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Abstract : To satisfy the needs on fuel economy and engine performance, continuous variable valve lift systems are
applying to engines. Inthe CVV L system, fuel economy can be improved by reducing pumping loss during the induction
process, and engine performance can be also improved by controlling volumetric efficiency and the residual gas fraction.
Because the residual gas fraction directly affects volumetric efficiency, engine performance, combustion efficiency and
emissionsin Sl engines, controlling residual gas fraction is one of the important things in engine development process.
Thisanalysisinvestigates the residual gasfraction and volumetric efficiency with changes of intake valveliftsand intake
valve timings. In this study, unsteady state solutions were solved during exhaust and induction processes. Results show
variation of the residual gas fraction and volumetric efficiency by changing intake valve timing and lift. Decreasing
intake valve lift leads to increase the residual gas fraction and to decrease volumetric efficiency.
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Fig. 1 Mesh generation for numerical analysis
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Table 1 Initid and boundary conditions and engine specifi-

cation
Item Specification
Engine speed (rpm) 3000
Stroke (mm) 97
Bore (mm) 88
IVO/IVC .
| (ch, basding Variale
Valvetiming EVOIEVC
(°CA, fixed) BBDC 34/ATDC 10
Intake pressure (bar, abs) 0.9
Exhaust pressure (bar, abs) 1
Intake gas temperature (K) 305
Exhaust gas temperature (K) 700

—X— Exhaust, fixed
—&— [VO_BTDC 30 °CA
—O— IVO_BTDC 20 °CA
—&— [VO_BTDC 10 °CA
10 | —=v— IVO_ATDC 0 °CA
—— IVO_ATDC 10 °CA

Valve lift(mm)

L L L L L R
-210 -180 -150 -120 -90 -60 -30 0 30 60 90 120 150 180 210 240

Crank angle degree, ATDC

Fig. 2 Vavelift profileswith changesin intake valve timings

—¥— Exhaust, fixed
—— Intakve valve lift: 9.2 mm
12| —@— Intakve valve lift: 8.2 mm

—0O— Intakve valve lift: 7.2 mm
—&— Intakve valve lift: 6.2 mm
—A— Intakve valve lift: 5.2 mm

Valve lift(mm)

0 L L L L s L < A3 L L L L ) Se v
=210 -180 -150 -120 -90 -60 -30 0 30 60 90 120 150 180 210 240

Crank angle degree, ATDC

Fig. 3 Valvelift profiles with changesin intake vave lifts
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Exhaust _ Intake .~

(a) IVO: BTDC 30°CA vave overlap: 40°CA

Exhaust _ Intake .~

(b) IVO: BTDC 20°CA valve overlap: 30°CA

Exhaust _ Intake

(c) IVO: BTDC 10°CA valve overlgp: 20°CA

Exhaust Intake .~

(d) IVO: BTDC 0°CA valve overlagp: 10°CA

0 1

Fig. 4 The residua gas distribution with changes in 1IVO
timingsa ATDC 10°CA (black: burned gas, white: air)
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Table 2 The residual gas fraction and mass with changes in

IVO timings
IVO timing Theresidual gas | Mass of the residual

(°CA,BTDC) fraction(%) gas(mg)

30 6.13 20.30

20 5.93 19.41

10 5.64 18.12

0 5.61 17.45

10 5.85 17.21
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Fig. 6 In-cylinder air mass with changes in intake valve
timings

Table 3 Volumetric efficiency with changesin IVO timings

VO timing
cca Br00)| ¥ 20 10 0 -10
Volume 1 o) e | 9201 | 9062 | 87.78 | 8278
efficiency(%)
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—e— IVO: BTDC30
—— IVO: BTDC20
160 | —w— IvO: BTDC10
—=— IVO: ATDCO
—a— IVO: ATDC10

140

120

Pressure(kPa)

0 100 200 300 400 500 600 700

Volume(cc)

Fig. 7 P-V diagram with changesin intake valve timings

Table 4 Pumping losswith changesin intake valve timings

IVO timing
(°CA,BTDC)

30 20 10 0 -10

PMEP(bar) | 0.1990 | 0.2007 | 0.2044 | 0.2136 | 0.2449
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Table 5 The residua gas fraction with changes in intake
valvelifts, IVO: ATDC 0°CA
Intake valve
lift(mm)
The residual gas
fraction(%)

5.2 6.2 7.2 8.2 9.2

6.10 5.70 5.57 5.58 5.61

i Jo
N
Hoe
o 10
ot

—&—— Lift: 5.2mm
300 F| oo Qe Lift 6.2mm
:7.2mm
——A-—- Lift: 8.2mm
Lift: 9.2mm

I E B

150

100 |

50 |

In-cylinder air mass in the half cylinder model(mg)

-30 0 3‘0 6‘0 9‘0 1%0 15;0 12;0 21‘0 2;0
Crank angle degree, ATDC

Fig. 8 In-cylinder air mass with changes in intake valve lifts,

IVO: ATDC 0°CA, valvelift: 5.2~9.2 mm

Table 6 Volumetric efficiency with changes in intake valve
lifts, IVO: ATDC 0°CA

Intakevalve | o, | 6o | 72 | 82 | 92
lift(mm)
Volume
ficienay(og) | £551 | 9175 | 9378 | 9226 | 8778
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100 |

80 -

Pressure(kPa)
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L
100

L s
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Fig. 9 P-V diagram with changesin intake valve lifts
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Table 7 Pumping loss with changesin intake valve lifts

Intake valve
lift(mm)

5.2

6.2

7.2

8.2

9.2

PM EP(bar)

0.2448

0.2278

0.2186

0.2137

0.2136
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