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CEE 452/652
 Week 6, Lecture 1Mobile Sources
 Dr. Dave DuBoisDivision of Atmospheric Sciences,
 Desert Research Institute
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 Today’s topics
 • Read chapter 18• Review of urban atmospheric chemistry• What are mobile sources?• 2-stroke and 4-stroke engines• Controls through engine design• Controls through fuel• Catalytic devices
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 Photochemical ReactionsInfluence of VOCs:generates enough NO2needed to keep up cycle and make ozone
 Peroxy radicalsReactive organic gases (ROG)
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 Relevant Questions• Why doesn’t O3 form at night?• Why does the hydroxy radical (OH) not format at
 night?• Why are nighttime O3 concentrations always
 nonzero in the background troposphere but sometime zero in urban areas?
 • If nighttime O3 concentrations in one location are zero and in another nearby location are nonzero, what do you think is the reason for the difference?
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 What are Mobile Sources?• A wide variety of vehicles, engines, and equipment that
 generate air pollution and that move, or can be moved, from place to place
 • "On-road" or highway sources include vehicles used on roads for transportation of passengers or freight
 • "Nonroad" (also called “offroad") sources include vehicles, engines, and equipment used for construction, agriculture, transportation, recreation, and many other purposes
 • Within these two broad categories, on-road and nonroadsources are further distinguished by size, weight, use, and/or horsepower.
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 On-Road Vehicles
 • This category of mobile sources includes – light-duty vehicles– light-duty trucks– heavy-duty vehicles– motorcycles
 • On-road vehicles may be fueled with gasoline, diesel fuel, or alternative fuels such as alcohol or natural gas.
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 On-Road Vehicles• Light-duty vehicles:
 – Passenger cars• Light-duty trucks:
 – pickup trucks, minivans, passenger vans, and sport-utility vehicles. – Those up to 6,000 pounds Gross Vehicle Weight (which includes
 passenger and cargo weight in addition to the weight of the vehicle) are known as "light light-duty trucks";
 – those that are 6,001 to 8,500 pounds Gross Vehicle Weight are known as "heavy light-duty trucks
 • Heavy-duty Vehicles– Vehicles of 8,501 pounds Gross Vehicle Weight and higher that
 are equipped with heavy-duty engines. – Examples of heavy-duty vehicles include large pick-ups, buses,
 delivery trucks, recreational vehicles (RVs), and semi trucks

Page 8
                        
                        

8
 On-Road Vehicles
 • Heavy-duty Vehicles – Medium duty passenger vehicles– Vehicles between 8,500 and 10,000 pounds
 Gross Vehicle Weight that are designed primarily to transport people.
 – Medium-duty passenger vehicles are a subset of heavy-duty vehicles, and consist primarily of large sport-utility vehicles and passenger vans.
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 Nonroad Vehicles
 • Engines, and Equipment: This category of mobile sources includes – nonroad gasoline equipment and vehicles– nonroad diesel equipment and vehicles– aircraft– marine vessels– locomotives– assorted other engines and vehicles
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 Effects of Mobile Sources
 • Pollute the air through: – combustion– fuel evaporation
 • These emissions contribute greatly to air pollution nationwide and are the primary cause of air pollution in many urban areas
 • Source of global emissions• Emit air toxics• Greenhouse gas emitter
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 4 stroke cycle
 • Intake, compression, power, exhaust, repeat
 • Ignition at or near top dead center of compression stroke
 • Repeated 100s to 1000s times per minute
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 4 stroke cycle summary and how it makes pollutants
 • Too rich, makes CO– inadequate O2 to oxidize all carbon
 • Too lean, makes NOx; – excess oxygen and high temperature make O and N
 radicals combine to form NO, N2O and NO2
 • Also can “quench” reactions on cylinder walls and go non-stoichiometric in crevice volumes
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 Air to Fuel Ratio• Mass ratio of air to fuel present during combustion• For example if we burn octene and we assume for
 a moment that it completed combusted, no NOformed
 • C6H16 + 12O2 + 45.1N2 8CO2 + 8H2O + 45.1N2
 • Here we have a stoichiometric combustion = chemically balanced (no excess air)
 [ ][ ] 7.14
 2.1121281.4532121
 11
 =×
 ×+×= −
 −−
 molgmolgmolgAFR
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 Air Equivalence Ratio (ER)
 • Ratio (actual air to fuel ratio) / (stoichiometric air to fuel ratio)
 • A = air intake rate (g/s), F = fuel usage rate (g/s)• If ER < 1, fuel rich (inadequate air, too much
 fuel)• If ER > 1, fuel lean (excess air, not enough fuel)• ER ≈ 1 for gasoline engines most of the time
 ( )( )stoich
 actual
 FAFA
 ER//
 =
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 A/F impacts on pollutantsGasoline fuel4 stroke engineleanrich
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 A/F impacts on pollutants in gas enginesRich Stoichiometric Lean
 ATF < 14.9 about 14.9 > 14.9
 ER < 1 1 < 1
 Actual range of ER 0.8 to 1.3
 Nornal uses starting, idling, maximum power,
 passing
 used with 3-way catalysts
 steady driving at light loads, freeway
 driving
 Power highest average poor
 Fuel econmy worst average best
 CO emissions high medium low
 HC emissions high medium low
 Nox emissions low medium high
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 Two Stroke Engines
 • Combines intake and exhaust into one stroke
 • Compression and power stroke• Spark plug fires every time piston
 approaches the top of the cylinder -compared to every other in 4 stroke
 • Lubrication is from fuel and motor oil
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 Two Stroke Engines
 • Compression and power stroke1. Ignition, gas expand
 as piston travels down2. Exhaust ports are
 open and spent gas leaves cylinder
 3. Intake port also open, fresh air drawn into cylinder
 4. On upward stroke, all ports closed and piston compresses fresh air-fuel mixture as it travels up to top dead center and ready for next spark ignition
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 Two Stroke Engines
 • Advantages– Simpler and less expensive than 4 stroke– Lighter and easier to maintain– More power– NOx slightly lower than 4 stroke
 • Disadvantages– Emissions large per unit fuel burned– CO and VOC can be 75% to 750% more than 4 stroke– PM emissions much greater than 4 stroke (~1000%
 greater)
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 Diesel Engines
 • Does not require spark ignition• The air fuel mixture is compressed to high
 pressure• Temperature of the mixture increases until
 auto-ignition reached• Fuel burns and drives piston down in the
 power stroke
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 Diesel Engines
 • Fuel is heavier and less volatile than gasoline
 • Operating AFR is much leaner than gasoline
 • 15 < AFR < 100• Emissons of CO and VOCs are lower than
 gasoline engines• NOx, PM are higher

Page 22
                        
                        

22
 Diesel Engines
 • Black smoke from from soot--during overloaded conditions
 • White, blue or gray smoke--condensed hydrocarbon droplets in the exhaust
 • Blue or gray generally due to vaporized lubricant
 • White due to cold start• Sulfur in the fuel forms sulfuric acid
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 Mobile Source Controls• Emissions = (km traveled)*(emissions per km)
 • Control technology is aimed at reducing the second term: fuels, engines, vehicles, etc.
 • Urban and transportation planning addresses the first term: housing density, location, transportation infrastructure
 • the second term is relatively insensitive to the number of passengers in the vehicle
 • Increasing vehicle occupancy helps reduce emissions: mass transit, car pooling, etc.
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 Control Technology: Engine Design
 • Air/Fuel ratio. CO and HC emissions increase as mixture gets richer in fuel (start and high power conditions), NOx emissions peak near stoichiometric ratio
 • Fuel metering systems: carburetors and fuel injectors (throttle body TBI, multi-port PFI, simultaneous or sequential)
 • Electronic Control Systems adjust the air/fuel ratio based on the signal from an oxygen sensor in the exhaust
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 Control Technology: Engine Design
 • Exhaust gas recirculation. Dilutes Air/Fuel mixture with exhaust gases thereby reducing peak combustion temperatures and NOx formation– There are limits to how lean an air-fuel-
 exhaust gas mixture can be for ignition– Ignition systems (spark plugs, etc.) and
 combustion chambers can be designed to improve performance with these lean mixtures
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 Controls: Fuel Composition• Refining
 – Reduce sulfur in fuels – Hydrodesulfurization-remove orgainic S– Replace lead with aromatics and olefins to boost
 octane (reduce pinging)– In the past MTBE used to replace lead as octane
 booster• Reid Vapor Pressure (RVP)
 – A measure of volatility– Increase RVP by adding butane in winter (help with
 quick starts)– Higher RVP, more evaporation, higher VOC– Lower the RVP in summer during peak O3
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