http://mechanics.journals.modares.ac.ir

g elke el ==
ATBIY cdbys S l: 5
YA @fjﬁé&@ LU ) U\Iﬁéi@ E/ \ £

/YT ol yo &l
11-AR o 1TAe )l ) oyleid 1) 090

SilwJowo g 650 Sl by 3 ool L LLL Sewolbvog pl s

Ao g dLo)’ dl> ‘Sbaﬁ
v . %Y L N
0539laa G F (g 138 0l g ¢ (el (saans alias
gt oy olKils ( cwiige 5 (S 00Siils «SlKe cwiige (5550 (ggzeils - )
Oy )i oS ¢ pwiige 9 (18 0uSiils (SLlSe miige HLoliul -Y
Gy p Saieo oSl Ladlga  cwdige ouSiiils dLadlgs cwaige [Loisls Y
ghadirib@modares.ac.ir NV $1V0-VFY s (Ggaro ol 3

Ol 6l el 00 00l dasgi e (5500 S5l g, bl g dlwgn ol Il glad Solusgpl Jos og dlis cpl o —0ouSs
sladl slp 0as Dol gansard 2 aSTL T GlacaS 3 Jo> LG Sgo )y eyl 2 o5 (6500 J1S S¥olne bl jglass
Sles,d loolaiwl L g olgsdo awain b JU Jo LLU (Seluog ul b (650 liz! @¥oles olliws ol o 098 o0 4511 S35
LLL Sewlusg pl col o (5l o 5l ool ot s oad &l yhgy ahls g cds oLyl gl 0gd oo sloml DIl slad Jow (( SaS

5 G g e peliians (5550 I3l by, 5l Jolo o i el mlis b alizie SLLL slacs > sl Jb g hsdnl sl sl
3 Sibmasntr SLeo )5 Sl ohag Joe (ul sl &l sy (ljiojer )0 abliannsd (Saalusgnl Jow o5 (ol 4 4z g3 L ol osaliv
ilose @l 5 JrS b da e Ples 5o 1) Joe (Rl GTasblS (65250 00 (el o sLaS hrogs ogdledy el wie (s d o
LU Saalog el s Bl B, il (Lo Sealisos ol il Jo gy oo o (5L Jon 51531l

Unsteady Aerodynamic Analysis using Boundary Element
Method and Continuous-Time State-Space Modeling
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Abstract- In this paper a continuous-time state-space aerodynamic model has been developed based on the boundary
element method. First, boundary integral equations for unsteady potential subsonic flow around lifting bodies are
presented with emphasis on a modified formulation for thin wings. Next, the BEM discretized problem of unsteady flow
around an arbitrary wing is recast in the form of a state-space model using some auxiliary assumptions. To validate the
proposed model, its predictions for unsteady aerodynamic coefficients due to various unsteady flows about different
wing geometries were compared to the verified results of the direct boundary element solution and good agreement was
observed. Because of the resulting aerodynamic model has been constructed in the continuous-time domain, it is
particularly useful for optimization and nonlinear analysis purposes. Moreover, its state-space representation is the

appropriate form for an aerodynamic model in control applications.
Keywords: Continuous-Time State-Space Model, State-Space Aerodynamics Modeling, Boundary Element Method,

Unsteady Aerodynamics.
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