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Influence of fillets at the leading and trailing edges of the flow
hole on the noise of submerged body

CHEN Jia—bao, LU Bang—jun, PENG Li—kun, PAN Wei
(College of Power Engineering, Naval University of Engineering, Wuhan 430033, China)

Abstract: In order to investigate the effect of fillets at the leading and trailing edges of flow holes on the
noise characteristics of submerged body, a submerged body with a single flow hole was taken as the research
object. Based on the large eddy simulation turbulence model and FW-H(Ffowcs Williams-Hawkings)
acoustic model, numerical simulations were carried out using STAR CCM+ software. After verifying that the
simulation accuracy meets the requirements, the influence of different fillet positions and radii of the orifice
on flow noise was then deeply explored at a flow rate of 10 m/s. The results show that the treatment of fillets
at the leading and trailing edges of the flow hole can reduce the flow noise of the flow hole, especially the
second-order line-spectrum noise. Regarding fillet position, the noise reduction amplitude by the fillets at the
trailing edges is greater than that at the leading edge, and the noise reduction amplitude at the outer rounded
corners is greater than that at the inner edge. In the studied operating conditions, when the outer edges of the
leading and trailing edges of the orifice are simultaneously rounded with a radius of 10 mm, the minimum

second-order line-spectrum noise is 94.03 dB, which is 9.48 dB lower than that in the reference operating
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condition, and the corresponding frequency is reduced by 4.72 Hz. The far-field radiation noise of the orifice
is mainly affected by the pressure pulsation on the back wall and bottom of the orifice, and the influence of
the orifice shear layer oscillation is relatively small. The research conclusions provide guidance for the
optimization of submerged body flow hole structure and the low-noise design.

Key words: submerged body; flow holes; fillet radius; flow noise; FW-H
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Fig.3 Comparison of simulation and experimental results
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Tab.1 Comparison of results of different research methods
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6 0 2.5 0 0
7 0 5.0 0 0
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9 0 10.0 0 0
10 0 0 2.5 0
11 0 0 5.0 0
12 0 0 7.5 0
13 0 0 10.0 0
14 0 0 0 2.5
15 0 0 0 5.0
16 0 0 0 7.5
17 0 0 0 10.0
18 2.5 0 0 2.5
19 5.0 0 0 5.0
20 7.5 0 0 7.5
21 10.0 0 0 10.0
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Tab.4 Far-field second-order line spectral noise for different fillet positions and radii

. R A
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IR GIEZ AN Ja 2 A Ja &M Ai—J5 ZkAMil
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5.0 102.58 102.53 102.25 96.43 98.00
7.5 100.84 97.36 97.31 98.62 98.96
10.0 102.99 96.86 102.12 96.92 94.03

PPl 14 T2, FL F1 IS 2 A A4 (B £ 2 AR X K L RSz 3 7 ELA — i S, (EH: — B 2 i i 7 il
] £ 2 A2 AR AR JC A S A . 25436 4 n L, FLEUR SRR A 24200 7.5 mm B AR 7K FL kit
MRS P TR R fie /K 97.31 dB, MHEL T T80 1 BT 6.2 dB, HXF RN 37.93 Hz, [&MK T 3.16 Hz, {H
[ £ 242 7.5 mm B8 = B 2R 3% 75 ol 103.63 dB, [A)RE B £A 242 5.0 mm I () = [ 2k 33 M 75y
102.43 dB, ¥ T EATH i

105 — 105
100 ' ﬂf%{o 100
S T3 S o
: i
280 4 MQMW 2 sofl
Ho75t R o5y
70 - 70 |4
65+ 65
60 - - - - - 60 - - - . -
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Fi% /Hz Fi/Hz
K14 FLEEGAMIAR B A AR T e it s 1815 fL IS ZRMUAR RN f A i s e s
Fig.14 Far-field noise spectrum on the inner side of Fig.15 Far-field noise spectrum on the outer side of
the trailing edge of the orifice with different the trailing edge of the orifice with different
fillet radii fillet radii

H I 15 8563 4 a0, SRRy, FLITJa SR MR A 2 A28, T 7K LA B 2 i it 7 b
1%, BA2ER R 5 mm B /R 96.43 dB, AHECT T 1 R T 7.08 dB, FLXFR AR 37.92 Hz, [ T
3.17 Hz,

H I 12~15 A1 4 w0, WK FLFL I BEAT 8] £ A B AT DA R K FL A T s, s L Bk i it



5113 BREESR 45 . L ITHT S 2015 £ A BRI A K L M- - - 1813

7 AHAN TR B B PR E 2% 57 o R (B0 E A, AR 7eAL T[] — 00 CoN M oM ) B 58 £, i 5 O R e
I IR TS, WAL i 5 52y A O MR P ) S ) T T 5 17 T 2 /MO 520 1 1 e M 32 12
RPN, WAL 1T S5 £ A BT S M P A S IR 2T I o DAL, O ik — 28 AR K FL A T R A
A AP R TR S A% A0 e 2R R S MI A T 15 A A B, it I A 2 A

H1ET 16 F15% 4 T, XL F RSS2 SN ] FE47 52 #fy b B, 7T 38 25 R AR AR A s ) £ 3 Mg 7 D
TUAFEIRAT . P, SRR 10 mm i, 105

TR Y 94.03 dB, W A T AR £ 0| éfﬁg

RO PR T, ML T T80 19 103.51 dB FRAE T 2 oo B A - L0

9.48 dB, HLXF W45 R i 41.09 Hz B % 3637 T s {;M%% i J\q‘%"-di”" il

H WG T 472 Hz —fokppiais s = O (N T "‘i\wﬂmwﬁ G

fEARBE BT, LS 5 B g5, IR, 8 70 M N 1‘

HARREAR, T A R v A A B 0 S0 100 150 200 250 300
MR ERES R R o #, T UK BT SR W Hz

g [a] B AT 15 AR AL BRXT S K FLI D s A8 181 16 FLITRTZAE S MR IE B M A8 T At s 45t e
SO, ERTFAE R 100, FLORTZ )5 4: 4 Fig.16 Far-field noise spectrum on the outer side of the leading

][] Bk 3247 3] AR A BR, AT 50 2 BRI SR i Mg 7 T and trailing edges of the orifice with different fillet radii
oG MR AT R 2SN B A 2 AR 10 mm B, G237 R Y 2R T e R A R R R/,
FIHCTF T80 1 R T 9.48 dB, XTRIAFRFEAR T 4.72 Hz,,
33 ARBEAE R T EGREBTELE RS

RN AT AL T [ A 2 A2 0 M P 8 2 e, A 8 BT 7, E L o o P R T F o A2k 43 3 A
ok s 2 MR A, %o MO0 380 ) e 1] A5 A %) ok 20 1 g A T PR A B AR 4, A5 3L DR RE 2% NAMIARS
[) 50 Ff A2 T B I M e A T o 2 B 3 A MO (3R] 7 X 3 g P S M, TS 1 4 ol 3 SCRsy i, 1504 S
AL SN % i 25 11 i 5[] B £ 242 SR 4], XoF e 37 M s 4 SR A 7 53 o

F L 17~18 AT, L 10 R U e 75 ) 2835 Mk P 1 72 A 3oy il DX, T 8 1) — B i 24 JE W
WEEAEL, B RC AL () — B3 i A B S 1 T =B il i, L A ) B i 7 = B i M P 5
o K 17, 18 18 XFEGIET 16 AT, Ji i A A 3 37 Mg P A il P R s 3 M P A3 PRI e 2 S 420, 7
—E R AT AU, I RS B WK Bl ) R s S S e e Y R R —

160 160 -
| - T | - T
| T.h18 1sof Koo BRUAE
ol |, e v =
aa) al - m 140+ L 1l -
ro W M R 2 B i
140 Rl VIR 55130 byl A '%Q\ .
u} 135 R I | @; ,{\ E" %A W 14 W A %f&%{kh |
1N ! WW@N 1 £ 1204 ki
130} il L% W
1251 1 J L'\/ 110}
120 ~ ~ ~ ~ - 100 . s s s
0 50 100 150 200 250 300 0 50 100 150
$5*R /Hz JiR /Hz
K17 fLATS AR A F R AR N L gy K18 LR RIS RS SR R T AR o ArE
Mg P ] VTS A
Fig.17 Near-field noise spectrum at the center position of the Fig.18 Near-field noise spectrum at the center position of
orifice under different fillet radii at the leading and trail- the cavity bottom under different fillet radii at the
ing edges of the orifice leading and trailing edges of the orifice

MBI 4~5 X H T AL, BEE FL O AMINET . J5 S B RS R BTG R, IR T AR R I T
TR A R BRI Y — R R — B, P B0 S A S BB £ AR R T AR, R TR £
48 R= 5.0 mm, 7.5 mm &b Fmg A7 R AR, MR A B A E B AR AT S S A0 IR A o AR R=



1814 AT WA 5529 65 11 1

10 mm &b, 1L F AR GAR T — Br2k i i s i) Ae (i ST e, B TR REA 2 AR, dE—20
EE T IR B A0 K B0 s 1R e S W P ) 2 ORI —

x5 FRKVNRAEREHFETHIEZEZME&ERE ( $4:dB)
Tab.5 Near field second-order line spectral noise at different monitoring points for different fillet radii
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Fig.20 Distribution of velocity scalar and vector of the orifice with both the leading and trailing edges rounded at different
fillet radii
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