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Vibroacoustic Predictions Inside a Payload Fairing Using the Hybrid Finite
Element - Wave Based Approach

by
Takashi Takahashi (JAXA), , Hidekazu Kaneda, Noriki lwanaga (RCCM), and Seiji Tsutsumi (JAXA)

ABSTRACT

This study considers the numerical prediction of sound transmission through a spacecraft payload fairing and the acoustic environment
inside it. In general, a spacecraft is exposed to acoustic pressure loading on the fairing in a wide frequency range, thus numerical
predictions and analyses of the acoustic environment inside the fairing are of crucial importance for reliable spacecraft developments. The
authors have focused on the application of the wave based method (WBM), which is a deterministic approach and has been proposed for
numerical predictions up to the mid-frequency range. In this study, a series of sound source, sound propagation and sound transmission
predictions is applied to a rocket launch environment. Firstly, the sounds generated by a rocket engine are predicted by using computational
fluid dynamics. Secondly, the sound propagation to a payload fairing is computed by the Ffowcs Williams and Hawkings approach. Then,
thirdly, the vibroacoustic analysis of the fairing structure and an interior fairing is performed by the hybrid finite element - wave based
approach, which is proposed to solve vibroacoustic problems by combining the strengths of both involved methods, namely the high
computational efficiency of the WBM and the high geometrical flexibility of the finite element method. Moreover, in order to predict the
fill-effect, which is recognized as the difference in the sound pressure level with and without payload, rigid payload models inside the
fairing are also employed.
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Application of GPGPU to thermal analysis
used in data assimilation

Ryoji Takaki* and Takeshi Akita'

Abstract

A thermal mathmatical model plays an important role in operations on orbit as well as space-
craft thermal designs. The thermal mathematical model has some uncertain thermal characteristic
parameters, which discourage make up efficiency and accuracy of the model. A particle filter which
is one of successive data assimilation methods hase been applied to construct spacecraft thermal
mathematical models. This method conducts a lot of ensemble computations, which require large
computatilnal power. Recently, General Purpose computing in Graphics Processing Unit (GPGPU)
has been attracted attention in high performance computing. Therefore GPGPU is applied to increase
the computational speed of thermal analysis used in the particle filter. This paper shows the speed-up
results by using GPGPU as well as the application method of GPGPU.
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TW3, THREERZT TR R, XEVICELT
& FEIRRICFEBRGE N EIET 50

@ O G x16 @O O x16

SM (Streaming Multiprocessor)

N

.

1: Tesla C2050 D/N— K7 = 7HERK

CUDA a7 E—DDALw RWFEITTELHNTH
%o [ SMICIE(FT % CUDA a7 32 CH UHE R
F179 3 SIMD & U < 13RZ M VIR, TERE &
D, EHEORIIVFAT CPUICKIFS a7 ] i3
Ko TW5, —f&iE~)LF a7 CPUICEBITS a7 )
IS T 58D GPU Tld SM &£ 7%, CUDA a7
& SIMD a7 TH b, #ED CUDA a7 WENZne

5% 7 — IR U CR CHEBELZ1T 5 7 — X5 QU A
CUDA TOHARWZWHINIE L 755, £z, CUDA O
TIIIFHIZESR Out of Order #ERER =75\ >
JVITHEBEBEAITH D, [[A—2r oy 70 CPU a7 &N
% EHEMEREAMEV, GPU TIEZED CUDA a7 i
iz 2@ EOMETHK L TdEWIERER RET 5
TENTERWZSD, ZTORREMENTARELR S,
BHEO<)VF a7 CPU OYE. a7 HLL I ALy
R 7245 U723l 5 2175 &, Time sharing F{71&
0. AT7EBLLTFDO ALy REWW AL FE
THREME T %, —J7. GPU T, N—FRJz7D
Ftk e U TR DY D B2 DN EdICHEITTE 5720,
HHALY RBAEDN T 7R A TRBIRREIC IR - 1285
B, FITRHIRREO ALy RICYIOBEZ ST ETAE
VATV ERBRT S EMNnREL 7D, CUDA 3
TEHEIDELZLOBDAL Y R[5 T L THWVEHE
MRENE SN L S ICE>TWVW3B, CUDAICHE W TIEX
2 TR XIICMHDHNE LU TAL Y R, Ty 7,
TJVw RIH 5, AL Rl CUDA I 7IZED 15
NDUHE, Ty 7E SMICE DTSN, &
Uy REH—3IVOFITHAN TH D, KTIEALw K,
Ty s 1 LTERELTWSD, Jay 72
KITZEMl. AL w Fid 3 KorZEMNc# o 1% C &h
TE%, A—7Vv RTlE., 7avy7HDAL Y R
BRIUCTEL TR AESRY, £izil—7ay ZJIND A
Lw RIZETHU SMICE DM T5N57%% EDRIED
H5, TavIHNODALY Kl 32 AL w RE—DDH
fii (Warp &EPEIENS) ELTHODY TSNS,

( N ( )
CPU GPU

Grid 0(4Blocks and 3Threads)

- VAN J

X 2: CUDA IC 353 % UL DR i

GPU BXU CUDA T NFE TR TE /2K 5 Ik
MaRHE->THED, GPUICKSEE(LTIRED X S ITH
St oMo LoWiskzl o hhEE L 55, R
IC. EWMERERTE B 1= DICIEEm O 2 TR 4 5 25
BnH D, T T GPUEHOWIEEERRE LT
BRI 17 4 )V Z—Te B R BRI L= a s
SLTHB, hiFT 4 IVE—TIREZEOT7 YT
EEITORENDH D, SDLREKED/INTANY v
HEREITOIC LK D, TORDUHNLFEE L TIE
THDDFEEENSDHABDENEZL SN S, 1)
BT Y 2TV O B Z RIS ENC K B SIS
K O@ELd 2505, 2) &7 2T 2T IV O B
WHHEE I, 207 VY VT IVEEREZOF Fiif
YINCFATS 2751k, 3) LRlD _DOFEZMAEDYE
TET VYT IVOHERETHE L. & 5icZEN%H
REC/ST A RN w JETREZTITS HiETH 5, Kmd/s
FTARY Y IERERET S E VIR T T IV X—D
Kb, 70l S0 70RENS, TTTIE2) D
EROT Y T IVEEENRNFEITT R L & Uiz,

GPU ZHW 7175 LomdeTid, 7mrs L
HORTEAMDNEWVED GHERRDNZ s & T
A) L. 200 7% GPU THRITT 20 b H
B, TTTREWN OS5 LT GPU L TFEIT
5L E LT, &L E & Fortran90/95 THMNIEA
gkt 7175 I CUDA32 ZHWTCEZELE, &
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2 1. 5HER
CPU GPU
TEFERE A Xeon XH0650 x 2 Tesla 02050 x1
ZHERE B Corei7 x 1 GTS x 4

# 2: CPU 5K U GPU Dtk

R a7 H TERE
Xeon X5650 2.66GHz 6 63.84Gflops
Corei7 3.33GHz 6 79.92Gflops
Tesla C2050 1.15GHz 448 515.2GHops
GTS450 1.57GHz 192 301.4Gflops

LD 7% I Tld MPI 8 XU OpenMP %ﬁﬁb\t/\
A7) RF #2175 TWOIh, T2 Tldk GPU DA
7MY % C k%ﬁﬂ’ﬂ&t‘@“%t&) CUDA T%%ﬁb
f=7ma 275 Lid MPL S T TWhialy, F 285D
GPU ZFH T %721 OpenMP TD A L Rilliyl]| %
7V, OpenMP D& ALy RWZENZN GPU Ol
119 KD LTz, 5B, D CUDA4.0® TIIHEEL
D GPUZ 1AL RTHlEIdT 22 EMAJHEL TR> TV
%, CUDA TEZELET0Y S LT, #EoO GPU
D CUDA a7 BXUHRA N CPUD T (GPU Ol
YT 2 a7 %2R BHLUTKEDT Vv
TIVETEZEFRITT % & 5 milliibzfro 7z, GRS
TERETITo T kb Lz,

4. THEEESTE

RS THOWLNTWA/NUEREET IV ENRE L
T BT CHEBERLM 21T > T2 FHWTBERE TV
i 16 HO/NERETIVTCH S, INEOEE R
5 (4,000 Hi L) O T — & T RN ERERT 72
ol @b bkhollzé, T TlI/hE
&J&v‘*“}bf‘\@%’%%bzowﬁﬁ%ﬁ%o FHF 1,000 #2

I OfRKT 7 LT LT OB T LR 2175 T2

PERERHImIC FHV \taJrﬁ%ioJ:mAﬂz CPUBXU GPU
DARY 77FK 1, 21CF L5, TTTOHRETMI
FICEHERE A Tl Tz,

SIEHE A Tl GPU D L, CPU M 2 lfEHEENT
W5, [ E%E*;V&HL Gk 75z 8 ©) 12 L“( GPU
Zfli> 728 (GPU) CPU 7% 1 filffi- 74515 (1CPU),
2 flififi> 72355 (2CPU) d%ﬁﬁﬁ@ttﬁx%ﬁo Too &
3 L:f’A‘iu?éﬂm\ 8,028 B KT 16,128 DFEHRAERT, &
K TRUIR T 7 4 )V 2 — DR TRT T 5 > 7 VEtE
DT YT IVEICERST S, CPUDEE, a7 8=
ALw REE L, ALy RBMER ORI 247 3%
T &lilixb, —J. GPU TIEBALYy FE(=71mvw
TJEX Ty 780D A Ly l‘éﬂg ANy T < QA IV
EirB X9, BALY RN 1RTFOHERET S C
CilhB, TOERMSTOY ZEE ALY REEEY]
ICERET UL GPU ZHWEHED CPU ZHWVW3 XD
L2EEEERThHLE T LIS, B, ALY R
iﬁzi'ooto7 0y 78U H BRI TR RIS TRIE U Tz,
GPU DIGE. AL w RED CUDA 78 LD &K
TIRMEICT BT ENKEFET, BRAL Y REHVNE W
Eld CPU D J W R L 7n - 7z,

COHRE GPU & CPU O Y — 7 ke T Lk
LTHBE, GPUIFE—ZMRED 515GHops ICXf LT
CPU & 64Gflops(1CPU H7zH) &7xb, GPU & CPU
DOY¥—7MHReIE 8 L%, E—UMREEEET S
& GPU IFHonMEREE LTI CPU & O @W0Ay, 344740
Tl CPU 0)7575\ ., ZORFAEEEELEZ LN
%, GPU OFPIEMENERIZ T T Y 5 LOF 12—
=V BT AEBY T VR ADF 2 — U T EERL
TWVWiEWeb e EZ 5N %, GPU TIIERORE G
FRORATUNMEHEINTE D, EltaEE RSB

WFFERH SRR R JAXA-SP-11-015

BINE T 7 AR Z RO AT Y 25 T &
FETHD, SHOMITTE. 2BALY R 677+
ANREIR S D—/\}I/XT:U HE-STWETD, XEY
T ZANEETIZEL, TThMRER Y ZI1Ici-> T
b\%g%i 5N%, Edbicmiy =S %oREEE 2
TW3,

FHER B TlX GPU M 4 M, CPU B 1 5K S 1
THD, #HE GPU ZHH L 5Eo0MaeTli 217>
720 TR TEUE 64,512 & LTz, #EEAEXL 4I1TRT, &
¥ GPU 265 AT E CPU IC A THEh Ii EldE
T e BN, E—TMaetk s E R Uz E. FT
MR T CPUNRWEEZ NS,

RIC CPU & GPU 2[RI - 7258 DL & 5 HE
A TiTolz, TOMEEES ZRT, 2B, Bhir
BIZTNZTNDT—ATRBICHLTWVERWD, Z

DB N Ve Ebns,

r—A 11& GPU iz HVWizgHH Tk 7501
22,016 TH 5%, 7—A 21 GPU & 1CPU Olj /5%
AWl ETH S, T THEMLUZRERK AL 1CPU
IC6 A7 B L THED, OpenMP T6 AL R
FL. 1 ALy R GPU OUHEZEFRIEIL, 580D 5 X
Lw RIZEHEZTT> 72, CPU & GPU TLIMHREICED
HB1zé, CPU, GPU TR UFIERMER2 XS I,
%?h%?hk%’ﬂ DY T Hh R TFEHTHE L, GPU

THEND YT IR0 16,128, CPU ICH#| D 4T =ki
Szci 5,880 &7% D, ok TR 22,008 TH 3, EHD
%’IT SNIRFEE R TS GPU B 2 B CPU &
DEEHETHB T Wb S, ¥—R 31F 1CPU 7213
6 27 Z2fiH) 2 W cRHRE CRERL 80 22,016 T

%o 7T—AABClEBHRENIHEREETHHT
% (CPU X 2, GPU) &fFchtfiziTotzs r—R A
& CPU 72U ¢, ki 74U 29,056, 7—A B & GPU
ORIFHEDY 16,128, CPU X 11 a7 Zffiv, ki1
12,936 THKI7#E 29,064 TH 5, 7—A Clx CPU
72 (CPU X 2) T, K83 29,064 TH %, HIRD
HERTIEH AP, GPU & CPU ZHAEDLE TS I
EhRLHL, r—2Z1,2,3 DA GPU R 05E
D155, CPURITDGED 3%, r— A ABCD

A% CPU 721F. GPU FFIHITHEART 2 fEFEE & T
HBT b,

r—AB I3 —AB &Huu%*& (29,056) % GPU
& CPULMHTHHLUTEIAE LGS, 7—X C XiF
EIH TR 74K (29, 052) T CPUL {# (6 :17%%%\&#
HUMETHS, 7—RAC I CPU ZiBnL 725
Dr—Z Clclkey, 1.9 fEmslbEnizc &icik b,
— o — A ¢l GPU %iﬁbﬂbfci%éb‘“f—x B Ic
%0, 31fEEElbEnzc kicixb, 1ICPUR T UIC
CPU Z&38hnd % 0h, GPU ZBINT 5D EEZ T
Ba. SR — AT GPU ZBI L 72ih B WS
%&7’;9 7:_0

4.1 RALv F#. 70v 7804

BRIz X 951, CUDA ON— K7 = 7ET)VIC
FEERE (ALy B, 7Javy) BHb, chbDfE
B EORRICRODNUE B E WS REND 5, —RIC
TNSEDIRT A—RZDEGEIRAEIE T T r— a Vi
WK, HARBRERITHEEMNCRD TR 08N D
%, FDH, ALy FEBXUT Oy 7BORD T
@%ﬂ%@éhbl%h%hQﬁ%ﬁkéﬁtﬁ®ﬁ
BEDZALIC DWW THINTz, FHEME (ZOEEITHT
B BHKTBICONT, fHEY YV —AEHEPTH A
TV VTSR Tz, ALY RIZFEIC 1 kT
DEtREZEY L, Javy 78, ALw REITIS T TR
TR E BTz, OGS, BRNRAEE
TlE. FICGGIAERENE g L x5 h, FZERIE 5L
FEDA—IN—\y ROz, AL REoEnced
W, GHERFENEEEINT B,

E A AS SR/~ (D) %&ﬁ«toxb/bﬁ%la
L7y 72T E6%K 3 1R,
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# 3: GPU & CPU DREH R

Tav 7B ALY R RIB/ALY R RRi 7B ol G ]
GPU 558 16/7av 7 1 8,928 5.754
1CPU - 6 1,488 8,928 13.04
2CPU - 12 744 8,928 6.570
GPU 1,008 16/ 70w 7 1 16,128 10.33
1CPU - 6 1,488 16,128 23.60
2CPU - 12 744 16,128 11.87
% 4: HELGPU & CPU OYEREH
TINAZR Tav 78 ALY R RTB/ALY F Rk 7B Gl B (]
GPU 4 1,008 16/70ay 7 1 64,512 27.82
CPU 1 - 6 10,752 64,512 78.41
# 5: GPU,GPU+CPU,CPU D1:RELL#E
Ty ALY FE R/ ALY R TR 7B al b ]
Case I  GPU 1,376 16/70av 7 1 22,016 1457
GPU 1,008 16/70av 7 1 16,128 10.32
Case 2 CPU(1) - 5 1,176 5,880 10.32
Case 3 CPU(1) - 6 3,668 22,008 32.27
Case A  GPU 1,816 16/70av 7 1 29,056 19.08
GPU 1,008 16/78aw 7% 1 16,128 10.34
Case B CPU(2) - 11 1,176 12,936 10.36
Case C  CPU(2) - 12 2,422 29,064 21.38
GPU 1,326 16/7av 7 1 21,216 13.73
Case B CPU(1) - 5 1,568 7,840 13.73
Case C° CPU(1) - 6 1,842 29,052 12.44

Elapsed time [sec]

SM (Streaming Multiprocessor)

.

DO O®x6 10 OO x16

0
0 50 10| 150 200[ [ 250 300 350
ooooooooo

(a) MR
ALw Rz 1L Tr7ny 7 BzZtEEk

(b) WLEA R—

3:
jhr

o

£ 6: C2050 D/ N— R 7R
HH IN—F7 = 7 HilfE
Warp ¥ 1 X 32

BRRALY R/ 70wy 1,024

RARAL Y FH/SM 1,536
A Warp #(/SM 48
A7 0y 7 /SM 8

X Tid, HMEFHE L EBEREOMREZRLTY
%o LRIFOFME (1 ALy B, 171w 7 L7520, CUDA
a7 DOMREL 75%) TLEEHRT % & GRS R IR Bk &
FHREICHAR TR 5 A BN E bbb D, Fiz, &
BE507 —ATEEEREIE Ty ZEOZE I L
T. 112 70w 27 7% BN I EFER R A BRI E < 7
% LW EERI g 2 R LTV B, Tesla C2050 D
IN=—FR T 2 7Iid O O OB D/N— R T =7
HIRAH O, TNEDEEZE 6 ICRT,

CNHOHREX3(b) KD, Ty Z7#1121F C2050
MEHET % SM O (14) & SM Y47z b Dk Ty 7
BMSDETHAT LI B, DEDAr—ATIE, 1
ALw REET S Warp W—D71E1F 70y ZIZE DY
THoMN, 2070y VWK T8 7y 7 E£T—DD
SMICHEID Y THENS, SMF 14 f7xD T, C2050 I
BRART112 783y 7 TN— Ry 7 hH—Wicix%, D
Fo, FAFICEHEINDZDIZ 112 70y VETT, %
NDMREANL L7 0 T oy ZEOICE->T 112 7
0y 7 TEBEINICFIERIENE R 272 Rd & &
ZH6N%, THE, SM OBEBHRE% GPUMBIZ
E. GTS450) DFGHR & g d % & K D IHIEICR 2,
41 C2050 & GTS450 DFERZRT, C2050 Tld SM
14 BRI N TS D, GTS450 Tl SM X 4 {5
HENTWB, ZDizeh, GTS450 Tid 8x4=327
0y 7ML L > TR D, 7y 7o
EBR 32 71y 7 CEFERNC AR AR IS 22
{[:L/Tl/\%o

C2050 ICFBWVT 112 78w 7 (GTS450 DA 32
Ty 7)) OEEEAOFRTT Ty ZEOENC L &7k
V. FHREERIAE THEIL TV, XEY T 78
ADTEENEZ 5N, TOXRTRT XD ICHKEE L
RO T, SREOMIMER RN &, £
72X 5 TRT &I, BEAL Y REEES LGS
. ALy RO ZOIEEIMER D RN &6 AE
U7 7 ANFTEREREZEZ NS ( [5FEE], TR
g;g?ﬁ%mjuz%%%%%u77ﬂx%%M?

RICA Ly RO EE RNz, SEIETay 78
Z1EUTALY REEZ(LESBT5577K 6 1ISRT,

BN I HE R S ERERTE O R Z R LTV 5,
EE58FEICXSICA Ly REOHINE & & ICFHHERE
MIDMEIL TV, iz, RFEDO ALy RECTHEmD
Zb L. ZOALw REUIBREED 32, FEM 16 &
BixB N5, £6DHIELD, K 6(b) T/RY
KoIBESMICF 1 Tay Z7hEoYTH5Nh, ALy
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Scale up (€ATOMS1)

8 T T T
C2050 (1 thread) —&—
GTS450 (1 thread) —&—
C2050 (4 threads) —=—
GTS450 (4 threads) —=—
C2050 (8 threads) —e—
s GTS450 (8 threads) —o— F ot
C2050 (16 threads) —e— ,l
GTS450 (16 threads) —o—
i f
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: I
?
g
1
e 5
¢
— 4 /
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, — =
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| =3
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X 4: C2050 & GTS450 DL
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(b) fikEE

ALy FzlEELTTay 72 E 8

Scale up (eATOMS1 on C2050)

ingle blook=h) ——
jouble (block=1) —<—

uuuuu

Block:

G G © © @ x32 Warp|j-

SM (Streaming Multiprocessor)

12 4 8 e 32 64 128 256

No. of threads

(a) FHERAFH

e joooxs LB loooxs

L

(b) WLEA X—

EE:X&vFﬁ%lkbf?Dvﬁ&%Eméﬁk
Z s

RE DI E & B Warp NO ALy RENZ(LT %
cliird, SMAND CUDA a7 32T 32H 0.,
CNHEREE O E OB HEATICHY T %, 5RO
BEE. 2 D0 CUDA a7 A A8 TS EE
AT T2, FEEMIC 16 [l &7 b T NAMEREE DY
BONHN x5, ALy REZEEPL TV &, |
SLOPIHIC &K O BFSEHE Tl 32 ALy R, (5F5EETH
BTIE16 ALY RCSMAHFESTLES 128, NT
R KD BRMERERT EEZLNS,

Scale up (€ATOMS1 on C2050) Scale up (eATOMS 1 on C2050)

)

Elapsed time [sec]

Elapsed time [sec]

003125 025
12 4 8 16 32 64 128 256 12 4 8 16 32 64 128 256

(. of threads

(a) HURSIE (b) fiskbsiz

/Z: Ty 7 BEELTAL Yy M2 bEET
Zi=

7ICHEE Le 7y 787z B0 UTe 8 Ot Rk
O 7ZR g, 70y 7RG > TOTER U
32 ALy K (HAEE), 16 ALy K (f5FE) T
M2 d % ENoh %,

5. BbHYIC

R T R BECAE T VRS S FE e L Th T
T IV EZ—DEMZERAFTWVED, Z T TIERKEODNRE
Wiz EsIc T END B, FDIo, TFEmERERT
Bk L TIHHZEDTWS GPU ZHWTHRTOSE
Wbz ATze BT T IV R—ICBTFBE T YT
AEZ GPU IC B 2 @UisEIElic vy ¥ 79 %
T & T GPU ZAWES#iZiro7zo GPU ZHWVSC
& T CPU XD & EdGat B TR S T L Zeiai Uiz,
FHZ CPU & GPU iz RIS 2 & T, CPU
WA LD & 2 E5REEEET 5 ENTET,
CGPU D OBAERE I F I T oiEh LEN TV
b, BEATY DG EERDF o —= VT h e HE
THh, SHBOFBETH 5,
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BY —w9 J—LRHSEILETHE (D-SEND#1) @D
Y—wh IJ—LHEE
AR, HAREH? KREBEN? KEHFNS BRH%S
IZHYT Y PERSRA, (HRAH BRUATLL FERAEHEERLE

Sonic-boom prediction of D-SEND#1 drop models

by
Hiroaki Ishikawa, Takuya Makimoto, Keisuke Ohira, Yoshikazu Makino and Atsushi Hashimoto

ABSTRACT

JAXA is promoting a new supersonic flight test project named D-SEND(Drop test for Simplified Evaluation of Non-symmetrically
Distributed sonic boom) in order to verify the aecrodynamic design technology for low sonic-boom airplane. D-SEND comprises two series
of balloon drop tests(D-SEND#1 and D-SEND#2). In D-SEND#1, two axisymmetrical bodies(N-wave model and low boom model) are
dropped from a balloon at an altitude of 20-30km. The sonic-booms of these bodies are measured with microphones above the ground up to
an altitude of 1km. In this paper, the sonic-booms of the D-SEND#1 models are predicted by numerical simulations. The near-field pressure
signatures obtained by using the unstructured/structured overset grids CFD method are extrapolated to the measurement position by the
propagation tool based on Burgers equation.

1. [FLC®HIC

WA OB R &R D EHIZ T The b HERFRED
O EONBEERRITRHIRET 2V =y 7 7 — LR T
B2, TN (JAXA : Japan Aerospace
Exploration Agency) ClE, Z DY =v 7 7 — L& KT 5#H
BHMEORG FIEOMIL L FiEE A E L kY =v 7

FELZY =y 7 7 —n%, RGO 4 EETOFHLA
ICERET 5 7 — L3I AT A (BMS: Boom Measurement
System) (2L VW EHHIEN 5. D-SEND#I ik Zz B v T
T RERDEIE TR A ORUARF T D72, RGN 4 &
PHCEHLAE 2 5%, T HLE D —FIT v 1 &2 5
ET 5.

7 — LR SERE (D-SEND : Drop test for Simplified
Evaluation of Non-symmetrically Distributed sonic boom) | =’
BV IRED LN TWS. 2O D-SEND Fuyx 7
MY =v 7 7= NE&ET 2 L 0 ICRE S iz fiilgm %
R P SR 2 FO TR EE 20~30km D BZEMN BT SH 5
ZlcHERE s, RENORELL Y =y s
T—ArxFHIL, ZOMREIGETHHDOTHDH. D-
SEND 7' 12 ¥ = 7 MIHMeic Fro ek % T a8 5
%17 = —R(D-SEND#1) &, Mz ERE DK E 7 — A
R AT LD B8 E THE - fHT 25 2 7 = — A(D-
SEND#2)) 570 % . AMFSE T, D-SEND#L DY = 7 7
— D EHEMEATIC X 0 HEB L D-SEND#1 #8058 D fli NV % 1
BTAZEEHBE L, TOTHEFER & BRSIPEIZ OV T
HT 5.

2. D-SEND#1 RERDOEE

D-SEND#1 il 1%

OZErh 7 — NFHUHEA O ST

QIR T — K EFHA ATREME DO MR I L K7 — AR O
PE)

ZHBE LT, #xtFRoOMEERE 2 EIED, KERTHE
K bzed CEY, B L CETSERE LY=o T
—2EFHIT 20 THSD. RBOME A 2-1 187, 2
SOHERED S B, —HIHERY =y s T —AREEEA L
72 N D F73 T % 56 423 2 IR (NWM: N Wave
Model), b9 —FHIHMKY = 7 7 — A5FHEREHTY
= 7 T — KA T AREICERE L7 fHEAR(LBM: Low
Boom Model) T % (X 2-2) . NWM [E4E 5.6m,HE &
700kg ¢, LBM L4 8.0m, B & 630kg TH Y, MiHE b
24207 4 VTHAREE EY, 74 E2EERORK

[%] 2-2. D-SEND#1 iz R o3

3. #HBRBLUEBR
3—1. #HEFEIOHUE

B2 0.613m TH 5. 2 >0fEERIKI, 1FIERE—D~ v
NEEREET- LD, BRORITTFICRAE LY =y 7 T — AT
HEBLOEFOT — 2G5 AT ML EHIESND.
BT oMRIKIT, #BHE L7 GPSIC X W LE, WET —X
NEHllE D,

V= 7 T — AOHERIL SV EERS CFD T s DR A
AR OBERERN TS COENEE 2 KD, HE7n
E O E TIEEEN 21T 5 FIER L HOWLA TN S,
AWFFETS ZDOFEEZANTEY, TERE RGO E
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Consideration of test condition
for low-boom design concept demonstration(D-SEND#1).

Yoshikazu Makino, Hiroshi Tomita, Masahisa Honda, and Atsushi Hashimoto

ABSTRACT
Test conditions for the first phase of JAXA’s low-sonic-boom concept demonstration project(D-SEND#1) are considered. The purposes of
the D-SEND#1 project are to validate the airborne sonic-boom measurement method and to make sure the possibility of low-sonic-boom
concept demonstration with the scaled airplane model by dive maneuver in D-SEND#2 project. For these purposes, the differences of
sonic-boom signatures from two D-SEND#1 models have to be observed in the sonic-boom data measured with the airborne boom
measurement system. The test conditions of D-SEND#1 drop test such as required altitude and position for the model separation, and
atmospheric conditions, are defined through the sonic-boom propagation analyses of two D-SEND#1 models. These conditions are revised

after the first drop test of D-SEND#1 conducted in May, 2011 at Sweden.

1. IZC&HIZ

FEHMLEM TR RS TR Y = v 7 7 — ARFHE S SE
FE7'v =2 | D-SEND (Drop test for Simplified Evaluation
of Non-symmetrically Distributed sonic boom) Z#EH TV,
ZFOHE1 72— LTRY = v 7 7 — ARG IR
WO 2 B L L7 Tk (D-SEND#1) % 2011 4F 5
AIZA T =2—=TFT v OF VST EMOT AL VFEEHRE X —
TEMELE V. ZOETRBR T2 NBREO Y =
v 7T = NEFAET DGR (NWM : N-Wave
Model) &, [ U AKMHEFECIKY =v 7 7 — A5G &h
TeWTH RS A &2 A8 T — Adhxt AR (LBM @ Low
Boom Model) @ 2 fFEOMIRIKNSRET DY = F T —
LEZERICEBWTEHNAIT % Z & C, D-SEND#1 (2t CTaf
WMENTND 3 RIEEBHRICEBIEY = v 7 7 — L3R
SRR (D-SEND#2, [X 1) D7z [zeh 7 — AEHH]
GO & ME7 — AR FTRE O] 2175 .
ARG TIiE D-SEND#1I RERIC kLD, 2 FEED D-
SEND#1 5K D 3ET 2 Y = v 7 7' — A& HE T I
L0 TR, oBfEm LB E, [REREREPKT —
LR R P REME ORERICE 2 DB OV THN, RBR
EREFAFIZ OV THRET LR ICO W THET 5. £z,
201145 A 7 BICE G S N7=% 1Bl H © D-SEND#1 7% Tk
BRofERAMM L, 5 2 BHOE FRBRICHT CRE L
B LSS OB T LIZ DV THIENT 5.

2. D-SEND#1 8%

D-SEND#1 #RBR 1T, X 2(a)lZ/R9 2 D Ol Fr b sk ik
(NWM KON LBM) % X 2(b)iZ 7”9 KR Al B KU ER 7> 5 i
BLTHETSE, TNETNRRET DI Y =v 7 T — Lk
b bR REKTEZE 1000m B £ THD i zeth ) =
v 7 T —LF M 2T A (ABBA AT L) D ITkoT
BHT2RBCTHL. i KD 1>TH S LBM T,
Darden D& 7 — Li%EFFIE D I2X v, BEMOKT —LF
T % AT DERRICERG SNzl ik T 5. LBM
OWEFE AR XA E HRAT 24 E LT Darden i EIZ LV &
F L. TORHEMIT~ v B M=1.4, R’ATEE H=8km,
A L=5.6m, /A B & W=3.0ton & L, HIEL+ 54
= I T —=ANENEFRDONRT A —%F B=0.0 (BRI
), ye0.05 (eimShBHEfEmmiRs) L LTWnab. fEEe
LT&E Sz LBM BRI, £E2 8m (Jehins & AW

HREMEE CHRHFEE 5.6m 7o TW\W3) , &KEE
EAY 03m? (e RERK 0.6m) & 720, LIakEhstkic
THR S D BBE IR IE O SEiRE ) EH 8134 20Pa
(Hh ESCEHRER Ke=2.0) & 725, —J7, NWM | LBM &
R U ARBEMEEZA L, £F1% LBM Zit2Eo 5.6m, H
Mi7e 8 & A TR S 2B ik ch v, BE D N
WY =y 7 — NENWEE AT D EHER S D MR
TH5. LBM & [F UEAMET Fist-Cut 2 W THER SN D
N U O S ) _EH 8134 37Pa & LBM HEREOIEIE
L.

D-SEND#1 #RBRIZEB W T, 2 >DOHEERFE US4
(BB, ~v ) TRAELEY=v 77 —2%H8HL,
BT D ENEETH L0, % FHPIENE TR 58
12, WA NFHEDZE (LBM OJ55 NWM L0
EUNREELHINNE W0, BEFIIEZZE LT
LHADNEN) ZEEL CHAKEREZRZT L.
NWM % 700kg, LBM % 630kg L% E LT, Sk %
30km (FoEPRRERITEER 30km (CRET % & LRAMZ,
HKEBENZBATT DERICHIEI SN A Z &Il > T D) &
L7256 O THLEMITREREZ X 3 1R T2, MIRO
L~y NBOBREITIZIE-BRLTWD Z ERNSn5.
WIZZ O TFHETFHIT —2 b, MREngt42s Y
= v I T = LAOEBRRERN Y 2 ET L. Y=y T —
L (ER) OWHIIRAERONE, RITHFmE ~ v K,
B OMGIERE FORBSMEIC L > CTREH 0D, % Pl
MEIER LT NWM & LBM TR AR E 2 5. AEHTIX
B ORIBOA 2 EERR E L, MEURRE CIHE L7
K 4@IIRTEY Y=y 7 7 — AR FEUE GhiE%
) ZHOICEIOAIRICIEZY Y, # BT B aREEki
PR 25km ICK ST ENGND. £, K 40y
BT Y=y 77— 2OBIFL & BT A0E D) b O B
L DORMRETRT S, MDD 20km LAN TlEE %
WAL E Y = v 7 7 — LNBIEEZ 28 0dE LT\ b
(RETRAELZ Y=y 7 7T =LA Z 2, &%ETHh
WCRAE LT 7 — A3~ %I 2 5) Z&nn
WD, TeB, P 21km FFUTIZB W TR DA0E - KX
WCRELTZ2oD Y =y 7 T—ANFRICHZ 252 &1
BRoTEBY, Zx—hi v rRRZ5EFHENS.  (F
U< e REEE 26km FTUTICB W CHIEMOET B Z 572
DT A —HAT—LBBPEIND ETFHRIND. )

This document is provided by JAXA.



22 FHAZENTERR R R JAXA-SP-11-015

Separation at Alt = 30km

)/‘ f -45deg Dive at Mach1.4

Comman

D-SEND#2 3R 2L

X 1

WG N Wave hdoded)
®=Tikn
e LxDia =5 Bmxbd 6130

X [km]
(2) M1 EIZBT 57— LMaikaEk

30,000

771-—11Z7=‘—J_\ =i=>
25,000 : .

77—7:7\7\—'L\ '=$

20,000

15,000 B————
it S Mi 7 /
/Ei%i&%il\ﬁ@

10,000

5,000 /

0

#Lnﬂil;ﬁgmg'tlli Gidm
(a) BERUA

FTMEBEEHRMEDER [m]

80 90 100 110 120 130 140 150 160
ELRREZ [sec]
(b) BIHIFEZ & 6T A 6 OO BIFR
4 D-SEND#l Y = v 7 7' — LI AE AR AT i 5
(30km 7y fer— 2 )

3 3. HEREHBRE

i AT L7z / S T AETFHETD Y = v 7 7 — MR
(b) % T B2 RIS B 2 ~— 22, D-SEND#1 BRI I T il ik
2 D-SEND#1 #kBx DY =T —hOEREBINT D72 DI R RS
WOV ZIT ).

30 3.1 SftE&EE

FFIEUBIC, 1 LIRS BE IR 0D ol i Pl S Bk o B D B2 281
DOWTHRIT . X 5135 R LAY 20km,  25km,
30km TO TRITE THLEZ R, K~ v O ERGF~ v
N (M=1.4) ([ZBIET D 720I0E, EE 20km DL AL
THDHIEBDND. FNENOETIEICRT DY =
77“ DAGHEFRATRE B B S(O)ToRT 2%, 4B & BEAY F AN

HiIzoNnT, #EcBW T Y=y 77— LR8BS N 558
WP 220, SYBEEEE 20km CIEEEAT 10km AN & 722 5.
SyBEREEAS 30km BHAVE, SBEAE & FHLE O ERES 15km
HoTHLTH—NDAT—LEEBNTHZ L 2BOT—
LEBHTED LEZOENDN, — T TN E < 72
. . . LZEICE o TSNS T —LBENTL 2D 2 ERNE
0.0 05 1.0 15 20 ZBHD. X 6125 BfEEE 30km & — A kb\f SR

Mach AAEHHIALE 7> & R=5km, 10km, 15km OHAICBAIEND T

3 D-SEND#1 % FHlEHEF RS (30km 43 Hf) — AHERIEE (M ESCHRE Ke=1.0) igm“m PR DS B

N
o

Altitude[km]

—_
o

—— NWM700kg

= = —LBM630kg

0

This document is provided by JAXA.



A3 NGRS ERE S A THBNE Y S 2L — v 3 VEEl Y VR Y D 42011 @S 23

NDIZHE> THRENTHL 72V, R=15km TiX NWM & LBM
DOPIEDOENEFERT D Z E DRI D Z LN TREN
5. —F, K727 —2MEDOHRV NWM O 7 — LBEEE
N, AYBERTRE L EHRIA R & OFERE R 1T T E S BT B
DOHERE (M LR PRI Ke=2.0) %7772, R=2kmF2/E
Tava)V ROT—LME L)L THY, R=lkmFEEITAR

HEaral RO 2 ELLEORELRLZ ENTREND.

AfEMrFE R L0, SEEEEIC YOI R EbEE
20km LA E2SWAEEC, SrBEEFAALIE XX 7 ISox gl Y EHELR

MB 2~10km (TEHIUE Skm IAREE LW LRE L.

30

N
o

Altitude [km]

—_
o

0
0.0 05 1.0 1.5 2.0
Mach
(a) % TiE
30,000
E - H=30k 7
=30km
25,000
% — H=25km
S — H=20k
ﬂ 20,000 T
x .
g /
ﬁﬂ 15,000 / /
b
IJ_
& 10,000 /
5,000 /
0
60 80 100 120 140 160
ERABEZ] [sec]
(b) BIRRFZ & ¥ T M0 & O FEEE D BILR
X 5 D-SEND#I 4y Bl 5 %8
W
; ¥ 9.14km. M=1.89
* | l
© 4.64km.M=178 i 7.18km, M=1.86 \
\ Blimp@1.5km \\ __Blimp@1.5km Blimp@1.5km

==

10km 10km 10km
15km 15km 15km

R=5km R=10km R=15km
(a) ZBEALIE & FHUALE I K D RIREERE O E W

30

——R=5km, N\WM
———R=5km, LBM
=== R=10km, NWM
=== R=10km, LBM
= = R=15km, NWM
= = R=15km, LBM

B
e S e,
.‘:’_’i’"’_‘.n.n‘
04~ T 704 0.06

I ]
4 )
- Time [sec]
ot

20

10

Ap [
[Pa) 4

-10

A

-30
(b) HER 7 — LB
B 6 SyHENCE & FHINLE O BREEC X 2 7 — LR O

600 I I I -
\ 30km% B —R
500
\ -
T 400 & 7 Acceptable
5 / :
300 Desired
b < >
\|1 200 \ k 2km
n \ S5km
100 \
e | 10km
o \”‘W—E*.

0 2 4 6 8 10 12 14 16 18 20
#ETEERE Rlkm]
7 NWM 7 — ABREEHEE

3. 2 SypERsHZE

eV C NWM & LBM D53 BRI 2212 D Tt 4% .
Sl T DA F &R o TEEELY, B TR T
THHRED Y = v 7 T — AENWIBAC G- 2 5 HB % /)N
[RET B0, IKT—LDLBM ZEiIcEkET LT
WBD, RIZHEET D NWM 2% I BT i By
%, mERE AR AT S T — A SIS L TEIAITE
LRI A BV COMET 20N H S5, LBM 4B
BB RERS ER, B D WITRIS IR S Tor Bl B &L
ENEDY, WTIFHENRER->TLE D Z & 2T 5
FRICHELWREZE T 2 Z LA kD b 5.

X 81Z1%, ABBA Y A7 A (i LD 1km E7Z2) 2381
T D AREMED & 5 F DEHEREE L BRI 2R, &bk
W Z 220088 % —7 v F & LT HIKEE TRAEY
LY =v 7 —n (HEEE) THY, BlEHE FICKEE
THRAL, HiE KL TREET D7 —5 () 23
ZxD. TORBEIEO ML ~DmEZEY, SEE CTRET
D7 —ALOBEEREKFENPEZ 2 EBELNDEN, £
o 3WDIRE IR D 2 W I L~ FUE TSN e
ZHN5H72, LBM & NWM O4 BRI 713 10 FRE H
nNEtHoeEZOND. 2B, ZONHERZE 1020
FE NWM & LBM ORI Z — 7 N ORI = &
720, SBEALE & FHINIE OB L DT ETH D,
HIENT & & FHRNLE N E < 725 Z LI K AL, LBM O F
FERET — N NWM OB Z —757 > NERER S ]
BEMECH A0, RIIROE Y & &R T — LA ORI/ S
WE, TALBMOT7T—LANRNNWM OG5 THLHZ L aE L

This document is provided by JAXA.



24 FHAZENTERR R O JAXA-SP-11-015

E, FRERCBI Sz s L THRTEEN S o L
L7,

@1t=31.2sec, H=25.2km, M=1.02
(BE-ETYNTOT—LE)

[

(Bt=31.2sec, H=25.2km. M=1.02
(@OTE R 5T

o i

(Dt=74sec, H=4.76m ., M=1.79
(Targete 2T —LE)

@1t=77.2sec, H=2.94km, M=1.71
(D 7 R 51)

Blimp@1.5km

@t=81.7sec, H=0.46km, M=1.58
(EREOERE) |

HE@0.5km

5km

(a) D-SEND#1 #RERIRF IS LI & 41 5 5 DR RR I

30000 ‘ ‘

7

—— LBME K 4
25000 f———| === LBMR&HR Z e
o LovimE /'/
20000 —— LBMERE /
—— NWMERE (108 %5 5)

15000

10000

T AR &R B L0 FERE [m]

& 7
/ /
57 v
v
N

o
1
5000 -
\

&
/
1
i
@i 3
70 80 %0 100 110 120 130 140 150 160 170
FRMEH [sec]

(b) BRNEEZ] & FET 50 B O RO BIfR
[X] 8 D-SEND#1 2217 — L4151
(45 Bl FE 30km D 77— R)

3. 3 X&B&Mt

Bic, ABREFORSRLMA D-SEND#] 7Bk H BOFERLIC
B2 BEBIZOWTHRE Lz, ARFHTAW BT TR,
JAXA T L7 Burgers FRRAARN—2DY =v 77— A

AR — v D TH Y, KKIRFESAG, B, WS
HFirBELIELTY = T — A EHE TN T
x5, P, K —LDOANF—2 L LTOmLEREK
O FEHIETIIL, S RVIEHERE RSB IE 2 0
ZTbOERAWS. K IICARFHIAW =X LT OKET
—% (4R) OFT7 7%, R10ITIXZENLDOFEMEHNT
fRMT L= Zeh 7 — AR 2. £ TRIROFEICS
W, RIBHICIEERM A ERICH D DD, TR
PR CTH 0 KIRIZET 2H0IFAREE L. —7F,

WEORBIIRE L, KBEIZBWTNWM & LBM O

TEDZEM AR 72 DRI NS AN R Sz 7= 0,

MBEN—1 o YL ETHD I LERBRSM L L. 2B,
B 10(c), (IZRTHRIS, PR L O rE AL EIC DWW T T —
ABIFEMENARUC L VIREND 72T T, WRICIIRE 2L
LR RSN Do T2 T2 NIRRT L LT,

Height [km]

35

30

25

20

15

Height [km]

10

Temperature

=== min
-30 B
Average
+30

- o -
-
-
-

- maXx

g L el

1
I
()
!
1
]
[}
[}
]
[}
(]
)
!
+
t
\
)
|

-100

35

30

25

20

15

Height [km]

10

-50 0 50
Temp. [degC]

(a) K

Relative Humidity

= = min

2018 |

Average

+20FH

- mMax

™ N\

- —— \\

East Wind

40 60 80 100
Relative Humidity [%]

(b) FH > EE

North Wind

——=min
30
Average

~=="min
30
Average
+30
- - - max

Height [km]

Wind [m/s]

(c) HPHJE

100 -100 -50 0 50 100
Wind [m/s]

(d) AL

K9 FAFRRT—F 4A)

This document is provided by JAXA.



AP[Pa]

AP[Pa]

AP [Pa]

AP[Pa]

B 43 OIS E R S T B Y S 2 v — v g VR Y VR Y T 4 2011 FC A

20 - ; .
Temperature in April —NWM average
15 - === NWM max
- NWM min
10 - ——LBM average
--- LBM max
-+ LBM min
5
0 3
0.01 0.02
-5
-10
-15
-20
Time [sec]
(a) [ILDOFEZ (AP[Pa]-Time[sec], R=10km)
20 - ! .
Humidity in April ——NWMaverage
5 | - NWM-1048%
------ NWM -20%8 24
= NWM max
10 - —LBM average
: - -LBM-10%8 %
5 N ——— LBM 20182
, --- LBM max
0 .
0.01 0.02
-5
-10
-15
-20
Time [sec]
(b) fEEE D52 ( AP[Pa]-Time[sec], R=10km)
50
East windin April ——NWM average
40 i
--- NWM max
30 | 000 NWM min
——LBM average
0 --- LBM max
10 e N | T LBM min
0 ;
0.01 0.02 0.03 0.04 : OJmJS
-10
-20
-30
-40
-50 -
Time [sec]
(c) HVEJE D2 (AP[Pa]-Time[sec], R=5km)
50 - T i
North wind in April —NWM average
40 === NWM max
30 <+ NWM min
i —LBM average
20 - E -=-- LBM max
i -+ LBM min
10 i N
|
i
0 “ A
0.01 0.02 0.03 0.04 0, mas
10°? N\
-20 \
-30
40 -
50 L
Time [sec]
(d) FEALm O (A P[Pa]-Time[sec], R=5km)

10 KERIEN T — LI b 2 % 528

25

4. HEREHREL

AT E T LB EM & <8 1 BIHO D-
SEND#1 ¥% FaRBRICEGE A, 2011 4E 5 H 7 BICRBR % 3206 L
729 HTIFRBOE T2 @IS, RBRCTHlSh2
T — AR (MFEHD 500m Him~ A7) 2K OISR
NWM & LBM O OE W Z BT 5 Z A cE e
— R 12@0Z X5 1 BIRBROMRAKE THLET — % 2R
OB EITR 21km TH Y, 2 FILVEREE LT 30km
X0 0IENEEL o7, (bbb AABDRO B
SEEE 20km LRI LTWb. ) BREIEY v BT
143 Thoto. ZOETHET —F %AW, BRI
7 — MMERRIENT 2 e LR R A 12 (0)IZRT. GPS T
— 2 XU, BERIRYE ALE & S E O KT BRI
57km ThHo7oZ &b, BllllahYy =y 77 —21IF,
IR NEER 6.8km, ~ v A NEITIRIER K~ v ETH
5 M=143 TRALLEERFICL2HOTHDL Z L0800
Stz L, ARHERERE RS XA BEALE 2 FHLE D
Okm PL EBEIL TN B 7 — AR X 7R Do T fE eSS
IRENTEY, F-0BEAE 8km LLETIXT — A T80T
X500, KEELEEEOEHEEN NS RDT05
EETRAETIE 2 WY = 77— ARE IR
K75 EIZE 1D 0.7 BLUARICEH SN Z 7D,
B —7 > NERICREE KT ARt GE TR0,
T ZCH 2 [V FRBRICES U COBERE ARSI O RE L &1 T
S, HMIZICRELR E1E) ERELE @E2E) o
OYBEREAREEIR 2R Y. A AL, BEE R MEWERIZ Iy
BEFPANLE ZFHIALE O 8km AN &5 2 &, KO 1A
RERD 7 — NTRE & 53 IR G TR T & B AT
LADRRAVBIRENTZZ END, NHEEENEBWGAICIE
R=15km & CTHBEFAFEAZ AT 22 TH D.

(a) % TRBROET

50 ‘
40
==NWM

30 -
e | BM

10
0 \

0 NN
~N

proe—

/
/

Overpressure [Pa]

-30
-40
-50

-0.02 0.00 0.02 0.04 0.06

Time [sec]
(b) 22 500m ~ 1 7 B
X 11 D-SEND#1 55 1 [B13% T aRBR s R

This document is provided by JAXA.



26
25
TULA—RT—R%TITEIELI-#E
20
15
£
510
—Sim+79%CDp M1.43
5 ~ Telemetry
0
0 100 200 300 400 500
Velocity[m/s]
(a) % T HLE
10000 FE1K
9000 H=6.8km
2000 M=1.43
7000
E
# 6000 5.7km
o
Z 5000
.ﬁ 4000 /
-3
& 3000
P
® 2000
¥ 1000 /
/V
0
1000 (3577! 70 75 80 85 | 90
|| kmatmAISsET—LEE |
2000 5231 B ] [sec]
(b) 7' — DRI HE

BA S EEATREE R [km]

[X] 12 D-SEND#1 55 1 [B13% T ikBth 7 — MMEHE AT

20

%1@5’4?3&‘5@%‘%’41&%
/

15 /
10 \/
s o
0
15 20 25 30 35
5 B BE [km)
(a) AL LAl

FHAZENTERR R O JAXA-SP-11-015

25
E 20T F2EE T AR D REALE
]
& 15 [ 4
5y
i
& 10
K
I
s |
o
A 4
0 . | . |
15 20 25 30 35
43 Bt 7 B [km]
(b) fLE L
B 13 SrRERFA b
5. &6

JAXA DWEDTNWDHIKY = v 7 7 — AR FHEEEIE 7 =
Yx27 F (DSEND 7u< =27 k) OF 1 72— Thd
s FRiit AR v% T8k (D-SEND#1 #BR) OREBREMNTH
% MET — AP FHN ATREME O MRS ) ERRIC LB e B S
TEORF 2TV, UUT ORI LTz,

CBREPY N OREERICIE, RIEEIKERD D O Sy R
20km LA EMSLETH D,
CREETCRET DIV =y I T L ERETRET DY
=y 7 T =N EHEL TS 212X, Sy BN E B
NLED 10km PINTH L Z ERNEFE L. (R EIC
KT H7-DF 1 B FTRBEBICAEL. )

« MR D4 BERF I 2213 10 ORREEA Y TH 5.
CRIRMENE Y = 7 T — AE RN DS D

HLOD, FFOREEEZBE L THmEREO B

DEBIIMERTREL B DD,

CENMENE Y=y 7 T NERWESELSEEIICH Y,

— 2 o fHY O T EFIEDOWIE D ER 2R T 5

Z NN D

Eirsa
AFSCRIZANWTZERRT — 13 JAXA K - R
ZeRE T — A DOFHBERKICKRFT L THEW.. £/27— 21
BT O—EBIE, 20104E JAXA A v & — v Ly FITBmE
NI BISFBAKEOE K & A & BRGRKEOMAT A
SACFEBLTCEN-., ZOB&EE THEILE L LI ET.

S &Rk
AHFEA, fh MKy =v 7 7 — L5227 MER
ZETFRER (D-SEND)FIH | H AMIZSFH =25 41 HiF
SRS TETRIE, pp.652-655, 2010

A, fh Tz2thy = 7 7 — AFHI AT LRI
1TikBR (£ 1) | JAXA-RM-10-012, 2010.

Darden, C.M., “Sonic-boom Minimization with Nose-
bluntness Relaxation," NASA TP-1348, Jan. 1979.
P, Ml NS SERE O Y = 7 7 — A G
W1 55 44 BIFATRE S » IR D7 LEETHARSCEE, pp.60-68,

1))

2)

3)

4)

5)

6)

2006.

IWAHESE, fth TBurgers & HW2 Y = v 7 7 — AMEHE
FHEIC I T DB I L O FRERIRh ) 4 42 (]
TRAR Tk 2~ ANSS2010 G4 T i SCEE, pp.549-555,

2010.

http://www.jaxa.jp/press/2011/05/20110519 dsend j.html

This document is provided by JAXA.



A3 NGRS ERE S A THBNE Y S 2L — v 3 VEEl Y VR Y D 42011 @S 27

ROZFHRRGEREEESTDHIABT br—2 3 VRICET SR
B ORIN, SR BE RS BE, Fe B, K6 ER
Ttk KR

Cylindrical exploding detonation wave propagating in large-bore plate combustor

Yy
Kazuya SAJIKI, Akihiro TERASAKA, Masashi WAKITA, Tsuyoshi TOTANI, Harunori NAGATA

ABSTRACT

Detonation initiation is one of the important problems of pulse detonation engines. A reflector installed near a predetonator exit is effective
to maintain detonation waves. The incident detonation wave from the predetonator transforms its shape from planer to cylindrical and
cylindrical to toroidal around the reflector. To prevent the detonation wave downstream of reflector from disappearing, it is important to
form a cylindrical detonation wave upstream of the reflector. In this paper, the authors used a large-bore plate combustor and varied the
following parameters to find the necessary condition to form a cylindrical detonation wave: the quantity of the driver gas and time from the
ball valve opening to the ignition. To evaluate the quantity of the driver gas, an overfilling distance is used. The overfilling distance is the
radius of the 10 mm high cylinder whose volume is equivalent to the total amount of the driver gas used in the experiment. Results indicate
that the mixing between the driver and target gases affects the ability of successful transition. When a cylindrical detonation wave is formed,
an annular soot track structure appears in the vicinity of the predetonator exit. This structure and velocity of detonation waves show that
the transformation of the incident detonation wave into the cylindrical detonation wave results from the twice reflection from the plates of
the combustor. To form a cylindrical detonation wave, the driver gas should fill the volume much larger than the annular structure area.
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WMEN—ETHIIIRORTHDHIEE RTA =T ADE
FAHEIEGEHECEA LW FIENH L. 22T, AHFKET
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DT R T A N—=HADEZFT 5. &Iz, F
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Alalfl U7 SERREEE IR FE AR X, HANRY
VAR, BIER VT, RUKEEE, RS DR S
. BRBERRO~TEA Fig. 2.1 \ORT. RBESHIT BRI &
PRBEZEIC Ko TRERR S 40, JEFRIE A ICHUY R HDivie AR —
WSV LD RTAN—F AT L B —4 - 20t
UIHnTnD., BIFRETIER T A N—=H AL LTKE -
FEMEAREMHAL, ¥—7 v M RICIIKSE - ek
RO REERMNUIRER AT 5. 225B VAL
KX PDE #4EL, ¥ —7 v NI AOERAHIRFITIKE - %
SRR A RO FFICH Y 35 [N2]=55.6% & L7z, /K&
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Fig. 2.1 Schematic diagram of combustion chamber.

This document is provided by JAXA.



28 FHAZENTERR R O JAXA-SP-11-015

b, RIAN=TZAOWPEIL Fig. 22 © L HIZAR—
SNVT XY ERANCEIED KT A N—H A%, R—/Ls3 )L
T L0 FTHRANGIHMRED X —47 AT AZ WL, R—/L
ST ORI, BEOETIZLY NI A 38— H 2 0E 4k
faENd. A= LT EBIE OBBEREN O2EIT 1 atm
LD O, RT A N— A PNBREESR I T IR A
BDHEREL, ZOMBROEEDFERER % KT A /N—H A
OMHEIERE L B, B EERE L. A=A LT
BRI D BT A N—=H AL =2 NI ADOYATE T % 4%
BEA IR FICE L D & Table. 2.1 DX D272 5. 18k
BAEMEED C1, C2 L UYABEERER o> M1 ~ 5 IZIXEJE
EWROATHENTE, —EOERRICOXFIFIZ 4 8O
JENEEZSD Z N TE D, JENFHOMEITEMEICIY
WEHARL, BoNENERENOEB LT hx—Ta
U OBEERE 2 KT - IR ERIRA RO C-THlE & g
T 5. BRBEE MR T 2R NERR Tl 7 Z oY R A
B0 A1, BEEOBREN ST b 3— 3 i OfRHE 2 Ik
T 5. BIEZEMAT A2 ERIICIZES 0.l mm OAT L
AW EHEHA LT,

Table. 2.1 Initial pressure of driver and target gas.

R =100 mm R =125 mm R =150 mm
P1[kPa] 191 239 308
P2[kPa] 85.0 74.4 65.7

Fig. 2.2 Overfilling distance.

3. FEBRHER, BE

ERTITETVIHENZ 1 atm, R—1 07 ORI,

MAKTHETORM t 2 1s IZET L. PIEERE LT,

PREERRNE R T A /N—H A Clilile LT R CEBREIT 72,
IOLEELNRERE Fig. 3.1, 3.2 KO\ Table. 3.1 {2777

Fig. 3.1 1345 S =5, Fig. 3.2 1345 b= £ O IE
ERLTND. WENSE ST Table. 3.1 [I/R S
NTW5. Fig 3.1 OB S, A LT bx—a U

E—EHERALTHLHEBBLTEY, Fbh5 75 mm ff
TOMLE T A ANREHEL Y, ZELZAGET
M= a Ve TIERELTWD I EBgnd. £,
Table. 3.1 B AG L7277 b x—v a3 UIRIZIE CJ#ET
BRELTWD Z ER0n5

Fig. 3.1 Soot track record from back wall; filling the combustor
with driver gas.
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Fig. 3.2 Pressure profile; filling the combustor with driver gas.

Table. 3.1 Wave speed; filling the combustor with driver gas.

C2-M1 M1-M2 M2-M3
V [m/s] 2689 2957 2838
VIV 0.95 1.04 1.00

TFAFFEEBRDN O BT A = 2D R4 75 mm 2Lk

T D ETEELEMET hxr—va ViREIBRL, ¥
— 7y NHACANRTDHZEMTEDEEZLND. 2
T, =7y N AOEZRGREE [N2]=556% &L, K

T A N—H A OWUAGIRRE R 2 2B S, ERa 7ok,

BONTERREELODLLE Table. 320X H12%5. ZD
FERDND [N2] = 55.6 % OFAECILE I FEEEDS 125 mm LA
FOEMETHET hr—3 g VIEDOERRICEII L TWA 2

LMD,
Table. 3.2 Experimental result; 1 atm, 7= 1 s.
R =100 mm R=125 mm R =150 mm
[N2]=55.6% No Go Go Go
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R =150 mm O 5T LAV RE R % Fig. 3.3,3.4 KO
Table. 3.3 |Z/8 7. Fig. 3.3,3.4 05 ZOFMETIEAFET b *
—va VEBTER S, RS ARICERE L TV oA
D

Fig. 3.3 Soot track record from back wall; [N2] =55.6 %, R =
150 mm, Go.
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Fig. 3.4 Pressure profile; [N2] = 55.6 %, R = 150 mm, Go.

Table. 3.3 Wave speed; [N2] = 55.6 %, R = 150 mm, Go.

Fig. 3.5 Soot track record from back wall; [N2]=55.6 %, R =
125 mm, Go.
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Fig. 3.6 Pressure profile; [N2] = 55.6 %, R = 125 mm, Go.

Table. 3.4 Wave speed; [N2] =55.6 %, R = 125 mm, Go.

C2-Ml1 MI1-M3 M3-M5
V [m/s] 2697 2625 1871
VIV 0.95 0.93 0.66(0.95)

C2-M1 M1-M2 M2-M3
V [m/s] 2699 2340 2289
ViV 0.95 0.82 0.81

WIZ, R=125mm OFMFTH LR % Fig. 3.5,3.6
SO Table. 3.4 IZRT. ZOEMBTIEIMIFHEIZ KT A /3—
HAL B =2y NI ADESNNE 5 DT Table. 3.4 D M3-
M5 D VIVGZIZZ —7 > b AFARRD C-J L & el L
TAAE 2RI I THRAE TV AL Fig. 3.5,3.6 005, Z D%
THHET hr—3 3 VORI LTV DEET- 2Ny
M5, Fiz, Table. 34 ORI NTT hx—v a HiIE
M3-M5 [ CTH—7%7 > b HAMELD C-T & 72> THIEL T
WhHEEZILND.

R =100 mm D5 TR LAV fE R % Fig. 3.7, 3.8 KT
Table. 3.5 {279, Fig. 3.7,3.8 705 Z DS TIIREEE H 0
MIETHEHE LTS, Zhuk, AR LZET hx—a o
IRBESE Tl 7 Z o I li%e L, MfET bxr—va Vi
NER T D BRI RS M~ OPLKITI 2 B o 7ol
LEZOND.

Fig. 3.7 Soot track record from back wall; [N2]=55.6 %, R =
100 mm, No Go.
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Fig. 3.8 Pressure profile; [N2] = 55.6 %, R = 100 mm, Go.

Table. 3.5 Wave speed; [N2] = 55.6 %, R = 100 mm, Go.
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Fig. 3.10 Pressure profile; [N2] = 55.6 %, =10 s, Go.

Table. 3.7 Wave speed; [N2] = 55.6 %, =10 s, Go.

C2-Ml1 MI1-M3 M3-M5 C2-Ml1 MI1-M3 M3-M5
V [m/s] 2446 772.8 R V [m/s] 2712 2692 2373
ViV 0.86 0.27 - VIV 0.96 0.95 0.84

RZ A = 2 DGR 2 2295 B TIX R =100
mm OFEETHET b 3r—3 a VOB RIC KK LT, =
DFRELTRIANR—TARAEH = NHADIREDE
BnNEZ DN, 2T, BAVPHAGT hxr—ra v EO
I G % 5B REET 5K E LT, A—A LT n
B EN TS S KT D E TORRK 2L ET 5 EBR ATV,
FRFE ORI L BIRE OWIT & MfET hr—v a VEOR
ROMRE BT S, ERTIIOHIED % 1 atm, WAL
R 150 mm ICEE L, R— A LT BB ES I THD
FKTDHETORM ¢ % 10s, 20sIZEF L, EBrZ1T-o
2. BJoniciieEldd & Table. 3.6 DX D272 5.

Table. 3.6 Experimental result.2

t=10s t=20s

[N2] =55.6% Go No Go

t=10s & L7=HFO#E R % Fig. 3.9, 3.10 & O Table. 3.7 (2o
T ZORETIEARFET b xr—va VIEOAIZEZ) LT
BY, HRESCIEE ORI, AR L TH R = 150 mm,
t=1s DFERERERENIR LN -T2,

Fig. 3.9 Soot track record from back wall; [N2]=55.6 %, t =
10 s, No Go.

WIZt=20s & LTS THR LR R 4 Fig. 3.11, 3.12
J X Table. 3.8 {2759, Fig. 3.11,3.12, Table. 3.8 225, Z D
SIETIIAS LI2F b R— a IREE S I AT L7215,
PN O THE L TWA Z NS5, I EICA
S LT br—a VRS T 7 T v Ic B L
MRS Z Eh D, MG ENEA 100 mm & L7z
DOFEF L RRRICHRBET b F— 3 D~ OBBRH R T
B~OILRITIH 2 BB T2 DI R LIz EEZ BN
%.

Fig. 3.11 Soot track record from back wall; [N2] = 55.6 %, ¢ =
20 s, No Go.
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Fig. 3.12 Pressure profile; [N2] = 55.6 %, ¢ =20 s, No Go.

Table. 3.8 Wave speed; [N2] =55.6 %, t =10 s, Go.

C2-Ml1 MI-M3 M3-M5
V [m/s] 2425 816.3 R
ViV 0.85 0.29 -

A= L VTR EN TS, HKkT 5 E TORRE

BRI 2 ERTIIREMIC L 2B OEIL 1=20s DFHT

LD Z EIXTERNSTZ. FO7=0, IREOEE T
WO L DIRADHEITICE D LD TIEARL, A—nn
NT ORI, FIANR=TANE =4 T AZLIA
DEICHENL TS EEBZLND.

MET hx— a VIEA~EE A U SIS B 5 iR
M7 OB % Fig. 3131239, ZOBEEEE 5 L, M
T hF—va VEPEREND L, EEEICITA~CO
3ODEWN R D “HOMBEENHND Z EBNbhD.
F£72, Fig.3.1 XU Table. 3.1 D & 5 ICHET b x—a >
WEDTERR S A2 5 F CUIBEE o —REAIZT & L QW 258
BEAFAE L TV B, JESHOMEE T H I C-J LT
BIELTCWS., ZDOZEnD, T hFr—ya VO A
H=ANFRO L DI T L2 ENTED.

Fig. 3.13 Soot track showing successful transmission.

fEIE A TIEIAS L7 FET b r— 3 VIR BREEE Tl
DT T DITEHEL, PERFENILN > TS T ZR L
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Fig. 3.14 Mechanism of detonation transition.

FFCEPICHR L TV DEET 2R LTS, (8 C Tk
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Analytical Study on Air-breathing Performance of Pulsed Detonation Type
Microwave Rocket with Reed Valve System

Masafumi Fukunari, Toshikazu Yamaguchi,
Hiroshi Katsurayama, Kimiya Komurasaki and Yoshihiro Arakawa

ABSTRACT
An air-breathing beamed energy propulsion rocket, “Microwave Rocket” has been proposed as a low cost launch system. The rocket is
driven by a microwave beam radiated from the ground. Atmospheric air is used as a propellant in the pulsed engine. In order to improve its
thrust performance, an air-breathing mechanism using reed valves is under development. Ambient air is taken into the thruster through the
reed valves. The air flow rate through the reed valves was computed and an air-breathing performance was evaluated in term of Partial

Filling Rate, PFR. As a result, a 10 to 15-fold increase in thrust is predicted compared with the case without reed valves.
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Cumulative impulse
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Analysis Method of Motion for a Complex Shape Flight Vehicle
by a Single Video Camera and its Application to Flight of a Glider

Hiromitsu Kawazoe, Takaaki Miura, Takeshi Sawa (Tottori University)
Makoto Ueno (JAXA), Gouji Yamada, Takashi Matsuno (Tottori University)

ABSTRACT
Information of acrodynamic force and moment acting on a flying object such as airplanes, rockets, and other flight vehicles is important for
developing them and a new analysis method to measure them should be desired for a free flight test and a wind tunnel experiment. In this
study, a new technique is suggested to measure aerodynamic force and moment as well as temporal vehicle’s behavior by a single video
camera, which is valid for a complicate form of aircrafts and has a potential to measure them more precisely. Furthermore, the analysis

method was applied to free flight of a glider.
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Fig. 2 The air plane model for the circle gauge method.
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Table 1 Specifications of the glider

Fuselage length 670 mm
Wing span 1305 mm
Wing area 13.7 em’

Overall weight 0.473 kg

Table 2 Inertial characteristics

I 0.01788 kgm’
I, 0.01151 kgm’
L. 0.02485 kgm’
1,=1, 0 kgm’
1 vz =1, zy 0 kgm 2
L=, 0.00209 kgm’
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Fig. 9 Temporal variations of the glider location in the
fixed coordinate system.
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Fig.10 Temporal variations of the glider posture in
the fixed coordinate system.
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Fig.11 Temporal variations of the effective
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Fig.12 Temporal variations of the glider velocity
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Fig. 13 Temporal variations of the glider velocity.
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Fig. 14 Temporal variations of the acrodynamic
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Aerodynamic Characteristics of Ishii Airfoil (Re=23,000) using LES

Taku Nonomura, Ryoji Kojima, Masayuki Anyoji, Akira Oyama and Kozo Fujii

ABSTRACT
In this study, aerodynamic characteristics of Ishii airfoil at Reynolds number 23,000 are evaluated by large-eddy simulation. For the
computational analysis, sixth-order compact scheme for spatial differencing and second-order backward differencing for temporal
integration are adopted. The results show that flow around Ishii airfoil has trailing edge separation at low angles of attack, it has leading
edge separation and reattachment at medium angles of attack, and it has only leading edge separation at high angle of attack. This
characteristic is almost the same as that of NACAO0012 which is previously studied. However, the airfoil characteristics of Ishii airfoil are
much better than those of NACAO0012. This is because of both enhancement in lift by pressure side camber and reduction in drag by

pressure side shape.
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Application of a three-equation turbulence model with emphasis on time-scale
to swirling flows

by

Yuichi MATSUO, Hiroyuki ABE, and Akira YOSHIZAWA

ABSTRACT
In this paper, we introduce a three-equation turbulence model with the characteristic time scales intrinsic to turbulent swirling flows
incorporated. In addition to the conventional two equations of £ and ¢, another equation on the turbulent eddy viscosity is solved.
We discuss pros and cons of the proposed model by applying it to the typical swirling flows, that is, a swirling flow in a straight
pipe, and a flow through wingtip, and found that by using the newly proposed three-equation model we can predict the swirling flow

characteristics more accurately even with the RANS approach.
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Large-eddy simulation of trans/supercritical round jet: flow structure and its unique behavior
Hiroshi Terashima (JAXA), Soshi Kawai (ISAS/JAXA), and Nobuhiro Yamanishi (JAXA)

Abstract

Large-eddy simulation (LES) for trans/supercritical round jet flows was conducted, using a high-resolution numerical
method (LAD/compact difference scheme), in order to clarify unique characteristics of jet flows under supercritical
pressure conditions. The unsteady flow structures such as vortical structure show no peculiar features due to the
supercritical pressure conditions, resulting in very similar vortical structures to those of general (ideal) gas jet flows
in atmospheric pressure conditions. Comparison of mean properties with a measured and an earlier computational
data demonstrates the capability of the present method to fairly represent trans/supercritical jet flow behaviors. Some
unique characteristics of supercritical jet flows, which were suggested in our previous study with two-dimensional planar
jets, are clearly observed also in the three-dimensional round jet flows by means of LES. A series of our studies on
trans/supercritical jet flows establish that the unique characteristics of supercritical jet flows appears in the transcritical
injection cases as the slower increase of mean temperature in streamwise direction and the generation of smaller flow
scales compared with other injection conditions, and further their appearances are simply and effectively explained by

T-p diagrams.
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Figure 1: Thermodynamic property with comparison
between the SRK and the ideal gas equations of state.

3. Results and Discussions
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Table 1: Conditions with SRK EoS.
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Figure 2: Instantaneous vortical structure using Q-
criterion and vorticity component w, at the initial
stage in Case A, where ©/D=[1.9:12.7].

Comparison with measured and other data
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Figure 3: Comparison of instantaneous vortical struc-
ture using Q-criterion and vorticity component w, be-
tween Cases A and B, where x/D=[0:14.6].
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(b) Case B: density ratio p = 3.7

Figure 4: Mean density profiles on the centerline,
compared with a measured data and an earlier LES

simulation.
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Figure 5: Comparison of HWHM (jet width) with a

measured data and an earlier LES simulation.
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Figure 6: Mean profiles on the centerline with the

effect of injection temperature.
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P1

(a) Position where fluctuation data are taken. P2 is
placed at /D = 10 and y/D = 0.5. /D = [0 : 14.7].
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(c) Power spectrum of v at P2

Figure 9: Comparison of power spectrum using veloc-

ity fluctuations.
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A flow induced by a SDBD plasma actuator with pulse modulation

y
Shoji YANAGIDA, Akira KOMORI, Tomohisa OHTAKE, Akinori MURAMATSU and Tatsuo MOTOHASHI (Nihon Univ. )

ABSTRACT
A SDBD plasma actuator has been proposed to use pulse modulation in order to increase the efficiency of the performance. We examined
the performance of the SDBD plasma actuator by varying both duty ratio and frequency of pulse modulation. The distributions of velocity
induced by the SDBD plasma actuator in the still air were measured using a hot-wire anemometer. Induced flows were visualized by Mie
scattering. The induced flows depend on both the duty ratio and the modulation frequency. The flow widens vertically when the duty ratio

is high and the modulation frequency is low.
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Fig.1 Schematic of the plasma actuator.
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Fig.2 Explanation of pulse modulation.
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Fig.3 Profiles of mean velocity at D = 50 % (x = 14 mm) . Fig.6 Mass flow rate and momentum at D = 50 %.
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Fig.12 Photographs of pulsed induced flow at D = 50 %
by a still camera.
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Fig.13 Profiles of phase averaged velocity
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Characteristics of Flow Field around NACA 0012 Airfoil
with DBD Plasma Actuator at Low Reynolds Number

y
Yuta YANASE, Tomohisa OHTAKE, Akinori MURAMATSU, Tatsuo MOTOHASHI

ABSTRACT
Aerodynamic performance of NACA(0012 airfoil is enhanced with suppression of boundary layer separation due to operation of DBD
plasma actuator at low Reynolds numbers. We carried out flow field measurements using hot-wire anemometer around the airfoil which
applied to the actuator to investigate relationship between aerodynamics and flow field around the airfoil at Reynolds number of 10,000.
Results of velocity profiles of the boundary layer show suppression of laminar separation on the airfoil at lower angle of attack. At higher
angle of attack, separated boundary layer on the airfoil is reattached on the surface by large velocity fluctuations accompanied with
shedding vortex by the actuator operation. These changes of the flow field due to the actuator contribute to enhance the lift coefficient of

the airfoil.

1. FL®IC
KEIRSLSKKBWEZ BB L U@/ 25 6%
(MAV ; Micro Air Vehicle) <Mt A fit 22 # (UAV ;
Unmanned Air Vehicle) 1%, —%M07aiZ9k% X 0 H A TR
TT 2B RE LML T2 LA V80T 1.0X10%
5 LOX10C FREORWVEEZ LD, ZDXIRIELA /LR
BRI T I i R EEOHI B &2 i g 23 U
5128, ﬁm@%jﬂ?ﬁiﬁl@#ﬁ%%iﬁ’%%“ﬂ:%‘J:U‘%j(%jj
BEOIRT "BBIENTWS. ZOERIKLA /L X5
R OZENREEDIRT 2% ES 572, DBD (Dielectric
Barrier Discharge) 7' 7 X~7 7 Fax—% (Fig.l) Z#IZ
WHT D2 EnRAELNTND > DBD 77 X~T 7 F
o T— X XTEKWNERE T 5 - oG+ 285 % b
B, ZTNETIZEELIR, FTIRXAYT IV Fax—F %Ml
ﬁJ: TRRIE L, BAIE D ORBEOIE 21T H Z & T%‘ii@
ZEIRFENEFE L WETE D 2 L 2 YRR HAEE L
YA (F1g2) 29 AR T, 772’\7777‘11%?%
FEh L7235/ IR L A 7 LV RS CBGE S N D D22 )
L’F*ffik iib D DY & OBEMEE D729, BGERE
ﬁ%%wt L EOEESAORNE L AE—7 U A Yk
LR DEBEORNADO L EIT -7,

2. EBEEBEBLUAE
2.1 A, BEMBIOT I AT/ Fax—H
ARWGE TR L7238, I X7 7/ Fax—HB L
Qe ARG, 2 D S ARTCH)E Lz 225 o flE 2
bbb LR THD. Thbh, ERETMREHL
D#&ﬁa3mmmm,%ﬁmﬁ34ﬁ&é.w%%uT
7 VNLVBIOBEERETH Y, PR OEFILAIVIERIEE U
—5m/s IZBEWTO01% L TFTHA.

BRI OBTAT NACA0012 TH Y, BiXFE1L 50 mm, 3
%i3mmm1M—6T%5.HE177)W%%%L
BRI OBRBERRIR D T= 8, BRI 7 AR % VRIRIC

EOMITERL Th D, BERL, ¥—r7—7 VLI
VAT B, TOEERC &Y R OmM 22 LS E 5 2
LNTED.

DBD 77 A~7 7 F 22 —H DEMRITITEES 70um D
ST —7%, HERIIIES 250pm (50 pmXS5HER)
DRVAIRT—T &AL, T7Fa2x—HDRKES
X FEEMIEZ 1 mm, FEEMIEZ 10 mm & L'Cl/‘é
FUNEE 5 kV, J8k% 8 kHz DOEREUEZIE 2 ki

JFax—H~HIL. T2 Fax—2ORYSITE
VRELRTRR DS © O JE i RIBE A Il 9~ 5 728, Fig3 lIIrR&Einsd
KO WCHERAZND 5 BHERZENETT 7 A~ PNERSND &
INHCE L.
2.2 WG OHE
iﬁ@ﬁgu,E%E%ﬁ%ﬁé&ﬁéV4/wfﬁRe
23 10,000 £ 725 U=3m/s THD. FRaHlO7=d D%
w%E%Fg4K%¢.ﬁE®MELimmfﬂﬂﬁm
i (CTA-004, 7Z2ANBFFEEME) BLO 1 M r—7
(EE 5 pm, B 1 mm DX AT U8 L.
BB R & O I E S A 3 1kHz O —/38 2
7 4% (3611, NF [T 0y 7 &itdsl) 2L, AD
Zfags (PCle-6251, NIAEH) 3L O PC &AW TEHEI L7,
HWEM 7 v —7 0B, ERBESICEESAL TS
3R ITIRENEEE 2 L 7=, 25 & b i/ BB S um TO
:1/1\1:'~/V75§EI“* Thbd. FHAINLEE, Figs IR E5
L OICHEZRED 20 %E» L% E T 10 %EEE T L
I, B B S RIS L CEhE S I 5.

Plasma

Upper Electrode

\ Induced Flow

1

0.9 o YO (0] O ¢

)O(

0.8 16

0.7

0.6

]
=
@
S 05 éé&(
b
o
§ 0.4 L Ay
=03 -7 O b
- " 0] g:Pd' Re=10,000 Actuator not operated [m]
025 o Re=10,000 Actuator operated -
q7/o Re=10,000 (Ohtake, Exp.)
0.1 Re=100,000 (Ohtake, Exp.) <

,a=2m |

0 s
0 2 4 6 8 10 12 14 16 18 20

Angle of attack, a [deg]

Fig. 2 Lift coefficient of NACA0012"?

This document is provided by JAXA.



84 FHAZENTERR R O JAXA-SP-11-015

10mm \
lmm / ‘I
— \

Upper Electrode '

T .

Dielectric

Lower Electrode

e —

NACA0012

Hotwire Anemometer
with I-type probe

1
Hotwjire
NACA0012 Anemomheter

Airfoil

Fig. 5 Velocity measurements positions on the airfoil

2.3 BEfFHEO WL O AR

AL O D FHGIZIZ AT — 27 U A Yikx iz,

TA¥IZ=r 0 bifEh “EICE > THEMAL, BICRLTK
TICERE LT, =7 v ARRICRENVST 7 ¢ &% LGl
BIELZETHRAET I AHEL FL—T L LT A.

3. ER#ER - BER

HERERORER & LTHA 3,5, 10, 15 deg. TOT 7 F
o = — X IEEENRE O B L OVEENEEE 0 A & Fig6 1SR
T Fig7 (X7 7 F o =— X {EEBREO 23 K OV T
SRR, I I, FEEESM X VGO ERE &
S *BLOBRRIEK H (= 6 *AEBEE S) OBILITH~0D
24t % Fig.8 1”7, WEZEICE L TIX, #AEXET
DIFEE B KIEOHEL ST 54 % Figd (TR L, TOkK

KA & DR D5 O & ORLITTE 534 % Fig 10 1277

MG 3 deg.35 LU 5 deg. OIKHAVA D T D22 J )RR,
Fig2 [IREND LT 7/ Fax— 2 DEFNC L > TH S
R DIEHIE MR T 5. Fig.6(a), (b)F LY Fig.7(a), (b)7>
5, 77 F a2x—% MR C ORI oo 5 Al
Bz, BEED 60 %5 E CIRSEKBENIERK S 41 C
WHEIICRZD. ZOHEHS, T/ T arm—FDE
kBB LEZ ONDN, T/ Fax—2 20 AT
TWRWIEEDZER ST OMERER & DERBT L A LN

7o, WY OREIC G 2 DBIMNTH D BT
L. BEERD 80 %LV P CIXEEE TEWRD 10 Y%l
DREIENA T, FFICHA 5 deg 2Bt DBk TOHE
IE D fe KAEIZ RO 30 % & FEF I2HR.

T Fax—REEESE 5 L ERENTERSmO®E
FENFHER S, B F OB AT T HEER D D A SR b
T 5., 2oLk, JRES§* (Figs), (b)) VHI)
D U, BRFR~OAEL/NS LD, BRERE 7
(Fig.8(a), ()P IFD) HEILED 20 %55 90 %I DAL
BT LT D, BIRREITE AR R E EC 2.6,
JERHEE L 7-35A81% 3.5 2R T Y. Lz oTCr o/ Fax
— X DOIFBNZ L 5T, 4 3 deg. Tl Fig.8@IlnEnd &
DU HTRRD B FHIEE L T iitdividiim Eagic g L, M
4 5 deg. TIE Fig8bIT/R I D L IZEZED 50 %
FCOMEBIATET 5. BEEEOFEHESA D B
REPIE SN DTSR CE, HELRORAHEE &
HEAND DE S (Fig.10(a), (b)OFE DO & 45HE %L
BTHADLTWAZ Enn, FEEEAMEZ R E RIS
JTWS. 8 5 deg. T OEGKIT I 03 FEZE B e KA D
ZAkiE (Fig9(a), G)DOEN) , 727 Fax=—Z OEIHIT L
0 BARRD DB AN L, F5I2AA 5 deglBW T
VEBLE D 50 %525 90 %l CTHE LSBT 5.

A 10 deg LA OHIPATOZE I, 72/ Fax—H
DOYEINS & o THRAGIMRENK 2 fslcsgme, g ok
ikt L CHMBREITIZIE—EfE L 2. 0L X0RE
ORI Fig.6(c), (d)F L O Fig.7(c), () THD. 77
T o — Z IEVEBIRE IR D & JHE e FIEEDY A4 U T
L. TV F o — ZEEIR T HBEREIR N ISR A R T D
Z & T AW E A B ST T DL A S deg fit
W E CTOBEENA (Fig.7(), (b)) DL IICT 7V Fax—H
OVESh N B mE k272 > THRAETOBERE 2k LT
0T TIH AW, BT FICHEEEE Mo 2 iiis &
HoH L TWA. ZOMEEBO LT MO ITHEEL R
D 40 %S 70 YUDALEIZHT TRIFICEML, &ATE
WO 30 % EIEFIZKE WV (Fig9b)DHFEDOOH) .
D EEDOHRIZES 6 * (Fig.8(c), (A)DVED) I L OGEFEZ
O AMEE & HIENSOE S (Fig.10(a), (b)DAAD A
F) & B BBALE TR LTS Z En D, FHIEERE &
IhNEHED EEBICHIEEEAWEERmIE S TS I L
Wons. TEREE H (Fig8(c), (OO 13K fEz &
BANLE D OB F ST TR L, BEED 70 %AHT
DOBRICOT TRAGIFMNHFE L 0D, 2ok )RR
I EOWNEE, 77T a2z —FNHRT DI E EE
DRI 7212 K > TR EOFBEEEIRNICIHZ TERK L,
FOWMPEEIICHMET DL EEZLND. LER->TH
i EOMELREIFMETDMICL s bDEEX LN, T
HEEIC K - TN ABICHENT 2 L PHlSNS.
15 deglZ72 % &3 10 deg. & LE T RIFES AWk 133w L
MHBEND OO, KIKE LT S D iln3Zm kol
HTHILT, mWEIEHFFLTWD EEZZ L.

AHAEEE (Figll) 726, 77 F 2x—Z OIFENC
F o CHIEEE AW DTN SNl L, B O HEER
P SN D HEF DT OEMAIZONTHERTE TN 5.
L2 LN ORiiRo@Ey, 77 F a2x— X EERE oA
15 deg. @ WAL EE T 10 deg. & b~ CRIBES AW
B ENrSEENTWD (Figllth) . ZDOZ End, 77
Fam—Z B EE ST 2 LT X BRI SR R,
77 F a2z — WY FIFALEE I I T D FIEEE AW E O
AT ET 7 F 2= —HNFER T DAL O J5 [ ORI
BRSBTS EEZ DD,

This document is provided by JAXA.



Non Dimentional Virtical Distance, y/c [-] Non Dimentional Virtical Distance, y/c [-] Non Dimentional Virtical Distance, y/c [-]

Non Dimentional Virtical Distance, y/c [-]

B 43 OIS E R S T B Y S 2 v — v g VR Y VR Y T 4 2011 FC A 85

Mean Velocity, u/U Actuator not operated ~ ° Mean Velocity, w/U Actuator operated ~ °©
Fluctuating Velocity, u’/U Actuator not operated Fluctuating Velocity, u'/U Actuator operated

0.4

04 M= g

=
L
- ° H : 5 o

03 1 gogsp ™ : i st 1
s ° o o ° o
2 H ° ° ° o

0.2 1 E 02 g ]
G g
2 g

0.1 1 Iz 01 ]
>
=

0 E 0

£
=

0.1 [ 1 g 01 1
a

02 . . . . . . . . . . . = 02 n n n . . . . . . . .

0 01 02 03 04 05 06 07 08 09 1 1.1 1.2 2 0 01 02 03 04 05 06 07 08 09 1 1.1 1.2
Non Dimentional Chord, x/c [-] Non Dimentional Chord, x/c [-]
(a) a=3[deg.] (a) a=3[deg.]
Mean Velocity, w/U Actuator not operated ~ ° Mean Velocity, w/U Actuator operated

a a

Fluctuating Velocity, u'/U Actuator operated

Fluctuating Velocity, u/U Actuator not operated

04 M= g

v/

0.3

000000000

0000000000
20006000000

0.2

0.1

Non Dimentional Virtical Distance, y/c [-]

] 0 ]
1 -0.1 [ 1
02 . . . . . . . . . . L 02 n n n n n L . . . . L
0 01 02 03 04 05 06 07 08 09 1 1.1 1.2 0 01 02 03 04 05 06 07 08 09 1 1.1 1.2
Non Dimentional Chord, x/c [-] Non Dimentional Chord, x/c [-]
(b) a=>5[deg.] (b) =5 [deg.]
Mean Velocity, w/U Actuator not operated ~ ° Mean Velocity, w/U Actuator operated

Fluctuating Velocity, u/U Actuator not operated Fluctuating Velocity, u'/U Actuator operated

0.4 r N N T L 04 r r T y T
>
g
0.3 1 = 03 1
X
z
0.2 1 2 02 1
G
2
0.1 1 T 01 ]
-
=
0 1 E 0
g
-0.1 1 E -0.1 J
=)
02 . . . . . . . . . L L = 02 " n n n L L . . . L L
0 01 02 03 04 05 06 07 08 09 1 1.1 1.2 z 0 01 02 03 04 05 06 07 08 09 1 1.1 1.2
Non Dimentional Chord, x/c [-] Non Dimentional Chord, x/c [-]
(¢) =10 [deg.] (¢) =10 [deg.]
Mean Velocity, w/U Actuator not operated ~ ° Mean Velocity, w/U Actuator operated ~ ©

Fluctuating Velocity, u/U Actuator not operated Fluctuating Velocity, u'/U Actuator operated

M=o F s T F ¢ SF:F:F Sl =aww T cF oF :F ¢F
) o P N
o v/ e e ° H H ‘i H aﬁ AAAYDA | 01 v/U °f Sk ok o
03T ° ° ° L2 FO R I Bt ] 0.3 EO A S S |
I oo B o | % | e | %2 S S
] . S o %S | "8 | Cs| S ok Sk Sk oop
ozt ° e ; a0 @ ° A} o b o } ] 02 ° ok ok o 1
' § RS [ o f§ : : % % g
0 ES a &
21 &
s b
0.1 0.1 s Fad o0, 1

Non Dimentional Virtical Distance, y/c [-]

0 1 0 J
0.1 1 -0.1 1
0.2 . 0.2

0 01 02 03 04 05 06 07 08 09 1 11 12 0 01 02 03 04 05 06 07 08 09 1 11 12
Non Dimentional Chord, x/c [-] Non Dimentional Chord, x/c [-]
(d) a=15[deg.] (¢) a=15[deg.]
Fig. 6 Mean and fluctuating velocity distributions Fig. 7 Mean and fluctuating velocity distributions
without the actuator operation at Re = 10,000 with the actuator operation at Re = 10,000

This document is provided by JAXA.



FHAZENTERR R O JAXA-SP-11-015

Maximum Fluctuation, u'wax/ U [-]

[-l

(w'max / U)

Maximum Fluctuation Position, y/c

Non Dimentional Displacement Thickness, & /c [-]

Non Dimentional Displacement Thickness, & /c [-]

0.5 L — 10 0.5 S — 10
6 [Oopp v — Tt (GRS %
Gy ¥ = Gy ¥
OFF *i HOFF
0.4 ey, Ly 4 04 { Hy, THE L
g
=
3
= = =
x IS =
0.3 m\ﬁ 6 % g 03 i A ¢ %
E H \ H
2 g ;\E g
; 1 <
-9 o= =N
4 % E 0.2 H=3.5(Separgién) 4 %
¥ .
'é‘ H=2.6(Laminar)
Y 7)7/ 2
H=1.4(Turbulent) a H=1.4(Turbulent) / y
G v s /
—Y “ V v
0 0 0
0 01 02 03 04 05 06 07 08 09 0 01 02 03 04 05 06 07 08 09 1
Non Dimentional Chord, x/c [-] Non Dimentional Chord, x/c [-]
(a) a=3[deg.] (¢) =10 [deg.]
0.5 S — 10 0.5 S — 10
[CRORY v — (GRS %
Gy ¥ = Gy ¥
Hopp = *i B—F Hopp »
0.4 h s 04 a/k:f \E Hox 18
H
=<
z B/E \ 4
T = T
x £ T
03 &l = T 03 N 6 =
e £ N5
L E 2 g / g
= £ =
0.2 5 i K/! 2 % 02 . g
*~ | H=3.5(Separation) )/rb/' \L % : % | H=3.5(Separ®fon) %
=
H=2.6(Laminar) =l\F g H=2.6(Laminar) <
H L
1 E o1 2
0 H=1.4(Turbulent) L =) 0 H=1.4(Turbul ;))(7
< E N
7N r—v— \
0 0 0
0 01 02 03 04 05 06 07 08 09 0 01 02 03 04 05 06 07 08 09 1
Non Dimentional Chord, x/c [-] Non Dimentional Chord, x/c [-]
(b) =5 [deg.] (d) a=15[deg.]
Fig. 8 Chordwise distributions of displacement thickness and shape factor
0.4 T T 0.4 T T
o =0 deg. = o =0 deg. =
035 [ =3 deg. x 035 [ @=3deg
o=>5deg. = o=5deg. =
L a=8deg. = I =8 deg. h
03 a=10deg. —S— H = 03 o=10deg. —S— A A |
025 o= 13 deg. T oasbom13der £
25 1 = 15 deg. £ " la=154e —ﬁ—/ / / F
0.2 = ERY) g
P E / /
0.15 = o
/ /(a’ Z/ p 0.15 /K /
0.1 £ g o
0.05 3/E~ = = 005 B £ Zy —p7
- M- M Y- S | T T Ee—o—a—e—4
0 0
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
Non Dimentional Chord, x/c [-] Non Dimentional Chord, x/c [-]
(a) Actuator not operated (b) Actuator operated
Fig. 9 Chordwise distributions of maximum fluctuation
0.4 0.4
a=0deg B /A 5 o=0deg —B—
035 | =3 deg. b E o935 a=3deg
a=>5deg —E— / /A o2 o=>5deg —E—
03 | @=8deg. . \>: 03 | @=8deg
| a=10deg ©— /é / £ | o=10deg. —©—
025 JZISdeg._A_ D z 0.25 ,a:13deg._é_
23 o= 15 deg. 2 /V{ E 22 =15 deg, 2 /45/45
0.2 5 )/9/( 5 02 / A/A
0.15 e i 0.15 A
0.1 I h FTE- 0.1 S — D
¢ i g A P
0.05 i PO . | E 005 3 H
e et § — - = i
0 0 1—3 —
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
Non Dimentional Chord, x/c [-] Non Dimentional Chord, x/c [-]

(a) Actuator not operated
Fig. 10 Chordwise distributions of maximum fluctuation position

(b) Actuator operated

This document is provided by JAXA.



A3 NGRS ERE S A THBNE Y S 2L — v 3 VEEl Y VR Y D 42011 @S 87

(a) Actuator not operated at o= 3 [deg.]

(c) Actuator not operated at o =5 [deg.]

(e) Actuator not operated at o= 10 [deg.]

(g) Actuator not operated at o= 15 [deg.]

(b) Actuator operated at « =3 [deg.]

(d) Actuator operated at o= 5 [deg.]

(f) Actuator operated at « =10 [deg.]

(h) Actuator operated at « =15 [deg.]

Fig. 11 Photographs of smoke wire visualization near the airfoil surface
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Far-field Noise and Near-field Flow Validation of Tandem Cylinder Flow
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ABSTRACT

In this paper, flow around tandem cylinder is solved using UPACS-LES code developed in JAXA. Several key issues for unsteady flow
simulation are investigated by changing the parameters, such as turbulence modeling and grid density. The flow field is compared with the
experiment for both far- and near-field. Current results indicate that the calculation of the boundary layer and the shear layer around the
cylinders plays important role especially to the near field flow structure while it is less sensitive to the far-field noise. Using LES/RANS
hybrid technique with fine grid, which consists of 70 million grid points, near-field flow structures including both steady and unsteady
components, show very good agreement with the experiment. Additionally, far-field PSD shows fair agreement with the experiment.
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Code Development of Linearized Euler Equation on Block-Structured Cartesian
Mesh Combined with Immersed Boundary Method

by
Yuuma Fukushima, Daisuke Sasaki and Kazuhiro Nakahashi (Tohoku University)

ABSTRACT
Recently, noise of airplane has been lowered due to the improvement of each component. However, regulations of airport noise are just the
same getting stringent, and thus the attention is currently focused on noise analyses for the further noise reduction. Among them, this study
focuses the acoustic analysis using the Linearized Euler Equation (LEE). LEE is often calculated on multi-block structured or unstructured
mesh. However, mesh generation around complicated geometries takes time on structured mesh and cost of high order calculation gets
larger on unstructured mesh. In this study, a LEE code for aeroacoustic analysis is developed on block structured Cartesian mesh of
Building-Cube Method (BCM). BCM has several advantages over structured or unstructured mesh: quick mesh generation for complicated
geometries, easy application of high order scheme, high efficiency in calculation, and easy parallelization of process. To make an accurate
calculation, the Immersed Boundary Method is implemented for wall boundary treatment and high order Lagrange interpolation is
implemented at the Cube boundary for data exchange. At outer boundary, buffer zone boundary condition is implemented. This code is
validated through acoustics scattering problems around cylinders and the Root Mean Square Error (RMSE) and Maximum error of
calculations are compared. In results, presented method shows high accuracy even if the objects are complicated triple cylinders and the

effectivity was verified.

1. ERRUEMN

VAR, B A N AT Y O ST L o TR ZEE
MOFRAETHREIMLTLTWS., FO—FT, Zeifi
ORBERHITF L 2o TH 0, HRHEEET(bICHT
BREMENT OMFFEIX L 0 BHEUZ /R > T D, FBG O il fig
EORT, JEMEEAA 7 —FRAE S L CRIE
b L7=#IE A1 7 —J7F2X(Linearized Euler Equation, LEE)
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TR D& BB LT, AT A —RR 2R A O BEIR I R
ESNT, BREHECORPTCHKH I A2 FEOT
AL TW5.
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BASKG TS K DT Ik, EMEERZICOET D E VS
BEIDOIDITHMERRAEBRG ITH]H 2N TED. £z,
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o, M OVEE SV oD JA A 1% (Immersed Boundary Method,
IBM) % W T % .
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DIZIREINTZH DT, AWBFFTIE Ghost Cell & Image
Point Z W= b O & HT 5.
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[@ Oj (,00)2[ » U
I (7=D[p'Vi ~7'Vpy
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W5 4 RIEEDHIRZESY A% — L5 ThH D DRP (Dispersion
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4)

2. 2 HETLIIYXL

HERAIIU TOFRIEICL > TEREND. T 1 @
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Jsk
rarger — 1)
W (xtarget) H x _x) (6)
l¢j J
Wi arger) :H(y(myrkge—i;ji) ™
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22T, 0" i iteration =& O, OV IZIHEE DR,
Oeer FRZPRE S D HIEL 22 5ETH 5725, LEE DFF
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AN OHBETH L. WIS O R E S 2 RET DERTIT
SITRT R DT, SMEEESUCHET S Cube O TR H /1
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X5 WIUESALE &2 TRISOIEKE

2. 5 Immersed Boundary Method

AWFFEIZ BV THW S IBM 1% Ghost Cell & Image Point %
AW 8D 2 THh 5. X612, Ghost Cell & Image Point, il
MBSO ERGRE R, 22T, ¢q~q lZTnNTiho
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qip =+ df (x.y)
df (x,y) =alx+a2y+a3xy

df2=q2—q!1

df3=q4-q (12)
df4=q4—ql1

dc 0 0 ||g df

0 dyv 0 |a|=|dfs

dx dy dxdy|| a; dfy

6 IB Method

3. BRBLUSER

3. 1 —FARICKLIERHEA

MGEEHAR & LT, —MHEE Y O F i BELOFHR 21T - 72
Z FLiE Second Computational Aeroacoustics Workshop on
Benchmark Problems'” CHt Y 3 F b /=i TH 5. iR
HIZRNENIE,  ZIROC A O A A 22 O IR 1A 2 5 L 7=
B 1D OMBERH D, JFEEEAD,0)DOLEIZ T 2T
AT DE R LI BB ERA D 5. EREO T n T
BB X HUB R Tl ey, i 2 Rr oM IR L 5 RO
W OIEMERFRICMA T, FIE D O & IO TR
WO ONDPEMFET 5DIZHE LETH L. KR
WV B OFRIAPE D A I W TR REDNMTAE L, R 72
Wl #475 2 ENTE 5. AJNER(13), (14)I277 3 HLfE
FH Y AMAT 2 [ESHITINA S

2 2
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AFREIZONT, =FfEOK T2 AW 2170, #%
T DN & R A RGE L7z, & LICEEICHW
T EWmERT. £, 7IZHEUE L 72 D Base Mesh &,
WiEJE 1 1 |, 2 [ElO#45 b AT 272 Fine Meshl, 2 @
MRS, Cube B, WISERA R R LIcb D&Y, 1
D@ Cube IZEHEND Cell 1TT X TOEMEIZBNT 125X
125=15,625 TH 5. FHHEMEHUIMFEOERE D 3L LT
W I FE IS & B 6D T 20D X 20D DfEl A W2, il LT
Base Mesh % 2.5 &, FHREMEHEIL 8x8 D[R U K& X Cube
TRILINTEY, BEFEEIT 100 HEER>TND.
T DREFATBT DI/ ME TR RRIZ 20X 107D TH Y,
Point Per Wavelength(PPW)=12.5 & 72 > T\ 5 7=, FH5iGE
AR THE 17025 O A G T 2 DIk 1 Lo
TW5D. AERBERICH L TV 5 Cube (4581, T Buffer
Zone Bi RGN ELEE I N TS =8, 125Cell DM FE Ik
Ll oTUWNAD.

&1 BFERCHE)

Number of Nun}ber
Ad of computational

Cubes
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cl Base 0.020D 64 1,000,000
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X7 —MHEREY D CubeBLE
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FHRAER L LT 8 12— FFEE » OBRIREE ) 28 /0 Ah %
R MERDE, FENDOT WS HFEC Lo THELS
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DT 125Cell DWINJE L 72> TS, WU L9, L=05
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MU TRENKEL RD2EMICHY, IBM ZHW R 5T
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Influence of Magnetic Configuration on Weakly-ionized Plasma Flow Control

Yasunori Nagata (University of Tokyo), Hirotaka Otsu (Ryukoku University),
Kazuhiko Yamada and Takashi Abe (JAXA)

Abstract
In the electrodynamic flow control, a weakly-ionized plasma flow behind the strong shock wave is controlled by the applied magnetic field
around a reentry vehicle. According to the experimental measurement with an arc-jet wind tunnel, the electrodynamic effect is influenced by
the magnetic configuration. In this study, the numerical MHD simulation was performed to investigate the influence of the inclination angle
and the intensity of the magnetic field. The present results show that the circulation region is generated around a body when the magnetic
field intensity exceeds a threshold value. The manner of the variation of the aerodynamic force associated with the magnetic field inclination
strongly depends on the magnetic field intensity because the circulation region causes the drastic change of the flow field and electromagnetic

field.
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9% Lorentz 1 TH 5. BERBAICERIMEETSC L TEH
BEMEAL, BNBHET 5 L TIARBRICORNS L
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Fig. 1 Schematic view of the electrodynamic flow control.
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z
Fig. 2 Computational model.
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TERENS. AETE, HaAll IRBEUTA A - AV v FidE
BLTWEW. TCTT, ocREERTHD, BETICHATSL
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(N~ &b, BERT ¥+ ¢ IcBET % Poisson T2
V. [o(-Vo+VxB) =0 (11)
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(J-n=0) Z42AW:. TTT, nBEICEELZBEMARY MU
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REEASAEI, WML BREFRMmMORZmEREER (reference point) &
L, TORICHBITBMEEE B,/ ICDWVT 0~0.75[T] DFEET
Zlex i,

Table | Numerical condition.

Mach number 21.8

Reynolds number 3.58 x 10°

Velocity 6500 m/s]
Angle of Attack 0 [deg.]
Density 8.60x 10~  [kg/m”]
Pressure 542 [Pa]
Temperature 220 K]
Gas Constant 286 kg K]
Specific Heat Ratio 1.41

Fig. 3 Computational grid.
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Fig. 4 Computational domain.
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b b b L4 8 a4 N w =
T
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IIPI 1
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(b) Y-Z plane (front view)

Fig. 5 Static pressure distribution around the body in the cases
of @ = 0 and 45 [deg.], B,., = 0.50[T].
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(b) ¥-Z plane (front view)

Fig. 6 Static pressure distribution around the body in the cases
of @ = 0 and 90 [deg.], B,., = 0.50[T].
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1]
Xm]
(b) X-Z plane (top view)

Fig. 7 Static pressure distribution and stream lines in the case of
B,r = 0.50[T], 8 = 90 [deg.].
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Fig. 8 Shock wave location and the stagnation point location
on the X-axis vs the magnetic field intensity, in the cases of 6 =
90 [deg.].
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Fig. 9 Reverse flow region around the body in the cases of B,., =

0.50 [T].
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Fig. 10 Electric potential distribution on the X-Z plane (top
view) in the case of B,; = 0.50[T], 8 = 90 [deg.].
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Fig. 11 Electric potential difference around the body vs the mag-
netic field intensity.
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a
pudu = (J X B)yd —%dx (13)

AR EFEHTCREBERBEICEThE Wi, G052 HE
AT L, XERREERNSFMAERZ Lorentz 1 EFIT A5
BEIL, fEch3C bbb, HENZT 24 Lorentz Al
Lorentz 12 FMRICIi > TBIO Lizb D L3, LE2HKR (X
fil) 12in o> 7z Lorentz 10D X (RO DD FLy ZRATEET 5.

Pl )= f " (I x Byxdx  [N/m?] (14)

T TT, Lorentz T WAARY D IT/FRAT 2N THY, (JxB)y
DEEFR-X FRAZIELTS. &8, xuw 3IEREOMBTSH
%. Lorentz 1OFHMEN —HFBNER LE - -5 E, HihEy
FEICERET BRNc K £, MIRAESHETZ L EZ NS,
Fig. 13 I, BBEEEE(LERIIBED Fry(owg) DELER
¥. TTT, WRE-BHBECERERLTVS. Thib, W
%gﬁﬁﬁt 0.25 [T] {ﬂi&? FL_x{xm,y) ﬁ‘_'ﬁﬁgﬂf%_t@ 2TW3
TEhbhB. Fig 8IcRLE S, RBMRED 0.25[T] UL
£/ 3 LTRRBESERE N TS T LM 5, Lorentz IO E
MERBEEEROBR LA {Z LA 5. i, EREARIF
RENTWBIFEE, Xihto X EHENEIE Lorentz /7 & —Ekifi
BEFDDESH@LLT,

1
Fidx) = 3paVa (15)

iz B x1c<B. TTT, pu Vo BRENTh—HKROE
B, mETHS. LEHLEFERKTEFTESNE W, K (9)

Fig. 12 Induced electric current distribution in the case of B,., =
0.50[T], € = 90 [deg.].
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Fig. 13 Integrated Lorentz force along the stagnation line (X-
axis) vs the magnetic field intensity, in the cases of # = 90 [deg.].

DOHEME 2 AOBRICHD2EEIINEL, BRICKZHFHE5HE
RUNTHBELEZLNS.
34 ZTEFHNOFE
RBEAMLIEE, WERCERAT2ZER AL LT, WiEER
IMERTAFEAHE AT, BXURKICIERT 5 Lorentz 1D
RIEANA S 5. BlETICRRTELS 1T, BBOmERM,
EEEEE(LTER L, Filg, SRIBLLICERTZED, ¥
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Fig. 14 Aerodynamic force exerting on the body vs the magnetic
inclination angle.
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Fig. 15 Aerodynamic force exerting on the body vs the magnetic
field intensity.

3. 0=90[deg.] DIFED & EHMMEICBTIE, Lorentz 1D
Mo EL— R EL LR % L BRAEESEREhaT L
Hbohoiz.

4 MmOmEPHIFEERELTIEEL L, FhEBIU
Lorentz 17 A D ZE(LIC W, MEICERTAZER LN
ZkTac bbbl FICERBEHOFEIEIHID
RABOICKERFEEEE525.

FEIETIZ Hall IRV ZEE I N TOEWVWD, EEBORITEET
CBEWTZOEEIIKEL, S Hal BRI K ZBEcOWNT
BetEfToTWVL.

BE

1) J. Poggie and D. V. Gaitonde, “Computational Studies of Mag-
netic Control in Hypersonic Flow,” AIAA Paper 2001-0196, Jan-
uary, 2001.

2) FIREEE, TS5 TS X <ifi & RSB NN BUBUEYI ik & O F ik
RIS 5 RERABIZE), WEURPEELR, 2011

3) /kEgsR, (LEME, ZEEL, TREBEAVW-REERT S
AR PHIEC B 2 RERRAOREICBET 2 BUERZT), 2010
T FHEHTONFEY Y RIT L, 2010.

4) KHEH, (LHAfE, ZHkEL, TENREEZEAW-HEM 7
Z AR MA@ B SROBREMOME), T 22 FE MR
YYRIT L, 2011.

5) H. Otsu, D. Konigorski, and T. Abe, “Influence of Hall Effect on
Electrodynamic Heat Shield System for Reentry Vehicles,” AIAA
Journal, Vol. 48, No. 10, 2010, pp. 2177-2186.

This document is provided by JAXA.



B 43 OGS E R S T B Y S 2 b — v g VR Y VR Y T 4 2011 FC A

T AL E =L S S e IR E O AAERIZR T 2 A — LBk

IREREEE (PR, BEHT GRIERT), AKEHER GRURT),
AR, LRI, it (FHATZEOTZEP SR TR AT SRR

The Scale Effect of the Interaction between a High-Enthalpy Flow

and a Magnetized Body

by

Morimasa Hattori (Waseda University), Hitoshi Makino (Tokai University), Yasunori Nagata (University of Tokyo),
Yusuke Takahashi, Kazuhiko Yamada, and Takashi Abe (ISAS/JAXA)

ABSTRACT

For a high-enthalpy flow, it has been suggested that shock layer formed by the body in a weekly-ionized flow is enhanced as a

result of the interaction between a magnetic field applied to the body and the flow. According to the theory, the scale effect of the

interaction is organized by the interaction parameter defined by the ratio of the magnetic force to inertial force of the flow, which

includes not only the intensity of the applied magnetic field but also the flow parameters such as density. In this study, the scale

effect of the interaction is investigated experimentally, by varying not only the intensity of the applied magnetic field but also

other parameters. For this purpose, the high-enthalpy flow generated in the expansion tube is employed. It was confirmed that

the influence on the shock layer by the interaction is almost proportional to the interaction parameter as the theory suggests.

1. F
1.1 #RER
BUEDOFHIEENZ I T 2 FHER S AT LB T
HBER T 28 NI D 22 Ty INEADS & FEHTFRAT I % <F 2 BB 1
AT LORFITIREERBEO—D>TH 5. KAEIZH
BT DFHABEES T 772 2%, FRAREORE
38~12km/s & 72 1), FRATIRJE 0 IZTERL S 41 2 B IS
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Plasma flow

Adr flow

Fig. 1.1 Schematic of the interaction between plasma flow and

magnetic field around the body.
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1.3 AEFFEOBH

RS 2RI L7 BBAE I, Bl at R kv Atk
BARENTEV[], 622 OB ONFITHET
WRTA—R LR THERTE LI ERMLNTND
[2]. AWFFETIE, MZRMEE 2 HWCEBRORITREEIC
PRI 38 1T 2 FIINES D R D FEBRIRIRE A AT 5 . 8
FRIZHWREE 2 AW BRI O RITHER ST
7203[3], AFFEICR O TTE ORI 2 &4 5 2
LICE D RTREEEEE L, 2RI LV B LM AT
WRT A — 2 \ZB T DRSO A I X B R B
BEOZAL B AT 5. & L CSERTB OM A T# 1T
A=K D ERP B RO A bR A T 5 2 L
T, HMRESZD IR D A — Vi % feiB T 5 [4].

2. RgREE

AL C W T IR & OB 2 Fig. 2.1 IR,

ME3RM 1L, wEH (High pressure chamber), JEAFE®
(Compression tube), &
IKEE  (Low pressure tube) 2 OVBLHIEE (Test chamber)
MO SN TN D, mERR & i s v 7
(Quick action valve) 2 &> THEIH, HEMEENICIE

(Medium pressure tube),
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Shock Wave
= == == Contact Surface
Expansion Wave
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i
First Diaphragm

f
: Quick Action Valve : Piston ; Second Diaphragm '_‘ﬁ
|, P ¢
T Test Chamber

Medium Pressure Tube
Compression Tube

High Pressure Chamber Test Section

Low Pressure Tube

Fig. 2.1 x-t diagram of the expansion tube operation.

HHEEA b (Free piston) i@ STV 5. JEHMEE
EHREE, HIEE ERIEFIXENENE TR (First
diaphragm), # 2 [@ (Second diaphragm) T8l
TWD . EEEOEICBIRRH Y, £olklTnzEiE
12525 TN B [3][4].
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ECERIEMANOEIEN AR E A k22 U UEREE
WNOKENER SIS, B A b AT X0 JEME S 756
ENOREITRN TH 1 B2k L, R NI
B (Shock wave) 23FE/AET 2. HIEEN AT 2 W5
BN 2 RIRICEIET D &, 55 2 BRI AT L mE 221
RE L THHEEENICS BITHENEBEEN AT 5.
22T, B2 RICIZIERICH Y Lumirror DA W
TR, FRENEET DL LIFLAEHIED 2 L
G UTHENES 2% . R NGERM T IR | | AR 08 1 4% (i

(Contact surface) M ViR (Expansion wave) 723FE42
T 5. MZRME ORERTIE, BRIk < Bl
THROKmERRET L LT D, RBREURIT TSN
ICFHE TR Y, REENOERIEIC X5 InERIC
F o TR A T mE 2R O m = Z L e —if &

72 H[3][4].

3. EREE OBEIC L DRMOERE

WEOHFFETIL, B T L7z IZiRIEE 1< K- THIM
TSR R DRFE AT - TV =[3]. ABFSE TILAR AT
INT RA—H FERT BT, BEARTE A O Wik 2 ik
THZ L TRIMEBE p b sELZLlcLi. ZhvE
TORZBRIEE OMRER A Brim i 35%35mm OIEHE
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ICBOEEIT o7, Z OWEEOYLKRIT, HZEEOwE £
THER LS B LEPTA D HBEUIRE LT,
SO AT ORI & Fig. 3.1 17T, Zo%&E ks
RS OWE R 5.76 (5 THDH[4]. £12, ZOIEK
[Z &> TR YRR OILR S AIREIC 2 D, W E DS
TIE ©15 OERBI ZEH LT ey, AT 025 OBk
R ZER Lz, SRS K VHETFEBARAI A =2 D5
ROMWRPHIRTE .

4. BREEORWRZ

BRI S ORTCIRE & R T 5 721, FfEFFIC
K RGBT & £ 77, EEREGH RN X 5 &
P EAT ol T 2 TANRICE T DRI O ESR
% Table 4.1 |\”3. EFHEMEF R, ¥ 1 kooith
ARE L, BbFIEEnm e 2 B 8 L7 Euler X%
vz, BV, JEHuE e < ERR 2 (E L, 2250
BL IR TN,, 0,5, N, O, NO, N¥, O, NO',
N,', 0,', He, ¢ ®1 2{bMEBZEL, SET N
135 2 SUGOParkE T /L& FV T2 [5][6]. BAHFEF-firE
Ik, W - [EIESIRE LIRS - IR A ZE LT Park
D 2EEET IV, WiE—IRE) = %)L ¥ — W ORI
Landau-teller OFEf17€ 7 /L & Millikan & White O {-f%5
K& M7z, He THAEE L, EMENOER Mo
TEB) A B L7z,

RN, Fig. 4.1 1R RO ICEBEORY, ©
b —ER ORE, MEEROHE OFHZTT o7, 260
FHURE RNz, BEFHREIC X3 KiikEo Tl &
Table 4.2 (2T, SUdAith CHRIEA I T 2 &, Yotk
DOFFENBCERT L Y HIFFITEL Ao TIBY, Ttk
WCE VKRB EMRB L2720 e EX bNH4].

Fig. 3.1 Dimension of the previous expansion tube (upper) and

the present one (lower).

BEWHE OFHAR LR R PR E S B> T DN, 2
AFEBME RGO EN G ENTB LT, &5
RO R E O RR L B 6D, £, HE
JE g DR REEC E ~—EIEAE L0 SRB R &
RS 2 &[7], EREEENIZEEDLZRWICHED
LPUWERDIE ) BREDBACH D, T, JERE
DRI & > TREKMAMEL TN D72 EEZD
ns.

Table 4.1 Operation condition

Initial pressure (Filling gas)

High pressure chamber (Air) 2.77 [MPa]

Compression tube (He) 101.3 [kPa]

Medium pressure tube (Air) 1 [kPa]
Low pressure tube (Air) 4 [Pa]

1st diaphragm rupturing pressure 49.5 [MPa]
Initial temperature 300 [K]

Fig. 4.1 Measurement system around the test section for
measureing flow condition.

Table 4.2 Calculated and measured flow condition.

Previous Present
(Straight) (Expand)
Calculated test flow condition
Density [kg/m’] 4.99x107 8.81x10™
Static pressure [kPa] 10.1 0.695
Shock speed [km/s] 15.2 9.0
Flow velocity [km/s] 13.0 13.1
Measured flow condition
Static pressure 50 04

(Behind shock wave) [kPa]
Shock speed [km/s] 11.8 11.3

Test flow time

(After shock wave arrival) [us] 40~60

13~25
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5. FINBEEZIEOEHE & R — VR ORREE Table 5.1 Test Cases.
5.1 HIMBEIBZhERIC X 2EREIEKN Casel Case2 Case3
IR A OUGEIC & v R D RMIREER S 0 7P AlAo 1.00 1.00 376
B} . _ . p [kg/m’] 4.99x107 4.99x10° 8.81x10™
D2 EEER L. IMEOETHE, doERioKHIzE
U [km/s] 13.0 13.0 13.1
1T TWAH[3]. £ TAMFETIE, @ED 250D Case L [mm] 15 15 25
W 2 e % ORI 2 BRSO R 25T 5 . BIT] 035 0.74 0.73
Q 0.14 0.62 2.08

% Case DRI L 4 FCH/OLNEBEFFICL DK
TURREZ VT RE S o T T3 A — X % Table
5.1 IZ7:9. Casel & Case2 ClIBILTHE DA &L S
TEY, BuEH D Case3 TILAPREE & B DR
REE2ZEETWD. B DOEDOFHITIE, B
ATV DA LA OC WD R WAL O JE 0 2T AL S
N5 EEE O % Fig. 5.1 O X 9 ICHR LR a2 17 -
7z. % Case OO M X 2 Hlkliff % Fig. 5.2 1%
T ISR ETR 2 O S8R A R BTy
L, ZNENOEBD L ERgfiiiEsr —BIEDH 89
AR LD THDH[4]. b ERD &, MGER
M5 Z &TREBEATOERE PR L TV DHER
FEMRT D ENTED.

5.2 X ERBEDORNIBESF

& EBHR E OISR 434 L0 ER AN RSO 2 b Fig. 5. Measurement system around the test section for
OERALEAT ). 2 2C, JEAFIC L H k0w~ measureing shock layer

QP EEs, RE), ET) ENLOMLRD 101k

FREOEE A W TR IEBENR O R AT, &

Fig. 5.2 Shock layer images for the magnetized model (lower) and the non-magnetized model (upper).
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DFEIL, Fig. 53 O X S5 IHRAVEFHEICKR L CEEIC {bZFR &l L2 b A LB A ERT 5. FENTRE S
R D NMMEA EFE L, YOI > TR IR0 £ HOFHE & FHAZE i3 5 &, AR O RIE T

LTI EERAL L-. et BIC T 2 I fRE - B L, MLENTNTWND Z LD, ik, M
I B D 454 1% SPRADIAN & U CEEff L 7-. FEOFHFET VITREOFRICTIE DD, K[IIRAED T

Case3 DGR LTI 23 ICHREE AR, L A, & DEBEORIE L 1T R > TN DD B2 b5, 3HHE
15340 % Fig. 5.4 13, BlE L EA00E A4 0 & L IR DRIEHEEITEEORIEE D b2 0 iE < AR
R TR b L, e o R ORRE TR i A 1, HAILTWD 72, FEIRE M ITFH L Y & S ITAE
HMEZ 0 & LTHIBILE T 72, Thae o &, Rk LTW5[8].
SREESYAT DN LS O ALE R IR TR 5.3 MAEFWNRTA—FIZLDATr—NZh%E
0, KEOEREONE LI RR D FREMESH D, Lo Case3 DWEGOFMITEIT D L & Hf EOFIEIRE Sy
L, EEEOEERFEDERE T3 <G ORRIC L 5% MOFHARE R % Figs.5 [OR”7. ZiaRks e, MhEdH
bAFHT 2 72, A ENTFEICIREE /TR & DALE D28 O OSAR AR HITICALE L TR Y, FINESGIC X - T
EREATER L CND 2 EBHERTE D, Z Dol
N, R 1.0 (Peak), 0.5 (Half), 0 (Rise) @
BB BT D OB B X 5% T L, e
BiBppEZs (b & LCERAL L. £72, iz —E T
22V O T, EREHHICBT 2 EEL YT —S—
AR L7
[FIERIC L T4 Case BT AZELEZNEL, AT
WRT A =2 L OfR% Fig. 5.6 I~ 7. Zhvaeild L,
HEMICH M S 05 L9 1S, B0 a 8 X 5 ik
W BEBLEEE O L RIS A8 T A — 4 TR S
HONEYToD. FIARERTIE, HAETH T A—

AU WHKFEL TN D Z IR T OLER S D.
L7ed o T, FUNMBESG S RITH AT R T A =2k
Fig. 5.3 Calculation model of the radiation intensity. THRITE DI L EEBRNICHRT D2 N TEL.
Fig. 5.4 Distribution of the radiation, density, and pressure along Fig. 5.5 Distribution of the radiation intensity along the
the stagnation line for the non-magnetized (Case3). stagnation line for the magnetized and non-magnetized (Case3).
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Fig. 5.6 Relationship between the difference of shock stand-off

distance and the interaction parameter.

%
6. fwim
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Numerical Study of Boundary Layer Effects in Expansion Tube
by
Takanori Akahori! , Hitoshi Makino', Yasunori Nagataz, Kazuhiko Yamada®, Katsumi Hiraoka', Takashi Abe®

Tokai University', University of Tokyo®, ISAS/JAXA®

Abstract

The effect of the boundary layer development associated with the shock wave propagating through the low pressure tube part
of the expansion tube was investigated. For this purpose, the low pressure tube flow was simulated by the time-dependent
axisymmetric Navier-Stokes equation with ideal gas assumption and coefficient of viscosity given by Sutherland's formula. It is
found that because of the finite formulation process of the shock wave, the initial resultant shock speed exceeds the theoretical
prediction but, afterwards, the shock speed keeps decreasing because of the boundary layer development initiated from the
intersection of the shock wave and the tube wall. Simultaneously, the contact surface is accelerated. As a result, the region
between the shock wave and the contact surface becomes narrow and the test flow arrival becomes faster than the theoretical
estimations. The present simulation results agree with the experimental results at least qualitatively. However, numerical
calculation models must be improved, such as real gas effects or three dimensional calculation.
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Fig.1 Schematic view of Expansion Tube.

Fig.2 x-t diagram of waves propagation.
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Tablel Initial Condition for Theory.

Casel Case2 Case3
Compression Tube
Gas He He He
Static Pressure 101.3kPa 101.3kPa 101.3kPa
Temperature 300 K 300 K 300K
After 1st Diaphragm rupture
Static Pressure 50 MPa 50 MPa 50 MPa
Medium Pressure
Tube
Gas Air Air Air
Static Pressure 1kPa 10 kPa 5 kPa
Temperature 300K 300K 300K
Lo wPressure Tube
Gas Air Air Air
Static Pressure 4 Pa 4 Pa 4 Pa
Temperature 300 K 300K 300 K
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Casel Case2 Case3
Behind Shock Wave in
Medium Pressure Tube
Gas Air Air Air
Static Pressure 548.6 kPa 2.92 MPa 1.82 Mpa
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(a) Casel(CFD)

(b) Casel (Experiment)

(c) Case2(CFD)

(d) Case2(Experiment)
Fig. 4 Static Pressure History

(a) Casel

(b) Case3

(c) Case2

Fig.5 Compare Waves Arrival Distance with
CFD and Theory
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Three-dimentional numerical simulation of bow-shock instability
using DG method
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Abstract

Three-dimensional numerical simulations were conducted using the discontinuous Galerkin (DG) finite-element method to clarify
mechanism of bow-shock instability, which has been experimentally observed for a blunt body in a low-y gas. Shock-surface
formation was computed with a blunt body in Mach 3.9 flow. A well-known numerical instability, the carbuncle phenomenon, often
occurs simultaneously in such a flow condition. Sufficient resolution of stream-ward grids is required to obtain a stable solution.
Spectral analysis for shock-surface deformation suggests that the observed instability is induced by numerical errors. Moreover,
influence of the angles of attack was examined, but bow-shock instability was not observed. Other conditions such as a sharp
surface shape and a viscous boundary layer should be examined to obtain a physically unstable flow.
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Fast grid deformation method for unstructured CFD grids

Manabu Hishida, Atsushi Hashimoto, Kanako Yasue and Keiichi Murakami

ABSTRACT
Fast deformation method for unstructured grids is important in order to carry out Fluid-Structure Interaction simulation using several
millions of cells in JAXA Digital/Analog Hybrid Wind Tunnel system. Algebraic schemes such as Surface Influence method have better
prospects because of their high parallelization ability and easier implementation. In this paper, some algebraic schemes including Surface
Influence method are investigated and proposed, and applied to DLR-F6 FX2B wind tunnel model simulation with static deformation.

1. [ZC&HIC

JAXA TEHLNTWD [FUX L/ TFHuald g7
Uy REGA] BI% 7 no =2 b VG, CFD f@r & iR %
BREFD)D A #3827, ZE R 72 ERURA B 51
LEROEEE B LTV,

ZD X O REJRAIZEIT S CFD & EFD ORlE %5 2 5B,
WH DOBHERIFICE L OFEWRH D Z L2 4REBE LT
TR S 0R, EALOFTHEERK L LT, 2
IR DBRERNZET b D, MERRTE, mLA /v
AR Z LT AT DI ERRIEE EIFAZ L1560
T, MZERERIOE NN T LT LA LN L2 E
ST, ZEHNFIFIEFICRE R bD LMD, LichoT,
CFD %%t SR OB RE TR 225 & Z2hREDfR
RO LT — AR OREERICORN IR D 5,
—F. EERHEERFHICR WL TL, BREARLSA ORI
LZEHMBEORBE Y NEEMEEZE L WD, £2 T, s
L < ILFEBRO B CEHB R A g 57912, CFD &
FERHEE T 238N X 2 A 8 8 R (FSD AT A3 0 B &
TRoTETEY, "7V vy REJRIZBWTH Z D FSI f#
M RE D FEIENHED LTV 5,

%< OWFFERE Z 72T B FSLRNT 2DClx, ek
TEAR D & AT 22 BRbG L. HERIC & 0 15 2 [ ERRIRAE~ZE T
D TOL FEN R TH D, Ln-T, JBIREE
\ZffE> T CFD B RS T2 4, SF v 2=kt
NEREBEBSES Z LI D, ZOKRTERETIECON
THFEA R FEMERIN TV AN,

(WNERET NVEDIFNET VEKTERICER T 5 Tk
QFEMMIARAUC L 5 26— 0 F s

QGIWIRZZ AT~ DT % ARERII T 22 A -~ k3 5 ik
DO EYEND,

FZT, 7Yy REGRIZEST % FSI fRHTHERE D 1
WAL, ZH O TEICR L TR 2B 278y, CFD %
MM TAT & LTOMRBN RS T ERIEE T~ e L
THEH L, 2oHEEIE, FlEomdEEcH L, ~A 7Y
v REAOT Y ZOVIEIRENC X, 2HORTEGMEICHT 5
JSEEBRFIAT Y a—VORLNTRFRINTY I 2 b— b
TOmBMENERENTEBY, mEKFERY 7k
HexaGrid® & 8KV L /8 FaSTARO D iHE L 2 7 A3 ER
AEhTWnWbd, BFEDO L ZATHEHERSD LI,
HexaGrid 1% 850 17 & /LR DIEMEERS T 2 00 TARR T E
LEENHFEo TS, FEHRER 7% H\ 2 FSIARNT TIL,
T bR r Y — OB NG REERIC KT T LR 5
Todh, A, 2SR T O AR A B CRETE O T A A
SHDLN, BRICET RN HARICE T 5 EEM % LA
S TIHEWRNEN, DFED | R ATAZEBWTIE 700 7
WL EOZERE T B E 2 B CTHE O UNTRE T S8

RITFIEe 53, ZoOERBIZIEEW IO fRe 2R T
ERRLAEDTHD, iz, BEMOMBEIIH L DD,
FEARMIITROE AR & /e 72012, R HLME T/
SBREFBIZHIETEIULBEWE W I BB G RE 0,
PLEDWENS, AAFFETIE. = ORIz R TF
BICDHEND FIRICOWT, FiRTFEORELEDE
A MRFEA 3 272\, HexaGrid & T8 FaSTAR & D&M,
FEATHE Ll 70 & O RG2S L7z,

2. REMERETFERE

I ZE /IR T ETEE TR, NS, B LT2wiR (N
A7V RIEGACIIEVRER) O & mBEENCB 3 5 F®m
HZ26N5E2ANBHET L, £L T, BEISELWZE
M FHRENTNICON T, ZOHE~EEL KIETY
REHEROEEZED D, KIZ, FEBITETOREE
ENENETNOEMETEH A B L RFTEA VS, &
FREE LTHRI L, Bl £EENREEROBEIRIC
EAGREEZ T U TG LI B E s, 22 noZEi
AR~ 5 &0 ) FIlEZB T, LN ->T, 20
FIECIT 2R T8 m L OMEAMERN AL RNz, i
FIFHRIZIEF 20 L TR0 B2 @ms b2 alae & W 5 R
N o, W, MEFEHANPALZRWE WS Z &%, KR
BRI DB T D Al RBE Ev oy &
SEFT ARSI LICHR B,

Z OPIEORE,

- AR TS ORE 1L

- BEh RO D HARE O E I L
BN D, EF, £E & EAMRMAIET 2 BRICE R ELE
B RBR) & AT 2078 "D 5T D, Lol
¥EIZ compact support RBF % V% 5% Cid, support radius
R ERMEREZBUNRII T E, EENKREESR
B3 7a3 & C RBF $EFI O FHALRE O FHE RS S B L L
720, WICEANRREREN ST E CEHMRE A F T
512 DN — R FFFEFN ill-conditioned (278 > 72V T 5 7=
O, NG X OmTIEEER S D, AL T, L EER
FYETH D Surface Influence i (Z Z Tl Allen DFERE FIE
ERELTIOMRIE LT D) OFREEB I /o7,

2. 1. Surface Influence &

Allen”MBZE L, Ji 55 ' X o> TEIEO M S 417- Surface
Influence ¥ (Ji %1% Algebraic Interpolation method & A C
W5) T, LIZREND LT, ZRBHTHRE

(BEhi ns) & FHELAEEANE 22 ME EMIAE O XL 5 72228
TERE Le kil (EEm F) 25 %, ZHNEOHIA p
DZEMABBEIRIZG L TCINLDORENENTETHET S
a5, EEE KT TESOBEHFIEE. Nauaces 8

This document is provided by JAXA.



126 FHAZENTERR R O JAXA-SP-11-015

([ E 1 F)
Outer
boundary

Jurfield

\&
Grid

\ point p

(BB ns)
g -t Moving
2 Surface |

connect2

connect!

1 Surface Influence =R

OBBEEICE LT, DD negmee B (FEETITHEIN p 12
VN 4 ) OFEER LIRS TIEICRS TV D, EMRE
DREHFETIE, WEBE) L BEBB 20 L TE2D 2
EPAFIEORETH 2, BARMRRIL, S p OMEE

X? =(x,y,z). BoEE AX? L L,

Msurfaces AXP:”S l_ p,ns
AXp: zf: ¢p,ns T ( W (1)

= e axpli— g

THREND, 22T, AXPT D AXR" mrnengs
il ns (23T D Neonneat ORI ZEF LR ER B &, BEhm
1S \ZB D Moot MO REEHR VB B2 7T, B
BBEBOERC P LHH s 13, T BOEEKTHS
sr=2""" B, RO)TFO $P B BRI R
BEBRIITHIE L. KORCIHEE S,

S p, rfl‘S Msurface 2

p.ns _ “surface )4 _ p.ns

¢ - P > S Total — Z (S surface ) 2
STotal ns=1
Sp . Mconnect

p.ns  _ min p.ns _ p.ns

Ssurface - NS s S - Z Snc Peonnect
ne=1

=mi A gp2 gp3 pan
A —mln(Sp ,SP2 8P .. S surfaces)

min

::’C“Sfc’ns 1, B p ERBENE ns EER ne L OO

Mz, 72720, BMR TRzl Zho7c L 25,

TEICEROI(2) TIRB B &K i OALFEBIRIC & > TITEARE
ELTREGRMEEZ T Z L Rbhoioiod, RORIE
ExB IRl

S D ’;S Nsurface 2
p,ns __ \Msurface )4 _ p,ns >
¢ - P > S Total — Z (Ssurface) 27
S Total ns=1

—Ji. ROFO W™ 3BEE ns H 6 EOE A OBE)
RIS THDOEBEEFREL L,

dinner: aVerage(dbound) X ﬂrmin)

dinner

2 ERFIEOMEX

p.ns
pns _ ST 3)

SE 487"
THEShB, RE)DSE L, i p L EET F OOk
FITREEA T,

2. 1. 1. BEBB=EDERK

Surface Influence i EDR(NIZFIT D AX%’”S EHEMT 57
OITIX, REEFEOERSEE)Z (0] 50O FETEYT 20
WD D, Allen DIRE, Ji HOEIER TILEHERITH % i H
THI LIS TVDA, RO R OREIERFE & 2 D
AR 22 ) ITEER TN H D & B 2T,

T, REEFEDMHLENZ quaternion THRHLL, %
NH O quaternion ZMEEREME CTEHTHZ L L Y,
FlEE LTIEI®RDOEBEY Th D,

1. HLEIREERIZOWNWT, BERIOERY bV EEE
BOERR T NV OANFER ONFEZFHE T 5 Z & T,
AR~ 7 bV & AR 2RO D,

2. [EHEEAR Y RV L AR EEDN S | R HEE O [ERE &
9-quaternion Rf:c’ns ERDD,

3. R RITTHEANORE EFE D quaternion| 2% L T
NEZ |\~ M Bk iH AR % 5 L. & Aquaternion R”™ %
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E#E14E Building Cube Method Z A ULN=EE Y D Euler fig#

ENEE, EARKE, SENE
RIEKRZE K¥Eh TEHEM MEFHIFEK

Euler calculations using the compressible Building Cube Method
around the airfoil and wing

Yasutaka Nishimura, Daisuke Sasaki and Kazuhiro Nakahashi

ABSTRACT

Building Cube Method (BCM) is based on the Cartesian mesh. Cartesian mesh solver has critical problem to treat wall boundary,
accurately. The immersed boundary method (IBM) has been studied to treat wall boundary. The immersed boundary method is a method to
give the appropriate wall boundary condition to the object surface in order to solve the flow smoothly at near the body. Thus, the objective
of this study is to establish a practical, efficient IBM-based Cartesian mesh solver , which achieves low computational costs and high
accuracy to solve the flow around the wing. An immersed boundary method (IBM) using ghost cell and image point is implemented into
the Cartesian mesh solver for the compressible Euler equations to treat slip wall boundary condition. It is validated by computing inviscid
flows around NACAO0012 airfoil, RAE 2822 airfoil and ONERA M6 wing.

1. IITHIC
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3. BERBLUZE

RKFELEOHEDMEEZRIET 272012, 2 WL EMN 6
NACA0012, RAE2822, 3 IRJL# /> ONERA M6 O 3 77— A
RO, AL R 21T o 7o, MEEFiE L LT3, ERROMZE
PEZEIFRATITHE DN TV L FEEEORWTFIETH S TAS-
code(FEREIERST Euler /L 3—, LI'F TAS-Euler & i) %
H, B8 Y D Cp 4377, Cl,Cd S5 D22 JREE ol L T i
M 723 M 24T > 7=, Lfe @ TAS-Euler #-1- node #%i3%
ZEHL, 9,598(NACA0012), 9576(RAE2822), 176,000(0NERA
M6)TH U, ZEIMREFIIK T2/ LTHEDL RN
LERENDTND, A LIZOEARFREEREDOT — 7 A
77— 3 »(CPU : Xeon 2.93[GHz] X8, Memory : 4[{GB] X 16)
ThbH.E1=, FHIT OpenMP (2 L W AHHL L TIT->7-(16
Thread).

3.1 NACA0012
i/ds cell A ADFIRD 3 75— AITHOWTHREATT > 72,
FHHEMILTO®Y) Th o eks=a— FREEEL LT

#2  FHRESEIEINACA0012)

Coarse Medium Fine
Mach number 0.8 0.8 0.8
Angle of attack [deg] 1.25 1.25 1.25
Number of cubes 226 226 226
Mesh in a cube 8x8 16x16 32x32
Total number of cells 14,464 57,856 231,424
Minimum cell size 0.0073 0.0036 0.0018

40 Cp iyfiik #% & TAS & bl UC, W ABEm 12 i B
OTEZRETH>OTEREZ LVHSHELONTND D
LMD, F, EENEALESE L EYICIELA TV &
V2 %. Fine mesh (2317 % cube, cell, Cp = > ¥ —|L[X].5,6
WRLTz, avZ—akhb e, BERIICERT LT X &
EIIRONT, ORI ELNTWD Z ERninD.
% 5121% Cl, Cd O ZE IRE i & /R A& T D3l < 72 D12
23T TAS IZES <A Z RT3, Fine #517CTdh - T Cl
THI 6%, Cd THK 9%DFHn4A Uz, ZHITHIER Y L
FCREEEH L TWA 2D T, EE RIS E S EH
BB A EOWUBBLETHD.
3.2 RAE2822

B/ cell A RDHEIp 2 3 r— AT ONWTHREE AT 7=,
HREEMFIILU TO®EY Thd. B a— REARNEL Lz

# 3 FRESRIF(RAE2822)

Coarse Medium Fine
Mach number 0.73 0.73 0.73
Angle of attack [deg] 2.79 2.79 2.79
Number of cubes 226 226 226
Mesh in a cube 8x8 16x16 32x32
Total number of cells 14,464 57,856 231,424
Minimum cell size 0.0073 0.0036 0.0018
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R7EEHCR 7 vV ETREEREH L TWA 720 TR HE
DEENLETHS.
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HE AT

#e 4  FHE T (ONERA M6)

Mach number 0.84
Angle of attack [deg] 3.06
Number of cubes 5,324
Mesh in a cube 16x16x16
Total number of cells 21,807,104
Minimum cell size 0.0018
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Simple Second Slope Limiter for Unstructured Grid Aerodynamic Simulations

Keiichi Kitamura and Eiji Shima
JAXA/JEDI

ABSTRACT
The proposed method is a simple and parameter-free second slope limiter for unstructured grids, which is designed for use after any
existing (first) limiters to stabilize the solution at subsonic speeds. The present second limiting is such that the first limiter is activated near
the shock and supersonic regions, while turned off elsewhere in a very smooth manner, by using only local Mach number information.
Numerical results demonstrated that the proposed second limiter retains the formal second-order accuracy, and also that it dramatically
improved convergence at subsonic speeds on unstructured grids. In spite of these, the proposed formulation is simpler than existing second

limiters, with only 1% additional cost requirement.
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Modification of CFD Surface Mesh Based on Model Deformation Measurement

by

Kanako Yasue, Shigeru Kuchi-Ishi, Atsushi Hashimoto, Keiichi Murakami, Hiroyuki Kato,
Kazuyuki Nakakita, Shigeya Watanabe (JAXA) and Manabu Hishida (Ryoyu Systems Co. Ltd.)

Abstract

Modification approach of a CFD surface mesh are examined using measurement data of wind tunnel model deformation. Model

deformation measurements (MDM) were successfully made at JAXA using stereo photogrammetry with markers. The model’s

deformation was then approximated using a deformation law which is identified by a few parameters with markers attached on the

wind tunnel model. This approach was developed by Le Sant to correct the model deformation effect in pressure-sensitive paint (PSP)

images. In this paper, the approach is used to rearrange the CFD surface mesh of a CFD model to conform its configuration with that

of the wind tunnel test model. We duplicate the deformed configuration of the wind tunnel model using three deformation laws and
examine the resulting CFD models. A high-fidelity RANS simulation of the DLR-F6 FX2B wind tunnel model is then performed
considering the static deformation of the model and the effect of model deformation on the aerodynamic characteristics are also

explored by performing the CFD simulation for the deformed configuration as well as the original (non-deformed) configuration.
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Fig. | Flowchart for correction of wind tunnel model motion.
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Fig. 2 Flowchart for correction of wind tunnel model deformation.
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Fig. 3 Coordinates of model for calculating motion parame-
ters and deformation parameters.
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TTTp=(11,02,12,03,13,04,14) BEFNZ—A—K2Th
D, RECEMERNMNCTEEIBENTA—2ERDE T
LT, BERREELTS.
S(p) =) wiF? (26)
=1

TA4wT4YTEEF BRATEETS.

Fi= O, - xal + O~ il + @y —zP = NG @)

Newton RIEEAEAT A2BEHE LT3 F, O—JCHEHG X
U REREE LR,
OFi 1 . 1ndf
28
BP.' U.) ap; o
62 F, apbfidfi 1 _n 8f
B [ o R .. 29
OpOpy 4 dp;opr 2 Op;0px =
5f 0xy Yy dzy
-2 =D g R, gy —=
aP‘,' ( i )ap_; (yd,, yd)ap, (: 2 d) P,
(30)
Fh il o0y 00 0 B
dpidpx  Op;jdpr  Op;Opr  dp; 5‘,0;:
21;}
=2(xg,; — *a) P 2y — V) ap 3 (31)
3229'
B B i
( d,i Zd)ap,iapk
(32)

3 BERBLUEE

3.1 ERTREHRE R L RERTEE

ARG T, JAXA2mx2m BEEERICBEVWTAT LA
B R TEHIlE N7z DLR-F6 FX2B BRI O a5 — &
[8] ZAWTAFERZRIT 5. AABLIUCE FmICREEN
tex—h—(E% Fig.4 iR d. AT VLABEETIR, 268
DERBE CCD A ASERAVWTHERICAEh FY 5hiz~v—
A—D=ERTMBEREZHAIT 2 LT, BOTEERBEE
HE2HETHA. BETNSGE LIEEREMGIZ, M= 075,
Re. =15%10%, a=10[deg) TH3. MBEELETN%
PSP SO RIZE i E I LB, #RIckE Er Kk
FTINGA—RIEBHITF RDINSA—% 02, REH—LJD S
FA—% 11 BLRUEHRIBAME y, LBETQ TS [4].
ZCT, CCTRIEbBETR, RUOE—RELEELELD
ZREAL L, MESEHAET NV EME Sz 221 ETVEBLIUMH
BERRETNERBLT x,y,z FALEMNZEE LT XYZ
EFNVERNTS. Xk, DB TR, ALH—ROELIC

o L

Fig. 4 Positions of mark-
ers attached to wind tunnel
model.

Fig. 5 Obtained deformed
configuration of wind tunnel
model with original configu-
ration (X 10 scale).

Table. 1 Error between marker position estimated by defor-

mation models and that measured in wind tunnel test.

ZEETIV bHREODEZEe RUHEBOEE
(T RERE) [deg]

721 EFV 6.615% 10~ 0.092

XYZEFIL  4843x107* 0.067

Z44 T 6.468 x 1074 0.041

KO+ EBETEREREBEETE 2h 2R T 570,
Tebd, RUDHICHRATHELULIZAERXRZERETVTHS
Z44 ETIVTEREERITS.
3.1.1 EEEHATF—2%ZBVRERFEE

3FEFOETIVEBH L TH b N AR 2 MR &
HIZ Fig. 5 1ER 9. CCTREMER 10 BICLTERLTY
5. EDETNVICBVWTLEMMICEYRERERERLT
W3, ZEREREEENICEMT 270, Bohizlzbai
BBXUTRLYBOANR VARG RE, ¥—H—OFHER

LHIC Fig. 6 BXU Fig. 7TIond. febBHEICELTE, €D
ETNEEHIIT—2ZB{BHELTVBZLHThB. —A,
RECOEERZ L, 721 EFNVEBEIUXYZ EFNTIE, BXR
ZEA I L TWA 8, BRI TEEAGEE, RiRAT
TRIENEEL TWA. LA L Z4 EFNVERAVTERDS
B TEREELTAC LIcLD, RUHBLERERRL
BETX5C 9D 5.

Table 1 leAFREIZ X BN —h—ZME L FHIZ X
hEbhiev—AEMNBLOEERTY. TT TR, TFE
TR EY—H—0E RUbE) Ll —h—1f
B (RCHE) toED L2 /IVLEEEZL L. 221 EFL
EXYZETNVELETEE, hHRBOBE, ALHEOSRE
#HIC XYZ EFNVOFNNEL, x, y, zZ2AMOEMNEE
BT 3T LT, LheHlfEESE, 2Rz  BHRTE
T lhbhd. —H, 221 EFIVE Z4 BTV E B LT
3L, EbARBOBEELBVTRAZEEEZREON ST
M, Z44 ETIVEEAT A LT, AL BOBEENKIBICE
Bl FHUEED, tbAHETRERTHEEIC LT 0.0008
BE (=0.1mm), RUYETIR0.] ERETHATLEEX
5L, EE50ETIVEEHEREOBMBENTEREREEE
TETED, FTHREBANCHTEREOADPEHZEENK
ZVERETINTVWST NS, Z44 EFIVOEBNERERT
febicid, SR B3RHNBETHS.
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Fig. 6 Obtained wing de-
flection in deformation coordi-

Fig. 7 Obtained wing twist
change in deformation coordi-

nates. nates.

3.2 SERTREHRIE KB L fz CFD BEiR

T T TR, i CHEH L= EE#OREH/FZ AT, DLR-
F6 #I0D RANS T2 £S5, AKX T 3 BHD
ERETNVEBA LUEERENTNCH L TERZTY, £
BRERCHETEC LT, ERICXBRNEDOEERHT
T3, FHEICI, JAXA THREIN/ZEE CFD VILA—T
%5 FaSTAR[9] Z iz, HEeUbicid, wvihiaEiREREE
ZRV, MREFEROFEICIE HLLEW, ELfET /1 Spalart-
Allmaras —HENETIV, RREFERICIE LU-SGS FEfE 7
BL=.

TTT, ERFHIRERLERRTIR, 573X L0BAR
BB THNENZEDOTHSH, FHETRLEEALREZRE
LT3k, CFDfREDOLBMEID=HIC, BIORBRT
G LZAREDS 73 AH b DIFEOHE X CEHFE
Brtigds. STXALNBRESERWESET, BAHE
HOELSZEDD, BUOEHRERZZ LEZONSH, &M
ETAVWEDA | BUTOEGTTER, 777 A0EHEICH
DETENFREERIEL—BLTWi), STHAHE
DEBEBOEFTVEDE Lk,

ATERTIIAAR R IC N L Tid JAXA THREI N -E8HE
FARY V73— HexaGrid[10] ZFHWTIERE LTz, iz, £
BORKOFHERTZ, YHEROBTFO ROy —Ee—5
THB 78I, Surface Infruence iE%#H L, #IHAR R OZER]
RTREPRERTFOEMBRRICBETSC LT, EBED
FEARIC RS B ZE RS F R PER L7z [11, 12, 13].

Fig. 8 Ic#II R O REE T35 X CHEELEfED L— R EO
FERT. AEAEEL, €33y R, TUXLEL, M
REVD 4 BEOE VBRI S, LV EIIH 850 /7, #
REIE 32 AETHS. EEREMOLNVEIEIN 22 5T
H5.

EPFHBICEEIIC X 0 1B 5 NI IRIC T 5 ERE
DA% Fig. 912, e A\UEmic B 2B RE X U%E
TEFEIR D EN B3 1 2 SZERFE IR & 21T Fig. 10 ISR, A
il 7 =0.150 \2BIL Tld, BEANE W, FHAEIRICHN S
BN ERREELIBEONHE TREREIRL, F
EEHHRBEV—BERLTVS. —7, SEEID 7 =0847
T, AAETHONEREMAENIERIVEZEL TV
B, EXEERTSC LT, KBICHREMEIFELTY
5. TLICEEERERL TOERVWIARR TOMNERERTI,
P2y arE—IRERIDELASTVAEY, EREER
T5CETERBEICEIVTVWAT 2 b E. BiglcES

S====

Fig. 9 Obtained pres-
sure coefficient distributions
for original (non-deformed)
configuration.

Fig. 8 Computational
mesh for RANS simulation
over DLR-F6 FX2B wind
tunnel model.

© Experiment
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+ =— CFD {Z21-model) “1.5
~ = CFD (XYZ-model)
-=---CFD (Z44-model)

© Experiment
—— CFD (Original)
-| =— CFD (221-model)
~ = CFD (XYZ-model)
----- CFD (Z44-model)

(a)p =0.150
Fig. 10 Obtained pressure coefficient (Cp) profiles.

(e) n = 0.847

LT DNERIEMNBORITNDOBBEIAKE L Ao TVEA,
Chid Fig. 725 & 51, HUEROREIC XD BiRGE
I ThUrENEMLEDRINEA DN EDT 5D
LEILNS.

—7, n=0847 MiEATIX, EERETNVDENVCEDEZET
LTEHBEMABIAEPRIZ>TVWED, BHREFINDEWVIC
XBEHBHOHAOKREGRBEIRENE -2

FCEHEIC K D185 N7z 2 /1R EE Fig. 11 B XU Table2
IZ, Drag polar 7 — 7 % Fig. 12 ;79" SEER{H & 55l % g
TBL, CLEBIUCp XERELDEREL, Cyic@EL
TRERHEIDENTABMEENTVS. EREREER
LB aTh, FERBREEREL OMICENEEN, Thid
B TIREBORES, BREUBOREICLZEDEEZILN
%. CL3 721 FF)VT 00135, XYZ EFIVT0.0173, Z44
ETFNT00163 A LE. Thid, Fig TIERLEEESKE
Blck bR Ubh FFAREL, RFTNEEDA N Uiz
HrEZENE. TOC, DEIRCL—a A—TDIEENS
Bie 3 Lilf 0.1 EREOMADICIEYETS. Cpld 221 T
JVTC 8cnts, XYZ ETIVT llents, Z44 £V T 10cnts >
Lz (1ent=0.0001). Th 5 Cp DiEAE, Table2 loRT &
S, EHEROBMcE58DTHB. —F, Cyld 7221 €
FIVT 0.0034, XYZ EFIUT 0.0044, Z44 £FILT 0.0057
WUz, 7z, Fig. 12%R3%L, EER2ZELTS, polar
A—TOBRIBENLSS, 1—T LB ->TERLTLST
LA B.

PCEANRVMHEORFBHZRHE RFia— FEOMTE
ENB ANV AAORFTBNIRES % Fig 131cRd. T°C
THEFBICE 2R LD FFORETEREIIEINVTVWSZ
Lhghs. EREEOREVEGBREITERL, BEED/N
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Table. 2 Obtained aerodynamic coefficient.

Cy Cp Copree  Chpric Cy
SEERME 05545 0.0320 — — =011
HIHAFAR 05902 0.0356  0.0217  0.0139  -0.1261
Z21 0.5767 0.0348 0.0208 0.0140 -0.1227
XYZ 05726 0.0346 0.0206 0.0140 -0.1204
Z44 0.5739  0.0347 0.0207 0.0140 -0.1218
0.8 0.06
0.7] 9 b (Brignan R remal

& CFD (Z21-model)
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Fig. 11 Obtained aerodynamic coefficients.
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Fig. 12 Obtained drag polar Fig. 13 Spanwise loading

curve, profiles.

EREBBETEHENORLHRLNS, Thid, BEBHET
LRUEDTHPELTED, THRBRBTRI-FESEL,
BHANGFETBEANREVDELEILONS.

4 ®E

BRI L 2R A OEE L BHICRITT 572,
RARBIOZER T — & 2 KB L 7z CFD K& FIEEED
Bt z{7o /. AR RBFEE L RO CFD K&+ %
VBT B 7=8blc, 7221 EFI, XYZ €T, Z44 EFILOD 3 8

BHOSERTFIER WL TR, HhHBICELTIE, EX
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RE\REL 2V 244 ETFNVHERT—22BLB{H
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WOEBRUZRTEBICRE RS BIANLETHS.
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N ERFEANRITTHERRAN. EREEBTECLIC
&b, EREMEDEEEICELT, RREL CFD DER
MLz, £, ERERE CFD R DECBIT 2EE
B BROFEIHRAAEL, BRELZHRERIESE
s 50iciy, BREEHROEENEETHD, BHEIC
TEHHEUEANOBE PRI TEAEFEOERERRT LY
Wk, —AT, 3BHOERETVOREERELEZLT
%, HRAOEMZZET LT LD, BREERELUETILE
Avaztic kst ToRERHBZRIRh Ao .
ChREARETHOEEROEEEN NS T ENREZLN
20T, 58I, SVEIAEGETTOERERERS LT, &
OEBEICHE X { EREREBIRT 2 miEERE LTnL.
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EFD/CFD & RIR1LICRE Y & EHERE

FEEZ", TN, \RBEHT EIAERT, ORKX' ®RIH rGF?

TERODKEKFKRE

FEEMERRRARE

Fundamental Study on EFD/CFD Integrated Visualization

Takayuki Itoh, Saki Kasamatsu, Kaori Hattanda (Ochanomizu University)
Shigeya Watanabe, Shigeru Kuchi'ishi, Kanako Yasue (Japan Aerospace Exploration Agency)

ABSTRACT
Integration of EFD and CFD is important to supplement their respective drawbacks, and enhance efficiency and reliability of aerodynamic
simulations. To achieve this, visualization is an important component to help users compare EFD/CFD data. This poster proposes a unified
approach on visualization for EFD/CFD integration. Two major components of our system are difference visualization, and gradient edge
detection. These components make users easier to understand difference between EFD/CFD data, and also displacements of specific

characteristic points between each data.

1. BE

TR FIEH B D DK BIG O, LR OR%
WhIEHEND, EFICEERMIESTCTHDH. TOFT
EBEoORKBE R 2 HE I 5 E7% Fik & LT EFD
(Experimental Fluid Dynamics ; 2B & J1%) & CFD
(Computational Fluid Dynamics ; ZUEFEIETI5E) B 5.
BEICHTZE - FHEBIZ IRV TR, 228t P HIlCIZE
HEOR, JAJAERR E2RFET D EFD BEICHWLRT
X7z, UL, IFEOFEMENOHRMEY I 2L — 3
Heff ORI 72 FE R FEV, CFD O EEM N EmE > T 5.
PIF, 2N LORFMIZONWTEZD.

EFD CiE, FHREEE S BUREE T 7 & OFRAEZRILH 5
HLOD, EWERIC X - TR DOIIZEHEMED B D 3l R
NELNLEEZLNTVWS. L, ERoOZDDT
=y aRx Nl OMARREHREOMERH S, I 5HIT,
T =& OFMEIRC L RARH 5.

—J77C CFD (%, #MEZQIRBISR A X0 RIS EL - o]
LT 5 Z EN AR T2, MERSCHN Y DR ET R S TR
S THWSNTWS. LaL, CFD OEEEICITLT L
Lo EEARWEERBD. 2T, YIal—Ta
URERNDEBEOMABBEREZFHTETWANE I, LW
IRUMEERGET D I E R RTHD.

IS O E OREANS, EFD & CFD % - ghi L,
WE DR EMRELICMET S 28T, X0 EEE» %R
MRy L2l —va rOERNBAELEEZLN TS, K
\Z, EFD ¥ —# %V /= CFD HiFF<e, CFD & —4# % i
72 EFD MRGEZATVY, W7 — X 295 2 & THH D%
ZHERLSERL CBETDHILENTEDL. Z0ED,
EFD/CFD fi& 23T, EFD (- L 2 E8BK R L CFD 10k
5V alb—ya VR D 2 L IFIEFICEER
WERTHY, O - I OB E X R,
W7 — % ORI EOEEENE E > TN 5.

AL Tk, EFD/CFD @aHiiio—g L L THx 23y
#LATUN%, EFD/CFD filvé Al bl o SR atic o\ T
WhET 5. Fx Xz oLfERGFIoW T, EFD 7 —% & CFD
T XD EEHEME LI a by AT A& B F
ThDH. K TIE, WMZEOBEEROTE S, IO
A OFEEZ M & LT, Ry 27 LDk EG%
BT 5. FEARRETE, RKfElby AT Ao CHREH
DA & ST TR D BHEREIZ SOV TEEM 2 ik~
ARG 2 T

2. BEHRE
2.1 EFD/CFD @& R T L

Hi72 % EFD/CFD 7 — 4 O LMk & 8 2 1= Bk T o,
EFD/CFD #4ff Ot A 12 BI3 AR eix it Ravic & £ 724 72
W, 20T, #iZE - FHEFEOBRSE THSMTY
EFD/CFD fl&aHiffi a8 A L CW\WB A&V 7l & LT, NASA
Langley AFFERTIC KL 5 3 WRoTIARFERRZ Ko 27 A (VIDL:
Virtual Diagnostics Interface System) [1] 23281F 5415, ViDI
WX, R SEER 0 FEHE O 72 O EFTRETT, 3 kot CAD % [
W5 Z L TEBRORBILA ORI ERN DS AT LTHD.
F7o, FERTEM L7- CFD OFREAEE & RIS 54 KR
U TV A A CEEEICHRE « AT 5 2 N TE 5.
7272 L, EFD/CFD OF —#% 7 +—< v DR LIk
0, T— X EITIEMES D

— T, FHMZEMER M JAXA) X, T—F 7
G+ —~ v FOFH—= CFD T & 2 R O F I E i 72 &,
ViDI OFEEE IR LT X7 a7 «ong 7 v K
JFEURR]DBAFICE D FLA TWD. 52 A 7 U v REHF
W%, JEWRIZX LT CFD # i s wd/i-ar L My
EFD/CFD fil& 3 A7 L Téh VW, EFD/CFD D Hffi#HEN U
TINE A NSRRI £ 5 VIDI L0 b — R, &
K BEEE R AT LB HIEL TV A,

Z 25 ® EFD/CFD fle s A7 A CTlE%4k, EFD/CFD 7
— Z DN EELRERO—o L SN5. WEZ LR
FEORGEETHZLICL Y, ERIHEOKEILE - EE L,
FVEHEEDOSNT — 22BN TEHNLTHA.
Bl 2 1%, EFD 5 —# % i\ /= CFD L TlX, fewd 72 sk
ET VOB T A =X OFFENAEETH H. KHHZ,
CFD 7 —% %\ 7= BFD RGEIZ L > T, EBRIZHIT 54
ZEHR (JRJAEE - STRAE O G R~ DOF1) OFIES,
EBROFFMANTED., 2O L) 72\EEMEZ R
EFD/CFD 7 —# O &2 53h3b 5728, M7 —2D LY
L) D> D AT IO 722 AL IR QRIS EE L 72> T .
AR NA 7V » REJFATIX, EFD 5 —4% & CFD 5 —#
AR LT TV Z A L EZITo CTND. ZOH
A AL T, BRICHEEET D EFD/CFD 7 — 4 2 22 HAZ R
HZLETHBIZTE AN, M7 —& OB 2% &R
72fFHT=°, EFD/CFD [ CORHENZREFT O XL Lo T2 iE
PER7R AT ITEE L W & WO RN R D . £, EJIoE
RE, F=HAOBEHICL > THELEAHILFECLY, 5
— X AR TEDL EEZOND.
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2. 2 HMICE SRR
Kﬁ%m%wf%%Téﬁﬁva?Aﬁ,@§®?~
HIFLER S NI A T8 (BIZATET)) o7 23 (Flx
) 2T L2 ANO—2 L LTINS, ZORE
WZHNRTELE LT, AN THORT ZIGOREE - B
ﬁm%dwtﬁEM$E®ﬁ%ﬁ%2%hé.WZﬁxﬁ
T 55T HIVITMR e & ORI, Bl RE S IT Y VIR RE
L lp BRI E ORI, e EEABUEL, FOME
RGMEWKT HZEDRHANTHAD EEZxD. X752y
CEBWTHEERIS, WP EoBEuS sk L, =0
NESLHAZ T D Z ENARTHA I LEXD.
JEJID AT T8GR AR & T kT B A TR 7o B 42 | 1
Wnd s, @mEEEHRET 2 FEOHE LT Liou ©Fik
BIn®IFbhD. FEERICRESETICRAAE Y & il
T TIEE LT, R 2a—2A L H U 7Bl
B AT TED B IR~ ORER S O E I AR & W
72 Durkin &5 O FE[ABHIT b D, Eliide DT X
LBl L ERIET 2 FED L BRI TV A[5,6].
IND ORFHEUR - BEBREICE S FEEHER A O
EFD/CFD @& wfibic B W CHFICHE R b DO THY, =
NHDOFEORANEZOMEIIH T HNB.

3. EFD/CFD @A RRIE S R T A

X 112, Fx BNEIERR O EFD/CFD @A rififby =
T LADE R ZORYEY AT LTI, LLFO 4 fiE
DT —ENANENTNDZEENET 5.

- WIRFEH OB $ % EFD/CFD 7 — 4 .

- YRR Y OFHEIZEI T 5 EFD/CFD 7 — 4.

£7, ZOAHILT AT LTI EFD 5 —4% & CFD 5—#
WZxF LT, 3 WonZElRo—FmEadh s LT, AVNIE/MHE
KIFR72 IR ENLEPRZ BT D5 2 & 2 IRET D. 1 TR
L7757 —#TlE, BEimo B0 nENE L OED EFD 7
— B DFTRFER, TH50 CFD 7T — X DFRERETH Y,
H AN HEARSF 2R EALEBIRE A LTV D

1 WiEEY OESERELY
Wby 2T BT L A F7p)

HE#1Z L7- EFD/CFD @& 7wl

LMWL ZORREENSIE, 2 ZEBTHLIRRZEBY, [
? X O—FE O E R e fRHTS°, EFD/CFD [ ORI 72
EHATD RV BB T 20EFLTLLES L2, 22
TH 1%, EFD/CFD [lj7 — X #HRTHERTHI T, W
%@%@%E%K#é%%%%%bt.ﬁﬁ%?@%@¢
N6, WIREmEIC fé%%#A% L, iRkEREIC
DIEIARE TSR BN T 5. FRICHR T 284K 3 /JUD

R ORI O R THERENL, Fox ORDIRY Hilk DA
B 7 MTER LR WEEETH D LB XD,

4. BEFHELEADTERT
4.1 FHE

F 41X EFD & —# & CFD 7 — X OJE N A& e+ 5
720, JEINAERT A TENS, WT—2DHEN &,
KT —HICBITHEARMERDDZEIZ L. 2T
RO BHITHIZY, EFD 5 —4% & CFD ¥ —#% L DT
T BENRRRLZ I E2ZE LN EWNT 2V, 22T
Fex 1L, M7 —X OGS TAET HHEEEA BRI L7z,

X 212, ZAERT-O EFD 5 —4% & WA O CFED
T 5%FAT6W%T¢.&ﬁ@% TliX, EFD 7 —#
DOETEN % CFD ¥ — X (2 E L, i 2 EEHETD
CFD OENEAERDH Z L TTF—F AT 5. WFLTIE
IZLLTF DY THS.

1. {EZEOW EIC EFD/CFD 57— 4% O&E N 2 %% 5
2. EFD 5 —# LOTEA Ve [Z%i9 % CED 5 —# LD
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High seaworthy seaplanes development

by
Moeki Tanaka (Research Center of Computational Mechanics, Inc.), Tatsumi Sakurai (Research Center of Computational
Mechanics, Inc.), Katsuhito Akashi (Hiyo Aircraft Manufacturing co., Ltd.), Takeshi Nagano (Hiyo Aircraft Manufacturing co.,
Ltd.)

Abstract
Most of the current seaplanes don't consider seaworthiness. Therefore, it is difficult to use conventional seaplanes in islands. For
example many small seaplanes have seaworthiness of only 0.3 meter height wave. This level of seaworthiness realizes only 35% of
operating rate. LSA class seaplane that we are developing has the seaworthiness of about 0.6-0.7meter height wave which is about 10
percent of body length. With this capability we able to achieve achieves the operating rate of about 70-75 percent. We able to fly it at
almost all Fine day always can use. To meet this specification we optimize the hull shape to decrease the water running resistance and
landing shock from the water impact. We have tested flexible float leg structure by FEM Simulation, water tank test on scale model and

glide test of ultra-light-seaplanes.
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Development of Digital Wind Tunnel with HexaGrid/FaSTAR

y
Atsushi Hashimoto, Keiichi Murakami (JAXA), Manabu Hishida (Ryoyu Systems), Paulus Lahur (RCCM)

ABSTRACT
An automatic hexahedral grid generator, HexaGrid, and a fast flow solver, FaSTAR, are developed in the Digital/Analog Hybrid Wind
Tunnel project. In this paper, we mention some improvements of the HexaGrid and FaSTAR. The effects of discretization and
reconstruction method on drag prediction accuracy are discussed. It is found that the cell-vertex method is more accurate than the usual
cell-center method. However, the cell-center method can be improved if the reconstruction method is modified. In addition, the multigrid
agglomeration method is modified so that the grid can become coarse globally. The convergence of modified grid is approximately four

times faster than that of previous grid.
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CFD Analysis of Two-dimensional Airfoil with Wind Tunnel Porous Wall

Taisuke Nambu, Tetsuya Sato (Waseda University) , Atsushi Hashimoto and Keiichi Murakami (JAXA)

ABSTRACT
The flow of two-dimensional airfoil inside wind tunnel is analyzed by CFD method with a new porous wall model. Results of CFD analysis
using porous wall model agree with experimental values, however in the case of no porous wall model, the results are different. These
computations show the CFD analysis with the new porous wall model can precisely simulate the flow in wind tunnel. The wind tunnel wall
affects the flow by deflecting and blockage. Flow through the porous wall changes incident angle of the airfoil, as a result, the lift
coefficient becomes small. On the other hand, in the solid wall cases, the blockage effect becomes quite large and flow acceleration
increases near the airfoil. Therefore lift coefficient and drag coefficient become large.
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Trials of Data Assimilation Calculation of Flow around Wing Using FaSTAR Code

by
Seiichiro Nagoya, Yuya Kino, Yukino Heiguchi (ARK) , and
Hideaki Aiso (JAXA)

ABSTRACT
Data assimilation techniques in the calculation around a wing are attempted using FaSTAR, fast aerodynamics solver. The particle filter is
mainly used as data assimilation techniques. The adjoint problem of fluid dynamics equations in FaSTAR code is considered in this article.
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Sensitivity Enhancement of Diode Laser Absorption Spectroscopy for

Plasma Wind Tunnel Diagnosis

Satoshi Nomura, Kimiya Komurasaki, Hiroki Takayanagi, Kazuhisa Fujita and Yoshihiro Arakawa

ABSTRACT
The laser absorption spectroscopy (LAS) has been applied to the high enthalpy flow at the plasma wind tunnel. However for the

measurement of the arc heated air plasma it is necessary to enhance the sensitivity of LAS due to its low absorbance (~107).

Cavity enhanced absorption spectroscopy (CEAS) has been developed as a highly sensitive LAS method. First the CEAS is

applied at a microwave discharge tube to measure the argon in the mixture gas of argon and oxygen. As a result the minimum
detectable absorbance is reduced to 2.8x10™*. Then the CEAS is applied at a 750kW Arc heated wind tunnel at JAXA. As a

result in the shock layer the absorption of atomic oxygen is observed and the absorbance is estimated at 5.3x107.
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Force measurement with an onboard miniature data-logger in impulsive facilities
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ABSTRACT

A novel force measurement technique has been developed at the impulsive facility HIEST, in which the test model is completely non-
restrained for the duration of the test, so it experiences completely free-flight conditions for a period on the order of milliseconds. This
technique was demonstrated with a three-component aerodynamic force measurement with a blunted cone of total length 318 mm and a
total mass of 22 kg. In the present wind tunnel test campaign, records of pressure, axial force, nominal force and pitching moment were
obtained under conditions of Hy= 4 MJ/kg, Py= 14 MPa. This demonstrated that the system worked correctly in the short test duration and
harsh conditions typical of HIEST. Use of this data-logger allows the elimination of a large-diameter sting, ending concerns about the
sting’s interference with the base flow of the model, which could cause serious errors in measurement in wind tunnel tests.
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Fig.1 The ‘Free-fall force measurement technique’.
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Fig.2 Block diagram of the onboard data logger
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Fig.3 The miniature data-logger mounted on the bottom
plate of the blunted-cone wind tunnel test model. The
logger has 6-channel piezoelectric amplifiers and 4-
channel piezoresistive amplifiers.
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Fig.4 Measured data was transferred to the host PC via
a USB interface
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Data logger

Pressure transducer
(Kulite XCQ093)

Fig.5 Schematic of the blunted-cone model. The model has a cavity inside, where the miniature data-logger can be installed.
Six accelerometers were instrumented inside the model. Four of the six accelerometers are shown in the figure.
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Table.1 Specifications of the miniature data-logger.

Sensor type piezoelectric ICP type (PCB )
and piezoresistive (Kulite)

10 (six channels for
piezoelectric and four
channels for piezoresistive)

Number of channels

Input -10 Vto 10V
Resolution 16 bit
Sampling rate 500 kHz (for each channel)

Duration 400 ms

Adjustable from -400 ms to 0
ms with onboard micro switch
IR photo-switch. (with LED

Pre-trigger

Trigger arm system

indicator)
Size 100 mm x 100 mm x 70 mm
Battery life 2 hours
Interface USB
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Fig.6 A blunted cone is installed on the ceiling in the
HIEST test section, held by two electromagnets. The
model will be released in synchrony with the test
flow’s arrival. The trigger signal for its release will
come from the facility initiation signal.
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Fig.8 The test model and the model catcher immediately
after the wind tunnel shot (#1923). The blunted cone
successfully soft landed on the catcher without any
damage. Model and data-logger have been reused
through the present test campaign.

VIR TR A 2 O TR - T2 E IS L o TRl
ISR AT B D, Ezzrész/vxﬁ o AR A
NXFFT D=0 &, 817 ERA DOIEBIFICRET S

W SV AP H—DE IR IRET DB —/L R
D EWITHW,

BELZ, By - mES) - By T T E—RAY RO 353
FHIA & LT, EERUINEE FH(PCB352C65)6 fifl & F:iit
Pitot =AM & L TOREROTHAEIT T AT 22—
B (Kulite XCQ-093)1 & Ji L T\ 5, MEHEFHTFNZE
m%ﬂ‘”%fhf%jim EHENA N Vo ] ey s ey s WX - ko x

IZRLE LT, JES b T v AT 2 — P IR e it I AR S
NTHEY, BRI O8I —DFE N BHEH L=
JEL V57, A —I3E R OTAADES FZ AT
a—HHE L T3CHER LD, ARIORBREY v ~_—2
THAREHTH D,

AERRTIC HIEST 7 A & 27 3 2% 2Pa BL F O EL 22k TE
Lhblnn, BEIIBT T —Zal—, FICERD
REARMERD TR S LD, A RO CIIER N A O-
ring & F W 7o UG (Air cabin) & L CREEF L, K9 2 FEfH o
B cabin NEBITZREUE S 2 flEfE: LT,

4.2, HEBRE - THEE

6T RS D LI, BREREE - B NEE BN A %
mwtoHMJM%%% VAR - &F %@nyk

n—7—& LT, EBRA DS - WhEEIT D v —r v —,
VI—BIXOTVHL - U A —F—PeEsnDd, Al

Xy U BRORREE - BRI E A 17 EICEE
SEhizd, B ) I FVEZ AT 1T ETH D, BRAIE
2MEHANTWA R, 1 HBHTY >V EFFESIL 60kef TH Y |
A Bl ORI ORI IT 0 Th o 72, B IR ITEER

RNZ IEREIC RIS U CRlMAA 2 ER T b bR 2 B F L7
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Fig.9 Time records of aerodynamic coefficients
obtained in shot #1908. Axial force coefficient C, (top),
nominal force coefficient CN (middle) and pitching
moment coefficient Cm (bottom) are shown. Pitot
pressure history is also shown on each figure.
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Fig.10 Aerodynamic coefficients (CA, CN and Cm)
obtained in this free-fall measurement. Open circles
show the data, with the xs providing a comparison
with blow-down wind tunnel (JAXA-HWT2) results.

Table.2 Angle of attack of the blunted cone model.

Shot number Angle of attack (degree)
#1912 17.1
#1913 16.9
#1914 16.9
#1915 16.8
#1916 17.2
#1917 16.8
#1918 16.9
#1919 16.1
#1920 16.9

BRI ZER 2 V. 2 XVIH A 800mm, AT —
hME 50mm, / AVEZSRERIL 256 D3 & 2 X E W
Tmo ARRBRIL, AZEHFHEDO Y AT AF = v 7 B LU
FERiZ B L Licd, X ERMSTET] Pyl HIEST TOh
RESDIEIE 13MPa, L XA S Z e —Hy ik, &Ko
Ho=4MJ/kg \Z[EE U CIHHE L7z, ARSMIE HIEST CTEA T
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Table.3 Test flow conditions

Stagnation Stagnation Stagnation Static Static | Free stream | Free stream Free
. . stream . . Free stream
temperature pressure enthalpy  [temperatur | pressure density velocity Mach Viscosity Unit Re (1/m)
To(K) Po(MPa) Ho(MJ/ kg) e (K) (kPa) (kg/m®) (m/s)
number
3.04E+03 1.27E+01 3.75E+00 2.88E+02 [1.12E+00| 1.36E-02 2.58E+03 | 7.57E+00 | 1.79E-05 1.96E+06
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ABSTRACT
Wind tunnel test model is generally sting-mounted and forces acting on the model are measured using internal force sensors. In order to
avoid any interference of the support on the flow field, magnetic suspension and balance system (MSBS) suspends the model magnetically.
Six components of the forces can be measured simultaneously by calculating from coil currents required for the levitation. MSBS also
enables to measure unsteady forces while the model is moving dynamically in space. JAXA's Fluid Dynamics Group started MSBS
research on 1986, independently developed the present system, and succeeded in the world's first full 6 degree-of-freedom (DOF) control
and simultaneous 6-DOF force measurement. It has the world's largest test section and has been in practical use since 2000.
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Transonic Wind Tunnel Test of Rocket Fairing Model

Yoshiki Takama, Kentaro Imagawa, Hiroyuki Kato, Kazuyuki Nakakita, Akira Nishizawa, Seiji Tsutsumi,
Atsushi Hashimoto, Shigeya Watanabe and Yuichi Matsuo

ABSTRACT
Transonic wind tunnel test of a rocket fairing model was conducted to investigate the steady and unsteady phenomena around it and to
obtain the experimental data used for the validation of CFD code. This paper mainly describes the results of the steady and unsteady
pressure measurement. The flowfield around the rocket fairing in transonic regime is characterized by shock wave generated downstream
the expansion region near the fairing shoulder, separation caused by the shock wave, and suction region behind it. The unsteadiness was
observed in the vicinity of the fairing shoulder due to the interaction between the shock wave and the boundary layer. As uniform flow
Mach number was increased, the shock wave was moved downstream. In the leeward side with a small angle of attack, the shock wave was
moved upstream, the suction region was enlarged, and the stronger unsteadiness was observed. Even the attachment of a tiny shoulder
frame to the clean rocket fairing model significantly changed the pressure distribution because the shock wave and the suction region were
highly affected. As a result of the frequency analysis, the broadband increase in the power spectrum density of pressure coefficient was
observed when the flow passed through the shock wave. No peculiar frequencies relevant to the transonic unsteady phenomena were found.
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Unsteady PSP measurement of a Rocket Fairing Model

by
Kazuyuki Nakakita, Kentaro Imagawa, Yoshiki Takama, Hiroyuki Kato, and Tsutomu Nakajima

ABSTRACT

Unsteady Pressure-Sensitive Paint (PSP) measurement of a rocket faring model was conducted at the JAXA 2mx2m Transonic Wind
Tunnel as a part of the campaign to investigate the steady and unsteady flow field around it and to obtain the CFD validation data.
Anodized-aluminum PSP was coated on the model surface, and it was illuminated using a high-power blue laser diode. AA-PSP
luminescence was measured by a high-speed camera, whose frame rate was 5kfps. The high-speed camera images were calculated to the Cp
data using in-situ PSP calibration. Unsteady PSP data captured unsteady pressure data on the rocket fairing model as time-series Cp images.
The unsteady phenomena on the model were significantly varied according to the Mach number and the angle of attack. Frequency analysis
was also applied to the time-series Cp data. Unsteady pressure distribution was clearly investigated from the power spectrum results.
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Optimization of Deflection Angles of Multi-Segmented Leading-Edge Flap of

Supersonic Aircraft Using CFD

by
Zhong Lei (Tokyo University of Science, Suwa)

ABSTRACT

An optimization design methodology for multi-segmented flaps of a supersonic wing has been developed to improve
aerodynamic performance at taking-off and landing conditions. The geometric shape and computational mesh modification was
conducted automatically by a newly-developed tool. Flow field around the configuration was simulated and aerodynamic forces
were calculated by solving the Reynolds-averaged Navier-Stokes equations with MPI parallel programming. In the design space,
a response surface method was applied to approximately estimate aerodynamic force and largely reduce the number of sampling
cases needed. It was confirmed that aerodynamic performance was improved by the optimization design, and the design method
was highly efficient to reduce design cost.

1. 1Zt®ic

B E MR E RO FEHUZ T T, SRR O SER R &
FATHNZAT 2 5 TR H D, BHEEIFERR O 2 X N %2 H|
WA B 720, HEERERFEICE SRR T 5 m iR E S 1 E O
WAL AT AEEET S L NEERMEE LTET SN
B[], BEEREROGIULE BET 5 2 L IR G I W
Tk%&ﬁﬁﬁ LLTHELSDBRVMENTEZ, K11

AT AT B R BRI B O & 5 ) JE i\ B L 72
ﬂn%%%rf e, 71 E 0O B AN R BRI Ok 1)
WL EBERG T EOtR I viThbT&7=, LoL, 21
%@?%i:x%#m<\%%%ﬁ%ﬁwoﬁ$\#ﬁ%r
REDTRERY 22 BRI 2 LV CFD T & b Rk AE b
B LI Ko TR AR 5 Z EBNFEAITARD
DO B,

CFD # W i bk et o A 7 A ;t BN e R
BTALER ORARZE R & 3RS A ) & PERERTM (CFD fi#dr) |
%ﬁm7mﬁxu;@%&énéo#ﬁ%i%ﬁ@@ht
CFD fEHTIC L » T, LY @ L-L Ok 2 B T& 5 &
EZ2 b5, ZOFHEIEROEIRREZ T & 45 FEIC
KPU TR, R 2 RIE TR . B2 2 & 23 FTRB 2R B hly
Th 5, R 2ICEMER 217, @SR ORFIIx LT,
BIHETL TR KHR ATRE . Dy D@ WS & ReD |72 CFD fif
MRk a5, L Lans, BURTIE, & ikE
DTN IRNTT HDITITKIRS < O REBEFR 0025, FTo,
TEREZE T DBRITIAIRVERR, BHEAS T DA e & ORiTLELIZ %
KIpFNEEST 5, T OITEMERFICEAT 5 CFD il
{ERXEHC & T, RERBEFIZR->TWb, miG/IEEOR
%%%%@%L\:xb%ﬁﬂfét W2, L EtEReZREt
Bk L HAETROWENER I, 2L IR R ER &
WAAREBEET 2 Z BRI RTHD, SHIC, Fitos
FTA=ENEL b b RHHILERERE G 2T 7201
AT A =B BB BE DRI LL ORI+ 5 2 &
DL 725, fmfbakitis & U CiRTERR G0, AlidiE=e,
Eﬁ%?wﬁUXA%\mﬁﬁﬁ&&k#;<mw6ﬂ1w
%, HEBEORHMIL CFD & W= EBER SV, £ 31T

AR, B TETE 22 IPERER A

Preprocessor |[—>

R R DR
1. R bR L — 7

2. AR R AR R O fit

T IR T A M e RBEBAEZAETHEREN
ISR END, BEERRRICHIERIV NS Wz RERT
RERMA%E L DMENRHY | HEICETRD & FEER (X
2) BIER S, AU Lo THIL L@K?ﬁﬁ@iﬁ'ﬁﬂ X EARN
IO BN 2, HINTHAIRFHINOEI G R R E W=D
ﬁb‘?ﬁ#tt (LD) 55008 RNEETH L, BEAREDZE I

%Eﬁ%ﬁ'é A VEENRRAIR Th 5, HEdiRE
0)1—1%77 \ZB LT, k[E NASA @ High Speed Research

PERBHE 2 R T, DR il bEk EHE 28 A Liﬁb\lﬁ N
ésiﬂ;qﬁﬁ/c;%’ﬁ%lﬂﬂ ??5;&75)-(%721/\0 %;VC\ %6b C
DA AE LA i ld 2R s (Response
Surface Method) (Z & ¥ | IT{lgh o> FClomff a2 %32 &
WIHREFEE LTHEHT 2 MBI N,

Program (HSRP) [2]°BK 1 @ European Project for Improvement
of Supersonic Transport Low Speed Efficiency (EPISTLE) [3]~
BY=y b R ETHERREIMT R b TE T2, FHAT2EHT

Je B FEREME L2 0 TR AR 35 R & B L2 B9 5 T JEBR 38
fuyxﬁ%u LRHTEDO—BE LT, ZHIREHIRBWT
e FRZE PERE D UGB 2 R V JA T 7o 8D | JERRABR[5] & L fE ik

This document is provided by JAXA.



202 FHIATZ AT SE SRR R JAXA-SP-11-015

1. EEEE RS E OB LR %

PSS A E GIRES PEBEREAM Ehar%Ea i
Concorde — — JE T 7R UK, France 1960s
%Slgf;ﬁ Tu-144 — — JELR R Soviet Union 1960s
U.S. SST — — JEAEAER | Boeing 1960s
T A S NASA, Lockheed, 1970s
AST/SCR © R B BURASE | Bocing, Douglas | ~1980s
FRIEERRR  (Panelik, {E @ it?% NASA. Boeing, 1980s%% >
HSCT O . . HRTE B
VLML, 72 &) CFDEAT Douglas ~1990s
WAtAR: *
SST CFDIT & 2 & iR JER EER .
f R
EPISTLE O b o CRDfiEl DLR, ONERA72 & | 2000s
. . JE T R
QT2 TH 24 3
NEXST O ﬁ%ﬁg@ggﬁ‘ OB | JAXA, BEUKZE | 2000s
bR CFDFRHT
2. CFDIZ & 2 fdi b ek st otk
RN 10444 =
R O © I, KA
fiRAT Y — L @) @) RANS, 5EE
feadE b FE © © GA, RSM,GD
TR A Bk A O 2 INEE I
K&K A O 1 B EVAERK
R ERER O O IR, FiRe
A% at R A O 257, Bk
FXETRE 3xH | 17 AN | FEEH LY
3. IElCRRRHED R—T < R
wE L TR H i B EGEEA ZHH) | ZM | K a2k
[ERERES © © © =
BT LY XA (GA) TS (RSM)
b © © © i
Atk (GM) ERHE A X © 1K
W61 & AT, w1 E O T,
ZNE TITON M TR, BB EOMRT i % 2. it

ST L, EBE IR O m 5 1AV ORI B 2 MR35 5
Nic, 77 v AN X DZ=IMEREN EOWRIT T 7 v T DIRIR
T BT DREAICRE HKAFT D, AWFIRIIAE S B EERS
P OARRIR I Z 31T 5 22 IVERE & T D 72, CFD & 7=
Lo EIRIR T T v 7O E LRI T A Z LA AL
T 5, B CFD fifdT & B 8 1Ak & IS8 i i % %
WG LG AT A2 L, G otE & 22 7)1k
RROm EERL, ZORRERET D,

AWFFE TR W S E TR O FEARTEREIX . JAXA OWF5E
B3 TRk Rt L7 Bl FE B[ 7] O AR AL & 8% L THf/N L
bOTH D, X3 IEEHSITERE O TR R BRI 2 R,
EAGE CIE, BRAR 1.36m, #iE b= 0.419mX2, HiEif
Sw=0.292m*, LHDT A7 L (AR)=2.42, FHyze fja—
K =0459m Th b, EAFEOERII TR T2 b -
Ter—RTHY, @iEHMEEE L TNRENGER, SRR A D
NERERICENTIUHEA N R D7 T v T 2R T 5,
FROFMmFIL, EEFHRE (M=1.7) Tt LR &

This document is provided by JAXA.



AP S AR 2 R Y I 2L — ¥ g VY VAR DY 42011 F U 203

500 T T T
multi-segment flap system )_ 110 _‘
LE4 ;

LE3 Z

300 } edge shape 2°
I

400 l

Unit:mm

| o | LE2 1T 2]
LE1 TE 2
4
100 5 i
P |
0
0 100 200 300 400 500 600 700 800 900 1000 1100 1200
P R )
() FmEL 77 w7
-
-~ -
GPl~~e_  TTme—_
~ -~ -~ -
- I~ 5TE

-~

(a) BIfE~7 T v THAE (b) #%ixT7 T v THHE

3. #EEE OSSP

Leading-Edge
Separation
=3 P

Vorte
E x flap
o2 -

rd

4. HifgHRLT v 7 A 7T w7 [10]

LT, Arrow BZEMH L, WERHKIEM L =66" %o
WA TH 0 | Rl & EEEMEROUGEE B E L T ENE
B L =42° BFEOWIRTH D, HERELD D 3G 7\
semi-span O 55%% > 7 (i THIL L PN D, O
i, #%ifkd L ORIGITEA 30° TROLELZLDTH D,
{7 — X% ogive cone JEM, MR RIERILIERE 70mm [
FE. EORTRK - BixIEI 0 # 2 FTRE /2 O S L D,

3. mHNEE

A5 RERF I 1 2 BT g O 2 ke 2 e E T 5 ik &
LT, #xbORBRIN, WF, fiFdEgchlvsi
T L AR B CRKEN 3 2 M5 /12, BUEAICH
W~ O AP B IR IR EE 72 72 0D | ARBFSE Tl ry i
B, HofF#7enigARLvs v 7 2« 75 v 7 (Leading Edge
Vortex Flap) [8][9]% %5 LT 5,

K 4RT o, WAL T Yy 7 275y lix, #
A% D84 T~ 0 #hif 5 2 Lz k- T, BiigHEEoO
P RE M Laen o Fiae 7 7 v 7 ElICETE S
WAHIEETH D, 77 v 7 IS U HBERARATROR O
RIAICR G| 2 R LT, BICH < I A 2R S 5,
ZORER, ARFIRED L, SesdE s n s,

®%igx 7 7 v TIXRICARERMLICEO -T2 b v
CIA ML THEAP 0TS Z T B EBNE
BESTRIFICLE RGN G0 ETH D, Al - Bk 7 7 v
TOERC Lo T, BAREIN, BESED L, B
KFEIND,

ARWFFE T, BIEARNT v I A - 75 T %77 v 7
AL A G R CRIA Ul s oo SR 2 3% Fh x5 &
T2, 77 v NE7 7 vy TOREHREAEEL, Hice v
CIArELYICT R S plE S TH 5, NE
Aiffa. AAEATRICENZ I 2 B, WEERIC 1, 75580

(a) MIEFRISAR

(b) b o> AR

5. R 5 ) B BB O CFDR#ITRE R (412 )

7Ty T EWOAT A, MEERNZRFIRE Y FEIEHIRR &
T, WERENEOHRET 7 v 137 A b2 KT >TH
HlIyEIESND, ENENDT T v T T A MIEBNCHE
MEBRET D, NEATRT 7 v 7T OERIIAN T RETO
FWE 2B W TR TT 7T 10% MAC, B YT 1 > ([l
) IETRRICE LT L, BB AT & R U 66[deg. ] &
Lo TWa, AERIR T 7 v 7 OEIIA R IZB VTR
TR D 20%, fid & LT P4 TR s R 51k
B4 37.7[deg ] & 72 D HilkR 7 7 v T OREAITATRR A N T~
T 25A. IELT5, %7 T v AIIAEO IR £H1T,
HEM 10% MAC & F5o, #%ix~7 7 v 7 OReA 3%z gs T
~EET ASG . EET 5, EBBICZ U U ETREO FICH
I BB, BEEMESR 2T X 0 ki T 7 v 7T ok
FEAITIRE SNALAENL DT, KR TITRRER T 7
o FOREMAIZ20° ICEEL. DFE V. EREHRT T v TRt
BRI S Lz,

4. CFD fg#r

Wl iy ORI A LB W CUE, TR OMES 12Nz <,
FORRD O RFERSTER S LD 72D BESt g O HIBEC FA)
. RO e CEMRBRE N E LD, T KD R
IR B R 2 RIS 212, AR SEER 2 T TR,
CFD AT IZEGRFER I C LT, K0 FE7e g A et o =
L7280 VRO BRER G OO ZE B O PEBE TIOR3 72
CICHEMBTEL LTBETIEAR L 2> TS, BEHE
KD @ 1 EEE ORI . CFD IZ & A GEMERED T & 5%
FHERNRE SHIfF STV D, FHF O[] X E Tl
RIPREISHIETE D= F - 7 a7 KT & v 7= CFD
fi#Hr = — K ADCS (AeroDynamic Computation System) % B %&
L7z, fEIE > EIEIC SV 2 MPI (Message Passing Interface)
WHb AR Z L1220 KRBGHRICHISSED & &bl
AR OFR#EE E P ER ST,

B SR O AT R & &4 1 T BB TR D AT & FE e
L., BRERE DOEBIZL Y CFD fifr2— FOMBFEETT -

This document is provided by JAXA.



204 FHIATZ AT SE SRR R JAXA-SP-11-015

(@) TRIREEIE k& FERDIER T 4 R

EARRET — 47 7 A4
FHH (FERE D)

INGA—=2 NI

1

T

A7 7 A2 NI
<_

ATRE

ES
[ je—

FATRE A

T

(b) BB SR

[X]6. AutoFlap-GG: an automatic tool of shape and mesh
modification for SST high-lift configuration.

72[6], F DOfESE, CFD ffAT#s R I EIERER & BATFIC—F L.
TUPERFER SN, Ko T, BEEREE ISR D BT HiRE
HEHEIR E o 0 DN & fNT T D H & fesr U, /12 Bk
F D=0 DAY — IV i 27,

ADCS Y IV AS— IO XA E LTLA LR
B)Frem - 287 AGRREMNTT 5, HERPERROFEAMRIZ
¥ Chakravarthy-Osher A % — A% W CHE L L, ZDEKR
FEEEAIZ 1T 3 YRS D MUSCL #fiflVE 21 U7z, KEPETED
FEMZIE 2 YRR EE O 220y & BV T2, TR 29 L2 Ve e I
CHEVEIE E  — RTHA G C LU-ADI [figis 2w H L=, &
BRI A DE T, ~ v 38 0.088 & L, EH,
Menter’s k-ofLift €7 V& L C, 2ELTR 208 L7 3t
AT o0z, BITIC~ T « 7oy ZHER T2 AV T,
o S B8 40 . & oK OTOIE
As, =0.01/JVRe =1.0x10° (HIH, y'=0.9) & L7z,

BE LT KSIZT Ty P EEE LW EATERED A 12
SR DN ORISR ERT, N, AR OFTR DK E
T HIBER D REST D Z N5,

5. RERUMETETEIED HBL
77 v TR ERRRIAGLT2OITIE, BENT A—H

{

| Initial data sampling |

#1| #2| o #n

Flap modification
(AutoFlap-GG)

#1| #2| - #n
Performance estimation
(CFD)

#1| #2| ----er #n

| ;I Response Surface |

Performance estimation
(CFD)

A 4
| Design exploration

Flap modification
(AutoFlap-GG)

| Addition sampling |

no

Converge?

yes

[ Optimum solution ]

X|7. HEEFHEEEEEEORF 7 e —F v — b

EHHAE DT ONTNMLIE LD, T A= &
BT 5 & IR L CFD #HRIC L ERFHRE OB IE%
TORFNER G20, ZEOBRICONTEHEEIT O N
HRH DT, RO FEEICL DB AR TIEIETFICS
< OREEMRE NS Z &7 D,

TEIRZS T & s 1A RIS EE T 2 R O SR B L O FEED
FITHI D=2, EHROFT - BiFIC 7 7 v T EF T HE
HHEEEESDY O BBRAEE - KAk Y —
AutoFlap-GG (Automatic deflecting Flap-Grid Generator) % B
% L72[12], AutoFlap-GG (X 6) X, 77 v 72 H 3 58
THEMEBIERICOWT, 77 v THEAEH O & FHE
WIFOHBEREIT )Y =1 Thb, BFid~rF - 7n
v U HEER ARG LT D, AV —LiE, KIE POINTWISE
FEASBAYE Lz Hilk 25k Y 7 b Gridgen V15.10 [13] %
W, O ULOIERSNLZTY T v TEIERTOBRE (AR
JERE) OIIR - okt LT, R EE T DIEIEEZTTS 2
LT Ty T H O - T EBRERT D, 7T v
TEHCITRE D TR BT DIEIEIZ 2V T UE Gridgen M O A
7 U7 NEFETHD Glyph ZHWTIEEAZ Ak L7,
Gridgen |34& T4k 3 22 FERE TH 208, IR T — & & ifftk
THHEED NSO BH L TBY, o2z HWTRRE
ExEIToTWD, ER LT TIC S DTG & 2R TE
Lictk, #7177 —4%, BREMET—2 %2 LT, Y n—
T LT b, M SAKTT —#1X, 5] CFD fif
MY NNR—IZEZDOEEANTEDL LT oy 7 &Y
SEILTRECH I Sh D,

Z O¥E T VT2 CFD RT3 BIER) 1 B b 2 Lkt
LT, #Kko Gridgen & Wz FAEEIC L o4& AR TIE 1
AT ERREOHINAET 5, AY— 176X, B
WREEFOEERABNICES TR TT 570, 1AT1 7
— A, ELIHT—AEWATUTHITT 22 L bAfEE 7R D,

This document is provided by JAXA.



B 43 OGS E R S T B Y S 2 b — v g VR Y VR Y T 4 2011 FC A 205

COEIICABET A EICL T, 7Ty SHEHROIE
R EAEFAERIFRITIER M T 2 2 &N T&E T, iz,
Ny FRIAATH Z &b TE D720, Falfkixalh— 71
HIATL T E B AMREL 7o TN D,

6. S iR LER AR

fzetko X 5 M ERR DS TIiE. 1 7/ — A D CED fi#
WrChER & RN HN D720, FEEERFHT & - T, b7 —
ADENRLL oD &, R&EREEICR D, B2 EiE L.,
IR MR A0, L0 kR R R L SR T
DYE, TERVERL L ¥ TR D BB, Fh &[RRI EE &
— ADHDD IR RB TFIENER I N D, £ 3 IR
Lz kol &= A MIhal ki stikic ks <EFEL T
%, WMEORER « ke CICHESWNT, REISR M ORE B
MIZIG U7 AR A 2 RIRT A Z E N EETH 5, A
RITER R B W TR EH A Sz 3t 372 B B o Al &
FAWTRITED « I KEE RS, 2RO 52 &0
TE 5N, @ CFD T E bk En D, L, BH%
WO BB IEEICB W TR, RN KT, CFD
FEAT DL A PESOAG TR AEE 72 & ORIREIZ X 0 | TEMEZR AR
WERDDZENRNEETH D, —FH, BT LY XAE
RIS B i 2 R BT RN H D H DD % < OFfliEE
BNNE L 705720, 1 75— ADOVEREFRIC R O 2 5
CFD |2 & o TIXEMMMICMER S 5, Zib OREOfif
PR E LT, ABROBRFMEELLT D ENEZL LN,
IS L, DRV CED #2470, R EE L B
RIBAER D BIfR 2 ULl L 72 B B ZERIC B W T, & B AltE
REBEHT IV T AL E L LREEITO FETHD, =
o, EME A ETEGTAZ LIcky, mRlahz A
M OFMSEA2m LS5 2 LRNARETH 5,

X 7 ZISA AL X AR bR E 7 e —F v — FEIR
T, 2P, RHEMICBNT, #FH AT A—HEEFE ST
ot 7Y v U T CRD T & Sl L, 3R 5tT —# X— 2R
ERET D, WIT, BT —FXR—RIZHESOTHEEFFEW
Mz ntd 2Ic&MmzRDd 5, Tnnb, & k-
Thal 70T R A BESE T 5, S 51T, CFD & AV Tl 7e
IR A BN L, BRUBE A RN T 5. Z4L & [FRFIC
EFT —# ~— 2|2 CFD f#AT#E S 2800 L, G2 i i ok
ErEbd, ZOXITHVIRLRNS, REBICHF T
A —H OEBEAEDERRD BN D,

AW TIE, WIHF —F _R—2 ORI T RET T o #H
IR FEBRIE[8] L W BREFFZEMICB W TEREI ST A —H D 16
AW TV 7 L, @EORBRICESOTEE
RS A—2 DBV AR > T, WD L 5 ITHR DA &
Wit 7 7 v 7 Offefa 3 E Uiz,

W8 < g < 12°

LEl Ofitfs : 15° < & < 45°
LE2 D#ES 157 < Sy < 45°
LE3 Ot : 10° < Sy < 35°
LE4 Ofitfs 1 10° < Spy < 35°

NREATZOBIBANKE VO T, BT 7 v FIERE <
KETE D, TRITHA, SERTRT 7 v 7 O KA FPHIX
INESLSRRE LT,

el e iR OPEFRE LV ESBOR S D L )12, HEOR
VIR CISE M m 25 2 E e E LV, B R
OEBHEEORFHEX. BhE 8L L, AR
fbFazZbicky, BitkezmKbT A2 TH D, fib
DX T A L ETRRT T v T OREFA LA Z AR,
B PO Z bS5, £, BEORBKR LV ZE
FIMEREN BTR 7 7 v 7 OREM IR L ClfIc B b+ 5 2
EREBZONTTD, ZOFBENIZEBW TR S EmWZEME

deflection angle

X8, W7 —H RX—RAEREET HFUFI ST A—F DY
AN

50
40
LE2
30 LEl
S LE3
20
LE4
10
0
0 1 2 3 4 5

generation

B 9. At~ 7 v 7HeMA OIHRIENE : 57655 C,=0.5

50
) -4://. He
30 ——1 [EI
3
/4/ LE3
%E 20 ] -
LE4
10
0
0.40 0.45 0.50 0.55 0.60

C
B 10. #iitx~7 7 v 7 ORERHER & BEHE RO

RE L R DREMOMAGDEZTHMR L L, RO X 5 I2ZHK
TH IR L IRTUREZ T LT,

n n n—-1 n
Sf= a, + zai‘xi + Zaiixixi + Z Zaijxixj +é&
i=1 i=1 i=l j=it+l
IEM 7RI L VERFH ST A—F OEBREN D720,
BRDOSIEX PN E 2L 22 T2ROSHENXEZ R LTz,

This document is provided by JAXA.



206 FHAZENTERR R O JAXA-SP-11-015

15 |fuselage

inboardwing kink  outboard wing
i
0 1 1 . 1 1 J
0 0.2 0.4 0.6 0.8 1
n

X 11. B85k C,=0.5 (2B D it 7emiix~ 7 v 7 HES
DA G, Ef . WEAGR T 7 v 7 2 &, SAEFT
7Ty 2R R AR T T v 71 fL SRR R 7
771,

35 %{6 0 —

0,0750

30
0,0740

.073

0
25
0.0720
0.0710

20

=0LE4

OLE3

15 20 25 30 35 40 45
OLEI=OLE2

B 12. WA Y 7 v 7 18 AMRRR Y 7 v 7 1 #cE L
7o & SITHESURE DL

X 5T, HoERROER NP ETIZ O, CFD T TR 5
Nl —AZBIML, WWEMEORE 2 X7z, Rtk
I, BRF 25 TEREOREAMA G R L 7> T, &l fil
TRFRIZINOR U 7,

7. BREEUVEBE

AWFFE T BIREER I X B i 2o fif 2 fREE 3 2 BT, JE
HRBRICE DR T, ROMNGHEERE LT, FHZET)
R (MAC) & —REmEMEIC ISV Re #lE 0.945x10°
L7z, F2, W&MmEEL Y, FEEoMfTics Ty
ZENVEREDOFHMA CTE B 728, 2 2T, %1154k €,=0.4, 0.5,
6 (2B U AR Bt 7 fif 2 SR & . B EHG 14 EkIz x5
B 7 e DEALICHOWTEET 5, Fufbikit v A7 A
OFIAIC X0 KIEICHR] 2 i T & 72720, Al bk at
3% 1 » AT T LT,

X 9 (Z % 5 /425 CL=0.5 ([ BT % Fdifbak Ehic & 2 i
B7 7 v TR OINKIBIREEZRT, RifkT7 7 v TREANE
— it (AB, WIF — 2 _N—2) MHHINIEL TWAD
ZENG o, BRI T Ty THANRDHEY
ﬁ%<ﬁMLﬁ#oto%ﬁﬁ%ﬁKﬁbﬁ\%@&%K
ﬁ@%ﬂtwﬁk%% Té@%i9m°&&otom

W28 14845 €,=0.4, 0.5, 0.6 | iémﬁ@hﬁ%%&#

b, EABIRENREL2DIC ViR Ty T EK
XL LT D ERN 0D,

K 11 ZRT X9, BB C,=0.5 IZk T, WED
Hifk7 7w 77 A FLE2W®Z AV FLEL L0 k&L

X=0.55Cr

X=0.83Cr

(a) HREREL (b) HieH v (s i)

13, F EEOE) oA Ok, QA 10°)

(a) HfEMEL (b) BFEA Y (R 7 i)
K14, A RO SZ = ok, GHf 10°)

(b) e v (a7 fif) |
X=0.55Cr

(a) BAIEEEL . X=0.55Cr

(a) EAEEEL | x=0.83Cr (b) HRAEA Y (RiiE/efg) |
X=0.83Cr

B 15. #ESM O G 10°)

BAE SN D, TR TY 7y T EERE L0, R/
A2 & 4132
A2 b LE2 & K& e L CRHBEZ M2 2 L RN pnE b
EZoND, £z, BitkT T v IREAVBIEENS 2 FH
@Wﬁm%77/7t7f/bﬂw%k%<@%én\A
W Ao, ARG T T v 7 ORI T D
MWREINTWD, £,

W <IE ERTRRFIEER S TR 2 D720, kS

IS REFA AR T 7 v T 4 4y

This document is provided by JAXA.



B 43 OGS E R S T B Y S 2 b — v g VR Y VR Y T 4 2011 FC A

B L7256 O 2 RIL, NEORIERZ 7 v 77 A b
LE1 & LE2 Z[6 U#Efs . NE ORI Y 7 v 787 A | LE3
L LE4 Z#RIUHEMA L L E X IEON LR E TR KT
BEITE 2R 3BT MR L,

X 12 (2[R CRREHE 145k €,=0.5 (281 THEfM o &4kl
K DMPURE DA Z o~ T, WERIR 7 7 > 7" 1 K, ST
7T w7 LK E L& &R M, BlD, il 7
e OMAGDOERRD NS, LD, NERRET 7 >
TITHAT, SR T T v 712 LD PR O L3 K
TN ERDMND, TNOFEIAE LT, S RRATREGIEA
NNE LV /NS, 2, NEO FRANCE 43O
Wik 7 7 v TREAOELIC XL 0 . NES OFNICEH 21k
EHZTWAZ ENEZEZLND,

At 7 7 v 7 &8t LI e & Bt L EreicBa L ¢,
X 13, X 14, X 1512 CFD f@#rfE % 9, w7 7 v 7
R L2 WGG . L SRR b R Z 22BN 84 L7z
ZEMGND, TR W T T v 7 & i e e T
BRAE L7255 A0, R REES K& <Idl & T, Rk~ 7
v EEHICEEYD, RVT v I AT 97 L LTHIWT
WhHEBZBND, £, BifgT7 7 v T OISV, A
WA LIC L, NEEZ A N LE2 &4 EE T A
FLE3 OB YT A 2 FHMIZHIBENE L TWD Z &2y
mh,

8. ¥£¢®
AW B B S b2 DR RIS B 1 D ZE itERE & &
BT D720, CFD & WL 5k 7 7 » 7 Ohtf % Kl
bE%EH T2 AT AAMEE L, BEdgICET T2 2 & T
WHEA A RO 72, FERFES AT LAORK S LT PRtz
Fohd,
< ZEAVERED R ITEME A RIS T B~ LT - T
v 7 REER T IE RS L, MPL XE8I(RIC K 0 3R o s
L& -7,
7Ty TEC L DIBRERICE LT, BEBIRMEIE .
BrEEDY =V EZRF L, EROFEEICH~T, I
W (PR A S L7
E B, Ak A O TR LR S B A fii b
— AED R LT,
FoT, RERFV AT AT X0 BEEK S EE %G
R A RIgICSET D & bl ZEhtEEEsm ELsws 2 L
NTXT,

BiEE
FEILIAXAMZE 7 0 75 KT —F 185 LB,
BHREIN ORISR W, TkEE R EEL
oo ZOWEBMEY N LE L TERE ORI & H
U BiFEd, £, AU oG5 T 52 0 70 B T M A
O - R T2 ¥ — O AEHMERH LD TH Y,
BARE O 2 BIEH N LET,

207

e Z BTN

1))

9)

10)

12)

13)
14)

15)

Antani, D.L.
aerodynamic
92-4228.
1998 NASA High speed research program aerodynamic
performance workshop. NASA CP-1999-209682.
Herrmann, U. Low-speed high-lift = performance
improvements obtained and validated by the EC-project
EPISTLE, 24th International Congress of the Aeronautical
Sciences, ICASE-2004-411, August 29 — September 3,
Yokohama, Japan.

SWH, “EEHREREICOVWT  —NAL RHEAUHEE H
PEEAR OBFTERE—, ™ 5 26 MIRATHE S AR P T A
AR, 1998,

6, i, “HEHEMZEHE (SST) HREO S I EIC
B9 % SEBRIIATZE, 7 NAL TR-1450, 2002,

W, T S SRE B D BUE AT & VB 4
T, S HT MU ZE BF ZE BH %S K A F 28 BH 6
JAXA-RR-07-050.

Yoshida K and Makino Y. Aerodynamic design of
unmanned and scaled experimental airplane in Japan.

Rao, D.M. Exploratory subsonic investigation of vortex
flap concept on arrow-wing configuration. Supersonic
Cruise Research’79, Part I, NASA CP-2108, 1980.

Rao, D. M., Segmented vortex flaps. AIAA 83-0424,
January 1983.

Rinoie, K. Experimental studies of vortex flaps and vortex
plates, Part 1 0.53m span 60° delta wing. NAL TR-1140T,
published by National Aerospace Laboratory of Japan,
March 1992.

%, KH, “CFD fi##r Y /L/\—ADCS OB%¥, ~ 5
HAL 22 T FEBA JE RS I 2 PR 1, JAXA-RR-09-006,
2010.

KH, &, “BEEEEEOT T v TREAEEICKT
% B T-E Y — v AutoFlap-GG, ”  FHifitZerse
BH A AT 20 B R 7, JAXA-RM-09-003, 2009,
Pointwise inc., Gridgen User Manual, Version 15, 2006.
Lei, Z., and Kwak, D. “Numerical Optimization of
Leading-Edge Deflection Angles for an SST Configuration
at Low Speed,” the 27th International Congress of
Acronautical Sciences 2010, ICAS2010-2.3.1, September
19-24, Nice, France.

Mckay, M.D., Beckman and R.J., Conover, W.J. A
“Comparison of Three methods for Selecting Values of
Input Variables in the Analysis of Output from a Computer
code,” Technometric Vol.21, No.2, 1979, pp.239-245.

and Morgenstern, J.M. HSCT high-lift
technology requirements. AIAA paper

This document is provided by JAXA.



A3 PR FRE 2 T Y 3 2V — Y 3 VY YR Y 42011 E R 209

ER e A TOEMAMBEHDENRFEICHE T EIEKKF ¥ VN —LEDTE

FFHEE D, KTEA?Y, HIB#R?Y, KiEgER?
DERIKERE, 2 BAKRFEIF

Influence of Maximum Camber Position on the Aerodynamic Characteristics of
Contact Circular Arc Airfoil at Low Reynolds Number

by
Tatsuo Itami, Tomohisa Ohtake, Akinori Muramatsu and Tatsuo Motohashi

ABSTRACT
A contact circular arc airfoil was shaped from two circular arc airfoils with different radius of curvature. We carried out two-dimensional
numerical simulation in order to clarify influences of maximum camber position on aerodynamic characteristics of the airfoil at Reynolds
number of 40,000. The move of the maximum camber position brought about a change of flow field with vortices structure around the
airfoil, and changes of the aecrodynamic characteristics of the airfoil were observed with this flow field changing. Maximum lift to drag
ratio also show a maximum value when the maximum camber position has a near by 30% chord length of the airfoil.
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Fig.1 Schematic diagram of Contact Circular Arc Airfoil.
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Fig.3 Aerodynamic characteristics of the airfoil at Re = 40,000.
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¢) MCP =0.5¢ d) MCP =0.8¢
Fig.5 Instantaneous pressure contours around the airfoil ( @ = 3.0 deg, Re = 40,000 ).
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Fig.6 Time averaged pressure distributions on the airfoil (o = 7.0 deg, Re = 40,000 ).
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Aerodynamic Characteristics of Thin Circular Arc Airfoil with Different Camber
Ratio at Low Reynolds Numbers

by
Tomohisa Ohtake, Hiroki Hiruma, Akinori Muramatsu and Tatsuo Motohashi

ABSTRACT
We carried out aerodynamic forces measurements of thin circular arc airfoils in order to clarify influence of camber ratio of the airfoil into
aerodynamic characteristics at low Reynolds numbers. The measurements were performed with three cases of chord based Reynolds
number of 30,000, 40,000 and 50,000, and two types of wing model which applied 6% and 12% cambered thin circular arc airfoils to cross
section of the wing model were used. The results of aerodynamic characteristics of 6% cambered airfoil show a small discontinuity in lift
and pitching moment characteristics at all Reynolds numbers, and dependency of Reynolds number changing could not confirm in the
aerodynamic characteristics. The aerodynamics of 12% cambered airfoil, in contrast, show remarkable discontinuity and hysteresis which
result from abrupt increases in lift characteristics and abrupt decreases in drag and pitching moment characteristics. Magnitude of this
discontinuity in lift coefficient shows about from 0.4 to 0.5, in drag coefficient shows about 0.05, and pitching moment coefficient shows
about from 0.01 to 0.03 with increasing of Reynolds number from 30,000 to 50,000. And, range of angle of attack in which the hysteresis
of aerodynamics appeared also changes with Reynolds numbers too. These changes of aerodynamic characteristics might be come from

flow field around the airfoil, laminar separation of boundary layer or separation bubble, due to change of camber ratio of the airfoil.
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Numerical simulation of heat and expansion process of plasma flows
in arc-heated wind tunnels
by
Yusuke Takahashi, Hisashi Kihara and Ken-ichi Abe

Abstract
Turbulent plasma flows in the Kyushu University 20 kW and the JAXA 750 kW arc-heated wind tunnels are numer-

ically investigated for various operation conditions. These simulations are tightly coupled with calculations of the
electric field and the radiation field. The flow fields in the arc-heating facilities are assumed to be in thermochemical
nonequilibrium. To express thermal nonequilibrium accurately, a four-temperature model is applied in the present
analysis model. The effects of radiation and turbulent transport are investigated using some recently developed
models such as the three-band radiation model and the AKN low-Reynolds number k- model. The fundamental
characteristics of the high-enthalpy flows (e.g., arc column and supersonic expansion) are reproduced and detailed
distributions of the flow-field properties are obtained. It is quantitatively clarified that radiation and turbulence
phenomena are very important in transferring heat and momentum from the high-temperature flow near the core
to the cold gas region near the facility wall. By introducing a cathode sheath model, potential drop and electric

currents in sheath layer are detailedly evaluated.
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2: Comparison with Pitot pressure of the experimen-
tal data for 20 kW KUWT
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3: Comparison with heat flux of the experimental
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4: Comparison with mass-averaged enthalpy of the
experimental data for 750 kW JXWT
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5: Translational temperature contours in 20 kW
KUWT for the baseline case
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6: Translational temperature contours in 750 kW
JXWT for the baseline case
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8: Axial profile of mole fraction along the center axis
in 750 kW JXWT
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9: Radial profile of temperatures and enthalpy at the
nozzle exit in 20 kW KUWT
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10: Radial profile of temperatures and enthalpy at
the nozzle exit in 750 kW JXWT
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11: Radiative heat flux contours in 20 kW KUWT

for the baseline case
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12: Radial profiles of heat fluxes and temperature in
750 kW JXWT for the baseline case at the constrictor
exit (z = —200 mm)
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13: Radial profiles of heat fluxes and temperature in
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14: Comparison of arc voltage for 20 kW KUWT
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15: Comparison of arc voltage for 750 kW JXWT
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Study of the Shock Oscillation in Supersonic Inlets

Tomohiro Nakayama, Tetsuya Sato (Waseda University)
Atsushi Hashimoto, Takayuki Kojima, and Hideyuki Taguchi (JAXA)

ABSTRACT

Inlet buzz, a shock oscillation phenomenon in supersonic air inlets was studied both numerically and experimentally. Following a
supersonic wind tunnel test, a computational analysis was implemented on the supersonic air inlet of the ‘S-engine’ which is a sub-scaled
pre-cooled turbo jet engine. The experiment was performed at JAXA’s Sagamihara campus. The free stream Mach number was 2.0 and the
Reynolds number was 9.193 X 10°. Shock oscillation, known as ‘Dailey type inlet buzz’, was observed when the outlet nozzle area
gradually reduced from its initial full throttling and the mass-flow was limited. The numerical simulation was conducted under the
condition of the outlet nozzle contraction ratio Ae/At (exit area/inlet throat area) =0.7. The CFD analysis showed a good agreement with
the experiment. It was indicated that a flow field with subcritical shock configuration and supercritical mass capture characteristics
appeared when the free stream Mach number was significantly lower than the inlet’s design point. It was also observed that the inlet buzz
was not triggered when the volume of the aft duct was smaller than a certain value.
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Consideration on Defining Strut Tail Shape in a Scramjet Engine

by
Shigeru Sato (JAXA Kakuda), Takahiro Watanabe (Hitachi East Japan), Masaaki Fukui (Space Service)
and Toshihiko Munakata (Hitachi East Japan)

ABSTRACT
Japan Aerospace Exploration Agency (JAXA) has been investigating scramjet engines in Kakuda Space Center using Ram Jet
Engine Test Facility (RJTF) et al.

important characteristics depending on internal geometry. The authors found in the result of CFD research that there was a hot

The engine performance tested at the flight condition of Mach 6 in RJTF showed very

area caused by 3-dimensional interaction of the shock wave from cowl leading edge and the shock wave from strut leading edge
and that the area “hot triangle” contributes to intensive combustion transition. Two engine configurations are compared to the
engine configuration with 5/5 height strut that showed good thrust performance in the engine test. One is a configuration with
tail-tapered strut (5/5 height) that are intended to reduce the engine inflow drag first, and the other one is a configuration with
boat-tail strut (5/5 height) that has a finite width at its tail edge to produce fuel residence time in the recirculation region after

itself. CFD is carried out in the case of the two configurations to solve the inner air flow, and the drag and the residence time

are made clear.

residence time in the recirculation region.
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Fig.1 Scramjet engine configuration for experiment and
CFD and horizontal cut of the strut.
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Fig.2 Engine model and computational grids.
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Fig.4 Residence time in the engine with 5/5-height strut.

Fig.6 The hot triangle in the configuration with
4. LRERIK tapered-tail strut in bird’s eye view.
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Fig.7 Residence time in the engine with tapered-tail strut
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horizontal cut of the strut.

This document is provided by JAXA.



234

Table I Comparison of drags between the proposed
configurations with struts; 5/5 Height(M6S43), Tapered
Tail and Boat Tail.

5/5H Strut (Mesa3)| /%N T;pri;e” Tail | 5 /51 Boat Tail strut
Pressure | Fraction | Pressure | Fraction | Pressure | Fraction
Drag[N] | Drag[M] | Drag[N] | Drag[N] | Drag[N] | DraglN]
Inlet —457.57 -117.35 —460.32 —-117.24| -460.28 -113.88
Step 48.67 -0.02 47.36 -0.02 47.24 —0.02
Strut —-324.31 -15.98 -162.64 -16.82 —201.7 -13.31
Combuster
Extenstion 42023 -130.22 3535 -129.52 365.32 -128.33
and Nozzle
Outside of
Side Wall 541 6.38 54.74 6.34 54.73 6.35
Outside of |, 59 -1.09| -25.04 -1.04| -2499 -1.06
Cowl
Sub Total —391.71 —271.04 —301.88 —270.98| —-329.14 —262.95
Total -662.74 -572.86 -592.09
ot (100) (86 (89)
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Fig.8 Engine configuration with boat-tail strut and

horizontal cut of the strut.
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Fig.9 The hot triangle in the configuration with boat - tail

strut in bird’s eye view.

Fig.10 Residence time in the engine with boat-tail strut
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Fig.11 Residence time behind the boat-tail strut.
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Fig.12 Residence time behind the 5/5-height strut.
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Flow-field Structure of Delta Wing with Slotted Apex Fence

y
Yoshiya ITAKURAT and Syusuke OGAWA (Chiba University, Faculty of Education)

ABSTRACT
Slotted apex fences are applied to improve low-speed aerodynamic characteristics of 60 deg. delta wing model. The longitudinal forces and
moment acting on the thin delta wing with apex fences (Apex fences are hinged to the delta wing upper surfaces along the leading edges at
angles of 45,90 and 135 degrees.) are measured by using universal multi-component sensor and static pressure distribution on the upper
surface is also measured by using pressure transducer with pressure scanner. Smoke flow visualization and the light sheet technique are
being used to obtain cross sectional views of the fence induced vortices. Combination of pressure distribution maps and image of vortices
provide information on the three-dimensional nature of the flow field structure induced by slotted apex fences.

C, : Axial force coefficient (Body axis)

Cy @ Normal force coefficient (Body axis)

Cp : Static pressure coefficient

S;  : Fence area, m’

Sy :Main wing area, m?

AC, : Axial force increment (ACA=Cx-Ca, Fence off)
ACy : Normal force increment (ACN=Cn-CN, Fence off)
o : Angle of attack, degrees

Oy  : Fence deflection angle, degrees
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Table 1 Fence configuration.
Type Dimensions Area ratio, Sf/Sw (%)

IA Width, W=40mm, 22

Height, H=15mm 3.0
1A Width, W=80mm, 22
Height, H=7.5mm 3'0
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Fig. 9 Upper surface static pressure distributions and vortex structure (Type-IA).
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Hypersonic Wind Tunnel Experiments for a Virtual Aerospike

by
Fumiaki Niwa, Takaya Sakurai, Hirotoshi Kubota (Teikyo Univ.)

Abstract

For accomplishment of the future space plane, it is necessary to reduce both of aerodynamic drag and heating in the ascent flight
especially the reduction of aerodynamic drag is focused in this study. For the purpose of such requirement, the concept of
Directed Energy Air Spike (DEAS), which makes a virtual spike by applying a heat source in front of the vehicle with use of
high power laser, is applied. The experiment with aerodynamics force measurement and flow visualization using a hypersonic
wind tunnel of Mach 7 of Graduate School of the Frontier Science the University of Tokyo is conducted to study the effect of

reduction of aerodynamic drag by DEAS, which aims to compare the results of the above mentioned effects by DEAS with

actual aerospike.
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Numerical Analysis of Beam Riding Performance for Laser Propulsion Vehicle
Masayuki Takahashi (Tohoku U.) and Naofumi Ohnishi (Tohoku U.)

Abstract

A beam riding performance is very important for a stable flight of a laser propulsion vehicle. We have developed a three-
dimensional hydrodynamics code coupling with six-degree-of-freedom equation of motion of the laser propulsion vehicle for
analyzing beam riding performance through numerical simulations of flowfield interacting with unsteady motion of the vehicle.
An asymmetric energy distribution was initially added around the focal spot (ring) in order to estimate the beam riding performance
against laser offset and laser oblique incidence. The centering performance of the vehicle is good with the initial laser offset due to
an asymmetric blast wave. However, the Euler angle grows and never returns to zero in a time scale of laser pulse. It is necessary
that the tipping performance of the vehicle is improved against the laser offset. Also, when the laser is irradiated to the vehicle
with initial tipping angle, we found that the vehicle can obtain restoring moments to cancel the initial angular offset. The tipping
performance is promising with the laser oblique incidence, though the vehicle cannot get sufficient restoring force in particular
angle. Finally, we showed that a precessional motion due to a gyro spin improves the tipping performance of the vehicle.
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Jet Noise Prediction using Burgers Equation
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Abstract

Nonlinear effect, as well as geometrically decreasing effect, in jet noise is examined by Burgers equation. A captive firing test

conducted in JAXA is used. The resulting facts are that (1) propagation mode changes from cylindrical type to spherical

one as the longitudinal coverage becomes longer due to reflection from the ground and so on, (2) nonlinearity distributes

acoustic energy around peak frequency to waves with higher frequency. Especially, what is important for the purpose of

rocket launch is that, the increase of sound pressure level in higher frequency region resulting from the energy distribution

stated above is in 130~2000Hz, and the maximum value is likely to be about 6dB.
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