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Experimental Study of the Effect of Secondary Air Injection on the Cold Start
Total Hydrocarbon Emissions in a Spark Ignition Engine
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Abstract : Engine emission regulations are becoming more stringent nowadays. In cold transient regime, about 80%
THC is exhausted to the atmosphere in the first 200s (US FTP cS/cles). Accordingly, reducing emission levels in the
cold period immediately after the engine start before the catalysts reach their working temperature will be an especially
critical factor in meeting more stringent regulations in the future. In this study, the total hydrocarbon quantities are
measured using a Fast FID with gasoline fuel for a 4-cylinder SI engine, including Secondary Air Injection (SAI)
system. Commercial SAI device's direction is reverse to the exhaust flow. In this study, a swirl flow type SAI system
which is positioned between the exhaust manifold and exhaust port, was developed. We compared the swirl type
secondary air injection with a commercial secondary air injection of reverse flow. The swirl type SAI showed better
results in reducing HC by 26% than the commercial flow type SAI of reverse flow which was caused by the better
mixing between the exhaust gas and the secondary air.
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1. Engine 2. Dynamometer(EC, AC, Transient AC) 3. Engine
controller 4. Temperature measuring system & coolant temp.
controller 5. Combustion pressure data acquisition system 6.
Charge amplifier 7. Encoder 8. Cam location sensor 9. Three
way catalyst 10. Exhaust gas analyzer 11. FastFID

Fig. 1 Schematic diagram of the experimental set-up
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Fig. 2 Secondary air injection system(Reverse VS Swirl
injection system)
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Fig. 3 Time derivative of total HC concentrations(Swirl, Cold
start 20°C, SAIT120° ATDC, SAID100°)
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Fig. 4 Time derivative of total HC concentrations(Swirl,
Cold start 20 C, SAIT120°ATDC, SAID140°)
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Fig. 5 Time derivative of total HC concentrations(Reverse,
Cold start 20°C, SAIT120°ATDC, SAID100°)
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Fig. 6 Time derivative of total HC concentrations(Reverse,
Cold start 20C, SAIT120°ATDC, SAID140°)
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Fig. 7 Comparison of the frequency over 1000ppm/sample
(Reverse SAI and swirl SAI)
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Fig. 8 Average THC concentrations of the swirl SAI and
reverse SAl(coolant temp 20C)
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Fig. 9 Average THC concentrations of the swirl SAI and
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