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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 (IEC) on all matters of
electrotechnical standardization.
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Introduction

There exist several measurement methods to determine the components of smoke emissions. Each
method is measuring special properties of smoke. Therefore, the results obtained with different
methods are typically not comparable among each other.

The objective of this document is to give a guidance for measurement of soot with a filter type smoke
meter, knowing about the different components of the smoke of compression ignition engines and their
particular properties.

An

varviauw aftha yma
VeI v It vy ot

D
¢
+
P
8
P
o]
qt
3
)
4+
ool
(0]
[«
¢
n

nd 1ISO 9096

is gi

yen in Annex B.

Corrlelation formulae to calculate the mass concentration of black carbon out of the filter sm
(FSN) are given in Annex C.

The

characteristics required for filter-type-smoke meters are defined in ISO 10054.

bke number
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Reciprocating internal combustion engines — Exhaust
emission measurement —

Part 3:
Test procedures for measurement of exhaust gas smoke
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Scope

document specifies a method for the measurement of smoke from-exhaust gas of re
nal combustion (RIC) engines at a steady state condition. The method evaluates the {

from FSN. Where necessary, individual requirements may be specified for partic
jcations.

document is applicable to RIC engines for mobile, transportable and stationary us
hes for on-road transport of passengers and goods. [t¢an be applied to engines for non-r
arth-moving machines, generating sets and for othler applications. For engines used in]
red by additional requirements (e.g. occupational health and safety regulations, reg
br plants) additional test conditions and special evaluation methods can apply.

Normative references
titutes requirements of this document. For dated references, only the edition cited

10054, Internal combustion compression-ignition engines — Measurement apparatus for
hes operating under steady-state conditions — Filter-type smokemeter
Ferms anddefinitions

he purpéses of this document, the following terms and definitions apply.

inddEC maintain terminological databases for use in standardization at the following a

 filter

ciprocating
oot content
ration (mg/
hlar engine

b, excluding
pad use, e.g.
machinery
ulations for

following documents are referréd to in the text in such a way that some or all of their content

hpplies. For

ited references, the latest edition of the referenced document (including any amendmerts) applies.

smoke from

ddresses:
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filte
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IEC Electropedia: available at http://www.electropedia.org/

r-type smoke meter

instrument in which a given exhaust gas volume is passed through a clean filter of a certain area and
the blackness condition of this filter is subsequently used to define the filter smoke number (3.3)
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3.2

effective filtered column length

Lg

length of the gas column actually passing through the filter, taking into account dead volume and
leakage in the sampling system

Note 1 to entry: Effective filtered column length is expressed in mm.

3.3

filter smoke number

FSN

standardizg oto 1SO 10054, exXpre o the SIoRe characteristi 1T X gas,
represented by the degree of blackening of a clean filter caused by the soot (3.6) in a given colunn of

exhaust gag

34

Bosch smo
SN
measuring
meter, repr
exhaust gag

Note 1 to ent
it doesnoth

3.5

passing through this filter

ke number

lnit expressing the smoke characteristic of the exhaust gas, obtained with a Bosch s

hoke

bsented by the degree of blackening of a filter, caused by the soot, (3:6) in a given columin of

passing through this filter

ry: The Bosch smoke number corresponds to an effective filtered-calumn length (3.2) of 405 mny, but

ve a defined pressure and temperature as the basis.

exhaust gas smoke

visible susp

Note 1 to e
depending o
[also referre

ension of solid and/or liquid particles in gases resulting from combustion or pyrolysis

htry: The exhaust gas smoke, may be black:smoke, blue smoke, brown smoke or white s
W the components present in the exhaust gas after the combustion or pyrolysis process. Black s
d to as “soot” (3.6)] is mainly due to the presence of carbon particles. Blue smoke is usually d

droplets resyilting from the incomplete combustion of-fuel or lubricating oil. Brown smoke is due to the prej

of NO3 in the

3.6
soot
all compong

Note 1 to en
renewable fu

3.7
particulatg
PM
any materiz
temperatur

exhaust gas. White smoke is usually'due to condensed water and/or liquid fuel.

nts contained in the exhatist gas and blackening a filter

ry: Major component.ofsoot is black carbon (3.8), formed by incomplete combustion of fossil
els and biomass.

matter

11 colleeted on a specified filter medium after diluting exhaust with clean filtered air
eand a point as specified in ISO 8178-1

h

oke
oke
lie to
ence

uels,

to a

EXAMPLE

3.8

Elemental carbon (3.9), condensed hydrocarbons and sulphates with associated water.

black carbon

BC

distinct type of carbonaceous material, formed only in flames during combustion of carbon-based fuels
Note 1 to entry: Itis distinguishable from other forms of carbon and carbon compounds contained in atmospheric
aerosol because it has a unique combination of the following physical properties: strong absorption of light,
refractory nature, insoluble and graphitic structure.

Note 2 to entry: This definition is adapted from Reference [8].

Note 3 to entry: The black carbon is reported in the following according to the details in Reference [9], Table 1.
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elemental carbon

EC

carbonaceous fraction of particulate matter (3.7) that is not removed from a filter sample heated to
temperatures greater than 1 143 K (870 °C) in an inert atmosphere, excluding char

Note

1 to entry: See Reference [12], Figure 5.1.

4 Smoke measurement by a filter-type smoke meter (FSN)
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4.3

.1 Installation(ef a filter-type smoke meter

Application

method is suitable for evaluating the content of soot in exhaust gas.

Principle

mple of exhaust gas is extracted from the exhaust pipe through a sampling line and pas
er of a known area. The blackening of the filter is caused by soot eontained in this s
mn. The blackening is a measure of the content of soot in the exhaust gas and is calculaf]
fal reflectance of the blackened filter relative to a clean filter according to Formula (1).

:SN=(1—R{)/R'C)X10
e

R, is the reflectometer value of the blackened filter;
R'.  is the reflectometer value of the clean filter.

in accurate measurement of low sooticoncentrations a prolonged column length may b

may be obtained either by multiple operations of the instrument without changin
r or — where the suction volume-is controlled by a continuously working pump — by 3
ating time of the pump.

Measurement with a’filter-type smoke meter

bbe and sampling line recommended by the instrument manufacturer is to be used. The

ope

Ifw
pro

stalled ifi'the exhaust gas pipe in a way that a representative sampling is possible ang
ation is-not affected.

ter, or a reagent for an exhaust gas after treatment device is injected into the exhaust

sed through
ampled gas
ed from the

e8]

b necessary.
g the filter
Iin extended

probe shall
the engine

system, the

The temperature of the exhaust sample in the sampling system is to be maintained above the dew point.

4.3.2 Engine operating conditions

A steady-state engine operation is required for the FSN method. Operating values like load, speed and
exhaust gas temperature may be used to judge the steadiness of the engine. Speed and load may vary

only

in a small range. Declarations of the engine manufacturer shall be respected.

4.3.3 Sensitivity to fuel oil

The type of fuel which is burned during the measurement may cause sensitivities to the measurement.
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4.3.4 Measurement procedure

Ifrequired a sufficient warming up time of the measurement equipment according to the manufacturer’s
specifications shall be maintained.

The exhaust gas sample shall be drawn into the probe and sampling line and passed through the filter
with a homogeneous flow per unit area (for instance, using a piston pump or a continuous working
pump). The effective gas column length (Lf) is calculated as the ratio of the effective suction volume to
the blackened area of the filter. This length is indicated by the manufacturer of the instrument.

The FSN shall be given corresponding to an effective suction length of 405 mm, 25 °C (298 K) and
100 kPa.

4.4 Gendral requirements

The measuting apparatus shall comply with ISO 10054.

4.5 Gas temperature and pressure

The FSN arjd carbon mass concentration (mg/m3) measurement results shall-be referenced to 25 °C
(298 K) and 100 kPa using the method indicated by the instrument manufacturer. For other reference
conditions fefer to Annex D.

5 Testreport

If required,|a test report according to Annex A shall be generated.
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Emission test report — Smoke test data

Table A.1 — ISO 8178 Emissions test report — FSN test data

Englne type Instrument
Manufacturer Manufacturer
Ratgd speed min-1|Type and model
Rat¢d power kw

Testfsite Date

Fuel type

Run 1 2 4 5 6
Ambient data

Bargmetric pressure kPa

Intake air temperature °C

Intake air humidity %

Engjne operating conditions

Powler kW,

Spe¢d ming!

Exhfust temperature at probe inlet °C

Exhfust pressure at probe inlet kPa

Temjperature at instrument measuring °C

cell

Pregsure at instrument measuring cell kPa

Measured values

FSN (FSN)

Bladgk carbon mass €oncentration mg/m3
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Annex B
(informative)

Overview particulate and soot measurement methods

In much of the scientific literature the terms soot, black smoke, black carbon (BC) and elemental carbon
(EC) are used interchangeably, although soot, black smoke, BC and EC commonly have operational and
source-bas¢d definitions, respectively, notwithstanding that reliable reference samples and aefosol
standards do not exist for either one.

The filter-type smoke measurement method is used for the measurement of visiblerblack smoke
emissions. The measurement results (FSN) evaluated in accordance with this document, are diffgrent
from the rgsults obtained with the particulate-measurement methods described in ISO 8178-1 ¢r in
other standprds and regulations.

There is a distinct difference between the results of this smoke measurementinethod and the results
obtained with the measurement of opacity as described in ISO 8178-9. Wher€as an opacimeter measjures
the fraction of light that traverses the exhaust gas, a filter type smoke nietér measures the light, wihich
is reflected|by a filter blackened by exhaust gas.

Opacity baded on light extinction (given by the absorption and theseattering of light) is sensitive tq any
kind of exhaust gas component which is absorbing and/or scattering the light passing the exhaust gas.
It measured the components from the black, brown, blue and-white smoke.

The FSN is pensitive to particulates which are blackening a filter and therefore it detects compornlents
which are apsorbing light. These components are mainly elemental carbon.

For informdtion about components and related measurement methods refer to Figure B.1.

6 © IS0 2019 - All rights reserved
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Components Smoke Types Measurement Methods
sulfate
associated
WL white smoke 14
! a
2
If: E
sulfates o 2
: > N
(504 i N
g blue smoke 12
w

organic
carbon

blue smoke

PM incl. condensables
ISO 8178-1

IN0)
8178-3

elemental
carbon (EC) black smoke

ash fuel oil

ISO 9096

Opacity
[SO 8178-9

non - volatile

PM without condensables

11

blue smoke

white smoke _—

volatile

N,

Key
! contribution possible
a  Contribution can be minimized or even eliminated by use of appropriate fuel and lube oil.

NOTE Particle number and its measurement methods are not included in the figure. For more information
refer to ISO 8178-1.

Figure B.1 — Exhaust components and measurement methods
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Annex C
(informative)

Correlation formulae

C.1 General

A number of filter type smoke meters are available. Therefore, the correlation formulae are spécifi
each type of instrument.

C.2 AVL Correlation formulae for the calculation of black carbon mass
concentration

C.2.1 General

Calculationfof BC mass concentration (mg/m3 in wet exhaust) from the ESN by means of AVL correld
formula:

Referenice conditions Pg = 100 kPa and Ty = 25 °C.

C.2.2 Unheated conditions, FSN < 8

For measurlements performed in unheated conditions*(unheated instrument and unheated samyj
lines) and FSN < 8, Formula (C.1) can be used[11]:

xFSNx4,95x exp(0’38 xFSN)

C.2.4 Heated conditions, FSN < 8,08

c for

ition

pling

(C.1)

pling

C.2)

For measurements performed with instruments operated in heated conditions (heated instrument and

heated sampling lines) and FSN < 8,08, Formula (C.3) can be used[11l;

BC= (0,306 2x FSN)

1 c xFSNx5,32xexp

)’

C.2.5 Heated conditions, FSN > 8,08
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