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Modification of PARSEC Airfoil Representation and Investigation
of Design Performance
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Abstract : The original PARSEC (PARametric SECtion) method can satisfactorily solve the optimization problems
involving transonic airfoils by using a few design variables. However, it is difficult to apply this method to the design of
airfoils under other conditions such as supersonic flow and low Reynolds number flow. To solve various airfoil design prob-
lems by using a few design variables and the PARSEC representation, a modified PARSEC representation is proposed.
The capability of the proposed modified representation to solve unknown real-world design problems is investigated; the
proposed representation is used along with multi-objective genetic algorithms to solve two types of problems. One is the
design of a conventional transonic airfoil that is to be used in the Earth’s atmosphere; the other is the design of an airfoil
that is to be used in the Martian atmosphere. To evaluate the aerodynamic performance of the airfoils, the structured
Navier-Stokes solver is used. The results indicate that better solutions can be obtained by using the proposed PARSEC
modification than by using the original PARSEC representation, especially in the Martian atmosphere.

1. & U &

¥imgsd)7 (CFD) 0% s & 12, b7 Ty
AbTp ElAG b CERMER M- TELE I v ¥ a
YITUIEETT A ESEMIZ e o TETBY, it
A MEWR B 72D HRICHEI 7 &2 KT 5 LB
H5. CAD #[{lVb & & ICIZEHBEOEVIIEEZRZ &
#5C % % Non-Uniform Rational B-Spline (NURBS) %
125 Z D%\, NURBS 5\ HHEE TS 2 72 R
EHECH, FHBEED/NT X — 5 & 2RO G RE{RDT
B 12 RGOSR IR E L b s, —, B
BT 2 S S T L &It S TRIRL L 72
PARSEC #V Tid, HEWAD R WEEMERIZ &L ) B4 3%
HL, SEBOZENNEENOFGE LB LTI &
QLT 25, Ll, BESETIIARRFY N EIZH D
NREFFEEOHFO re &, CHE1) FI2 & 5 PARSEC &
T LR T L) 1o — Fil ECTHRIICER L T»
720, BIEETE v YNNI KECEIE ) FRHT
EhVE RAKICBERAYPH L. ZOMELERT 570,
BRI % % v ONEJERAANINZ T TESE L 72151E PARSEC
F PRFEI N, JAXA #BEHEFERE NEXSTL 2@ &
NG RBAROEHTELZLR2RLE. 20—HT, %
BRI AR S Z OFEBHTEI RO BERIZE
IR L EOREZEDFIEEN & H T 5 OREHIRA
1 ©2011 HAMZEFEHEYS

PR 22 4R 6 H 3 HIEAEZAT
2 FARKFF IR FERE Y A T AT WA L WigeEk
*3 IR R B LA 4

==

(Z

(24)

PVEEZEZONS. €T, At Tld PARSEC L 18
1E PARSEC % #EFr 0BG EIC#ET L, iy 5.
— k) 7 B E B AR ETOMIZ, FRATET S WIEAHED &
T B KEFEMZER A L 72 BRIRERTES 12X D),
RANDBEN O PEE)) % MEET .

2. HBYIRERRFE

2.1 PARSEC & AWETIZ 11 OB TEIET S
PARSEC11 #: % oS b 35, k1) 12X 2 20T
BB 1R T L) ICETH A28 L CTEsRL, RisPE
DAL LTHEHBRELZ ) 2 CETHZEHRIZO% <
2 FHICBWTHEBEO L THZ 3 ihfiE 2 ©LHEK
(1) THX 515,

6
z = E ap X T
n=1

an \IEBRBTH Y, H1KFD 11 O%E T 2—% (k
THORAREDE (2up, Zup). (L1, 210), RIZIT
DIIZE Zexup, Zxxlor  HIFRPEE 1o, BIFE S 20, 2IRA
o, BFBAE A o, BRIEAR Az) ZHWTESINS
WY HBRREHEL S ETROOND. RIFFETIE Aze %
0L L7ZDTHEYD 10 D85 A =% &R %R
5.

2.2 {81E PARSEC & PARSEC # Tl -Eo
HUL2ST— N ICH D), ZIUEREEZ TIF5 2 &03H 5.
I L72MEZ R 5 72 0IBIEFED TlEE 2 X (a) O
IVICEREZF X UNEERIPTTERTS. Ty N

2n—1
2

(1)

-
—



PARSEC HEEIRBUEOBIE Tk & KBUERMGE (BIRPHE - DU 5€ -

5 (2) THA, #2B (b) ISRTREER RRF v
/‘T@@Eg ($C7 ZC) t HEH% Zxxcs f"ﬁf"f‘%@ 4 F:—lé ET? Zte, ﬁé;{f‘%
11 one) TREEPUET B

5
ZZanxx” (2)
n=1

JEAGHiZDOWTIE, PARSEC % WHE L& 2 kL
FRRICEFRL, 5 DORFEHM (RARIEDELE (x4, 2t)
(= (@up, zup)), T TOHIE 2 (= 2xup), HIRPHE
T, HIEHE M Bio) TLHOATERT S, HE, 20
FHETH I0MOLEHIC L > THREZ KB TE 5.

3. REWIRFRERMERE

3.1 MREIEFE AWETIILHBEER T IVITY) XL
(MOGA)Y VT, M 2 FIZBT 2Pk Cy &
IMEEBTIRE C) S RAbD = B R L C R %
55, 22))1ERIE C BB ERST12 8DV T Navier-Stokes
HRRR 2N, AT TII2 W) ORITERELZ X2 5.
—2I1Z PARSEC #ETH &BHIZEINT WAV v 1N 0.8
LA VA 10T O— R BE RSN (Case 1), b9
—DlE~ N E048, LA VA E 25977 D Case 2 & F
%. Case 2 [T KEHFEEMERORRZEFHINIGLTED,
PARSEC #ETCIHHEESN TV R WERIETH 5.

32 MOGA IC&3#ER £ 3KIIMOGAIZX YK
RPOR L 72 & o2 RFEFEROILEZ R Y. PARSEC i
EBETFHEEKT S &, Casel (5 31X) Tid PARSEC
FEEBIETFERC, AREORLRESGEELZENTE
TR, BEHEERECIIMEEELZL2ERIMRELZH LT

Z
A
zxxup
ﬂ A zt e
zup te
Tie X, Cse z
X
Z lo x"P |
Zxexlo

REIR - REACIE) 25

WpEEZA. F72, Case?2 (B4 M) 28T PARSEC
FEEBIETHE2ET A, BETETRED C) T
Cy 73150 counts FELE SN TV 5, ZiUditd PARSEC
FIHERTOBEHRATIHHL L 2 TH D DITHR L,
EIEFHERMOBRIC BT 2L flIcRBTE 5 2
ERRLTWA, %521 Case 2 THEON-IELHD
APt (1/d) PRbEVb ORBIRL, kRN
(v B #HEL7Z230THL. BONLRAKA L/ 1F
PARSEC T3 31.0 (C; = 0.65, Cgq = 0.0211) TH -
72—77C, BIE PARSEC #TIiE 58.0 (C; = 0.44, Cy =
0.0076) &£ 7%, IR L IBEIE PARSEC #2213
MELNTHA. FRE LT, BEETIIEEDS OREE
RO LIENTETBY, IN/NE% Oy 2RTERZ
/A EWTEREZEZLNS.

0.0800

0.0700 =
L}
0.0600 &
0.0500 23
~ 0.0400
o
0.0300
0.0200 s
& PARSEC
0.0100 O @y .
N {SIEFX
0.0000
0.00 0.20 0.40 0.60 0.80 1.00 1.20

Cl

%3 MOGA 12 & ) #57:3E45f#% (Case 1)

0.0800
0.0700
0.0600
<
0.0500 o
T 0.0400 &? _
Q

0.0300 <§0

0.0200 & Og '
O 00 O
0.0100 © PARSEC
W {SIEFE

0.0000

4 MOGA 12 & W #57:3E45f#% (Case 2)

= e T
o X

RTHER
(a) ¥ ¥ v ND5HE

(b) F ¥ ¥ NDEFRE

E2l BIETIE



26 H A 2257 1 22 X SO 4

(a) PARSEC #:

Mach Nurnber

1 fen
| w55
50
L4y
a0
35
f3a
mIs

5]
s
¥
aos

(b) 151E PARSEC i

B 5M  Case 2 TRZZIHIUHRARDILIK

4. % & &

KIFFETIE MOGA % IWT, BRIFE v 2 NZkEIE
¥k 5 2 A151E PARSEC #:12 & % BAEIFIMBEOMGE %
Tolz. ZORE, BIEHIIHERBREE T o5 #s Tht
k0 PARSEC #: & RREEOMEREAZ /R L. F72, KRR
Bz NE L2 TSRO TEL D b L) Bk
FErRLz. INHOZ &R HBIEEIINEHRD PARSEC
FELD LEREHOAHENIEHOONTWEESR 5.

NSO L IIBIEENPROENZRFNAETHLZ &
BRLTBY, 4, B> & ME G HE %G HE

(26)

&, KA IR E RIFICHBR$ 2 2 LTS 5.
2 £ X &

1) Sobieczky, H.: Parametric Airfoils and Wings, Notes on
Numerical Fluid Mechanics, Vol.68, 1998, Vieweg Verlag,
pp. 71-88.

MR, RERE, EM@TDT? CRhERARE R AT R W RE LSS A
HHE CFD #aHFiE, 5 40 MG 5 e /i ?Hﬂiﬁﬂé/
Ialb—va ymﬁw/fmA 2008 &4, 2008, pp. 3-6.
Kl B, IR KRBT R D22 )13k _1?1%.114 H
AP 2 AR T2 Rl 23l R C %, 2005 [CDROMY.
Kanazaki, M.: Multi-Objective Design Optimization System
for a Subsonic Diffuser, ATAA Paper 2004-6513, 2004.

2)

3)

1)



