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Near-wake Measurements of an Oscillating NACA 0012 Airfoil

Dong-Ha Kim*, Jo-Won Chang** and Hak-Bong Kim***

ABSTRACT

An experimental study was carried out in order to investigate the influence of
Reynolds number on the near-wake of an oscillating airfoil. An NACA 0012 airfoil
was sinusoidally pitched at the quarter chord point, and is oscillated over a range
of instantaneous angles of attack of +6°. An X-type hot-wire probe was employed
to measure the near-wake of an oscillating airfoil, and the smoke-wire visualization
technique was used to examine the flow properties of the boundary layer. The
free-stream velocities were 1.98, 2.83 and 4.03 "5 and the corresponding chord
Reynolds numbers were 2.3x10%, 3.3x10" and 4.8x10%, respectively. The frequency of
airfoil oscillation was adjusted to fix a reduced frequency of K=0.1. The results
show that the properties of the boundary layer and the near-wake can dramatically
be distinguished in the range of Reynolds numbers between 2.3x10* and 3.3x10%, on
the other hand, it is similar in the cases of Re=3.3x10" and 4.8x10* This is caused
by that the unsteady separation point is dramatically delayed in case of Re=
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Fig. 1. Schematics of experimental setup
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Fig. 2. Visualizations of boundary layer according to a Reynolds number

(a, b : Re=2.3x10% ¢, d :

T4 e K 28l Aj§jdoe] Coll uhahA
Z}7} 0.350Hz, 0.500Hz, 0.717Hz2 Z A= ATt
AFstes doxde HAHA TFoA AAF
A9 HolHE doEde &5 FINE JFL
2 7t F7] F 120008 E5AY. oo uwE
tolE] K 5 E(sampling frequency)< 2+ 74
Lol 0.042K, 0.060kk, 0.080KzEZ A= AT}t &

A 229 volE ¥5e o 50057 RS
243593, 2AHE HAETe dEAEE 300

F715 143 (ensemble average)dte] ENY
At

£ A7 ok F5 ARG A
o] &% WI= Hu +28% uwylo|t} &
Hs fAskel ZAAZE *5154213%
HE 9 25 Wil BARow
I WEEe HY +09C HEo)
Ed Z2HAA SA4H HolH9 @3—5}%"3
34% wgrola, ARPNA 1HH AHF5
M dFd=s H 1.7% vivtolh

m>~ Jo

it Flo no MR o [oh

ES)

o

—

DT -SP v e} n\m
9‘15
r_lx—,Lr ™ o -1
= o“.a,

2

Re=3.3x10% e, f :

Re=4.8x10%

nm. 2z & A4

FI

oﬂ;ﬂoﬂﬂb 5.0x10%*0]8ke] A Holz=
3= NACA 0012 olo]EL9l A
of di3] Heolezg a8 JF

2o 2

of l !

;51 .
N .ﬂ

rr
o
T
l:I]o

7} 4o AggE e el xd
upstroke 4°0| 4 HIA/G7FE] 2] ol
| BAT 7HAE AR S dols
el Aot} Fig. 2a, 2¢, 2e= A
4°9] ollojxdol A A 7HAst
Zolth.  #elzzs 23x10%
3.3x10% fo] mE Ao F <YW (suction
side) il 4] %%Er 2 (laminar separation)”} A
stal, ZAISS TAHH £ dols=avt
7kl weh obd Zo g olFetA "r9]. &
Ao HgH 50x10%0]8te] Holm=ge] W
el AAdEe 7 e wed 0°~-1°
Atelol] AT 3 Holm=aTt Sl

eS|
My g
s
HE
X UI‘;
e N g

=2
S
o o

dlo
N

e g2
T,
Y

d

Fox N2 K

oz y

o & 2 1o

*-.E
X o
ol‘:E



H 34 4 H 12 % 2006. 12

53R NACA 0012 oflol¥de] 235/ 3% 5

utel BAS FAZE gFebAAL o= QI TR/ F
A= gkobxitt

dukH o g A&7 o]z 9] dojx YA HIA
Fdele 5 (upstroke +%F)2 AAZolAM T
At 25 AAA7lE 9T 34 "k o
AL HolEzg 23x10%e A 71AE
AFZIR] Fig. 2a$} upstroke 4°01A1 AAIF<] 714
3 A17e Yella & Fig 2bE Hugoz
# g4ds & 4 ok "Eo] Fig. 29 2d
(Re=3.3x10", Fig. 29} 2f (Re=4.8x10%) A= 2
S ARE 25 F Atk 2y 7 HelszSy
o wEtA EEHe] AdEE Fxe Fd3I] o
24 Yehg, o] A& Fig. 2b, 2d, 2f5 Hlu3}
o & & AUk Fig. 2b9 F M (streakline)> 7
Al A o

N [‘lo ol o>,

¢

o FUHS gt AA=HA FRE FH]
3 e WbE, Fig. 2d, 2f S 2N AA
T2 A o] f5& #FFL 5 Uk

39, Fig. 32 AAE o] T U A] we7}t 1°
9l AS Holm=4 23x10° 3.3x10%A 2] 7}A]
A

S} Fig. 2bs HluAS o, AT F B¢ =
FAA HAAd F BARe OAEZA g3 Qlth
I3y Fig. 3av A FEZAA S/ 87t &
A9 ot BAE HF(reverse flow)7t &
A3sHA Bole Wk, upstroke 4°%1 Fig. 2bell
e 975 TF & & 3tk oA Fig. 2bd
Ao AAT T AHds] dAHA BUASS
ously|= 3ok wiEbd Fig 2bE 3 £l
1A R 32 d 4 gloey, B AAFT &
Z7t A FheS A & F Utk

(b) Stationary wing 1°, Re=3.3x10*
Fig. 3. Visualization of stationary wing

dolis=s 33x10'4 e HddEe] 7HA 3
AR Fig. 3bet BIAAE 9] 7hAsh ARE
B3l = Fig. 2d& Fal 7 AR HIE 3
AdE), wAAE AT FRAAZT B
(break down)H&= A9 A= ALY fAlsith
adv FRAASY eA7t TAsE S 72
ol A9 9FE Fig. 3bollAE Flo] #FFH AT
Fig. 2dolA #&5 =] gheth o] g vl gAdE
o] ZBAZAA BHAY EYrt gF EAY
2 AdEoe] 00] FHe AR FoH7| ofHti=
AR S ojulEkar ok

[<)
Fgdeold vehds 2o Aoddy =0,
T2 9F 27 WA G Aok
o] AFE AABATh olgt B Ao ZEA
¢l o] A o|% Ww aWZH, Fig. 2dolA
9} o] ooxUe] upstroke 3HA HH %
o &rxs 7t TAsitHe 443 A7E
ZHA Ak g gFE yudAY £x& <
st A oA vk 53] B =89 5F 7
Sh(Fig. 2d)IA= AF7F dehtA @& 7k

|

=13
o 2 dAFdA FFE B (unsteady) BAS
Wk ofe}t SFel digk A8 AR Aae F
F dgE =RA AAE ol o el

Fig. 4% @ol&=4 23x10%, 33x10°, 4.8x10*
A FF 05CoAA FAHE HEELEEE(mean
defect velocity)$} @774 = (turbulence intensity)
2 747t el Zolth 974 xFL oojx Y
o] &S UEla glow, yEe 3
05CelA 7hZFe] SAHAXE A9 ZolZ F
st st JERd Aotk a8 25 A
F EEE FAdE @ PudeEsEe URAE
g et glom, 27 03 14ke], 03 034}
olo| A LreEF AT,

Fig. 49] WAZ2&%59) URdE B¥xe
Ao g Szt 00, 914474 180°F TIE L
2 ol &7kt 0°0—6°—0°(9732 0°~180°)

F 0° o] F ERFEEZE 0°—-6°

—0°($17¢7 180°~360°)01 A et AL o
g oo]E U NACA 0012E A}&3197] wj&
of M2 fAket FelE vebdch 2eju %+
TEE7E 0°—6°(H 737 0°0~90°) ) 6°—0°(917F
7} 90°~180°)ll A vEtd F/F S ZA o
A vehdd. 53 F7desEe dRAE

oz

4

24



l
T X0 IE X
R :ﬂ o e o
= =y T g
—~ |
o T B
. g
R
s
Y W e T W
W%Eﬂ %_zaﬂ_mwr
s o by F n
3 = 4 N .
) A )
= c TR i3 2
3 X 5 T o rl o_e o 2
> © 35 " ~ B A 4 = [
= — ~ 5 2 NN B g
s © 4 a Q o = o N LN ﬁ Lo =
= AR = ) =
—_ /ﬁé/z ka (] il EW T 0
5 : x F g e £ 2 T '
) AR ", e I~ l ) = K
o g ¢ Q I N ! QL e ™ o T O
] 8 = 7 S s7 2 g B o 2% o W o5 XX o
X e S : 4] w2
= 2 @ R 4 o T £ st g 7 TE
o A N > Al = Wy = ~ '~ 5 —
- S 4%,/,%? e . [0} £ N 4 80 % 0
= e O il = = Gl ,Z/Z/,/, i - 2
2. b e ¢ . = 2 o & =
i _J< e . o 2 Lol - o = T 0
4 R wy@%ﬁ%ﬁ?j = 2 LR =] — To) )
= = R pf@ofzzg =] S N 3 > A ) @)
: S = A ﬁ//?ﬁ,ﬁ/ SN N o 2 To 0
= s [77] %@Z %!?ZZ @ ,,////// A el = X = o < —
Ly Al yﬁﬁ,f,,..,,.,;é D 0 N ~ = NG
s S = w 2 /ZZ L %) ///afz . = w o S iE > E T
A S S O W S L u,,/,Z/Z/ =& 4 X B oL N T
S .v/w,zr/,,«z,ﬁ 0 T = ,,/.A,,:.,,.;/:/;:Z [0) S - T N
TR N R i L .f_,,,__./f/,@ﬂ,//a = = = !
A N [0 = SN ke W ey
i = NN = R © Ho
S Lo : Q = e =1 T
o L o 8 %@%%% s = A 4 g N TR W ok
e R SRR R
¢ N & = L & — o N 0
L L + & > L & = Yo - i
- W 5 e S c 3 T Jr = ~
- °F B e 2 N =
%%% & oo 5 R = 8 ™I n o=
,ﬂ,r,w?// ) W —_— N
S _ — = N -, T
a%&% @ = = xS o X F = A} M e
.r/?/t//@;//_@ N . X )
T 8 \ = T T iy
. \ AV = 32 Zo Wb
% \ v 3 s 2 g T35 % 2T NI -
) : o ,,/%/Z////_,ﬂz (®) I o = pre
i S oA o so < !
- — = ,/Z/,,,,/Zf{., = @ O o N N =g j
° § 7 T gs X n
. 8 & x Y du - > S Lo ok & "o
(¢ @ R — © o : K
G o2 g e - @ > = Ba oy KR
M pic ° 3 4. o I 6 g3 3 olsy o T 5 )
N o) R §s) < N
O - = S = N D A . _
o 8 x A (0 2 8 2 =R S5 =
= W o e - ) TRy T Y= =)
LY N . = g L ° 3 2 S0 9 g
. =" S @ R e G s ‘e Ex W
(T L > e L s > Qo e 2o W
N L N N S ,,ZZ c =y B 2
A Ly il L = G ﬁ?f,/f,/\o o @ - g
e ) R S L S © Y @
o e o) S Q A L S 3 T o o 3
e = N - SR L @ B oy
v g =S o L 2 8 T L s A o x5 873
] e - S Ly T L S T = o
%@%4/// N o o e (<% Zwl/ R »//ﬁ/f/f/@% & [} # X
- f ﬁ,;,:,zz '3 R /,,;,,//,ZZ o d . N T e — = £ o
. > L . . e ¢ © o = 5 o @ P
L = o = . &F ~ A G-
G \ 3 L o 5 L Cx . W 2 o T =
¢ e L L & 3 o Wy o 9 s =
Qe B e ] e e o e > 3 o 0 & 5T
L T @ = T e s Q2 ,/,,,ZZ & o o 2 - RN R
L L o T A @ Ly O i I &3
Gl L 5 T Ly 9 o S = w o B .y 3]
,//ZZ,/,,,, ?,,,,Z,,/,/ o> L L & © /,/,ZZ J ~ 2 O Ne) o) |
e Sy - + 8 L -3 _ IR = =
& . N = . &7 c L <S$ i I~ No 7%
G /,/z,,/,,,,,,/;// Q L S N S ) BT 0 3
¢ S 9] S S 4 @ - 4B =
S e ,,ZZZ S T e P M o =
e L s 2 Y S T ) N & )
H L £ L g L S o
T L e o 3 = 0 S )
% e S e \4 D
o T o T & b Lo
A ¢ L & S
L T o e o ©
4.32@% © //////é//,/ i ~
S O L
L 8 W
M B
W 4.
\O



B34 4% 12 %E, 2006. 12 FAE3h= NACA 0012 olojE o] 2HEF =4 7
05 - 03
———23x10 ——23x10
g -3.3x10" —e=e%e—-= 33510
0.4- - ]
1_<U> e 4.8510 <> g4 8%10
2 U, 0.2
0.3
021,
0.1
0.0

O 90 180 270° 360°
Phase angle(deg.)

(a) Mean defect velocity

Yo 90 1807 270° 360
Phase angle(deg.)

(b) Turbulence intensity

Fig. 5. Mean defect velocity and turbulence intensity at y/C=0
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