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Static Aeroelastic Simulation of a Wing in Transonic Flow
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ARTICLE INFORMATION ABSTRACT

Original Research Paper Precise modeling has great importance in systems which are designed to work in transonic regions. The
Received 24 July 2016 scope of current investigation includes numerical simulation of static aeroelastic phenomena of
Accepted 08 September 2016 deformable structures in transonic regimes. Transonic flow brings lots of instabilities for aerodynamic

Available Online 15 October 2016 systems. These instabilities bring nonlinearity in flow and structure solvers. Due to improvements in

numerical methods and also enhancement in computing technologies, computational costs are reduced

ﬁi‘r’(‘;"eﬂgﬁ‘city and high-fidelity simulations are more applicable. Simulations in this paper are done in transonic flow
Fluid-Structure Interaction (M =0.96) on the benchmark wing AGARD 445.6. The procedure includes modal analysis, steady flow
Computational Fluid Dynamic (CFD) simulation and investigation of structure’s elastic behavior. At the first phase, the geometry model is
LETESTSCAE'SO‘E'SV validated by modal analysis with regard to comparison of first four natural frequencies and

corresponding mode shapes. Then, a loose or staggered coupling is used to analyze aeroelastic behavior
of the wing. In each simulation step, imposed pressure on the surfaces of the wing caused by transonic
flow regime deforms the structure. In the results section, a comparison between imposed pressure
coefficients in each step with the existing literature and experimental results is reported. Also, pressure
coefficients in each step is calculated and reported. In this investigation by using multiple steps in one-
way fluid-structure analysis, deformations are reduced in each step and, as a result, the structure reached
its static stability point.
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Fig. 1 Aeroelastic triangle of aerodynamic, elastic and inertia forces
interaction
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Fig. 3 AGARD 445.6 dimensions

4456 55T JL awssa 3 S

abaly jo aBs Slaseie J11] Lol lawg 445.6 o, 5T JU o (gl o
P eien 5 Jb 050 loeyis 335 olSe peizas 5 Jb Sz L
@l labil, 5 b olasie .ol ond )] Gl slabisl, o
3 Ml e el 4 clpbis isd e e Syl ol Lass
3 b sanlis 5 giludae 5l colaul b (388 Syeo 4 oles ol
ool e el iladbcwss plsr cpl L a4 alndS oliass
3o b ilas JU S iging) olss ogmse glye el b iy
Glooge JS3 g (b (uilS 8 4 azgi b Slasin (ulags 5 Gl 1
53 0ud Cead Jb 59y 2 &5 oy Sy 2 Bl Galesl 5l el ey
U PRV CRRVIPLE K S P %

T &bl Jao-4
slosls b 8,81 Jb Jow &lp aSus Pt oy p 5 5,108 am0 slp
plsl Jloge Julow (JU )3l Joo sl oslitul b Jgaz o oud )53
ool 5l solital b U gonts ool Jow dly o coytisl Jao.cd,8

bl ge lawg g slaY

@St (J&a (Jloge Julow o3ga wgamme Ll lagsjluJoe 5
slaxs Gl b el ool 4 4z boojls il 136 2l Gl 5, 2
i 6l | (6 i Cenglie o3l ecsslvend (sl o0liul 3 50 (gla Ll
Adaplall Gl boRes Gle @ s e lis 093l lugi o IS0
dlos SS90 CoaBly 4 g oud aF A o iy SVl Jgse
5 e 1 gonaSed e e Ll (Jloge Jelod plnil sl ol b
"y Jleelb S e 85 18 (o) 3590 g0aSD I Dl
oS R ez 5 S85 Syge Joge ko L Jgaz 50 eud o)Ll sla
3,0 il o o uilS 3 ol s o3l g St 2l oS o) onseds
100 5 Jb Jedor 595 2 Olodl 40 Jlasl b coles )0 1ins 5 dly anuli
ez 0 il 8 Dl e 4 UK wiiler S b (55, 2 Ol

3 oad Cind Joe 445.6 5,51 JU iz Slasie 1 Jgiz
Table 1 AGARD 445.6 Weakened Model No. 3 Properties

) o Ko ki
kg/m3 381.98 S&=
- 031 O3l e ys
MPa 439.2 b s, 5 Sl Jpoe
MPa 31511 ol slalin) 5 SVl g
MPa 416.2 e e

® Grand Vibrational Test (GVT)
" Structural Model

315

shaslosls )13 cw)p 0550 plaie (guuaSiih 3l eolazul L 1.141 b 0.499
phite St Sl Sl 4 ol hagi ol o ekd 1T b
2,5 0 Lal L5l iSa6S Fle slasae o platel 4

Sy el S gk s Alslee o0 ool pyb &S bl doles Ko
8] 55 sl 55 £t Jo

4456 3,657 Ju-3

JU i -1-3

ssbied gz Jb olass )T ol pBwjle 43S slals o
Slag s 9 5)Ld glaosls ganslie 5 (Sge )35 Glagl > )3 leans
009 o yawd 50 4y daz g b 1A L losls al o)l > aieS cpl jo ouis slox]
S olsie 4 Jb onl [13] 4456 5,5 Jb (sl ok Lig 225 sleools
Gl ol iy clbosls g so el Sau¥lg T sl o (sl oy
S )35 odgazme ;5 Elo slasae I (glos S b y3 I9m 912 (0 2
bl ie dissnl sl Jb cnl bligs 5290 ilises (5 Lid Lyl L
J sl 4456 sas il oo o X Sl b il s Bl 9o gl
s "5 s 5 (S sl 08, 09500 (B 0] S stia 31 05T
Jsb ozt 5 b (st s sl s 5 p90 slaed, ol S L
G500 (Frle 4 adbige (Sle g 4 Jb sk Cons 5z o8, 5 55
5066 5:Sle 5 4 Job S o Jb Jsb 50 0.762 (5l 0us ;3 JL
"2 UK 5o ablise jg sk ez 0 4z 0 45 it e g4y
Gl b ol el 0as 005w g Djse 4 4456 )BT L g8 )
Soyotr Jb B s 533 USET p0 b o)lie Sl Jigd !
J11] ol ooty 03 )1 oai 5B Slaseine ol por a4y Ssles

Jb e -2-3
lasaia b s oglite glogr b Jos aw 4456 5,51 b sl
@S samlis 5 loand ln G825 cnl 50 il 39290 DLy
Sl 5 55 el o0y T slinnl %3 gond dinad oo 5l (g ludends

0.06

0.04

-0.061 NACA65A004 |

I I
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
X

Fig. 2 AGARD 445.6 airfoil
445.6 5,51 b Jishnl 2 JSb

! NACAG5A004

2 Incidence Angle

3 Aspect Ratio

4 Full Span

® Weakened Model No. 3

10 o lesis 16 093 1395 5o ()3 SHlse (Swiie



O 9 559l 5340 oo 53940 )35 Ul S U S bl S Vlg 2T & sw g
((6) akl))
{8 K{G.} = w? {0, M0} (6)
K; M;

Sel 090 sl (g0 5 (e o le o 4 My 5 K (B) ala, o
oy (7) alaly Bllae wgo T 5o Glogi iS5 3 ol by aisb oo o5le
K
2 -1 7
! =3 ()
Z ) N33las Jlsse Jssle 55 Sgame lodl 3y, 5l eslial b
5 oge JS& Jolis a5 Slugs slaosls zlseiwl (gl oad ;S8 SYoles
Stmlie b wipSoe 18 eslital sy90 wilioe Slog slaguls 2
ooy b giluas cpl 5l odnl cassty Slug slo wils 3 slassls
PO PUEI I OPIOW NI N PP WP WU PR ESIC S I PN |
5 dwaie bl 51, Gallae cBs o Sw¥lgpl ooy sl ool Jaw Jb
L Lo slosge US55 S8 5 mipas adlsn Ll Sazed olys
AlE e 5ge UK Leld gl uilS 15 sl o 0851 o yuilS 13 )
ez 9 o Sooge adlge LAl oy 390 JSB Ghils pgo LS
T o 9 OReF ioiS 4 aS Wil Gl 9 el oS S
o> gl 090,0 cGidgh ol 50 b Sl sdes ailoe I
Ao, 0l oby Gl 350 ol jo wilS 8 BB o 1A bl oo
0l Cowd (g0l boad Juw sojle canlio @il ) 65[} %1.4 sl
RV RN

Soae b 95 -5

Jlw-1-5

el oot ool S8z by S b cassls il s ) ol o390 5
s b Glyz (Fye,i8l Fyen; cohsiaalell sl sl S
b B oz ool b gl (6,0 baylyd oms e @) 1, coslio
Flo b o,z Jlesl gl e e JLid oogy5 by 3l el oad Jlas!
Aty & Jate samio ln 0yl amio byb 5l il cusVl 4 0.96
ol el e eolisd JU ews il 2 Pz b byt 515 b
Job 4 4z i b a5 allbion yho ales apgli by Jb saia; b (s5l9e 5999
bl s, dme e (e 04635) TuSile (Suslisg sl s
2 b ey 2 0l emr lr i G pas b5 Al o0 526000
gy 5l eslaiwl b imghy ol yo colatwl 050 Sl ol oals aid 3 i

Jloge Julos 5l o zl 5l anbs slauilS 132 Jgu
Table 2 Natural frequencies due to modal analysis

3 oot ciund o
[13] (1963) ) s
[14] (1996) islss
[15] (2001) 1,45
[16] (2014) Sigee
ol allie

4 540 3 550 2 540 1550
98.50 50.70  38.10 9.60
89.94 50.50 37.12 9.63
90.00 50.26  36.87 9.67
95.32 50.25 38.74 9.61
95.73 60.02  35.46 9.65
%2.8 %18.3 %6.9 %0.5

s sy (s

2 ANSY'S Workbench

% Pressure Far-Field

4 Symmetry

% Pressure Out-let

® Mean Aerodynamic Chord (MAC)

10 o lesis 16 093 1395 5o ()3 SHlse (Swiiue

Fig. 4 Structural model of AGARD 445.6 wing
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First Mode
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Fig. 5 Modal analysis mode shapes
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Fig. 14 Total deformation of the wing in first data transfer
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