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FOREWORD

ISO (the International Organization for Standardization) is a worldwide federation
of national stapdards institutes (ISO Member Bodies). The work of developing
International Standards is carried out through ISO Technical Committees. Every
Member Body {nterested in a subject for which a Technical Committee has been set
up has the righf to be represented on that Committee. International organizations,
governmental apd non-governmental, in liaison with IS0, also take part in the work.

Draft Internatipnal Standards adopted by the Technical Committees are circulated
to the Membdr Bodies for approval before their acceptance as International
Standards by tHe 1ISO Council.

International $tandard 1SO 3173 was drawn up by Technical Committee
1SO/TC 22, Rogd vehicles, and circulated to the Member Bodies in November 1973.

It has been appfoved by the Member Bodies of the following countries-:

Australia Iran Switzerland
Austria Ireland Thailand
Belgium Italy Turkey

Brazil Netherlands United Kingdom
Czechoslgvakia New Zealand U.S.A.

Egypt, Atab Rep. of Poland U.S.S.R.

France Romania Yugoslavia
Hungary South Africa, Rep. of

The Member Bodies of the following countries expressed disapproval of the
document on tgchnical grounds :

Germany
Japan
Sweden
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INTERN

ATIONAL STANDARD

1SO 3173-1974 (E)

Road vehicles — Apparatus for measurement of the opacity
of exhaust gas from diesel engines operating under steady

state

conditions

1 SCOP

This Intetnational Standard specifies the general require-

4 CHARACTERISTICS OF OPACIMETERS

ments arld the installation of instruments for measur- 4.1 Basic specification
ing the [light obscuration of exhaust gas from diesel . .

g‘ 9 . . 9 The gas to be measured shall_be confined|in an enclosure
engines fpr driving road vehicles, operating under steady

state contitions. These instruments are generally known as

“opacime

Clauses 7
verify thg

ers’’.1)

and 8 detail the tests which must be made to
t a particular design of opacimeter conforms to

having a non-reflective internal surface

optical environment.

In determining the “éffective length of
through the gas, (@ccount shall be taken
influence of devices protecting the light

or equivalent

the light path
of the possible
source and the

this Interpational Standard and the checks which must be ¢
. . . . . photo-electric cell.
made in $ervice to verify that an opacimeter continues to
conform [to this International Standard when in use. This effective length should be indicated oh the apparatus.
Clause 9 gives an example of the type of test report which

shall be used to record the results of the verification tests.

They,indicating dial of the opacimeter
measuring scales, one in absolute units of
from 0 to e (m™') and the other in obscur
0 to 100% in relation to the light fly

shall have two
light absorption
ation units from
x reaching the

2 FIELD OF APPLICATION photo-electric cell; both scales shall range|from 0 at total
This Intefnational Standard covers opacimeters for diesel flux to full scale at complete obscuration,
engines fpr driving road vehicles. It is not intended to The opacity of the gas shall be referred to gmbient pressure
cover : and 100 °C.
— fre¢ piston engines
— stafionary engines 4.2 Construction specification
— mafine engines
g 4.2.1 General
— engines for rail traction . . -
g The design shall be such that in steady|state operating
— engines for aircraft conditions the measuring chamber is filled with smoke of
I ; uniform opacity.
— endines for agricUltural tractors and special vehicles
for use|in civil engineering. This condition shall be deemed to be met if|:

3 PRINCIPLEOF OPACIMETERS

a) the variation of opacimeter indicatd
period of 10s, with smoke of const3

r output over a
nt temperature

The principle of measurement is that light is transmitted
through a length of the medium to be measured and the

proportio
example

n of incident light which reaches a receiver (for
a photo-electric cell) is used to assess the

obscuration of the medium.

having a constant density of about T,7
with a recorder with a response time of
than 0,075 m™*;

''m™1, measured
1's, is not more

b) where the smoke chamber is divided, the mean

temperature in the different sections do
more than 7 °C.

es not differ by

1) The specification of the instrument and its installation are based originally on the C.E.C. work embodied in C.E.C. Specifications
No. A-01-T-70 and A-01-M-70 which were drawn up to meet the requirements of Working Party 29 of the Economic Commission for Europe of
the United Nations.
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4.2.2 Smoke chamber and opacimeter casing

The impingement on the photo-electric cell of stray light
due to internal reflections or diffusion effects shall be
reduced to a minimum (for example, by finishing internal
surfaces in matt black and by a suitable general layout).

The optical characteristics shall be such that the combined
effect of diffusion and reflection does not exceed 0,1 m™
on the opacity scale when the smoke chamber is filled with
smoke having an absorption coefficient near to 1,7 m™'.

4.2.3 Light source

The indicating dial of the opacimeter shall enable an
absorption coefficient of 1,7m™ to be read with an
accuracy of 0,025 m™.

4.2.6 Adjustment and calibration of the measuring
apparatus

The electric circuit of the photo-electric cell and of the
indicator shall be adjustable so that the pointer can be reset
at zero when the light flux passes through the smoke
chamber filled with clean air or through a chamber having
identical characteristics.

The light sourcqg shall be an incandescent lamp with a
colour temperatufe in the range from 2 800 to 3 250 K.

4.2.4 Receiver

The receiver shajl consist of a photo-electric cell with a
spectral response|curve similar to the photopic curve of the
human eye (maximum response in the range 550 to
570 nm, to less than 4 % of that maximum response below
430 nm and above 680 nm).

The design of the electric circuit, including the indicator,
shall be such| that the relationship between the
photo-electric ce]l and the intensity of the light received
does not change jover the range of adjustment of the circuit
and over the |operating temperature range of the
photo-electric celfl.

4.2.5 Measuring|scales

The light-absorpttion coefficient k is calculated by the
formula

¢ = o xekt
where

L is the effective length of the light path(through the
gas;

¢o is the light flux received by the photo-electric cell
when the meaguring chamber is filled with clean air;

¢ is the lightt flux received~by/the photo-electric cell
when the meafuring chamber'is full of smoke.

When the effectife length'L\of a type of opacimeter cannot
be assessed dirpctly, (from its geometry, the effective
length L shall be determined :

— either by the methol

— or by correlation with another type of opacimeter
for which the effective length is known.

The relationship between the 0 to 100 obscuration scale
and the absorption coefficient is given by the formula

k=—i (1 N )
= ——|0 —_—
L%\ " Too

N is a reading on the obscuration scale;

where

k is the corresponding value of the absorption
coefficient.

With the lamp switched off, and the electric ymeasuring
circuit open or short-circuited, the absorption:cog fficient
scale reading shall be set to 0, and it shall remain af > with
the measuring circuit reconnected.

An intermediate check shall be carried‘out with the lamp
switched on, by placing in the meastring chamber p screen
representing a gas, whose known absorption coeff|cient k,
measured as in 4.2.5, is between)1,6 and 1,8 m™'. The value
of k should be known to‘within 0,025 m™'. The check
consists in verifying that ‘this value corresponds t¢ within
0,05 m™! of the reading‘obtained on the indicator when the
screen is introdu€ed“between the light source and the
photo-electric celh

4.2.7 Pressure of the gas to be measured and of scavenging
air

The pressure of the exhaust gas in the smoke champer shall
not" differ from the atmospheric pressure by mqgre than
4 mbar. The pressure variation of the gas and the scavenging
air in the smoke chamber shall not cause the abporption
coefficient to vary by more than 0,05 m™ in the gase of a

gas having an absorption coefficient of 1,7 m .

The opacimeter shall be equipped with appropriatg devices
for assessing the pressure in the smoke chamber. 11 shall be
possible to read these with an accuracy of 0,1 mbar

The limits of pressure variation of the gas gand the
scavenging air shall be stated by the manufacturgr of the
apparatus.

4.2.8 Temperature of the gas to be measured

The opacimeter shall be equipped with appropriatg devices
for assessing the mean temperature of the gas in the smoke
chamber and the manufacturer shall specify dperating
imi n_temperature must be indicated tp + 5 °C.

At every point in the smoke chamber the temperature of
the test gas at the instant of measurement of opacity shall
be not less than 60 °C and the mean temperature in the
chamber shall be not more than 120 °C.

Where the mean operating temperature (t °C) is other than
100 °C the opacimeter reading shall be corrected to 100 °c
by the formula

(t+273)
k corrected — k observed Té—

This temperature range is one in which it is considered that
all the water present is in vapour form and all other
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uncondensed non-solid particles (i.e. the amount of
uncondensed, unburnt fuel or lubricating oil) is
insignificant in normal full-load exhaust smoke. Under
these conditions the correction formula for the effect of
temperature is valid. If the exhaust smoke contains an
abnormal amount of non-solid constituents the correction
formula may not be valid and a more restricted temperature
range about the 100 °C reference condition is then advised.

4.3 Design details

Any pre-chamber and relief valve before the smoke

1SO 3173-1974 (E)

limits of scavenge air pressure given in 5.1.3. This
information is only required when a pressure relief valve
is fitted in the opacimeter upstream of the smoke
chamber.

5.1.8 Limits of operation of light source, either :

a) limits of voltage at the contacts of the light source
and instructions regarding bulb life; or

b) limits of reading with a coloured calibration filter.

chamber fnust not atffect the opacity characteristics of the X . re above W.h'c.h
gas enterihg the smoke chamber by more than 0,056 m™! for photo-electric cell output characteristicy change signi-

gas of 1,7|m™? opacity.

Where an |opacimeter is designed for intermittent operation
a temperdture sensor shail be provided upstream of the
by-pass vdlve controlling entry of the gas into the smoke
chamber. |The by-pass system flow levels should be such
that wheh set to the manufacturer’s specification the
change of sample temperature between the two by-pass
positions is less than 5 °C.

5 DATA| AND INSTRUMENTATION REQUIREMENTS
5.1 Data|to be supplied by manufacturer

5.1.1 Effective length of the smoke column under sample
conditiong representing the recommended lower limits of
temperatyre and pressure of exhaust gas and the higher
limit of sgavenge air pressure (where relevant) and normal
test-bed ambient conditions.

5.1.2 Lirhits of sample pressure, at the inlet to the smoke
chamber.

5.1.3 Limits on scavenge air detivery (where relevant).
These sholld include setting insttuctions.

5.1.4 Limits of temperatlire) (for example ambient air and
exhaust shmple) giving thé position of measurement and
their relajon to mean,temperature of the sample gas in the
smoke chgmber.

5.1.5 Limits.on leakage of scavenge air from opacimeter
casing and-eshditions-of-measurementtwhererelevants

ficantly.

5.1.10 Photo-electric cell spectraf_charactefistics, including
its filter if one is used.

5.1.11 Limits of supply voltage within which the
opacimeter will operate’ satisfactorily (separate limits for
lamp and blower must be given if these have separate power
supplies).

5.1.12 Technical description of opacimeter including
electrical\circuit diagram and dimensionpd drawings of
smoke™ chamber and adjacent areas (for example passages
forair and smoke), with tolerances.

5.1.13 Information on servicing of opacimeter, including
intervals between cleaning, and any spgecial operating
precautions particular to the given design including whether
the opacimeter is designed for continuous or intermittent
operation and, in the latter case, the time flor which smoke
must be passed through the opacimeter hefore a reading
may be taken.

5.2 Instrumentation requirements

5.2.1 Instruments shall be fitted to| measure the
following :

a) Pressure of exhaust gas at inlet|to the smoke
chamber.

b) Temperature at point specified by manufacturer for
measurement of sample temperature.

c) Pressure of scavenge air (if used).

5.1.6 Instructions relating to dimensional limits on fittings
which may be used, giving equivalent orifices.

5.1.7 Flow data :

a) Total sample flow to the opacimeter as a function of
pressure at the inlet to the smoke chamber with exit
conditions in accordance with 5.1.6 and at the limits of
scavenge air pressure given in 5.1.3.

b) Sample flow through the smoke chamber as a
function of pressure at the inlet to the smoke chamber
with exit conditions in accordance with 5.1.6 and at the

d) Temperature of exhaust gas upstream of by-pass (if
fitted).

e) Voltage at the lamp (unless a separate method using
a coloured filter is provided for checking colour
temperature).

f) Output of photo-electric cell circuit (i.e. for
indicating the opacity of the exhaust gas).

5.2.2 Controls shall be fitted for the following :
a) Sensitivity of photo-electric cell circuit.

b) Flow of scavenge air.
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5.2.3 Separate items for checking purposes must be
provided as follows :

a) Filter for checking accuracy of the photo-electric
cell and its circuit.

b) Orifice (or equivalent) for checking leakage (when
scavenge air is used).

c) Orifice (or equivalent) for checking pressure drop
characteristics of waste pipes.

6.2 Full flow opacimeter

The only general precautions to be observed are the
following :

— Joints in the connecting pipes between the exhaust
pipe and the opacimeter shall not allow air to enter from
outside.

— Pipes connecting the exhaust with the opacimeter
shall be as short as possible. The pipe system shall be
inclined upwards from the exhaust pipe to the
opacimeter, and sharp bends where soot might

6 INSTALLATJON OF OPACIMETERS

6.1 Sampling opacimeter

The ratio of the|cross-sectional area of the probe to that of
the exhaust pipe|shall not be less than 0,05. Insertion of the
sampling probe nto the exhaust pipe shall not affect the
engine performance. ’

The probe shall e a tube with an open end facing upstream
on the axis of the exhaust pipe, or of the extension pipe if
one is required.|lt shall be situated in a section where the
distribution of snoke is approximately uniform. To achieve
this, the probe [shall be placed as far downstream in the
exhaust pipe as |possible (or, if necessary, in an extension
pipe) so that, if D is the diameter of the exhaust pipe at the
probe, the end gf the probe is situated in a straight portion
at least 6 D in length upstream of the sampling point and
3 D in length ddwnstream. If an extension pipe is used, no
air shall be allowed to enter at the joint.

The pressure in tfhe exhaust pipe and the characteristics of
the pressure drop in the sampling line shall be such that-the
probe collects a jample equivalent to that which Wwould be
obtained by isoklinetic sampling. If necessary, amexpansion
tank of sufficiert capacity to damp the pulsations, and of
compact design,|may be incorporated in~the sampling line
as near to the probe as possible. A (Cooler may also be
fitted. The design of the expansion tank and cooler shall
not unduly distufb the compositian of the exhaust gases.

A butterfly valvg or other means of increasing the sampling
pressure may bq placed .jh the exhaust pipe at least 3D
downstream frofn the_sampling probe, on condition that
this does not affdct the'éngine performance.

The connecting the cooling

accumulate shall De avoided. Where the opacjmeter is
fitted with a water trap the sample pipe_need not rise
continuously providing that there are no\bends where
soot and water might accumulate.

— A check shall be carried out during the test fo ensure
that the requirements of 4.2.7 ‘caoncerning prespure, and
those of 4.2.8, concerning the temperature in ﬂte smoke
chamber, are observed.

— A cooling system(may also be required Qipstream
from the opacimeter.

7 VERIFICATION OF OPACIMETER TYPES

7.1 Scope and field of application

This’clause specifies the procedures which shall beladopted
in’ order to verify that a given opacimeter type complies
with clauses 4 and 5. It covers full flow and sampjling type
opacimeters, and designs with and without scavende air. All
parts do not apply to all opacimeters and the applicability
of any given clause will depend on the detaile of the

opacimeter design, including whether it is for pse with
continuous or intermittent operation of the ingtrument.
Where possible each heading includes a referende to the
particular sub-clause in clauses 4 and 5 to whicH the test
refers.

7.2 General considerations

In order to verify that an opacimeter type complies with

device, the expansion tank (if required) and the opacimeter
shall be as short as possible while satisfying the pressure and
temperature requirements prescribed in 4.2.7 and 4.2.8.
The pipe shall be inclined upwards from the sampling point
to the opacimeter, and sharp bends where soot might
accumulate shall be avoided. Where the opacimeter is fitted
with a water trap the sample pipe need not rise
continuously providing that there are no bends where soot
and water might accumulate.

A check shall be carried out during the test to ensure that
the requirements of 4.2.7. concerning pressure and those of
4.2.8, concerning the temperature in the smoke chamber
are observed.

4

test then consists of checking that the characteristics of the
instruments are as required by the specification and that,
within the limits claimed by the manufacturer, the
opacimeter does in fact satisfy the performance
requirements of the specification. For the verification tests
certain instruments may be needed in addition to those
normally fitted to the opacimeter.

In areas where well-known experimental techniques already
exist (for example, optical and electrical) the tests are not
described in detail, but in other cases detailed instructions
are given. These instructions may not, however, cover all
possible designs of opacimeters and test set-up; alternative
methods will, therefore, be accepted provided that they are
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equivalent in accuracy and comply with the response
requirements of the described method. Wherever recorders
are used it is essential that any effect of the recorder on the
response or sensitivity of the circuit should be taken into
account.

7.3 Definitions

The following symbols are used :

k = light absorption coefficient (opacity) of the gas in
units metre™! (m™);

1SO 3173-1974 (E)

This check may be done on an optical bench or by using
screens of neutral density, known to an accuracy of
+0,5%, or by other suitable equivalent methods. The
obscuration scale should be accepted as satisfactory if
the error of the scale is always less than 1 %. This test
should be made with the normal and the maximum
photo-electric  cell temperature, given by the
manufacturer.

NOTE — Using screens with a known density, account should be
taken of the fact that the light passing through the screen is not
exactly proportional to its density, since it is also influenced by
reflection on the two borders of the screen between glass and air.

L = elffective length of the opacimeter smoke column
ih metres (m);

N = rpading on opacimeter obscuration scale in per-
ent (%);

o

t = temperature in degrees Celsius (°C).

7.4 Data|supplied by manufacturer (5.1)

Check thgt the data supplied by the manufacturer covers all
the items fequired by 5.1 of the specification.

7.5 Instrhmentation requirements (5.2)

Check thdt the instrumentation requirements of 5.2 of the
specification are met by standard instruments supplied by
the manufacturer.

7.6 Verification of instrumentation

7.6.1 Colour temperature (4.2.3)

Check that over the indicated conditions (for-example by
voltage af the contacts of the bulb .er feading with a
coloured |checking filter) the colour-temperature of the
light sourge is between 2 800 and 3-250'K.

7.6.2 Phpto-electric cell response to different wavelengths
and températures (4.2.4)

Check that the combined photo-electric cell and filter
characteristic has a_maximum response in the range 550 to
570 nm, [and less\ than 4 % of that maximum response
below 430 nm.and above 680 nm.

changed by operation at the maximum temperature
specified by the manufacturer.

7.6.3 Accuracy of measuring circuit and calibration (4.1
and 4.2.6)

a) Check that the zero of the instrument can be
satisfactorily adjusted over the range of supply voltages
indicated by the manufacturer and that with the lamp
switched off, the scale reading is infinity irrespective of
whether the measuring circuit is connected or not.

b) Check the accuracy of the obscuration scale at at
least six points between 10 % and 95 % obscuration.

c) Check that the absorption of thelcqlibrating screen
supplied with the opacimeter, integrated over the range
430 to 680 nm in accordance with the pHoto-electric cell
and filter characteristics, is, Within = 0,025 m™ of the
value marked on it.

d) Check that the calibration filter supplied with the
opacimeter gives an-indicator reading within * 0,05 m™!
of the value markeéd-en it.

7.7 Verification of flow characteristics |in relation to
internal design

7.7.1¢ Temperature distribution (4.2.1 and 4.2.8)

27:1.1 OBJECT

In order to determine the opacity of gas| at 100 °C it is
necessary to show that the temperature indlicator provided
by the manufacturer does in fact a%ess the mean
temperature of the gas in the measuring camber. This can
be shown by comparing the reading of the temperature
indicator with the results of measurements of temperature
distribution within the smoke chamber. This test also
permits verification that the minimum |and maximum
temperatures of the gas meet those specifipd in 4.2.8 and,
where a central entry divides the smoke chamber into two,
that the temperature difference between the two halves is
acceptable.

7.7.1.2 PREPARATION OF TEST

For measurement of temperature distrilI.ution, arrange-
ments must be made for measurement of tempera-
ture at different points along the centre line of the
smoke chamber. Any temperature sensor must be held in a
holder which provides good heat insulatign and does not
unduly affect the flow of gases. An example of a
satisfactory method is to traverse the centre line of the
smoke chamber with a thermocouple where the wires, of
about 0,1 mm diameter, are joined end to end; with this
system, however, it may be necessary to use a dummy bulb
and photo-electric cell with holes drilled to allow passage of
the wire. A thermocouple must also be provided for
measuring the temperature of any scavenge air near where it
mixes with the smoke.

7.7.1.3 TeEST PROCEDURE

With the opacimeter supplied with exhaust gas or heated
air, measure the temperature distribution, point by point,

5
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along the centre line of the smoke chamber and the
scavenge air temperature near the mixing zone under the
following stabilised conditions :

a) minimum sample temperature and minimum sample
flow recommended by the manufacturer (minimum
sample pressure and maximum scavenge air pressure);

b) maximum sample temperature and minimum sample
flow recommended by the manufacturer (minimum
sample pressure and maximum scavenge air pressure);

c) maximum sample temperature and maximum sample

7.7.2 Steadiness of reading (4.2.1)

7.7.21 OsJECT

In opacimeters using scavenge air there may be a relatively
large region of mixing of air and exhaust gas at the ends of
the smoke chamber; this mixing may cause vorticity and a
variation of effective length, leading to an unsteadiness and
possible error of reading. Similarly where flow in the smoke
chamber is divided, for example by a central entry, there is
a possibility of a variation of flow between the two halves
of the chamber which will also lead to variations of

flow recommlended by the manufacturer (maximum
sample pressule and minimum scavenge air pressure).

7.7.1.4 EVALUATION

Plot the temperdture distribution along the centre line of
the smoke chamber and, for opacimeters which use
scavenge air, adjust the temperature distribution for the
presence of air [mixing with smoke, by the method of
annex A and asseps as follows :

a) Calculate the mean temperature t,, t,, and t. under
the three test|conditions and verify that when expressed
as absolute tefnperature (K) they agree within 5 °C with
the temperatyre derived from the indicator provided by
the manufactyrer.

temperature df the test gas before mixing with scavenge

b) Verify t?t under test condition (7.7.1.3 a)) the
air is not less fhan 60 °C.

c) Calculate the mean temperature t, and t,, under test
conditions 7.7.1.3 a) and b) and verify that

t, + 273

=<
t, + 273~ 108

Verify that urjder test condition 7.7:1.8 c¢) the maximum
mean temperature does not exceéd120 °C.

d) Find the|distance /,, 4from the point of smoke

entry) on th
7.7.1.3b) at
mean temper:
verification t

b temperature” traverse for test condition
which thée.indicated temperature equals the
ture. {For purposes of other parts of the
st ‘the' temperature at this point will be

deemed to bp ‘équal to the mean temperature of the

opacimeter Teadings. T he extertof these—effectsshall be
checked. Other designs of opacimeter, for example<ull flow
designs, may also exhibit unsteadiness of)readjng and
unsteadiness must, therefore, be checked on all designs.

7.7.2.2 PREPARATION OF TEST,

The output from the photo-electric cell shall be connected
to a recorder with a frequency response of about 1s to
90 % of full scale and with" a chart speed of [at least
10 mm/s. The sensitivity shall be such thay 4 mm
corresponds to not“more than 0,05 m™ at 1,7m™. To
ensure constancy <of Opacity, the exhaust sample shall be
passed through™a. damping chamber with a volume of at
least 20 times the flow through the sample line in[ 1 s and
shall be drawn from an engine which has a firing frequency
of at least'b 000 per minute.

7.7.2.3 TEST PROCEDURE

Record the output from the photo-electric cell for about
10's while a constant smoke of about 1,7 m™' is passed
through the opacimeter at the upper and lowerl sample
pressures.

7.7.24 EVALUATION

The steadiness shall be deemed satisfactory if the difference
between the lowest and highest recorded values is |ess than
0,075 m™! for each test condition.

7.7.3 Internal reflectivity and diffusion (4.2.2)

7.7.3.1 OBJECT

If the internal surfaces of the smoke chamber are reflective
or not sufficiently closed to external light, then uhwanted

sample gas in the smoke chamber. But for opacimeters
with a central entry to the smoke chamber determine
Imq and I, for the two halves of the smoke chamber
separately. For purposes of other parts of the
verification test the mean temperature in the smoke
chamber will be deemed to be the mean reading of two
thermocouples, one in each half, mounted at a distance
0,5 (/m1 +/m2) from the centre. A suitable design of
thermocouple is given in figure 1.

e) For opacimeters with central entry to the smoke
chamber verify that the mean temperature in the two
halves does not differ by more than 7 °C under either of
the test conditions.

reflected or diffused light will be received by the
photo-electric cell. The extent of this effect must be
checked.

7.7.3.2 PREPARATION OF TEST

The principle of the method is to differentiate between
reflected/diffused light and direct light by focusing the
direct light from the lamp with a lens. Light from diffusion
and reflection effects may then be defined as the light
which crosses the plane of focus outside the area covered
by the focused image of the lamp filament, for example if
the image is a 10 mm diameter circle, any light crossing the
focal plane outside of the 10 mm diameter circle, must be
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reflected or diffused light. A screen, placed at the plane of
focus, with a central hole slightly larger than the lamp
filament image, will allow the light forming the image to
pass but will stop most of the reflected and diffused light.
Measurement of the light with and without the screen gives,
by difference, the reflected and diffused light.?)
Preparation of test requires replacement of the
photo-electric cell by a lens of focal length and diameter
about equal to the diameter of the sensitive part of the
photo-electric cell, provision of a matt black screen with a
central hole slightly larger than the image of the lamp
formed by the lens, and provision to move the

1SO 3173-1974 (E)

remove the screen and note the new readings. Repeat to
give at least four pairs of readings. (For this test a large
damping volume may be required in the sample line to
smooth out effects of engine variations; recording of the
photo-electric cell output is also recommended.)

7.7.3.4 EVALUATION

If the change of readings under the three conditions are 4,,
Ay and A, (each an average of at least four values) then the
test set-up is satisfactory if :

A

photo-eltctric cell to collect light which comes through the
hole in the screen.

Arrangements shall be made to allow measurement in two
conditioIs :

a) The lamp, lens, screen and photo-electric cell shall be
fitted|in the opacimeter (for example as in figure 3) with
the smhoke chamber in normal condition (this should not
be a [‘new” condition but the inside surfaces of the
smok¢ chamber should be “‘conditioned’”’ by passing
smok¢ through the opacimeter in normal operation).
Arrangements should be made for easy removal of the
screer] from the light path, and it may be necessary to
the opacimeter casing so that the screen and

e lamp, lens, screen and photo-electric cell shall
be s4t up in the same relative positions (as” in
arrangements a) but in a non-reflecting envirodment. In
a sampling type opacimeter this may be(achieved by
remoMing the smoke tube and part of the casing, painting
the ingide of the remainder of the casing'matt black and
carryipg out the test in a room with'matt black walls.

7.7.3.3 [TEST PROCEDURE

a) Wijth the lamp, lensCetc., arranged as in 7.7.3.2 b)
above| set the electrical circuit sensitivity to give an
indicafor reading of \(,7 m™? when the lamp is switched
on. R¢gmove thescreen and note the new reading. Repeat
to give at least-folr pairs of readings.

b) Wjth the'opacimeter arranged as in 7.7.3.2 a) above
and f$creen in position, set the electrical circuit

A< 07t thiswittrmaimty be light
scattered from the lens surfage)

and the opacimeter reflection and diffusign characteristics
are satisfactory if :

Ay — £3<0,65m™
and A.F4,<0,1m?

7.7.4 Photo-electric cell temperature (4.2)4)

7.7.4.1 OBugCT

photo:electric cell is changed; this temperature is given by
theZmanufacturer and the object of the test is to verify that
this is not exceeded under the most kevere operating
conditions of the opacimeter. For this test a thermocouple
resting on the surface of the cell/filter assembly shall be
deemed to indicate photo-electric cell temperature.

Above.a certain temperature the segitivity of the

7.7.4.2 PREPARATION OF TEST

A thermocouple shall be placed on the¢ surface of the
photo-electric cell/filter assembly on the axis and facing the
light beam. Arrangements shall be madp to supply the
opacimeter with exhaust gas or air [at the highest
temperature and pressure recommephded by the
manufacturer. Arrangements shall be made to heat the
scavenge air supply to the maximum recommmended by the
manufacturer.

7.7.4.3 TEST PROCEDURE

The exhaust gas or hot air shall be pasfed through the
opacimeter, otherwise operating normjlly, until the
temperature of the photo-electric cell hag stabilised. This

sensitivity to give an indicator reading of 1,7 m™? units;
remove the screen and note the new reading. Repeat to
give at least four pairs of readings.

c) With the opacimeter arranged as in 7.7.3.2 a) above
and screen in position, set the sensitivity to give an
indicator reading of zero when the smoke chamber is
filled with clean air. Pass smoke of about 1,7 m™
through the instrument and note the indicator reading;

temperature shall be measured together with the
temperature and pressure of the gas and the temperature of
the scavenge air.

7744 EvALUATION

The specification is deemed to be met if the temperature of
the photo-electric cell is below the maximum recommended
by the manufacturer.

1) It should be noted that this light does not only come from reflection and diffusion effects in the opacimeter but may also come from light
scattering at the surface of the lens. This scattered light may be reduced by use of a bloomed lens but some remains as a baseline which has to

be taken into account during calculation.


https://standardsiso.com/api/?name=49c3d3b1ac66081d8c4fdd4121b58f3e

1SO 3173-1974 (E)

7.7.5 Effective length (4.2.5)

7.7.5.1 OBJECT

The effective length, given by the manufacturer, must be
checked to verify the absolute calibration of the
opacimeter; it can be obtained either by comparison with
an opacimeter for which the effective length is known or by
comparison of readings taken with the opacimeter
operating normally and when modified so that the smoke
fills a known length. In both cases it is necessary also to
know the averag§ temperatur

chamber in order fo permit corrections for the difference in
temperature between the opacimeter operating normally
and the reference pr modified opacimeter.

7.75.2 CoOMPARISON WITH A KNOWN OPACIMETER

7.7.5.2.1 Preparation of test

The test opacimjeter and known opacimeter shall be
connected for simultaneous sampling. The sample to each
opacimeter shall [be controlled to the lower limits of
temperature and minimum sample flow recommended by
the manufacturer [(minimum sample pressure and maximum
scavenge air prgssure). Provision shall be made for
measuring the mepn temperature, t, in the smoke chamber
of the opacimeter|under test in accordance with 7.7.1.

7.75.2.2 Test pIcedure

Simultaneous repdings shall be taken on the two
opacimeters with|smoke at between 40 and 60 obscuration
units. At least ten| readings shall be made.

7.7.5.2.3 Evaluation

For each obscuration reading calculate ‘the effective length
by the formula :

(1)
t+273¢ 9\' " 700
0 X X

to ¥ 273 ( N0>
lo

1 ——

100

where L, N and t, # -
Ny and tg refer to the known opacimeter. The average of
the readings shall be taken as the effective length. Verify
that the average effective length is statistically valid to an
accuracy of £ 1%?") with 95 % confidence?); if this degree
of confidence is not attained then further tests shall be
made until the statistical requirement is satisfied. In
calculating the confidence limits account must be taken of
the known accuracy of the reference opacimeter. The latter
must clearly be much better than £ 1 %.

1) For the present this may be increased to 2 %.

2) Annex B gives some notes on statistical tests.

8

7.7.5.2.4 Alternative

When it is not possible to control the sample temperature
to the desired values, measurements should be made
separately of the average temperature in the smoke
chamber of both opacimeters; the opacimeter readings
should then be corrected for the difference between the
measured temperature and the average temperature in the
smoke chamber corresponding to the minimum sample
temperature specified by the manufacturer.

~1o% ONE
OPACIMETER WITH AND WITHOUT MODIFIEGATION
OF OPERATION

7.7.5.3.1 Preparation of test

Provision must be made for rapid” modification| of the
opacimeter from its normal operating condition (gepmetric
effective length L) to a condition where the test 913 fills a

well-defined length Lg. With an opacimeter using scavenge
air to contain the smoke column a convenient mefthod of
modification is merely to block the scavenge air fnlet so
that the test gas fills the space between the bgylb and
photo-electric.céll. The surfaces defining the length{L o will
depend on the design of the opacimeter, they rpay for
example Be glass screens or the surface of the bulbjand the
surface\of the photo-electric cell/filter combinatior]. In the
latter,case the measurement shall be made from the surface
of'the bulb nearest to the photo-electric cell.

For the actual test the opacimeter should be supplied with
exhaust gas of constant opacity at the lower Jimit of
temperature and sample flow (lowest sample pressure and
highest scavenge air pressure) specified Hy the
manufacturer. The output from the photo-electric gell shall
be connected to a recorder with a response time of Ipss than
1,0 s and sensitivity such that 4 mm correspondg to not
more than 0,05 m™! for a smoke at 1,7 m™1. The relgation of
recorder deflection to obscuration units sirall be
determined.

To ensure satisfactory constancy of opacity, |exhaust
samples shall be passed through a damping chamber of at
least 20 times the flow through the sample line in | s. This
sampling system may require a heater to ensure satijfactory
sample temperature. If not already provided, a by-ppss shall
be fitted to the opacimeter with the outlet adjusted so that
the temperature of the sample at the by-pass is not changed
by more than 5 °C between the two by-pass positions.

Provision shall be made for measuring the mean
temperature in the smoke chamber as described in 7.7.1.
Where the modification to fill a known length involves any
modification of scavenge air flow, a check should be made
to ensure that this modification does not affect the bulb
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performance (i.e. the modification does not affect zero
reading) or a separate power supply to the bulb must be
provided. Where the ratio Lg/L <1,25 the mean
temperature sensor position derived from 7.7.1 can also be
taken as indicating the mean temperature of the smoke in
both the modified and unmodified opacimeter conditions.
But, when Lg/L > 1,25 the temperature indicated by the
above sensor must be converted to true mean temperature
over the length L o by use of separately obtained data. Such
data can, for example, be obtained by comparing the sensor
temperature with the temperature indicated by a resistance

wira nnmn enannina  tha full lanath /o i+ 1o acoantizl
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The effective length is then given by :

. (. N
1 |-
t+273 0\ 700/
L=LgyX X
to+273 [ No
“9\" 100/

Verify that the average effective length is statistically valid
to an accuracy of *1 %" with 95 % confidence; if this
degree of confidence is not attained then further tests shall
be made until the statistical requirement is satisfied.

wWiic  vay At ) O 7
however, |that the comparative data be obtained under the
same sequence of test conditions as used in the
measurenjent of effective iength, for exampie scavenge air
blanked for 10 to 15s following a stabilised period of
normal operation.

7.7.5.3.2| Test procedure

Caiibratign iines shouid be recorded corresponding to two
convenierft points. Recordings should then be made while
test gasey of different opacities are passed through the
opacimet¢r and the opacimeter is switched from working
normally [to working as modified with the effective length
Ly. For gach test the modified conditions should be held
for at leagt 10 s or for a time greater than the response time
of the mdan temperature indicator, whichever is the longer.
At the er:ti of each period of modification check the ‘‘zero”
setting with clean air.

In order [to protect the photo-electric cell surface from
excessive femperatures a shield may be placed in front of-it
during the initial period of each modification; this shield
should nqt be more than 1 mm from the surface of the
photo-eledtric cell and should be completely” removed
during all| periods of measurement. If the “zero’’ recorded
between tpsts increases to more than 04™m ™' the bulb and
photo-elegtric cell should be cleaned before further tests are
made. Rdadings should be made with exhaust opacities
correspongling to levels of between 40 and 60 obscuration
units and|at least ten readings,(each reading comprising a
comparisgn of modified and Junmodified conditions) made.

7.7.5.3.3 | Evaluation

For each fecording.determine :

N = reading ‘with unmodified opacimeter referred to
the/'zero”’ _immediately before admitting _the

7.7.6 Effect of sample and scavenge air pressures (4.2.7)

7.7.6.1 OBJECT

The effective length of the opacimeter may be changed by
changes of sample pressure_and' scavenge gir (where used);
the operating limits claimed-by the manufacturer should be
verified. This test alsp.'enables a check to|be made on the
pressure in the measaring chamber.

7.7.6.2 PRERPARATION OF TEST

The samé) tést method should be used as for the
measurement of effective length, 7.7.5, but additionally
arrangements should be made to measur¢ the maximum
pressure/depression in the smoke chamber. This latter
provision may be omitted if it can Be shown from
consideration of sample and scavenge air pressures that the
pressure in the smoke chamber does not differ from
atmospheric pressure by more than 4 mbar.

7.7.6.3 TEST PROCEDURE

The effective length shall be determined|by the method
given in 7.7.5 with the opacimeter supplied with exhaust
gas of about 1,7 m™! opacity and at the[maximum flow
(maximum sample pressure and minimym scavenge air
pressure) and minimum temperature specified by the
manufacturer. At least ten readings shall bg made. Note the
pressure of gas in the measuring chamber unless such
measurement is excepted under 7.7.6.2.

7.76.4 EVALUATION

The sample pressure and scavenge air limits claimed by the
manufacturer are satisfactory if :

Effective length

smoke sample;

t = average temperature in  smoke chamber

corresponding to opacimeter reading /V;

No= reading with opacimeter modified, taken
immediately after the modification, and referred
to the zero obtained immediately before admitting
the smoke sample;

to = average temperature in the smoke chamber
corresponding to opacimeter reading Ng.

1) For the present this may be increased to 2 %.

2) Annex B gives some notes on statistical tests.

at maximum sample flow

< 1,03 and > 1,00
Effective length

at minimum sample flow

The above relation shall be satisfied to a statistical
confidence limit of 95 %2). If this degree of confidence is
not attained then further tests shall be made until the
statistical requirement is satisfied. The pressure in the
smoke chamber is satisfactory if it does not differ from
atmospheric by more than 4 mbar.
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7.7.7 Gas tightness of opacimeter (5.1.5)
7.7.7.1 GAS TIGHTNESS OF BY-PASS VALVE

7.7.7.1.1 Object

If the by-pass valve leaks, then, depending on the design of
the opacimeter, the zero of the instrument will be affected
and incorrect opacimeter readings obtained. The efficiency
of the by-pass valve must, therefore, be checked.

qaln [ YR o £ oo .

- - L
1.7.71. repargaof-otr—test

7.7.7.2.3 Test procedure

Pass smoke of about 1,7 m™? opacity at minimum sample
pressure through the opacimeter and note the reading with
leakage valve shut and scavenge air setting S;, and then
with leakage valve setting L and scavenge air setting S,.
Repeat at least four times. For ease of reading the
opacimeter the sample system shall include a damping
chamber of at least five times the flow through the sample
linein1s.

277924 Coinleindinn
v

Arrangements myst be provided for reducing the smoke
pressure at the by-pasc to below the pressure in the

opacimeter; for pngines connected to an exhaust main
operating at ambjent pressure or a slight depression it will
be sufficient to stop the engine. In other cases it may be
necessary to discgnnect the sample line from the probe or
opacimeter, or fif] (for this test only) a valve in the sample

iine which can be positively ciosed.
7.7.7.1.3 Test procedure

The by-pass shofild be set in the position so that the
exhaust gas by-gasses the smoke chamber. Reduce the

pressure on the s
the pressure on

mple side of the by-pass until it is below
the smoke chamber side and set the

opacimeter ‘‘zero|’. Then allow the pressure on the sample
side of the valve|to return to normal and pass smoke of
about 1,7m™" ¢pacity through the sample system and

by-pass at a rat

corresponding to the maximum sample

pressure when the opacimeter is operating normally; note
the opacimeter repding.

7.7.7.1.4 Evaluation

The by-pass valveg is satisfactory if the change_of reading
between the two ¢onditions is less than 0,01 m-}

7.7.7.2 GAS TIQHTNESS OF CASING

7.7.7.2.1 Object

In opacimeters usfng scavengesair, leakage of the air through
joints and clearances -around controls may alter the
effective length. The’manufacturer specifies a limit for this
leakage and it myst’be verified that this amount of leakage

Average the readings with and without the, Yeak; the
difference should not be greater than 0,025m™ |with a
statistical confidence of 95 %. If this degrée of conffidence
is not attained then further tests shall \be" made uptil the

PURPR P I P A PP S

statistical requirement is satisfied.

7.7.8.1 OBJECT

conditions, for)" example length of pipe(s), pressure
characteristies "of pipes, limitation of back pressure or
extraction, “pressure permissible on any standargd pipes
provided. The effect of these limits must be tested.

The manufacturer has to state limits on the w::Ete exit

7.7.8.2 PREPARATION OF TEST

Arrangements shall be made so that the waste exit
conditions can be rapidly varied between thg¢ limits
specified by the manufacturer.

7.7.8.3 TEST PROCEDURE

Pass smoke of about 1,7m™' opacity throdgh the
opacimeter and note the readings with the wapte exit
conditions alternated between the limits. For |ease of
reading the opacimeter, the sample system shall include a
damping volume of at least five times the flow thrqugh the
sample linein 1s.

7.7.8.4 EVALUATION

does not alter the effective length.

7.7.7.2.2 Preparation of test

An opacimeter must be prepared in which all joints and
clearances are sealed. An adjustable ““leak’” must then be
provided in the casing near the waste outlet of the housing.
With the leak valve shut find the scavenge air system setting
(S4) to give the maximum allowable scavenge air flow.

Then, find the scavenge air setting (S,) and leak valve
setting (L) such that the maximum leakage allowed by the
manufacturer is obtained with a scavenge air setting
corresponding to the maximum scavenge air flow allowed
by the manufacturer.

10

No measurable change of opacimeter reading should occur
between operation with the two exit conditions.

71.7.9 Effect of pre-chamber and pressure relief valve
design (4.3)

7.7.9.1 OBJECT

Certain opacimeters may have a pressure relief valve in a
pre-chamber just upstream of the smoke chamber. This
item, if incorrectly designed, could result in a modification
of the exhaust gas sample by unequal division of soot by
the valve. The possible occurrence of this must be checked.
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7.7.9.2 PREPARATION OF TEST

The test set up shall be as shown in figure 2, and, to ensure
satisfactory constancy of opacity of exhaust samples, the
damping chamber shall have a volume of at least 20 times
the flow through the sample line in 1s. The need for the
heater will depend on the temperature and insulation of the
sampling system. Means shall be provided so that the relief
valve can quickly be shut or opened. The butterfly valve in
the exhaust system shall be adjusted so that with the relief
valve operating normally, the maximum sample pressure is
obtained at the opacimeter with valve A closed and valve B

1ISO 3173-1974 (E)

7.7.10.3 TeEsST PROCEDURE

Record the readings of the thermocouple as the by-pass is
switched between the ‘“‘smoke entry” and “by-passing”
positions. Repeat with extremes of by-pass exit conditions.

7.7.104 EVALUATION

The difference in thermocouple reading between the two

~ by-pass positions shall not be more than 5 °c.

fully opep. With the relief valve shut, find positions of
valves A|and B such that the sample pressure at the
opacimetqr is unchanged and the pressure in the damping
chamber |s unchanged. The valve in the exhaust system
must not jpe altered. Note the positions of valves A and B.
Arrangempnt shall be made to record photo-electric cell
output anf the mean temperature in the smoke chamber (as
defined inf 7.7.1).

7.7.9.3 TEST PROCEDURE

With the |opacimeter supplied with exhaust gas at about
1,7m™" dpacity and at the maximum sample pressure,
record opacimeter reading and mean temperature in the
smoke chpmber with the relief valve operating normally
(valve A shut and valve B fully open) and with it closed and
valves A and B adjusted as described above. Repeat at least
four timed.

7.7.9.4 HvALUATION

Correct the readings of the opacimeter for any“ehanges of
mean tenjperature in the smoke chamber: The pressure
relief valye and pre-chamber shall be “deemed to be
satisfactony if the average difference betwWeen the corrected
readings ¢f the opacimeter with/the valve operating and
shut is les than 0,05 m™*.

7.7.10 B} -pass charactéristics (4.3)

7.7.10.1 [OBJECT

Some op3acimeters will be fitted with a by-pass at the

7.7.11 Flow characteristics (6)

7.7.11.1 OsJECT

For correct sampling it is, necessary to
velocity in the sampling probe is as close as|
of the main flow; /thus the following
undertaken to deterxmine the flow rat]
sampling line apd“ opacimeter for
pressures.

7.7.11.2'PREPARATION OF TEST

Thédsample inlet to the opacimeter shall bg
supply of air sufficient to maintain the ma
at the opacimeter recommended by the n

ensure that the
possible to that
test must be
e through the

different sampling

connected to a
XKimum pressure
hanufacturer. A

gasmeter or orifice shall be provided for measurement of

flowrate. Arrangements shall be provided
blocking shut all relief valves fitted to the
the opacimeter.

7.7.11.3 TeEST PROCEDURE

With the correct waste exit conditions and 4§

for temporarily
sample inlet to

t the upper and

lower limits of scavenge air pressure, meagure the flow of

air to the sample inlet, as a function of
entrance to the opacimeter, between the
specified by the manufacturer :

a) with any relief valve operating norma

b) with any relief valve blocked shut.

pressure at the
bperating limits

lly, and

Note the “leakage’” of the scavenge air for irfformation.

entrance; this Must have ffow characteristics simitar to the
opacimeters or sampling conditions may be changed
between the two by-pass positions with consequent delays
in stabilizing readings. The characteristics of the by-pass
must therefore be checked.

7.7.10.2 PREPARATION OF TEST

The opacimeter shall be connected to a normal engine
exhaust sampling system and a well-insulated thermocouple
of response better than 5 s inserted in the exhaust gas just
upstream of the by-pass. If a range of waste pipes is allowed
on the by-pass exit then the extremes of these should be
available.

7.7.11.4 EVALUATION

The results shall be presented as a graph of

sample pressure

(millibars) against air flow (litres/second) for the two
conditions a) and b). The temperature to which the results

are referred should be stated on the graph.

7.7.12 Soiling of lamp and photo-electric cell (5.1.13)

7.7.12.1 OBJECT

Continued operation of an opacimeter
deposition of soot on the bulb and photo-

may lead to
electric cell and

11
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this will affect the reading. The manufacturer states the
necessary intervals between cleaning and it must be verified
that the opacimeter can be satisfactorily operated for this
period without cleaning.

7.7.12.2 PREPARATION OF TEST

Clean the lamp and photo-electric cell and with the
photo-electric cell output connected to a recorder adjust
the sensitivity of the latter to give a deflection such that a
change of 0,5 % can be assessed.

2 Photo-electric cell circuit setting and accuracy.
3 Sample pressure indicator.
4 Scavenge air setting :

a) setting of blower;

b) performance characteristics of blower (if not
covered by a)).

Sample temperature sensor.

Pipe fittings (for example waste pipes).

7.7.12.3 TEST PROCEDURE

Pass smoke of apout 1,7 m™' opacity at maximum sample
pressure through| the opacimeter (with scavenge air, where
used, set to minimum pressure) for at least 10 s or for the
time necessary tp take a reading (whichever is the longer).
Stop the flow of| smoke, fill the smoke chamber with clean
air as for a nofymal zero check and note the recorder
reading. Repeat [the cycle of passing smoke and checking
the zero throlighout the interval claimed by the
manufacturer, of for twelve readings (whichever is the
shorter).

7.7.12.4 EvaL

The freedom o
soiling shall be
recorder reading

UATION

the lamp and photo-electric cell from
deemed satisfactory if the change of
during the test is less than 0,5 %.

8 VERIFICATION OF IN-SERVICE CONFORMITY-OF
OPACIMETERS

8.1 Scope and fjeld of application

This clause gives|the minimum checks which must be made
in service to veriffy that an opacimeterCof a type which has
been verified il accordance with(Ceclause 7 continues to
conform to the specification whefi in use.

8.2 Items to be| checked

In service it is rlecessary-to check that the following items
are correct :

1 Colour te

5

6

7 Gas tightness of casing.

8 Gas tightness of by-pass valve (if fitted):
9

Mechanical and chemical condition of alil moving
parts and installation items.

10 Division of flow (occasional check for opgcimeters
with central entry to the smoke chamber).

8.3 Details of checks

8.3.1 General

Most of the items can be checked against the list of
operating. limits provided by the manufacturer but|it should
be verified that the necessary instruments and fittings
(vdlbmeters, manometers, controls, and orifices) are
supplied as standard equipment with the opacimegter. The
accuracy of the temperature sensor should periodically be
checked by standard methods.

8.3.2 Division of flow

At intervals of about 1 month, with normpl usage,
opacimeters with central smoke entries should bg checked
to ensure that the temperatures in the two halves of the
smoke chamber remain within the limits| of the
specification. Unless instrumentation is already provided by
the manufacturer the check consists of inserfing well
insulated temperature sensors at the points in[ the two
halves corresponding to the mean temperaturgs. When
smoke or hot air at the maximum temperature limit
specified by the manufacturer is passed thrpugh the
opacimeter the difference in temperature between the two
halves of the smoke chamber shall be less than 7 °C.

9 TEST REPORT OF OPACIMETER VERIFICATION
Opacimeter manufacturer :

Type :

No. : .

12
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9.1 Data supplied by manufacturer

[Enumerate]
9.2 Results of verification of instruments

9.2.1 Colour temperature (7.6.1)1)

Rulbh tvne
Bulb type

Operating limits . .. V to ... V (given by manufacturer)

Corresponding colour temperature . . . Kto ... K

1SO 3173-1974 (E)

Corresponding reading with coloured fiiter2) ... o0.u.to ... o0.u.

Photo-electrfic cell type . Filter type .
Spectral characteristics a)3) b)3)
Photo-electrfic cell temperature °c
Wavelength for maximum response . nm
Response at/ 430 nm % of max.
Response at| 680 nm % of max.
Overall resppnse a)3) b)3)
Photo-electilic cell temperature °C
Indicator refding, lamp on, circuit connected oty . . . 0V ouw
Indicator repding as above, plus calibrating screen
9.2.3 Accuracy of measuring circuit and calibration\{7.6.3)
Bulb voltagg setting . . . . . . . . .
Indicator repding with . . . . . ._\ \%
lamp swilched off, circuit . . 100 o.u.¥
lamp switched off, circuit conhected o.u
Photo=electric cell Readings on the obscuration
Test No. temperature Effective obscuration scale Error
°C % %

1

2

3

4

etc.

Calibrating screen equivalent opacity claimed by manufacturer
measured

difference .

1) Numbers in parentheses refer to the corresponding clause of the opacimeter specification.

2) Delete if inapplicable : 0.u. = obscuration units (%).

3) Condition a), ambient temperature; condition b), photo-electric cell temperature at maximum specified by manufacturer.

4) By adjustment.
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9.3 Results of verification of flow characteristics in relation to internal design

9.3.1 Temperature distribution (7.7.1)

Test conditions

Sample temperature)

Sample pressure

Scavenge air pressure

Stabilizing time

a)

b)

°C(t,’, t, and t.')
mbar
mbar

min (before traverse is made)

Test results : See Tigure 4
Minimum temperature of test gas (before mixing with scavenge air)2’ °C
Mean temperafure t, under condition a) °c
ty b) °c
t. c) °C
Distance /., (from the point of smoke entry) for condition b) at which the measured\temperature equals| the mean
temperature
2) For an opacimeter with smoke entry at one end of tube : /., mm
2) Foran opIimeter with central smoke entry : /4, left of entry mm
/2, right of entry mm
0,5m1 t/m2) mm
Differences befween temperature at /., ; and temperature at/,,»
for condition a) °c
for condition b) °c
Maximum diff¢rence between assessed (ta', tb', tc') and measured (t,, t,, t.) mean temperatures expressed in kelvips. . . K

9.3.2 Unsteadiness of reading (7.7.2)

Test condition

Recorder cHaracteristics

response
sensitivity

chart speed .

Sampling sylstem (brief\description)

Test condition {sample)

Opacity of testgas

seconds to 90 % full scale
m-1/mm (at test opacity)

mm/s

max. . . . min.

Sample pressure

Scavenge air pressure

Sample temperature .

Test results : See figures 5 and 6

Unsteadiness over 10s .

mbar
mbar

°C

m! (range)

1) Mean temperature in the smoke chamber assessed from the sample temperature indicator provided by the manufacturer.

2) Delete if inapplicable.
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9.3.3 /Internal reflection and diffusion (7.7.3)

Test conditions

Diameter of sensitive area of photo-electriccell . . . . . . . . . . mm
Diameteroflens . . . . . . . . . . . . . . . . . ... mm
Distance fromlenstoscreen . . . . . . . . . . . . . . . . mm
Diameter of central holeinscreen . . . . . . . . . . . . . . mm
Distance from screen to photo-electriccell . . . . . . . . . . . mm
Test gas ppacity—mm—— —— 0 — @ ™ — L

Test results

a) Reading with screen in position . . . . . . . . . . . . . m!
Reading with screen removed e m!

4, e s m™!

b) Readiing with screen in position . . . . . . . . . . . . . m!
Reading with screen removed FE mt

Ay e e e e e e e m!

c) Reading with screen in position?) . . . . . . . . . . . S\ m!
Reading with screen removed S m?

Ac O m’!

9.3.4 Photp-electric cell temperature (7.7.4)

Test conditions

Samplegressure . . . . . . . . . (N0 L L mbar
Scavengdair pressure . . . . . . NLCL oL L L L L L L L. mbar
Sample temperature . . . . . =N oL L L L L. °c
Stabiliziggtime . . . . . (N oL oL L L L L L L. min.
Scavengd air temperature . ~N<T . . . . . . . . L . . ... °c

Test results

Photo-el¢ctric cell temperature . . . . . . . . . . . . . . . °c

9.3.56 Effeftivellength (7.7.5)

a) Combparison with-known. opacimeter

Reference opacimeter manufacturer :
Type :
Number :

Effectivelength: . . . . . . . . . . . . mm

I+

Accuracy of effective length : . mm at 95 % confidence

1) With smoke passing through the smoke chamber
Ap—A,=...m"

Ac—Ay=...m"
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Reference opacimeter Opacimeter under test
. . Icul
Sample Sample Opacimeter Corr'ected Sample Sample Opacimeter Corr.ected Caleu a‘ted
ressure temperature readin opacimeter ressure temperature readin opacimeter effective
p P 9 reading?) P P 9 reading?) length
mbar °c o.u. o.u. mbar °c o.u. o.u. mm
Scavenge air pressure? } Reference opacimeter : mbar Average
Opacimeter under test : mbar
Standard deviation
95 % confidence limits3) rr;m
0
Sampling system (brief details)
b) Compatison of results from one opacimeter with and without modificatiop-of operation
Modified opacimeter Opacimeter operating normally
. . Iculated
Sample Sample Opacimeter Effective Sample Sample Opacimeter c;::c:ve
pressure temperature4) reading®) length pressure temperature?) reading®) length
mbar °C o.u. mm mbar °C o.u. mm
Scavenge air [pressure with opacimeter operating normally : mbar Average mm
Standard deviation mm
95 % confidence limits rr;/m
0
Effective length as modified
Z) —_—

" Effective length operating normally

1) This correction is to bring the readings to the reference temperatures.
2) Delete if inapplicable.
3) Taking into account the known accuracy of the reference opacimeter.

4) If these temperatures differ by more than 40 °C then experimental data must be given validating the adjustment for the difference in
temperature in the method of calcultaing effective length.

5) Relative to ““zero’’ after the modification is made.
6) Relative to ““zero’’ before the modification is made.

7) Where this ratio is greater than 1,25 separate data must be given to validate the sample temperature measurements with the modified
opacimeter.
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Modification (brief details)

Sample temperature measurement position

Opacimeter operating normally

Opacimeter modified

NOTE — Recordings of opacimeter readings during the test must be included in the report.

9.3.6 Effect of pressure (7.7.6)

Test conditions

ISO 3173-1974 (E)

Sample dressure

Scavenge|air pressure
Sample temperature .
Opacity

Test results

(A table of fesults similar to that in 7.7.5 must be provided depending on the method of measuring effective len

Number pf readings .
Average ¢ffective length

Standard deviation

Gas dpacity

mbar {maximum specified off
manufacturer)

mbar
°C

m?

th.)

95 % corffidence limits on average mm %
Effective length at maximuny-sample pressure _
Effective length at minimum sample pressure a
Maximurn pressure/depression in smoke chamber mbar
Position pf measurement
9.3.7 Gas tightness of opacimeter (7.7.7)
a) Gas tjghtness of by-pass
Samgle pressure . mbar
Scavgnge air pressure mbar
Samgle temperatuie °c
m!
Individual Average | Standard
readings -l deviation
Smoke by-passing
normally
Reduced pressure
at by-pass
Method of obtaining reduced pressure at by-pass
b) Gas tightness of casing
Sample pressure . mbar
Scavenge air pressure mbar
°c

Sample temperature
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Gas opacity m-1
Leak capacity I/s
Leak position I/s (leakage of casing before sealing . I/s)
Individual Standard
n_;:dlngs* Average deviation
m "/o.u.
Readings with
no leakage
Readings with leakage
* Delete if inapplicable.
9.3.8 Waste elxit conditions (7.7.8)
Opacity of test gas m!
Change of opafimeter reading with change of waste conditions m!
9.3.9 Effect ¢f opacimeter design (7.7.9)
Individual tandard
readings Average eviation
Sample pressure mbar
Scavenge air pressure mbar
Reli |
. elief valve Sample temperature °c
inoperatjve
Opacimeter reading m-1
Corrected opacimeter reading m-1
Sample pressure mbar
Scavenge air pressure. mbar
Relief vdlve I °c
operatjve Sample temperature
Opacimeter reading m-1
Corrected opacimeter reading m-1
9.3.10 By-pajs characteristics (7.7.10)
Sample pressufe mbar
Scavenge air pfessure mbar
Sample temperature - e
Opacity . m

Thermocouple at by-pass position
“ Temperature at by-pass :
with smoke by-passing .

with smoke passing through smoke chamber .

difference

9.3.11 Flow characteristics (7.7.11)
Brief description of test installation

Results : See figure 7
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Thermocouple joint

Wire, ¢ 0,7 mm approx.

Wire, ¢ 0,12 mm approx.

FIGURE 1 — Diametral thermocouple

S\

. e

Butterfly valve

Silencer ~
| I
Damping chamber with heater W J
Valve A | —Valve B
By-pass
—\ O ~=s—— Temperature sensor
M H
s

Opacimeter

FIGURE 2 — Test installation
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rLamp

Photo-electric cell

Screen:

Lens _$

20

]
HEERRREE [TT T
{ - - - -
Lttt rigdl
\ Condition c)
Condition b)
g Conditiona)—\

FIGURE 4 — Position along smoke chamber
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