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Effect of Operating Conditions on the Residual Gas Fraction in an SI Engihe
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ABSTRACT

Residual gas fraction in an engine cylinder affects engine performance, efficiency and emission
characteristics. With high residual gas fractions, a flame speed and maximum combustion temperature are
decreased and these are deeply related with combustion stability especially at idle and NOx emission at
relatively high engine load.

In this work, the residual gas fraction was calculated by an engine simulation code, which was validated by
the experimental data (cylinder pressure and emissions) obtained from 4-cyliner spark ignition engine. A
comparison between experimental and computational calculation results was made. The residual gas is
generated mostly at low engine speed by the larger pressure difference between the intake and exhaust port. As
the valve overlap duration was increased, the amount of residual gas in the cylinder, the amount of HC emission
in the exhaust gas and the variation of power output increased.

F27]&8&0] : Residual gas fraction(zt7 7}~ &), Valve oiverlap duration((B 2. o8& 7|37}, Valve
overlap center(‘8H. QB AEH) «

Nomenclature D : diameter of pipe (m)

RGF  : residual gas mass fraction (mass%) f : friction coefficient
BMEP : mean effective pressure, brake fo : pressure loss coefficient (C,/Cy)
IMEP : mean effective pressure, indicated F : area of pipe (m’)
A/F  : air and fuel ratio k : specific heat ratio
TDC : top dead center Mgy 1n input mass of cylinder
COVimep : coefficient of variation in indicated Meyt_ow : OUtput mass of cylinder

mean effective pressure mg  : in cylinder mass

Myes : residual mass of cylinder

* 3)9l, KAIST 7141 &8a} p : pressure (Pa)
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2R - o
: heat transfer (kJ)
: velocity (m/sec)
0 : density (kg/m3)
Re : Reynolds number

46  : degree step
: crank angle (degree)
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Table 1 Engine specification

Bore (mm) 82 Stroke (mm) 935 |
Displaced vol. (cm®) | 493.7 | COMPress:- Vol | 40 ¢
(cm3)
Compress. ratio 10.1 Con. rod length 146.5
(mm)
Intake valve dia. 12 Exhaust valve dia. 275
(mm) (mm)
Throttle Cylinder
Intake Exhaust
manifold manifold

Fig. 1 Engine model
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Table 2 Engine operating conditions

Intake Ambient
Valve
rpm | A/F [Tempera- Pressure Tempera- Pressure overla
ture(‘'C)| (kPa) |ture(‘C)| (mbar) P
2000[14.59] 19.1 355 20.4 1026 0
2000 14.62| 19.0 347 20.4 1026 10
2000 14.60| 18.6 34.1 20.3 1026 20
2000 14.63) 19.6 349 20.4 1026 30
2000{14.53] 19.0 377 20.4 1026 40
14 SIXNSXIEE =2
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Fig. 2 Variation of cylinder pressure for various valve
overlap durations (2000rpm)
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