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Sound transmission through double wall circular cylindrical shell is investigated. In order to
study the acoustic behavior of these kinds of thin circular cylindrical shells, an exact analytical
approach is discussed in detail. Using an infinitely long thin walled circular cylindrical shell
subjected to plane wave incidence, the structure acoustic equations based on the Donnell’s
thin shell theory are obtained and transmission losses calculated by this approach are compared
to the transmission losses obtained according to the Love’s theory. The comparison shows that
the Donnell theory distinguishes all the frequencies in which sound is transmitted inside the shell
easily and it predicts the sound transmission characteristics of thin circular cylindrical shell
better than the Love’s theory, especially in resonance controlled and mass controlled regions.
Then the effects of different sound absorber materials and various gases are studied in order to
fill the cylindrical shell’s gap with material except air. The results show that high sound
transmission loss and better trend can be achieved by using these sound absorber materials in
double-wall circular cylindrical shells.

Keywords:
Double-Wall Shell
Transmission Loss
Ring Frequency
Coincidence Frequency

  

1-   

 
 .

 .
  .

 
 

] 1] [2-4] [56[
] 7 .  [

  .
] 8 [

 .



    

        

  

332  139415 4  

]9 -11 [

 .

]12 .  [
]12 [

]  .13 [
 .

 ]1415 .[

 .

 ] 1617.[  
  

] 18 [1993 
 .

 - 
] 19]  .[20 [

 .  
]21]  .[2223 [

  
  

 .

 .

 .

  

2-   

) z- (  
1 

 . :

1sR2sR1sh

2shss

sE .2 
  

txu i ,,txv i ,, txw i ,, 
) 1-6 (:  

  

)1(
0

111
n

xn nxktjUtxu cosexp,,

)2(
0

111
n

xn nxktjVtxv sinexp,,

)3(
0

111
n

xn nxktjWtxw cosexp,,

)4(
0

222
n

xn nxktjUtxu cosexp,,

)5(
0

222
n

xn nxktjVtxv sinexp,,

)6(
0

222
n

xn nxktjWtxw cosexp,,  

sin11 kk xxx kk 12 
1

1 c
k .1k 

xk1  

1c 
,...,,, 3210n )   .1-6(inUinV 

inW 21,i  
   

  
1 

2   



    

        

139415 4  333  

   
 .

) 7( 
]9:[  

)7(
0

11
n

rn
n

nx

II

nrkJjxktj

Ptxrp

cosexp

,,,

rk 1  cos11 kk r .

nJ n n  
) 8 (:  

)8(  
,...,,

,
321,2

01
n
n

n  

 .

 
 .

 .
) 9 -12 ( ]10:[  

)9(  cosexp

,,,

0
1

2
11

1

n
rnx

R

R

nrkHxktjP

txrp
  

)10(  
0

2
1

12

2

n
rnx

T

T

nrkHxktjP

txrp

cosexp

,,,
  

)11(  
0

2
2

12

2

n
rnx

R

R

nrkHxktjP

txrp

cosexp

,,,
  

)12(  
0

3
1

13

3

n
rnx

T

T

nrkHxktjP

txrp

cosexp

,,,
  

2
2

2
22 xr kkk

2
2 c

k2
3

2
33 xr kkk

3
3 c

k .2c 

3c 
 .)(1

nH )(2
nH 

n   
   

 .
 :

 . .
  

  
  ) 13 (  

)13(  2
1

2

2
1

2
1

2

2
1

2

2
1

2
1

2 111
t
p

cx
pp

rr
p

rr
p  

RI PPP 11 .

) 14)  (15 (  

)14(  2
2

2

2
2

2
2

2

2
2

2

2
2

2
2

2 111
t
p

cx
pp

rr
p

rr
p  

)15(  2
3

2

2
3

2
3

2

2
3

2

2
3

2
3

2 111
t
p

cx
pp

rr
p

rr
p

  

RT PPP 222 TPP 43.  
  

) 7)  (9-12 () 13-15 (

  
  

] 18 [

   
   )16)  (17 (  

 ]22:[  

)16(  
321

1

1

332313

232212

131211

0
0

pptxw
txv
txu

LLL
LLL
LLL

,,
,,
,,

  

)17(  
212

2

2

332313

232212

131211

0
0

pptxw
txv
txu

LLL
LLL
LLL

,,
,,
,,

),,,( 321qpLpq ) 18 (
]22:[  

  

,,

,

xR
L

xR
L

RxtE
L

13

2

12

2

2

22

2

2

2
2

11

2
1

2
11

  

  
  
  
  
  
  

)18(  

,

,

223

2

2

22

2

2

2
2

22

1

1
2

11

R
L

RxtE
L

  

2

2

2

2

2

2

2

2
2

33

11

1

Rx
Rk

R

tE
L

  
 

)19 -22 (]10:[  

)19(  22
2

2

1
1 , sRr

t
w

r
p  

)20(  22
2

2

2
2 , sRr

t
w

r
p  

)21(  12
1

2

2
2 , sRr

t
w

r
p  

)22(  12
1

2

3
3 , sRr

t
w

r
p  

1 2 

3 



    

        

  

334  139415 4  

)  .1-7)  (9 -12 (
 ) 16 17 (
) 19 -22(

) 23(   

)23(  0
0
0

0
0
0
0
0

00000000
0000000
0000000
00000000
0000
0000000
0000000

0000
0000000
0000000

3

3

3

2

2

1

2

2

2

1

1

1

33

333

333

33

222222

222

222

111111

111

111

L
K

P
P
P
P

W
V
U
W
V
U

IJ
GFH
DCE

AB
LKJIHG

FED
CBA

LKJIHG
FED
CBA

T

R

T

R
n

n

n

n

n

n

  

) 23 ( )24- (
)24 - (  

)24 -(  
,

2
1

,

,
2
1

,
2
1

,,

2

,,,

,
2

1

,
2
1

,

,
2
1

,
2
1

1
2

22
21

2

22
2

1
2

22
2

2
2
2

222
12

2
222

13
)1(

1

12
)2(

112
)1(

1

2
1

1
4
1

12
1

2
2
1

1

4
11

2
111

2
1

1
11

1

11
12

1

1
1

2
2
1

12
1

112
111

1
1

11
11

1

11
1

1
1

11
1

2
2
1

112
11

2
111

x
s

ss
x

s

ss

x
s

ss

s

ss
xsss

srn

srnsrn

s

s

s

s
x

s

s

xsss

s

s
x

s

ss

s

s

s

s
x

ss
ss

x
s

ss
x

s

ss

x
s

ss

s

ss
xsss

nk
R

k
Djk

R
k

C

jnk
R

k
B

n
R

k
kkhA

RkHL
RkHKRkHJ

R
k

R
D

kn
R
D

kDhI

n
R
k

Hjk
R

k
Gn

R
k

F

n
R
k

k
k

hE

nk
R

kDjk
R

kC

jnk
R

k
B

n
R

k
kkhA

  

) 24- (  21103

2103

2
3313

)1(
33

2
2312

)2(
23

12
)1(

23
2

23

22
)2(

23

22
)1(

23
2

13

21
)2(

1322
)2(

2

22
)1(

221
)2(

2

2
2

2
4
2

22
1

2
2
2

2

4
12

2
222

2
2

2
21

2

22
22

2

2
2

2
2
2

22
1

222
222

,

,,

,,

,,

,,

,,

,,

2

,,,

,
2

1

srnr
n

n

srn
n

n

srnr

srnr

srnr

srnr

srnr

srnrsrn

srnsrn

s

s

s

s
x

s

s

xsss

s

s
x

s

ss

s

s

s

s
x

ss
ss

RkJkjPL

RkJjPK

JRkHkI
HRkHkG

RkHkFE
RkHkD

RkHkCB
RkHkARkHL

RkHKRkHJ
R
k

R
Dkn

R
D

kDhI

n
R
kHjk

R
kGn

R
kF

n
R
kkkhE

  

)  24 (21 si

sisi
si

hEk 2

3

112 si

sisi
si

hED 

21,i.  
  ) 23(RP 

TP IP  .
(TL) 

 .
)  .24 (

 .
) 23 (

  
  

)  .25 (
 ]12.[  

)25(  
0 2

2
111113

1
3

1010

n s
I

n

snsrn
T

RP
RcWjRkHP

TL

cos

Re

log

  

Re  *   

3-   

  .
Hz1

) 23   (n 
) 25 (    

  ]  12 .  [



    

        

139415 4  335  

 :N/m2 111012.sE

7750skg/m3 30.s .
kg/m321/1 m/s343 

 .m84/1
m80/1mm2 o15 0M 

  
  3  .

 ]  12 [
 .

 .
 

 .
  

  -

 .
  

 .
]  .12 [

 
 .

  

4- 

  . 

3  .  
  

  
  

  
3  ( ) 

 ] 12) [  

 .
  

 . 

  .3Hz600 
Hz1300  . -

 .
 .

 .3 
  

   3 

 . 
  

  
)  26 ( .

) 27 (] 12.[  

)26(  
ss

s

s

E
R

f
12

1
r  

)27(  
s

ss

s Eh
cf

2

2

2
1

c
112

2
-

sin
  

4-1-  

 . -
 

 .
 ( )  :

kg/m3 970 m/s 2460  ( )  
kg/m3 910 m/s 2080  ( ) 

kg/m3 1265 m/s 838.  
4 6 

 .7 
 m2/1 mm12 

m2/1m1/1 mm12 
  

7 -
   .

 .] 3 .[

  
 

dB40 dB5dB10 
 .

  

)   

] 12[  

   

 
 

 )
(  



    

        

  

336  139415 4  

4 )   

5 )   

6 )   

7 ) 
)  (  

   . 

 .8 
 ( )    .

 ( ) 

  

4-2 -   
 

 
 . 
 .

 
  
   

  1  . 
9 -13 

 .
45 m1/1

m2/1 mm12  .14 

 .

 .
dB15 dB 22 dB27 dB35 

 .
  

8 
)   ( )  ( )  

1   

 )kg/m3(    )m/s(  

  661/1  415  

  899/0  435  

  331/1   316  

  166/0  965  

  089/0  1284

  

)   

 
 

 )
(  

)   

 
 

 )
(  

 
 

 )
(  

)   

 
 

 )
(  

)   

)  

)   

) 

*

+ 
 

 )
(  

)   



    

        

139415 4  337  

9   

10   

11 

12   

13 :  

5- 

 .

 .

 .

  

14   

    

)   

)   

 
 

 )
(  

 
 

 )
(  

)   

 :Hz 1931  
 :dB 03/45  

 :Hz 776  
 :dB 15/47  

 :Hz 1931  
 :dB 11/46  

 :Hz 781  
 :dB 17/43  

 :Hz 1931  
 :dB 13/37  

 :Hz 781  
 :dB 97/51  

 
 

 )
(  



    

        

  

338  139415 4  

  
  .

 
 ( ) 

 .

  

6 - 

7-   
[1] M. J. Crocker, The response of supersonic transport fuselage to

boundary layer and to reverberant noise, Journal of Sound and Vibration
Vol. 13, No. 1, pp. 6-20, 1969

[2] L. R. Koval, On sound transmission into thin cylindrical shell under
flight conditions, Journal of Sound and Vibration Vol. 48, pp. 265-275,
1976.

[3] L. R. Koval, Effect of cavity resonances on sound transmission into thin
cylindrical shell, Journal of Sound and Vibration Vol. 59, No. 1, pp. 23-33,
1978.

[4] L. R. Koval, Sound transmission into laminated composite cylindrical
shell, Journal of Sound and Vibration Vol. 71, pp. 523-30, 1980

[5] S. K. Jha and J. J. Catherines, Interior noise studies for general aviation
types of aircraft, Part I: Filed studies, Journal of Sound and Vibration Vol.
58, No. 3, pp. 375-390, 1978

[6] S. K. Jha and J. J. Catherines, Interior noise studies for general aviation
types of aircraft, Part II: Laboratory studies, Journal of Sound and
Vibration Vol. 58, No. 3, pp. 391-406, 1978

[7] A. J. Bullmore, P. A. Nelson and S. J. Elliott, Theoretical studies of the
active control of propeller-induced cabin noise, Journal of Sound and
Vibration Vol. 140, No. 2, pp. 191-217, 1990

[8] S. Narayanan and R. L. Shanbhag, Sound transmission through layered
cylindrical shells with applied damping treatment, Journal of Sound and
Vibration Vol. 92, No. 4, pp. 541-558, 1984

[9] J. H. Lee and J. Kim, Study on sound transmission characteristics of
cylindrical shell using analytical and experimental models, Applied
Acoustics Vol. 64, No. 6, pp. 611-632, 2003

[10] J. H. Lee and J. Kim, Analysis and measurement of sound transmission
through double walled cylindrical shell, Journal of Sound and Vibration
Vol. 251, No. 4, pp. 631-649, 2002

[11] J. H. Lee and J. Kim, Sound transmission through periodically stiffened
cylindrical shells, Journal of Sound and Vibration Vol. 251, No. 3, pp. 431-
456, 2002

[12] J. Zhou, A. Bhaskar and X. Zhang, The effect of external mean flow on
sound transmission through double-walled cylindrical shells lined with
poroelastic material, Journal of Sound and Vibration Vol. 333, No, 7, pp.
1972-1990, 2014

[13] W. T. Jeong and Y. J. Kang, Acoustic transmission analysis on cavity
resonance sound in cylindrical cavity system: Application to Korean
bell, Journal of Acoustical Society of America Vol. 131, No. 2, pp. 1547-
1557, 2012

[14] M. H. Shohaeifard, R. Talebitooti, R. Ahmadi and B. Ranjbar, Power sound
transmission through double-walled laminated composite panel with
intermediate porous layer considering different boundary conditions,
Modares Mechanical Engineering Vol. 14, No, 6, pp. 11-21, 2014 (In
Persion).

[15] M. H. Shohaeifard, R. Talebitooti, R. Ahmadi and M. R. Gheybi, Vibro-
acoustic study on transverse-isotropic thick-walled cylindrical shells
considering high shear deformation theory using Hamilton principle,
Modares Mechanical Engineering Vol. 14, No, 4, pp. 147-157, 2014 (In
Persion).

[16]B. C. Jung, D. Lee, B. D. Youn and S. Lee, statistical characterization
method for damping material properties and its application to
structural-acoustic system design, Journal of Mechanical Science and
Technology Vol. 25, No, 8, pp. 1893-1904, 2011

[17] J. Xie and S. H. Ling, method of measuring acoustic absorption
coefficient of material specimen using dynamic microphone, Journal
of Mechanical Science and Technology Vol. 26, No. 3, pp. 741-748, 2012  

[18] A. W. Leissa, Vibration of Shells Acoustical Society of America, 1993. 
[19] A. E. H. Love, On the small free vibrations and deformations of thin shells,

Philosophical Transactions of the Royal Society 179A, pp. 491-546, 1888.
[20] W. Flugge, Stress in Shells Springer, New York, USA, 1973. 
[21] M. Amabili, Nonlinear vibrations and stability of Shells and plates

Cambridge University Press, New York, USA, 2008. 
[22] P. Oliazadeh, M. H. Farshidianfar and A. Farshidianfar, Exact analysis of

resonance frequency and mode shapes of isotropic and laminated
composite cylindrical shells; Part I: analytical studies, Journal of
Mechanical Science and Technology Vol. 27, No. 12, pp. 3635-3643, 2013

[23] P. Oliazadeh, M. H. Farshidianfar and A. Farshidianfar, Exact analysis of
resonance frequency and mode shapes of isotropic and laminated
composite cylindrical shells; Part II: Parametric studies, Journal of
Mechanical Science and Technology Vol. 27, No. 12, pp. 3645-3649, 2013. 

  

  

  

  

  

) ms-1(  
) Nm-2(

) Hz(  
h ) m(  
Hn   
Jn  

  
  

  
  

) Pa(
R ) m(  

) m(  
) m(  
) m(  

  
    

  
  ) kgm-3(  

   
  

  
R   
s   
T   


