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An Experimental Study of the Near-Wake Characteristics
of an Oscillating Elliptic Airfoil

Jo Won Chang, Myong Hwan Sohn and Hee-Bong Eun
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Abstract
An experimental study was carried out to investigate near-wake characteristics of an elliptic airfoil
oscillating in pitch. The airfoil was sinusoidally pitched about the half chord point between -5°and
+25°angles of attack at the freestream velocities of 3.4 and 23.1 m/s. The corresponding Reynolds

numbers based on the chord length were 3.3x10* and 2.2x10°, respectively. A hot-wire anemometer
was used to measure the near-wake flow variables at the reduced frequency of 0.1. Ensemble-averaged
velocity and turbulence intensity profiles were presented to examine the near-wake characteristics
depending on the Reynolds number. The axial velocity deficit in the near-wake region tends to
decrease with the increase in the Reynolds number as found in many stationary airfoil tests.
Turbulence intensity in the near-wake region have a tendency to decrease with the ~increase in the
Reynolds number during the pitch-up motion, whereas it shows different feature during the pitch-down
motion according to the separation characteristics.

Us A} $-F &% (freestream velocity)
7MYy u 98k 4= (axial velocity)
s oo} A A9 (airfoil chord) ! D&Y £ Faxial velocity fluctuation)
f : W %2 54 (frequency of oscillation) a & 7HeHg-ZH(instantaneous angle of attack)
K D 228 %4 (reduced frequency) a B Y& 7 (mean incidence angle)
ki, ks @ ZEAS(yaw factor) a A% 2 Z(oscillation amplitude)
Ry : @ o] =245 (Reynolds number)
t : AZH(time) LAME
T agxa, 89 #=3Tgstn ooty AEste dolE¥de ZHFF(near wake)ol
E-mail : jwchang@hau.ac.kr we A3e deFgy 2H, 37 =249, o
: (02)300-0082  FAX : (02)3158-1849 @A BN SelM $8dHE Fad Faog
* il 9, TTAESY Tt De Ruyck # Hirsch®&= F%ses dojzde

o aRUEARD VEER 0.007CI A 02C7H7 el BFAANN FRHE =




gatdon, &7 £ GHFE
(hysteresis phenomenon)°l &S Ws )

[e] 1\

Park 5'¢ %29 2% 4 (reduced frequency)7}

SERCES

02 2eh e gelM #F LT AIxY
FRe A4 Wi % R URLE RIS 13
GH ZzEg o g3 ZARAL. 1ES ¥
4% (dynamic stallel #AsA e Frol @
e W MR ABHT dolEd TYEH
A4 AN A%5 Kol dee dEstAch §
A9 2 e 4

u
Hu
oy O
b
o
of,
18
o
M
N
ol
o

A
o

‘;\ ar S
#3sn £ FA FAH waee 94
A st 54 ANsAn

wake) S #3 A4 HE 44 A%
(static stall) W&ztE}h 2L o zto) A 4=3 5
Ao, Hitol: dF7] 7len HEIZIAL U
Hog =& wgzh gdgo st At F84
o] }-ztx]7] Al st

Ohmi §7'& AEaiz gdy oo]x o) I
A "E S K7 0.1~1.0 72 13, dolsx
= Ryol 15x10°~1.0x10'e1 M =2k &-zho) 0o
A 450 AR AE T "X} HEF, dolzs
g, 28 n Jo wg7 o ggk 2R E 24}
sk ZFAlSE H 8 —r*]x* A+E T
52 dojxe] FH4 71 2 4FgE Fi= o9
Hug g F39 A5 Ketn sla, dolszs

 ooe gevee vlE g Fru &
3 Ohmi 5%& Ry=15x10°~1.0x10% A
&= NACA 0012 o|ojx9lo] s uez
2
H

o ?3
offt —‘l

w3,
5 AE £, edolsxs &, WA F3 ©
94 &5 58 zAet d7E S9sad
olelgt sebulele] EahE F7 Fehsh B of

Asidon, mA &9 AX7F 172249404 1/3
A9z wghe] wel {71 parallel sheddingel
A synchronized sheddinge. 2 #sictn &t
=3 1A %3t NACA 0012 dlof¥do} H
2+ ZJ%T K—O.l, 05, 1.091A4 #olEzxF7t
15x10°0 A 1.0x10°742] F74e o z719] F#
wrero] s a, TR/ 349 w7 ol
SA 7 HaEe AS wEEA

dolxY EANMS FHAYel BF AT
Aol EY EWFS FEEYel THEFA A%

= ook OB
T SHEH BEA o

335

4

Aol g&gs uxrz B dA7er dHAHQ #HA

2 zZ: 9vh, Muellersd Batill”e A 2z9

Gl W FHIAM Ry=40x10"~4.0x10)
o]

$- EF %31. i4°l UiF AR Sl gt
> Ry=4.0x10'91 4% oz 8°
ol oA %Elﬁia:(separatlon bubble)e] &4 5
o, gelmzyrt ZUHEd dF AAEe A4
Ha oA s 4% Waddar s
th. McGheest Walker™'= Rx=6.0x10"~4.6x10"7)
Mo AA ool EU(steady  airfoil)  HH
hot-films& ##stx, 24 FE7HAFHE 745
of ZHEY dHEARF AdXE oAUk
Aol LAl WeZha=4, Ry=10x10%0M i A
Bads OF sdBgMde dFgEA @omn,
Ry=1.0x10791 4 9] fEd4E 2F Eeiwiol
o3k @arol xjujoletn 3ttt Chang 57
NACA 4412 ofjo]E o} #7hibg7zio] -6 A
6°7tx x4 AEFSF K7b 012 AEsh: A S
CHEFAAN HolgzTdd W AY BT =
GRAEE 2ASAT. 2 BH Re=53x10"
R %

2 o 4WHF S$Ei= Rv=-19x100Y 3ol
Wslol £EdLe] 2v)g Fo] an, ¥ ok

FHEYS e

Q)
A #H o] =Z S (critical Reynolds number)7} &

5o %z g wsd dEe VE, ¥ ¥
TF e 4Pl wste PFadAen, dolw
25 Eoel e GFH A9 dolEE ofF
&G gelrh olR2 7 ¥ T (reduced
frequency)$ A48kl #HolyaF ARE FA
5] giskel RS SERT O ool £
QEFE AAF 10MF%) BANAF B o

Agol 9l @Eoldh gzuch mAM o)k
4o W 42 olden, £AH Y

1

s} m}o 01)1

Btz st ARfE S uwhet o<

A ABEANAG mEA AFARezy F
219 AEFE TAAZN zqabqo] Ayt &
g8ttt B AfoMe o4 Fol &ojstn
T SE&7beAdol 2 EUE oA st
of Fagl WEF7E 0.10]5L, o] EU] £y
Szke]l Bl M 25°7kA AEE 2HFF
(near-wake)ll A &) S4HT —'—ig} YRHEE
A8, delgzsrt 2HFFA A IF

& =Abstgvh,



336

a

x|

s

Alztet el AP RE
: 0.9mx0.9m*2.1m)oll 4
Al ge mde

<3, A-F2 ogH

= B3 ooz Yoirh

N g dol(chord length)x 150mm, H o+

30mm, 2~ MW(span)< 900mmo|u, oo ¥ ¥

7} 2 A 2 4] (aspect ratio)E 6.0t} 2d A
QFoly giFo)H, dojEY EHL ofx

t}o) A(anodizing) ¥ 2 ATt
B oAgo A ALg3t g4 229 44 FH
#A & DantecAt?] 2% Hot-film 222 (55R51)%

StreamLine systeme]th Hlo|E L =)o

MetraByteAloll A} | 28 DAS1601& AH-E-3t
don, 2504 H AL HolHE FAl 5T
T UES Simultaneous Sample & Hold board

(SSH-4A)E A&t AR AFFE

= Ua 4 m/sec®}t 23.1 m/selty, o|luf R{FH

52 Ty 74z % 03% A=l <o)

& = £% U.ol dE A9

number)=  Z+zb 3.3x10%%}

=
L

o
-

o
LR A & de
oo 100 9h b

2

=

[

A
=

\_.'

A

ks
s F

_,r_lr
& #ols=
(chord Reynolds
2.2x1070] T},
e
172 N E
271429)

& 2

2

#e agaA9g eos
RS ﬂ%ﬂ
ewaad e

2 &t
7H 2]

r)J
mL rm

7‘(_1_

_1_

=5
a{t)=ap+a;sin2nft (99)

H 327t st AE Ztzy 10°%
15°2 A3lo], oloj X o] -5°~25°AfolollA WF
drg sded, AFEFIT f & 07Hz, SHzE
Aestdnk. 1AEE dAXd FH FE
& AT BlAY AaE debdlse Fard
55 K nfC/U2 HYEs Fad vAHAY
’\} 4 (unsteady similarity parameter)o]™, o]+
7HA] olul g}, sl
it A
ATNA =
FUE w=

1459

1% ae

time scales?| H| &

=

| 213 RA(C/2U~)oith. B
S7HAR BS Clo I
”i}%l IS KE 012
ol 4 Ap83 2% hot-filmE 2 B.(X

A3 9l

2

~— U

ZE A4 (yaw factor)

b
o
i

rlo

5y

Al

A A

Bk )

k, %k, & £xRAT F
ate] 247} 035, 0.308S T3t
7zt gHdel 24 008 kk9t 08 ke R §
% & (sampling rate)2 8192742 HolH & wok
t} kA g 2R AHAAN FTIF7N(EE L51F
NMESL Ao, o} 33(EE 43]) wE
ZA3te] N=200 #F¢9E A4 T (ensemble
average)dt 1t WF 7% Z(turbulence intensity)<
Xuak £ % 9 Z(yelocity .fluctuation)®] r.m.s.gk
S 78 g #Ze] Faivh
%}#%57—“”—'5&100(2)

qe 3

mlo

F.B.

A A #EAE
T°rk wako]l X&, 181
Zoln, 9y ooxd
5 011013‘34_ 2AA ¢ Aot
= X/C=02, 05, 1.0 Al 3oirH,
oM Y e Y/C= 0587
F7F 2AQste FAAA A
RFAo g 1 YE dme ¥
2 A (traverse system)&

ol

N
-

i)
)
fitl

2 —1N

o

3}

e,

o
o
r§

4
=
7+ 7}
1T

£ f

T

N

r\r

o
e

2l 7

2)
ol &

3@ of dy N oo oo N 2 orl

£

2 AAeA
£ 34°Coll om, £ Kanevce
and Oka'"o] woz &FUch SLJ% 23 9
el @t :0005mmel, =hgzie] 2%
= ok« Q1% ojle]l Yo, U
of 2.0%°lWe] £EFEHE L3}
Tloqm Zu)a}
A 4(20:1 odds)
| O #= BAE
| By oo E
Sty 2
s
=

-

=y -
i

5

-ll->

55

8

|J‘|L'. e

<})J\

-

EA T
velocity) 2]
ZZHo -rr%
ek 2.0%-0°]t}.

=
54

% (streamwise
2% hot-film
Eghsto]
o] pitch-down
dolElz EHFHEARZ 5
Fo] dAlsle B34
A3 dole| & | A3HA gttt

Eg
|
KX
v

2

59
2

o}

(=]
’L
=]

}o 7lo

&

B oEge

U’O oﬁ‘.

ol

h:-NYe]

2}
& e

m tHorfe A N J‘°‘ rﬂ.
o;‘-

P
57 IA 2k

3% 2HF

L

£ 444 ﬂ(ensemble averaged)
g dHEAx A8

pitch-up % 7 2] g

=

F_,O_

(6]

2 1S iy > ot o

L2 L in 2 o

.Ez._O_

pitch-down &%



WEH: BUY doiTAY THEF F4 A7 337

Q. [ R.=3.3x10° K=0.1 0=0° Q [ R=3.3x10}
>08 aRy=2.2x10° ; | Pitch-Up >08 LRy=22x107] ;
04 : 0.4
02} 4 { 02} K
- . r =1,
0.0 — 2 . fk‘ 9 0.0 *.s‘-‘_}o —+
0.2+ 02
0.4 0.4
o8 0.5 1.0 08 X/€=0.2 0.5 1.0
uUo uw/Ucw
@@ a=0° (b) a=3°
Q,6[ Ry=33x10 K=0.1 0=5° Q6 Ry=3.3x10! K=0.1 a=7°
>0 aRl-22x10 ; | Pitch-Up >00 arN=2.2x10% ; ! Pitch-Up
o4 : g 04} :
0.2 0.2 — '
#
4.0 0 ,f.o %1.0
0.0 *.;:;_‘,»"; — + 0.0 e = iy , 2
02+ 02
0.4+ 0.4}
o6 X/C=0.2 05 1.0 08¢ X/C=0.2 05
u/Ue u/U°°
() a=5° (d a=7°

Fig. 1 Streamwise velocity profiles during the pitch-up motion
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Fig. 2 Streamwise velocity and turbulence intensity profiles at stationary airfoil
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