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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.

Draft International Standards adopted by the technical committees are
circulated to the member bodies for voting. Publication as an International

Standard requires approval by at least|75 % of the member bodies casting
a vote.

International Standard ISO 8573-2 was prepared by Technical Committee
ISO/TC 118, Compressors, pneumatic tools and pneumatic machines,
Subcommittee SC 4, Quality of compressed air.

ISO 8573 consists of the following parts, undér the:general titlel Com-
pressed air for general use:

— Part 1: Contaminants and quality classes
— Part 2: Test methods for aerosol oil content
— Part 3: Determination of humidity

— Part 4: Determination of solid particles and microbiological contami-
nants

— Part 6: Determination of gaseous contaminants

Users should note that the titles to future parts 3 to 6 are working titles
only and that, while it is at present planned to publish all the parts listed
above, one or more may nevertheless be deleted from the work pro-
gramme before publication, which may, in turn, lead to renumbering of the
remaining parts.

Annex A forms an integral part of this part of ISO 8573. Annex B is for
information only.
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Compressed air for general use —

1 Scope

This part of ISO 8573 specifies test methods for the
sampling and quantitative lanaly/sis of) aerosolNail ‘and
liquid oil (excluding oil vapour) typically present.in the
air discharged from compressors and compressed ‘air
systems.

Using the sampling andiianalysingdequipment,asi.de-
scribed, the accuracy of each method isfbetter than
+ 10 % of the measured value of oil content ranging
from 0,001 mg/m3 to approximately 20 mg/m3 under
Reference Atmosphere conditions” (ANR) with vary-
ing sampling times.

This part of ISO 8573 gives detailed instructions on
the equipment to be used and the test methods to
be employed for the measurement of aerosol oil con-
tent in a compressed air supply system.

It applies to compressed air systems up to 30 bar?
working pressure and temperatures of the com-
pressed air below 100 °C, but excluding systems in-
tended to supply compressed air for medical use or
for direct breathing.

Two different methods are described, Method A and
Method B. Method B is subdivided into two parts to
clearly distinguish between procedures for obtaining
the quantity of oil for analysis.

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions
of this part of ISO.8573. At the time of publication, the
editions-indicated Were valid. All standards are subject
to revision, and parties to agreements based on this
part of “ISO 8573 are encouraged to investigate the
possibility of applying the most recent editions of the
standards indicated below. Members of IEC and ISO
maintain | registers©oof- currently valid International
Standards.

ISO 65:1981, Carbon steel tubes suitable for screwing
in accordance with 1SO 7-1.

ISO 5167-1:1991, Measurement of fluid flow by
means of pressure differential devices — Part 1:
Orifice plates, nozzles and Venturi tubes inserted in
circular cross-section conduits running full.

ISO 8573-1:1991, Compressed air for general use —
Part 1: Contaminants and quality classes.

3 Definitions

For the purposes of this part of ISO 8573, the defi-
nitions given in ISO 8573-1 and the following defi-
nition apply.

3.1 wall flow: That proportion of oil contamination
no longer suspended within the air flow in the pipe.

1) The air flow is stated at Reference Atmosphere conditions (ANR) of 1 000 mbar, 20 °C and 65 % relative humidity.

2) 1 bar = 10° N/m? = 100 kPa
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4 Units

General use of S| units as given throughout this part
of ISO 8573 is recommended.

However, in agreement with accepted practice in the
pneumatic field, some nonpreferred S| units accepted
by ISO are also used; these are given in table 1.

5 Typical sampling points

5.1 General

The test methods may be used at any point in the
compressed air system. The choice between Meth-
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5.2 Position 1 (see figure 1)

Typical boundary conditions occurring after the
compressor/separator at final compressor tempera-
tures:

Oil-flooded rotary
compressor: 70 °C to 100 °C, 7 bar to

10 bar

Degree of contamination typical at this point:

Oil mist: 5 mg/m3 to 20 mg/m3
(ANR) in a spectrum of
0,01 um to 10 um

Oil vapour: 5 mg/m3 to 20 mg/m3

ods A and B depends upon the actual level of oil (ANR)
contamination present in the compressed air system. Solid particles: less than 0.1 mg/m3
Typical conditions at four points in a compressed air (ANR)
system are indicated in 5.2 to 5.4, together with the Water condensate: none
recommended test method. Figure 1 indicates the Water vapour: unknown
positions of typical sampling points. Table 2 presents
a guide for selection of the appropriate method. Test method: Method A
Table 1 — Nonpreferred Sl units
Quantity Unit name Unit symbol Definition
Pressure bar bar 1 bar = 10° Pa
Volume litre [ 11=10"3m?
Time minute min 1min=60s
hour h 1 h=60min=3600s
Position 1 Position 2 Position 3 Position 4
Intake Air/oil
filter separator
AN
]
s —
NA %
Aftercooler Dryer High-efficiency
filter

VS

Compressor

Pre-filter

Figure 1 — Typical sampling points in the compressed air system
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Table 2 — Guide for selection of test method

ISO 8573-2:1996(E)

Parameter

Miethod
A B1 B2
Full flow Full flow Partial flow

Contamination range

5 mg/m® to 20 mg/m?

0,001 mg/m3 to 5 mg/m®

0,001 mg/m*to 5 mg/m®

Maximum velocity (pipe) See table 4 See table 4 See table 4
Maximum velocity (filter) See 6.1.2.2 1T mfs 1 m/s
Maximum diameter of pipe No iimit DN 25 No limit
Sensitivity 0,5 mg/m3 0,001 mg/m3 0,001 mg/m®
Accuracy + 10 % of actual value + 10 % of actual value + 10 % of actual value
Maximum temperature 100 °C 40 °C 40 °C
Testing time (typical) 50 h to 200 h 2minto 3 h 2minto 3 h

Filter construction

Coalescing line filter

Three-layer membrane

Three-layer membrane

Typical sampling points

Compressor outlet

After high-efficiency filters

After high-efficiency filters

5.3 Position 2 (see figure 1)

Typicai boundary conditions occurring just after the
aftercooler/centrifugal separator:

Operating tempera-
ture:

Operating pressure:
Water condensate:
Water vapour:

Oil mist:

Oil vapour:

Solid particles:

Test method: Method A

20 °C to 45°C
5 bar to 10 barl
slight traces
saturated air

5 mg/m3 to 20 mg/m3
(ANR) in a spectrum of
0,7 um to 50 um

0,1 mg/m3 to 2 mg/m3
(ANR)

less than 0,1 mg/m3
(ANR)

5.4 Position 3 (see figure 1)

Typical boundafy conditions occurring downstream of
prefilters and refrigeration dryers:

Operating tempera-
ture:

Operating pressure:
Water condensate:
Water vapour:

20 °C to 45 °C
5 bar to 10 bar
none

pressure dew-point 2 °C
to 10 °C

Oil mist:

Oil*vapour:

Solid particles:

Test method: Method B

0,5 mg/m3 to 10 mg/m3
(ANR) in a spectrum of
0,01 um to 5 um

0,1 mg/m3 to 1 mg/m3
(ANR)

less than 0,1 mg/m3
(ANR)

5.5 Position 4 (see figure 1)

Typical boundary conditions occurring downstream
from high-efficiency coalescing filters:

Operating tempera-
ture:

Operating pressure:
Water condensate:
Water vapour:

Oil mist:

Qil vapour:

Solid particles:

Test method: Method B

20°Cto 45 °C
5 bar to 10 bar
none (after dryers)

pressure dew-point
—70°C to + 10 °C (after
dryers)

less than 0,1 mg/m3
(ANR) within the range
0,01 um to 0,5 pm

0,01 mg/m3 to 1 mg/m3
(ANR)

less than 0,01 mg/m®
(ANR)
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6 General description of test equipment
and method

6.1 Method A

6.1.1 General

This method samples all of the air flow which is
passed through two high-efficiency coalescing filters
in series, and measures oil in both aerosol and wall
flow forms. The equipment and method are designed
to operate up to 100 °C.

The method may also be used to determine the
amount of aerosol oil present typically in the air dis-
charged from an oil-lubricated compressor when fitted
with an air/oil separator. Qil concentrations in the re-
gion of 0,5 mg/m3 and above can be determined with
an accuracy of + 10 %. Typically all of the discharged
air would be sampled over a time period of 50 h to
200 h. The method is also suitable for long-term test-
ing over several thousand hours.

6.1.2 Test equipment
6.1.2.1 General description
The general arrangement of equipment used in

Method A is shown in figure2 and consists of the
following items.

1 Compressor
2 Air/oil separator(s)
3 Separator oil sump
4 Discharge pipe
5 QOil scavenge return pipe
6 Aftercooler (optional)
7  Shut-off valve
8 "Y' piece (if required)
9 High-efficiency sampling filter housing
10 Coalescing filter element
11 Shut-off valve
12 Collecting vessel (transparent)
13 Drain valve
14 Measuring column
15 Differential pressure gauge
16 High-efficiency sampling filter housing
17 Coalescing filter element
18 Shut-off valve
19 Collecting vessel (transparent)
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20 Drain valve

21 Measuring column

22 Differential pressure gauge
23 Pressure gauge

24 Flowmeter

25 Flow control valve

26 Silencer

27 Three-way valve

28 Discharge pressure gauge
29 Measuring column

30 Differential pressure gauge
31 Temperature gauge (t)

32 Shut-off valve

33 Ambient temperature gauge (1)
34 Hygrometer

35 Temperature gauge

6.1.2.2 _Sampling filter [(9) and (10)]

Sampling filter elements shall be tested for integrity
aftef’manufacture and shall meet one of the following
specifications:

— Particle penetration according to the dioctyl
phthalate (DOP) method (see [1): below
0,000 5 %.

— Particle penetration according to the NaCl method
(see [2]): below 0,000 5 %.

NOTE 1  Filters passing the integrity tests (DOP or NaCl
method) cannot be assumed to comply with the maximum
oil content level using Method B1 or B2.

Air with entrained aerosol oil and wallflow oil enters
the sampling filter housing (9) and flows out through
the coalescing filter element (10) which will coalesce
the oil into bulk liquid. The bulk liquid drains to the
bottom of the housing and into the collecting vessel
(12) (via open valve 11) awaiting measurement.

6.1.2.3 Back-up filter (16)

This filter is identical to the sampling filter and will, in
the event of malfunction of the sampling filter, collect
any oil which has passed through it.
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Figure 2 — Apparatus for Test Method A

6.1.2.4 Collecting vessels [(12) and (19)]

Transparent plastic bowls with protective guards are
fitted to enable the oil collection to be observed dur-
ing operation. Shut-off valves (11) and (18) are closed
only for removal or draining of collecting vessels and
are normally left in the open position.

6.1.2.5 Drain valves [(13) and (20)]

Drain valves are used to drain the liquid contained in
collecting vessels (12) and (19); they are normally left
in the closed position.

6.1.2.6 Measuring columns [(14) and (21)]

Collected oil is measured in the measuring column(s)
(graduated in millilitres).

6.1.2.7 Differential pressure gauges [(15) and
(22)]

These gauges determine the pressure drop across the
sample and back-up filters.

6.1.2.8 Air flowmeter (24)

A suitable flowmeter is used to determine the air
sample volume. Many types are available; an accuracy
of better than + 5 % of the measured value is
necessary. Temperature (3b5) and pressure (23)
gauges are also required to relate measured flow to
1 bar absolute pressure, 20 °C and 65 % relative hu-
midity air (see I1SO 2787).

6.1.2.9 Flow control valve (25)

In order to adjust the flow accurately, a valve (25) with
fine adjustment is required.
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6.1.3 Flow range of test equipment

The equipment described should be capable of hand-
ling a flow of 200 I/s (ANR) at an effective (gauge)
pressure of 7 bar. For greater flow, multiples of the
test equipment can be used or excess air diverted
using a “Y" piece (8). The velocity in the “Y" piece
shall be matched in the outlet legs to ensure rep-
resentative sampling. It is necessary to monitor di-
verted air flow only to determine the total discharge.
The test equipment shall operate independently.

6.1.4 Other measurements

The following additional data are essential if the in-
tention is to measure the efficiency of the air/oil
separator in the compressor.

6.1.4.1 Temperature

In order to determine performance within a specified
temperature range, the temperature is recorded dur-
ing the entire period of the test. A temperature gauge
measures temperature at the inlet. The temperature
gauges shall have an accuracy of 41 K.

6.1.4.2 Air pressure before sampling filter

The air pressure shall be measured using a pressure
gauge. The pressure gauge shall have an accuracy 6f
+ 0,25 % of the maximum scale reading.

6.2 Method B
6.2.1 Method B1 — Full flow sampling

6.2.1.1 General

Method B1 deals with the sampling and analysis of
airborne aerosols at constant flowrate.

Within the constraints detailed above, this method
permits the quantification of aerosol oil present in a
compressed air system, provided wall flow contami-
nation is not present. Air flow is normally diverted
through the test equipment via suitable in-line valves
which have been previously checked to ensure they
do not contribute to the level of oil contamination
already present. As this method concerns the
measurement of relatively low concentrations of oil in
air, particular attention shall be paid to the cleanliness
of the test equipment and other precautions shall be
taken, e.g. valve purging and stabilization to constant
test conditions. Good analytical techniques will help
improve the confidence level of the measurements.

The optimum duration of a test measurement may be
determined after an initial test to determine the ap-
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proximate oil concentration present. When carrying
out full flow tests, it is possible to route the air back
into the compressed air system, preventing loss of
the product. Conversely, it is also possible to vent the
flow to the atmosphere. Flow measurement is re-
quired to determine the volume of air used during the
test, whichever method is adopted. As the test ap-
paratus is portable, different test locations may be
chosen, provided the stated parameters are not ex-
ceeded and suitable valving for insertion of the test
equipment into the circuit exists. Obvious precautions
to prevent shock depressurization, which may dam-
age the test filter membrane, or ingress of atmos-
pheric contamination, are necessary. Appropriate
physical parameters, e.g. temperature, pressure,
flowrate, etc., shall be recorded as stipulated for
Method A.

The sampling and analysing equipment used as de-
scribed give an accuracy of better than + 10 % over
the range from 0,001 mg/m3 to approximately
5 mg/m3 oil content, with sampling times from
30 min to 2 min respectively. The upper limit for the
air velocity (at operating pressure) in front of the test
membranelis1'm/s. {The test is performed under full
flow conditions.

The temperature range should be from 0 °C to 40 °C.
If the compressed air temperature is above 40 °C, the
oil- vapour shall also be taken into account.

Using ‘Method B1, the total air flow passes through
the test membrane.

6.2.1.2 Test equipment

The general arrangement of the test equipment is
shown in figure 3.

6.2.1.2.1 Membrane

In order to obtain good measuring accuracy, a high-
efficiency microfibre glass membrane should be used.
To achieve the accuracy specified for this method,
three layers of membrane in series and in intimate
contact shall be used and the membrane shall meet
the following requirements (see table 2):

surface mass: 88,5 g/m?

pressure drop for air
at 0,014 m/s: 23,1 mbar at atmopsheric

pressure

particle penetration:  below 0,000 5 % (see [2])

To fit the described equipment, the membrane must
be circular. A diameter of 55 mm is typically used.
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Key

1

4 } Full flow ball-type shut-off valves

5

2 Membrane holder

3 Valve for evacuating membrane holder
6 Flow control valve

7 Silencer

8 Bypass tube

Figure 3 — Test equipment for Method B1

6.2.1.2.2 Membrane support

In order to prevent the collection membrane from
bursting, a stainless steel sintered disc must be
placed as support just behind the membrane. This
disc should also be circular and have the same diam-
eter as the membrane. A suitable disc is 3 mm thick
and can remove 95 % of all solid particles 40 um or
larger in size.

6.2.1.2.3 Pipes and valves

It is important that the pipe inner diameter, from the
connection point in the compressed air system to the
membrane holder, is constant and that the inner sur-
face is smooth, to minimize system loss.

The shut-off valve (1) in figure3 should be of a ball
type, and the hole in the ball should have approxi-
mately the same diameter as the pipe.

The bypass pipe may consist of a flexible tube.
6.2.1.2.4 Membrane holder

A general diagram of a typical membrane holder is
shown in figure 4.

6.2.1.2.5 Construction materials

Aluminium and its alloys shall not be used for any
components which may come into contact with sol-
vents.
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Dimensions in millimetres
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Figure 4 — Typical membrane holder
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6.2.2 Method B2 — Partial flow sampling

Method B2 uses the same test equipment employed
in Method B1, with the addition of a sampling probe
to allow partial flow sampling under isokinetic con-
ditions from the main pipe flow should the velocity
constraints of Method B1 be exceeded. Accuracy and
limitations are as stated in Method B1.

The sampling probe may be inserted into any section
of the pipe, using suitable connections and valves,
and allows a sample of air to be taken from the main
pipe flow under identical velocity conditions. Both
main pipe flow and sample flows need to be known
to define the test conditions. The probe may be in-
serted to an approximately central position across the
main pipe diameter, and it is recommended that a
number of preliminary tests be made. The design of
the test membrane holder and probe allows back-
flushing with solvent to remove any contamination
deposited on the walls of the holder or probe to en-
sure it is included in the analysis.

It is also possible to leave the probe in position and
analyse the oil deposited on thexmembrané.and holder
by using suitable in-line valves only. This allows the
main pipe system to remain pressurized awhile! ahaly-
sis is performed and also permits intermittent tests
to be carried out over a period of time. The pressure
seals used in the probe/holder, connectors, must. not
release any hydrocarbon into solution whenimmersed
in the analysing solvent. It is impractical to return the
sample flow to the main pipe flow downstream from
the membrane holder, and it is usual to vent this flow
to atmosphere.

At very low oil concentrations (0,01 mg/m3 and be-
low) the recommended sampling time is 1 h to 3 h.

6.2.2.1 Isokinetic sampling — General

For sampling from high flow systems, isokinetic
sampling may be used when wall flow is not present
(e.g. below 5 mg/m3 total aerosol oil content).

Accurate isokinetic sampling is not critical for small
particles (less than 1 um), although approximate
isokinetic conditions are advisable.

Isokinetic sampling devices should exhibit the follow-
ing characteristics:

a) The probe should be a minimum distance of 10
pipe diameters from upstream bends or re-
strictions and 3 diameters from downstream
bends or restrictions (see reference [3]).
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b) The size of the probe should not influence the
airstream. The nozzles may vary in shape and
construction.

c) Impaction onto the internal surface of the probe
should be taken into account. Precautions are
necessary to prevent surface condensation of oil
vapours unless the internal surfaces are washed
with solvent.

d) Under the test conditions specified, scanning
across the pipe with a sampling probe is un-
necessary.

e) Turbulent flow conditions within the main
airstream are required for sampling (Reynolds
number greater than 4 000).

In normal industrial use, compressed air is in a
state of turbulent flow, which occurs when the
following conditions are met:

Q >d|20
where

@ is the pipe flow, in litres per second
(ANR);

d is the pipe bore, in millimetres.

6.2:22 Equipment set-up for isokinetic sampling

The experimental set-up for isokinetic sampling com-
prises the following elements (see figure 5):

Probe

Nozzle with gland

Membrane holder with vent valve

B W N -

Full-flow ball valve

The ball valve (4) and flowmeter (5) allow adjustment
and measurement of full pipe flow, respectively.

6.2.2.3 Design of the isokinetic probe

The general construction of the probe is shown in
figure 6 and is intended for use with pipe velocities
up to 15 m/s and sampling flowrates up to 3 I/s when
used with a suitable membrane holder designed for
a b5 mm diameter standard disc.

The probe should be of circular cross-section, the
open end having a thickness of less than 1,3 mm and
the internal and external surfaces having an inclination
not greater than 30° to the axis of the nozzle
(figure 6) (see references [5] and [7]).
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