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Generation and Propagation of Pressure Waves from H-IIA Launch Vehicle
at lift-off

by
Seiji Tsutsumi, Soshi Kawai, Ryoji Takaki, Kozo Fujii, and Makoto Arita

Abstract
The generation and propagation of pressure waves from H-ITA launch vehicle are analyzed numerically.
The Mach wave radiated from a wavy shear-layer of exhaust plumes is revealed to be the dominant noise
source. The Mach wave is reflected by the constructions of the launch-pad, then, propagates to the vehicles,
causing the acoustic loads. It also turns out that the acoustic loads due to the Mach wave shows local

maximum value with the ascent of the launch vehicle.
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Fig. 2: Possible acoustic sources generated by H-ITA
launch vehicle at lift-off.

2 fRWETIV

H-TTA 17y MR REM O BRI X TE2ETA
FEFRATIEAS LR BRODMEME TR 5 Z S T sl B I RIS
TOBEIHTIR RV, FT T, FigldRLiT7y 7L
VIV BIBEMETOICHIZO, LTOX>%&E
Tk T2,

o JIV— LSBT TedDIciRIT 5Nz ML B
1 (Fig.1 ZR) OIRIG TR & 5l 7 i 2 5
O LT B

o ML N & #h FEORICIE 4m FEEEDZERIHMEE
I BH, ML &HimidE—Fme UTHELS

o FFEFEMIC LE-7TA - SRB LYY VOO~
Bz, oy vy FOBIKZER LR,

o MEFFERE IZHERE LR

®ol®
SRB

LE-7A SRB

.. cross-section

(a) Fine dominas for each exhaust plume.

3 MRRFE. RUBIRRGE

FHERNSRII KB EODEMTH 2 L. urv b
VY VOHOER - HmdE R gL Ui LA VA
Bl 10" OA—H—TH D, LES T X% EEHiN 72
119 T L3S HOGIFEERE ) TIENAIRETH S, B
IZ. LE-7TA « SRB DA A & KK DA T T
WV LI BIESTS,

Z T, HEE—ET 1 EEOBESIAD AR
Bl T & HnReRIEE R RANS I Z 1o Tz, 22
MINTHEALLIZ—ETH %, 1| KKEEA A T —afitik
ICINEBR R % AN Tz ADI-SGS 7% FV TR 7%
1oz FHATEIZ ASUM 2D A F— L7z VT
L. MUSCLEIC KD 3EEE LTV, atHa—
FOFHMIIBE kRS E I I N0 B nds, ARGt
HCIERMMEOHAZERLTHBO, KitEEIE 2 X
FERLESTIHMELz, 2hETaT Y b7 )b—
LB U BT (OEHE) OFAER /A =
ZLDHETE R VEIRZE Z % & ZhdY R A
DY D 2T B &S RGO BNz 0] he
BRIEFIETH %,

Figure 3 ICFIEAS T72/R T, HEAMTEZERAIL.
PST DI DR ZFE T 2, 4o
VY VHR TN — L2 I R S 2 IR T S
(Fig.3(a)). ML BT - BLER 7% L (Fig.3(b))
ZVER U Tz, RIS CRERAS IR IE—BL T
BHI| MEWROR DD ICHE U CEHBEREEKT
LT3, LAL. ENEOEREZ R 5R0 28I
[EYETAAN

FEnizary OFEIT—AXRT MLz
Fig 4 lIRT, Bl 2 2 L—3 3 » CRMGTTRE i
KIFWEIE A F— L ERETRGEIC K> Tk 5,

oround surface

(b) ML with holes and flame duct.

Fig. 3: Computational domain.

This document is provided by JAXA.

203



S

204 T

g
/—"‘\
Ey e
A
10
=)= 29° . .
Tle
3|§ L .
— L]
_ 0
Datf from:
i L = ® et 15
W fef, 16
A fer 17
20 - * [ref 18
k: P N o
- » i
H O fper. 24 *
5 al
z alid symbols:  Undeflefted
pen symbols:  90- to 150-deg bucket-type defiectors
40 N | L 1 | 1 1 1
0002 0005 001 002 005 01 02 05 10 20 50

Strouhal number (i)
Ye

Fig. 4: Normalized relative power spectrum for stan-

dard rockets with single nozzle.[!]
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Fig. 5: Pressure waves for H/D = 16.
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Fig. 6: Propagation of pressure waves.
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Fig. 7: Comparison of density field.

4.3 V7 MEDTE

REIC, BEOV T MREETIV—LNBEUTE
BB uNKDOERZIINS, T T H/D =
6,11,16,21 D 4 r— A% YT %,

TIv— LB AKEOT—)V T y TR, B
ENSRHF LU TR TL 2 v NEORE R AT
. VO SIRIE—EDNETH S, TDiz
. Fig.T DFENN S, T LIFE% (H/D = 6) &
TV UVHR T IV— L ML BT (Fig.1) ICA->TH
0. YNEOFEFRNE 50— L7 v THibfIE
F72H IS BN TWRW, RAICEAN ERTBIC
DNT ML O HEHZ T, it> T, Fig.8 TLUE
LTWBENOFHERN D72 K5, H/D=6
DV 7 S ETIEBANCARIET 5 EI1 G IERIC 9
. ERFTRICONTIyNEORENELL T
LTS E NS,

%D 7 FRICBW T/ VAT O Rl — 0

TR LTV, Figure 8 hURTED. H/D =6
N5 16N FRTHICODONTEHELNUIEKEL
ToTHEL, BKT20dB L FRLTWVWS, LA

This document is provided by JAXA.

205



906 FHZEIITE R Ak JAXA-SP-07-016

(b) H/D=11.

(c) H/D=16.

Fig. 8: Comparison of pressure field.
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Fig. 9: Comparison of power spectrum. The receiver
in each case is shown in Fig.8 as a black circle.
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