ISO 8178-4:2020 (E)

Reciprocating internal combustion engines — Exhaust emission measurement
— Part 4: Steady-state and transient test cycles for different engine
applications
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Annex A (normative) Steady-state discrete-mode test-cycles
A1 Test cycles type C “Non-road machinery and industrial equipment”
A2 Test cycles type D “Constant speed”
A3 Test cycles type E “Marine applications”
A4 Test cycle type F “Rail traction”
A.5 Test cycle type G “Utility, lawn & garden”
A.6 Test cycle type H “Snowmobile”
A7 Test cycle type | “Transport refrigeration unit”
A8 Combined table of the weighting factors (for information only)

Annex B (normative) Steady-state ramped-modal test cycles (RMCs)

B.1

Test cycles type C “Non-road machinery and industrial equipment”



B.2 Test cycles type D “Constant speed”

B.3 Test cycles type E “Marine applications”

B.4 Test cycle type F “Rail traction”

B.5 Test cycles type G “Utility, lawn & garden”
B.6 Test cycle type H “Snowmobile”

B.7 Test cycle type | “Transport refrigeration unit”

Annex C (normative) Transient test cycles

C1 General
C.2 NRTC engine dynamometer schedule
C3 LSI-NRTC engine dynamometer schedule
Annex D (informative) Calculation of the exhaust gas mass flow and/or of the combustion air mass flow
D.1 General
D.2 Stoichiometric calculations for the burning of fuel; fuel specific factors
D.2.1 Basic data for stoichiometric calculations
D.2.2 General formulae
D.2.2.1 Formulae related to the components
D.2.2.2 Formulae related to the fuel

D.2.2.3 Formulae related to the saturation vapour pressure
D.2.2.4 Formulae related to the soot concentration

D.2.3 Reaction formulae and formulae for the stoichiometric burning of fuel
D.2.3.1 General

D.2.3.2 Combustion of hydrogen

D.2.3.3 Combustion of carbon

D.2.3.4 Combustion of sulfur

D.2.3.5 Reaction of nitrogen

D.2.3.6 Consideration of the fuel oxygen

D.2.3.7 Total additional volume ffw [m3/kg fuel]

D.2.3.8 Calculation of the factor ffd from ffw

D.2.3.9 Stoichiometric air demand A/Fst

D.2.4 Calculation of the dry to wet correction factor kw

D.2.4.1 Stoichiometric combustion

D.2.4.2 Incomplete combustion

D.2.5 Calculation of the dry and wet exhaust densities using ffw and fed

D.3 Calculation of the exhaust mass flow from the exhaust composition (carbon and oxygen
balance, for fuels with C, H, S, N and O)

D.3.1 General

D.3.2 Calculation of the exhaust mass flow on the basis of the carbon balance

D.3.2.1 General

D.3.2.2 Carbon balance, iterative calculation procedure

D.3.2.21 Formulae for the calculation of the exhaust mass flow
D.3.2.2.2 Derivation of formulae

D.3.2.3 Carbon balance, 1-step calculation procedure

D.3.2.3.1 Carbon balance, 1-step calculation procedure, application of formulae
D.3.2.3.2 Carbon balance, 1-step procedure, derivation of formulae
D.3.3 Oxygen balance, iterative calculation procedure

D.3.3.1 General

D.3.3.2 Application of formulae

D.3.3.3 Derivation of formulae

D.4 Derivation of the fuel specific factor kf

Annex E (informative) Example programme for calculation of exhaust mass flows

Annex F  (informative) Example of calculation procedure (raw/partial flow)

F.A1 Basic data for stoichiometric calculations
F.2 Gaseous emissions (diesel fuel)
F.3 Particulate emission (diesel fuel)

Annex G (normative) Installation requirements for equipment and auxiliaries

Annex H (normative) Molar based emission calculations

H.A General
H.2 Symbol conversion
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General symbols
Subscripts
Symbols and abbreviated terms for the chemical components (used also as a subscript)

Symbols and abbreviated terms for the fuel composition
Symbols for chemical balance used in this annex

Basic parameters and relationships

Dry air and chemical species

Wet air

Vapour pressure of water

Dew point

Relative humidity

Dew point determination from relative humidity and dry bulb temperature
Fuel properties

Total HC and non-methane HC concentration

THC determination and THC/CH4 initial contamination corrections
NMHC and CH4 determination

THCE and NMHCE determination

Flow-weighted mean concentration

Chemical balances of fuel, intake air, and exhaust

General

Procedures that require chemical balances

Chemical balance procedure

NOx correction for humidity and temperature

Raw gaseous emissions

Mass of gaseous emissions

Dry-to-wet concentration conversion

Exhaust gas molar flow rate

Calculated brake torque

Diluted gaseous emissions

Emission mass calculation and background correction
Dry-to-wet concentration conversion

Exhaust molar flow rate

Determination of particulates

Sampling

Background correction

Cycle work and specific emissions

Gaseous emissions

Transient and ramped-modal cycle

Steady-state discrete-mode cycle

Particulate emissions

Transient and ramped-modal cycles

Steady-state discrete-mode cycle

For the single-filter method

For the multiple-filter method

Adjustment for emission controls that are regenerated on an infrequent (periodic) basis
Particle number emission

Specific requirements for dual-fuel engines

Emission test procedure requirements for dual-fuel engines
Dry/wet correction

NOx correction for humidity

Determination of exhaust gas mass flow when not using a raw exhaust flow meter
Molar component ratios for determination of the gaseous components
Determination of molar component ratios

Particulate determination

Diluted exhaust flow (CVS) calibration

Reference meter conversions

PDP calibration calculations

Venturi governing formulae and permissible assumptions
SSV calibration

CFV calibration

Drift correction

Scope and frequency

Correction principles
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Drift validation
Drift correction
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