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On the Kutta Condition about an Unsteady Airfoil
By
Yuko OSHIMA and Akiko NATSUME

Abstract: Flow visualization study on the flow field around the trailing
edge of an NACA 0012 airfoil under heaving and/or pitching motion was
carried out using a water towing tank. Special emphasis is placed on the
discussion of the applicability of the Kutta condition to the unsteady
airfoils. Based on the generalized Bernoulli equation and the Kelvin
theorem on the conservation of the vorticity, the detailed mechanims of
the vorticity shedding from the unsteady airfoil and its eventual roll up
into a vortex street were fluid-dynamically clarified. Thus the aerodynamic
characteristics such as the stall delay or the dynamic stall phenomena have
been discussed, a generalization of the Kutta condition to the unsteady ’
airfoil has been done.
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Uy 1.0 1.5 2.0 3.0

H. [T |K A 0 K A .0 K A 0 K A 6
cm se€C max max max " max

0.25 {4.24 | 2.97 0.37 20.5 1.98 0.’25 13.8 1.43 0.19 10.8 0.99 0.12 7.0
0.25 (2.56 | 4.90 0.61 31.9 3.27 0.41 22.4 2.45 » 0.31 17.1 1.63 0.20 11.9
0.50 {4.24 | 2.97 0.74 36.0 1.98 0.50 26.3 1.43 0.37 20.3 0.99 0.25 13.9
0.50 {2.56 | 4.90 1.23 50.8 3.27 0.82 39.3 2.45 0.61 31.5 1.63 0.41 22.4
0. 75 4.24 | 2.97 1.01 48.0 1.98 0.74 36.5 1.43 0.56 29.1 0.99 0.31 20.3
0.75 12.50 | 4.90 1.84 61.5 3.27 1.23 50.7 2.45 0.92 42.7 1.63 0.61 31.5
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Fig. 1.1 Quasi-stationary states, H = 0.25 cm, T = 4.23 sec,
U= 1.0, 1.5, 2.Q.and 3.0 cm/sec

Fig. 1.2 Quasi-stationary states, H = 0.25 cm, T = 2.56 sec,
U=1.0,1.5, 2.0 and 3.0 cm/sec
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Fig. 1.3 Quasi-stationary states, H = 0.5 cm, T = 4,24 sec,
U=1.0,1.5,2.2 and 3.0 cm/sec

Fig. 1.4 Quasi-stationary states, H = 0.5 cm, T = 2.56 sec,
U=1.1,1.5,2.2 and 3.0 cm/sec
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Fig. 1.5 Quasi-stationary states, H = 0.75 cm, T = 4.245 sec,
U=1.0,1.5, 2.0 and 3.0 cm/sec
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Fig. 2.1 Starting Process, H = 0.25 cm, "= 4,24 sec, U= 1.0 cm/sec, ¢ = T/2.12

This document is provided by JAXA.



1980 4 2 H EEFERDI v FDFHICO0T 7

‘Fig. 2.2 Starting Process, H = 0.25 cm, T = 4.24 sec, U= 1.5 sm/sec, = T/3.18
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Fig. 2.3 Starting Process, H = 0.25 cm, T = 4.24 sec, U= 2.0 cm/sec, t = T/4.24
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Fig. 2.4 Starting Process, H = 0.25 cm, T = 2.56 sec, U= 1.5 cm/sec, t = T/4
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Fig. 2.5 Starting Process, # = 0.25 cm, T = 2.56 sec, U= 3.0 cm/sec, t = T/4
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Fig. 2.6 Starting Process, H = 0.5 cm, T = 4.24 sec, U= 2.0 cm/sec, t = T/4

This document is provided by JAXA.



12 RERFFHMEA RTHRE FloE E15 (A)

12 1 X

—_ +——— —_——
H 2V+ pR+ 57 .

_Llyr, 1y 09

H—ZV_+pP_ Py

L35, CCTHREREFRTORE, PREE, o 3—EE LEREKOEE, ¢ lREn
DRF VY2 NTHO, BF+E- TN TR EEOMEERETHROMEERT
ROBRHMBHMULL 0L, RNBHFRLEEZZONIHAIKE, c02ROEEEST

0 (=) 1 B
‘*——57*—‘——'2(V++WL)(V* Vo) (2)

L35, 1fLP, =P THY, P,—P BEOBEIICELL, V.~V 3BEH5HH

TAREOWE T THY, COWBOWHEEV 2 L(v, +v_) EEALNBOT,

or -
W*V?’ (3)

»Eons. [7, &Lcnﬁ,ﬁﬁ%@%é®,ﬁ%ﬁ#%ﬁgmﬁmﬁﬁh,%ofﬁv

‘7$\\ o~

T =
(b) FEEHTR \\\\/////////////a'

SR ’/22222

(c) izmm &t ) IEEHR

FIR ®EMEIOWN :
(a) EHHE (b)) FEEREKE  (c) BRBEED EERHK

This document is provided by JAXA.



198042 A EEFRD7 v 2 DFEHICONT _ 13

BAEBMNLFBIREAE 255 L, REIZELVL LV OHEOEEFRDOBEENDIRRIC
BoTha,

371, BRBICBIIEFANHRRNOWEEERD 7201, 2MORXT 5FRICH > T
RUELEETHRN TR TCARTAIRNEELEZLT, ZORHRA, HEEEICE L WIRBESSHEE
T23ELT, RF Vv Ve VERROARALBEORFBLARD S L, AZENIRKODISL,
EEOENFOFRNIE, FE - HadticZbeFiciiE L, EEOBVHORNIE, BT
BAE L, EEOERNHORNEEITICRNES CEDbh-7: [8). D XH1E%E
BEOFER, R —-c v /B HE L TVWARTRE, RBREENIFHESTFR, riICEFLVR
Bx b OBBAERBHE LICERT A &b o1z, ZOXIBHENIE, KEADNHSW
EAKODVWTEBICBEEINTVWS. $LFEINK, ZOBRERLTHS.

V. eSSBS

ST, KPABKELHB L, E%%®%Awﬁbnéi9&&@%@@@&%%@1%
MEARET S, CORHEAIR, TEROEBALERD, BEL, —BHOMICRELHEE
BOES. TOXHRBEEOFEBE, 3K (C) kKRt kHic, BPT, kb ST BEH
Loob38E T, BFETHOLEEMD S U-Figid, EEoRIE L R ofRED
Boiic, kDBGRERRETS, THDBLT, =V, 7, —Lv, LB CLitkD. ¥
fo FECHEE L i, BLC LS ICBBAIESH, ZOREIEHAT, HOBS bl
BV, Ch S DDRBBILE Ui OISR —RIBESRIB A 1F 2%, C OB DR LS E,
FhESHOTEE L, -7, BhofkHLABRES cothicsld s@ansBng. ¢
DEHICLT, BEEERLREREZ, —EAPhoROUBRE CHE 2 LELOHNTR
Hrhlc— e LTHiiT 3. o, REZ2Z0hicEhLTH20T, EWizo
BA—4%kbd, pOBRVHEETEA2BCLT, VWhWARHEOEE LoAsEdT L3, 1
BABEHIZRONEBEDTH 5.

X, BiEEREI, ~VR—1ORE, ﬁ?ﬁ%ﬁnfgﬁﬁ%%nafﬁé %
RN CHBEAIGE LERB iV GEAT S L, R (1) cALERORBB NG,

V, R AENORET, P, IAUBBEAROENLEZ S LK S, RERADIR
BictpEnET 3L, ROADBRBREE LT LItk > TREBEELZFRVE, BN
BRMETABIcELTVWECEEERTSE, R (3) &

0 (p.—9 )

—Vr+Lip -
S =Vrt (P P) (4)

DEHREBTHAD. $HbL, LOXITRNTE, BROBHOEMBKRRPICHELS

ZIBEEIC L B3 THL, BEOEDYRICLLZDT, EEERDEA L DAXVENEK
HEONBLLEEHD S 5.

This document is provided by JAXA.



14 RERFEFHM O A £16% H£15 (A)

_ V. REgEsg

E-Ev/7BEHE L TOI2REIVOPLEERSEE bD. ZNRKRINHFVES IS
RURICHE 08, D UIREIDHE 72 5 EBIRAR - TR~ B HENIBOEHET R BT
TEICHY, FNBRTIIRLBE. FEAHTRXHEELEESHENRLEITDOL S L
THELLZDDTH B0, TOXHIRBMOEREME & DBAICIE, BERICLELD
WP OFAETRIC LEHMHEZRTV [3]. —EOHREOMEZEOHOER b v i —F
FefalfEIfR R & W TEI» 9 &, MBI O 5 AR ic—EE 8 DM iR O i ARS A H
SN5. TOXHUHRMERE, BEsicoL, BEL-7T, —FBEOERALL, —F&
OEHBETHODOHMICHEITT S ERELLMONTEHRTH 5.

E—EVI/EBICL-Thd, BBOER N VEHICE - T, FHREEAHRIK, (EREE
BR A BRI SN B L £ 2 2 &, ARLBEICRONE XS BASEE LD
DEBINGNTHA .

KEERRG, SUERORTECATRRIROERICHAIL, FmgRMIcHA
THH, FRIZBVWTH, BREERETLETIE Y F V7 EEE L TO3RDEBEK TILHE
FLOBREORNTENBBEDONTEY, FHBHENIBOMMBEGRY, REBEHA XL
BAEEREEBNRICLZbDEHTEILHIBIEBMOENTNE [9].

VI. #% )

E-v v & #HE L T05E 2RTROBBRHEOHENIT, RETHTGOME IIERIRE RS
T & - Ttk 3. REFMEL LB &, ZHoOEERMBELENE . F112, BEHEHG
D—EIcHN 2 RBRHEE T, TORBEFEIRIE, & 2PRBRRBHEICEET 5. $23,
KEERYMRT, Thick->TERELEALRIIC, —ERBOER &EFHRE & - 1 HRIATH
Bitsn s, BIER, ML TORBERERE L CREBRDS B & 75 - THREDICHEHL T,
BEOCED L @A EAERE L, BE itk > TR, BESn~ildiick > TEST
EHEL S OREVLKREBERKOBE Lo xiEd,

CDEINWZODHMRITE T, REFRICBIIKFBOENPEVEHFREOBEOSN S
Z EiE >0 TOENK 1S BEAE S,

198042 H4 H MZTEIEH

2 £ X #®

[ 1] W.J. McCrosky; Some Current Research in the Unsteady Fluid Flow, J. Fluid Eng.
99, p8—38 1977.

[ 21 I. Lighthill; Mathematical Biofluiddynamics, Soc. Indust. and Appl. Math., Philadel.
1975. .

[ 31 P.G. Saffman; Vortex Interactions, Ann. Review Fluid Mech. 11, p95—122 1979..

[ 41 Weis-Fogh; Ouick Estimates of Flight Fittness in Hovering Animals, Including Novel
Mechanisms for Lift Production, J. Exp. Biol. 59, p169—230, 1973.

[ 51 J.D. Iversen; Autorotating Flat-Plate Wings; the Effect of the Moment of Inertia,

This document is provided by JAXA.



198042 A HEEFRDI v 2 DRHFICONT ' 15

Geometry and Reynolds Number, J. Fluid Mech. 92, p327—-348 1979. .
[ 61 S.B. Furber and J.E. Ffowcs Williams: Is the Weis-Fogh Principle exploitable in
turbomachienery?, J. Fluid Mech. 94, p519—-540 1979.
[ 71 W.R. Sears; Unsteady Motion of Airfoils with Boundary-Layer Separation, AIAA J,
14, p216—220 1976. '
[ 81 J.P. Giesing; Vorticity and Kutta Condition for Unsteady Multienergy Flows; J.
' Fluid Eng. p608—613 1969.
[9] EEWT « RE®BT, REBERKOEER, FHMHE 15, p353-379 1979.

This document is provided by JAXA.





