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Foreword

This standard makes reference to the following British Standards:
BS 249, Leaded brass (58 per cent copper, 3 per cent lead) rods and sections 
(other than forging stock).
BS 267, Cold rolled brass sheet, strip and foil, 70/30 brass.
BS 409,Naval brass sheet, strip and plate (excluding naval brass condenser plate).
BS 885, Brass tubes for general purposes, 70/30 arsenical brass, aluminium brass.
BS 970, Wrought steels. En series.
BS 1042, Code for flow measurement.
BS 1400, Schedule of copper alloy ingots and copper and copper alloy castings.
BS 1407, High carbon bright steel (silver steel).
BS 1408, Patented cold drawn steel spring wire.
BS 1806, Dimensions of toroidal sealing rings (“O” seals and their housings).
BS 1845, Filler metals for brazing.
BS 2831,Methods of test for air-filters used in air-conditioning and general
ventilation.
This British Standard, which has been prepared under the authority of the
Mechanical Engineering Industry Standards Committee, is based on a test 
method developed at the Chemical Defence Experimental Establishment of the
Ministry of Defence, and Crown Copyright is reserved in nearly all the drawings,
which are reproduced by permission of the Controller, H.M.S.O.
The test cloud, composed of sodium chloride particles mainly within the size
range 0.02 Èm to 2 Èm equivalent diameter, has a mass median size of
about 0.6 Èm and provides a searching test of a filter. Estimation of the amount 
of particulate matter penetrating the filter is by flame photometry and, as the
apparatus is almost instantaneous in action, it has a considerable advantage for
high efficiency filters over the methylene blue test (BS 28311)) which requires a
time of test sufficient to collect a visible quantity of dye on the test paper, and
furthermore it has little effect on the filter. This test is therefore intended as a
replacement for the methylene blue test for filters of less than 0.01 % penetration
and as an alternative for filters of 0.01 % to 100 % methylene blue penetration.
Although the particle size distribution is similar to that of the methylene blue
cloud, experience has shown that measurement of penetrations under 0.01 % by
the method described in this standard may not be in agreement with the
methylene blue test because the duration of the methylene blue test can cause
clogging of some types of filter and the esparto test paper is of low efficiency
towards the highly penetrating particles which have passed through the filter
under test. For filters of penetration above 0.1 % the two methods of test should
give almost identical results.

1) BS 2831, “Methods of test for air-filters used in air-conditioning and general ventilation”.
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Another design of sodium flame equipment is available to cover the same range
of penetration as that measurable by the equipment described in this standard.2)

NOTE Where metric equivalents are stated the figures in imperial units are to be regarded as the
standard. The metric conversions are approximate.More accurate conversions should be based on the
tables in BS 350, “Conversion factors and tables ”.

A British Standard does not purport to include all the necessary provisions of a
contract. Users of British Standards are responsible for their correct application.

Compliance with a British Standard does not of itself confer immunity 
from legal obligations.

Summary of pages
This document comprises a front cover, an inside front cover, pages i to iv,
pages 1 to 44 and a back cover.
This standard has been updated (see copyright date) and may have had
amendments incorporated. This will be indicated in the amendment table on the
inside front cover.

2) If another design of equipment is used, it must give the same penetration results as the
standard equipment. In the event of disagreement between test rigs, the value given by the
standard equipment will be accepted as the true value. Full particulars of one alternative design
may be obtained from the Industrial Collaboration Office, A.E.R.E. Harwell.
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1 Scope
This British Standard specifies a method of test for
low-penetration air-filters (other than for air supply 
to I.C. engines and compressors) using the sodium
flame method.

2 General principle
The test cloud of common salt is generated by the
evaporation of water from a spray of droplets formed
by atomizing a solution of salt in a spray box.Most 
of the larger droplets are removed by baffles placed
axially around the nozzles and the remainder of the
cloud is blown down the ducting by the main air
flow.
The remaining large droplets fall out in the
entrance to the ducting and are removed by 
draining into a detachable sump. Thorough mixing
of the cloud is ensured by a circular baffle situated
centrally in the ducting down-stream from the spray 
box. The relative humidity of the air and the
dimensions of the ducting are such that all the
water has evaporated by the time the aerosol
reaches the filter under test, leaving a test cloud of
small particles of salt. After passing through the
filter under test the air flows down the effluent 
ducting, mixing being carried out by means of a
baffle and orifice plate, the latter also serving, with
its associated manometer, to meter the air flow.
Within the effluent ducting is an elbow bend
sampling tube which is connected to a flame
photometer. The flame photometer consists of a
flame tube assembly through which a proportion of
the effluent air passes. Any entrained salt particles 
produce the characteristic emission of sodium
yellow light from the hydrogen burner. After
passing through suitable optical filters, the light 
from the flame falls on the cathode of a
photomultiplier cell and the resulting photo-current 
is measured by means of a sensitive galvanometer.
By prior calibration of the instrument, readings
given by the effluent cloud from the filter can be
converted into percentage penetration figures.

3 Test rig
The test rig shall be assembled as follows 
(See Figure 1):
3.1 Fan. A fan shall be provided capable of
delivering themaximumrequired flow of air against 
the resistance of the complete equipment and filter
under test.

3.2 Humidity and contamination control. The
air delivered by the fan shall be dried sufficiently so
that the relative humidity (r.h.) of the salt-laden air
at the filter face shall be less than 60 %, and it shall
also be filtered in order to prevent contamination of
the salt solution by dust and lint.

3.3 The test cloud generator

3.3.1The test cloud generator shall normally consist 
of up to four atomizers and baffles (Figure 2)
contained in a suitably sized box (Figure 3) of
polyvinyl chloride (PVC) (or other non-corrodible
material) designed for insertion between the fan
and main ducting.
3.3.2 Each of the atomizers A shall be constructed of
stainless steel and conform to Figure 2. The baffle,
positioned symmetrically around the atomizer,may 
be constructed from a rigid polythene3) bottle and
held in position by drilling the screw cap and sliding
it over the atomizer feed tube, a tight fit being
obtained by packing the cap with a polythene sleeve
before screwing it on to the bottle.
Three slots 5 in (127 mm) long and 1 in (25 mm)
wide, with the long sides turned inwards for
in (5 mm) shall be cut in the side of the bottle, the
remaining portions of the bottle acting as baffles for
the spray which strikes the centre of each of these
baffles and escapes to the spray box through the
slots. The liquid feed tube shall project through the
bottom of the bottle into the salt solution and drain
holes shall be made in the bottom so that excess 
liquid will run back into the spray box.
3.3.3 The spray box shall consist of a non-corrodible
container of suitable size and shape to
accommodate 4 atomizers (Figure 3). The box shall
have a short length of 12 in (305 mm) diameter inlet 
and outlet ducting with suitable flanges for
connection to the fan and main ducting. The lid of
the box shall be made of clear material4) reinforced
at the edges by light alloy angle bar. The lid shall be
held in position by quick release clips and a thick
sponge rubber gasket shall be included to make the
box airtight. The bottom of the box shall be made to
slope slightly from each side towards the centre, at 
which a 1 in (25 mm) drain tap shall be installed to
drain away used salt solution. In order to reduce
solution agitation an inverted transparent plastics4)

tray shall be placed on the bottom of the spray 
box, 4 holes to be drilled through the tray at the
appropriate places to accommodate the polythene3)

bottles which serve as baffles.

3) It should be noted that the name polythene is equivalent to the name polyethylene.
4) A material such as perspex is suitable.

3
16⁄
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3.3.4 The atomizer shall be connected by individual
feed pipes and a manifold (Figure 3) to a supply of
compressed air capable of delivering up
to 4 ft3/min (113 l/min) of free air for each atomizer,
at a constant pressure of 100 lbf/in2 gauge (7 bar)5).
The air shall be delivered clean and free from oil and
water. The feed pipes shall pass into the spray box 
through close-fitting bushes near the top of one side.
Each shall carry, outside the box, an isolating valve
and a flow-meter, so that the number of atomizers in
use can be controlled and the flow to each checked
(to guard against blockage or leakage). For testing
high-efficiency filters at flows
exceeding 500 ft3/min (850 m3/h) 4 atomizers are
needed; between 200 ft3/min (340 m3/h)
and 500 ft3/min (850 m3/h) 2 atomizers;
between 50 ft3/min (85 m3/h)
and 200 ft3/min (340 m3/h) 1 atomizer, and
below 50 ft3/min (85 m3/h) preferably a one hole
atomizer. Each compressed air flowmeter shall be
capable of measuring 3.3 ft3/min
to 3.5 ft3/min (95 l/min to 100 l/min) of free air at a
pressure of 100 lbf/in2 (7 bar 6)). Alternatively, a
single flowmeter capable of measuring the same
total flow may be incorporated in the manifold
(e.g. 2 ft3/min to 20 ft3/min (50 l/min to 500 l/min)
range flowmeter for 4 atomizers), together with an
isolating valve on each feed pipe. The constant 
pressure of 100 lbf/in2 (7 bar6)) may be obtained by 
the use of either a bleed-off valve or a regulating
valve in the manifold. The valve shall be mounted
near the flame tube to facilitate operation of the rig,
together with a pressure gauge and the flowmeter
(if a single one is used). The pressure gauge shall be
of the Bourdon type with a dial of not less
than 6 inches (150 mm) diameter, reading
accurately to 100 lbf/in2 (7 bar 6)).

3.4 Ducting. The ducting B shall be of such
diameter, D, that the linear speed of air shall not 
exceed 30 ft/s (9 m/s) and of such length that at 
least 2 seconds shall elapse for the passage of air
between the atomizers and the filter under test, so
that complete evaporation of water from the spray 
takes place before arrival at the filter. It shall be
made of, or treated with, salt-resistant material
such as polyvinyl chloride.A sump shall be provided
on the underneath of the duct, placed at a
distance D from the spray box, to drain liquid
carried over from the atomizers.The circularmixing
baffle of diameter situated at least 10 D from
the spray box shall be supported centrally on wires 
or thin strips offering little resistance to flow. One
axial sampling point E facing up-stream, at 
least 5 D from the baffle shall be provided in the
inlet ducting, near the front face of the filter unit, for
calibration purposes and r.h. measurements of the
salt-laden air. The sampling orifice E shall have a
sharp leading edge, and be of such a diameter that 
the sampling velocity is between! and 4 times the
duct velocity at a sampling flow rate of
between 1 ft3/min and 2 ft3/min (28 l/min
and 56 l/min).Within these limits, errors due to
anisokinetic sampling are negligible.
For a test rig handling 1 000 ft3/min (1 700 m3/h)
ducting diameter D of 12 in (305 mm) is suitable.
3.5 The filter housing. This shall consist of
expanding sections from circular inlet to
rectangular section, the cross-sectional area of the
large end being not more than 50 % greater than
that of the filter under test. Between the expanding
sections there shall be a parallel section, of the same
cross section as the rectangular ends, having a
length between 10 % and 20 % greater than the
depth of the filter under test, and within which the
complete filter unit (including support and retaining
frame) is to be mounted on a suitable supporting
plate in accordance with the filter manufacturer’s 
normal method of installation.
Static pressure taps shall be provided as near as 
practicable to the front and back faces of the filter.
A suitable differential manometer capable of being
read to an accuracy of 0.05 in (0.1 mm) water gauge
(w.g.) shall be connected to the pressure taps.
NOTE When the maximum face dimension of the filter exceeds 
say, 3 ft (915 mm) the expander section on the upstream side
becomes inconveniently long. Shorter expanders (but not less 
than 1;X ) may be used if it is demonstrated that the dust 
distribution remains uniform over the face of the filter.

5) 1 bar = 105 N/m2.
6) 1 bar = 105 N/m2.

D/ 2
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3.6 Effluent ducting. The ducting C shall be of
suitable length and of diameter d to accommodate a
circular mixing baffle, orifice plateO with tappings,
sampling tube E1 and a flap or other suitable valve.
For a test rig handling 1 000 ft3/min (1 700 m3/h) a
ducting diameter d of 8 in (200 mm) is suitable.
The circular mixing baffle of diameter shall be
supported centrally on wires or thin strips offering
little resistance to flow and situated 3 d from the
end of the transformation piece.
An orifice plate constructed and installed in
accordance with BS 10427) shall be inserted in the
outlet section 10 d from the baffle. A suitable
differential manometer shall be connected to
pressure taps situated distances d upstream
and d/2 downstream of the orifice.
The thin walled sampling tube E1, with the open
end cut square and of such area that the sampling
velocity is within! to 4 times duct velocity, shall be
inserted centrally into the duct facing the air flow at 
a distance of 5 d from the orifice plate.
A flap or other suitable valve shall be inserted in the
ducting 5 d from the sampling tube.
3.7 Flame photometer. Inside the flame tube of
the photometer assembly, Figure 4, a burner
(Item 20) produces an ovoidal flame symmetrical
about the vertical axis. It fits closely over the flow 
restricter (Item 21) which fits into the hydrogen feed
pipe (item 10). The burner shall be of copper as the
rate of returning to clean flame conditions, after
contamination, depends upon the thermal
conductivity of the burner. The photomultiplier
views the flame through tube K, the window in the
flame tube (Item 4), and the glass chimney (Item 5)
which fits closely inside the flame tube. Alignment 
is maintained by the bracket (Item 6) which can be
adjusted relative to the flame tube. The burner
height, which affects calibration, shall be fixed
relative to the flame tube and bracket, by means of
a supporting collar of suitable height (Item 22) and
the grub screw (Item 24) so that the tip of the burner
is 2 mm below the line of sight of the
photomultiplier, i.e. 2 mm below the flame tube
window.

The photomultiplier with its associated dynode
chain resistors, rotating optical shutter and filter
box shall be contained in a light-tight housing. The
filter box M, just in front of the photomultiplier,
contains an optical interference filter, permanently 
installed, to isolate the sodium yellow lines, and
space for neutral density light filters to reduce the
light level to a convenient value. A power unit 
consisting of a half-wave rectifier with corona
discharge stabilizer N shall be used to provide a
negative voltage of about 1 000 V for the
photomultiplier, the output from which shall be led
to a galvanometer, P8) (see Appendix A.4). An
electrostatic voltmeter may be placed across the
E.H.T. output to serve as an indication of voltage
output.When the photometer control cock (Y,
Figure 1 and detail Figure 7) is in the TEST position
the flow of air down the sampling tube shall be
controlled, normally between 1 ft3/min
and 2 ft3/min (28 l/min and 57 l/min) by the flap
valve in conjunction with the fan damper and a
bleed in parallel with tube H, the effluent being
allowed to pass to the horizontal tube H and
atmosphere.
Some of the air flowing down the tube H is drawn
into the vertical flame tube T, which contains the
hydrogen burner, Q, this convective flow being
almost independent of the flow in H, the flame
burning quite freely. The tube H shall be connected
to a supply of filtered air from a small blower G
when the cock is in the STAND-BY position thus 
preventing short-term contamination of the burner
by dirty air from the room when tests are not in
progress.
The hydrogen supply to the burner shall be
regulated to secure the correct flame size and shall
be indicated either by a flowmeter or by a
manometer9). Pressure hosing shall be used to
supply gas from a cylinder fitted with a pressure
regulating valve to reduce pressure to a maximum
of 7 lbf/in2 (0.5 bar 10)).

7) BS 1042, “Code for flow meausrement”.

d 2⁄

8) A suitable instrument may be obtained from Pye of Cambridge Ltd., and is known as the Pye Scalamp Galvanometer
Type 7904/S.
9) If a manometer is employed the hydrogen pressure should be regulated to 10 cm w.g. Pressure variations of ± 10 % may be
tolerated in order to maintain the 5 cm clean flame deflection.
10) 1 bar = 105 N/m2.
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4 Assembly of Apparatus
The apparatus shall be installed in a reasonably 
clean room, free from dust producing equipment and
preferably with provision for heating during cold
weather. Overall length of the apparatus may be
reduced by semi-circular bends in the duct, such
bends being of at least 2 ft (0.6 m) radius. The flame
tube shall be positioned so that direct sunlight and
draughts are avoided and instruments shall be
mounted to avoid vibration. There shall be no
serious constriction in tubes by screw clips or by the
use of flowmeters with needle valves, as such
devices will cause impaction of particles.
Instruments may be mounted on panels or tables or
by combination of both of these methods. The whole
apparatus shall be assembled so that it is free from
dust, special care being taken with the flame tube.
Rubber hosing shall be washed to remove all traces 
of French chalk. The photomultiplier shall be placed
in its housing in darkness or under faint red light 
and shall not be exposed to bright light.
Approximately 1" gallons (7 litres) of 2 % salt 
solution (see Appendix B.2) are required for each
charging of the spray box.

5 Calibration
5.1Clean flame background.With a good quality 
filter in circuit (0.005%) the clean flame background
value shall be determined as follows:
1) Insert the interference filter and neutral
density filter to a value of at least 3 in the optical
filter box.
2) Switch on the galvanometer and set at zero on
most sensitive range.
3) Switch on the mains supply to the power unit 
with the photomultiplier masked and allow 
at least five minutes for the dark current to
stabilize. This should be not more than a
deflection of 2 mm.
4) Turn the cock to TEST position.
5) Switch on the impeller fan and adjust to correct 
air flow.
6) Switch on the ancillary fan or blower, G.
7)When the dark current is steady back off on the
galvanometer by adjusting zero.
8) Light the hydrogen burner and adjust to
correct flow.
9) Adjust the flow of air to the horizontal tube H
to between 1 ft3/min and 2 ft3/min (28 l/min
and 56 l/min) measured by inclined gauge or by 
flowmeter [the apparatus will function well on
flows of 0.5 ft3/min to 2 ft3/min (14 l/min
to 57 l/min)].

10)Switch the galvanometer to the least sensitive
range and unmask the photomultiplier.
11) Switch the galvanometer to more sensitive
ranges noting the galvanometer deflection at 
each step.
12) Gradually remove the neutral density filters 
until the galvanometer deflection is about 50 mm.
13)When the deflection appears to be steady,
check that the hydrogen flow is 500 ml/min and
insert appropriate neutral density filters to give a
deflection of 50 mm on Range 1 of the
galvanometer. Allow the apparatus to stabilize
for at least half an hour, checking deflections 
at 5 minute intervals. To maintain a 50 mm
deflection it may be necessary to adjust the
hydrogen flow within the range 500 ± 50 ml/min.

It is necessary to follow these instructions carefully 
to check on clean flame deflection as this deflection
provides an indication of the stability of the whole
apparatus. A small amount of contaminant will be
readily detected by removing the cowling and
inspecting the flame for yellow coloration. If clean,
the flame should be scarcely visible and slightly 
blue. A large deflection will also be obtained if there
are light leaks in the photomultiplier housing. Such
leaks may usually be detected by wrapping black
cloth round the housing.
When the background deflection is steady the
neutral density values shall be noted. In future
work these neutral density values shall be employed
for obtaining the clean flame deflection of 50 mm
and hydrogen flow shall be within ± 10 %
of 500 ml/min. The meter reading should be fairly 
steady, varying by less than 1 mm although
occasional flicks may occur if dust or fibres are
blown into the flame. A roughing filter F (Figure 1)
shall be inserted, if necessary, to remove such
particles from the system, and may be left in circuit 
when low penetration filters are being tested, but it 
shall have a penetration large enough to exert no
appreciable effect on removal of particles smaller
than 1 Èm which have penetrated the filter under
test. It shall be removed for testing filters with a
measured penetration higher than 10 %. (A suitable
roughing filter may be constructed of
approximately ft2 (0.01 m2) area, from 1 or 2
sheets of glass-fibre battery separator material and
shall have a penetration of about 90 %. The
roughing filter shall be renewed after every 20 filter
tests.)

1
9⁄



BS 3928:1969

© BSI 09-1999 5

5.2 Main calibration. The dilution circuit for the
main calibration shall be built in as a permanent 
part of the test rig (Figure 1) and the relationship
between salt concentration and deflection shall be
obtained as follows:
1) Check that the clean flame background is
correct.
2) Insert neutral density filters to the value of at 
least 3.0.
3) Remove the roughing filter F as it may cause
loss of some of the larger particles from the
unfiltered cloud.
4) Switch on the impeller fan and adjust to correct 
air flow.
5) Turn on compressed air to atomizer(s) and
check that the air flow at 100 lbf/in2 (7 bar 11)) is
equivalent to 95 l/min to 100 l/min free air
delivery.
6) Check the relative humidity and control the
heat input, if necessary, to reduce relative
humidity to amaximum of 60 % at the filter face.
7) Bleed off a small metered proportion of the
unfiltered test cloud by the sampling orifice E.
The rate of flow through the orifice is the sum of
the flows through meters A1 and G1, Figure 1.
8)Mix part of the sample which is being bled off
(of between 1 l/min and 10 l/min) with ameasured
air flow of between 20 l/min
and 200 l/min. This diluting air shall be of less 
than 60 % relative humidity and shall have been
filtered through high efficiency filters.
9) Bleed off a flow of a few l/min of this mixture
(measured by the flowmeter C1) and mix 
thoroughly with a larger measured flow of dry 
filtered air metered by flowmeter D1.
10) Pass between 1 ft3/min
and 2 ft3/min (28 l/min and 56 l/min) of the final
mixture in 5.2 9) to the control cock Y and thence
to the horizontal flame tube.
11)When all flows are steady adjust neutral
density filters in the optical filter box to obtain a
suitable galvanometer deflection.

By varying the proportions of clean filtered and
salt-laden air, concentrations of from 0.005 %
to 100 % of the original cloud may be obtained, for
each of which concentrations the galvanometer
deflection shall be read and the total value of
neutral density filters noted.Only one dilution stage
is required for concentration of 5 % to 100 %.

A plot of equivalent deflection against percentage
concentration leads to a straight line up to
about 10 % concentration with curvature
between 10 % and 100 %. The equivalent
deflection/concentration graph, as plotted on
log – log paper, is shown in Figure 5. It has been
found that the deflection is directly proportional to
the mass of salt over a wide range of concentrations 
and is independent of particle size in the range
employed in this test. Calibration shall be carried
out at each main flow rate to be employed and for
each calibration calculations shall be set out as 
shown in Appendix C.
NOTE 1 The galvanometer deflection should not be read until a
few minutes after each flow adjustment has been made in order
to ensure that the correct concentrations have been reached.
Good mixing of the salt laden and clean air is essential in the
mixing chambers, which should be of about 10 litres capacity, or
fluctuations of the flame will occur. Small pulses in the flow 
through the low volume flowmeters may cause fluctuations in
readings and excursions of ± 10 % in both galvanometer and
flowmeter readings may be encountered.With care, however, by 
estimation of mean readings of galvanometers and flow meters,
good linearity of deflection versus concentration will be obtained.
NOTE 2 It is essential that the flowmeters and tubes be free
from serious constrictions as described in Clause 4.
NOTE 3 The power unit voltage is fixed by the corona discharge
stabilizer and this voltage, together with the degree of sensitivity 
of the photomultiplier and attenuation by the interference filter,
controls the galvanometer deflection. Each of these three factors 
varies from component to component and therefore changing any 
one causes a change in calibration.
NOTE 4 Recalibration should be carried out when any of the
above factors has been changed (Note 3).
NOTE 5 Spot checks on calibration should be made daily. At 
least five points should cover the range 0.01 % to 100 %
concentration.

6 Testing Procedure
The following testing procedure shall be carried out:
1) Switch on the galvanometer and zero with
sensitivity switch on the most sensitive range.
2) Switch on the E.H.T. and allow 5 minutes 
warming up period.
3) Check the dark current and if within the
standard limits re-set the galvanometer to zero.
4) Light the hydrogen burner and immediately 
turn on the ancillary blower or fan with the cock
on STAND-BY. Adjust the hydrogen flow to the
requisite level and check the clean flame
background.
5) Connect the filter unit to be tested into the
circuit.
6) Switch on the main fan, adjust the flow to
correct value and read the pressure drop across 
the filter.

11) 1 bar = 105 N/m2.
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7)With the cock turned to TEST position adjust 
the flow to flame tube to between 1 ft3/min
and 2 ft3/min (28 l/min and 57 l/min) and again
check the clean flame background. If the clean
flame deflection is 50 mm when the hydrogen
flow or pressure is within the stipulated limits
the apparatus is performing satisfactorily. The
particle generation is checked by passing
the 100 % cloud through the flame system (after
inserting the appropriate neutral density filters).
8) Insert neutral density optical filters 
appropriate to the value of the expected
penetration.
9) Gradually apply pressure to the atomizers 
whilst noting the galvanometer reading.
10) If no gross faults are apparent adjust the
pressure to 100 lbf/in2 (7 bar 12)) and the neutral
density optical filter to such a value as to obtain
suitable deflection on the galvanometer checking
that the air flow to each atomizer is equivalent 
to 95 l/min to 100 l/min free air delivery.
11)When the deflection is steady note its value.
12) Switch the cock to STAND-BY, turn off the
spray and finally turn off the main air flow.

NOTE A slight difference may be found between the clean
flame background readings on TEST and STAND-BY if the air from
each part of the circuit is not quite of the same standard of
cleanliness. This difference should be less than 5 % if the
apparatus is clean and the reading when the cock is on TEST is the
one which is to be used in calculation.

Specimen calculations for determining percentage
penetration are shown in Appendix D.

7 Effect of humidity on the flame
As the humidity in the flame tube is increased the
galvanometer deflection decreases. This depressive
effect is approximately 2 % of clean flame
background for a 10% increase in relative humidity.
The spray from four atomizers increases relative
humidity in the trunking by some 5 %
at 1 000 ft3/min (1 700 m3/h) so that, whilst the salt 
penetrating causes an increase in galvanometer
deflection, this increase is smaller than would be
found if there were no humidity changes. The error
involved in measuring penetrations of 0.002 %
at 1 000 ft3min (1 700 m3/h) is thus about 10 % and
may be neglected, but allowance has to be made for
humidity if filters of the measured value of 0.001 %
penetration and less are being tested. It is indeed
possible when testing very high efficiency filters for
the deflection to decrease when the spray is turned
on, the decrease being attributable to increased
relative humidity.

12) 1 bar = 105 N/m2.
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Appendix A Ancillary Apparatus
A.1 Relative humidity control. To obtain accurate results it is essential that the particulate matter at
the filter face consists of dry salt particles and for this the relative humidity in the main ducting at the
entry to the filter unit under test must be below 60 %.When the atomizers are in operation water from the
spray will increase the relative humidity and any apparatus for controlling the relative humidity to the
above figure shall be connected on the inlet side of the spray box.
Suitable air drying apparatus is available commercially and, where regular testing is necessary, justifies 
its cost. The relative humidity of the air can be reduced by heating and this may be satisfactory when
intermittent testing is practicable.
The relative humidity shall be measured by wet and dry bulb thermometers, or other device of similar
accuracy and response, salt laden air being bled off from the main ducting immediately before the filter
unit (sampling point E). There is unlikely to be any serious error due to salt deposition on the wet bulb
thermometer so long as the wick is cleaned at frequent intervals.
A.2 Photomultiplier. The photomultiplier shall be of high sensitivity (approximately 200 ampere/lumen
sensitivity at 1 000 V), and have a dark current of less than 0.003 ÈA13). Special attention shall be paid to
the photomultiplier housing in order to prevent the ingress of stray light.
A.3 E.H.T. unit. The E.H.T. unit circuit for the photomultiplier is shown in Figure 6. It consists of a
half-wave rectifier with resistance-capacity smoothing followed by a corona discharge stabilizer14).
A.4 Galvanometer. The signal shall be measured on a suitable galvanometer and in order to damp it and
reduce the effects of occasional flicks when dust or fibre are blown through the flame a 250 ÈF electrolytic
condenser and a 25 k7 resistor shall be connected across the galvanometer terminals. The galvanometer
shall always be read in the sensitive range (Range 1), deflection being reduced to scale by the use of neutral
density filters, and it shall be mounted so that it is not subjected to vibration.
A.5 Interference filter. The sodium light interference filter15) is employed to reduce the amount of
unwanted radiation falling on the photomultiplier cathode and hence to increase the signal/background
ratio.
A.6 Neutral density filters. Neutral density filters 2 in (51 mm) square are employed to reduce the light 
value to a convenient intensity16). A neutral density filter will reduce by the same amount the intensity of
light of all wavelengths in the visible spectrum. The amount of reduction is given by the antilogarithm of
the neutral density value. Thus a filter of neutral density 0.4 (antilog . 2.5) reduces the intensity by a
factor of 2.5, that is to 40 % of the original value, whilst a neutral density filter of value 2.0 reduces the
intensity by 100, that is to 1 %. Suitable values of neutral density filters may 
be 0.1, 0.3, 0.4, 0.7, 1.0, 2.0, 3.0 and 4.0, giving transmission of 80 %, 50 %, 40 %, 20 %, 10 %, 1%, 0.1%
and 0.01 % of the incident light.Neutral density values must be accurately known, or a smooth calibration
curve may not be obtained. The main function of the neutral density filters is to attenuate sodium light as 
wavelengths other than those around 5890 Å (sodium yellow) are greatly attenuated by the interference
filter. It is therefore more important that the value stated on the neutral density filters should hold for light 
of 5890 Å than for the whole range of visible wavelengths. The stated value should be within ± 2 % of the
true value at 5890 Å.
A.7 Calibration of neutral density filters. The neutral density filters may be accurately calibrated by 
means of a transmission densitometer. However, the interference filter to be used in the apparatus shall
be fitted to the instrument so that attenuations are measured for the particular band of radiations which
will normally reach the photomultiplier.

13) A suitable photo-multiplier is an “end-window” type manufactured by Electrical & Musical Industries Ltd., Hayes, Middx.
Type 9524A should be ordered, quoting the above data.
14) A suitable stabilizer is manufactured by the General Electric English Electric Companies Ltd., London, W.1,
Reference No. SC1/1000.
15)A suitable sodium interference filter of 2 in diameter and having a band width of 90 A at half peak is manufactured by Barr &
Stroud Ltd., Anniesland, Glasgow, W.3.
16) Suitable “all glass” filters may be obtained from Chance Bros. Ltd., Smethwick, Warley, Worcs., or their agents.
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If no transmission densitometer is available the calibration of neutral density filters may be made using
the flame photometer as follows.With the apparatus ready for use the calibration equipment is employed
to provide a diluted test cloud. A concentration sufficiently low to produce a galvanometer reading
approaching full scale deflection with no additional neutral density filter is used. To achieve this it may be
necessary to reduce the atomizer pressure and employ a poor quality particulate filter before diluting the
aerosol. The low value neutral density filters,marked 0.1, 0.3 and 0.4, should then be inserted, in turn, in
the filter box and the corresponding galvanometer deflections noted. The clean flame background should
then be checked and a measurement made using each neutral density filter. The reduction factor of each
neutral density filter should then be found by calculating the ratio of the deflections of the galvanometer
above background. That is, by dividing the reference deflection by the deflection obtained with the
unknown neutral density filter. Having checked the reduction factors to ensure reproducible results, the
neutral density values are then found as the logarithum of the reduction factors. Higher neutral density 
values are calibrated by employing, as references, previously calibrated neutral density filters which have
a total value approximately equal to the neutral density filter under test. The reference deflection is 
obtained by increasing the salt concentration until the galvanometer reading approaches full scale. The
apparent reduction factor of the unknown neutral density filter is found as described above, thenmultiplied
by the reduction factors of each calibrated neutral density reference filter used. The result obtained is the
absolute reduction factor. This, in turn, is converted to neutral density value. Neutral density filters of
increasing attenuationmay be calibrated in this way, but attention shall be paid to the accuracy with which
the lower values are calibrated, as these determine the accuracy of the figure found for low transmission
filters.
A.8 Experimental data. Typical data as in Columns 1 to 6 are obtained using the method given in A.7,
as follows:

A.9 Typical calculation of reduction factor:

1 2 3 4 5 6 7 8 9

Neutral
density 

(reference
values)

Reference
deflection
with salt

Clean flame
background

Neutral
density 
(marked

value)

Deflection
with salt

Clean flame
background

Apparent 
reduction
factor

Absolute
reduction
factor

True
neutral
density 
value

—
—
—

0.3, 0.42
0.3, 0.73
0.3, 0.73,
1.00

0.3, 0.73,
1.98

cm

14.4
14.4
14.4

14.2
10.4
13.7

12.3

cm

5.0
5.0
5.0

1.0
0.5
Nil

Nil

0.1
0.3
0.4

0.7
1.0
2.0

3.0

cm

11.6
7.2
5.5

13.9
11.0
15.4

11.2

cm

4.0
2.5
1.9

1.0
0.5
Nil

Nil

1.236
2.00
2.61

1.02
0.94
0.89

1.10

1.236
2.00
2.61

5.34
10.06
95.62

1 121

0.09
0.30
0.42

0.73
1.00
1.98

3.05

(Column 7, line 3) =

=

= 2.61
(Column 8, line 5)

Apparent reduction factor =

=

= 0.94
Absolute reduction factor = 0.94 × 2.00 × 5.34

= 10.06

14.4 5.0–
5.5 1.9–
--------------------------

9.4
3.6
--------

10.4 0.5–
11.0 0.5–
--------------------------

9.9
10.5
-----------
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Appendix B Maintenance

B.1 The flame photometer. Errors are likely to be caused by a dirty burner, but, if the flame is allowed
to burn in the clean air stream for about two minutes, the contaminant should disappear. If, after a
reasonable interval, the burner still appears to be dirty it must be removed and rubbed with a cloth. It is 
possible that, after working for long periods at high salt concentrations, the rubber hosing and flame tubes 
may become contaminated and require cleaning.
It is necessary to ensure that the optical filters are kept clean and free from moisture which sometimes 
condenses on them, especially after the first half-hour after lighting the hydrogen flame. The glass chimney 
should occasionally be washed, both inside and out. If the apparatus is left unused in a dusty atmosphere,
the open end of the flame tube shall be covered.
B.2 Salt solution. Sodium chloride in 2 % w/v (e.g. 2 g in 100 ml of water) solution in distilled water, in
quantity, shall be filtered through a coarse filter paper or good cloth filter.
B.3 Atomizers. Regular inspection of the spray nozzles is essential to ensure that all orifices are
functioning properly. Any blockage in the orifices will be indicated by a fall in the reading on the high
pressure flowmeter and the atomizers shall then be removed and the blockage cleared, by tapping
vigorously or, as a last resort, clearing the orifices carefully, with a blue steel wire, until the correct 
flowmeter reading is obtained. The salt solution should be replaced daily, or more frequently if necessary.
When the test rig is to be closed down for any length of time the remaining salt solution shall be drained
off, clean water put into the spray box and the atomizers given a short burst of compressed air to clear them
of residual salt solution. Finally the water shall be drained off and the spray box left empty of liquid until
the rig is required for further use.
Four atomizers shall be the maximum number in any one spray box, but should a more sensitive test be
required two spray boxes in parallel may be employed.
B.4 General equipment. Fans, blowers and motors should be maintained in accordance with
manufacturers’ instructions.

Appendix C Main Calibration
Specimen calculations (1 000 ft3/min) (1 700 m3/h).
Calibration curves similar to Figure 5 shall be prepared as detailed below for each rated air flow.
C.1 Test cloud. 2 % salt solution atomized at 100 lbf/in2 (7 bar 17)) from 4 atomizers and mixed with
partially dried filtered air to a total flow of 1 000 ft3/min (1 700 m3/h).
C.2 Clean flame background deflection (see 5.1). Interference filter + 0.9 neutral density (ND)
filter = 5.0 cm on Range 1.

17) 1 bar = 105 N/m2
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C.3 Experimental data. The data in Columns 1 to 7 are obtained employing dilution circuit as shown in
Figure 1. For high concentrations (above about 5 %) only one dilution is required and the second mixing
vessel may be removed from the circuit.

C.4 Calculation of corrected deflection

C.5 Calculation of percentage of original concentration

C.6 Plot a graph showing deflection (Column 8) versus concentration (Column 9) as shown in Figure 5.
NOTE 17 Deflection should always be measured on the most sensitive range of the galvanometer by insertion of suitable neutral
density filters.
NOTE 2 Flow in tube H is maintained at about 1 ft3/min (28 l/min).
NOTE 3 Similar calibration curves may be prepared for other air flows using the appropriate numbers of atomizers (see 3.3.4).

Appendix D Specimen calculations for obtaining sodium flame penetrations
D.1 Testing at 1 000 ft3/min (1 700 m3/h). Let the clean flame background be 5.0 cm, with a neutral
density optical filter of 0.9 and sodium interference filter in the box, and the deflection versus percentage
of test cloud at 1 000 ft3/min (1 700 m3/h) (test and calibration carried out employing 4 atomizers) be as 
shown in Figure 5 (Curve 1).
The deflection obtained when filter is tested = 8.9 cm. The extra deflection caused by the salt penetrating
is then
8.9 – 5.0 = 3.9 cm.

A deflection of 39 cm on the calibration Curve 1 (Figure 5) is equivalent to a penetration of 0.08 % so
that 3.9 cm is equivalent to 0.008 %.

1 2 3 4 5 6 7 8 9

Flowmeter readings l/min Total value
of neutral
density 
(ND)

Clean flame
background

(BG)

Deflection
with salt

Corrected
deflection
(see C.4)

Per cent of
original

concentrationA1 B1 C1 D1

cm cm cm %

2.2
1.9
4.9

9.1
9.0
8.7
—

—
—
—
—

74
74
74

74
74
52
—

—
—
—
—

1.0
2.5
2.1

3.0
6.0
9.0
6.3

9.2
8.7
9.1
—

120
120
120

120
120

71
120

71
25
13
—

1.32
1.7
2.0

2.42
2.7
3.2
3.6

3.9
4.3
4.6
4.6

2.0
0.8
0.4

0.2
Nil
Nil
Nil

Nil
Nil
Nil
Nil

6.4
5.2
4.8

4.8
4.5
4.4
6.8

6.7
4.5
3.0
4.0

11.6
27.8
56.5

152.0
285.0
880

3 400

6 700
11 300
15 000
20 000

0.024
0.05
0.11

0.27
0.51
1.6
5.0

11.5
25.8
41.2
100

(Column 8, line 1) = (6.4 – 2.0) × antilog (1.32 – 0.9) cm

= 11.6 cm

(Column 9, line 1) =

=

= 0.024 %

A1
A1 B1+
--------------------

C1
C1 D1+
--------------------- 100××

2.2
2.2 74+
--------------------- 1.0

1.0 120+
------------------------- 100××
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D.2 Testing at 200 ft3/min (340 m3/h). Let it be assumed that the test is carried out 
at 200 ft3/min (340 m3/h) the clean flame background being 5.0 cm with a neutral density optical filter
of 0.9 and sodium interference filter in the box and the deflection versus percentage of test cloud
at 200 ft3/min (340 m3/h) (test and calibration carried out employing 2 atomizers) be as shown in Figure 5
(Curve 2).
The deflection obtained when the filter is tested is 6.3 cm with a neutral density optical filter of 1.6 in the
optical filter box and the clean flame reading with a neutral density filter of 1.6 is 1.0 cm.
The extra deflection due to the salt penetrating is thus

6.3 – 1.0 = 5.3 cm
The deflection with a neutral density filter of 0.9 would therefore have been
5.3 × antilog (1.6 – 0.9), i.e. 5.3 × 5 = 26.5 cm

The percentage penetration read from the calibration Curve 2, Figure 5 is therefore 0.02.
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For connections use polythenea insulated wire 14/.0076 tinned copper (0.024 in) (0.6 mm) radial
thickness of polythene. Type 4.
Connections made with high conductivity resin core solder.

Figure 4.2(6). Housing wiring details (continued)
a It should be noted that the name polythene is equivalent to the name polyethylene.

Figure 4 — Photomultiplier, test tube and flame tube assembly (continued)
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Figure 4 — Photomultiplier, test tube and flame tube assembly (continued)
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Figure 4 — Photomultiplier, test tube and flame tube assembly (continued)
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Figure 5 — Concentration versus deflection
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