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Abstract : Residual gas fraction in a combustion process is very crucial to improve combustion and cyclic variations.
Especially, the residual gas fraction is strongly affected by backflow of the residual gas during the valve overlap period
in an idle operation. Therefore, it is one of the most interesting that valve timings can affect flow characteristics of gas
exchange process, especially during idle operation. This analysis investigates residual gas fraction with respect to valve
timing changes which is critical for combustion efficiency and engine performance. Flow characteristics of residual gas
by changing intake and exhaust valve timing are calculated by CFD methodology during an idle operation in an SI
engine. It is analyzed that retarded EVO and advanced IVO results in the increase of valve overlap period and
consequently, residual gas fraction. Futhermore, changes in VO have stronger effects on variation of residual gas

fraction.
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Fig. 1 Mesh generation for numerical analysis
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Table 1 Boundary and initial conditions of numerical analysis

Item Specification

700rpm

BTDC 8°CA /ABDC 40°CA
BBDC 50°CA/ATDC 10°CA

Engine idle speed
Baseline IVO /1IVC
Baseline EVO/EVC

. 12°CA(advanced)
Changes in EVO 12°CA(retarded)

. 12°CA(advanced)
Changes in IVO 12°CA(retarded)
Intake pressure 40kPa
Exhaust pressure 100kPa

Turbulence model Standard k-¢

Initial turbulence

L 2% of inlet velocity
kinetic energy

Initial turbulence

. 30mm
characteristic length
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(a) Advanced EVO 12°CA (valve overiap : 6°CA)

(b) Baseline EVO (valve overap : 18°CA)

(c) Retarded EVO 12°CA(valve overlap : 30°CA)

Fig. 2 Distributions of residual gas fraction in the cylinder
with changes in EVO timings at ATDC 10°CA
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(a) Valve overdap (b) Valve ovedap (c) Valve ovedap
:6°CA :18°CA :30°CA

Fig. 3 Distributions of residual gas fraction in the cylinder
with changes in EVO timings at ATDC 150°CA
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Fig. 4 Residual gas mass fraction in the cylinder with changes

in EVO timings
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(a) advanced EVO
: overlap 6°CA

(b) baseline
: overlap 18°CA

(¢) retarded EVO
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Fig. 5 Burned gas motion with the changes in EVO during
overlap period
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(a)Retarded TVO 12°CA (vlave overdap : 6°CA)

(b) Baseline IVO (valve overap : 12°CA)

(c) Advanced TVO 12°CA (vlave ovedap : 30°CA)

Fig. 6 Distributions of residual gas fraction in the cylinder
with changes in IVO timings at ATDC 10°CA
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(a) Valve ovedap (b) Valve overlap (c) Valve overap

16°CA :18°CA :30°CA
Fig. 7 Distributions of residual gas fraction in the cylinder
with changes in IVO timings at ATDC 150°CA
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Fig. 8 Residual mass fraction in the cylinder with changes in

IVO timings
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Table 2 Results of residual gas fraction in the cylinder with
changes in EVO and IVO timings

Valve

Valve e 6°CA (ljaiefi/r?e) 30°CA
timing

Changes in EVO 11.0% 18.5% 42.9%

Changes in IVO 9.0% 18.5% 48.1%
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