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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in
liaison with ISO, also take part in the work. ISO collaborates closely with the International Electrotechnical
Commission [[TEC) on all matters of electrotechnical standardiZzation.

International |Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part’3:

Draft International Standards adopted by the technical committees are circulated to the member bodies|for voting.
Publication as an International Standard requires approval by at least 75 % of the member hadies casting|a vote.

International |Standard 1SO 11614 was prepared by Technical Committee ISO/TC 22, Road vehicles, Subcommittee
SC 5, Enging tests, in collaboration with ISO/TC 70, Internal Combustion engines;”Subcommittee SC 8, Exhaust
gas emisssign measurement.

This first edftion of ISO 11614 cancels and replaces 1SO 3173:1974 and™SO/TR 4011:1976, which lhave been
technically rqvised.

Annex A formis a normative part of this International Standard.
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Reciprocating internal combustion compression-ignition
engines — Apparatus for measurement of the opacity and for
determination of the light absorption coefficient of exhaust gas

1 Scope

This Interr
the opacit
engines (N

2 Norm

The follow
this Interr]
publicatio
investigatq
undated r
maintain r

ISO 2602:
IEC 6006§
IEC 6006§
IEC 6006§

IEC 60069
type spec

IEC 61000-4-2:1995, Eléctromagnetic compatibility (EMC) — Part 4: Testing and measurement t

Section 2:

IEC 61000-4-3:1998; Electromagnetic compatibility (EMC) — Part 4: Testing and measurement ¢

Section 3:

ational Standard specifies the general requirements and the installation of apparatus for me|
y and for the determination of the light absorption coefficient of exhaust gas, from interng
ot confined to road vehicles). These instruments are known as opacimeters.

htive references

ing normative documents contain provisions that, through reference in this text, constitute

s do not apply. However, parties to agreements based‘onrthis International Standard are e
the possibility of applying the most recent editionsf the normative documents indicate

pferences, the latest edition of the normative document referred to applies. Members of

pgisters of currently valid International Standards.

1980, Statistical interpretation of test results.— Estimation of the mean — Confidence interva

-2-1:1990, Environmental testing — Palt2: Tests — Test A: Cold.

-2-2:1974, Environmental testing — Part 2: Tests — Test B: Dry heat.

-2-3:1969, Environmental tésting — Part 2: Tests — Test Ca: Damp heat, steady state.

-2-31:1969, Environmental testing — Part 2: Tests — Test Ec: Drop and topple, primarily fd

mens.

Electrostatie,discharge immunity test — Basic EMC publication.

Radiated, radio-frequency, electromagnetic field immunity test.

asurement of
| combustion

provisions of

ational Standard. For dated references, subsequent amendments to, or revisions of, any of these

ncouraged to
d below. For
EC and ISO

r equipment-

bchniques —

bchniques —

IEC 61000441995, Efectromagretic compatibitity (EMC—Part—=—Testing—ardmeasurement—techniques —

Section 4:

CIE S 001

Electrical fast transient/burst immunity test — Basic EMC publication.

:1986, Colorimetric illuminants.
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3 Terms and definitions

For the purposes of this International Standard, the following terms and definitions apply.

3.1

transmittance,

T

©1SO

fraction of light transmitted from a source through a smoke-obscured path, which reaches the observer or the
apparatus receiver

T:LX].OO

lo

3.2

opacity, N
fraction of lig
observer or t

N =100

3.3

effective opti
length of a lig
as necessary

3.4

light absorpti
coefficient de

or

NOTE1l To

ht transmitted from a source through a smoke-obscured path, which is prevented, from re
ne instrument receiver

- T
cal path length, Ly

ht beam between the emitter and the receiver that is intersected’by the exhaust gas stream
for non-uniformity due to density gradients and fringe effect

pn coefficient, k
fined by the Beer-Lambert law:

L In %NLO%

N
100

x|n§-

obtain proper comparisons when making opacity measurements, the temperature and pressure prevj

measuring zome must be known since they.influence the light absorption coefficient k. Reference conditions for thes

in7.1.
NOTE2 Th

However, "lig
parameter.

4 Symbols

b term "light absofption coefficient” is in common use and is, therefore, used in this Internationg
t extinction coefficient” would be more accurate terminology. As used, the two terms describe exact

5 and uhits

aching the

corrected

)

piling in the
e are given

| Standard.
y the same

For the purp

SES of this ntermationat Standard; the Symbots and amits giverTim Table T apply-

Table 1
Symbol Unit Description Subclause concerned

d, dm3/s | Minimum gas flow. 11.7.1
dy, dm3/s | Maximum gas flow. 11.7.1
d. dm3/s | Average gas flow. 11.71
I cd Light intensity at the receiver when the measuring zone is filled with | 3.1

exhaust gas.
Iy cd Light intensity at the receiver when the measuring zone is filled with | 3.1

clean air.
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Table 1 (concluded)
Symbol Unit Description Subclause concerned
k m-1 Light absorption coefficient. 2 3.4;,7
K, m-1 Light absorption coefficient at temperature T. 7.3.7

Keor m-1 Observed light absorption coefficient corrected for pressure and 7.3.7

temperature.

Kobs m-1 Observed light absorption coefficient. 7.3.7
Lo mm Effective optical path length. 33,734
LAl mm Effective optical path length of an opacimeter under test 1165
Las mm Effective optical path length of a known opacimeter. 11.6.5
Im mm Distance specifying the position in an opacimeter where the 11.6.1.1

temperature equals the mean temperature in the measuring zone.
[ X mm Distances relating to separate halves of certain designs of 116.1.1
opacimeters.

I, 1y mm Length of tube. annex A
N % Opacity. 3.2; clause 6
N, % Reading of an opacimeter under test. 11.6.5
N, % Reading of a known or modified opacimeter. 11.6.5

Py, P dm3/s | Extreme positions of division of flow allowed by the-manufacturer. 11.6.12

Patm kPa Atmospheric pressure. 7.3.6

Pobs kPa Observed static pressure in the measuring.zone. 7.3.6
Q dm3s | Rate of flow of gas through the measusing zone. 8.2.1
T K Temperature. —

T, K Mean temperature with minimum sample temperature and minimum | 11.6.1.1
sample flow.
Ty K Mean temperature with‘'maximum sample temperature and maximum| 11.6.1.1
sample flow.
Tq K Temperature, of.the mixture. annex A
m K Mean temperature of the gas being measured. 7.3.7
R K Scavenge air temperature. annex A
T, K Mean-temperature in an opacimeter under test. 11.6.5
T, K Mean temperature of known or modified opacimeter. 11.6.5
t S Time. —
t S Physical response time. 8.2.1
t. s Electrical response time. 8.2.2
t, s Overall response time. 8.2.3
td S Physical delay time 8.3
tr s Temperature response time. 8.4
\% dm3 Volume of the measuring zone. 8.2.1
m/s Gas velocity. —
v, m/s Velocity at minimum gas flow. 11.7.1
vy m/s Velocity at maximum gas flow. 11.7.1
A m/s Velocity of the average gas flow. 11.7.1
T % Transmittance. 31
a In principle, k with 5/5, means k., unless otherwise specified.
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5 Principles of opacimeters
5.1 General

The principle of measurement is that light is transmitted through a specific length of the smoke to be measured and
that proportion of incident light which reaches a receiver (for example: a photoelectric device) is used to assess the
light obscuration properties of the medium.

The "length of smoke" over which the opacity is measured depends on the design for the apparatus. It may be the
whole exhaust in an exhaust pipe (in-line full flow opacimeter, see Figure 1) or in free air (end of line or plume type
full flow opacimeter, see Figure 2) or it may be a sample of the exhaust extracted from the exhaust pipe (sampling

or partial flowyopacimeter):

It is important to note that opacity readings shall always be specified for a given optical path lengtho\Fhe| value has
no meaning \vithout the optical path length for the measurement.

Also the tenpperature of the gas can significantly affect the reading, and this should bheOnoted whep it is not
controlled or[measured by the apparatus.

5.2 Measufement of light absorption coefficient

Not all apparatus which measure opacity are suitable for the measurement of the' light absorption coeffidient, since
the effective |optical path length is not always readily determined, and, witliend of line (or plume-type) ppparatus,
the exhaust gas being measured is not in a non-reflective enclosure. The“general specification to be [met by all
opacimeters|is given in clause 6. The additional specifications for\epacimeters to measure light gbsorption
coefficient arp given in clause 7.

5.3 Conditions of use

Opacimeters|may be used in the following test conditions:

O steady-gtate conditions (SS): the engine is run at constant speed and load, under stabilized conditionF;

O transient conditions (TC): the engine is run(under transient conditions of speed and/or load.

Additional specifications for opacimeters for-measurements under transient conditions are given in clause|8.

6 Specifications of opacimeters for measurement of opacity D

6.1 Basic dpecifications

6.1.1 The gps to be measured may be contained within the exhaust pipe (in-line apparatus) or as a freg plume at
the exit from|the exhaust pipe (end of line apparatus) or within a specially designed chamber (taking fu|l or partial
flow of the exhaustgas).

612 The | d;batul oha” bC ;II UIJClblty un;te Al Id Dha” hClVC [} ICDU:ut;UII Uf Clt =caot 0,1 nU Uf thC fu” abaic

6.1.3 The zero and the full-scale setting of the apparatus shall not drift more than 0,5 % opacity or 2 % of the full
scale, whichever is the smaller, over 1 h or the length of the test, whichever is the shorter.

6.1.4 Any method used for keeping the light source and receiver protected (e.g. scavenge air) shall not cause the
effective optical path length of the gas being measured to change by more than 2 %.

1) Comparison of the results is only possible if the opacity is indicated for a specified effective optical path length L, (e.g.
430 mm) and a specified smoke temperature T (e.g. 373 K).
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6.1.5 Any device which may be situated upstream and downstream of the measuring zone shall not affect the
opacity of the gas entering the measuring zone by more than 0,5 % opacity or 2 % of the full scale, whichever is the
smaller, for a gas of approximately 50 % of the full scale.

6.1.6 The opacimeter shall be capable of being used for a period sufficient to take measurements without soiling of
the light source or receiver. This is considered satisfactory if the overall drift of the apparatus is less than 0,5 %
opacity or 2 % of the full scale, whichever is the smaller, over 1 h or the length of the test, whichever is the less.

6.1.7 All maintenance of the apparatus, specified by the manufacturer (see 10.2.13) shall be performed by the user
in an easy way and without risk of impairing the correct functioning of the apparatus.

6.1.8 The_preconditioni ' bilizing ) an 15 min. During
this time,

6.1.9 The apparatus shall have an adequate insensitivity to the following influences:
O climafic influences (IEC 60068-2-1, IEC 60068-2-2, IEC 60068-2-3);

0 mechpanical shock (IEC 60068-2-31);

O electrpmagnetical compatibility (IEC 61000-4-2, IEC 61000-4-3, IEC 61000-4-4);
O external sources of light.

6.1.10 Apparatus specified for use with commercial vehicles shall provide practical and safe means ¢f connecting
to standarfl vehicle exhaust pipe positions, including vertical exhausts*and central exhausts under the ghassis.

6.1.11 TRhose parts of the apparatus which may be used outside or are moved by the operator around the vehicle
(for example, a measuring head) shall operate from a 50 \.'or'less isolated supply unless it can be shown that the
supply provided is equally safe.

6.2 Design specifications

6.2.1 Measuring zone

The measprring zone is that part of the apparatus in which the measurement is made.

6.2.1.1 Opacimeters with a measuring chamber

The measpiring zone is boundéd:

0 atits fwo extremitieshy the devices provided for the protection of the light source and the receiver

0 parallgl to the gas'flow, by the limits of the smoke chamber;

O if applicable/perpendicular to the gas flow, by two imaginary planes (one of them representing thie front of the
inconfing-gas, the other the rear of the incoming gas) which form tangents to the light beam.

6.2.1.2 End of line opacimeter

The measuring zone shall be taken as a section of the plume of depth equal to the distance between two imaginary
planes, one representing the front of the gas flow, the other the rear of the gas flow and parallel to the light beam.
The path length of the plume is more difficult to define accurately and is dependent on how close to the end of the
exhaust pipe the light source passes through the smoke plume. Because of the difficulty of accurately defining the
effective optical path length, the conversion of the measurement to k should only be made with reservations.

6.2.2 Light source

The light source shall be an incandescent lamp with a colour temperature in the range of 2 800 K to 3 250 K
(conforming to CIE S 001) or a green light emitting diode (LED) with a spectral peak between 550 nm and 570 nm.
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6.2.3 Receiver

The receiver shall be a photocell or a photo diode (with filter if necessary) which in the case when the light source is
an incandescent lamp shall have a spectral response similar to the photopic curve of the human eye (maximum
response) in the range 550 nm to 570 nm, to less than 4 % of that maximum response below 430 nm and above
680 nm.

6.2.4 Combined light source and receiver characteristics

6.2.4.1 The apparatus shall be so designed that:

h £ bl | O ) I} H o Hal bl e | £ .20 £ bl et il +
U the rayspofthetfightbeamshaltbeparatterwithinartoteranceof 3“of-theopticataxts;

O the recdiver is not affected by direct or reflected light rays with an angle of incidence greatepthan 3° to the
optical aixis.

Any system giving equivalent results will be acceptable.

6.2.4.2 The|design of the electrical circuit, including the indicator, shall be such that the relationship between
indicator realing and the intensity of the light received remains linear within £ 0,5 %‘ver the range of adjustment of
the circuit and over the operating temperature range of the light source and receiver.

6.2.5 Adjustment and calibration of the measuring apparatus

6.2.5.1 Thelelectric circuit of the light source and receiver shall be adjustable so that the readout can be reset to
zero when the light flux passes through the measuring zone filled"with clean air or an equivalent gone. The
indication of hegative values and values above full scale shall be\provided.

The apparatys shall provide means of setting and checkingfull scale (e.g. by the use of a screen or neutral optical
density filter perpendicular to the light beam or, in the case\of apparatus which read to 100 % opacity, by|turning off
or blocking the light source completely). The apparatis shall have an automatic or semi-automatic sgquence to
ensure that the apparatus is correctly adjusted for zefe and span before the measurement begins.

6.2.5.2 An iptermediate check shall be carried‘out with a screen or neutral optical density filter perpendigular to the
light beam re¢presenting a gas opacity between 15 % and 80 % of full scale and known to an accuracly of £1 %
opacity. This|neutral optical density filter/Shall not be an integral part of the apparatus.

Provision shall be made for placingthe filter in the path of the light beam passing through the measuring|zone filled
with clean ajir. This test shall behapplicable without any tools and without the need to open the case of the
apparatus.

The indicatol reading, with‘the filter inserted between the light source and the receiver, shall be within 2|% opacity
of the known|value of the'filter.

6.2.6 Recorfler,output terminal

The apparatusstattprovide, atong witha visuat Teadout, a Tecorder output termmirat.

7 Additional specifications for opacimeters to measure light absorption coefficient

7.1 Reference conditions

For practical engine testing, it is convenient to use a reference pressure of ambient and a reference temperature of
373 K. This is because visible emissions of smoke are at ambient pressure and because, in current practice,
opacimeters measure at approximately ambient pressure. Also, the smoke correction factors, which include the
effect of atmospheric changes on smoke-producing performance of the engine as well as the effect of atmospheric
pressure on smoke, have been derived from smoke measurements made at atmospheric pressure and a reference
temperature of 373 K.
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However, if absolute comparison of two exhaust gases is required (ignoring any effects of conditions on engine
performance) then a reference pressure of 100 kPa and a reference temperature of 373 K shall be used. It should
be noted that, at the reference conditions for engine performances given in ISO 1585 and ISO 3046-1 (engine air

inlet pressure of 100 kPa), the absolute and the practical units coincide.

7.2 Basic specifications

7.2.1 The gas to be measured shall be confined in or passed through an enclosure having a non-reflective internal
surface, or equivalent optical environment.

7.2.2 In determining the effective optical path length, L,, through the gas, account shall be taken of the possible

influence ¢

7.2.3 The
data.

7.2.4 Unl
absorption
coefficient|

7.2.5 The

7.2.6 The
scale, whi

7.3 Desi
7.3.1 Gel

7311 T
with smok
the flow r
manufacty

order to prevent sample oscillations in the apparatus.

7312 T
having a
opacimete
than £ 0,0

7.3.1.3 W
reading by

7.3.2 Light source and receiver

fdevices used for protectinmg thefight sourceandthe Teceiver:

effective optical path length should be indicated on the apparatus and specified in the m

pss the manufacturer specifically states that the opacimeter is only suitable for.measuring
coefficients, the indicator of the opacimeter shall have a scale in absolute*units of the lig
k from 0 m~1 to at least 10 m~1 (in addition to the opacity scale according(to 6.1.2).

zero and the full-scale setting of the apparatus shall not driftymore than 0,025 m=1 or 2
Chever is the smaller, over 1 h or the length of the test, whichever is the shorter.

N specifications
eral

ne design shall be such that under steady-state (SS) operating conditions the measuring chg
b of uniform opacity, except for fringe effects. This condition shall be considered to be met if
bquirements of 6.2.1.1, the requirements of 7.3.1.2 and 7.3.1.3 are met. Unless it is s
rer that the measuring chamber is-alivays flushed by the sample, a check of flow shall be

ne variation of the opacimeter)indicator output over a period of 10 s, with smoke at constant
constant light absorption_¢oefficient k of approximately 1,7 m~1 (or about 90 % of full
r full scale is less than 2 m=1), and measured with a recorder having a response time of 1 §
/5 m=1 (or + 4% of the'full scale if the opacimeter full scale is less than 2 m1).

here the smoke/chamber is divided, any inequality of flow between the two halves shall
more than 0;05 m~1 when measuring smoke with an absorption of about 1,7 m=1.

anufacturer's

ery low light
Nt absorption

indicator scale for the light absorption coefficient, k, shall have a resblution of at least 0,01 nmp—1.

% of the full

mber is filled
in addition to
hown by the
performed in

temperature,
scale, if the
, IS not more

not affect the

These sh4g

II'be in accordance with 6.2.2, 6.2.3 and 6.2.4. However, 7.3.3 may be used as an alternative

to 6.2.4.1.

7.3.3 Smoke chamber and opacimeter casing

The impingement of stray light on the receiver due to internal reflections or diffusion effects shall be reduced to a
minimum (for example by finishing internal surfaces in matte black or a suitable general layout).

Where all surfaces are not matte black, or the light beam is not collimated according to 6.2.4, the optical general
layout shall be such that the combined effect on diffusion and reflection shall not exceed 0,075 m~1 on the k scale
when the smoke chamber is filled with smoke having a light absorption coefficient of approximately 1,7 m=1 (or shall
not exceed 4 % of the full scale with smoke of about 90 % of full scale if the opacimeter full scale is less than 2m=1).
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7.3.4 Determination of the effective optical path length,

La

©1SO

When the effective optical path length, L,, of a type of opacimeter cannot be assessed directly from its geometry, it
may be determined either:

O bythem
O
O by other

7.3.5 Adjustmentand-calibration-ef-the-measuringapparatys——mMmm—————————————————

In addition t¢ the requirements of 6.2.5.2, an additional intermediate check shall be provided if the’in

check screer
of between

additional infermediate check shall be in the form of a screen or neutral optical density filter having

equivalent tg
indicator rea
equivalent alf

Apparatus w

7.3.6 Pressuire of the gas to be measured and of scavenging air

7.3.6.1 The
more than 0
shall not cau
absorption ¢
than 2 m—1, 4

7.3.6.2 Unle
pressure by
equipped wit]
accuracy of

device for mgasuring the pressure with_an external instrument.

Where it is 1

the exhaust pipe outlet), the opacimeter reading shall be corrected to atmospheric pressure by the formula:

Keor = K

7.3.6.3 The

ethod described in 11.6.5.3;

by correlation with another type of opacimeter for which L, is known (see 11.6.5.2);

equivalent methods.

required in 6.2.5.2 does not have an opacity equivalent to an absorption coefficient-(as defi
|,5m~1 and 2 m~1 calculated with the effective optical path length of the specified appa

an absorption coefficient of between 1,5 m=1 and 2 m~1, known to an acCuracy of + 0,05
ling with the filter inserted between the light source and the receiver shall be within £ 0,15
sorption coefficient of the filter.

th automatic gas temperature compensation shall be set to simulate 373 K during this check|

pressure of the exhaust gas in the smoke chamber shall not differ from the atmospheric p
75 kPa (7,5 mbar). The pressure variation of the gas and the scavenging air in the smok
se the light absorption coefficient, k, to vary by.more than 0,05 m=1 in the case of a gas
pefficient of approximately 1,7 m—1 (or in the:gase of opacimeters having a full-scale read
y more than 2 % of the full-scale reading).

more than 0,75 kPa (with the opagimeter operating within its specified limits), the opacimet
h appropriate devices for measuring the pressure in the smoke chamber. Such devices sha
At least 0,2 kPa and a resolution of 0,1 kPa). The apparatus shall provide means of cali

ot possible to make_measurements at atmospheric pressure (e.g. in-line measurements d

« Patm

bs
Pobs

limits\of pressure variations of the gas and of the scavenging air shall be automatically chec

fermediate
ned in 3.4)
atus. This
AN opacity
m-1. The
m—1 of the

essure by
p chamber
having an
ng of less

ss it can be shown that, by design, thepressure in the smoke chamber cannot differ from atmospheric

br shall be
\ll have an
prating the

stant from

)

ked by the

apparatus.

7.3.6.4 Unless it can be shown that, by design, the effective optical length, L,, cannot change more than 2 % by
the method for keeping the light source and receiver protected (see 6.1.4), the opacimeter shall be equipped with
appropriate devices for checking whether the method is working within the specified limits. The apparatus shall
provide means of calibrating the devices with an external instrument.

Where an engine is tested in a controlled atmosphere (e.g. decompression chamber), it is essential to ensure that
the opacimeter is located in an area where the ambient pressure is the same as the ambient pressure to which the
engine is subject. When this is not done, the opacimeter reading shall be corrected for the difference in pressure

between the

engine and the opacimeter.
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7.3.7 Temperature of the gas to be measured

7.3.7.1 To prevent condensation, the temperature of the exhaust gas shall be sufficiently above the dew point
temperature at any point in the exhaust and measuring system (e.g. upstream of the fitted probe, while passing the
probe and the measuring apparatus). This condition shall be regarded as fulfilled if gas at 373 K leaving the exhaust
pipe arrives in the measuring cell with a temperature above 343 K.

Where the wall temperature of the gas containing system up to the exit of the measurement system would be lower,
the system shall be heated to an appropriate temperature (e.g. 373 K).

7.3.7.2 The apparatus shall prohibit the measurements if the temperature of the gas or the chamber temperature
(if applicalyte)dropsbetowitsimmit:

The opacimeter shall be equipped with appropriate devices for assessing the mean temperature\of t
smoke chamber, T,,, and the manufacturer shall specify operating limits. The mean temperature: must
to an accuracy of 5 K. The apparatus shall provide means of calibrating the device for measuring the teg
the gas with an external instrument.

e gas in the
be indicated
mperature of

Where thd hin the limits

defined bg

mean temperature corrected T,, is other than 373 K, the opacimeter, reading shall (wit
low) be converted to 373 K by the formula:

Tm

x 373 (3

I<obs

Keor 3

When correction is not possible, k at a given temperature shall be witten k., (example: kgq).

n 343 K and
be recorded

7373 T
553 K for
without co

ne temperature of the exhaust gas at all points ofithe measuring chamber shall be betwee
use of the above formula. If the temperatures_are outside this range, the readings shall
rrection but with the temperatures noted.

our form and

The abovg temperature range is one in which it is considered that all the water present is in the dry vap

all other
insignifica
temperatu
formula m
fuel oil ha
these cas

ncondensed non-solid particles (i.e.the amount of uncondensed, unburnt fuel or lubric
it in normal full-load exhaust smeke.: Under these conditions the conversion formula for
re is valid. If the exhaust gas contains an abnormal proportion of non-solid constituents, th

ing a high sulfur content when the exhaust gas at 373 K may include condensed acidic sulft
bs, it is necessary for_comparative purposes to measure with a more restrictive temperat

hting oil) are
the effect of
e conversion

by not be valid. For example, thé-formula will not apply to exhaust gases from engines operating on heavy

r droplets. In
ure range of

about 373 ines shall be

kept abovg

K or, if it is required-ta_avoid measuring these droplets, then the exhaust gas of these eng
e 413 K and, if requiired, corrected to 373 K to give a nominal reference value for comparison

8 Measlrement-ef’transients

8.1 General

It is nece sides at the
end of the exhaust pipe, or with gas velocity taken into account, it can be an indication of the amount of smoke
emitted.

P 1 | PR | H (I ) 4 Y 1 ) b 1
dly tU DT LITdl Wiiat 15 UTTTY TTedsurcu. TTIC TS ASUTTITTITTIU LalT TIICT UT UI1e Urific” SITTURT 1

Normally the amount of smoke emitted will be regarded as the more significant measurement. The difference can
be considerable for turbo vehicles which may give out a short puff of smoke at low speed before the engine
accelerates the turbo to correct the air/fuel mixture. An example of a time measurement system is a full-flow
opacimeter mounted directly at the end of an exhaust pipe. A small near stationary puff of smoke would be read as
a wide pulse, giving the same reading as a large fast moving smoke output, although with much less volume of
smoke. The shape of the smoke against time curve is distorted by the changing speed of the gas in, for example, a
free acceleration test.
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If this opacimeter is mounted at the end of a long extension pipe such that the gas is moving at maximum speed
before the smoke passes through the opacimeter (see "delay time ty" in 8.3), then this will remove the effect of
changing gas velocity, and the wave form can be used to measure the amount of smoke.

Opacimeters are particularly suitable for the measurement of opacity and light absorption coefficient under transient
conditions but they will only give accurate readings if the response of the opacimeter is adequate in duration

compared wi

For measure

th the transient to be measured.

ment of transient, two possibilities exist, as follows.

a) To define the curve of smoke versus t|me For th|s the overaII response t|me must be at Ieast f|ve times shorter

than the
high wei

b) To defi
No. 24)

/)

phting because of |n|t|al low gas velomty in, for example a free acceleration test.

e an average value of the transient (see, for example, EEC Directive 72/306 or UN/ECE
) so that a peak reading may be taken. Gas velocity must be considered to avoid®turbo puff'

=ing given a

Regulation
transients

being given a high weighting because of low gas velocity. Note that it is of little value’to measur¢ the peak

value of
reading

For this, the
and 8.2.3), s
shall be fixe(
similar value
designs canrf

8.2 Respoise of the opacimeter

8.2.1 Gener
The overall r

a) The phy
inherent
are an irj

For eva
convertq

b) The ele
resistor/
to digitiz
equivalg
coefficie
can mak

a transient pulse without knowing something about its width. Damping issadded so tha
pives a measure of the amount of smoke in the transient.

overall response time, t, (see 8.2.4) or the physical and electrical résponse time, t, and t,
all be fixed at given values and characteristics with tolerance. Also the physical delay time t
| at a given value . All transient readings of different opacimeters can only be compared if
5 and characteristics of ty and ty. In defining t, it should be.noted that many opacimeters of €
ot achieve a ty of less than about 0,4 s.

Al

psponse time, tg, has two parts: the physiealresponse time, t,, and the electrical response tir

1 p!
sical response time, to: consists ,of;the actual filling time of the measuring zone with S
analogue response times (such as-the response of the light detector, and signal conditioni
tegral part of the so-called raw‘epacity signal.

uation of to: this signal needs to be converted to the scale of the light absorption coeffi
d signal without furthef corrections is called the raw k-signal.

trical response timg, t,, consists of the filtering which may be analog filtering (for exampl
Capacitor circuit\for an exponential response) or digital filtering (for example a moving avera
ed samples).~The filtering may be applied to the raw opacity, the opacity after convers
nt for a.different effective optical path length, or after conversion from opacity to light
ht (raw k-signal). Note that where the filter is applied (referring to the three positions detai
e a‘significant change to the reading, especially for fast transient signals.

the peak

(see 8.2.2
| (see 8.3)
they have
stablished

ne, te.

moke and
ng). These

Cient. This

b a simple
ge applied
on to that
absorption
ed above)

Added filtering is normally included to meet a specific legislative response time.

2) For in-service measurement of smoke during free acceleration, a physical response time of less than 0,4 s and an electrical
response time between 0,9 s and 1,1 s have been defined in UN-ECE Regulation No. 24 and Directive 72/306/EEC for control
of smoke from diesel engines. In ISO 8178-9, a response time of less than 0,2 s is specified for non-road engine applications.

10
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8.2.2 Physical response time, to

This is the difference between the times when the raw k-signal reaches 10 % and 90 % of the full deviation when
the light absorption coefficient of the gas being measured is changed in less than 0,01 s.

The physical response time of the sampling opacimeter is defined with the probe and sample line. For instruments
with different systems of probe and sample lines (several probes), the physical response time shall be given for all
combinations.

For opacimeters such as certain full flow types, where the measuring zone is in a straight section of a pipe of
uniform diameter, the physical response can be estimated by the formula:

t, = 0[8 VIQ (4)
and indicafed by the manufacturer as "calculated physical response time" 3).

For such apparatus, the speed of the gas through the measuring zone shall not differ by\“more than 50 % from the
average speed over 90 % of the length of the measuring zone.

For all other opacimeters, the physical response time and characteristics® shallb@ determined by exgeriment (see
11.7.2).

8.2.3 Elegtrical response time, t,
8.2.3.1 Gneral

A given ogacimeter will have more than one electrical output (e-g¢recorder output, analog display, digital display).
When usef in a given application, the electrical response-will be that corresponding to whichever mode of output is
used (e.g.Jwhen measuring transients, the peak hold of'digital display may be used and the response |as defined in

8.2.2.4 wil| be relevant).

Indicating |electrical response time, it is important to specify the output, the scale (opacity or light absorption
coefficient), the effective optical path length L,,and the characteristics of the response.

8.2.3.2 REcorder output response time

The recorgler output will normally~be the raw opacity signal (without additional filtering and transfornpation). If the
output is i the k-scale, it is thelphysical response time.

The recor@ler output respénse time is the difference between the times when the apparatus recorder joutput signal
goes from|10 % to 90.%¢of full deviation, when the opacity or the light absorption coefficient is changed in less than
0,01 s.

8.2.3.3 Apalog display response time

Where theoutputisafso indicatedomam anatog dispay, the“anatog disptay Tesponse 15 defined as the time taken
for the display indication to go from 10 % to 90 % of full deviation when the opacity or the light absorption coefficient
is changed less than 0,01 s.

3) The factor 0,8 is used to give a response time value more comparable to that which might be determined experimentally
where the rise time from 10 % to 90 % is used.

4) Long response times and different characteristics may influence the result.

11


https://standardsiso.com/api/?name=7c033b604302689e175817f3f9638b83

ISO 11614:1999(E) ©1SO

8.2.3.4 Digital display response time

Digital displays are not considered suitable for displaying transient readings except to display captured peaks. The
peak will be that of the signal with any additional filtering applied. The digital response time is the difference
between the times when result goes from 10 % to 90 % of the full deviation when the opacity or the light absorption
coefficient is changed in less than 0,01 s.

For numerical filtering, different algorithms can be used, for example first-order recursive filter, second-order
recursive filter (as Bessel filter), moving arithmetic average. The filter can consist of two parts: a primary filter to
adjust for different physical response times, and the main electrical filter. The specific design of the filter, the scale
(opacity, light absorption coefficient with or without corrections due to temperature and pressure) in which the
filtering is applied, and the filter parameters (lype, constants) shalt be indicated.

8.2.4 Overall response time,

ty

This is the cd

toz\/g

The respong
measuremer

mbined physical and electrical response time and can be estimated by the formula:

R 1,2

(®)

e time, t; defines the fastest transient for which the apparatus should be used f
ts of the opacity peak or variation with time.

Dr making

8.3 Physical delay time,

ty
In apparatus
valve before
times when

with a measuring chamber, the smoke passes through‘the probe, the sample line and sometimes a
it enters the measuring zone. The physical delay time, ty, defined here is the difference bg¢tween the
moke enters the probe and when it arrives in the measuring zone.

The physical|delay time, ty, depends on the exhaust diameter, gas velocity, probe diameter and sample |
When the ggs velocity changes rapidly (e.g. in free acceleration test), the physical delay time may affeg
value of a trgnsient test. For example, for a very shert-delay time the meter will be sensitive to the time th
at the samplé¢ point; for a long delay time the gassmay be at constant velocity when the smoke passes t
measuremer]t chamber and the meter will be sensitive to the amount of smoke.

ne design.
t the peak
b smoke is
hrough the

8.4 Tempefature response time,

i

When an o
coefficient k
be adequate

Using tempe
device for m
indicator to

representatiyf

acimeter is declared (suitable for transient tests, and when the conversion of the light
0 373 K is required, it/is important that the temperature transient of the gas in the measurin
y known.

[ature sensors, the temperature response time, ty, is characterized by the thermal time cons
Pasuring.temperature and the gas velocity. This thermal time constant is the time for the te
read from 10 % to 90 % of the difference between the initial and the final state wh
e amount of air flowing through the apparatus instead of exhaust gas, a sudden change of tg

absorption
) chamber

tant of the
mperature
bn, with a
mperature

of this air is

made (e.q. by switching between air flows of different temperatures). The amount of gas sh

all be less

than or equal to the amount of exhaust gas during the test. The temperature response time shall not be above the
overall response time, t,.

As an alternative to a rapid response temperature sensor, the temperature of the exhaust gas entering the
opacimeter may be controlled to be constant to £ 5 K. For example, in the case of a sampling-type opacimeter,
suitable heating or cooling of the sample line may stabilize the temperature of the sample entering the opacimeter.
Such heating or cooling shall not cause significant separation of soot from the sample.

8.5 Peak hold
For transient conditions, the apparatus shall provide for the maximum opacity, or k reading, to be stored for at least

5 s and allow instantaneous cancellation of the value stored. This value stored shall not decay by more than 1 %
during this time. The peak hold control shall be able to be switched out of the circuit.

12
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9 Specifications concerning specific opacimeters and their installation
9.1 Sampling opacimeter
9.1.1 Probes and sampling pipes

9.1.1.1 Only the probes and sampling pipes provided by the manufacturer of the opacimeter shall be used. If
several probes are necessary, precautions shall be taken to ensure that the user utilizes the appropriate probes and

pipes.

9.1.1.2 The probes shall be equipped with systems to fix them at the exhaust pipe.

9.1.1.3 lt|lis recommended to install the probe in a straight section of the exhaust pipe, with the straight part of the
exhaust p|pe upstream of the probe entrance corresponding to at least six times the diameter)of the pipe, and
downstregm at least three times the diameter of the pipe with a minimum of 300 mm. If this recommenmndation is not
followed, if shall be demonstrated that the instrument is receiving a valid sample of smoke;

The entrafce of the probes shall be introduced in the exhaust pipe with a minimum.distance of 50 mim. The probe
shall be a fube with an open end facing upstream, on or near to the axis of the exhaust pipe.

In the cage of large exhaust pipe (e.g. of more than about 250 mm diameter), it may be difficult t¢ respect the
requirements concerning the length of straight pipe. In such cases an alternative sampling arrangemment may be
used provided it has been established that the alternative ensures a representative sample.

9.1.1.4 The sample probe shall have a diameter which ensure.a'representative sampling and a| correct flow
through thg opacimeter

9.1.1.5 Fpr smoke measurement on vehicles, the probetmay be installed off the axis of the tail pipe, but the
clearance |with the wall of the tail pipe shall be at least 5.1m or 10 % of the inner diameter of the probe equivalent
diameter, whichever is the larger.

9.1.1.6 The connection of the opacimeter to the-exhaust pipe shall not affect the engine performance| this shall be
deemed tq be achieved if the increase of the/aek pressure by the probe is less than 1 kPa.

9.2 In-line full-flow opacimeter
Sharp bends should be avoided to prevent the accumulation of soot.
It is recommended that no change in the exhaust diameter be allowed within three exhaust diametels before and

after the neasuring zone~and that within six exhaust diameters upstream of the measuring zone @o change in
exhaust digmeter may exceed a 12° half angle.

A pipe gradually convergent before the measuring zone is advisable to accelerate and stabilize the flow lines. Pipes
with divergent cross-sections before the convergent section and/or after the measuring zone arg acceptable
providing that changes in exhaust diameters do not exceed a 12° half angle.

Should a convergent pipe be used before the measuring zone, then a smooth convergence of greater than 12° half
angle is allowed.

Generally, it is not convenient to use a cooler. If a cooler is not used, the reading should be corrected for
temperature or the temperature of the exhaust recorded.

Convergent sections shall not affect the engine performance. This shall be deemed to be achieved if the increase of
the back pressure by the probe is less than 1 kPa .

13
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9.3 End of line (plume-type) opacimeter

The opacimeter shall be mounted centrally to the plume as close to the end of the pipe as possible. The centre of
the light beam shall not be more than 20 mm or 1/3 pipe diameters (whichever is the smaller) from the end of the
pipe. The distance of the light beam from the end of the pipe shall be recorded.

Plume-type opacimeters are not recommended for use with tailpipes of more than 150 mm diameter.

Other general precautions to be observed are the following:

O the opacimeter should be mounted so as to minimize vibrations;

O precautipns should be taken to avoid influencing the shape of the plume (e.g. by any exhaust|extraction
systems).

9.4 Opacimeter for free-acceleration tests
9.4.1 Free-dcceleration test

The completg free-acceleration test typically consists of six phases. A brief non-exhiaustive outline of these phases
is as follows.

a) Preparation of vehicle: The engine is at normal temperature, all settings of the engine are correct (e|g. low idle
and majimum speed), exhaust pipe has no leaks, the gear is set at Heutral and all other consumerq of energy
are turngd off (e.g. air conditioning, light).

b) Preparation of apparatus: The apparatus has passed all necessary checks, apparatus is stabilized, zero and
full scalg are adjusted, the apparatus is connected to one gexhaust pipe.

¢) Conditiohing of the exhaust system: The conditioningiconsists of free-acceleration cycles or specified phases
with conktant speed; the smoke shall pass through'the measuring chamber.

d) Free-acgeleration cycles: The free-acceleration”cycles shall be performed until one of the following ¢ompletion
criteria is fulfilled:

O thelarithmetical difference of a“certain number of results from each cycle (in k or N) does no{ exceed a
limit;

O theertain number of cyeles has been achieved;
O theuser interruptssthe procedure;
O theppparatus detects an error (e.g. communication, temperature).

e) Validatign ofthe test:

O the cycteswere compteted correctly;
O zero has not drifted;
O results of the test are calculated;
O results are compared with default values, if applicable.
f)  Reporting the result: The results and/or a decision are shown and printed as a test report. The test report
contains at least the following data: place, date and time at which the measurement is performed; the

identification of the apparatus (serial number, engine or vehicle); the identification of the engine; the results of
the measurement.

The numerical details are defined in 10.1.6.

14


https://standardsiso.com/api/?name=7c033b604302689e175817f3f9638b83

©1SO

ISO 11614:1999(E)

9.4.2 Free-acceleration cycle

The free-acceleration cycle consists of five phases. Briefly, these phases are as follows.

a)

b)

Rest period: The apparatus demands the engine to keep idle speed for a certain time.

speed within 5 s. If no acceleration is recognized the cycle is aborted.

c)

the exhaust pipe into the opacimeter.

Start an acceleration: The measurement of smoke starts. The user is instructed to push the throttle fast for full

Accelerating: The engine rapidly increases speed, a smoke peak is produced in the engine and passes through

d)
maint

Retur
from

e)

9.5 Inst

9.5.1 Gel

A butterfly
downstrea
latter not
recommer

The conn
deemed tg
the whole
point of th

The exhal
and/or am
Also, whe
may need

If necessg
incorporat

The desig

exhaust gases.

The connsg
possible. T

Constlant maximum speed: The speed stabilizes as the engine governor acts. Maximum-'sp

}

hined for a certain period. Smoke measurement is terminated after a defined period.

h to idle speed: The user is instructed to release the throttle. The result (e.g. peak value)
e measured smoke data.

ation of opacimeters in a test bench
eral

valve or other means of increasing the sampling pressure* may be placed in the
m from the sampling probe, on the condition that this does net affect the engine performanc
pe the case, a sufficient length of a larger-diameter exhaust pipe shall be provided for ins
ded minimum length between the probe entrance and the valve is three pipe diameters.

pction of the opacimeter to the exhaust pipe shall”not affect the engine performances.
be achieved if the increase of the back pressucte by the probe is less than 1 kPa. The wall tg
gas-containing system up to and including the measuring chamber shall be sufficiently al
b exhaust gas to prevent condensation.

bient temperatures are low, the engine is not fully warmed up, or the sulfur content of the
e a heat exchanger is fitted as part of the engine installation, the exhaust gas after the he
to be heated to vaporize any condensed droplets.

ry, an expansion tank of sufficient capacity to damp the pulsations, and of compact des
bd in the sampling lin€)as near to the probe as possible.

n of the expansion tank and of the whole sampling system shall not unduly disturb the comp

ctingpipes between the probe, the expansion tank (if required) and the opacimeter should b
[he‘temperature and pressure requirements specified in 7.3.6 and 7.3.7 should be satisfied.

ped shall be

is calculated

bxhaust pipe
p. Should the
fallation. The

This shall be

mperature of
ove the dew

st gas temperature will usually beaboeve the dew point but caution may be necessary when the exhaust

fuel is high.
At exchanger

ign, may be

osition of the

e as short as

The material of the connecting pipes and the opacimeter shall withstand the temperatures prevailing and shall not
emit parasitic smoke.

A check should be carried out during the test to ensure that the requirements of 7.3.6, concerning the pressure and
those of the 7.3.7, concerning the temperature in the smoke chamber, are satisfied, if necessary.

Sharp bends or other components where soot might accumulate shall be avoided.

If necessary, the exhaust pipe shall be extended.

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

It is recom

mended that the pipe system be inclined upwards from the exhaust pipe to the opacimeter.

15
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NOTE Considering the size of the particulate component of the smoke (equivalent average size of 0,3 um), the behaviour
of these particulates is like gas; for these reasons, considerations concerning dimensions and pipe systems are not mandatory.

9.5.2 Specifications concerning transient tests

When an opacimeter is used for transient tests (particularly for sample-type apparatus), additional precautions may
need to be taken to ensure that the manufacturer's specified limits are respected (e.g. pressure, physical response
time, dew point). Precautions shall also be taken in terms of sample line length, diameter and presence (or
otherwise) of a damping chamber, since these may significantly affect the overall response of the system (physical
response time and delay).

10 Data apd instrumentation requirements

10.1 Example of specific requirements for sampling opacimeters

Unless alterrjative requirements are specified by national authorities, the following requirements are rec¢gmmended
for use.

10.1.1 Physjcal response time, to (see 8.2.2)
O t,<[0,4 s with a gas velocity of 20 m/s in all exhaust pipe diameters (fange 40 mm to 100 mm),
O t,<|0,3 s with a gas velocity of 40 m/s.
10.1.2 Electrical response time, t, (see 8.2.3)
A numerical filter shall be performed with a recursive first-order filter in the opacity scale with optical path length of
430 mm and|a response time of t, = 0,9 s. A primary electrical filter shall be superimposed with an elegtrical time

constant t, ¥ 0,4 s in the opacity scale with L, = 430 mim. This primary filter shall be chosen to adjust for fast
physical resgonse times.

10.1.3 Overpll response time, t, (see 8.2.4)
Requirements should only be defined if physical and electrical response time are not defined.
10.1.4 Physjcal delay time, ty (see 8:3)

The delay time for apparatus uSed” for transient conditions shall be greater than 1 s for any probg and pipe
configurationjand 20 m/s in exhalist tubes.

10.1.5 Periqdicity of in use-checks

a) Calibratipn withzasscreen or neutral optical density filter shall be demanded at least every 7,5 days (3ee 6.2.5.2
and 7.3.p).

b) Calibratiomofthedeviceformeasuringpressureand-temperature—shat-berequired-every 6-months ' (see 7.3.6

and 7.3.7).

c) A check of the device for protecting the optics and defining the effective optical path length shall be required
every 6 months (see 7.3.6).

10.1.6 Procedure of free-acceleration test
The following parameters define the free-acceleration test procedure [the letters a) to f) refer to 9.4.1].
a) The checks listed are performed.

b) The checks listed are performed

16
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For cleaning, two free-acceleration cycles shall be performed.

Additional parameters for the free-acceleration cyle: The rest period lasts between 15 and 30 s. The maximum

speed time lasts between 1 s and 3 s and, if it is too short, the cycle is not accepted. The result of the cycle is a
peak reading of light absorption coefficient.

Additional completion criterias: The arithmetical difference between the highest an lowest of last four peak light
absorption coefficients (span) does not exceed 0,25 m-1 if the average coefficient is less than 2 m~! and
12,5 % of the average coefficient if the average coefficient is greater than 2 m—1. The maximum number of
accelerations is less than 15.

©1SO
c)

d)

e)

f)  The

10.2 Data requirements

Data to be supplied by the manufacturer (if applicable) are as follows.

a)

b)

c)

d)

e)

9)

h)

)

fulfill

The
reco
arp

Limitd of sample pressure at the inlet to the smoke chamber_and limits of pressure in the measuri
line instruments.

Limitq of scavenge air delivery (if applicable). These _should include setting instructions.

Limits

result of the test consists of the average light absorption coefficient of the four last valuesyTh
each pycle and the arithmetic average of the last four results shall be printed. If the validation c

ed, a report with the invalid test results shall be printed.

gffective optical path length of the smoke column under partial or-full-flow conditions rep

results from
iteria are not

esenting the

rlmended lower limits of temperature and pressure of the exhaustigas and the higher limit of the scavenge
re¢ssure (if applicable) and normal test-bed ambient conditions:

g zone of in-

of temperature (e.g. ambient air and exhaust sample) giving the position of temperature easurement
and their relation to the mean temperature ofithe exhaust gas in the smoke chamber.

Limitd of leakage of the scavenge air‘from the opacimeter casing and the conditions of megasurement (if
applidable).
Instruftions relating to dimensignal’limits on fittings which may be used, giving equivalent orifices (|f applicable).

The

1)

2)

flbw data are:

n the case of a-sampling opacimeter:

) total samiple flow to the opacimeter, as a function of pressure at the inlet to the smoke
exitconditions in accordance with 10.2 a) and at the limits of scavenge air pressure given

i) Csample flow through the smoke chamber, as a function of pressure at the inlet to the sm

chamber with
in 10.2 ¢),

pke chamber

With exit congitions i accordance with 102 ay and at the timits of Scavenge air pressure

given in 10.2

c). This information is only required when a pressure relief valve is fitted in the opacimeter upstream of

the smoke chamber;

in the case of a full-flow opacimeter: maximum and minimum flow rates for correct operation.

Limits of operation of light source (limits of voltage at the contacts of the light source and instructions regarding
lamp life).

Light source and receiver temperature above or below which the output characteristics change significantly.

Light source and receiver spectral characteristics, including its filter (if applicable).
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k) Limits of supply voltage within which the opacimeter will operate satisfactorily and will have the required
accuracy. Separate limits for lamp and blower shall be given if these have separate power supplies.

I)  Technical description of the opacimeter, including an electrical circuit diagram and dimensioned drawings of the
smoke chamber and adjacent areas (e.g. passages for air and smoke) with tolerances where necessary
(e.g. where there are adjustable elements).

m) Information on servicing of the opacimeter, including recommended intervals between cleaning. Any special
operating precautions particular to the given design including whether the opacimeter is designed for
continuous or intermittent operation. In the latter case, the time for which smoke must be passed through the
opacimeter before a reading may be taken and the maximum test time for which smoke may be passed without
a "zero"[check:

n) Physical response times in terms of:

1) sanjpling opacimeter: physical response times corresponding to gas velocities_at 'the exhaust tubes
defined according to 10.1.1 for the appropriate probes and sample lines designed hy-the manufafturer;

2) full-flow opacimeter: physical response time as a function of gas flow.

0) Electricgl response time, algorithm or electrical circuit diagram with all their parameters and (if applicable)
display nesponse time (for specification see 8.2.3).

p) Temperature response time (for apparatus measuring light absorption<coefficient; see 8.4).
10.3 InstruLentation requirements

10.3.1 Apparatus shall (if applicable) be fitted to measure the following.

a) Pressurg of exhaust gas at inlet to the smoke chamber or in the smoke chamber as applicable.
b) Temperature at the point specified by the manufacturer for measurement of gas temperature.
c) Pressurg¢ of scavenge air (if applicable).

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

e) Voltage pt the lamp (not required,when a green LED is used).

f)  Output gf the receiver circgit (i.e. for indicating the opacity of the exhaust gas).

10.3.2 Controls shall be fitted for the following (if applicable).

a) Sensitivity of the-reCeiver circuit.

b) Flow of $cavenge air (direct or indirect measurement).

10.3.3 Separate items for checking purposes must be provided as follows.
a) Neutral density filter for checking the accuracy of the apparatus.
b) Orifice (or equivalent) for checking leakage (when scavenge air is used).

c) Oirifice (or equivalent) for checking pressure drop of waste pipes.
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11 Verif

111

ISO 11614:1999(E)

ication of opacimeter types

Introduction

This clause specifies the procedures which shall be adopted in order to verify that a given opacimeter type complies
with clauses 6 to 10. All parts do not apply to all opacimeters and the applicability of any given clause will depend on

the details of the opacimeter design including whether the opacimeter is:

O  full flow or sampling;

O for measurement of opacity only or for measurement of the light absorption coefficient;

O for stgady-state measurement or also for transients.

Where pogsible each heading includes a reference to the particular clause in clauses 6 t@ 10 to which the text
refers.

11.2 General considerations

In order tqg verify that an opacimeter type complies with the specifications, it is, neeessary first to check that certain
instruments and controls required by the specification are fitted to the opacimeters and that certain opefational limits
and data gre specified by the manufacturer. The verification test then consists of checking that the chafacteristics of
the instrurhents are as required by the specification and that, within the limits specified by the man{ifacturer, the
opacimetelr does, in fact, satisfy the performance requirements of the.specification. For the verification ftests, certain
instruments may be needed in addition to those normally fitted to the opacimeter.

In areas where well-known experimental techniques already‘exist (e.g. optical and electrical), the fests are not
described|in detail, but in other cases detailed instructions are given. These instructions may not, howgver, cover all
possible designs of opacimeters and test set-ups; alternative methods will, therefore, be accepted provided that
they are dquivalent in accuracy and comply with the response requirements of the described methgd. Wherever
recorders pre used, it is essential that any effect of the circuit be taken into account.

A type of ppacimeter which does not comply with some of the specifications of this International Stapdard can be
accepted if this non-compliance is compensated for. This compensation shall be checked either by calgulation or by
comparisgn with a reference opacimeter;

For a spegcific application, an opacimeter type may not comply with some particular specifications of this
Internatiorjal Standard if these specifications are not necessary for that specific application.

11.3 Data supplied by the-manufacturer

Check thaf the data supplied by the manufacturer covers the items required by 10.2 of the specification

11.4 Insfrumentation requirements

Check thdt_the instrumentation requirements of 10.3 of the specification are met by the instruments from the
manufacturer.

11.5 Instrument verification
11.5.1 Resolution and scale (see 6.1.2 and 7.2)

Check that the resolution and the scale of the indicator(s) meets the requirements of 6.1.2, 7.2.4 and 7.2.5, as
appropriate.
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11.5.2 Light source (see 6.2.2)

Check that over the indicated conditions (e.g. the voltage at the contacts of the light source) the colour temperature
of the light source is between 2 800 K and 3 250 K, or verify that a green LED is used by checking the spectral peak
(colour).

11.5.3 Light receiver response to different wavelengths and temperatures (see 6.2.3)

Check that the combined receiver and filter characteristics have a maximum response in the range 550 nm to 570

nm, and less than 4 % of that maximum response below 430 nm and above 680 nm, or verify that a green LED is
used in conjunction with a photodiode; since the wavelength is set by the green LED, it is not necessary to check

the photodiofie when used With a green LED.

Check that t

specified by the manufacturer.

1154 Ac

11.5.41 Ch

he response of the light source/receiver is not changed by operation at the maximun tg

uracy of measuring circuit and calibration (see 6.1.3, 6.2.5, 7.2.6 and 7.3.5)

that, for exa

the measuring circuit is connected or not. The zero adjustment should be checked over the range of supp
indicated by the manufacturer.

11542 C
specified by

11.5.4.3 Ch
between, 5 9
with the app3

This check n
opacity, or by
the scale is g
scratches. T

manufacturef.

For apparaty
approximatel

NOTE WH

screen is not
between glass

11.5.4.4 Co

eck that the zero of the apparatus can be satisfactorily adjusted, that negative values are ind
ple, with the light source switched off, the opacity indicator reading is-£00 % irrespective

firm that the zero setting drifts less than 0,5 % or 0,025¢m~1 over 60 min or over thq
he manufacturer, whichever is less.

o and 60 % opacity. Recommended values are approximately 10 %, 25 % and 50 %. Repe
iratus adjusted at different levels of light intensity’(simulation of soiled optics).

hay be done on an optical bench or by using screens of neutral density, know to an accur
other suitable equivalent methods. Thetopacity scale should be accepted as satisfactory if

Iways less than 2 % opacity. Careshall be exercised to make sure the screen is perfectly cle

his test should be made with thé” normal and the maximum receiver temperatures giv

s where the full scale represents less than 60 % opacity, the three intermediate screens
y uniformly spaced between zero and full scale for the particular apparatus.

en using screens-with a known density, account should be taken of the fact that the light passing
exactly proportional to its density, since it is also influenced by reflection on the two borders of
and air.

hfirm thatithe k-reading of the apparatus without the temperature and pressure corrections

mperature

icated and
Df whether
y voltages

test time

eck the accuracy of the opacity scale at a minimum~of three points approximately uniformly spaced

At this test

cy of 1%
he error of
an with no
en by the

should be

hrough the
the screen

see 7.3.5)

conforms to {he epacity reading modified by the effective optical path length of the opacimeter per the forfnula in 3.4

to within 0,05

m=1"at each of the three points checked in 11.5.4.3.

11.5.5 Optical design (see 6.2.4)

Check, from the technical description of the apparatus given in 10.2 I) and from actual tests, that the optical device
is designed so that the opacimeter is in accordance with the requirement of 6.2.4. Check that the optical
components of the opacimeter submitted for test and their dimensional positions comply with the description.

11.5.6 Preconditioning (see 6.1.8)

The test give
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11.5.7 Electromagnetic and climatic compatibility

ISO 11614:1999(E)

(see 6.1.9)

Tests according the standards mentioned in 6.1.9 should be performed. The requirements of 11.5.4.3 shall be

applied.

11.6 Verification of basic and design specifications

11.6.1 Temperatures checks (see 7.3.7)

11.6.1.1 Evaluation of temperature distribution in sampling type opacimeters

116.1.1.1

Objective

In order t¢ determine the light absorption coefficient of exhaust gas at 373 K, it is necessary/to s

temperatu
measuring
measuren

11.6.1.1.2

For meas
different p
provides d
traverse th
joined end
holes drillg

11.6.1.1.3

Fe indicator provided by the manufacturer does in fact assess the mean temperature of th
chamber. This can be shown by comparing the reading of the temperature indicator with
ents of temperature distribution within the smoke chamber.

Preparation for test

irement of temperature distribution, arrangements shall be made~for measurement of tg
bints along the centreline of the smoke chamber. Any temperature sensor shall be held in a
ood heat insulation and does not unduly affect the flow gases."An example of a satisfactory|
e centreline of the smoke chamber with a thermocouple where the wires, of about 0,1 mm

to end. With this system, however, it may be necessaty.1o use a dummy light source and
d to allow passage of the wire.

Test procedure

how that the
e gas in the
he results of

mperature a
holder which
method is to
Hiameter, are
receiver with

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

along the|centreline of the smoke chamber, including the scavenge air temperature near the mifing zone, at

sufficient goints to establish the temperature dist(ibution under the following stabilized conditions:

a) mininfum sample temperature and minimum sample flow recommended by the manufacturer (minjimum sample
presspre and maximum scavenge airpressure);

b) maximum sample temperature~and maximum sample flow recommended by the manufacturg¢r (maximum
sample pressure and minimum scavenge air pressure).

11.6.1.1.4| Evaluation

a) Plot the temperature distribution along the centreline of the smoke chamber and, for opacimetefs which use
scavgnge air, adjust the temperature distribution for the presence of air mixing with the smoke by the method
given|in anflex A and assess as follows.

b) Calculate’the mean temperature, T and T under the two test conditions - and \mrlf\/ that fhm/ agree within 5 K
with the temperature derlved from the |nd|cator provided by the manufacturer.

c) Verify that, under the test conditions of 11.6.1.1.3, the temperature of the test gas before mixing with scavenge
air is not less than 343 K.

d) Verify that, under the test condition of 11.6.1.1.3, the maximum mean temperature does not exceed 553 K.

e) Find the distance, |, (from the point of smoke entry), on the temperature traverse for test conditions according

to 11.6.1.1.3, at which the indicated temperature equals the mean temperature. For the purposes of other parts
of the verification test, the temperature at this point will be deemed to be equal to the mean temperature of the
sample gas in the smoke chamber. However, for opacimeters with a central entry to the smoke chamber,
determine |; and |, for the two halves of the smoke chamber separately. For the 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
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thermocouples, one in each half, mounted at a distance 0,5(1,,;; + I,;,5) from the centre. A suitable design of
thermocouple is given in Figure 3.

11.6.1.2 Evaluation of temperature distribution in full-flow opacimeters
11.6.1.2.1 Objective
In order to determine the light absorption coefficient of exhaust gas at 373 K, it is necessary to show that the

temperature indicator provided by the manufacturer does in fact assess the mean temperature of the gas in the
measuring chamber. This can be shown by comparing the reading of the temperature indicator with the results of

measurements of temperature distribution within the smoke chamber.

11.6.1.2.2 H

For measure
different poin
provides goo|

11.6.1.2.3 T

With the opa
the temperat|
points to estd

a) minimun
b)
11.6.1.24 E
Plot the tem

scavenge aif
in annex A. (

within 5 K with the temperature derived from the indicator provided by the manufacturer.

11.6.1.3 Temmperature of sampling line_and housing of sampling-type opacimeters

11.6.1.3.1 d

In order to pievent condensation and excessive soot deposition, it is necessary to show that the temperg
sampling pipe.and in the measuring chamber were sufficiently above the dew point. For steady-state

probe, in the
applications
minimum sa
the start of s

maximum gas pressure and minimum scavenge air pressure{(if applicable).

reparation for test

ment of temperature distribution, arrangements shall be made for measurement of* temq
ts along the centreline of the smoke chamber. Any temperature sensor shall be. held in a hg
d heat insulation and does not unduly affect the flow of gases.

est procedure

Cimeter supplied with exhaust gas or heated air with a temperature between 373 K and 553 K
Lire, point by point, along the centreline of the smoke chamber, ifcluding the scavenge air, g
\blish the temperature distribution under the following stabilizediconditions:

) gas pressure and maximum scavenge air pressure (if applicable);

valuation

perature distribution along the centreline>-of the smoke chamber and, for opacimeters
adjust the temperature distribution for-the presence of air mixing with the smoke by the me
Lalculate the mean temperatures, T, and T, under the two test conditions and verify that the

bjective

this can be\shown by measuring the minimum sample temperature in the measuring sys
ple pressure and a specified sample temperature. Also, for measuring transients, the tim
mpling-and achieving the minimum temperature shall be considered.

erature at
Ider which

, measure
t sufficient

Wwhich use
thod given
y agree to

ture in the

em at the
E between

11.6.1.3.2 H

reparation for test

Thermoelements shall be fitted at the point of lowest sample temperature between the probe and the smoke
chamber. They shall be connected to a recorder or equivalent instrument with frequency response of about 1 s and
a chart speed of at least 1 mm/s. The probe shall be connected to a three-way valve. Exposure of the sample line to
wind shall be prevented. Hot air at a temperature of 373 °C at a flow rate for a velocity of 30 m/s in the
corresponding exhaust tube shall be available at the three-way valve.

11.6.1.3.3 Test procedure
The sample line shall be at a temperature of 293 K. The temperature shall be continuously recorded. On switching

the three-way valve, the hot air flushes the sample line and the smoke chamber until the temperature of the whole
system is stabilized.
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11.6.1.3.4 Evaluation

The temperature curves shall be characterized by two parameters. First, the temperature of the stabilized system,
which shall be above 343 K. Second, the time between start and reaching a temperature of 343 K. This time shall
be shorter than 60 s or the time the instrument demands for preconditioning before each measurement, whichever
is the shorter.

11.6.2 Steadiness of reading (see 7.3.1)

11.6.2.1 Obijective

In opacim
ends of t

unsteadingss and possible error of reading. Similarly, when flow in the smoke chamber is divided; for

central en
to variatio
example f
on all desi

11.6.2.2

The signal
frequency
be such t
constant @
volume of
firing freqy

Full-flow a

BTETS USINg scavenge air, there may be a relatvely large region ol mixing or air and exna
e smoke chamber. This mixing may cause vorticity and a variation of effective lengt

ry, there is a possibility of a variation of flow between the two halves of the chamher.which
N in opacimeter readings. The extent of these effects shall be checked. Other designs of of
Ill-flow designs, may also exhibit unsteadiness of reading. Therefore, unsteadiness shall bg
Ons.

Preparation for test

from the output terminal (see 6.2.6) shall be connected to a_fecorder or equivalent instr
response of about 1 s to 90 % of the full scale and a chart speed of at least 10 mm/s. The s
hat 4 mm corresponds to not more than 0,5 % opacity.;at*approximately 20 % opacity.
pacity (for sampling apparatus) the exhaust sample may. be passed through a damping ch

ency of at least 5 000 periods per minute.

pparatus may be run under steady-state conditions without the damping chamber.

st gas at the
N, leading to
bxample by a
will also lead
acimeter, for

checked for

iment with a
nsitivity shall
[To ensure a
amber with a

at least 20 times the flow through the sample line in¢k; s and shall be drawn from an engine that has a

11.6.2.3 Test procedure

Record the signal from the output terminal forabout 10 s under steady-state conditions while consthnt smoke is
passed thfough the opacimeter (for sample apparatus, operate at the upper and lower sample pre¢ssures). For
apparatus|which only measure opacity,sthe smoke should correspond to about 20 % opacity. For apgaratus which
measure the light absorption coefficient] the smoke should correspond to about 1,7 m=1 or 90 % of the full scale if
the full scdle is less than 2 m1,

11.6.2.4 [valuation

The steadjness shall be‘deemed satisfactory if the difference between the lowest and highest recordled values is
less than 1 % opacity.ar 0,15 m~1 or 8 % of the full scale if the full scale is less than 2 m=1.

11.6.3 Internal‘teflection and diffusion  (see 7.3.3)

11.6.3.1 Objesctive
If the internal surfaces of the smoke chamber are reflective or not sufficiently closed to external light, then unwanted
reflected or diffused light will be received by the receiver. The extent of this effect shall be checked by the method
given in 11.6.3.2 or an equivalent method.

11.6.3.2 Preparation for test

11.6.3.2.1 The principle of the method is to differentiate between reflected or diffused light and direct light by
focusing the direct light from the light source 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 light
source. 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 reflected or diffused light. A screen, placed at the plane of focus, with a central hole
slightly larger than the light source image, will allow the light forming the image to pass but will stop most of the
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reflected and diffused light. Measurement of the light with and without the screen gives, by difference, the reflected
and diffused light®). Preparation for the test requires replacement of the receiver by a lens of focal length and
diameter about equal to the diameter of the sensitive part of the receiver, provision of a matt black screen with a
central hole slightly larger than the image of the light source formed by the lens, and provision to move the receiver
to collect light which comes through the hole in the screen. Arrangements shall be made to allow measurement
under the two following conditions.

11.6.3.2.2 The light source, lens, screen and light receiver shall be fitted in the opacimeter (for example as in
Figure 4) with the smoke chamber in the normal condition (this should not be a "new" condition, but the inside
surfaces of the smoke chamber should be "conditioned" by passing smoke through the opacimeter in normal
operation). Arrangements should be made for easy removal of the screen from the Ilght path It may be necessary

to mod|fy thE opaci inside the
hd (where

11.6.3.2.3 The light source, lens, screen and light receiver shall be set-up in the same réelative posiLons as in

11.6.3.2.2 byt in a non-reflecting environment. In a sampling-type opacimeter this may be achieved by refnoving the

smoke tube and part of the casing, painting the inside of the remainder of the casing matte black and carrying out

the rest in a foom with matte black walls.

11.6.3.3 Test procedure

11.6.3.3.1 With the light source, lens and screen arranged as in 11.6.3.2:3) set the electrical circuit sgnsitivity to

give and ind|cator reading of 1,7 m~1 units when the lamp is switched. oh. Remove the screen and nofe the new

reading. Rep

11.6.3.3.2
sensitivity to
give at least

11.6.3.3.3
indicator rea
apparatus ar
four pairs of

eat to give at least four pairs of readings.

give an indicator reading of 1,7 m~1 units. Remgve the screen and note the new reading.
our pairs of readings.

Vith the opacimeter arranged as in 11.6.3.2!3 and the screen in position, set the sensitivity
ling of zero when the smoke chamber ig-filled with clean air. Pass smoke of about 1,7 m=1 t
d note the indicator reading. Remove the screen and note the new readings. Repeat to gi
eadings. For this test a large damping volume may be required in the sample line to smooth

of engine vatfiations. Recording of the receiver output is also recommended.

11.6.3.4 Evaluation

If the change of readings under, the three conditions are Aa, Ab and Ac (each an average of at least fd

then the test
Na<0,1
NOTE Th

The opacime

set-up is satisfactery’ if:
m_l
s will mainly be light scattered from the lens surface.

terreflection and diffusion characteristics are satisfactory if:

Vith the opacimeter arranged as in 11.6.3.2.1 and_ the screen in position, set the electdical circuit

Repeat to

to give an
hrough the
Ve at least
out effects

ur values)

Ab—-Aa<0,65m1and

Ac—Na<0,1m1

5) 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.
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11.6.4 Light receiver temperature (see 6.2.3 and 6.2.4)
11.6.4.1 Obijective

Above a certain temperature the sensitivity of the receiver/light source combination may change. This temperature
is given by the manufacturer and the objective of this test is to verify that the maximum temperature specified by the
manufacturer is not exceeded under the most severe operating conditions of the opacimeter. For this test, a
thermocouple resting on the surface of the receiver assembly shall be deemed to indicate the receiver temperature.

11.6.4.2 Preparation for test

A thermocg shattbeptacedonthe-surfaceof thereceive Tchca AT ATe s—shall be made
to supply the opacimeter with exhaust gas or air at the highest temperature and pressure recommeénded by the
manufactyrer. Arrangements shall be made to heat the scavenge air supply to the maximum recommended by the
manufactyrer (if applicable).

11.6.4.3 Test procedure

The exhalist gas or hot air shall be passed through the opacimeter, otherwise Joperating normally, until the
temperatufe of the receiver has stabilized. This temperature shall be measured\together with the temperature and
pressure df the gas and the temperature of the scavenge air.

11.6.4.4 Evaluation

The specification is deemed to be met if the temperature of the receiver is below the maximum recommended by
the manufgacturer.

NOTE Some opacimeters are equipped with the ability to water cool the receivers and light sources. These may be
employed i{ necessary by supplying the water temperature and flow recommended by the manufacturer.

11.6.5 Effective optical path length, L, (see 7.2.2@nd 7.3.4)
11.6.5.1 Objective

The effective length, given by the manufacturer, shall be checked to verify the absolute calibfation of the
opacimetefr. It can be obtained either by Comparison with an opacimeter for which the effective length|is known, or
by compatlison of readings taken with the opacimeter operating normally and when modified so that thel smoke fills a
known lenpgth. In both cases it is(hecessary also to know the average temperature of the gas in the smpke chamber
in order tg permit corrections. fer the difference in temperature between the opacimeter operating norfnally and the
reference pr modified opacimeter.

11.6.5.2 Comparisonywith a known opacimeter

11.6.5.2.1| Preparation for test

The test gpaCimeter and known opacimeter shall be connected for simultaneous sampling. The sample to each
opacimeter shall be controlled within the lower limits of temperature and the minimum sample flow recommended by
the manufacturer (minimum sample pressure and maximum scavenge air pressure). Provision shall be made for
measuring the mean temperature, T,, in the smoke chamber of the opacimeter under test in accordance with
11.6.1.

11.6.5.2.2 Test procedure

Simultaneous readings shall be taken on the two opacimeters with smoke between 40 % and 60 % opacity. At least
10 readings shall be made.

11.6.5.2.3 Evaluation

For each opacity reading calculate the effective length by the formula:
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where Lp;, N; and T, refer to the opacimeter under test and L,,, N, and T, refer to the known opacimeter.

The average of the L,, values shall be taken as the effective length. Verify that the average effective length is
statistically valid to an accuracy of £ 1 % with 95 % confidence (see ISO 2602). 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 shall be taken of the known accuracy of the reference opacimeter. The latter shall be better than

+1 %.

11.6.5.2.4 Allternative

When it is npt possible to control the sample temperature to the desired values, measurements should be made
separately of the average temperature in the smoke chambers of both opacimeters. The,opacimeter readings
should then e corrected for the difference between the measured temperature and the average temperdture in the
smoke chambper corresponding to the minimum sample temperature specified by the manufacturer.

11.6.5.3 Comparison of results from one opacimeter with and without modification)of operation

11.6.5.3.1 Hreparation for test

Provision shpll be made for rapid modification of the opacimeter from<its normal operating condition [geometric

effective leng

With an opad
to block the
surfaces def
screens or th
measuremer|

For the actu
temperature

manufacturef.

equivalent in
than 0,05 m]
be determine

To ensure sé
at least 20 t
satisfactory 4
adjusted so {

th L) to a condition where the test gas fills a well-defined:ength, La,.

imeter using scavenge air to contain the smoke columf, a convenient method of maodificatiof is merely

scavenge air inlet so that the test gas fills the space between the light source and red

ning the length, L,,, will depend on the design;of the opacimeter. They may, for examplg,

e surface of the light source and the surface\on the receiver/filter combination. In the latte
t shall be made from the surface of the light'source nearest to the receiver.

bl test, the opacimeter should be supplied with exhaust gas of constant opacity at the lov
and sample flow (lowest sample-pressure and highest scavenge air pressure) specifi
The signal from the output_terminal from the photo-electric cell shall be connected to a 1
Strument with a response timeof less than 1 s and sensitivity such that 4 mm corresponds t

eiver. The
be glass
case, the

er limit of
ed by the
ecorder or
D not more

L for smoke of opacity equal at 1,7 m~1. The relationship between recorder deflection and opacity shall

d.

itisfactory constancy’ of opacity, exhaust gas samples shall be passed through a damping d
mes the flowthrough the sample line in 1 s. This sampling system may require a heater

hamber of
to ensure

ample temperature. If not already provided, a by-pass shall be fitted to the opacimeter with
hat the temperature of the sample at the by-pass is not changed by more than 5 K between

the outlet
e two by-

pass positior]s.

Provision shall-be made for measuring the mean temperature in the smoke chamber as described in 11.6.1. 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 light source performance (i.e. the modification does not affect zero
reading) or a separate power supply to the light source shall be provided. Where the ratio Ly,/L,; < 1,25, the mean
temperature sensor position derived from 11.6.1 can also be taken as indicating the mean temperature of the
smoke in both the modified and unmodified opacimeter conditions. But, when Las/Laq > 1,25 the temperature
indicated by the temperature sensor shall be converted to true mean temperature over the length L, 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 wire cage spanning the full length L,,. 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 s or 15 s following a stabilized period of normal operation.
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11.6.5.3.2 Test procedure

Calibration lines should be recorded corresponding to two convenient points. Recording should 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 L,,. For each test, the modified conditions should 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 receiver surface from excessive temperatures, a shield may be placed in front of it during the
initial period of each modification. This shield should not be more than 1 mm from the surface of the receiver and
should be completely removed during all periods of measurement. If the "zero" recorded between tests increases to
more than[0,4 M, The fight Source and receiver shoutd be cleaned before further tests are made. Regdings should
be made With exhaust densities corresponding to levels of between 1 m~1 and 2 m~1 and at least ten;tdadings (each
reading cgmprising a comparison of modified and unmodified conditions) should be made.

11.6.5.3.3| Evaluation

For each recording determine:
O N; reading with unmodified opacimeter referred to the “zero" immediately before admitting the smoke sample;
O T, ayerage temperature in the smoke chamber corresponding to opacCimeter reading Ny;

O N, reading with opacimeter modified, taken immediately after the modification, and referred fo the "zero"
optained immediately before admitting the smoke sample;

O T, ayerage temperature in the smoke chamber corresponding to opacimeter reading N,.
The effectjve length is then given by equation (6).

Verify thaf the average effective length is statistically’valid to an accuracy of £ 1 % with 95 % confiflence. If this
degree of ponfidence is not attained, then further.tests shall be made until the statistical requirement is gatisfied.

11.6.6 Effect of sample and scavenge air pressure  (see 6.1.4 and 7.3.6)
11.6.6.1 Objective

The effectjve length of the opacimeter may be changed by changes of sample pressure and scavenge air (where
used). The operating limits claimed by the manufacturer should be verified. This test also enables g check to be

made on the pressure in the“easuring chamber.

11.6.6.2 [Preparation fortest

The samgq testemethod should be used as for the measurement of effective length (see 11.6.5)] Additionally
arrangements-should be made to measure the maximum pressure/depression in the smoke chambegr. This latter
provision I1ay be omitted if it can be shown from consideration of the sample and scavenge air presjures that the
pressure in the smoke chamber does not differ from the atmospheric pressure by more than 1 kPa.

11.6.6.3 Test procedure

The effective length shall be determined by the method given in 11.6.5 with the opacimeter supplied with exhaust
gas of a light absorption coefficient of about 1,7 m~1 and at the maximum flow (maximum sample pressure and
minimum scavenge air pressure) and minimum temperature specified by the manufacturer. At least 10 readings
shall be made. Note the pressure of gas in the measuring chamber unless such measurement is not required under
11.6.6.2.

11.6.6.4 Evaluation

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

ffective length at maximum sample flow _

100 =

"~ Effective length at minimum sample flow

=

103
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()

Equation (7) shall be satisfied to a statistical confidence limit of 95 %. If this degree of confidence is not attained
then further tests shall be made until the statistical requirements is satisfied. The pressure in the smoke chamber is
satisfactory if it does not differ from atmospheric pressure by more than 1 kPa.

11.6.7 Gas tightness of opacimeter

11.6.7.1 Gas tightness of the by-pass valve

(see 6.2.5 and 10.2.5)

(if applicable)

11.6.7.1.1 Qbjective

If the by-pass valve leaks, then, depending on the design of the opacimeter, the "zero" of the lapparatus will be

affected and incorrect opacimeter readings obtained. The efficiency of the by-pass valve shall, thgrefore, be

checked.

11.6.7.1.2 Tlest with reduced pressure at the by-pass valve

Arrangements shall be provided for reducing the smoke pressure at the by-pass yalve to below the presgure in the

opacimeter. For engines connected to an exhaust main operating at ambient préssure or a slight depresfsion, it will

be sufficient fo stop the engine. In other cases it may be necessary to disconnected the sample line fron] the probe

or opacimetdr, or fit (for this test only) a valve in the sample line which cai be’positively closed.

The by-pass|valve should be set in the position so that the exhaust gas’by-passes the smoke chamber. Reduce the

pressure on the sample side of the by-pass until it is below the_pféssure on the smoke chamber side gnd set the

opacimeter "gero". Then allow the pressure on the sample side of.the valve to return to normal and pass §moke with

a light absorption coefficient of about 1,7 m~1 through the saimple system and by-pass valve (but not through the

measuring zpne) at a rate corresponding to the maximum sample pressure when the opacimeter is| operating

normally. Note the "zero" reading.

11.6.7.1.3 Test with increased pressure at the by-pass valve

Smoke with @ light absorption coefficient of about 1,7 m~1 and a neutral optical density filter are used.

The test shdll be performed in a mode-where temperature compensation is turned off, because neufral optical

density filter [s used. The test consists of six steps, as follows.

a) Remove|the probe from the-eXhaust, zero the opacimeter and read the value of the neutral optical depsity filter.

b) Connect the probe tocthe exhaust and flush the instrument with smoke with a light absorption cofficient of
about 1,f m1,

¢) Leaving|probein'the exhaust; zero the opacimeter.

d) Removelheprobefrom-the-exhaustandwaituntilthe displayedvalueretumstozero-

e) Without zeroing, read the value of the neutral optical density filter.

f)  For evaluation, compare the two values for the neutral optical density filter [step a) and step e)].

Repeat twice for each probe.

11.6.7.1.4 Evaluation

The by-pass valve is satisfactory if the change of reading between the two conditions is less than 0,01 m~1 with a
statistical confidence of 95 %.
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11.6.7.2 Gas tightness of the casing
11.6.7.2.1 Objective

In opacimeters using scavenge air or using a sample pressure in the measuring chamber that differs more than
1 kPa from ambient pressure, 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 shall be verified that this amount of
leakage does not alter the effective length.

11.6.7.2.2 Preparation for test

a are a &0 N

An opaci 3 ara aled. shall then be
provided in the casing 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 system setting, S,, and leak valve setting, S,, such that the maximum leakage allowed
by the manufacturer is obtained with a scavenge air flow equal to the maximum allowed by-the manufagturer.

11.6.7.2.3| Test procedure

Pass smdke with a light absorption coefficient of about 1,7 m=1 at minimum sample pressure|through the
opacimetel and note the reading with leakage valve shut and scavenge air‘system setting S;, and then|with leakage
valve setting S, and scavenge air system setting S,. Repeat at least four times. For ease of reading th¢ opacimeter,
the samplé system shall include a damping chamber of at least five:times the volume passing through the sample
linein1s.

11.6.7.2.4| Evaluation
Average tIe readings with and without the leak. The diffefénce shall not be greater than 0,025 m~1 with a statistical
confidence of 95 %. If this degree of confidence is not attained, then further tests shall be made until fhe statistical
requiremet is satisfied.

11.6.8 Waste exit conditions (see 6.1.5 and 10.2.6)
11.6.8.1 Objective

The manyfacturer has to state_limits on the waste exit conditions, for example, length of pipe(s), pressure
characterigtics of pipes, limitation’ of back pressure or extraction pressure permissible on any standard pipes
provided. The effect of these-limits shall be tested.

11.6.8.2 Ipreparation far'test

Arrangements shall.be made so that the waste exit conditions can be rapidly varied between the limitg specified by
the manufacturer:

11.6.8.3 Test prnt‘nr‘lllrp

Pass smoke of a light absorption coefficient of about 1,7 m~1 through the opacimeter and note the readings with the
waste 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 volume passing through the sample line in 1 s.

11.6.8.4 Evaluation

The change of reading between the two conditions should not be greater than 0,025 m-1 with a statistical
confidence of 95 %.
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11.6.9 Effect of pre-chamber and pressure relief valve design

(if applicable, see 6.1.5)

11.6.9.1 Objective

©1SO

Certain opacimeters may have a pressure relief valve in a pre-chamber just upstream of the smoke chamber. This
item, if in-correctly designed, could result in a modification of the exhaust gas sample by unequal division of soot by

the valve. Th

e possible occurrence of this shall be checked.

11.6.9.2 Preparation for test

The test set-up shall be as shown in Figure 5, and, to ensure satisfactory constancy of opacity of exhaust samples,

the damping[chamber shall have a volume of at feast 20 tmes the volume passing through the sampje Jine in 1 s.
The need fof the heater will depend on the temperature and insulation of the sampling system. Meat|s 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 nofmally, the
maximum sample pressure is obtained at the opacimeter with valve A closed and valve B fully open. With the relief
valve shut, find positions of valves A and B such that the sample pressure at the opacimeter is unchanged and the
pressure in tihe damping chamber is unchanged.

The valve in|the exhaust system shall not be altered. Note the positions of valves A and B. Arrangemeht shall be
made to recdrd the receiver output and the mean temperature in the smoke chamber (as defined in 11.6.1).

11.6.9.3 Test of procedure

With the opacimeter supplied with exhaust gas of a light absorption, coefficient of about 1,7 m~1 and thel maximum
sample presgure, record the opacimeter reading and mean temperature in the smoke chamber with the felief valve
operating ngrmally (valve A shut and valve B fully open) and with it closed and valves A and B afljusted as
described abpve. Repeat at least four times (see this operation in 11.6.9.4).

11.6.9.4 Evaluation

Correct the rpadings of the opacimeter for any changes of mean temperature in the smoke chamber. The pressure
relief valve gnd pre-chamber shall be deemed to be satisfactory if the average difference between the corrected
readings of the opacimeter with the valvesoperating and shut is less than 0,05 m~1 with a statistical confidence of
95 % (see 11.6.9.3).

11.6.10 Flow characteristics (if-applicable, see 9.1. and 10.2.7)

11.6.10.1 Opjective

This test is tp measure-the flow of sample gas to an opacimeter and, where a relief valve is fitted upstrgam of the
measuring c:l:amber, tovalso measure the flow of gas through the measuring chamber. This information ig useful for
calculating tihe gas~velocity at the sampling probe and hence, determine the extent to which the spmpling is
isokinetic.

11.6.10.2 Preparation for test

The sample inlet to the opacimeter shall be connected to a supply of air sufficient to maintain the maximum
pressure at the opacimeter recommended by the manufacturer. A gasmeter or orifice shall be provided for
temporarily closing all relief valves fitted to the sample inlet to the opacimeter.

11.6.10.3 Test procedure

With the correct waste exit conditions and at the upper and lower limits of scavenge air pressure, measure the flow
of air to the sample inlet, as a function of pressure at the entrance to the opacimeter, between the operating limits
specified by the manufacturer. If a relief valve is fitted, measurements shall be made under the two following
conditions:
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a) with the relief valve operating normally; and
b) with the relief valve locked shut.

Record the flow of the scavenge air for information.

11.6.10.4 Evaluation

ISO 11614:1999(E)

The results shall be presented as a graph of sample pressure in kilopascals against air flow in cubic decimetres per

second. The temperature to which the results are referred should be stated on the graph.

11.6.11 Seiling-ofthe-lightsource-andreceiver—(see6-1-6)

11.6.11.1 | Objective

Use of an|opacimeter may in time lead to deposition of soot on the light source and receiverand this
reading.

The manufacturer shall state the necessary intervals between cleaning, and it shall be verified that th

can be safisfactorily operated for this period without cleaning.
11.6.11.2 | Test procedure
11.6.11.2.1 Opacimeters designed for continuous use: Test with constant smoke

Clean the
adjust the

light source and receiver. With the receiver output connected to a recorder or equivaler]
sensitivity of the latter to give a deflection such that-a~¢hange of 0,5 % can be assessed. Pas

Wwill affect the

£ opacimeter

t instrument,
s smoke of a

light absorlption coefficient of about 1,7 m~1 or an approximately equivalent opacity at maximum allowgble pressure

through th
period is g
recorder "

e opacimeter (with scavenge air, where used, et to minimum pressure) for 1 h or for whg
laimed by the manufacturer. Stop the flow ofi'smoke, fill the smoke chamber with clean air
rero” reading.

D

11.6.11.2.p Opacimeters designed for intermittent use: Test with constant smoke

Clean the|light source and receiver. With, the receiver output connected to a recorder or equivaler
adjust the [sensitivity of the latter to give'a deflection such that a change of 0,5 % can be assessed. Pag
light absotjption coefficient of about 1,7 m~1 or an approximately equivalent opacity at maximum allowa|
through the opacimeter (with scavenge air, where used, set to minimum pressure) for at least 10 s 0
necessary|to take a reading _(whichever is the longer). Stop the flow of smoke, fill the smoke chamber
as for a nprmal zero check-and note the recorder reading. Repeat the cycle of passing smoke and
zero throuphout the interval’claimed by the manufacturer, or for 12 readings (whichever is the longer).

11.6.11.2.8 Opacimeters designed for intermittent use: Test with smoke peaks

Clean thel light ‘source and receiver. Pass smoke in a similar way to a transient test procedu

tever shorter
and note the

t instrument,
s smoke of a
ple pressure,
I for the time
vith clean air
checking the

e (e.g. free

acceleratipn)-through the opacimeter (with maximum sample pressure and minimum scavenge air). Th

e area under

the t-k plot shall be larger than 8 s/m. Repeat the cycle of passing a smoke peak and checking the zero throughout

the maximum number of peak measurements in a measuring series claimed by the manufacturer, or
(whichever is the longer).

11.6.11.3 Evaluation

The freedom of the light source and receiver from soiling shall be deemed satisfactory in the change of
during the test is less than 0,5 % opacity or 0,025 m-1.

for 12 cycles

zero reading
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11.6.12 Divi

11.6.121 O

sion of flow (see 7.3.1.2)

bjective

©1SO

In opacimeters with a central entry to the smoke chamber or when scavenging air is used on both sides of the
measuring zone, it is necessary to check that the sample flow divides sufficiently equally between the two halves of
the smoke chamber.

11.6.12.2 Preparation for test

Devise means (if not already provided) for altering the division of flow between the two halves of the smoke

chamber or
current supp

11.6.12.3 T4

With the opg
reading and

the device u
a)

pressurg
b)

sample

For conditior

OT altering the scavenging air supply 10 one and the other side (e.g9. an adjustable vane o
y of the fans).

st procedure

the device setting with the opacimeter operating normally and when the division of flow is &
der the following conditions:

and maximum scavenge air pressure);

maximum sample temperature and maximum sample flow recommended by the manufacturer

pressure and minimum scavenge air pressure).

a), the device shall be moved over a sufficient.fange to include the extremes of divisi

allowed by the manufacturer (e.g. maximum difference of temperature between the two halves of t

chamber). F(

11.6.124 E

From the plo
reading and
manufacture
maximum re|
opacimeter r
reading are 1]

11.6.13 Spdg
Check that th

11.7 Verifig

r condition b), the device shall be moved over.the same physical range required for a).

aluation

regulable

cimeter supplied with exhaust gas of about 1,7 m~1 light absorption coefficient, note the gpacimeter

Itered with

minimunm sample temperature and minimum sample flow recommended by the manufacturer (minimyim sample

maximum

on of flow
e sample

t of opacimeter readings against device position for condition a), determine the maximum

hding. From the plot of gpacimeter readings against device position for condition b), det
padings for the same physical device positions P; and P, found with condition a) and check
ot more than 0,05 m=Xlower than the maximum opacimeter reading with condition b).

In measurin

pacimeter

the device positions, P; and P,,-which correspond to the extremes of division of flow allowed by the
. Check that the opacimeter.readings at P, and P, are not more than 0,05 m~1 lowe| than the

rmine the
that these

cifications concerning specific opacimeters

e instrument’covers the specifications in clause 9 and 10.1 (if applicable).

ation-of response characteristics

) fransients, the most important requirements of the opacimeter are the electrical, physical and

temperature

11.7.1 Velocity distribution

responses times.

(see 8.2.1)

11.7.1.1 Objective

Where equation (4) is used for the calculation of physical response time, it is necessary to ensure that the flow of
gases in the measuring chamber is sufficiently uniform. This check is carried out by comparing the velocities at

different poin
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11.7.1.2 Preparation of test

The velocity shall be measured at five points uniformly distributed across the axis of the measuring chamber over
the central 90 % of its width.

11.7.1.3 Test procedure

With the opacimeter supplied with exhaust gas or with air, measure the velocity distribution, point by point, across
the axis of the measuring chamber and the static pressure of the gas in the smoke chamber under the following test
conditions.

a) Presspreofthegas at the mietto the smoke champer corresponds to- the mmimmmom flow, d;djcated by the

manufacturer in accordance with 10.2.7.

b) Pressure of the gas at the inlet to the smoke chamber corresponds to the maximum flow, d,, indicated by the
manufacturer in accordance with 10.2.7.

c) Pressure of the gas at the inlet to the smoke chamber corresponds to an average flew of gas
df = (dy +dp)/2 (8)
11.7.1.4 [valuation

Plot the vglocity distribution along the axis of the measuring chamber.and estimate the average velocity v,, v, and v,
in the threg types of test conditions by means of the formula:

5

v ©)

1

<
I
gl

Check that under the three types of test conditions, ‘at.each to the five points of velocity measurement:

‘1 -=[<05 (10)

<<
/

11.7.2 PHhysical response time (see.8'2.1 and 10.1.1)
11.7.2.1 OQbjective
Where the| physical response-time is to be measured, the method below with constant flow shall be used.

11.7.2.2 [Preparation,for test

Arrange t at the opacimeter can be switched suddenly (in less than 0,1 s or less than 1/10 of he expected
Nt absorption

' e opacimeter
full scale is less than 2 m—l step funct|on) The temperature of the clean air and smoke should be similar. The
reading of the opacimeter (excluding any electrical response) and a fast opacimeter as reference (e.g. full flow, with
a physical response time less than 0,1 s or 1/10 of the expected tp) shall be recorded with a response of less than
0,1 s or 1/10 of the expected physical response time, whichever is the less.

11.7.2.3 Test procedure
Record the output at the opacimeter while the flow of gas is switched from clean air to smoke. This test shall be

performed at minimum and maximum gas velocity in the exhaust pipes. Recommended gas velocities are 10 m/s to
50 m/s. Recommended diameters of exhaust pipes are 40 mm to 100 mm.
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11.7.2.4 Evaluation

©1SO

If the smoke cannot switched from one level to the other fast enough, or if the smoke levels are not constant, the

physical resp

onse time shall be calculated as follows.

a) The smoke curve at the exhaust (raw curve) is measured with an fast instrument (full flow). It is recorded with
the same sampling rate as the opacimeter (opacimeter curve). The physical response time is considered as
constant during the measurement, if the flow rate is constant.

b) A numerical damping algorithm is used to simulate the instrument's response. It consists of a time shift and
physical damping. The dominant part in the damping algorithm is a gliding arithmetical mean in the scale of light
extinctiol i : i i i ' fedjto the raw
curve. They are optimized in order to minimize the sum of the squared difference to the opaciméter curve.
These pprameters shall be applied for damping a theoretical step function in order to evaluate,the ‘Step answer.

c) Check that the time for the step response to rise from 10 % to 90 % of the final light absdrption valug fulfils the
requirenpents of 10.1.1.

11.7.3 Electrical and display responses times  (see 8.2.2 and 10.1.2)

11.7.3.1 Test details

11.7.3.1.1 QGeneral

There were fwo ways to realise and check an electrical response timg;*electronic circuit or numerical treatment of

the raw signal.

a) Electronjc circuit: To measure the instrument's electrical response time, it is necessary to fit the optigal system
on an optical bench equipped with adequate devices torapidly block or extinguish the light which work in less
than 0,0[L s (photographic shutter for example) and.to-connect the optical system to the opacimeter [neasuring
system. [In the case of a green LED, sufficiently rapid extinction of the light can be obtained by merely switching
it off.

b) Numerigal treatment: The A-D transformation and recording time interval must be known. The mdnufacturer
specifieg in detail the numerical algorithm with all constants.

11.7.3.1.2 Hecorder output signal

The recordef or equivalent instrument output of the opacimeter should be viewed on an oscilloscope [of at least

10 MHz band pass. The elegtrical response time is then the time taken for the output to go from 10 % to PO % of its

final value; this time shall be-measured to the nearest 5 ms.

11.7.3.1.3 Analog meter output

Where an ahalog. output (e.g. moving coil meter) is also fitted, the "display response” shall be measured by

photographing the display with a camera or video recorder of sufficiently high speed to enable a timd response

graph to be derived. The display response is the time for the display to go from 10 % to 90 % of its final value; this

time shall be

measured to the nearest 20 ms.

11.7.3.1.4 Digital meter output (unless numerical raw signal treatment)

Where a digital peak hold indicator is fitted, arrangements shall be made for the shutter or other light extinction

device to ext
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The test then consists of noting the time interval, as it is increased, at which the displayed peak reaches 80 %8) of
the value for full extinction. This time interval is the electrical response time of the digital display system.

11.7.3.2 Evaluation

Verify that the measured electrical and (if applicable) display response covers the specifications in 10.1.2.

11.7.4 Physical delay time (see 8.3 and 10.1.4)

11.7.4.1 Obijective

In applicaf

physical d
measurin

11.7.4.2
A smoke
the smoksg

0,05s. Th

11.7.4.3

Fast smole transients shall be performed for different sample flows-(ffom lowest to highest sample p

both smok
11.7.4.4

The start
time is th
times for t
11.7.5 Teg
11.7.5.1

When usir
time of thg

This chech
temperatu

11.75.2

Determine

Test procedure

lay time, ty, then determines the actual physical response time of the arrival of a smoks
chamber and therefore indirectly determines the width, the area in the t-k plot and the height

reparation for test
etector shall be installed in the exhaust pipe (e.g. simple version of a full-flow opacimeter).

to go from this smoke detector position to the position of the inlet of the Jopacimeters sha
b signal from the smoke detector and the output terminal shall be connegted to a recorder.

e curves shall be recorded.
Fvaluation

f the smoke shall be defined as the rising of the smoke signal over 10 % of the full deviatiq
he sample flows is within the range of flows specified.
mperature response time  (see 8/4)

Dbjective

g the temperature of thesexhaust gas in the evaluation of the test, it is important to know
temperature measuring/device.

is to verify thatthe’temperature measuring device has a sufficiently short response time to f
re being measured.

Preparation/for test

from the design and flow characteristics of the opacimeter (or by a practical test) the

the test. The
peak in the
of the peak.

The time for

| not exceed

ressure) and

n. The delay

difference between the start times of the_Smoke detection and the opacimeter. Check that the delay

he response

pllow the gas

ninimum gas

velocity to

which the temperature probe is subjected in normal operation of the opacimeter

Arrange for the probe to be immersed in a flow of air at the minimum gas velocity at ambient temperature, then
switch (in less than 0,1 s) to a gas flow with a temperature of about 100 K above ambient.

Arrange for the recording of the temperature as a function of time.

11.7.5.3 Test procedure

Switch the

probe from ambient temperature to heated temperature and record the time. Repeat twice.

6) If the electrical response is a simple exponential one, then t, is 1,6 times the time constant (of the simple exponential).
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11.7.5.4 Evaluation

Check that the time for the temperature indication to reach from 10 % to 90 % of the difference between the heated
and ambient covers the specifications of the electrical response time t, in 10.1.2.

The temperature probe may be mounted in the opacimeter or a separate rig, but, in the latter, the probe shall be
mounted in a equivalent position (protrusion into the air stream and similar heat conductance conditions).

12 Verification of in-service conformity of opacimeters

12.1 Genefal

This clause gives the minimum checks which shall be made in service to verify than an opacimeter-of a fype which
has been velfified in accordance with clause 11 continues to conform to the specification when inuse.

12.2 Itemsjto be checked
In service, it |s necessary to check that the following items are correct, if applicable:
a) colour tgmperature of light source (e.g. by voltage) or verify green LED is used;
b) receiver|circuit setting and accuracy;
c) sample pressure indicator;
d) scavenge air setting:
O settjng of blower or pressure,
O performance characteristics of blower, if not ecovered by a);
e) sample {femperature sensor;
f)  pipe fittipgs (e.g. waste pipes, probes);
g) gas tigthess of casing;
h) gas tighfness of by-pass valve,
i)  mechanical and chemical\conditions of all moving parts and installation items;

j) division pf flow (oceasional check for opacimeters with central entry to the smoke chamber).

12.3 Details of chécks

al

12.3.1 Gend

=

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 (voltmeters, manometers, controls, and offices) are supplied as
standard equipment with the opacimeter. The accuracy of the temperature sensor should periodically be checked
by standard methods.

12.3.2 Receiver circuit setting and accuracy
To satisfy the second item of 12.2, the zero setting (with light source switched on) and 100 % opacity (with light
source switched or blocked) should be checked frequently and reset if necessary. An intermediate scale check of

accuracy should be made using the calibration filter (see 10.3.3) provided by the manufacturer. Different, but
equivalent checks, may be required with some designs of smoke meter.
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12.3.3 Division of flow (if applicable)

ISO 11614:1999(E)

At intervals of about 1 month (or in accordance with the recommendation of the manufacturer), with normal usage,
opacimeters with central smoke entries should be checked to ensure that the division of flow between the two

halves is within the limits recommended by the manufacturer.

13 Test report of opacimeter verification

NOTE These are examples of the type of headings and layout which may be used. Where equivalent methods apply,
different headings and layout may be more appropriate.

Opacimeteler MANUFACTIUIET ..o )

TYPE v Model NUMDEr ... S Y

Serial NUNMDET ... e e e e snne e e e B Mk e e

13.1 Datq and instrumentation requirements

13.1.1 Data supplied by the manufacturer  (see 11.3)
Establish the list.

13.1.2 Ingtrumentation requirements  (see 11.4)
Establish the list instruments fitted or supplied.

13.2 Res\llts of instrument verification

13.2.1 Rgsolution and scale (see 11.5.1)

Opacity resolution and SCAIE .........cooeviiiieee e N e

Light absorption resolution and SCale ... . i ———————

13.2.2 Light source (see 11.5.2)

13.2.2.1 Incandescent light source

LIt SOUIEE tYPE .. 00 ettt etttk e ekt e e ekt e e sk et e e e aabb e e e e aa ket e e e aab bt e e e aab bt e e e e sbbeeeeabneeaeans
Operating|limits . < )" ooieeennnn. VIO ., V (given by manufacturer)
Correspor{ding colour temperature  ...ceeeeiiiiineeen. G (0 IO K

13.2.2.2 Green CED fightsource

(0] 01| Y T=T g {=To I (o I oL | (== o IO O PP OUP PP PTPPP

13.2.3 Receiver response (see 11.5.3)

13.2.3.1 Receiver for an incandescent light source

[ aT0 (o Tot=] 181 o= TP UT PP OPT PRI

Filter type (if @PPIICADIE) ...ttt e ket e sk b et e e e ab et e s Rb e et e s R bt e e nb e e e aneeas
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Table 2

Receiver characteristics

Temperature conditions

(including filter if applicable) Ambient Maximum
temperature temperature2
Receiver temperature K
Wavelength for maximum response nm
Response at 430 nm % of max.

Response at 680 nm

% of max.

a Receiver at maximum temperature specified by manufacturer. Tests to be made as

©1SO

13.2.3.2 Re
Photodiode t
13.2.4 Accu
13.2.4.1 Po

Minimal light

applicable to type of opacimeter.

Ceiver for green LED light source

racy of measuring circuit and calibration

ver variation and zero stability  (see 11.5.4.1)

Error messa];

13.2.4.2 Ze

o stability (see 11.5.4.2)

(see 11.5.4)

intensity level for accepted adjustment: ..........cccooviiiiii DN e,

€ at to IOW lIght IEVEL: ...ooiiiiii e 5 R e e e e e e e e s nnnreee e e e s s s nneee fee e

Vo] 1c=To [T n1] o T S PO TT P PR PUPPPROUPPRRPUPIY RPUPPPON Vv
Indicator reafling with:

O lamp swjtched off or blocked, circuit disconnected 100 %;

O lamp swjtched off or blocked, circuit connected %.

Zero drift ....}........ % OVer .....coecvvveee min

13.2.4.3 Scale accuracy (see 1925.4.3)

Zer0 Ight INTENSILY: ...eeeee ettt e e et e e e st ae e e s sbbbeeeesnnneeessnnneeessnnneeessfonnennniieeenas
RECEIVET TEMIPEIATUIEL I ittt ettt et e et e e s st e e e s s e e e e s snre e e e s snneeeessnnnneeesnnreeessnnneeessnnne feennnneeennas K
Table 3

Test No- Catibrator vatue Opacimeter reatmy Error

% m-1 %

m-1

%

38


https://standardsiso.com/api/?name=7c033b604302689e175817f3f9638b83

©1SO

13.2.4.4 Conformity of scales

(see 11.5.4.4)

Table 4

ISO 11614:1999(E)

Reading on opacity scale
%

Reading on kscale
m-1

Calculated k scale
m-1

Difference
m-1

13.2.5 Vgrificatiomof opticatdesigm—(See 115°5)

(@ o) d[or=1 o 1] Yo g IR /=T 11T [ RSO UPESRT ) S

13.2.6 Preconditioning (see 11.5.6)

Use a table similar to that in 13.2.4.3.

13.2.7 Elg¢ctromagnetic and climatic compatibility

Use a table similar to that in 13.2.4.3.

13.3 Results of verification of basic and design specifications
13.3.1 Tgmperature conditions

13.3.1.1 Temperature distribution in sampling type opacimeters

13.3.1.1.1| Test conditions

(see 11.6.1)

(see 11.5.7)

(see 11.6.1.1)

(see 11.6)

Table 5
Specifications Test conditions
a) b)
Sample temperature & K T, Ty
Sample pressure kPa
Schvenge air pressure kPa
Stabilizing time min

a Mean temperaturéin the smoke chamber assessed from the sample temperature indicator provided by the manufa

turer.

13.3.1.1.2| Test\results

See Figure6foramexampte:

Minimum temperature of test gas (before mixing scavenge air)

Maximum temperature of test gas in smoke chamber
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Table 6

©1SO

Specifications Test conditions

a)

Mean sample temperature calculated from temperature distribution

K T, .....

a

.......

Tpi e

Distance, |, (from the point of smoke entry), for condition B at which the measured temperature equals the mean

temperature:

For an opacimeter with smoke entry at one end of tube: |,

For an opaci
I (left
I (righ
0,5 (I1

maximuim difference between calculated (T,, T,) and assessed temperature (T, ~Ty)

13.3.1.2 Temmperature distribution in full-flow opacimeters

13.3.1.2.1 T4
Temperature

13.31.22 T
11.6.1.2.3, sf

meter with central smoke entry:
oL IELA1107) LU O PR e OO
O TIR=Y2115Y) LA ORI s SO

(see 11.6.1.2)
mperature as measured by the temperature measuring device supplied by the manufacturer

bmperature as determined by measuring at five points in the measuring zone as de
be Table 7.

Table 7
Position 10 % 30 % 50 % 70 % 90 %
Ta
Ty

13.3.1.2.3 M

Confirm that

pan temperature T .and Ty as calculated in annex A:

theindicated temperatures are within + 5 K of T, and T, mean values.

scribed in

7) Viewed from entry.
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13.3.1.3 Temperature of sampling line and housing of sampling type opacimeters (see 11.6.1.3)
Table 8
Probe identification Probe 1 Probe 2 Probe 4

Ambient temperature K

Temperature of hot air K

Flow rate of hot air I/min

Probe diameter mm

Max.rgas-vetecty-rprobe S

Posifion of temperature sensor (brief description)

Precpnditioning time (stated by manufacturer) S
Temperature of stabilized system K
Time| taken to reach 343 K S

13.3.2 Steadiness of reading (see 11.6.2)
13.3.2.1 Test conditions

Recorder ¢haracteristics:

I (=1 0o 1S = s to 90 % full scale
O SENSIIVILY ..uvuvieieiiiiiiiiiiiinneeeeenenneenannnnns fbennes m~1/mm (at test opacity)
O  chart BPeed .......cccuuviiiiiiii e ST mm/s
Smoke megasuring system (brief description):...... o e
Table 9
Specifications Test conditions Sample pressure
max. & min. &
Opacity of test gas m—1
Sample pressuré kPa
Scavenge air pressure kPa
Sample-temperature K
a Dejete’if not applicable.

13.3.2.2 Testresults

See Figures 7a) and 7hb).

0Ly (== o [T LTS 1Y =T i IR m-1(range)
13.3.3 Internal reflection and diffusion  (see 11.6.3)

13.3.3.1 Test conditions

Diameter Of SENSItIVE Grea Of FTECEIVET .......cciiiiiiiiiiiii ettt e s s et e s e e e s e e e s nnnree s mm

[ TE=T 0 (=] (=] g0 =111 mm
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Distance from [€NS t0 SCIEEN .......uiiiiviiiiiie e
Diameter of central hole Of SCrEEN .......oovvveiiiiiiii e
Distance from SCreEN 10 MECEIVEN ....cccvueriiiiiie e e e era e e

TeSt gas OPACILY ...cceeeeeee e

13.3.3.2 Test results 8)

a) Reading with screen in posSition ..........oeeeei e,

Reading

b) Reading

Reading

¢) Reading

Reading

13.3.4 Light
13.34.1 Te
Sample pres
Scavenge ai
Sample or e
Stabilizing tir]
Scavenge ai
13.3.4.2 Te

Receiver tem

WIth SCIEEN FEMOVEM .....eiiiiiiiiiiiiie ittt e e ettt e e e e e s sebbbr e e e e e e e e s ennnnesee el
Wwith screen in POSItION ........cooovviviiiiiii e N
WIth SCIEEN rEMOVEM ......ooiiiiiiiiiiiiiiiee et e e sirreeee e e s s s s e e e e e e e e
With SCreen in POSIIOND) ........c.ciiiiiieie el ettt ettt
WIth SCIEEN FEMOVE .....eiiiiiiiiiiiiieiiie e Bttt e e e e e s s bbb e e e e e e e e aabnabreneeeeeas
receiver temperature (see 11.6.4)

5t conditions

UL I (L= Vo] o] [Tor=1 o] = ) e S
pressure (if applicable) ... o

NAUST LEMPEIALUIE ... i e

LT 001 01T =L | S TP

t results

01T =1L = PP TPPPRN

13.3.5 Effe

tive  optical nath lenath L. (see 11 65)
™ d g 7ARAN 7

13.3.5.1 Comparison with known opacimeter  (see 11.6.5.2)

8) Delete if not applicable.

9) With smoke

42
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(U] o= OO PP PPPPR PO
Effective optical path 1eNgth, La ... mm
Table 10
Reference opacimeter Opacimeter under test
Sample Sample |Opacimeter Corrected Sample Sample [Opacimeter| Corrected Calculated
pressure |temperature | reading opacimeter pressure [temperature | reading opacimeter |effective optical
reading 2 reading 2 path length
kPa K % % kPa K % % mm
Average
Standard deviation
95 % confidencélimits P
& This cofrection is to bring the reading to the reference temperature.
b Taking |nto account the known accuracy of the reference opacimeter.
Accuracy ¢f effective optical path length, L,: + ...... mm at 95 %confidence.
Scavenge|air pressure (delete if not applicable):
O referanNCe OPACIMELET.......viii ettt o e e e e sttt e e e sabee e e e sbb e e e s sbeeeessabeeeeesabeeeessnbeeeeeesanneeeesnsne fuennneeeenns kPa
O opacineter UNAer tEST........eviiiiiieeriiiieeee ettt et e et e e e sbbe e e e e ssnneeeesnnne feesniieee e kPa
O sampling system (Brief detail)...... ... f e
13.3.5.2 Comparison of results from ‘one opacimeter with and without modification of operation
(see 11.6.5.3)
Table 11
Modification opacimeter Opacimeter operating normally
Sample Sample Opacimeter Effective Sample Sample Opacimeter Calcylated
pressure |d{emperature | reading optical path | pressure |temperature | reading ¢ |effectivd optical
a length a path Iength
kPa K mm kPa K % njm
Average
Standard deviation
95 % confidence limits

b Relative to "zero" after the modification is made.

C Relative to "zero" before the modification is made.

a |f these temperatures differ by more than 40 K, then experimental data shall be given validating the adjustment
for the differences in temperature in the method of calculating effective optical path length.
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Scavenge air pressure with opacimeter operating normally

Effective optical path length as modified

Effective optical path length operating normally -

©1SO

Where the ratio is greater than 1,25, separate data shall be given to validate the sample temperature
measurements with the modified opacimeter.

Modification (brief details)

Sample temperature MeaSUIEMENT POSITION: .......iuiiieiiiiie ettt ettt ettt ettt e e st et e e aabbe e e e abbee e e s bbeeeesbbeeeesbneeeeanes

Opacimeter lperating normally

Opacimeter modified

Recordings g
13.3.6 Effeg
13.3.6.1 Te
Maximum sa|
Normal scav
Minimal scay
Sample temy
Smoke opac
13.3.6.2 Te

A table of re
path length.

Number of rg

Average effe

Standard deyi

95 % confide

f readings during the test shall be included in the test report.

t of sample and scavenge air pressure  (see 11.6.6)

5t conditions

mple pressure

Pnge air pressure

enge air pressure

erature

bt results

bults similar to that in 13.3.5 shall be provided depending on the method of measuring effec

adings

Ctive optical path length

nce limits*on average

Effectiv

e Optical path length at maximum sample pressure _

Effective optical path length at minimum sample pressure

Maximum pressure/depression in smoke chamber

Position of m

13.3.7 Gas tightness of opacimeter

easurement

(see 11.6.7)

13.3.7.1 Gas tightness of by-pass valve with reduced pressure

Sample pressure

Scavenge air pressure
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S T= L] 0] (oI (] g LT = LU = PSP K

ST a0 (=T o= Lol Y SR m-1

Table 12

Specifications Individual readings Average
m-1 m~1

Smoke by-passing normally

Reduced pressure at by-pass valve

Method of|obtaining reduced pressure at by-pass valve ... e T b
13.3.7.2 (@as tightness of by-pass valve with increased pressure
Probe desCription ...
Sample gas velocity in exhaust tube: ..........oovvvvviiiiiii AT e m/s
S T= L] 0] LI (] ] LT = LU = PP S SRR ISP K
ST aTe] (=T e] o] 2 Lol Y O S SRR RSSRRR m-1
Table 13
Step Action Test 1 Test 2
1 Adjustment without smoke, without filter
Measurement of filter

2 Measurement of smoke

3 Adjustment with smoke at-probe and automatically closed valve

4 Without smoke at grebe, without adjustment

Measurement of jZero"

5 Measurement of filter

6 Difference between values from steps 1 and 5
13.3.7.3 @as tightness of casing (see 11.6.7.2)
S T= g ] 0] Lol o] S1STT 6 < PSP S T PPRTRT IR kPa
SCaAVENQE AT PTESSUTE ooorrirrrs s s s s i s o e s i i i e e e i i i s i e i e kPa
S T= L] 0] LI (=] g LT = LU = PP K
ST aTe] (=T o= Lol Y m-1
=TS Qo= oY= Yo 1A dm3/s
=Yoo Yo 11 To] RS dm3/s
Leakage of casing before sealing ..., dm3/s
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