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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.

ives, Part 2.

ternational
for voting.
Publication as an International Standard requires approval by at least 75 % _of the member bodies
cast|ng a vote.

Atteption is drawn to the possibility that some of the elements of this doeument may be the subject of
patent rights. ISO shall not be held responsible for identifying any or altsuch patent rights.

ISO $855-1 was prepared by Technical Committee ISO/TC 22, Road vehicles, Subcommittee S(23, Mopeds.

[SO |16855-1 cancels and replaces ISO 6855:1983 and 1S0&7859:2000, both of which|have been
techpically revised.

ISO p855 consists of the following parts, under the general title Mopeds — Measurement| method for
gasepus exhaust emissions and fuel consumption:

— Part 1: General test requirements
— Part 2: Test cycles and specific test conditions

— Part 3: Fuel consumption measurement at a constant speed

© IS0 2012 - All rights reserved \%
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Introduction

For measurement of moped fuel consumption, the carbon balance method, where the fuel consumption
is calculated from analysis of the carbon quantity in the exhaust gas, is now widely used in addition to
the conventional fuel flow measurement. Therefore, the measurement of exhaust gas and that of fuel
consumption are inseparably related to each other.

ISO 6855 now covers in one single series of standards the two subjects that were previously covered
separately by ISO 6855:1983 and by ISO 7859:2000. This part of ISO 6855 defines fundamental elements
such as the measurement accuracy, test vehicle conditions and the details of the carbon balance method.

Measurem
with this p

measurements at a constant SpEEd.

While the

development in the following aspects will be necessary in the future, when measurementof exhaus
at a lower lgvel is required:

— cleanin

— heating of the sampling line;

— control

— the exhjpust gas analysis system for low-level emissions;

— considgration for the evaporated fuel from the test mopeds

In addition

at the stagg of practical application. Standardization 0f the verification method and the allowan
simulated ipertia would be necessary for this recentdevelopment.

vi

Tt Of gasSeous extraust gas enissions and fuet consumption of testtycles cam be cond

hrt of ISO 6855 and ISO 6855-2. Together with ISO 6855-3, they also give details jof it

most up-to-date technologies are reflected in the ISO 6855 series, further tech

g of the background air (i.e the air in the test room which is used forthe dilution air);

of the test room humidity;

to the above future issues, the chassis dynamometer with electrically simulated inert

cted
hose

nical
L gas

ia is
te of
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1:2012(E)

Mopeds — Measurement method for gaseous exhaust
emissions and fuel consumption —

Part 1:
General test requirements

1
This

Scope

part of ISO 6855 specifies the general test requirements for measurement for the gase

emigsions from mopeds, and for determining the fuel consumption of mopeds as'defined in
is applicable to mopeds equipped with a spark ignition engine (four-stroke erngine, two-strol

rota

2

The

'y piston engine).

Normative references

refefences, only the edition cited applies. For undated referénces, the latest edition of the
docyment (including any amendments) applies.

ISO
ISO

8833, Road vehicles — Types — Terms and definitions

h855-2:2012,Mopeds — Measurement method for gaseous exhaust emissions and fuel con

Part|2: Test cycles and specific test conditions

ISO

h855-3:2012, Mopeds — Measurementimethod for gaseous exhaust emissions and fuel con

Part{3: Fuel consumption measurement.at-a constant speed

ISO

p8981, Mopeds — Methods for setting the running resistance on a chassis dynamometer

Terms and definitions

For the purposes of this‘document, the terms and definitions given in ISO 3833 and the folla

3.1

moped kerb mass

dry

3.2
refe

mass of the moped to which is added the mass of the following:

fuelt tank filled at least to 90 % of the capacity specified by the manufacturer;

bus exhaust
[SO 3833. 1t
Ke engine or

following referenced documents are indispensable for thé.application of this documentt. For dated

referenced

sumption —

sumption —

wing apply.

operation [tool-Kit, carrier(s), windscreen(s), protective equipment, etc.]

rence mass of the moped

duxittary equipment usuatly supplied by the mranmufacturer imaddition to that mecessary for normal

kerb mass of the moped increased by a uniform figure of 75 kg, which represents the mass of a rider

3.3

equivalent inertia
total inertia of the rotating masses of the test bench, determined with respect to the reference mass of
the moped

© IS0 2012 - All rights reserved
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3.4

gaseous exhaust emissions

carbon monoxide, hydrocarbons, nitrogen oxides (gaseous pollutants) and carbon dioxide emitted from
mopeds

4 Symbols
Table 1 — Symbols
Symbols Definition Unit 2
a mixing ratio of lubrication oil and fuel 1
cco,d carbon monoxide concentration in the dilution air ppnp
€Co,dm carbon monoxide concentration in the dilution air with the water vapour and carbon pp
dioxide absorbent
€co,e carbon monoxide concentration in the diluted exhaust mixture ppm
€Co,ec volumetric concentration of carbon monoxide in the diluted exhaust mixture, cor- pan
rected to take account of carbon monoxide in the dilution air
€CO,em carbon monoxide concentration in the diluted exhaust mixture withthe water ppnh
vapour and carbon dioxide absorbent
ccoz,d carbon dioxide concentration in the dilution air %
€coz,e carbon dioxide concentration in the diluted exhaust mixture %
ccozec |[volumetric concentration of carbon dioxide in the diluted exhaust mixture, corrected %
to take account of carbon dioxide in the dilution air
CNOx,d nitrogen oxides concentration in the dilution air ppnp
CNOx,e nitrogen oxides concentration in the diluted exhaust mixture pp
CNOxec | volumetric concentration of nitrogen oxides in the diluted exhaust mixture, cor- pPp
rected to take account of nitrogen oxides in the dilution air
coz,d oxygen concentration in the dilutien/air %
CPi,ec concentration of the pollutant.iin the diluted exhaust mixture, corrected to take ppnt

account of the amount of the pollutant i contained in the dilution air

cTHCc,d [ hydrocarbon concentration in the dilution air as measured in parts per million car- ppmfC
bon equivalent

CTHC,e hydrocarbon coreeritration in the diluted exhaust mixture as measured in parts per ppmgC
million carbouequivalent

CTHC,ec | volumetric\eencentration, expressed in parts per million carbon equivalent, of ppmgC
hydrocarbon in the diluted exhaust mixture, corrected to take account of hydrocar-
bon in the dilution air

Ds dilution factor —
Fc Specilic fuel consumption Rm/

F’; specific fuel consumption for lubrication oil mixed fuel km/L
Fc100 fuel consumption per 100 km L/100 km
Fo lubrication oil consumption for the mixed fuel km/L
H, absolute humidity in grams of water per kilogram of dry air -
Hy relative humidity of dilution air %
Hy relative humidity in the test room %
Hop standard relative humidity %

a  ppm = parts per million.

2 © IS0 2012 - All rights reserved
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Table 1 (continued)
Symbols Definition Unita
Kn humidity correction factor used for the calculation of the mass emissions of nitrogen -
oxides
K1 venturi correction factor —
K> ratio of pressure to temperature at the standard reference conditions -
L running distance actually travelled km
mco mass of carbon monoxide in the exhaust gas g/km
mco2 mass of carbon dioxide in the exhaust gas g/km
my fuel consumed g
INOx mass of nitrogen oxides in the exhaust gas g/km
Impj mass emission of the pollutant i g
MTHC mass of hydrocarbon in the exhaust gas g/km
N number of revolutions of positive displacement pump during the test while samples -
are being collected
Da mean barometric pressure during the test in the test room kPa
pd saturated water vapour pressure during the test in thetest room kPa
Pp diluted exhaust mixture absolute pressure at the inlet of positive displacement pump kPa
pv absolute pressure at the venturi inlet kPa
pv(t) absolute pressure of the diluted exhaust mixture at the venturi inlet kPa
Po total barometric pressure at the standard-xeference conditions kPa
Qa measured flow rate of venturi at ambieit conditions L/s
Dcal measured flow rate of venturi usiig'the other gas flowmeter L/s

RHC,ex atom number ratio of hydrogen;and carbon in the exhaust gas —

R[HCex |atom number ratio of hydrogen and carbon in the exhaust gas for lubrication oil -
mixed fuel
Ruct atom number ratio(ofjhydrogen and carbon in the fuel -
Ruc,o atom number ratie’of hydrogen and carbon in the lubrication oil -
Rocex |atom numbéryatio of oxygen and carbon in the exhaust gas -
Rloc,ex |atom number ratio of oxygen and carbon in the exhaust gas for lubrication oil mixed —
fuel
Rocf ater number ratio of oxygen and carbon in the fuel -
Roc,o atom number ratio of oxygen and carbon in the lubrication oil -
e relative air density at the standard reference conditions -
t tiTe S
trest total test time S
Ta measured ambient temperature during the test in the test room K
Tt fuel temperature measured at the burette K
Tp temperature of diluted exhaust mixture at the positive displacement pump inlet dur- K
ing the test while samples are being collected
Ty temperature at the venturi inlet K
Ty(t) temperature of diluted exhaust mixture at the venturi inlet K
To air temperature at the standard reference conditions K

a  ppm = parts per million.
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Table 1 (continued)

Symbols Definition Unita
T1 mean dry bulb temperature during the test in the test room K
T mean wet bulb temperature during the test in the test room K
%4 measured volume of fuel consumed L
Va dilution air volume L
Ve volume of the diluted exhaust mixture expressed corrected to the standard refer- L/km
ence conditions
Vex exhaust gas volume
173 fuel volume of lubrication oil mixed fuel
Vie volume of the diluted exhaust mixture in one test under the standard reference con-
ditions
Vo lubrication oil volume of lubrication oil mixed fuel
Vp diluted exhaust mixture volume pumped by the positive displacement pump per one
revolution
Vs total diluted exhaust mixture volume during one test L
a coefficient of volumetric expansion for the fuel K-1
pco carbon monoxide density at the standard reference conditiods g/l
pPcoz carbon dioxide density at the standard reference conditions g/l
ol fuel density at 293,15 K g/Ll
PNOx nitrogen oxides density under the standard reference conditions, expressed in g/l
equivalent NO3
Po lubrication oil density at 293,15 K g/Ll
PPi density of the pollutant i under the standard reference conditions g/l
PTHC hydrocarbon density at the standard:teference conditions g/l
Po air volumetric mass at the standardreference conditions kg/m3
a  ppm = pafrts per million.
5 Standprd reference conditions
The standayd reference conditions shall be as follows:
a) total bgrometric pressure, pg: 101,325 kPa;
b) air temperature, To: 293,15 K;
c) relativg humidity, Ho: 65 %;

d) air volumetric mass, po: 1,205 kg/m3;

e) relative air density, ro: 0,931 9.

6 Tests
6.1 Measurement of gaseous exhaust emissions

6.1.1 Average gaseous exhaust emissions during conventional test cycles

The test shall be carried out in accordance with the method described in ISO 6855-2.

4 © IS0 2012 - All rights reserved
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6.1.2 The gaseous exhaust emissions measurement at an idling speed

The test shall be carried out in accordance with the procedure described in ISO 6855-2.

6.2

Measurement of fuel consumption

6.2.1 Average fuel consumption during conventional test cycles

The test shall be carried out in accordance with the procedure described in ISO 6855-2.

The

Irres
perf
(con

7.1
The

7.2

7.2.]

the noped exhaust outlet(s) while maintaining atmospheric pressure at the exhaust outlet

syst
shal

1:2012(E)

est shall be carried out in accordance with the procedure describedin ISO 6855-8:

easurement equipment

pective of the provisions specified below, any measurement system{s) may be use
brmance of the equipment is proven by the equipment manufaeturer to be equiva
Ktant volume sampling) system.

Chassis dynamometer

chassis dynamometer shall be set in accordance with [SO 28981.
Gas-collection equipment

| The gas-collection device, shall be a glosed type device that can collect all exha

bm may be used as well if it is confirmed that all the exhaust gases are collected. The gg
be such that there is no condensation, which could appreciably modify the nature of ex

att

7.2.

devife, shall be made of stainless steel, or of some other material which does not affect the ¢
of the gases collected, and which withstands the temperature of these gases.

7.2.3

pump intake to + 5 Kthroughout the test. This exchanger shall be equipped with a preheating sy9

of b

7.2.4
equi

test temperature.

A connecting tube, between the device and the exhaust gas sampling system. This t{

A heat exchanger, capable of limiting the temperature variation of the diluted exhaust m

inging the.exchanger to its operating temperature (with the tolerance of + 5 K) before the te

L _A'positive displacement pump (PDP), to draw in the diluted exhaust mixture. T
pped with a motor having several strictly controlled uniform speeds. The pump capa

d when the
ent to CVS

Ist gases at
s). An open
s collection
haust gases

ibe, and the
omposition

ixture in the
tem capable
st begins.

his pump is
ity shall be

larg

EITOUBIT 0 ENSUTE UIE IMtake of atl the exitaust gases.

7.2.5 A critical flow venturi (CFV) may also be used.

7.2.6 A device to allow continuous recording of the temperature of diluted exhaust mixture entering
the pump.

7.2.7 Two gauges:

— one to ensure the pressure depression of the diluted exhaust mixture entering the pump, relative to

atmospheric pressure;

one to measure the dynamic pressure variation of the positive displacement pump.

© IS0 2012 - All rights reserved
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7.2.8 A probe, located near to but outside the gas-collecting device, to collect, through a pump, a filter
and a flowmeter, samples of the dilution air stream, at constant flow rates, throughout the test.

7.2.9 Asample probe, pointed upstream into the diluted exhaust mixture flow, upstream of the positive
displacement pump or the critical flow venturi to collect, through a pump, a filter and a flowmeter, samples
of the diluted exhaust mixture, at constant flow rates, throughout the test.

The minimum sample flow rate in the two sampling devices described in 7.2.8 and 7.2.9 shall be 150 L/h.

7.2.10 Three way valves, on the sampling system, described in 7.2.8 and 7.2.9, to direct the samples

either to th

7.2.11 Gas|
S0 as not to
emissions ¢

The bags sh|
sampling sy

7.2.12 Ard
test.

Good care s
parts becay
system will
the samplin

NOTE1 W
so itisimpoy

NOTE2 If
one, itis adv

333 3a 43 L. wdao b raida +l oo 1. 4l o 4 +
IT ICDIJCL«LIVC UClSD Ul LU UIICT UULSIUT LIl UUSIIUHL LIIC LU OL.

-tight collection bags, for dilution air and diluted exhaust mixture of sufficient_cap
impede normal sample flow and which will not change the nature of the gaseous exh
pncerned.

nll have an automatic self-locking device, and shall be easily and tightly fastened either t
stem or the analysing system at the end of the test.

hall be taken with the connecting method and the materialor configuration of the conne
se there is a possibility that each section (e.g. the adapter and the coupler) of the samj
become very hot. If the measurement cannot be performed normally due to heat-damag]
g system, an auxiliary cooling device may be used:aslong as the exhaust gases are not affe

[ith open type devices, there is a risk of incompléte gas collection and gas leakage into the test 1
tant to make sure that there is no leakage threughout the sampling period.

a constant CVS flow rate is used throughout the test cycle that includes low and high speeds
sable that special attention be paid bécause of higher risk of water condensation in high speed r

hcity
aust

b the

volution counter, to count the revolutions of the positive displacement pump throughoult the

'ting
pling
es of
rted.

oom,

all in
hinge.

7.3 Analytical equipment

7.3.1 The
tube. This s

affect the cd
to the analy|

sample probe shall consist of a sampling tube leading into the collecting bags, or of a drai
hmple probe shall be ' made of stainless steel or of some other material that will not adve
mposition of the-gases to be analysed. The sample probe as well as the tube taking the g
Ser shall be atambient temperature.

hage
rsely
ases

7.3.2 Anadllysers shall be of the following types:

a) non-di§persive type with absorption in the infrared for carbon monoxide and carbon dioxide;
b) flame ibrizaten-typefor-totathydrocarbons{dHuted-meastrements:

c) non-dispersive type with absorption in the infrared for hydrocarbons (direct measurements);
d) chemiluminescence type for nitrogen oxides.

7.4 Cooling equipment

Throughout the test, a variable speed cooling blower shall be positioned in front of the moped, so as to
direct the cooling air to the moped in a manner which simulates actual operating conditions. The blower
speed shall be such that, within the operating range of 10 to 50 km/h, the linear velocity of the air at the
blower outlet is within + 5 km/h of the corresponding roller speed. Atroller speeds ofless than 10 km/h,
air velocity may be zero.

© ISO 2012 - All rights reserved
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As far as possible, the air speed shall be constant across the whole outlet section.

The

blower outlet shall have a cross-section area of at least 0,2 mZ2 and the bottom of the blower outlet

shall be between 5 cm and 20 cm above floor level. The blower outlet shall be perpendicular to the

long

itudinal axis of the moped between 30 cm and 45 cm in front of its front wheel. The device used to

measure the linear velocity of the air shall be located at between 0 cm and 20 cm from the air outlet.

7.5

Fuel consumption measurement

7.5.1 One of the following methods shall be used to measure the fuel consumption, depending on

the q
cons

a)

d)
The

Othe
7.5.]

with
fuel

in thle device outlet shall be measured.

Swit]
syst

7.5.]
mea

7.6

7.6.]

7.6.]
For 1

7.6.]

est cycle or

C U Cd C UU d U U C y T U C U UT pPC U C U U Vv U d

tatspeed):

rarbon balance method;

volumetric method;

bravimetric method;

flowmeter method.

carbon balance method shall be applied in accordance with 2.1

r methods may be used if it can be proved that the results given are equivalent.

. Fuel shall be supplied to the engine by a device capable of measuring the quantity of fliel supplied
an accuracy of = 2 % in accordance with Annex:Ay‘and which does not interfere with the supply of
Lo the engine. When the measuring system is volumetric, the temperature of the fuel in the device or

ching from the normal supply system. &0 the measuring supply system shall be dong by a valve
bm and shall take no more than 0,2 s

8 Annex A gives the descriptionrand the methods of use of the appropriate devices for fuel flow
surement.

Accuracy of instruments and measurements
| The distance'tfavelled by the moped shall be measured with an accuracy of = 1 %.

. The speed of the moped shall be measured with an accuracy of + 1 % to the resolution pf 0,1 km/h.
peedsless'than 10 km/h, the speed shall be measured to the resolution of 0,1 km/h.

g C-The ambient temperatures and the temperatures considered in 7.2.3 and 7.2.6 shall He measured

with

dll accuracy or 2 K.

7.6.4 The atmospheric pressure shall be measured with an accuracy of + 0,2 kPa.

7.6.5 The relative humidity of the ambient air shall be measured with an accuracy of + 5 %.

7.6.6 The pressures considered in 7.2.7 shall be measured with an accuracy of * 0,4 kPa.

7.6.7 The analysers shall have a measuring range compatible with the accuracy required to measure the
content of the various pollutants and carbon dioxide with an accuracy of + 1 %, regardless of the accuracy

of th

e calibration gases. The overall response time of the analysing circuit shall be less than 1 min.

© IS0 2012 - All rights reserved 7
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7.6.8 The

cooling air speed shall be measured with an accuracy of + 5 km/h.

7.6.9 The duration of cycles and gas collection shall be conducted with an accuracy of + 1 s. These times
shall be measured with an accuracy of 0,1 s.

7.6.10 The total volume of the diluted exhaust mixture shall be measured with an accuracy of + 3 %.

7.6.11 The total flow rate and the sampling flow rates shall be steady with an accuracy of + 5 %.

7.6.12 The-saind cpppd onthe testroad shallbe measured with an accuracy of + 5 94 ta the resolution of
0,1 m/s.

8 Preparing the test

8.1 Engipe fuel and lubricants

The test fue] shall be selected in accordance with the manufacturer’s requireménts and the specificgtion
of test fuel §hall be reported. An example of the record form is given in Annéx B.

Withregard to grade and quantity of oil, the lubrication of the engine shalleomply with the manufactujrer’s
recommendation.

8.2 Description of the test moped

The main specifications of the moped shall be provided in aceordance with ISO 6855-2:2012, Annejes A
and B and with ISO 6855-3:2012, Annex B.

8.3 Conditioning/preparation of the test moped

8.3.1 Thelengine, transmission and mopedshallbe runinproperlyinaccordance with the manufactufrer’s
requirements.

8.3.2 The|moped shall be adjustedinaccordance with the manufacturer’s requirements (e.g. the viscpsity
of the oils, tyre pressures) or; if theye is any alteration, the full description shall be given in the test report.
8.3.3 The|distribution of the load between the wheels shall be in conformity with the manufactufrer’s
instructiong.

8.4 Adjustment-of the analytical apparatus

8.4.1 Calibration of the analysers

The calibration gas at the indicated pressure, compatible with the correct functioning of the equipment,

shall be pas

sed through the analyser.

The curve of the analyser’s deviations shall be drawn as a function of the contents of the various gas
cylinders used.

8.4.2 Adjustment of the analysers

The adjustment of the analysers can then be carried out with only one calibration gas having an

established

content.

© ISO 2012 - All rights res
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8.4.3 Overall response time of the apparatus

1:2012(E)

The gas from the cylinder that contains the maximum concentration shall be introduced into the end
of the sampling probe. A check shall be made to ensure that the indicated value corresponding to the
maximum deviation is reached in less than 1 min. If this value is not reached, the analysing circuit shall
be inspected from end to end for leaks.

9 System check procedure

9.1

Accuracy of the CVS system

The
mas
anal

The
The

9.2

A kn
orifi
flow]
the ¢
exh3
equi

9.3
tech

The

m

fotal accuracy of the CVS system and analytical system shall be determined by introduc
5 of a pollutant gas into the system while it is being operated as if during a normal t¢
ysing and calculating the pollutant mass according to Formula (1).

-6
pi =Vie X PpiXCpigc X10

e is no humidity correction for hydrocarbon and carbon monoxidé.

two techniques in 9.2 and 9.3 are known to give sufficient accutacy.

Metering a constant flow of pure gas (CO or C3Hg) using a critical flow orif

own quantity of pure gas (CO or C3Hg) is fed into the CVS system through the calibr
ce. If the inlet pressure is high enough, the flow-raté (q), which is adjusted by means of
orifice, is independent of orifice outlet pressure-(critical flow). If deviations exceeding
ause of the malfunction shall be located and determined. The CVS system is operated as
ust emission test for about 5 to 10 min. Thegas collected in the sampling bag is analysed
pment and the result compared to the conicentration of the gas samples which was known

ng a known
st and then

e8]

ice

ited critical
the critical
5 % occur,
n a gaseous
by the usual
beforehand.

Metering a limited quantity of pure gas (CO or C3Hg) by means of a gravimietric

nique

following gravimetric procedure may be used to verify the CVS system. The weight of a snj

fille
10

is injected into the system. The quantity of pure gas involved is determined by means of
weighing. The gas accumulated in the bag is then analysed by means of the equipment normz
exhdust-gas analysis. The results are then compared to the concentration figures computed

with either carbon monexide or propane is determined with a precision of + 0,01 g. Fo
in, the CVS system-is.operated as in a normal gaseous exhaust emission test, while CO

1all cylinder
r about 5 to
or propane
differential
11ly used for
previously.

10 Procedure for sampling, analysing and measuring the volume of gasegus ex-

haust. emissions

10.1 Operations to be carried out before the moped start up

A schematic diagram is shown in Figure 1 for the representative closed type CVS system with CFV and

Figu

re 2 for the representative closed type CVS system with PDP.
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Figure 1 — A schematic diagram for the representative closed type CVS system with CFV
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5 heating exchanger Rz, Rz flowmeters
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8  fontinuous sampling probg T temperature gauge
CT fevolution counter Vo, V3  valves
a  [lo HFID; special sampling line when HFID is used.
b To atmosphere,
c [0 exhaust pump.
d

[0 analysing'system.

Figlre 2 — A schematic diagram for the representative closed type CVS system w

10.1.1 The bags for collecting the samples (S, and Sp) are emptied and sealed.

th PDP

10.1.2 The positive displacement pump (P1) is activated without starting up the revolution counter.

10.1.3 The pumps (P2 and P3) for taking the samples are activated with the valves set to divert the gases
produced into the atmosphere; the flow through valves (V3 and V3) is regulated.

10.1.4 The following recording devices are put into operation: the temperature gauge (T) and the

pressure gauges (g1 and gp).

10.1.5 The revolution counter (CT) and the roller revolution counter are set to zero.

© IS0 2012 - All rights reserved
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10.2 Beginning of sampling and volume measurement

10.2.1 The

operations specified in 10.2.2 to 10.2.5 are performed simultaneously.

10.2.2 The diversion valves are set to collect the samples, which have previously been directed towards
the atmosphere, continuously through probes (Sz and S3) in bags (S5 and Sp).

10.2.3 The moment at which the test begins is indicated on the analogue graphs which record results
from the temperature gauge T and the differential pressure gauges (g1 and gz).

10.2.4 The

10.2.5 The

counter which records the total number of revolutions of pump (P1) is started up.

device which directs a flow of air at the moped, referred to in 7.4, is started up;

10.3 End ¢f sampling and volume measurement

10.3.1 At {

he end of the test cycle, the operations described in 10.3.2 t6,10.3.5 are perfor

simultaneodisly.

10.3.2 The
the samples

diversion valves shall be set to close bags (S, and Sp) and‘to discharge into the atmosp
sucked in by pumps (P2 and P3) through probes (Sz and S3).

med

here

10.3.3 Thelmoment at which the test finishes shall be indicated @n the analogue graphs referred to in 1(.2.3.
10.3.4 Thelpump (P1) revolution counter is stopped.

10.3.5 The|device which directs a flow of air at th&.moped, referred to in 7.4, is stopped.

10.4 Analysis

10.4.1 The|exhaust gases contained dfythe bag shall be analysed as soon as possible, unless otherwise
specified in|[SO 6855-2.

10.4.2 Pridr to each sample.analysis, the analyser range to be used for each pollutant shall be set tofzero
with the appropriate span/gas:

10.4.3 The| analysersyshall then be set to the calibration curves by means of span gases of nominal
concentratipns of #0:% to 100 % of the range.

10.4.4 Thelanalysers’ zeros shall then be rechecked. If the reading differs by more than 2 % of the rhnge

from that set in 10.4.2, the procedure is repeated.

10.4.5 The

samples shall then be analysed.

10.4.6 After the analysis, zero and span points shall be rechecked using the same gases. If these rechecks
are within 2 % of those in 10.4.3, the analysis is considered acceptable.

10.4.7 At all points in this clause the flow rates and pressures of the various gases shall be the same as
those used during calibration of the analysers.

10.4.8 The figure adopted for the concentration of each gaseous exhaust emission is that read off after
stabilization of the measuring device.

12
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10.5 Measuring the driving distance
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The distance actually travelled, expressed in km, is obtained by multiplying the total number of
revolutions shown on the revolution counter by the size of the roller.

10.6 Open type CVS system

When the open type CVS system is used in the test facility, the exhaust gas shall not leak from the
connecting part of the sampling pipe(s) of CVS system and tailpipe(s) of test moped. The exhaust gas
leakage shall be checked.

NOTE

11

11.1

The
and

syst
with

I~

The exhaust gas leakage check method is described in Annex C.

Determination of the quantity of gaseous exhaust emissions

| Total diluted exhaust mixture volume corrected to the standard reference

fotal diluted exhaust mixture volume flowed into the CVS system during the test shall b
rorrected to the standard reference conditions of temperature and-pressure. In the cas
bm equipped with the CFV the procedure in 11.1.1 shall be usedy*and for the CVS syste
the PDP the procedure in 11.1.2 shall be used.

11.1.1 Total diluted exhaust mixture volume for the CVS.system with CFV

The

Forn

The

usin

diluted exhaust mixture volume for the CVS system,equipped with the CFV shall be ob
hulae (2) and (3):

1
(e =VSXZ

ttest py(t) dt
0 JTIv(®)

venturi correction factor,-Ky; shall be determined from the measured flow rate of v
b the other gas flowmeter-(e.g. the laminar flowmeter) and the venturi correction fad

(s =K1

calctilated from Formulae-(4)and (5):

The

JTv

V.

K1 =CQcal X

)4
) cal :KZXQaT_a
a

ratio of pressure to temperature at the standard reference conditions, K>, shall be

onditions

b calculated
e of the CVS
m equipped

rained from

(2)

3

enturi, Qcal,
tor shall be

(4)

(5)

K»=293,15/101,325 = 2,893.

11.1.2 Total diluted exhaust mixture volume for the CVS system with PDP

The volume of diluted exhaust mixture pumped during the test, I/, shall be calculated by Formula (6).

1

Ve=Kj prxpr—px
TP

(6)

The diluted exhaust mixture volume pumped by the PDP per one revolution, Vp, is dependent upon the
variation of dynamic pressure of the PDP.

© IS0 2012 - All rights reserved
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The diluted exhaust mixture absolute pressure at the inlet of PDP, py, is the difference between
atmospheric pressure and the depression at the inlet to the PDP while samples are being collected.

11.2 Exha

11.2.1 Exh

ust gas sampling and the dilution factor

aust gas sampling

The whole exhaust gas emitted from the tail pipe of the test moped shall be flowed into the CVS system, and
the adequate volume to analyse the diluted exhaust mixture (e.g. 50 L. —100 L) shall be collected in the bag.

11.2.2 Dil

The dilutio:[

Itis recomn

8 or more tI

The dilutio

tion factor
factor, Dy, shall be calculated by Formula (7). (Detailed information is given in Ahnex I

nended that the amount of the dilution air be determined so that the dilution factor becq
prevent the water condensation in the CVS system.

factor is defined as the volume ratio of the diluted exhaust mixture to the exhaust gas

{1 +(Rucex,/2) + [(4 +Rucex)/4- (Roc,ex/z)]x[(1 00-coz4)/co2d ]}

The oxygen
RHC‘eX and I

Ifitis not pq
the ROC‘eX \%

ROC,eX Shall

When the R
calculated K

For gasoling

4
ccoze +(CcTHCe +Ccoe )¥10
concentration in the dilution air coz g, in percent, is assumed to be 20,9 %.
Poc,ex values shall be determined by the contents analysis of the exhaust gas.

ssible to measure Ry ex and Roc,ex, the Ryc,ex value of 1,85 for gasoline and 2,64 for LPG

be determined by the contents analysis@©f the exhaust gas.

HC,ex Value of 1,85 or 2,64, and theRoc,ex value of zero are used, the dilution factor ca
y Formulae (8) or (9), which aré.the transformations of Formula (7).

h
]

13,40

2et (CTHC,e +Ccoe )X1 0

11562

11.3 Mass

2e+(cThce +ccoe )x10™

ofthe gaseous exhaust emissions

)

mes

(7)

and

hlue of 0, which is common for these fuels, maybe used on condition that no oxygen-contalined
additives sych as alcohol are mixed with the fuels. If\the test fuel contains such additives, Ryc,ex

and

n be

(8)

(9)

11.3.1 Mass of carbon monoxide (expressed in grams per test phase)

The quantity of carbon monoxide in the exhaust gas shall be calculated by Formula (10):

mco =Ve

-6
XPco*Xccoecx10

(10)

The carbon monoxide density, pco, in grams per litre, at standard reference conditions shall be 1,16 g/L.

14
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The volumetric concentration of carbon monoxide in the diluted exhaust mixture, corrected to take
account of carbon monoxide in the dilution air, c¢o ec, shall be determined by Formula (11):

€Ccoec =Cco,e ~€cod [

-1

)

(11)

If the absorbent intended to remove water vapour and carbon dioxide from the diluted exhaust mixture

isus

ed, cco,e and cco,d shall be corrected by Formulae (12) and (13):

11.3
The

The
by F

ccoe =[1-(0.01+0,005% Riyc ) ccoze ~0,000323Hg |eco em (12)
cod =(1'0'000323Hd)CCO,dm [13)
.2 Mass of hydrocarbons (expressed in grams per test phase)
guantity of hydrocarbon in the exhaust gas shall be calculated by Formula)(14):

PTHC = Ve X PTHE XCTHC 00 X107 (14)
hydrocarbon density, pTHc, in grams per litre, at standard reference conditions shall be determined
brmula (15):
1,008Ryc ex +12,01 27315
_ : ’ 15
PTHC 22,4 % 293,15 (12)
Lx shall be determined from the contents analysis of exhaust gas. If it is not possible to measure the

Ryc,
Ryc,

The
dilut
dete

[«

The
the q
It is
cond
(HFI

The

bx, the Ryc,ex may be 1,85 for gasoline and 2,64 for LPG.

volumetric concentration, expressed ifijparts per million carbon equivalent, of hydrocg
ed exhaust mixture, corrected to take account of hydrocarbon in the dilution air, cTy
rmined by Formula (16):

1L

5)

diluted exhaust mixture shall be stored in the sampling bag and the hydrocarbon conc
liluted exhaust mixture, cTHc e, Shall be measured by the flame ionization detection (FI
recommended-te’use a heated exhaust gas sampling line when there is a possibili
ensation in the'exhaust gas sampling line. In this case, the use of heated flame ionizatic
D) analyselis also recommended if available.

THC,ec =CTHC,e ~CTHCd [

valueshall be calculated by Formula (17):

I.tteSt L At

irbon in the
e, shall be

(16)

entration in
D) analyser.
[ty of water
n detection

CTHCe =

Jo o rrcee

ttest — 0

11.3.3 Mass of nitrogen oxides (expressed in grams per test phase)

The

quantity of nitrogen oxides in the exhaust gas shall be calculated by Formula (18):

-6
mMNox = Ve X PNOx XCNOx,ec ><KH x10

(17)

(18)

The nitrogen dioxides density, pnox, in grams per litre, under the standard reference conditions,
expressed in equivalent NOy, shall be 1,91 g/L.

© IS0 2012 - All rights reserved
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The volumetric concentration of nitrogen oxides in the diluted exhaust mixture, corrected to take
account of nitrogen oxides in the dilution air, cNox,ec, shall be determined by Formula (19):

1
CNOx,ec = ENOx,e ~ CNOx,d [1—D_fJ (19)

The humidity correction factor, Ky, shall be defied by Formula (20):
1

KH=1"0,0320x(1, —10.77) (20)
where
H, < 6,211H, X pq 21)
pal| (paxH)/100]
11.3.4 Mags of carbon dioxide (expressed in grams per test phase)
The quantitly of carbon dioxide in the exhaust gas shall be calculated by Formula.(22):
cooz =V XPcoz X€coz,e0 X107 (22)

The carbon dioxide density, pcoz, in grams per litre, at the standard reference conditions shall be 1,83|g/L.
The volumefric concentration of carbon dioxide in the diluted exhaust mixture, corrected to take accpunt

of carbon djoxide in the dilution air, ccoz,ec, shall be determinéd by Formula (23):

1
ccozec F€C02e —Cco2d [1—D—fj (23)

12 Determination of the fuel consumption
12.1 Carbpn balance method

12.1.1 Fuell consumption for four-stroke engines

Formula (24) shall be used forthetalculation of fuel consumption. (Detailed informationis givenin Anng¢x E.)

12,01

F.=
© 12,01+1,008Rycs +16,00R0c ¢

Pt (24)

X
(12,p3/44,01)mcop +(12,01/28,01) mgo +[ 12,01/(12,01+1,008Ryic e +16,00R0c x ) | m1HC

RHC ex, Roc e RACFamd Rocrshattbedetermimed by thecontentsamatysis of theextraust gasorthe fuel.
The simplified determination method of Ryc fand Roc f specified in Annex F may be applied to gasoline.

If it is not possible to measure Ryc,ex, and Roc,ex, the RHc,ex value of 1,85 for gasoline and 2,64 for LPG,
and the Roc ex value of zero, which is common for these fuels, may be used.

If it is not possible to determine Ryc fand Roc,f, the equal values of Rycex (1,85 for gasoline and 2,64
for LPG) and Roc,ex (zero for all these fuels) may be applied to Ryc,f and Roc,f on condition that no
oxygen-contained additives such as alcohol are mixed with the fuels. If the test fuel contains such
additives, Ryc,ex, Roc,ex, RHc,f and Roc,f shall be determined by the contents analysis of the exhaust gas
and of the fuel.
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When the Rycex and Ryc,f values of 1,85 for gasoline and 2,64 for LPG and the Roc,ex and Roc,f values
of zero are used, the fuel consumption can be calculated by Formulae (25) and (26), which are the
transformation of Formula (24).

For gasoline four-stroke spark ignition engine,

Foo 0,866 x p¢ (25)
¢ (0,273xmggy)+(0,429xmeg ) +(0,866 x mypc )
For LPG four-stroke spark ignition engines,
8-849~p
¥, ’ i (26)

© 7 (0,273xmgop) +(0,429xmgg ) + (0,819 xmpc )

12.1.2 Fuel consumption for two-stroke engines

When the lubrication oil is mixed with the fuel, it is necessary to know the lubrication oil ffuel mixing
ratiq to use the carbon balance method. The determination method is described in Annex G

12.2 Fuel flow measurement method

Metlhods for fuel consumption are shown in Annex A.
12.2.1 Fuel consumption for four-stroke engines

12.2.1.1 Fuel consumption measured by the volumetric method

In cases where the fuel consumption is measured volumetrically, the fuel consumption, |F, shall be
calcyilated by Formula (27):

L
C:V[1+a(To—Tf)] 7

For gasoline, the coefficient of volumetric expansion for the fuel, a shall be 0,001 K-1.

12.2.1.2 Fuel consumption measured by the gravimetric method

In cgses where the fuélconsumption is measured gravimetrically, the fuel consumption,|F., shall be
calcyilated by Formula(28):

f=Lxpi (28)

C
mg

12.2.1:3“Fuel consumption measured by the flowmeter method

In cases where the fuel consumption is measured by the flowmeter, the fuel consumption, F, shall be
calculated by Formula (29):

L
FCZV (29)
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12.2.2 Fuel consumption for two-stroke engines

The mixing ratio of lubrication oil and fuel is defined by Formula (30):

Vs
=1 30

(0]

The fuel consumption shall be obtained by Formula (31). The specific fuel consumption for lubrication oil
mixed fuel, F’c shall be obtained by the same method in the case of excluding lubrication oil specified in 12.2.1.

F=Fx 2 (31)
a

12.3 Cala‘[lation of results in litres per 100 km

When the fiiel consumption is expressed in litres per 100 km, Formula (32) shall be uséd;
100
Foto0 =1~ (32)

C

12.4 Criteria of the statistical accuracy for the fuel consumption‘measurements

When highgr reliability of test data is required for the fuel consumption’ measurement test, the method
using the crjiteria of the statistical accuracy as specified in Annex Hmay be applied.

18 © IS0 2012 - All rights reserved
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Annex A
(normative)

Method and equipment for measuring fuel consumption by the

fuel flow measurement method

A1l

A.l.

The
to b

This

The
befo

The
has

A.l.

Gray

Methods

1 Volumetric method

 calculated.
container may be a constant or variable volume type.
constantvolume container only allows the reading of a fixed quaritity of fuel thathas been

variable volume container is one with division markings which allows the reading of a
not been determined beforehand.

2 Gravimetric method

imetric methods use a weighing device to determine the mass of fuel consumed. This d

of thle constant or variable mass type.

The
befo

The

A1,
The

constant mass device only allows thereading of a fixed quantity of fuel that has been
rehand. This fixed quantity depends on the device itself and on its characteristics.

yariable mass device allows the reading of a quantity of fuel thathasnotbeen determined

3 Flowmeter method

flowmeter methoduSes devices allowing measurement, in a continuous or discontinuou

quantified mass or,volume of fuel passing through during a certain interval.

The
an iy

A.2

continuous-device gives an indication with respect to the flow while the discontinuou
dication‘based on counting small elementary volumes.

Installation of measuring equipment

volumetric method uses a container with a known volume, allowing the volunte of the fugl consumed

determined

rehand. This prefixed quantity depends on container volumedr markings on the container.

volume that

bvice can be

determined

beforehand.

5 way, of the

5 type gives

A.2.

1 General

A.2.1.1 Whatever the measuring method used, the installation of the equipment shall in no case
significantly disturb or modify the fuel feed system of the moped, referring mainly to pressure drops,
diameters and lengths of fuel feed pipes.

A.2.1.2 The conditions given in A.2.1.1 are considered to be met:

a) if the mounting of the installation for the volumetric or gravimetric methods is in accordance with
Figures A.1,A.2, A4 and A.5;

© IS0 2012 - All rights reserved
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and A.9, and the pressure drop across the system is less than 1 hPa.

if the mounting of the installation of the flowmeter method is in accordance with Figures A.3, A.6,

When the flowmeter is installed in high-pressure pipe lines of fuel injection system, care shall be
taken when setting the position of the flowmeter and the following points:

higher than the fuel pressure;

influence on the fuel injection pressure and the fuel flow rate;

the resisting pressure of parts of the flowmeter, (e.g. sensors, filters, pipes, etc.) shall be sufficiently

the pressure drops caused by parts of the flowmeter, (e.g. sensors, filters, pipes, etc.) shall not

arrang¢ment shall be improved or the flowmeter shall have the compensator for the intermif

b)
A7, A.8
flow a
— no vapq
A.2.1.3 Of

influence thie fuel feed of the moped.

A2.1.4 Tg

di<d,

dy=dj

where
dq
dz
d3

is th
is th
is th

A.2.2 Vol

A2.21 A
injection sy
A2.2.2 Te
a) the bur

<h

u

in casep where the intermittent flow or reflux occurs in the vicinity of the flowmeter, the

;

reflux;

ur shall be generated in the pipes and the flowmeter.

her installation locations may be used if it has been proved that these’ conditions ddg

reduce the possibility of pressure loss in the fuel pipes, it is recommended that:

e original fuel pipe diameter;
e fuel pipe diameters of the measutiing device;

e fuel pipe diameters of the measuring device.

nmetric method

schematic diagramis shown in Figure A.1 for carburettor systems and Figure A.4
Stems.

st conditionsfor the volumetric method for chassis dynamometer and road use shall be as foll
ette shall be placed at the side of the fuel tank in such a way that
<9300

pipe
tent

not

[A.1)

A.2)

l for

OWS:

A.3)

where
ha
hy
h
b)

is the highest measured by burette, in millimetres;
is the upper head of fuel, in millimetres;

is the lower head of fuel, in millimetres;

air vent of the burette.

20

care shall be taken that the pressure in the burette is not influenced by wind pressure acting on the
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A.2.3.1 A schematic diagram is shown in Figure A.2 for carburettor systems and Figure A.5 for

injection systems.

A.2.3.2 The mass of consumed fuel shall be measured with an accuracy of + 1 % to the resolution of 0,1 g.

A.2.3.3 The density (mass/volume) shall be measured with an accuracy of 1 g/L and then converted to

the reference conditions.

A.2.4 Flowmeter method

A.2.4.1 The flowmeter shall be designed in such a way that the overall pressure loss throug

is nqt greater than 1 hPa.

A.2.4.2 A schematic diagram of the flowmeter is shown in Figure A.3 for\Carburettor sys

Figufes A.6, A.7 A.8 and A.9 for injection systems.

A.2.4.3 Accuracy shall be within + 1 % for the range of all the flow§ registered during that {

S —

3

h the device

tems and in

est.

A
° = 6
<k — 7 :—;%
o 2 3 —_— = 7
= 8
< =3 d 2
T . -
1
9 —= 10
Key
1 carburettor fuekinlet 8 3-way valve
2 fuel tank outlet 9 engine
3 burette aip’vent 10 carburettor float chamber
4 burette,air vent pipe hy upper head of fuel, in millimetres
5 barette h lower head of fuel, in millimetres
6 fuel tank hy height measured by burette, in millimetres
7 fuel
a  Oncircuit.
b Off circuit.

(g}

Original fuel pipe diameter, d1.

[=9

Fuel pipe diameter of the measuring device, d;.

e Fuel pipe diameter of the measuring device, ds.

Figure A.1 — Volumetric method — Carburettor system
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22

I
I
4 )
1 . '
= 7
scales 5 fuel tank
fuel engine
auxilipry tank 7 carburettor float chamber

3-way valve

Original fuel pipe diameter, dj.

Fuel pipe diameter of the measuring device, d3.
Fuel pipe diameter of the measuring device, d3.

Figure A.2 — Gravimetric method — Carburettor system
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Key
1 carburettor fuel inlet 6 engine
2 fuel tank outlet 7 carburettor float chamber
3 fuel tank hy upper head of fuel, in millimetres
4 fuel h lower head of fuel, in millimetres
5 flowmeter p pressure drop across flownteter, in hectopascals

Driginal fuel pipe diameter, d1.
b Fuel pipe diameter of the measuring device, da.
c Fuel pipe diameter of the measuring device, d3:

Figure A.3 — Flowmeter method — Carburettor system
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levellpr fuel inlet 11 fuel tank
fuel tank outlet 12 fuel pressure pump
levellpr fuel outlet 13 fuel
levellpr fuel inlet 14 burette
buretfe air vent pipe 15 3-way valve
fuel taink inlet 16 leveller
levellpr air vent pipe hy upper head of fuel An*millimetres
enginfe h lower head of fuel, in millimetres
fuel piressure regulator hy height measured by burette, in millimetres
fuel ipjection
On circyit.
Off circyit.
Original fuel pipe diameter, dj.
Fuel pipe diameter of the measuning device, d>.
Fuel pipe diameter of the meaSuring device, d3.
Figure/A.4 — Volumetric method — Fuel injection system
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fuel tank inlet 7 3-way valve
fuel tank outlet 8 engine
scales 9 fuel injection
fuel 10 fuel pressure regulator
auxiliary tank 11 fuel pressure pump
fuel tank

Driginal fuel pipe diameter, d.
Fuel pipe diameter of the measuring device, d3.
Fuel pipe diameter of the measuring device, d3.

Figure A.5-= Gravimetric method — Fuel injection system
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Key
1 levellpr fuel inlet 10 fuel tank
2 fuel tank outlet 11 fuel
3 levellpr fuel outlet 12 fuel pressure pump
4 levellpr fuel inlet 13 flowmeter
5 fuel tank inlet 14 leveller
6 levellpr air vent pipe hy upper head of fuel, in millimetres
7 enginle h lower head of fuel, inimillimetres
8 fuel piressure regulator p pressure drop across flowmeter, in hectopascals
9 fuel ipjection
a  Original fuel pipe diameter, d1.
b

[}

Fuel pipe diameter of the measuring device, d>.
Fuel pipp diameter of the measuring device, d3.

Figure A.6 —'Flowmeter method — Fuel injection system

26

© ISO 2012 - All rights reserved



https://standardsiso.com/api/?name=1b518c2ebabc6ff2a7c23afba0f6e076

ISO 6855-1:2012(E)

Key

Ul A W N

- 0 A a0 T

Fi

fuel tank outlet fuel

6
fuel return 7 fuel tank
engine 8 fuel pressure pump
fuel injection 9 fuel pressure regulator

flowmeter

Driginal fuel pipe diameter, d1.
Fuel pipe diameter of the measuring device, d>.
Fuel pipe diameter of the measuring device, d3.
Driginal fuel pipe diameter, da.
Fuel pipe diameter of the measuring devicefds.
Fuel pipe diameter of the measuring deviee, dg.

gure A.7 — Flowmeter method-— Fuel injection system with fuel return — Type 1
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fuel tank outlet
fuel return

engine

flowmdter

fuel

Original

fuel tank
fuel pressure pump

fuel pressure regulator

O 0 3o

fuel injection

fuel pipe diameter, dj.

Fuel pipe diameter of the measuring device, d3.
Fuel pipp diameter of the measuring device, d3.

Original

fuel pipe diameter, d4.

Fuel pipe diameter of the measuring device, ds!
Fuel pipp diameter of the measuring device;.ds.

8 — Flowmeter method—Fuel injection system with fuel return — Type 2 method
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1 fuel tank outlet 5 fuel
2 engine 6 fuel pressure pump
3 fuel pressure regulator 7 flowmeter
4 fuel tank 8 fuel injection
a  Priginal fuel pipe diameter, dj.
b Fuel pipe diameter of the measuring device, da.

¢ Fuel pipe diameter of the measuring device, da:
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Annex B
(informative)

Example for record form of test fuel specifications

Characteristic Unit Test method
Research ocfane number (RON] = SO 5164
Relative density 15°C/4°C (specific gravity) - ISO 3675
Reid vapour|pressure kPa 1SO 3007
Distillation ISO 3405
Initial boiling point °C
10 % (volhme) °C
50 % (volpme) °C
90 % (volme) °C
Final boiljng point °C
Residue %
Hydrocarboh analysis ISO 3837
Olefins %
Aromatick %
Saturates %
Oxidation stiability min ISO 7536
Existent guth mg/100mm3 ISO 6246
Sulfur content % ISO 4260, 1SO 8754
Lead contenft g/dm3 1SO 3830
Nature of|scavenger
Nature offlead alkyl
Carbon/hydfrogen ratio -
Benzene volume %
MTBE volume %
Methanol volume %
Kerosene volume %
Mixture-ratjo of fuels to lubricants -
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Annex C
(informative)

Exhaust gas leakage check procedure for the open type CVS system

C.1 _Exhaust gas leakage check procedure for the open type CVS system

The |exhaust gas leakage check method specified in C.2 and C.3 may be used to verify\th¢ open type
CVSsystem. The test shall be stopped and the CVS system shall be improved whatever-the pxhaust gas
leakpge is confirmed from either test.

A schematic diagram is shown in Figure C.1 for the representative open type-CVS system wjith CFV and
Figure C.2 for the representative open type CVS system with PDP.
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b
c Cc
b
d d
3 VA 3
Fs Y R, Fa Ro
J )3
a

11

1
Key
1 moped exhaust pipes 10 préssure gauge
2 mixing chamber 11 cyclone
3 diversjon valve Fo, F3 filters
4 continuous sampling probe P3,P3  pumps
5 sampllng venturi Ry, R3  flowmeters
6 main (ritical flow venturi Sa Spb sampling bags
7 blowef S2, S3 probes
8 calculator T temperature gauge
9 integrator Vo, V3  valves
a  To HFIDf special sampling line when HFID is used.
b To atmofphere:
¢ To exhapyst gump.
d

To analyshig system.

Figure C.1 — A schematic diagram for the representative open type CVS system with CFV
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Key
1 moped exhaust pipes g1, 82 | pressure gauges
2 mixing chamber P1 positive displacement pump
3 diversion valve P37P3  pumps
4 continuous sampling probe Ry, R3  flowmeters
5 heat exchanger Sa, Sp sampling bags
6 motor S, S3 probes
CT revolution counter T temperature gauge
F,, F filters Vo, V3  valves
a  [ro HFID; special sampling line when HFID is used.
b o atmosphere.
c [0 exhaust pump.
d  To analysing System.
Figure€:2'— A schematic diagram for the representative open type CVS system wjth PDP

C.2 Principle of leakage check procedure by the fuel consumption measurement
The leakage check is based on the procedure described below:
a) the fuel consumption shall be determined using the following two methods:

1) the carbon balance method with the gaseous exhaust emission,

2) the fuel flowmeter, the burette, the mass flowmeter and other fuel flow measuring methods;

b) the fuel consumption shall be simultaneously measured by both methods. The exhaust gas leakage
can be confirmed by comparison of the fuel consumption data results obtained by both the carbon
balance and the fuel flow measuring method.
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C.2.1 Leakage check procedure

The fuel consumption shall be simultaneously determined by both carbon balance and fuel flow
measuring method in accordance with the test cycle specified in ISO 6855-2:2012, Clause 3.

The fuel flow measuring method (e.g. the volumetric method, gravimetric method and flowmeter
methods specified in Annex A) shall be used. The measurement accuracy of fuel measuring system shall
be in accordance with 7.5.2 and Annex A.

The moped preparation, the chassis dynamometer preparation, the rider mass and other specifications
shall be in accordance with this part of ISO 6855.

The gaseouls exhaust gas emission measurement and the fuel consumption calculation by the carbon
balance method shall be determined in accordance with Clauses 11 and 12.

C.2.2 Criterion of exhaust gas leakage from the open type CVS system

The criterign of the fuel consumption error caused by the exhaust gas leakage of'thée open type|CVS
system shall be within 5 % when the fuel consumption error, E, shall be calculated by Formula (C.1

E:@mmoo% (C.1)
FcFIow
where

Fcrlow is the fuel consumption measured by the fuel flow measuring method, in km/L;

Fccys  is the fuel consumption measured by the carbonjbalance method with the open type|CVS
system, in km/L.

C.3 Pringiple of leakage check procedure by the gaseous exhaust emissions
measurement in the background air

The concenftration of gaseous exhaust emissions in the air of test room (background air) would be
increased bjy the leakage of the exhaust gas from open type CVS system. The exhaust gas leakage $hall
be verified from the background air meéasurements.

C.3.1 Ledkage check procedure

C.3.1.1 The inlet of measuyéments system for the background air shall be located inside the test rpom.
In cases where the dilutiemrair for the CVS system is taken from the test room, a sample of dilution aif can
be used instead of the'background air. Any doors and windows in the test room shall be closed.

C.3.1.2 The gaseous exhaust emissions concentrations in the background air shall be measured be¢fore
the test conjiméncement.

C.3.1.3 The gaseous exhaust emissions concentrations in the background air shall be measured
during the test.

C.3.1.4 The gaseous exhaust emissions concentrations in the background air before and during the test
shall be compared.

C.3.2 Verification of exhaust gas leakage

Exhaust gas leakage has not occurred when the measurement results of gaseous exhaust emission
concentrations in the background air before and during the test are the same level. When the increase
of all gaseous exhaust emission concentrations are confirmed, the exhaust gas has leaked from the
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open type CVS system and the sampling system should be improved and checked again by using the
prescribed procedure.
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D.1 Defi

Annex D
(informative)

Determination of the dilution factor

nition of the dilution factor

The dilution factor is defined as the volume ratio of diluted exhaust mixture to exhaust gas:

p, < Vex
Vi

where

Vex is ey

Va

+Vd

EX

haust gas volume;

is dflution air volume.

D.2 Compustion reaction equation

The exhaus
carbon ator]

Ny
np
nc

nq

t gas, in moles, produced from the combustion of &, mol of fuel CyH,0; (for the numbe
h, x, of hydrogen atom, y, and of oxygen atom, z) is\expressed by Formula (D.2):
x+2-Z

s L
|

100 -
+nb+nc+nd+ne+nf+),( j[ﬂ

is the number of carbon dioxide molecules in exhaust gas, moles;

100 - CO2,d
Co2d

z
X+ —=
4

2 co24d

is the number of carbenmonoxide molecules in exhaust gas, moles;
is the number af 9xygen molecules in exhaust gas, moles;
is the number-of unburned fuel CxH, 0, molecules in exhaust gas, moles;

is thenumber of hydrogen molecules in exhaust gas, moles;

isthe number of water molecules in exhaust gas, moles;

D.1)

s of

D.2)

I

€02,d

is the excess air factor;
is the molecules of inert gases in the air;

is the oxygen concentration in the dilution air, in percent.

Here, in the case of oxygen concentration in the dilution air co2 g, in percent, the contents of inert gas can
be calculated by Formula (D.3).

I:{ﬂ,(x+Z
4

36

100
€o2d

z

)

100_602,d _
100

100 -
< €o2d

}x A[H )

co2d

(D.3)
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The numbers of carbon atom, x, of hydrogen atom, y, and of oxygen atom, z, are not changed before and
after the combustion:

X =ng+n,+Xnyg (D.4)
y=ngqy+2ng X2n¢ (D.5)
z+21(x+%—%j=2na+nb+2nc+znd+nf (D.6)

Herg, the coefficient K is defined by Formula (D.7).

_ np Xng

I ¢ (D.7)
Ng XnNg
Forrhulae (D.5) and (D.7) are changed as follows:
J, = 2= ¥1a=2n (D.8)
2
,fznaxnexK (D.9)
My

By spbstituting Formula (D.9) into Formula (D.8), the number of hydrogen molecule in exhpust gas, ne,
in mples, is expressed by Formula (D.10):

-K
yoo(2o2ma) m v Cyi/(naK) (D.10)
2 2 Inp+ngxK 2 (np/ng-K)+1

Forrhulae (D.5) and (D.7):are changed as follows:

,f:% (D11)
= Mo X0y D12
e = XK (D.12)

By substituting Formula (D.11) into Formula (D.12), the number of water molecule in exhaust gas, ny, in
moles, is expressed by Formula (D.13):

_(y_yna) ma Ky 1 D.13
f (2 2 Jna-K+nb 2( nd)(nb/na-K)+1 (D13)
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The number of oxygen molecule in exhaust gas, n¢, is obtained from Formula (D.6) as follows:

1 z z n, z:ng n
ne :E{z+22{x+%—§j—2~na —np—z-nyg —nfi|:—+l( +Z—§J—na —?b—Td—?f (D.14)
Formulae (D.4) and (D.5) are changed as follows:
Ny =X—Np—Xx-Nyg (D.15)
y-n
ng =%— . d g (1.16)
Formulae (ID.15) and (D.16) are substituted into Formula (D.14), as follows:
EN Y P My _zng (y_yong_ne
ne=—+ (x+4 2) (x—ny—x-ng) > R >
(D.17)
=(Aq1+ 22|y e
( "d)(x 4 2} 272
If Formula (D.10) is substituted into Formula (D.17), the numbenr.of oxygen molecule in exhaust gap, ng,
in moles, is pxpressed by Formula (D.18):
ne=(Ad14ng)[x+ 22 e oy 2 (1_p,)Molma K (1.18)
4 2| 2 4 (np/ng - K)+1
The exhaust gas consists of CO2, CO, Oz, CxH0,, Hz, H20 and inert gases in the air, therefore the exhaust
gas Cex, profluced from 1 mol fuel, expressed in moles, is the sum of these contents and is expressdgd by
Formula (D|19):
100 -
Cox =Ng [Ny +Ng +ng+ng +ns. %4 +d E|ETC02d,
4 2 Coz’d
=n, frnp +(A -1+ ny) v+l -2 |4ty (1 ny) M /Mg K +ngy (1.19)
4 2 2 2 (np/ng-K)+1
: 100-
e (ong ol K vy g,y 2|07 o2,
7 (nb/na'K)—i-‘l 2 (nb/na~K)+1 4 2 Coz‘d
Formula (D.15) is substituted into Formula (D.19), and Formula (D.19) is arranged the expression.
Cox == (1=na)+ 2 (1=ng) + = (1=ng) + 2 +ng-+ = (1-ng) /Mg X
4 2 2 2 4 (ny/ng-K)+1
100 (D-20)
A x4 X E Al w222 002d
4 2 4 2 Coz‘d
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Here, the air, c,ir, in moles, is

100-

o= A x+ L2 e af xe Lo Z 20024 (D.21)
4 2 4 2 COZ,d

Rearrange Formula (D.20) as follows:

n ny/ng-K
Cex =%(1_”d)+%(1_”d)+%(1_”d)+7b+”d +%(1—”d)%+cair
a

K (D.22)
nb y nb na . z
=—+nq+| | 1+ ——— |+ = |[(1-ng) +cy
2 ¢ [4( (np/ng -K)+1] 2]( a)* ai
The polume ratio of CO2, CO, CH,0; in exhaust gas is equal to mole fraction afthese contents:
[la
T T €co2.ex (D.23)
ex
n
-‘L: CCOex (D.24)
ex
c
'fli:CxHyOz,eX _CTHCex (D.25)
ex x
where
CCO2 kx is the carbon dioxide concentrdtion in the exhaust gas;
€Co,ek is the carbon monoxide conéentration in the exhaust gas;
CTHCex is the volume ratio.ofunburned fuel which is expressed by the equivalent number of darbon atom.
Forrhulae (D.23), (D.24) and (D.25) are substituted into Formula (D.22), as follows:
_ Cex " CCcOex Cex CTHC,ex
ex — 2 +
X
D.26
RN (Cex "CCOex )/(Cex "€C0o2,ex 'K) (P Cex "CTHC ex s ( )
A >y - air
4 (Cex "CCO,ex )/(Cex *CCO2ex 'K)+1 2 X
Both sides of Formula (D.26) are divided by cex and rearranged, as follows:
y[1+ (CCO,ex/CCOZ,ex 'K) RS
4 cco Cco2 -K)+1 2 arr
Cox = (ccoex/ccozex K) (D.27)

4

4_CCOex _CTHCex | Y|4, (CCO,ex/CCOZ,ex'K) + 2 CTHCex
2 x (ccoex/ccozex K)+1| 2| x
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Here, the atom number ratio of hydrogen and carbon in the fuel, Ryc,, is equal to that in the exhaust
gas, RHc,ex, and the atom number ratio of oxygen and carbon in the fuel, Roc f, is equal to that in the
exhaust gas, Roc ex-

Rycex = Rucf = % (D.28)
z

Rocex =Rocs=— (D.29)

Formulae (ID.28) and (D.29) are substituting Formula (D.27), as follows:
Rhceex | 4 (ccoex/ccozex K) | Rocex
+ + + Cair
4 (ccoex/ccozex K)+1 2
Cox = (Dh.30)
CCO,ex _ “THC,ex Ryc ex (CCO,ex/CCOZ,ex 'K) Roc ex
14 — + 1+ + CTHC
2 x 4 ( K)+1 2 N
€co.ex/€CO2.ex

D.3 Calcnlation of the dilution factor
Both sides ¢f Formula (D.4) are divided by cex and Formulae (D,23), (D.24) and (D.25) are substitutied.

Mg M X9 (D.31)

Cex Cek Cex Cex

X
— =fco2ex T €COex T CTHC ex (D.32)
Cex
The numbef of carbon atoms is not chahged after the exhaust gas is diluted by the dilution air.| The
carbon molg fraction in the diluted exhaust mixture is equal to the sum of volume fraction of carbon
dioxide, carpon monoxide and total-hydrocarbon similar to Formula (D.32):
+ (c +c )><1 0

X _Cc@2e , Ccoe CrHCe _ €CO2e T\€COe TCTHCe (1.33)

ce 100  1000000Q--“1000000 100 '
where
CCO2,e IS ine caroon dioxide concentration im tne diruted exndust mixture, In percent;
€Co,e is the carbon monoxide concentration in the diluted exhaust mixture, in ppm;
CTHC,e is the hydrocarbon concentration in the diluted exhaust mixture, in ppm;
Ce is diluted exhaust mixture and cg = cgy + ¢y, in moles.
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Therefore, from Formulae (D.1), (D.32) and (D.33), the dilution factor is expressed by Formula (D.34):

oo Vex +Vd zc_e: {x/[ccoz‘e +(CCO,6 +CTHC,8)X10_4:|}/1 00
" Ve cex %/(ccozex +€coex +CTHC o) (D.34)

€co2,ex T€CO.ex T CTHC ex
4
[CCOZ,e +(ccoe +cTHC e )10 ]/100

Regarding the numerator of Formula (D.34), Formula (D.35) can be obtained from Formulae (D.30) and
(D.3p), as follows:

dco2,ex T€coex TCTHCex =

Ccoex CTHCex . | RHCex (ccoex/ccozex K) Roc ex
1- - + 1+( +

+CTHC
2 x 4 ccoex,/Ccozex K)+1 2 3 (D.35)
Ruc ex 14 (ccoex/ccozex K) N Roc ex . Cair
4 (ccoex/ccozex K)+1 2 x
Forrhula (D.21) is substituted into Formula (D.35), as follows:
4co2,ex T€COex TCTHC ex =
1_CCOex _CTHCex , | Rucex| 4, (ccoex/ccozex K) Rocex |,
2 X 4 (CCO,ex/CCOZ,ex 'K) +1 2 THC.ex
Rrcex| 1, (ccoex/ccozex K) oRocex [ 1o ((hr 2 (e 2 2 XL)O_COZQ
4 (ccoex/ccozex K)+1 2 X 4 2 4 2 €o2d
(D.36)

Forrmulae (D.28) and (D.29) are substituted in denominator of Formula (D.36), as follows:

dco2ex T€coex T ETHC ex =

4_CCOex _ CTHCex Riicex 14 (CCO,eX /€coz.ex 'K) " Roc.ex cTHE
ex
2 X 4 (ccoex/ccozex K)+1 2

Rucex] 4, (ccoex/ccozex K) -l+ Rocex }J{A(H Ruycex Rocex }+/1(1+ Rucex Rocek |, 100-cozd
A | (ccoex/Coapex - K)+1 2 4 2 4 2 €024

(D.37)

pu
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Here, ccpex <<1 and ctpycex <<1, therefore Formula (D.37) is changed as follows:

Cco2.ex t€coex T CTHCex =

1
[(RHC,ex/4) + (ROC,ex/z)J'F{A['I + (RHC,ex/4) - (ROC,ex /2):| + ’1[1"' (RHC,ex/4) - (ROC,ex/Z)]X[(1 00-co24 )/COZ,d:|}
(D.38)
If the mixtureis-stoichiometric-air-fuelratiorA="4Formita{D38) is-changed-asfoHows
€co2,ex T€COex T CTHC ex
1
) (Rihcex/4)+(Rocex/2) |+| 1+ (Ruc.ex/4) ~ (Roc.ex /2) |+ 1+ (Ruc.ex /4) ~ (Roc.ex /2) [P4A100 - cozgl) /coz,d
[
1
1+(RHC,ex/z)+[1+(RHC,ex/4)_(ROC,ex/z):|x|:(100_COZ,d )/COZ,d}
(1.39)
Therefore, fhe dilution factor is determined from Formulae (D.34)xand (D.39), as follows:
_ €co2,ex T €Ccoex T CTHC ex
Dy = ”
|:CC32,ex +(ccoex +CTHCox )X 10 ]/100
B 1/{] + (RHC,ex /2)+|:1+ (RHC,ex /4)— (ROC,eX/Z):IX’:(1OO_CO2,d )/COZ,d :|} ([ 40)

[CCOZ,e + (cco‘e + cTHC’e)x1O'4 }/100

] 100/{1 +(Ruc.ex /2) + [(4 +Rrcex )4~ (Roc ex /2)}{(1 00-coz,4)/c024 J}

Z
ccozexF{€coex +CTHC ex )X 10

The Ruc,ex Jalue (which is 1,85fer’'gasoline and 2,64 for LPG) is used and Roc,ex is zero. Formulae (ID.41)
and (D.42) ghall be used for¢he calculation of dilution factor and fuel consumption.

The oxygen|concentration-in the dilution air coz,q, calculated in percent, is assumed to be 20,9 %.
For gasoling,

Dy = 13,40 (D.41)
CC 4 L ) 1n‘4
Z,e T 1ALe coe)

11,62

(D.42)
Z
ccoze +(CTHCe +Ccoe )X 10

NOTE Formula (D.40) (dilution factor) is defined at the stoichiometric air-fuel ratio (A =1). Therefore, an
error will occur when the air-fuel ratio during the test is further apart from the stoichiometric air-fuel ratio.
However, the influence on calculation of gaseous exhaust emissions can be neglected, aslong as the concentrations
of the gaseous exhaust emissions are sufficiently higher than those of the dilution air. If the concentrations of the
gaseous exhaust emissions in the diluted exhaust mixture are very low, it is advisable that attention be paid to the
difference of the concentrations between the diluted exhaust mixture and the dilution air.
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