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Experimental Research of Rolling Moment Characteristics
on an SST configuration at High Incidence Angles

Dongyoun KWAXK * 1, Masashi SHIROTAKE *?, Masayoshi NOGUCHI*,
Kenichi RINOIE *3 and Shigeya WATANABE *¢

Abstract

Wind tannel tests were performed to investigate rolling moment characteristics of a cranked arrow wing SST configuration
at high incidence angles. Force measurements and surface static pressure measurements were conducted with the model
rolled statically. In order to understand behaviors of the leading edge separation vortex, stereoscopic PIV survey were per-
formed at x/C.=0.55 and xz/C,=0.83. With increasing roll angles, linearly stable rolling moments were obtained at low inci-
dence angles, while abrupt changes from stable to unstable rolling moments were obtained at incidence angle of 20 degrees.
Abrupt change of the rolling moment was strongly related to sudden increments of nose down pitching moments. Variations
of suction peaks on pressure distributions at x/C, =0.83 contribute to unstable rolling moment component. These variations
of suction peaks that induce unstable rolling moment are related to the vortex breakdown characteristics. The asymmetry of
the chordwise locations of the inboard vortex breakdown on windward and leeward wings induces the sudden change of
rolling moments. Because of the effects due to retreating of the vortex breakdown on the leeward wing are larger than those
due to moving forward of the vortex breakdown location on the windward wing, sudden increment of the nose down pitching

moments were obtained.

Keywords: SST, rolling moment, leading edge separation vortex, high incidence angle

B =

FAIRAEE ATV, SSTHREDILEEN A w — VBRSO W TN, BOYy FA%EE L v — LRI ZE
Bhbz, BEANPEEEHELINIL 2, 72, BIBHEROBHEFENDE 2D AT LA PIVEHIY 27 52 HWT
VORAT AR L 72, BV FATIREBN TRELZT - Y V7 E— AV P M. Ey FABEMNT S IIONK
% 70— LA IR e v — VERE R R B e, BRC Y  FA0E TN Ve - LA TR e - LT L
THEIGH TRELT— A Y PV A, U —LAISEH S BEMETRMAEZLARL N, ZThoDu - LA TERE
ERU—Y VI E—AY PAREL, 2O 9 FAWETRSNZABEARLET—Y V7 E— 2 v P ZERMWEHEN A
12k Bl 8%a— FEEMEOHEAIBSERLTVWS, LItk TRLZZEMOY 7Y 3y - E-2DKTL B
BLAEHOY 2y 3V = OBRRREMIIRRET - V7 E— AV b EBNEEFIIFS LTS, PIVIC L
BRLRAEIERIC L AL, EyFAI20/E, 8% — FEBTRONAEARELT— ) V7 E—A v MINEROMH
1% (vortex breakdown) 2 < EEL TW5, U —LAOEOBAICHN, 0 — ok ) TR LU ZEACIWEARMER
HESICE > TIDEL, ZAUCK DWEE IS L, M — it kb ER3 2 BUCIBASRNEIEREL, @
BT 5, 20 OESENEOEIIRRELT —) Y/ E— AV FEREIE S, FITiE, TRLUZEM
DY oY 3 VOFHAED ERLEBMNOY 7Y 5 YOBMAKEL, ZRIZXDEETTFCy F 7 E— 2V N0
BEEL TS,

% PR 174E2 H 14 B2 (received 14 February, 2005)

%1 BAHIIIEAE SRz EE ¥ v 4 — (Advanced Aircraft Technology Center, Institute of Space Technology and Aeronautics)
%2 HHEMEE. ERAFAEE  (University of Tokyo)

%3 ERAETLEANERZEH T2H% (Dept.Aeronautics & Astronautics, University of Tokyo)

% 4 BOBIIEARS BRI £ % — (Wind Tunnel Technology Center, Institute of Space Technology and Aeronautics)

This document is provided by JAXA.



2 TR RRRREIERRERE  JAXARR04-028

B1E FR

AR (SST) OFBICREIhE R E 2tk
EBAREODS Yo b - T —-RIIEROMEEOFE
IZHNEEEPEMREDMT £ L B\, 200 EEEREROD
& RERRTRIRRE AALZ L DBNEETVS,
ZOE. FE LTRENS» OHEL 2FENAS FE
THEE LRE LSRR A R 5. 2O
BRI & IS B IEIRG | ) & s & ¥, SSTE
EROEHSIAZRIIFEICBEOEEL RITTW, Th
5 DOHBHERZEOLABIC L IR L 28 2R T
EH, BRCIIEEBRNBER Th bV 4 vy 7 LT
N5 ENET - LREERI T I LSRN TS
S0, F D72 ORUTGHBEROEE PN D T LT SSTHRE
BoOEKEEIAZIREAERT 5 L TEETH 5,

ZOED EFNEABREDO T — VEEIZOWTIREE
122 < OBZED I X 7280, IBRERROZ) 30 A
BIBAICRKFEL D, MBUEKOIE TIIEDLSE
fLITPE O EOZBEILERMICELT5, LirL, &lA
1273 &, WA WLIEO liftoff?, 7 L CRIFTRY & FIEE
B EREHFESEIRET S, IhoOBERBEHD
LTI v - VR R RAE S ¥ 5, SSTIHERED
K35 vo bt Tu-—EBTRARLNERE,OE
G 2HOREHERIBR E NS, ZThsONIERIL
HWITHLIED SRR L7 & 3 RIEEEN L2 RS
ICBHEARITT, 202D, 75V - 7u—ESST
FreDEEEd AT - LREIIERICERTH b H
Zz2 00, REFOAHZXLZHEIZIN TR,

7 ZTARIZE TIZSSTIREEDIESEE DA T — LEHED
AAXLDOBRAAERIZ, vy - Tu-EEF
4 % SSTHRERAL 4 FlV CEWHER 2470, (REEdA
DOEM T — LEEIZ DWW THENS, AREBRTIRED
Yy FAEREREL T LAZFHNIIE S E5A1C
B K1 TR EROBEM EFTHIL. 25N
DAL B RFE DO EER L7z, £72, A
LA PIVEBIZ X DRESF LU, frEEgERD
EHEEENICHEL -,

fiEse
BAEEZI N VE, m
BFEZRSVE,m
C, CoFrvre—2y M Pz - Y EH
M, My Ly AmEEET5)

C... FHEHZ-FE,m
C.. BHIIREK
C, BERK
C, BREEE, m

L O— UV rE— v MRE (E25 EEEH)
Re PHZEJJZ-FRIZEZ VA /LI

U, —HiEE, m/s

x FRERS, m/s

y FHEERE RS, m/s

2 HFRRE R, m/s

u, v, w DAFRBERS (=[u*v™w?]%), m/s
HES SBREU SO, m

BIEHE, 6 A FROEGHE, m

HIES A 5 BB F RO RS (o FIZHEERA ), m
Hf degree

BB D A, degree

¥y F i, degree

o — LA degree (#5726 RCEEIAED %
E£&T5)

A TREA, degree

o BAREA degree

F2E EFRE

=

<

2

a W

~O-

=

2.1 SSTHEHE

1 IC A BRI W 7 SSTIERTIDBIS 4 7R T, &
OBENIEBHE TR L ED T/ NR-EEERY = v b
FEEEOOEOLESEREM L H—DLDTH D FE
EHAR TR AN TV 5 JAEIEERED25% £ Thogive
cone DRI TH D . HIAFIZEE 10cmDMIETH 5,
FHEE SV Tu-ETHD, BREA, O ERS
IS 3 278 RO 55%MEIZAE & SHED kink % #
o, NE - NEOHIBRBAIL66" /42" TH D FHEM
DEBAEZE LTT 2T Mg E X E3Z LIk
DIERZE RO WRE AR - 23T R > T b %7z,
FREIZIGFHEFEENR 2 ER S s BEEBE I EH
# (Carlson¥h) ICLDREL D &+ v VS-S ERHEIC
HWAEEHT7—THEHHAOREIN TS, &b, NEDE
Wik 1 NACAG6 > V) — A D RIEH % . SHEANIZEELL
3%® biconvex BEDEADH & ZNThFT v VI3 —540
IZER TR AN T 5,

2.2 BB EUEBRFE

ARHZLIE T HMZETTI R R (JAXA) MBATAiT%E
ZE D 2m X 2m {EBUEH TIT - 7o, —REIZ U=30m/
sITLTC, PHEDERZRRIZL S L4 /LA Re=9.2
X106 CHh 5, BEE 25 4 v 7 %L Tuafy b -7 —
AIZBDT TS, afy b - T—ARESHIE
EHORy b - 7T —LTHY, 0.5mmEET3IEHTHIC
SEATREE) - BERAABECTH 50, AERTHEHN LT —
NEMEBRBZEEEHNE LTS 2D, BAlE 55
Yy F £ (o) IZ[EE LREET O — L FANT ¢ =30°

This document is provided by JAXA.



R EATZEAE (SST) JERE DR Rl A v — LRI B 5 B T 3

1360 -
11
/
42° / o
314 Cr=753 & s
66° 3] £
el
B — T WG085 icr08s +  F T
© - E : ! [an]
y ; &
R v
pressure tappings

K1 SSTEREEMOBIEN (BA:mm)

DHPTAS=25 BB THERE ¢, v — L AEREL
2%, KRB E T2 Ho Th iR - 72, ER
JIBE R E IR O IR E D BE AR 5 -0 RE
BEER 3T 5 72,

2.3 BEHH

AEBTEEST, REAEN. ZLTAT VAL PIVIEC
K BFRAFEE AT - 7,

6 TR SR BRI D [ - AR KFET
FTo77, & BBBILEAIT BT 2ms IR T 500 SEHE
U, ZhETEHLTEIERD 2, dHllE RN
JNTBRON—ZE, F 2 7 1 EREPREZEAICL
AEENECRERBBLEAT WY, BENekD 2z, &
EEERREEN DR LS IO AR b, BIES
H 5 BEHABT RO x/C, =0.55, 0.83MBIZR T S h
72 % 10 DR 20 OBEFLTERL 72, ZOWET
DEESMEBEFEERZ R 4 — &V TEH
U7z, B EOFEIL 5ms BIFET 100 SETHIL, 20D
By o RERFL 22, RIPBERT O —HER
LRME 7zu—Y v rE— 2V MR C,, REIRK
C,ORERILAC, =+ 00003 AC,=+002TH %5,

M HERGOZE 2 U E LRORNE 2 BT 5 7=
B AT LA PIVEREIZKL 3 2 XICFEHED 3 FasE57h
EERIIL 72, R2ICPIVERIIRF O T % I IR 3, PIV
BEEELV-F-Lh 25 F— 2BUERAPCH MR S h
TW5b, ¥— FRTRES»SEHNICL pm DERE
oWl —oL — FRFE2RANICEATS, ¥ 700
ADNEYAG LV —F —RaRHGEE V) Y YAy

ZAT =RV vy X)) EECTERM LR 5 EA
A OEEE T ICY - MRICES ¢, BEOSMIA
BERE2ODCCDAATEID L —F—T— Mk
a7z Zn 230 us RO 2 ROKTFEE 2 HUET
B, —~HOHAFIZEIDEE L 2HRONTHE» S —
MOFRNORFREEZE L. 2 FIMRERS 2
ERDD, InEE3—HDHATIIEDBELRZ2H
FRRE DT — 2 2 AbE B Z LI FEAD S H
BRRERA DS HENME LN B, RER TIIHEIORRH
TOyz FEN (TabbREHIIEE L PHEN) D, y, 2
FEOMERS (2 NE 0, v, w /BT 5) kD7,
ZD &S B (30 xslE) DOXEEESAR % 300 ~ 900 #°F
BLUCREFRERS G AR 72, 27 LA PIVEHIIZ DO W
T2 12 LB L TH 3, PIVERIIZEDEE
AR ESHEHT THES S % 720 ETLAERIT Td 54/C,
=0.55, 0.83f B TFIZENHIL 72, Z Dl 2/C, =04, 0.7, 0.98
METE—HehllA T -7z, 20O &5 REHRINE 221k
XEBEAITBPIVEI A TRV =¥ — ¥ — FDRER
BEZEL-EEuRy b7 — 2O THREE
RIABE S5 HETIT -7, ZOHA. BIEESRIC
WU TEEOFOLENRE L. T K DBETEHIE
L UERE D OFRIDELT 2 Z BB SN, RER
TIENIME (x/C) #2{LE¢3BAICIIFEICE LE
DEES R ZEFHL . BERERED > TR FER
LTWBZEARERLES S PIVARBAEE L, Th
IZEDRERRHIATDLy VT oy TR EEHET S Z
ERTE, XD PIVEEIA T - 7,

This document is provided by JAXA.



TR ARRRS  JAXARR04-028

S~

i;}

camera

6@ g
&
&
&
seeding generator ompressor
X2 BIRESORT
& a s e ) HaiprakphE
RIR HATAORMFRER A,=A%+p - Attan(tans sinlgl) Eq.2

FEBRIRIE L7z & 3 1m0 — U B 72
DYy Ffi0 #EELT (0>0) B—f ¢ 525 L &%
TWB, 205 ISHEOLEMIELT 558, 2N
BB EER RIT T o & EEE O EBE
F A BB R BIRS SUTO LS 2 E N3,

{+:u—wt£@iﬁ?5§ﬁ
— =Ltk TR A EE

B3Iz 1R, 2RIC K DR -EEORNE - S ERED
WAL ESEREAZTRT, §=00FAEs=aTHh
B, UL, o>00HPETE+F0DHBATHE o>l

e =tan® (tan o cos ¢) Eq.1 A, Thbb, - LADMHENAELS DL L o« I

25
20
"8 15
=5
3
10
5
ocuthoard wing leading inboard wing leading
edge (/1=42") _ edge (A=66")
0 t : : : :
55 60 65 70 75 80

30 35 40 45 50
effective sweep back angle Aeff [degl

X3 AEAGRESAORMFENBTR

25

This document is provided by JAXA.



AE B (SST) IERE DR Bl A v — LR ICBE ¢ B BF5E

BAhT5, £/, v— Itk FTRT2EE (FETE
$>0"DIFA) TRALHIEP L, ERT2EMA (FET
2§ <0 DIEA) TIRALTHINT 5, o FEELT ¢ %
Bl x84,  IFEEOTSR CRBIZE T8
A BEREMGETRESBELRY, ZhIZkDELIEN
MaEIEREN S,
BIEBERLUEE

41 O—UFE— 1 M

M4z y F o 2EEL T f ¢ BB L
BAIZOWT, &oltbiydu—Y v rE—2y MRk
EART ARWE w7 A (0=12°,16°) TRU—LFHDE
LI LIRS 2 BILE— AV DM &, u—0b
HENZRERE— A Y MREERT, =18 TiZ/hE v
o= LAQHFE (141<15°) TIHMENE v 7/ & AkkIC
BRI AR ENE 4, 1§]> 15 TIRIEREN 5%
LRSI, X514 #BMLTEIC, 1 IEkEEL
Ly, 2O &S @it o =20° Tl X DEEZEICHA,
Igl =15°~25° CRBMEC  DEMMPEL, u—- A%

rol

BRIEIRRELT— AV FAMEIL ., ¢ =30° 2 THEM

xwsklc,
TH5B,
RolZBLE3 vy FAILET Ay F VTRV
FEMATRT . H5@ICIZR4 L AR C Rk Al
O JUff ¢ CEEE L URT, RSO IEC, FilE g 1R TR
Wiz o #REHE UCEE L2, 72, RdIZidg =0°12
BEELTo 2B (6 =0¢) EERBAOHEDLRD
e T ay P L2(RROBHR) M5@ER 6 Le=12°,
16° Tl g I IS 3 & C WESRICEL T 5, Ly
L. 0=20"Tid1¢1=20"~25° ({ CAEGITEE T
WE—AY FEINT5, 20X 20— LAREEE
U—) Y IE—-AV MOEBRRER SN - AL —E
T35, X50) %R 5 & 5=12,16,18" Tid ¢ BEL L 24
DC DEAN ¢ =0 IZEHE L 0 DB L ZIBAEDC, -«
HhR (R OB IR —B, L T, L L, 0=20°
IZEEL ¢ PELEHAOC FEE RS & (MHDO
ED . 1g1<20° T C, Bt R opig ETiziggity
BH.1¢1220° TOC, FMIZRFOBHRE,» 5 k&L SR
5, Thbb, ¢=0CICEELTs 2ELLEBADC,
- P S SNT 0B, ¢ BB L BAD C R

AT B, BRRARE LT - AV b

0.010 i 1 I
[—o— 0=20° —A—0=18" |
y mESO':TGQ == g =12° g
0.005 o :
. ;%ﬁ%:
S 0.000
&%J : X
-0.005
-0.010
-40 =30 =20 =10 0 10 20 30 40
¢ [degl
M4 w—yrvrE—2r Mg
-0.07 1 X -0.06 —o— g =20°
s et ty —t— 18]
~0.09 -0.08 % oot
Tk 3— =12
S . -4 -- o -sweep, =0
-0.10
-0.13 -0.12
—o— g=20°  —te 0=18° ’
0= =16 -~ =12
-0.15 ‘ ‘ ‘ -0.14
40 -3 -0 -10 O 10 20 30 40 10 13 16 18
¢ [deg] o [deg]
(@ C,vs ¢ ®) C,vs a

M5 VyFvret—iv ek

This document is provided by JAXA.



6 FHZET TR BRI 2R T JAXA-RR-04-028

1.0

0.8

8

C

[ )

0.6

R
NP anuiditialiialaian iYW
7T [om0=20° —a— 0=18 g?%%%g<
~- 0=16" == 0=12°
0.4 :

-40  -30 -20  -10
X 6

By (0 =12°~18") OBEATIEIELRED Ay,
PREEZILICEIEE (K32M) »EEDETHA
W B IR TN B2, o« PED T E5IRPIER
LB, ZDDC, B =0T ICEEL o 2B EE
TBADC, - « IR ETIRIEALZEELA OGNS, T
NS LT o =20"T ¢ PEMLBAETRELGRD A,
DB EBHENIHBHETIENTERL 572720 ¢ =
0C°TDC, - o BEP B REL SN EAOND, T4
bHb.141=20"~25"FHETR NS C, DBREERLIX
BHPAO LTI LItk EHETARKRES EE
TWHHEBIZLBDEELLONS,

B 6 121X 5(a) & [AIRRIC ¢ AAREBIIZ & 570 & X DR
T C BEETRT, B TR BT L O,
WSS T B A, 0= 200DBATIZC  RC, TR
W BR Sz u — LAMNETC  ICETOARER
BELAROENDE C JEERRTOEIIIDEIZEL ST
RETBEDITH LT, C & C  WEAEAEDOEIIIOMT
Kpohd, 20k, Bl ¢ CEEL Iz 0y
b3 e (X4,5@),6). C,&C,., (K5@),68) §=0
FHRMCEARMERERT I LICE S, £/2, I
BORIZLB &, C B C,, C R L ROHBE S R
ENTHD . BT o =200 DIBATIZEE ., 50 EAR
HEGR RZEKNOENB RS- (=201
i) M3OOHEET TS, Thbb, BBITARE
=) It VR N 3 b NEo B o I e A A i
nose-down ¥ v F v ZE— AV F OBEIREE TOBM
EESZ b2 S,

42 BRERESS

Z DEITIRETE TR L 72225l s R A S
% 7= R R R BREFHE AR IEE RIS DOV TR S,
B 1R L7z & 5 ISARRIZE TRV 722 SST I RERENI e B
FEORICHEELSBRIT SN TS, AUIZE T, BA

6 10 20 30 40

¢ [dee]
AR IR

DLEEDHFIC THNETERE FORNIERE LICEFERE
NBELREL, HELHOXREHESME2RD 7, fiIZ
i, ¢= 100 CORE FEmOFEEEFL 5 A C, % ¢=— 10°
DEE FEDC,HHENET 5, O &5 2EE R
BZLIIEDEST-LLEEOEEE FROBTES
HAERDDZENTE, ZOHEI—~ FETOU— Y
TRV NEAEFMTHIENTE B,

B7120E o= 127 ICER LT § 2 0° 405 30° A2 L L
B Dx/C,= 055 0.8312 51 B JeER LD C, 57 %
T R7THOEETOC, 54 (R70), @) kbl
TAREIC K ORD 72 C, AT B 2/C,= 055 DHA
(M 7@, b)) TIE—2D C, suction peak B 541, x /C,
=0.83 (M 7(0), () TRZD?D C, suction peak #' L5 1
%, ZNENOD C, suction peak IFATHHIERIC & 0 R
Eho, x/C, =055 TR 55 C, suction peak & x/C, =
0.83 DAMICR &1 5 C, suction peak i B AT RIEER
IZEBE0TH 5, —H. 2/C, =083 DIMNZFLET 2
C, suction peak I3SHERT#E 2 5 TR S 1 5 FEEHIC LD
HRENB, Th5D C, suction peak DEALIZAE - 5t
BERTGFEEROR X RME & £ OFEHEMICHITT 5,

0=12°Dx/C =0550HA% R 5 & (M7@), B).v—
Mk ERT AR (ER IR 7@E) TR ¢ A8
% & C, suction peak i ZFAH§ 5, —F7, T—MIZKDT
Mt 2 EM (FE I R70) TRe—-LAZEMNEET
ShELRENMRREONE Y, ZOK3 BT EIT, o« 2H
FLTC ¢ 22 ERGAIC, BN LBERTHRES
Wi o LT HROETHATE S, 9. p %
B L o DAWEN L BADC SO & BHET 5
& BHERER S E R FCbreakdown LAWHH T« &
BWinxga L, WEIREL. INIZXLY C, suction peak
BT 5, —. « FEELTEHPEM LGS, B
BT LD A, 20§ 5 B TIXC, D suction peak I
BT, 80T A, 23809 5 BT C, suction peak I3

This document is provided by JAXA.



A RATAHE (SST) ERE D I A v — VAR IS B3 2 BF %8

-2.0 ;
—0— ¢ =0deg
/§ —— ¢ =10deg
-15 g =0 ¢ =20deg
//g’q\% - p=30deg
8 -0 i &\
~ %
-0.5
00 : 0.0
100 80 50 20 20 40 60 100
lvl / b [96] vl / b (%]
(a) leeward wing, x/C, = 0.55 (b) windward wing, x/C, = 0.55
_ kink kink _
20 % =0dos 20
—A— ¢p=10deg
-15 —L— ¢p=20deg -15
—¢— ¢»=30deg
A
X@?ﬁ%
100 80 60 40 20 20 40 60 100
vl / b [96] vl / b [96]
(c) leeward wing, z/C, = 0.83 (d) windward wing, x/C, = 0.83
7 Fu—LAIIBTSE LEFESA (o =12deg)

-30 -30
~0— p=0deg 25
~—4A— (p=10deg
—— ¢ =20deg -20

o -3¢ ¢ =30deg 5
8 g -1.
-1.0
-05
00 0.0
100 80 60 20 20 490 80 100
vl / b [96] vl 7 b [96]
(a) leeward wing, x/C, = 0.55 (b) windward wing, x/C, = 0.55
kink kink
-2.0 e —— -20
—0— ¢ =Odeg
—4— ¢p=10deg
—0— ¢ =20deg
—¢ ¢ =30deg
QL
O
6.0
100 80 20 20 40 100

. 60
i/ b [%]
(&) windward wing, x/C, = 0.83
33 E FEEEST (o = 16deg)

60
Iyl /b [96]
(c) leeward wing, x/C, = 0.83
8§ Ku—iAlZ

Yo

X

This document is provided by JAXA.



8 FEHAMZET 75 R 2ER RS

BPT 289, ZDXIK e, fOBEELERFFDOLSIC
o FFEELT ¢ 2L BAITHEHLTEAS. 8
3BTHMANZL SIS IZ KD TR L ZEMITIE o« 3D,
AglBBADT B, TDRD. « DEHIZLS C, suction
peak 2D EHBINRE A, DWADIT LB € suction
peak M E2RIBE BR LT ez
T ¥ C, suction peak F K Z S ELLAVEDLEEZ LR
%, =), @=Lz k D LR UZEATE « DD Ay
D¥ME | W5 C, suction peak WD X E WX & §
%, ZDk®, u—LAEElLEE S L C, suction peak
BAZLBATRILAELLENS, x/C. =083 DEHA
(B7@), @) T¥x/C,=0.550C, 570 & k@
Ren3d, ZOLSIcu—LamrlEntse, FELZ
BT 4=0° @i%ﬁl:ﬂj’\\Cpéj\ﬁl’:fﬁ EEIZRS
o, EF L 2EMTIRC, suction peak VA % .
ZRIZED §EEMESEDLBEILE— AV P2ECHD
EEZoh3B,

RI8IZH o= 167 ISR L ¢=0—30" ISZAL X 272354
DEERE LED C, M AN 7 LRRISR Y. 0 =16"0D
BETY o =12°DBFA LI A C, 5 DER %71
T 72720, 2/C. =083 DTS 2EM (H8(d)) TR
¢ MREMIT S5 LM (1Y1/5=0.63) D C, suction peak
AEAH L, RBICRZPIIE>Tn5, TDX I RH

JAXA-RR-04-028

MU AR R E o= 200 DBEAITR L =KoIc X 3L
Rohnbd, x/C,=055 (X)), B) D C, il s =12,
16° LA ER AR L B e — Lo L TETTE—
AV IERBREIEIEHEETS, INIZHLT/C, =
0.83 (K9(), () TiHe=12DEPA L RELELD,
- ZE D ERTAEMTIRT LA E §=20"F TH
¥ % & ABIDC, suction peakid B <IN 5. LA L.
$=30"TREMAHAL T3, —F, -z KDTETS
BATEA LMD suction peak SR E KA LT
Wb, INSDERRDC HHENE T - L AZEBIC
BETZ LS ERARERU—-Y VI E—A Y VSRR
T3, TD&Ie =2000x/C, =083 TRENSC,
SR OB HE B O breakdown L BB L T 5 Z
EAHERIX N, REOPIVIZ L 2BEMGEREHNT
HLLFARBEZ LIZT 5,

10 ISR AEFELED C, 0%k 5RO 2 RATH &
=Y VSE=A Y MARERT, CHEEEGE LEO
C, DS & FHEL & TOyFIADIHREZ 2
=D THY, B Ea - V- AV bRAER
LT3, BAa— L LBAOETHEOC, SmIEkE
SELAEWZ EHHE N2 7202, E RO C, 044
DATEHGET =) V7E— XY POEREZETZ &
BTEBELELILND,

-390 -3.0
—0o— ¢p=0deg

-25 —40— ¢ =10deg S -2.5
~0~ ¢p=20deg
—o— p=30deg

-05 o 05
5
0.0 0.0
100 80 60 20 20 40 680 100
vl /b [%] vl / b [%]
(a) leeward wing, x/C_ = 0.55 (b) windward wing, x/C, = 0.55
kink kink
e -2.0
—0— (¢ =0deg
—&— $=10deg
—— ¢ =20deg
== 0 =30d
- = -
s
\\&\g
0.0 0.0
100 20 20 40 100

60
lvl 7 b [98]
(¢) leeward wing, x/C_ = 0.83

60
Iyl / b [9%]
(d) windward wing, x/C_ = 0.83

X9 Ru—nLfiZkir5E EHEES A (o =20deg)

This document is provided by JAXA.



HE

AC, lyl= (Cp right wing — C_ left wing) X1yl Eq.3
2, KO TIRBMORES REIFEFE FRO XS IZ
FL7 (7,8, 900, (@), ZOEIEDEAI
EEOENR - LARESEEE FRORELT —
YYZ AV MEGELTHWTWBE I L ERKRL,
EOEAHOBEART — AL X HITESE 3D
REEET—Y UV TE—AY PRFELTHNTNBE T
LEEET B, x/C. =055 DEA o =12°, 16°,20° (X
10@), (@, () L3EBESHERT, FIEHERSICX
% C, D suction peak ZAR LTzl y |/ b fEETHEDE

300
—&— O =10deg
200 —o— (=20dsg
—_ =3¢ p=30deg
0 o WA TR TR
8 =l
<-100
-200
-300
100 80 . 80 20
Wi /b [%]
(@ ¢ =12deg,x/C, =055
300 r
—t— =10
200 —O— =20 H
-6 =30
> 100
*
o g Semss
&)
< 00
-200
-300
100 80 60 40 20
vl / b [96]
(©) o =16deg, x/C,=0.55
300 i
e =10
200 -—— =20
36— =30
0 o |
& 0 e
&)
< 100 -
-200
-300
100 80 40 20

60
vl / b [96]
© o =20deg, x/C, = 0.55

A2 (SST) TERED I Bl f v — LR RIS B 3 B 0T 9

27U, BMiSHEEOEHRITELEI -V IE—R Y
P E LTENTW R Z 20 bh 5, x/C. =083 D5
A (M10®), @, ®). o =12° TRIABDOWIIL S C,
suction peak RSN 721y [ /b HE (ly1/5=085) T
AC Iy HiZEDEZRY. L2L. o =20°ItkB
& SMEID C, suction peak BRONTZHLE (y !/ b=
0.67 £ 0.88f¢3E) TAC, |y HZIEEDEZRT. TabDS,
0=20",%/C,=083DCHMBAEE LT - VT E—
AVIRAELTEHWTWAZ Edbrs, ZOHEA.
$=10°2520°1C A3 L AC, |y HEREICBEICHEM
U, REEZE- AV PRAVRESEBML TS,

200 kink ‘
A p=10deg
200 ~3— ¢p=20deg
. =3¢ ¢p=30deg
>
-
(6]
<
-300
100 80 60 40 20
Ivl / b [%]
(b) o =12deg, z/C, =0.83
kink
300 ——
e (b =10
200 - =20
&= ¢ =30
< 100 ' :
g 2
< 100 =
-200
-300
: 100 80 60 20
Iyl / b [96]
(d) ¢ =16deg,»/C,=0.83
kink
300 7
—A— =10
200 —0— =20 ]
3 =30
= 100
o 0
(&)
< 100
-200
~300
100 80 20

80
vl / b [%6]
® o =20deg, x/C,=0.83

X100 AHR FEOBESMIILIRMNET—) ¥ 7T -2V N EIHR

This document is provided by JAXA.



10 FHENT R BEIT 2R RE  JAXA-RR04-028

4000 —~0— 0 =20deg
- —#— G =18deg
5 = 0 =16deg
£ 0 & ~— g=12deg -
£
<)
&
®
— 4000
Q
2

-8000 : . :
0 5 10 15 20 25 30

@ [deg]

(@) x/C. =055
11

M 1112i3& 3~ FEIC B 5 & B0 C, 5% 0
SR I-BINT—Y v FE—- RV P ERT, R10ITR
LR — Y Y7 E— 2V Vatik y FECHES
LETH 2. ThEhD ¢ Lo TR ET—1) v
AV FERD I, x/C. =055 (K 11(2)) Tid 0=20°
D—ED § HWHERNTETD T — A THDEEZRLT
B, HEEU—) Y IE-RAY MRS E LTEH LT,
2TEMbhrd, £/, ¢ =HMEE5LFINET—
VU ZE-AY POELHALTBDRERSEALT
W3, z/C.=0.83 (K11(®)) Tiks =12°,16°12HBW1T
BEOEZRLTNDH, 0=18,20010k5&18LAE
Dy —ATEDEERLTED ., CAMBARLELE—
AVIRAGELTEHNTHBI L bbb, 6=20"DH
AT ¢ =5 TRAEDHEEZTRTA, ¢ = 10° THIEDHE
ERL,0—LA%E ¢ =25 F CHIMT 2 LB LD —
Uy E—AY POEGEIML, ¢ =30 TREFETHED L
T3, 20L& BFERBIERK4AIIRLZ 0 =200 DFAD
C R EEENIZE S —&T 5,

4.3 BEERESE

ZOHITIAT LA PIVERINC K 0B o - EiE EE#
DFES & B CRTGHIERR 2 BURNB TN
RiIioWTilNg,, B FE O & BIET Tl <7z
Cy B C OB AREE T — AV PR E LTEH
TWBZ e ERIS L TEHHET 3,

431 EFEICBITIEEST

12, 13T SSTIEEER D OO NIE £ 18E T
5720 ¢ =0°DBADET— FNEOWEIZHIT 5 0 =
12° & 20° TOFIGRENF (K12@), 13@) #7377,
FOBEENZ P ILILS FRIEERSOAEERT P
(V=(2+v%+w?)%3) %7 L. contour 33 ANR (K15H)
Dx HERERS v A ERT, T2H120) L 130D

35

16000
~0— 0 =20deg
| =&— 0=18deg | O
212000 1o G 1pdeg o
g —o— g =12deg
2 8000
o
£
S 4000
w
Q
< 0 e
-4000 ¢ .
0 5 i0 15 20 25 30 35
¢ [degl
) x/C,=0.83

FEOD-FNBICBIAEEE FROBESRICLIEMNEZY—) Y FE-2

ETIREE SRR — 2 F O T T o4&
kD72,

wim+1n)—wm-1n) v(ma+l)—vim,n-1)
Vorticity(m,n)= " —
¥

Eq.4
20z

ARDm, nid D 3FHEDy, 2 HFHDOMNEZTR L., Ayid
m+l & m-1 OMEBO y HrAE#E4R T, Azl T
LERIC 2 FIROFEE AR, XPICZERREENIC Y
PhH S THERLIED T — 2 BRI\ EN T EHH 0
HFHET B BlAIEX12, 2/C. = 0.4 DRIEHEHO EE) .
IR PIVIZ & 3 EHAERBICEAOEZRNELD T A, #&
Bz Y — PRFPHFIARTTEEE & D Z DER DOFHL
FHEITE o728, 2RI X AmOELIIICK
DY — FBENMHAELDTICZ>TLES RS TH B,
o =12°DEFA (H12) TRAERG LB, 6 TN
FREGHEERITER I N TVWBE I L br b, Ihb
DWDHLEIRE 7 TR U 7= C, 37D suction peak flE &
K< —HUTHD, C,suction peak IZAHE - S EFTA]
Bz L 0ERT A 2 BEIER TR 5, NERTSRMEE
WER S L AEOkink £ &V ATH TIIRERE» S
IR MBS X AR A TR L QB 2%, kink K D B&TT
TRAVEF%D 5 NRBENOWEOEHGIZL < BITHE
PEDEZENZ X O AR TR B ICFREMER S i’y
{E->TRBTeRbrd, TN LT, SERTHES
BUBIERIZIB > TR EhTw 3,

o =20° DA (X13) Tl o = 12° DEAITHEIR
DFENAN L DIRNERITIEN S THD ¢ DEIMZL DN
- HNEONZHEENREL TR I L8, 5. A
BE RS & x/C. = 0.7 TIRIEHONE TR L FHED
WABRRL I, BH T SIRWTRED TR B EUTIA
BT b, ZHNILEHEFBERE S breakdown LT3 Z
LEABRLTHDD, £/C. =055 & x/C = 0.7 DREITH

This document is provided by JAXA.



B A7 4% (SST) TERE D (R /) v — LRI B 5 B 1T 2% 11

vorticity [1/s]

x/Cr=0.98 |

(&) Py 1 (b) x JiTEE 534
X 12 PIVIZ& 58T — FAE COTFHIFRM L « HEEBE S (o=12deg, §=0deg)

vorticity [1/s]
3

x/Cr=0.40

x/Cr=0.55

x/Cr=0.70

x/Cr=0.83

x/Cr=0.98

(@) “Fraiid o (b) x F7IETiE 7 Af
13 PIVIZk 3% — FAECOTHHGEIA L x HIAEE 3 (o =20deg, ¢=0deg)

This document is provided by JAXA.



12 FH MNP AT 2 Bl JAXA-RR-04-028

Z fmmj
o 8 &8 8 8

80 F - u=30m/s

-20 n = "
=300 -200 ~100 0 100 200 300

(b) d=10deg

=300 ~200 -100 0 100 200 300

Z [mm]
o 8 & 8 8

-300 200 -100 0 100 200 300

8

=300 -200 -100

0
(b) d=10deg . Y

Z[mm)
3 & 8 8

-300 -200 -100 0 100 200 300

(C) ¢ =20d8g . Y [mm]

-300 —-200 -100 0 100 200 300

(d) ¢=30deg e

windward wing

leeward wing

H15 #So—LHIZkiT5 FHESM (0 =20deg, x/C, = 0.83)

This document is provided by JAXA.



FIHD breakdown AFAE L TWBE Z &b h b, 2/C,. =
0.98 TIIAEDWMIANEFEE Lo T s, ZHIIAE
WBEOTHIZEBEDOTHD ., WEEA, SFHEL SN2
BRI R D AAEBEEE, SFE Lo TNED,

432 O—IV U EBEORESN

K11 TR ENZL D IZx/C = 0.83EDwN T — 1)
voE—A Y M (R4 ICREAPEEARIEL TN
B, % ZC,. K14, 15Tix/C = 083NEITHA L Ta —
AN L I2BAOTERS T &R, BIhOEE R
ML, wBERSY ((02w?)%) #F L. contouriZx 7
HOEER T u A HERT, Lk, [MHOD ¢ =10°DHE
(5 14(), 15(b)) D_EFH L= BB OFHET — 4 BE00
EBIDIERS 7 X 7 OFFRE & A 0 il B8 7 2
SONAEEDRABERMNTE P 572720 TH S,
o =12°DEA (M14) TRU—LAELELXETLER
BOEBNZERESMICAELZEMIZA S0 L,
T LT AL s k) TR AEMA(HE)
ONEFEFOMNEORERDVE TS LTS, Z0
EORIQ TR EN LS ICa— L AR 5 L AE
IIZ & %5 C, suction peak R A TR L7z EF A 6N 5,
—F. gtk ERUEA (R140EE) Ty
=0° (M 14() OHEDOHERVPHILTS) & ¢ =20"0D5
ABTHEESICKRERELRRE S,

o =2000D8E (X15) Clru—- LEEEk e LK
FHEOBE MK E LZNAR 51 5 HEEIZ =0
T4 Tl breakdown LTk D, NEIEHORTIZER R
EOEBRRRONS, U— LIk FET S ER (GHE)
TiE o — AR 5 S AROEE DRRIZKE <R
DERICREE ICRET 5, 0L 3IIDONTON
B AR BEOBE O T AR 9@ IR A -
SEHD €, suction peak DIEIR & HIBT 5, 7 — Il &
D _EST3EM (D) Tk, ¢=0" DFA vortex break-
down!Z & D {EVEIE 278 L OO - INE R ORHE O s
Mg =200104 5 L RIMICE L LB, DO
MU & 91D ¢ =207 Tl ¢ = 0°1ZH/XC, suction peak#®
BT 2EELLND, 51T 4=30"DHA (M15
() TERAEREBLTECTRNS RS, #7) break-
down LCHEWZ 225, L2L, KISITRLA X
S1Z ¢ =30° DHBAD C, suction peak 1L ¢ =20° DHAIZ
HANRA LTS, ¢ =200 TRTTIZEF LEHO
vortex breakdown BAEME X x/C = 083fHETH DL T &
NEZOEND, TODH, ¢ =20"—30" DHA Tldvor-
tex breakdown!Z K AREII/NE VW& FE X 515, Break
down BRAEL CHEWIBIZBWTiE s = 127084 (K7
(©) TROEND LI ITRMENEZEN, T4b5 « DI
B A DB X BMERTEEIZED, ThCED

HEnl A T — LR ICBE 3 B I 13

C, suction peak 2P L7z EA N5,

X16, 171213 6 = 127, 20° T — L ABPEN L 2 5E0
x/C,=08312%1F 5% x HADWEN M ER T, =120
BATRY - LAREL ST EAEOBESMAICK
xAECEZRS N, =, 6 =200DFATIE, 7~
MZE D TRt 2 BAONEBORE IR ZELER
shigiy, Lo L, R4 2 EUONERPOLMETE
$ =0 DHA (HHE) 12y =20°,30°0%A (X117
©, (DEE) BmWEEZ2RTHEHELAR S, WEAK
XML A ZEdbhb, Z0&D BEENRIZ
X114, 1I5TR L BESRE KSHIBL TWw 5, X15,17
DFERIRT D126 =20° D x/C, = 0.83 TORTZHHE
WO 2813 vortex breakdown 2 < AR L T3,

4.3.3 Vortex breakdown 5%

—IZF O 2 B BRI HIERE O breakdown B
REOLBMIZIBRIRGET S, b 5TROBEASRD
FLABIZBOCGHAE RN S5 & B
WD breakdown BAENBIZEOHZF» L B@ b, £ L
TEIER A FICRTET 5 . [k e A & e L #E
DEBALHD X EATIRONEW . Thbb %
B E WA X B & breakdown R AN B I BRI E
T5, MISIZIEHMBAA=TC DT LAHETEZ T &
L X 7284, HE FE TR HEE A breakdown §
HEI - FNEANTY, ¢ =0 OHAITHRT -
KD TFRELZGA (4 >0°) Tldvortex breakdown F%E
BRI NRDE L, LR T 2B TIZRANEEL,
HBu— LAY EIZk B LB | Threakdown 3584 L
< %%, M1 EFE—0 7L 2 B RO piiE s g
WA b T breakdown £ 54T A EER CRFER) 4R
5, KO, BT AE R TRA A, WA EIRT,
A=T6DFNLEBOBRLG T DEFH L DN ALK
F o 107k 5 L HEOBTHEHEWIZE R Threakdown
MIET S, 7=, FPIZEEK3 TRLUZ LD IDRERE
TRV /-SSTHEBI D NBERTBOLSR A+ HRTRT .
ZZTARERLEORBEEZEL, A=T76" 7L FHEIZ o % [H
ELTC ¢ AEN SR EBEEIN BT TEAL S, 0=30°
DFETIE § = 0" THED vortex breakdown F2E U E
BRBIODBFTDHOEHE L Tidbreakdownld3 AL &
VW, 2T ¢ EAEMEE D L AERIETRLU vortex break-
down RAEMNBIZRDEL., =27 2o HA L THRETS
k51 h B, §AEWD (<07) @RI ERL,
B breakdown AN BB TN ERBT 5, Ihb
DTN & FETR S N5 AT HEEEO breakdown R 11X
15T L 72 SSTRED N EEIE TR 5 #1.5 breakdown Bt
LR GEEERT., Thbb, SSTHEEBIZENTE T
e 2 BHIONEIBO breakdown FAEM B IX § 280 &

This document is provided by JAXA.



FEHAZT T A e P S JAXA-RR-04-028

2 8

[mm}
&

20 b
3
=20 T
300 ~200
80 F
- u=30ms
e f
Fao | Vvoricity :
E [1/5] 3252451050051 15 2 25 3
N o |
0oF
20

: Z )
8 o 3 58 8

-300 -200 -100 ] 100 200 300

- (c) ¢ =20de;
g

vorticity Fi :
[1/s] 3252151 050 05 1 15 2 25 3

H16 &u—LHIZHT5x HMESH (o=12deg, x/C,=0.83)

300

1]
: L ¥ fres]
| leeward wing | (d) ¢=30deg windward wing

K17 Aa— LAkt x HrAEE S (o= 20deg, x/C, = 0.83)

This document is provided by JAXA.



AAE A2 (SST) JZRE DR R

A T — VRIS T A TR 15

—— g =257 |
L O =30°
—A— O =35

02 I se g=a0r

~0~ o =45' |

x/Cr

S
)

L7 f/

A/

1
-30

18 FL2EIC

10 20 30

¢ [deg]
Bt 2 5 BHO NS HENED breakdown BAENMNE (A =76deg 7L 4 EH)

40

35 qﬁ =20°

=30 N

$=0° ¢=—10° .

o [deg]

// Dealta wing (A=78")

""""""" SST:inner wing (A =66
=====\/ortex breakdown

55 60 65 70

75 80 85 80

effective swesp back angle N eff [deg]

19 T4 BOEBUORGHENS S EE T breakdown BPREAET AR (A =76deg 7L 4 H)

BB LTS, T x/C, =083 E T ¢ PN
T3 E X Iz breakdownfIIZ B 5720 2T LD
C, D suction peak A L7228 F A 515 (R9G@)
Z2H), T —Z kY L9 5T breakdown FAEN
BIZBHITRBT S, D=0 x/C, =0.83 Tl ¢ 288
T 5 L NEEIE breakdown L &5, ZHIZX iy
i RERE S EEE X ARG A EHE L .
peak WHEMI$ 5, 2D & D B EHEDOHNEBED break-
down iR 0 =200 TROENBREE LT — ) V7 E—
AV IOREITHELSFSLTCNBLELLONS, Thb

Cp suction

5 SSTIRED NEIG TR 5 N5 breakdown B I 7L &
ZE TR 5N 5 vortex breakdown Bpik & [RBk e ZE) 4R
‘?—O

4.3.4 BREIHEE O
c=12°DBETRETATRLZLI T —LIZ LD
WoRER C LAY, JIUIEA FCRigsEm
I3 breakdown 2 RBE L THE 59, BRIOZRBZHELL
CE D EAEORBRHEROBREIELL, BELT—T
VAV ERELTWBREELILOND, 0 =20°

This document is provided by JAXA.



16 FHMZETARRBEIARERRE JAXA-RR-04-028

TIENEBRO breakdownBHEIC K D BBULC,DEL. £
TEAREEBE—AY PBIFET D, v — LTk FREL
7= B D vortex breakdown FAERIE A HTHE LIS 128
g9 2 B, W R U2 EHO breakdown FEEMN B X%
BLU. WRSIIAEEY 5, 20 &5 ANEEOEFH M
RREU -V IE—AVPEREL TR EELIDRN
%, Bz, R L 7ZEHEO vortex breakdown FAE N E
BRIBL 722 &Ik 2RI 08MA, The L 7=2H
DbreakdownFAEMEORTEIZ L 3 BRI HoRS % k
F5720, ARET—Y V7E—AY FBEEISEML
= LATHE Ty 77— 2 Y OB (X
5) BR6NS, FFARICERIOBIIAR LS (K
6)o 0 =200TX BT - LAEEMEEEE (§=20°
—=30°), ARET—) VIE—AV FROBEDT S
A, T EH U E O NERO breakdown FAEN &
BBREHIICBE L CWB 2 en s, u—LHmERm
BT, breakdown BREMBENHB L 722 LIC X 5%
BIIOEHEIZ kB 54 VAV E L | I breakdown 235
ELTENESTOEOLBIZL 2FEN M, LD
DARRELET—A Y MRABETTELEA OGNS,

B5E & W

SRR A 17O SSTH RO EE I A ZE IR EIC D »
THN=, EyFAEEEL Tu—-LAR2ELEE 2T
WOE ) v E— A Y MV EEANT, 640
RN FEEN AT L L IIAF VA PIV
EHARRIC L D E FEOWESMEFTHIL . v - RO
A B LERS I,
¥y I =12° DBA TR TENICRE kT —

Yy ZE-AY MEEERL, 0=20° DBATIEEH

BELE LB IIEEN R - ) Y SE-X VM

WRRENS,
© o =20° DIBAOC FEERE T — L O FHH TIE

BTRERE—AY PO, ¢ =15 ~20"(FHT

WRRE L REED b NRERRENTEIZEL T 5,

DL BB EC ,OEEPR NS0 — VAT

AEGHLEET Ty F v 7 E—- 0 v OB, ¥

BOOEMEE SN,
x/C,=05512%1F % C, 5 Tid o = 12° ~ 20° DHil

TU— MR L TRERT— ) Y ITE—RAV VRS %

HBET D, x/C. =083 Tldo =12°DHETREEL

- VI E—AY PERSEREEEBIN, ¢=20°

Tie -t kb k55 2 ZHDC, suction peakD

. T 3 EHD suction peak DIETIZ L D ARERE

BE-AV MRS EREL TS,
© o =200 ¢ =20°fHETR 6N B O, DREAZENIZ

rol

WERTZHEERD breakdown FEISHR < RFL TV

%o

- 0 — )13 B SSTHRED NE D breakdown B EIL 7
2 BO BTG H L breakdown Rt & RIS L @R &R
R

BIGEEAT 12 & 72 - T AR PR R
B¢ v & — DILHEAIR 7 — & OREHBEER, Higg
A, HEME IS IHMEBREERIC VT, 2Rk
e F — 2OMERZK, HIZT7OANR-ALY U=
TV OBRBERICEPIVEHINC 5 TS RaW
7z, MHEEED TRBHORERLET.

SE A

1) E.C.Polhamus ; Prediction of Vortex Lift Character-
istics by a Leading-Edge Suction Analogy, Journal of
Aircraft, Vol.8, No.4, 1971, pp.193-199.

2) U.Brennenstuhl and D. Hummel ; Vortex Formation
over Double-Delta Wing, Proceeding of 13* Congress
of the International Council of the Aeronautical Sci-
ences, (ICAS Paper 82-6.6.3), 1982

3) L.E.Ericsson ; The Fluid Mechanics of Slender Wing
Rock, Journal of Aircraft, Vol.21, No.5, 1984, pp. 322
-328.

4) BROEE, ESHBEA. WOESR. BHEREA. EXE
— ; BE RN (SST) HROSHNEREICE T
B, R ZEAT I S TR1450, 2002.

5) ].E. Jenkins, ].H. Myatt and E.S. Hanff ; Body-Axis
Rolling Motion Critical States of a 65-Degree Delta
Wing, AIAA Paper 93-0621, Jan, 1993.

6) D.Hummel and P.S. Srinivasan ; Vortex Breakdown
Effects on the Low-Speed Aerodynamic Characteris-
tics of Slender Delta Wings in Symmetrical Flow, Jour-
nal of Royal Aeronautical Society, Vol.71, 1967,
pp.319-322.

7)  T.Terry, G.N. Malcolm and L.C. Lewis ; Experimen-
tal Study of Vortex Flows over Delta Wings in Wing
Rock Motion, Journal of Aircraft, Vol.29, No.4, 1992,
pp.598-603.

8) ] Katz and D. Levin ; Static Measurement of Slender
Delta Wing Rolling Moment Hysteresis, Journal of
Aircraft, Vol.28, No.4, 1991, pp.282-283.

9) AS. Arena, R.C. Nelson and L.B. Schiff ; An Experi-
mental Study of the Nonlinear Dynamic Phenomenon
Known as Wing Rock, AIAA Paper 90-2812CP, 1990.

10) L.E. Ericsson and E.S. Hanff ; Further Analysis of
High-Rate Rolling Experiments of a 65-Deg Delta Wing,

This document is provided by JAXA.



11)

12)

13)

14)

15)

16)

17)

18)

19)

T ETZER (SST) TERE DR Bl A v — LR PRI B9 BB %E 17

Journaol of Aircraft, Vol.31, No.6, 1994, pp.1350-1357.
J. Sato, K. Fujii, D. Umezawa and Y. Sunada ; Experi-
mental Aerodynamics on Rolling Delta Wing at High
Angles of Attack, Fluid Dynamics of High Angle of
Attack, Spring-Verlag, Berlin, 1992, pp.425-439.

SR OBE, u— 4374 BOIEEREIRFE.

B gzl asE, 475, 555435, 1999, pp.165-
173.

Y. Zohar and J. Er-El ; Influence of the Aspect Ratio
on the Aerodynamics of the Delta Wing at High Angle
of Attack, Journal of Airerajft, Vol.25, No.3, 1988,
pp.200-205.

W.H. Wentz Jr and D.L. Kohlman; Vortex Breakdown
on Slender Sharp-Edged Wings, Journal of Aircraft,
Vol.8, No.3, 1971, pp.156-161.

T. Matsuno and Y. Makamura ; Self-Induced Roll Os-
cillation of 45-deg Delta Wings, ATAA Paper 2000-0655,
2000.

N.G. Verhaagen and J.E. Maseland ; Investigation of
the Vortex Flow over a 76/60-Deg Double Delta Wing
at 20Deg Incidence, ATAA Paper 91-3208CP, Sep, 1991.
P.E. Olsen and R.C. Nelson ; Vortex Interaction Over
Double Delta Wings at High Angles of Attack, ATAA-
Paper 89-2191-Cp, 1989

REAAR KBS EE, B37RRITEY v RY

T LEFEEE, ppl65-168, 1999.

K. Yoshida, Y. Makino and Y. Shimbo; An Experimen-
tal Study on Unmanned Scaled Supersonic Experimen-
tal Airplane, AIAA Paper 2002-2842, Jun, 2002.

20)

21)
22)

23)

24)

25)

26)

27)

REMESE, SHRIEA. RS, ER (O, hR®
FZ, BIRTE—  BERO Ay b eV RRERT
B o 2T & T HEBAHIAT R E TM666, 1994
RN SRR, T o g, 1992,

S. Watanabe, H. Kato, D.Y. Kwak, M. Shirotake and K.
Rinoie ; Stereo PIV Measurements of Leading Edge
Vortices on a Cranked Arrow Wing, Measurement
Science & Technology, Vol.15, No.6, pp.1079-1089,
2004.

N.G. Verhaagen and S.H.J. Naarding ; Experimental
and Numerical Investigation of Vortex Flow over a Side-
slipping Delta Wing, Journal of Aircrafi, Vol.26,
No.11, 1989, pp.971-978.

D. Grismer, R.C. Nelson and W. Ely ; The Aerody-
namic Effects of Sideslip on Double Delta Wings, AIAA
Paper 93-0053, Jan., 1993.

M. G. Hall ; Vortex Breakdown, Annual Review of
Fluid mechanics, Vol.4, 1972, pp.195-218.

D.Y. Kwak, M. Shirotake and K. Rinoie ; Vortex Be-
haviors over a Cranked Arrow Wing Configuration at
High Angles of Attack,” Proceeding of 24" Congress
of the International Council of the Aeronauticol Sci-
ences, (ICAS Paper 2004-2.9.4), 2004.

ORI, REREIC K 3T L2 BEOF EER T -
BHEICDWT, HAREFHASME, H48%, 5560
5. 2000, pp.495-500.

This document is provided by JAXA.



This document is provided by JAXA.



FHMZE 7 RS JAXA—RR—04—028

% T H 20054 3H15H
e - FAT MATATBEEN FHMZ2T 2 5 RS
T182—8522
FOR AT FHAT 7 TH 44 F/Hb 1
TEL 0422—40—3000 (%)
FO Wl A WAt FEAWE
R HE LIl —7—8

©2005 JAXA

*AH G O—HFlR3eirEEREEOED 5HHEBA. B cHE.
B Y, T B EXCT AT AT L AR 2T,
¥AE GEH »oOHE, BERSERL IS EAIL, TRICTHEBKL ZX0,
MAE GH . AriionwTiHEEEAFHLTED 3,
<AERHIBT 2 BREVADEE>
S ATBEEN FHifZE i S S L HEE S P aiEs £ v 2 —

/

This document is provided by JAXA.



FHMZH AR

Japan Aerospace Exploration Agency

This document is provided by JAXA.



