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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Paper and board — Determination of air permeance
(medium range) —

Part 4:
Sheffield method
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Note

Note

Scope

d using the Sheffield apparatus.

applicable to papers and boards which have air permeances between 0,02 pum/(Pa-s)
5) when tested with the Sheffield apparatus.

insuitable for rough-surfaced materials, which cannot be secur€ly clamped to avoid led

Normative references

following documents, in whole or in part, are normatively referenced in this docum
pensable for its application. For dated referenees, only the edition cited applies. H
ences, the latest edition of the referenced document (including any amendments) appli

| 86, Paper and board — Sampling to determine average quality

187, Paper, board and pulps — Standqrd-atmosphere for conditioning and testing and p
toring the atmosphere and conditioning of samples
Terms and definitions

he purposes of this docurhent, the following terms and definitions apply.

hair flow ratethrough unitarea under unit pressure difference in unit time, under specifie
1 to entry: Air permeance is expressed in micrometres per pascal second [1 ml/(m2-Pa:s) =1 p

2 torentry: This property is called air permeance, and not air permeability, because it is report

part of ISO 5636 specifies the Sheffield method for determining the air permeance of paper and

hnd 25 pm/

kage.

ent and are
or undated
bS.

rocedure for

H conditions

m/(Pa-s)].

ed as a sheet
kness.

prop

erty and is not standardized with respect to thickness to give a material property per unit thic

Note 3 to entry: The Sheffield unit is not defined, since it has been shown that the scale units (Sheffield units) on
different types of Sheffield instruments can correspond to different air flows, and there is no precise physical
definition. This part of ISO 5636 requires that the flowmeters be calibrated to give a flow rate in millilitres per minute.

4 Principle

A test piece is clamped between two rubber orifice plates of known dimensions. The absolute air
pressure on one side of the test piece is equivalent to atmospheric pressure and the difference in pressure
between the two sides of the piece is maintained at a small, substantially constant, value. The air flow

rate

through the test area is determined and the air permeance is calculated.

© IS0 2013 - All rights reserved
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5 Apparatus

The Sheffield apparatus, see Figure 1 for an example of one type of instrument, shall consist of an air
supply (see 5.1), an air-pressure regulating device (see 5.2), a pressure manometer (see 5.3), an air-flow-
measuring device (see 5.4) and a test assembly (see 5.5) which houses a measuring head in which the
test piece can be securely clamped.

2 3 4 5

1 —1 A — ~— v —

~
[0
<

air supply
pressurg regulator

air-flowtmeasuring device
flow impedance
shut-offfvalve
measurgment air
clamping air pressure
orifice plates

O 0 N O U1 H W N -

test piede

Figure 1 — Principles of operation of one type of apparatus

5.1 Air sypply, free frotn water, oil and other contaminants, at a pressure of 420 kPa to 950 kPa. A gmall
compresso1] using laboratory air is preferred to external compressed air.

5.2 Air-pressure regulating device, to reduce the pressure to the nominal pressure at the measyring
head of 10,3 kPa\(variable-area flow-measuring devices, see 5.4.1) or 9,85 kPa (electronic flow-measyring
devices, seel5.4.2)

5.3 Pressure manometer, with a suitable range to enable the air pressure at the measuring head to be
set to the specified pressure within 2 % of the nominal value.

5.4 Air-flow-measuring device, of either a variable-area (5.4.1) or an electronic type (5.4.2), for
measuring the air flow rate to the measuring head. The air flow rate shall be measurable to an accuracy of
+ 5 9% of the measured value.

5.4.1 Variable-area flow-measuring device, consisting of three variable-area flowmeters each having
a tapered glass column containing a metering float suspended by the air flow in the column. The three
columns shall be chosen with dimensions such that they enable measurements to be made on a continuous
scale of flow rate from 10 ml/min to 3 000 ml/min, with some overlap of scales between columns. Each

2 © IS0 2013 - All rights reserved
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column shall be provided with a means of adjusting the flow rate (float-position knob) and a means of
span calibration (calibration knob). This type of instrument shall operate at a supply pressure of 10,3 kPa.

At air flow rates greater than 1 200 ml/min, the pressure drop in the Sheffield system is substantial.
To ensure reproducibility of results, it is necessary that the tubing used to connect the flowmeter to
the measuring head be carefully controlled with a length of (1,50 + 0,01) m and an internal diameter of
(6,25 £ 0,25) mm. For the same reason, openings in valves and other fittings on the instrument shall not
be changed from those provided by the instrument manufacturer.

5.4.2 Electronic flow-measuring device, for measuring the air flow to the measuring head. The inlet

pres

sure to the measurement device shall be controlled at 9,85 kPa

NOT
have|

5.5

D The 9,85 kPa pressure is the typical pressure measured downstream of variable-area\fld
been calibrated using the air bleeds (zero and span-adjustment) to the atmosphere.

Test piece clamping device (test assembly), incorporating a detachable measuring hes

of rybber orifice plates to provide a test area of 283,5 mm2 (19 mm diameter} gonstructed s

piec

NOT

e can be clamped between the orifice plates.

) Additional sets of orifice plates may be available for the followingfotir optional test area

1 mm?2 (9,5 mm diameter);

— 1135 mm2 (38 mm diameter);

— 2550 mm? (57 mm diameter);

— 4540 mm?2 (76 mm diameter);

but

nece

ssarily double the air flow, since the specific design of the instrument means that the pressure

affedted by the test area.

5.6

Flat non-porous plate, of approximate dimensions 100 mm x 100 mm, which can

between the rubber orifice plates,to check the zero reading.

5.7

Calibration plate device, to enable the test assembly to be connected to an externa

syst¢m (see Clause 9 and Annex A).

6
If th

Sampling

e mean gudlity of a lot is to be determined, sampling shall be in accordance with IS

testg are made’on another type of sample, make sure that the test pieces taken are represen

Sam

7

ble received.

w tubes that

1d with a set
0 that a test

b:

he use of these test areas is not in accordancéwith this part of ISO 5636. Doubling the test area does not

difference is

be clamped

calibration

186. If the
rative of the

Conditioning

Condition the sample in accordance with ISO 187.

8

Preparation of test pieces

Prepare the test pieces in the same atmospheric conditions as were used to condition the sample.

Cut not less than 10 test pieces, each at least 15 mm larger in both dimensions than the diameter of the
circular orifice of the rubber plate to be used, and identify their two sides, for example side 1 and side 2.
The test area shall be free from folds, wrinkles, holes, watermarks or defects not inherent in the sample.
Do not handle the part of the test piece which will become the test area.

© IS0 2013 - All rights reserved
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If the air permeances measured on the two sides differ significantly and if this difference is required to

be shown in

9 (alibr

the test report, 10 tests are required for each side.

ation

9.1 Variable-area flow-measuring device

Calibrate the instrument against an external flow-measuring device as described in A.1, and prepare a
calibration graph or chart as described in A.2.

Calibrate th
by more thg

9.2 Elecfironic flow-measuring device

Carry out th
the calibrat]

10 Proce

Carry out t
of test piec

Tests shall
Test a mini

Check that {
reading obt]
Apply the in
the instruni
to the instr
NOTE F

Place a test
of the many

All papersa
to avoid any

11 Expre

e
Ilum of 10 test pieces, five with side 1 up and fiyve-with side 1 down.

e instrument sufficiently frequently to ensure that the reading does not deviate at any
n =5 % from the true value.

e internal adjustment of the flowmeter according to the manufacturer’s instructions. C
ion of the instrument against an external flow-measuring device as described in A.1.

dure

he test in the same atmospheric conditions as used for the conditioning and preparg
S,

performed according to instructions of the manufacturer.

he air pressure to the measuring head is correct (see 5.4.1 or 5.4.2). Check that the air
pined with the non-porous plate (see 5.6),clamped in the measurement gap is zero.

ternal adjustment procedure described in the instructions of the manufacturer freque
ent is being used for long periods (at least twice in an 8 h day), and whenever the air s
Iment is interrupted.

br daily use, it is preferable to leave the air supply on in order to minimize drift in the regulator

piece in the measuringgap and measure the air flow rate in accordance with the instruct
facturer. Record th€result. Repeat for the remaining test pieces.

possible effect of incoming air adding moisture to, or extracting moisture from, the test p

ssion of results

11.1 Calculation of air permeance

i

time

heck

tion

flow

ly if
pply

ions

Fe hygrosensitive to some degree, and readings should be taken at the initial stabilization point

iece.

If the instrument provides readings in “Sheffield units”, convert each reading to an air flow rate in

millilitres p

er minute, using the calibration graph prepared as described in A.2.
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Calculate the air permeance, P, in micrometres per pascal second, to three significant figures, from
Equation (1):

@)

he flow tube

P=1,62x1
A

where

q isthe mean air flow rate, expressed in millilitres per minute, to three significant figures;

A s the area, in square millimetres, of the test piece exposed by the rubber orifice plates.
NOTE The constant 1,62 in Equation (1) is based on the supply pressure of 10,3 kPa usedin™
instrjuments.
If required, calculate the mean air permeance for each side separately. If the means for the ty

sign

11.3

ficantly different (more than 10 %), 10 tests are required for each side.

Reporting the results

If th
this
Othe

NOT

11.3

If th
rate

Ifth
of v

12
The

Rep[rt the results with three significant figures.

air permeances measured on the two sides are significantly different (more than 1
difference is required to be shown in the test report, report the means for the two sideg
rwise, calculate the mean value of the measurements for the two sides.

) The test result can be recalculated into Sheffield\units according to Annex B.

b Standard deviation and coefficient of'variation

b standard deviation or coefficient of ¥ariation is required, calculate it from the replid
of measurements and correct to migtometres per pascal second using Equation (1).

e results for the two sides are reperted separately, calculate the standard deviations or
riation for the two sides separately.

Test report

test report shalldnclude the following information:
Feference tothis part of ISO 5636;

Hate and.place of testing;

hll the information necessary for complete identification of the sample;

wo sides are

0 %) and if
separately.

ate air flow

coefficients

the conditioning atmosphere used;

e) the number of test pieces tested as specified in Clause 10 and 11.2;

f) if appropriate, the flowmeter range used;

g) the mean air permeance or permeances as specified in 11.2;

h) if required, the standard deviation or coefficient of variation or the values for each side, as

specified in 11.3;

i) any deviations from this part of ISO 5636 that may have affected the results.

© IS0 2013 - All rights reserved
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Annex A
(normative)

Calibration of flowmeters

A.1 Method

A.1.1 General

This proceflure describes the calibration of variable-area flowmeters, using a soap-bubble n
(Figure A.1). The method can also be used to calibrate electronic flow-measuring devices, provid
suitable atthchment is available.

The princigle of the method is that the movement of a soap bubble introduced _into an air flow

eter
ed a

rom

the flow-m¢asuring device being tested is timed between two marks in a,veldmeter representing an

accurately known volume and the actual air-flow rate is calculated. This is'repeated at other air
rates until the whole flowmeter range of the instrument has been covered.

NOTE T
appreciably
when the me

A.1.2 Apparatus and materials

A.1.2.1 Sc
— glassfl

— volume
ranges
the Bib

— needle

— glass annd rubber tubinglef'as large an internal diameter as practicable to minimize pressure d

his method of calibration gives satisfactory accuracy if the testatmospheric conditions do not de
'rom 101,3 kPa and 23 °C. For this reason, it is desirable, if\possible, to choose a day for calibr
teorological conditions are favourable.

ap-bubble meter, consisting of
hsk or bottle, of capacity 1 litre,

tric tube, with graduation marks’indicating 50 ml, 1 000 ml and 2 000 ml; the diffég
may be achieved with replaceable volumeters (suitable designs are given in Reference ||

iography),

valve, and

flow

viate
htion

Fop.

A.1.2.2 Stopwatch, capable of being read to 0,1 s.

A.1.2.3 Sqap sohution, 3 % to 5 % liquid detergent in distilled water.

A.1.2.4 Barometer, or other means ol ascertaining the actual atmospheric pressure.

NOTE It may be sufficient to contact a local meteorological station to obtain information about the
atmospheric pressure.

A.1.3 Procedure

A.1.3.1 Makesurethattheinstrumentislevel onasurface free fromvariations. Make sure thatthe internal

adjustment

of the flowmeter has been carried out according to the instructions of the manufacturer.

© ISO 2013 - All rights res

erved
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Key

1 needle valve

2 volumeter

3 connection point

4  rubber bulb

5 glass flask, of capacity 1 litre

© IS0 2013 - All rights reserved
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A.1.3.2 Prior to performing the following calibration procedure, the variable-area flow tubes and the
air-leak adjustment valves on the older-style instruments shall first be calibrated in Sheffield Units using
calibration orifices provided by the manufacturer. In operation, the instrument shall always be checked
against the manufacturer’s calibration orifices prior to using the flow tube, to establish a calibration graph
or chart in millilitres per minute.

To calibrate a variable-area flow-measuring device, disconnect the test assembly from the downstream
end of the rubber or plastic tubing and connectin its place the soap-bubble meter. Set the valves to deliver
air through the flowmeter to be calibrated and then through the soap-bubble meter. Adjust the needle
valve to give a conveniently measurable air flow and ensure that the flow rate remains constant. Rapidly
squeeze the rubber bulb at the bottom of the volumeter so that a soap bubble enters the volumeter tube.

The volume
second grag

Record the
pass throug

Repeat the

Record the

NOTE Al
plate device
restriction W

A.1.3.3 Tg
calibration
the flowme
a conveniel|
the rubber

ter range should be chosen so that the time taken for the bubble to pass from the firstt
uation is longer than 30 s.

reading x on the flowmeter scale and record the time, t, in seconds, for the spap”bubb
h the volume V.

htmospheric pressure p.

better calibration may be achieved by leaving the measuring head\ih position and using a calibr
such as that used with an electronic flow-measuring instpument, since this set-up include
ithin the measuring head.

calibrate an electronic flow-measuring device,@onnect the soap-bubble meter to
plate device (5.7) placed beneath the measuring.head. Set the valves to deliver air thr
er to be calibrated and then through the soap=bubble meter. Adjust the needle valve to

bulb at the bottom of the volumeter, so(that a soap bubble enters the volumeter tube.

procedure at about six different air flow rates distributed over thelaipper 80 % of
flowmeter neasurement range.

b the

le to

the

htion
5 the

the
bugh
give

tly measurable air flow and ensure that.the flow rate remains constant. Rapidly squleeze

The

volumeter fange should be chosen so that the timé taken for the bubble to pass from the first t¢ the
second graduation is longer than 30 s.
Record the [reading x on the flowmeter scale and record the time, ¢, in seconds, for the soap bubblle to
pass through the volume V.
Repeat the|procedure at about six-different air flow rates distributed over the upper 80 % of the
flowmeter neasurement range:
Record the ptmospheric pressure p.
A.1.4 Calgulation
For each defermination, calculate the flow rate, q, in millilitres per minute, from Equation (2):
60xY/
q= (2)
t

where

V'  is the known volume, in millilitres, between the two graduations on the volumeter;

t

is the time, in seconds, taken for the soap bubble to go from the first to the second graduation.

© ISO 2013 - All rights reserved
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If the actual atmospheric pressure differs by more than 5 % from the normal atmospheric pressure of
101,3 kPa, calculate the corrected flow rate qg from Equation (3):

(p+10,3)

14
=0,538(p+10,3)— 3
1116 (p ) (3

qo =

where p is the actual atmospheric pressure in kPa.

NOTE1 The pressure of 111,6 kPa is the sum of the normal atmospheric pressure, 101,3 kPa, and the nominal
operating pressure, 10,3 kPa, at 23 °C.

£ Tha ot maccingtheangh tha anmpmaratie ca sialy vin s ot Frass tha valle af v coq 1y
NOTE2—TFhe-airpassing-through-the-apparatusean pick-up-meisturefrom-the-wals-eftheseap-hubble meter
and the air flow can thus be over-estimated. The error is, however, appreciably less than the inl{erent errors
assofiated with the Sheffield instrument and it can therefore be ignored.

A.2| Construction of calibration graph

Congtructa graph by plotting the scale reading x against the calculated air flow)q or g for eachj flowmeter.
The graph should be a straight line that can be represented by an equatidnof the form

¢=A+Bx (4)

whele
A and B are constants;

X is the scale reading in Sheffieldinits.

This{graph or equation can be used for conversion of the data to air flow rates, in millimetres|per minute.

© IS0 2013 - All rights reserved 9
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Annex B
(informative)

Conversion of Sheffield units (SU) to SI units

Table B.1 — Conversion of the traditional SU to SI units (derived from a survey of 12 instruments)

tsee Reference {3t the Bibtiography)
Tube No.|3 Air flow rate Tube No. 2 Air flow rate Tube No. 1 Air flow rate
SU ml/mina SU ml/mina SU ml/mina
0 0 50 313 160 1342
5 35 60 404 180 1509
10 70 70 495 200 1676
15 104 80 585 220 1843
20 139 90 676 240 2010
25 174 100 767 260 2178
30 209 110 858 280 2 345
35 244 120 949 300 2512
40 278 130 1039 320 2679
45 313 140 1,180 340 2 846
50 343 150 221 360 3014
55 383 160 1312 380 3181
60 418 170 1403 400 3348
180 1493
190 1584
Sheffield tube Recommended range Conversion to SI units
No. Sheffield units, SU ml/mina

3 0to56 ml/min =6,96-SU

2 56 to 170 ml/min =9,08-SU - 141

1 170 to 400 ml/min =8,36-SU + 4

a  Air flow rate, measured in{mjllilitres per minute (ml/min), referenced to 21 °C and 101,3 kPa.

10 © IS0 2013 - All rights reserved
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