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SUPERSONIC/HYPERSONIC UNSTEADY AERODYNAMIC ANALYSIS OF A WEDGE-TYPE AIRFOIL
USING NONLINEAR PISTON THEORY AND EULER EQUATIONS

Dong-Hyun Kim

In this study, unsteady aerodynamic analyses of a wedge-type airfoil based on nonlinear piston theory and Euler
equations have been performed in supersonic and hypersonic flows. The third-order nonlinear piston theory (NPI) to
calculate unsteady lift and moment coefficients is derived and applied in the time-domain. Also, unsteady flow
quantities are obtained from the two-dimensional time-dependent Euler equations. For the CFD based unsteady
aerodynamic analyses, an arbitrary Lagrangean-Eulerian (ALE) formulation for the Euler equations is used to calculate
flow fluxes in the computational flow field with moving boundaries. Numerical comparisons for unsteady lift and
moment coefficients are presented between NPT and Euler approaches. The results show very good agreemenis in the
high supersonic and hypersonic flows. It means that the present NPT can be efficiently used to predict unsteady
aerodynamic forces of wedge type airfoils with dynamic motions in the high supersonic and hypersonic flow regimes.
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2.1 Nonlinear Piston Theory (NPT)
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(b) Magnified scale view
Fig. | Wedge-flat-wedge (WFW) type airfoil geometry.
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Fig. 2 Aerodynamic computational grid
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Fig. 3 Comparisons of steady Mach contours for different free stream Mach numbers.

el AL a(r) =0.5%in (k7)) k= oojxdel nuA
t 2EASE v Aol HAY 2k o]E3 CFD &
2 sMZE Y vleke 3 RlET 2 gisl
wskglek whsh 1591 A5 kS (k = wb/U,, )7k 1.0
e Fukrd] MEadd dEide v AR
A7l A9 B ok RS ®oln vk SR B
5 ATl st s o F Aols
5€ whelah 2090 399 siddatolrt o] A% Ik
71 0620 BTt AT AFe ogE Aol & Eh
[e]

Ak

Z il ox

e

)
iy

ki ot

Fig67} Fig7& wnls} 303 509 7#9old), njdy mis
o % ede AN Rl BAHESO] ol At
How % A= AAE molFn Uk WY FEAS
of W AFHE FY LERAGN sl B1EeE
W% Beldee) 2EE )] JUH R Folrt ey

2312, Figsd-79] ede] =g o83 H|AA T3y
ol By od suly v g dv) Y3l



6 / e=HARHS S K|

0.03 -PTA, — CFD (Euler)
0.02

0.01

CL Cwm

-0.01

—0.02

-0.03

0 20 40 60 80 100
Non —dimensional Time (7=tU /M)

(@) ke=0.1

0.03

0.02

0.01

CLCn

-0.01

—0.02

—0.03

0 20 40 60 80 100
Non —dimensional Time (z=tU _/h)

(b) ke=0.3

SR
—0.01 u\]\/ U
Vo

-0.03

.

A A

'-\A\ \ﬂr\ £
T
LV Ty

0 20 40 60 80 100
Non —dimensional Time (r=tU ,/b)

Cr. Cm

(©) ke=0.6

Fig. 4 Comparisons of hypersonic unsteady lift and moment
coefficients for the wedge-flat-wedge type airfoil at
M=1.5
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