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Regulatory requirements
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Strengthen the in-use monitoring of diesel NOx and PM;
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RSD algorithm oriented from stoichiometric engines, issues exist
for diesel application;
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Diesel PM metrics: particle mass, particle number and smoke
opacity;
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Unlike gaseous emissions, particle transport and condensation in

the atmosphere may disobey the classical assumption, making the
inversion calculation of raw emission concentrations even harder.
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RSD fundamentals

Co
mputer._ = Caliblration
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» Pollutant concentrations relative to CO, keep unchanged after
entering the atmosphere;
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» Inversion calculation of raw emission concentrations based on
combustion equations;
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» “Unchanged concentration Ratio” assumption arguably works with
diesels
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Gasoline and Diesel Exhaust

Gasoline Diesel
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CO2 in the gasoline exhaust keep constant,02 near zero
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CO2 and O2 in the diesel varies in wide range
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The difference of the CO2 and O2 in the exhaust ,need different
calculation model
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Combustion Equation of IC Engine
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» RSD equation was derived from the combustion equation of SI
engines where no residual O, exists in the exhaust, diesels are air-

rich so disobeying this rule, lambda for diesels can range from 1.3

to 10:
CH, +m(0.210, +0.79V, ) = aCO+bH,0+cC,H,

+dCO, +eNO+(0.79m = )N,

y T RRITEE, HERFH).
» Based on the above equation, we can have:
42
T 279+20+1210 +0 Q=HCUCG:

0=C0/CO,
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Other equations

» SEEPARETTRE, IRIMZE[CO,]7E15.0% /4

» For complete combustion, CO, remains at 15.0% in gasoline

exhaust _ NO (ppm - meter)

[NO]=— “[CO, 1.
CO, (ppm - meter)
» ANTERMBETRE, RIHZE[CO,]1E14.0-15.0% /2 1
» For incomplete combustion, CO, varies from 14.0 to 15.0%
INOJ = — NF) (ppm - m)
CO, (ppm-m)+ CO(ppm - m) + 3 * HC(ppm - m)

*[CO, 1.
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» Diesel combustion is considered complete, CO, varies from 2.0 to
10.0%, A lot of oxygen left

Source: José Luis Jiménez-Palacios, Understanding and Quantifying Motor Vehicle Emissions
with Vehicle Specific Power and TILDAS Remote Sensing
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Other equations
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» Gasoline CO, concentrations can be also calculated via incomplete
combustion equation

% CO, = 42/(2.79 + 20 + 0.42Q)
% CO = Q(% CO,)
% HC = (% CO,)
%NO = Q"(% CO,)

FIRAXFFER Z2EERME, AEESEME.

The above equation is only valid for gasoline

Source :G. A. BISHOP, Acc. Chem. Res. 1996, 29, 489-495
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Possible Solutions for Diesel
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» Based on the pollutant concentration in the plume ,we can work
out the gasoline tailpipe concentrations,but the theory is not valid
for diesel
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» Predict tailpipe CO, concentrations based on vehicle dynamic
parameters, and work out pollutant concentrations based on
measured pollutant/CO, ratios (mainly NO).
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» Or, fuel-based or CO,-based emission factors;
y AREHES P HNO/CO, KK L, K5 TNO/kg Fuel FIHER A T .

» Work out NO/kg fuel emission factors based on NO/CO, ratios in
exhaust plumes.
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Vehicle specific power (VSP)
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» VSP is the power consumed at the moment (including wheel
rolling, aerodynamic drag, internal friction and increase in
mechanical energy) divided by vehicle mass. Mathematically, VSP
is a function of vehicle speed and acceleration.

d(E +E,)+F

d K P rolling oV+ |:Aerodynimic oV -+ |:internalfriction oV
VSP= -
(?t( Mme(l+cg)ev: +meg oh))+CRmogov+;paCDA(v+vW)20v+Cifmogov

m
1 C,
=Ve@e(+a)+ges+geC)+p,

(V+V, ) ev+C. egev
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Vehicle specific power (VSP)
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For passenger cars, VSP can be calculated by using the following
method:

VSP = 2.7284 e sin(slope) e v + 0.305924 e v e a +0.05921e v + 6.52981x107° o \/*
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The above method doesn’t work with HD vehicles:
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The aim to set VSP threshold is to check if the car is within an
emission-stable margin;
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Diesel emission characteristics are different from gasoline, diesels
shall have their own VSP requirements;
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Acceleration ratio can be a good metric for clean vehicle screening,

negative accelerations are not suitable for clean screening judgement
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V'SP and Emission
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V'SP and Emission
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RSD for diesel smoke
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Measurement algorithm is the same with smoke opacity meter;
BRI A 2 B BRI R BUE B AE G, AR HERUE MR
Measurement is made based on diluted exhaust in the atmosphere;
AR DL R B DCRE R FEANE] X I B 4 R B /5 BB 1R ?

Wave length varies from make to make, result correction needed?
ENGIEVA =& W= g i BRIk Gz

Some configurations of tailpipe may obscure measurement
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Correlation between RSD and smoke opacity
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» Steady-state smoke measurement, the impacts of driving are
excluded;
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» Opacity was measured after air dilution instead of at the tailpipe
exit
v ] s [ HE RS R EE 2

» How to back-calculate the smoke opacity at the tailpipe exit?
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Promoting work efficiency by appropriate arrangement
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Questions to be answered
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» Uniformed gasoline RSD calculation algorithm?
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» How to accurately predict tailpipe diesel NOx concentrations?
LRI ZENOXHEBOTAL 77 vk

» Method for diesel NOx evaluation

o HTHMREWEppm?

e Tailpipe concentration based?

e T NO/CO2?

e NO/CO, based?

o JtT NO/(kg Fuel)?

e NO/(kg Fuel based?

y MHEEHRR, REASERTEN A

» Smoke opacity needs appropriate method to be evluated
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Thanks for Your Attention!

Email :
geyunshan@bit.edu.cn
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