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Effect of Controlling Exhaust Valve Timing on Engine Efficiency in LIVC
and EIVC States in a 2-Cylinder Small Turbo Gasoline Engine
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Abstract

This study examines whether engine fuel efficiency is improved by optimization of the exhaust valve timing in a state
where the intake valve timing has been optimized in a small turbo gasoline engine that has intake cams and exhaust cams
with fixed valve opening periods. When the exhaust valve is opened late, the expansion stroke is longer, and the efficiency
can be improved. A 2-cylinder turbo gasoline engine with 0.8 liters of displacement and an MPI (Multi Point Injection) fuel
system was used. The engine was operated at 1,500 and 3,000 rpm, and the load conditions included a partial load of 50
N'm and a high load of 70 N'm. Data was recorded as the exhaust valve timing was controlled, and this was used to cal-
culate the efficiency of combustion using a heat release, the fuel conversion efficiency, and the pumping loss. Results and
the hydrocarbon concentrations in the exhaust gas were compared for each condition. Experiment results confirmed that addi-
tional fuel efficiency improvements are possible through exhaust valve timing control at 1,500 rpm and 50 N-m. However,
in other operating conditions, fuel efficiency improvements could not be obtained through exhaust valve timing control
because cases where the pumping loss and fuel/air mixture slip increased when the exhaust valve timing changed and the
fuel efficiency declined.

7| EIVC : Early Intake Valve Close
EVT  : Exhaust Valve Timing
BSFC : Brake Specific Fuel Consumption GDI  : Gasoline Direct Injection
COV : Coefficient of Variation IMEP : Indicated Mean Effective Pressure
IVT  : Intake Valve Timing
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éccepted: 12 Jul 2022) MPI  : Multi Point Injection
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(b) Schematic diagram

Fig. 1 (a) Test engine set-up, (b) Schematic diagram
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Table 1 Engine specification

Item Value
Displacement volume (L) 0.8
Number of cylinders 2
Bore size (mm) 77.4
Stroke length (mm) 88.8
Compression ratio 9.5
Induction system Turbo Intercooler
Fuel Gasoline
Valve train Intake & Exhaust VVT

Fig. 2 Valve timing as IVT and EVT control

Table 2 Test condition

Engine speed Torque IV control EV control
(rpm) (N'm)
1500 50, 70 0, 10, 20, 30, 40, 50 0
1500 50, 70 0, 50 0, 10, 20, 30, 40, 50
3000 50, 70 0, 10, 20, 30, 40, 50 0
3000 50, 70 0, 50 0, 10, 20, 30, 40, 50
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Fig. 5 (a) Fuel conversion efficiency and (b) Normalized
BSFC as EVT control at IVT 0
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