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Abstract

The method for predicting sonic boom consists basically on the combination of the computational fluid dynamics(CFD) analyses on the

near-field and waveform propagation analyses on the far-field. It is, however, a tough work to conduct CFD analyses in order to obtain

accurate initial conditions for estimating far-field waveform. For a vehicle with complex geometry, several lengths of the vehicle must be

calculated with CFD analysis, which is unfavorable from a view point of computational costs. The multipole analysis technique is one of

the solutions of this problem. In the analysis, near-field waveforms are modified so as to attenuate only in the circumferential direction,

which is available by introducing the distributions of multipoles. As a result, a far-field waveform becomes independent of the location

where the initial condition is obtained.
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Fig.1 Processes for predicting far-field sonic boom waveform

VX IVIROEARMTH O, Pk L& FliZk Multipole 71 Z2 HEH
T BT LICE-ST, BHIMmOEM - A OMRZ LB TA %
CENTERHETHS. TONEER, 2LOMRHEICEST
FEENEEHICHH SN TVEHN 678, WAETRY =YY
T — LOHERIR UTHEH L7l 2N TIicEmw.

Z T CARREIX, Multipole Analysis A3 EJFEIC KU 9 552
AN, CFD it & OFRMEICOWCGEmZITS T e 2 NG
9 %. F7z, Multipole Analysis D& S DI04 7%2 W %
TehB, REMAE F2ITTERL ZHMANDY = 7T — LMz
EBIRFTEARIC OV T B i 5.

2 Multipole Analysis | & i EGZ B DS E

AHITIE, Multipole Analysis DFHEIC DN TLE 12— 5.

YR B I U 7o B 13 < v NSRS » THRERIRICIED
DIEME, DRI - AR S, TNOOERE, PEA
M O JE T AN RIS R AT % 7o &, ASKRIZ S ST OEH 277
g B LIETERW. ZFD7z8, Burgers HFEXMRNTPWIE/S
FA =B K> TERIT MO R DEEZH 2 556, D)
HEIE T2l RER R RIS T2 CFD i 2115 2 ki k>
T, B MOREDEM - B Z Ik T 208055, TDXD
TSRO N OB - #ie7z, S OEROF TITS T
ZHAHEICT B DAY Multipole Analysis TH 5.
2.1 Multipole Analysis DJREE

Multipole Analysis &%, Fig.2 Ic/Rg X1, /R H OH
A L OB FEGTE IS, FNE2FEE LI & Fiiik
Multipole 7377z :K, G 2 W& T 5 FETH 5. Fig.2
& Multipole Analysis D—#HDEEEZE LDt DTHD, 3
DDAT Y TINHiE>TWN5.

9, (1) MfEmOEic s 2 Wmmic B 515z F M
B NEEBL, TNEDIHT ST & TH pole DI RD

This document is provided by JAXA.



14 FHIMTZE W TE B AR AR RIE B JAXA-SP-13-011

%. F BB 0 J51IC Fourier RHBURERE U 72 RO SARED
0, 1K, D% pole DIMEICHINT 5. T OBIED, Hik
JAR% Multipole 2 ARICIE &1 % T LIS T 5. 2d6, 0K
U 1 XK pole i3ZNZN, HAEOAKREZTSMCHNIFGERT
WA THb. TNBEFENTN, BEDFKZHLOT S &
KX BB CHIIOFR LI E > TR NN EFHFRE NS
TEICKBMBERELT. Tz, 2 KELED pole iZHEADIEd
Pt KT EROICHSE T 5. IS, (2) & pole ICHIST BN
IARORE R Y 3. Fig2lctdH 3 K512, 02X pole il
WHIREN D E G5 Z 28D THO, WRFREYIAICH LT
0 X pole DHMNEND L\ 5 T EICHERE SNz, % pole IThh
U CIERIIBIERINTOREN TS A, —fRIT pole DXREITIE
CTMERIIARE &5, EX pole W& EJ179# O IEHSIFRK 7
ICRIET % &V HICHET % L, T ORERIEE OB
REHBEABHTEICHYET2EE2%. 2L, EXATCVWAHE
HOYARE HDEETHY, PRITANOEREIC K D=
HE RV, BRIC, (3) MBS RRENDROmELERE
b, AR B0 B 04 = AR T 5.

Projectile

T 8k ok

Oth pole 1st pole  2nd pole  3rd pole

@ JOK 00 2
l(z)
Okl © JORURY

Modified distribution

S]
e
5]

Initial distribution

Fig.2 Schematic of the principles of multipole analysis
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Fig.3 Far-field waveforms for LBM with (left) and without (right) Multipole analysis
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Table 1 Specs and flight conditions for LBM and S3CM
LBM S3CM
Specification
length m 8 7.68
span m 0.31 3.51
flight Mach number — 1.7 1.3
lift coefficient - 0 0.12
angle of attack deg 0 4.45
Flight condition
flight-path angle deg —90 —50
altitude of
flight vehicle km 4.64 7.8
measurement point km 1 (max.) 1.3
Calculation condition
maximum H/L - 31 10.5
number of blocks - 15 15
grid points on each block [200,400,23]  [600,400,23]

total #

27.6million

82.8million
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Fig.4 Distribution of the strength of multipoles for LBM
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Fig.5 Effects of the number of multipoles on the far-field
waveform for S3CM
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Fig.6 Distribution of the strength of multipoles for S3CM

RIC, H/L OhFZEBFE LT, #iBo X 51, Multipole
Analysis ZEATNE, RENICHESNZET5EEIE H/L
WA LIRWBIC R %139 CThH 5. ZT T, Multipole Analysis
W17 5 7258 E1T 5 TOWIR WS DR GIEZ £ L T
Fig.7 l<R"9. TNz % &, Multipole Analysis TULHZ LT
WRWRGE R, DSR2 S Ule H/L IS C i /i35
BEERLZ(LTED, H/L=8ETX S5
LTW3E0H T 5. H/L =8 £ TOMEREZ iR
T 2ICEKREFFIREENRETH D, ZHUTHDET Table
LIGRULER DI FREB IR T 2T LIcn b, Z OREHRE
THRL TG CFD @it otaniid s < 55 T3 21550, —4T,
Multipole Analysis Z#/H U7z#t &, @A UV & g
UT H/LIZHT 2AEAFEDNIEFITNE N WS TEWghd.
ZuE, Multipole Analysis IC X o TR AR DAL - (i 6
YN S TN TEIDTHBEELZBNS.

AR D K 512, Multipole Analysis Z#/H U 7z#55H & H/L
WIZIERAT LR W0DY, 2 ORERNEEROM I & —8d 5h
EOI N EHERT 20 ENDH S, ZDiw, Fig.7IZiE Multipole
Analysis Z#H U7zAS R 258 H L TORWESR E Z5bE T
HLTWA. FFIC Fig.7T DEKWPICH % 57 THD NI IBIC
HEHT 2. ORI H/L =8 DFHRM 5 Multipole Analysis
2 I U TR 5 2w i NI S B TR T h
50, Fig7 OEMMS EHEMNE X HIC, E/8E 71Ul

This document is provided by JAXA.



5 45 BRI EalE s / M FH A S L 2 b—a VI R T A 2013 GRSUEE 17
15 T 15
10 m : B 10| !\M\\J%\' |
=5 4= s E \ |
=3 =3 |
5 2
5 0 [ ‘ﬁ 5 0 A
\ L
- \ = -\
£ -5 N 45 -5 ‘ .
o H/L =1 — N\ 3 H/L=1——
> » >
o 2— \ o 2
3 3
-10F 1 -10 4
5 = [ —
6 =— 6 m—
-151 7 — =15 7 e i}
8 =— 8 m—
Raw (H/L = 8) Modified (H/L = 4)
-20 | | -20 | |
-0.01 0 0.01 0.02 0.03 -0.01 0 0.01 0.02 0.03
Time [sec] Time [sec]

Fig.7 Far-field waveforms for S3CM with (left) and without (right) Multipole analysis
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Fig.8 Prediction of the boom carpet (color map indicates
the overpressure due to sonic boom. unit [m])
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