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vehicles — Apparatus for measurement of the opacity of exhaust gas from diesel engines

s routiers — Dispositit pour le mesurage de I'opacite des gaz d echappement des moteurs diese/l

ral Report 4011 was drawn up by Technical Committee ISO/TC 22, Road vehiclés, and approved by tHe majority of

its members. The reasons which led to the publication of this document in the form.0f’a Technical Report are the following :

This Technical Report was prepared on the basis of present knowledge concerning the design and use of opacimgters intended
in parficular for measuring the opacity of exhaust gas from diesel engines running in free acceleration;|this type of
measurpment is in fact a necessity when the legislation requires a control-of the opacity of the smoke emitted by the vehicle

in serv

measurpments to be made.

Howev

relation to the response time of the device when the opacimeter is used in transient conditions.

ce; it is then essential that a device and a measurement method, be available which allow reproducible and repeatable

br, during the study, some difficulties arose in establishing with precision certain performance chafacteristics in

Consequently, the type of device described below was not.¢onsidered suitable for definition in an International $tandard.
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1 SCOPE

This Technical Report establishes the specifications for devices for measuring the opacity of exhaust gas from diesel engines
for road vehicles, and for their installation. These instruments are generally known as ““opacimeters’’. The annex deals with

the installation

2 FIELD OF

and use of opacimeters.

APPLICATION

This Technical Report concerns opacimeters for use in steady state and free acceleration conditions for diesel engines of road

vehicles. It dogs not cover :

stationa
marine
railway
aircraft

engines

3 REFERENCE

1ISO 3173, Ro
steady state cg

4 PRINCIPLE

The principle
proportion of
medium.

The opacimeter may be constructed to take the full flow of exhaust gas delivered by the engine (full flow opacimeter) o

a sample (samy

Opacimeters afe used under two types of test conditions :

Steady ¢

steady state]conditions (SS).

Transier]
under trans

Opacimeters n
Apparatus con

free-pisfon engines;

pngines;

y engines;
ngines;

Engines;

for agricultural tractors and special vehicles for use in civil engineering.

hd vehicles — Apparatus for measurement of the opacity ofexhaust gas from diesel engines operating
nditions.

E OF OPACIMETERS

under

bf measurement consists in passing a beam of light through a certain length of the medium to be measuredl. The

the incident light reaching a receiver (for example, a photoelectric cell) is used to assess the opacity d

ling opacimeter).

tate conditions : Thelengine is run at constant speed and under constant load; the opacimeter operates

t conditions :{The engine is run under transient conditions of speed and/or load; the opacimeter op
ent conditions~(TC).

ay alsotexist which are suitable for use only under steady state conditions. These are the subject of 1SO
forming to this Technical Report conforms jpso facto to 1SO 3173.

f this

r only

under

lerates

3173.

5 BASIC SPE

CIFICATIONS FOR OPACIMETERS

5.1 The gas to be measured is passed through a chamber the internal surface of which is non-reflecting, or through an
equivalent optical environment.

5.2 The effective path length of the light rays through the gas to be measured is determined taking into account the possible
influence of devices for protecting the light source and the photoelectric cell. This effective length shall be indicated on the

apparatus.

5.3 The measuring device shall have the following characteristics :

5.3.1 The indicator of the opacimeter shall have a measuring scale graduated in units of light absorption coefficient from 0
to 5 m™" at least.
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5.3.2 The indicator shall allow a light absorption coefficient to be read between 0 and 3 m~" with a precision of 0,056 m~

least.

ISO/TR 4011-1976 (E)

Tat

5.3.3 The measuring device (for transient conditions only) shall allow the maximum opacity to be stored for at least 5 s and
allow instantaneous cancellation of the value stored. This value shall not decay by more than 1 % during this time. The peak
hold device shall be able to be switched out of circuit.

5.4 The total absolute uncertainty shall be less than :

0,2 mr—oratight-absorptioncoefficient-between-6-ard-3-m—=

0,56|m~ " for a light absorption coefficient between 3 and 5 m™".

6 CONSTRUCTION SPECIFICATIONS

1

the pipes and

6.1 Gepneral

The design shall be such that in steady state conditions the smoke chamber is filled@With a uniform smoke and

fittingd and devices for bringing the gases into the measuring chamber do not¢ineltde any sharp bends whdre soot could
accumiilate.

The impingement on the receiver of stray light due to internal reflectiori or'the effects of diffusion shall be

minim

6.2 M
6.2.1

— Bt its two extremities by the devices for protecting:thé light source and the receiver, defining the effective
apppratus;

incd

6.2.2

63 L

The lig
the suf

m (for example by coating the internal surfaces in matt black and‘by an appropriate general layout).

easuring zone of the smoke chamber

The measuring zone is that part of the smoke chamber in‘which the measurement is made. It is bounded

parallel to the flow of gas by the lower and\ipper surfaces of the smoke chamber;

f applicable, perpendicular to the flow of gas by two imaginary planes, one of them representing th
ming gas, the other the front of the outgoing gas flow, which form tangents to the beam of light reachin

ght source

ht source shall have a colour temperature between 2 800 and 3 250 K within limits specified by the ma
ply voltage of the apparatus.

reduced to a

length of the

e front of the
O the receiver.

The speed of the gases through/the measuring zone shall not differ by more than 50 % from the average speed over
90 % off the length of the measuring.zone.

hufacturer for

pptic curve of

430 nm and above 680 nm).

6.4.2

The apparatus shall be so designed that :

— the rays of the light beam are parallel within 3° to the optical axis;

e being below

— the receiver does not take into consideration the direct or reflected light rays with an angle of incidence greater than 3°
to the axis of the optical device.

Any system giving equivalent results will be acceptable.

6.4.3 The design of the electric measuring circuit, including the indicator, shall be such that the display value of the
indicator is a monotonic function of the light absorption coefficient in the range of normal operating temperatures of the
apparatus.
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scale

The light absorption coefficient k {m™") is calculated according to Beer’s law by the formula

_ loge(g/9)
k=

where

L is the effective length of the light path through the gas to be measured;

¢o is the light flux received by the receiver when the measuring zone is filled with clean air;

¢ is the light flux received by the receiver when the measuring zone is filled with smoke.
6.6 Adjustmept and checking of the measuring apparatus
6.6.1 The eleg¢trical circuit of the photoelectric cell and of the indicator shall be adjustable so that the indicator can b4 reset
at zero when the light flux passes through the measuring zone filled with clean air or through a chamber with iddntical
characteristics.
6.6.2 Two ndutral optical filters (or equivalent devices) shall provided with each opacimeter so that the accuracy and
linearity of mgasurement of the measuring device may be checked. These filters shallchave equivalent absorption coeff{cients
as defined in §.5, between 1,5 and 2,0 m~" and between 4,5 and 5,0 m~" respectively. Their values shall be known 1o the
nearest 0,025 fn~". Provision shall be made for them to be placed on the path ef the light rays passing through the meaguring
chamber filled| with clean air or through a chamber with identical characteristics. Measurement apparatus with autgmatic
temperature cdmpensation must simulate 100 °C during the checking tests.
6.7 Response [of the opacimeter
6.7.1 Physical response time of the opacimeter
This is the timg t necessary for a given discharge of gas, Qxto fill the volume V of the measuring zone defined in 6.2.1.
This time may pe estimated with sufficient precision By, yneans of the formula

t=V/Q

For transient cpnditions, the opacimeter will be satisfactory if t < 0,075 s*.
For opacimeterfs used only for steady(state conditions, the manufacturer shall state the response time.
6.7.2 Electricgl response time
This is the timp elapsing between the moment when the light source is sealed off in less than 0,01 s, and the moment when
the device recdrding the.measuring signal reaches 90 % of the level of its final signal. For transient conditions, this eledtrical
response time shall be.equal to 0,1 £ 0,01 s*.
For opacimeters dsed only for steady state conditions, the manufacturer shall state the response time.

The electrical circuit shall in addition include a filtration of the measuring signal. This is obtained by means of a low-pass
filter with breaking frequency of 10 Hz, possessing a frequency response curve between + 0,5 and — 1 dB up to 16,5 Hz and
with a slope equal to 12 £ 6 dB/octave for frequencies greater than 16,5 Hz.

6.8 Pressure of the gas to be analysed

6.8.1 The static pressure of the exhaust gas in the smoke box shall not differ from that of the ambient air by more than

7,5 mbar.

6.8.2 The opacimeter shall be fitted with devices suitable for allowing the fitting of apparatus for measuring the static
pressure in the smoke box. The readings shall be taken with an uncertainty of less than 0,1 mbar.

*

Provisional values.
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6.9 Temperature of the gas to be analysed

6.9.1 The opacimeter shall be fitted with the devices necessary for estimating the average temperature of the gas in the
measuring chamber; the manufacturer shall specify the limits of operation. The uncertainty of measurement shall be taken
into account when calculating the total measuring uncertainty of the apparatus.

6.9.2 At all points of the measuring chamber, the temperature of the test gas at the instant of measurement of opacity shall
be not less than 60 °C and the average temperature in the chamber shall be not greater than 400 °C. The range of normal use
shall be indicated by the manufacturer.

6.9.3 | The opacimeter reading must be corrected to 100 °C by means of the formula

t+ 273
kcorrected = kobserved X _—375_

wherel|t is the temperature, in degrees Celsius, of the test gas.

6.9.4 | The thermal time-constant of the device for measuring temperature shall be
— |indicated by the manufacturer;
— |commensurate with the recommended operating time of the instrument for’steady state use;
— |less than 5 s for opacimeters used in transient conditions.

The tHermal time-constant is the time necessary for the sensor to reach 63 % of the difference in temperaturde between the
initial state and the final state in still air.

6.10 |Details of design

Any devices which may be situated upstream of the measuring zone shall not affect the opacity properties of the gas entering

the chpmber by more than 0,05 m~'fora gas with ancopacity of 1,7 m1.

6.11 |Total measurement uncertainty

The tdtal measurement uncertainty Ak is given by the formula

Ak= [ Z (Ak)?

where(the Ak; are principally~the following uncertainties :

a) |error due to thegeometry of the apparatus (effective length);

b) |error due totthe optical and electrical devices (including soiling of lamp and photoelectric cell) :
- zeroeerror and sensitivity error of the measuring device;

— €rror due to the indicator;

13 tclll’JCl atul <.
Ak shall not exceed 0,2 m™.

Errors due to parameters other than those mentioned in this specification shall also be taken into account if it is considered
that their influence is likely to be significant.

7 INFORMATION AND METHODS OF MEASUREMENT TO BE PROVIDED BY THE MANUFACTURER

7.1 Handbook for maintenance and use to be provided with each apparatus

This document shall deal with the following points :

7.1.1 Technical description of the opacimeter, including a diagram of the optical and electrical devices and dimensional
sketches of the measuring chamber and the adjacent areas, with tolerances.
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7.1.2 Information on the maintenance of the opacimeter, and in particular, the cleaning intervals and all the special
operating precautions peculiar to the given model, including whether the opacimeter is designed to operate continuously or
intermittently and, in the latter case, the time necessary for passing smoke through the opacimeter before a correct
measurement can be taken (operating time).

List of the periodic checks which the apparatus requires.
7.1.3 Effective length of the smoke column used to calculate the light absorption coefficient.

7.1.4 Operating limits of the light source, i.e. either :

a) limits of voltage at the terminals of the light source and instructions on its life, or

b) limits of reading with a gauging colour filter provided with each opacimeter.

7.1.5 Total grecision of the apparatus as defined in 6.11 and the range of corresponding ambienty and exhaupt gas
temperatures.

7.1.6 Minimum flow of gas into the smoke chamber corresponding to the time of maximum-~physical response impoked in
6.7.1 and the |maximum flow of gas into the smoke chamber corresponding to the maximumi-gas pressures allowed Hy the
manufacturer.

7.1.7 Instructions relating to limits on fittings which may be attached to the opacimeter exit, giving equivalent orifices

7.2 Data to bg¢ provided for the conformity check of the type of opacimeter

7.2.1 Temperpture of the surface of the photoelectric cell above which jt§&esponse features change significantly.

7.2.2 Relatiofship between the temperature indicated by the measuring device and the average temperature in the gmoke
chamber.

7.2.3 Nominaf supply voltage limits within which the opag¢imeter will operate satisfactorily (separate limits must be givgn for
each supply polint where more than one exists).

7.2.4 Responge time of the electric measuring ¢ircuit necessary for reaching 90 % of the level of continuous signal follpwing
sealing off of the light source in less than 0,0}-s,

7.2.5 Relatiopship between the static pressure and the gas flow in the smoke chamber.
7.3 Methods ¢f measurement uSed-in the conformity check of the type of opacimeter

The opacimete[ must allow the attachment of instruments necessary for measuring the following parameters :

a) static pressure of-the exhaust gas in the smoke box;

b) tempergturetatithe point specified by the manufacturer for measuring the gas temperature;

ature};

d) output current of the photoelectric cell.

8 VERIFICATION OF OPACIMETER TYPES

8.1 Scope

This clause gives details of the procedures to be adopted to check that an opacimeter of a given type corresponds to the
requirements of clauses 5, 6 and 7. It deals with opacimeters in general. When possible, each heading includes a reference to
the corresponding sub-clause of clauses 5, 6 and 7 to which the test refers. The checks cannot, however, cover all the possible
models of opacimeter. It will rest therefore with the organization approving a given type of opacimeter to check the possible
influence of the devices which belong to each apparatus.
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8.2 General considerations

In order to verify that a particular type of opacimeter corresponds to the specification, it is necessary first to check that
certain instruments and certain controls required by the specification are properly fitted on the opacimeter and that certain
operational limits and certain data are properly specified by the manufacturer. The verification test consists then in checking
that the properties of the instruments are as required by the specification and that, within the limits claimed by the
manufacturer, the opacimeter actually satisfies the requirements of the specification. For the checking tests, certain
instruments may be necessary in addition to those which are normally fitted on the opacimeter.

In fields where well-known experimental techniques already exist (aerodynamic, thermometric, optical and electrical, for

L :ef
¢0:ir
¢ : ing
84 |

Check
requir|

er metho
ents are used, it is essential to take into account their influence on the response or the sensitivity ©f, the

efinitions

llowing symbols are used :

k: HQI: absorption coefficient of the gas in units per metre (m™);

ctive length of the smoke column taken into consideration in the measuring chamber;
cident light flux reaching the receiver in the absence of smoke;

ident light flux reaching the receiver when the measuring chamber is filled by the gas to be analysed.

hformation and methods of measurement (7)

that the information and methods of measurement previded by the manufacturer are in accord
bments of clause 7 of this specification.

8.5 Basic specifications for opacimeters (5)

Check

8.6 \

8.6.1

Check
readin

8.6.2

Check
570 n

8.6.3

a)
by

that the technical features of the opacimeter(are in accordance with the requirements of clause 5 of thi

ferification of the components and adjustments

Colour temperature (6.3)

that in the conditions indicated by the manufacturer (for example voltage at the terminals of the ¢
g with a coloured checking filter) the colour temperature of the light source is between 2 800 and 3 250

Response of the photoelectric cell to different wavelengths and different temperatures (6.4.1)

M and a responsg_less than 4 % of this maximum below 430 nm and above 680 nm.

Devices for adjusting zero and checking the measuring circuit (6.6)

Check’that the zero of the instrument can be adjusted satisfactorily over the whole range of supply vo
the manufacturer in accordance with 7.2.3.

. If recording
circuit.

hnce with the

specification.

ectric bulb or
K.

that the combined characteristic of the photoelectric cell and the filter has a maximum response in the range of 5650 to

tages specified

b)

Check that the devices provided by the manufacturer for checking the operation of the measuring

opacimeter are in accordance with the requirements of 6.6.2.

8.6.4

Indicator of the opacimeter (5.3)

Check that the indicator of the opacimeter is in accordance with the requirements of 5.3.

8.6.5
Check

8.6.6

Static pressure measurement in the smoke chamber (6.8.2)

that the opacimeter is in accordance with the requirements of 6.8.2.

Optical design (6.4.2)

circuit of the

Check from the technical description of the apparatus given in 7.1.1, and from actual tests, that the optical device is designated
so that the opacimeter is in accordance with the requirements of 6.4.2. Check that the optical components of the opacimeter
submitted for test and their dimensional position comply with the description.
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8.7 Verification of the flow characteristics with respect to the internal design

8.7.1 Temperature distribution (6.9)

8.7.1.1 OBuE

CcT

In order to determine the opacity of the gas at 100 °C, it is necessary to demonstrate that the temperature gauge provided by
the manufacturer does, in fact, estimate the average temperature of the gas in the measuring chamber. This is shown by
comparison of the readings on the temperature gauge and the results of measurements of temperature distribution in the
measuring chamber.

This test also ¢

8.7.1.2 PREP

The temperatu
90 % of its len
flow of gas. A
thermoelectric
may prove nec

8.7.1.3 TEesT

With the opaci

the measuring
a) minimu
b) maximd

c) maximu

8.7.1.4 Eval

Plot the tempe

a) Calculate the average absolute temperature _7: 7—’; and f, in kelvins, in the three types of conditions by means

formula

Calculate the error Ak; 3T /T)—1] where T, is the temperature indicated on the gauge provided H

manufactur

b) Check t

hecks that the minumum and maximum temperatures of the gas are those specified in 6.9.2.

ARATION OF THE TEST

re distribution shall be measured at 11 points distributed equally along the axis of the meaSuring chambe
jth. All the thermometers must be enclosed in tubes providing good thermal insulation without obstructi
atisfactory method is, for example, the technique which consists in placing in the axisf the smoke chan
couple the wires of which, about 0,1 mm in diameter, are connected end to end; With this system, howe
bssary to use a dummy bulb and a photoelectric cell with holes in it to allow passage of the wires.

PROCEDURE

meter fed with exhaust gas or hot air, measure the temperature distribution, point by point, along the 3
hamber in the following steady state conditions :

M temperature and minimum flow of gas recommended by the manufacturer;
m temperature and minimum flow of gas recommended by-the manufacturer;

Im temperature and maximum flow of gas recommendéd by the manufacturer.

UATION

rature distribution along the axis of the measuring chamber, then :

= 1"
T=
11
> (1/T)
1

br. This valuetwill be required in the calculation of total uncertainty in 8.10.

nat, in the\three types of test conditions, at each of the 11 points of temperature measurement,

|1-7/T|<0,03

I over
hg the
ber a
ver, it

Xis of

bf the

y the

c) Check that at no point is the measured temperature less than 60 °C, and check that T is not greater than 120 °C.

8.7.2 Velocity distribution of the gas to be analysed (6.2.2)

8.7.2.1 OBJECT

It is necessary to ensure that the flow of gas in the measuring chamber is sufficiently uniform in order to avoid the mixing of
the clean air in there with the puff of smoke entering. This check is carried out by comparing the velocities at different points
in the flow of gas.

8.7.2.2 PREPARATION OF TEST

The velocity distribution shall be measured at 11 points uniformly distributed along the axis of the measuring chamber over
90 % of its length.

8
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8.7.2.3 TEST PROCEDURE

With the opacimeter supplied with exhaust gas or with air slowed down beforehand in an expansion tank, measure the
velocity distribution, point by point, along the axis of the measuring chamber and the static pressure of the gas in the smoke
box in the following test conditions :

a)

b)
ma

pressure of the gas in the smoke box as in 7.2.5 corresponding to the minimum flow D, indicated by the manufacturer
in accordance with 7.1.6;

pressure of the gas in the smoke box as in 7.2.5 corresponding to the maximum flow D, indicated by the

nufacturer in accordance with 7.1.6;

c)

pressure of the gas in the smoke box as in 7.2.5 corresponding to an average flow of gas D, = (D, + D)

8.7.2.8 EVALUATION

Plot t
three

ChecK

he velocity distribution along the axis of the measuring chamber and estimate the average.velocity v, Y
types of test conditions by means of the formula

that in the three types of test conditions, at each of the 11 points of vélocity measurement,

1-v/v|<0,1

8.8 Response time of the opacimeter

8.8.1

If the
differ

Object

measuring chambers are not filled uniformly and rapidly with exhaust gas when being used in transi
nt types of opacimeter will then give differentlindications for the same test.

In addgition, as the time for the smoke to pass.into the measuring chamber is very short, it is necessary to §

electr

8.8.2

cal measuring circuit has a short enough response time to follow the phenomenon.

Physical response time (6.7.1)

Calculate the physical response tifelt,,,s of the opacimeter by means of the formula

where
Q
4

"4
tphys =6

is the minimum flow of gas through the smoke chamber indicated in 7.1.6;

is the'volume of the measuring zone defined in 6.2.

L, and v, in the

nt conditions,

nsure that the

ChecK

that the value calculated is less than or equal to 0,075 s.*

8.8.3

8.8.3.

Electrical response time (6.7.2)

1 PREPARATION OF TEST

To measure the receiver’s response time and that of its electrical measuring circuit, it is necessary to fit the receiver on an
optical bench equipped with adequate devices which work in less than 0,01 s (photographic shutter or revolving mirror, for
example) and to connect the electrial measuring circuit as on the opacimeter.

The si

gnal for measuring the light absorption and the signal for gating the light are recorded simultaneously.

The time which passes between the deflection of the light and the rising of the measuring signal to 90 % of its unbroken signal
level is the response time of the electrical measuring circuit. This response time must be measured to the nearest 5 ms.

* Provisional values.


https://standardsiso.com/api/?name=67661f3eea403d7d4c54d7eecc837a81

ISO/TR 4011-1976 (E)

8.8.3.2 EvALUATION

The response time of the electric or electronic circuit will be considered as acceptable if it is between 0,09 and 0,11 s5.*

8.9 Thermal time coefficient

8.9.1 Object

In transient conditions, it is difficult to measure exactly the average temperature but it is important to check that the
temperature probe has a sufficiently short response time to be as close as possible to the real temperature so as to relate the

measurement t

8.9.2 Preparatjon of test

Connect the pr

8.9.3 Testpro

Heat the probe

8.9.4 Evaluati]
Check that the

8.10 Determination of total measurement uncertainty (6.11)

8.10.1 Generd/

The individual
other compone

It must be veri

8.10.2 Stability of zero setting

8.10.2.1 EFF

Set the zero a
spaced voltages

b the reference conditions.

bbe to a device recording the temperature of the probe as a function of time.

cedure

to 100 °C and immerse it suddenly in still air at room temperature the value of which' is known.

Dn

rate of change of temperature of the probe satisfies the requirements 0f'6.974.

components of the total uncertainty must be determined according to 8.10.2 to 8.10.9, together wit
hts particular to the type of opacimeter being verified.\Where possible, all individual uncertainties Ak; miist be
related to an oTcity of3m™".

ied that the total measuring uncertainty

ECT OF SUPPLY VOLTAGE (7.2.3)

between thetallowed limits. Then

Ak =3/ T (Ak)2<0,2m™"

the nominal supply voltage indicated by the manufacturer and note the ‘““zero reading’ (k,) at five ¢

[5
> (k,)2m™
1

Ak,=l
2

h any

venly

8.10.2.2 EFFECT OF OPERATING TIME

Set the zero after an operating period of 8 min, then note the ‘‘zero reading”’ (k,) at five evenly spaced points over 40 min
with the opacimeter operated according to the manufacturer’s instructions. Then

*

10

1 5
Aki=—=1/ Z k)2 m™"
2,

Provisional values.
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8.10.3 Stability of sensitivity

Similar measurements shall be made as in 8.10.2 but with a calibrating screen equivalent to a k-value (k.) between 1,5 and
3 m™1. For each test the instrument shall be set to read k. and the reading k, noted at five evenly spaced points. Then

3 5 -
Ak = T (k,—kc)?m
2k, 1

Note the reading of the opacimeter (k,) with five neutral density calibrating screens spaced approximately,uniformly between
equivdlent k-values (k) of 0,25 and 3,0 m™'. Then

8.10.4 Accuracy ot optical-electrical system

8.10.9 Accuracy of mean temperature measuring device (6.9.1)

This if as given in 8.7.1.

8.10.4 Accuracy of temperature correction (6.9.3)

When [correction for temperature is performed automatically in the instrument, this system must be checked. This check shall
be mIe at the zero setting and with a calibrating screen of eqisivalent opacity between 1,5 and 3,0 m™.

Set thie zero with the temperature sensor at 100 °C and.ther note the zero reading (k,) at five evenly spaced temperatures {at
the sefsor) over the range of smoke temperature specified'by the manufacturer. Then

1 5
Aki==1/ Z (k)2 m™!
2 1

Repedt with the calibrating screen.ef.equivalent opacity k.. Then

Ak = v 3 (k, — k)2 m-"
! 2kc 1 r [

8.10.7 Effect of temperature on optical electrical system and photoelectric cell output

Supply the ‘Opacimeter with air (simulating smoke) or exhaust gas at controlled temperature and check the ambient air

temperature. Set the zero with an exhaust gas temperature of 100 °C in the measuring zone and an ambient temperature of
20°C

Note the zero reading (k,) at five evenly spaced temperature combinations between the lowest exhaust and ambient
temperatures and the highest exhaust and ambient temperatures. Then

1 5
Ah=—\/zmvm4
2 1

Repeat with a calibrating screen of equivalent opacity k. Then

Ak = 3 Vg(k—kwm'1
! 2kc 1 r C
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of lamp and photoelectric cell (7.1.2)

Set the zero of the opacimeter and note the reading k; with five neutral density calibrating screens of equivalent opacity

between 0,5 and 3,0 m™". Pass smoke of about 2 m~

1 opacity through the opacimeter under the allowed pressure and

flow

conditions most likely to cause sooting of the lamp and photoelectric cell; continue for the interval between cleanings
specified by the manufacturer (see 7.1.2), otherwise operating the opacimeter according to the manufacturer’s instructions.
At the end of this period, note the new readings (k.,} with the calibrating screens. Then

8.10.9 Effecti

When the mangifacturer claims an uncertainty of effective length (AL in L) derived from the dimensions of the opacin
evant dimensions on the opacimeter. Then

measure the rel

Where the min
atmosphere, it
done by feedin
sample at the ¢
gas (at the min
substantiated.
must be used a

8.11 Additionfal verification tests for opacimeters using scavenge-air

8.11.1 Generd

In opacimeterd
supplementary
delivery (for e
check that the
the opacimeter

8.11.2 Tempe
The object ang
special conditiq

annex A of IS

8.11.3 Effecti

e length

heter,

imum or maximum length may be affected by clean air either in stagnant pockets or air drawn in frofn the

s necessary to check that the length claimed by the manufacturer ddes jin fact only contain smoke. This ¢
g the opacimeter with air containing a tracer gas (for example, 180 ppm or propane in air) and taking
nds of the claimed minimum or maximum length. If the samplé.is found to contain the full amount of
imum effective length) or no tracer gas (at the maximum effecCtive length), then the manufacturer’s cld
f the claim is not substantiated, then alternative methods.fér assessing the uncertainty of the effective |
given in 8.11.3.

which use scavenge air to protect\thie light source and photoelectric cell, it is necessary to carr
tests. in order to allow these tests to be made, the manufacturer must state specific limits on scaven
ample, pressures under certain.conditions) and the opacimeter must be fitted with controls and instrume
e limits are respected. The werification tests then largely concern the effect of these limits on the read

rature distribution

test procedure-are as in 8.7.1 but the evaluation is different because it is necessary to take account d
ns in the region where the air mixes with the smoke. For calculation of the mean temperature the meth
D 3179 should be used. The calculation of Ak; is then made as in 8.7.1.4.

edength

an be
a gas
racer
im is
bngth

out
e air
hts to
ng of

f the
od of

8.11.3.1 OBJECT

The effective length, given by the manufacturer, must be checked to verify the absolute calibration of the opacimeter. Where
scavenge air is used, it is not possible to determine the effective length from considerations of the geometry of the
opacimeter; it must 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 but modified so that the smoke fills a known length. In
both cases, it is necessary to know the average temperature of the gas in the measuring zone to enable corrections to be made

for the differen

ce in temperature between the opacimeter operating normally and the reference or modified opacimeter.

8.11.3.2 COMPARISON WITH A KNOWN OPACIMETER

8.11.3.2.1 Preparation of test

The test opacimeter and known opacimeter shall be connected for simultaneous sampling. The exhaust gas to each
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opacimeter shall be controlled to the pressure and temperature conditions for which the effective length is given by the
manufacturer. Provision shall be made for measuring the mean temperature t in the smoke chamber of the opacimeter under
test.

8.11.3.2.2 Test procedure

Simultaneous readings shall be taken on the two opacimeters with smoke of opacities between 1 and 2 m~'. At least ten
readings shall be made.

8.11.312.3 Evaluation

Corredt all readings to 100 °C unless this is automatically carried out by the opacimeter. Then, if k\is the feading of the
knowr] opacimeter and k' the reading of the opacimeter under test which has a claimed effective. length of L, the true
effectiye length L, of the opacimeter under test is given by

k'L

Lt [ pa——

Calculpte L, for all test points and do this until the average of L could be calculatedat a confidence of 95 %. |f n is the total
numbdr of test points and Ak .¢ the total uncertainty of the reference opacimetef) then calculate the uncertainty

Akyet ) 2 nlL-1,\2
Akj=3 <—'ef> +—1-—2<L L‘> m™
3 n=\n L

for us¢ in calculating the total uncertainty of the test opacimeter.

8.11.313 CoMPARISON OF RESULTS FROM.ONE OPACIMETER WITH AND WITHOUT MODIF|CATION OF
OPERPTION

8.11.313.1 Preparation of test

Provisfon shall be made for rapid modification of the opacimeter from its normal operating condition (geometric effective
length| L) to a condition where the_test gas fills a well-defined length L. With an opacimeter using scavenge air[to contain the
smoke| column, a convenient method of modification is merely to block the scavenge air inlet so that the tgst gas fills the
space [between the bulb and(photoelectric cell. The surfaces defining the length Ly will depend on the|design of the
opacimeter. They may, for.eXample, be giass screens or the surface of the bulb and the surface of the photoelegtric cell/filter
combipation. In the latter-case the measurement shall be made from the surface of the bulb nearest to the phdtoelectric cell.

For tTnactuaI test the-opacimeter shall be supplied with exhaust gas of constant opacity at the lower limit ¢f temperature
and sample flow{lowest sample pressure and highest scavenge air pressure) specified by the manufacturer. THe output from
the pHotoelectric\eell shall be connected to a recorder with a response time of less than 1,0 s and sensitivity sich that 4 mm
correspondstto:not more than 0,05 m~! for a smoke at 1,7 m~". The relation of recorder deflection to obscuration units shall
be detprmiihed.

To ensure satisfactory constancy of opacity, exnaust sa a rofat least 20 times
the flow through the sample line in 1 s. This sampling system may require a heater to ensure satisfactory sample temperature.
If not already provided, a by-pass 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 measuring zone as described in 8.7.1. Where the
modification to fill a known length involves any modification of scavenge air flow, a check shall be made to ensure that this
modification does not affect the bulb performance (i.e. that the modification does not affect the zero reading) or a separate
power supply to the bulb shall be provided. Where the ratio Lqo/L < 1,25, the mean temperature sensor position derived from
8.7.1 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 the true mean
temperature over the length Lq by the use of separately obtained data. Such data can, for example, be obtained by comparing
the sensor temperature with the temperature indicated by a resistance wire cage spanning the full length Lg; it is essential,
however, that the comparative data be obtained under the same sequence of test conditions as used in the measurement of
effective length, for example scavenge air blanked for 10 to 15 s following a stabilized period of normal operation.
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8.11.3.3.2 Test procedure

Calibration lines shall be recorded corresponding to two convenient points. Recordings shall then be made while test gases of
different opacities are passed through the opacimeter and the opacimeter is switched from working normally to working as
modified with the effective length Lg. For each test the modified conditions shall be held for at least 10 s or for a time
greater than the response time of the mean temperature indicator, whichever is the longer. At the end of each period of
modification, check the “‘zero’ setting with clean air.

In order to protect the photoelectric cell surface from excessive temperatures, a shield shall be placed in front of it during the
initial period of each modification; this shield shall be not more than 1 mm from the surface of the photoelectric cell and

shall be complFﬁdeWﬁr#mmWWﬁWm&ﬂmmm than
0,4 m~", the bllb and photoelectric cell shall be cleaned before further tests are made. Readings shall be made with\exhaust

opacities betwgen 1 and 2 m~" at least ten readings (each reading comprising a comparison of modified and@nmodified
conditions) mafle.

8.11.3.3.3 Ev3jluation

For each recording, determine k, t, kg and tg. The effective length for each recording is then given by

t+273 k&

L,=Log X ————X—
TR0 e +273 Tk

Determine L, dintil the mean value of L, could be calculated with a confidence(lgvel of 95 %. If L is the length given Iy the
manufacturer ahd n is the total number of tests, calculate the uncertainty

1 n/La0)\2
Ak,-=3\/ z t>
n—114 L

for use in calculating the total uncertainty.

8.11.4 Effect pf sample and scavenge air pressure

8.11.4.1 OsugcT
The effective length of the opacimeter may be changed by changing the sample pressure and scavenge air; the effg¢ct of
operating limit§ claimed by the manufaetturer on measuring uncertainty shall be verified.
8.11.4.2 PREFPARATION OFFEST

Arrange for simultaneous-measurement with two opacimeters one of which can be operated under constant conditior}s and

the other on which the.exhaust and scavenge air pressure can be changed.

8.11.4.3 TESTEROCEDURE

Note the readings on the two opacimeters at five evenly spaced combinations of exhaust smoke and scavenge air pressure over
the range specified by the manufacturer.

8.11.4.4 EvALUATION

Calculate corrected readings k. of the test opacimeter by allowance for changes in the reading of the opacimeter operating
under constant conditions, and the average reading k.. Then

This uncertainty shall be included in the calculation of total uncertainty.
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8.11.5 Leak tightness of the opacimeter

8.11.5.1 OsJECT

In opacimeters using scavenge air, 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 must be verified that this amount of leakage does not alter
the effective length.

8.11.5.2 PREPARATION OF TEST

An oppcimeter must be prepared in which all joints and clearances are sealed. An adjustable ~leak~ must then be provided in
the cajing near the waste outlet of the housing. With the leak valve shut, find the scavenge air system setting|S, 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 scdvenge air flow
allowefl by the manufacturer.

8.11.5/3 TEST PROCEDURE

valve shut and scavenge air setting S;, and then with leakage valve setting L and scavenge air setting S,. Repeat at least five
times fo give several pairs of readings. For ease of reading the opacimeter, the sample, system shall include a danjping chamber
of at Idast five times the flow through the sample line in 1 s.

Pass shoke of opacity 1 to 2 m~"at minimum sample pressure through the opacimeter.and note the reading w‘%h the leakage

8.11.5/4 EvALUATION

From the successive readings without the leak k and with the leak k., calculate

1 )
Akj== V 2 (k—ke)?
2 "

This upcertainty shall be included in the calculation of total uncertainty.
8.11.6| Waste exit conditions

8.11.6|/1 OsuecT

With dpacimeters using scavenge air) it is important that limits on waste exit conditions are respected, for example length of
pipe(s), pressure drop charactefistics of pipes. The effect of these limits must be assessed.

8.11.6|2 PEPARATION.OF TEST

Arrandements shall_be“made so that the waste exit conditions can be rapidly varied between the limits spgcified by the
manufhcturer.

8.11.6|3 TESTPROCEDURE

Pass srhoke of opacity about 1,7 m™" through the opacimeter and note the readings with the waste exit conditipns alternated
between the Timits. For ease of reading the opacimeter, the sample system shall include a damping volume of at least five
times the flow through the sample line in 1s.

8.11.64 EvAaLuATION

No measurable change of opacimeter reading shall occur between operation with the two exit conditions.
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A.1 SAMPLE

A.1.1 Installa

A.1.1.1 The
measured in th

A.1.1.2 The {
may be nece

ANNEX

INSTALLATION AND USE OF OPACIMETERS

OPACIMETER

lion for tests in steady state conditions

htio of the cross-sectional area of the probe to that of the exhaust pipe shall be at least 0,05.. The back-pr
b exhaust pipe at the point where the sample enters shall not exceed 7,35 mbar.

robe is a tube with one end open facing the front in the axis of the exhaust pipe or of the extension
ry. It must be in a section where the distribution of the smoke is approximately uniform. To ensu

s
condition, the’I;arobe must be placed as far down the exhaust pipe as possible or, if necessafy), on an extension pipe, s

if D is the dia
at least 6 D ab
avoided.

A.1.1.3 The g

eter of the exhaust pipe at the exit, the extremity of the probe is situated on a rectilinear part with a len
ove the sample point and 3 D below it. If an extension pipe is used, intakes of air at the join will have

ressure in the exhaust pipe and the pressure drop characteristics:in the sample pipe system shall be suc

the probe collects a sample roughly equivalent to that which could be obtained’by isokinetic sampling.

A.1.1.4 If neq
incorporated ir

A.1.1.56 The d
with the condi

A.1.1.6 A by
distance of at |

If it is not inco

A.1.2 Installa

A.1.2.1 The
counterpressur

A.1.2.2 The

be necessary. |
the probe mus
diameter of th
above the prob

the sample pipes as near the probe as possible. A cooler may also be installed.

esign of the expansion chamber, of the cooler.@and of the piping for connecting to the opacimeter shall cq
ions of 6.10.

ftterfly valve or another means of increasing the sample pressure may be placed in the exhaust pip
past 3 D downstream of the probet

Fporated in the opacimeter, a.“by-pass’’ valve may be fitted upstream of the opacimeter.
tion for tests with free-acceleration

atio of the surfage of the section of the probe to that of the exhaust pipe shall be at least 0,05
b measured in-the exhaust pipe when the sample enters shall not exceed 7,35 mbar.

pssure

which
this
that
gth of
to be

h that

bessary, an expansion chamber of a compact shape and-a sufficient capacity to absorb fluctuations mlay be

mply

at a

The

mple_isia“tube with one end open facing the front in the axis of the exhaust pipe or the extension which may

must(be in a section where the distribution of the smoke is approximately uniform. To ensure this cond
beyplaced as far down the exhaust pipe as possible or, if necessary, on an extension of it, so that if D

ition,
is the

e point and 3 D below it. If an extension pipe is used, intakes of air at the join will have to be avoided.

t6 D

A.1.2.3 The sampling system shall be such that at all speeds of the engine the pressure of the sample at the opacimeter is
within the limits specified in 7.1.6. This may be checked by noting the pressure of the sample when the engine is idling and at
the maximum speed unloaded. According to the characteristics of the opacimeter, the appropriate pressure at the opacimeter
may be obtained by a fixed restriction or by a butterfly valve in the exhaust pipe or the connecting pipe. Whichever method
is used, the back-pressure measured in the exhaust pipe when the sample enters shall not exceed 7,35 mbar.

A.1.2.4 The design of the expansion chamber, of the cooler (if necessary) and of the piping for connecting to the

opacimeter sha

A.1.25 A “by-pass”’

Il comply with the condition of 6.10.

measurement is being taken.
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