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Effect of low-boom waveform on focus boom using nonlinear Tricomi equation analysis

Masashi Kanamori, Atsushi Hashimoto, Takashi Aoyama (JAXA) and Masafumi Yamamoto(RCCM)

Abstract
Focus boom occurs when a flight vehicle accelerates or maneuvers at supersonic speed and its overpressure increases with a factor of three

in comparison with an ordinary sonic boom. As a result, upcoming supersonic transport(SST) will be likely to be restricted its flight

conditions. This paper presents the effects of several sonic boom waveforms and flight conditions on the peak overpressure of the focus

boom. The authors have developed a focus boom prediction program named FFnoise, which combines a splitting scheme and multi-grid

like acceleration, resulting in a remarkable speed of solving nonlinear Tricomi equation with sufficient accuracy. The predictions by

FFnoise show the competitiveness of the low-boom waveform not only on steady but also on unsteady flight conditions.
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Table 2 Relation between the acceleration, the radius of

curvature of the caustic and the parameter of nonlinearity

Acceleration  Radius x10™* [m]  Parameter

am/s’]  Rn, R Rew n[-]
0.2 8.98 2940 8.95 0.101
0.4 9.09 359 8.87 0.100
0.6 9.20 158 8.69 0.0987
0.8 9.31 92.7 8.46 0.0970
1 9.41 91.2 8.53 0.0975
1.2 9.51 53.6 8.08 0.0940
1.4 9.61 67.8 8.42 0.0966
1.6 9.67 434 791 0.0927
1.8 9.79 35.8 7.69 0.0910
2 9.87 413 797 0.0931

Flight path
e

Fig.6 Example of caustic and rays emanating from su-

personic vehicle accelerating at 1 [m/s?]
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Table 3 Categorization of the six waveforms with respect

to the low-boom characteristics

Rise time Low front peak Flattop
N wave
R-N wave Vv
C-N wave V4
FT wave Vv
R-FT wave 4 v
D-SEND#2 Vv 4
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Fig.8 Variations of the focus boom waveform for six in-

coming waveforms (horizontal axis: 7, vertical axis: p)
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Fig.9 Variation in the maximum peak pressure against

the parameter p

Table 4 Rate of change of the peak pressure with respect

to the parameter p

MAX Prax gleigl Pmax  APmax

(1) (2) (1) -2

N wave 5.544 3.148 2.396

R-N wave 4.649 3.248 1.401

C-N wave 4.191 2.833 1.357

FT wave 4.213 2.876 1.337

R-FT wave  3.562 2.612 0.950

D-SEND#2  3.005 2.067 0.939
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T+ —h AT —L7ZfMNid %728, TDET IV TH % IER
JE Tricomi /7R f#HT9 % 7' 15 L. FFnoise ZHF L, %
N2z LTz, FFnoise D FRIKESRIEHERE & it U T 10 £5#
JEERRICE 5N, D DORBBEERIC K > TIEONIERERW
—H R Uz, HICARTIE, N BT —LEEEEZ AT

WE e LT, TEITEEMITERMICBOTEOND T+ —N A
T— LR LTk B R Ui, TNEORER S &, R
fTRRCIR T — L R 2B, 74— AT —LIZBVWTEE
WEHERRT T EHRHOMC R -T2, TkbE, ARArH L
O BRI OISR S € — 7 JEED KRR E D, Wb (K
T — LGOS 22 LIk > T, 74—HAT—L
DIRRKE—=V7FEIMEERRRTES N oh ot £z, TD
KO T —LHIE, SEIERMTRMBICH LT T +—h
AT = LD KE—T [EHEORKEME L, ZORER, (K7 — L4
B 72 4 X 8 % BRI ZF DI TSRS 3 2 HIF AV INE < x
BU[REMEAVURBEND. TDT LIE, SHBREAINEZTHAS
T A —=HAT = LD KE— 7 ESHMEDHIRIC N LT, K7 —
LB 2 54 & B 2 A DM O TR IS N L TN TH B &
WO T EREMT S, DEO/MmE LT, K7 — LR ZRAE
TEBRFAE, EHETITRORSIEEBAADT &, s
WFYZ 2= N\EfTo IR E DRSS E KR T 2 R ER
BLTWN5.
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