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Technology for Enhancing Thermal Efficiency of Gasoline Engine
by Pre-chamber Jet Combustion
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A two-point increase in brake thermal efficiency
was achieved over an engine with a brake thermal
efficiency of 45% from a previous study by using a
single-cylinder gasoline engine adopting pre-chamber
jet combustion. These results were achieved with a
mechanical compression ratio of 16:1 by optimizing
the pre-chamber design, coating the pre-chamber
inner walls with thermal insulation, and optimizing
the combustion chamber shape, including compression
ratio settings. The resulting configuration also
achieved NOx emissions of 30 ppm and hydrocarbon
emissions of 2000 ppm, which puts it in compliance
with SULEV20 emission regulations. In addition,
combustion stability was kept to a CPmi of 3% or
lower, the rate of in-cylinder pressure increase to 300
kPa/deg or lower, and noise vibration requirements for
actual vehicles were satisfied.
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Fig. 2 Brake thermal efficiency for EGR combustion
and lean combustion using 1-D simulation
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Fig. 3 Characteristics of NOy emissions by AFR for
base engine
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Fig. 4 Visualized direct bottom view and CFD
calculations for pre-chamber jet combustion
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Table 1 Test engine specifications for pre-chamber jet

combustion
Number of cylinders 1
Displacement volume (cm3) 458
Bore (mm) @73
Stroke (mm) 109.5
Stroke/bore ratio 1.5
Expansion ratio 17.0
Effective compression ratio 125
Aspiration Supercharger
Fuel supply (main/pre) (PI/DI)
Ignition energy (mJ) 60
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Fig. 5 Pre-chamber design parameters
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Table 2  Final test engine

specifications

Number of cylinders

1

Engine type DOHC 4-valve

Displacement volume (cm?3) 458
Bore (mm) ¢73

Stroke (mm) 109.5
Stroke/bore ratio 1.5
Expansion ratio 16.0
Effective compression ratio 12.5
Pre-chamber volume (cm?3) 2.0

Nozzle diameter (mm) 1.6
Number of nozzles 10

Pre-chamber specification

Thermal insulation

coating
Intake port Weak flow
Aspiration Supercharger
Fuel supply (main/pre) PI/DI
Ignition energy (mJ) 60

Target
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test engine specifications
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Fig. 15 Achieved brake thermal efficiency at engine
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WTBLU MR ERE & AR L 7z
(1) L=

45% ERBA L T2 R 4 v b ALk
(2) SULEV20 R D 7= DHELI v g v

7 4 — F NOx #EHi 13 30 ppm

7 4 — F HC #EH = 1E 2000 ppm
(3) FHLDOHRBY SR & TR

AFR 40 % T CPmi 3% LT

dP/d 0 1% 300 kPa/deg
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