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Validation of y-Re, Transition Model and Modeling of Crossflow Instability

Yuto Watanabe, Takashi Misaka, Shigeru Obayashi, Takuma Kato, Yuichiro Saiki,
Toshiyuki Arima and Yoshihiro Yamaguchi

ABSTRACT
The y—Re, transition model was applied to predict the boundary layer transition on NACAQ0015 airfoil and validated by comparing the
simulation results with experiment. The comparison showed the lack of prediction accuracy in negative pressure gradient. The crossflow
parameter proposed by Kohama et al. was selected as a candidate for crossflow modeling and its implementation was attempted only using
local flow variables. The crossflow parameter was evaluated on the flowfield of S5010 swept wing and compared with other crossflow

parameters. The results showed the potential effectiveness of this criterion.

1. [FLBHIC

WHEO a2 B a—2 —MfEom B2 L v LES (Large Eddy
Simulation) <> DNS (Direct Numerical Simulation) (2 & % Z27)
RN DI ANTHFZE S LTV D, FHRE 2 A R LIS
BE ¥ FI 12 B Tk RANS (Reynolds Averaged Navier-
Stokes) (2 L DT SRIEEE R ML A2 ED TS, LA/
JVREE 10° FREOBA%, SEREERE BE T & XL
H %<, LENZIEAICBWCHENZRHE 2 X TR
JEESEBE LA TIEORER RO TS, £,
LAV ZEOHIR S 0 2 R FEERAE R & D gz T
LENBBEEREZBETHOUNERDD.

BERBEBOTHEE LTE, eV EVSERHTRD 6
N7 ERELNE L BROR Z 28ROy /T A—F L
OB Z AW EOC N2, Hill TIISEREESICE L
THRI 72T VA § LES, DNS & Y 5EREER O
BT b 1ThNTE TV AECY). Zn b0 FETRHKD L
I BSOS TV A Y, BUR CIRS R IR
HEMR D X o 7R MR IR I L TR T A Lo BRSO =2 A

FOBLENOEHNRETH 5.

ZOX O RBURERE 2, Menter 5iXy-Rey BEET L
ZRELECD, ZoFETIEIMERE Y CEREEREE S
T EORENT A —F EGIICEE T ALENEL, FEH
R % V7= Navier-Stokes =1 — RIZ HE A L0104,
BRI KI T 25N E B 2 B R LI o3 Rk S L
THIfFCE .

IHE TIHMER F R A R Ea— N Th D
Tohoku university Aerodynamic Simulation code (TAS code)®?
IZy-Rey BBET A EHMIAR, REOISE TR JAXA-
HLD EF L ~Di %17 > TE 7223, B OB
FHEF2IATb TR, RUFFE CII RO R &
4% Z & Ty-Reg BBE T L OFEMRMREE AT - /2.

F72, vRey BEET VITEHMPIRE U O GTIC
BRI ATRE L W O BN A FFO2, T LVNICE
WTIEERIUER A GIICE R L TE 6T, ZORME 4
MLENTHRY. 22T, PMELIZL - TIRES I
TRINVERE D /T X — X Dy—Rey BEET L ~DIED AIHE
PEIZ OV T B MG EAT D .

2. %

2. 1 FhOBEFEFE

FENTIZIZ RS T e B IRIAFEE = — R TH D TAS
code & FH\\ o, ARFEIZ DUV THENT 247 9 72 Weiss D Rij
RUBRYEG D3 L OV U-MUSCL®D %38 A LT\ 5. £7=, #i
IPEZEANT 5125720, Bl G E B &L NS LU-
SGS IZAERMZ HTWBW, FiE I AV DR ERS
BIZLLFO X 9c L.

U, = min(c, maxQu , Kuw)) 1)

Z 2 CCIEEH, ulIRATIH, u TR, KIEE
¥Chb., BREEITHEO T ANR MEICKX L L
DT ENERENTWS., LEN- T, RIFFEIZBWT
WL R TERRATIC B W T K=1.0, = RTtrics T
K=3.0 & L TR ZITo 7. £, FHEMHOBEAT v
TCHMEEZ IR T S 2 L2 L0 TR L TR
BAaIT, 2 IS IEE 2 X ()IE D).

W B OIMELED —>TH D U-MUSCL (L FoXTF
Ihb.

6i|;-]/2 =Q + %(Qm -Q; )"" (1_ Z)VQi g @

ZZT Q IIWERE, IR ML, AFTERTHS.
EENZ SN T KL TRETHY, 4=0 Tl DZER 2 Kk
W, 1 WOtEIZB W TERBOK T2 WA 12X
=05 T3WkEE L 2%, LovL, 3WICICOW TR
EITRBEIC L0 B D 2 ERREENTVE®, SEImE
BIZB W TR 2 R TH 5 =05 # O CTHHEZ
f1o7-.

2. 2 yReBBETI

AWFFE CILEE REERALE O T HIZ Menter 612 X - T
RENTy-Rey BBEFACDEZ T, ZOFEFNLIET T
CUABEREICEBT HEBEHEEI LA ) VA Rey &
MW LA v 2 Re, DI KAE DRI

Re, (X, ¥),m~2.193Re, (x) ®)
EV I BRI EIIC R W SEH 2 E AR LTV A, Re
JHFTHRE DB MNHRO D Z ENTE HDT, BERBORE
38T A — BN Rey HEHEHETH Z L EET
WEITH Z E&AEEICL TV A.
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BHTHOFFE L LT, £ THRABAEICRITNR
HAHRE Tu 2 IR B3RO A% VT Req D4
Ti%ED. Regld Tu LIENARL ST A—5 4y ORIHE 72>
Tn5.

Re, = f(Tu, 4,) )
X)L Tu & Rey, Ay & Rey D DOFEERFEFICHSL 2o
DOEZHNTED b, ZTRENLUTFORTRSENS.

Re,, = [110.0+exp(7.08 —Tu)F (,,K) )

T
F(4,, K)=1- [—10.32/15 -89.474,° - 265.51/1;]5[ 2
(A0<0) (6)

-Tu
F (4, K)=1+[0-0962K +0.148K? +0.0141K311—e{§}]
+0.556[1 e[-zsﬂwu]e{%ﬂ
(16>0) (7
¢ v duU ®

2
H:‘g—d—uy K =10°—
v ds U< ds

KG)DALD F(Ag K)iTdg & Req DIRIOEFRAFARTH Y,

Menter 52 &> CTRESNIZFMHEEZZOETEHNTND.

L2L Tu & Rey ODFHEFICOWTITAB STV =,

ﬁ*ﬁﬁi%é:%#é%%ﬁ&:%d%i?ﬂ@; BB A R E
L7z,

WIZ Reg Z AW TRFTEBEMREE S LA /LA Rey
D TR AR EBERBND Reg DA ZRD S, T L
T, Rey ZXQ)OBEFRE AW CRFMZR RIS H R E
HUE LA 2 L ZEL Re, (Z(Y’Q) W HRD, LEWETH
% Reg LT 52 & CEBHIEET ). EBBANEN
EFNE, I ORIKE, oS TREE MR L TER
I ARRET D, DD, y-Rey BBET /L TIE k-0SST
FHAET D 2 BB Z T, LLTFISRT 78 L Regloo
W T OfE R i<

6(p§em)+a(ﬂujﬁem) a[%(ﬂwt)aﬁem} o

ot x o &,

i i
+ Py

aApp), AY)_off )
a o |l e, o

+ Py1 - Ey1 + Py2 - Ey2

HQ) TITAEMIA Pyrll Ko T Tu DELEZE L, FEAEN

D Reg 3% KD TND. KAO)VDAERIAD 5 H Py-Eyld

BEEEETDHETHY, PrEy XHBETILEZSZET 572

HOHETH L. BEIAIENREDLLEZIND Py BNH

TR0, yR ERT D LI TnD. X (DRI
1FR(11)-(19) T, K (10) DA K IEIZ(20)-(33) THEND.

(10)

P, =C, ?(Reﬂ— Re, J1-F,) (11)
t= 500[;1 (12)
U
- 1) o (r=tre (13)
F, =min max| F,,.-e ‘*/ 1.0-| -~——"21/1.0
1.0-1/c,,
_Requt (14)
BL
pU
OpL = % e (15

6= S0y OpL (16)
U
2
ReaJ = ﬂ (17)
u
Fwake =€ e (18)
¢, =0.03,0,=20 (19)
Prl = Fléﬂqthcalps [7’Fonset ]CQ (20)
Fog =1260Re, " 41 1 1)
p. U, Re
E,.=c.P.y (22)
2
Re, =23 23)
7
Fonsetl = L (24)
2.193Re,,
Re, =0.9Re, (25)
FO"'SEtZ = min(maX(Fonsetll Fonset14)2'0) (26)
R =X 1)
U@
R 3
Fonset3 =max| 1- —_— 10 (28)
25
Fonset = maX(FonsetZ - Fonset370) (29)
Pyz = Cangzﬂ:turb (30)
E,.=CePor (1)
4
Fturb =€- [RT) (32)
4
Ce1 :1.0, Cal = 20, Ca = 05, Ce2 = 501 CaZ = 006l Cy =1.0

(33)

Z 2T, Flengh BE Re IOV T H AR I TR,
SEARBE S T3S 1T D MRS FL & STl | IZ BB R D E LT
l/\5(11,12).

1-Reg BEET /WILLTDO X 9 1Zy& i LT k-wSST &Lk
ETNOFE RN — R EMAEDENS.

a(pk)+a(pujk)=a[(ﬂ+0kﬂt)an (34)

ot OX; OX; OX;

BB,
ISk =7 Pe (35)
D, =min(max(y,; ,0.1)1.0)D, (36)

T2 Tr 1 HIT < BERIBR 72 & 2 B8 L 2B OB 2 KT
HY, UToXTERIND.

7eff = maX(71 ]/sep) (37)
. Re
=min| 2max| ——*—-10|F....2 |F (38)
}/sep |: (3235 Rec ] reat j| @&
R )
Fra =€ (&) (39)
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2. 3 BEBRhFTREDOETIE

BRI DFRIE L L CIF N b F—REE L DT T
oY= b/NEBIZE > TEH S NN AL EIZBE T
D87 A—4 (R NERT A—H, Cx EHERDL) AW
A NERTG A =2 IIR@O)TEEND.

qzwaf9 (40)
14 r

2TV BEERESMR CORE, OTEBRES, ridHET
TRR O i SRR O BERE & WAT R TH D, Ve L AZOW
TIHBLR D 22— RN TRHEATEE TdH 525, 1 1220 TIEH
BHAETOLERDD. rIFUTOL L TRDD.

1 Potential flow streamline & Frenet frame

1 OEEFEZR  (Frenet frame) 123\ T, e IR OB
M OBART ML THY, WENRT ML EE LA E &R
BT SV THD. V,= Ve, MK VDT, e 1t e =
Vol | V TRODZENTED. e &b mEEHE s B
L4 2% &, Frenet-Serret DARKMN D,
4e,(8) _ e, (41)

ds
MKV NLD. 2 Z Trey X e, ICEATL, TORE Z (TR
R

n s: Polential Flow
Streamline

2 Potential flow streamline & #1435 i FE#2 %

X 2 DFEAERICIBWNT ¢ = e5, n lTBEREICTRE /2 AL b
JVy, bid b =tXn TERINDHEEHRY ML THD. bR
RBMEORE R NVICERT BN ML THY,
BERN T ORI ML 7pd. Lizdo T, s
AT N OVOBEEIC AT IRy 1,

Ky = ‘Kez ~b‘ (42)
T ORI T,
[ 1 1 (43)

Tk e, b
FVRED., ZOFETr DEERDDZET, NERT
A —Z LR 7 B O A CTEHE A R BETH VU, y—Rey
BEBBETLOEFEEL RN OSBRI ARLE % T 7 LT
BEThD.

3. BRBLUEE

3. 1 ZRITEM

FHEICIE NACA0015 3R A AV 7=, DK %X 3
{279, TAS code X =Wt a— R THDHT=D, AN
MHCHME & @ERE) OFES&2RFoE%E 1 BN L i
LR TTIRIT & 72> TV DL ST 8038 55,000 A%, y*
WEIRRTGOEEE TRRMEAZ L W, ZOMEIE 1 BRETH-T7-.
NS MITEBREAIC AR L OWMY ISHRE LT,

LY

L

3 CHILAEHET

71 NACAO0015 -5 4/

it [m/s] Re W4 [deg] EELVE %)
(@QLE)

30 7x10° 0,3 0.055 (0.04)

40 9x10° -3,0,35 0.068 (0.05)

FPEBROLHEICL - TH LR L O F SR
DAREE 4177, =0 D7 — AT HOWTITERE & HE
ETIW—FKEZRLTEY, FERIZBWT RIS RT
NTW5. =3 IZONWTEFHFAICBWTAEE—7 O KX
ENBETFRELEBEONTVS. ZHITERTIZI=RoC
B2 ERPICRE L CWA T2, 3o kmé NiEd+S
ZW X o TN ZRaeERN I L7722 SWCERT 5 & & 2
HiLd. a=5 [ZOWTIIE S FHORE RN 72N T2 DR T
XV, BEmMETmMOENETIEDICREL 2D L
NHAEE =7 DEBREL 2D b LU ENS.

WA BRI R I 5 BRELR U i % X 5 1CR7. X5
WZBWT, B I X o TE S N7 B BRI Y
Hi, BAPICHEC R STV DRI FERICB W T 7 % L
VREBERIC L TEONEEBMETH LY. 2nEho
BITINSGEMERNC G T SR TRY, R U AR L iR
IEENENE UHRNSGEICB T 2R TH 5. BEEAEN
FH LT XETERN»SELFE~OBEEN L E TNDHOD
T, ZOME L ERMEEZ KT HZ & TETAICLD THI
AT 5. K506, WTFhoRNLEtkicB Ty
FRICBT 2EBBMEIIERL Y DB FICTHIATWS.
HANRKEL 2DIZONTEDEFNS LK RoTNDN,
ZNTHBICBOWTAEE— A RELLBEFELLNA TS
720z, AEY—7 HOWIENAERNEL 2o TnDH Z &
NERNTHD.

FEICE > THE LN BERHAICERT 5 &, B
REDSID ERHERNCADEEZ L > TWDH T &b, il
TREBNEE DEANCHNANIZSEEL CWD Z ERNbhs.
F77, EIRESATITB T B IE < BV E)E D T -
2RI TR, Z0Z 6 bid MANTFEET S
ZERGIND. T, BRI E D EATOREEE O
7 MVERMEGR LIZRERNE 6 THDH. #HESRT Lot
RO EZFR L TR Y, X< EEHaO% I 2 5 ilkiME 23
HENY, FORGTTEHRICEBL L TNDZ ENDN5.

This document is provided by JAXA.




4 FHIAZE RS SRR R JAXA-SP-08-009

L7=08- T, AFEOHETIIZL BHADEIC L 5 EB M
TH S TND.

—J7, EBROENBRE S E R THRD L, HEMERIZE
Fo &V LTV T -T2 Lo R pHnidonsd. L
2o TEBRICE W T HIE < BEAATERK STV 5 ThErE
N DN, FOFEIEAEER STk - THEFE STV R
A

VDR RARE 2, EBRORASICHB O T #Ean
TFAELTHDINE I DIV BROERETT L OWET X
ERIFRR-TL 5.

W BEEATEE L TWEEAITIE, < BERER IR D
DEDICHER S D E Wz D, mEIIT o T-RikxiE < BED
AU % ERBE R O BFEFEDIC BV TR, 1< RO KR
=X, BEEIRHESA T PIC oW TER LI L LW R A
BFCnb. Fio, miEBEOR 2 2B A OV TOFH
W13 E RIS A 72 2D W THRIEDN T DI, A ELE
AR WERZE- 600, 1< HHaO KX S5 izHon
TIEERSITERD D Z ERWRENT-. SOy —AIC

s 6 1%< BEAfHEO TN
wll *”ﬁs,r__ (U, =30[m/s], o=3[deg], Calxifikitks )
’ ‘ ‘ ‘—\"*\\ SVTIRHIEL BHARRHOT A IAEL TS, b LIEL
o % \ BEAMEE BT ERER > TVEDOThIUS, BBEFLT
04 — 1172 < Y N S—DOEREEEL, b L <3 < BEAST Ok T
05 - experiment BAERROTED HFIEIC &> TRENSES N2 THEELS &
08 5. ELSEHAOKRE SBERD L) ThiuE, 1E<EaIC
@ BT 2 EF N OUENLEL VLS.
2 EBEOFIIHTB O TIE ML LT b 7258
0 02 04 e 08 08 L TiE, HREBOEBHMAKETZLERDH D L NZD.
15 HARERIC SN THE, A AROIEE L7 PR 5UE 0

MR ISV TERME R L Jn—F2 e s, L
723>, EDAEIZ B 2 EERAFE R I SV TR S
N THDH. BEAWTHWAEET VTELNRE Tu L&
BER LS LA L R Reg DFH BT EARE: FUS o 31 E
~ WS EAIEE CMBIZER L2 DO TH LN, EHI5E

Bl T A —H QL EREEN BRI LA VA Reg DFHBE
o * simulation W22V T Menter 5 OFER L7HEAZ O EEHNTVA.

o) et L7=iio T, R ORBIC &b ThE O b T~
xELEEZLND.

Ce
o

0 0.2 04 0.6 0.8 1

x/c 3. 2 Z=RufEW
4 JEIREOS AR O i TR B o THkiB A (30deg) & Fr7- ¥ 7= Z Rt D
(a) e=0[deg] (b) a=3[deg] HEZITW, BN ALTIC LA EREERICEE 5
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Wind Tunnel Wall Interferences for a Half-span Aircraft Model Testing

with High-Lift Devices

by
Mitsuhiro Murayama, Yuzuru Yokokawa, Kentaro Tanaka, Kazuomi Yamamoto, and Takeshi Ito

ABSTRACT

In this paper, wind tunnel wall interferences due to high-lift half-span model testing are investigated in detail to understand the differences
between the flows in the wind tunnel and free-air conditions. Three-dimensional flow computations over a half-span wind tunnel testing
model of a realistic high-lift aircraft wing-body configuration with a nacelle-pylon tested at JAXA are performed using an unstructured
mesh method. Influence of a spacer to avoid interferences between the model and the boundary layer of the bottom wind tunnel wall when
the half-span model is mounted vertically on the wind tunnel is investigated in the computations with/without the spacer. Influence of the
height of the spacer is estimated by the computations with three heights of the spacer in the free-air conditions with/without the floor
boundary layer. The results showed that the spacer and floor boundary layer generated large positive and negative velocity changes in the
plane to assume the symmetric condition and changed the effective angle of attack locally near the fuselage. The changes reduced drag
especially at high angle of attack and generated the difference of C -Cp curve. Through the investigations, a height of the boundary layer
spacer related to the displacement thickness of the floor boundary layer showed less difference with the results in the free-air conditions.
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Validation Test for Aerodynamics Analysis of JAXA High-Lift Configuration
Standard Model in Lowspeed Wind Tunnel

Yuzuru Yokokawa, Mitsuhiro Murayama, Hiroshi Uchida, Takeshi Ito and Kazuomi Yamamoto

ABSTRACT
This report summarizes experimental results obtained in lowspeed wind tunnel testing for high-lift configuration aircraft model JSM
(JAXA highlift configuration Standard Model). Following two time of the testing, third testing was implemented at 6.5m by 5.5m low-
speed wind tunnel in JAXA (JAXA-LWT1) in order to acquire validation data for CFD and to observe flow physics on high-lift system.
JSM is a half type model which assumes 17% similarity of a modern 100-passenger class regional jet airliner. The model is equipped with
leading edge slat, double-slotted flap at the inboard and single-slotted flap at the outboard, flow-through nacelle, in addition, a circular
fuselage and Flap Track Fairings (FTF) so that the detailed flow fields occurring in actual aircraft can be provided. At first, repeatability of
the force and the moment data throughout two times of the testing where the short-cowling nacelle was used was checked. Variation in
aerodynamic performances between two kinds of flap deflection angle was tested. The results showed reduction of separation on the flap in
the case of 30degree, which is expected to be useful for CFD validation. Following that, effects of the nacelle installation and configuration
of the slat root were observed. When the nacelle was installed, lift performance was not largely changed whether slat root was connected to
the fuselage or not. On the contrary to that, maximum lift coefficient and stall angle of attack were increased by slat root connection. In

that case, separation pattern at the stall was also affected.
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Research of Noise Reduction Devices on High Lift Noise Measurement Model

by
Taro Imamura, Hiroki Ura, Yuzuru Yokokawa, Kazuomi Yamamoto

ABSTRACT

This paper focuses on numerical and experimental research for designing low-noise slat on a simplified high-lift configuration
model (OTOMO). Slat noise is known as a dominant noise source from the aircraft at approach condition and noise reduction is required
for future aircraft without any aerodynamic penalties. Two types of noise reduction devices are considered. First device is a slat cove filler
(SCF). From the previous studies, SCF seems to have an effect on reducing broadband noise by forming substantially continuous shape
instead of a slat cusp configuration. Several previous studies indicate that noise reduction can be achieved by maintaining the aerodynamic
performance. In this study, further investment on small difference in SCF geometry is discussed experimentally as well as numerically. The
best SCF shape maintains the aerodynamic performance and substantial noise reduction is achieved. The second device is called thin slat
(TS). This device maintains the leading edge radius of the baseline slat and cusp region is shaved off to avoid separation from the cusp.
Interestingly, the aerodynamic performance, such as maximum lift coefficient and stall angle, will be maintained while noise reduction is
achieved. These results indicate that lower surface slat could be designed for the low noise configuration without aerodynamic penalties.
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Parallelization of CFD Solver ADCS
Zhong Lei (Japan Aerospace Exploration Agency) and Yasunori Nagata (Ryoyu Systems Co.,Ltd.)
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Abstract

A multi-block CFD solver developed by JAXA was modified for parallel computation. Parallel programming MPI library
was utilized to improve the performance and the applicability for large-scale problems. The parallelized code was verified
and its performance was tested. It shows that the code is efficient to conduct large-scale computations by using MPI

parallelization.

1. [FL&HIC

TR T, TR O ZEBR S 12 B\ T BEARAT
DO RKIFBALCTM O E ML BT —T7 ., L 0 IR,
‘%%Ffﬁ%’fﬁﬁ%ﬁ 5 TENTEREINTWD, KM

IR ZAT O oo, FHEEFHOHKIN G 22— Foifk
EU{K#M\EKEIK'C&;ESO —07. RPNt E 2 2

=Ry =27 b ETET R ARWHNHEE S X7
Lo TWbH N— R =7 OFZ T CPUIL~ /L
FarerntEs, AEIMEEEHE L THBLEDON
MEREDLDLZ LidenwtBbhd, WHIGEERES 2
IZBWTiE, WAHLEEZ W MZZhRE AT 9 1 h
HETHY, VATLOY Y —REWEKZHEFET 52
EITBET R TR B AR,

AL Ze i oo 22 J1aR T CIE, ek, BURFBR OV K L
LRI EHAOFRHIZ L VT TE =4, CFD
(Computational Fluid Dynamics) WREHT AT & LTR A
RTHY, 5%, &eHZmT TRERERPHHFIN
TV, FLWZEEOBRE A RIS LD,
MBI MIE 28 L 2 X 2 BT 203 EEE &
%, LU, ZBHMATIZR W CEIERIE R =X
ThHOHMADIEL G RANEMETH V| FrIC TR E
MER XN B LR T EAMMBMEARE N, 0
7o, FHEHEMREOm EE EbiIC, BT 7 b =T
O EIRIEBMEARFRKTH B,

JAXAE FHHE T — 5 TlX, M B ICCFDAET v LR —
ADCS#PHZE L, TN FE T, KEH 6 EIEE THix 2201
NN 24T > 72, ADCSIZABRESIEIZ L Y DX
B R A fEE L. B RICHE T 5~ T -
Ty s EERALELL, 20 a— RiZd Tizilksl)
L2 S VT W22y, 2 — Rk EEREToHK o i
FRANTFE L, WHIFHEHK S AT LAOMEE 71
FEFEHKTICW, £2ZTEHRE, v VT - Ty I
ERFEHEDPUHSEL T, TR omEEkz2E 0
M T H AT A CPU T 4 2 FH I 4y BNEIZ H S 72 lf

b & i L. fEICHE O 5 W #IZ 1IZMPI (Message
Passing Interface)Z 1 7 7 U & fiv>, Fortran900 i {4
BREEZ A WD Z Lic kY, KEEHEICREEE2 &
Lbic, fRomEEE =— FORLHAbEX 7=,

2. ADCSH#I=

ADCS (Aero-Dynamic Computational System) /%, JAXA
HBE ST — &5 TS L 7= CFDIRAT Y VX —Th 5,

RN EYESY (e iR N SR DR W A 105 W)
BRE3kxraA VWV AFEH S - A M= X
(RANS) HRA L Lz, SLIRMATIZ TR 7 v T
& % Spalart-Allmaras (SA) €5 /L[2]. Menter's SST k-
T FIV[3] & FFEIH DK-eT T NV EFIAAT, 22 W EER
(BICIFARESEEZ VT WD, X E O G
Chakravarthy-Osher % 2 — A [4]% VTR AL L, 3%k
JE DOMUSCLAFIEIC X 0 @k AL & B L7z, REMEIR

DO FAMI AL 2UNE FE R 725y & W Tz, RERTAE A0 12 okt
TRIE & REMETE 2 5 o0 72 LU-ADIE PP fifiE & v, IR
ZINET D720, TR R s E ] Uiz, B
BRICHRETEL LTI AT - 7T a v VEERT
ZEALTRY, 3T, 2RTHENICOWTHENT
HETHD,

ADCSHIEX UZ/RT L D ICRILER L VLo — | AL
HTHERIN TV, ALEOEE KT Ty 7 DR
AR REER L, A AL L, LM I
BB A R LT, SRR —HY 7
AN END, YU R— TR TH A SN 7
7 A IV EF IR R BEBUL S TPV O SRE R
W2 T DN 24T 9 R HEDADCSTIL, AILE DB
W CAFNFHE D720 DCPUDEY 24T\ B ALEE 0D B
TYNANR—=LCPURICH A SN BB OME T 7 1
NOFEEEAT I,

This document is provided by JAXA.



26 FHIATZE RS SRR R JAXA-SP-08-009

4

s s
B beooooooeenoe oo !
| EtEAOmE |
[ oot E—smn) |
EE e
R REEE 5
A= RIS ;
i BRI !
; ENRRE i
| gTmE@EEN |
End
#wmE F—AORE

B 1 AP & LB O

3. O— FHENAE
3.1. i 54k

WHHb D FikE LT, —E#EOX 27 % #5DCPU
WCEHE D BEyElE &L T — 4 ZEEOCPUICEIRY |
82 OF — 2\ U CTHER & 1T 5 SEI Bk 0 & 2 05
Dd %, KBUECFDfHT OGEIL. T — XY BB K TH
Dl FHREEEA TOSE L, FRENOEEEE
DM C BN T2 4 CPUTLER T 2 Ik /5y BB I FE S iz
WHHER L HWB D,

WRATOADCSTIE, &7 10 v 71220 ThHhIEED
FExEpETDH L THHREEIT> TV, 208
A 2O RTOWEFEM 217 5 72 I CPURM il fE 23
WEL L7200 | 1R O RKEFE CME b IEE 2 Th R
X7 b, o, Tu v 7L o THEESE T MO
et RBPREL B DK FO5EICIE, —HDCPU
WZHLBER SR L O CPUIEAF BIRREDFIA N K& < Fe
STLEY, TNTIEY VY —RZHMNIGEHATH L
MTERVD T, AEFAERFITA T 7y 7 OEE
T CHAF BRI DIE LS EICEE L ban
ST,

ADCSIZ~ VT - 7w 7 fEERH - I2xF L CRIE 21T
I, KRB DOADCSTIEE 7 1 v 7 ZCPUICEI Y 4
TAHZ L THlgEAEIL, WIS A L e L, 1o
D7 vy 7T U ELIO>OCPUICEIY ¥ THZ b
T, FEAEMAE. FERIE S OB OCPURNTH L %
LD, DD, KEFERFOCPUR OE(E 135
FULHE EIREE N TOR TR Z &Il &
BERAHNETE 5, WEEH L WE &G REE IR
Ry 270, D AT 5 2 & CRE R 23 B
ENb, o, a0 bR Y=L HENEROH

i R F A -
-:- : JovomER
S niE
i (1A 1E1E)
IyCEnADE !
(2ER)

2 BEFULERIE 0O CPUREIE

WNRL RD70, BTERMIZTZTay 7O ERa Y
—ZBETHMER LR  ZNEIOCPUIZEI D Y
TOHNHBFEEERIZ D Z LT, FHEAMEZH%IC
TE 5,

B 1% O ADCSTIZMPI (Message-Passing Interface)
T4 77V ERNTHEIULELT > T2, MPUI LA E Y
R FNEL D2 DT A 7TV OB TH S, MPULEL
E, IFEAEDNHNI AT AMZEEINLTEY ., B
NHEFEICERZSN TV A D, FEICWHAERE VS
DEloTWNWDE, £, BEEITHI XA IV T %Wk
ICHRETE DL, M WHIENETH D, 2D
O, MPIZ7 A4 77 U Z AW CIts{kZhi L. CPUM O
BB EE#EILT 2T, a— FRoOPAEEZED D
LB REoEELE K -T2,

W R % OADCSIZI T, 2R EE H Tl akmiE,
BE AL C IR Lkt LIS & 24m1E 2 VT CPURI o7
—HZ DRV Z{T>TWbH, MPITIX, &£ TDOCPUIZ
XU CIBAE 217 9 2IE(E &~ O CPUR] Cilfg 21T
IVFLBIFEN T AT ZVICEENDMBIT L - THELT
END, EHFRBOREM TEEEAERICOWTHES Z
79720, RTOCPUDHERREHNDZMLEND D,
—F ., BRAEE IR T L ICET 5 T e v
O E X B ROME LTHET S0, #F
DULBEROIBEHET 270y 7 RENENED Y TS
NI=-CPUMITH 5, £7-. ADCSITWHL R & i iE < |
HRAR—=AD YNV NR—=ThHbHDT, BERm EOfEIZD
NWTH7 Ry JT—HIELIMERDH D, BRI
A HERICONWTIE, BT ey /7 ETEs—
BIHLMERD LD, BIFEEEZINIT> TN,

32. AT
AEY HLCPUL W SEEARFFAM I AT LY V— R
Thh, RBGEHATLIZ EBRkDoEND,

This document is provided by JAXA.



25 40 [ IR ) R 2 A i B

’fﬁa_f?k xE [ine]]
( 7Eu’71 Eﬁ gg/
L .
5
] 7‘1:1\‘ 72 .
R e S
§ §EE s IR
N X\
N
L BRAENYAX

3 MEEERE VT — 2 RS

I[HADCS TITfEH S 722 A F U I A ek L T L
EFOMER DY, AAT IV BRDLEA TV, Th
F T, BB ROT — X T4k (Fm+7 a
7 EE) CHBL, A ToOTa v Iz oWTE U A
DOFBEMER L T2, LarL, vV F - Try
MEXERSE TIE—RICK T 2 v 7 OB ->TnDH T
B, BHANZONTHEFREDOIXE2E R D L, A
Y ERDITHER L TV, Fio, TR RICE > T
WA RmBUT R | BT RICE D TEIIOKRE
EEZDBICIE, - FE2FHTBEETLILNERS LT
W, FEBDPo TN, AV ERDITHRET D &
Bl O BRICIERI A 2300 | SHEMEEOIK TS 72)
Do

FDew, v T NFEE% Fortran777)> & Fortran90
~F4T L, Fortran90 CiE M S 7= HEEE T B 2 BLA D &)
Eo T, BIOMEREZH WA Z ETHAAE VLS
M7, KEBOADCSTIIE TRy 7 DT —H%—D
OREERIZEN L, WSR3 ICELI & R T- 7T
— A (K 3) #8MA L7, S mRITEiIc it s

o, SRR ORIELS S Z N ENBIRIZHEMR S D,

AR N D3R SLELF I I R 2l 2 DR E S %R
ETEDL10, AEVHZBEARRHERTED, 71
v I ERRHER T REEIIORE SIE, T e AELT
RECHE T — X b A D T2, Mﬂ@k%é%ﬁ
251 a— REBEETLZHLEITRN, 20X
fx DT awy Z7IZO0TEMICHEERTSZ LT, %ﬁ
RAEVHEEES L, a— NMEEZ{ThR THER
2 IRRE TG TE D L )T/ o7,

3.3. B&it

a— RN, BLTFOIEBIZOWTHHL, =
— ROk & @bz il A7,

o CPUHE |2 229 2 E[H oD HIl s

o i B D HIE

o JHEERE DI L

-Amﬁ@%ﬁm

CPURI DIBfEIZIZ, 1815 217 5 72D ORLELRF[H] & 815

Iab—Y g VY VY Y 42008 FisrdE 27

HJIL—F IR Tl
do M = 1, number0fBlock |
call subBIk(M%X) <-— #EEABIKDEFIXZE

end do S8 LTET
]
HITIL—F 4
subroutine sub (XonM)
real (8), intent (inout) :: XonM(1:,1:,1:)
do K =1, KM *
dg J=1, JM2§ =51 #XonM %
do 1 =1, IMax MRS ERINE LTER
XornM (I, J, K) = = -
end do
end do
end do
end subroutine

X 4 EFIZEOEEL

SET ETCORBREMMBEAET D, AiFlE, 7 —F &2 F
kwfﬂjmﬁﬁﬁ%b\@%’ﬁféﬁA@Eﬁ%ﬁ
b Z L THITE 5, BEIZOWTIE, @fEE% &
ié%?‘*&%%:‘ﬁﬂﬁ’&é Z L THIE T 50 AR
EREMET 27201, HREZOLOEZET S & &
%K\E%ﬁghﬁ<ﬁéioﬁﬂ~74/7#%¥
LB, Ha— R CIEREOME 2 EM L TFEITL T
WHEITIR D oloifod, BEEEZ S L TLURIOWLI TR
el HlcL7z, £, FEAMOKREWVLREIZONT
MER 2Rt R 2 | e L, k20 L, EEEOHI
WaE o7, HEREIIZAEY BREOF Y v 2

X RAOFAERLE, WIOSRBICET HRERIAKE L
BT 2, 2holda—T 4 7% TRTHZ L Tx
LT, BFIBRBEEICOWTIEM T ClRR5, —/
B A OB TNV TH D, £ 2T, WHL
HOFREEN LT, AHHIZBWTHE T rEANRN
Ble D77 A Mkt L CTRIFICAH DTS X951 L=,
THNEEHDA ML= - TS 2B HT HAHEHE
By AT MZBWTEHENTHDLEBZ LN, H
—DA L= TS R LD TVRVWSRPCT
ERE DRI TE RV EEbNR D,

— T, K& EDNEE SRS ZBICHEE S
TEANCE SRR L L, HENEL RHEANH B/
. T2 ETONEEEICEREEEZ D, SRO
ADCSOSIEIZBNTH, T —AMEE LT L /-2 LT
%ﬁﬁﬁﬁkﬁcﬁ<ﬁéﬁiﬁéuto

ORI T D0, BRA—F U EFEOH
FTRRICH TR T — 5%%ﬁkbfﬁi\wa?VW?
IIRS RS L LTTF — 2 28T 5 5%k (K 4)
ERA Lz, TRBIMEESZ V5 Z & IZBE LT,
ETCONL—F Tl a—L, TNy TIThhb
FHHEB I, ZOFEEZHND Z & THREKRE
ST BN EN SR, EREZzoEE A
Wz 3 — RUIZ A~ CHHRIRE R 23 50 359% R & A, T8 s
FEATE LT,

This document is provided by JAXA.



28 FHIATZE RS SRR R JAXA-SP-08-009

RO T

6 #

5 ONERAM

-1.50
1 =0.44 |
-1.00 8N + Experiment
f — — g
-0.50 + * --|ga—~k
8 M
0.00 \
0.50
1.00
0.00 0.20 0.40 0.60 0.80 1.00

x/c

6 RIFECP/ T (7=0.44)

4. ML - BIEDKEEE

Ha— RNEDkigozd, ONERA (77 v AfjiZE5:
HHFZERT) O3 TTET HEME E b Y i O S B fiEhT %2
1Tot. iz, WHIFHEIC X DMBTRER~DOEBEDOH
2SN T bR ZTT 5 72,

4.1, BWES

ONERA D M63Z 2 %} L T 3 4 TR D T %
1To7-, K BT LIZjt BT 277, a8t
397 M, T ey 7 34 TH D, ~ v 2 $20.8395,
W 443.06[deg.]. LA /L ZFRe=11.72 X 105D LI 3 Bk
WA DHE T, SAETEET L& V7= 2L OB E 3t
HEiT-72,

4.2. STEHRR

6IZ, E=—F, Ha—FZhEFnzEzHWTE
BL 722 A R DA% C O Wi )R 5 Cp sy
i, BLOZFOERMZRT, LEKZOa— RIZIH=
— REBRBERIC-FHLTRY, EREICHIV
XD, EHIT, Ra— NN TTFriERHK
124 B2 THK - WHIHEEZEN TN T2 L 2
A, RERTET—H L, LoT, R —FiZIH=
— REFRUBREZRL, WHHIZ L DHERBE~OF
BTN L DD BT,

5. % tERED HIHLLE
HEREEDY OFELZIHa—F, ka3 — Nl
TATV ., WHITERE D WAEIT K DB R 2 ~7z,

| Iy T :

X 7 JAXAY = v FOLRIBIR O FHFEHE T

5.1. &Y

JAXAY = v N EBREEOLR IR @ BRIt L T
M RS TR DI 21T o 7o, [ TITEEREAT IC
FERLIZ~AT - Ty 7 HERTEZRT, BT R
BUIK430 5 R, EIT Ry 2 BUEITRIEEZE L T,
IH=r— RiZkF LCTIE8, iR =— Nigxt LCidr2& Lz,
AR O LAY T~ v 420088, £
12.0[deg.]. L 1 / /L A ¥Re=0.945 X 10° CHE £ 1T - 7.
= DFNMHTICITELFEE TV & LT Menter's SSTE 5 /L
Z T2 RIELR 2 E LT,

5.2. 5t EEREBIERE
FEITIAXAAR —/R—a L B a—Z AT A (JAXA
Supercomputer System, JSS) T3 S 172 [6], HAEEH
ENTWBISSHIMPE AL 2T ADON— K7 =7 OFE
REITLEE UTRT, ZOVAT LTI, 12725 L
T17atEA%EE D B CTHFLATIS] & 1CPUIC® L T1
Tt 22EDY T, 17 RE4aT TAL Yy Rif
B av g 4 5 IMPACT  ( Integrated Multicore Parallel
ArChiTecture) WHI23MEH TE 5, IMPACTIEAI D 2 L
v RWEFHEIE, 2234 ZO AL >Ta— R
AEXWMALZERMEATESD, T2 T, Wa—
K& HFLATIESNC DWW CAEFIMERE D EHEI 24T - 72,

5.3. i 5|04 EE
FEHT2CPUDO aTHEEZ T K LIRENTKE
FEL100EICE T AW B L OFDEE D AT Y fHH

#* 1 WERBLOMIT

N— R T Fujitsu SPARC Enterprise M9000
VR 1.28 TFLOPS, 40 GFLOPS/CPU
AEURE 1 TBytes

CPU% 32 (128=7)

T—=%T 7T ¥ SMP

CPU SPARC64 VII

L2% ¥ v =& | 6 MBytes/CPU

a7 427 /CPU

This document is provided by JAXA.



B 40 MG ZRE S TR Y I 2 v — 3 g VTS Vv R Y T 42008 ESCHE 29

6000
5000 |4
\
—_ X
3 4000 .
2} \ s
= ——HRI—F
% 3000 | e -
- \ N —~- B2k
= 2000 .
el
1000 | =g
T
0 |
0 10 20 30 40

a7H
8 FHEIFMOFTIH = — R

20
18
16 -
14
i_ﬁm — Linear .
£ 10 e Ea— |
X
% 8 - ——|[H3—F |~
6
4 g =i
2 [ =
0
0 10 20 30 40
aT7H
9 HEEEM EEOHIH o — Rk
20000
-
//’
= 15000 | -
= -7 - HRI—F
g P .
Emooo —r ~B3—F
= ~
H //‘ —
Yy /
§ 5000 ——
0
0 10 20 30 40

a7H

X10 AEVHEHEDOH A2 — N

BAFM L, A L7z 7 B 2 5 R R 2 X
812, WAk kAR EREK 9z, BRAEUHEA
HERIOICENENRT, WHMRIZ L 2 E R B
WA TR,

(FtEms)
(L= 7 i I g 0 B

(e iz ) 1) = )
fia—RELFERT 2 a7 2T & FEMA
HLRoTWDHZ ENbND, £, &FRMICKE =
— ROV FERFENEL . a3 7 HPLOWFILIR % 1T
DIRNEATRIZA%, 2 7 HINR320 854 THE83%E H
R 23N S iz, = — RO@EEEM A2 g 2
L WMBa— FOENEERN EENRREL R-TED .,
WHPLEIMERE RS KIBICHE SN T WD Z EBbn b,

MAEVFEHAREICOWTHET S L, Ha— NZkkx
TRa—RNEIAEVFEHAERAHBIN TS Z &b

W (T
‘\‘\M\HW“
(e
1
(R

il
I

il
[t

X 11 DPW-3DFHET-

235, ZOT A MIEOFHE T, KI65%HIE S LT
L EBNbND, BB, RATVHEHAESaTHKE L
HIZEINT 5 01%, K70 v 7 OFFE CH@ITMH
5 —ERSEZ a7 IR T 5720 Th b, UlboZ
LS Ha— RCHBETH 3R E AT U
BRI DWW T RIBRGENRER SN Z E BN
nic,

6. AHMEMHEREDT R b

R = — FORMG B~ O %S O Al & 3 41 AL P
PERBIZ O W THRETT 272912, MZEHE DV iih O
EfR AT 2147 > 72,

6.1. FTEEH

RN 3t BRI AIAA CEMTZEFH % %4) ©3rd Drag
Prediction Workshop[5]7C V> & A1 7= il 35 3 ik 4 o> 3
JRERETH D, WHEH Lz~ vTF - 7a v 75HE
BT %R, ST RiEITH998077 08, EIT e v Z 8K
12222 CTH %, v v~ $0.75, HAF1.0[deg.]. LA /X
$Re=5X 10° CFA & T o 7=, HLIKET /L& LTCSAET
Vg U AIGELYE 2 RE LTz,

6.2. HHIFEEREBERE
FHEIIRIE TR R ISSTHE S 2, 2 T,
FLATZA1, IMPACTIE Z1 i J5 (22U T FIERE % FH
L. MHDOLBEHIT- 72,

6.3. ST EFER & WHINEERE

12T BB AR H E 1R ECp o A & 13T B A
DN AN R ALIBNLE T ORI Cp iyl & %
nEnRY, Th&b, B ETREICES T, HE
W FEAE L THY | BHAL1%AE TIELRETER D 5 30%/R T =
— REMEMITHEREL WD Z ERNbNE, Znb
DO#EFIL, 3rd Drag Prediction Workshop[S]iZ &0 L 7=
DHEMRLE L —HLTWVWDH I EBRHERSN TN,
a— FOFEHEMEE R T 270DIEE HICE < ORGE
HEEZITo TS LER S DHH, Ka— RRREEG
BICHIGTE A Z LB TE T,

[ UK & ettt 2 W C AE i+ 2 CPUD = 7 %k

This document is provided by JAXA.



30 FHIATZE RS SRR R JAXA-SP-08-009

X 12 F&REmCpirAi

ZIE 2 Ch0E DO EHBEICE T 2R 2 FH I L, ®
LA L = 7 8uc b3 5 W 8Ikic & 2 m k3
BT, AT a7 HAMOT & HEM R
MU, FERERNELS 2o TWD Z N5, FLAT
A & IMPACTIES & % bhilie 5 & | R U a7 iz A
T 54, FLATIESO 5 W FHE S # O, K& AT
MNZ ERbND,

X 14121355 & LTT A — L OERINLRD 5
ALDBEEN LG Z L TWS, 7 LAY — LB
FIEtRE oM EOMETIIC XS Ao Tisy, #H
Em ERIEROLIITKDHND,

1
@-r)+r/p

T, piET R THY, aTHICHIET D, 1
X2 — FOWILBEH OEEGTH DL, Ka— RiZo20»
TAFLIRER DEI S 2 BAE S - TZfRTIEZRW s, FHE
AR VMEZ @ 5r=0.985% L= & & O LR A
X 14277, 7 AE— NV OEANZITERFIC L D BESR
RHLREHNEENTE O, FHURE R & B ik
L2 LIFTERVE, KR OGA, WHILERE D H|
A 7398.5%IZFH 2 T D @ VIS MERE 2 AR = — RILERR
LTWdEWnzd,

(e 1o )= @)

7. £&O

JAXARE & HE T — L THIF L 72 CFDfRAT v /L /3 —
ADCSIZx} LT, ik E %7 v v 7 Bric, WHHET
EEMPUZENENET L, 7'n /7 A5eE%Fortran77
7 B Fortran90~4T L C, KRR~ D %It & 5HA O
ik, BEO=— RoRAER L7, WFHkic X
LEFAEE~DEENIN L AR L, AW =
— FIZX L CRICHEZFER L, B2— RICH_GE
BEE., AEVMHERD RN R L, MRS
b OCFDFH % EhE L KRR iR TH L Z &
R LT T 5CPUD o 7 B A 28 2 Tl Em LR
ZEHHIL, SISV ERMERERZ A L TWDH Z & &R L

[\ n=0.411
-1.00

100 ‘ ‘ ‘ ‘
0.00 0.20 0.40 0.60 0.80 1.00
x/c
B 13 EWrmCporfi (n=0.411)
60
50
L —
_ T

40 PE
# A
4 T
& 30 {/
20 /'// —Linear

[ —=—FLATi 51
10 v ——IMPACT i 51| :
= T LT — L DR (r=0.985)
0 i i H
0 20 40 60 80 100 120 140
a7
B 14 B3RP m) bR o RS
7

SHESOICHGERZED, a— FOFE#EMEL&ED
TV FETH D,

HEE
AW ZAT DI H T2V FH AT IE B FE B AR
CRRE T Y —OREEAEN SETHE £ L,

S E Xk

1. HE, “HEEEEEEEEICE T 2 BT &
OBLZ” , M2 78 B S i s,
JAXA-RR-07-050.

2. Spalart, P.R. and Allmaras, S.R., “A One-Equation
Turbulence Model Aerodynamic Flows,” AIAA paper
92-0439, 1994.

3. Menter, F.R., “Zonal Two Equation k- Turbulence
Models for Aerodynamic Flows,” AIAA paper
93-2906, 1993.

4. Chakravarthy, S.R. and Osher, S., “A New Class of
High Accuracy TVD Schemes for Hyperbolic
Conservation Laws”, AIAA paper 85-0363, 1985.

5. 3rd AIAA CFD Drag Prediction Workshop, June 3-4,
2006, http://aaac.larc.nasa.gov/tsab/cfdlarc/aiaa-dpw/.

6. JAXARA—/R—a B a—H AT KON,
20084-3H28H,
https://lwww.jss.jaxa.jp/IX/manual/forum_voll.pdf.

This document is provided by JAXA.



25 40 [ IR ) R 2 A i B

2 b —3 g VY VY Y 42008 i 31

SEEMEYREM Discontinuous Galerkin ;&M ULER AR

RIL 2721, B E

RACRARAAGE TAAWEFeRt A5

TAARIK

Convergence Acceleration for Pointwise Relaxation Implicit Discontinuous Galerkin Method

Kanako Yasue and Keisuke Sawada (Tohoku Univ.)

Abstract

Efforts are made to reduce computing time of the pointwise relaxation implicit Discontinuous Galerkin method for reach-

ing convergence by utilizing p- multigrid scheme and also by solving a block diagonalized matrix instead of a fully loaded

dense matrix to advance a time step. It is shown that computing time to obtain a converged solution for a typical test prob-

lem becomes 1/2 of the computing time of the original pointwise implicit relaxation method.
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Multi-block Computation by Characteristic Interface Conditions with
High-order Interpolation

Takahiro Sumi, Takuji Kurotaki and Jun Hiyama

ABSTRACT
In the previous study, the authors proposed high-order finite difference multi-block flow computation technique with the generalized
characteristic interface conditions (GCIC) in the structured grid system. The GCIC can realize single point connection between adjacent
blocks, and allows metric discontinuities on the block interface, however, the grid points of adjacent blocks have to be collocated
correspondingly on the block interface. In this work, in order to enhance the flexibility of the GCIC, by incorporating the high-order
interpolation method, multi-block flow computation technique with non-uniform staggered grid connection on the block interface is newly
proposed. In this article, their theoretical concept is briefly presented, and some proper numerical test analyses are conducted in order to

validate the proposed theory.
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Sonic Boom Propagation through Atmospheric Turbulence

Hiroshi Yamashita and Shigeru Obayashi

Institute of Fluid Science, Tohoku University

Abstract
The effect of the homogeneous atmospheric turbulence on the sonic boom propagation has been investigated. The

turbulence field is represented by a finite sum of discrete Fourier modes based on the von Karman and Pao energy spectrum.

The sonic boom signature is calculated by the modified Waveform Parameter Method, considering the turbulent velocities. The
results show that in 59 % of the cases, the intensity of the sonic boom had decreased, and in other 41 % of the cases had
increased the sonic boom. In addition, atmospheric turbulence affected the propagation paths, which resulted in the variation in
the reaching point of the sonic boom on the ground up to 1,820 ft in the north-south direction (flight direction) and 115 ft in the

east-west direction.

=

V= 7T NI E D DR T D T N EE
KREEGEL, M ECE IR T2 S THHET
b5 ZoT—aH LR OB T, B g
DI=DIIFMERAIRTH Y, < OHFERED ST
%2 — 0, FEERKITETIERL, oRiE (B
Aii, WEAEL, KERIBELZR L) 2L > TnANARETY
=y I T NI BEBSIET.

AW T, REELITE AT bW IS S AR L7z —k
KEBEESGEZ AV, RGBS Y =y 7 T — A RIET
BERBT S, I, il BT —ARE L Y =y s

T — MMefEREEICAE H L, RAERREHE 50T 5.

2. BAEFHE L

M1ICHE 7 v —F v — h &R AHFEOHETIET
REL ZEDThINTV5SD. XU I, CFD 2k v e
Uiet B a2 38 2 7o 7otk ITELIE I & i3 5 . kIZ,
—REREBILG 2 AT 5. &R, il L7551 )
WIE & RREFLE A AN E LT BESHEEIE AT A —
HERERNTHLLE Y =y 7 7 — LW+ S
KREFEELOERICEA L T, Y=y 7 T — L~DREHE
EL R AR RSB R T 5720, RS L v Ak Eh
TR D BEFEBIC L D 100 =2 DFITERIT Y. B, K
FNEOHA L o TWDLDIE, V= 7 7 — MM R
SRBHLOEI L NEWIETH 5. 7 — MRk
WAL E ORI L 0+ hsneE 2z 55, DL
T FIEOFEA &2 5T

2.1 SEEEGEA

WS ELIT JAXACFD = — | (UPACS) % vy, &7
— 2y 7 AR 0 ConT 3 koA A T —EHE (FER
PE) 2RI 79, FHESME, BT & L TEE
INDHY Y EM, =17, A a=0L LTEHEEITH.
ARG T — ANy 7 [EliRR A AV AL T, R

l EGHRHHE (CFD) '
l SR BRI E B O '

| —HRARBEABOER '

V=i T—LER

l HEET '

M1FtH7e—Fv—h

— DT A N T & 7 0 R GHEELAD T DR 4 il AL
TEBHLEXENL TS, BIREREZR (1) 17T
3

274
H_j] (Loxsl] w
o 1/2 2 2

ZITERE =10, mAEE = 0.052, KFEV = 0.005
L35,

B 2127 — Ry 7 [adsfkE D) OF R T 273
FHERS T IR ORI AR R EH BT, v
ANEM,, = 1.7 OB AR ST b O &35 855 O
VAL, MEEREDSEETL - TR, K aEidzE
MAATHI 300 HAETHD.

This document is provided by JAXA.



42 FHIATZE TR SRR R JAXA-SP-08-009

2.2 —ERREIEELYS DAk

ZZTHRY S REBILIIREAPICHEET 5 il
EL, RBEFICBTARKOEE & LTCE, I/7nAr—
MBS TH .

3 Wt —HRIEELYIE, Von Karman & Pao 23k L7220 (2)
DFEFT R E—ZLT R BRD D 128 I T
X () TRTTH LT =E— REMAW, K u, <
AEAR W, 72 BTSN 5D 2 8T, 22— kRIS
TRV EELHEEZED H L TWD. 2N E TOFRICE
W, —HHBEELS A ED T FIE L L CRBRO TENH
WHNTNS M

3 5 4
22 K2 (k/k,) 9( k)3
E"‘)Z(EJZT(—JHX‘) _Z[k_j @
b (k/k. )26 ‘
N
ut(Y): 2zatn COS(kn "y + Tn )Gn (3)
n=1

22T (2) ROFELKES) T R X—K = 0.4 m¥/s?, FELFED
TR RS = 115X 104 mYs® &35 B8 F7-, k
g EH LD LTHEY, E—7 k= 6.28x10°m* 35
FORKIE S k= 628 m™ &§%. ZnSOfEIE, Liko
R[REBIIRBIT D RZEBOSFIESERES L TN D.
—J7, X () DT — FIZN=200 CEHETH. LLED
EEBZRETHZ LT, FBILEE Vs = 25 m/s O—Fk
BEEGZEY HT 2 L3 TE 5.

LI 2 0 A S A 22, Ffil5 T 2 km X 15 km
X 18.5 km (k&FiiE 100 m ZEfibE) & 92 (X4 ZH). 20
ZENE, AR THRET S Y =y 7 7 — A OGN, 22/
WIS TR I b A T-OICLERRE S EEE L CRE
EhTWa.

X 3 1%, Al E HUriz 100 7 — A DEELZICE T 5
BFLEE Vi 2R LTV D DWTFRO7r— 22BN TH
Vims = 2.5 m/s DEBEIENAERENTND Z L BFERTE
%.

23 V=vw 77— AR

WRLBIRGH & 7 — NSRRI, KEEILZBE T&
DEVEBEINTW T A—2iEEY EICFHEEZIT.
K4l, —ERRRIEILG 2 BT MO T 2R3, R
ITEEE D S A ~MafE T 208, BEZ L IcEb ) 0
TLHE 220 LR OG22 R ET D . AfHHET LT
1, KREHEELRE 1 & AT E L — 8 L 72\ 72, Trilinear
i 2 O T REEELEE 2 0 iAte Z iz Lz (K55
). pAERER @) 5 (8) 1TRT.

R(I +1)=R(1)+ 4R(1) 0
N(1+2)=N(1)+aN(1) ®)
AR(1) = [ag (1N(1)+ Vo (1)t (6)
ANL(1) N, (N, (1)
AN() =] aN (1) [=F(1)  Ny(ON(1) |at @
AN, (1) = Nx(1)-Ny(1)
FU)= N0 ()8, ()2 0+ N, ()22 )+ S0 1) (8)

B A e VAN EIl IRUNGY Sy NI TP RAY St
i~ v B M, = 1.7 OFEREAICH > TR ST
AV

3.00
2.75¢
0
£
Ezw s
>
225
L ! L L 1 L ! ! L
2.004 50 100

Calculation number

3100 & — A DEELLHC 61T 2 V- ELE L Vime

Z 2T RN b, NI EOBEAERRZ kL
ThHDH. At TR RS THY, KET
VT, ARV T o 2 EEL B TREHAZ B 272

9. ke, ZoRFETRE, BERLEE SN R EIC A
SNE L, HERERIYEL D R FTRETH B LIRE L, &
J5 1A DBEELHEE b BRIV TV AL RS, AR
TR D —RRBEFELEE L Vins= 2.5 m/ls EREL TR,
FATRRRE > O B FE TORprEdE, 5% 300 m/s R
Ths.

PRSI ERITEIE LI T~ v M, = 1.7, T
1T H = 60,000 ft, 7 /LE ML= 1.0 B L OHEAE AL =
202 ft (2L REIRR) L 9°5. £/, HEICEL X
FERERRIRIE L L, IBEOHELIVEEE L Ty, £
7o, AR T LD, RFETIIHEERE T Y = o7
—LEERO D . AR IRIE N 5T,
DO EA~DOIRIERIE N & 720, 7 — LRENR R L 7
HINBTHS.

This document is provided by JAXA.



5 40 AR A ) R 2 AT

18.5 km

60,000 ft
(18.3 km)

D

" Sonic boom reaching point

™ Ground level

w

=
=

B 4 FERESR & ARG ORISR, ERIIARATRE )
DI LETDY = 77— MEREREE &~

& VR

s

=

_Calculation point
_ ofray tracing

Ray path

/
Atmospheric turbulent grid

X5 MHLEBREIEICIS T D —HREELIEEE O Trilinear 4t

3. MR LB
3.1 EFHG T IIE OB E

ANTTT D UG E P OB E TIE, B kEEs 3
WD EDE B WEZRT HMENRH 5 Y. 612, WA
THIMNCHIAED 1235 5% (bl = 1.0 ~ 5.0) BfEdL7= A7
DIENWIE & g U CORY. —J5, M7 T00, X6
DG N2 HNTHA LY =y 7 7 — L
ThHDH. ZNHOT— AT, KRERELEEOTICHE
SNTFERTHD.

X6 M5, dTfHY TR )T Th 5 hil = 5.0 fLEICE
WCTIEAERHBRICE S 26N TS Z ERMER T 5.
F70, KT 0D ATEALE 2 2L S THREBRO 7 — A
WENSLND Z E0NbnD. ZOFERIE, FHEEFSIT
PRBIEAWR ARBIER L & B2 TEY, BB TREMEIN /NS W
ZEERLTWD. AT, FHEMGNREEMETH D Z &
NH b, 3WITHRIZ L ARBEII NI TcE 5. L
T2 M5 C, REABEL RO MREHII IR E O 5 58727
& h/l =5.0 ICBIT DEEHITE IR E b b

HEME Y I 20— g VIl VR D2 42008 G s HE 43

- hil=1.0
h=2.0
0.04} hl=3.0
h=4.0
——— hiI=50
0.02
S
o
o
o
< ol
-0.02}
0 2 4 3 8 10

x/
6 KTESArE (h1) 2380 2 E 1 o ik

h/l=1.0

0 100 200 300
Time, ms

X 7 FrEEArE (W) OEHWE AT E LTCERLE

V=7 T — ARk (RKEILZR L), RIT~ v

HM,=17, 4TEHE H=60,000ft, £5/LEML=1.05

FOMEIRR AL =202 ft (= =L FEEAR) & 3% E

32 V=vw 77— ABEDOEHE)

8 () IR LOBEAED Y =y 7 T— LA L,
£72, K8 (b) 1THAD 100 7 —ADKRKEHY TR S
Ny =y 77— LN ETRT. ZORENG, [ CEH
WIENWIEZ BN TH, KB OE W L R
IX6OE, BT — AENET D5 Enbnsd.
Tz, MR TOIE, Zhb 100807 — KN 51
DAVIZ SN - BT — SIRE OB TR 5. KRB
L OB 7 — L TR AAP = 1.09 psf, i~ — L5k
FEIZAP = =115 psf & 72572, ZAUSK LT, KREBEELIC
X 0 ST — LGRS IZAP = 0.62 ~ 7.17 psf, %7 — A0
JEIZAP = ~0.65 ~ —7.55 psf D& TEB T DR & 72 o7z,
AT, Sl - %7 — 23RO BI R S ET D =
LR TED.

This document is provided by JAXA.



44 FHIAZE TR SRR R JAXA-SP-08-009

AP, psf
o
T

6

SE
0 100 200

Time, ms

T -
300

(a) #EEL72 L

-6

AP, psf
o
LIRS D LA NN BLNLNL BN LA B

8

TR TR SR TN S RN SR RN S N
100 200 300
Time, ms

(=]

(b) EELEEE L7 100 77— A DIEIE
8 HE NV =v I T — NI

10 (250 - %7 — LR DO A T T AEIRT.
Rl 2 RRIEELOA HEIZ k35 7 — 250t & L, Bt
2 025 & L=, K105, KEIBLLICK > TF — A58
JEN LR AT D558 55 05T, 2L I
MT 25 GHRTE D, ZOT —LBEDITHHX 2l
FORBFER L TS, K 1112, 1966 4E12FE i Sz
XB-70 DFATEERAER B0 &, RET DO DN
EHOEORT. FERNS, RETNAVOFEKENLHEDS
Nz 7 — DFRE DI S-S &%, EBREE L EEAIC v —
HEHBTWDLENZ D,

F£7-, ¥ 10 12557 100 7 — 2 DFEREN S, 59% DR TE
T —LIREENFD L, 41% D3I T 7 — LIREEAS N4
HIZENDMND. LENoT, REBEIIC L - T, HERm
WV BB D 7 — AR S D ATREME A
ZEDNRENTZ. FFEOMERIE, Bes 200 B LT 300
T AOBEHGE AWV ERP O GO I L AR
LTW5.

Percentage of occurrence Initial overpressure, psf

Percentage of occurrence

8
6
4l .
2 — rl 2
) />/' . Turbulence
& No turbulence
L L 1 L L L 1 L L L 1 L L L
% 2 4 3 3
Tail overpressure, psf
9 S - %7 — LBEIE OFHBIX
40
35 1%
30F
25
20|
15}
10
5t
ol - -
00656116225 335445 656556 6.5
AF,Turbulenl:eIAF:. No Turbulence
(@) s — A
40
351 50% M%
30
25 —
20 —
151
10|
sf
ok - -
00656116 225335445 56 556 6.5
APTurI:nulenl:e"l'AP No Turbulence

(b) b — 2

10 Sedii - i — LHRED E A N 7T A

This document is provided by JAXA.



5 40 ARSI ) R 2 Aiae T
0.999
O OVERPRESSURE
D IMPULSE
K] [slasasa]
" o
O%
r]s 2
o
5]
BROBARILITY
m
Sk dé
(%)
=)
o
A (o]
%
[111:2.]
O 124 para poinTs )
ookl [ B | |

0.2 20 5.0

L0
ap ap
“ueas I %caLe
(a) XB-70 DR TFHRAE (1966 4F)'

0.999r

< INITIAL OVERPRESSURE

ngal

08+

..}::-“l._\/.'/ v O

PROBABILITY

05f

0.1} Y

5

| 100 DATA POINTS

0.001L s s
0z 05 1.0 20 50

L"F’Tu|1:|‘|.|len::e‘fapNu Turbulence
(b) REF L OFER
11 el — LR o BT R oA

B 12 121%, 5607 100 7 — A DFERE RO, mEIC
KT DI E WA LA i L CORT. X 12 () 1ERR
BEIC L > T — 2FRERHIN L -/ 8247 L, ¥ 12 (b)
A LT R a2 5. ZORSRD D, 7 — AR L
W RS 23 B L] U, KRB ELIT & 2 I A i R 28 (ks 7 —
DB RIS 8 a 5.2 5 2 L v d . Z oM,
Ml FEL2IC BT W EHG L — T 5.

33 V=v 77— MaFERIK & Bl o2 b

AW T, BEEEAENSIE~STTL T D LT
LTW5. ¥ 13 ORIEREE, KKIBLLIC L v mAb ) m
DY =y T =M EEIEALE (K4 28) 2, K- &
INE TR Tm T ODREE &, RRIEEL72 L ORI % i UT-
HLOTHD. ZORNE, = OORKITE L ZFF—REKED
EOCERDVESTWDZENbD. bbb, KAE

HEME Y I 2L —3 g VIl VR YD 42008 Fi s 45

x10*
6.0
5.0F
& 4.0 -
) i
S sof
= B
= B
< 20
[ Max. Initial AP
1.0
ol .
-1.0
Ray tube area, ft’
(@) 7 — LBREEHEIMD r— A
x10*
6.0
5.0
- 4.0 :—
o) i
T 30f
= I
= r
< 20 -
L Min, Initial AP
1.0F
I No Turbulence \ &
L 1
0— «10°
Ray tube area, ft?
(b) 7 — LB D — A
B 12 & RSk 2 i W R A b oD bl
Fli
G.OX"O“ _g‘t_p_ml'l __________________ -
No turbulence
« Northmost path
= = = Southmost path
ES
a .
3 O P tion paths
E  Propagation p
< \
z ) Reatr:hing point
| Ground /
ol v 1 N
S 4.7x10* N

North-south direction, ft

13 Y=y 77— NMafEiREE (BARER) okl BE
WL S ATRIT L TV D EE L TV 5.

This document is provided by JAXA.



46 FHIATZE TR SRR R JAXA-SP-08-009

150 - o
B . Turbulence
- ke No turbulence
100
-50 - » :
| Ground track <. .
reey B .o ‘.s’:o ¢ . . o
“  ofs ;mﬁfy;“‘.1wﬂ N
X E . L :;!: (“. ‘.
50 - —
100 1820 ft
! ;i
150 =000 0 1000
y, ft

X 14 V=7 7 — KBS OM ESAR. RATRE
ErLALEMELTEY, /79U FhT w7 (x=0) 1L
TATREEE (60,000 ft) DB FICALET D

Eu;tﬁﬁ.%r“ﬁ\6&&L«@fﬂ§fxﬁﬁ%rﬁum
CEHBERITS RN ENMERTE D,
&%, K14 1R T, REEILFRE»OHE L

100 r—2AD Y = 7 7 — LBEHE O S Th 5.

e o> FPE 7 1A O ft (7 I ITRA TR D1 F &Rk L, Al

AL A AR, ZOREN L, KREBEELIZ L0 H E2)=

u% XD DX DAL, BPY J717 7C 115 ft, FAL 717 C 1820
IOl VAT 5 Enibinoic.

uiot D, Y=y 77— NIEEFIC RGBT b2

T, TORBERBIICENT S Z Lidenboo, i

FEREMEIZBWTESS2E 24 LD 2 ERHLNE R

ST, TOBEHIE, KEIERLEE DS E 5 B O R i 2kt

LCT/hEL, 77— MMeERIE O E TILRPTE s O 80

KXW HTHAD.

ESED

4, FEE

AWFFETIE, REAELTEA L7 MZ IS & AR LT —Ek
KEEALIGEZHANT, V= 7 7 — MEFKIZB T 5 KREHE
ELOEAE A T Uiz, R D, KEBELC X0 & Wi
FEEALN RN & 220, Jodi « o7 — LTRSS HEE 9
DT ENFEND DI, FT, FERICE, 7 — A5EERN
BT HAREMERN SN LR ENE. — T, Y=y o T
— MMERFER I D A 2T, T OREDBINICE{LT 5 Z
XV, T2l EREER OIS ENAELD I LN
A &7z,

25 30K

LB, =y s A FDOBIR L,
F, B, 2000 4

2Yoshida, K., and Makino, Y., “Aerodynamic Design of
Unmanned and Scaled Supersonic Experimental Airplane in
Japan,” ECCOMAS 2004, Finland, 2004.

3Makino, Y., and Kroo, L., “Robust Objective Functions for

i, PESEX]

Sonic-Boom Minimization,” Journal of Aircraft, Vol. 43, No. 5,

2006, pp. 1301-1306.

*Kusunose, K., Matsushima, K., Goto, Y., Yamashita, H.,
Yonezawa, M., Maruyama, D., and Nakano, T., “A
Fundamental Study for the Development of Boomless
Supersonic Transport Aircraft,” AIAA Paper 2006-0654, Jan.
2006.

Spawlowski, J. W., Graham, D. H., Boccadoro, C, H., Coen,
P. G., and Maglieri, D. J., “Origins and Overview of the
Shaped Sonic Boom Demonstration Program,” AIAA Paper
2005-0005, 2005.

6Cowart, R., and Grindle, T., “An Overview of the
Gulfstream / NASA Quiet Spike™ Flight Test Program,”
ATAA Paper 2008-0123, 2008.

"Thomas, C. L., “Extrapolation of Sonic Boom Pressure
Signatures by the Waveform Parameter Method,” NASA TN
D-6832, June 1972.

%Thomas, C. L., “Extrapolation of Wind-Tunnel Sonic
Boom Signatures Without Use of a Whitham F-Function,”
NASA SP-255, pp.205-217, 1970.

Takaki, R., Yamamoto, K., Yamane, T., Enomoto, S. and
Mukai, J., “The Development of the UPACS CFD
Environment,” High Performance Computing, Proc. of ISHPC
2003, Springer, pp. 307-319, 2003.

0Sears, W., “On Projectiles of Minimum Wave Drag,”
Quarterly of Applied Mathematics, Vol. IV, No. 4, Jan. 1947.

"Orlanski, 1., “A Rational Subdivision of Scales for
Atmospheric Processes,” Bull. Amer. Meteor. Soc., Vol. 56, No.
5, May 1975, pp. 527-530.

12Risso, F., Corjon, A. and Stoessel, A., “Direct Numerical
Simulations of Wake Vortices in Intense Homogeneous
Turbulence,” AIAA Journal, Vol. 35, No. 6, 1997, pp.
1030-1040.

138 Hinze, J., Turbulence, McGraw-Hill, New York, 1959.

“Bechara, W., Bailly, C., Lafon, P., and Candel, S. M.,
“Stochastic Approach to Noise Modeling for Free Turbulent
Flows,” AIAA Journal, Vol. 32, No. 3, 1994, pp. 455-463.

0., G., Chkhetiani, A. Eidelman and E. Golbraikh,
“Large- and small-scale turbulent spectra in MHD and
atmospheric flows,” Nonlin. Processes in Geophys., 13, 2006,
pp. 613-620.

®warren, E., Heilman, and Xindi, Bian, “Combining
Turbulent Kinetic Energy and Haines Index Predictions for
Fire-Weather Assessments,” Proceedings of the 2,4 Fire
Behavior and Fuels Conference: The Fire
Environment-innovations, Management and policy, Destin, FL,
USA, March, 2007, pp. 159-172.

YMakino, Y., Aoyama, T., Iwamiya, T., Watanuki, T., and
Kubota, H., “Numerical Optimization of Fuselage Geometry to
Modify Sonic-Boom Signature,” Journal of Aircraft, Vol. 36,
No. 4, 1999, pp. 668—674.

18Maglieri, D. J., “Sonic Boom Flight Research — Some
Effects of Airplane Operations and the Atmosphere on Sonic
Boom Signatures,” NASA SP-147, Apr. 1967, pp. 25—48.

19Maglieri, D. J., Huckel, V., Henderson, H. R., and
Putman, T., “Preliminary Results of XB—70 Sonic Boom Field
Tests During National Sonic Boom Evaluation Program,” LWP
No. 382, Mar. 1967.

“Hubbard, H. H., Maglieri, D. J., and Huckel, V.,
“Variability of Sonic Boom Signatures With Emphasis on the
Extremities of the Ground Exposure Patterns,” NASA SP-255,
Oct. 1970, pp. 351-359.

This document is provided by JAXA.



540 IR SRS M2 By I 2V — 3 a VHliY v R D W 42008 i 47

RABTE > 2 7 L m S e [ 72
A NNENRIR O i A P SURARUE
WRFEIRCIR, AKEPREC, TR, AT (TSRS EREND), BT (2t o — o —T %)

Accurate Flow Characterization of ICP Wind Tunnel for
High-Integrity TPS Performance Evaluation
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and Jyunsei Naca1 (AES)
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Abstract

In order to offer the detailed information about test flows in a 110-kW inductively-coupled-plasma heater at
Aerospace Research Center of Japan Aerospace Exploration Agency, radiation spectroscopy associated with
the line-by-line spectrum analysis was conducted. Radial distributions of the temperature and the species
concentration were obtained in the test section by the numerical spectrum fitting procedure in a wide range of
the input electric power with air and nitrogen as the working gas. Contributions of emission from impurities
were incorporated into numerical spectra, from which radial distribution of impurities was determined as well.
In an attempt to eliminate such impurities from the nitrogen test flow, ambient gas in the test chamber was
replaced with the nitrogen gas before ignition of the heater. As a result, considerable reduction of NO and O
was accomplished.

1 FL&Ic Table 1 : Tested flow conditions.
KGR ER D2 DRKZEA T O—T 7% #  Gasspecies flow rate Power Pressure
E DOMHEEHEA 721775 5 FRIADEN S A7 L\ (ther- (g/s) (kW) (kPa)
mal protection system; TPS) OBIFEICBV T, BT 1 Simulated air 2.0 70.0 10
v ZVERIAZ Wz TPS MR (BR T AT L) D 2 Simulated air 2.0 90.0 10
AERDAEHTH 5. TPS W RISTED T > 2V B 3 Simulated air 2.0 110.0 10
T S LT, KiRD B DOEMREIC X B BTN 4 Nitrogen 2.0 70.0 10
A, FREEL T2 T ORMmMEAS S (AUGPERASS) 12X 5 5 Nitrogen 2.0 90.0 10
IR JOSTETE MRS & BEfMZ D& DL RISIC K B 6  Nitrogen 2.0 110.0 10

(2l - PRI B > T TPS OMERER EHIC T

T B F2 I, ATINC ABREUROFEAI YRR A2 N ‘ ‘
FTHY, THICE EDNTER L OMEMETZZ1E L tz2X% 8‘8 i [1], L > 2V ERE DR BN 7R SR
FAREITEARNT TS T LT, MBEROIE LUgkliy  WET R T LEHHEL T8 ERIICE, S N&T
MDTHEEL 5%, £Te, TD& S L CIEREE Tl EN T E 7 — 27 JaH O SURHE DA T A TN
PIREL RS, 2 OIMEE L CRGTREICO TPS # C = 7oA BUIOBIRIES 05, KTEIC 7= 7 RIAO
BN TR S EHEE CRRE L 75 5. HWETITIHE N WD, 2 TAMETE, £9
U LA SEIRTIE, 7 — 7 Ao m s w7 & AT LEIRINA 5 75 B8 INEA 75 X< (inductively-
TPS DILAMRER TS 2 2RI BT, 3B coupled plasma; ICP) BRI DUV TR EIE XHUE
HOMBAIERICHEN TS LEEVMS, Ficy 200 TPS BB = ARz
TFOMBILE D HIRIE LA LBERTV R, TS,
Bt TEMROFHIHEITCIE, SRT Y 2V B LA 2 HBRAE
IRIARIC T B TES Dt WAL BET ABieis JAXA BARRARO 110-W # 1CP
Ei“‘f PEEL TSI LT DR E ST, MR g5 2] oot kM 2170, 1—F—IitL
SECOLRE T PHELILITEG. ©DC LI KR 01z fetity s stsaific DU OB IRGES 3.
B ST DAY, TPS MERHDID st Tuble 1 10RT. © 2T Pressure L1358
PiEEo ERERS TG, HTORMLLTHS. A 1CP M/ 2L EH LT
COXSBHARZT JAXA BAIEAMCTE, 1554 e o EaiTH 5 C LIchEE N
& EHEDOTHFBIED TPS AETIRRRERINT 5 30 [0p b — 22k 75 mm OIEEEH L. 3
CERAMELT, X TPS MIBFTEAIOUL 5> gyar)uic 178 MHz Of AT ZAIT 5
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Fig. 1. Schematic view of experimental setup.
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—EFICRTOWRERMO AR MLEELCLIdTE
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BRI T — NV 2175 T & T, RO
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FEEEIC TV 72, RN ZE BT 0B Id a0, £
7z, FBRERIEIETIC 2 Il D, AT VOB
LEIFCH -T2, 5, WBUTHEONIG ST 3] 22
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BOENTZHERNLE TORFEAXRY MV BiRE
FIET BT, ABIZE Tl SPRADIAN2MA! %

TeART MVT 4w T4 VTRV, ME&iie U
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C—X, Do X) ZEREL, HFOBEH REERIC
DNTWEC+hy - CH+e, N+ hv < NT 4 e,
O+hv— Ot +e, BKUO +hv— O+e&BEE
L, ETFOHH-HHERBIC OV TIEE ki & U
TNy, N, O, BRUAA > EEE L.

3 HRER

90 kW EHEZRFICHE S NIZREMN R AT MLz
Figs. 2a BX T b IZ, iRz ENEN Ny B&X
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IZIEM S NO DNV RART MVTH D, EHRID Ny
(14) &iF-ED e LFtzRLTWS. LA L—7F
T, ON, OH, NH 7 EARABRKRITIE T ENH 0
T ORMD S DIEWFEOENHEAZT 5N, KFC OH I
DNWTIENVETE o & W EC TS, —
73, Ng RIRIC DV TIE, No % Ny OFENLEINTH
B0, MW & U CHERKAH RCEENSEZ0/KICH
KT % O FETHOFE, NO XU OH /N R AR
7 MVDOFNERONS.
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Fig. 2 . Overall spectra of emission intensity obtained in a) simulated air and b) nitrogen test flows.
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This document is provided by JAXA.



50

TR B SR ) EOR

k&Yoo arZ2Ix—ya VIcHk L, Ny FHITOD O &
FEUK TR, SR AR LT W AEES TICH
KTBEDEEZLNS. Ny KEHWIABROB A,
SERERTICT A R F ¥ UN—DHR & Ny HATOE
WA DRI DTHB. TORITEI®BIRT L L
T, CTCTHERAX, TNORMPYIOFESHRKENTE
DIT, AW ZzE R LIS, REHEZT0, ThiC
HOWAXRT VT, ZLUTART MV T 4w T+
VO EITbRVE, WEE UTRFRORE, BEOT
HPTERNENS T ETHSB. W, TNSDHETE
FERIATH T LT, Bl 2L FROBED IR ST AR
MOEEETTMNTESEVAS.

4 JRETERER

BENTZART BIVSHUART MV T 4y T 02T
HFiC Kb, #E L L AROM K Z DL FICHRE Uiz, ICP
A SRS ETH D C & &, FHKED 10 kPa
C SN T &S BRI TRIRIE R CH B
CEMEEENTWS. 22 TETKIRDIRERINE
L, SHUCED WK Z 5 TR L, 8 kD S
DARY MIVEFHET S, £ L LBIIARY MV EE
HTZ285DOMYHICIELWTFHIEEZ NS T8,
SROWRE, R EEOMMMNIZIE TR TES. L
LBIE N2 AT M VIEARHD 5 DR E ST
&, MR & TR BT NTFND AT MU DWT, AN
DR ZIGE LU TR D A7 B ILDEG =AU,
BHIENEZAXRT MVAE S L EBLHEEHEINS LS
AR DR EZZ T, DAY NV RER S
5. WIS, o L BEEMARY MVEFHETES X
X7 MVIMESENS &, 1, FEEEOMEKE & b
I, MO E TESNS.

BENEIEAXRY b LO—FI% Fig. 3 1</R"9. Sim-
ulated air BX T Ny idBAHZNZENDOLGEICDOV
T, RO ZRT BV E & TIERIC BEACBIIA N
7 MIVHABEEHENTWSZ EARTHENS. TDOXH7%
ARY WIVT 4T« >~ J 7% Table 1 DEFREMHIT DN
TV, BT ADF ST OVTIRE (B X UHE) 7
ERE LT, #i5R% Fig. 4 lIRd. TV Z)LVY
&, BiEE L FHSE 10 kPa THEE S NAKHT Y X
WETHS. ilREImd K& E TH 0 #HE) = LT —
BHHETEZ D5, HEEESNS TV ZIVEIRRSIRD
PRIV EICEFELNEEZTKY. £/ Fig5 I Ny
SRR O 2 F D TR RS, AR TR
HADEHIC LV EHE N5 earEnTwaA 4
CCTRZOMBITHELZ. UEDX DI, HHIE ICP
A T, REREIROIREEDIZIFZ 7 2ITHR & N, iR
FERO K O FEMRREM AT REE 7R > TV 5.

BENHR
[1] Suzuki, T., Sakai, T., and Yamada, T., J. Ther-
mophysics and Heat Transfer, Vol.21, No.2,
2007, pp.257-266.
[2] Tto, T, Kurotaki, T., Sumi, T., Fujita, K.,
Mizuno, M. and Ishida, K., ATAA Paper 2005-
0189.

JAXA-SP-08-009

6000 Temperature [ 25
50001 [0
4000 2

=
5 15
g Enthalpy 3 =
& 3000 =
Q.
S [0S
£ - (10 £
2 2000 5
10004 —*— Air, 110 kW f5
1 ——e— Air,90 kw 3
1 —e— AiIr,70kw [
o4H—"——————————7———+0
0 10 20 30 40
a) Radial position, mm
60004 Temperature [ 2°
50001 20
4000 2
@ L15 2
5 1 Enthal
® 3000 by =
1 Q.
g ] 10 ®
e le <
2 2000 5
10004 —*— N,, 110 kW f5
1 —*— N,90kw
1 —@— N, 70kw
o4H———m—m———————7———+0
0 10 20 30 40
b) Radial position, mm

Fig. 4: Radial distribution of temperature and gas
enthalpy in a) simulated air and b) nitrogen test flows.

0
10 3 N,
1 N
10‘13\
s g
107 4
s 1 NO
— , t-
51073
g 7
E
(] .
S 10*
=
5 OH
10 CN /
6 -
1074 NH
1077 6 T T T \l'o\ T T \2'0\ T T \vS'O\ 1

Radial position, mm

Fig. 5 Radial distribution of chemical components
including impurities in nitrogen test flow at 90 kW
(without replacement of ambient gas by nitrogen).

[3] Fujita, K., Suzuki, T., Mizuno, M., and Fujii, K.,
ATAA Paper 2008-1254.

[4] Fujita, K., Mizuno, M., Ishida, K., and Ito, T.,
ATAA Paper 2005-0173.

This document is provided by JAXA.



540 IR SRR S 22 B s I 2V — 3 g VRS B Y W 42008 i

JAXAIZHITBEFD/CFDRE S M T &
~ FORI/TFOL - nNA4T)yREREE ~

D E# OF X Wk Mz, Fl AL HE E- BR %
R BT, BB BE LE - (FEMEMERREHE

A Trial towards EFD/CFD Integration
- JAXA Digital/Analog Hybrid Wind Tunnel -

by

51

Shigeya Watanabe, Shigeru Kuchi-ishi, Hiroyuki Kato, Takeshi Aoyama, Keiichi Murakami, Atsushi Hashimoto,
Naoyuki Fujita, Toshiyuki Iwamiya, and Yuichi Matsuo (Japan Aerospace Exploration Agency, JAXA)

ABSTRACT

A trial towards integration of EFD (Experimental Fluid Dynamics) and CFD, development of a system called Digital/Analog
Hybrid Wind Tunnel, is introduced. The aim of the system is to improve efficiency, accuracy, and reliability of aerodynamic
characteristics evaluation in aerospace vehicle developments through mutual support between EFD and CFD. The function of
the system consists of optimization of test planning utilizing pretest-CFD calculations, an accurate correction of the wind tunnel
wall and support interaction effects through CFD, CFD data refinement based on EFD data, the most probable aerodynamic
characteristics estimation based on both EFD and CFD data, database including EFD and CFD data for an identical condition,
and so forth. Key technical challenges in the system development are addressed. The detailed system design will be conducted,
further identifying the needs and available techniques suitable to the system.

1LiZL®Ic

WLZERE, FHEBOZEDREOTHENIE, fEk, T
7o FERC RN 2 V=72 71 SE%% (EFD : Experimental Fluid
Dynamics) 23 IV HAVT & 7223, 19704 R LARE D %k
EHifAs I = L —3 2 > (CFD : Computational Fluid
Dynamics) F47 & OGS RE J) O FREERYFE RIS,
CFDOEBEMNAMICE £ > TETW5, BIfE, 22K
FHCH T HEFD & CFD DM XF Y 70 L (T ITHEHL L
TWDHEFESTHilE T, ZD X5 RO T,
EFDOMBIN 72 % EICCFDZ W 5721 Tle < li#H O
BARTAY 708 | ST K D7 7R SR BE DD s = D 22
TIFET R OBIH O BEMEREE > TE T D,

—J7. HiZe B ERGTE & 8 2 72 AR O BIR T OEFD &
CFDO @A T B 2 HFFE 1T RAIC T H E 2 L
TWD EIEE AT, ERIOMFIEE . B 23 AR
TR ZAT > TV D DONRBURTH 5, FRITHTZEHE - F2H7
HEBHSE DB T EFDICFDR G Hfi 2 H /By Th v AT
LHNTE AN LTV D HBIIE, NASA LangleyfFZERT D3 It
AR SEBR 2 W A 7 4 (ViDI: Virtual Diagnostics Interface
System) VMEIEME—TH S5, ZOT AT A, JBIFAT
DI FH O FFIRFNISRICCADZTEH L TY 27 &
BHT & & HIC, FANCHENME L7z CFDAFATRE F: & B
BREE R A FEBRPIIZIE Y 7V X A L CHRE ISR, T

(b9 %R 2 Eo(Live View 3D), 7272 L. FBaizs
AT LE L TOMEDITARML, CFDE OEEIXY 7 v
A LTI E VD I E D,

T ZE B2 B FE R OAXA) TIE, 2 F TR Ja
TOZEJ FER(EFD)HAT  Ch 7B i S E VA [PIV], &
JEBEHE[PSPISE) L& CFDHEMN & 22 Jifff 98 > — L o i iy
& U THANIISERZE 21T > C& =2, 20 X 9 ki %
BE 2, BUROBIE (Fiha kgl Lz [7 e 7 /]
W) ) 1CxLCCFD (Bfifiv R = L— 3 v & ) Elk
TO [FUH VAR ) R EEESEar L v b
72EFDICFD#& > A7 & GlFr, TV X M7 Fa s -
NAT Yy REGRAME LT, A7) REGR]D OR§EE
W F it & Bas Uiz, RS A7 ATk, CFDIEMIC
X 2 BIRFRER OB #EA, R - FfEMEm EE2 B L7
BOMIELHASE, VIDIVAT LA L0 b — AT
EFD/CFD@L S > AT L OEGE A B L T 5, A T
VX, OREFEIEIZBET D T I 72 BREHRS Rl DV TH
T D, VAT LMEROFEM. EFDECFDOT —X 7 o
—< v hOEALBR 7 SIZ oW TR & 2 R
= AR
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ABSTRACT
JAXA has a plan to develop the system which integrates EFD and CFD. This system has a database which stores both EFD data and CFD
data. The user can obtain advanced information by searching, visualizing, and comparing EFD data and CFD data stored in the system. We

report the system configuration, issue, and data format. Although
example about containing data in a data format.
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Tahle

0 0.4A2E93 0.547711
1 0.46974 0.548764
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4 0.482885 0.570036
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B
7
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0.439467 0.532592
0.496085 0.600334
0.470709 01591557
0.471194 0152911
9 0466474 0141622
10 0.477629 0177533
11 0.484046 0199583
12 0.497171 0.23770
13 0.493206 0.226706
14 0.490625 0.219537
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Fortran 7’11 777 A28\ T HDF5 JERUC L 5 A ke %
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ANVAHD ETFRIEIREIEIEDLL RN ERbnDd,

%% 3 Fortran 7’1 "5 A TD HDF5 D 4]

PROGRAM RWDSETEXAMPLE
USE HDF5 ! This module contains all necessary modules

IMPLICIT NONE

CHARACTER(LEN=8), PARAMETER :: filename = “dsetf.h5”
CHARACTER(LEN=4), PARAMETER :: dsetname = “dset”
INTEGER(HID_T) :: file_id ! File identifier
INTEGER(HID_T) :: dset_id ! Dataset identifier

INTEGER :: error! Error flag

INTEGER i i,]j

INTEGER, DIMENSION(4,6) :: dset_data, data_out ! Data
buffers

INTEGER(HSIZE_T), DIMENSION(2) :: data_dims

doi=1,4
doj=1,6
dset_data(i,j) = (i-1)*6 + j;
end do
end do

IFORTRAN A ¥ #—7 = — 2 DL

CALL h5open_f(error)

177 A NVERL

CALL h5fopen_f (filename, H5F_ACC_RDWR_F, file_id, error)
17—%ty NERL

CALL h5dopen_f(file_id, dsetname, dset_id, error)

data_dims(1) =4

data_dims(2) = 6

17— 2 EERAR

CALL h5dwrite_f(dset_id, H5T_NATIVE_INTEGER, dset_data,
data_dims, error)

CALL h5dread_f(dset_id, HST_NATIVE_INTEGER, data_out,
data_dims, error)

1F—2%y NEFAL D,

CALL h5dclose_f(dset_id, error)

177 ANVERALS,

CALL hb5fclose_f(file_id, error)

IFORTRAN A ¥ # —7 = — A DT AL

CALL h5close_f(error)

END PROGRAM RWDSETEXAMPLE

%] dsetrhs
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£ 45 %R N7 7 A D HDF5 ~D5yEl R

TITLE = "fluent6.2.16"
(CCTHE)

VARIABLES ="X"
myn

nn

"Pressure"

"X Velocity"

"Y Velocity"

"Z Velocity"
"body-force 0-1"
"body-force 0-2"
A
DATASETAUXDATA Common.WVar="7"

(CCTHE)

ZONE T="fluid-2"
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STRANDID=0, SOLUTIONTIME=0

N=1233349, E=1843032, ZONETYPE=FEBrick
DATAPACKING=BLOCK

DT=(DOUBLE DOUBLE DOUBLE DOUBLE DOUBLE
DOUBLE DOUBLE DOUBLE DOUBLE DOUBLE DOUBLE
DOUBLE DOUBLE DOUBLE DOUBLE DOUBLE DOUBLE
DOUBLE DOUBLE DOUBLE DOUBLE DOUBLE )
0.000000000E+00 0.000000000E+00 0.000000000E+00
0.000000000E+00 2.749077176E+01

0.000000000E+00 0.000000000E+00 2.749077176E+01
2.749077176E+01 5.498154353E+01

5.498154353E+01 2.749077176E+01 5.498154353E+01
2.749077176E+01 5.498154353E+01

5.498154353E+01 5.498154353E+01 2.749077176E+01
8.247231529E+01 8.247231529E+01

8.247231529E+01 1.099630871E+02 1.099630871E+02
8.247231529E+01 1.099630871E+02
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Integrated Web system of experiment & simulation using XML database

Yutaka Ueshima(Quatre-i Science Co., Ltd.) and
Katsunobu Nishihara (Institute of Laser Engineering, Osaka University and Quatre-i Science Co. Ltd.)

Abstract
Recently a lot of data are being produced because it has become easy to digitize and create data after the IT revolution. In
addition, procedure of experiment and simulation and analysis methods of their data are getting more complicated. These facts
make researchers more difficult to reach conclusions and reproduce same results. In the other words, efficiency and accuracy of
the R&D processing, we call it R&D Chain, are getting lower. Especially the forefront fields such as space science, bio, nano,
medical, nuclear engineering, and accelerator physics consider this problem seriously. In these fields, the cycle of changing
methods is shorter; the number of output parameters is larger. This means that adopting fixed control system and solid relational
database are not suitable. We developed a basic middleware, named “R&D Chain Management System Software (RCM)”, to
give appropriate solution of the problem. We report on an integrated system of experiment and simulation, as an example of

better workflow management with application of RCM.
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NACA0015 & Y ® trailing edge noise D#fEL I aL— 3>
ORBST, (I, MM FHNEHEMEEME HRMRAN), RIUEZ(ESAYT by 7HR)

Numerical Simulation around NACAO0015 with Tonal Noise Generation
by
Takuji Kurotaki, Takahiro Sumi, Takashi Atobe (Aerospace Research and Development Directorate, JAXA) and
Jun Hiyama (Sanko Software Dept.Co.,Ltd.)

ABSTRACT

A new numerical simulation approach is applied to the flow around an NACAO0O015 aerofoil with tonal noise generation including the natural
transition on the suction side. The acoustic fields clearly show the radiation of sound waves from just after the trailing edge region.
Numerical simulations also capture a separated region at the trailing edge on the pressure side. The linear stability analysis on the pressure
side shows the possibility of the existence of T-S waves and the most unstable frequency up to the separation almost coincides with the peak
frequency. The power spectrum distribution of stream wise velocity fluctuation clearly indicates that the generation of T-S waves on the
pressure side is strongly relevant to the determination mechanism of the selection of peak frequency of the tonal edge noise and that the self-
excited feedback mechanism exists between just after the stagnation point at the leading edge and the trailing edge region.
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3 1. Summary of numerical conditions.

Case 2 Case3
Aerofoil NACA0015
Chord length: ¢ 0.4m
Angle of attack: o -5 degrees
Uniform flow velocity: U, 14.5m/s 20 m/s 30 m/s
Reynolds number: Re, [14x10° [ 6x10° 18x10°
Total grid points 3.6 million
(circumferential x radial x span wise) (1001 x 71 x51)
Spanwise length 0.125¢
Radial grid spacing on the wall surface 2x10™¢

@ Present CFD

@ Exp. : dominant frequency peaks
1000 | ™ Exp.: secondary peaks
A Exp. : tertiary peaks

Frequency [Hz]

35 40

Velocity [m/s]

[X] 2. Velocity/frequency dependency, dotted lines: us
dependency, solid line: U'* dependency.
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Numerical Analysis of Sound Transmission Loss using FDTD Method

Keiichi Murakami and Takashi Aoyama

ABSTRACT
This paper provides the results of a numerical analysis on sound transmission loss of a thin aluminum plate. The finite difference time
domain (FDTD) method is used in this study because it simultaneously solves both sound wave propagation in fluid and elastic wave
propagation in solid. The calculated value of sound transmission loss gives good agreement with that of mass law. Sound transmission of
saw-shaped wave approximated by the sum of sine waves is also calculated. As a result, it is considered that even if a non-linear sound
wave reaches to a thin plate, its high frequency components are reduced and the transmitted wave can be treated as a linear wave under the
condition which an incident plane wave transmits to infinitely large thin plate.
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Sound Transmission Analysis Using the Wave Based Method

y
Takashi Takahashi, Keiichi Murakami, Takashi Aoyama (JAXA), and Hidekazu Kaneda (RCCM)

ABSTRACT
This paper focuses on sound transmission analysis with wide frequency range. In general, spacecraft are exposed to high acoustic pressure
transmitted through payload fairings. Therefore, numerical prediction of vibroacoustic response with wide frequency range is quite
important to design and develop reliable spacecraft and launch vehicles. Computational Fluid Dynamics (CFD) based on the finite volume
methods etc. is sometimes used to predict unsteady acoustic environment with low frequency range at the launch site. As for steady-state
vibroacoustic analysis in the low frequency range, the Finite Element Method (FEM) and Boundary Element Method (BEM) are often used.
On the other hand, Statistical Energy Analysis (SEA) is applied in the high frequency range though it can provide only space- and
frequency-averaged results. Therefore, there actually exists the mid-frequency range where we have no mature numerical methods. The
authors focus on the Wave Based Method (WBM) which can produce detailed responses in steady-state vibroacoustic analysis for mid-
frequency range. In this paper, 2D WBM is applied to sound transmission analysis. We examine discontinuous boundary conditions and
compute the sound transmission loss (TL) using a model of a simple experimental facility. Moreover, numerical predictions of TL by the

WBM are compared with those by the FEM to verify the WBM.
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Numerical Analysis Study on Aeolian Tones using Discrete Vortex Method
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Hiroyuki Shiraishi (Department of Mechanical Engineering, Daido Institute of Technology)

ABSTRACT
An acoustic hybrid method using discrete vortex method, which is used for an incompressible and high Reynolds

number flows as a numerical simulation method, has been developed. In the hybrid method, Curle’s equation for sound
pressure is effective by integrating time differential of pressure on the surface. Calculation results are verified by
comparing with the results of the experiment, occurring by a rectangular and a triangle columm, and the Finite
Difference Lattice Boltzmann Method, another generalized numerical analysis in the case of Aeolian Tones.
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Assessment of translational-rotational nonequilibrium of
rarefied hydrogen plasma flow

Yoshiki Takama and Kojiro Suzuki

ABSTRACT
In the present work, we focused on translational-rotational nonequilibrium in rarefied hydrogen plasma flow. Hydrogen molecules are
known as a gas that exhibits strong nonequilibrium. The rotational collision number of hydrogen molecules is reportedly around 200 - 400
up to 2000 K, whereas the rotational collision number of other molecules such as nitrogen and oxygen molecules is less than 10. Therefore,
in the case of hydrogen molecules, care must be taken before assuming equilibrium between translational and rotational modes in the
framework of the two-temperature model. It is important to establish a diagnostic method for the translational-rotational relaxation of
hydrogen molecules. We presented the method to determine translational and rotational temperatures by emission spectroscopy. The
translational temperature was determined by Balmer Hy line profile fitting, taking into account instrumental broadening, Doppler
broadening, and spin-orbit coupling. Other effects such as Stark effect and Zeeman effect were not dominant in our experimental conditions,
and were neglected. The rotational temperature was determined by line intensity fitting of the Fulcher-a band of molecular hydrogen. Then,
we applied this method to our plasma wind tunnel and investigated the translational-rotational nonequilibrium in the hydrogen plasma flow.
We conducted experiments for two conditions. The results revealed that translational-rotational equilibrium was obtained only in the case
of higher stagnation pressure. In the other experimental condition, the translational-rotational nonequilibrium was observed. The results
were reasonably explained by comparing the flow characteristic time with the translational-rotational relaxation time reported in the

literature.
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Effect of Bleed Hole Diameter on Hypersonic Aerodynamic Characteristics
of a Hemisphere Model

Osamu Imamura, Rathakrishnan Ethirajan, Tadaharu Watanuki, and Kojiro Suzuki

ABSTRACT

Bleeding blunt nose model is proposed in order to control the aerodynamic characteristics in hypersonic region. The air is bled from
the top of the model and it exhausts to the base. The increase in the base pressure is expected and, as a result, the reduction of drag force is
expected. This paper reports the experimental results of hemisphere model with different bleed holes in hypersonic wind tunnel and the
effect of the bleed hole diameter is discussed. The experiments are performed in a hypersonic wind tunnel, University of Tokyo, in
Kashiwa. This wind tunnel enables the Mach number 7 flow of 120 mm in diameter for 60 seconds. In this study, the stagnation pressure is
950kPa, stagnation temperature is around 600K and Reynolds number is 1.6 x 10°, respectively. The prototype model is a hemisphere in 40
mm diameter with a bleeding hole in 5mm and 10mm diameter. From the shadowgraph images, the shock distance becomes shorter with
the increase of the bleed hole diameter and the shock wave shape becomes concave at the center for larger bleed hole diameter. From the
measurement of balance system, drag force coefficient reduces with the increase in the bleed hole diameter and the maximum reduction of
drag force coefficient is 10% of that without bleeding. The main reason for the reduction of drag force is estimated to be increase of the
base pressure from the measurement result of base pressure. The base pressure increases with the increase of the bleed hole diameter.
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Table. 1 Flow condition

Po, kPa Ty, K p1, kPa M
Av. 952 600 0.22 7.07
S.D. 0.9 54 0.01 0.036

Direction

e |

i

Fig. 1 Overview of UT-Kashiwa Hypersonic Wind Tunnel
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Fig. 3 Setup of the prototype model with the balance system R LC. AR 2 HRIE R OZ( L Ok T
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Fig. 4 Typical shadowgraph photographs
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Fig. 5 Comparison of shock wave position with different bleed

holes
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ig. 6 Drag force coefficient vs. Angle-of-Attack
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Table. 2 Measured Base Pressure (unit: kPa)

Position -10mm +1mm +3mm +7mm
0.125D model 1.26 0.72 0.26 --
0.25D model 7.08 -- -- 1.11
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Fig. 7 Positions of pressure measurement

Front hole (Newtonian analysis)

Inner Corn
Inner Model (Newtonian analysis)

Fig. 8 Estimation of drag force coefficient

Table. 3 Detail of drag force coefficient reduction

“ Thrust

Position Bleed Inner Thrust Total
hole Corn
0.125D model -3.1% +2.4% -2.4% -3.1%
0.25D model -11.4% +9.7% -10.4% -12.1%
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Fig. 9 Temperature of interior path

4. HEim

SHTEBRIC R & X DRI 2 & A O /INL % 3R 72 e BR R
ZRAWT, EROMMRE L ORI EICZZ A FEMEIC S
R DRI OWT, I Sl R FER A 1TV FEBRAIZ I~
T2 TOMRR, BoNTELERILLTFTOLEBY TH S,
1. WELERIT D Z Lic kv, EEl — W IR o iRk
LD ENH B ETeoTe, FRICPEERERD 14 Ot
D/INLE AW GG I E B O RS R M E 725 KD
WZER LT,

2. R ER TS Z LIk kbR AT 2 En
M onbiaode, FRTHEEKERD 14 ORO/NLE AW
AT, 1 EORPRE OB R SN, N—2A
JEDOREZAT - TR, KL AR 5 2 & TR—RJEN
K< EHLTEY, Z0OR—RED EAEPEURH O
PO IR & HEE Sz,

3. NEBREE IR T 2 RMIRE R 21T o 7o/ J . WS
HLEEOSRICIRI A OO, F ORI X4 D
BOEHAND E PSRN ERH BN E R ST,

S35 Xk

1)  APRHGAE, $aARZE ZRE, A ERE, "R TR OB
SURT) " R i 2s (2002), pp. 156-161.

2) Crawford, D. H., “Investigation of the flow over a spiked-
nose hemisphere-cylinder at a Mach number of 6.8”, NASA
TN, D-118 (1959)

3) B b, UM, MRE UMY, AfRE GAE, ‘=7 nm
ANA TN K D WS 22 T N ENE IR SR O RHAG”
55 31 IR a2, pp.25-28, (1999)

4) [EK 55, ”Direct Energy Air Spike |2 & % 22 1 NEAK
BAROKMEY I 2 L—y a3y, AAMZEFEHERH
4 %5 50 & pp.123-128 (2002)

5) Vashishtha, A., Sharma, H., Lovaraju, P., Rathakrishnan, E.,
“Breathing Blunt Nose Concept for Drag Reduction in
Supersonic Flow”, 26" ISTS, 2008-¢-14, (2008) (in CD-
Rom)

6) AR SE, M EUDIG, $5RZ R, FEGH WG BURLR T
2 oS AR O R O SRR E IS SV T
JAXA-SP-07-016, pp.50-55 (2008)

This document is provided by JAXA.



100 FHIATZE TR SRR R JAXA-SP-08-009

BERERZZRAVEEREERNICE T SRREEL
A, JIFEA"
CRRAFAEE EISHRN LATFER
“HRAY BIPH TATPH

Shape Optimization in Compressible Viscous Flows Based on the Finite Element
Method

by
Shuji Nakajima and Mutsuto Kawahara

ABSTRACT

The objective of this paper is to determine the optimal shape of a body - a two-dimensional elliptical cylinder in this study - located in a
compressible viscous flow governed by the Navier-Stokes equations, such that the fluid force acting on the surface of the body is
minimized. The optimal state is defined as the state in which the performance function - the integration of the square sum of the fluid
force on the surface of the body - is minimized due to a reduction in fluid force on the body. A gradient of the performance function is
computed by using the adjoint variables. The weighted gradient method is used as the minimization algorithm. The volume of the body
is assumed to be constant. For the discretization of both the state and adjoint equations, the mixed interpolation method based on the
bubble function interpolation presented previously by the authors is employed. Both the structured mesh around the surface and the
smoothing procedure are employed for the gradient. As numerical studies, the shape optimization of a body in a uniform flow field is
carried out. The initial shape of the body is assumed to be an ellipse. Finally, a stable optimal shape determination of a body in a
compressible viscous flow is obtained by using the presented method.
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Automatic Grid Generation for a Supersonic Transport Configuration with High-Lift Devices

Yasunori Nagata (Ryoyu Systems Co., Ltd.) and Zhong Lei (Japan Aerospace Exploration Agency)

Key Words : High-lift device, Automatic Grid Generation, CFD

An automatic grid tool for a supersonic transport configuration with leading- and trailing-edge flaps was developed. It employed

the commercial software Gridgen to modify the shape and grid for different combination of flap deflection angles. With the

automatic tool, time cost for shape modification and grid generation is dramatically reduced. In this paper, the automatic process

of shape modification and grid generation are described, and examples of the generated grid and computational result are

presented.
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2. Pointwise Inc., “Gridgen User Manual,” Version 15,
2006.
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Development of CAPAS, Conceptual Design Tool for Supersonic Aircraft

by
Yoshikazu Makino(Japan Aerospace Exploration Agency)
and Takuya Makimoto(Ryoyu systems Co.,Ltd.)

ABSTRACT

A new design system called CAPAS(CAD-based Automatic Panel Analysis System) has been developed for design automation in the S-
cube (Silent SuperSonic) program at JAXA. CAPAS has a java-based GUI(Graphical User Interface) for designers to use it easily and
effectively. The system comprises 4 design processes; geometry definition of airplane components, airplane CAD model generation,
aerodynamic analysis, and sonic-boom analysis. The geometries of some airplane components defined by a designer are combined in a full
airplane configuration automatically by CAD-based program that utilizes the geometry definition API(Application Programming Interface)
of CATIA® V4/V5. The A502 Panair analysis is executed in this system after setting the analysis parameters such as Mach number or
angles of attacks. The near-field pressure signatures calculated by A502 analysis as well as force data is extrapolated to the ground by the
Thomas code based on a modified linear theory to estimate the sonic-boom.
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{1k 1 : PANAUTO V4 7' 775 LY — Al

TE®MED/SFILIER

do j=nint(real(mnwg(i+1))/2.),1,-1
coord(1)=xwg(i+1,j,1)
coord(2)=ywg(i+1,j,1)

coord(3)=zwg(i+1,j,1) RELOROEZEEEER
call giwpt(mnum,coord,jpt(1),ier,*9999) ERZEMNSCADLEIZHREVER
call gspopo(mnum,jpt(1),xpIn,jpl(1),ier,*9999) REBYHDFEICFTEFEEER
iedg=0
call gscxps(mnum,jpl(1),sbdm,iedg,ncv,jcv,ier,*9999)  : FEEIRAAHED R (LK) ZReHSB
call gsoicl(mnum,jcv,jpt(2),jpt(3),ier,*9999) RIEOWIRD AETES
nbpt=nnbd(1)+nnbd(2)-1+nnbd(3)-1 EREORARPERDEER
dist=0.
call pbptpart(jcv,jpt(1),jpt(2),nbpt,dist,points) FEEL2RMICERRICRZERE
call girmat(mnum,points(nnbd(1)+nnbd(2)-1),Imat,coord,ier,*9999)

R DERETRG

xconf(i,nconf(i-1)+nint(real(mnwg(i-1))/2.)+nint(real(mnwg(i+1))/2.)-j+1)=coord(1)

yconf(i,nconf(i-1)+nint(real(mnwg(i-1))/2.)+nint(real(mnwg(i+1))/2.)-j+1)=coord(2)

zconf(i,nconf(i-1)+nint(real(mnwg(i-1))/2.)+nint(real(mnwg(i+1))/2.)-j+1)=coord(3)
CREFAVMO—)LRA UMM

end do

1% 2 : PANAUTO VS 711 75 LY — A

R — HhR — BHE ERL

Fori=0 To (SecNum - 1)
Forj=0 To (SecPtNum(i) - 1)
SecPt(i)(j) = HybridShapeFactory.AddNewPointCoord(PtCoord(i)(j, 0), _
PtCoord(i)(j, 1), PtCoord(i)(, 2)) EEENSRBEER(RA T INER
SecPt(i)(j).Name = "BSecPt." & i & "." & CHDCATIALDZRIZES
Next j
SecFrame(i) = HybridShapeFactory.AddNewSpline() MERBRRTIANA T IrNEESR
SecFrame(i).Name = "BFrame." & i HRDCATIALDBRTEEE
Forj=0 To (SecPtNum(i) - 1)
SecFrame(i).AddPoint(SecPt(i)(j)) HIROBIBREER
Next j
Next i
Sur = HybridShapeFactory.AddNewLoft() H—DJIRF TP INEES
With Sur
.Name = "BodySur" H—TJIANCATIALDLBTEES
.Relimitation = 4 =TI RDEREHEE
Fori=0 To (SecNum - 1)
.AddSectionToLoft(SecFrame(i), 1, Nothing)  :H—JIAD+tILavEES
Next i
End With
HybridBody.AppendHybridShape(Sur) =D RFT O RECATIAIZE %
Part.Update() :CATIADEH (A TPz IFDERT)
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HE EMBEERETY — L CAPAS DGt HEIRE

BEEXER (Eranks)  KEFN SERE (FEMEARFAREES)

AR E—ER,

TJLXEISoVYD, dIIBE (ELEKASH)

Distributed computational environment with grid middleware for CAPAS,
conceptual design tool for supersonic aircrafts.

Hideaki Kuraishi (Fujitsu Limited), Yoshikazu Makino, Toshiyuki Iwamiya (Japan Aerospace Exploration Agency)
Koichiro Suzuki, Francois Burgisser, Yuka Nakagawa (Fujitsu Limited)

ABSTRACT
This article describes an application example of grid middleware “SynfiniWay” coupled with “CAPAS”, a conceptual design tool
for supersonic aircrafts, and the benefit that comes from encapsulation of distributed computational environment, so called, grid computing.
Adopting grid computing makes it possible for users to join the analysis easily with little awareness of the distributed environment and cut
chores not directly related to core research work, such as file transfer and IT methodology. At the end of the article, analysis environment
with optimization tool and future plan to adopt grid environment are introduced.
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[CAPAS] (X GUI Hijfi2» LIIREREFR, 7 VAR, &
VN—FLT R A RMLE SR AL & v o g LT
T 24T 5 Y —LThHY, JYIANN—ZIX CAD Y7 U=
7w AW RS ERIEE LS EN D,

X 1IZRT L2, ZRETIE 1 BOFEY— LT
BARMKHBEZITY Z Lo =2, T4 Linux.
Windows Z#]H & LTZaET 47 4 LUV D FHE A — 30
BASNDL LR, BEFED [CAPAS) FIfEREE 2 H
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9347k BEFUNIXS—/\ PCH—\
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M 1 EEORFEY — 2R D AETEREE

ZOXHIRERNS, AFu Vs T, BB
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Ir. D APl A TS TCAPAS) OFIHB], I L4
% OILIEFHENZ DWW TIk R 5,

2. 77Uy FI KLY =xT [SynfiniWay] {22\ T
RAERFZEBRBE D FEAE L 72 % [SynfiniWay) X, i L7-
B OFTE A — D B SUBIRE A ML L, BRI 705t
B — NONEEZE#RSERNT, Va TEITEARRICT
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VIS TR Y — v Th D, FHEEETIHT S
T Fa—E, FHEEOBIERIEICHEEL TR &
[SynfiniWay] 27 747 FGUIH LLIZZ 747 b
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BORBEZ T 5 2 &7 < EARUL S AT AR O ELT 3 A]
HEIC72 %,

[SynfiniWay] (XEIZ 3FEHD = R —x > b &R
WA VA = $ 5 Z LT, AABIFIEEREE A kT 5 1A
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FERBEA~D 1 7 A U FERE & #2169 5 " Director”, ¥ 3 7 HEAT
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BB RIRE (2)

BB RIRE)

LN

@&JI oL
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ANT7 7 ANOABRE, ¥ a 7ET, BHh7 7 A VOH
TRE DTS, Fo, BIHLE THERK S 7o ARARRFJEER
5 & OEEEA 1T 5 BRI Acquaintance Manager” & V5 Z &
T, HEOFHFEY—E A, VY —2%HF25 2 L3k
2725,

7Yy R R o7 [SynfiniWay] Tid, Z7kRE L
LT, MARTAIC3 D a THENEZ 5N TW5D,

fEAENAET
- Policy
m&:{:‘yy ~,
T Plug=in ~|AF
______ 1
-~ WorkflowSE{THIRE | HHEREEME | EREDATHEE
ImERE . ﬁ - + HREREE AR s ?ﬁ?ﬁ%ﬁ!ﬁ
- . j\
=7 .=. WERFOIEE
- TF First Found
b o +
o® - BT A
& 6 IE&BHIHHT
[ ;
E SynfiniWay Framework
(REE SAME. 5k U TEiT. 2 - Emke)

4 [SynfiniWay] 2MEx % 3 D a7 HEEE

DV —2 75— AT
“U—7 7 u—"FATHRETIE. 1 DOfTIEEE X R

77 LnHBTERSN, 2—VICAHSIND, BEHAIDL,

IO BRAYT AL DEE U= 7 a—" Rk,
ABL, =y Fa—FERafank” v—r7u—" &%
1TT5Z LT, BT E RS ICFTITTCEDRELRIMLL
TW5,

X 5 O T, =¥ R —FRNMr&aiTo28,. 727747
Uk PC B, EFESNE U—r Tu—" ZIFORHT,
CITEREINE ‘U= Tun—=" T, T XA 17D
WBRIZEI Y —N 1 T, 7 Z 27 27 OREITEE Y — A
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5 LT, FHER L HEME 2 ECEBREEAIT S ML
MNrpL . FTNT PC BT U B ED B Tl a5 2 F2 0t
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T—X AL, BRAEET, T0%., BREEIS. S0
STRABEN VB Z 72 D08, NT AN v =g 72 PR
EOFEAI AT GE, BMREEICRDS, — 0,
[SynfiniWay] TiE. HRICIEN DB EBEELERL., &
T 7 7 A VTEHREEM cABE S S ND, Tk, =
v Ra—YIEREEEINTET V—2r ou—" 2ETT LT
T, TX_XCOMEE PC ECTEITLTCWAD L D7 GUI 242
g3 2 LR TE S,

—a- SR

@ Lp L
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5 .\
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A

AR

b ]

. i ;
FTAIAEE .
* o ’

b RS . 4"
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panauto.location=grid
panauto.inputs=*.inp
panauto.outputs=*.out

panauto

panairio

panairio.location=local
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panair.inputs=*.inp
panair.outputs=*.out
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1) Y.Makino, Low sonic-boom design of a Silent SuperSonic
Technology Demonstrator -Development of CAPAS and its
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Multidisciplinary Design Exploration of Wing Shape for Silent Supersonic
Technology Demonstrator (Structure Design).

by
Takeshi Takatoya, Toshiyuki Kasahara, Kazuhisa Chiba, Yoshikazu Makino

ABSTRACT
For the wing shape design of supersonic technology demonstrator, multidisciplinary design exploration has been performed among
aerodynamics, structures and sonic-boom noise. The structure evaluation was focused in this report. Evaluations of the composite structure
were carried out by using a general finite element code, MSC/NASTRAN for strength, vibration and flutter requirements. The stacking
sequences of the composite structures were set the design parameters to be determined for minimization of the structure weight in this

multi-objective optimization problem.
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Abstract

The Balloon-based Operation Vehicle (BOV) originally developed for the micro-gravity experiments is mod-
ified as a supersonic flight demonstrator of a sub-scale precooled turbojet engine developed in JAXA. In the
supersonic flight demonstration, the vehicle is raised by a high-altitude balloon up to a 40 km altitude and
dropped to accelerate the vehicle to a supersonic velocity. To extend the flight time for an engine combustion
test in the supersonic environments, the vehicle is redesigned in a wing-body configuration with a main delta
wing and movable vertical and horizontal tail wings so that it can be pulled out above an altitude of 5 km. As
a result, the vehicle is capable of reaching the maximum flight Mach number of 2 with the dynamic pressure
of 25 kPa at an altitude of 17 km, realizing the engine test time longer than 30 sec. The flight demonstration

is currently scheduled in 2009.
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In this article, an overview of the aerodynamic characteristics of the flight
demonstrator and the flight trajectory plan is presented.

Mission scenario

Lift-up (alt.~ 40 km) & drop
Acceleration (M~2)

Engine start (Po >10 kPa)

Combustion test (>30 s)

Engine stop (10s prior to
parachute activation)

? Q Fuel dump

Parachute activation
(alt.>5 km, M<1)

Pullout \
maneuver

Splashdown

Recovered by
helicopter

Fig. 1: Mission scenario of BOV-3 as a S-engine
demonstrator.
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Fig. 2 Schematic view of BOV-3 as a S-engine demonstrator.
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Fig. 3: A 9/100-scale wind-tunnel model of BOV
3 attached to the sting in the 2 x 2 m supersonic
wind tunnel at ARD/JAXA.
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Fig. 4 . Examples of measured aerodynamic coeffi-
cient; a) longitudinal coefficients for M = 1.8, and
b) transverse coefficients for o = 4.0 deg.
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Fig. 5 . Evolution of vehicle motion along a typical flight trajectory. Influence of engine

t = 60 to 90 sec on vehicle stability is inspected.
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Fig. 6 : Evolution of vehicle motion along a typical flight trajectory. Influence of initial attitude misalign-

ment on vehicle stability is inspected.
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Acoustic Fields generated by Solid Rockets in Ground Firing Test

Kota Fukuda, Seiji Tsutsumi, Kozo Fujii, Kyoichi Ui, Tatsuya Ishii, Hideshi Oinuma,
Junichi Kazawa, and Kenji Minesugi (JAXA)

ABSTRACT
In JAXA, Computational Fluid Dynamics (CFD) is applied to examine acoustic field in rocket launching and the data is effectively used to
design new launchers. Qualitative evaluation and comparison between calculation results and experimental data are necessary for further
development of the CFD methodology. In this study, measurement of acoustic field is executed in two series of ground firing tests of solid
rockets. Three types of microphones are used for the tests in order to attain those characteristics and applicability. The comparison shows
that condenser microphone is the most applicable for a wide range of frequency. The obtained data are used for evaluation of an empirical
method, NASA SP-8072 and CFD methodology. From the results, it is cleared that the CFD methodology is effective for prediction of

acoustics from solid rockets.
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Fig.13 Comparison of SPLs measured at each point
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Violation Mechanism of Kutta Condition for Low Reynolds Number Flows
around Two-dimensional NACA0012 Aerofoil

Koichi Yonemoto (Kyushu Institute of Technology), Keiichiro Takato, Hiroshi Ochi (Nishi-Nippon Institute of

Technology), Satoshi Fujie (Mitsubishi Heavy Industries, Ltd.), and Takaya Sato (Kyushu Institute of Technology)

Abstract
Direct Numerical Simulation is applied to simulate two dimensional low Reynolds number flows around NACA0012
aerofoil. The calculation results show negative lift curve slope and the existence of the reverse flow around the trailing
edge at low angle of attack. This paper discusses the flow mechanism of negative lift curve slope phenomena from the

view point of “Kutta condition violation”.
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Non-linear Aerodynamic Characteristics of Three Dimensional Wings
at Large Range of Reynolds Numbers
by

Koichi Yonemoto”, Hiroshi Ochi”, Keiichiro Takato”, Kazuki Wada”, and Takaya Sato"”
2)  Kyusyu Institute of Technology , 2) Nishinippon Institute of Technology

Abstract

Aerodynamic characteristics of three dimensional wings for a wide range of Reynolds number from 10* to 10° have been studied

using variable-pressure wind tunnels. Rectangular wing and the delta wing with NACAO0012 and flat plate cross sections were tested.

The wind tunnel tests show that the aerodynamic characteristics for all the wings are almost linear at high Reynolds numbers up to the
angle-of-attack of stall. The aecrodynamic non-linearity appears significantly as the Reynolds number decreases especially for the
thick wing that have NACAO0O012 cross section. But the wings that have flat plate wing sections do not have such an aerodynamic

non-linearity even at low Reynolds numbers.
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Table 1 Wing models
Name Cross section Aspect Ratio (AR)
Airfoil(1) NACAO0012 (A2017) 6
Airfoil(2)  Flat plate (t=2mm)
Airfoil(3)  NACA0012 (S45C)
Airfoil(4)  Flat plate (t=6mm)
Airfoil(5)  NACA0012 2
Airfoil(6)  Flat plate (t=6mm)
Airfoil(7)  Circular (11%thickness) 1. 87
Airfoil(8)  Flat plate (t=2mm)
Airfoil(9)  Flat plate (t=6mm) 1
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Computations and Experiments on Sloshing in Equilateral-Polygonal-

Masanao Gomon, Hirochika Tanigawa, Jiro Funaki, and Katsuya Hirata

ABSTRACT

This study reports the vertical sloshing, that is, the liquid surface motion in container oscillating in the vertical direction, concerning various
equilateral-polygonal-section containers: namely, octagonal, heptagonal, hexagonal, pentagonal, square and trianglar containers together
with a circular container, in order to generalise their sloshing modes. As a result, the authors classify the sloshing modes based on the
circular-container sloshing modes. The stability diagrams for all the polygonal-section containers are investigated by both experiments and
computations. The present computation is based on the discrete singularity method. Furthermore, it is found that the equivalent diameter
de; based on the hydraulic mean depth is the most adequate as a characteristic length scale to classify all the sloshing modes. The authors
show an unified formula to predict the eigen frequencies, using the proposed modal classification and d;.
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Fig.1 Coordinate system of a container
(heptagonal-section)

This document is provided by JAXA.



40 [OIPRIK TP HEE S MY 3 2LV — 3 3 VY VR Y 4 2008 3R dE 147

@ Optical sensors

@ Container

® Exciter

@ Camcorder

® Function generator
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Fig.2 Experimental apparatus.
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Fig.3 Sloshing modes classified based on the circular-
cylinder-sloshing modes (heptagonal-section container).
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Fig.4 Degeneration-family members of c-mode (1,1; k)
(heptagonal-section container).
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(c-mode (0,1;2))
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(f) Square container (c-mode
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square-container-mode
(2,0) = s-mode (0,2;2))

Fig.5 c-mode (0,1; k).
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Fig.6 c-mode (1,2; k).
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Free-Fall Experiments on a Tumbling Plate

Daisuke Kawaguchi, Kazuki Ymauchi , Jiro Funaki and Katsuya Hirata

ABSTRACT
In this study, we deal with the tumbling, which is a rotating motion with the axis perpendicular to the falling direction. Our

purpose is to reveal the fundamental aerodynamic characteristics of the tumbling, experimentally. As the test plate, we consider

a prism with a rectangular cross section with a depth-to-width ratio 4 of 0.3. As a result, the reduced terminal rotating rate (2",

the lift coefficient C, the drag coefficient Cp and the lift-to-drag ratio C /Cp are independent of the aspect ratio AR, when AR is

greater than 10. As the inertia moment ratio I” increases from zero to 50, (', C, and Cp increase. However, (', C_ and Cp

become almost constant, if I” is greater than 50. We propose the empirical formulae to predict them.
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Fig. 13 Dimensionless angular velocity af s, of
rectangular plate versus reduced time tn for inertia-moment
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Side Jets Generated at the Near Field of Round Helium Gas Jets

by

Akinori MURAMATSU, Mirko GAMBA, and Noel T. CLEMENS

ABSTRACT
Side jets, which are radial ejections of jet fluid, are formed in the near field of low-density jets, such as helium gas and hot air jets. Side jets
enhance the mixing of fluids between the jet and the ambient fluid in the vicinity of the nozzle exit. It is essential to understand the
formation mechanism of side jets in order to take advantage of side jets and control the enhanced mixing of a jet. Side jets in round helium
gas jets were investigated using planar laser Mie scattering (PLMS) imaging, particle image velocimetry (P1V) and hot-film anemometry. It
was found that the number and ejection directions of the side jets vary with Reynolds number. Regions of large curvature at the contour of
the jet column become the initiation points of the side jets. The velocity in the potential core fluctuates periodically. The movement of the
high-speed fluid lump in the jet column is related to the formation of side jets. The side jet is not ejected uniformly; rather, it is discharged
strongly in the braid region. The power spectra of the centerline velocity fluctuation show a complex system of subharmonic and

superharmonic of a fundamental component.
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X2 U 70 ARG O _EWTE O PLMS O Ei{#%  (Re = 500)

@

(@) x =3 mm (x/Do = 0.472)

(b) x =6 mm (x/Do = 0.945)

Large curvature
(€) x =9mm (x/Do = 1.42)

Projection

Projection (Side jet)
(d) x =12 mm (x/Do = 1.89)

Vortex ring Braid
1 2 3 : 4 5 6 7 8
N - N N _ N = ~a N
Weak side jet Strong side jet

(€) x =15 mm (x/Do = 2.36)

(f) x = 18 mm (/Do = 2.83)

X3 AU ULTAEGROFEFIZELT HWHE 0O PLMS Ok HE 4 (Re = 500)
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(9) x =21 mm (x/Do = 3.31)
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15m/s [ 15m/s
| = AN % %% Speed [m/s] 0 . 3 S I Speed [m/s]
25 P ; 25
L 15.00 - | 15.00
- 14.25 | 14.25
L 13.50 L 13.50
L 12.75 L 12.75
- 12.00 - 12.00
20 L 11.25 20 | 11.25
o 10.50 L 10.50
I il 9.75 L 9.75
IS o e o 9.00 € | 9.00
15 |- . . 8.25 15 8.25
Eor Side jet 7.50 EBr 750
x t 6.75 x 1 6.75
- \ 6.00 I 6.00
- 5.25 - 5.25
10 4.50 10 450
o 3.75 - 3.75
+ 3.00 o 3.00
o 2.25 - 2.25
o 1.50 o 1.50
5+ 0.75 5% ) 0.75
i i i 0.00 - 0.00
e e b b 1 I ISR RSN SN SN SR
-10 -5 0 5 10 15 -10 -5 0 5 10 15
r [mm] r[mm]
@5V A FY=y b (b) BN A R = b

X4 PIVIZEVRESITZANY D LT AEROMEEY (Re =500)

z-Vorticity [1/s]
12000

Ll |
A T T T T M I
-10 -5 0 5 10 15
r [mm]

| I A 1
20 10 0 -10 -5 0 5 10

(@) 5NV A F¥ = b (o) N A RY = v b
X5 PIVIZEYHEEZNIZAY D LT AEGROWEELS; & bl EOERE (Re = 500)

This document is provided by JAXA.



162 FHIATZE TR SRR R JAXA-SP-08-009

13 13
121 x/D0o=0.5 | 12 x/Do=1.0
11} 11
@10 | ©'10
E E
o 9t -5 9
8l 8
7}t 7
®0 001 0.02 0.03 0.04 0.05 0.06 0.07 0.08 ® 0 001 0.02 0.03 0.04 0.05 0.06 0.07 0.08
Time [s] Time [s]
(@) x/Do = 0.5 T =it J7 A (b) x/Do = 1.0 T i J5 1A
13 x/D0=2.0 13
0=2. _
1 | x/Do=2.5
11 11
©»'10 ©'10
E £
5 9§ S 9t
8H g H
7t 7t
6 6
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
Time [s] Time [s]
(¢) x/Do = 2. 0 TD ST A E (d) x/Do = 2.5 T i 7 [ E

X6 ZEFSEEC LV HEE ST 7 A H AR C o E ORI 2R (Re = 500)

10 ‘ 104 ;
f=415Hz | L f=410 Hz
£ St=0.276 | ] < St=0.273
o el 2f
' 3f
o) a : 3f/ .1'.] " Sf
D102 D 102 \’ f/ "“’
104 - 104 -
- x/D0=0.5 x/Do=2.0
10 - : : 106 . ‘
102 1083 102 103
Frequency [Hz] Frequency [Hz]
(a) x/Do = 0.5 (b) x/Do =2.0

7 BMRSREEHT &0 HE Se Y U A ARG O BT OMELRB O/ 2T B L (Re =500)

This document is provided by JAXA.



540 IR IR S M2 B s I 2V — 3 a VRS VB Y W 42008 i

ELA /I ZHTOZRNFHEICRIZT REBROZR

AR, HENR AALER, FHEEE
RESHAE, ETHE

The Effects of Airfoil Shapes on Aerodynamic Characteristics

at Low Reynolds Numbers

Mitsuhiko Kihira, Mitsuhiro Koga, Jiro Funaki and Katsuya Hirata

ABSTRACT

Aerodynamic characteristics of airfoils have been researched in higher Reynolds-number ranges more than 108, in a historic context closely
related with airplanes’ developments in the last century. So, in the present study, we investigate such basic airfoils as a NACAQ0015, a flat
plate and the flat plates with modified fore- or after-faces in a Reynolds-number range of 10%-10°, using two- and three-dimensional

computations together with wind-tunnel and water-tank experiments.

1. IFLHIC

HOZETIREONITENE, MZSHEOFEIE & BIRANGR . T,
BUEE COWEDZL 1L, Mz md Lo YR s
WA VR, T70bb, LA IV AHRe ((REE S
WikEc) 1T 1°0L Lot oRE < Bbhd (Jacobs &
Sherman”, Abbott & Doenhoff @, Riegels®, Eppler™®). {5213,
Abbott & Doenhoff @1Z, = DERe TCONACARDZE S %%
BorL TV,

—5, LA VREGER(Re < 100 ZF51F B HDZE R
OIRIT, ANTFATHECR R TSORITL AT LOfFH, /)N
RS | K PEERES, ~A 7 r~— O LTk
THETHD. BEReTORDZESIFFHEITDOUNTIL, Sunada et
al973, Re = 4x10°2351) HNACAS FRFIDRTHEH, ©
DA, Fx RFIZHOWTIHREIT> TN D, MIZH < DD
DORFFERS, BIHEE T ST |

LA, AR LA L ZEGE CORMDZE T, T8
Tt BLITEER 72 E DB LA ) IVAEIREPRRE N &0,
FBRIT D EINHIREE S D212, FeM I TE TR0,
ZIT, AWFETIE, 1.0x10°<Re < 1L.OX10°I2334) % —Hkiff
VZEDIVIZ AT (NACA0015 &R (2o T, =
WIT,/” ZIRTCEARSRNT & JBUR, AR IR L0, R
PETH D ComnPRABAFEZTERET D, S HIZ, Re=4.0x10°L
LOx10°T, SESEABUFE C, Cp CUCH EilMfial D
BRA 5. Re=10x10°Tl3, Rif&EBEOIRD, Fh
5 ORI IIET AL TS,

2. FIELEROAER
2.1 B®

Fig. 1 [CAME C~-3M 273, FEIE, NACA0015
[TV T OARENE LT 5. Flatplates (1)-(6) 1%, B2 -k
#(flat plate) DRfFE 721 IEFARD L HITEF LIZHDTH
5.

2.2 FEAE

ARG TRIGR LT D LA 2 VR Tl 2 EE< D
YaDIEMEMERAR L Red 2 3 Cx 5. Lo T, FHxld
M B« A h—2 ZFBREE 2, BlEfTT 5.
AT IR, ARENETHD. GEFAF—AIX MAC 1%,
2SO E =R B2 CRER b, RIS IR A T —
il D) GHRS TS, — AR b OB NE A
TEEMATS. BULOLEIT, AXH— KT ThHD.)
< T NACA0OIS

Flat plate
(t/c = 0.05)

Flat plate (1)
(t/c = 0.05, with a modified fore-face)

45deg.
Flat plate (2)
<% ] (t/c = 0.05, with a modified fore-face)
30deg.
< ,  Flat plate (3)
(t/c = 0.05, with a modified fore-face)
45deg. 45deg.

Flat plate (4)
(t/c = 0.05, with a modified after-face)

30deg.

Flat plate (5)
(t/c = 0.05, with a modified after-face)

45deg.

Flat plate (6)
(t/c = 0.05, with a modified after-face)

Fig.1 Airfoils.
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WIROERSIHTREESRIECTH Y, SVEOBERS M HTu=1, v
=0, w=00D7 1 LY LEMHEER S, HTFRdud SN
200 /5, 7 HIANZ 90 A, ZHIANZ 30 eI 5. Ei, yHn)
DI NGB 77 i 1 1.0x10%, FEBTREGH (3 14.0c &%,
ISR TH D, Bkl E Jt=10x10"L L, C.
ECOMHTEMICOR L7, FEon I O TR
2179.

- - )
— ey

2.3 RSB

FHRTIE, WitAs 1.0x1.0 [m], R 2.0 [m]OBAHERERIES
AT HIGHERERRZ V5. FEitEi 0.5-30[m/s]
HPHT, FAUREIX05%LL FCh D, JREIHD Re AIET
L7z, 5 FREHOIEER ¢ D NACA0015 % VW%, §72bb,
¢=30, 100, 150, 250, 400[mm] Tk 5. Wilk/iiE, n— Feuc
L DFHMOAM, BRSERHT L 0 SO R I AR
HZETHRDD.

2.4 JKiESEER
Blh/kEOARNE, 660[mm]x1950[mm]x700[mm] Td» %

T—ZOHENE, WLV NMIEY, A TFEIZEY T
72 AR—VACIRET D, A= UaRETZET, T
WATTRES AM]D 2 KD L—/Ldd 1T, KAtz 578
5. ABD NACA0L5 %, K iz LIz AKMEICR K L
THEEL, —ERE CRENE < BROFATI ZMET 5. it
EHOWEE, OFTHT—VE NS,

3. HBRLEER
3.1 ComnDRARTEHE

Fig. 212, NACAQ015 & FAREED IR IMTIHFEComnOReK
AT, [hoT RV OERKT, Table 11CEEDD.
B, Bz LT, HMPOY U RLOEKT, &TH—L
T3,

iRHT & EEROFERIY, BEOWGEE OFEHIC L AT & 5
Bt &, Re=10°—10O#PANICI T, (Re=1x10"—5x10°
OFIPHAZFRE) HoemerdR W\ Zdststeia 2L, JE@ibsrg
FEB LY FETREDTHS.

ReIRAEZ 2 D L XIZ, ReDPKRE 72 HIFEComnEITEE2
NS 2D, ko TC, Fig.2 T, mERel ERHilsREEHS
RONE TS, 2T, Fig.310, B4 JLvE
L LT, ComnZ Pl L7z X% 7~7

Re < 1x10%%, ZEL< R%. NACAQOIS & FkELt, Zih

TWRTTRITIE, SUOTHT & B IR E B KT 5.
£oT, ZOReflifHTIEL, “WotTIIARIE bbb,

Tablel Symbols in figures.

Symbol Caption Re
0 NACA0015 (2D comp.) 1.0%10% 4.0%x10°
0 NACA0015 (3D comp.) 1.0x10% 4.0%10°
A NACA0015 (water-tank exp.) 4.0%10°% 8.0x10°
S NACA0015 (wind-tunnel exp. by LC) 2.0x10* S Re £ 2.0x10°
O NACAO0015 (wind-tunnel exp. by VP) 1.0X102 € Re$ 1.0X10°
+ Flat plate (2D comp.) 1.0%10% 4.0%x10°
X Flat plate (3D comp.) 1.0x102 4.0%10°
3 Abbott & Doenhoff 1958 (NACA0012, exp.) Re< 1.0x10°
P Eppler 1990 (NACAQ012, exp.) Re 2 10°
0 Sunada et al. 1997 (NACA0012, exp.) 4.0%10°
] Motohashi 2001 (Flat plate, #¢=0.033, exp.) 4.8 X 10° S Re$147%10*
A Nakane et al. 2003 (NACA0012, exp.) 50%10° S Re  7.0%10°
¢ Sun & Boyd 2004 (Flat plate, #/¢=0.05 ,comp.)| 1.0 $ Re S 2.0%10?
—— | laminar-thin-plate theory
—_ NACAO0012 (Hoerner's formula)
NACA0015 (Hoerner's formula)

{2, NACA0015 DCppinl 3, JETHHE "< Hoermer D
IZkBtrh—E L, FrcHoemerdA M@ L k< —E 5. PR
BDComind, JEHRIGHRECHoemer ORIz B 573,
NACAQ015 & [, #rlzHoemerdM L J< —E L, @ik
A ® L B REOOMEA TR
KIZ, Re 2 1x10%% L%, PHEUIZOWTIIRERAZ LS,
NACAQ015 |2V CDHE 2D, RTINS & ARG
K, MR OFRRER A T 5 &, EREIT—E L e

0.5
o
047
*
0.31%
£ N
NN
O’g 021 ",
Nt
\\ ?
0.1 \\ 3
= -ﬁm
| *?’-‘«9 A O ki vy,
102 103 104 105 108 107
_ Re
Fig.2  Cpmin Versus Re.
.
6 1 v
g - *
5 v -
g o v v
Ea L B
£ A
I RN I
= ;90 %AAA A
(.5 2 ;?0 "~ AQO s
1 j;;’;;%’; jQ ;’,2 ;;; .‘?ﬂ@';;;’;;;’;;;’;;;’;;;’;;;’,
0 v T v T
102 103 104 105 106 107
Re

Fig. 3 Comin/ Cp min, laminar theory VETSUS Re.
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A, ACHEEIRER S OHoemer ORI L 1 130 b R 7 A
Y.

3.2 {& Re TO NACAQ015 & FARED o $1R

Re < 1x10* TONACAQ015 & PHELZDONT, SEEHAR
B, I70bb, BIREC, L HUMREC,, BiikC/Co
Mo b DORIRE “IRTTRHT & ZIRTTRHTIZ L VRS,

Fig. 4@)-)lZ, ZHZH, Re=4.0x10°THONACAQ015 (2R
LT, CL&Ch CUCoDa~DUAFIER T

F9°, CLECoD _WRIth#HT %, Sunada etal.® & Nakane etal.®
DB & L35 (inFigs. 4(a) and (b)) . a<12[deg ] TlE, C &
CoDf BTl 5 DOFEBRZIT . a>12[deg ] TlE, C.

1.2
1

O NACAO0015 (2D comp.)
[JNACAO0015 (3D comp.)
0.8 ® Sunada et al. 1997

< 0.6 A Nakane et al. 2003 o ©

H e o
oo, Parafasnasias,

04 AAAAAA
0.2
0
0 5 10 15 20
« [deg.]
@ C.

0.6
0.5 O NACAO0015 (2D comp.)
0.4 [JNACAO0015 (3D comp.)
L? 0.3 A Nakane et al. 2003
02 AAAAAAAAA
0.1
0
0 5 10 15 20
« [deg.]
(b) Co
3.5
3| AAAAAAA N
25 A4
d: 2 + AAA
R - 0 NACAQ015 (2D comp.)
1 INACAO0015 (3D comp.)
05 [a A Nakane et al. 2003
0
0 5 10 15 20
a [deg.]
(© CJ/Co

Fig.4 Aerodynamic characteristics versus o

(Re=4.0x10° NACAQ015).

ECoDFRFTIIIHA A S D FFRIDBIZDMITIRE V.

—J7, a = 4[deg ] TlE, =UoTfHTIZRDC &Cold, —
UREHTEB DD FRED L —FT . o = 16[deg] T
1%, CL ECo® = RITfpTI I R LB S0
FBREI T SSEAD DD, Lo, T2EZReds 10°E0IK
<Th, add KREWE, =ZRITRIRDFRLRY, =Rt
DILBN T2,

WRIZ, CUCoD IRITf#NT%, Nakane et al®D 58 & Ll
Z(in Fig. 4(c). « < 10[deg]TlE, —WRoTfimiddBrL v &/
SV ZAUL, CUCIHIRHT & FRONET L QDA Cp T
VST CTldd 2 M FIRE W b RE e md 2 LI
S5, LasL, gl (NACA0015) Tidddi (NACA0012)
XV VREOKE LB EHANTCNDTZ0, CoDfiTAvs L
DRELRDHZLIFY EEZOLND.

—Ji, a>10[deg] TI&, “YOuibmIERIM . i,
CL L Co TSR K D IZ BN KE B TH AN, T
OEFRTHZETEUMRO—EEBLZ DN, ET, a=
16[deg.] CO =R T, CUCoDFHE L IR L DT,
CLRCo LV HRAFTHD.

Fig. 5(a)-(C)\Z, Z4Z1, Re=4.0x10° CONARFIZBE L T,
CLECo, CUCDa~DIfAFEN AR

F9°, CLECoD _WthkT%, Sunadaetal® &Motohashi®?
DFBRE W% (inFig. 4@)and (b)) . R~ TOMES (o
<20[deg]) T, CLECodfffTid, FIBRI Y bRZV.
WZEpAE (a>4[deg]) TIE, 1EDNTRE.

—%, a=4[deg] TIE, =UKIURHTIZ L HC £Cpl, T
WOLARATIZ—E L, HODFEERE D HREV. o = 16[deg] T
13, SRTHRHTIC L BCL L Cold, ST IRTTART L 0 HIES
DFBEI ST SEH AR B 5. LT, NACAL5 L [AlkE,
AT, Re < 10MCThans K&\ &K TH —RIeahiE
DR 72V, ZIRITHATSLEN 72 5.

WIZ, CUCERS (inFig.4c). PHRD =UITARET (X
Fl) & oo (HF) EFig.4(c) , NACA0015 D =Kt
it (OFD) & oot (OF) &, Zheh, k5.
NACAQ015 & [Flfk, AR Th, IRIeidr & =oeiibin S,
—H3 5. 22T, @l TO—EIMEATHS.

2, Fig. 52T, YEAHRE & NACA015 D IRl kb
95, PAREIINACAC015 LV &JAHIBHDa TR E 22C/Ch
PELND. FRIEYE (o < 16[deg]) TIXFARFEDIZH A
NACAQ0015 L1, [E57NZ K&,

Fig. 6(@)-(C)(=, Z#LZH, Re = 10x10° T FAH# &
NACA0015 [ZBILC, C &Cp, CUCoDa~DIRIFEE T

F7, CL &Cp, CUCod VRt & IR DRER A
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HlgEd™%. NACA0015 &R AT, o k& < Th—E
%. £oT, Re=LOXIFEEDIEK LA / VAFTIE, ot
RN NTAN TH D EEZ OND. RIZIRTTETIZRE
LC, NACAQ015 & Pt & % thikd 5. Fig. 6(@) LY,
NACAOQ015 # PR3 b4, CLZadDIME DIV T 7272
L, CLOfElE, RO ST 4T DaTREV. Fig. 6(b) &Y,
NACAQ015 & HERDOFEGUE, 1ZF—ET 5. T72bh, CLD
1T, aOBIIMT IV CHEFICHHET 5.

%1412, Fig. 6(c)% .%. Fig. 6(a)&Fig. 6(0)l i LT,
BT, NACA0015 LU & IR Da TR E 72C/CoZrrd .

1.6

12 r

G 08

-+ Flat plate (2D comp.)

04 ] " X Flat plate (3D comp.)
® Sunada et al. 1997
0 = Motohashi 2001
0 5 10 15 20
«a [deg.]
@ C
0.6
-+ Flat plate (2D comp.)
0.4 X Flat plate (3D comp.) o
o = Motohashi 2001
(@] - ™
0.2 = "
N T =
O L
0 5 10 15 20
a [deg.]
0 Co
7
+ Flat plate (2D comp.)
6 r X Flat plate (3D comp.)
5 L © NACAO0015 (2D comp.)
4 [JNACAO0015 (3D comp.)
S
o 3
2
1
0
0 5 10 15 20
« [deg.]
(© CJ/Co

Fig.5 Aerodynamic characteristics versus «

(Re=4.0x10° flat plate).

3.3 {E Re TORKERARZIR

Fig. 7@)-(c) |2, ZHFH, Re=10x10%231) %, flat plates
D)-R)DZENFHE (F7edh, CLECH, CUCH) Da~DifkAfs
PEART. 7235, NI, Mk, ilH Ok (flat plate)
DFER A R

T, G Slat plate (1) & A B9 5. CUE, A (a

< 12[deg.]) TIXPAREUIZLLARTH /P, Enlfs (a>
12[deg]) TITHETRE L b, £7, Cold, KA TILTHR
BEDEERZLAVERET, milTIEOTNNOEREL LY
ISV Ko T, CUCp 1, IR TR L BT ha <,
RIS TIAHEL L ) TR E . OF Y, flat plate (1) DRHEE

1
0.8
0.6
o 04 -
| NAeAE B )
mp.
0.2 -+ Flat plate (2D corcn(:).)p
X Flat plate (3D comp.)
0 ¢ Sun & Boyd 2004
0 5 10 15 20
« [deg.]
@ C
0.7
06 - 5
<|
05
Q 0.4 g« ¢
O 03 | O NACAO0015 (2D comp.)
[INACAO0015 (3D comp.)
02 | -+ Flat plate (2D comp.)
0.1 + X Flat plate (3D comp.)
0 4 Sun & Boyd 2004
0 5 10 15 20
« [deg.]
® Co
1.8
16 r
14 r
12 -
S
3 0.8 r 0 NACA0015 (2D comp.)
0.6 [TNACA0015 (3D comp.)
0.4 + Flat plate (2D comp.)
0.2 X Flat plate (3D comp.)
'0 # Sun & Boyd 2004
0 5 10 15 20
a [deg ]
© CJ/Co

Fig.6 Aerodynamic characteristics versus a

(Re = 1.0x10%, NACA0015 and flat plate).
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PRIF, R CRRHE
T, WD LREFO.

WIZ, “PRELEflat plate (2) & &t d 5. CUE, (KA T
PR L D DTS, @l TIOEEE & DX 1%
EAETRSTRO. FTz, Cpld, R TIRFERE E DAEEIF
EAETRERVD, EI IR L DV BT RSV, Lo
T, CUCold, M TR L VT ha <, il T T
K& 7%, %Y, flatplate QDRFFART, K TR
PEZARD, G CRAEIEZ B DR A 7R T

BN, AR Lflat plate (3)& A A, CUL, (KA
TIEEHELE W KE L, A TP E DEFITE A

(CUCoDNE) ZAKD, Rkl TR

' 4
o |
| O
0.8 . e B
0.6 B P ’
g 04 ﬁ 0 Flat plate (1) (2D comp.)
‘ & A Flat plate (2) (2D comp.)
0.2 & % Flat plate (3) (2D comp.)
0k : - Flat plate (2D comp.)
s
0.2 5 10 15 20
a [deg.]
@ C
0.7
0.6 - K £
on | ) ot
0.4 BB B R
(.? 03 - [ Flat plate (1) (2D comp.)
02 L A Flat plate (2) (2D comp.)
0-1 | > Flat plate (3) (2D comp.)
'0 Flat plate (2D comp.)
0 5 10 15 20
« [deg.]
O Co
2
15 | ,.N"@v W @g gg
e B
& 1r | 1 Flat plate (1) (2D comp.)
~ 05 | . & A Flat plate (2) (2D comp.)
© : é > Flat plate (3) (2D comp.)
0 - ---- Flat plate (2D comp.)
5 10 15 20
-0.5
« [deg.]
© CJCo

Fig. 7 Aerodynamics characteristics versus o

(Re=1.0x10?, flat plates (1)-(3)).

[Ei} (%

Iab—v 3 VY VR Y 42008 FSCHE

EIRE2N,
TRSZRUNS, mEpE CIRARE L 0

167

FE7, Cold, 1R TR E DEAITEAL

HTREL 2%, £oT,

CuU/Cpl, EEA TP L WA TRE L, milll IR
K OET/NEL 2D, ©F D, flatplate Q)DRIFFIZINIZIE, K
G BURRE A D, Bl CHRFHEAARD DA T
AR, M AUE, Lo 109 72288 2 4 U 575,
ERNCIINTH Y, L TR NSV,

3.4 {B Re TOEBRANIHE
Fig. 8(a)-(c) IZ, ZhEhRe =

1.0x10%(2 3517 Hflat plates

Mg, ek, KITIE, RO
DFERA ST

WEH O AREL (flat plate)

FT, VARG Eflat plate (4) & AT 5. CUFEAICER

7oL, FIOERE L D REL 2D,

F7z, ColHRls T

1 O o o
08 | e Il |
O &
0.6 [t
O_A 04 ‘ ,g' 1 Flat plate (4) (2D comp.)
g A Flat plate (5) (2D comp.)
0.2 r 0. < Flat plate (6) (2D comp.)
ok R - Flat plate (2D comp.)
0.2 5 10 15 20
a [deg.]
@ C.
0.7
0.6 .
R I
05 - g B &
0.4 woE o H e
a
O o3 | 1 Flat plate (4) (2D comp.)
02 - A Flat plate (5) (2D comp.)
01 L % Flat plate (6) (2D comp.)
'0 - Flat plate (2D comp.)
0 5 10 15 20
« [deg.]
(b) Co
2
15 T = s
m] &
1L g &
d: oo o [ Flat plate (4) (2D comp.)
L\f e A Flat plate (5) (2D comp.)
05 r E % Flat plate (6) (2D comp.)
0 b Flat plate (2D comp.)
5 10 15 20
-0.5
a [deg.]
© CJ/Co

Fig.8 Aerodynamics characteristics versus o

(Re=1.0x10? flat plates (4)-(6)).
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BIfR7e <, WIEHEL L W K& L 725, DFED, flatplate (4)
DEFTRCIE, B (CUCOME) Zmih HhEa R

WIS, PHREE Lflat plate (5) & &5, CUAAIZBIR
7L, HACERIE DSV £, CollilAIcBRe <,
FIOEHGR L BT/ SV, KoC, CUCHIE, HHAIRR s
<, IR L v /hNE < 72D, oY, flatplate 5)DHRIE
WL, BERHEZARD D252~

%I, FARE L flat plate (6) & ZHid 5. CUE, #Hf4iC
B <, HIOPRE I 0/hEW. Hi, ColHEaHs T
W& DFERNTE A LRSI, HiME CILG L 0 #
TSV, XoT, CUCIE, AR, FIT AL L
D/NEW. DY, flat plate B)DEFILIRICIT, BUFREZ KD
DA IR

4. BhHYIZ

NACAQ015 & FAREIZOWT, ot & = RockkiifigdT, &

TS8R, AEIBRC LY, LIFOZ Lnvbhor.

(1) Re < 10"C, NACA0015 & LY, AT, Comn®
TN, SUOTRNT & B IR E B KT .
£oT, ZOReHIPATIE, —UotfMTIZaZICHS.

(2) Re < 1x10*C, NACAQ015 DCpminld, SRR
RHoermer DA\ FsFsTera—E L, HHZHoemerdH
LBt b, R OCom b, AT
Hoemer DA\ —%4-% 7%, NACA0015 L [flkk, HFC
Hoernerdd=® & 1 < — L, JaiEdsmin® L v £+
REDDEZRT

() Re=40x10°Ti3, 412725 & NACA00L5 |2 =kt
FAMR<END. Re = LOx10°TlE, sl Tbh =Kot
RPNF & A BN,

@) Re=40x10°% 1.0x10°T, ‘PAHEIINACA00LS LV )i
HPHD TR E 22CCpZ T . FHTRe = 4.0x10°CIHEA
i (a<16deg) CCUCHIZFHFHDIED 23, 1ZHNTKE
V. Re=10x10°TiL, FH~/=2TDa (a<20[deg]) T
CUCoDIEE, FHEEDIE D DIRE .

(5) Re=10x10°%lTB\ T, BORHEHZIRE V) HEFTIRD
J0, BRI 2 DR RKE .
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Simulation Study of Formation Flight of Air Vehicles Based on the

Collective Motion of Organisms

by
Yoshinobu Inada (JAXA), Hiroaki Tokita, Masanao Futakami, Kazuma Horie,
Hideaki Takanobu (Kogakuin University)

ABSTRACT

Unmanned air vehicle (UAV) is a probable tool for disaster monitoring or meteorological observation, etc. This study
focuses on the formation flight control of multiple micro air vehicles (MAV) as a kind of UAV operation, and proposes a simple
rule-based control model by referring to the collective motion of organisms. Some kinds of organisms, such as bird or fish, make
an aggregation for achieving high protection and foraging abilities. Their collective motion is realized by simple interaction
rules among individuals, such as “approach”, “parallel orientation”, and “repulsion” rules. Referring to these simple rules, MAV
formation flight control model is developed, where each MAV has a reaction field around it and choose one of the motions from
“approach”, “parallel orientation”, “repulsion”, and “search” according to the position of its neighbors in the reaction field.
Three dimensional equation of motion is incorporated to describe the motion of MAV. As a result, formation flight with
numbers of MAVSs is realized and various motion controls are examined by altering mutual interaction parameters. In moving
direction control, part of controlled-members in a formation can navigate non-controlled remainders. In 3-dimensional shape
control, the shape of interaction field has a strong correlation with the shape of formation, providing a simple and effective
method for controlling the formation shape. Thus, the applicability of simple rule-based control for MAV formation flight is
demonstrated.

1. [ZC&HIZ
WA, B2 OK[GBLC S EREFOIFRIEE Z B I

IR S ERLOEE L /72> TWnNE, £ZC, i
5OMBEE R 2 5kE LT, ZEOMAVE —DD

ELEENEORANER SN TVAEY, kkSLF#HH
A0 EOERIZIEE D KBGO EZZBWT, A
DRUZEREAR D > TIF RN DR 210 5 M AR D
EMET R, 2L, BT S o N DL TR, KT
O MENFEITIETENC L D K FEOSERDPE S 72 O FI A
PRETH D, €2 T, LD VAT DD NIFRFRR
(Micro Air Vehicle= MAV; Fig. 1ZR)DIEHNE 2 50
%o MAVIZEEE RO NI R D720 2 LTz T,

EHANES TR A NEWS AU v D, Ll
MNH A 12— FOFIRCAEL O E L Z T OT 1 &

Fig. 1 Example of MAV (body length=24.8cm,
weight=105g, developed at Notre Dame University, USA)

Y 2 LTS MAVORERIE) 4051 bius,
RERIEIO A Y MCIE, SHOBIKCRIFES AEHIZ (T
5 2 BT L > T, SRRICSRIEINCIEDS D 0 % %0
OFFRAEIIETE 5 2 & HFERAILIEIC &> To
KSR DT IR ORIKIC £ > THRIEEHERF T & 5
Dk, EHE Y R RO E A A DY S T LT, B

] Approach field
[ Parallel orientation field
Il Repulsion field

Blind region

Fig. 2 Two-dimensional interaction field model
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(a) approach

(b) parallel orientation

(c) repulsion

Fig. 3 Three reactions of individual (i) towards its neighbor ()

Fig. 4 Calculated schooling motion of fish

Blind region Repulsion field

Parallel
orientation field

Approach field

Fig. 5 Three-dimensional interaction field model

BRELTERRBELRITE DL RENET DL
N5, 12120, MAVICHETRE 7RI R 2R T 2
ERESDLER S DD, Ip b~ HHRT LY X
LERACTHAINE KRS 5 0EP DD, T T, AW
FETIIEMDATR O REEB 2582 LT, Bl —1
(ZHESNTEZHOMAV Z BERIET 2 7k 2 SR LT,
LTS O 21k~ 2,

2. EYOBHEFHETIL

I BB BEEEN O REF W 72 NI SO OFEN
bDHMN, D OEYOEHEBN IR EMR A =X
ATEHRENTVD Z ENMBNTWVAY, EB OB
F—HIZHESN TN ODDORET ANRESINTE
v . Fig. 213 Aoki?°Huth&WisseP 23 2% L 7= 7 L % &
CACTRHE BN R L - Al ES o2k TR EEHE T
NTH 5D, WBERDIZIEFg. 21279 X% 9 22 AA/EMHE
AR L fEIRN O & OB A OERDFAES D )
12 & o T, R — L A A U ME R O R Eh 7
RO TN D, Bl ZIE, oo fiE {4 2355201 58 (approach
field) | {7 7E 9 1L Z OERIZ M2y > THE) L(Fig. 3(a)).
{78k (parallel orientation field) (2 fFAE 3 AUIEZ O A
LA Ua X (2R Hh L(Fig. 3(b)). S u&fEIk(repulsion field)
T RIS Z OER & OBEE 28T 5 16 B8
% (Fig. 3(c)). 8 A AE IR N IR DR AFET 555
AliE, FEEIC LT ERRoA—L 2 L CRES
MAERE L, ZNEOHMORY VRO X IZHET
D, Flz, WTHOERIZ b ALOMEEIFE LR OIES
WL, ZU A LDCME EEZ D ERET D, HEaiik
TAETOMEN LZOL—THED Z itk -T. 4
K& LCRig. Ml T X9 RBEES N FEI SN D Z & 03,
2RITLET N L > THEREN TV S,

3. MRMAAEOEHFEETIL

AWFZETIRANR L7220 TE T L OFE B2 M E 2 T,
N EPEIRT DI TR O3 STHERIEE T L O fE
B iR A T, FE e S R B O R A 3ot b
DTl RO, HIROEE) A 3Rt O H I Ko
TR T LI ETHD, 2IRILETIVDFEIE, EBD
REETI OB T — & 25512 U CHAE A B % 1Bk
L7z, 3RIEET /L OF BEAERSEIROERIZ BV TIE,
BB L IR DEMOBIET — X BMFAE LW =) (HEH
VZFig. 2002k 7t DR HAF FHREI 4 B 1K oD Rl % i Xl J51
DI —[EllE ST, Fig. SIS & 9 208 AV fEg 2
VERR U7z, WERICITHETRE, PATREIR, S8 mrink 4 ik
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Fig. 6 Definition of variables

. 2D ORI OB ERFET 2561, 2k
TLE TV ERIBRICENE T, TAT, KD — V%
L CRE A RE L, SN ISR ORI TE
TET 5560, 2T OIS OBENFTE LW E
OB R ORE G 2K ITTET V& RERICIT R -T2 (B
M7 bV RBIRICSY & RO T & R 2R TE T L
WD) . 2RITLET AT, RO%ST TR O
DB X774 D A AR TR (blind region) & L TR E
L7z, 3RICET VT UM% TR & R 7o 5
A EME L CRRICR T =,

RN T, MR O TEB) TR D3R IT O IEB) FFER A H
Trtik L7z,

HE (U, VW)
(U+0W-RV)=-mgsin®@  + X,
(V+RU-PW)=mgcososin® + v, D
| (W + PV —QU)=mgcos@cosd + Z
fAHE (P, O, R)
[P-T.R+(I.~1,JOR-1_.PO =L
1,0+(1, ~1)RP+1_(PP-R?) =M @
— [ P+IR+(1,-1,)PO+I1.0R= N

m
m
m

a

L (0,0,
& =P+Qsin@tan®+ Rcos® tan @
©=0c0os® - Rsin® @)
¥ =Qsin@sec®+ RcosDsecO®

O EE, A IIFig. DMK TR (X, Y, Z)
TOETH Y LB T E AR (Xg, Y, ZIT K
T DR EEIAE R DA A T A TH D, 25 L el &
DX IERRIEA DA X [3Fig. 6D EFITHE D . (X Vi Zo)-

HEME Y I 20— g VIl VR D2 42008 G s EE
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Fig. 7 Simulation results for formation flight with
different numbers of MAVs (V)
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Fig. 9 Simulation results for moving direction control
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Overview of the JAXA Supercomputer System

Yuichi Matsuo

ABSTRACT
The installation of JAXA’s new supercomputer system called JAXA Supercomputer System (JSS) has been launched. JSS has the
computing performance of scalar 135TF and vector 4.8TF, and the memory size of scalar 100TB and vector 3TB. It also has a large storage
system with 1PB disk and 10PB tape. Service by JSS has partly been started at April 2008 and the full service is scheduled at April 2009. It
is strongly expected that JSS will widely be used for the space development and the aeronautical and academic research throughout the
JAXA’s 2" midrange plan. In this paper, background and basic requirements of the JSS are first described. Next, images and specifications
which the system should have are discussed from the various viewpoints, and finally the system overview and the features are shown.
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