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A B S T R A C T :  An experimental study and a numerical simulation were conducted 
to investigate the mechanical and thermodynamic processes involved in the inter- 
action between shock waves and low density foam. The experiment was done in a 
stainless shock tube (80 mm in inner diameter, 10 mm in wall thickness and 5 360 mm 
in length). The velocities of the incident and reflected compression waves in the foam 
were measured by using piezo-ceramic pressure sensors. The end-wall peak pressure 
behind the reflected wave in the foam was measured by using a crystal piezoelectric 
sensor. It is suggested that the high end-wall pressure may be caused by a rapid 
contact between the foam and the end-wall surface. Both open-cell and closed-cell 
foams with different length and density were tested. Through comparing the numer- 
ical and experimental end-wall pressure, the permeability coefficients c~ and fl are 
quantitatively determined. 

K E Y  W O R D S :  shock tube, interaction of shock wave with foam, end wall pressure, 
velocities of incident and reflected compression waves, numerical simulation 

1 I N T R O D U C T I O N  

The study of the interaction of shock waves with porous mediums has important in- 

dustrial applications such as, the design of the safety shells for prevention from explosion, 

porous structures for noise reduction in high speed railway tunnel, underwater shock wave 

interaction with soft organs in human body, etc.[ 1~4]. The study is also related to the ther- 

modynamic processes with interactions between shock wave, bubbly liquid, dusty or mist 

flow. The experiment of the impact of shock on foams using shock tubes has the advantages 

of high accuracy, controllable ability, repeatability, so that  it is often used to simulate an 

idealized model of shock-foam interaction[ 5]. As a good example, with the aid of the shock 

tube theory, Gelfand et al.[61 first obtained correct experimental results of a foam screen 

after a shock wave passed through it. 
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The experiment of Gelfand et al.[6] was repeated by Gvozdeva et al.[7] in a shock tube  

as well as in a gas detonation tube, They found tha t  the end wall pressure after the shock 

wave was reflected at the end of the tube which was occupied by the foam, could be as high 

as 4 times of the wave reflection pressure P5 if the tube  was empty. The same phenomenon 
was also found by Skew et al. is] in a rectangular shock tube. In fact, not only the high 

end-wall peak pressure occurred in foams, but  also it occurred in a bubbly  detonable liquid 
shock tube  (Zhang et al.[9]). Therefore it has become crucial to know the mechanism of the 

phenomenon. 

Based on the theory of bubble dynamics, Gvozdeva et al.(in Korobeinikov [1~ ) proposed 
an analytical model to indicate tha t  the process of a shock wave propagat ion and reflection 

in a foam was between an isothermal and an adiabatic process. The high end-wall pressure 

is considered due to the bubble heating under the compression of shock. However, in the 
numerical simulations of Baer [11] and Kitagawa et al.[12], they thought tha t  the high end-wall 

pressure was caused by the elastic rebound of the compaction foam. Unlike the approaches 
of Baer [11] and Kitagawa et al.[12] Olim et al.[13] performed a numerical simulation of the 

pressure profiles of a reflected wave in foams by assuming the foams were infinitely weak 

and the heat transfer between the gas and skeleton of the foams was extremely effective. 
Their  numerical results are very close to the experimental  pressure profiles by Skew et al is]. 

Nevertheless, the nature of their consideration is actually the same as the model of Gvozdeva 
et al.[lo] since the t rea tment  of Olim et alfl3] of the solid phase of the foam is the same 

as t reat ing the condensed mat te r  as a dense gas [14]. The mixture of air and the dense gas 

has a high value of specific heat ratio % Then under the compression of a shock wave, the 

end-wall pressure quickly reaches a high peak value via an adiabatic process of p = const.p "r, 

where p, p are the pressure and density of the mixture. 

Although with a relatively clear concept on the heat transfer and aerodynamic drag 
between the gas and solid phases of foams, Olim et al. [13l suffer the following problems in 

their simulation: (1) the s tandard for choosing the values of the important  permeabili ty 

coefficients a and/3  of foams was unclear; (2) the conditions considered in the numerical 

simulation might not be exactly the same as the experimental  data  obtained by other people. 

This paper  shows a combined research of experiment with computat ion with the aims of 

providing more da ta  in the database of a and j3 as well as revealing the mechanism of the 

high end-wall pressure. 

2 E X P E R I M E N T  

The shock tube for the experiment is schematically shown in Fig.1. It  consists of a 

high pressure section (driver section) P4, a low pressure section (driven section) P1 and 

a diaphragm coupling. The shock tube  is made of stainless steel with inner diameter of 
80 mm,  outer diameter  of 100 m m  and a total  length of 5.36 m. The rupture pressure ratios 

with various combination of P4/P1 can be realized in this apparatus.  The pizeo-ceramic 

pressure transducers (CHI,,~CHh) are for measuring the velocity of shock wave in air or the 

velocity of compression wave in foams. The piezo-crystal pressure transducer (CH6) is for 
measuring the pressures of shock wave and compression wave reflected from the end wall. 

The distance from CH1 to the position of the diaphragm coupling is 255 cm. The distance 
from CH5 to the end wall position (CH6) is 92 ram. The transducer CH6 is fixed in the end 
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wall flange by a brass adopter. Before the foam experiment, 80 mm-dia, foam cylinders are 
inserted into the shock tube from this end part  when the flange is detached. 

The measurement system for detecting the pressure signals is located at the end part  
of the shock tube. Before the shock impacts on the foam, its velocity is measured by 
the transducers CH3 and CH4. The velocity value can be directly read from a personal 
computer that  is connected to the transducers through charge amplifiers, reverse amplifier 
and logic analyzer. The charge amplifiers (YEC-5852, made in China) are for transforming 
the electric charge into electric voltage. The logic analyzer (maximum frequency 200 MHz, 
ASCOM Co., Ltd.) is for converting the analog voltage signal into the digital signal. Because 
the outputs of the charge amplifiers are negative voltages while the logic analyzer requires 
an input of positive voltages, a reverse amplifier is put  between them [15]. The velocities of 
the compression waves in the foams are measured by the transducers CH5 and CH6 which 
are connected to an oscilloscope (Hewlett Packard 52520A). Shock waves are dissipated in 
foams so that  their pressure profiles are no longer stepped. Reference [5] has introduced the 
method that  how to determine velocities of the compression waves in foams: 

Table 1 shows the four kinds of testing foam cylinders with different length. The density 
of the foam varies from 14.4 kg /m 3 to 54.6 kg/m 3. Foams (1)~(3) are closed-cell compressible 

Table 1 P r o p e r t y  and  length of  f o a m s  

Closed-cell type Open-cell type 
Foam (1) Foam (2) Foam (3) Foam (4) 

material ether ether ether ether 
length/mm 300 300 200 150 100 80 300 300 100 

apparent density/(kg.m -3) 14.4 4- 0.2 22.5 4- 0.3 54.6 4- 0.4 24 4- 0.3 
hardness/N 83.3 4- 19.6 117.6 4- 19.6 539.0 4- 29.4 - -  

elongation percentage/% 130 130 80 130 
tensile strength/(N.cm -2) 4.9 4.9 11.8 0.8 

cell number/25 mm - -  - -  - -  16,,,25 
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foams. Foam (4) is an open-cell compressible foam. The purposes of use of bo th  closed-cell 
and open-cell foams are for clarifying whether there is an effect of the t ransmit ted  shock 

wave on the end wall pressure as well as for providing sufficient experimental  data  for the 

numerical simulation. In all the experiments of this paper,  P4 of the driver section is the 

high-pressure nitrogen gas and/~ of the driven section is the atmosphere of air. A shock 

wave is generated as soon as an aluminum diaphragm at the diaphragm coupling is suddenly 

broken if the pressure of the high-pressure nitrogen gas reaches a rupture pressure. 

3 N U M E R I C A L  A N A L Y S I S  

Assuming that  the foam is infinitely weak as suggested by Olim et al.[13], the conserva- 

tion equations describing the flow field of the one-dimensional shock interaction with foam 

can be given as 
OQ/Ot  + O F / O x  = H (i) 

where 
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The parameters  e , m , p , u  and P are the energy, momentum,  density, velocity and 
pressure of the mediums. The  subscripts g and s represent the gas and the solid phases of 

the foam. The parameters  describing the interaction between the two phases are given in the 

vector H ,  where m + is the rate of the momentum adding to the mediums and e + is the g(s) g(s) 
rate  of energy adding to the mediums. Because of the energy and momentum conservation 

m+ = -m+ e+ = -e+ (3) 

The rate of momentum adding to the gas phase from the foam ms + is described by the 
Forchheimer relation [I], that is 

m~ + = r (Ug - u s ) [ a , g  + ~pglug - usl] (4) 
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where c~ and/~ axe called the permeability coefficients, c~ is the Darcy viscous coefficient and 
j3 is the inertial coefficient. Their values will be determined by comparing the numerical 
results with the measured end-wall pressure profiles. In Eq.(4), Cs and/~g are the volume 
fraction of the solid phase and the gas viscosity, respectively. 

Equation (1) is solved by the operator splitting technique [16], namely, sepaxat ingthe 

equation into a homogenous and a non-homogenous parts 

oQ/ot  + OF/Ox = 0 (5) 

OQ/0t = H (6) 

Equation (5) of the homogenous part describing the flux t ransportat ion is solved using 
TVD differential scheme and Eq.(6) of the non-homogenous part  describing the interaction 
between the two phases is solved using the modified Euler method [15,17]. 

4 R E S U L T S  

4.1 E n d - w a l l  P r e s s u r e s  
Figure 2(a) shows typical pressure profiles measured from the side-waU pressure trans- 

ducer CH5 and the end-wall pressure transducer CH6 for the closed-cell foam (2) with 
density p -- 22.5 kg/m 3, length L -- 300mm and the Mach number of the incident air shock 
wave ~Ma = 1.417. The pressure at CH5 experiences two steps which axe the signals of 
the incident and reflected compression waves fronts when passing through the foam. The 
end-wall pressure at CH6 experiences a sudden increase to a peak value, a decay to a valley 
and then a recovery to a pressure plateau that  approaches to the pressure behind the re- 
flected compression wave. The peak value of the end-wall pressure Pw has reached almost 
1 MPa and its ratio to the reflected shock wave pressure in air PR is P w / P R  = 2.29. The 
end-wall pressure starts to decay at the time when the reflected compression wave arrives 
at the position of CH5. Since from CH6 to CH5 the reflected compression wave has only 
traveled less than one-third of the foam length of 300 mm and has not reached the free end 
of the foam, it is unlikely that  the pressure decay is caused by the release wave coming from 
the free end of the foam. 

Figure 2(b) shows another case of the open-cell foam (4) with density p = 24kg/m 3, 

length L = 300 mm and the Mach number of the incident air shock wave M a  = 1.412. 
Although the experimental conditions of Figs.2(a) and 2(b) are very similar except the cell 
structure, it is found that  from Fig.2(b) the compression waves experience quite different 
processes in the open-ceU foam. For the end-wall pressure, the peak value becomes less 
and the pressure profile takes a triangular shape. The pressure increases slowly to the peak 
and decays slowly directly to a pressure plateau of the reflected compression wave recorded 
by CH5. The pressure valley and pressure recovery in the decay process of the closed- 
cell foam are no longer observable for the open-ceU foam in this case. Of course, at an 
increased incident shock wave Mach number, the pressure valley and pressure recovery can 
still be found in the open-cell foam. Furthermore, the pressure profile of CH5 shows that  
the pressure fronts of the incident and reflected compression waves are damped so that the 
pressures increase smoothly. This is in agreement with the Schlieren optical observation of 
Teodorczyk and Lee [ls] who indicated that  open-cell foams axe more effective in detonation 
attenuation' than closed-cell foams and rigid porous materials. 
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Fig.2 Pressure profiles of the compression waves in the closed-cell and the 
open-cell foams. Foam lengths L = 300 mm 

The measured peak values of the end-wall pressures of the foams with a same length 
L =300 mm but with different density and cell structure are all collected in Fig.3(a). The 
theoretical reflected air shock wave pressure PR is also plotted in the figure. It is obvious 
that  the end-wall pressure in the foams Pw increases with the incident air shock wave Mach 
number Ma much faster than PR and the ratio of Pw/PR is equal to 4.4 when Ma = 1.665. 
Figures 2(a) and 2(b) show that  Pw of the open-cell foam is less than that  of the closed- 
cell foam, but according to the results shown in Fig.3(a), the cell structure of the foams 
does not seem an important factor influencing the peak value of the end-wall pressure in a 
wide range of air shock wave Mach number Ma. The measured peak values of the end-wall 
pressures of the foam (2) with different length of 80, 100, 150, 200 and 300 mm are given in 
Fig.3(b). It is found that  the variation of foams length L does not play an important role 
in influencing the end-wall pressure Pw. However, the density and length of the foams are 
found to influence the durations of the end-wall pressures as shown in Figs.4(a) and 4(b). 
The duration increases with the increase of the density and the length hut with the decrease 
of the Mach number of the incident air shock wave. Actually, it is seen in Fig.3(a) that  for 
close-cell foams, the foam with larger density produces a greater end-wall pressure. 
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Fig.3 Non-dimensional end-wall pressure of foams (/1 =0.1 MPa) 
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To understand the mechanism of the end-wall pressure further, an experiment shown 

in Fig.5(b) was conducted, i.e., the foam end had an air gap G of 5 mm from the end wall of 

the shock tube before the shock loading. Both closed-cell and open-ceU foams were tested. 

The results are shown in Figs.6(a) and 6(b). Comparing Fig.6 with Fig.2, it is known that 

experiments of Figs.5!a) and 5(b) give identical results. Namely, the high peak value of the 

end-wall pressure must be mainly caused by the direct contact between the foam and the 

surface of the transducer. It is because of the mechanism of contact mechanics, the heating 

generated in the shock compression of the open-cell foam is a competing factor with the 

contact force since the local high temperature softens the foam as well as the surface of the 

(~) 

:I 
shock tube shock wave 

(b) 

CH5 ~_~ 92 

-n 

CH6 

CHS 

L G 

CH6 

Fig.5 Experiments on the end wall pressure after a shock wave passing through a low density 
foam in a shock tube. (a) The foam is in contact with the end wall of the shock tube; 
(b) There is a gap of air between the foam and the end wall. The length of the foam 
L is 300 mm in (a) and (b). The gap G -- 5 mm 
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transducer. Therefore, in the build-up process of the end-wall pressure, the air heating 
makes the pressure grows slowly and once the pressure is built up the air heating helps to 

maintain the thermodynamic  state.  This is why the growth and decay of the pressures in 

the open-ceU foam are slow, as shown in Figs.2(b) and 6(5). 
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Fig.6 Effect of an air gap between the foam and the end wall on the pressure 
profiles of the compression waves. Foam lengths L = 300 mm 

4.2  V e l o c i t i e s  o f  t h e  C o m p r e s s i o n  W a v e s  in F o a m s  

The variations of the pressure profiles of CH5 and CH6 with the incident Mach number 
M a  are shown in Fig.7 (Foam (1), p = 14 .4kg /m3,L  = 300mm).  The end-wall pressure 

pulse increases its peak value and decreases its durat ion with the increase of M a .  These are 
shown in Figs.3 and 4. CH5 records the incident and reflected compression waves but the 

pressure jumps of these wave fronts are not so sharp when M a  = 1.294 (Fig.7(a)) and they 

become sharp when M a  = 1.4 (Fig.7(b)). For larger Mach numbers of M a  = 1.577 and M a  = 

1.674, the variation tendencies of the profiles are identical (see Figs.?(c) and 7(d)). Even the 
density of the foam is increased to p -- 54.6 k g / m  3, the shape pressure jumps at CH5 appear  
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Fig.7 Variation of the pressure profiles of the compression waves with the incident 
shock wave Mach number Ma. Foam (1) and L = 300mm 
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Fig.7 Variation of the pressure profiles of the compression waves with the incident 
shock wave Mach number M a .  Foam (1) and L = 300mm (continued) 

only when the incident Math number M a  is increased to be close to 1.4 (Fig.8(b)). However, 
with the increase of density, the end-wall pressure with double peaks appears (Figs.8(a) and 
8(b)). The double peak structure disappears for larger Mach number of M a  = 1.567 and 
M a  = 1.655 (see Figs.8(c) and 8(d)). The double peak structure is thought to be due to the 
elastic rebounding since the elasticity of foam is greater if its density p is increased. 

0.8 

0.6 

0.4 

$ 
~ =  

"~ 0.2 

I ! ! I I I I I I 

...... CH5 h/~ 

I I I I I ' ' ' i 

5 
time/ms 

(a) M a  = 1.304 

0 

3 , , | I i I i I ' I I 

--'--~- CH5 

0 ! m ! �9 ' �9 ' �9 | �9 | . m o 

0 1 2 3 4 5 6 

time/ms 

(c) M a  = 1.567 

10 

1.5 

1.0 

0.5 
e ~  

0 
0 

3 
n, 

2 �84 
" 9  

c ~ l  

7 0 

I I I I I I I 

...... CH5 

CH6 ~ ~ , .  

I I I I i i i 

2 4 6 
time/ms 

(b) M a  = 1.399 

, I , I , I , a , I �9 

...... cH6CH5 ~ 

I 

�9 ' I I " U  . I . l �9 

1 2 3 4 5 

time/ms 

(d) M a  = 1.655 
Fig.8 Variation of the pressure profiles of the compression waves with the 

incident shock wave Mach number Ma. Foam (3) and L = 300 mm 



Vol.18, No.3 Shi Honghui et al.: Interaction between Shock Waves and Foams 297 

Figure 9(a) shows the measured relationship between the velocity of the incident com- 
pression wave [7I and the incident shock Mach number M a  for the four kinds of foams. The 
wave velocity in the open-cell foam (4) is close to tha t  in the closed-cell foam (3) but  has 
a lower increasing r a t e  with M a  ~ expected. An interesting phenomenon is that  for the 
closed-cell foams, with the increase of the foam's density, the wave velocity is decreased. If 
the sound speed of the porous foam is defined by a = ( E / p )  1/2, where E is the Young's 
modulus of the foam, the sound speed can be decreased for a larger p when E keeps constant. 
It is reasonable to estimate that  for the low density foams in this experiment, their stress- 
strain relationships should be identical although the density changes the local mechanical 
behaviors during the wave reflection at the end wall such as the double peak structure and 
higher value of pressure, longer duration, etc. The experimental da ta  are treated by the 
least square method and the approximate relationships are 
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Fig.9 Velocity of incident compression wave 

Figure 10(a) shows the measured results of the velocity of the reflected compression 
wave [JR for various incident shock Mach number M a .  Although the data deviate somewhat 
in comparison with UI, it is important  to find that  the reflected wave velocity UR increases 
significantly with M a .  A reflected air shock wave does not change its velocity so much as 
the increase of M a  [5l. Therefore, the wave reflection process in a foam at a wall is associated 
with the  elastic rebounding mechanism [11] . 

The  influence of the foam cylinder length L on the incident and reflected compression. 
wave velocities UI and UR is shown in Fig.9(b) and Fig.10(b), respectively. It is under- 
standable that  the incident wave velocities are identical in the foams with different lengths 
because they are exactly the same material. However, the reflected compression wave veloc- 
ities are different from each other (Fig.10(b)), that  is, UR becomes smaller with the increase 
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of L. This result is not fully understood yet, which may be related to the influence of 

the length on the duration of the end-wall pressure shown in Fig.4(b). For the 100 mm 

length foam cylinder, after the impact of the air shock wave, the free end of the foam was 

quite possibly compressed behind the position of CH5 which is 92 mm from the end wall so 
that  the measured time interval was shorter than the actual propagation time in the foam. 

Nevertheless, it was unlikely that the free ends of the 150 mm and 200 mm length foams 

were all compressed over the position of CH5. The experimental data of the foams with 

150mm and 200 mm lengths obviously depart from those of the foam of 300mm length. 

The approximate relationships between UR and M a  obtained by the least square method 

F o a m ( l ) :  UR = 

Foam(2) : UR -- 

Foam(3) : UR = 

Foam(4) : UR = 

316.69Ma - 228.62) m/s  

314.43Ma - 276.65) m/s  

293.95Ma - 269.41) m/s  

239.01Ma - 226.01) m/s  

(8) 

a r e  

4.3 Comparison be tween  the Numerical  and Experimental  Results  
The effects of the permeability coefficients a and ~ on the results of the numerical 

simulation are shown separately in Figs. l l (a)  and l l (b) .  In Fig. l l (a)  when a = 5 • 101~ -2 

and in Fig . l l (b)  when ~ = 1 x 106m -1, the numerical end-wall pressures come close to the 

experimental results. 

Based on the above referencing data  of a and fl, the numerical results which are 

in very good agreement with the experimental results of the end-wall pressures for both 

open-ceU and closed-cell foams are obtained. Figure 12 is the case of the open-cell foam 

when M a  = 1.259, a = 2.5 x 101~ -2, j3 - 0m -1. This means that  in open-cell foams, 

the Darcy viscous coefficient a plays a more important  role than the inertial coefficient 

;3. The numerical pressure pulse climbs up some time earlier than the experimental pres- 

sure pulse. This is because the friction between the foam and the wall of the shock tube 

is not considered in the computation. Figure 13 is the case of the closed-cell foam when 

M a  = 1,253, a = 2.0 x 10 l~ m -2, ~ = 2.0 x 105 m -1. This shows the importance of consider- 

ing both the Darcy viscous coefficient a and the inertial coefficient ~ in closed-ceU foams. The 
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Numerical tests of the effect of the permeabil i ty  coefficients a and/3  on 
the computat ion of the end-wall pressure. Ma -- 1.25 and p -- 24 .0kg/m 3 
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Comparison of experimental  and Fig.13 Comparison of experimental and 
computed pressure at  the end computed pressure at the end 
wall. Foam (4), L = 300mm, wall. Foam (2), L = 300mm, 
Ma -- 1.259, a = 2.5 • 101~ -2, Ma --- 1.253, a -- 2.0•176 m -2,  
/3 = 0 m  -1 ;3 = 2.0 x 105m -1 

d i sc repancy  be tween  the  numer ica l  and  expe r ime n t a l  resul ts  in Figs .12 and  13 is a t t r i b u t e d  

to  the  a s sumpt ion  t h a t  the  foam is inf ini te ly  weak while  the  expe r imen t  shows t h a t  the  foam 

behaves  e las t ica l ly  f rom t ime  to  t ime.  

5 C O N C L U S I O N S  

T h e  present  e x p e r i m e n t a l  s t u d y  shows t h a t  t he  compress ion  wave p r o p a g a t i o n  in the  

low dens i ty  foam is very  different  f rom the  shock wave p r o p a g a t i o n  in air .  Af te r  the  impac t  

of  a shock wave on a foam cyl inder ,  the  foam d a m p s  the  shock so t h a t  the  front  of  the  

compress ion  wave in the  foam wi th  f inite w i d t h  and  lower veloci ty  is formed.  Moreover ,  an  

open-ce l l  foam is found to be  more  effective to  d a m p  the  shock wave. The  e x t r a o r d i n a r y  

th ing  is t h a t  when the  compress ion  wave is ref lected back  f rom the  foam b o u n d a r y  at  a solid 
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wail, the end-wail pressure Pw can be as high as 2 to 5 times of the reflected shock wave 
pressure in air Pa. This research suggests that the high end-wall pressure is caused by the 
local rapid contact between the foam and the surface of the pressure transducer. The air 
amount containing in the foam plays such a role that under the shock compression, the air 
heating prevents the pressure from building up but when the pressure reaches a peak value, 
the air heating supports the pressure to be maintained. 

Not only the contact mechanics is important in the wave reflection process, but also 

the elastic rebounding of foam dominates the duration of the end-wail pressure, as well 
as the velocity of the reflected compression wave. The elastic rebounding is similar to 
the mechanism of the elastic wave reflection at the end of the foam cylinder proposed by 
Baer [11], but it is found actually to be different from that. This can be understood from the 
experimental results showing the effect of the foam cylinder length. ~ It is a much possible 
structure rebounding after the foam cylinder is accelerated by an air shock wave and impacts 
on the end wall of the shock tube. The direct information on the local temperature at the 
end wall region during the wave reflection in foams is desired to clarify the mechanical and 
thermal effects on the reflection process. An attempt of measuring the transient temperature 
in the foam using a coaxial thermal couple (Meotherm Co., USA, minimum response time 
1 #s) was not successful, because the thermal couple failed in response. However, the air 
heating may not be a dominant factor since the elastic rebounding of the foam at the end 
wall is a linear process and a temperature effect is not important in a linear process. This is 
in contrast with the air shock wave reflection, where the nonlinear aerodynamic effect causes 
the temperature increases and the velocity of the reflected air shock wave does not change 
so much as the increase of the incident Mach number Ma.  

The numerical tests confirm the importance in choosing proper permeability coefficients 
c~ and ~. It is found that for the open-cell foam, the Darcy viscous coefficient a plays a more 
important role than the inertial coefficient ~; for the closed-cell foam, both a and ~ need to 
be considered. The numerical calculation can simulate the process of the wave propagation 
in foam with a reasonable accuracy. The imperfection in the numerical simulation is due 
to the assumption of infinite weak foam while the foams behave elastically. The closed-cell 
foams used in this experiment is actually composed by partially closed cells which are not 
completely closed cells because of the available test samples by the foam makers[ 15'19] . The 

foam is certainly not free from containing air. Therefore, it is necessary to standardize the 
test materials for all the researchers to get the database of the permeability coefficients c~ 

and ~. 
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