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Design of Natural Laminar Flow Nose for Supersonic Transport
by Wavy Deformation™

Naoko TOKUGAWA™', Taro KAWAI%, Ayako TOZUKA", Hiroaki ISHIKAWA™
and Yoshine UEDA™

Abstract

The transition characteristics were examined numerically on candidate shapes in order to design a natural
laminar flow nose for a supersonic transport. Two types of deformation from a baseline shape were
examined . One is sinusoidal type, and another is localized type. Not only parameters of geometry which
define the deformation, but also the conditions of uniform flow were varied to obtain the largest effect of
natural laminar flow. In results, the crossflow instability, which dominates the boundary-layer transition
at the side area, was found to be suppressed from the small ratio of pressure gradients in azimuthal and
axial directions at the side area. Moreover it was found that the relative location of bump in pressure
distribution along leeward and windward rays is a key to yield small ratio of pressure gradient in
azimuthal direction. The effect of natural laminar flow for sinusoidal deformation was confirmed
experimentally. On the other hand, the localized deformation was found to be more effective in order to
suppress increasing of total drag than the sinusoidal deformation.

Keywords: Drag Reduction, Supersonic, Boundary-layer Transition, Natural Laminar Flow
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T, = BRI

t = EBRERDRTLIE—ROBRME L DIRZT

t, = EREFEBRTIRERKE— K

U, = —HRiHE

Vi = BCRBETAVHE

W, = ZEROEHTHE

w, = EROBREAHTHEETLIRT D50M0E N7 A —4
= JelEns b Oy AL E

Xy = EROMRKRRESG A E

Xpoo o= —RRIET MO D O E

xp = FEROEB(LE

x, = EBOEATHEEZLET HREMENT A —XF

Y= DO ML E

z = KEWIHLO, xBLOyICEESRNE

a = A

AS, = JRPTUINER R
Axg, = JENDADI T TAL ERNLTA L DY —7 (AE OB KAE) (B D75y

Axp = RO TITAERRLT AL OE—7 (BER ORRIAL) (L&D 755
g = JRTEEZER O M ZEE O FARHRIE

0 = MIEICIT 5% X Wi & B OB LT A

Kk = JIEREROEGINEREOSARIIET 537 A —4
A = JRTERER OIS IMEREO AR 537 A —4
p. = —HRELE

o = EhmOERE

¢ = LT TAUNDLOXHEEY ORFE A E

¢ = ERORERRE G NLE

¥ = ]\“/703/]):/75)%@xf$53}39@%j7|ﬁlﬁ}§

Y = JAmOLEBE

SH = Sears-Haack {&

1. FH

o 3L RO%AE & 70 2 A B 3 k& (Supersonic Transport; SST) A BA¥E 7%
ZHT7=0, Kb EERFENREITZE ORI E Y=y 7 T — A0 THD. ZhbORM
AR D 2 2 BRI, FHMZZIITERERERE JAXA) TIEEAN B & e 28 E ik
EHDOVAT MERICHET 2R EZED TS, [V =y I T — b5 EH ST 5720 D%
HERRRFL S K OV L] 122V T, D-SEND (Drop test for Simplified Evaluation of Non-
symmetrically Distributed sonic boom ) 7'©2 Y =27 N CTZDHEGE - fHliA1T 5. BEIZ, 2011
S AICAY =T VO AL U PBIZB W TEE SNz EkE T FEBR (D-SEND#1 #5#)
TiX, K7 — LHhFRIIR DR 2 R THIo THEIAEL7[1]. —J7, \EPUERBEICE L T,
NEXST (National EXperimental Supersonic Transport ; NEXST) 7'm =7 MIEBWT, &
HeHy oo b FEERKE NEXST-1 O EHT, 4 SOI|PUKE = &7 M &ALz, #g,
FEEPURIBUC DWW T, B AREIRE OS2 5 Tl THE AT E IS LE i L,
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CFD (Computational Fluid Dynamics) ¥ [EJHRX FHE % W CHRBIRE R G 21T - 72[2].
Z L CZEOREIL, 2005 4F 10 AIZA—A T U T O 7 — A7 FEERGIZEB O TIHM L 727
TEBRCHEIEI N TS [3].

2L, #E o BRBERIGIZOWTIE, SE s L CREFDRAZ BTV D [4-7]73,
B E R o0 LTI, REICHEEFIERHBLSNTWD LT 4720, 2RI,
BEREDOIZRIZ— REM TH 203, HHEOEBEMEIIEM RO THDH. Kb HM
IREEE IR T S ML, EARWEANE, ERERA S EAZ 2 koot & LT
ik, KURELAEHRANZ AW B 5 7 SIEERR & L CToREI 2 ]2 3[8-10]. Z DK, £D
BEREERIT Istmode RLZEICKELIND. LonL, O -OMAaE LD L, by T T4
> (leeward ray) &R b AT A > (windward ray) IZIZENZENEL D, ZOMOET)
HENC LV, TS S, BERETRIUL 3 Rt E D, ORERMAE TR
(crossflow ; CF) REZENEBMT LI ENHMOLNTWD. £/, A ENHETHD A LA
TA UEREIIKIRE LT Istmode RLZEICKENDD, b —HFOMNHRAETHD kv
T A TIRNAMUE N S FEED LD, FOT-OICEmITITVMEEEGENEEN S B
WZRD BIF o, SmRBNOEESMICEANAET, BEMEESND[10-14]. 2D X
2T, A E SO E MR R EERIY, IRCHAICIL T, BEORLERMEIZX
Bl D720, BICHA_REFITEMENSZHRTH Y, BARBIRRIHIFERFICRETH S.
UL, BEEIEPURIEIC T 2 2561, FalT—HFThob.

leeward ra
z candidate Y

v

/. windward ray

base shape |

length [

Fig. 1. Illustration of candidate shape.

% Z T JAXA TiE, BEEHEEOKE O BREI b2 B L, BRBIRIREZL6T
EWFAROHFHEHEZES T 2 2N E LT, BEREBEBOFIICEILTND. FF
12, 2009 4 LV JAXA & NASA ORI THED 5L TV D IL[EBFZED T, il Bk 0%
BRI OV CTEERY, FERICH I TWD[13-14]. £7-FBFREEIC-O VT, AR
JETRE E R E Ol & LT, BB ERBRE AN ART[15]. T ORE, HliEE
i GEFR S3TD) 2.5 IIBIR D1 5340 ol 5 [n) OIRE MBI S 4, Ui U CRiAL
B DN R A 4 0 KT, FORIEIT/NSVIRIEZHERF T2 Z E b o T, o
T, REEPRICEEIEDLZ LICLD, ZRITIE U B0 & RIcE# S Ehuid,
FRVRAVIEEE OEIR A INH L, SEPICHERNA L EIC L 2B 2K TE &R . £
T, HEERRICIEZLIER), &2 WIIRTET 2RO ZEE %N 2 B IRE ik s it 3%
Z & &ilAhTo (Figl) [15-18]. AFTlX, ZORMRIZHOVWTHRET S.
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HARB TR E TR T, BRI 2 JCiCikat S, RGeSk o B R E Rz R I
FRIICHGES Wz, IRETCTRIRORLE Tik%, 3 H#i CEUEM 22 Bt FiEk L OER T ik
EilNTed &, 4 FHITIELRETEIAR ORI R 2, 5 fi TRERZETEIR ORI R 2 7R~
L, 6fiTELD5.

2. BROEHAE
2.1, ZEBBREEERRK
ERIRIZ, EERIRIC, BB H2EB L2 M4 T, LTORTR®E L
(x ¢) ( )+dR(x ¢) (1)
FUHERIRIL, ETHY, ZE TOWMETIE Sears-Haack {43 ;X T8 Flared-cone @ 2 -2

DIAR[12-14] >\ T HREAL 21T > T D [15-18]. LA LA TlX, Sears-Haack 14 7% %&
He L F B BIARICONT O BFERZ 7. o THERERRIIUL TOXTERIND.

Ro(x)= Ry, ()= A, (%}1[%}}:](] o

T ZTAg =96.5Tmm, Ly, =1194.938 mm TH 2. 728, Sears-Haack (RIS TE LT
M BITIART, 5 AN AR A& R,

2.2. ERoiEid

BIIE, EREER - RIEREROWTTH - Th, ism, Em, Ebbnh—J
D, HDOHNEWGENIEZRY GO BIRPIR TR T 5. ELERITH—EERE— FEZT T
%<, BROBEHE—FOERNEDELHVELDOTRATILET 2.

R (x,9) =7, (x) {0, (x, ) ¥ (.3, (). G
%%~P@%ﬁm®%%@%iwﬂﬁmmﬁ%ﬁﬁ,%ﬂ%h

(. x,,) Z[Bu xsin{2z xn, x (x/L)+xxm, }]+[go,+27zE0,e*(1 22 ot (4)

@A¢)=§§L@xcod@,x¢+ggx/Lﬁ+2ﬂGma@*“%Xx%f /), (5)
j=0
LRI S, FNENE | HANEREA R Z, 6 2 HENRERERZTRL T\,
ﬁ%mzsﬁiwzwﬁfﬁﬁﬁé.K%fﬂmﬁ¢@ﬁz%¢ip4 ZIRET 5.
i, W(x)ik, ZRRBERENETHEDOERMTIERCTHS. 3L <L 2.5 8 TH
w5,

2.3. IEXEER

ATER Tk ~_72BIC, ERREERIIRGIC LI~ THEND. ZD & X, whhmoOEFEEL
FOEGIOEREL, TnETnX@BLUOG)DOE 1 HTHREIND. EREEEOLE
%ﬁ&,mﬁﬁ;@@ﬁi&@%’ XHEEIND.

¥ (x,x, =0)= Z[Bn xsin{2z xn, x (x/L)+zxm,}], 4)
:ZDU xcos{kﬁ x¢+73/(x/L)}. (5"
=0
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2T, A@)DEG M OEHDORRIE, S HIZ3ODEIIHHELTEDD.

Btl(x) =Ry, (x>>< 4; xCy (x> (6)
JEYERRIE R (x) 13, JEUEAIR O R PTHA

Ryy(x)=Ro(x), %)
BRIV, BHERORAERE (DF 0 %0 L7)

Ry (x) = max[Ry (x)] = Ry = x5, ) @®)
EVS. EREOB S e, (x)1E, @ EETH S

c,(x)=1, )

THZ25., AR THLRONIRET D, 72720, —ROIIHEEORBRKTH L. Fil 21X KA
B Z SR H5E, BRBILT 2 XEEA, T7RbbERE A 5T eumtt
WICROND. b LERTIEE TEREZMZAD L, BEOKREX SIS L TEREL KxL
20, FRICE S TIHADRHEEL CLE Y AJREMENAE LS. £ T, KAREHKZ 5 &
9% & Reynolds tOLEIZ1E, BREmHMEICRET 2L ERHDH. 2T, THET
DWFZETIE
¢, (x)z (l—x/L)3 (10)

EB 2T — AN B[15,16]. I NTARE, Pred “RIES Tho 4, BELV, BFEOWRE
n,, PAEm I T7 A =2 UCTHEREL 5272, JFAHFWERORE, K, IO
M<dHdD, k, r,iIco2ThH, NTX—FL L THKELH 2. £/ 2 =%
Table 1-1 2”77,

BRI DWW TIE, 100 LA EOERIBIRICOW T BB R 2500 L 7=[15]2%, A
F& TlZ Table 1-1 [Z7RT 14 77— 2 THOWT D Ifl B A =7,

2.4, RBERER
JRTEEATE S, EREAR ERERIZ, 22 @it FicKG)Ic k- TREND. 2D
L&, W RMOEREL LOEFROZEREE LT, K#EEEROZER & Gauss 53 Ai
DOERZEBRZ Uiz, SCER 17 TIROWHEHRBIEI DA DWW TELE L2, AR TIEL Gauss
DA OB ONWTI D 9. i mOEREL L OB FMOEREIL, FhEthR(4)
BLOG)OFE 2HIZHLRLIEL DI,
¥ (x,x,)=¢, + 27[E01e’(1/ 24 ot F 4)

® ()= 24G, ¢ O onto Pl 5™)
LRT.

BB e R ERER M E o2, ZORERER S FRIAIIZRTENI R R B
WEROEREDLECTRRTHZ ENEKS. L, TOEODIIIETFIZE L OB EK
DEEREDEDLIVLENDYD, N7 AN v 7 RikE0 @B £ T21T 9 IZIEREY)
ThbEEZ, AR TIIMMEOLERLLE LTEZD.

YN IABIRE S SPAS A=A B

sz(¢)/L:tanh{(¢_ﬂ/2)XHlt}/H3t+H2t’ (11)
EEDD. T TH, BERRTHIEITEMIIFRE 725,

EXT A=K T EEEE 5 212, %/37 A—%% Table 1.2 1Z/R7. £HOEHIB X
ORI LO1 77— ADERZHEICBB L EOMEEFLER L., FAEOIZOWTIE 5.1 #i
TREL LIRS,

SRR ZETEIZ DWW TIE, Table 1-2 12RT 13 57— A IO\ THERZ 77T,
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2.5. JREH
EDICEREM L LT, ERBWEHFMICIIHHETHY, B s L OV T i <8
FIOMENTHEGICR DRV L, FRERBLOBRBETRERS e LD Ll
2%,
dR(x=0,¢)=dR(x=L,4)=0. (12)

B RN 2 i 723 T2 O O EBAT T LR S M- HTEETH 50, AT TFD
LT 5.
W, (x)=W.(x.x,.,)

x [ =l 2, (=150, 2]
_ [tanh{wx (L/zL_xw)} + tanh{wx XL Hz |

(13)
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3. BWAEBIUMITEH

3.1. BUBRHTFi&

BAEFEARMEYT (Computational Fluid Dynamics ; CFD) DFHHEA&E 11X, JAXA TR
foa— RCAR LTz, FHRES O m80E, B mIc 120 41, 5T 150 £, J&J510h
(2 193 RELEDRKY 450 TR & »7z. BRIRERZ 1 & LICHE OBERITR/IMETIRIL
0.01/\/Re, (ZHIY L, SEFUBAICIL 40 225 80 DT HAA- TS, AR 15K
WMo ThDZ Lld, HIRHER S TWD[11,13,14].

CFD D fiE#r ¥ /L 231% JAXA @ UPACS (Unified Platform for Aerospace Computational
Simulation)[19]% 7=, KB H 201X, Navier-Stokes (NS) FFE N TH D, AFi<TiL, %
(IR 5 BT IZ B W TR KRB O LR OB 2 TR 5720, lE il 2 RE
L7z, BEHUEIZIE Cell Center BUA RIS E A, WefiIFE IS, JRPTRF#ZIZ CFL % 100
& L7z MFGS Rfigi 2 v iz, SHREEIZIE Roe A% — A& Fluz.

BERBIEATICIE, JAXA THZE L7 MBS BB T = — R LSTAB -, &Vik
TiE, MO INTBELOEMBEERTH D NED, EBRULEBMEICESWH TR LR
ARSI LTAE A BRALE & LT T 5B F1ETH 5. LSTAB 1F, 3 Kot
JEAE I B R SR T DR i & BT A A L TR Y, MIRRmEmeR
MROHERRKE S BRWIGEICIT RS THD I E 2R L TWAD[11]. £z, HEED
FEOTITIE, AMAFEHR ST AT envelope {2 % 1@ FH L 7-.

L IAT, BERICL - T, BRERADRIEE LB o563 b o7, Af Tl
M L7 CFD Y WA TIIREREORBBR G A IE LS & b2 5 Z ERHKRRWD, EREE
INBPNTEA LT GEICIT R @ N HEE L & B 2, BT TR0 5T,

AR H 1 B REHILIC & 5 BB ORI CH 578, BEEHSHAMEIR S Rl ki
DS LTI, RAMICITEHERIC I 2 72, 22T, SE1MikE X0k
HERARIC DV T, BEBRIEHL C,, 45 & OVE EHHRIK C,, b SLIAIC B L, bt L7

FESEHUREL C, 13U F il 0 G L=

Cy =D, [{12)p.U.2S}, (15)
D, =Y (F,-AS,), (16)
F,=F,cosa+F, sna, (17)

ZIT, p I RRIREE, U TR, SIIIEEEE, o 104, AS TR
REFE,  FoyBEOF,, IXTNZENTER U TRITM/ N AS, (18 < E#E
O—KEHE T A3 L OERE T RSy 2 n 3. EAERRE TR K L 7 DWiEfE 2 & -7,
BEBREUREL Copld, N=7 LR DNEZEBALE L LTz & & ORIt L OELIREIR O
NIFIC RS EEH L2, Corldk L TEsE S 5[20].

Cor =Cf(ReL’Moo)%a (18)

22, Cp(Ry. M, ) I3FEEBRE, S, (LB S L < IHELEBEOBN G- CH 5. JEM;
Ve R U BE R C (R M) 1 3R TE M 0 BE #5428 C, (R, ) 358 X O Hoerner ® =k,
FM )ik LT ORICER S NS, IEEMOBEBEET, B - iU L b IO TR
L% THDHEREL, BT Blasius DRUZ, L TIX Plandtl O ES W TR D
7=

C,(Ry.M,)=C,(R,) f(M,), (19)

5 \0.58
f@4w}:ﬁ+015A4w) . (20)

This document is provided by JAXA.



BRI & 5 BTk B SR okl o R 7 .

Cn,/aminar (RcL): 1328/VRCL b (21)
Cn,turbulent (ReL ) = 0455/(log10 ReL )258 . (22)

B, BikT DL, RELTA TR E T, By SN-BILOZEREER CTH
5 NEOBEMBFERNT, B THON=TICELRWERNH-7-. Z0 k5> 2EEI2F
N =7 OEERN, 2FFEAEICBOCROLNR. —F, BIRICL - T, BEEHR
ZEMT DE RN RS &, ELWRHMEA KRRV, 22T, 2ToRRIZBNT
N =7 OFEEME R 72 ¢ =30deg D ¢ =140deg DHEIFAITO N =7 & 72 D47 M7 E
L, EOFENETREGTRICE O TEAENESE T 5 ENE L TENEMEE FEH
L7, 728, N=73RAREBRICH T 2EBMEZ THTHRICEHA L TWHETHD.

3.2. =EEAE

FEhrE, & LETERASHEIA OmEREICENT, FEONE[M L. Z ORIREIE,
RIEEOREZ I, 0.6mX0.6m DWLVIALR TH S.

KIELIVCTHL IR ST EEBNT, M =2.0 T 0.04%EIKELTHHI LD DA TV H[3,13].

BT E TR & LT, BRBIRSIRORE W2 R TH 5 S01[15,16]% H1#4
a=3.0deg I[CFRE L7z SI4 28R L, EBALENGHILZ. 72, TA2ho BRERD
RAMeR T A 7= Sears-Haack R DBBNE & I L 7=,

BT, WEE b cone HDEES LA 0.33m OWE 2 8tE (R U YL~ % ; PSU)
WTHD, P LEMRINT EOMENS AT L2 THY, 2T 0 v RSB X
OHRINES O AT L ARITH 5D, B O S 281% 0.025-0.050mm OFIFHN T, H
KDHEF/HE < 0.025mm (2D D L HRYE L, ORI FHIREM I 0.50m
AR ERD X OMEELT-.

BiSi I OBBALE T, PMRERPEREGLIE CTRARDZEEFIAL, RO AZT (AARTE
=7 2% TVS-8502) TSN =R mILENOM I LIZ. Ak, BREALE L, FHEiEEDZE
{EDE L7 BMRERIZENTRODHRETHLHN, ZZTIERMB L EL TODEDOIRJE 7=
IO S HNRD T2, R AR N BB T DL E S, BURESRNRAIRICE LT HAE 1
WEHFFELNWZER D> TWA[13]. 72k, FHAIFTEEZRE 7 ML 120deg B2 (4 = 90 deg 23
A ZIERIZS D EIICHKE LGS, ¢=30deg FREEND ¢ =150deg T2 £ T) THD.

3.3. MHEH

BT X, BB O MIE 22 R IC b b, —fRiE~ v "M, =20, BE
P, =99.0kPa, #AIRT, =297.0 K, HZ Reynolds #{Re,, =12.08x10° [I/m] (ZERRER L
(ZF5-3< Reynolds #t Re, =4.0x10°) & L7=. F7z, AfilZa=2.0deg & L7,

IHIT, kR~ v M 1E, 1.5 BEO 25 (16> TRe,, =14.52x10° [1/m]F XY
Re,, =9.63x10° [/m]) |2, F7HlAIEX, a=1.0deg BL VP a=3.0deg IZELIE, —
PRGOS A FHIE L 72 (Table 1-1 B3 X TV 1-2) .

R FTRGEZ ERRICAT o 72 & & D FERSME, M, =20, P,=101.3kPa, T,=2892K,

Re . =12.08x10° [I/m] ToH>7-. Hffa=2.0deg & o =3.0deg TEBREIT 7=,
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4. EXREHICKSBERERBERE

AECIE R AT & 2 1 RE M E A ORI DV Tk 5. TR OFEIRIE 2
Tl _TY Th B

4.1. HENLGEBERAER

F7°, OO AEIR O FE B THS Sears-Haack (KIZ-OVT Fig.2-1 75 Fig.2-7
|2 CFD it B L OB S Fean 3. £/, IS4, Table 1-1 EEBE 50, L
Table 2 |Z7R77".

Fig.2-1 (1%, Ml o R RER LR ETHRZ T, KA EIO line (THE<EFDS, HH
L7Z RO F 5%~ line 1 1Zhy 7 T4 ED, 1ine253 (TR MLTAL LOFHTHS. fE-
T, 2O 2 DOPAIME NS AT TR ST 5. Fl2 ORI OB E, R 2RI EA
<BLESNDEIBIRL TOD0, 1A SEALE IXRE I B L TOD LI RBA. R
i 7 LB BT DW A RIE Fig.2-7 1273, IRIZ Fig.2-2 121X, ZRE ORI L
To R LS AT 2R~ Fig.2-3 BE O Fig.2-4 121, T8 J7 m Ll 7 mo)E ) Akt
RBREAVREE Y (BRAVEE OB R BN ORKIE) O % %x7. Fig2-5 1Z1%, £

NENDTERRIN ST R L E W O MRS N 27~ 1. &I, Fig.2-6 121X, THRERBALE
LT, REM N2 > X 2T, FRIRENTODROAIFRE, Fig.2-1 (R HRRIC
RN T 5. NAEaZ203%imM, HDNIEM 7T T4 BIORRLTA I TERYINTHDDIE,
BIEGETIZED NEIZE L 7272720 Th 5.

RIZ Table 1-1 1255 D IEGZIE Z TR 53 DR AEAT RS R [15]2 TR 1T Fig.3-1-1~
3-14-7 (TR, Fo, —RRIERTE B IR AR E LT/ N FA—2%, Table 1-1 LEET L,
YL Table 3-1~3-14 (2”7

A IX1%, Sears-Haack KIZxf 35 Fig.2-1~Fig.2-7 &, KFEOXKENFLHDITHIEL TS,
7220, —ERI SN ELWERE AR O TREEBAEICOWTIE, KED 6 DK
(Fig.3-1-6, Fig.3-2-6, Fig.3-3-6, Fig.3-4-6, Fig.3-5-6, Fig.3-6-6, Fig.3-7-6, Fig.3-8-6, Fig.3-9-6
FBEOFig.3-10-6) 12, LD 7=8 120 Fig.2-6 |27~k L7= Sears-Haack RIZK4 5 N = > & 3
BFRELCThD. HL, RSN R DA IOV T AFREL T 7Zeu (Fig.3-11-6, Fig.3-12-
6, Fig.3-13-6 33X\ Fig.3-14-6) .

BRI ETEIAR ORI IR LT TRl SN DERALE L, ERERROERAE & iR LT
& A, S0l LREFRT B (Table 1-1 3L TN Table 3-1) IZB T BB E O#%IR, T7ebb
AR NIERICKRE ) oTe. £2C, S0l DG EFHEL SRR 5.

£7, S01 DJEIRIE, Table 1-1 (Table 3-1), 3 L OF Fig. 3-1-1 & Fig. 2-1 & DG
L 7e L5, FEUERIRTH D Sears-Haack RIZ, JH 1 Ol R IELIE 2 % B
BRI T, il CHREEL Y K<EMATRERELVM o TS, FRHIFER T
TREE LT, x=017m fHETIEBEENEHAICIZ & A EEET, ZIEMfFRE - T
WD ERETOND. Fio, ZOMFEHS OISR O ZERE (O F 0 RO dh$)
NERELRDENHY, MFEIXIZOFE TANLIEIZIELS.

WICFES 3 A(Fig. 3-1- 202 B35 8, £7 x FMOESDOE(LD Sears-Haack 4 & K
LB EN DD, Sears-Haack (RIE T 7 AN HEFRIZNEE ) ABLZ FF-225, SO01
TiX, RIS KZRED, Bl ci3EE Ak, il e A s fFo. —
77, JEHFMIZIE, SO01, Sears-Haack (K& H12, W ENAT A D vy 7T A4 2o T
BN AR Z ©D. ZORE I, L TRE S HRIZHD > T T HHAICH 5.
S01 & Sears-Haack (A0 ¢ TR DFENAFLDFEL, x FROABUZLLA~D L/ SV, R,
S01 OHHT, PENE G M E A ERLETITIZIEMAR & 72> TV ADALE T/h S 0o
7-.
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Ml OB RIEEBIL, MW AL EICKEEN TS ZERMONTNDEDT, KICHK
AVEEEZE HT 5. RABINEEY,, (BURIEE OB FUEN O KE) % C, LTF
BRIZ = > 2 X CRd (Fig. 3-1-4). TORER, MIRICERT DV, 57473, Sears-Haack {A(Fig.
2-4)& S0l TRELERDZ b D. ETHAD/NNE — 38727 . Sears-Haack AT
X, Vo & x HAZHE D ZBETITg —ERITITTH > THMLTIEY, ¢=90deg T
T CTHRKRMEEZIRS. —J, S0l Tidx FAZH KES AL TEY, ¢=90deg TIE,
x=012m < HNWT—HREL ot BBA L, B THOEAL TS, £LT
V  OKRE VX, #%BixiliEa2BRVT, Sears-Haack {RIZEE S01 D 5 23 EAREIIZ /)N S i

M D, Z O/ ¢ =90deg Z .0 & T DMHEFEIZ RS Z 135D,

Sears-Haack IRIZEH~ SO1 DV 23/INSWERHIE, S01 D578 ¢ A & x F D) AR
DOEP/NSSHEZHNTWDENL EEZHND (Fig 3-1-3 BL W Fig. 2-3) . WIHIZE
Z X, IR CTHIUE, ¢ HIMOEN AR <, FAUIRERIZIR > Tl 7 m 2 m <
OB NRE 2 5N DIXHATH S, S01 TIHBIRITEHTHLI N A2 A% LD
72, WAL =IRICHIT, ¢ FMOENARIZE = TERv. UL, S01 TiX Sears-
Haack RIZEH~, g 7m & x HOEABROHA/NE <, FRANIE=RTHED T,
SO g HMDENARIZTICER LTS, EAWHMOE—7 (AJERIOMBK A ; BLT,
JEN AT D& — 27 ENZE MR DB ERORBKAE, &2 WITBKIEE & 2K %)
AE - ZATHEEITNEL, 1FFPrtiroTW5h. ZHU Fig 3-12 ITRTEHS
IZEBNT, My T TAUERNLTA UDIENGHADZE, TRDLHMEROIEN /NS0
ZEMbND. ZOMETIE, FEFRERNAO ZRTTHERIFFITIHE > TWD LHERI S
L, EFXTHBENBIZIETEIZR > TWDAZ EREND BND (Fig. 3-1-4) .

ZORESE, S0l OFAERNICTH S HERALIEIX, Sears-Haack RIZHE~1ZIR L HRE
RN D Z b -7- (Fig. 3-1-6) . 1277 LHRBIHAIEDOKE J1%, EBMEZ
THITLHNRgOMEIZ L > TR 72, BlzIE, $=90deg TlE, N=4XVEN=7IZF
WTEBBALEORIBARE V. Ll g=150deg TIE, N =4 TIIKLKL LT S01 OFH
BB L TWAIZE b BT, N=7 Tt S01 OEBLEDITH Sears-Haack A1 Lk~ Fif
LTV, A b AT A VO E TIIBIRA AL E TR < Ist-mode NEENER
FEBT B, aEhk CIEE )AL LasEET= 72\ Sears-Haack {512%F L C S01 1X U
TWENAELE HO72DIZ, Ist-mode REENHIBE LT HDEEZZHND.

VL EOFERN S, Al CIEE ST m & si7 mOE S AR A/ NS WAL, R RLATA v
TIIEES AR & 72 25612, BRBIRAARPGOND Z ERbrole. £ LT, &)
MIZH7z> THRBIMIREZG DI, EREIFdHE LAl % Sl 5 %3
MR 5.

KT A= OBARERDRIKT DEEZRET 5720, BIRORESCHEEL, (72
EDORT A= LS, BRI 217 - 72(Table 1-1 3L Table 3-2).

Sears-Haack & & S01 OEMER R LE NG, BRORMEI K E W Edlh m o+ 1A/
NREL Y, BRBIDRNEKTL2 2 28F L. LaL, EE2KEL LA
X, AN RHBEL CLEV, ERNT N TE o To. BREOEEDNRKEIWE, #ES)
RENEL, ERENHEET S EE 2D, T2 T, EEOREL AT D72 DITREEN
INEWGEITOW T2, S01 LIRIER UK TH 528, R 4723 0.05 & S01 D4y
Thbd S02 FARICHOWTIHRTZ. ZORER, [EI1048 O EMER L So1 & IZIEE U
Tdho7= (Fig. 3-2-2 B LW Fig. 3-2-3) . L L, fliFmoESAEIIFHEEY S0 (2L
UMW BT, BHFMOEIIAEE S01 SIFIERICTH 72, fEFRE LTHE
Fm L MO ESARE AKX <, BAVEE S STl 57 (Fig. 3-2-4) , &
72 HARER IR b /N E o 7= (Fig. 3-2-5 B L OV Fig. 3-2-6) . it~ T, BROIREINK
TUVNFE, BRBEHRDENKE N MR SN,
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WA, BT AR OB A 2L 72 S03 B LN S04 12 oW TR 5.

Table 1-1 BX N Table 3-3, 3-4 |2/ Y, SO03 (XA 2.5, S04 L%k % 1.5 & L.
WEIZHONWT S, IRIEOEE LFRKIC, RELTHIEE, #HFROENARPKE 2D,
HRBHADENERTHZ E2MH L. L LEICEEE KREL<T5 &, RIBICHTS
Mt OEA L RIS, BERERHEEL TLE 7. HRICHERIE 2 RERIR O R L
L7eh, i< ICBI 2 WENAENKELS Z2VIBES Z ERbhote. 22T, &
YRR & U TR O RPrER s AV, WENAEOME 2R A=, 2F D, S03 T
IZ B, (x)=R,(x)x 4, =R, (x)x0.1, S04 TIiXB, (x)=R,(x)x0.05& L7= (Table 1-1, Table 3-3
B Table 3-4) .

ZOFRER, S03 BV S04 TITFIBENSEEE S L7, £ LT, S03 Tik, JEHm & dm
DIESAECE L O KRR EE2Y, S01 L0 b/hE<IHl SN TWAHEEENH 5 = &
DR ST (Fig. 3-3-3 3 X0 Fig. 3-3-4) . LA L, &EFMIZHAD L, ¢=90deg fFiT
DRIV L SO1 IZHARTREL o TLE o -FINIAL, EEALEIL S01 D
L OWHKIB L2 o 7 (Fig 3-3-6) . ZOJRE & L CTHEABLOFEIKIZIIT D N ED
HEINAS SOL IZHE_R K E o Talzd B2 BN D (Fig 3-3-5) .

S04 TIXRME /NS Lic/ed, #iHmOENARL S S01 I~ % LIEFIT/NE o Te
(Fig. 3-4-2) 7%, S02 LD LRoRoRE otz ZORE, EI7H & filidym o FE Ak
i, S02 1zt s & tkE S LTV e (Fig. 3-4-3) 28, BeORARIAVHE L 13— S02 12
HEARKE Lo TV e (Fig. 3-4-4) . ZOREE, ERBALED S02 (X EIXHZRIBLRN-T
(Fig. 3-4-6) . SO03 3 LU S04 DAtz b, HHEZE A ST RIZ OV TRET AT - 7223
FREt L7286 ik S0l L0 muwEREIRIRZ T RIIG O o7, £, AR

JE VRN TN KE T DI DB AL RIS D Z L ITHR Do 7.

WIZ, EHROEROMEEZZLSI Tz, T72bb, Jehnils O EERRIZ T~
WO+ 5L9, MMHONRTA—FEm =1& L7 flE LT S04 ENFHOREZEL S
72 SO0S IZBT MRS R 2 /9. ETHADIT, S05 TIE S04 (2 kb~ I < Ses ol 7 6]+ 7
ARNRATH D Z LIZKSF < (Fig 3-5-2) . ZOfESE, EARL I J O KB L IE
MREWGEES, ZADITEKT 5 N ES2ITHINT 5 85 s LIRS\ Tingd 2
kﬂb#é(ﬂg&&&l@354ki@Fg359 BREANCIERE D H F D 1£IR
L72ho 7z (Fig. 3-5-6) . M, SEimil s O EHERRIZ A2 K5, A
%ﬁ&fﬁﬂbf_ﬂ:ﬁf{jﬁ Lob‘f*ﬁni‘%ﬁ‘oﬁ_zp *ﬁnﬂ‘bﬁ_ .'C X S01 X U;U\ka):bm;ﬁ%

ERTIEIRIIG N2 o7, 2 LT, ML, JeimiBsy o R FYERLIR I e~ K3
HEINTBIRT REZ &R bhroic.

ZAVE TIRE T O B DEI AT DWW TR T X 7228, FEfile 7R 8 T AT
WTHRAE L. #lE LT, S06 ICOWTHMHTEREZ =T, ZoORRIE, BHMORIHE
Bk, =3%2bt>. DEVEEVIZ 1/3 [HEE, HDHWE 23 BEESE 5512, BrmRa
JTEDTIR & AR & 7e D alEEFRE S © o (Fig. 3-6-7) . £9° S06 TlX, ettt TOE
T ABL R L O KRRV EE 2% S01 & BRI TV DAY, ettt o K& SN K&
WZ EIZ&SF S (Fig. 3-6-3 38 KUY Fig. 3-6-4) . NfE® SO1ITH~% & Gzl <k
D IBREALE DK 2% BB S /e sy~ 7= (Fig. 3-6-5 3 L O Fig. 3-6-6) .

S BHIZ, GG Tl EF RIS IR 2 b 77 S07 T, REVERICIHE - 7o E
JAM»RZZLTEBY (Fig. 3-7-2) , FﬁﬁWﬂv@%éﬁ%%>$nﬁW5S%zr(&iﬁ
LSRRV Z ERNb D, JENARE X OB KBEIVGEE L, 5550 TkE
DRI BN T BRI L= (Fig. 3-7-3 B X (N Fig. 3-7-4) . TOHKE, NE
HIAR DO AFC A BT 72 D FEIR AR L > TR E L B2V (Fig. 3-7-5) , REWREBBALE
%@% ZoA Lz, RERBIIZ, AR Ko TIXEBAIEN K E SRR LR, 2metk

BB Sz o 7.
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TODOEEOEREDFIZONVTHEINE. L, AMEOTTHRE L S08 25
S10 1Z, — ODOEENMUFICTHREB L TWAT D, BERERNVOIRES NG Z O L
BTN Z TG EIZHEFITLSLETED, S0l LV HERALE D ZIBT HIRIT
VAo

BIRIZ, —RRIE~ v NI KO OB EZ TR~ 72720, BRI OFHEI,
HEL WV RRE TR SN EERROEBE L OIRIZ > TRINDLIDOTHY,
2D R B T 2 EBMEOKIZTH TTHLEETHD. BRIRE S0l &
Fl—ToHo0, DNOTWES, FHeBIk S11 726 S14 & UL TRT. FFET &5
REUTICELDS.

—RRIE~ NS 15 E/NE W ST T, el T O KA ALIEEE 7Y SO1 12~/
I 7o TW5 (Fig. 3-11-4) . ZOfRERNEHBROARI/NESL, N=4 TTFHIEND
EBMEIIKE <%IBT D (Fig 3-11-5 B X O Fig. 3-11-6) . L L, %l ClIadic
NEPHE KT D7D N =7 TP INDEBMEOZIBIT/ NS V. RKAHZ, —#ik~ v
s 2.5 EREWVSI2 T, AERAIVEEE N K E W (Fig. 3-12-4) 2%, N E#HEROAEIL/
XL, FONETTHENSEBMED, S01 &I1EIF%E LV (Fig. 3-12-5 35 X OV Fig. 3-12-
6) . WTHIZLTH, —kRiE~ v BDBEBMEIC KT TR NS0,

—J5, MAICHRT DRFEERE S, AN a=1deg L/hXW SI13 TIEEDONETT
HENDEBME D KE <H%IBT S (Fig. 3-13-6) 73, M8 a=3deg & KX\ S14 Tl
EONETTHESNEBEME S KX <AET S (Fig. 3-14-6) . 2, EHMOET
AELAS, A LBURICZ LT 5729 Th D (Fig. 3-13-2, Fig. 3-13-3, Fig. 3-14-2 B &
U\Fig. 3-14-3) . AN EBNEICRIETHENREI N ERDhoTz,
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Table 2
Candidate | SH Computation ID | 1ID033
M 2
o [deg] 2
L [m] 0.33
Re,, [million] 4.0x10°
004 -0.10
003 -0.05
ooz = = =
0ot b —— _ _——
} I -
0ot ey
— P — @
E 001
N o = © o010
s line1 li 40 line 70 -‘—-\_;-OO—_
line —line ligi-} =line
004 ling1 20 ——line140 limel@0  =———ling170 [
005 p-f T linet80 " linels0 line2o0  =line207 |-
—line253
—0.08 g
000 005 010 015 Q20 095 030 035

Wm)

Fig. 2-1. Side view of shape and typical stream-

lines.

LI

[dCp/dpil/TdCp/fax]
= 5.0E=-04

| |
= 5.0E=04

FHE LA TE PR FEREAE DT TE PR 26 1S JAXA-RR-13-008

z[m]

—0.03

-0.03 4]
y[m]

0.03

—x/L=01 —x/L=0.2

x/L=0.3 —x/L=0.4

—x/L=0.5 —x/L=0.6

—x/L=0.7 —x/L=08

=x/L=09 —x/L=1

Fig. 2-7. Cross sections

000

Cp at surface
=linel =linedd =line70 “lina100
i line120 =—line140 =—line160 line170
line180 —line190 =——line200 line207 | _|
line253
|
0.05 010 0.15 20 025 030 035
X[mP

Fig. 2-2. Pressure distributions on stream-lines
corresponding to Fig. 2-1.

Vmax/Ue
1

0.000
R
=

B 030

kS
s e e e o ey
180 180
0.0033 X{em) 033 0.0033 Xirm] 033
Fig. 2-3. Contour of ratio of pressure gradient in Fig. 2-4. Contour of maximum cross-flow
azimuthal direction to axial direction. velocity.
25 =30
_Lin; 1 —Line 40 o
—Line 70— Line 100 T |
20 " e 120 —Line 140 | | 30
~Line 160 ~Line 170
~Line 180 ~Line 190 60
5'5 T —Line200 —Line207 [
£ —Line 253 90
& e
= 120
180
a0
[ 0.05 0.1 0.15 0.2 0.25 03 X(m) 0 0.05 0.1 0.15 02 0.25 03 *(m)

Fig. 2-5. Variation of N-factor along stream-

lines corresponding to Fig. 2-1.

those of base shape.

Fig. 2-6. Contour of iso-N lines comparing to
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0.03
Table 3-1. —x/L=0 —x/L=0.1
—x/L=02 x/L=0.3
Candidate So01 Computation ID | ID026
M 2 R 11 Rmax R 21 Rmax = 0 X/L=04Tx/L708
o [deg] 2 A 11 0.1 A 21 0 = —x/L=0.6 —x/L=0.7
L [m] 0.33 c 11 1 c 21 1 P
Rey, [million] | 4.0x10° n_l11 1 n_21 0 -
Base Shape SH m_11 0 m 21 0 o0 /=
Xy 1.0x10"" [ D 11 1 D 21 1 o0 o 003
W, 1.0x10° | r 11 0 r 21 0 ) ylm] )
teo 1 k_11 0 k 21 0 Fig. 3-1-7. Cross sections
Cp at surf:
o 010 p at surface
003 — -005
Q02 ——
oot — — _—— 000
I S, e \
o —— A
E - r
" -oee — el ——lied0 ——lne?0  ——line100
-00s = line120 line140 line160 =line170 [ ]
—0.04 linet lingd0 line70 " line1 00 line120]__. line180 line190 line200 =——Iine207
line140 line160 line170 = line1 80 line130 —
—0.05 line200 lins207 line253 I‘?SZES
06 . : : ‘ i
000 005 010 015 020 025 030 035 000 005 010 015, 020 025 030 035
HLm X[mf)
Fig. 3-1-1. Side view of shape and typical Fig. 3-1-2. Pressure distributions on stream-lines
stream-lines. corresponding to Fig. 3-1-1.
[dCp/dpil/[dCp/dx] Vmax/Ue
= 5.0E-04
I l 0.000
-5.0E-04 ._0 030

218

0.0033 x{m] 0.33 0.0033 ¥l 033

Fig. 3-1-3. Contour of ratio of pressure Fig. 3-1-4. Contour of maximum cross-flow
gradient in azimuthal direction to velocity.
axial direction.

25
—Line 1 —Line 40
20 | TLine70  ~Line 100
Line 120 ~Line 140
~=Line 160 ==Line 170
15 -
~Line 180 ~Line 190
E ine ine /
2 —Line 200 ~Line 207 —
Z10 | =Line 253 -
— / -
~ —
5 =_—_—
0 1 I I I I
0 005 01 015 0.2 0.25 03 X(m) o % al s az ass az )

Fig. 3-1-5. Variation of N-factor along stream- Fig. 3-1-6. Contour of iso-N lines comparing to
lines corresponding to Fig. 3-1-1. those of base shape.
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0.03
Table 3-2. —/L20 —x/L=01
‘ \ —x/L=02 —x/L=0.3
Candidate S02 Computation ID | TD020 ’ \ \\\ h *
M 2 R 11 | Rmax | R 21 | Rmax _ f N X104 THLS05
« [deg] 2 A1l | 005 | A2l 0 £ \/ I =08 =0z
L [m] 0.33 Cc 1 1 C 21 1 \__// / —x/L=08 —x/L=0.9
Re,, [million] | 4.0x10° | n 11 1 n 21 0 N o
Base Shape SH m_11 0 m_21 0 003 '“-:_—____—:’; /L
Xw Lox10" | D_11 1 D 21 1 003 o 003
W, 1.0x10° | r_11 0 r 21 0 ylm]
too 1 k_11 0 k 21 0 Fig. 3-2-7. Cross sections
_ Cp at surface
04 3 0.10
003 — -0.05
0o B
001 e — 0.00
oo L — — - 005
— 1 R @
£ 001 2
N _pop ——— © 010
| — linel  =line40 line 70 line100
—00e ! 015 I line1 20 —line140 line160 line170 [
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Fig. 3-2-1. Side view of shape and typical stream-  Fig. 3-2-2. Pressure distributions on stream-lines
lines. corresponding to Fig. 3-2-1.
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Fig. 3-2-3. Contour of ratio of pressure gradient Fig. 3-2-4. Contour of maximum cross-flow
in azimuthal direction to axial velocity.
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Fig. 3-2-5. Variation of N-factor along stream-
lines corresponding to Fig. 3-2-1.

Fig. 3-2-6. Contour of iso-N lines comparing to
those of base shape.
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Table 3-3. 1 —x/L=0 —x/L=01
—x/L=02 —x/L=03
Candidate S03 Computation ID | ID036 h‘ * x
M 2 R 11 R(X) R 21 | Rmax - X104 /1205
o [deg] 2 A1l | 01 | Al 0 £ \\ V]| =08 =m0
L [m] 0.33 c1 1 C 21 1 \ ‘ 08 —x/1=09
Re;, [million] | 4.0x10° | n_11 2.5 n 21 0 NS /|
Base Shape SH m_11 0 m_21 0 003 e
Xw Lox10" | D_11 1 D 21 1 003 o 003
W, 1.0x10° | r_11 0 r 21 0 ylm]
to 1 k_11 0 k 21 0 Fig. 3-3-7. Cross sections
~0.10 Cp at surface
-005
0.00
, 005
a
© o010 ‘ ‘
linet —linedd —line70 line 100
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Fig. 3-3-1. Side view of shape and typical stream-  Fig. 3-3-2. Pressure distributions on stream-lines
lines. corresponding to Fig. 3-3-1.
[dCp/dpil/[dCp/dx] Vmax/Ue
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T 0.0033 x[m] 0.33 T 0.0033 xm] 0.33

Fig. 3-3-3. Contour of ratio of pressure gradient Fig. 3-3-4. Contour of maximum cross-flow

in azimuthal direction to axial velocity.
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Fig. 3-3-5. Variation of N-factor along stream- Fig. 3-3-6. Contour of iso-N lines comparing to

lines corresponding to Fig. 3-3-1. those of base shape.
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Table 3-4. %% — /L0 —x/L=01
- - / % -\\ —x/L=02 —x/L=03
Candidate S04 Computation ID | ID015 {/ / // /"\ \\ \\\ B o
M 2 R 11 R(x) R 21 | Rmax =0 N /LE04 TH/LS05
a [deg] 2 A1l | 005 | A2l 0 & NN\ /=06 —x/L=07
L [m] 0.33 c1 1 Cc21 1 — / 7| —iz0s —x-09
Rey [million] | 4.0x10° | n 11 15 n 21 0 \\:‘: 7k
Base Shape SH m_11 0 m 21 0 003 \--_.‘“../ /e
Xw Lox10" | D_11 1 D 21 1 003 o 0.03
W, 1.0x10° | r 11 0 r 21 0 ¥[m]
too 1 k_11 0 k 21 0 Fig. 3-4-7. Cross sections
- ~0.10 Cp at surface
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Fig. 3-4-1. Side view of shape and typical stream-  Fig. 3-4-2. Pressure distributions on stream-lines

lines.
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Fig. 3-4-3. Contour of ratio of pressure gradient
in azimuthal direction to axial

direction.
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Fig. 3-4-5. Variation of N-factor along stream-
lines corresponding to Fig. 3-4-1.
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Fig. 3-4-6. Contour of iso-N lines comparing to
those of base shape.

This document is provided by JAXA.



PRI & % 18 H AR ik i D s

Table 3-5.
Candidate S05 Computation ID | ID018
M 2 R 11 R(x) R 21 Rmax
o [deg] 2 A 11 0.05 A 21 0
L [m] 0.33 C 11 1 C 21 1
Re,, [million] | 4.0x10° | n 11 1.5 n 21 0
Base Shape SH m_11 1 m 21 0
Xy 1.0x10"" | D_11 1 D 21 1
Wy 1.0x10° | r_11 0 r 21 0
too 1 k_11 0 k 21 0
04 010
003 -0.05
ofs2) —
0.00
oot =
000 F = 0.05
£ 001 8
N o — 0.10
—
-003 0.15
004 |- linet = linedd —line70 ~line100 line120|
lined 40 lined 60 linel 70 linel 80— line150 0.20
g i line200 ==ine207 ==line253 i
-006 0.25
000 005 010 015 _ Q20 025 030 035
]

Fig. 3-5-1. Side view of shape and typical stream-

lines.
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Fig. 3-5-7. Cross sections

Cp at surface
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Fig. 3-5-2. Pressure distributions on stream-lines
corresponding to Fig. 3-5-1.

Fig. 3-5-3. Contour of ratio of pressure gradient Fig.

in azimuthal

direction.
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Fig. 3-5-5. Variation of N-factor along stream-

lines corresponding to Fig. 3-5-1.
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Fig. 3-5-6. Contour of iso-N lines comparing to

those of base shape.
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Table 3-6. —x/L=01 —x/L=02
Candidate S06 Computation ID | ID(078 x/L503 —x/L=04
M 2 R 11 Rmax R 21 Rmax g0 —x/L=0.5 —x/L=0.6
o [deg] 2 A 11 0.05 A 21 0 = — /=07 —x/L=08
L [m] 033 C 11 1 C 21 1
Re;, [million] | 4.0x10° | n_11 0 n 21 0 —x/L=08 —x/L=
Base Shape SH m_11 0.5 m 21 0 003
Xw 1.0x10"" | D_11 1 D_21 1 " 003 o 0.03
Wy 1.0x10° | r 11 0 r 21 0 ylm]
to 1 k_11 3 k 21 0 Fig. 3-6-7. Cross sections
_ Cp at surface
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Fig. 3-6-1. Side view of shape and typical stream-  Fig. 3-6-2. Pressure distributions on stream-lines
lines. corresponding to Fig. 3-6-1.
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Fig. 3-6-3. Contour of ratio of pressure gradient Fig. 3-6-4. Contour of maximum cross-flow

in azimuthal direction to axial velocity.
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Fig. 3-6-5. Variation of N-factor along stream- Fig. 3-6-6. Contour of iso-N lines comparing to
lines corresponding to Fig. 3-6-1. those of base shape.
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Table 3-7. —x/L=01 —x/L=02
Candidate S07 Computation ID | TD072 */L=03 —x/L=04
M 2 R 11 Rmax R 21 Rmax g 0 —x/L=05 —x/L=06
o [deg] 2 A_11 0.05 A 21 0 = 07 —/i08
L [m] 0.33 C_ 11 1 C 21 1
Re,, [million] | 4.0x10° | n 11 1 n 21 0 —x/L=09 —x/L=1
Base Shape SH m_11 0 m_21 0 003
Xw 1.0x10" | D_11 1 D_21 1 003 o 003
W, 1.0x10° | r_11 0 r 21 0 ) vlm] .
too 1 k 11 3 k 21 0 Fig. 3-7-7. Cross sections
~010 Cp at surface
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Fig. 3-7-1. Side view of shape and typical stream-  Fig. 3-7-2. Pressure distributions on stream-lines
lines. corresponding to Fig. 3-7-1.
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Fig. 3-7-3. Contour of ratio of pressure gradient Fig. 3-7-4. Contour of maximum cross-flow

in azimuthal direction to axial velocity.
direction.
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Fig. 3-7-5. Variation of N-factor along stream- Fig. 3-7-6. Contour of iso-N lines comparing to
lines corresponding to Fig. 3-7-1. those of base shape.
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Table 3-8. R —x/L=0 —x/L=0.1
1 :\\ —x/L=0.2 ~x/L=03
Candidate S08 Computation ID | ID150 7
M 2 R 11 Rmax R 21 Rmax -0 / \ \ \\\\ T4 TX/L05
o [deg] 2 A1l | 0033 | A 21 | 0.0066 £ \\ NI —xs0s —ncar
L [m] 033 | cu 1 C 21 1 =7/ / 08 —Le0s
Re, [million] | 4.0x10° | n 11 1 n 21 2 |
Base Shape SH m_11 0 m 21 0 o003 \Eé/ T
Xu 1.0x10" [ D_11 1 D_21 1 "008 0 008
W, 1.0x10° | r 11 0 r 21 0 ylm]
teo 2 k_11 0 k 21 0 Fig. 3-8-7. Cross sections

Cp at surface
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Fig. 3-8-1. Side view of shape and typical stream-  Fig. 3-8-2. Pressure distributions on stream-lines
lines. corresponding to Fig. 3-8-1.
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Fig. 3-8-3. Contour of ratio of pressure gradient Fig. 3-8-4. Contour of maximum cross-flow

in azimuthal direction to axial velocity.
direction.
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Fig. 3-8-5. Variation of N-factor along stream- Fig. 3-8-6. Contour of iso-N lines comparing to
lines corresponding to Fig. 3-7-1. those of base shape.
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Table 3-9. S —g/Ls0 —x/L=01
/__\\ — =
/=02 —x/L=03
Candidate S09 Computation ID | ID153 /////// PR \\\\\\\ ¥ ¥
M 2 R 11 R(x) R 21 R(x) _ /D X/L=04 —x/L=05
a [deg] 2 A1l | 005 | A2l 0 E &g/ /08 —x/L=07
L [m] 033 c_11 1 C 21 1 * 08 —s/08
Re,, [million] | 4.0x10° | n 11 0 n 21 0 o
Base Shape SH m_11 0.5 m_21 0 003 /L
Xw Lox10" | D_11 1 D 21 0.2 003 o 003
W, 1.0x10° | r 11 0 r 21 0 ) ylm] )
to, 2 k_11 3 k 21 2 Fig. 3-9-7. Cross sections
Cp at surface
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e e = 0.05
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Moo T - = : el ——lne50 ——line90 line120
003 ‘ | 0.15 el 40 ——line160 =——line170 =—line175 ||
004 H line1 =—line50 —lineB0 linei 20 linel 40| m——=line180 ==linel185 =====line190 =====|inei195
ling1 60 —line170 —line1 75 line180 —linel 85 0.20 line200 lins253
—0.05 X ) § - 2 7 T T
line1 80 =——linei1 85 =——line200 line253 i i i
-008 - - ‘ ‘ ‘ 0.25
000 005 010 015 020 025 030 035 O 005 01 015 02 025 03 035
Xm X[m]
Fig. 3-9-1. Side view of shape and typical stream-  Fig. 3-9-2. Pressure distributions on stream-lines
lines. corresponding to Fig. 3-9-1.
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Fig. 3-9-3. Contour of ratio of pressure gradient Fig. 3-9-4. Contour of maximum cross-flow

in azimuthal direction to axial velocity.
direction.
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Fig. 3-9-5. Variation of N-factor along stream- Fig. 3-9-6. Contour of iso-N lines comparing to
lines corresponding to Fig. 3-7-1. those of base shape.
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Table 3-10. —w/L=0  —x/L=0.1
—x/L=0.2 — x/L=03
Candidate S10 Computation ID | [D154 f\\
M 2 R 11 R(x) R 21 R(x) =0 4R X104 T/L203
o [deg] 2 A 11 0.05 A 21 0 = &_Jj —x/L706 —x/L=0.7
L [m] 0.33 C 11 1 C 21 1 =08 —e/L=09
Re,, [million] | 4.0x10° | n 11 1 n 21 0 o
Base Shape SH m_11 0 m_21 0 003 .
Xw L.ox10" | D_11 1 D 21 0.2 003 o 003
Wy 1.0x10° | r 11 0 r 21 0 ylm]
tw P k 11 3 k 21 P Fig. 3-10-7. Cross sections
Cp at surface
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Mooz 0.10 fnel  ——line50 ——fine100 line120
003 0.15 line 140 line160 ===line170 ===line180 |--|
004 =—line1 =—line50 line1 0O = “linet 20 line1 40| ——line185 “linel90 =====|ine19h =====|ine200
—nos —line160 = line1 70 line1 80 line185 ~line180 u 0.20 line2 05 line253
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Fig. 3-10-1. Side view of shape and typical Fig. 3-10-2. Pressure distributions on stream-lines
stream-lines. corresponding to Fig. 3-10-1.
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Fig. 3-10-3. Contour of ratio of pressure gradient Fig. 3-10-4. Contour of maximum cross-flow

in azimuthal direction to axial velocity.
direction.
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Fig. 3-10-5. Variation of N-factor along stream- Fig. 3-10-6. Contour of iso-N lines comparing to
lines corresponding to Fig. 3-7-1. those of base shape.
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Table 3-11. —x/L=0 —x/L=0.1
—x/L=0.2 —x/L=03
Candidate S11 Computation ID | ID046
M 1.5 R 11 Rmax R 21 Rmax = 0 L7084 /L0
o [deg] 2 A 11 0.1 A 21 0 = —x/L=0.8 —x/L=0.7
L [m] 033 | cn 1 C_21 1 05 =L
Rey, [million] | 4.0x10° n_11 1 n_21 0
Base Shape SH m_11 0 m 21 0 0 e
Xy Lox10" | D 11 1 D 21 1 o003 o 008
W, 1.0x10° | r 11 0 r 21 0 . vlml _
to 1 k 11 0 k 21 0 Fig. 3-11-7. Cross sections
Cp at surf.
i -0.10 p at surface
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004 linet 40 ——line160 ——line170 lime 0 line1 50 | 020 L =line180 “line190 ====lne200 ====ine207|_|
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m
Fig. 3-11-1. Side view of shape and typical Fig. 3-11-2. Pressure distributions on stream-lines
stream-lines. corresponding to Fig. 3-11-1.
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Fig. 3-11-3. Contour of ratio of pressure gradient Fig. 3-11-4. Contour of maximum cross-flow

in azimuthal direction to axial velocity.
direction.
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Fig. 3-11-5. Variation of N-factor along stream- Fig. 3-11-6. Contour of iso-N lines.
lines corresponding to Fig. 3-7-1.
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Table 3-12. =0 —x/L=01
—x/L=0.2 —x/L=0.3
Candidate S12 Computation ID | TD047
—x/L=0.4 —x/L=0.5
M 2.5 R 11 Rmax R 21 Rmax g0
o [deg] 2 A 11 0.1 A 21 0 = —x/L=0.8 —x/L=07
L [m] 033 | cn 1 C 21 1 =08 —e/L-08
Re;, [million] | 4.0x10° | n_11 1 n 21 0 o
Base Shape SH m_11 0 m 21 0 003 WL
Xw 1.0x10"" | D_11 1 D_21 1 " 003 o 0.03
W, 1.0x10° | r_11 0 r 21 0 vim]
too 1 k_11 0 k 21 0 Fig. 3-12-7. Cross sections
- ~0.10 Cp at surface
003 ~0.05
oo «r‘—"’
5 ——— — 0.00
"1 ._-—'""_____-—“
0oo e — 0.05
— e I «
E-001 8
N S — — 0.10
o3 i — 015 L. el = lned) —ine70 100 |
S R g4 —line70 line1 00 linet 20| line120 line140 line160 line170
. ——line1 40 line 60 ——line170 line1 B0 linet 80 020 [ T linel80 =linel90. =line200 = linc207 | |
005 | —jnszon line207_ ——lins253 j line253 . .
008 T T T T 0.25 i i i
000 005 010 015 Q20 025 030 035 000 005 010 0.15 fJ.ZO 025 030 035
K X[m
Fig. 3-12-1. Side view of shape and typical Fig. 3-12-2. Pressure distributions on stream-lines
stream-lines. corresponding to Fig. 3-12-1.
[dCp/dpil/[dCp/dx] Vmax,/Ue
m S-00E-04 (;000
I—E.DDE—(M .70 00
0.0033 Xl 0.33 0.0033 Xirn] 0.33

Fig. 3-12-3. Contour of ratio of pressure gradient Fig. 3-12-4. Contour of maximum cross-flow

in azimuthal direction to axial velocity.
direction.
25 T —ou T
o o | | e
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Fig. 3-12-5. Variation of N-factor along stream- Fig. 3-12-6. Contour of iso-N lines.
lines corresponding to Fig. 3-7-1.
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Table 3-13. —x/L=0 —x/L=01
—x/L=02 ~x/L=03
Candidate S13 Computation ID | ID055 - *
M 2 R 11 | Rmax | R 21 | Rmax X/LE04 Tx/LS05
o [deg] 1 A 11 0.1 A 21 0 —x/L=0.6 —x/L=07
L [m] 0.33 c1 1 Cc 21 1 =08 —x/1=09
Re,, [million] | 4.0x10° | n 11 1 n 21 0 o
Base Shape SH m_11 0 m 21 0 XL
Xw Lox10" | D_11 1 D 21 1 003 o 003
W, 1.0x10° | r_11 0 r 21 0 vlm]
to, 1 k_11 0 k 21 0 Fig. 3-13-7. Cross sections
_ Cp at surface
04 0.10
003 — -0.05
0oe — S—
001 e 0.00 S
: S —— N
000 e , 005 . —
00 e a
N goe . —_— © 010 ;
o3 ‘ .--"‘*H- 015 L linel  —lined4d  ——line70 line100]| |
—opg ||t lnedd  ——lne70  —lingt 00 line1 20 ’ line120 = line 140 =line160 = line170
g5 || line1 60 ——line 70 ——line1 80 line1 50 0.20 T linel 80 = line 90 =line200 =line207 |_|
—line200 Ine207 =—line253 linez53 . ,
008 T T T T 0.25 i i i
000 005 010 0 15X 020 025 030 035 000 005 010 015, 020 025 030 035
m
Fig. 3-13-1. Side view of shape and typical Fig. 3-13-2. Pressure distributions on stream-lines
stream-lines. corresponding to Fig. 3-13-1.
[dCp/dpil/[dCp/dx] Vmax,/Ue
- 5.00E-04 1
I I 0.000
—5.00E-04 .70 030
0.0033 Ximl 0.33 0.0033 X[l 0.33

Fig. 3-13-3. Contour of ratio of pressure gradient Fig. 3-13-4. Contour of maximum cross-flow

in azimuthal direction to axial velocity.
direction.
25 - -30 ‘
—Line1  —Line 40 1Y) E— (Looward (Top) |
20 | —Line70 —Line 100
Line 120 ~Line 140 30
~Line 160 =Line 170 60
5 BT e 180 —Line 190 _
3 —Line 200 —Line 207 5 %0
Z10 [~ —Line 253 120
150
5
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Windward (Bottom)
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0 0.05 0.1 0.15 02 025 03 X(m) 0 0.05 0.1 015 02 025 03 X(m)

Fig. 3-13-5. Variation of N-factor along stream- Fig. 3-13-6. Contour of iso-N lines.
lines corresponding to Fig. 3-7-1.
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Table 3-14. —/=0 —x/L=0.1
—x/L=02 —x/L=03
Candidate S14 Computation ID | ID056 * *
M 2 R 11 | Rmax | R 21 | Rmax _ X/L=04 Tx/L=05
o [deg] 3 A 11 0.1 A 21 0 =1 —x/L=0.6 —x/L=07
L [m] 033 | cn 1 C 21 1 =08 —e/L-00
Re;, [million] | 4.0x10° | n_11 1 n 21 0 o
Base Shape SH m_11 0 m 21 0 005 WL
Xw 1.0x10"" | D_11 1 D_21 1 " 003 o 0.03
W, 1.0x10° | r_11 0 r 21 0 ylm]
too 1 k_11 0 k 21 0 Fig. 3-14-7. Cross sections
~0.10 Cp at surface
— -0.05
= 0.00
—
-
e , 005
3
, © 010 i
_00s i — 015 WM. linet  ——line50 —line100 linet30 ||
_nog LT et line50  ——line1 00 —line1 30 line150 | ’ line150 —line170 =line180 =line190
—line170 180 —line180 —line185 ~—line200 0.20 T linet 95 T ine200. Tline205 Tline212 | |
e e 212 ——line253 i , line253 ‘ .
-Q08 T T T T T I 0.25 i i i
000 005 010 m5>< 020 025 030 035 000 005 010 015, 020 025 030 035
m
Fig. 3-14-1. Side view of shape and typical Fig. 3-14-2. Pressure distributions on stream-lines
stream-lines. corresponding to Fig. 3-14-1.
[dCp/dpil/[dCp/dx] Vmax/Ue
" 5.00E-04 1
0.000
i .
—5.00E-04 .70 00
0.0033 Ximl 0.33 0.0033 X[l 0.33

Fig. 3-14-3. Contour of ratio of pressure gradient Fig. 3-14-4. Contour of maximum cross-flow

in azimuthal direction to axial velocity.
direction.
2 : -30 !
—Linel  —Line 50 0
20 | | —Line 100 —Line 130
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Fig. 3-14-5. Variation of N-factor along stream- Fig. 3-14-6. Contour of iso-N lines.
lines corresponding to Fig. 3-7-1.
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4.2. BRBARADRICEHT HEER

AR L7280, EREAERICKT 5 AR R A A U7oR5 R, A L 7§ Tk
S01 DEBNMEBENIEFICRESIBIBTHZE08bho7=. £ LT, Mo AR R,
JE T EHh T R OJE ST ABLLE N NS WG LD Z ERDboTs. ZOESARIZ O
TUTFIZEET 5.

ZOENARE A /NS LT HITE, HOSRTH L mOE Ak E KEL T 5
D THLEFROENARZ/NS L TIUXEW. Fl20E, dhhmo/E AR, RE
KEL, ThRLLROVEBRICT IV KT 52, BimOPBEB/MESMEE L TH 25T
WD EBLESEOLNDFENROND. T2 FEEINIE IR0 E v K&
RTFAY y bEEY ZERHENIESNS. WS, BAROENAREZ/NS LT O,
FIERE/NESLSTDHIERNEZONDN, TN T A ROE AR KDILTLE ).

T Z CTHRBERSEOFE o7 S01 DENGMAICHNERT 5L, MREZEETrE
TIEAAERLNIEFITNEL oo TWnB Z b5 (Fig. 3-1-2) . ZhUE, FIRA ikt
BHCTHHTHLIDLT, MR LD LI2LoT, —HERNLATEEROEY —2  (Hk
R UL, BROE—27 SI3ERO M OMBKAE, &2 WITmKE%E & 2K S 21ET) 2
Ny 7 T4 LR BT AU THIZIZTI, TS TESBMAOE—2, T70bbE
NMAFMOR K %2 & DAED by 7T T4 ER ML TA U THIRIZCTNZT2D7EEE 2
bivd. AR Figd ([RTHRIC, pliliz ToLIC xz & DA o BT, —HRI I x, Bl
HlolelT 5. EBRE X WD OYELE LTR, (x,,0,) & LTERT L, —HRIEH
SRIFEROE =27, Fieb bR, [Ox, =0 L7 B0 (MPICEA@TER) 13, ko

E—7, ThbboR/ox=0 e B0E (KMPICAALOTER) & —FK LA, ZoffiE,
LR BRI G, — RN ORI —21%, by P T4 TIER ML T A
T2 Z ERnbnd. JENNfAoY—2 8, £7- Fig. 3-12 (Or-d@Y, by 77
AVTIEHARRNLTA LD BFERIZ EIRANC TN TS Z ERERTE 5. ZO/RREL
T, XA TIIE—7 O Tl T, mE0ENNILSRoTnH I e, LT S01
TITA EETREDNRT AN LIEDEDIEFITNE L o T\l b ol
BE> T, AT UM O L %2 5 2, EI0AAO Y — 7 (AN L E TX
AUT S01 KVH FIZKREZR BRI REN R AAG O FTREMED B 5.

Peak of shape
at zero incident

Orthogonal direction® 4Z
to flow and y.

------ leeward ray

Xy

Flow direction

Peak of shape with
angle of attack

windward ray

Fig. 4. Illustration of peak location.
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4.3, EEBER

BRI OMGEERR X, #AM R B AR TH S S01 RIZ O W T T 72,
7 Ll o =3.0deg & LD TEEIZIZSI4 THD.

o =3.0deg & L72GAEO S01 EF—TBIR, T7ebH S14 &, [FU <HMHa=3.0deg
DIEHETZ IR Sears-Haack {ZMCOIJ\“C, FEROCBIR S - R miRE A & Fig. 5 17
wwﬁﬁmﬁmﬁwfm,m%%%fﬁﬁém,%ﬁ#%%%mmﬂ01$%ﬁ9ﬁé.
LT, KURIRENER L VIERWIGE, RimiEE X BRI S FIANZ M2 OEELHIT
A95. ZITEAEPER»OEE~SEET L &, BURERN SIS 5720, E
mﬁ EX Y REEEOROVEEAENS. BZLT, KITRT LI, BB oK

REDBI ST, 1o T, BEREEIMCTITERIT, Bl OBLR A CIEELIT & 72
o“Cb\%) ENRbD. LT, REIRENQRICET DD, EBRMHERE R T
5.

lﬁ I > TR AT OFENT D> 5, Fig. 5()ZRT S14 OO s T, £ 190mm

B 255mm D IEBFEKE 2D, EBERO TR ZEBILE L ERT D LK 223mm 23
%@fﬁﬁ&iﬁé —7, IR TH D Sears-Haack /K TITH 105mm 7> 54 140mm 733
Bk L 720, BRACEITN 123mm DEBALE TH 7. E-> T S14 TIHEERIRIZHT
~100mm FRFEEZIBL Tz, ZOREMND, S0l OBBALENIEAE LIRS < KIBL
TWD Z &N EBRIIICHERE S 7.

LIAT, ZOEBEBMELY, FEMIZCTHINDGE NERELETE, 2o
BRVEICBTS NEABEXEN=119BIXON=81ICXIET 5 & THISNT-. EBAL
BB D NDBRICE > TR DFFIIAW N, ENHETTH I b RE2
HARBHRENMG ONT-ER E 7o 72, —J7, Flared-cone 3 X ONF N % UL T 3B
ROBBALEIL, AR TIERIRWA, ENENEHSH 115mm 35 KO 135mm Th
S72[15,16]. Z OEBEBAEO%IEREIY, S14 3L Sears-Haack (RIZHE~/NE v 7273,
EBRAMNEIL, TNENEBBILEN=5.1BLON=54L, METESELTEVZY L NZ
5. BIRICE - T, BBAEICBT S NESEZRDFKIZIAHTSH S.

WTHIZ LT, FEBRIIC, FEREEFIC XL D BRERE MR ST,

(b) Typical sinusoidal deformatlon (S14; =3.0deg)

(a) Base shape(Sears—Haack body; a =3. Odeg)

Fig. 5. Surface temperaturedlstrlbutlon

4.4. EHOHEH

SOl ICRTR SN D IESXWATEIR S BB TN R 2 72 b3 2 Lid, HERICS, B
RIS HRER T E 72, € 2 CEBALE ORIBD & OREEERIRTURE C,, OEBIZH S LT
WO DONERHET D720, EIETRHBEIEGTRL C ), ~EORERBEEKITL TV D0
ZRHld 272, S01 7205 S07 F TOEZRRGURE C,, B LOENBS iR C), & 3.1 Hi
IR LI HETRI L.
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TORR, & Fig 6 1T, RO, FEEEGURE C,, ([CIERGURE C,, 2
Z T BRI IR T B Sears-Haack K& L —ETHHEMEERT.

NESAR X 0 BEBAE DN IEFE ICKE < #%IB L7 SO TIXEUERIRIC s 2 B &
T BWEB ST D Z ERER SN, L UEANERPIE, FR i b RkE<, 80%MmL
TLEY Z b oz, JENEPIAKIBIZHEML TLE - 72JRIRIE, SR BRI K,
EATHEIIT S TOEEMRICL DEMORBELEZLND.

ZOMITDOWNTIE, S01 & FRRICJENITEFIPE R LT LE I IR Z o720y, —FHT
SO1 (21T KX b O DEEIERIINMEB S NV TIIRNE L HD 2 Enbho7z. FFIZ S06
L S07 12OV TIE, EEPINEMERIR TH D Sears-Haack IKIZHE~, ZHZE 1.5%B LW
QONIEE/NS LD Z EN Do, TNHDOIIRIE, 41 BiTHLIRRTZERIC, EBALE
DORIBIFZ/NEZNH OO, EHEFIINEE A EBEIML TORWTZOIT, 07 BRI
DAL - 7=

EREDOFERND, KREIFTF 2397, ERA DY OBV DI EGK A T,
BRI BERICDTD. ZDT BRI R Z LU TWE 5 LA T, RO bR
B BXIEL, [EVIRPIA B INS D RIREENm Wb oTz. 16T, JE P
KEF72W=DI2E, FREEZLITEREIERWVWE S TRTHIVENRDD. 20D,
EI%, HIRETNRZRELIZWEIZERY, RTELTEROETIZTHIENBE b5,

0.05
X B osH
XS01
0.04 $02
& =303
&
- B S04
0.03 |- f T =505
/ + o S06
Cpt+Cp,=const. h \\\\ +S07
0.02
0.02 0022 0024 0026 0028  0.03
Cor

Fig. 6. Estimation of friction and pressure drags of candidates
with sinusoidal deformation and base shape (SH).

5. RERZEMICKSEARBRMERE

ATERICIR T2 & 912, IR ETRIIRIC K & 2 BTN b, RS2 ARERARES
DI, Bz G2, BROE—7, 2N ENDMDO Y — 7 OLEE
WY IR EISELRETHLIEV RSNz, £, BEEITBS L OENBEHGIOHER 6,
FEBHEPT AR S E 2203 L IE AR S 51213, TBREBERICHIEEB TR, A
BTN RES O L TCWLE IS RFE LT IR R BTN RO AN ThHH LRSI,

ZIT, AEITIIREREACL S B ARE R E B ORRIION TS, JRIROFER
X 2 i CIb 7@ ThHS.
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5.1, HEMNLGEBEBHAER

IEER BT R T 2B D, RERARBIREEZEDL L, BIFZIEfH R
WZHEZ, BIROE—7, FZNIED BN O Y — 7 O EZ#E Y IR ESEHET
HOLZENTRBINTZ. 22T, ETRIERAEK L0l 25 L06 TIIAERORESIFEEET
(Z, MIEIZBIT AL OBROMEE 2 LS. Fig. 7 \OR$ I8, MIHEICI T 5% x Wi
EETEDORERRD 224 A E CERFHEIVAZIELT5) 20 LLTLLTOR23)EFT.

@ztanl{— x0(¢=27r/3)—x0(¢=;z/3) }
2(xo(p=27/3).¢ = 27/3)—=(x, (¢ = 7/3). ¢ = 7/3)
(23)
=—tan1{ 2L><tanh[(7r/6)x(H1t/H3t )] }
R(x,(27/3).27c/3)x cos(27/3) - R(x, (7/3), 7/3)x cos(z/3) |

K23, S RHTRBITHI 4% R(x, ) & & 1ot BEMICHILE. e I, LT
HAZEKVEDT. 7220, ©=0deg DHEITIE, IVHMIZEFRT D720, H,y =00 TIEARS
H =0&L7.

O 1%, LOI 2°5 L06 T, @ =+10deg 7*H © = -30deg TEIL EH72.

Table 1-2 (ZZ5F 2 JR1EI ZETE AR K3 DEE AT 5 Fe 2 TR f: 12~ 97 (Fig. 8-1-1~8-
13-7). £7-, MRS BLOIBRERE LT/ RTA—F %, Table 1-1 LEETH, Hk:L
Table 4-1~4-13 |Z/R7. FXFEE, 4.1 IR LIZIEZE AR O A LERET, Sears-Haack
RIZxHd 5% Fig.2-1~Fig.2-7 ®, MEFEDORBENFETHDIZKHEL TWD. 72720, THEER L E
[ZOWTIE, KA 6 DX (Fig. 8-1-6, Fig. 8-2-6, Fig. 8-3-6, Fig. 8-4-6, Fig. 8-5-6, Fig. 8-6-6,
Fig. 8-7-6, Fig. 8-8-6, Fig. 8-9-6, Fig. 8-10-6, Fig. 8-11-6, Fig. 8-12-6 331 1" Fig. 8-13-6) {2, k.
DT 1ZD Sears-Haack KIZk92 N fE =2 > X 3L THD.

ridge line of peak

/ 7o-x cross-section
| /4
-+,

®¢
3 R(X, ¢) X

N

candidate /

tangential line of ridge line of peak i
at =90deg |

Fig. 7. Tangential angle of ridge line of peak.

L TAT, BT, ARERNEEZLT-OUIDWIEIRTE LI e e Z R 0N b A 2h
THLHZEDPRRSNTND. £ZT, EREARIERO T Thirb BRI RDORE o7
S01 DesmfldR (Fig. 3-1-1) Zfrb-oo, RIRMITIEERR L 2D KO T A =X
EUPRE LT, fERE L TR LKL, Fig 8-1-1, Fig. 8-2-1, Fig. 8-3-1, Fig. 8-4-1,
Fig. 8-5-1 8 X U\ Fig. 8-6-11Z/k3 X 512, SO1 (Fig. 3-1-1) (ZH~_FEEHERIR (Fig. 2-1) 1
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—R LT 2oz, L)L, ENDDOENGMIT, EERIROE 54 (Fig. 2-2) &
T DR, BREIROE =2 (R(x,¢) DWBKR) EfHic, ©—27 %> (Fig 8-1-
2, Fig.8-2-2, Fig.8-3-2, Fig.8-4-2, Fig. 8-5-2 5 L\ Fig. 8-6-2) .

JEXI A DB — 27 OfL{EIL, 0 =0deg P¥%rcr (Fig. 8-3-2) , HHWT O HIEDOYE (Fig.
8-1-2 3 L W\ Fig. 8-2-2) 1%, IEFZMZAD S01 EFKEICR LT AN, by T T4 TR
IZHDD, @ DWAIZHRTHIZONT, b7 I BITHE — 7 BRI % T ~B 58
NTHRZD. ZZT, 0L, IWIREBID Cp DT FA L ERNLTAL DY —ILED 57 (Axy
Ax, DR Fig. 9 ITRT . DSHBARISIZ, @ BIEIZKREWGEITIE, BRBIOE

N O — I EDFEFITA, DEVRNLTAAMOE — I E RN T T A PO — I
EIZHEAFIEL TEY, @ DAICKEWVGAIZIZZDWE>THD. HE->T e BIENLAITHY
KTDIZHONT, AT MOET) AR T L5883, B — 7 D% 76— ORi )T~ #)
LTWWAZEIZAD. ZORENG, IERLE AL THELE LM@Y, s - ikor —
JEE NSO — I EIXBEBCBMR T DL, Foby T TA L ERDLTANTBITDIES S
A OY — 7 ORI 7L 8 BRI E J7 181 O E ) AR KREUEAFT DI ED DD BT,

LT, ZORER, FBJim & sy m ot ) AR O E 238 K3 2 ik b 1% 5~ B
L, ZORIFITITE AR IEF DT 5 8RS > 72 (Fig. 8-1-3, Fig. 8-2-3,
Fig. 8-3-3, Fig. 8-4-3, Fig. 8-5-3 B L (N Fig. 8-6-3) . T OFEM Tlddne ATV E 23 i
T o720, BHOMENRKHAICKEN O =-30deg D L06 TITIAWEIFAIZ D7z - THTAL
WEMNMIIET e ot BRI ZD 6 DOHTIE, L06 DEBMENELZIEL

(Fig. 8-1-4, Fig. 8-2-4, Fig. 8-3-4, Fig. 8-4-4, Fig. 8-5-4 33 L\ Fig. 8-6-4) .

7272 L L06 DEBALE X, S07X° S011E L iXt4ik L 7e/h - /= (Fig. 3-1-4, Fig. 3-7-4). %
DJRKNE, FENDAOE— 7 (i X 0 %7 CIE AR, 3706 R RERFEAVEE 23 K X
{7poTLES 72D ThA (Fig. 8-6-4).

B a1k T TH 27 L0T O RZ/RT. ZORIRTIE, BEE2# T THZTWD
DT, HBRBHARNBNDHES, BHF~BEHTLZERHREND. BEORIB X
Ol 7 A ZE T ONE, FERROMBEE LY L03 Ll d58, M@t 7B 5E BN E,
THORHRER NETTRISILVOERALE D% IR KE) T (Fig. 8-7-6) .

WIZ, EREEROSA LR, BROGIBLIOEEZZELSET.

LO8 35 XY L09 12, L06 & FEMDBEITELLO =-30deg TH DA, @I A L06 D 2/3,
13 LS LERAEERT. SINNIWEEGMOENAEN/ NS L 220, ARBET
RGBT 2 e END. T ORR, TR, EDoMmE XOE AR IR % &5
HEIRICET SN TN D Z L35 (Fig 8-8-3 3L 11 8-9-3, Fig. 8-8-4 33 L (1 8-9-4, Fig.
8-8-5 B LN 8-9-5) . o TEB(LEDHZRIEL, mINNERDIZWE, BT 5
Z LR S 47z (Fig. 8-8-6~8-9-6) .

—7%, L10 BL O LI1 1T, L09 &BHMOMEIBLIOE SILHE LW, 87RO LR O
25 L09 @ 2/3, 1/3 /WS LEEHEERT. G MOERORI/NIWE, i h O
HARDBKEL 2D, BRBWHIREPERT L2 MHFLTE. £ LT, MITORRE, #
W, 3 AE K OE ST AR O ZALR KT 5 2 &R bn-7- (Fig. 8-10-3 BL W 8-
11-3, Fig. 8-10-4 33 L1 8-11-4, Fig. 8-10-535 LU 8-11-5) .

FRlZ L11 T, IO —2R1IHT, by 7T ERMNLTADESENITE L
ER b ENbhoT- (Fig 8-11-4) . ZOfETIE, YREHAELBIFIEE D &
720, RARHEAEE LY a2tz (Fig. 8-11-5) . 7272 LZ ORIZICE T D e Kk
TEAVHEE L, k&< o TCLEST.
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e
Table 4-1 ?%\ 0 —/L
. o W/L=01 —x/L=02
7\
Candidate LO01 Computation ID | [D224 // / // GV \ \\ x/L=0.3 —x/L=04
M 2 € 1 K 0.85 —_ 0 /\ —x/L=0.5 —x/L=0.6
o PR + WS
o [deg] 2 Eoq 0 Hy4q 2.5 N S / —x/L=0.7 —x/L=08
L [m] 0.33 Dot 180 H,4 0.25 \\_//// —/L=0.9 —x/L=1
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Fig. 8-1-6. Contour of iso-N lines comparing to
those of base shape.
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Fig. 8-3-1. Side view of shape and typical stream-  Fig. 8-3-2. Pressure distributions on stream-lines
lines. corresponding to Fig. 8-3-1.
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in azimuthal direction to axial velocity.
direction.
25 -30 T
~linel ~line50 ° Leeward iToé
20 —finel0d  —hnel20 | e
lineldd  ~line160 30
5 L —hnel70  ~line180 60
% line185 “line190 .
E —line195  —line200 — g %0
Z10 [ —jinez05 line253 ';‘.’ 120
ol 150 i
5 =
180 \‘-g_
Windward (Bottom) - = - Base Shape
P 210
0 0.05 0.1 0.15 0.2 0.25 0.3 X(m) 1] 0.05 0.1 0.15 0.2 025 0.3 X(m)
Fig. 8-3-5. Variation of N-factor along stream- Fig. 8-3-6. Contour of iso-N lines comparing to

lines corresponding to Fig. 8-3-1. those of base shape.

This document is provided by JAXA.



Table 4-4.
Candidate L04 Computation ID | ID256
M 2 €01 1 Ko1 0.85
o [deg] 2 Eoq 0 Hy4 2.5
L [m] 0.33 @01 180 HZI 0.25
Rey [million] | 4.0x10° | Agq 1 H3, -500
Base Shape SH Go1 0.0004
Xy 0.0033
Wy 30
teo 1
004 -0.10
Q02
0.00
am
000 = 0.05
E-001 p 8
N g 0.10
-003 : : ; 0.15
00 H=lire1 —line50 =—linel 00 ——line120 line140
o5 YT Imets0 —lne170 —line180 —line185 —line180 0.20
line1 95 line200 line205 line253
~008 : A | i ! 025
Q0o 003 Q10 015 Q20 025 030 035
X

Fig. 8-4-1. Side view of shape and typical stream-

lines.

[dCp/dpil/[dCp/dx]
= 5.00E-04

I75.00E704

0.0033

0.33

WIS X % M TS ) AT b o Dt 3

e {
§§\§‘ —x/L=0.1 —x/L=0.2
\ *x/L=0.3 ~x/L=0.4
C > \ \\\ —x/L=05 —x/L=0.6
/ / } }/ —x/L=0.7 —x/L=0.8
\——/&/ —x/L=09 —x/L=1
—— /
0 0.03
y[m]

Fig. 8-4-7. Cross sections

Cp at surface

lnel  =——lne50 ——line100 line120
line140 —line160 =—line170 ine180 | |
——linel85 ===line100 ====fine!95 ==line200| |
L ——line205 line253

000 005 010 0.15X[mf.2 025 030 035

Fig. 8-4-2. Pressure distributions on stream-lines

P ]

180

corresponding to Fig. 8-4-1.

Vmax/Ue

' 0.000

B 5030

0.33
0.0033 X[m

Fig. 8-4-3. Contour of ratio of pressure gradient Fig. 8-4-4. Contour of maximum cross-flow

in azimuthal direction to axial velocity.
direction.
25 -30
~linel ~line50 0 Leeward iTDE
20 “line 100 “line120
linel4d  —line160 30
i —linel70 —line180 60
5 “line185 “line190
H i — 9%
& —line195 line200 e
Z10 || —iine205 line253 — 120
/7 150
5
180
Windward (Bottom) ~ ~ ~ Base Shape
0= 210

0 0.05

Fig. 8-4-5. Variation of N-factor along stream-

01 015

02

025 03 X(m)

lines corresponding to Fig. 8-4-1.

0

0.05 01 015 02 0.25 03 *(m)

Fig. 8-4-6. Contour of iso-N lines comparing to

those of base shape.

This document is provided by JAXA.



40 ML ZERT SR B HAEATT JE BH 8 R 5 TAXA-RR-13-008
Table 4-5 e =N
able 4-5. = —x/L=0.1 —x/L=02
7\
Candidate L05 Computation ID | [D254 Y f \ \\\\ X/L203 Tx/L=04
M 2 801 1 K01 0.85 a 0 r\ —x/L=0.5 —x/L=0.6
o [deg] 2 Eoq 0 Hy, 2.5 N \\\\\ \j / j}/} —x/L=0.7 —x/L=08
L [m] 0.33 Dot 180 Hyq 0.25 \\\\\——// / —x/L=09 —x/L=1
Re, [million] | 4.0x10° | Agy 1 Hy | 200 oo NX—/—HAF
Base Shape SH Ggy | 0.0004 o0 0 003
o 0.0033 ) vim] )
W, 30 Fig. 8-5-7. Cross sections
too 1
- ~0.10 Cp at surface
L e e e —— sy -0.05 ; :
ooz = —
- — — — 0.00 - S —————
-———-—-‘
_om &= — j_-—:___: , 005
E-001 = 8 ‘
N 0.10
- linel —lineB0  —line100 line120
_ggi el ——lina50 109 —— Ine120 line140 019 line1 90 —ling180 —line1 70 —line180"|
line160 =—line1 70 line180 =line185 line180 0.20 : T linel85 Tline 190 =line195 —line200 | |
=202 1 ine185 ——Iline200 line205 line253 ' line208 — line255 ,
006 0.25 i i i i
000 005 010 015 Q20 025 030 035 000 005 010 015, 020 025 030 035
m] X[m
Fig. 8-5-1. Side view of shape and typical stream-  Fig. 8-5-2. Pressure distributions on stream-lines
lines. corresponding to Fig. 8-5-1.
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Fig. 8-6-1. Side view of shape and typical stream-  Fig. 8-6-2. Pressure distributions on stream-lines
lines. corresponding to Fig. 8-6-1.
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Fig. 8-7-1. Side view of shape and typical stream-  Fig. 8-7-2. Pressure distributions on stream-lines
lines. corresponding to Fig. 8-7-1.
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Fig. 8-7-3. Contour of ratio of pressure gradient Fig. 8-7-4. Contour of maximum cross-flow
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Fig. 8-8-1. Side view of shape and typical stream-  Fig. 8-8-2. Pressure distributions on stream-lines
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Fig. 8-10-2. Pressure distributions on stream-lines
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