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Exhaust Gas Temperature and Combustion Stability Variation due to Changes
in Spark and Exhaust Valve Timings

Duksang Kim" - Youngjoon Park + Changsuck Yang - Yong-Seok Cho

Graduate School of Automotive Engineering, Kookmin University, Seoul 136-702, Korea
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Abstract : The improvement of combustion stability is very important because it is closely related to the exhaust
emission concentrations as well as the fuel consumption during the cold start of SI engine. In our previous studies, the
spark and exhaust .valve timings were retarded individually from the baseline case to increase the exhaust gas
temperature for fast warmup of a close-coupled catalyst. In the study, it was found that combustion stability during cold
start becomes worse when the valve timing is retarded from the baseline conditions. The spark and valve timings were
simultaneously changed from the baseline conditions to find out the variation of combustion stability during cold start
of an SI engine. Through the study, retarded spark timing by 5° CA helps improvement of COVinep by 2% and 15C
increase of exhaust temperature. Retarded exhaust valve timing makes the exhaust gas temperature increase by 30T,
but it also deteriorates the COVinep by 1%.

Key words : Combustion stability( 44 A), COVimep( ZAIBT-FE2YH Alo]E ¥ A %), Exhaust gas
temperature(H] 7] 7}~2 ), Cold start(*d 2] %), Catalyst warmup(Z vl o), Valve timing(*¥ 2 E}o] =), Spark
timing(d 3} 4] 71)
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Table 1 Specification of test engine

Items Secification
Bore 82mm

Stroke 93.5mm
Compression ratio 10.3

Idle speed 800 + 100 rpm

BTDC 10° £ 5°

BTDC 8°/ABDC 40°
BBDC 50°/ATDC 10°
Valve overlap 18°

Spark timing

Itake timing

Exhaust timing
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Fig. 2 Main screen of combustion analyzer

{b) Cam sprocket

(c) Variable camshaft and sprocket

Fig. 3 Variable timing camshaft installed on the cylinder head
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Fig. 4 Variation of exhaust gas temperature with the change
of exhaust valve open timing (spark @ BTDC 100)%
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Fig. 5 Variation of exhaust gas temperature with the change
of spark timing (exhaust valve open @ BBDC 50°)”
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Fig. 6 Pressure variation of cylinder with the change of
exhaust valve timing (spark timing @ BTDC 10)
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Fig. 7 The pressures variation of cylinder with the change of
spark timing (exhaust valve open @ BBDC 50)
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Table 2 COVimep(%) with the change of valve timing and

spark timing
alve timing 6°CA Baseline 6°CA
Spark timing Advance case Retard
BTDC 5° 10.83 . 1391 14.66
BTDC 10° 12.44 14.23 15.62
BTDC 15° 14.36 17.81 18.50
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Fig. 8 Variation of COVine, with the change of exhaust valve
and spark timing
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