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STANDARD © ISO

ISO 8573-2:1996(E)

Compressed air for general use —

1 Scope

This paft of ISO 8573 specifies test methods for the
samplingg and quantitative analysis of aerosol oil and
liquid oi| (excluding oil vapour) typically present in the
air dischjarged from compressors and compressed air
systems.

Using t
scribed,

he sampling and analysing equipment as'de-
the accuracy of each method is better than
+ 10 %| of the measured value of oil content ranging
from 0,P01 mg/m3 to approximately 20 mg/m3 under
Refererlce Atmosphere conditions” (ANR) with vary-
ing sanpling times.

This pa
the equ
be emp
tent in

t of ISO 8573 gives 'detailed instructions on
ipment to be used.and the test methods to
oyed for the measurement of aerosol oil con-
h compressed.air’ supply system.

It appligs to compressed air systems up to 30 bar?
workind pressudre and temperatures of the com-
pressed air, below 100 °C, but excluding systems in-

2 Normative references

The following standards contain proyisions which,

throughwreference in this text, constit

ite provisions

of this\part of ISO 8573. At the time of dublication, the

10 revision, and parties to agreements |based on this

editions indicated were valid. All standalds are subject

part of ISO 8573 are encouraged to i
possibility of applying the most recent

vestigate the
pditions of the

standards indicated below. Members of IEC and ISO

maintain
Standards.

ISO 65:1981, Carbon steel tubes suitab
in accordance with ISO 7-1.

ISO 5167-1:1991, Measurement of
means of pressure differential devic

registers of currently valid

International

e for screwing

[luid flow by
s — 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 classé

3 Definitions

S.

4 TSN 1) POBE A oo £op o Aliaal e
tended U SUpP Ty  CUMTTPTC S STU— AT TOT T o UiitaTr UotT Of

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.

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.

© SO

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
5 Typical sampling points Degree of contamination typical at this point:
Oil mist: 5 mg/m3 to 200mg/m?®
5.1 General .
(ANR) in aspectrym of
The test methods may be used at any point in the 0.01 pmi 1010 um
compressed gir system. The choice between Meth- Oil vapour: 5 mg/m3 to 20 mg/m?®
ods A and B depends upon the actual level of oil (ANR)
contaminatiof present in the compressed air system. Solid particles: less than 0,1 mg/ 3
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. Figure1 indicates the Water vapo(rs unknown
positions of fypical sampling points. Table 2 presents
a guide for sg¢lection 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 1h=60 min=3600s
Position 1 Position 2 Position 3 Position| 4
Intake Air/oil
filter separator
]
> s -
NA v

Compressor

Aftercooler

Pre-filter

Dryer
filter

Figure 1 — Typical sampling points in the compressed air system

High-efficiency
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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.l|mit
Sensitivity 0,5 mg/m3 0,001 mg/m3 0,001 g/m®
Accuracy + 10 % of actual value + 10 % of actual value 4110 % of 4ctual value
Maxjmum temperature 100 °C 40 °C 401C
Tegting time (typical) 50 h to 200 h 2minto 3 h 2minto 3 h
Fijter construction Coalescing line filter Three-layer membrane Three-layer[membrane

Typi¢al sampling points

Compressor outlet

After high-efficiency filters

After high-eff

ciency filters

5.3 Popsition 2 (see figure 1)

Typical

boundary conditions occurring just after the

aftercogler/centrifugal separator:

Opefating tempera-
ture

Opelating pressure:
Water condensate:
Water vapour:

Oil mist:

Oil Mapour:

Solid particles:

Test me¢thod:*Method A

20°Cto45°C
5 bar to 10 bar
slight traces
saturated air

5 mg/m3 16 20 mg/m3
(ANR).in a spectrum of
0,%.um to 50 um

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

less than 0,1 mg/m3
(ANR)

Oilmist:

Oil vapour:

Solid particles:

Test method: Method B

5.5 Position 4 (see figure 1)

Typical boundary conditions occurring
from high-efficiency coalescing filters:

Operating tempera-
ture:

Operating pressure:
Water condensate:

0,5 mg/m3 t
(ANR)inas
0,01 pm to &
0,1 mg/m3t
(ANR)

less than 0,1
(ANR)

20 °C to 45

b 10 mg/m3
pectrum of
um

D 1 mg/m3

mg/m3

downstream

C

5 bar to 10 bar

none (after

ryers)

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

Water vapour:

Oil mist:

Qil vapour:

Solid particles:

Test method: Method B

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
(ANR)

to 1 mg/m3

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

©1SO

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

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

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

Method A ig shown in figure2 and consists of the
following iterns.

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

6.1.2:20 Sampling filter [(9) and (10)]

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

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

— Particle penetration according to the NaCj 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 ¢il enters
the sampling filter housing (9) and flows out through
the coalescing filter element (10) which willlcoalesce

1 Compressor

2 Air/ojl separator(s)

3 Sepdrator oil sump

4 Discharge pipe

5 QOil stavenge return pipe

6 Aftefcooler (optional)

7  Shuttoff valve

8 "Y' piece (if.fequired)

9 Hightefficiency sampling filter housing
10 Coalpseing 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)

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

Transpdrent plastic bowls with”protective guards are
fitted tq enable the oil céllection to be observed dur-
ing operation. Shut-off‘valves (11) and (18) are closed
only forl removal or-dfaining of collecting vessels and
are nornally leftdn)the open position.

Figure (2,~— Apparatus for Test Method A

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

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

6.1.2.8 Air flowmeter (24)

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).

A—suitableflowmeter is—usedtodetdrmine 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.

©ISO

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

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 dgtermine performance within a specified
temperature fange, the temperature is recorded dur-
ing the entire|period of the test. A temperature gauge
measures ternperature at the inlet. The temperature
gauges shall have an accuracy of + 1 K.

6.1.4.2 Air pressure before sampling filter

The air pressjre shall be measured using a pressure
gauge. The pressure gauge shall have an accuracy of
+ 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 samipling and analysis of
airborne aeropols at constant flowrate.

Within the constraints_detailed above, this method
permits the quantification of aerosol oil present in a
compressed pir system, provided wall flow contami-
nation is not present Air flow |s normally drverted
through the te
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-

to prevent shock depressurization, which¢mpgy dam-
age the test filter membrane, or ingress)of atmos-
pheric contamination, are necessary. ~ Appropriate
physical parameters, e.g. temperature, gdressure,
flowrate, etc., shall be recorded as stipulpted for
Method A.

The sampling and analysing equipment usefl as de-
scribed give an accurasy“of better than + 1Q % over
the range from @©,001 mg/m® to approximately
5 mg/m3 oil content, with sampling timg¢s from
30 min to 2 min/respectively. The upper limit for the
air velocity-{at*operating pressure) in front of|the test
membranedis 1 m/s. The test is performed under full
flow_cénditions.

The temperature range should be from 0 °C {o 40 °C.
I¥the compressed air temperature is above 4 °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 equigment 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 pe used.
To achreve the accuracy specrfred for thrs method,

8 e—f—Serfes—anc intimate
contact shaI| 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.


https://standardsiso.com/api/?name=af75fbeef7243e55573ac877155ff325

© ISO

ISO 8573-2:1996(E)

Key

1

4 } Full flow ball-type shut-off valves

5

2 Membrane holder

3 alve for evacuating membrane holder
6 Flow control valve

7 bilencer

8 Bypass tube

6.2.1.2)2 Membrane support

In ordgr to prevent the collection membrane from
bursting,Ca “stainless steel sintered disc must be

Figure ‘3 — Test equipment for Method B1

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.

placed "as—supportjustbetind—themembrane—Tis
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.

Th oo i PO-QL H £ £1 +H
v vypyaoo YVipyo 1Tiay bUIIOIOt vl d IIUI\lUle 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

72
21,5
i)
)733'
]
6,6 /
6,5
w
OI
K7 1lSo|mn
- 1 A "N [aalinal Nn ol a ol
= s e8|s8
S
™M
Crevice-free dairy 2,85
joint to suit probe 2,80
5. 70
5,65
Typ|cal crevice-free joint
{sedl and joint not shown)
23°
73
1
R 5,99 2
R 0.8 L
, %5«? . .
Typical crevice- 2,85 ,\|Q>" oy 20° Typical crevice-
tree joint 2,80 7‘\ free joint
)/
o
S 2l ml S
T T T | [~
A 8 s ®lseles
S
™M
¢
2,85
20° 2.80
5,70
5.65

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

ISO 8573-2:1996(E)

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

and allows a sample of air to be taken from the main
pipe flgw under identical velocity conditions. Both
main pipe flow and sample flows need to be known
to defirle the test conditions. The probe may be in-
serted o 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-
flushind with solvent to remove any contamination
depositpd on the walls of the holder or probe to en-
sure it is included in the analysis.

It is algo possible to leave the probe in position and
analyse]|the oil deposited on the membrane and holder
by using suitable in-line valves only. This allows the
main pipe system to remain pressurized while analy-
sis is gerformed and also permits intermittent tests
to be cprried out over a period of time. The pressure
seals uped in the probe/holder connectors must_nhot
release|any hydrocarbon into solution when immersed
in the gnalysing solvent. It is impractical tosreturn the
sample|flow to the main pipe flow downstream from
the membrane holder, and it is usual te vent this flow
to atmagsphere.

At veny low oil concentratiorns) (0,01 mg/m3 and be-
low) the recommended sarmpling 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. bglow 5 mg/m° total aerosol oil content).

across the pipe with a sampling| probe is un-
necessary.

e) Turbulent flow conditiéns® withjn the main
airstream are requiredOfor sampling (Reynolds
number greater than4'000).

In normal industrial use, compresged air is in a
state of turbulent flow, which ocqurs when the
following eonditions are met:

ag°>)d|20
where

Q is the pipe flow, in litrep per second
(ANR);

d is the pipe bore, in millimetfes.
6.2.2.2 Equipment set-up for isokinetic sampling

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

Probe

Nozzle with gland
Membrane holder with vent valye

B W N -

Full-flow ball valve

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

6.2.2.3 Design of the isokinetic probe

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]).

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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3 Membrang holder
4 Fullflow Hall valve
5 Flowmetef

Figure 5 — Equipment set-up for Method B2, isokinetic sampling (shown for bend insertion of pfrobe)
The angle at the nozzle minimizes theeffect of impact 6.2.25 Compressed air flowrates
onto the end [of the probe.

) ) ) o The air velocities within the main pipeline anld within
Advncga on the d.eSIQ.n an_d cohstruction of isokinetic the probe must be identical throughout the $ampling
sampling proles is given in"references [4] and [5]. period. This is accomplished through adjustment of

the flow controllers to provide appropriate feadings
on the flowmeters.
6.2.2.4 Probe installation

An isokinetic sampling probe should not create a
problem, providing the general design in figure6 is
followed. A simple compression seal may be used,
provided a fluorocarbon elastomer (or similar) seal is
used to prevent contamination during the analysis
procedure.

This seal must be capable of maintaining the probe in
the pipe up to maximum working pressure. Ideally this
gland should allow insertion of the probe to differing
lengths if necessary.

10

Identical pipe and probe velocities exist when

Y

D2

q 42
and the pressure is constant and identical

where

Q s the total pipe discharge, in litres per second
(ANR);

q is the probe discharge, in litres per second
(ANRY);
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D is the internal pipe bore, in millimetres;
d is the probe bore, in millimetres.

At the standard test pressure of 6,3 bar and a maxi-
mum probe velocity of 15 m/s with a probe flowrate
in the region of 3 1/s and probe bore of 7 mm, the
maximum discharges through the pipe are given in
table 3. These results were obtained from the for-
mula:

ISO 8573-2:1996(E)

by pressurizing, by opening the shut-off valve (item 7
in figure 2).

7.2 Measuring procedure (see 6.1.2.1 and
figure 2)

7.2.1 Start-up

Open shut-off valve (7) fully to pressurize the test

equipment. Adjust flow using flow control valve (25)
to required flow conditions shown on the flowmeter

by subgtituting 3 for g and 7 for d.

7 Test procedure — Method A

7.1 General

This tegt method may be used at any point in a com-
pressed air system where heavy contamination levels
of oil afe believed to exist.

The tegt equipment shall be in good working order.

Bends jand elbows are not permitted. All valves shall
be cloged and the test equipment checked for leaks

Table 3 — Maximum pipe discharge for sampling with 7 mm probe at 6,3 barn
working pressure

(24). Open valves (11) and (18) andclgse valves (13)
and (20).

7.2.2 Stabilizing sample filter (9 and 10)

The sample filter element (10) operateg in a saturated
condition and time must be allowed fof this condition
to be reached.

Measurement-shall be taken only whegn the differen-
tial pressufe of the sample filter reaches the stable
part of the)graph (figure 7) and oil is vigible in the col-
lecting Vessel (12). A stable pressure dfop is indicated
by.the differential pressure gauge (1p). An unused
sample filter will take longer to reach stable condition
than a filter which has previously been lsed. The time
required to reach a stable pressure drpp will depend
upon the oil/water loading.

Nominal pipe size (mm)

50 65 80 100 125 150

Average internal pipe diameter (medium

weight Qip€’in accordance with ISO 65) 53,0 | 68,7 | 80,7 | 105,1| 130,0 | 155,4
(mm)
Maximum pipe discharge [I/s (ANR)] 170 | 290 | 400 | 680 | 1030 | 1480

11
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Suitable pressure-tight thread connection —

Crevice-free joint -\ ; \c

Direction of flow

?B
DA

.. To membrane

) hotder
4
) \\_
\
C
Dimensions in millimetres
Probe size oA 2B C

1 7 9,6 200

2 10 12,6 200

3 17 19,6 400

7.2.3 Oil mgasurement

Drain collecting vessels (12) and (19) prior to com-
mencement gf test run. Retain the oil separated by.
the sample filfer in the collecting vessel (12). Drain'the
oil for measyirement by closing valve (11), géntly
opening valve (13) and collecting the liguid in the
measuring cojumn (14). Measuring intetvals depend
upon the ampunt of liquid collected. ‘Allow the col-
lected oil to spttle in order to avoid ‘in¢orrect readings
due to foaming, and take care-during measurement
to account fgr the meniscus:Alternatively, the col-
lected oil may be weighedi.and the mass recorded in

7.2.4 Oil/water measurements

Condensate may also be collected at the sampling
filter. When high levels of condensate are present,
collection rates increase and larger collecting con-
tainers are needed.

The liquid collected consists of water, oil/water
emulsion and oil. Depending upon the type of oil,

12

Figure 6 — Typical isokinetic sampling probe

separation of the oiljwater emulsion may ofcur, al-
lowing the water to be drained off and the il to be
measured (see figure 8).

If a water/oil emulsion zone occurs, drain thq oil-free
water, then add a measured quantity of solMent and
stir to dissolve the oil. A recommended solvgnt is in-
hibited trichloroethylene (see figure 9).

WARNING — Observe manufacturer's safety in-
structions and ensure that filter bowls afe com-
patible with the solvent.

Drain the heavier oil/solvent solution and meapure the
actual quantity of oil collected by subtracfing the
measured quantity of solvent from the total.

SaSUFEOMent-o ontertiran-et-Emulsion
may also be carried out in accordance with
reference [6].

7.2.5 Other measurements

If the test procedure is intended to measure the ef-
ficiency of the air/oil separator, rather than ascertain-
ing the level of oil aerosol present in the compressed
air system, the following additional data shall be re-
corded.
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7.2.5.1 Oil/water measurement — Aftercooler

Oil may also be present in the condensate at the
aftercooler separator drain, in significant quantity to
affect the total oil carry-over level.

Drain the aftercooler using valve (32), ensuring all lig-
uid is removed. Leave valve (32) just cracked open
and collect the condensate in measuring column (29)
until a minimum of 0,5 | of liquid has been obtained.
Repeat the procedure at each sampling period.
Measurg-as—aeh }

7.2.5.2 | Pressure drop — Air/oil separator

The oiltsaturated operational pressure drop is de-
pendent upon the oil loading. Pressure drop readings
shown pn gauge (30) must reach the horizontal part
of the graph before oil carry-over results are signifi-
cant (sge figure 10).

— Characteristic curve for unuseéd'sample filter
o= em e == o (haracteristic curve for préyiodsly used filter

ISO 8573-2:1996(E)

7.25.3 Temperature

The air/oil separator temperature ¢, and the ambient
air temperature ¢, shall be monitored by gauges (31)
and (33) respectively, and recorded.

7.25.4 Oil scavenge return

WARNING — Extreme caution is required during

il will be hot
and at discharge pressure.

The three-way valve (27) is normally [set to return
scavenged oil to the compressor. To obtain a reading,
temporarily divert the oil réturn into| a measuring
column (29) until a measurable quantity of oil is col-
lected, noting the time required. The [reading is re-
corded in millilitres“per minute.

Pressure drop across sampling filter

|
|
|
|
|
|
|
|

Figure 7 — Characteristic curves for sampling filters

Time

13
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Water

/
/ Oil/water emulsion
/

=

Figure 8 — Oil/water separator

/ Water

Oil-solvent solution
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|
=1

Figure 9 — Oil-solvent/water separator
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Pressure drop at equilibrium, or saturated

4ﬁaldry pressure drop

Pressure drop at air/oil separator

7.3 CQCalculation of test results

7.3.1 General

Resulty normally stabilize within a 200 h period,
although meaningful results can be obtained in less
time. Itlis necessary to ensure that results are stable,

repeatgble and presented in a form which shows-that
this ha$ been achieved.

7.3.2 Differential pressure

Differential pressure is measured in millibars.

7.3.3 [Air flowrate (discharge)

The aif flowrate is/measured in accordance with
ISO 51p7-1.

7.3.4 [Temperature

Figure 10 — Drop in pressure shown as a function of time

p <i5the specific density of the ofl, in kilograms
per cubic metre;

q is the air flowrate, in litres per $econd;
H is the duration of the test, in hqurs.

When the mass of oil is measured, thhe formula be-
comes:

where m is the mass of oil, in milligranjs.

7.3.6 Data recorded for air/oil sepanator test

7.3.6.1 Duration of test

Results shall show that a stable condition has been
achieved within the limits of experimgntal accuracy.
In cases where a limited time period is required, ex-

The temperature is measured in degrees Celsius.

7.3.5 Oil content

The oil content, X, in milligrams oil per cubic metre
air, is calculated using the following formula:
Vo 10°
X=—
gH " 3600

where

V is the volume of oil collected, in millilitres;

press test duration in hours, e.g. 200 h. In cases
where results are required over a longer period, or in
relation to the total lifetime of the air/oil separator,
express the duration as a maximum lifetime, e.g.
2 000 h. Alternatively, express the test duration as the
time required for the differential pressure at the
air/oil separator to reach a set value, e.g. 1 bar.

7.3.6.2 Oil scavenge return (where relevant)

The oil scavenge return is expressed in milligrams oil
per cubic metre air.

15
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7.4 Presentation of results

Data to be recorded and their form of presentation are
shown in annex A.

8 Test procedures — Method B

8.1 OQil vapour

Depending on the kind of oil and the temperature of
the compresged air, the oil vapour content is of

special import

oil vapour in

tracted under
holder and pip
temperature g

ured both in
stream.

The oil vapou

at temperatur
point of less t

© ISO

greasing procedures. Once the holder has been
cleaned, only handle using polyethylene gloves to
protect from finger-grease contamination. Using
tweezers, preload the holder with three layers of
suitable sampling discs (see table1) and insert a
polytetrafluoroethylene (PTFE) “O"-ring on the inlet
flow side of the outside diameter of the sampling disc
to provide an integral seal.

The chamber may then be suitably clamped (e.g.
clover leaf desian) externally to allow pressurization

ance. In order to avoid condensation of
he system, the sample should be ex-
isothermal conditions, i.e. membrane
elines should be well insulated, and the
f the compressed air should be meas-
the main stream and in the sample

I quantities require particular attention
bs above 40 °C and for oils with a flash
han 250 °C.

8.2 Maximum air velocity

The velocity o
exceed 1 m/s

The membran

an even velo
membrane.

8.3 Handli

Clean memobr|
dust and atm
and removin
holder, use a

complete and

brane must &
store the mer
or hydrocarbo|
most suitabl
measuring ar

the air through the membrane shall not
at operating pressure.

e holder shall be cone-shaped to ensure
ity distribution across the area of the

N9

bnes must be stored protected against
bspheric contamination, When inserting
g membranes from’ the membrane
pair of tweezers: After measurement is
before analysis, the exposed mem-
e stored protected from dust. Do not
nbrane. in.eontainers made from organic
h materials. Clean glass Petri dishes are
.~ If> several hours elapse between

dAnahiata  +h e N L tel b
U antiaTy ST, O rrreTrioralic STTodTa UtT

to between 0 bar to 10 bar. Mount the hofddr in the
test pipe as shown schematically in figure3.

The test equipment must be complétely free {rom oil,
hydrocarbons and other contaminants befofe it is
connected to the system. Thisdsyparticularly important
for the parts between the.cénnection point pnd the
membrane holder, whiefi~should be very g¢arefully
cleaned. Bends are nat permitted at a distancg of less
than ten pipe diameters upstream of the mgasuring
equipment.

8.6 Test Method B1 (see figure 3)

The, aerosol oil content is measured by megns of a
collection membrane (see 6.2.1.2.1) which i§ placed
in the membrane holder. Before inserting the mem-
brane, divert the air through the bypass tubg as fol-
lows.

Turn valve (4) to the open position. Shut valves (1) and
(6) and evacuate the membrane holder by means of
valve (3). The air flow is now diverted throligh the
bypass tube (8). Open the membrane holder apd place
three layers of membrane and a supporting digc in the
holder (the disc must be placed after the membrane).
(See also 8.5.) Shut valve (3) and the mgmbrane
holder. The aerosol measuring device is noyv ready
and is used in the following way.

Open valve (1) carefully, so that the membrang holder
is pressurized. Turn valve (5) to the open position and

carafull claca valua (4) vabua (B) havim ey b A re-set
AR AR LD LA A A A vy PR AS LA ASER RS/ AR R IC R AL RIS B SASA L) p

stored in a cool place.

8.4 Zero sample

In order to check that the membranes are clean,
choose a new membrane at random. Analyse this

membrane to

make sure that it does not contain oil.

8.5 Preparation

Ensure there

is no hydrocarbon contamination of the

membrane holder or components caused by de-

16

to provide the required flow through the sampling
membrane, and collect between 0,2 mg and 20 mg
of oil in the sampling membrane.

Measure the time required for collection, which
should be at least 2 min. Stop the test by opening
valve (4) and closing valve (5). Shut valve (1) and
evacuate the membrane holder using valve (3). Take
out the membrane, place it in a clean hydrocarbon-
free container and protect it from contaminants.

For methods of analysis and calculation of the amount
of oil present, see clause 9.
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8.7 Test method B.2

The air flow shall be sampled and tested using the
method described in 6.2.2.1.

Select a suitable discharge Q,, in litres per second
(ANR), for the main pipe flow.

Calculate the sample discharge g, in litres per second
(ANR), to be extracted by the sampling probe, using
the formula:

ISO 8573-2:1996(E)

9.2 Reagents

9.2.1 1,1,2-Trichlorotrifluoroethane (TCTFE),
spectral grade, used as solvent.

NOTE 2 To ensure that the trichlorotrifluoroethane is
clean, a spectrum with air as a reference should be taken.

WARNING — 1,1,2-Trichlorotrifluoroethane should
be handled with care using appropriate protective
equipment.

0:d”
q F ————
1 Dz
Table4 | gives the recommended maximum com-
pressed air discharge for pipes at 6,3 bar pressure.

9 Analytical procedure for Methods B1
and B2

9.1 Principle

The oil tollected on the membrane or in the isokinetic
sampling probe or membrane holder is dissolved in
1,1.2-trichlorotrifluoroethane and the amount deter-
mined by infrared spectrometry (see figure 11).

The comcentration of oil in solution is proportional to
the abdqorbance of IR light at three wavenumbers?®
characteristic for oil. These are normally 2 960 ¢y !
2925 ¢m™ ' and 2 860 cm” ' depending on the type
of oil. The absorbance A is calculated as follows:

3
IO
A: |Og1o(—l11213 )

I is the intensity of light absorption by the
solvent{baseline) and

I, I,, I; arethe intensities of light absorption of
the solution at the three characteristic
wavenumbers respectively.

9.3 Apparatus

9.3.1 Infrared spectrometer, doublefpeam type or
Fourier-transform  singl®) cell type| covering a
wavenumber range~ of at least 3400 cm™ to
2500 cm™ ' and @with a transmittance reproducibility
of better than 0,3'%.

9.3.2 Infrared cells, designed and nfatched for in-
frared, analysis and with 40 mm to[50 mm path
length; in order to detect oil collected ih the range of
;2 mg to 4,8 mg.

9.4 Accuracy of the method

Using the test apparatus as described| the accuracy
of the method is better than + 10 % ard the range is
from 0,001 mg/m3 to approximatelg 5 mg/m® with
free air volume, or from 0,007 mg/m® tp 35 mg/m? at
a pressure of 6,3 bar and sampling timgs from 3 h to
2 min respectively.

9.5 Procedure

9.5.1 Analysis of oil collected by th¢ membrane

Using the membrane holder as a| funnel (see
figure 11), back-wash the oil from the membranes (the
expected amount of oil is in the rarge 0,2 mg to

This absorbance is then compared with the graph of
absorbances calculated similarly for solutions of
known concentration.

3) The wavenumber is the reciprocal of the wavelength.

4.8 mg)ytosotutiom wittr TETFE; Tarefully noting the
amount of solvent used. Typically, approximately
25 ml of solvent is sufficient to remove all of the oil
from the disc and holder.

17
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Table 4 — Recommended maximum air discharge in pipes at 6,3 bar pressure

Pipe size

(ISO 65, medium series,

Discharge at maximum
recommended velocity of

Discharge at maximum
recommended velocity of

nominal bore) 6m/s 15 m/s
mm I/s (ANR) I/s (ANR)
6 1 2,5
8 3 7.5
10 5 12,5
15 10 25
20 17 43
25 25 63
32 50 125
40 65 163
50 100 250
65 180 450
80 240 600
100 410 1025
125 610 1525
150 900 2 250

NOTE — The limiting velocity of '€._m/s applies to lengthy air mains. 15 m/s should be
confined to branch lines not exeeeding 15 m in length.

Pour the soldtion into an IR cell and placé the cell in

the sample bpam.

Pour pure TC[TFE into the refefence cell and place the

cell in the reference beam:

Record th¢
2 500 cm™".

NOTE 3 A typical IR spectrum which might be obtained

spectrum

from 3400cm™' to

Take 100 mg of the oil being used and dilut
TCTFE to 100 ml, to make a solution of conc
1 mg/mi.

Take spectra with each of the resulting solu
enable a graph similar to figure 12 to be obta

Dilute this solution further in accordance with

© ISO

9.6 Preparation of the calibration graph

B it with
entration

table 5.

tions, to
ned.

is shown in figure TT.

The calibration graph is valid only for the oil used and
for the type of cell used.

Determine the amount of oil collected by the mem-

brane using the calibration graph obtained (see 9.6

and figure 12).

18

NOTE 4 The calibration graph will vary according to the

degree of oxidation that the oil has undergone. Where
possible use oil of known origin, taken from the compressor
at the time of test to prepare the calibration graph. Alterna-
tively, oils or oil mixtures may be artificially oxidized.
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Isokinetic
probe

ISO 8573-2:1996(E)

. !
Main flowmeter H \

Isokinetic probe

Oil + solvent

lo

o~
~

Infrared
spectrometer

ly

Typical infrared spectrum Method B1

Figure 11 — Analytical test method

Solvent (= 25 ml)

Method B2
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Table 5 — Dilution of the standard solution
(1 mg/ml) to 50 mi with TCTFE

)

/5
111215

log o <

A=

Volume of standard Resu_lt!ng conce'ntra'flon
. of oil in the calibration
solution (1 mg/ml) used .
solution
ml ug/ml
0,1 2
0,5 10
1.0 20
2,0 40
3,5 70
5,0 100

1 I |

50

Figure 12 — Calibration curve

100
Oil concentration, pg/ml
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