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Analysis of Valve Timing for Reducing Unbumed Fuel Emission
Seongryur An', Seungjae Min"

YDepartment of Automotive Engineering, Hanyang University, Seoul 047-63, Korea

Abstract : Global efforts to reduce carbon emissions have emphasized the need for decarbonization in the shipping
industry. Liquefied Natural Gas (LNG) has emerged as a promising alternative fuel due to its environmental benefits and
existing infrastructure. However, "Methane Slip," the release of unburned methane, offsets the greenhouse gas reduction
benefits and poses a significant challenge. This study investigates valve timing strategies to mitigate methane slip in
LNG engines. Using a single-cylinder model based on the Hyundai Lambda 3.3 T-GDi engine modified for LNG,
simulations were conducted via MATLAB/Simulink to analyze the effects of Early Exhaust Valve Closing (EEVC) and
Late Intake Valve Opening (LIVO) strategies on unburned methane emissions and engine performance. Results reveal
that EEVC reduces methane slip more effectively than LIVO, albeit with a larger impact on engine output. This study
provides insights into optimizing valve timing for improved engine efficiency and reduced emissions in LNG-fueled

engines.

Key words : LNG(3}3 917}, Combustion($1 4~), Methane slip(H €F & #), Valve timing(¥ B E}o] 1), Early
exhaust valve closing(Z=7] Hl] 7] ¥ . 2 3]) Late intake valve opening(5-7] ¥ B & & ] )

Nomenclature o : stefan-boltzmann constant
W : work p : density
P : pressure D : diameter
V@ volume L : length of valve lift
A':area ¢, : discharge coefficient
R : specific gas constant TDC : top dead center
m: mass BDC : bottom dead center
T : temperature EEVC : early exhaust valve closing

a: crank length LIVO : late intake valve opening
[ : connecting rod length

¢, : specific heat capacity at constant volume Subscripts
Q : quantity of heat cyl: eylinder
M : molar mass

LHYV : lower heat value

amb : ambient air
dis : displacement

. . m : combustion
7 : combustion efficiency com : combustio

h : convective heat transfer coefficient v @ volume

£ : emissivity conv : convection
rad : radiation

max : maximum
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Table 1 Engine specifications

Description | Specification
Mechanical

Number of cylinder Single Cylinder
Bore 92 mm

Stroke 86 mm

Connecting Rod

153 mm

Compression ratio

13

Fuel

Lower Heat Value for LNG

50 MJ/kg

Air-fuel Ratio

15

Injector slope

3.02 mg/ms

Simulation

At speed

700 rad/s

Initial Engine Speed

720 rpm

Speed limit

8000 rpm

Combustion duration

50 deg

Initial intake manifold pressure

1.7 bar
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Table 2 Engine power peak value of EEVC and LIVO

ADCT | iy BCE | ey
1 651.07 52 644.96
2 651.04 53 645.31
3 650.98 54 644.97
4 649.89 55 645.30
5 649.47 56 646.00
6 649.01 57 645.30
7 647.82 58 645.31
8 647.33 59 645.30
9 646.53 60 644.95
10 644.95 61 644.95
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