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Abstract: The sonic boom problem is a great barrier to the application of supersonic aircraft, and the accurate sonic
boom prediction method is the key of the sonic boom problem. Waveform parameter method and augmented Burg-
ers equation method are frequently used for the sonic boom prediction. Compared with the waveform parameter
method, the augmented Burgers equation method has more complicated model and higher prediction accuracy. To
solve the augmented Burgers equation, an effective nonlinear effect solving method is put forward. A far—field sonic
boom signature prediction method based on operator splitting method is established, and verified with examples pro-
vided by Second Sonic Boom Prediction Workshop (SBPW-2). The influence of time, space grid density and buf-
fer signal on prediction results are analyzed. The results show that it is unnecessary for the sonic boom solving meth-
od to get the required grid density while time and space grid is converged, but to select the suitable grid density ac-
cording to practical accuracy demand. The buffer signature does not seem to be necessary for small aircraft such as
corporate ones, but for bigger aircraft the buffer signature is essential.

Key words: sonic boom; sonic boom prediction; supersonic airliner; nonlinear acoustics; geometrical acoustics

Wi EH: 2020-04-10; EEBH: 2020-11-19
WEMEE: 7 ,55862479@qq. com
LA #5, AR, R, 5. ZETHY Burgers iR M NI A BN SELT]. Aizs TAEERE, 2021, 12(2): 88-97.
CUI Qing, BAI Junqgiang, SONG Yuan, et al. Research on far—field acoustic explosion prediction of supersonic aircraft based on

augmented Burgers equation[J]. Advances in Aeronautical Science and Engineering, 2021, 12(2): 88-97. (in Chinese)



%2 W

FETAE BT HY T Burgers J7 2 B 7 HUE LI 35 75 Rk S0 BT 5 89

0 35l

75 2 L BE 85 AT b 4 K B B AT P AR
By I IA], 5 AT RO, A TR B AT
TR A o P A% KT ] R AL AS X T 7N L
1Y BIF 5% — AT Th W T AR AR R R ALY
T R KT T P A HIL A T 4 R ) — L PR A
P A B A KRR N B R e A
T P A v R O I OCHE R, 2 BT
2P Hah TR S A IR, H RO AR S
6", Y CFD I S5im b i # A # H A 45 &
1Y 77 20 HET B bR SR A R R A SR
Bio Hohimbg i A G A 0 Ok O R
SH0E M Burgers T ERIEM

WY 2 500 B SR AR 9 I 3 2o TR U8 |, Bk
2B, HOAS A W0 TR ) SR AT S SR T
AR MK S8 B AT N TR R R S
BRI A 75 18R AR BE 0 5% e, 5 A 2 PO
BB . {0 Burgers B AR R i B b 5 1 T KA
T A R 1 5 ) A S ik A LA RN SR A I 3
JE B[] BsF 6 5K A B b s 1]

[ # X} Burgers 77 F2 i WF 5T 38 5, li T Burgers
Ty R ALY B A fRT BR L HLRE T AT R P i T 1 AE
ARG A B T b AL R 3 o 7 B RS R AR
FOAL 45 3o 2 v %) JE S 1 RNy A ER G M I ARG
i FRAE 2 M Burgers AR, Z IR AR E R T
] X Burgers J7 #2714 8 Burgers FAEM L, )T
S Burgers J5 R AT A% 8 b #2 rh JLART 4 0RO Fh
KAGTZRN L. )™ X Burgers 7 B 1y i — 2
KRR EIE T Burgers 72, W4T Burgers T REAES
S Burgers J5 2 04 FE Al DA T X o338 B AN Y
AL, L, Burgers J7 B2 X 75 4 5 3 1 AR AY B
PAFEATE H . AR H VLIS Burgers 77 f 02 — >
SR D B 23 O7 B L A S A L, AL 2 TR B Y
TP RN, X AT A Y ORI OK R A —
EXERE . HF 19954 ,R. O. Cleveland 42 H T 5
For2E T E R B HY. S, Lee IM. F. Hamil-
ton I F 3R fift KZK 2. B F o 43k o0 8
JEAE/INEHE DR AR R SR B EOR A 30 B —
T, g — TGUSK it 1) 5 3R AE T — TR R A, &

il

50 TIE 33 ARV 1 T AR 5 SR I S50 R B K i Y
gE RN KB I T Burgers J5 R A9 75 48 10
PR T Cleveland (8 F4r 244k HX T
BEROR i B IR R IFBEA F 1k . 20154F , M. Yama-
moto 5 R T — R Al T P A AR e, 8
T AR 8 A0 I AT LA B oK A, R 4 24k A
Fb 3l B30 S AR HL 5 R B S| Rallab-
handi'™' 32 22K 4 1 4 h 7E Burgers J5 F2 FAME
AR GE G IR 5E T 1% 36 2 72 b R b Bk = 4 %4
IV QIR A R e R T TN ) G e o
N RN R S I NN A I (E R N WA BT 9 <2
TERS , ZHE ROV N TR RS A RREm, £ 2
S5 5 IR A 4518 .

VAR, BN A W98 R 1S )T Burgers
T FEIF R TR A BESE . ok 28 M 451 R 4 T 3
T4 Burgers J7 2 (14328 37 3K g 7 vk, RIS —
[ B 75 A 22 (SBPW -2, fii % K& 44 B o5
T SR A X FORS BE EAT T3, R AR 5T T L it
JEAT 5 1 B[R] SR A 000 R 3 5 5 B 2k ELRR B
BIRR, N TIRIEEIEARA D R G951
KRR R R NG F 85 kHz, X KR 5wt it
FE W AR 1) 56 R AT TR0 25 055 5 Fr b 40 450 At
T T HE)T Burgers 7 B AT I 3 45 A 09 AR T
D7 R R 25 25 10 8 B A 5 01 X 0T 87 G 3 1) R
fifAE BE B R AT T 90 UE , B S R TR T O vk IR
PR X R IR T M T R ) DX Y 52 e
AR D KA OUT O AR A R o

ARSI FE T Burgers J7 12 14 75 18 7000 75
T 0 SR i ok B B — A AR Al S KON oK A
J7 W FE SR o 4 0 A b A R R g T
D7 B TR T A G S R R O AR Y Gl R R Y
THEE 23 0 1 A A v 55 1) LB IR I R T ) IE
B 1 5 b7 2 ) I ] (90 4% 4 2 % 2 o 55 o )
25 Ry FE N

1 FHEXKARE

4T Burgers J5 B2 RV T 4 M1 Burgers J5 #2, H
EHHNE XM (DR,

Bt b (1)
ox 200ch Al 200c5 01"




90 i as TR

2 s g DR S 5T 0 10 75 AL R B S 5 p" g 7
fE A A R 5 ¢ O SRR = O T 45 04T
fige 00 2 S B4 T I ] AR AR AR B TR 5 00, €0 2390 R
SGSHT WS L R i N W 0 S DB Y ol )
A 2 RN R BRI R P R AT AR R AR

!

A A o= 2 P=L" c—= o,/ ] Burg-
Vs /

0
ers T RE TG I X a1 (2) rw .
P 1op 1o
do 2 9cr I 3¢

S o T e 2 7 A R B 5 A T B
gjég;mﬁﬁiﬂﬁﬁ%ﬁﬁ%gﬁ,
R KA 5 A B B T 5 ¢ S Tk 9 A 3R 1D
wo AT 1 £ BT R 0 A A O T 1
AT R T TR AR R RS DA K
B A 2 e AR T 5 UL 25 DA N I
P i 0 8 7 o S A

2% 8 Burgers J7 8 HUEL & JE 26 M 2000 301 5 A5
IV I, R A LA 47 B R K 4 2 AU
I J55 {8 75 5 1 X Burgers J7 B, H G T 409 2 5t

(2)

(3w,
P P 1 3°P 1 dS
9 Tor T sl
1 a(ﬁoco)
2‘0()(‘0 30 P (3)

.S N R A AR A AR
TEJ X Burgers J7 #& WS i 43— 5t BR800 30,
fEAS R4 Burgers 520, B X H

PE
P _ P 1P o,
867P8r+1“81-2+26” E)P
! 1+0,—
dr
< dlpoc
L@S 1 (Po(<))P (4)

2S do 200co  do
A CooN S o st RS TR e R N G R E 0,
R o A it TR AR Y I £ Nt R I TR
3 (4) rh A M3 A I 4 P 00N T3, R ek
M SO, 1 5t TR L, L ART 7 R A0 R R o J=
RO I, MR AR T o 2, () o i o T 5
B

L H12 %
P _op
do It
P _1ap
dec I 32 .
oP e
N, _p (5)
do d
¢ 1+0,—
dr
P _1as
do 2S do
ai L 1 a(ﬂoco) p
de 200c, do

IR 1oy 2k R g ik =R UK %
A (5) fg— I, K X (5) b — I 45 /AT —
T A B b IR T D) — UCAF R T S
23 ) vh e E — 20 o i E I Y P A% B O ) R B
PR E m BRI

2 (5) 5 — WUk AL MO 01, ikt
e 4% mp AR 2k RO 2R B BT IR E 0N
I PR Y A AL B R AR AR 2

3 (5) 3 10Ny AR R WO T, T
H1 23 18] BE 5 B 1 5 06 J3E 0l

3 (5) 5 =373 1 5t 35 005 e A JLI0E X 1
A — K22, PR A [ SR 1 st B OB AN ], R
SR At TR S AN R RS MR LA R R
PRI EA T A5 OR R AR Bt B A S A AR
BEAT R o LS R X st T4 A8 R e AR )
ARV R R AR R b A
AR ZE i FAER TP FREZ/DNTRATEEAR
A TR S RO T R T s 2 ER EE R
AR HE AR Rt RO B R A
Mo N HE = IS PR R BT IOR AR 20, T
] A 5 HOR A RS SR ik st T 000 s 4R TH 2R B
S o 2 BRSSO st R AR 23 T
B E— TR SRR N — A R A 225 1 Bk
PRI B TE B AL R AR AR St R AR

2 C5) 55 DU 35T 2 JL AT 47 O B 250, T3 530
RRAL R R P i TR R B . 2R
ST IE R PR T B AL R A — A e
2k, DA e A B LA B OO 45 6 S i A R kAR A
Ko W TR R e UM Sk A Ak AR AR Y I 2%
2, K VY % P LR IR — M, S o — A
i B0V 1055 7R A BT A B TR AR A DR Ak R A
AR, B — P 213 B — PRy PR R IR,



%2 W

FETAE BT HY T Burgers J7 2 B 7 HUE LI 35 75 Rk S0 BT 5 91

FH B — 25 1) 75 2 48 1 B A% Ak BRI A7 A% % v i L
AT BB

2 (5) e 7 — WK KA 2 ROw 3, T 15
RS E W% RS AR 20
15 5 98 B I

o B Je AR R P s N A1, SCRk (9] R B A RN
4 5 ORI SR A 7 1% AR SR TSR

1.1 FEZRMHEKAE

B 3 P I 0 AR BN D R R o R R AN
H/NTRAFEAE . P RAE AL R o 72 rp 32 31 R
1 A ROV AE L 8 & kB AR TR, Tw
A 33 1 B 14 ik AT i A Poisson fiff , B AR IE A =X
(6) s .

P(o+ As,7) =P (0, + PAo) (6)

o I B NS o A S /| D TS
o

t!=r1,— PlAc (7)

B (DORAL(6), 155

P(o+ Ao, r,”):P(a, z’,) (8)

SO U B e 21 il i ) Ae AR T, SRR
ﬁ%?l%h_ HIRWIEIE . A T a8t i, ]
BT LR AE B A S I R A bR . M HESE D KOS

R RAPUERE—E e, S EH L, A
LR o
P
L 1

A\
g\ > L i
AR
N

iy
E1 WIEMZEIS

Fig.1 Multivalue form of the wave shape
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