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Polymeric materials, cellular flexible — Determination 
of air flow permeability

0 Introduction

The air flow permeability of celiuiar materials indicates, in an 
indirect manner, some of their structural properties. It may be 
used to establish correlations between the structure of these 
materials and some of their physical properties. It also enables 
Identification of the modifications to  cellular structures pro­
duced by chemical agents used in foaming, for example 
catalysts or surfactants.

This International Standard is, therefore, useful for two pur­
poses:

a) in studying the structure of cellular products in connec­
tion with their physical properties and their method of 
manufacture;

b) in ensuring product quality (quality assurance).

NOTE — Details o f publications relating to  flow  behaviour in both 
laminar and turbulent conditions are given in a bibttography.

1 Scope and field of application

This International Standard specifies a method for the deter­
mination of the permeability of flexible cellular polymeric 
materials to air flow.

It Is applicable to  test pieces cut from products of celiuiar 
material.

NOTE ^  ISO 7231, Polymeric materials. Cellular flexible — Method o f 
assessment o f air flow value a t constant pressure drop.^^ specifies a 
simple quality control method which is also based on the flow  o f air 
through cellular materials. This can be used when it is not the intention 
to calculate the intrinsic properties o f various materials In order to com­
pare them, but merely to control the quality o f a given cellular material.

2 References

ISO 471, Rubber — Standard temperatures, humidities and 
times for the conditioning and testing o f test pieces.

ISO 8^ ,  Cellular rubbers and plastics — Determination o f ap­
parent density.

3 Principle

Passing air under controlled conditions through a test piece in 
the form of a cylinder or parallelepiped. Measurement of the 
pressure drop between the two free faces of the test piece.

4 Symbols and terminology

4.1 Air flow  permeabiUty, K, is given by Darcy's law {see 
figure 1), which describes the air flow in a homogeneous and 
isotropic (see note ^) porous medium under laminar flow condi­
tions (see note 2 ) by the equation

Qy K  Ap
u =  —  = ■'

A rj d

where

u is the linear air flow velocity, in metres per second;

Qy is the volumetric air flow rate, in cubic metres per 
second, crossing the test piece;

A  is the right cross-sectional area, in square metres, of the 
test piece;

K  is the flow permeability, in square metres, of the porous 
medium;

Ap is the pressure drop, in pascals, across the test piece; 

rf is the dynamic viscosity, in pascal seconds, of air; 

d is the thickness, in metres, of the test piece.

NOTES

1 For anisotropic materials, it is necessary to define the direction of 
the flow.

2 For the flow  o f air to be laminar in the interior o f the porous 
medium, it  is necessary for the fotlowtng conditM^^s to  be fu lfilled:

Re
V

where

is the modified Reynolds number;

V is the kinenriatic viscosity, in square metres per second, of a ir;



rj is a limiting value depending on the structure o f the product, (n 
the absence of precise data on this subject, it is sufficient to use 
several very low air flow  rates o f the order o f centimetres per 
second, on b «nsle tvps of material, to  verify that K  does not vary 
or varies only slightly, w ith changes in u (see 9.Y).

4 .2  Specific air flow  resis tance, R^, is a parameter derived 
from the permeability of a material, used particulariy tn the field 
of acoustics, and is derived from permeability by the equation

* K

It is expressed in pascal seconds per square metre (Pa'S 'm ~^).

4.3 Air f  iow resistance, R, is related to  the thickness of the 
material 6, whether it is homogeneous or not (it may even con­
sist of a skinned surface or a coating which is more or less 
porous, such as paint etc.). If the material is homogeneous it is 
proportional to the specific air flow resistance by the relation­
ship

R  = <5/?,

In every case, R  can be derived directly from Darcy's law which 
is then written

u =

The inverse relationship R^ ~  R /6  can only be used to calcu­
late R  if the material is homogeneous.

Air flow resistance is expressed in pascal seconds per metre 
(Pa-s*m“ )̂.

5 Apparatus

The apparatus c o r ^ t s  of a m ea^iren^nt cell ir\to which the 
test piece may be placed, and means for production of a steady 
flow of air, for measuring the volumetric air flow rate, for 
measuring the pressure drop and for measuring the thickness 
of the test piece when positioned for the test.

An example of a suitable apparatus is shown schematically in 
figure 2 .

It shall include the following elements.

5.1 M e a s u re m e n t ce ll

The measurement cell shall be in the shape of a parallelepiped 
or a cylinder.

An example of a cylindrical measurement ceil Is illustrated in 
figure 3.

If the shape is cylindrical, an internal diameter between 50 and 
120 mm is suitable (cross-section between 2 0  and 110 cm^).

For parallelepipeds, the preferred cross-section is a square of 
side between 45 and 105 mm, corresponding to the same limits

The total height of the cell shall be at least 100 mm greater than 
the thickness of the test piece. For tests other than for quality 
assurance, it is useful to  make allowance for the use of test 
pieces of differing thicknesses, not exceeding half the total 
height of the measurement cell.

NOTE — Experience has shown that, for certain cellular products, it  is 
necessary to use test pieces o f thicknesses of the order of 100 mm, and 
a sufficiently deep measurement cell is therefore necessary.

The test piece shall rest inside the measurement cell on a per­
forated support positioned 50 mm above the base of the cell. 
This support shall have a minimum open proportion of 70 % of 
its overall area, evenly distributed.

The tapping points for the measurement of pressure and air 
flow shall be leak free and arranged below the level of the per­
forated support.

NOTE — Calculations In 8.6 are facilitated if  the area o f the test piece is 
standardized at 25 or 100 cm^ (56,5 or 113 mm diameter; square of 
side 50 or 100 mm). Then u, in metres per second, is equal to 400 q yor  
100 4 (/depending on whether the small or the large test piece is used. 
Calculations in clause 9 are facilitated if the area of the test piece is 
standardized at 18,5 crr>2 (48,5 mm diameter; square o f side 45 mm) 
and the thickness o f the test piece is 100 mm. Then

K  * QV

Ap

5.2 Mear)s o f p rov id ing  a ir f lo w

5.2.1 Source

It is recommended that pressure depression systems, of the 
water reservoir or vacuum pump type, should be used. Alter­
natively, pressurization systems (air compressor, etc.) may be 
used. Whatever source is used, the installation shall permit fine 
control of the flow and shall ensure the stability of the flow in 
the lower part of the test cell.

5.2.2 C haracteristics of th e  flow

The source shall provide a  volumetric air flow rate, q y , equal to 
uA cubic n itre s  per second.

The area chosen for the cell, A , shall be within the limits in­
dicated in 5.1 and the source shall permit air flow velocities up 
to  50 mm-s"^ to  be obtained.

For example, for cylindrical specimens of diameters between 50 
and 120 mm, and with an air flow velocity of the order of 
1 0 “ 2 m-s~ ̂  the volumetric air flow rate through the apparatus 
will be approximately between 1 dm^-min~^ and 7 dm^-min” ’. 
The source shall have sufficient stability so that the instan­
taneous volumetric air flow rate may be estimated to better 
than ±2,5 %, and so that the change in flow rate with time 
does not exceed 1 % per minute.

5.3 M eans o f  m easuring  vo lu m e tric  f lo w  rate

The instrument for measuring the volumetric air flow rate shall 
be placed between the source and the test piece, as close as 
possible to the test piece. It shall be selected from a type

of cross-sectional area as for the cylindrical shape.  ̂ capable of measuring the values of flow indicated in 5.2.2.
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Downloaded; 2015-04-:?0

2  Sifigle user licence oniy, copying and neivvorking prohil>j|eii



The arrangement used shall permit measurement of the flow 
with an accuracy of ± 2  % of the full scale value.

The arrangement may be. for example, an assembly of flow­
meters arranged in parallel, one of which can be selected to suit 
the required range of measurement.

The flown^ter used for any measurement shall allow reading of 
the volumetric air flow rate at a graduation between 20  and 
100 % of the full scale value of the meter.

Calibrated flowmeters with a scale at least 250 mm long are 
recommended.

S.4 M e a n s  o f  m e a s u r in g  p r e s s u re  d ro p

The apparatus used for measuring differential pressures shall 
permit measurements of pressure drops as small as 1 Pa. In­
clined water or alcohol manonrieters or any other apparatus 
allowing readings with an accuracy of 0,5 Pa may be used.

By analogy, in the case of a test piece which is a rectangular 
parallelepiped of side L , in millimetres, after cutting, the side of 
the right cross-section of the measurement cell being Lg, in 
millimetres, then the relationship required is

Z. = (/.^ + 21 ± 1

6.2.2 Thickness

The thickness of the test piece shall be chosen to obtain 
pressure drops measurable under optimum conditions (see 8 .8 ) 
and to suit the usable depth of the measurement cell (see 5.1).

If the test pieces available are not sufficiently thick to  produce a 
suitable pressure drop, not more than five test pieces, chosen 
in the same way, may be superimposed. In general, thicknesses 
between 50 and 100 mm are sufficient.

6.3 P re p a ra tio n

5 .5  M e a n s  o f  m e a s u r in g  t e s t  p ie c e  th ic k n e s s

For materials of sufficiently high density to  possess well- 
defined surfaces and v^ich are to  be measured in the uncom­
pressed state, the thickness of the test piece shall be measured 
in place in the holder with an accuracy of at least 1 %. A 
suitable means of doing this is to use the thickness measure­
ment device shown In figure 3. This device consists of a per­
forated plate with a minimum open proportion of 70 % of its 
overall area evenly distributed, which may be brought pro­
gressively into contact with the test piece. This plate shall be 
parallel with the support plate.

6.3.1 For tests intended to provide values of permeability or 
specif)c resistance, eliminate all surface skin or unevenness on 
the surface of the product (to ensure that the test piece will be 
planar and homogeneous). For tests for other purposes, cut 
test pieces from the product submitted for testing.

8.3.2 Adequate means of cutting the test pieces shall be used 
(for example a band-knife with moving table, cutting guide 
etc.) to ensure the necessary accuracy of the lateral dimensions 
{6.2-1). The faces through which the flow takes place shall be 
parallel to within ± 1 mm and shall not be cut by hot wire.

NOTE — If It is wished to make measurements upon test pieces in a 
partially compressed state or those which have ill-deflned surfaces, this 
device should be used to set and measure the thickness of the test 
piece while it is in position to an accuracy of at least 1 %.

6 Test pieces

6.1 S h a p e

The test piece may be a cylinder or a parallelepiped, according 
to the type of measurement cell available.

6 .2  D im e n s io n s

6.2.1 Lateral dim ensions

Because of the elasticity of the materials for which this method 
is intended, tt is necessary for test pieces to  be prepared with 
lateral dimensions slightly larger than those of the measure­
ment cell, in order to ^iminate leaks along the sides of the cell.

The tolerance on diameter shall be ± 1 mm.

If Df. is the internal diameter, in millimetres, of the cell and D  is 
the cut diameter, in millimetres, of the test piece, then the rela­
tionship required is

6.3.3 Weigh the test piece.

6 .4  N unnber o f  t e s t  p ie c e s

For quality assurance purposes, reference shall be made to the 
specifications relating to  the particular product being tested, if 
the tests are intended to  characterize the structure of a cellular 
product, at least three samples shall be taken, from each of 
which four test pieces shall be cut-

7 Testing conditions

The tests shall be carried out under conditions as specified in 
ISO 471.

Materials shall only be tested after property stabilization. If the 
nature of the polymer requires wet-knife cutting, the test pieces 
shall be dried before testing commences.

8 Procedure

8.1 Place the test piece, prepared as described in clause 6 , in 
the measurement cell.

8 .2  Ensure that the edges are properly sealed.



8.3  Bring the device for measuring the thickness of the test 
pieces Into contact with the upper surface of the test piece, 
compressing it lightly if necessary.

8.4 Note the thickness and use this measurement to  deter­
mine the free or the compressed volume and from this derive 
the free or the compressed density of the test piece when in 
position.

8.5 With all valves to  manometers closed, slowly establish 
the air flow by opening the appropriate valve.

8 .6  Change the flow rate through the test piece progressively 
until the desired rate is obtained and calculate the velocity from 
the equation

Sum m ary  tab le

u ~ I t :
A

8.7 Measure the corresponding pressure drop,

8 .8  Carry out measurements of for five different values of 
air flow v ^ c ity , these velocities being such that conditions of 
laminar flow are obtained. If these flow velocities do not allow 
accurate measurement of ^  to  be made, increase the 
thickness of the test pieces.

NOTE — If measurements for quality assurance o f a known product 
are being carried out, this procedure is not necessary.

9 Calculation and expression of results

9.1 For h o m o g e n e o u s  t e s t  p ie c e s

For each test piece, calculate the air flow pern>eability from the 
equation

NOTE — The dynamic viscosity;; o f air at 23 ®C Is 1,85 x  10“ 5pa.s.

If it is wished to express the results in terms of the specific air 
flow re»stance, calculate this characteristic from the equation

u 6

In reporting the results, the dimensions of the test piece, 
measured when in position for the test, shall be indicated 
together with the corresponding apparent density of the 
product.

Draw a graph of AT as a function of u.

For research purposes, and in order to  draw up specifications 
appropriate to each material, the result may be shown in dif­
ferent ways:

a) for quality assurance for a given material, it is sufficient 
to choose a single value of flow velocity, the summary table 
then consisting only of the first line of results;

if studying a new material, or for particular applications, 
K  should be examined for the maintenance of a substantially 
constant value within any part of the field of variation of u, 
and this value used as representative of the material.

In both cases, the result shall be given in the form of a mean 
value K, to tM« significant figures.

For the former purpose, the arithmetic mean value K  obtained 
on the group of test pieces, together with the mean value of the 
apparent density, pg, shall be given and a note made of the air 
flow velocity used for the test.

Example; ^  =  4,0 x 1 0“

u =5 0 ,0 1 0  m -s“ ’ ; -  K k g  m"^.

For the latter purpose, the arithmetic mean value of K  obtained 
on the group of test pieces within a given range of velocities 
shall be quoted together with the mean value of the apparent 
density,

Example: ^  =  2,5 x 10"“*® m^;

for 0,0C^ < M < 0,02 m -s~ ^ : =  40 kg-m -^.

The results can equally well be expressed in terms of the 
specific resistance i?. Instead of K . If K  is being determined for 
acoustic purposes, the value of K  or extrapolated graphically 
to a veloclty_of 0,50 mm'S~^ shall be shown if a significant 
variation of K  is observed within the range of velocities under 
consideration.

See 4.2 for explanation of the symbols and units.

Using the results obtained on the group of test pieces, com­
plete a summary table, as shown below, in which the entries 
are completed by calculated nrtean values of permeatMIity for 
each flow velocity. {A similar table can be drawn up expressing 
the results in the form of sp«;if»c resistances, R ^ , R . ,  R . ,  
etc.) Licensed to‘ kAN SaR A.‘ i
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9.2 For n o n 'h o m o g e n e o u s  t e s t  p ie c e s

In this case, the calculation of K  or is meaningless and the 
air flow resistance /? shall be calculated for each test piece from 
the equation

K M r u
A  Ap 
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The requirements of 9.1 shall be observed when considering R 
instead of Ji, (or K ).

9.3 Precision

Experimental data on the precision of results are not yet 
available.

10 Test report

The test report shall contain the following information, in addi­
tion to the results calculated for the test pieces as described in 
clause 9 {in particular, the summary table and corresponding 
graph, if any) and their mean as well as other statistical 
parameters (standard deviation etc.) if these are den^nded by 
the product specification:

a) the nature of the product and its apparent density as 
measured by ISO 845;

b) a reference to this International Standard ;

c) the test conditions used, particularly the shape and 
dimensions of the measurement cell;

d) the method of preparation of the test pieces;

e) the number of test pieces and their lateral dimensions;

f) if necessary, the orientation of the axis of the test pieces 
with respect to  the principal axes of symmetry;

g) the presence and nature of any skin;

h) the thickness and density of the material as tested ;

j) any deviation from the procedures specified in this 
International Standard which may have influenced the 
results.

A p  = P b - P a

Rgure ^ Basic principle o f the test (according to  Darcy's laws)



Rgure 2 ~  Schematic diagram o f an air flow  permeability apparatus

Dimensions in miiiimetres

Piston with thickness 
indicator (see 5.4)

To manometer

Test piece support: 
griU or perforated piate 
(open proportion; 70 %)

Seal

To flowmeter

(cyiindrical section)
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