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The low sonic boom and aerodynamic optimization with trim

constraint of supersonic jet
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Abstract: The abatement of sonic boom noise level is a decisive issue for supersonic transport of next generation.
The low sonic boom optimization always make the configuration to a trend of higher swept and longer distribution
of the wing along the fuselage, which is unfavorable to the trim and low speed characteristics. A civil supersonic
transport is researched. A parametric geometry representation method based on class function/shape function trans-
formation(CST) is developed to describe the wing body configuration. The effects of geometry parameters on sonic
boom is analyzed by supersonic linearized theory. Based on the above work, the low sonic boom and pitch moment
characteristics optimization are taken for the fuselage, wing planform and twists separately and the optimal result is
validated by CFD. The numerical simulation results show that compared with the basic configuration, the drag de-
crease 19 cts (unit of drag coefficient) and the over pressure at near—field is abated obviously without the distinct in-
crease of pitch moment, which bring 5.1 PLdB reduction of loudness on the ground.
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Table 1 Aerodynamic characteristic at cruise
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Fig.4 The grid for near—field sonic boom computation
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Table 5 Control point range of sectional center curve
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Fig. 19 The over pressure distribution comparison
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Table 7 Geometry parameter range of wing planform

ZH 5 Ak EX4 A5 Ak
Wz /% +10 || AT E/ % +10
" . o J& G AT 1) _
AR L/ % 10~5 Y- 0.276~0. 690
BK/% +10 N5 &5/ () 430
B HI £ =
Wiﬁifm —8~3 |[MUEBEE R/ Y —10~0
AEIETR 10 |mmgmskiE/ % 0-t0

— ! = —_——

(a) S0l ShIE (b) L feshiE

22 DA S AL TR AR L
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0.016

baseline
0.014 optimized

0.012

0.010

0.008

BT m®

0.006

farey
2

TR

0.004

0.002

1 1 1 1 1 J
0 0.2 0.4 0.6 0.8 1.0 1.2
X/m

(a) A5 A B A

0.04 + baseline
optimized

P'/ps

o

o 2
7'

—0.01

—0.02 |

—0.03 1 1 1 )

XL,

(b) TG X} TR

P23 WL TR AR AT 25 2 T AR 3 A1 K
WM i K (CL=C,, e, R=3L)
Fig.23 The equivalent area and near—field over pressure
comparison between basic and optimized wing planform
(C,=C} cnise. R=3L)

4.3 NFEFEMLL

FE A 2P AR A 45 S 0 L il b X i Ah
JE Y Sy fE R R AT Ok o rh 3. 371 T, HHL A% A
Aii it 22 BH 7 00O A7 B A 5% W AR R O
A M PEAT AL o SR 3. 3795 8 3 AL BE f AR AR
XFALEL AT S H 5, R JH PANAIR X 60 4~
AR HEAT 53 BT, 2E I SE AL 1 ST 2 B
AL LLATIR S Ma=2. 0, C,=C} ¢ iR
A7 E fe /N A B b 8] B 22 BEL T 85 m A KT
496, R HLIE JR 1) HH A Ar A AT Ak o DA TS
B o A R 24 Bt AR AR S SRR S R0 7 B
IR 1,428 m (L & K B 2. 24 %) , & 22 B J1 3% in
3.6%.

— LT
0F etesa

HFEA/C)

— 12 1 1 1 1 J
0 0.2 0.4 0.6 0.8 1.0

Y/L,,

P24 PLAGTI IS 1 i R 1 3 A X L
Fig. 24  The twist distribution comparison

between basic and optimized configuration



48 i as TR kR

15 %

DA 1T I 2% S 25 208 1w AR 23 A A 077 3% £
Y IR 25 s, w LA W LA AR AL ) i
Yyt R aed s fEL WS A5 90

0.015

—yT
——— ff

0.010

5RO A /e

0.005 |

1 1 1 1 1 1 J
0 0.2 0.4 06 08 1.0 1.2 1.4
XL

(a) A5 20 B3 A7

0.03

— Ak
——— ks

0.01

P'/p
(=)

—0.01

—0.02

_003 1 1 1 1 1 1 1 J
0 02 04 06 08 1.0 1.2 1.4
X/,

(b) I AR X 3 IR

P25 HLE f Al i S S5 80E0R R 23 A B
AN I e CL:CL_Cmise JR=3L)
Fig. 25 The equivalent area and near—field over pressure

comparison between basic and optimized twist
distribution(C, = C} ¢, R=3L)

5 MUHBBESH/EREEST

K5 201202715 A )1 190 R ERC(E 3k 6F
P Ak A8 78 Bl L R R AT BB A . IRl
RUKHUR S K s 4t iR s iR , i LB . 5
B RV L, AL E ANE B ST B T 19 cts
(1ets=0.000 1), Hrp FZETTER A TR 2T
REAR 3k o B2 14 R A1 3 i 2% 5 A ok ik
fi o WHRE R LOEBET 2.95 m(HL& K B
4.6%) AH i FHLE G 3 A 3K, LR O Wl s
B, Lr 6 R B AL SNE AR K T 48 O oK 5835 B .
PO NTTEUNAS B S S I R T R O R VIR R

2K R X B DA Kb o T R AT b T R
Sy A X EL AN 26 B R, AT LLE H AN TR RS R
PR I R K B AR, U HOR SRR R, SRS
(a) ¥ E , ML AT 2 L5 2% 00 5 3 0 35 0k 55 , 7 1%
2ok P P L TSR0 5 LSk RO R A B TR L
HAR R A RS A O A S UL Bk A, BlE
Xof R THT B R U5 L B R AR B . IR g R
AT LA W e PR o AR 55, 7 1) 3 & R i ik
i o ak — 2R 0 55 R A S B R R WK M
FEAR T R R 1K o 5 3L b LA B, A (AR S
5 iy 18 B K3 TR BRI T 20. 5 Pa, Ji 1A 7 5 Ml 18 fx
Koad FEFEAR T 28. 3 Pa. %Ik 75 M 17 79 48 0 E
94. 6 PLAB, #H H BE HER BUREAIR 5. 1 PLdB.

8 LA B ATR S S Rk

Table 8 Aerodynamic characteristic at cruise
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