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Abstract: - The up to now known studies in the field of acoustic diminishing show that the ideal 
material for acoustic insulation must be made of an infinite number of Helmholtz type resonators 
which have to work at different frequencies. 

The mathematic model, of the absorption coefficient <α> of the composite sandwich panels 
depending on the frequency of the incident sound waves <f>, the panel thickness <g> and the filling 
factor <u> showed that: the response surface α = α.. f, g, u) on the interval f = (2000 – 6300) Hz and    
g = 70 mm has a maximum in which the absorption coefficient takes the value α = 98 %. The 
maximum is obtained for f = 2000 Hz, g = 70 mm and u = 0.5.  

The very good acoustic insulating characteristics of the sandwich materials with honeycomb core 
can be explained through the fact that each honeycomb cell acts acoustically as a Helmholtz type 
resonator. 

On the analogy of the sandwich panel with a sound barrier made of a sound absorbing screen with 
local reaction and a network of  resonators we created a physic model for the calculation of the 
absorption coefficient. 
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1. INTRODUCTION 
 
The mathematic model, of the absorption 
coefficient <α> of the composite sandwich panels 
depending on the frequency of the incident sound 
waves <f>, the panel thickness <g> and the filling 
factor <u> showed that: the response surface α = 
α.. f, g, u) on the interval f = (2000 – 6300) Hz and 
g = 70 mm has a maximum in which the 
absorption coefficient takes the value α = 98 % 
(fig.1.). The maximum is obtained for f = 2000 Hz, 
g = 70 mm and u = 0.5. 
It is the case of the panel with the core made of 
two honeycomb structures, with the honeycomb 
thickness of 34 mm, overlapped and separated by 
an interior porous layer with the thickness of 1 
mm. One of the honeycomb structures with the 
cells filled with “aerosil” and the other having the 
cells empty (air). The panel faces have the 
thickness of 0.5 mm and have a rugged absorbing 
surface obtained by applying over the composite 
material of a rugged quartz sand layer with the 
granulation of 2 - 3 mm and after that a thin layer 
of mat white washable paint. 
 

 
 
Fig. 1. The response surface α = α(f, g, u) 
  f = (2000 – 6300)Hz; g = 70 mm. 
 

Repeating (5 times) the experiment at this 
point we obtained each time equal values or very 
near to α = 98 %. 
The great value of the absorption coefficient makes 
us believe that in those conditions a resonance 
phenomenon takes place. Certain elements of the 
panel behave as resonators. If a resonator has the 
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radiation resistance coefficient <RR> much smaller 
than the losses coefficient <RP> than the resonator 
absorbs the acoustic environmental energy, 
behaving as a sound-absorbing system. The 
absorption efficiency is very good if the sound 
frequencies are situated round the resonator 
frequency of resonance. 
 
2. THE PHYSICAL MODEL FOR THE 
CALCULATION OF THE ABSORPTION 
COEFFICIENT 
 
From the acoustic point of view the panel 
described above is similar to  a complex sound 
barrier (fig.2). The barrier contains a sound-
absorbing screen (E) and a Helmholtz resonance 
network (RR). 
 

 
Fig. 2. The panel structural elements and their acoustic 
equivalence. 
1 – rugged absorbing face (the face from the sound 
source); 2 – honeycomb structure with empty cells (air); 
3 – interior layer with holes (porous); 4 - honeycomb 
structure with “aerosil" filled cells; 5 – exterior face; E 
– screen; RR  - Helmholtz resonators network. 
 

The sound-absorbing screen is made up of a 
thin rugged absorbing layer (face 1) and a 
partitioned air space (honeycomb structure with 
empty cells 2). The partitioned air space prevents 
the sound spreading (propagation) in a direction 
parallel with the thin layer. Such a screen is called 
<sound absorbent with a  local reaction>. The 
sound field in the interior screen depends only on 
the sound pressure at the separation surface (joint 
surface). In the screen the sound can be spread 
(propagated) only on a perpendicular direction to 
the separation surface (joint surface) and only in 
the interior of each honeycomb cell. 

The Helmholtz resonators network is made up 

of a plate with the resonators necks (3) and the 
cavity of the resonators that came out of the 
honeycomb structure filled with “aerosil” (4) and 
the exterior face (5). 

Any sound-absorbing barrier is characterized 
by its impedance (also called surface impedance) 
<ZW>. It is defined as the equation between the 
sound pressure at the joint surface between the 
barrier and the medium through which the sound 
wave is transmitted and the normal sound speed at 
the joint surface. 

n
w v

pZ =  [N·s/m3]                       (1) 

Where: p - the sound pressure at the joint 
surface of the two mediums,  

vn - the normal component of the sound speed 
at the joint surface of the two mediums. 

In the case of flat sound waves, perpendicular 
incidents on a sound barrier, the reflection factor 
and the absorption coefficient can be calculated 
depending on the specific impedance at the surface 
of the barrier <ZB>. 
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Where: '
BZ  and ''

BZ  - the real and the 
imaginary components of the barrier impedance, 

1−=j . 
The reflection factor and the absorption 

coefficient are given by the following equations: 
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Where: 000 cZ ⋅= ρ  - the air impedance for 
the flat waves, 

0ρ  - the air density, 

0c  - the sound speed in air. 
The sound-absorbing screen, made of a rugged 

absorbing layer and a partitioned air space, has the 
surface impedance: 

( )
( )⎟

⎟
⎠

⎞
⎜⎜
⎝

⎛
+
+

=
dktgjZZ
dktgjZZ

ZZ
aSPCa

aCaSP
CaE (N·s/m3)  (4) 

Where: ZCa  - the characteristic normalized 
impedance of the rugged, absorbing layer, 

ka - the propagation constant (not normalized) 
in the rugged absorbing layer, 

d – the thickness of the rugged absorbing layer, 
ZSP - the impedance of the partitioned air layer. 
The impedance of the partitioned air layer of a 

<t> thickness is given by the equation: 
( )tkctgjZZSP 00−=   (N·s/m3)          (5) 
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Where: k0 = 2λ0/c0  - the wave number for air.  
The open pipes incorporated in the vertical part 

of the chairs in the amphitheatres in ancient Greece 
show the fact that sound resonators had been 
known and used in the building acoustic (both as 
local amplifiers of the sound field, and as sound 
absorbents) for more than 2000 years. 

The Helmholz resonator (fig.3) is a sound 
system made of a rigid walls cavity and a pipe (the 
neck of the resonator) with the cross section 
smaller than that of the cavity. The dimensions of 
the cavity and of the neck are much smaller than 
the wave length of the sound. 

If sound vibrations appear in front of the 
resonator neck, the air in the pipe will oscillate, 
making compressions and relaxations of the 
material in the volume cavity <V>. 
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Fig. 3. The scheme of a Helmholtz resonator 
 

When the radiation resistance coefficient <RR> 
is smaller than losses coefficient <RP>, the 
resonator absorbs the sound energy from the 
environment, (it behaves as a sound absorbing 
system). The efficiency of the absorption is very 
big if the sound frequencies are situated round the 
resonating frequency of the Helmholtz resonator.  

The absorption effect of the sound can be 
encreased by introducing a granular or fibrous 
material inside the resonator cavity. 

The specific sound impedance <ZR> of the 
resonator space is the sum of the specific 
impedance of the resonator cavity <ZV> and of the 
neck specific impedance <Zm>. It is calculated with 
the equation: 
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We must draw a distinction between the specific 
sound impedance <ZR> and the sound impedance 
<ZA>. The specific sound impedance <ZR> is a 
characteristic property of a medium and it refers to 

the propagation of the sound waves in that 
medium. The sound impedance <ZA> characterize 
a sound system through which sounds are 
transmitted (resonators, pipes, hoppers, etc.). 
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Fig. 4. The geometric parameters of a Helmholtz 
resonator with a parallelepiped cavity 
 

The specific impedance <Zv> of the resonator 
cavity (ZV = jZV) is imaginary and has mainly an 
elastic character. The neck specific impedance 
<Zm> has mainly a weight (mass) character and 
contains a real part <Zm

’> and an imaginary part 
<Zm

”>. 
The cavity specific impedance (parallelepiped, 

filled with “aerosil”) of the resonator is: 

V
ScjjZZ a"

vv ω
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Where: V = Sb·t  - the resonator cavity volume, 
Sb - the resonator cavity base area, 
t - the resonator cavity depth, 
Sa = πa2 - the section aria of the resonator 

neck. 

AACM
1

=ω , 

AM  - the acoustic weight (mass), 

AC  -the acoustic capacity,  
ρ - the “aerosil” density, 
c - the sound speed in ”aerosil”. 
The neck specific impedance <Zm> is given by 

the air oscillation components inside the resonator 
neck, as well as by the specific impedance <Zs> of 
the material layer with the <l> thickness in which 
the resonator neck was made (fig. 13). 

For circular sections with the <a> radius and 
the <l> length, the real and imaginary parts of the 
<Zm> impedance are: 
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Where: 0υ  =1.5x10-6 [m2/s] - the cinematic 

viscosity of the air. 
 l' = l + ∆li + ∆la = l + 16a/3π  - the corrected 

length of the neck. 
In the oscillating movement enters a bigger 

quantity of air than that which is present in the 
resonator neck. A quantity of air, which is in front 
of the neck and inside the cavity of the resonator is 
joined in movement. This is why in equations (8) 
and (9) we used < l'>and not <l>. 

The average spatial impedance of the 
resonators network <ZRR> is calculated with the 
equation: 

R
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Z =   [N·s/m3]          (10) 

Where: bS  and aS  - are the cross section 
areas of the parallelepiped cavity (base area) and of 
the resonator neck. 

The vector of specific impedance of the barrier 
surface BZ

r
 is the sum of the impedance vectors of 

the EZ
r

 screen and of the resonators network 

RRZ
r

. 

BZ
r

 =  EZ
r

 + RRZ
r

.               (11) 
Because the sound field inside the screen with 

local reaction can propagate only on a direction 
perpendicular to the joint surface with the exterior 
medium and the incidental sound waves are flat 
and perpendicular on the barrier, we can consider 
that the vectors EZ

r
 and RRZ

r
 have the same 

direction. That is why the value of the impedance 
vector BZ

r
  is the algebraic sum of the values of 

vectors EZ
r

 and RRZ
r

. 
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The calculation expression of the barrier 
reflection factor <R> can be obtained by 
introducing <ZB> calculated with the equations (3) 
in equation (17) 
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The calculation expression of the barrier 
absorption coefficient can be obtained by 
introducing R  in equation  

21 R−=α  

In tab.1 we show the values of the absorption 
coefficient measured and calculated. In fig.5. we 
show the graphical presentation. 
 
Tab. 1. The values of the absorption coefficient, 
measured and calculated 

f  
[KHz] 1.6 1.8 2 2.2 2.4 2.5 2.6 2.8 

exp⋅α
 [%] 

51.5 79.7 98 86 69 62 56 49 

calc⋅α
 [%] 

50 80.5 97.5 87 70.8 63.3 56 48.2 

 

[%
]

⋅
α

Fig. 5. The absorption coefficients, measured and 
calculated. 

exp⋅α  

calc⋅α  
 
3. CONCLUSION 
 
a) The physical model shown above allows the 

calculation of the absorption coefficient with a 
good precision (under 10 %). 

b) A minimum reflection factor leads to a 
maximum absorption coefficient. Using the 
equation (27) we can calculate the minimum of 
the reflection factor in relation with the ratio 

a

b
S
S

=ψ . This ratio represents the porosity of 

the interior layer with holes. 
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