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Emissions

* Major Types of Emissions and the Harm They Do
* How the Emissions Relate to Combustion
» Government Regulation of Emissions

Sources of Emissions

* Evaporative Emissions
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Emissions - Types
1. CO - carbon monoxide. Mostly Sl
2. NO, - oxides of nitrogen - NO and NO,.

3. HC - unburned hydrocarbons
4. Particulates. Mostly ClI



Harmful Effects

1. CO. This gas is harmful. It is produced by the following
sources.
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» The gas interferes with oxygenation of living organisms, i.e.
their capacity to take in oxygen by breathing. It is especially
harmful for people with heart disease and breathing disorders.

* More of a problem in the winter than in the summer.



2. NO,. This stuff is not nice. It combines with unburned
hydrocarbons in the presence of sunlight to produce ozone and
smog. Ozone - not healthy to breathe.
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3. HC. This stuff is toxic, carcinogenic. Don’t want to be
breathing it. Plus it combines with NO, to produce smog and
ozone.
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4. Particulates. Combustion generated soot to which adhere some
organic compounds. Harmful ie toxic to humans, gets

deposited in your lungs. Can cause breathing problems.
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Many particulates are less than 2.5 NM in diameter, invisible. Consist
of spheres of carbon to which are clinging organics. Some may be
larger.

Hopefully you can see how important the IC engine is in the
production of these undesirable substances.



Where do they come from?
S| Engines
1. CO.

We can get this from the basic combustion chemistry we know.
Controlled primarily by fuel air equivalence ratio. Lean - not a
problem. Rich, starts to appear, increases rapidly as mixture gets
richer.

Oxygenating fuels - for example burning alcohol provides some extra
O’s.

2. NOy.

The chemical reactions which form this take place at high
temperature. These reactions are very temperature sensitive.
Formation rate is an exponential function of temperature. So if we
produce a high temperature in the burned gas, and there is a
substantial amount of O, available, we will get NO,. There is always
plenty of N, available.

Peaks at @ = 0.9. Lean mixture but still burning hot.

Other factors:
» EGR. Dilutes the mixture lowers burning temp. NOx goes
down.
» Spark advance. By retarding the spark, burning temp goes
down. NOXx decreases.

3. Unburned Hydrocarbons

More properly called “organic” emissions. Large range of possible
chemicals resulting from imperfections in the combustion process.
* Quenching of flame on walls
« Crevice



» Dissolution in oil on walls, then leave solution later in power

stroke
* Blowby. Now mostly trapped and recycled.
* Very many complex mechanisms
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Summary of HC, CO, and NO pollutant formation mechanisms in spark-ignition engine.



This is the problem area in evaporative emissions.
e Diurnal. Heat up in sun. Fuel evaporates.
* Running. Engine is hot. Fuel evaporates
» Hot soak. After running
» Refueling



Cl Engines

1. CO. Not much of a problem.
2. NO,.

Same mechanism as with Sl. Since the engine runs lean, there is
always plenty of extra O, around.

3. HC. Many mechanisms the same as SI. The fact that there is a
higher molecular wt fuel makes more HC compounds possible.

4. Particulates. These are a very substantial problem with CI

engines. The mechanism of

Summary
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Regulation of Emissions

The Clean Air Act of 1970 was the first major move by the United
States towards a solution to the problem of emissions. The states
and local governments were given authority to regulate non-mobile
sources of emissions (e.g. power plants and factories) while the
federal government took the authority over mobile sources.

The EPA is the federal agency responsible for the regulation. Its
policies have been progressively more stringent over the years.

Current Regulations - Automobile and Light Trucks

Table 1
EPa Tier 1 Emission Standards for Passenger Cars and Light-Duty Tracks, FTP 73, gJlmi

Pazeenger cars 041 025 ong - 031 1.25 0,10
LLDT, LV =3, 750 ke - 0.25 34 10 o4 DoE 030 03] 42 125 OF 010
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HLDT, ALVW =5750 032 - 44 - o7 - 080 048 64 053 028 010
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1 - Meebal e 120,000 mulesl 1 years for all HLDT standards and for THC standards fer LDT

Abbrewiatione:

LVW - loaded vebacle weight (curb weight + 300 Tbe)

ALVW - adpusted LVW (the numencal average of the ourb wresght and the GVWE)
LLDT - hight bght-aty truck deelewe 6,000 bs GVWE)

HLLT - heanry hght-duty tneck: (abewe & 000 bs GVWE)

(Source : www.dieselnet.com)
Please note: Units are g/mile.

The Tier 1 standards were mandated in the Clean Air Act of 1990.
Phased in between 1994 and 1997.



How are the Measurements Made

FTP-75 Test
e Cold Start Phase
* Transient Phase
* Hot Start Phase
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Current Regulations - Heavy Duty Trucks and Buses

Table 1
EP& Emisginn Standards for Heavy-Duty Desel Engines, gibhp-hr

Heavy-Druty Diesel Track Engines

1988 1.3 15.5 10.7 0.60

1990 = 155 6.0 0.60

1991 1.3 15.5 5.0 0.25

1994 13 155 50 0.10

19%8 1.3 15.5 4.0 0. 10

Urban Bus Engines

1991 1.3 15.5 5.0 0.25

1993 13 155 5.0 0.10

15954 1.3 15.5 5.0 0.07

1996 13 15.5 5.0 0.05%
1998 1.3 15.5 4.0 0.05%

* - m-use PM standard 0.07

Source: www.dieselnet.com

Tahla 4
EP& Emission Standards for MY 2004 and Laker HD Diesal Engines, g/bhp-hr

1 24 n'a
2 25 0.5
i D rie

I Cetoher, | PIE, & ¢l il wist reiched hetwseim e EPA, Tepactosml of Juitics, Calfoms SRE and angioes mianiilee lorers | Cabsrpillar,
Cummine, Detroil Dissal, Vahio, Isck TruckePemall and Hasistar) ouer the isaie of high MI:I;_G s Fom hevy-duly disosl eggmes during certy

drivirgg mades. Finc e the sk 190005, the mansfschurers uged engr contral safbwere thal cassed mpnes 0 switch 1o & more fiel-effcinl Chut ogher
NT':_E:I driving e de durmg stewdy higheeery crsrg. The EPA consserad this erggne control strabegy an tlegal “smussaon defer) dence™

Froensions of e Consent Dwcres irchdsd the follrwing:

o ol penakies far engre manfctorers and requrenenis 1o dlacabe fonds for palotion ressech
* Uparedng ensing engnes o lower ROy, emissons

= Supplmentsl Eroissian Tesl (sbedy- slaie) with 2 kool equal ta the FTP stardard ard HTE bmits af 123 = FTF (with the exception of Hamsiarn)
= Pebesdingg Thes 1004 aniesion. slardands by Ocbabes 003, 15 roanths altese of tame



Testing.

On dynamometer. Chassis certification not usually required.

100

A lu i
il o .

G i

|

L 00

1 605

1o

Source: Dieselnet
NYNF - light urban traffic frequent stops and starts.

LANF - heavy urban traffic infrequent stops and starts
LAFY - crowded LA freeway



