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Calculation model of transmission loss for arrayed elements dissipative silencers
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Abstract: Aiming to pipeline dissipative silencers with independent airflow channels and small cross-section
size, Belov derived the calculation formula of noise elimination based on sonic catheter theory. This formula
was not suitable for arrayed elements dissipative silencers with interconnected airflow channels and large cross-
section size. For this reason, this study proposed a calculation method of noise elimination for arrayed elements
silencers. The arrayed elements silencer was divided into periodically arranged silencing units and each silencing
unit contained a sound-absorbing column. Each silencing unit was simplified as an expanded muffler and a
pipeline dissipative silencer respectively and the theoretical values TL; and TL2 of the resistant part (a sudden
change of cross-section at inlet and outlet of airflow channel) and the dissipative part of noise elimination
were calculated respectively. On this basis, the simulated value TLs of the noise elimination of each arrayed

elements silencer was obtained by the finite element method. The octave band correction function for the noise
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B, WoRTE AR 9 H N A a4 i s L
AR A B s o AR TR AR MR T K ;o
SR R TR W P R AR T 5 52 5 b DAy R P AR AR ) A [ B
VORI R AN R AR TR B b/2 AT Y /2 43 ) W R A
L5 A1 50 PR A i) [0 BE RO 1 ) P, JEL 0 R S A [ B )
1/2.

m x n FEFIAFEPETHE B 2858 m < n MR,
W FLR153 9 mox n AN B PR HES 690 75 5ot (LI 1
HALEAE), BN A oo TN A RIS
T8 75 A B R IR A R, T DA BN B G 1T
FE AR R B 2 S AR . BN S BRI A
A T 75 B B E TL, APUIHER 5 (3 ORI
TE AT T AR AL ) A5 A Y 75 B RS A TLy A PH PR
A3 FE AT T S B AR Ty Z Al

TL,; = TL; + TL,. (1)

WP o S 8O ik I A 4 tHE A
B L B . KA ¢ AME AT, HR
FECA [fia, fip) AR fi XX E] [fi a0, fin)
Mn %55, FAFn AT X [zo, 21]~ [21,22] -
[Tr—1, Tp) s BUEEASF X A P32 HE, 21E fo fis
coon fao1o IR E SO EPUEE 5 i A
FESHT i 75 B R E TLy

[ oo (o ) o
fiv = fia
n—1 1 L
Z 101g [1"‘1 (M— M) Sln2<kL)i| ($j+1 _xj)
j=0

fi,b_fi,a ’
(2)

TLi; =

X (2) o, MO Iy Ik,
(a+0)(a"+b")—aa"
T @)@ +v)
LONTHFE 8 K E s k RUEE k= 21/
BEL 1k 358 2035 43T T 75 S BRAR {H TLo "R H Belov
AR

TL2 = (Oéo) gL, (3)
2 (3) 1 (o) T R EG g N FPELE B
SRR AR E PO A B T R W R A R AT G
P =2(a+d): L NHFERITHROH A K S N
LI G KU A
S=(a+b)(a +b')—ad.

FRAE €Tl A ol g s s i) B 1F VE) (GB/T
50087-2003) &5 H I 3 B  AS RS TH A R
PSR AT T 7 R B () TR R B o e 5
KA

() — { 1590 —0.08, ap <09,
1.50, ag = 0.9.

A FAE ] Delany-Bazley-Miki A5 5 %} 1571 2
BELPAE ¥ 75 28 SR FH 1 22 FLIG S A R R AT 3R AIE , WS 4
R BN GRS RECHE AR (5). H, &
[0 75 BHBT Z FRAE 7S BH BT Z, AR # 5 K. LA
X (6). A (7) FIA(8).

Zs — poC
Zg= —jZccot(Ked), (6)
Ze = poco [1 +5.05 (10°f /) "%
— §8.43 (103 /o) "% } (7)
Ko = 210[1 +7.81 (103 f /o) 0"
— 1141 (103 f /o) "0 } 8)

e, o AR AR BN SRR REG o AR
WA pos cov fHIw I AINZ VS 2T
A PR AR d N % SLM R
d=0.5(a+ad),

ENZE S ki bR AT N EWN I
FIE e, FEBOE I S AR AR SR A RMR > Bl
ANTE AT, NG R IRFE A RLAL 7 e B T R
R IR A SRR W WL BEL PRV 75 2 iR R 2K
EIE WA (9), sk BRI A (1019

3—N

TLy = “—— x TLs, (9)
fur 1.85di, (10)
eq

Horp, TLy Sy 15 Ja (B R 203 75 B ERfE
N AR PR B B AL fo AR
W s ¢ NPT dog NRBUBEIER M EZ

BELPE 91 75 s i AR SO 2R 5 /= 308 3 A A T
FEARRRT A7 2% o B 51 2QBEL PR VR 7 45 2% 8 75 BT A
S, U T AR T 2 R HL AR RO,
TEIEFI 22 2 (10) T ST TE 1 = 0K O,
HAK(9) REERTZIERT fu (19 3/ E A 1 7
B AL, RS2 5 (9) A AE AT 51N
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RAEARSE: B4 ARV P o A 1 Rk T SR Y 1267

P RS IE AR B, X BELYE 648 46125 50 0 7 i
(AT IEE . STt A R R I T 2 5008 345
BAZIEBBN, . 3 AE IE BN J5 B
SR EHT I P R EA A TLY AR (11):

P
TLy = TLy x Ny = ¢ (a) gL x Ny (11)

25 b, AB IR TG I BE 51 2 A T 75 25 £ A ¥ 7
EERE TL, THEA LA K (12):

P
TL;=TL; + TLy =TLi+p(a0) gLx Ny, (12)

MR 2~ 30 (12), 7743 245 5005 42 1E bR 5 Ny 1)
RiEA, WA (13):

_ TL; - TL,

Ny = (13)

¢ (@) gL

9 T8 AN [R) W P A LS L B A3 0 5 1E BR 4L
Ny, 50 BE A 200 78 4 £ Ay v 75 & 28 A TL,
AT E . RHA R ek B E RS 0 75 2%
BRI S &, BEE @ s =20
HAETL M f R RRETL(f). MIEER S
SE XCTHESE N 5 A T S S BB TLs,, (WA
3 (14)). K & A5 80T I 7 H 45 R TL, /A8 TL,
RNAT(13), 7745 20551 27H 75 2% B 470 7
AT RN,

fip
[ us

fi,b - fi,a
n—1

ZFO TL(fi)(2j41 — ;)
- fi,b - fi,a ’

TLs,i =

(14)

2 EHloHh

AR 488 7 T i 3 6 21 G 75 A T 7R R T AR A
MR T3 1%, 24 22 FLIR A AR B 26 A [R] I B 471 =7
FE A% B R 20 V8 75 BT E IR R B Ny 2B AN
Ao AHTE 7t A BH 2 11425 Pa-s/m? 122 FLI
MR, 7 T3 F AN [ 25 4 RO 1R B 4] 20
AR TR
2.1 HEZEHEITE
2.1.1 ExJL{aER

FEF 9 5 2 LA B4 0, AN s
B TH 7R BB S 2 7 AR R, R RS TR

AR EEN T A B RS, AP m 5, n 5. T
2 BT R 1 i 1) 22X L e Y 75 2 R P A A T o
WORFETY, T A B L (B R0E R S S
AR AT TR AN 2 B KT 0.5, R RS A R A T K
AN FE B I8 L 100~500 mm, 40 7 AN IR 7 ]
PEH I 50~500 mme AL, ACHE STk A3 A i By
W A, HORE AR T R ST 43 028 100 mmx 100 mm.
200 mm %200 mm A1 300 mm x 300 mm, 3 F 4L 5
75 e FETE #4352 100 mm <150 mm A1 200 mm. H
TV 7 B AR B RCIE BE, WO 7 AR B S X
1000 mm. K 2 P E 507 AR 57 3 Fh dL AU [
A AR, HEM SR, I BRI
2.

*1 EIIEERIERERSY
Table 1 Structural parameters of arrayed

element dissipative silencer models
(¥AL: mm)
WY R W H L a a’ b v’
A 1000 1000 1000 100 100 100 100

B 1750 1750 1000 200 200 150 150
C 2500 2500 1000 300 300 200 200

)
T BT HEA RN &5
SEFEITAL)Z

2 B SRE A P 4% 07 A
Fig. 2 Simulation model of arrayed elements dis-

sipative silencer

2.1.2 EXMHRIEM

75 22 0F 5 op Ad ] Delany-Bazley-Miki #5784 %}
Z LWL S B B REAT RAE, 2 E UM R
Koo ABEHI, B 2 FLHE A RHR R Z N
11425 Pa-s/m?.

2.1.3 ¥EHKRE

D7 B R vh 2 SR R ) 8 S AR sk AT
AL, WP A P SR P A SR FH 22 LA Jo 75 2 A, A
TR v g A M S IR SE SR UL L JZ o Y P S BE T
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Ve B OB Sl S, W A R v S I A B R
W7 . NS PR B 5K 113, 1§ 3n2k
RUNF TR, A EEME N 1 Pa, NS5 AN B
W o PR ORI T TE AL AR,
SAFAE R BRI SRS 75, SRR TE NI 352
FEMEESIMNREF .
2.1.4 MERIS

K =R A B T 58 36 VT T J2 12EAT A% K1 4
AU EANS T 1A A R RO N 8 2, AR X
1K FH b DY T A B G R 2 A o DR ERAIE SR RS
JEE 5 5 KRS B0 RO WO B N 1/8 0 ARHIFAT
H4l7 5 63~4000 Hz 25 15 45041 1 76 &, Hoa
FBR 5600 Hz, #p K M B0 R HL 5600 Hz
LK) 1/8.
2.2 HE&R

ENEWAN K= S 7 s W S R s
BTEM TL, W% 2.

13 2 T 50, B 51 2078 75 48 &R AV 7 = b
F AR T 3 K50, 751000 Hz 8y Fis
FIUEEAE

A 5T PA Delany-Bazley-Miki £ 74 Sy # i Jt
fith, ¥ FH 2 Y35 0 B8 8 37 2 FL S A kL S
BOEAL, A BB 2N 11425 Pa-s/m?, BN
100 mm. 200 mm A1 300 mm ¥) 2 FLW% 75 #1855
NSRS R H AR A 3 (4) T 2 LIRS A kL
ERE (WA 3),

W 35 A5 A0 T 75 A 45 R TL, AAE TLL AR A
A (13), AT TH5EAS B S5 s T A AR 1E R 4

— 1 132,
;10@ 1+1(M— M) sin®(kL)| (xj41 — xj)

B 4. R ATTHEN, AR RS 500 75 A & A A
7 RS IE R BT, SO AR B AE & 540
i A RIS IE R

2 4 T, - F5 A T 75 S IE R A AR
T e K G 980N, 7E 1000 Hz Abik B WAE , Bk 2
I [ s R A R A, R A . SR
G AT RO B A5 AT T S B AR T RECHEAT A (W
B 3), AT B A B IE R N, (W3R (15)).

Ny =1.08¢ POﬁ(ﬁ}i&ﬂ —0.05
Ap = log, (fi/31.5),

3 (15) 1, fi AR ME AU O

9

(15)

1.2

63 125 250 500 1000 2000 4000

K3 s A A 1 R B 2k
Fig. 3 Fitting curve of correction coefficients of

noise elimination at 1/1 octave band

25 b, ABIE 5 0 41 =X BEL 1 V2 B 0 A A5 A
HH A RS E TL, ; TR A 5K (16).

P 705(’\’“_5'1)2
TL} ,= +p(ap)=L [1.08¢ L) —0.05|. (16)
’ fip = fia S
*2 MHNEEREEEEETL,
Table 2 Simulated values, TL; of noise elimination of arrayed element dissipative silencers
(ﬁ{idB)
P LA
MEDEE 0 ”
63 Hz 125 Hz 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz
A 0.3 1.1 4.2 10.4 18.2 14.7 13.1
B 0.7 2.4 5.4 11.6 16.7 12.7 10.4
C 0.8 2.3 5.0 10.0 13.4 9.6 8.1
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RAEMEEHE R

Table 3 Anechoic coefficients of sound-absorbing materials

AT LR

FRHE B /mm
125 Hz 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz
100 0.77 0.92 1.34 1.50 1.50
200 1.19 1.30 1.50 1.50 1.50
300 1.12 1.50 1.50 1.50 1.50

=4

BEFIRXHA R R A HA B2 ERY

Table 4 Correction coefficients of noise elimination of arrayed element dissipative silencers
at each 1/1 octave band

{3 e LR

T A
63 Hz 125 Hz 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz
A 0.008 0.222 0.375 0.844 1.015 0.728 0.639
B 0.026 0.225 0.406 0.919 1.141 0.852 0.670
C 0.007 0.267 0.493 0.976 1.184 0.813 0.642
FIME 0.014 0.238 0.425 0.913 1.113 0.798 0.650

3 SoMIEE

K 1x 2 FEF1 303 7 2% Szl s A SCik [12] 25
H ) 2 2 B 41 2T 75 2 Sl s , S IE IS 1R 51
SRV 75 289 8 B AR A B AT 30, kg =

Fe 4% GB/T 25516-2010 bR AT &, 51 74 3845
SN 5. BIE 5 17 A IR H TL, A2l
HIREG6.

2 6 1] A1, S A A& 1E J5 98 5 S EE e
TL; 5 sSEfE 4 X7 245/ T 3 dB.

*=5 WIEAMEIIIEHERGHESH

Table 5 Structural parameters of arrayed element dissipative silencer

models for verification

(¥AA7: mm)
H w H L a a’ b v
1x2 1000 630 1000 300 300 200
2x2 850 850 1000 300 300 150 150
6 BIEREASERETL, MLNE

Table 6 Modified theoretical values TL;

and measured values of noise elimination

RIS A L AR

HE R
63 Hz 125 Hz 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz

BIEGEHERE 05 1.1 3.3 6.7 8.3 7.4 4.8

1x 2 BEF 7 5 2 S 0.0 2.0 5.0 6.0 8.0 7.0 6.0
AR 7 0.5 0.9 1.7 0.7 0.3 0.4 1.2

BIEEREBE 1.8 3.2 8.9 16.7 20.7 18.7 12.7

2% 2 FEF 2 7 28 S 2.2 4.0 10.3 17.8 17.9 15.8 11.0
“axiRzE 0.4 0.8 1.4 1.1 2.8 2.9 1.7
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4 Zip

BT %F Belov & T 75 i 57 BB 5 R BEL IR 31 75
I A R A S, A TR RS E A S H
BRI RSB R R ) 5 BE PR 3 7 s ), ASHE e g
T AR F 2  AR N A R VR RIS, DL
TN 11425 Pa-s/m? 2 LW = kA6, 257
T3&E M T A R S5 0 R B BE 51 00 R 280 A
FRR S g BRI IE R B, AU A8 1E S R
P HAE S ME A% iR 22 /N T 3 dB. I
AR FH 28 55 S48 o BB AR 22 5K, 3 7 =it
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