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Abstract: In order to study the strong howling problem caused by the modification of the
boarding gate of an air-plane in flight, a two-dimensional irregular cavity model was established
according to the actual flow characteristics by combining the flow characteristics of the fuselage
surface and the actual configuration of the boarding gate seam cavity. The flow and noise charac-
teristics of two types of boarding gate seam cavities with shoulder wall were numerically simulat-
ed by using the hybrid method of detached-eddy simulation and Ffowcs Williams-Hawkings inte-
gral equation, and the generation mechanism of pure tone noise at the boarding gate seam was an-
alyzed. The results show that for the seam cavity with single shoulder wall, the increase of the

length-depth ratio makes the interaction between vortices in the cavity intensify, and the pressure
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pulsation in the cavity becomes more intense, as well the total sound pressure level in the far-

field increases by 3~10 dB on average, which indicates that the length-depth ratio of the cavity

has obvious influence on the noise level. The irregular two-dimensional cavity model of an air-

plane gate seam established accords with the physical reality, and the pure tone frequency by nu-

merical calculation basically falls within the pure tone frequency range obtained by flight test,

which can reflect the main physical characteristics of the airplane boarding gate howling noise.
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Table 10 Comparison of frequencies of DMD modes
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R A5 B H
Mode 1 1253.2 1007.2 664. 3
Mode 2 2804.3 4210.4 5823.9
Mode 3 6312.2 6 036.9 7517.1
Mode 4 9509. 9 11 311.0 11 009.7
Mode 5 14 620. 4 14 329.7 14 358.7

JEE S mode 2 35BN H2 AT, 7 P 30 Hh R AT
Xt H o #r o

30 2 34148 JEE AR T 7137 (1 DMD 523 =
Bl o RIS 3451 B A AH R R AE 1) 52358 =
B, AE R i 1 A B 0 TR D ik s AR A . Bl
I A A TR L 1 18 K, A SR e K P D ] 19 G T 45
A B [r) 45 ) ) B S R % T A A S v 1
AR AR O R W Bl R R R UL A S RE T AR
i 22 5 R s

Bl 31 0 34142 IR 1 DMD mode 5 )
T o B o MBS AR 2l 0 e ) ki S
mode 2. mode 3 /& 2L, A4 JE L3 3 1l R
Ui 75 1) A W 1 e g ok s 6 b, 8 O v A
1E [n] 45 ¥ 5 67 m) 25 48 22 (R B R TN L 29 0
mode 2 .mode 3H1 1 1/2. AN[AAYZ, 7E mode 511
SRz P, 5 ) A e AR 1 R T U T B4 R ) R
SR T o 38 kU R A3 Y TE ) R AR T

FET15 55
—0.000769231  0.00107692
-0.00169231 0.000153846 0.002

0.10

£
£0.05

0.0108227 m

-0.05 0 0.05 0.10
X/m

(a) s, mode 2

FEI155:%

—0.000384615 0.000538462
e e  ——— ]

—-0.000846154 -0.0000769231 0.001

0.10

g
= 0.05

f@--
_0.0115366 m

>

IR IS S TN TR T (NN SN NN TN SN AN T TR S T |
—-0.05 0 0.05 0.10
X/m

(b) A, mode 2




662 | PN N SR 74 o537 %
155535 FEI15 555
—0.000576923 0.000807692 —-0.000230769 0.000323077
[ [T T 7
—0.00126923 0.000115385 0.0015 —0.000507692  —0.0000461538 0.0006

I IS S TR TR T [N SN RN TN SO AN T TR S T |
0.05 0.10
X/m

(c) ¥, mode 3

E 30 DMD J& Jj 528 (mode 2 il mode 3)
Fig.30  Real part of pressure using DMD (mode 2 and mode 3)

FE 1855558
—0.000115385  0.000161538
—-0.000253846  —0.0000230769 0.0003

FE 137558
—0.000192308
—0.0000384615

0.000269231
—0.000423077 0.0005
0.10

g
= 0.05

A10.0230517 m

-0.05 [

0.10 0.15

0.05
X/m

(b) HEFIE

0.10

0.0239147 m

| 0.00574491 m
le

_0405..|....|....|....|....|
—-0.05 0 0.05 0.10 0.15
X/m
(o) Tl
K31 DMD JEJ3 523 (mode 5)
Fig.31 Real part of pressure using DMD (mode 5)

SER 3 AR AR AN XETE H AR T 7 16 AR O A
3 ok 2l S piy B R A B e 5 R T B s B 51 R
(o 254 18] 28 B 37 B TR 9098 1) 7, W] AR B
WD i R I P S T o B A A A
H e A A R B

4 & it

AR SCN T AR SRRt &, B 5 HIL ) 4% 25 4 i 1k
R AT R BE AR R DES k455 FW-H
T3 7 R X1 I BE i 1A Ui 8l B L 378 3 7 4 R
TE I T BUE AR ST, 43 A1 T A [6) Ji BE X s 44 3
Bl R AT 1 R S e R X BT O TR S PR
FO 10 4% i AR O TR B B4, 25 5 DMID J7 1 % 1]
BE AR ) S AT A BT, 4 A T G IR 0 T AL
BN TRHLEHLIT R M O A T 4R R R S
ARICWEERIT

1) X b BEHE 7 I, B HLTT U BE 0 A7 76 AT 15
i AL ERE 287 3 A8 K, B A T R 1T U0 B P O
A KT S A Bl IR REA , 4 1 RE R R K
M AR AR R . EUR R R R S BUR T D
JIN L JE PN O B A7 B BY U0 2 (4 5 /N 45 A 1 B
JE 18N T Wk 3l LA 28 7 A W 75 de /N

2) XTI A B RE A B A I A TR
Vb 38 K, T N I 30 Kk 20 B IR B S U RE T
IS4 R B K G 3 7 A S 2 i R

3) AR ST CHLAY ] 4k s A B R SE RN Y
Mo SR AS ST A Ak 1] A B0 RE i R R R AT
B P EL S RRAE T AR B A 2l R R S



2 O RHLEEAILIT) S St 20 I A AR 7 {40 663

TRHLI R A B A 2l R R AR ) 5 R BE
0 B Wiz RHLB BT I0f g 7 1Y 32 ) BRARAE

AR SCWTFE LA 2R R I Ji AL B AL T BT g e

TRHLEE LT i M R RBE E R, O IR Sk
JRT) S AT AT g R RS s il B AR ARG T HOR SCH

CESY &

[1]

[2]

[7]

(10]

(11]

(12]

(13]

FASEEL B TP 35 U b i HL AR W 7 1500 77 PR B (D] b st
JE AL ZS R K2, 2016.

BAI Baohong.Research on the RANS-based airframe noise
prediction method[D].Beijing: Beijing University of Aeronau-
tics and Astronautics, 2016.(in Chinese)
SRR XU SR 5SS R 5 2 I MR R 5 4 T B AL
EAFFER]. b5 2016 48 2 4 (13 2422 AR 251, 2016.
W5 AR AR B A R S R A R AT ST (D], 1Y
NI & B - v 25 Al RIS 5 R R e, 2010.

YANG Dangguo. Studies on aeroacoustics characteristics
and noise suppressions for internal weapon bays[D]. Mian-
yang Sichuan: China Aerodynamics Research and Develop-
ment Center,2010.(in Chinese )

KRISHNAMURTY K. Acoustic radiation from two dimen-
sional rectangular cutouts in aerodynamic surfaces[R]. NA-
CA TN-3478,1955.

STALLINGS R L Jr, WILCOX F J Jr.Experimental cavity
pressure distributions at supersonic speeds[R]. NASA-TP-
2683,1987:1-75.

TAM C K W,BLOCK P J W.On the tones and pressure 0s-
cillations induced by flow over rectangular cavities[J].Journal
of Fluid Mechanics, 1978,89(2):373-399.

ROSSITER J E. Wind tunnel experiments of the flow over
rectangular cavities at subsonic and transonic speeds[R].AR-
CR &. M-3458,1964.

HEELLER H,BLISS D.The physical mechanism of flow —
induced pressure fluctuations in cavities and concepts for
their suppression[R]. Hampton, US: 2nd Aeroacoustics Con-
ference, 1975.

COLONIUS T,BASU A J,ROWLEY C W.Numerical in-
vestigation of the flow past a cavity[R]. Bellevue, US: 5th
ATAA/CEAS Aeroacoustics Conference and Exhibit, 1999.
SHIEH C M, MORRIS P J. Parallel computational aero-
acoustic simulation of turbulent subsonic cavity flow[R].La-
haina, US:6th Aeroacoustics Conference and Exhibit, 2000.
WOO C,KIM J,LEE K.Three-dimensional effects of super-
sonic cavity flow due to the variation of cavity aspect and
width ratios[J].Journal of Mechanical Science and Technology,
2008, 22:590-598.

MANCINI S, KOLB A.Very-large eddy simulations of the
M219 cavity at high-subsonic and supersonic conditions[R].
San Diego, CA:ATAA SciTech 2019 Forum,2019.

T 3 1 A bR, 2R A iR R P R S Y RO 5 S P R AR
W5 (7] 28 3 1 2441, 2010, 25(7):1567-1572.

[14]

[15]

[16]

[17]

[18]

[20]

YANG Dangguo, FAN Zhaolin, LI Jianqiang. Cavity flow
oscillations and aeroacoustic characteristics at supersonic
speeds[J]. Journal of Aerospace Power, 2010, 25(7): 1567 -
1572.(in Chinese)

v X2, 26, 45 MR R s AR R T 5 B/
MR REEAT 5[], 25 B ST 2R 4, 2018, 36(3):432-448.
YANG Dangguo, LIU Jun, WANG Xiansheng, et al. Analy-
sis of design method and aeroacoustics characteristic inside
typical cavity[J]. Acta Aerodynamic Sinica,2018,36(3):432-
448.(in Chinese)

BeO BRI R, AF RO RS R A O 5 A S
55 Ui B T 0 R g B 5T (D). 7 A2 4, 2020, 45(6):
859-868.

LIANG Yong, CHEN Yingchun, ZHAO Kun, et al. Wind
tunnel experimental study of self oscillation feedback flow
field structure and flow induced aeroacoustic for open cavity at
low speed[J].Acta Acustica, 2020,45(6):859-868.(in Chinese)
XM BB A A e [, A OB R s I ) D AR T Al S MR
FYE AT Tk R[] i 2s 2412, 2018, 39(11):1-19.

LIU Jun, CAT Jinsheng, YANG Dangguo, et al. Research
progress in wave evolution and noise control for supersonic
cavity flows[J]. Acta Aeronautica et Astronautica Sinica,
2018,39(11):1-19.(in Chinese)

KB B 7 I I B BRI D ). A e R R, 2016.
ZHANG Chao. Numerical simulation and control of super-
sonic cavity flows[D].Hefei:University of Science and Tech-
nology of China, 2016.(in Chinese)

T RAe T 4 08 U1A A T S PLEBESE (D] AL < R
FERF 2 HR K2, 2013,

WAN Zhenhua.The computations and investigations of com-
pressible shear flow noise[D]. Hefei: University of Science
and Technology of China, 2013.(in Chinese)

B /ML ARI21-700 "ML BLITT I B 751 24 i ol % < 3 9D
w2 o AR ] B9 B2, 2017,

YANG Xiaoquan. Preliminary analysis of aerodynamic exci-
tation characteristics of howling caused by clearance of
ARIJ21 - 700 aircraflt boarding gate[R]. Shanghai: Shanghai
Univerisity, 2017.(in Chinese)

FFOWCS-WILLIAMS J E,HAWKINGS D L.Sound gen-
eration by turbulence and surfaces in arbitrary motion[J].Phil-
osophical Transactions for the Royal Society of London, Se-
ries A, Mathematical and Physical Sciences, 1969, 264 (1151):
321-342.

NAJAFI-YAZDI A,BRES G, MONGEAU L.An acoustic
analogy formulation for moving sources in uniformly moving
media[J]. Proceedings of the Moving Sources in Uniformly
Moving Media, 2010,467(2125):144-165.

CHEN X, SANDHAM N D, XIN Z.Cavity flow noise pre-
dictions[D].Southampton:University of Southampton, 2007.
SCHMID P J, SESTERHENN J.Dynamic mode decompo-
sition of numerical and experimental data[J].Journal of Fluid
Mechanics, 2010, 656(10):5-28.

(i T 582 Z)



