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Cold Start Hydrocarbon (HC) Emissions in Gasoline Engines
(Sponsored by Chrysler Corporation, Auburn Hills, Michigan, USA)
Synopsis
HC emissions during the first few seconds of cold starting of automotive gasoline engine contribute about 60% of the total HC emitted in the FTP test. The goal of this project is to reduce engine-out HC during cold start.
The approach taken in this investigation is experimental supported by detailed analysis and simulation. Experiments are conducted on a new production Chrysler 2.4-L, 4-cylinder, 16-valve Gasoline Engine (Appendix 1). The engine instrumentation (Appendix 2) includes a two channel Fast Response Flame Ionization Detector (FRFID) (Appendix 3). The location of the sampling probes of FRFID is in the exhaust ports, close to the exhaust valve. 
The signals (Appendix 4) of conducted cold start tests showed that the major sources of the high cold start HC emissions are: 

1. Misfiring 
Misfiring happens if the air-fuel mixture within the spark plug gap is out of ignitable range, or the spark plug fails to produce a healthy arc. Misfiring can be easily detected from engine speed (Appendix 5) and exhaust gas temperature (Appendix 5). 
2. Incomplete flame propagation 

Intake manifold absolute pressure (IMAP) drops quickly as engine accelerates during starting. Low IMAP causes excessive back flow (also known as internal exhaust gas recirculation (EGR)) during valve overlapping period. Flame can not propagates fast in diluted intake charge. During cold starting, engine is experiencing many transients: Engine speed, temperatures and intake manifold absolute pressure (IMAP), are all changing dramatically in the first few cycles. These transients make accurate air-fuel ratio control very difficult. Overlean or overrich air-fuel mixture slows down flame propagation speed, causing significant unburned hydrocarbon emissions. Click here for illustrative figures (Appendix 6).
3. Overfueling (fuel rich air-fuel mixture) 

Extra fuel in the cylinder can not be burned. Most of it is exhausted, which can be shown by equivalence ratio (Appendix 7).
Based on experimental data, fuel inventory (Appendix 8) was established by running a heat release program developed at Center of Automotive Research, Wayne State University.
Based on the tests and analysis conducted, strategies to reduce engine-out cold start HC emissions include: 

· Reduce the rate of IMAP drop during starting to decrease intake charge dilution. 

· Advance spark timing to overcome slow flame propagation speed. 

· Reduce amount of fuel injection based on equivalence ratio in the exhaust. 

· Carefully develop a better fueling strategy during the transition from maximum engine speed to idling speed, in order to eliminate/reduce misfiring and incomplete flame propagation. 
Appendix 1: 

Testing Engine:
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Picture of engine goes here.
Engine Specifications:
	Type
	Chrysler Inline-4, DOHC

	Number of Valves per Cylinder
	4

	Bore
	87.5 mm

	Stroke
	101 mm

	Compression Ratio
	9.4:1

	Displacement
	2.4 Liters

	Firing Order
	1-3-4-2

	Fuel System
	MPFI, Sequential

	IVO
	50 BTDC

	IVC
	510 ABDC

	EVO
	500 BBDC

	EVC
	100 ATDC
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Appendix 2:
Engine Instrumentation:
Cylinder 1 (close to engine front) and 4 of the engine are fully instrumented to take data from two cylinders simultaneously. The numbers in the parentheses denote signals in the sketch. 

· Cambustion HFR 400 Fast Response Flame Ionization Detector to measure exhaust hydrocarbons from 

cylinder 1 and 4. (11, 12) 

· KISTLER 2121 in-cylinder pressure transducers for cylinder 1 and 4. (1, 2) 

· UEGO (Universal Exhaust Gas Oxygen) sensor to measure equivalence ratio of exhaust gases. (10) 

· OMEGA pressure transducers to measure intake charge and exhaust gas pressure of cylinder 1 and 4. (4, 6, 7, 8) 

· OMEGA fast response thermocouples (bare wire, wire diameter 0.005 inch, assembled by ourselves) to measure intake charge and exhaust gas temperatures of cylinder 1 and 4. (3, 5, 13, 14, 15, 16) 

· Bosch airflow meter to measure intake air mass flow. (9) 

· Chrysler engine control signal break-up box to acquire fuel injection pulse width, spark signal, crankshaft and camshaft position. (19, 20) 

· AVL optical shaft encoder to trigger data acquisition and to get engine speed. (17, 18) 

· DSP 24-channel data acquisition system to collect data. 
 

Chrysler 2.4-L, 4-Cylinder, 4-Valve Engine Instrumentation
[image: image3.jpg]Chrysler 2.4-L, 4-Cylinder, 16-Valve Engine Instrumentation
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Appendix 3:
Fast Response Flame Ionization Detector:
Model: HFR 400
Manufacturer: CAMBUSTION 
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Picture of FRFID goes here
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Appendix 4:
List of Signals Acquired during Cold Start Tests:
Whole Engine Parameters: 

· Engine speed 

· Intake air mass flow rate 

· Equivalence ratio measured in the exhaust 

· Intake temperature measured in the plenum 

Cylinder 1 Data: 

· Cylinder pressure 

· Unburned hydrocarbon concentration in exhaust 

· Intake manifold absolute pressure (IMAP) measured in the intake runner (close to intake port) 

· Intake charge temperature measured in the intake runner (close to intake port) 

· Spark signal 

· Fuel injection pulse width 

· Exhaust gas pressure 

· Exhaust gas temperature 

Cylinder 4 Data:
Same as cylinder 1
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Appendix 5:
Misfiring:
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In the middle of cycle 0 (Appendix 9) and the beginning of cycle 1 (Appendix 9), there was a slight increase in engine speed during the expansion strokes of two cylinders. This indicates that these two cylinders misfired. The slight speed increase was due to expansion of the compressed cylinder gases. 
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Late in cycle 1 there was a big jump in exhaust gas temperature after exhaust valve opened, meaning cylinder 1 fired strongly in cycle 1. But, there was no increase in exhaust gas temperature in cycle 0, indicating misfiring.
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Appendix 6:
Incomplete Flame Propagation
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After cycle 4, IMAP was lower than 40 kpa. At the end of exhaust stroke, cylinder pressure was close to atmospheric pressure. When intake valve was open, in-cylinder gases and exhaust gases flew back into intake manifolds, diluting intake charge for next cycle. 
The big jumps of engine-out HC of cycle 4 and 5 (Appendix 10) were mainly due to incomplete flame propagation.
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Appendix 7:
Equivalence Ratio in Exhaust Gases:
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Equivalence ratio shows from cycle 5 to cycle 10, exhaust gases was 50% overrich (equivalence ratio = 1.5). At cycle 50, it was still 35% overrich. 
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Appendix 8:
Cold Start Fuel Inventory:
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The sharp increases of total injected fuel and unaccounted fuel shows the first fuel injection (called prime shot) was much more than following fuel injection. But most of this fuel did not come out of cylinder as burned fuel or unburned hydrocarbon. This part of fuel (called unaccounted fuel) was either exhausted as CO, or became intake port wall wetting or cylinder wall wetting.
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Based on cylinder 4 fuel inventory, cylinder 4 performed better than cylinder 1in all four categories: Less total injected fuel, less unaccounted fuel, more burned fuel, less HC emissions. The intrinsic reason of cylinder-to-cylinder variation needs to be further studied.
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Appendix 9:
Engine Speed of Cycle 0 and Cycle 1
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The expansion stroke of cylinder 1 and expansion stroke of cylinder 4 show only slight increase in engine speed, indicating miss firing in these two cylinders.
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Appendix 10:
HC of cycle 4 and 5
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The sharp increase in engine-out HC after EVO for cycle 4 and cycle 5 was the result of incomplete flame propagatio
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