12 94.99 0.127 6 —0.038 9
TR18-2 1.560 9 15 0.004 82 129. 93 0.1321 —0.040 2
NACAG63A415 1.568 5 14 0.004 56 149. 46 0.118 1 —0.087 0
NACA®63;-218 1.336 9 17 0.004 67 129. 65 0.1301 —0.039 3
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Table 9 Dimensionless utility value and relative quantification weight of wing root altemative airfoil aerodynamic parameters

SESHREBRALKAE

P B xR
- o Comia (L/D) Cre Coo REM

D15 0. 906 15 0. 882 35 1 1 0. 876 61 0.457 23 0. 843 96

Cl15 0.901 10 0.941 18 0.900 41 0.904 36 0.874 34 0.410 77 0.794 51
TR18-1 1 1 0.923 24 0.547 97 0. 965 93 1 0.876 10
TR18-2 0. 895 42 0. 882 35 0.778 01 0.749 52 1 0. 986 27 0.865 12
NACA63A415 0.899 78 0. 823 53 0.831 95 0.862 19 0.894 02 0.492 08 0.777 13
NACA®63;-218 0.766 92 1 0.809 13 0.747 91 0. 984 86 0.995 78 0. 869 29

E:-RPEHSROREEEANER 6 TR AHREE.

MBEAWHTBERTH. £ aENd BRE
AP TRIS-1 WM BEANEEHG BEMERD
TR12-1 WA XM BANEHET. RAX 3R
EERBEAMBHERNIRETRAEEZ BT TR
RS, B, Rty ER AN ERERSN
TR18-1,BA4E A% TR12-1,

% CFD # R LR B ik, Bl E R HELE
FHRE HeE 2. B /NBH S3 /NG 5% , R BIAR 38 3k o
HHENEIPS THERBR.

3 & i

D ERMERERE, ETEREMEAHFER
WZ W ERE BB ATRER TR
AATE

@ EHSHGHNERNNERHELE T, RAW
W R EREAER .

Q) EFRXHMAREEN . BERENFER/D
BARBBRARTHELMEARNERY MEHRE
MEBSER/DENRBRANEBR,

2% 3k

[1] Pawlak Z. Rough sets[J]. International Journal of Comput-
er and Information Sciences, 1982, 11(5): 341-356.

[2] Pawlak Z. Rough set theory and its applications to data a-
nalysis[ J]. Cybernetics and Systems, 1998, 29(7): 661-
688.

[3] #®ERA. ZEFHBENREREFEMALD]L &4k TH
JME A 3E, 2012,
Tan Zongfeng. Research on method of attribute weight
based on rough sets theory[D]. Guilin; Guangxi Normal
University, 2012. (in Chinese)

[4] #aFi, @R, WE. ETHRELAHGFAHANRERSE
FeEl]. FEEER 2, 2009, 17(3) . 131-135.
Bao Xinzhong, Zhang Jianbin, Liu Cheng. A new method
of ascertaining attribute weight based on rough sets condi-
tional information entropy[J]. Chinese Journal of Manage-
ment Science, 2009, 17(3): 131-135. (in Chinese)

(5] #%EK LEEZRERRFEHRLID]. ER: FEA
=, 2002.
Xu Zeshui. Study on methods for multiple attribute decision
making under some situations[ D]. Nanjing: Southeast Uni-
versity, 2002. (in Chinese)

(6] &%Hx, #%E ETHRERWBERERE FBIL
T EEHAEE, 2002, 10(5): 98-100.
Cao Xiuying, Liang Jingguo. The method of ascertaining
attribute weight based on rough sets theory[J]. Chinese
Journal of Management Science, 2002, 10(5): 98-100. (in
Chinese)

(7] HRIE, BEE. AEREmAAFERNXRDI] I
BNTRERA, 2009, 45(21); 160-162.
Chen Fengjuan, Yan Deqin. Relationship between rough-
ness of knowledge and conditional information entropy[J].
Computer Engineering and Applications, 2009, 45 (21);
160-162. (in Chinese)

(8] ZRerhi, WReB4E. MRE &K H4F B W ETRE 7k m wH#
1. &ir55%, 2011(8), 154-156.
Zhu Hongcan, Chen Nenghua. The improvement of rough
set conditional entropy weight determining method[J]. Sta-
tistics and decision, 2011(8): 154-156. (in Chinese)

[9] Ziarko W. Introduction to the special issue on rough sets
and knowledge discovery[J]. International of Computation-
al Intelligence, 1995, 11(2): 223-226.

[10] “HMEHFMESEZS. CHIRITFER: £ 6 f—K3h
B IMI. Jba . fi2 Tolk i ARAL , 2002,
General Editorial Board of Aircraft Design Manual. Air-
craft design manual: Vol 6— Aerodynamic design[ M]. Bei-
jing: Aviation Industry Press, 2002. (in Chinese)
[11] Abbott I H, Albert E, Von Doenhoff. Theory of wing sec-

(TH#SE 111 R)



%1

KEREE . RAWIKEAKRGER kI8 RIT 111

RIS 405 S N BB ] FF A e xR R AR A 5
T RBIR .

Q) FXUBRSHHER EM, TERMA T
PLKBEK RGBT 280 ok Z A B X IR B 5 69 1%
BT RRGER B KN REBT R R . ABFRN
FERT R CHLK R KR G402 B 1K D RE R B
R, RG0S B vk RE R AR AL 5 B0 UE DL E A3 3K
RIRBR TR

B 3k

(1] CEHEITFESRZS. WRITFM: L1 B—RA
CALPERBAEIMI. dbE: A Tk AR, 2002,
General Editorial Board of Aircraft Design Manual. Air-
craft design manual; Vol. 11—Internal facilities of civil air-
craftf{ M]. Beijing: Aviation Industry Press, 2002. (in Chi-
nese )

[2] hERAMZEE. CCAR-25-R4 B H2 CHE R ELS]
b5 PERAMZE R, 2011,
Civil Aviation Administration of China. CCAR-25-R4 Air-
worthiness standards: transport category airplanes[S]. Bei-
jing: CAAC, 2011. (in Chinese)

[3] MimsTLHEMEAFH CUBKRZIML LH: fisglk
M E A, 1985.
Editorial Team of Aviation Majored Teaching Material. The
aircraft icing protection system [ M]. Beijing: Editorial
Team of Aviation Majored Teaching Material, 1985. (in
Chinese)

(4] BB, wlefh, REK. CH=FEREBRERERRY
Be[J]. fiZs 2, 2010, 31(11): 2152-2158.
Yi Xian, Gui Yewei, Zhu Guolin. Numerical method of a

three-dimensional ice accretion model of aircraft[J]. Acta

Aeronautica et Astronautica Sinica, 2010, 31(11). 2152-
2158. (in Chinese)

[5] HEFE. CHEKEMNFE SEKRARERFEID]. BER:

BEREAMEMR K%, 2010.
Zhang Xueping. The airworthness certification of aircraft
and test method of icing wind tunnel[D]. Nanjing: Nanjing
University of Aeronautics and Astronautics, 2010. (in Chi-
nese)

(6] 3kiEim, WK, RILARGKRE CHEAWRI] BRFM
73, 2013(9): 90-92.

Zhang Renyuan, Fan Zhubin. Research on natural icing test
flight technique of civil aircraft[J]. International Aviation,
2013(9): 90-92. (in Chinese)

[7] AS4468 REV B. Hose assembly, 125 psi, lined silicone,
potable water, procurement specification[ S]. SAE Aero-
space standard, 2003.

[8] AS5420E. Hose assembly, heated, 125 psig, line silicone,
potable water, procurement specification[ S]. SAE Aero-
space standard, 2009.

[9] AS 1650B. Coupling assembly, threadless, flexible, fixed
cavity, self-bonding, procurement specification[ S]. SAE
Aerospace standard, 2010.

EEE -

WEFAT ), L, TRIF. EEHAT M. RIUKE
KRR BT CHBK BT,

BRRA9), L. RETRM. FEMAFT M. RILKE
KRR BT CHBK BT,

Sk Bp(1988—), B L, TR, ERHFAHTE: RYLKE
KERBI KEXRERETES.

(%D F)

(E#% 93 W)
tions:including a summary of airfoil datafl M]. New York:
Dover Publications, 1959.

[12] Patankar S V, Spalding D B. A calculation procedure for
heat, mass and momentum transfer in three-dimensional
parabolic flows[J]. International Journal of Heat and Mass

Transfer, 1972, 15; 1787-1806.

fEE®IT:
N EA981—), B WA TR, EEHEN ECHAE
it

FRFA985—), B, ML, TRM. FEMAT A W &EK
Bt

R w1982, 8, ITRM. FEHATHE. WHAKRT.

B ORA989—), B, MEMAL. TEMATH:ZEIH
1%

BB (1900 —), B, M MAL. TEMATH:ZEIH
1%

AL (1968—), 8, M+, ¥, TEMAFT M . EK;I%E.

(%D F)





