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Visualizing studies on nonsteady flow around an aerofoil
By

Tsuyoshi Asanuma, Yoshimichi Tanida,

Toshio Kurihara and Tatsuya Tanikatsu

Abstract : Nonsteady flow around an oscillating aerofoil obviously has close relations
with the blade failures in axial-flow fluid machines. The behavior of air on such an
aerofoil, however, has not yet been clarified enough, mainly due to the difficulty of

the measuring technique.

The paper deals with one method of visualizing the flow on the aerofoil using
plasma as a tracer. High frequency high voltage electric pulses generated by the
E‘: Strobokin apparatus, have been applied to the spark gap set on the blade surface.

Then the optimum conditions of spark tracing technique, for instance the shape of

electrode, the spark energy and the spark frequency, are examined for the case of
multi-electrode system. The results of flow visualization are in a good agreement
with the velocity distributions within the boundary layer measured by a fine pitot-tube.

On the other hand, high speed photographs taken by the above method with multi-

electrodes are found to be able to reveal the process of such nonsteady flow pheno-

mena as the separation of flow and the behavior of wake near the trailing edge on

the aerofoil oscillating in pitch at high mean angle of attack.
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— T —

b) f=5KHz, (&§=4mm)
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B 11 KIEAEHORE .
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This document is provided by JAXA.

i

1
I
e;




1971 4 6 A MEZLEES ' 501
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AD, RERBEATIAKIEORKIIZ~4AKREEE L. RN133HAA a=3 DIE4,
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KACR WA f=10kHz, & 14.3kHz K& X, WMExz xv¥F— EIRBEEELR R Ao
FTA—RILTWVS. FicksdE, BRI R BODEXPIEAR»REVIETS DX, KEL *
WE—PNE Re=5kQ, 10kQ OFHMHE F—EDREMCESNTNE. Hic, BHEIC
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kHz OEZZ DT ERA LD TH B, THEBMEIANVF LD T, Ra 288N 2
BEFRRNE SN, C DR KIEME DL B.2) X —HL T 3. 1535, Ra=0 -
DHBEM LIS 2D, BRUEKET 2 v ¥ —IC X ) MNEREHE 125720 &, spark
line BAH ALY, BIFICHDBEBAVR T LB ENERIBZLDEES BN 5.
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16 EEEFORESFFOLE (U=20m/s,

%7c Ra=5, $721310kQ DBEATS, BEBEE,» S 2~3mm Pl EENhi LT 5D
AT, CrF—EOUEBELENEZEMCEDLLED I —HLTWVB A, C?’Li)?«‘&ﬂ"]fﬁﬁ
BOXERRTEDTHAS. ’

PEicky, HEToHNEH 20, RELOZERBICE Y 2FHHEESHRLELE, —IKE
BHCERTE 5 BRI N

4.2 HULEEBZbhOORN
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a) a=0°

b) a=7

e) a=24° s

17 BUEEIHLOOHEN (48EE)
(U=20m/s, f=14.3kHz, Ru=10kQ)

a) BE) &85 5585 b) IS () & B L% WA
18 HIERBEE DD ORI (4 BhE)
(U=20m/s, a=19°, f=14.3kHz, R.=10kQ)

A READ @) KBFEnEEE, 4BEAFRICE >THRE L. 20REFZER 17

ICRT
WEHa=0 T, O @OWMAESCEFS7 0—4— VZERICH L TIZIZHHRT .
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HO, THENTIEH 20, KAEREEOZ Y SbNrE. a=T K15 &, FBEIL OR
FTHOQATIESN, FTETEIROBEINTVS. T, BERELO@ATE, BR
BHEPPRELTNS. ISICHZAN a>12° 2555 t@8 ERCE T 2ERBOIH#
BEILFEY, 2070 -8 —VEFEEFNENLY, EEOREBRPTLITEHLTY
B. GEAEC At a=1T Cin b L, OALEICEI 2ERBRIPEOREEL, @ALE
DENDRACHEHL TV EY, FTHORNBOULABEIN TS, I 5IT a=24 |T13
% EHSDICHIRIZ B LT 5.

K182t iKEFEEDLLOHENEAB BT WAA a=19°, @, @HMAE[ICENT,
KIEEBETDE L W21 EK) LEBA0o—Ths, Ka) i3, BRAEB@ZRYOK
EBBBLILBATHY, GANBREEZTEL S EANEDLVAATHNS T EEZRLTH
3. ®Mb) i3, @EQLFEMERS L, TELBRBTRICTS Uicky, BRYDKIENEN
EBRDLBALENT, RBERORKEZBERLLEATHS. EHEMICE, Ma) LR
KRR OBTEL S LFANGENOETHLVRAADH AT E5bh 5. 138, FiEL OREHE
QD7 a—rF—vHhNa) b)) ETRESTVWEDR, OKBY 2HENANT TICHEES
Fﬁ:n&fi ’)T(t‘%fibf?ﬁ 5.

b) 8EBDEA

WRBOWE L, TEEBOESHORESD 7 0— 8 — v ARKTET I LT, &b
DTHELNCETHE. L LEARABECRLERNELANVF-DFENEL >TH

a) a=13, f=14.3KHz . b) a=15, f=14.3KHz

¢) a=19, f=16.7KHz d) a=21 f=16.7KHz

19 BiERTILOLOFEN (8 Es)
(U=20m/s, Ra=5kQ)
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i, EVBICKT 222 VvF—ETL, 2hich REES (QEES) 45615
ﬁhdﬂ%f,%ébkﬁﬁ%fﬁ%@ﬁﬁk%ﬁ%nﬁ%é.it,%@ﬁﬁﬁ@ﬁ%
u,H%E%Km&+ﬁm%ﬁwaw&E%%&f%@f,%%@&mafamgﬁﬁa
KEBTRE, BERoL>icH BzM:zsb1ﬁﬁ%\"zvz%ﬂf%%4%‘&%&6&:‘@%&(0\%:@?,
@ww%#iiﬁS%@%ﬁmbf,®,®,®£;U@®m0®mzﬁmﬁwé£ﬁﬁ
i®7D—Nﬂ—V%EﬁKﬁ%T5C&ﬁT%t.th%Eu4%@Km&T%¥%®
%kVKﬁé@ﬂiM%ﬁ%%%¥ﬁ(wmm)&ma.mmﬁmfﬂiﬁa=w°fm§1
ﬁK%H%%RE@%%@%?ﬁ&<b@D,@Mﬁﬁfﬁ?fﬁ@(%%ﬁcbfma
a=15° TR@AICHNT, Tk a=19° Tk, @ 5T, X5ic a=21° BT O AL
5, TTRHENREBCHELTHD, BRE TOHBOAEHFBAL LTINS, T am
21°1C133 & 4 EBROBA LARIC, AERQOREED S 10~20mm 55 3t
DREBPIED NS -THY, FHREL OEREOSHE VAL TINEC &b s,

4.3 REBEREbLODOER i

AFRORBOENTH SRBREDY ORhICOTH, BERBHTE20T, cc ¥
T, BAEIFTUBONARENL—FERTICEED S, K20, 21 i3nvFhdEE U
=20m/s, ¥R UKIEMBI f=10kHz, PBORBERIEN R.=10kQ OKHEDOS &ICKRIE
A (@ @) CBI2FNAEEREN AT (T8 1002 /%) THRELLLDTH 5.
B 20 REBD ), a=15° TRERBSCROIBEO|MEHI TH 52, @ AICET 3K
N, FTICEETERC, BCETLRHFNOBBRASRVES LT Y, B EEk
RBEALBHONIV. Do 2EBHIR, REBPLON V- VvBICL2bDEEL DN
B, TORMIZ, VERAPoALEKE018LL, ILREEILLT, ENHICRE L
RRERSE LB L I0Hz L1720, CEHHI100 €/ BREOEED 12, 2hEHE
TAHCLEIARARTH 5.

SRS LREBREIIREY F=5Hz $7:3 10He*, EHWE A an=15, FBEE Ja
=L TE Yy F YIRS B EEDIHA 20 ICBT 2 T O—N2— v DE K21
(a) 703K 21(b) KRLTHB. VHBEH am=15° DA ER 0=0° & L, BHEF%
EDFHMETZ. T1bL 0=90° IKBNT a=16.75°, §=270° <« 13.25° & 112, Kic
£o5L, ERBUE O) &, 70— —URBIIELTEHY, 1844 2 VicB 1T 2
ﬁﬁﬁ%&m.mmf§fkﬁHzw&&sz®%é®ﬁwﬁm&ﬁ?¢nfm5.cn
310Hz &, Av~VBRBEORERIICE X Thod< RBatchEEZIONE. F
t%%@C&EﬁB,&ﬂwé0=WWK3657D—N5~7®kﬁﬂ6,ﬁn®m<
Lz hoEEICI, BB NDH B L EniEEinsg. L‘JL@%iﬁWUbCom.ﬁ}i,
miﬁ+ﬁm%ﬁ%%bofwmmw,—m,ﬁﬂbkﬁmiﬁmxarﬁﬁgibwwﬁ
i%ﬁn%,Wﬁ&?%ctwfé,%ﬁi@kﬁ%%ﬁwmiﬁmgﬁ5ﬁnmomf,
BEOLWERERRIC, LhrdEmiciER LThac Liibh - i,

* ZD L&D reduced frequency I3, k=0.12 (F=5Hz) $7i3 0.24(F=10Hz) T 2.
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Fa AR SRR XKD R o

510 R RFFEMEN RS 1% W25 (B)

°. ¥ & &b :

REbh ot TRt T 5 BT, SR LATEREEDE S BBREOBORES ¥
tre, EBRECHSHICL, T OTRID SRDLAER, ©H—BORRAME L — i
Bl SOTHILS LS BRBT2REDYOEEHINE, BEERE T 5 ENBT g
&, TORR, RELOREOETOPRIBOTDLY CHREEPODPICTHTEHTE 3
o ENBEBENTHLROBEY TH 5. b

(1) RELOKNAETRLT S0, BICSHCALREREE LFHORKREG L O v
WA DEDHET RTINS, i

(2) BEI LF—iCE, BRTH, BNTORVRBEVSEET 5. AEHRTE, K E

HEFBH Ra=10kQ (48, TR 5kQ (8EH) IKE~T XL

(3) KIBE L EREI, BAEICHH LTEZRIEN 500, 20m/s TR, f=10~ ¥
20kHz @AM T <CHT 5.

(4) JAFEICHOTE, KIEBEBEEZ ST EiIckD, 10m/s §ikOEET b AIRALH
THHETH 5. L L—RBICEEKHEDH DS spark line BSEINL DO THHESTH 5.

(5) KIEMEE (Ra=10kQ) HoRBIFESFHR, ©r—Bickszhilh~, &
BOFEL AREMBVDIV—HERL TS,

(6) #ILRIbLOENE, 4L IRSEMETTHRILL, BWAHOMAKICHS EBE
LORCEDETRELWHLLICT HT EMNTE 5.

(7)) EEEHRZCLY, BAfH a=15 OBIEETS, T TR BESITHENICES
LTHY, COLHIBREDLYDEEEHFNEBRIT L EMNTEI.

(8) #ABARIY F=10Hz T, F v/ BHIehss, 20GEREEHICKS L,
HEOXRRHMUE 0) T A7 0—08 —~vOoHLERKE & L ¢, REBE LDIZL
BENOEBHRELHOMICT B EMNTEE.

Pk, 28BOBEUKIEREBEEICLD, KT 2R EH D OIEESFKENLE AL
Tx5. ZOREEEEORIF»S, RNBEROMMEERBABETE bl 13
BEBREDCIHPFBLZA (an) Py F VY IBER (F) E0D/7 2 — 2% LERIC
EZHEEBIL, cOXHICLTEONE T — 12— VvDEHE, BRICZS ALLEE
SHICL 2T EOEST & OBEKE L EICH>NTIR, ROBESITHSE L.

RRIC, REBRICUVBAHAOINT, BERAEZONMEFERRICEH T 5.
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