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Abstract

Highly sweep leading edge extensions(LEX) applied to delta wings have greatly improved the
subsonic maneuverability of contemporary fighters. In this study, systematic approach by PIV
experimental method within a circulating water channel was adopted to study the fundamental
characteristics of induced vortex generation, development and its breakdown appearing on a delta wing
model with or without LEX in terms of four angles of attack(15°, 20°, 25°, 30°) and six measuring
sections of chord length(30%, 40%, 50%, 60%, 70%, 80%). Sideslip effect in case of the LEX was
also studied for two sideslip(yaw) angles(5°, 10°) at one angle of attack(20). Distribution of
time-averaged velocity vectors and vorticity over the delta wing model were compared along the chord
length direction. Quantitative comparison of the maximum vorticity featuring the induced pressure
distribution were also conducted to clarify the significance of the LEX existence. Animation presentation
in velocity distribution was also implemented to reveal the effect of LEX with wing vortex interaction.

.ME Aol HAHA G2 FAFY sURAN FAT 4 ok
Zijste] AEAY 5& oA F3719 HEEE A A
ey Wle oled: BE 285 FEdAM FEH7 Hﬁﬂ 714 At ool Be AFAEo] dREHE AANE F de
AAE oA A4 T2 WEA S5 F2dAMY F ojg] 74| Ho“ﬂ"é‘*‘ Tkl glom, thEAQ WHFe syt
Tko] Hho] F= oyrlr] 9 HAS] BlEr)9 TS 7} dey dipel ok 73: A8k LEX(Leading Edge Extension)<:
F7HA171 3, OMW F7HE e FHE 7 oot st Aoty LEX+ 9eHy Y79 Ak oke] ddRE
Ut g #(Ange of Attack : AOA)E 7H& 9Ey & o YIRS o RAYW F7|9 5EL HIAFoTA
A Aol Zy)zelllle Jdijel Ade)r] % e 5207 B oA 9FHLeading Edge Vortex)o] FAS za3lich,
ZEo] Yy F2E 2t 558 FAsH =, ofd vA A dery ge] FRTERE EAs] Hd A
3 SRSl PUA UGS ME SEE WA e A 4 SR Aed e 9B maed) wels 24,
Heolks asle]l makdES WAYA7|A Aot o] F Y dFE= Ao el HJEE ZHIDV(Laser Doppler Velocimetry), hot
A2 1o el ostod, Q) o oFdE Y wire, S-hole prove ol g 57 SAoldct B AFelMe
o] o] QoxAl HH, T et oA Al € LEXE #Aahst A9l LEXE Azbelr] ¢o 7449 ey 9
vt el dfjell Al A&zt oo B5AE T Al el N A WA R dig 712 FEEAEE #
o fr5iael tE o vy AESldslp Angle)s 7HE B¢ M37] Slate] detd 7H4 off] ZEAM dezne 4
GAROA B s F9kel Al § T (Vortex Aste] Hal 7 s 71 PIV(particle image velocimetry) 2 H &
Breakdown) @4e] #AstA Ak of2dt AFd ool ¢ TP em, 2+ ASIGAMY ARET SEHEHYL R
99l zANA A7) E¥EE oliEi)= iAoz WA ¥ 55 ulw 2AEe AEdol £re o golHE AA|E
3 £ 91, gnnwz s die Hgydes wE 5 st
T oglrh e dAURS ofF BRsteA FA7)A
2. AE &R
* Fhats] gl gt t) gy, david@piviab.net 99 1 A4 AR ALE B8eze teha ‘RM. 5
* ghia st thEhY, bum-suck@pivlab.net Ao BB2ZE 200mmx200mme] Eujo}_ia]i Az
ok FEARE L 88958 7, myongsohn@hanamil.net 229 shdie] PuE Axste] FE4A7} L8 & 9}1\_1‘:_2
ok Gl Qb 8hal 71 Al E 8 Ak, lyh@pivlab.net slon WHE o]gdle 430 OO]QE e 28 F



Cylindrical Lens 0

Mirror /-

Nd-Yag Laser A

Fig. 2 PIV Arrangement

AEF st FR5R RN PeiAe 4
AN #Le fe] BAHA gon Ay Bl 9o
Aol HolAA "t ofo B AEoja= 4z
o 47874 d3as dAste #4a9s o
™, 1000mmx1200mmx800mme} FE2E  o]gsle] HFEgx
TEANFORA | WS HAd A FESz e
SHEo] mgEo] Q= dEd drimEe wez) dnnyz
T AHEA 24 F Ju2 AFEdn degE Yo 3
Mol WEZHIST, 20° . 257, 30° )& W3 A7)0 Zhzbe] wko
Zol A EAZE(G0%, 40%, 50%, 60%, T0%, 80%)2) $IXje) ©j
slo] 43S dslld Peky AnDe F=7o)s) 150mm,
Aol Mol 280 120mm, 65°9) FEZ(Sweep Angle)S 7}
AH, 86%2 2= A 9pe2 Fehd Pay Ak wols
A AL Bile 2509 4EE NC 7FR ) SEoZ A
ZET 2de] T S sheetx|S RATo T 2979}
o 785 Hes] gk

38 2v B Agd AE PV AAHe] FATE ey
Itk HFsE R 9L 1008x1018pixel 9 AAES
7= CCD 7Heeks oldste] lesigion dEels dojol A
AR sk YA 99 250t e 9o nlet
a&olng F718k FX|(Synchronizer)S ©]-43}0] Nd-Yag @
Ak CCD 7Meke 5718t A)7|3, HAdR A7AS A
T A8 Pk AERARZE 0Ty e5nss A
sglom AFHAY FASEE 0.17misec (Re=2.12x104)5
EXE 733 o 5ae1n) o} 9o 98 Aesly
o PIVY 23 AFoME AZsna shs wlo) 2xp9le)
sheetS F4Hok k=t o2 $Jalo] WA ALMimor), 78
W *(Spherical lens) ¥ A8 @Z(Cylindrical lens)E A28+
on, FHdARZE AeHAY TEd B Fx Y= 7Y

rlo
it
2,
[
o

£ 7

o}

- —

3|

¢

= oo

772

PVC QizE AHgsglth Fhvigte] ofs] 5g 4L ojux)
2HME Tl shEriede] AEY, Agd e pv He
SZEo|(Flowlnside3.0)S o] &38}e} Halsisir).

3. ot 3 &

E 3&30° o vlwA 7S s dEE Yo
40% FEAFCNA WA A8 200708 Ze)Ag Hrs)
of vehll Zdolrt O¥ 3()9 LEXE $4sha] oke %9
T R ool AEH 999 Wing vortex 2 BRE S
slom, 18l 40)9] LEXS a8 A9olt @rols Wing
vortex 1ol Wing Vortexsh 543 Wake] 9479] I5d Ao
A EE5Ho! AT LEX vortexE 2 4 itk oleldt LEX

=

Vorex = u|gto} Qo] SN el e gHg 9 4
slem, agHow wlgel e wde & 4 9/ |k
IF 4v W57 2508 TP LEXE el mdoy
o]

o ANRT SEAEY) JuRTE Yehya Qo) ForAe]
7t SRzl A dely 9y mdle] ArHe) %
BlLbal glow, drjo) oA HnoR o)dsE Wy
@78l el Wdehs UAE gi3gie) gdo)

W, SN gxE daAE A
4bye] FERIE AHEH Fo 5o
oAt tFIT ANEHE AL wAE

=
E FRE @ dEes dojy g9} gota Basn
St

I8 5T EEL 25°% /MR LEXE 3HE RdoAg
ARG SEAE} AuREE e 9. 29 5@ &
=UE 2E2E AR, 59 d9xdselA LEXE Aaa
BF7F LEXE FHeA %2 A9 nlale] Aoz dely
BTN S5 58 2e B & 9ow, LEXS 44

{b) With LEX

Fig. 3 Time-Averaged raw images(AOA=30" ,40%)
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Fig. 4 Distributions of velocity and vorticity in case of Wiout LEX (AOA=25" )
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Fig. 5 Distribution of velocity and vorticity in case of with LEX (AOA=25" )
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(b) Absolute maximum vorticity (With LEX)

Fig. 6 Comparison of maximum vorticity as

variation of chord position
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(a) Absolute maximum vorticity (Without LEX)
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(b) Absolute maximum vorticity (With LEX)

Fig. 7 Comparison of maximum vorticity as

variation of AOA
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