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Verification of Quasi-Steady Method to Calculate Unsteady Surface Flow Properties

Accompanied by Structural Deformation
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ABSTRACT

It is unwise to use fully-coupled aeroelastic analysis at the early stage of aircraft design because it requires too much
computational cost. Aeroelastic instabilities such as flutter, however, can cause serious damage on aircraft if they occur.
Some form of aeroelastic analysis at the early stage of design are required in order to prevent the instabilities. So
reduced-order models (ROM) for aerodynamics and structural dynamics have been studied as alternatives of fully-
coupled analysis. A piston theory has been one of simplified unsteady aerodynamic models. The piston, however, has
limited applicability due to its inaccuracy. In this paper, we examine the possibility of a quasi-steady method base on
Euler equations as a high speed unsteady aerodynamic model by comparing the results with those of the piston theory as
well as unsteady analysis.

Key Words : reduced-order model(59F:&), piston theory(¥|2=E ©]#), quasi-steady(F-44), aeroelastic

analysis(fA -T2 AA314), supersonic(Z &%

A4 TALNAE B A PWES AT

1. M E a9l

n|=-e] McNamara ¢} Cesnik ¢ 1792 Krigi
FgE7lel v&d F 4T = Ade ZHEHS ng % POD 7IH& ARES &9, 7%, dHd
e T A dEv)e Sy e & Zokmdl XA 7|HME o FEIu), 12345 r3l
APE 2T + A7) ol AA dA A 2o ATEe 72 Fords FIela, oE
TEA sMel deHer adn. s A =8 ZeE 4 e v gl 6678 E3
4 (high fidelity) & &4 a4 AYxA 2 ol FHo| o H|AA ctEEl=o] s
ARE AES ash7] wee] whaH o R Jds ZofwElS F&aty] Y TAE O]BS ARG
vl s Als s o b 27 A dHA 3t AN FAE o2 B §5S
Ae agelx gt wepA] wa o AR Zulsls v QA oY Ry 2 Aue BALEHA
TollME TH, 72 o WE SRS T Eivhe dol vk A 2&% FE8H]

detal, ol5S FIe dEA Ze d¥ed

38

www.dbpia.co.kr



3 T < < % ™o T MW RO RN )
0T PomSy T CFET o TRTRN, B
g R s T WEE RETEZUNT _mw :
o M 5w uE%SEWM Mﬂ_.ﬂﬂﬂ Mooﬂ,mn_MoE,_tﬂ]Nr 1=
freee) —_ = s vo?ﬂu " 0 T XLI]B.E@! 5
_watal o WO S Mo o o —~ T Ay = S Mo% M N nfE 2
= w REEE n 2“2 URELLE osww e T
T aT o By sSNYE Y FTwoa  CDg_H i2ic
oo B R ENTw Tk g N T e Moo W O L i3 i
2 IS - sy W Ol o oo X $5dm
S = s e I T T T 5, Bx
N oo L gwEs om0 gy Lo F588 s
1# Lf _6L .An_ o R s = " ,m.ﬁ Q Ofu - N % Z,.# ‘I‘wm T ‘m i) Ness
Lz 2 MG B oy B o ckrp T _,o?_u&%mﬁ%wﬁo
j— I (< =~ - e f ! ) T =
SO - B G ol N I T i :o T
o0 o o . ﬂam.v.Aoﬁa o | ~ i ﬂLﬂlleT i7ﬂ%ﬂn o X 5 ®
mWgp © O _ER _dGh 8T R Bl I ) N VT _
;i o) — o} Ot r —_— O#E T o=~ \ul i x m o R
Ltaﬁ% ﬂﬂcﬂ%%@wﬂﬂ LtLtM%%.Mﬂ%ﬂl7dﬂﬂomno»ﬂuvo_nufq s S 2 S : Z
£¥B  Wmne ks TUem oTlew Hizia
o M X Ky o _PeER Ry e E
T R - - S NI = S TR IR ST
ol o WE = Al T N JEN 2T T BT IR
Gl w TORITET T EHTERET oA BT TR
TR LT T RX g g o Ml o Prog L Pyl =
) "R T GG TR A ) 3 op =7 > ¥
o — J o= To — — o = 8o
Kﬂmumm%uﬂuomn ﬂ@%io%?%Mﬂ%oi m@ﬂ&. ST TR H -
oy i o o o RO Dz g A e ©° = g 7
e A FEHEEE M s 7M4Wr(wfa1@5,j ok
. RO Bo & s o) W R & 4 o] oy N AT i L HH ~— = wu_.L c o €
o = ﬁo OT .Cl ,_IV,VI o L.zo ﬂ,ﬂ s AT Of Q.L O#U T EE o Jl 21 3 _EE ,UI N = ‘yAl [ N OW -
,U,LH,I;O,LIL. ~ _zrl . _._._._|_ — ﬂ\_lqoﬂﬂ_rm ‘lﬂv.‘_ + qbf . V E‘#
T oo <X Ao%ﬁ:._]rL‘Ur o) ﬂﬂ%%ﬂﬁaiﬁoﬁﬁli r]oENro m_u,w% %ﬂ z\iJJmEpdl + T A
T W gp ge N odo o N ol 8% o ST E g zle W S s
P xTw o e e TSI NPT Do N2 T~ K S 5w
E N o JJJ W oM 7o o of 10 B B o O 20 Tl ® A ) B
F gt T o gL o do %o M gr BT A g S W
[ao) N Wi ~ —_— Wﬁ iﬁ \mﬂ E:l ﬁ Mﬂ ﬂ_Tm X ~ Wi o —~ +
I T ) oy gy BT R T TR e gD e =T
WE.M@.%W&@.% o W_iz;Mmﬂim%%wm%i%aﬁmM i_o_LaoWE{lpm]a%W%ﬁ
T R 7;;;;%%? w0l sWm ° T x -7 g #
T 0 o % o = O SRR LW 1Y TEW T ORE W o W
B _ oo AT ) ]xadwﬁn_%%&ﬁﬁrmui%ma ;_timjii = T~ > oy
SRR I K N N e L X o ol o~ AW m oy I o= =
W R R Mo oL N = LR o o Al P e Fgg i w
TE _Cpw Lo SeFTTETBR M ®E LT N T W =
Hu N T oy %o oT o N o N E dom R M B T o i " o8 C e o >

t/T %l

Fig. 1 C, history of SCA under given condition
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Fig. 2 Definition of the panel geometry
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Fig. 4 Mach contour
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