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Abstract: - This paper presents an investigation of the acoustic suppression by auxetic nanopanels. 
Materials with negative Poisson’s ratio are termed auxetics. Instead of getting thinner like an elongated 
elastic band when stretched, an auxetic material gains volume, expanding laterally. The purpose of the 
paper is to study the influence of the auxetic components on the acoustic reduction and the width of the 
frequency band of the reduction. The acoustic attenuation results show that the auxetic core has a 
significant impact on the acoustic attenuation performance of the panel. The results is a clear 
improvement of the noise suppression for the high frequencies (>3500Hz) with a corresponding reduction 
in suppression at lower frequencies (<2500Hz). 
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1. INTRODUCTION 
 

The increase in aircraft traffic places an 
increasing emphasis on noise abatement research 
[1]. The use of passive auxetic nanopanels that are 
integrated into the walls of the engine nacelle inlets 
and aft-fan ducts, represent a novel solution of noise 
suppression methodology [2].  

The nanopanels are designed to provide 
absorption of unwanted acoustic energy, i.e., noise, 
on the base of the auxetic damping capacity. The 
term auxetic is coming from the Greek word 
auxetos, meaning that which may be increased. 
Instead of getting thinner like an elongated elastic 
band when stretched, the auxetic material gains 
volume, expanding laterally. Auxetic materials and 
their negative Poisson’s ratios have not been well 
understood. Materials of this type are expected to 
have interesting mechanical properties, such as high 

energy absorption, fracture toughness, indentation 
resistance and enhanced shear moduli, which may be 
useful in some applications [3]-[7].  

Scientists have been aware of the existence of 
auxetic materials for over a hundred years, though 
without very special attention, and treating them as 
an accident or a curiosity. In the case of an isotropic 
material, the range of Poisson's ratio is from − 1.0 to 
0.5, based on thermodynamic considerations of 
strain energy in the theory of elasticity. Love [8] 
presented an example of a cubic single crystal pyrite 
as having the Poisson's ratio of − 0.14, and he 
suggested that the effect may be caused by twinned 
crystals.  

The auxetic behavior is found in materials from 
molecular and microscopic levels up to the 
macroscopic level. Negative Poisson's ratios are 
observed in real materials with a high degree of 
anisotropy, such as conventional honeycomb 
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network, re-entrant honeycomb and hexagonal 
structures (figure 1), reticulated metal foams, the 
skin covering a cow’s teats, certain rocks and 
minerals, living bone tissue, etc.  

 
Figure 1. Conventional honeycomb network, re-entrant 
honeycomb and hexagonal structures, with negative 
Poisson’s ratio. 

 
A specific feature exhibited by auxetic materials 

in comparison with other foams is their significant 
damping capacity at various loading levels, with 
increase up to 16 times compared to conventional 
foams [9]-[13].        

 

Figure 2. The scheme of nanopanel. 
 
Porous materials are efficient structures in 

respect to optimizing strength and stiffness for a 
given weight. A new means of improving the 
characteristics of the materials may be realized using 
abnormal deformation properties of auxetic porous 
materials having a negative Poisson's ratio ν . It is 
known that the inverted or re-entrant cell structure of 
porous auxetics may be obtained by isotropic 
permanent volumetric compression of conventional 
foam, resulting in microbuckling of the cell walls. 
There is interest in compression-driven self-
assembly as a means to create auxetic porous 
structures on a nanoscale.  

To predict the deformation behaviour of porous 
materials under various types of loading and 

corresponding mathematical models is a challenge 
for researchers.  

The acoustic panel analyzed in this paper is 
composed from two perforated metals thin layers of 
thickness lh = 0.5mm, and between them a core of 
auxetic foam of thickness ch = 4mm (figure 2a). The 
transverse section of the panel is shown in figure 2b. 
The conventional foam exhibits pores with average 
diameter around 900μm.  

The manufacturing of auxetic version is the 
reduction of the cell sizes of the conventional foam 
to 200μ m (figure 2c) [14].  

To describe the damping capacity of this 
composite, the nonlocal theory is considered since 
the nonlocal energy loss per unit volume versus the 
number of hysteretic cycles has shown to be a better 
approximation of the experimental results  than the 
local energy loss [15], [16].  

The nonlocal damping force is modeled as a 
weighted average of the velocity field over the 
spatial domain, and it is determined by a kernel 
function based on distance measures [17]-[25].   

 
 

2. ACOUSTIC FIELD IN THE WAVE TUBE 
 
Consider in this section the propagation of 

acoustic waves in a rectangular duct which occupies 
a domain Ω . The thickness of the duct is a  and the 
width is b . The acoustic panel is located in the 
midle of the duct of length L  (figure 3).The 
governing equation of acoustic field in the flow duct 
is expressed as   

 
0,(x,t)=Lp ( , , )x x y z= ∈Ω , [0, ],t T∈    (1) 

 
where ix , 1,2,3i = , are the spatial variable, t  is 
time, ( , )p x t is the acoustic pressure, and L  is the 
nonlocal operator defined by 
 

2
2 2( , ) px t Mc p Q c p

t x t
∂ ∂ ∂⎛ ⎞= + + − ∇⎜ ⎟∂ ∂ ∂⎝ ⎠

Lp ,       (2) 

with c the speed of sound, and 0 0.7M< <  the 
Mach number. The operator Q  is defined as 
  

0

( , ) ( , , ) ( , )d d ,
t

Q p x t C x t p
t tΩ

∂ ∂
= ξ − τ ξ τ τ ξ

∂ ∂∫ ∫  (3) 

 
where ( , , )C x tξ − τ depends on the pressure only. 
Equation (1) is subjected to the appropriate 
boundary conditions 
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0p
y
∂

=
∂

 at 0y =  and y a= , 

0p
z
∂

=
∂

 at 0z =  and z b= .               (4) 

 

 
Figure 3. Geometry of the duct. 
 

 If the damping kernel functions are assumed to 
be separable in space and time, we can write 

( , , )C x tξ − τ  in a general form as  
 

( , , ) ( ) ( ) ( ).C x t H x x g tξ − τ = ϕ − ξ − τ        (4) 
 
Expression (4) represents the general form of 

nonlocal viscoelastic damping model. The Heaviside 
function ( )H x  denotes the presence of nonlocal 
damping. We have 0( )H x H= (constant) if x  is 
within the auxetic core, and ( ) 0H x =  otherwise.  

In this paper, we study the spatial hysteresis with 
the kernel function given by a delta function with 
respect to time. In this case, ( , , )C x tξ − τ  depends 
only on the instantaneous value of the velocity or 
strain rate 

 
( ) ( ),g t t− τ = δ − τ                (5) 

 
but depends on the spatial distribution of the 
velocities 
 

( , , ) ( ) ( ) ( ).C x t H x x tξ − τ = ϕ − ξ δ − τ      (6) 
 

In (6), the time vatiation of pressure at different 
locations within a certain domain can affect the 
damping force at a given point. This spatial 
hysteresis that describes the damping mechanism for 
quasi-isotropic composites is similar to the damping 
model proposed in [26]-[28]. The spatial kernel 
function, ( )xϕ − ξ  is normalized to satisfy the 

condition ( )d 1x x
∞

−∞

ϕ =∫ .  

The Poisson ratio is an important factor in 
defining the spatial kernel. As the method involves a 
specifically choice of ( )xϕ − ξ , applicable to auxetic 

materials, a preliminary work is necessary. The 
purpose is to estimate the damping capacity for the 
auxetic core and to choose the best form for 

( )xϕ − ξ  so that the variation of the energy loss per 
unit volume with respect to the number of 
compressive cyclic loadings is the closest to the 
experimental data [9], [29].  Figure 4 defines the 
compressive loading and displays the variation of 
the Poisson’s ratio with respect to compressive strain 
for the foam [23]. The auxetic foam exhibits a 
negative Poisson’s ratio of − 0.185 at compressive 
strain from 10 to 25%, showing a sharp increase for 
rising compressive strain, reaching then the zero 
value at 55% of compressive strain and a positive 
Poisson’s ratio of 0.083 at 70% [30]-[32]. For any 
given loading cycle, the dissipated energy is 

max

min

d
ε

ε

σ ε∫ , where minε  and maxε  are the minimum and 

maximum strains, respectively.  
Calculations are carried out on four forms of the 

spatial kernel: the exponential decay function, 
0.5 exp( | |),xα −β − ξ  the error function, 

( ) ( )2 2/ 2 exp 0.5 ( )xα π − β − ξ , the hat function, 

01/ forl  0| | 0.5 ,x l− ξ ≤  and 0 otherwise, and the 
triangular function, ( )1 1

0 01 | | forl x l− −− − ξ  

0| | ,x l− ξ ≤  and 0 otherwise, respectively. In these 
expressions, α  and β  are characteristic parameters 
of the damping material, and 0l is the influence 
distance parameter. The numerical results are quite 
satisfying.  

 

 
Figure 4. Poisson’s ratio versus compressive strain for auxetic 
foam. 
 

The following conclusions can be drawn: (1) all 
functions show a good correlation of the energy loss 
per unit volume with experimental data; (2) while 
the hat and triangular functions yield to similar 
values of energy loss per unit volume ( 22 
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mJ/cm 3 ) after 20000 cycles, the error function and 
respectively, exponential decay function are closer 
to an average value of 27 mJ/cm 3 , and respectively, 
29mJ/cm 3 . One feature of all results is the high 
energy dissipated by auxetic samples compared to 
other foams for the same loading level. Therefore, 
we choose for the spatial kernel function the 

exponential decay with 1
E
+ ν

β = α  and 0.22α =  

 
1( ) exp | |

2
x x

E
α + ν⎛ ⎞ϕ − ξ = −α − ξ⎜ ⎟

⎝ ⎠
.     (7) 

 
In figure 5 we present the energy loss per unit 

volume [mJ/cm 3 ] versus the number of compressive 
cyclic loading for an auxetic sample, obtained by the 
local theory, nonlocal theory with spatial kernel 
function given by (7) with 0.22α = , and 
experiments [9], [14]. While the nonlocal and 
experimental values of the energy have similar 
values after 20000 cycles, the local values are lower 
with a decrease by 35.7% [23].    
 

Figure 5. Damping capacity of an auxetic sample (local, 
nonlocal and experimental). 
 
 
3. RESONANT ACOUSTIC PANEL 
 

Figure 6 illustrates the resonant acoustic panel. 
As mentioned earlier, the facing layers are made of 
perforated metal sheets. The sound absorbing core is 
made from auxetic foam and it is terminated with a 
rigid back wall. The auxetic foam ensures a very low 
acoustic transmission across the panel. The overall 
sound absorbing performance can be determined 
from knowledge of the acoustic impedances of the 
components, 1 2 3, ,Z Z Z , where 1Z  and 3Z  are the 
acoustic impedances of the facing layers, and 2Z  of 
the core acoustic impedance 

 

1 ( , , , , )l i grZ f h r u V= σ , 2 ( , )cZ g h= ω , 

3 ( , , , )l iZ f h r u= σ ,                 (8) 
 
with σ  porosity of the perforated sheet, lh  the layer 
thickness, r  the orifice radius, grV the grazing flow 

velocity, iu  the incident acoustic velocity, ω  
frequency.  

 
.  

 
Figure 6. The resonant acoustic panel. 

 
 

Figure 7. Plots of attenuation spectra for auxetic (re-
entrant honeycomb) and nonauxetic cores. 

 
The impedance is defined as the ratio of acoustic 

pressure of the associated velocity at a point and it is 
expressed as  
 

lin nonlin
pZ Z Z
u

= = + ,                      (9) 

 

where the linear and nonlinear terms express the 
linear and respectively, nonlinear superposition 
of cnoidal functions 

 

( )
3

2
lin

0
2 cn ;k k k

k
Z Z m

=

= α∑ ,   
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3
2
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nonlin 3

2

0

cn ( ; )

1 cn ( ; )

k k k
k

k k k
k

Z m
Z

Z m

=

=

β
=

+ γ

∑

∑
.          (10) 

In (10), moduli 10 ≤≤ km ,  and kβ , kγ  and kω  
known coefficients. 

 
 

Figure 8. Plots of attenuation spectra for auxetic 
(hexagonal structure) and nonauxetic cores. 
 

In general, the pressure and velocity are not in 
phase, thus the impedance is a complex quantity 
with a real and imaginary part. The real part is 
referred the acoustic resistance and the imaginary 
part is referred to as the acoustic reactance.  For thos 
paper, the face sheets have the resistance 0.14 and 
respectively, 1.25. It is common practice to 
normalize the impedance of acoustic panels by the 
characteristic impedance of the medium through 
which sound travels before impinging upon the 
panel, cZ c= ρ . 

The effects of the auxetic and respectively, 
nonauxetic cores on the attenuation are plotted in 
figures 7 and 8 for re-entrant honeycomb and 
respectively, hexagonal structures. It can be seen 
that the auxetic core caused a significant 
improvement in the attenuation at higher 
frequencies.  

The result is a clear improvement of the noise 
suppression for the high frequencies (>3500Hz) with 
a corresponding reduction in suppression at lower 
frequencies (<2500Hz). 
 
4. CONCLUSIONS 
 

The auxetic nanopanel’s purpose is to provide 
absorption of unwanted acoustic noise, for example 
in aircraft traffic. Conventional noise absorbers 
suppress acoustic energy in a narrow frequency 
band. Their use is motivated by the fan (or 
compressor) noise source that is characterized by 
discrete tones. 

The design of the acoustic absorbers for jet 
engines must take into account the characteristic 
noise sources (fan, compressor, struts) and flow field 
in the engine’s duct which vary widely over the 
operating range of the engine.  

We think that the auxetic nanopanels would yield 
significant advantages in terms of weight, cost, ease 
of manufacture, and environmental impact. This 
kind of nanocomposite is currently generating a 
great deal of interest due to their potential cost 
effective advantages in barrier properties. 

This paper presents an investigation of the 
acoustic suppression by auxetic nanopanels. We 
have studied the influence of the auxetic components 
on the acoustic reduction and the width of the 
frequency band of the reduction. The acoustic 
attenuation results show that the auxetic core has a 
significant impact on the acoustic attenuation 
performance of the panel. The results show clear 
improvements of the noise suppression for the high 
and lower frequencies. 

Moreover, the acoustical behavior of certain 
materials can be explained by auxeticity. For 
example, in the graphene sheets, the C–C bonds 
deform as an auxetic component.  

Auxetic structures expand when pulled along one 
direction, having a counter intuitive deformation 
behaviour compared with classical materials. 
Another property of the auxetic foam, which is not 
yet understood, is that it turns from hard to soft and 
vice versa on exposure to external stimuli, such as 
water. The material mimics the skin of sea 
cucumbers.  
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