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Numerical Investigation of the Unsteady Adaptive Wall Models
in the Unsteady Wind Tunnel Testing
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Byeong-Hee Chang and Keun-Shik Chang

The adaptive wall test section has distinct advantage over the
other devices for reduction of wall interference in the wind tunnel
testing. For two-dimensional steady flows the wall adaption strategy
has been well established and, in some extent, has been effectively
applied to three-dimensional steady flows. For unsteady testing, the
wall adaptation is conceptually possible but has never been realized
in the wind tunnel experiment. In this study, relatively simple
adaptive wall models have been proposed and evaluated through
numerical tests. The effect of Mach number, frequency, and amplitude
of pitching oscillation on the wall interference reduction has been
also studied.
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2. U1 33R52 Haazie F3HARY

2-1. vl BN Yaaz

B dAFoAN FAAANY B YRFTLEE A4 A FAE ¢t AEFE} ¢
A Q. a=qtasin(wt)E harmonic X F3}= NACA0012 ool XU E A 35l ATt. ojuf a,
@, © = AGARD CASE[5] o wel th&zt Zo]l F9 =Hrt

CTl : M=0.6, @.=2.89, a.=2.41, k= 0.0808
CT5 : M=0.755, @.=0.016, a.,=2.51, k= 0.0814
K = &/(2Ux) : reduced frequency

C: oojxd I=

B ALARS AEA HHFdE ZARTY YdEAE T v F LR EUY Hol¥t
HAs vepdct b3 FRe 99 A3 AR Hue A5 LE o= Ay
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| A ARFEA §3] Foslojor & Aot} o] 22 resonance FEejolM= BdolA WA
He 232 duos Ry vk o= I ¢ite] ME uttixEo 4 3tgo] doji}
22 2o 2L3le= FHo| LAWEEIT B WSzt FWHITo 90° o ¢ abxio]
(phase shift)7} doldclix 3 o2 H&E AT FAR VAol APAH SR HAFr].

Resonance AJejol A ojlojX el AEZ o= Re AHYE HdHzixe] Ael(H) &8 HAA
< 3 ol A3 "6l

H/C = waB/(4kMew), B=(1-Mx®)'?
m = (2n-1) : solid wall - (n=1,2,...)
2n . open jet boundary
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& Ao HEEY RAE JUY 4 don vFY YHAJE 2 stojof r}

HAARES AT HEHd AEYE o€ o2 uieduint HEPLS FUABYRE
HPAA FE sHestA Hl’s FHEolAde fd ABAHPo] XA LE o]Fo e o
oo HaHesl A=A YA E AJBA glol actuator & FHFAA wFAL /4

Haoe ¥y 2AS BRI= Aol WAFo g Eibgsich

HALSES 2% AAl ALII5E YA A YR e ol FEY dv H
o] olx] ¢toy vAARFAME BF B4FF(mean steady flow)2] HHAE}IE HA %
3 BES 32 glonE HF FARFANY AU BARE F$HYE AER
ALl e Ay AR Z4AE & F vt 43 A Ari7]. o] o H]’ﬁ"‘°%°i
A3 A= AF e HAHMY vAAY ¢4¥ A uFYRTES AT EFYES
g3l  PgAAHA  Frh olEL BHIF AARFA oy FHIHE =RES
Steady-Streamline Fixed Adaptive Wall (SSFAW) z}31 ¥ = st4gch

2 a7 9% BB AR5 harmonic A FdHE B o3) op7|8 vl FARFolER
S W3l Gar Bde &5 iz}l SAIY Zojeln FEHrE uitd AF3He oo
UL of W 4 w2 ABolM FARFAMY FHE Aot HE VEY T
AZ =25ln Hwe A5 2y 53 dAFAA Ecoh ol L FHZHHE WAL
Steady-Streaml ine Model-synchronized Adaptive Wall(SSMAW)eo] gt & s}4icl.
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Fig.1l. Multiblock grid for the oscillati
U= chgzk Zohsl. g g ng

airfoil in the unsteady adaptive wall test
section.
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W=I[p, ou, pv, pe]” ,
F=Wu—x,)+1[0, 5, 0, pu]

G=Wv—y)+I[0, 0, », p]”
e=[p/(r—Dlo+(d +4°)/2

glel B4 dslze 2ANE [ AGARTCTS oosia .
viggle §lol E sty 98t FZATlofA 0s %=0.0814
£ 12 ¥z, oz dLgddoMe 2 — "~ x=20.0814
2 B¥EE ZEe JFEEIE =9% ozr T Tr=s0081
th. AR EL 4 DA Runge-Kutta 3 E G
o2 33y 7 CAE AZAL:E

174, 1/3, 172, 1 & AM&3t4TH9]. © o2}
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42 E 4 k. JEAR #FE 718 3 2 B ¢ g ! 2 3
7] 93] Implicit Residual Smoothing[8]
< F&3todrl.

Fig.2. Frequency effects on 1ift
coefficient hysterises(AGARD CT5).
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AArs] 2 ZH3}, AGARD CT1 & #$ Flat
Wall AJ8RoA 7}3 @17} 213 SSFAW,
SSMAW, USLAW <o % u|AASE EBEANS
Htgdte A =ol wel ARFEFY FYA

3 ““Q’Q_J“
———— SSFAW . T

4 Aol stz dchi2.4] wheby ve b sovAWMim e e, o
dAAd ZAE 2ystoq ¥ F /Tl - -<- - SSMAW(Max) T
3 AgHEd walog & d3[7] LT ustAwm et
oA MAIY SSFA¥ AEREE ALY =9 T e
a3 AA Yol ASE ¢ + ULt 1oL USLAWMax) =S

I A}FIEL F<£o] M=0.755% & o 5 ) G 5 10 15
olx ZZAmst UASH= AGARD CT5 7
£ SSFA¥:= Flat Wall A8 Fof uj3) 9 a0 f Bottom Wall T T ~

HE3 AAREI FHFHA Estdoeu
SSMAW Al EE = A3 AFIZE3 FAT
FYAS ARE EoF2 3oy A B

A3 =del USLARZF bR HWED A Yo SSFAW  Teo, e
HL - Sv ! o R SSMAW(Min) T T
Sdo] L48g o 4 9lart. [2,4] 3H - - ©-- SSMAW(Max)

vt AGARD CT5 7 ¥ Resonance AtEj7} H & 2z:f T USLAWMIn):n=1

SN AIRE ATAE G g+ T e

3718} 214} (Phase) SWHolA A3t x}o] 230 —--=--— USLAW(Max):n=5 l ‘
7t slem USLAW AR oAAE FARY o E ° e ® 0 B

ANE ¥ Fr}. 281} Resonance 4
22 ’:—-lﬁ’ﬂ"ﬂ iyt AAle 2 o|=AHE  Fig. 4. Adaptive wall shapes for unsteady
d&y <+ 91251 AA AdEolMEe 18 flow(AGARD CT5, x=nx0.0814)
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ol zAL 3d ZAsE RO Uelulch

olE %ol HA&HW AYERE BUE LA A} Fig. 3olM B uie} Zo] AFS 2
wj 7}2] &= SSMAW E%lﬁl A7 HHEARTE ALY glol AFZE AelE 2Pt gt ol
AE$7 e B4 Ay 2on FITFoE W2 AF, 4B o) &3 WL
zZtol FY3t= 7§*‘°% *‘EHSL} ¥ =¥ Atel(Quasi-steady state)7} E o] HAFFolA g
FAZ A o] v B e FAZA 2 ol ¢yl wfEolt)

AF 47t EotA 58§71 HH Fig. 20l o] u|F4RFol &3 Hysteresis7} A3
ol Zolx SSMAWE Uol4t Hu&E3l Aol FEHolx] Bl I olfE LYAS
Hysteresxs 7} Zopxl ZE YYPAF AFo] oty wjRoln vl FAFES] AAZE B

4 ¢ltl. 2318 Fig.4 ol B ui} Zo] AF47t sulE F15tE Ao, 24 @ A
EH«] B B AARE FAQ USLAWY FAto] Hcof, 2t Ztofre] ‘é*” Q1 SsMAwe]
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AZe] 43S A3} S5l @o=2.51° 2] 0.5¥), 4wjol i AAHE A} Fig.5 &}
Ze ANE odrh 237 AFo] AWLS4E JYASs AFE A L7 AFo] 4u)
d o= ssMAvS] HHEZ AASYHo] FA|EZ ot T3Y AFo] AUAA AA A
2 Fuler Z=E2E= I AL ¥ £ gort EF9 w27 Aoy 5 U] B3}
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A=, w]BERFol 4 HLsta AUs 02 - e
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%

Yolubz] b ¥ sswaRel WEmI AA e,
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