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FLOW CONTROL OF SMART UAV AIRFOIL USING SYNTHETIC JET

Min hee Kim,' Sang Hoon Kim," Woore Kim,' Chongam Kim” and Yushin Kim’

In order to reduce the download around Smart UAV(SUAV) at hovering and tramsition mode, flow control
using synthetic jet has been performed. Many of the complex tilt rotor flow features are captured including wing
leading and trailing edge separation, and the large region of separated flow beneath the wing. First, in order to
control the trailing edge separation, synthetic jet is located at 30, 95% of flap chord length. The flow control using
synthetic jet on flap shows that stall characteristics depending on several mode can be improved through separation
vortices resizing. Also, a flap jet and a 0.0Ic jet which control the separation efficiently are applied at the same
time at each test case because controlling the leading edge separation is essential for download reduction. As a
result, time averaged download is reduced about 18% comparing with no control case at hovering mode and 48%
at transition mode. These research results show that if flow control using leading edge jet and trailing edge jet is
used effectively to the SUAV in overall flight mode, flight performance and stability can be improved.

Key Words :

=

H E ZE(Tilt-rotor) 387191 APlE Fol7|= 149 3
719} 3|9 a7 AANs shE Be AR A
o] F7IRA A9 7] FEY v ke £ g%
AYE ztom 39 dF 7|9 AR wlPT F4 o]iAE
o] AYAS ztu e ot akxul FAoHE
Ao g Roore ZEH FF @7t §e HAHow g
A3 glel, ZH Rl oA BAEE G Fosksel
S7FeHAl At o] payloadell g F¢S 7|A]A €
ooz, Avet W fis SAAZIA HERE s kA

A Aske Kelo] At agjEE "HERH 337 A
& 9 HoH|e] REoA AsdS SeiAe Adl v
& A ool aE sith

SHA B9, Aot 717183 F o
A8, At J0EE T o

FRYBSFATY

Corresponding author, E-mail: chongam@snu.ac.kr

¥ W DN

H]
o
&

2mlE F217] (Smart UAV), & A°] (Flow Control), Synthetic | E(Synthetic Jet)

o] $951ES 7AaAT)7] Y5t

lo

oy =
[o rot o

o2

i

0°d A

N
[
>

[
—

811
o)

2
2w ohieh 4o

h[1,2] McCroskey et al[3]- XV-15 airfoil®
N

Ll

A

OP_\L‘U
32w g
1o, 12

=

olg3te] A7k 90degd S S
sjoll Wby olulel Selelol MaHTH: AL
o] Hejol mehy dEHY @
olXe] download @&l wiElA AL BYAL]
0.15-scale V-22 Osprey 218 ©]-83}9 rotor7} &7t

7] 71Alel 2H-8-81= downloadE 1-38FloH, 31
Foglo] ZAZhe Z7IA 024 downloadd] 7HA

T HA h=4
Ak

o

Zol| Felker[4] =

O
ox X, of

o <o rlr N

roy 1A
7501._;_

o

%

=

=

o

3
A~
-
2719] download A7) S L2AE
agdola s sy ¢t

Aojell #gk A7

Wygnanski™ V-22 wing®] downloadE 74Al717] 913814



44 M1 EHEY

EEEE] |

ZMo] oscillatory jetS RSO AW Al 40%9]
download”7} Z4shs Agd oz Yehflom[5], Felkers}
Lightt= 0.16-scale model Sikorsky S-76 rotorg ©]-8-3fo] SFd
3} g1l tangential blowing jet®] )i circulation control wing
of disl APsATE o]=A kel blowing jeto = <3}
o Hl—g]x%o] FE F&og 0]50};1] T3 o] =M xqiﬂ;ao]
9] F=Fo| ZAaE h:}‘:— AL golflon oHdy 5149 jet
ol w2 Fojaksol 26% FHAaaHA

Synthetic jetS ©]-&3te] BERHY 37|19 fEAfd
oigk 4=x]2 15-= Philippe Spalart, linda Hedges's= =37t
o] 85°¢1 V-22 <J&of thsle] Zoll A synthetic jetS 53
< we] 5 W3E Detached-Eddy Simulation(DES)E ©]-8-3}
o] dobr JITH7).

A ASE

o?.‘d FlO
O>"
mlo

T
7] 239 e MBI AL @m}% %)
of MEMS 4A8 4stel £o55 da olng Sqske
ARA A7} FRARAT ol AW Q7 wome) 4
2ol golata, 44 W A FolsFel Y Erhe 4e
2@ Ao Ak

u}e}3}al synthetic jet=S ©]
uHE) & Aojgith. o] vt
H PR A ] o5ls Tha
ofstal, 7Jr H] 6!4 =o)X 9] synthetic jet] #HZ T
205 A8tk

=
e

=
—

21 XA & R
w ArelAe 22k R wiskE
Averaged Navier-Stokes) 742 o] &

o, A Al v 2tk

“d RANS (Reynolds-
sto] EAS skl

Voeu=0 (1)
ou  — - - —

ppp T Vu==Vpt () Vi 2

71 QAL (e

dolsz Fwgts vehdck v A
S sy Yste] 7} sub-iteration PRCF A&
TEA)7)= pseudo compressibility HH[11]12 AHE-81%
TS A ekl EgA AR W 23}
T RS ALgste] 2d o2 AE]3L dual-time stepping

= o o

she elr)e] 4 v 2 ol w

S\WV®)

\ /
cawty

Fig. 1 Schematic of synthetic jet

WS AL831 pseudo times A-83ATE W HA T2 flux
difference splitting W el 7|23 F4AEHE AFEs1lon
Adee T4 AEsknk &3 MUSCL '% o]-g-ate] H]HA
8o 3z x%:?d—r: AA8Fe 21 A3 AALETE G
+54 AL A ko SST P+ Eta-% ARt s
WA Agste] ik AlRE A7 WA AE AR
el LU-SGS WH[12]S AHEsISiTh Alttel] AHEd s=s

2.2 71[)\[- 7-1‘![. al |=|A-I

2.2.1 Synthetic jet actuator ZH =71

Synthetic jet<- orifices &3le] £§-2 ¥~
TAE TR EEshs 3
glo]l f5S Aofsitt o
of AAs L, °] &
= feAlo] FE71ZA synthetic jeto] 7NEFE 7
o Cavity®] ®¥E 2o WF A& WIAZlowA F
7189l jetE HAA171A ALk

Synthetic jet actuatorS E2H3}7] {s|A FPEE FH
o] BAFEAE AR Jete] &k A7 the
golato] AHgskAT

N

U’jet(€7 n=0,1t) =4; f(n) sin(wt) 3)
oJ7]A &€& synthetic jet] &% WERS VeI, ne I
2 kS etk 283, f(n) B jet ZT-A

o &E RIS Uehile §5 oldsh o] Fof 4 4 9

1 1 top hat
f(n) = {Sin (7r77) )
sin2(7r77)



M1 EEY

R A i i
\\\\\\\‘\\\\\\‘\\\\\\\\‘}}“\n«u\w.um|||||||\lwmm ! Wi %////// 7
it

R
S
\‘\\‘3

E

i
il

R

i

ol
iy !
SRR
TN

;

Rl “‘ o
S

7
L
2

ol

0%
AL
]

i
S
Bt iy e
.

L. Kral 59 A7l oJste] &% 15489 f&5°] s
73$- top-hat Fefje] &5 Bx7} 7

2 AFeAE= L Kral ©] AIFS top-hat 5 BEE AE
stgom, o] HHlL jet 5] i AAOE &N {574
of MeEe EEANS X glon

1 o
5 Ao ARAE shetehn] A deha goEr

H AY dlolge] g
3

V-22 Bell A821801 FAfolt) ukS-zhe g5eoln] glo|m=ar
= 3.0x105, W}elEE 0.050|th ZE SR} YERoREEH B
oletti 74 A& W AAE Fig 29 o] e,
409x116 7o) AAHE ZH=th

Synthetic jete] $1X1%E x=0.0858 ~ x=0.0894 o]H, jete] £
TFE BmisE APRUI] Alo|zto] 3207 HER FAbgE

S jet frequency F+=0.6, ¢,=0.011 °]t}.

Fro 20 Sl dield w2k T3k ¢, = 97
el WE synthetic jeto] SEHHE e TRy} 2
ok

Fec
o=t 5
A ®)
Vm?lx ’ h

=\ (—) ©

A7NA V. T synthetic jet peak &%, U, T4+
£, b slot Wel, e 98 A= o], ¢ (¢;/c=031)=
230 3= o], F= synthetic jete] X550tk

Synthetic jetS 75 WS W 75 A F%S W] o
=

2 EEE Fig 33 ZoH Jets ARSI e AlolahA|

45
[ Z’EIE,M@

Experiment
Numerical ",

Fig. 3 Pressure distribution. Left
control on

control off / Right

it il o
i T / ”%?Zz;“%ju"tﬂmm ":‘3\\\\\‘\
I I

i ik

/.
ifh i’
T

T

i
Y

Fig. 4 Grid around airfoil and flap
flap 192x72)

(main airfoil 299x113,

ke Ak ARE A B T ate] A@A fAb
Al QA AS G slrk EF EFIA fre Aol
2 A& AT 9 9 FHol Ik A 2 A
FE %E FE WAL TP A ol =3 oE
535k gE f-5S synthetic jetO 2 Aofte], 1 d]H
&0l synthetic jetoRHE $EHE & HEoF AFH HA
U 3 fs E7h ue gAH S A stk Thssitha
el

0°, 25° 9 o] AL Rl Fig 49} 2

224 AOIE Rol7] ogo| RE 7= &4

20}E Folyle] Az njg 2 Ho| ujah A] ¥ F9|<]
& Ak Table 17 22 H|g BEof fisA o]Fo] 3]
t}, o] & o] B A4 2nlE T diF] 2A4H
o] A& & gmA el vl x79)oltt EE FFH £xE ~
npE $017]9] A7) Disk loading (T/A) = 670 N/m* ~770 N/m’
o]-8-3t] A4} 2™, momentum theoryS ©]-831H ZE

T HFEE 17 ms 2 A5ET f534 d372 9

ot o
AN R



S

6 N1 ERY

@

b
1%

FE |

H 35 29 Azl A8 £x9] Fo oA Fghomn o
5 53 golE24E Table 13} 7.

A B8 9 o] Hlge] -5 T2 A B FYskE A4
TE melsly| flste] o 9 =S A)4kelH Table 29 2
ol HEZbo] S48 AAoR Foslse] & AES UE
H, gEzto] Zolyd] w} o] frashA Ha &

M

ko lo o8 o A MO O gy

2=
3k T6 case oA whe] 7} A E % :
A4 MY A RF PEE Fig 59 2o] wasy
At bed 2 28 FRR sl o@e
SHTE AAstar ofd o] ofgidel] FEeTk]),
Ze) ki 1 2k IR} fEe YRR
WHI #32), =9 stdelA f-a2] 1wzt 2as)
(3). HEE fee dFe] mHS mEA TE2A H
ol 2 oHFE A W, fre T L
Exo7 3dste] A Z7) stddl FAeHA €
7+0. OE :rLZ/] HlE o ol&] olZy

B R 10 3T '11:/1
57t FAEol s AA FTMIIA 2E & 5 3
tt.

T2 case?] A5 A ¥g B= F o550 71 w2
v "dEZto] 74| we 1 Fhol 1
A Aol v 7p BAEA] Al Ho] FE o]

Hrk T2, T3, TS case®] -+ 725 w4134 Fig. 63 Zth

X 15
o 12
ML ool

f

i}

O o nd @

=

.|
=
Ay
_>‘.j_:‘
)
o

T2 case™ =% SlHAA BlEdE f-5o] TASA|= 2o}
ES wghA] Z2E {50 oJste] dFe] Sl o
7F A=A Ak webA 2 oF AA(), o o olg
@), AR oHF A40), FA o olgd) ©f EAR frEel
N E] A H]e) REoA Rty o3 offiHe| Fau=
& o7 AR HaE] wie] el A7) duid e
2 A7 €k T3 cases AA H]& R=oxo {5 ?594
ol AH b A1), HH o olE2), ZH Fle
Table 1 Flight condition
me | BEH | ERF | #F |€sF | o
(deg) | (deg) | (m/s) | (deg)
|
:} H| 9% 70 17 90 | 9.0x10°
3
T1 90 50 23.80 -79.50 | 1.2x10°
| T2 80 25 40.66 6521 | 2.1x10°
?T T3 60 25 5491 -48.96 | 2.9x10°
‘;‘J} T4 | 45 25 | ss62 | 3872 | 3.0x10°
T5 30 25 62.36 -26.56 | 3.3x10°
T6 15 25 66.38 -13.15 | 3.5x10°

o
n

H
1
kAl
\':l
=

L

o
o

Ho

ﬂrE:(mErErEm%
=

rir

fo oy o 1T ¥ XN, o L

Lo

%

o
>

obge] -

Sl
o
o

1o
ol
o% o rio

&=

7

Fig. 5 Streamline at hovering mode
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Table 2 Lift and drag coefficient

BE Cy C
fﬁ;} H 2.410489 20.05432
T1 255346 -0.76631
v 2.630555 -1.47939
Ao | T 1711729 163692
Ry 0.520188 -0.03176
T5 0.241766 2031057
Té 0.010411 1092377
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Fig. 6 Streamline at transition mode
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Fig. 7 Geometry of SUAV airfoil with synthetic jet

Fig. 8 Schematic of synthetic jet on airfoil
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