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Description of 2D Problem: Aerodynamic Analysis of Garabedian-Korn 75-06-12 Airfoil

Organizer: Naoki Hirose, National Aerospace Laboratory

Abstract
Description of 2D Problem is given. The Problem A is to compute a shock-less flow of Garabedian-Korn
75-06-12 Airfoil at design condition of Mach number, 0.75, C,, 0.63, Reynolds number, & and 20X 10°.
The Problem B is to obtain the aerodynamic characteristics of Mach number sweep and angle of attack
sweep. The reference point is the same condition in Problem A. The output data format is described.

Garabedian-Korn 75-06-123% (LI TGERE L FX)
iZHodograph (: CRH L - HRENLBERARE ¢, ¥k
R AR M= 0.75, C, = 0.63 THd. ZBY
CAITHRERLIFATHAGLARDZIOIIEANRTERSE
BBV, CCTHRHAOERLEOAHETOENS
HARDICLABELEL, KEMHE 22— FTIIRAN
BRI HOVWTLRODIEIZT 2. ERMT—SLLTEA
5 4 NAE( FHIAR) EBA$ L (NRC-AR-LR-554{1971)) &
Lfth, MAEFHERWEEFRBT-LLTROEHWSH %
SUTC2RTRBEREREEELILZS ).

EROXNSETIHEETTIL, HEANRZRILEEOHE
WTHD, #7 %A, EuvlerMMEEKEMRES:, Na
vier-Stokes RESO TL LW, ERERINA—HF 1
F—PHEBKELS 0 CFDYV—2>a v 7 (1987 &
®) TRO LT, F0ROEBALEAOESOKRRDS
HoebilzrBHBHExH 5,

REERLBRENAHLEMNRILETRT.

RBELITO28062D, ADBTHLEINY, TEX
hIBLADEYTHRBLTWREREERN,

— R K MNachEM.=0.75, C,=0.630D: A THEH XL
DOEN%EZXRD S, ReynoldsB I Re=6K TF20X 10° D 2 s
FRERLORNYBAEMALSLRNEE, C.=0.630K%.
RDB2LbDETB. BARKBELLZWOT, LiE%k#F4
BWETRAXREHSOY, FhEBRRELTHEATS. HX
THW=—#ENachE, C:, @B, Reynoldsl{, S %t
W BE (Form2D-1)I22L, LUTOERBIURHE T
v b¥ D,

HEEA
Mach¥M. = 0.75
C: = 0.63
1) Re = 6 x10°
2) Re = 20 x 10°®

ARBEROMOBVY : FRHTIEARETASHET
2EHABE T3, BBAEBELEXLTLIV. *OH
éu_t—Fﬁigﬁ Xern » x:n’ﬁ:lﬁga'féo

HWER, RS

HAWE® x/C, y/C = 120.0 (BIRLEBAE
L, REE C=1%3)

RMEBFAE 181 A (L TR LREREY
FHTEIA)

BFrHoo— - 4K

£ EBTHEH, BHRKDIL

BroRTREATHEZANLETFE (X
1000x50053) XFEL < 2.

REBERXZ bV ER/DETE A - EK
REZERX 27 b vHRR/DETE O - HE

(1) HFEES9%H Cp vs x/C, Cpre iC A (FORM 2D-Al)
(2) EEEHSH Cp vs y/C, Cpre LA (FORK 2D-A2)
(3) STHEE/A (FORM 2D-A3)
(4) SMach®# B3 (AM=0.05, ZHE#MN=1.0) (FORM 2D-A4)
(5) MM (8p/p.=0.05,2H#p/p.=1.0)

(FORM 2D-A5)
{6) Lt 5 % vs x/C
il ] ] B :J (B Xerw ILA) .
+E® C. Re'” {FORM 2D-A6)
TEM 5 * vs x/C
TN H J (EHA Xeer BA)
TENMN C: Re'” {FORM 2D-A6)
(7) tEMARNE u/l.
BRADH ]m y/¢ at x/C = 0.5, 0.7
[ Y 0.9, 1.0, 1.1, 1.2
(FORM 2D-A7)
2B B RSB OLENHEN

FABEATCRDODEHA LR A (—HEMachEN. -

0.75, €1=0.63 ) L0

1) B e % —FICL THachE A A —7 (M = 0.60 ~
0.95 / 0.05 %8 0.025 4§ )

kU

2) Machl{%—FiICLTHBRAMa XA —T (¢ = 0~ 9°/1°
)

OB TRy, EHHEEERD 2. FFREFIIN. .0

PDARIRBALCBLET S, IS, RefiiZ 2HEA
(1) Re = 6x10° {2) Re = 20 x10®

L+ 3,
CheDOBRBRRZPWTILUTORE Ty bT 5,

(1) C. , Ca, Ca vs ¢ (FORM 2D-B1)
(2) C, vs Cs (FORM 2D-B2)
{3) C: , Ca , Ca vs M. (FORM 2D-B3)

Cait0.25C b T 5,
SEREFDFormatiCBIL TiZB->THEBASELE T,
2E Tk
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Aerodynamic Characteristics Analysis of Garabedian-Korn 75-06-12 Airfoil
by
Andi Eka Sakya and Yoshiaki Nakamura
Department of Aeronautical Engineering, Nagoya University
ABSTRACT

A Navier-Stokes code based on the implicit Yee-Harten TVD

scheme is applied to compute the aerodynamic characteristics
of Garabedian-Korn GK 75-06-12 aitfoil at transonic speed. The
algebraic turbulence model is employed to close the system of

equations.

1 BEHE

EEEROTFREZEEC L TCVWEERNO—> R
FRETHH., < hid Navier-Stokes FBERIc L v B4
Ehd, BE. ovyva-208N, HHER+ -4, %
NEHEBFHKOBRRELESLTED, TR,
Navier-Stokes FEEXOBEN LM ERD, HhBZHL
HETTRATACENTARICN-TWD, ZRTOMI
ZRROBMBERCLDOHELE LTI AV TY
Bo LivL, HANEEEB3 LB I KL Navier-
Stokes 7 — FOP R AYRIRET ANV EESULLESS
%, :

LN TVWEEREF VAR LBELECE SV
FLEFNVNTEHESL, TORTEAGRECISHEAINSE
MEFNELTEeHFBEABS 5, thidftoEFn (#H
AEZHBERED VA AVXEAEEREFN) &0 b
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#2D-3 Aerodynamic Characteristics Analysis of Garabedian-Korn 75-06-12 Airfoil
by

Kyoko Higaki , Yasuhiro Koshioka and Kohei Tanaka
Fuji Heavy Industries Ltd.

ABSTRACT

The flov field around a GK75-08-12 airfoil is analyzed by solving the
tvo-dimensional compressible Navier-Stokes equations.

The calculation was carried out, under the condition of Reynolds number
6Xx10% and 2%X107 ,in each case CL(Lift coefficient) was adjusted to 0.63
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22D-4 Aerodynamic Characteristics Analysis of Garabedian-Korn 75-06-12 Airfoil
- Computation using q-w 2 Equation turbulence model -

Eiji SHIMA and Kouichi EGAMI
Gifu Technical Institute, Kawasaki Heavy Industries Ltd.

ABSTRACT
Reynolds-averaged Navier Stokes equations for perfect gas are solved numerically for flow
around GK75-06-12 airfoil at the design condition. Coakley s 2 equation turbulence model is used.
In order to solve q-w equations stably some improvements are added to numerical scheme.
2 types of turbulence model, which are q-w model in this paper #2D-4 and Baldwin-Lomax
model in another paper #2D-5. are used for this workshop, then some characteristics of each

solutions are compared. It is found that

(1)surface pressure distributions are almost identical,
(2)q-w solution has larger skin friction than B-L solution and that causes thicker boundary layer

and bigger drag.

The effect of the difference of initial and boundary conditions of q and w variables are

shown.
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#2D-5 Aerodynamic Characteristics Analysis of Garabedian-Korn 75-06-12 Airfoil
- Computation using Baldwin-Lomax turbulence model -

Eiji SHIMA and Kouichi EGAMI
Gifu Technical Institute, Kawasaki Heavy Industries Ltd.

Abstract

Flow around Garabedian-Korn 75-06-12 Airfoil is simulated numerically using Navier-Stokes
equations. Baldwin-Lomax's algebraic turbulence model is adopted, but wake modeling is not used.
Because it was shown by the previous investigation that turbulence viscosity in wake region has
only little influence on pressure distribution and boundary layer characteristics.

The equations are computed by the cell centered finite volume method using implicit upwind
scheme. C-type grid ,which is generated algebraicly by the transfinite interpolation, is used. The
large linear equations arising from implicit scheme are solved apploximately using the multi-color
Gauss-Seidel method. Numerical experiments show that optimum inner iteration for rapid convergence

is about 10.
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#2D-7 ' Aerodynamic Characteristics Analysis of Garabedian-Korn 75-06-12 Airfoil
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ABSTRACT

The flow structure of compressible flow around an aerofoil is
numerically analyzed by TVD-WacCormack schemes. After calculating
the Euler equations on transformed coordinates, the flow variables are
interpolated for the fine mesh[AF mesh] for Navier-Stokes equations, and
then calculation is continued for the case Re=6x10° with Baldvin Lomax

turbulence model.
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ABSTRACT
The parametric study of Navier-Stokes computations has been performed to find an angie of
attack which realizes a shockless pressure distribution over the Garabedian-Korn airfoil under
the Mach number of 0.75. It would be almost impossible to realize a shockless solution by
Navier-Stokes equations because of viscous effect. A pressure distribution with weak shock has
been attained, and it agrees with the theoretical pressure distribution quite well except in
close vicinity to the location of a shock wave. In addition to it, a comparison has been made

between computations using two different turbulence models,
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of Garabedian-Korn 75-06-12 Airfoil

by
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ABSTRACT

Aerodynamics Characterics Analysis of Garabedian-Kom 75-06-12 Airfoil is presented. The goveming
equation is thin layer Reynolds -averaged Navier-Stokes equation. The code is based on scalar pentadiagonal
ADI scheme with nonlinear artificial dissipation model and local time stepping. The turbulence modeling
is added as the algebraic model of Baldwin -Lomax type. The grid system for the airfoil as C-type is
generated solving the parabolic equation. The computations with 20,230 points are performed on Convex 220.
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Compendium of results of 2D problem: Garabedian-Korn Airfoil is given. All of the submitted
computation results were plotted on the respective figures to see the differences. Problem A: Design
Point Computation was discussed significantly. Although pressure distribution gives fairly good
agreement, turbulent boundary layer characteristics along chord, velocity profiles and eddy viscosity
coefficient distributions in the boundary layer and wake disclosed scattered variation. The factors
leading to the present results were discussed and required future improvement is discussed.
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LHAIXNB) . Thbb R ZROUTHSPES,
FheBEGZx(E#@PSOEE T 2EMLTNWSB 2
— RKBE L, 1By=0 THRERERZCLL xWEZATO
BREBREZHOESEBSERTHI LEEIIER S,

6. BHELHSHOLE

STHREOBEERBOAMTHIH, BRRERI 2
DOBVWHBFHRINEDOT, ABERTEIAS—VEHE
ULTHRIRABBICHERLRZ. LPLEERITIEE—R
—LicEX3EHBLZVOT, B ETIHERETERKLI®,
BRI T2X10°, BReBI TR LA ED 2L » THK
Lize RMARTRIBOYRRIAZIBB CRALEBKRE
B0, 525008 2HTLEZZBRICE 2. RITHSD
B, HERPBELREOx=0.5 CXABXEDOARZSTRA
BHoBRE»SOERE, B-L TFATWHWIENBEABOE
BB, BERATOREBY A (IRTESY, AA—Y
YIENhES P RERD), B Klebanoff BIREBRHD
ANBFETERNOBRSH TS,
BEIREKDS [B-L EFATHELRI LWHIERHE
Ba—F+ v 7 TR—ThWE P r—2RRHE
HIERZLZST, EBZERTCERZVWEERLTERS
SROBREIFOEEREZRTLOTRRNEZ I, &
e WBChPIEIATIEARABEBEESNANS LER
WRBDLHARRZETHA Do 1 DBHELRNLELT
i, BEFERORIL NI DM EEROICHEL 126
2EERIASRNDOT, FABELVLELBVLENDH]
BiZELW, LALELSORETHO(I03) P LEENS
DERKETEZ2OTEHRZNES DD,
BtHETHOBERBORE, NgoIEkERELLE
LK BRZ2DT, BB TARLBERTCHEAZTOENT

FORM 20-B1 CL.COgCM.CP
FMDESIEN = 0
RE = 0.1

CL €D CM/CHTE
o a A f

78 5 RN R AL B A1 2R 205

BBREC Y, FTHHE L EXRL2DBRBOEELEL
DOTHAEL BREPLEZBIBENWEAIZITERL
f2BENHRETHB > T3, 20O OFM% x &
THZLFERCH > TITbRThIZRR A FRICHER
RiznweE2o5h2, 2RERBOEEEBL TETAT
EH 2 EHungDBHIC T AU BERBRNICCOEEZELT
W3, ¥RBEMERZVWES, XX2BHob2%ER
TAERMC 1 SHBO 0 ELrSHABOMICEDL S LH
ENAREELZEL 254850, BT VEEN %R
SHEEBLLTVS, SEOBARCOIDOERITZHS »
THRVWPHERESHYINTNEELEZISh S,
EHexORIETCROHWEEAER S, #3,#5 X BER
TOPNSLL THHERIERZEWIHTHS, LHPL
RENZHRCECHATCRWERIIZSZNVWES D, JK
EHOWRHSBEFE PO x B TEHRO 2 S Tre=0F 21T
minimum £ 2> TWADREAROEHTH A 5. EReH
TR BEESHHPRD S5 5. J-K [dBradshaw
DIEG. EFNRESHTNE 2 SBFBTLTLERD L.
ZBEOOTHZNVWES D 2?2 #9TCIHx=1.1 ¥1.2 Tu.
DLRIBEFTCHERELTHWIOBRK LS,

7. REB  REEFOENRE
REBUI3HOIEL»PRL, R4 DOFHERHELES

COTHPZRRITHERELZN, ¢ A4 —TFTaodSED M,

Cimax, N7 2w LY IBHRTWRWOIIFEHEREZED
L. MTHC.BBIEHNT 2HFBLERBE 2. g-v
EFABEROLPELEIFAATCH 2. — A1 —T 2R
CAIBREBE., chiFENSRZOFERERESE
REROBLEIONSE, bo L LRHETADERRE
B OEM.TECOEBKEL, CabiED,

8. Bbhric

HXKOBMETHETH> ERELHITESRE2ED
FNOABBBRBIZEOICRVEEEME U THEILL
22H3. LPURETSLEE CHEURZFMIERK
2ETCREE->-TRNVELSHOBERERTLHSHT
H35, BH0EEZBIC LT THZzOHAIZODVWTELW
AV PLFTEY, BVWRBAL TEELEOEWNCFD
BMEBYLED—2»5THNBHFLEELN. 5
OTEMINEEIARLDPSHENLEBL T4,

0.15

CL CD M

o o a e

S ALPHA 10
. e
. =

o

-0.5 1-0.05 -0.5

~trre fa s AA—7
X 6

I AT . -0.01 o0lo0  0.01 0.

g2

b) K9 FR—TF—
et SRR S SRR EER

0.03 0.04 0.05 0.06

Co
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: 000 “0¢ TRMLELE 10T o-0TX 8/8T=ly ; | ,
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| FHHERI Y (EI0TE)Z]) ToPTeS-SS | SRHETNYR | 5-0TX98Gh "L=Ly .
MRO-LH AL ° ( FEHEORT) F TOSOWMER-66 | 3 00T ME | o-01X  270=37 | - O-LSURXE | ¥ -BHE
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£2 RBE—ZX-K

MZEFHBARRRHSIER 205

vy 4 E2 FHEA FEB
&5 {ERel | MRel | ERel | M RelX
2D-2 | 7774 1% -¥%¥ @) O Ox O x
dH B
2D-3 | HPREF O O
gl LA
2D-4 | M8 HEX O O O O
HLE#E—
2D-5 | Mg HEE O @
HEE—
2D-7 | 9l e O
i B
2D-8 | BBk O O O
mE
2D-9 | AR T O O
¥ #H
*x H

*
»*
=

W TR Hr (231x31)
aldwin-Lomaxt7N M7

%3 ER-EX
g2 (1) Re= 6x10° (2) Re= 20x10°¢
K&
%% Jaesgn Craess | Xeru Coaesgn | Craese | Xeru ﬁ.ﬁf‘f
Core Xert Core Xer1 b, %

2D-2 | 7774 -1h-4%% 1.2350) 0.6284 | 0.000 1.2400 ) 0.6283{ 0.000 RNG
th i {£ B 0.13691{ 0.000 0.1369] 0.000 Z1

2D-3 | H @ FE 0.9000) 0.6363 ] 0.0502 | 0.90001{ 0.6302 ] 0.0077 | B-L
F R ls LI 0.20401 0.0679 0.2015} 0.0015

2D-4 | 0§ HXE 0.8000 0.6292 ] 0.02 = 0.6900] 0.6280| 0.00 *{ q-w
& 0.1940( 0.03 * 0.212110.01 = | #F2

2D-5 | k8 HEE 0.67001 0.6289 1 0.000 0.5810}1 0.6300 1 0.000 B-L
oA 0.2234} 0.000 0.2382 | 0.000 ba |

2D-7 | FG) R 0.6610| 0.5929 ] 0.0 — — — B-L
# B 0.0 1

2D-8 | BRIk 0.6500) 0.5769 | 0.1100| 0.6000{ 0.5851 | 0.0015] J-K
mE 0.1780] 0.1300 0.1637 ] 0.0075

20-9 | ImHE KT 0.5307 | 0.6300} 0.09 0.4500} 0.6303 ) 0.03 B-L
¥H H 0.2109 0.09 0.221210.03 &2

RNG:Renormalization Group BER¥7¥, B-L:Baldwin-Lomax¥ih, K:Johnson-King&sp

F1
*2

ARy oELKLE L THE
BEhEBE L THE.
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XA-1-0 FERE A-1, Re=6Xx10° #&-F5fn

[areLno. ] 20- 2
APPL.NO. 20- 3
I NAME Y .NAKAHURA] LN
MESH B: 231 X 61 NAME K. TANAKA
FORM 20-R GRID

NN

APPL.NO 20- 4 ] APPL. NO. 20- 8

NAME e snima } NAME e xnima

m | 7N NNNNNNARRRANRvA ARV

AN T N\ AR
A ————
\\\\\\\\\\\\\\\\\\\\\\\%\\\\\\\\\\\“ \‘||\|‘||“|“|“‘;‘;=‘|l‘“|§|‘ld}t N \\\§“\“““““““““‘“‘“““‘.‘{"‘|\\“:‘|“:‘““ I

A1
RR i
\\\\\ “‘!‘I‘“ L 1 § NN }\\\\\“‘n“ |!|Il‘l!mg¥
R iy
i

N T il
TR i
k114 )
gt 1

-?////////////////”/;;;;IIIIIIIIIIIII" ,','.'"l'l'llliiiﬁ;lﬂlm ’//////////;;//"/’/I///I/IZZ””"'""' l'l'l'l""',"m
Wy diieargaaaaaiiin Wy ddtitasyananenin
'//j;//////////mlm'mmnnnnmmmnmmm\ N m\%\\ \\\\\\&Q\\\“

\\ I
Wi LN 7

\\ YTy 1t EENERTHIN G

APPL.NO. 20- 9
NAME KATDEN

e
APPL.NO. | 20- 7

APPL.NO. | 20- 8
NISHIKARR

NAME MBTSUSHIMA

R
’<:~\\'>§§(\ ‘\\m*f\iwi% ]
Rt
St

R R

;%\\\\\‘

\\V&\ N i\‘\\ \\\\\

M i

~ A
RNt
:\\k‘m

e

.

i

i
il

I

o o~
7 L

3 = / 77 W////m XY—
o ‘ /W%W Ly
{;//f //%//’//%Hﬁ\“\\

| L

[T

——

+

il

]
|
Il

l

R 7 \\
) 7|

7

HNNNN 77777777777 il HiR

i
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XA-1-1  FREE A-1, Re=6X10°, RT3 Cp vs x/C (FORM 2D-Al)

APPL.NO. 20~ 3
APPL.NO. | 2D- 2
NAME K. TANAKA
NANE Y -NAKAMURA
FORM 2D-A1  CP VS X/C
FORM 2D-A1  CP VS X/C M~ 0.7500
#t = 0.7500 A = 0.89000
AL = 1.2350 Ce RE = 0.60£+07
Cr RE = 0.60E+07 -2.0 - CL = 0.6363
~2.01 CL = 0.5284 CPTE= 0.2040
CPTE=  0.1369 XTRU=  0.0502
XTRU= 0.0000 XTRL= 0.0678
XTRL= 0.0000 + CP UPPER
+ CP UPPER x CP LOWER
x CP LOKWER ’
1.0 A
-1.0+
c*

X/¢

1.0
1.0
2.0 -
2.0
APPL. NO 2D~ 4 APPL.NO. 20- 5
NAME e.shima NAME e.shima
FORM 20-AL  CP VS X/C FORM 2P-AL  CP VS X/C
“ = 0. 1500 - L] 0.7600
At < o.s000 AL = e.e100
ce RE < 0.60€+07 ce RE - 0.80Es07
S2l0 4 GU = o202 <2.0 e+ o.e288
ceres 0. 1s4e chres o 2234
XTRU= XTRU=  0.000
XTRU= ggig KTRL= 0.000
+ Cp UPPER + Cp UPPER
X Ce LOWER * Cp LOWER
1o d Sto
1 . U Cor
D
R 1.0
/—-"—>‘
\__,-’—.
2.0 2.0
[}FPLAND. 20- 7 APPL.NOG. | 20-°8 APPL.ND. | 2D- 9
iNHME NISHIKAWA NAME MATSUSH-JK NAME KAIDEN
FORM 20-A1  CP VS X/C FORM 2D-Al  CP VS X/C FORM 2D-Al  CP ¥S X/C
W - 0.7500 M = 0.7500 M = 0.7500
aL - 0.6ei0 AL = 0.6500 AL = 0.5307
Ce RE - 0.60£+07 Ce RE = 0.60E+07 ce RE = 0.60E+07
<2.01 L = 0.5928 ~2.04 CL_ = 0.5768 -2.01 CL = 0.6300
) CPTE= 0.2337 CPTE= 0.1780 CPTE= 0.2109
XTAU=  0.0000 XTRU= 0.1100
XTAL=  0.0000 XTAL= 0.1300
+ CP UPPER + CP UPPER . CP UPPER
x CP LOWER « CP LOWER x CP LOWER
-1.04 ~1.04 ~1.04
ce* Ce*

0.0

2.0~ 2.0~
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A-1-2

lareL.no. 20- 4

NAME e.shima

FORM 20-A2 cP Vs Y/C
= 0.7800

AL« 0.8000

ce RE « o.60g401
-2.0 cL -« o.8292
cetex 0.1940
XTRUx EHEEH
xTaLe AR
+ Gp UPPER
* Cp LOWER
S1le
~~~~~~~~~~~~~~ - Cos
1 c 0.1
1. ot
2.0
APPL.NO. 20- 7
NAME NISHIKAKWA
FORM 2D-R2  CP VS Y/C
M = 0.7500
Ce
-2.0.‘
x CP LOWER
-1.04
________ U S
-0.1 0.1

FIOEMZEBHEZS 7 vy RY Y LRXE

FREE A1, Re=6Xx10°, REE /1534 Cp vs y/C (FORM 2D-A2)

NAME Y -NAKRMURA.

FORM 20-A2 CP VS Y/C
M = 0.7500

Ce
-2.0

|

XTRL= 0.0000
+ CP UPPER
x CP LOWER

C*

-0.1

2.0

APPL.N
NAME

FORM 20-A2

cP vs v/c

. o 1500
PO

Ce RE = 0.60E¢07
ST ei v eleans

T ceres e.arae

XTRUS 0000
XTRUs - 0.000
+ Cp UPPER
X Cp LOWER

RPPL.NO., 20- 8

NAME MATSUSH- JK
FORM 2D-R2  CP VS Y/C
M = 0.7500
AL = 0,6500
ce RE = 0,80E+07
-2.0, €L = 0.5769
cPT 1780

x CP LOWER

-1.04

oo

29

APPL.NO. 20- 3

NAME K. TANAKA

FGRM 20-A2 CP VS Y/C
M = 0.7500

AL - 0.9000
ce RE - 0.60E+07
2.0 . CL- 0.6363
CPTE~ 0.2040
XTRU- 00502
XTRL=- 0.0679
+ CP UPPER
% CP LOVER
1.0 ]
[
Kﬂn
c 0.1
1.0
2.0
APPL.NO. | 20- 9
NAME | karDEN
FORM 20-A2  CP VS Y/C
M = 0.7500
AL = 0.5307
Ce  RE = 0.60£+07
-2.0" CL = 0.6300
W CPTE= 0.2109
. CP UPPER
= CP LOWER
1.0
_ o
0.1
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GA-1-3  ZREE A-1, Re=6X10°, S (FORM 2D-A3)

1 APPL .NG. 20- 3 H - 0.7500
APPL.NO. | 2D- 2 n 0.7500 AL - 0.9000
ol AL = 1.23%0 NAME K. TANAKA RE = 0.60E+07

[ nene T -NAKRAMURA[ RE = 0-80E+ FORM 20-A3  SONIC LINE o - o638

FORM 20-A3  SONIC LINE CL = 0.6284 CPTE- 0.2040
CPTE= 0.1369 . XU~ 0.0502

¥TRU=  0.0000 XTRL- 0.0679

XTRL= 0.6000

APPL. NO. 2D- 4 ] :l : ::::: . APPL.NO. :L : :::Z:
NAME e.shima RE =~ 0.80€+07 RE « 0.80€407
FORM 20-R3 SONIC LINE ;L . o ene2 FORM 20-A3 SONIC LINE L« o.s280
cePTes o.1s¢0 cPTE. 0.2234
-4 XiRis  Se

N C.o0a APPL.NG. | 20- 8 "= 0.7500 APPL.NO. | 2D- 9 M- 0.7500
APPL.NO. | 20- 7 2:. g.ﬁg?g AL = 0.6500 . s AL = 0.5307
e NISHIKAWR | RE - 0 608:07 NAME MATSUSH-JK| RE - 0.60E+07 o | NA KAIDEN RE = 0.60E+Q7
G-A3 SGNIC LINE M 20-
FoRM 20-A3  SONIC LINE oL - 0.5928 FORM 20-A3  SONIC LINE CL = 0.5769 20-A3  SONIC LINE cL = 0.6300
CPIE= 0.1780 ’ CPTE= 0.2109

XTRU= 0.1100
XTRL= 0.1300

| v

1 N
i

\
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XIA-1-4 78 A-1, Re=6X10°, ZMachEH#RIX] (AM=0.05, Z:H#E{#EM=1.0) (FORM 2D-A4)

Ty

PPL.NG. 20- 3 M= .0.7500
APPL.NO. 20- 2 M = 0.7500 A AL = 0.9000
AL = 1.2350 NAME K. TANAKA RE = 0.80E+07
Y .NAKA = o.

NAME NAKAMURA| RE = 0.60E+07 FORM 20-RiFACH NUMBER
FOGRM 20-R4  MACH NUMBER CL - 0.6363
CL = 0.6284 CPTE-  0.2040
cpr XTRU~  0.0502
XTR XTRL-  0.0679

\

@

APPL. NO. 20- 4 4 = o.7500 APPL.NO 2D Moo= 0.7s00
AL = o.s000 R AL = o.s700
NAME e.shima RE = ©.60f¢07 NAME shima RE = 0.60E407

FORM 20-A4  MACH NUMBER PR FORM 20-A4  "MACH NUMBER
crres Coliin
XTRU= EdER . =
xtai. GERS : e e

APPL.NO. | 2D- 7 Moo= 0.7500 {GPPL.NU. 20- 8 Moo= 0.7500 APPL.NO. | 20- ¢ M= 0.7500
AL = 0.6510 AL = 0.6500 AL = 0.5307
l NRME NISHIKRWR | RE = 0,60£+07 | NAME MRTSUSH-JK| RE = 0.60E+07 NAME KAIDEN RE = 0.60E+07
. = - 3 .

FORM 2D-A4 MACH NUMBER L - 0.5928 FORM 20-R4 MACH NUMBER CL = 0.5769 ORM 2D-A4 MACH NUMBER o - 0.6300
CPTE= 0.2337 CPTE= 0.1780 . CPIE- 0.2109

XTRU=  0.0000 XTRU=  0.1100

XTRL= 0.0000 XTAL= 0.1300
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iRRA A-1, Re=6x10°, S35 (Ap/ p=0. 05, Z#E(# o/ po=1.0) (FORM 2D-A5)

1 - -
APPL.NG. | 20- 2 = g.7500 APPL.NO. | 20- 3 8o Sz
- = 1.2350 -
NAME Y NAKAMUR.y i = 0.60E+07 NAME K“N“K“_;J RE = 0.60g+07
FORM 20-A5 ~ DENSITY DIST FORK 20-AS  DENSITY DIST ¢ . g 6368
CL_ = 0.5284 CPTE- 0.2090
C:;E: g-éggg XTRU=  0.0502
XTRU= - -
XTRL= 0.0000 XTRL- 0.0679

APPL. NO. 2D~ 4 » « 0.1500 AFPL.NO. 5 » = 0.71s00
AL = 0.8000 1 AL = e.sr00
NAME e.shima RE + 0.50E+07 NAME e.shima RE = 0.608407

FORM_20-RS DENSITY DIST FORM 2D-RAS DENSITY DIST

et .+ o.e2s2
cPrEs 0.1340
ATRUS BRI
ATAL. EHOAB

APPL.NO. | 2 7 M = 0.7500 APPL.NO. | 20- 8 M = 0.7500 APPL.NO. | 2D- 9 M = 0.7500
AL = 0.6610 AL = 0.6S00 AL = 0.5307
NAME NISHIKAWA | RE = 0.60E+Q7 NAME MATSUSH-JK| RE = 0.B60E+07 NAME KAIDEN RE = 0.60E+07

- - F D-

FORM 20-RS DENSITY OISTR cL = 0.5928 FORM 20-AS DENSITY DIST L = 0.5769 ORM 2D-AS DENSITY DiST CL = 0.6300
CPTE- 10,2337 CPTE= 0.1780 CPTE= 0.2108
XTRU=  0.0000 XTRU= 0.1100
XTAL=  0.0000 XTAL=  ©6.1300

2
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XA-1-6-1 FREE A-1, Re=6X10°, FEMIEAERHE (C.Re' 2, H, 5%)

40.0

CFREX

30.0

20.0

SR10[BEIATZEREE

H DELSTAR
o ale
I;PL. NO. 20- 4
NAME e.shima
FORM 20-A6 UPPER B.L.CHAR. VS X/C
FERAAS
"+ eleses
v - oisoerer
cls Cerenas
6.0 0.03 1rRy- BHAB
W belst crencesc.s
LS N
vol oo
20 Blo o
oo
0 X/¢ 1
20 lieon
H DELSTAR
8.0 . 0.04
APPL.NO. | 20- 7
0.5 NAME NISHIHAA
FORM 20-RE UPPER B.L.CHAR. VS X/C
. Moo= L7500
AL = .6610
RE = 0¢60E+07
CL = .5928
6.0 0.03 XTRU= ]0.0000
H DELST CFxREx»0.S
O 5
4.0 0.02
2.0
-2.0 1-0.01

-10.0

EHESSE VR YT L

H DELSTAR
40.0 8.0 0.04
APPL.NO. | 2D- 2
CFREXx0-5 . |NRME Y .NAKAMURA
FORM 20-A6 UPPER B.L.CHAR. VS X/C
M o= 0.7500
AL = .2350
RE = 0.60E+07
€L = 0.6284
30.0 §.01 0.03 XTRY= 0.0000
H DELST CF=RExx0.5
. X 5
20.0
10.0
0.0
-10.0 ) -2.0l-0.0
W bELsTAR
woio . e.a_0.ea
APPL.NO. | 20- 5
CFRE+=*0.5 NAME e.shima
FORM®2D-A6 UPPER B.L.CHAR. V¥S§ X/C
W oe el1sec
s olsr00
e w0l BoEeo?
cl o= 0. ezes
30.0 §.0 0.03 XYRU= 0.000
W oeLsT ceemesen.s
N . o
20.0] a0 c.0n
oo | e
0.0 ] o.e
Ste.e ) caie Leeien
" YLL3IHEN
40.0 8.0 .04
APPL.NO. | 20- 8
CFREAx0.S NAME MATSUSH-JK
FORM 20-AG UPPER B.L.CHAR. VS X/C
M = 0.7500
AL = 0.6500
RE = 0.80E+Q7
c - 0.5769
30.0 6.0 0.03 XTRU=_ 0.1100
H DELST CFxRExx(.5
+ x )
2000 4.0l 0.02
10.0 2.0
0.0 ‘0.0
-10.0 -2.0 1-0.01

R

vs x/C (FORM 2D-A6)

33

H  OELSTAR
40.0 8.0 0.04
. APPL.NG. 20- 3
CrRE#10.5 NAME K. TANAKA
FORM 20-A6 UPFER B.L.CHAR. VS X/C
LI L7500
AL = 0.9000
RE = 0,60E+07
€L = 0.6363
30.0 6.0 0.03 XTRU=  0.0502
H  DELST CFeREs«0.5
+ x °
20.0 4.0 0.02
10.0 2.0 i
0.0 0.0
o x/C 1
-10.0 -2.0 1-0.01
1 DELSTAR
40.0 8.0 0.04 ———
APPL.NO. | 20- 9
CeRE4«0.5 NAME KAIDEN
FORM 2D-A6 UPPER B.L.CHAR. VS X/C
M = 0.7500
AL = 0.5307
RE = 0.60£+07
CL = 0.6300
30.0 6.0 0.03
H DELST CFeRE*=0.5
i N o
20.0 4.0 | 0.02

-10.0

-0.01

Thic dociiment i nrovided hv TAXA
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Bl A—i, Re=6X 10°, FEIEIERERM (CRe* 2, H, 8% vs x/C (FORM 2D-A6)

BELSTAR H
4.0 8.0 0.04 40.0 . 8.0 DEoL.?zIAR -
APPL.NO. |-2D- 2 APPL.NO. 20- 3
CrREAx0.S NAME Y .NAKANURA CrRE*$0.5 NAME K. TANAKA
FORM 20-A8 LOWER E.L.CHBR.7VS X/C FORM 2D-A6 LOWER B.L.CHAR. VS X/C
8 = 0.7500 o -
AL = 1.2350 AL - 03000
RE = 0.B0E+D7 RE = 0.60E+07
50.0{ 6.0} 0.03 Sri= ooa000 S 0.0
K . . = 0. 30. X K -
#  DELST CFREw®D.5 04 80008 H  DELST CF.RE):I.%S 90679
+ x o + x o :
20.0

20.0 4.0 0.02

10.0 10.0

0.0

-10.0 } -2.0 1-0.01 -10.0 | ~2.0 1-0.01

ELSTAR L] ELSTAR
CFRE++0.5 NAME e. shima CFRE#20.§
FORM 20-A6 LOWER 8.L.CHAR. VS X/C FORM 20-4AS LOWER 8.L.CHAR. VS X/C

H DELSTAR j H. DELSTAR W DELSTAR
40.0, 8.0 . 0.04 40.0. 8.0, 0,04 40.0 . 8.0 0.04 R
APPL.ND. | 20- 7] | APPL.ND. | 20- 8 : APPL.NO. | 2D- 9
CFREAX0.5 NAME msmsnwa CFREAxD.S NAME MATSUSH-JK CPRES+0-5 NAME KAIDEN
FOAM 20-A6 LOWER B.L.CHAR. VS x/C FORM 2D-RA6 LOWER B.L.LHAR. VS X/C FORM 2D-A6 LOWER B.L.CHAR. VS X/C
M o= . 7500 M = ©.7500 0.7500
AL = 0.8810 AL = 0.6500 0.5307
25 = 0/BQE+Q7 RAE = 0.60E+07 0.60E+07
. cL = 0.5769 0.6300
30.0 6.0 4 0.03 - XTRL=_10.0000 30.0 6.0 4 0.03 XTRL= 0.1300 30.0 6.0 ) 0.03
H  DELST CF=RExx0$ H  DELST CFxREXxD.S W DELST CFeRE««0.5
+ x o + X ° + x o
2.0 20.0) 4.0} 0.02 20,0 4.0} 0.02
10.0 10.0] 2.0] 0.0 10-0f 2
0.0 0.0 0.0f o
-10.0J -2.0 l-0.01 -10.0 ) -2.0 t-a.01 : -10.0 —2.ol-o4m
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XA-1-7-1 SRE A-1, Re=6X10°, FEMIBRIE - RHEPLEEAT . vs y/C (FORM 2D-A7)

| N N = 0.7500 PL.NO. - 0.7500
aPPL.ND. | 20- 2 "z 0 AFPL-NO. | 20- 2 % e L
. RE = 0.60€+07 NRHE _NRKR | RE = 0.BJE~07
NANE Y -NAKRNURR| B€ = 06060 T -NAKRRURR) € = 0-BIE0
XTRU=  0.0000 XTRy:  0.0000
XTRL=  0.0000 : XTRi=  0.0000
FORM 20-R7 (1) VELOCITY PROFILE Y FORN 20-A7 (1) YELOCITY PROFILE
Y
0.04 ’, T T C.04 T -
Xz 0.5 x= 0.7 = 0.9 x= 1.0 X= 1.1 x= 1.2
0.024 1 + 0.c24 i 4
.00 0.60
o u 1 o v 1 p u 1 C 1 g 1 o u 1
-0.02.1 4 4 -0.024 4 4
.00l 1 L -0.04 L 1 4
" - 0.750C N
APPL O 20 ot APPL.NO. 20- 3
RE = 0.60€+C7 y y
o oo | & -0 NAME K TANAKA
XiRU~  0.0502
XIRL- 00675

FORM 20-R7 (1) VELOCITY PROFILE FORK 20-A7 (1) VELOCITY PROF ILE
Y

0.2 B :

{ X- 0.% ’V X=1.1 ’r 1.2
oo | 4 4 14
c.00 § 4

0 u 1 0 v 10 u
.01 4 1 1
<02 1 1 L 1

Thic dociiment i nrovided hv TAXA
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A2 F B B ST AR B R 20 5

XA-1-7-1(%% ) #RE A-1, Re=6Xx10°, FEEBERSE - BiHPHERE S

APPL. WO, 20- 4 o - o.1s00
AL = 0.0000
RE = 0.60£e07
cL o« a.e292
XTRY= QHEE
xTaL~ EBES

NAME e. shima

FORM 2D-A7 (1) VELOCITY PROFILE

T

v ) 0 1 0 u 1
_L £
APPL.NO. 20- 5 " o. 1500
AL o.6100
RE = o.s0€007
NAMWE e.shima cL .. 0249

FORM 20-A7

XTRU= 0000
XTALs 0.0

(1) VELOCITY PROFILE

Y
°.02 _ T -

1 X« 0.8 X o x= 0.8
o.01 | 1 AL
¢.00

o u v e 1o Y

0.0} N 1
0.02 L

u/Us vs y/C (FORM -2D-A7)

FORM 2D-A7

APPL. NO. 20- 4 Iu - 01500

ane RPIT RERR
reos aials
XTAL EHEH

{1) VELOCITY PROFILE

APPL. NO.

»

NAKE

RE x 0

FORM 2D-A7

XTAU=
XTRU"

0. 7500
e.6100
Lsate01
0.6285
0,000
0.000

(1) VELOCITY PROFILE

T

]
|

1

Thic dociiment i nrovided hv TAXA




DRA-1-7-1 (K ) ZREE A-1, Re=6Xx10°, FEMIERIE - SHABER# u/l vs y/C

SE10[EIfTZERE

=11}

N W= 0.7500
APPL.NO. O
= omin - 0.60€+0
NISHIKAWA | o 2 73 5628
XTRU=  0.0000
XTAL=  0.0000
FORM 20-A7 - (1] VELOCITY PROFILE
Y
0,02 - -
%= 0.5 = 0.7 X 0.9
o.o1l 4 +
0.00
0 y 1 v b u
0,00 L L L
i :
APPL.NB. | 20- B
NAME MATSUSH- JK
XTRU= 0.1100
XTAL=  0.1300
FORM 20-R7 (11 VELOCITY PROFILE
Y
0.02_ . .
X= 0.5 X= 0.7 X= 0.9
0.01
0.00
0 y 1 u
s0.o1 L 1 |
-‘ 2
s0.02L i 1
- -IM = 0.7500
APPL.NO. | 2D- 9 Wt S
£ = 0.60E°07
NAME KAIDEN RE - 0/60€0
. FORM 20-A7 (1) .VELOCITY PROFILE
0.02 C _
X< 0.5 X 0.7
0.01 ] L
0.00
o v 1o T U
-0.01 L 4 1
0021 1

Ny

T
6.02 —

0.01 &

VY NHE

37

(FORM 2D-A7).

APPL. ND. - BoC S.lseo
]
- 0.506:07
NANE NISHIKAKA | B€ 7 0.60€-0
XTRU= 0.0000
XTAL=  0.0000
FORM 20-A7 (1) VELOCITY PROFILE
= 1.0 X= 1.1 X= 1.2

-0.01

-0.02 1

Y
0.02

-0.01

-0.02.]

~0.02 4

M?)
O g GO G 5D

0 ¢ [t U
?
'

+ 4 £

i |

! 7
!
o

APPL . NO.

;‘\
20- 8 "

NAME

MATSUSH-JK| RE

FORM 20-A7

XTRL= 0.1300
(11 VELOCITY PROFILE

X= 1.2 /

\

|

1 B

N M = 0.7500
APPL.NO. | 20- 9 oo 9.1s0
RE = 0.60E+07
NAME KAIDEN ot = %5850
FORM 2D~A7 (1) VELOCITY PROFILE
T T
X=" 1.1 l//[ X= 1.2
o \ Ve u
1 1
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BJA-1-7-2 RE A-l, Re=6X10°, FEHIERIE - ANBIMIEFEAT s vs y/C (FORM 2D-A7)

_ N = 0.7500
APPL.NO. | 20- 2 =§ : n"ﬁé"ﬁ, APPL.ND. | 20- 2
= 0.60E+
NARE Y-NAKAKURA] BE = 0 60520 NAME Y -NRKANURR|
XTRU=  0.0000
XTRL=  0.0000
v FORM 2D-R7 (2) TURMU OISTRIBUTION ' FORM 20-A7 (2] TURNU DISTRIBUTION
0.04 - . 0.04 -
1 | I
¥z 0.5 X= 0.7 X= Xz 1.0 Xz %. Xz 1
0.02 L 1 4 0.02 4 4 1
0.00 0.00
© 300C K 3000 pO 300C o 3000 O ¢ 3000 D 3000
n LI *y ny My Ny
-0.02 4 4 + -0.02 L 4 4
-0.042 2 J -5.04¢ 4 4 4
_ " o= 0.750 - N - 0.7500
APPL.NO 20- 3 R+ APPL KO 20- 3 DR+
RE = 0.60€+07 RE - 0.60€+07
NAME K. TARAKA % e NAME K. TANAKA e
X~ 6.0502 XTRU- ©.0502
XIRL- ©0.0679 KA. 0.067
FORM 20-A7 (2} TURMU DISTRIBUTION v FORM 20-A7 ¢2) TURMU DISTRIBUTION
Y
.02 _ T - 0.02 - -
X- 0.5 ¢ X~ 0.7 0.9 X .0 Xe 1.1 X- 1.2
0.0t | 1 1 0.0t | 1 1
N
.
0.00 0.00
0 3000 0 3000 K0 3000 3000 © 3000 P! 3000
L] LY LY “ LY LY
-0.01 4 i 0.0 | 1 4
ol 1 1 0.0z 1 1 1
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VRIY LHRNE 39

A-1-7-2 (%%) 3R A-1, Re=6X10°, FEEIERIE - HIRPUBKEMEAREOA e vs y/C (FORM 2D-A7)

“ 0. 1500
. APPL. NO. R
APPL.NO 20~ 4 Moo= e.Ts00 tono 20 In + 0.8000
° AL = a.e000
RE x 0.c0€407
: NAW . i
NAME e.zhima RE 40 60Es0r £ e.shima el o« e.s292
cL< o.eza2 rave s
KTRUs gaEs ey muE
FRYO -+ 4
RM 20-
FORM 20-A7 (2) TURMU DISTRIBUTION . FORM 2D-A7 (2} TURMU DISTRIBUTION
Y- e.02
0.62 _ _|> —_— T -‘_
I o o ols Ke 10 ke 11 PR
001 | 4
0.0y | 1 L L i
0. 00
0. 00
2000 ©
o 1000 Jo 1000 o 1000 2000 o 2000
wu My MU My b v
0. 01 |
9.01 | 1 4 T T
e.02 | _\‘ 1 o0z L "L

APPL.NO. 20- 5 ooz 0.7s00 APPL.NO. 20- 5 RSN
AL+ 0.8700 . AL s 0.st00
NAME e.shima fE - 0.608:07 NAME e.shima ] RE = 0.G0€r0y
ct = o.sz8s e+ o.s289
XTRU:  0.000 XTRY= 0000
Xraus 0.0 XTRLs 0000
FORM 20-A7 (2) TURMU DISTRIBUTION FORM 2D-A7 (2) TURMY DISTRIBUTION
v Y
0.0z __ ~ T 3 uzT - -
I re 0.7 xe 0. xe 1. xe 11 xe 1.z
0. 01 4] 1 1 o.0v L 1 1
0. 00 0. 00 :
o 1000 o 1000 o 1000 2000 . § 2000 " 9 2000
' m 'Y MU ' wu
0,01 | L 4 oot | kS k3
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MLZEF BN SR Bk 20 5

(A-1-7-2 (%) BR2E A-1, Re=6x10°, LEMISEFIE - HIAPMRMRESM 1o vs y/C (FORM 2D-A7)

- 0.7500
APPL.NG. | 20- 7 EET
0.60E+07
NRME NISHIKARA | AE = 0.50E°
XTAU= 0.0000
XTRL=  0.0000
FORM 20-A7 (21 TURMU DISTRIBUTION
Y
0,02 - I
X= 0.5 X= 0.7 X= 0.8
0.01 E 4
) \
0.00 i ] . o= E
0 200 o 200 B 200
My My MU
[
f !
- M = 08.7500
APPL.NG. | 20- 8 A S
_JK| RE = 0.60€+07
NAME MATSUSH-JK| AE = 0,80C
XTRU= 0.1100
XTRL=  0.1300
; FORM 20-R7 (2} TURMU DISTRIBUTION
u.ozT . T
X= 0.5 X= 0.7 X= 0.
0.01 ] 4 4
0.00
o 200 o 200 o 10¢€
MU MU MU
-0.01 L - 4
-0.024 l 4
APPL.NO. | 20- © I
RE
NAME KAIDEN 7 BR3¢
FORM 2D-A7 (2) TURMU DISTRIBUTION
\
0.02
X= 0.5 T X= 0.7 X= 0.9
0.0t ] _L 4
0.00
o 800 |o 800 o 800
MU " My
-0.01 ¢ 4+ -+
-0.02 L A l

- M = 0.7500
APPL.NG. | 20- 7 RoD e
= 0.60E+0Q7
NAME NISHIKAAR | BE - O.60E-0
XTRU= 0.0000
XTAL=  0.0000
FOAM 20-A7 (2) TURMU DISTRIBUTION
Y
0.02 . _
1
X= 1.0 X= 1.1 X= 1.2
0.01 4 4 .
200 200
MU My
: L
N M o= 0.7500
APPL.NO. | 20- 8 R
- RE = QE +
NAME MATSUSH-JK| RE = 0.60E-C1
XTRU= 0.1100
XTRt= 0.1300
FORM 20-A7 (2) TURMU DISTRIBUTION
¥
0.02T T -
X= 1.0 Xz 1.1 -\ X=$1.2
0.01 L -L L
0.00
1000 1000 ! 1000
My MU MU
-0.01 .4 4 -+
-0.02. A .L
- M = 0.7500
APPL.NO. | 20- § hT oS
RE = O.60E+D
FORM 20-A7 (2) TURMU DISTRIBUTION
Y
0.02 . T ,‘.
X= 1.0 x="9.1 = 1.2
0.0V | ,r m .
0.00
800 [0 800 o 800
MU My My
-0.01 4 4. +
-0.02 4 A _L

Thic dociiment i nrovided hv TAXA



BIEMZERGEZLR I Y v RV U L5mXE 41

A-2-1 HEE A-2, Re= 20X 10°, REE/154 Cp vs x/C (FORM 2D-Al)

APPL.NO. 20- 3
RPPL.NO. 20- 2
NAME K. TANAKA
NAME Y .NAKRMURRA
FORM 2D-A1  CP VS X/C
FORM 2D-A1 CP vS Xx/C M =~ 0.7500
# = 0.7500 AL - 0.9000
AL = 1.2400 ce RE = 0.20E+08
Ce RE = 0.20E+08 2.0 - -~ 0.6302
2.0 cL_= 0.5283 : CPTE= 0.2015
CPTE= 0.1369 XTRU=. 0.0077
XTRU=  ©.0000 XTRL-  0.0015
XTRL= 0.0000 +
+ CP UPPER * CP LOVER
« CP LOWER
1.0 107
ce
0.0
0-e X/C 1
1.0 1.0 3
2.0 2.0~
APPL. NO. 20~ 4 APPL.NO. 20- S
NAME e.shima NAuE e-=hima
FORM 2D-A1 cP VS x/¢C R AL LAl L ce vs x/¢
- = 0.7800 * . 9.7800
AL = 0.69%00 co At * 9-s810
cp RE - 6.20e408 RE = 0.20€008
s T e <204 cL « o.e300
Tt CPTE= o.212) cPyes 0.2382
xTAus 0000
aTaue gHAB
xTaLe GHAHB xraLe o 0.0
+ Cp UPPER * Cp UPPER
x Cp LOWER * Cp LOWER
ct.o
-
)
o.
v 4
1004
2.04
2.0
apPL.NO. | 20- 8 APPL.NO- [ 2D- 9 |
NAME MATSUSH- JK NAME KAIDEN |
FORM 20-Al  CP VS X/C FORM 20-A1  CP VS X/C
M = 0.7500 M = 0.7500
AL = 0,6000 AL = 0.4500
3 RE = 0.20£+08 ce RE = 0.20€+08
2.0+ CL_ = 0.5851 ~2.01 CL = 0.6303
. CPTE= 0.1637 CPIE= 0.2212
XTRU= 0.001S
XTRL=  0.0075
+ CP UPPER + CP UPPER
« CP LOHER « CP LOMER
-1.04 -1.04
1 S W o
?‘ e \_>1
1.0 1.0
2.0 2-0-
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A-2-2. R A-2, Re= 20x10°, REF /1534 Cp vs y/C (FORM 2D-A2)

PL.NG. 20- 3
APPL.N 20- 2 NAME K. TANAKA
NANE ¥ -NRKRMURA FORM 20-A2  CP VS Y/C
M = 0.7500
FORM 2D-A2  CP VS Y/C AL - 0.9000
M = 0.7500 Ce RE = 0.20E+08
2.0 CL = 0.6302
ce CPTE- 0.2015
2.0, XTRU=  0.0077
XTRL=~ 0.0015
+ CP UPPER
XTRL= x CP LOWER
« CP Ul
x CP LOWER
1.0 |
~1.04
ce*
_________ - g
Knn
. -0.1 (o 0.1
-0.1 c 0.1 4
1.0
2.0 2.0d
APPL.NO.
NAME
FORM 2D-A2 cP ¥S Y/C
FORM 2D-A2 CP ¥Ss Y/C “ B 0.7%500
W o« arsee AL - olsere
AL - olesen co f = o.206408
ce RE = 9.20€408 i2.0 L = 0.6300
-2.0 _ €L = 0.6280 3 cPTEs 0.2382
crres 0,212t xTeus 0000
XTAus EdEE XTRU=  0.000
xTAL: EHEHES
+ Cp UPPER
+ Cp UPPER x Cp LOWER
= Cp LOWER
R
Cos
%M
-0. 1 c e.1 ot ¢ ot
1 B
e 1o
e 2.0 ]
APPL.NO. 20- 8 APPL.NO-
NAME MATSUSH-JK NAME KAIDEN
FORM 20-A2  CP VS Y/C FORM 20-A2  CP VS Y/C
M = 0,7500 M = 0.7500
AL = 0.6000 AL = 0.4500
13 RE ~ 0.20£+08 ce RE = 0.20E+08
-2.0. CL = 0.58S1 =2.0 CL = 0.6303
CPTE= 0.1637 CPTE=  0.2212
XTRAU=. 0.0015
XTRL=" 050075
+ CP UPPER + CP UPPER
x CP LOWER » CP LOWER
-1.0 -1.0
- A U S T
%\n il K«r\ Q.
-0.1 c 0.1 -0.1 c 0.1
1.4 e vl
2.0 2.04
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FEEE A-2, Re= 20X 10°, S Edfisslx (FORM 2D-A3)

APPL.NO. | 2D- 2 K= 07500 APPL.NG. | 20- 8 P4
L = . .
NAME Y.NAKAMURA| RE = 0.20€+08 NAME K. TANAKA RE = 0.20+08
FORM 20-A3  SONIC LINE oL - 0.6289 FORM 20-A3  SONIC LINE cL - 0.6302
- N CPTE= 0.2015
CPTE= 0.1369 o 0 007
XTRU= 0.000C XTRL= 0'0015
XTRL= 0.0000 v
APPL. NO. | 20- 4 | v v ersne « - o.rs0e
Moo elesee A< alsere
NAME e.shima RE a 0.20£+08 RE = 0.20€E+908
FORM 20-A3  SONIC LINE FORM 20-A3  SONIC LINE .
c e oere0 e - o300
chres o212t ceTEs o 7382
xThus pmEn XTRUS 0.0
XTRU= HHEB XTRL=  0.000

APPL.NG. | 20- 8 & - o.7s00 APPL.NO. | 2D- 9 Mos 0.7500

AL = 0.6000 AL = 0.4500

NAME MATSUSH-JK| RE - 0.20E+08 NAME KAIDEN RE - 0.20+08

FORM 20-A3  SONIC LINE o - o.s851 FORM 20-A3  SONTC LINE o - o.e308
€PTE= 0.1637 CPTE= 0.2212

XTRU= 0.001S
XTAL= 0.0075
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A-2-4

2 F BN R BB 205

FRRE A-2, Re= 20%10°, ZMachifiid (AM=0.05, Z:i#&{EM=1.0) (FORM 2D-A4)

APPL.NO. | 20- 2

NAME Y .NRKAMURA

FORM 20-A4 MACH NUMBER

0.7500
1.2400
0.20E+08

0.6283
0.1369
0.0000
0.0000

APPL. NO. 20- 4 ¥+ 07800 RPPL.NO. | 20- 5 " °. 1500
L = 0.6%00 — AL 9.5810
NAME e.shima RE - 0.20E+08 NAME e.shima RE < 0.20€.08
FORM 20-A4  MACH NUMBER G e FORM 20-A4 MACH NUMBER cL s eleses
+ elere e
cPTEs 0.7123% CPTEs  0.2382
reor gy XIRUS oo
ATALs HBIAS XTAL= 0.000
APPL.NO. | 20- 8 W= 0.7500
AL = 0.6000
NAME MATSUSH-JK| RE = 0.206+08
FORM 20-R4  WACH NUWBER . ¢ coo
CPTE- 0.1637
XTAU=  0.0015
XTRL= 0.0075

APPL.NO. 20- 3 ¥ = 0.7500

AL - 0.9000
NAME K.TANAKA RE = 0.20E+08

FORM 20-R4 MACH NUMBER L - 0.6302
CPIE~ 0.2015

XTRU=  0.0077

XTRL= 0.0015

APPL .NO.

2D- 9 b4 = 0.7500
AL 0.4500
NAME KAIDEN RE = 0.20t+08

FORM 2D-A4 MACH NUMBER

CL_ = 0.6303
CPTE= ©0.2212
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XA-2-5 GERE A-2, Re= 20X 10°, S EARX (Ap/ po=0. 05, EE(p/p=1.0) (FORM 2D-A5)

APPL.NG. 20- 3 n - 07500
APPL.NO. | 2D- 2 M = 0.7500 - AL - 0.
l AL 1.2400 NAME K. TANAKA RE = 0.20E+08
NAME Y.NRKRMURA| RE = 0.20£+08 FoRM 26°AS DERSTTY BTST o _ o.a
FORM 20-A5  DENSITY DIST o 0.6283 CPTE= 0.2015
CPTE= 0.1369 XTRU-  0.0077
XTRU=  0.0000 XTRL- 0.0015
XTRL= 0.0000
e
APPL.NO. | 20- 4 W r o.1s00 APPL.NO. | 20-5 uoT e
NAME . enims [P NRKE. e shima RE = o.20€40s
FORM 2D-RS  DENSITY 01ST FORM 20-AS  DENSITY DIS7 e s ol ss00
L+ o.e200 Cevee 0. 2302
cotes o.z12 DASA I
(Thve GOES TRU=
ATave AEAS XTRL= 000
APPL.NO. | 20~ 8 M = 0.7500 APPL.NO. | 2D- 9 M = 0.7500
AL - 0.6000 AL = 0.4500
NRME MRATSUSH-JK} RE- = 0.20E+08 LNAME KAIDEN RE = 0.20£+08
T ‘ ; - NSTTY
FORM 20-A5  DENSITY BIST o | g coc FORM 20-A5  DENSTTY DIST . oo
CPTE= 0.1637 CPTE= 0.2212

XTRU=  0.001S
XTRL= 0.0075
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L2 F BRI E R 205

A-2-6-1 ZEEE A-2, Re= 20X10°, FEBIERIEHE (CRe'”2, H, &%) vs x/C (FORM 2D-A6)

CFRES®

-10.%

H

DELSTAR

8.0 0.04

L0z

FORM 2D-A6

l

Mo oELsT
. x

APPL.NO. 20- 4
NAME e.shima
UPPER B.L.CHAR.

vs X/¢

« o.7s00
AL = 0.6900
RE * 0.70€008

oL =

0. 6280

XTRU. AMAS

CFeREss0. S
°

L0 j-0.01

H
40. 8.0
CFRE%x0.5
30.0 8.0
20.0
10.0
c.g
-10.0J -2.0
H
0.0 2.0

CFREs*0. 5

“10.0 ] 2.0
H

40.0 8.0
CFREXx0.S
30.0 6.0
20.0 4.0
10.0 2.0

0.0 8.0
-10.01 -2.¢

DELSTAR
04
RAPPL.NG. 20- 2
) NAME Y -NAKAMURA
ORM 2D-A6 UPPER B.L.CHRAR. VS X/C
M = 0.7500
1.2400
0.20E+08
0.6283
0.p3 0.0000

XTi
H DELST CFxREwm0.5
+ x ')

~0.01
DELSTAR
6. 04
T
e.shima
FORM 20-A6 UPPER B.L.CHAR. VS X/C
Moo= o.7%00
A+ slserD
RE = 0.70Es08
cL = g.6300
e.03 RI86T 0.000

CFeREess. §

W peLsTY
x °

+

~o.at
DELSTAR
8.04
I APPL.NO, 20- 8
NAME MATSUSH-JK
FORM 20-A6 UPPER B.L.CHAR, VS X/C
4 = 0.7500
AL = 0.6000
RE = 0.20€+08
Ct = 0.5851
0.903 XTRY=  0.001$
H DELST CF»RExx0.S
* % )
g.02
0.0t
0 Xx/C 1
-0.0t

H  DELSTAR
40.0 6.0 0.04
aPPL.NG. | 20- 3
CeRE#1$0.5 NAME K. TANAKA
FORM 20-A6 UPFER B.L.CHAR. VS X/C
M - 0.7500
AL = 0.9000
RE = 0.20E+08
€L = 0.6302
30.0 6.0 0.03 XTRU=  0.0077
H DELST CFeREee0.5
P °
20.0 4.0 0.02
10.0
0.0
-10.0 | 2.0 l-0.08
H
40.0 8.0
CFREQ+0.5 KATDEN
L.CHAR. VS X/C
M = 0.7500
AL 0.4500
RE 0.20£+08
CL = 0.6303
30.0 6.0} 0.03
H DELST CFeRE+«0.5
: > o
20.0 4.0 0.
10.0 2.0
0.0 0.0
o X/C 1
-10.0 -2.0 1-0.01
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XA-2-6-2 ZE5E A-2, Re= 20X 10°, TEHENIERERE (C.Re' %, H, 5% vs x/C (FORM 2D-A6)

H DELSTAR H . DELSTAR
40.0 8.0 L 0.04 40.0 8.0 0.04
APPL.NG. | 20- 2 APPL.NO. 20- 3
CFREMx0.5 NAME Y .NAKARMURA CrRE#10.5 NAME K. TANAKA
FORM 20-A6 LOWER B.L-CHAR. V8 X/C FORM 2D-A6 LOWER B.L.CHAR. VS X/C
) H = .0.7500 M = 0.7500
aL = 1.2400 AL~ 0.9000
RE = 0.20E+08 RE = 0.20E+08
CL = 0.6283 cL = 0.6302
30.0] 6.0} 0.03 ATRL=  0.a000 30.0 | 6.0 }0.03 XTRL= 0.0015
H OELST CFaRExx0.5 H DELST CFsREs+0.5 o
+ x o H X °
20.0 200 | 4.0 |o.02
10.0 10.0 2.0 0.01
8.0 0.0 0.0
0 X/C 1
.
~10.0 ! -2-0 1-0.01 -10.0 J -2.0 l-0.01

H  PELSTAR H ELSTAR
40.0 8.0 | 0.04 40.0 6.0 { 0.04
APPL. NO. 20- 4
FRE*+0.
CFREsv0.S NAME shima CFRE®¢0. 8
AR
FORM 2D-A6 LOWER B.Ll.CHAR. VS X/C FORM 2D-A6 LOWER B.L.CHAR. VS X/C
M = 0.1500 W = 0.7500
A= 0.8%00 AL = 0.s810
RE = 0.20€408 RE = 0.20€+08
cL = 0.8280 €L = 0.6300
20.0 6.0 | 0.3 XTRLr HEEE 3v.0 6.0} 0.03 XTRLe  0.000
W DELST GFemEveo. 5 K DELST CFaRE®e0. 5
+ x ° * x o
20.0 4.0 ] o.02 20.0 4.0 f 0.02

10,0 2.0 1e.0 2.0
5.0 ) o0 0.0 0.0
~to.0 ) ~2.0 f-0.0i “to.0 f 2.0 [-0.0n
H DELSTAR H DELSTAR
40.0, 8.0 _0.04 40.0 . 8.0 . 0.04
CRREAx0.5 GFREY+0.5 name | kaiex
FORM 20~AG LOWER B.L.CHAR. VS X/C FORM 2D-A6 LOWER B.L.CHAR. VS X/C
¥ = 0.7500 M = 0.7500
AL = 00 AL = 0.4500
AE = 0,20E+08 RE = 0.20£+08
€L = 0.5851 CL = 0.6303
39.0) 6.0} 0.03 #TAL=  0.0075 30.0) 6.0 1 0.03
H  DELST CFxREx»0.S5 M DELST CFsRE#+0.5
+ X o + x o
20,0 ] 4.0]0.02 20.0§ -4.0
10.0§ 2.0 §0.91 0.0} 2.0
0.0 0.0 0.0 j
X/¢ 1
-10.0 1 -2.0 l-0.01 -10.0] -2.0 l-0.01
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SRE A-2, Re= 20x10°, FEMBERAE - HANEENA ul. vs y/C (FORM 2D-A7)

—
H P - # = 0.7500
{RPPL.ND. | 20- 2 P R
I JRAl RE = 0.20€+08
&HE Y .NRMAMURA e - 06293
XTRU: 0.0000
XTRL=  £.0000
FORM 20-R7 £1) VELOCITY PROFILE
Y
C.04 _ -
b T
' }
Xz .5 i x= €.7 Xz 0.9
|
cced B! 1
|
i
c.ce
c u 1R v 1P v
-0z ) 1 1
H |
i 1
| |
i
—ceel ¢ 1 1
g 3 n - 0.7500
APPL M. a3 %u.- .9000
: [ RE = 0,206406
NAME K_TANAKA @ - 0.6302
XTRU=- 0.0077
ATRL- 0.001%
FORM 20-A7 (1) VELOCITY PROFILE
Y
.02 } - -
X= 0.5

0.00

~¢.01

-

X 0.7 Xx- 0.9 /

=]
(=
[=]
<

APPL.NO. | 20- 2 "o 0.7500
AL = 1.2400
NANE Y.NR RE = 0.20€+08
NAKRRURA| 1E = 020829
XATRYz  0.0000
XTRL=  D.00O0
v FORM 20-R7 (1) VELOCITY PROFILE
0.04 _ -
T
g ]
iox= 1.0 x= 1 x= 1.2
i
H
c.czf 4 4
.00
d 1o [ | u! 1
-€.02 | 1 4
-0.04 L i
- M- 0.7500
APPL NG, 20- 3 VDYt
RE - 0.20£+08
NAME K. TANAKA & - %oresoz
xRy~ 0.0077
X1RL- 0.0015
FERM 20-A7 (1] VELOCITY PROFILE
]
0. - - -
@

~0.02 .L

x= 1.1
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XA-2-7-1 (2 )

BLEMERA RS NFE Y v RV L3RR

SREE A-2, Re= 20X10°, FEIEAIE - BRPEEED o/l

FORM 2D-A7

APPL.NO. | 20~ & | u 0. 1500
a 0. 8300
NAME e.shima I RE - D.30E0y
cL s o.s2m0
Kthee pEES
xThc. HERE

(1) VELOCITY PROFILE

T

APPL.NO. 20- 5 Moos o o.Ts00
ALTs o.seia
NAME .. shima RE s 0.20£+08
L = 0.6300
XTRU g oo
XTRus 0,000
FORM 20-A7 (1) VELOCITY PROFILE
01 _‘_ T T
Lo | L _(,
.00 b
o v e v 1o Y 1
Lot | 1 1
ol | 1

FORM 2D-A7

APPL.NO. 20- 4 “ o
At =

WANE anime RE « 0.20€.08
cL o« o.ez80

XTRU=
xtaL-

vs y/C

0. 1500
0.6%00

SdiRY
HHES

(1) VELOCITY PROFILE

49

(FORM 2D-A7)

APPL.NO.

RAME

FORM 2D-A7

1

~ T
.
o \ v o
20- & W = 0.7%500
AL = o.se10
.. shims RE = 0.20E¢08
ct = 0.6300

XTRU= 5000
XTRL= 0,000

(1) VELOCITY PROFILE

|

[

|

/
|
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XIA-2-7-1 (k5 ) 3358 A-2, Re= 20X 10°, FEAIERIE - FHMEEN u/le vs y/C (FORM 2D-AT)

. M = 0.7500 aPPL. B 20- 8 M = 0.7500
APPL.NO. | 20- 8 AL s 0 d0es L.NG AL 282908
MATSUSH-Jk| FF 7 0285508 NAME HATSUSH-JK| AE = 0,20€.0
XTRU=  0.0015 ' XTRU=  0.0015
XTRL= 0.0075 XTAL= 0.007S
FORM 20~R7 (1) VELOCITY PROFILE FOAM 20-A7 (1) VELOCITY PROFILE
¥ Y -
0.02 0.02 - T T
X= 0.5 X= 1.1 X= 1.2
g.01 4 +
0.00 . —t
0 u 1 o i o U 1
-0.01 1 4 + + ‘"
-OAUZJ, L 1 -L J
NO. C M = 0.7500 M = 0.7500
APPL.NO. | 2D- 9 PR RARY APPL.NO. | 2D- 9 AL = 04500
NAM RE = 0.20£+08 RE = 0.20E+08
5 KAIDEN RE L0200 NAME KATDEN RE 0,20
. FORM 2D-A7 (1) VELGCITY PROFILE ‘ FORM 20-A7 (1) VELOCITY PROFILE
0.02 . _ 0.02.__ - -
X= 0.$ X+ 0.7 X= 0.9 X= 1.1 X= 1.2
0.01 | RS . 0.01. 1 £
0.00 ey 0.00
0 U 1 fo v 1o u 1 o u 1o u 1o ] 1

=~0.01 L » _’_ -0.01 |

-0.02 1 1 1 -0.02 1 4 L
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XA-2-7-2.

R A-2, Re= 20X10°’,‘Lﬁ5ﬁﬂ%ﬂl§ - SURPIIAEVERE A ue vs v/C (FORM 2D-AT)

RPPL.ND. 2D~ 2
NRME Y .NAKAMURA

FOEH A BRI ¥ £ 9 0 LR

# = 0.7500
AL = 1.2400
RE = D.2DE+08
€L = 0.6283

XTRU=  0.0000
XTRL= 0.0000

FORM 20-R7 (2] TURMU DISTRIBUTION
Y
0.04 T + .\_
X= 0.5 %= 0.7
0.02.L 4
9.00 4 p!
0 8000
HU
-0.02 % 4
-0.04 _E 2
- # - 0.7500
APPL.NO. | 20- 3 h oo 97s00
RE - 0.20E+08
NAME K. TANAKA L - 08302
XTRU=  0.0077
XTRL~ 0.0015
FORM 2D-A7 (2) TURMU DISTRIBUTION
Y
0.02 - -
r
X= 0.5 0.7 X= 0.9
0.01 + 4
0.00
o 3000 [0 3000 {0
" M M
-0.01 L + 4
-0.02 .L l L

3000

APPL .NG . _ 0.7500
PPL.NO. | 2D- 2 0.
NARE Y . NAKAMURA 8-20£+08
KAMUR 0.6283
0.0000
XTRL= Q.QCo00
FORM 20-A7 (2) TURMU DISTRIBUTION
o.u.zT - -
X= 1.0 X= 1.1
0.021 4 B!
4.00 =
o 8000 |0 8000
u uy
-0.02 L —_+ 4
004 4 g
- M = 0.7500
APPL NG 20- 3 PR
RE = 0.20E+08
NAME K. TANAKA RS
XTRU=  0.0077
XIRL=  0.0015

).02 L

FORM 20-A7 (2) TURMU DISTRIBUTION

=11

T

0

3000 |0

3000
MU

Thic dociiment i nrovided hv TAXA
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APPL. NO. 20- 4

NAME

fiize F AR FE TR B 20 5

M« 0.7800
AL = 0.6300
R€ « 9.208408
6L = 0.6280
XTRU: guEEs
XTaL: HEAE

FORM 20-A7 (2) TURMU DISTRIBUTION

¥
0.02 - -‘7
xx 0.8 xs 0.1 x« 0.
0.0 | 1 1
1
s.00 4
o 2000 o 2000 o 2000
uy "y My
a.01 | 1 1
c.02 | 1 _L
‘APPL.ND. 20- 5 “ - e.1800
AL« ousaro
g RE = 0.20€408
Lshim
‘NAME e.shima RIS
XTRU=" 0000
xTROs 0,000
FORM 2D~A7 {(2) TURMU DISTRIBUTION
¥ ;
o.02 ~ .
¥x-o5 -‘ ¥e o.1 1 X+ 0.9
0.0t | 4 £
0.00
o 2000 o 2000 1o 2000
"y uy My
o.01 | 1 4
oenl 1 1

U A2, Re= 20X 10°, FEADETIE - HIRPIEBRIEREAN 1. vs y/C (FORM 2D-AT)

FORM 2D-A7

(2)

TURMU DISTRIBUTION

4000

Al e

L =

0. 7500
o. 5810
0.20€.00
©. 8300
XTRU« 0 000
XThix 0.000

FORM 20-A7 (2} TURMU DISTRIBUTION
“T %_
x= 1.0 x= 1.1 Xe 1.2
Lo |
+
00
4000 4000 4000
My MU MU
co | K3
ol 1
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BA-2-7-2 (K ) 225 A-2, Re= 20%10°, FE@IEARME - RImPBRIERESH o vs y/C (FORM 2D-AT)

‘ _ " s+ C.7500
RPPL.NC. 20- & AL+ 0.600C
" om-on| RE + C.20E-c8
MEHE MRTSUSH- %] 0 . To.ses)
xTAL=  0.C01S
XTAL» 0.CO075
FGAN 20-A7 12) TUAMJ DISTRIBUTION
-
6.5 XNG.7 x- 0.9

\

0,00 pmmacact et e
C 2 o 200 © 1000
"y My MU
C.0 - -+
co2l s 1
- n - 0.7500
APPL .NO. 20 9 AL+ D.4500
RE = 0.20€-08
NAME KATDEN RE - 0.20¢-0
FORM 20-A7 (2) TURMU DISTRIBUTION
Y
¢.02
1+ 0.5 X+ 0.7 x= C.9
©.00
o 2000 0 2000 P 2000
(o ] LY "y
-0.01 4 4
-0.02 | 1 l

106D

0 -

a- X s 0.7500
RPPL.ND. | 20- 8 6L = 0.6000
- RE « 0.20E+08
NAME MATSUSH-JK| O T Tdcer
XTRy= 0.0015
XTAL=  0.0075
. FOAM 20~R? (21 TuRMy CISTAIBUTION
0.02
- T -+
x= 1.0 Xe 1.1 x
0.01 4 4 +
0.00 4
100¢C
-0.01 4 4
-c.02 d BS 1
R ® o+ 0.7500
APPL .ND. 20- 9 A = 0.4500
RE = 0.20E+08
NAME KAIDEN RE 1 020E0
FORM 2D-A7 (2 TURMU CISTRIBUTIDN
Y
0.02.‘ .
Xt 1.0 X ¢.1 ]' -
[T 1 p
©.00
2000 2000 pQ
" My
¢
¢
-0.01 § 4 4
-0.02 1 d 4

~
<)
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(l) Cl.Ca,Cm Vs ¢,

e T e ]
e v vame]

FORM 2D-81 CL.CDeCM,CPTE VS AL
FMDESIEN = 0.7508
RE = 0.80E+07
RLDESAGN = 1.8500
CLDEFIGN = 0.6300
CL CD CH CHTE
o u
Sa0 {0400, 4_4/"—"”//"’~
5 ALPHA 10
-6.5 L-0.08
-CPiE
APPL.NO. 20~ 4
NAME e.shima
FORM 20D-B1 GL,GD/CM, CPTE VS AL
0. 7800
o.s0€407
o.8000
o.e282
cM™
cL
10
0.8
0.0 | 0.900
o s ALPHA 10
~o.s |-0.08
-cPTE
RPPL.NQ. 20- 8
NAME MATSUSH IMA]
FORM 20~B1 CL.CO.CM VS ALPHA
FMDESIGN = 0.7500
RE = 0.80E+07
RLDESIGN = 0.6500
CLDESIGN = 0.6050
cL cg
Cn © D a
Ci Co
1.0 . 0.10
0.5 1/0.05
a.alapoa
0 S ALPHA 10
—
~-0.5 1-0.05

iz F i BRI 205

ZEE B-1, Re= 6 Xx10°,

Bt EREOZESIENE (0 R4 =T, M A —7)

(3) C1,Ca,Ca vs M. (FORM 2D-B1, B2, B3)

e (27 )

o
e & co Y . NAKAMURA|
1.5 1.5 0.15
FORM 20-B2 CL VS CD FOGRM 20-B3 CL.CD,CM VS MACH
= 0.7500 FMDESIGN = 0-7500
RE = 0.G0E+07 RE
ALDESIGN = 1.8500 ALDESIGN = 1.
CLDESIGN = 0.8300 CLDESIGN = 0.6300
€L v €D €L CD CH
° PR
1.0 t.0] 0.10
8.5 0.5} 0.05
f.n 0.0 }_n.00 -
-0.01 0{00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 S 0.6 0.7 0.8 g 1.0
Co Hiw
-0.5 I -0.5 l—o.us
-CriE
APPL. NO. 20- 4 appL.MO. | 20- «
oL NAME e.shina oY oo |wame e.shima
oy 1.8 0.1
FORM 2D-B2 CL VS €D FORN 2D-B3 CL,GCD,CM VS MACH
% 0.7600 FupEstan = 0.7500
ME . 0.60fe07 E
ALDEsTaN = e.w000 ALDESION =
cuoEsian = o.e292 CLoESTOK =
et vs co oL co oM
o ©c 0 a
1o 1.0 ) et
o5 0.5 ] 0.0s
0.0 - 0.0 g.00
-0 6)oo  e.01 6.0z 0.0 ©.04 .08 0.08 o0.07 ofs " els 0.1 0w o 10
co
Mint
Y ~o.8 |-0.08
-CPTE
APPL.NO 20- 8 APPL.NO. 2D- 8
Cn
cL NAME MATSUSHIMA Gy Co NAME MATSUSHIMA
1.5 1.5 _ 0.15
FORM 20-82 CL VS CO FORM 20-B3 CL,.CD.CM VS MACH
M = 0.7500 FMDESIGN = 0.7500
RE = 0.B0E+07 A€ = 0.B0E+07
ALDESIGN 0.6500 RLDESIGN = 0.6500
CLOESIGN = 0.6050 ) CLDESIGN = 0.6050
CL ¥S €8 tL €D tn
o o o a
1.0 1.0] o0.10
0.5 0.5.] 6.05
4.0 0.0
-0.01  0Joo 6.01 0.02 0.03 0.04 0.0% 0.06 0.07 ols 0.6 6.7 0.8 0.9 1.0
0 .-‘_*‘A‘___‘\ki///A Muw
-0.5 -0.5 l-0.05
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BB-2 R B-2, Re= 20X10°, At -UEBDEI Y ( 01 —F, M2 A —F)

(1) €1,Ca,Cm vs 4, (2) Ci vs Ca, (3) €1,Ca,Cm vs M. (FORM 2D-B1,B2,B3)

Y .NRKAMURA] cn
m o & W Y - NAKAMURAY

1.5 1.5 . 0.15
FORM 20-B1 EL.CD.CM,CPTE VS AL FORM 20-B3 (CL.ED,CM VS MACH
FMDESIGN = ©0.7500 = FMDESIGN = 0.7S00
RE = 0.20E+08
ALDESIGN ALDESIGN = 1.8500 RALOESIGN 1.8500
CLDESIGN = CLDESIGN = 0.6300 CLDESIGN = 0.6300 -
tL €D CN CPTE CL Vs €D CL D cH
Cn e 8 4 v ° o ©
Ct  Ca
1.0 . 0.10 1.0 1.0} 0.10
0.5 4 0. 0.5 0.5 1 0.05
a.0.] 0.00 - 0.0 0.0 L_n.00
5 ALPHA 10 -0.01 0{00 0.0¢ 0.02 0.03 0.04 u.ng 0.06 0.07 [15 0.6 0.7 0.8 ) 1.0
0 Haw
-0.5 1-0.08 ~0.! -0.5 1-0.
~Cpre s Ecimn 0s
APPL.NO. 20~ 4 APPL. NO. 20~ 4 APPL. NO. 20~ 4
NAME e.shima oL NAME e shima Z': co  |MANE e.shima
g [ 1.8 618
FORM 2D-81 CL.CD.AN.CPTE VS AL FORM 2D-B2 €L VS €D FORM 2D-B3 GL.CD,CM VS MAGH
« 0.1300 “ - o.7s00 FMDESIGN = 0.7600
- s.20e408 RE + 0.208008 RE = 0.20E408
- 0.8900 ALDESIGR = 9.8900 ALDESIGN = 0.8%00
- 0.8260 CLOESION = 0.8280 CLDESTAGN = o.6280
cL vs co oL co oM
o o o e
1]
cL
1o 10 1.0 § a0
o8 o8 o.s | o.0s
2.9 1 0,80 9.0 0.0 | 0.0
-0.¢r  oleo  s.01 9.0z .03 ©.94 0.058 0.08 o.07 o s 0.8 0.1 I o e
o s ALPHA 10 co
Mint
-o.s )eo. s “o.s ~0.8 [-0.08
-CPTE

-CPTE
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3 XXO>CBBFIER AR
PR & 3> © DHETL D /EHT

t—~HFr4F— h@ 8B

ONERA M5

Description of 3D problem:Flow Analysis Around ONERA Model M5 Cofiguration
Organizer:Jiro Nakamichi, National Aerospace Laboratory

ABSTRACT
Description of 3D Problem is given. It consists of Problea A, B and C, concerning flow analysis around
ONERA M5 configuration. Problem A is to compute the flow at freestream conditions of Mach number, 0.84.
Reynolds number, 1x10* and angle of attack, @ =-1°,with free transition condition. Problem B is to compute
the flow at freestream conditions of Mach number,0.84. Reynolds number, 6x10’ and angle of attack, a=-1°

with full turbulence condition. Problem C is to compute the aerodynamic characteristics of the model at
freestream conditions of Mach number, 0.84. Reynolds number, 2x10* and angles of attack , @ =-3°,-2° and

-1° ,and to make plots of C.-a,C.-Cp and C,-Cx curves.

computed results.

ONERA M5 BRI MEXOIERTERRORFE
FHEH2VWRARFHULZHECTLIEHNT. 1969F 0N
ERA(Z7 S5 »y2EIRTEFHRARR) KL->-THHSOAK
HFRLHGREAZBRcEbOh A BREHUER DD &> T
53, HENLRXBI A 702LBEEBNTCHD, &
ey ~EI20.84, —BOHEBYEOL»THBOKE
W (R H50.9820) o MEFHBEKHARATH. 1989
FiHpio B S ERE CHCRESBER A h.
CHhoDERICOWTIINAL BRATAEH (TH-616(1990)) %
CHBLEENE S,

KEONSETIHE T, BEREREF v+
rifit, Euler Rt (FDM., FEM, ¥0f, 531
RENSBABBELHAANLFERE) . Navier-Stok
es Rt (FDM., FEM. £0Dfth) iIcHT 3MET~
T&s %4,

FHERLUTOIHLSIED, A, BOABTHLEETT .
TENETCHAEBETRELTWALEL L,

HBE A

—H i Mach¥{ Moo= 0.84. Reynolds¥t 1x10°. A H
a=-1" OFHEBORH CHOUERDENRSOERIC
DSWTUTFo)~INETcoZERBIUBRRE 7 v o
Y B,

FH B

— bRt Mach¥{ Mco= 0.84. Reynolds¥f 6x107. I
a=-1" 2REFMEFETCHIERDEOSOFERICH W
TUTFo()~{(10)FCcoRBBELIUVBRE S0y + T
%,

Reynolds¥{iz C B+ ¥ 3, {EiLid Fore Body BX%)
DA ET B,

(1) BFREOBRELI» IBTR (HBERBEFLV)
(Form 3D-AB1)
(2) ERMEUE S1.52.53.8°4.5°5 © Cpsrdh
(Form 3D-AB2)
(3) RENHFERLTEO Cpi3H
1) ERo L TFHECpa2v s (Form 3D-AB4)
(5) BE&EX@mEtoCpa vy (Form 3D-ABS)
(6) KEER EBE1.H2 H3 BRE® Cp2# (Form 3D-AB6)
(1) ZEHER V1.V2 iED Cpi®h (Form 3D-AB7)
8) ¥R. Hix. ZEHRR. KPRROEXFD
cC. of (Form 3D-ABS)
(9) 20X~ 100% €izn" yRADIOXEIAN v D — B
qzﬁﬁBi*@Cn Cd\ C.@iﬁ

(Form 3D-AB3)

The output formats are specified for all

(Cuid3.5%a—FiFEFHb) (Fora 3D-ABY9)

(10)28 C.. Co. Cu Ol (Cuiz25%CEbDH)
{Fora 3D-AB10)

UNFEIRRELEBAR (Form 3D-A11)
XRE_C
—BRK Mach¥{ Moo= 0.84. Reynolds® 2x10°*. IF
a=-3°, -2°, ~1* OHHBBOZH{ETHOERDE L
SOERIE-SWVWT Ci-a (Form 3D-Cl), C.-C,
(Fora 3D-C2)B LU C,.-Cw (Form $D-C3)% 7w
P35, ( Cult25XCEbb)

AL, BEA. B, CT, ¥~TD C. (Cp) REN
I Cap (Cop) LEEWIRIT  Cof (Cof) RT3
lEET B,

FHUEHRE2TORARIXTOZFH BV THEILE
bakRRMBA T ¢ L L. BFA. FHEBRRE—F
BE43,

$1.52.83.8°4.5° 5. H1.H2 HS. Y1.V2 Oo&/MimichiL
TRIR1I8BHO L,

AHED Format KIKBLTRE-TEHMOB LT,

X XH

(1) REM, Meax2eBHEB K ICH (T ZONERASEREB R
HBERE MEFEBRRBRR
TM-616. 1990

(2) Staff of the Second Aerodynamics Division
"Results of the Test on ONERA Calibration
Model M5 in NAL 2mx2m Transonic Wind Tunnel’
NAL TR-T774T, 1983

(3) Ph.Poisson-Quinton, X. Yaucheret 'Prediction of
Aerodynamic Characteristic of an Aircraft From
a Correlation of Results on a Calibration
Model Tested in Various Large Transonic
Tunnels’ AGARD CP-242,1977

(4) "Experimental Data Base for Computer Program
Assessment, Report of the Fluid Dynamics Panel
¥orking Group 04', AGARD Report No. 138, 1979
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1. RIRAE .0 x < 0.3105 m
o/D 2.50EERME
. 0.3105 u
0.1242 n
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=0.1242 m OHME
0.7038 m < x < 0.9729 »
L./D = 3. 50E&HME
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DghiEMgs
BL.L, IEARWOLI/IOKX

n n A

2. PHEHR
3. R
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L
L
D
0
D

(2) ¥R

1. B%
3.5% o — P EELIHE CORE (M
BRRA) 2K 25X 5,

2. ¥HEE
FA4 =t = 0.3
AR %EBA = 30.0
RiE--FR =Ca
R¥Ezx~VFE =b/2/cos(8°)

3. BiE~ombFitIE
37.5%2 — FHORBREOMD B
B&EEkLD X = 0.4350717 =
RawmcEENEN 7 =-0.03106 =
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tR#A = 3
Prtof#éTsmlic
RN

A: TRoOEb{FIi, £, TR 371.5%3—
FHBBRBETRIAIUBCAYRLETHE
MHBEEKE. LoRBEE xWICFETIC
ForuBr»o. MOfFTUABEBEBWT.,
x®BicETRMWELOIC3., O (R¥Eup
HiE) EEL. Lr3®kicsr.sna— FE
¥Fbhicd. 4 0F (FiRuwHEEKS
B360¢T 5,

op & %

BT DL 5KHD

(3) XK¥EEHR

1. REY
3.5% o — FiicEETMETORYE (4
BHRE) 2 &2k 54A5%,.

2. £HE
FA4 24—t = 0.47
A &RA 37.5 BE
BE>2>—FE = Cah
REzxatrE = Sh/2/cos(3°)

3. BE~omMb FiIrE
31.5% 0~ FHORBROMb T E
B&ERRL b X = 0.958284 »
R cEENEN 7 =20.0165 =

B ftitH 0
R = 3
Dtogk#csaBic
i %,

o> 7 &

- P A )

(4) EHRH

1. BT
31.5%a— FHIcEEAHECOREY (X

EFHERNT AR 205

R E & (IR2 B8R )

BRI eA&R25X 5,
2. PEkE
F4¢—H = 0.39
FiREESs = 1.5 B
HKEa2—FE = Cayv
&P = hv
BECoEHEM)
3. RE~olb FiFHE
37.5%0 — FEORBBLOMO F @l

(R&®Ly R

Hikk®Lp X = 0.854274 n
Ba&wicE=EHNEN 2=0.0 »
b = 0§
Prof¢Tc3smNicasRd L 3cmy
Hi+ 3,

(5) xofl

1. ¥4 7
HZ0.75D,. BX3D.. A SICEAICLS
BETF4 =457+ v 7HBMOFIS
htwvwd, (R2)

2. 22TV 7
IRRER. REGHMECRETOr

BRohTWwS,
b =0.9819 [m]
C. =0.2108 b {m]}
T =0.1400 b (m]}
S, =0.3579 b [m}
C.v=0.1265 b [m]
h, =0,2108 b {m]
C..=0.2161 b (m]
D =0.1265 b [m]
L =8.5167T D [m]
D. =0.6317 D [m]

Seer=0.65Cab [m?}

1% 2. ONERA M5 ¥R - KRR - ZHER
RUEEE CGIHRREEY)

X/C /c X/C z/C
0.000000 0.000000 0.255000 0.050130
0.000125 0.001890 0.265000 0.050510
0.000250  0.002700 0.275000 0.050860
0.000750 0.004968 0.285000 0.051160
0.001500 0.007216 0.295000 0.051440
0.003000 0.010320 0.305000 0.051670
0.005000 0.013310 0.315000 0.051880
0.007000 0.015640 0.325000 0.052050
0.00900C 0.017570 0.335000 0.052180
0.012500 0.020290 0.345000 0.052290
0.017500 0.023180 0.355000 0.052360
0.020000 0.024280 0.365000 0.052400
0.022500 0.025220 0.375000 0.052410
0.027500 0.026790 0.385000 0.052370
0.032500 0.028070 0.395000 0.052310
0.037500 0.029210 0.405000 0.052200
0.042500 0.030230 0.4i5000 0.052060
0.047500 0.031170 0.425000 0.051860
0.052500 0.032060 0.435000 0.051650
0.057500 0.032890 0.445000 0.051380
0.062500 0.033690 0.455000 0.051070
0.067500 0.034460 0.465000 0.050700
0.072500 0.035190 0.475000 0.050300
0.077500 0.035900 0.485000 0.049860
0.082500 0.036580 0.495000 0.049380
0.087500 0.037240 0.505000 0.048860
0.092500 Q0.037870 0.520000 0.048050C
0.097500 0.038440 0.535000 0.047180
0.105000 0.039340 0.550000 0.046250
0.112500 0.040170 0.565000 0.045260
0.120000 0.040860 0.580000 0.044240
0.127500 0.041710 0.595000 0.043150
0.135000 0.042430 0.610000 0.042030
0.145000 0.043340 0.625000 0.040870
0.155000 0.0441890 0.640000 0.039680
0.165000 0.044980 0.655000 0.038450
0.175000 0.045740 0.670000 0.037160
0.185000 ©0.046440 0.630000 0.035450
0.195000 0.047090 0.750000 0.029760
0.205000 0.047700 0.800000 0.024500
0.215000 0.048270 0.850000 0.018800
0.225000 0.048790 0.900000 0.012800
0.235000 0.048280 0.950000 0.006750
0.245000 0.049720 1.000000 0.000700
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oEEs 3D—1
ONERA M5EREET D) O

gy Fkx WEHE OMTr B OESLY HE R

#3D-1 Flow Analysis Around ONERA Model M5 Configuration
Tetsuo Yamazaki, Kyoko Higaki, Yasuhiro Koshioka, and Kohei Tanaka

ABSTRACT
Navier-Stokes code was used for flow analysis around ONERA Model M5 configuration. This
code utilizes LU-ADI scheme and algebraic turbulence model that was proposed by
B.S.Baldwin and H.Lomax. The body surface grid used for this analysis was obtained by using
Master Dimension System, and the whole grid system was constructed in C-H type topology.
The results of this analysis are in good agreement with wind tunnel test results.

1. 13 0 ® (&

WFERA—=N—T v Ea—5DFREIZLYCFED
M B TR OENZREPITb s L) (2
hoTETWA, BHIZBEWTLCFDAIERAL
TR 2T TWh, ZZ THEIDEETD
AONERA MSEHIZEESE D ) DN IZ DOV T
B3 O B A Navier-Stokesf#AT 27— N % H
W 24T 2 72,

. it et AT
2. W H ﬁﬁf}}}},’}%ﬁﬂ; N N
a. FEXOWH /” \ NN

M T L Navier-Stokes F F2 E
b. ¥FHEIIK & R
I— FHENCCHRE, R8N HRI O fE
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i A NS
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I
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¥F

SRR AR & 7 O M1 RRHETAER
c. BREOEIRS, FFH. WES

I B AR LB TR L 729 o 20
LU-ADIH‘E” , 2) %tigi%]&@\\/x T I %*U%Tét\ g%blﬁ/)’;ﬁ@
0 KIEE HORAEFPERTE b, HREKEFOMEEZR
d. EiET N LIRTo . 2 OBT I LI 2 OBT &
€7V (Baldwin & Lomax ) £13369X52X63 (M121778) TdHbo

2 H S AL A D FRAT TIERe=6 X 107 DIFEIT DN T DA

ERLio T, SEEALAEE I - FI>TVD
3. & 3] ftasnTwadt, SO\ TIEFERL TWwE
MEAY AT 2L ERL, CORMETPOH s s iomy, TR EHOERENE IR
* E TETRAARMT bR TnAI EDbhI b,
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3 DR A B RERAERY BT 5 &,
ReBD:E N EdH B, I BREEREN &
YRR, IR EERLTVWS (Rl
)

<

4. ¥ &£
ASMOMEHNSLUTDOL I T EAFVZ B,
1) ARG A & B SR SR AT & v T RAT
¥ ERLT
2) KB 248 AENavier-Stokesf#AT T b 1007
ARRORTAEPHNERSTRETH A

£ X W

1) K.Fujii and S.Obayashi : Practical Applications of
New LU-ADI Scheme for the Three Dimensional
Navier-Stokes Computations of Transonic Flows.
AIAA 86-0513 (1986)

2) RoAREM, hiEd/ MBS & ONERA-M6E
THh) DIEEFEH NALSP-10 (1989 ) pp.33-37
3) HH O HEMR Y AT AR H MR E
e FOER NAL SP-10 (1989 ) pp.171-176
4) Staff of the Second Aerodynamics Division :Re-
sults of the Test on ONERA Calibration Model M5 in
NAL 2mX2m Transonic Wind Tunnel. NAL TR
774T (1983)

PRATAE R BEKER

Re=6X 107 Re=1X 10¢
C, 0.254 0.256
C, 0.0293 0.0260
C, 0.073 0.0714

K1 BEREBRBEROLE
(M=0.84, a=-1°)

fLZE F E BRI SRR B Bk 20 5

Cp Distribution
o

1.0 -05 00 05 1.c

M2 BEEHEEDSA
PRATAE SR Re=6X107
M=0.84 o=-1°

Cp Distrizution

5 95 1.0

-1.6 -05 0.
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ONERA MbLE2EEEFLY OWMNEN

KE*x K&

#3D-2
by

Flow Analysis around ONERA Model M5 Configuration

Takuji Kishimoto
Gifu Technical Institute, Kawasaki Heavy Industries,LTD.

ABSTRACT

Numerical simulation of transonic flow around ONERA model M5 configuration have been
carried out by solving Navier-Stokes equations. The numerical grid used in this analysis
is generated by an algebraic method with a multi-block transformation. The grid generated
around given configuration in this way consists of more 5 million points. We adopt as
governing equations Reynolds averaged thin layer approximate Navier-Stokes equations with
a q-w two equation turbulence model for a turbulent viscous flow. These equations are
solved by an implicit finite volume TVD upwind scheme with Roe's approximate Riemann

solver to estimate convective fluxes.

1. FLaic

BE. MAFZoRLEHARO AR - MELIC X
b, EEOMEBRBHOBIC BN TOLRERZIXTO
EREHIRELITOhI LR TETWS, HitT
L., STOLERSE "R&” Y, HOPE®* 4,
SST®, RSV T—2BORY - TR TIL.
3!t Euler/Navier-StokesMir K E R % LT
w3,

LPLZhosoMFIcRLTL, RHOMEEORA
S, KBELEHNABOZREBRARBIIERALLELD
B2, TOFLALBPRFABLALIBEOREAN
(#150~250 . #J 100~400 MBytesERAr) (CHIFRL
TWAB., LEP->T. SEHABROUTESIC L DM
NEOABMBATHMEBEILLZoTNL T EBSTFHEIh 2D
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PIEREhTWNWEE2ISQ S,

FITCHAE. AD—0Va v TRENTALH-
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3, PhFTuy 25V k. HELBEEREER. B
BEOERETLOTuy 28N L. Fh¥FhoTuy
PESNEHRE L THRAZEMATERTZ200T. HRES
#HiEhTWB L WDATNS,
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AWrERERICELT. BEERORERIL.
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F4vZRETIW/AREBLTVS, £, R
BIUZERORRBOFRIAEICIE. RBOTTH
3.
COEIRCATIARIDERESh-BKIZ, 7
Oy 20AWMIIHNET 2L ZBAYLZN20DNy
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DARBITLIDREZNTNS, FLT. ENvF T
LRSNBEBRIAI - MR XAV T 2 HMICAHE
THILIRELD. BEKOREBFELERL .

(2) ZMBTFER

ZMBFCRLTY, EMEAYLTay 280N
L. FhFfho7aoy 2L TTransfinite-
Interpolation AL RKENFEY EANZC L
KEDERL TS,

DREDEIOD>RUTERENHAR T, MBL2E
BEABT LRIV BR—DBERTFLLTROES
TENTERZLD. RITa2—FOXRZ M UEBLUE
FULEBBILTAIEMLADEH-TWAS,

3. MIrEH

ZMIFCIE. NAL/KHIABHRICLIOMRZO
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Investigation on Wing/Nacelle Interferences
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3) Sawada,K., "Navier-Stokes Calculation over
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Symposium Nagoya, 1989.
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5) Sawada,K.,"Aerodynamics of Supersonic
Transport — Navier-Stokes Simulation of
SST Configurations", B2TEIRITHY Vv HU Y A
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6) Fujimoto,A., Niwa,N., and Sawada,K.,
"Numerical Investigation of Supersonic
Inlet with Realistic Bleed and Bypass
Systems”, AIAA paper 91-0127, 1991.

7) Akima,H.,"A New Method of Interpolation
and Smooth Curve Fitting Based on Local
Procedure”, Journal of ACM, Vol.17(4), 1970.
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D2WTT . BIERERENZEY Y RO Y ABH
WX, 1987,

9) S.T.Vuong, and T.J.Coakly, "Modeling of
Turbulence for Hypersonic Flows with and
without Seperation”, AIAA paper 87-0286,
1987.

10) P.L.Roe, "Approximate Riemann Solvers,
Parameter Vectors, and Difference Schemes”,
Journal of Computational Physics, Vol.43(357).
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BEEF" /BT AR
# 3D-3 Flow Analysis around ONERA Model M5 Configuration

Yoko TAKAKURA

Fujitsu Ltd.

Satoru OGAWA and Yasuhiro WADA
National Aerospace Laboratory

ABSTRACT

The numerical analysis of NAL transonic wind-tunnel flows around ONERA aircraft
model M5 has been tried to investigate the reliability of numerical simulation. The multi-
domain technique is used to realize flow computations about the complicated configuration,
and a simple modeling-method for the outflow/inflow through the perforated wall of tran-
sonic wind-tunnel is presented. As a result it is known that this trial is successful since the

numerical solutions agree with experiments well.
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ABSTRACT

Numerical simulation of the transonic flow about ONERA model M5 configuration
has been carried out.

The governing equations are the Reynolds-averaged thin-layer Navier-Stokes equa-
tions. The numerical algorithm used here is the implicit finite volume method based
on the upwind TVD scheme. A computational grid with an O-C topology is generat-
ed by the point—charge distribution method. The conputational results are also com-

pared with the wind tunnel test data.
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Flow Analysis around ONERA Model M5 Configuration

Takeshi Kaiden

Jun Ogino

Mitsubishi Heavy Industries,Ltd.

ABSTRACT

FlowAnalysis around ONERA Model M5 Configuration is presented. The goveming equation is thin
layer Reynolds -averaged Navier-Stokes equation. The code is based on scalar pentadiagonal ADI scheme with
nonlinear artificial dissipation model and local time stepping. The turbulence modeling is also added as the
algebraic model of Baldwin -Lomax type. The grid system for this configuration is generated utilizing the
algebraic interpolation. The computations with 1,221,500 points are performed on Fujitsu VP-2600.
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Compendium of Results
Flow Analysis Around ONERA Model M5 Configuration

by
Jiro NAKAMICHI
National Aerospace Laboratory

ABSTRACT

Compendium of results of 3D problem; flov analysis around ONERA M5 configuration is given. All of the
submitted computation results were shown on the respective figures to see the differences between the
computed results and experimental data. In Problem A; flow analysis vith freestream condition of Mach
number, 0. 84, @ =-1°, Reynolds number, I1x10®* with free transition condition and Problem B: flow analysis
vith freestream condition of Mach number, 0. 84, a =-1°,Reynolds number, 6x107 with fully turbulent
conditions, the pressure distributions and Cp contours on the lifting surface and the fuselage were
compared. Experimental data with Reynolds number 1x10* were also shown. In Problem A, the computed
transition lines of the main wing surface were compared. in Problem C; computation of aerodynamic
characteristics of the Model aircraft, the C.~a,C.-Co and C.-Cx curves were shown in comparison with
experimental data.

The factors leading to the present results vere discussed and necessary future improvement were also
discussed.
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Mo 0. 84 RE 1. 0E+6
a —1. 00
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M 0. 84 RE 1. 0E+6
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1D 3D-2  |NAME | T.KISHINTO
CASE | A |FORM | 3D-ABIL-MAIN WING-UPPER
Meo 0. 84 RE | 1. 0E+6
a ~1. 00

ONERA-MS
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CASE | A |FORM | 35D-AII-MAIN WING-UPPER
Meo 0. 84 RE | 1. 0E+6

a -1. 00
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" Moo 0. 84 RE | 1. OE+6
' a -1.00
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@ ~1. 00
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Mo 0. 84 RE 1. 0E+6 Mo 0. 84 RE | 1. 0E+6
a -1, 00 a ~1. 00
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ID 3D~3 NAME | Y. TAKAKURA 1D 3D-3 NAME | Y.TAKAKURA
CASE | A |FORM | 3D-AB4-H-TAIL-UPPER CASE | A |FORM | 30-AB4-H-TAIL-LOVER
Meo 0. 84 RE 1. 0E+6 Me 0. 84 RE 1. 0E+6

a -1.00 ’ a -1. 00

ONERA-MS ONERA-MS5
1D 3D-4 NAME | S. TAKANASHI 1D 3D-4 NAME | S.TAKANASHI
CASE | A |FORM | 3D-AB4-H-TAIL-UPPER CASE | A |FORM | 3D-AB{-H#-TAIL-LOVER
M 0. 84 RE | 1. 0E+6 Meo 0. 84 RE | 1. 0E+6
a -1.00 a -1. 00
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Moo 0. 84 RE | 1. 0E+6 | Moo 0.84 | RE | 1. 0E+6
a -1.00 | a -1.00 |
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Mo 0. 84 RE | 1. 0E+6
a -1. 00
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a —-1. 00
//
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[CASE | A |FORM | 3D-ABA-V-TAIL
IMw 0. 84 RE 1. 0E+6
| a ~1. 00
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1D 3D-5 NAME | T.IAIDEN |
CASE| A |FORM | sp-aB-v-TaiL |
Moo 0. 84 RE | 1. 0E+6
a -1. 00
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ONERA-M5
1D 3D-2 NAME | T.KISHINOTO
CASE | A |FORM | 3D-ABS-BODY
Mo 0. 84 RE | 1. 0E+6
a ~1. 00

ONERA-M5

1D 3D-3  |NAME | Y. TAKAKURA

CASE A {FORM | 3D-AB5-BODY

Moo 0. 84 RE 1. 0E+6

a -1. 00

ONERA-M5
1D 3D—-4 NAME ] S. TAKANASH!
CASE A |FORM | 3D-ABS-BODY
Mo 0. 84 RE 1. 0OE+6
a —-1. 00

,’ Y

N 7 (€ (Sl

ONERA-M5
ID 3Db-5 NAME | T.KAIDEN
CASE A |FORM | 3D-ABS-BODY
Mo 0. 84 RE 1. 0E+6
a -1. 00
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% 4 <S#¥ CL. CDBETFSCM ZJ/HE A
3D-2 3D-3 xT 3D-4 3D-5
cL 0.2725E 00 | 0.2668E 00 | 0.2908E-00 | 0.2256E-00
CM 0.1699E 00 | 0.8216E-01 | 0.8306E-01 | 0. 4659E-01
ch 0.2938E-01 | 0.2709E-01 | 0.2927E-01 | 0.3229E-01
(F) 0.1021E-01 | 0.1291E-01 | 0. 1450E-01 | 0.1226E-01
P 0.1917E-01 | 0.1418E-01 | 0. 1477E-01 | 0. 2003E-01
£ 5 BREEFEFFDOCA FE A
D d IR Rk HHER KERR
() 0.4582E-02 | ©0.3702E-02 | 0.8591E-03 | 0.1062E-02
3D—2 | (p) 0.1597E-01 | 0.2689E-02 | 0.9670E-03 | -0. 4481E-03
Cd 0.2055E-01 | 0.6392E-02 | 0.1826E-02 | 0.6134E-03
() 0.4787E-02 | 0.6292E-02 | 0.8485E-03 | 0. 9868E-03
3D—3 (p) 0.1187E-01 | 0.6047E-02 | -0.3225E-03 | -0. 3412E-02
Cd 0.1665E-01 | 0.1234E-01 | 0.5260E-03 | -0. 2426E-02
() 0.5171E-02 | 0.7346E-02 | 0.9777E-03 | 0. 1006E-02
3D—4 (p) 0.1262E-01 | 0.6321E-02 | -0.1315E-02 | -0. 2857E-02
Cd 0.1778E-01 | 0. 1367E-01 | -0.3377E-03 | -0. 1851E-02
(f) 0.4870E-02 | 0.5400E-02 | 0.9400E-03 | 0. 1050E-02
3D—-5 | (p) 0.1142E-01 | 0.5190E-02 | 0.1470E-02 | 0. 1950E-02
Cd 0.1629E-01 | 0.1059E-01 | 0.2410e-02 | 0.3000E-02
# 6 BIRFZITFOCl. CmE X TFCA BE A
| 20~30% 30~40% 40~50% | 50~60% 60~170% 10~80% 80~90% 90~100%
Cl 0.328TE+00 | 0.3259E+00 | ©.3779E400 | 0.2876E+00 | 0. 4254E+00 | 0. 4490E+00 | 0.3391E+00 | 0.2741E+00
[ Ca 0.9251E-02 | 0.2848E-01 | 0.4277E-01 | 0. 4826E-01 | 0.7406E-01 | 0.7336E-01 | 0.7751E-01 |-0. 1411E-01
i 3D-2| d 0.3339E-01 | 0.2567E-01 | 0.2360E-01 | 0. 1783E-01 | 0.1924E-01 | 0.1779E-01 | 0. 1352E-01 | 0. 1766E-0%
i () 0.5108E-02 | 0.5322E-02 | 0.5677E-02 | 0.5604E-02 | 0.5996E-02 | 0.6041E-02 | 0.5860E-02 | 0. 4954E-02
; (p) 0.2828E-01 | 0.2035E-01 | 0.1792E-01 | 0.1223E-01 | ©.1324E-01 | O.1175E-01 | 0.7665E-02 | ©.1271E-01
: Cl 0. 1699E+00 | 0.3329E-01 | C.1524E+00 | 0.4784E-01 | 0.1241E+00 | 0.4897E-01 | 0.4614E-01 | 0. 2523E-01
@ Cn 0.5417E-02 | 0.7025E-02 | 0.7934E-02 | 0.6356E-02 | 0.6004E-02 | 0.4078E-02 | 0.3022E-02 | 0.9559E-03
| 3D—3| « 0.7575E-02 | 0.3873E-02 | 0.7968E-02 | 0.2183E-02 | 0.6389E-02 | 0.1464E-02 | 0. 1078E-02 |-0. 5409E-03
| (f) ' 0.1518E-02 | ©.1417E-02 | 0.1248E-02 | 0.1058E-02 | 0.9462E-03 | 0.6978E-03 | 0.6128E-03 | 0.5781E-03
: (p) | 0.6057E-02 | 0.2456E-02 | 0.6720E-02 | 0.1125E-02 | 0.5442E~02 | 0.7665E-03 | 0. 4648E-03 |-0. 1119E-02
| Cl | 0.3787E-01 | 0.3783E-01 | 0.3733E-01 | 0.3603E-0L |0.3430E-01 |0.3091E-01 |0.2502E-01 |0.1527E-01
4 Ca 0. 3004E-02 | 0.5834E-02 | 0.5580E-02 | 0.6815E-02 |0.7903E-02 10.6956E-02 |0.7069E-02 |0.5427E-02
' 3D—4] Cd 0. 3848E-02 | 0.2770E-02 | 0.2084E-02 | 0.1624E-02 |0.1261E-02 |0. 1013E-02 |0.6975E-03 10. 2463E-04
| () 0.8462E-03 | 0.7511E-03 | 0.6646E-03 | 0. 5858E-03 |0.S055E-08 |0.4092E-03 [0.3296E-03 |0.2753E-03
| (p) 0. 3002E-02 | ©.2018E-02 | 0.1420E-02 | 0.1038E-02 |0.7554E-03 |0.6039E-03 {0.3679E-03 {-0.2489E-03
cl 0.3159E-01 | 0.3118E-01 | 0.3066E-01 | 0.2934E-01 |0.2833E-01 |0.2561E-01 |0.2154E-01 |[0. 1581E-01
1 Cn 0.2178E-02 | 0.3188E-02 | 0.3456E-02 | 0. 324SE-02 }0.2983E-02 |0.2559E-02 |0.2052E-02 |0.1378E-02
1 3D-5| Cd 0. 3550E-02 | 0.2495E-02 | 0.1869E-0Z | 0.1528E-02 |0.1295E-02 |0.1075E-02 |0.8159E-03 |[0. 6249E-03
| €3] 0.8280E-03 | 0.7041E-03 | 0.6079E-02 | 0.5836E-03 |0. 5412E-03 |0.4739E-03 |0.4013E-03 {0.4601E-03
| {p) 0.2721E-02 | 0.1791E-02 | 0.1261E-02 | 0.9449E-03 |0. 7S40E-03 |0.6010E-03 |0.4145E-03 |O0. 1647E-03
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30-1 CRSE B
ONERAR M-S S1

157

30-3 CASE B
ONERR M-S S|

.6,

30-4 CRASE B
ONERR M-5 S1

5P

30-5 CASE B
ONERR M-S S1

3D-1 CASE B
ONERAR M-5 S2

o8

3D0-3 CASE B
ONERA M-5 S2

5,

30-4 CASE B
ONERA M-5 52

30-5 CASE 8
ONERAR M-5 S2

6P

30-1 CASE B
ONERAR M-5 S3

1.6

30-3 CASE B
ONERA M-5 S3

3D0-4 CRSE B
ONERR M-5 S3

.5,

3D-5 CASE B
ONERA M-5 S3

80

30-1 CASE B
ONERA M-5 S'4

L1640

3D-3 CASE B
ONERAR M-5 S'4

30-4 CRSE B
ONERR M-5 S'4

69

3D-5 CRSE B
ONERA M-5 S'4
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.SWCP

30-1 CASE B
ONERR M-5 S'S

.5 P

30-3 CRSE B
ONERA M-5 S°S

-4
G 3D-4 CRSE B

ONERR M-5 S°'S5

.60

3D0-5S CASE B
ONERA M-5 S°S

1.24 1.24 1.29 1.24
1.6~ |.6~ 1.6~ 1.6~

& 30-1 CASE B 30-3 CASE B & 30-4 CASE 8 & 30-5 CRSE B
-1.8 ONERR M-S H1 -1-567F ONERR M-5 H1 ~1-591" ONERAR M-5 H! ~1.597 GNERR M-5 H!

1. 24 1.2+ 1.24 1,24
1.6~ .67 1.6- 1.6-
. 30-1 CASE B o 30-3 CASE B & 30-4 CASE B & 30-5 CASE B
"B ONERRA M-5 H2 -1-677 QNERA M-S H2 "1-617 ONERA M-S H2 ~1.61™ GNERA M-5 H2

~1.2
-0.84

e G b0 A L e

i 1 1 A 1 ) R S 1 l_llX/c

ONERA M-S H3

ONERA M-S H3

GNERAR M-5 H3

0.84
1.2 1.24 i.24 1.2
‘I.SJ 1.67 1.6 1.8-
30-! CASE B 30-3 CRASE B 30-4 CASE B 30-5 CASE B8
1.6 1.6, 1,697 L1540

ONERR M-S H3

.24 l.24 1.2 1.2
1.64 1.6- 1.6 1.6-
K. 10 EhaHokk&k-BEB (&)
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& 30-1 CASE B ¢ 30-3 CRSE B & 30-4 CASE B & 30-5 CASE B
-1-69% ONERR M-5 V1 ~1-69" ONERR M-5 V1 -1-69" ONERA M-5 V1 -1.69" @gNERA M-5 VI
-1.24 -1.21 -1.21 -1.24
-0. 8 -0.84 -0. 8- -0. 84

[E Ch'
o e
0.44 0.4+ 0. 44 0.4+
0. 84 0. 84 0.8 0.861
t.2 1.24 1.24 1.24
1.6- 1.6~ 1.6- 1.6~

¢ 30-1 CASE B & 30-3 CASE B . 30-4 CASE B & 3D0-5 CRSE B
-1.E97 ONERR M-5 V2 -1.617 pNERA M-S V2 -1.69" ONERA M-S V2 -1.697 @NERA M-5 V2
-1.24 -1.24 -1.24 -1.21
-0.84 Q.8+ -0.84 -0. 8

0.84 0.8+ 0.8 0.8

1.24 1.2 1.21 1.24

1.6~ 1.6~ 1.6- 1.6~

3D-1 CASE B 3D-3 CASE B 30-4 CASE B 30-5 CASE B

-1.69% ongRa M-5 BoDYT [-67F OnERA M-5 BODY [1-61° ONERA M-5 BODY ['-61° ONERR M-5 BODY
121 UPPER .2 UPPER ,.»] UPPER .,..] UPPER

-0.84 -0.84 -0.8 -0.84

T ™ 1F0.44 . ™ -0 44 s ™ 0.4 Gt
0. 0-4gr~— 1L ——x/C | 0.04 X/C | 0.04 X/sC | 0.04g———"—— L x/(
0. 44 0.4 0. 44 0.4+

0.84 0.84 0.8 0.8+

1.24 1.24 1.2 1.24

1.87 1.84 1.6 1 sJ

30-1 CASE B 3D-3 CRSE B 3D-4 CRSE B 30-5 CASE B

-1.69% onERA M-S 8O0Y ['-51° ONERA M-S BODY [1-571F ONERA M-S BAOY ['-61% ONERA M-S BODY
;2] LOKER > LOWER | ,.»] LOKWER .2/ LOWER

-0.84 -0.84 -0. 8+ 0.8+

B Ce™ 0.4+ .. G FO.44 ™ 0.4+ .. [V
0.0 X/C | 0.04 1Xx/C | 0.04 X/7C | D.04g—————1 L Lx/(
0.4+ 0. 44 0. 44 0.44

0.8 0.8+ 0.81 0.8

1.24 .24 1.2 1.2

1.5 1.6 1.6- 1.6

K. 10 EhHHolkE-FEB (i)
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ONERA-M5
1D 3D-1 NAME | HiI
§
CASE | B |FORM | 3D-AB4-MAIN WING-UPPER a
Mo 0. 84 RE 6. 0E+7
a -1. 00
ONERA-MS5
| 1D 3D-3 NAME | Y. TAKAKURA
ECASE B |FORM | 3D-AB4-MAIN WING-UPPER
Mo 0. 84 RE 6. 0OE+7
a -1. 00
ONERA-M5
1D 3D-4 NAME | S.TAKANASHI
CASE | B T}ORM 3D-ABA-MAIN WING-UPPER |
{ Meo 0. 84 RE
a ;—1.00
ONERA-M5
| ID 3D-5 NAME | T.KAIDEN
{CASE B !FORM | 3D-AB4-MAIN WING-UPPER
| Moo 0. 84 RE 6. 0E+7
| a -1. 00
K. 11 FREEOCpavsohE-HEB
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103

ONERA-MS5
1D 3D—1 NAME | Fil
[CASE | B |FORM | SD-ABI-AIN WING-LOVER
Moo 0. 84 RE | 6. 0E+7
a ~1.00
ONERA-M5
1D 3D-3 NAME | Y. TAKAKURA
CASE ! B |FORM | 3D-AB{-MAIN WING-LOVER
Moo 0. 84 RE | 6. 0E+7
a -1, 00
ONERA-MS
ID 3D-4 NAME | 5. TAKANASHI
CASE | B |FORM | 3-ABA-MAIN WING-LOVER
Moo 0. 84 RE
a -1. 00
ONERA-M5
1D 3D-5 NAME | T.KAIDEN
CASE| B |FORM | SD-ABA-MAIN WING-LOWER
Moo 0. 84 RE
a ~1.00

X .

12 FERTHDCpavysolhh#i-—FHEB
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ONERA-MS
1D 3D-1  |NAME | Fl
CASE| B |FORM | 3D-ABH-I-TAIL-LOVER
Moo 0. 84 RE 6. OE+7
a | -1.00

ONERA-MS
1D 3D-1  |NAME | Fal
CASE | B |FORM | 30-ABE-H-TAIL-UPPER
M 0. 84 RE | 6. 0E+7
a -1. 00
ONERA-MS
1D 3D-3  |INAME | LIATMURA
CASE | B |FORM | ID-AB-B-TAIL-UPPER
Moo 0. 84 RE | 6. 0E+7
a -1.00
ONERA-MS
1D aD-4  |NAME [ s tatusl
CASE| B |FORM | 30-AB4-B-TAIL-UPPER
M 0. 84 RE | 6. 0E+7
a -1. 00
fu—

ONERA-MS
1D 3p-3 NAME | ¥.TAAIVA
CASE| B |FORM | SD-ABI-E-TAIL-LOVER
Meo 0. 84 RE | 6. 0E+7
a -1. 00
ONERA-MS
1D 3D—4 NAME | stamusai
CASE | B [FORM | 30-ABI-B-TAIL-LOVER
Moo 0. 84 RE | 6. 0E+7
a -1, 00

X.

13 AKFRRLTECp

veohE-BEEB
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ONERA-M5 ONERA-M$H
1D 3D-1 NAME I FRl ID 3D-3 NAME | Y. TAKAKURA
CASE| B [FORM | -ast-v-maLL CASE | B |FORM | 3-AB-V-TALL
Mo 0. 84 RE 6. 0E+7 Mco 0. 84 RE 6. 0E+7
a -1. 00 a -1. 00

ONERA—-MS
1D 3D-4 NAME | S.TAKANASHI
CASE B |FORM | 3D-AB4-V-TAIL
Moo 0. 84 RE 6. OE+7
a -1. 00

K. 14

EHRRCpavs o - BEB
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ONERA-M5
1D 3D-1 NAME | Fil
CASE| B |FORM | 3D-ABS-BODY
Moo 0. 84 RE | 6. 0E+7
a -1. 00
. W s
£ | °
,\ ‘._.
ONERA-M5
1D 3D-3 NAME | Y. TAKAKURA
CASE| B |FORM | 3D-AB5-BODY
Moo 0. 84 RE | 6. 0E+7
a -1. 00

ONERA-M5

1D 3D-4 NAME | 5. TAKANASH]
CASE | B |FORM | 30-ABS-BoDY

Moo 0. 84 RE | 6. 0E+7
a 1. 00

ONERA-M5
1D 3D-5 NAME | T.XAIDEN
CASE B FORM | 3D-AB5-BODY
Moo 0. 84 RE 6. 0E+7
a -1. 00

K. 15 F&fMEGOCpavysoh&E-FHEB
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% 7 “=#$¢ CL. CD¥IB ELTSCM FE B
3D-1 3D-3 3D—4 3D-5
CL  |0.2540E 00 | 0.2633E 00 | 0.3067E-00 | 0.3200E-00
CM  [0.7300E-01 | 0.8116E-01 | 0.1044E-00 | ——
CD  |0.2930E-01 | 0.2579E-01 | 0.2341E-01 | 0.208%2-01
(F) 0. 108SE-01 | 0.9092E-02 | 0. 2880E-02
(P) 0. 1494E-01 | 0. 1432E-01 | 0. 1794E-01
% 8 I FFFOCA HE B
D cd ¥R | =[S FHER KRR
[ (f)
13D—1 {p
Cd 0.2090E-01 | 0.5700E-02 | 0.1400E-02 | 0. 1400E-02
(fg 0.4333E-02 | 0.4677E-02 | 0.8575E~03 | 0.9754E-03
3D—3 (p 0.1211E-61 | 0.6285E-02 | -0.1171E-03 | -0. 3346E-02
Cd 0.1644E-01 | 0.1087E~01 | 0.7505E-03 | -0.2371E-02
(f) 0.3444E-02 | 0.4381E-02 | 0.6207E~03 | 0.6469E-02
3D—4 (p) 0.1282E-01 | 0.6209E-02 | -0.1492E-02 | -0. 3223E-02
Cd 0.1626E-01 | 0.1059E-01 | -0.8708E-03 | -0. 2576E-D2
{f) 0.1219E-02 | 0.1662E-02
3D-5 (p) 0.1571E-01 | 0.2233E-02
Cd 0.1692E-01 | 0.3895E-02
# 9 BRIEFFZFFDOCL. CmFEs L TSCA 3% B
20~30%  |30~40% 7 40~50% 50~60% 60~70% 70~80% 80~90% J 90~100%
Cl 0.2550E-00 | 0.2730E-00 | 0.2990E-00 | 0.3260E-00 | 0.3510E-00 | 0.3710E-00 | 0.3830E-00 | 0.3660E-00
td 0.3590E-01 | 0.2670E-01 | 0.2110E~01 | 0.18TOE-01 | 0.1830E-01 | 0. 1860E-01 | 0. 1840E-01 | 0. 1380E-01
3D-1 Ca 0. 3000E-03 | 0.4000E-03 | 0.4000E-03 | 0.4000E-03 | 0.4000E-03 | 0.4000E-03 | 0.5000E-03 | 0. 4000E-03
(f)
() |
1
cl 0.1692E+00 | 0.3218E-01 | 0.1523E+00 | 0.4677E-01 | 0.1240E+00 | 0.4829E-01 | 0.4566E-01 | 0.2416E-01
Ce 0.5347E-02 | 0.6929E-02 | 0.7837E-02 | 0.6229E-02 | 0.5867E-02 | 0.3881E-02 | 0.2963E-02 | 0.9769E-03
3D-3 | ¢d 0.74156-02 | 0.3629E-02 | 0. 7885E-02 | 0.2120E-02 | 0.6467E-02 | 0.1561E-02 | 0.1249E-02 |-0. 5135E-03
(f) 0.1302E-02 | 0.1177E-02 | 0.1030E-02 | 0.9547E-03 | 0.8823E-03 | 0.7186E-03 | 0.6655E-03 | 0.5885E-03
(p) 0.6113E-02 | 0.2452E-02 | 0.5795E-02 | 0.1166E-02 | 0.5585E~02 | 0.8429E-03 | 0. 5840E-03 (-0. 1102E-02
C1 0.4087E-01 | 0.4063E-01 | 0.3990E-01 | 0.3838E-01 | 0.3642E-01 | 0.3273E-01 | 0.2658E-01 | 0. 1651E-01
Ca 0.2517E-02 | 0.5548E-02 | 0.5442E-02 | 0.6816E-02 | 0.7973E-02 | 0.7114E-0Z | 0.7308E-02 | 0.5686E-02
3D-4 | Cd 0.3603E-02 | 0.2547E-02 | 0.1892E-02 | 0.1455E-02 | 0.1108E-02 | 0.8752E-03 | 0.5622E~03 |-0. 9291E-04
(f) 0.5244E-03 | 0.4768E-03 | 0.4326E-03 | 0.3895E-03 | 0.3472E-03 | 0.2975E-03 | 0.2536E-03 | 0.2170E-03
(p) 0.3078E-02 { 0.2070E-02 | 0.1459E-02 | 0.1066E-02 | 0.7619E-03 | 0.5778E-03 | 0.3087E-03 {-0. 3100E-04
cl 0.3725E-01 | 0.3566E-01 | 0.3431E-01 | 0.3272E-01 | ©.3079E-01 | 0.2799E-01 |0.2350E-01 |0.1931E-01
Cm 0. 1065E-02 { 0.2027E-02 | 0.2997E-02 | 0.3533E-02 | 0.3324E-02 | 0.2983E-02 {0.2439E-02 0. 1561E-02
3D-5| Cd 0. 3640E-02 | 0.2469E-02 | 0.1752E-02 | 0.1301E-02 | 0.1000E-02 | 0.7351E-03 |0.3487E~03 |0.4118E-03
(f) 0.1916E-03 | 0.1663E-03 | 0.1439E-03 | 0.1248E-03 | 0.1086E-03 | 0.9361E-04 {0.8282E-04 |0.1259E-03
(p) 0. 3449E-02 | 0.2302E-02 | 0.1608E-02 | 0.1177E-02 | 0.8917E-03 | 0.6414E-03 |0.2659E-03 0. 2859E-03
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ONERA-MS5 ONERA-MS35 . ONERA-M5
1D 3D-3 NAME | Y. TAKAKURA 1D 3D~-4 NAME k S. TAKANASHI iD 3D-5 NAME | T.KAIDEN
CASE C |FORM 3D-CL CASE C |FORM 3D-C1 CL CASE C |FORM 3D-C1
0.3 »0'.3 g ; 0.3
b | /
0.2 0.2 0.2 © ’
1 I ' : v
0.1 S 0.1 0.1 o)
[ o [ " S S IS o U WS SO S SO N a4 1 | 1 I |
0.0 0-07 _§ Q -2 -1 0
-0.1 0.1 ’ ‘ ‘ -0.1- a
-4.0 -3.0 -2.0 -1.0 0.0 -4.0 -3.0 -2.0 -1.0 0.0
ALPHA
ALPHA
K. 16 ClL-aolh#&E-HFEC
ONERA-M5 ONERA-MS5
ID 3D-3 NAME|Y.TAKAKURA 1D 3D—4 NAME I S.‘TAKANASHI 1D 3D-5 NAME | T.KAIDEN
CASE c FORM 3D-C2 . |CASE C [FORM 3p-C2 CL CASE C {FORM 3D-C2
0.3 0.3 . — . ’
o i / v 0-37
0.2 0.2 7/ YO.2‘ . ©
o :
0.1 S 0.1 J 0.1 o
0.0 0.0 ! é 4 1 i ] ]
o : ; 0-07 6.61 0.0200.05 0,04 CD
-0.1 -0.1 ' ’ -0.1-
0.0! 0.02 0.03 0.04 0.01 . 0.02 0.03 0.04
: co
CD :
K. 17 CL-Chol&-—HEC
ONERA-M5 ONERA—Ms ONERA-MS
1D 3D—-3 NAMEIY.TAKAKURU ID 3D—-4 NAME‘S.TAKANASH] 1D 3D-5 NAME | T.KAIDEN
CASE C |FORM 3D-C3 CASE C |FORM 3D-C3 CL CASE C |FORM 3D-C3
0.3 0.3 0.37
0
0.2 0.2 0.2
0.1 ° 3 g1 0.1 o
0 0- | 1 I | i
0.0 a 0.0 : 0.04 0.06 0.080 0.10 0.12
-0.1 0.1 ‘ -0.1- Cm
0.04 0.06 0.08 0.10 0.12 0.04 0.06 0.08 0.10 0.12
cH
CM
M. 18 CL-CMoHL&E-HFHEC
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