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Parametric numerical simulation of wing planforms for aerodynamic
characteristics in supersonic flows
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ABSTRACT
To systematically investigate the aerodynamic characteristics of swept-back and forwarded wings with 0, 30, 45 and 60 degree of leading
edge angles and different taper ratio, Navier-Stokes simulations for flows about a wing have been conducted. The Mach numbers of the
flows are from 0.8 to 2.8. The planforms of wings are in various shapes whose aspect ratio is 2. The simulation and investigation has
revealed new knowledge on the relation between swept or forwarded angles and aerodynamic characteristics of a wing in a supersonic flow.
Not only a leading edge angle but also a trailing edge angle take important role on aerodynamics of a wing. In addition, transition from
detached shockwaves to attached ones at the both edge largely affects the Cp,.

1. [XC®HIZ
BIE, M ERATEIT O MIZEHORIRITR X 2tk
e FFo 2T VAP RN TH D, 1960 F0E TN A
WA IREHETER OB SOV TRIEEGRIC L 2 S h
TV, TR £ TS O sk 2%
WZDOWTIET NV Z BUSDTERIZOW TEEE AT S
NTRARD o=, ZOEOIEEFIZOWTORKNTE
BERITEIIIATORTWRW[T]. L, BTk
[E] Aerion-SSBJ (2 D 41 D %148 DFh & 70 i i 1=
OB SN0, BBEDO 3 Cldd 5 2% 1980 AR
K7 T~ ottd X291 (Figl) & o 7o 2 Ff
OFEBEENBAF STz, IO ORIFEFILE VR A v
MOIZHBL L 72 DT, ‘FEBREDFEM R RILA 5
MIZSITW R, Z 0 S0FEM TR Lo il Ol %
FIH U7zl 3 P B 5 R IFE & L CIXGE
FOHDOMBIRN)EL 1370, FBICKDHERESKIBHEIC
%92 Euler ¥ 2 = L—33 U[2], HiW\C, AWFIEED
BHH:, E 512 X 5 Navier-Stokes &3 = L—3 3 U
HHB5]. ThbDYIalb—a ik, HRER
2 &2 TFRIRSF OFEAIC, #FHi CORDZESFE
EPURED) 13, BATRO 22 5P REBZOBIEMITK
T9 52 ERERIORI N,
AMTIEIINGORREE ST 2, HaxRBPEIcx
L#BF# O CFD (Navier-Stokes) ¥ 3 = L —3 3 %47
W, BEEICBT AR VEES Cp-M HiRIZE 2 58
WL ZDA T = XDV THIER TR G & O THiEHT
5.

Fig.1 Grumman X-29

2. Bk

Fig 2 \ZFEIZ AW AR B E AT DV TR
2R 20, TARY M40 TH D, BRI
20 TH—LThHD. &AW EA L% R

ROEL 5%EMIERMTH L. BIRRDLOLO L

@D LS ICBiERIFr O EZ HE L-. £z, Fig2lzkwn
T x SRR DO £ 0 s TH S, 7272 L, Figs
D LN AN D 95UWNLED S ITEIRFIZ T T~ 12
[EHZP D ST WD, Table | [IZKED /8T A —Z &R
T I THAEROBERAE A, BROERAEZ Ay,
BHROa—RFELXC, BimDa—KEZ C 15, miE
M EITHBIBAOPIS, 31° R11.3° LWV o 2EBER D
DN, ZAUTT — AR E AT D X5 ICHET
H72DTHD.

10
¥ /'. L
20 [/ 4 o
30507 45457 060
D ‘"@Fﬁj /.._.-m _—
y . p
a2 e 48 60°45.97
B v o N T A ¢ =X
=X

11 L
Fig.2 Planforms and section airfoil.

Fig.3 Front view of a wing section and grid distribution
along the span direction at the half chord location.
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Table 1 Parameters for planforms.

Ag Arg [H [ Volume Area
©) 0 0 1.0 1.0 0.667 2.0
@ 30 30 1.0 1.0 0.667 20
3 45 45 1.0 1.0 0.667 20
4 60 60 1.0 1.0 0.667 20
® 45 11.3 1.8 0.2 0.809 20
® 45 31 1.4 0.6 0.702 20
7 60 459 1.7 0.3 0.776 20
8 30 30 1.0 1.0 0.667 20
9 45 45 1.0 1.0 0.667 20
() 60 60 1.0 1.0 0.667 20
(D) 11.3 45 1.8 0.2 0.809 20
@ 31 45 1.4 0.6 0.702 20
® 459 60 1.7 0.3 0.776 20
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Fig.5 Cp-Mach curves for swept wings@®®.
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Fig.6 Cp-Mach curves for swept wings@@®.
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Fig.7 Cp-Mach curves for swept wings@®.

0020 4

—— (DRI 45 )
- (DRG0 459" )|

0015 4

Soolo

0005 -

0.000 - | - -
050 1.20 160 2400 240 180
ML,

Fig.8 Cp-Mach curves for swept wings@®.

(a) wing@(30° 30° )
Fig.9 C, contour map of swept wings(M..=1.20).

(b) wing®(45° 31° )
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Fig.10 Cp-Mach curves for forward swept wings. DQ@@.
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Fig.11 Cp-Mach curves for forward swept wings®@.
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Fig.12 Cp-Mach curves for forward swept wings @@@.
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(a) wing®(30° 30° ) (b) wing@(31° 45° )
Fig.13 C, contour map of forward swept wings
(M.,=1.30).
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Fig.14 Shockwaves in the vicinity of leading edge.
(45% Half span wing®(30° 30° ))
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Fig.15 Shockwaves in the vicinity of leading edge.
(45% Half span wing@(31° 45° ))
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Fig.16 Cp-Mach curves for forward swept wings
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Fig.17 Cp- Mach curves of a forward swept wing
without taper and a swept-back one@®.
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Fig.18 Cp- Mach curves of a forward swept wing
with taper and a swept-back one®@.
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(a) wing®(30° 30° ) (b) wing®(30° 30° )
Fig.19 C, contour map of swept wings(M..=1.20).

(a) wing©®(45° 31° ) (b) wing@(31° 45° )
Fig.20 C, contour map of swept wings(M..=1.20).
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(a) wing@(30° 30° ) (b) wing®(30° 30° )
Fig.21 C, contour map of swept wings(M..=1.20).
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(a) wing®(45° 31° )
Fig.22 C, contour map of swept wings(M..=1.20).

(b) wing@(31° 45° )
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wing@(31° 45° )
Fig.23 C, contour map of swept wings(M..=1.40).
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Fig.24 C, contour map of a wing surface.
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Fig.25 C, contour map of a wing surface.
(M.=1.20,z=0)
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