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ABSTRACT

One possible method for transition prediction and Laminar Flow Control (LFC)
technique for three-dimensional boundary layers (3D) are discussed. General 3D boundary
layers, which have been essentially treated as different instabilities, are treated as the
same instability. Instabilities that appear in general 3D boundary layers can be considered
as "3D centrifugal instability". That occurs because of the existence of the streamline
curvature both parallel and perpendicular to the wall surface. A pair of new parameter C,,
C, is introduced for the prediction of the primary instability onset and fairly good
prediction standard is obtained. For the onset of the secondary instability, local velocity
profile is measured accurately and created new prediction parameter Ko.

Considering very complicated transition structure, unique distributed suction method
is introduced in order to delay the transition. This suction method has advantage to
conventional uniform suction method in less suction power needed to control the flow field.
Beyond 30% transition delay is successfully attained by about half of the suction power for
uniform suction.

Key Words: swept wing, 3D boundary layer transition, transition structure, LI'C, prediction.

1. Uiz B3 %IBR OGS, BRAENABO I E L FED
MRS BREREREF A LN TSRO L, BTz
FEVEIC & 0 BB A TR AR, RS A U
3. KOTE OB L 0 EREOEVETBER O
NASTRFICETL, T O REERIZH > TR
Tl ATRERSBR SN, “RREEMAL LS. =
DR ECROIEE A, FRBGEE T &V S SO
BATAVBICH 5 &N, BBICEREE~L BT 5.
O LS RGNS R S SRR O FES &

ML OBAR R o DU NEIE e Y L% FHE
REEBBROOBERET, FLEALOBENANRED
EEEZIZYorb L, ZRIEOBE IS TRBICE
FUERTAZEMNLbNTWS. Haimik ©, EEmik

@, Btk @ by OBEREGENRENATHY, L
BREOTOEATHLTEE > TIWVIZERROEEN
HBnéf:wﬁ%ﬁ@ﬁlbﬁﬂ%ﬁ%ﬁh*iﬁm
L, ZEAREHEHERE @ LRI RERT 5.

Thic dociiment i nrovided hv TAXA



46 L2 T LRI TR TR N BEFY 36 53

R T 2 T ER T ORIEEDE, TORALOEE
PR LD b A RBESEEN R EZ LRI IMH IR T
WRWEDIZBE I TWRWY. HREBBIEELEEL
B OSBERET I LERH S,

ABFETH, ZHEHLAK SN TE TVWS KT
RREOFREBIZELTHEHEL, ROWTEOEBOTM
B, ROEBHEZZE L-AHRHEOBEKICONT
U

2. ~IRAEEHED T

TIRTTHEARPAREIC R D L, BB, LY AR,
b T, 7T —iR L E I D BRI E R RAE
TAHAN. TOREXELZRET BT A—F3ENENR
RAesmnGied L TileoboRfAnbhTtiY, =
KB RBIZIEBLIELDRADEZA—H © 2BV
TIHELRW. bV EINGIEIRRAREEETH S,
LOBHEBHD, o TRI—DOALEME LTHEBELT
RlT D, LWIHIRBEREINTE T . LaL,
INETOH4OHEICLE—RI LR SERB TR
HHB, TORLEEITITROIEEE © B, AL
NI AL CHMHED L BELTWA. BIh, %iBR
R EEMHHEERABNERET AN AREES, [
Hekte L OEIEMEE RENICRET DN LB LD
RLEEERES L TRETHTLEN S, T L TMme:
iR BB RENICRET DTV T ARARES b
WU ZWIEARENE LTRETE 5. K1 (@), (b)
OO ARBARICOVTRLTWS. () XM
BRI HBERECh Y, Tl bERBE LRI
T2 ELTLTWVWS, —H O A ERET
HY, ERLEFUBR G E I AT EEE L
TWa. WIFROBEI b L BB L O i
OMEREBFIMPLBELNOKRE SRR, Ao
DFENZENENBAAORNCSRAE, BERBAITTRAS
LT HZEITRD. ERCHBNEINEET D70
ORI 4 Bip > O (MHEE i~ T7 —if,
HBR ECirRIG mElEER) MEEERT 5. — o=
WITEE ARG TR, SRERIIZERMIZBE LTy, o T
ZoOmGFOMER, BERICTHEELMST L FATRES &I

BLTELXD P ZLRNTED.

INETHRENALTERICEE L CREHBRREE
BERTRVEIER & Bhote. TIIBHERNG
BAREILRD, BYIRETHIHEL (ZH5bA) L
EHE CIHETERTHY, BB CREAMOMATD
2L ThHDH. UERREEBERNLEXLD L, £
TRESNAMBIIHAETCTRINI LD LIRAY,
ZRILEODHARLERIC L0 A& Uk xtiiiBig e T,
LEZTVS.

3. ZRALEHD T
mnEHETEE, ENiCl o TEO L) Riiho
WEICHB L 2 VDI R 5. BITEEBUEHER L =8
REECHEHAET 3. MFEFTRHERSBIEATHD, &%
HTRABRBIEVRRARD bND. £0O L 528
ENLEXBL, REAOHZNRE L TOSEHERITH
HOBMTHARELFEE CHD. BRIEFIMES, »
DEHARE LHROERIC LV REXNS. T K
FEEMORELZTATHZ L b L¥ LB THETH
5. ZRETOWEND, “KREEMRRETS L 2
D 1~10 A CRLUTR~LEBT L BIbhTw
5. #-oTERELTRRBRHFEL TV AT — AL
EHRERDPO KA REMRALITOMENSI Z L
o5,
ZRAREMNY, #RoOEHIC LY HERBEROEN
AR EFRHESSND B, RFTIIEGZE
SBIOHEE 340 A3 il EICTERR S BsET 5 T L R
D~Tz. Wi TRALES A SRR EN S,
Lh LERE IR RAT 50T, BhZERTO
LOLYBOFERL LARELAFHEND. ¥ TE
CEMEE DEMANTA—FILEDINERDD. *
DEHIRBATUTOL I R_EKLRLEMETHNTH
HDRTG A -5 EA L.
Kk, - 201U.) 2
z/8) &

T AR S ERT.
R 2 IEROIC K2 MELIEETHY, BLE K06
TIRAREMDNIRAET B Z L BN,

Thic dociiment i nrovided hv TAXA



ALMOBN] L REIPAT 5 ¥ ¥ F YT AR IR 47

4. ZRIEERED LFC {22\ T

TRADEFEE BRHEET 58S, BERMITIIAAR
HC—HRTNDH % E 2 B0 TR DA%t
MLTETHD. Zhizxd L TERaBRAEOBEITH,
RE TR IR T ORI E O - BERIEE AR AE L THROMB Y
Exbhd. RRIIED TRETHY EERENLTH
5. TIIZ, REEERRAET D LRI RS I
HTHL, FIARROEREZHET 558, ARE
WIRVIAZBEBERT HZ L THEREIL (< BA)
EFRTHERMEREoTLED.

4.1 HlHOTES

RSN RAE L TR OBETHI—RR VAL ED
TR FERBEES TRV, BUI AR RN
ZALTLE-TERY, ThbERETIIHDARLL L
LAMDEET HERBHRESEZRVRAERTHERD
V. TR LB AT —RRESRVIBESLZ
&, BB RABRRBETHOTRKERERIETUE A2
IT L, RETHDRIEREEDREZELNRZY. =R
FUEREOEERS TIY, SREDICL Y EREERD
BB ERFEA~ BTN ERBROE SR OE
ESRPEERIN, “RAREHLBERTI 2L
NTWS. > THRMEBIZLYROBRTICED LN
i 2 BIRMIZR VAT Z L 3 snIE, SRR
NrBFE—ERET 3 ARz EIN, oEERRE
MHRANEEINIZ K RDDTCIRALREM-DRERR
BELEDHIENRAREALD. E-TIOL ) 2l
HOB L, &xORBMIZHVIROE TIZRVAHLRY
v M EBRITTRIROITIEER 2R VAL, FBRELTE
WEBLELE I FEERA TS,

4.2 SRR

X 3 IZRIFEO ST Db LICTHEIN RV ALIEE O
BEZRT. £ LTHEA4 (a), D) ICRVIALOF Iz L
HZEVEZHEHMERTTRT. M@, a3
THOLNR X DI, RIRMBVGALIT L O HELE
BEELUSZEMREERTVDZENDMIS. K511
BOEBNEZRVIALER, BVIALFEOBEWIZY L TR
LEbDTHD. ZORPL _KAREHSBRETHE

AN B TRVIADEE—FRIEIREHD Z L HBbnd.

ELT—HRBEVRAZLLESRTEBIEEZORVRALRT
0% LOBBDENLER © TEEZLHDN5.

5. BbhYiz

Pk, RERRELFEBROTME BRAEIC OV TER
WROMLEI b RENTRHIEREEET TIRLE. £
RERFZEHTHLUTOL HIch3.

1) HENWALERICRET DHB/EEI SNV P T ARE
EMEF ZRTICIRT L THRATES. o
T, bLALELERDICRE IS #BEE (&
BROEGAREAEE) 1, EEFRENLOH TS
HAAEET ORI (< BA) LHRRHLOD
MbENLR.

2) ZRTEHEAE RO —KRALEMEORET N IIA
FA—F C, CHBELTWA.

3) ZHKRAREMDORETHITIINT A—F— K, &
NWHIENRTES.

4) BRAAKEBORBEOLDICIIRREELERL
TERIREOBR VAL ESARTHS.

BE

(1)/]N®, Saric, W. S, Hoos, S. A.; #3&(B), 58(1992),
3053-3059.

(2) Kohama, Y., Suda, K.; AI4A4 J. 31(1993), 212-214.

(3) Bippes, H.; NASA TM-75243, (1978).

(4) Kohama, Y., Saric, W. S., Hoos, J. A.; Proc. Roy.
Aero. Soc. Conf. on : Boundary-Layer Transition
and Control, Cambridge Univ., England, Apr. 8-12,
(1991). 4.1-4.13.

(5)/INE; WLERBFHSSUE ¥ SP-18, (1992), 37-40.

(6) Kohama, Y., Kodashima, Y., Watanabe, H.; Laminar
-Turbulent Transition, Springer-Verlag-Berlin,
(1995), 455-462.

(7)Kohama, Y., Davis, S.; JSME Inter. J. (B), 36(1993),
80-85.

(8)Malik, M. R., Li, F., Chang, C.-L.; J. Fulid Mech.,
268, 1-36.

(9) Kobayashi, R., Kohama, Y., Takamadate, Ch.; Acta
Mech. 35 (1980), 71-82.

(10)iX £, /MR, /NEFSF; H3 (B) 63(1997), 849-856.

Thic dociiment i nrovided hv TAXA



18 AR AT R 36 5

(a) Concave wall boundary layer

Fig. 1 3D bdundary layer structure and its coordinates
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Fig.2. “Critical value K, for the onset: of the
high frequency secondary instability f,.
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(c) Arrangements of suction surfaces

Fig. 3. Details of the suction system
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Fig.5. Transition characteristics for distributed suctions
(U =12.3m/s)
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Fig. 4. Cross sectional measurement of velocity and
turbulence intensity profiles for different suction surfaces.
(velocity contour line step: 5% of Ue,
Bandpass filter range : 1.25-3kHz for disturbance 7, .
x/C=0.79, Uso =12.3m/sSuction volume 0.045n1 /nf -,
s iNdicCates suction positions) -
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