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Unsteady Characteristics of Thrust and
Lift Acting on a Heaving Airfoil

Chang-Jo YANG™*®, Kazuhiro TANAKA and Masaki FUCHIWAKI

*$ Graduate School of Kyushu Institute of Technology, Kyushu Institute of Technology,
680-4 Kawazu, lizuka-shi, Fukuoka, 820-8502 Japan

It is known that an oscillating airfoil can produce a driving force through the generation of a
reversed Karman vortex street, and this can be expected to be a new highly effective propulsion
system. A heaving airfoil model was made and it was operated within a water channel at low
Reynolds number. The dynamic thrust and lift acting on heaving airfoil were measured simultane-
ously using a 6-axis force sensor based on force and moment detectors. We have been examined
various conditions such as heaving frequency and amplitude in NACA 0010 profile. The results
showed that thrust coefficient increased with reduced frequency. We also presented the experimental
results on the unsteady fluid forces of heaving airfoil at various parameters.
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Fig.2 Trajectory of the heaving airfoil
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Fig.3 Time-dependent thrust and lift coefficients for
different frequencies (Ax/c=0.05)
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Fig.4 Contour plot of the wake vorticity™®
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Fig.5 Hysteresis loop of dynamic thrust and lift
coefficients (f=1.5Hz, Anfc=0.1)

St —Ey FEHRERCIBWT, BO LA E TH
25 1 EAN) ZOoOOWBRAEKRHE S, T
EIC ORI V= CRFIETERE L Twb, ZOES
WFET AR E K AAICHEREE 2 b D), TOK
ER L L THEN @0 TV 5,

%7z, M3(a), (bY&D, TXTOAKEBIZBNT
HEEFRE Cr ORPRB IR C. OFHD 1/2 5
EHoTwbZehbhsd, ZhiDHENZ LTI
EEBOM A THRET 2 2 L by b, EEWHESN

COEIZE - IRBEBICRE CEFEL, RERLHE

s 21EEREBIEEERHEIVPEONS, LLE
Bo, COERBHARSCO>CTHREERD, &
—E VP RBRBOBREVEE a7 7 4V b
T35,

42 EEFEHENS ITBHOERTY SR I—
7 [M5(a), (b)) A HEE =15 RIE Ar/c=
0.1 Ce—v > /@8 2 BICIEA T 5 k)] %20t
L URD IIEERHEAES <Cr> LTI <Ci>
DEATVYAN=TTH%, 06320 FHS%

—107—

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

108 E—E Y EREICEIEERTEEN
0.75 —y . r r . Y T
f=1.5 [Hz]
Y ettt f=2.5 [Hz) i
osL | = f=3.5[Hz) | ]

0.5

;\.O,Gr—
0.5k
C 1 1 1
0.0 1.0 2.0
x/c
(b) t*=0.25
0.5
3]
3,00
-0.5}
" 1 ot L
0.0 1.0 2.0
x/c
(c) t*=0.56
0.5
Q
3,000

-0.51

(d) t*=0.75

Fig.6 Phase-averaged vorticity fields [¢*=1#/(1/f)]0®

1 RS ARSI L LR 72, B 5 DRV —
7 OEERH A%, 0—-vRFRZTREFROREORA,
wNEETRT, E—EYEHED LA S TS
(B5(b)BE] ~DEE%25 7> R hu—2, FEA
Do LEANDEEET v Ao —2 k55, &
5(a) T, EEFEHEFZHEA > M £ UORITH
D, RA ML ETIORITHEM, BORA ¥ F &IV
DT L, R4 IVE I ORI TEMT 295 —
CEESRL, ‘00 BEBDERAT Y VAL —FI D,
LarLans, M5(h)DBIOHE -1
Rz 0D CHET IHEEELETE—2OHEDO

L Y\~ ]
025l Dnl-ag(f) . ] . . L
-0.05 0 0.05
hyc
(a)
20 T T T T T

FFLS [Hz]

""" s
10 - ~ "‘Rotglign o _ f=4< (Hz] -

. ~.
P
-
YD
R -

Au -
Q' 0T
v
r TBottom dead . y
210 | point el 4
Top dead 4
point
220 ] . . 1 . " 1
-0.08 0 0.08

A/c
(b)

Fig.7 Hysteresis loops of dynamic thrust and lift
coefficients of various frequencies (A./c=0.05)
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Fig.8 Thrust, power coefficients and efficiency
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