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Numerical Study on Enhancing Power and Thermal Efficiency of Large Motorcycle Gasoline Engine
Using Pre-chamber Jet Combustion Simulated by Combustion CFD
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A study of combustion methods was conducted using
3D combustion simulation with the aim of enhancing power
at full load and thermal efficiency at partial load for a big-
bore spark ignition gasoline engine for large motorcycles.
The effect of passive pre-chamber jet combustion on power
was confirmed at full load. It was further confirmed that
a jet sprayed from the pre-chamber into the main chamber
caused an increase in turbulent kinetic energy that sped
up combustion, and that increasing the compression ratio
from 10.1 to 12.1 resulted in an enhancement of 3.6% in
indicated work at full load compared to conventional SI
combustion. At partial load, the effect of pre-chamber jet
2plug combustion, achieved by ignition in the pre-chamber
after the ignition of the main-chamber side-plug with the
aim of enhancing combustion stability, was confirmed.
The jet sprayed from the pre-chamber facilitates ignition
by coming into contact with the flame surface generated
by the earlier ignition of the main-chamber side-plug. It
was confirmed that this resulted in an increase in indicated
thermal efficiency of 1.7 points at partial load compared to
conventional SI combustion.
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Fig. 4 Schematic diagram of evaluation load conditions
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Displacement 1082 [cm?]
Number of cylinders 2
Bore 92 [mm]
Stroke 81.4 [mm]
Compression ratio: € 10.1 | 121

Maximum power

75 [kW]/ 7500 [rpm] (base)

Valve system

SOHC 4-valve

Fuel injection system

Port injection (injection pressure: 343 [kPa])

Fuel Japanese regular gasoline (research octane number: 91)

Ignition system 2plug:
Center-plug: conventional

Side-plug: conventional

Center-plug: pre-chamber
Side-plug: no-ignition

1plug: 2plug:
Center-plug: pre-chamber
Side-plug: conventional

(side-plug placement between exhaust valves)
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Hole number: 10

specifications

Hole diameter: 0.5 [mm]

Volume: 0.8 [cm?]

Fig. 5 Schematic diagrams and specifications of engine
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Calculation software and models

CFD software

CONVERGE v3.0.19

Turbulence model

RANS -f

Spray model

Rosin-Rammler and Rayleigh-Taylor

Combustion model

SAGE detailed chemical reaction

Ignition model

Add energy source to ignition point

Fuel chemical
reaction mechanism

Regular gasoline
SIP-Gr2.0-S5R

Mesh size [mm]

0.125-1.0 (adaptive mesh refinement)

Model parameter

Turbulent schmidt number: 0.5

Reaction multiplier: 1.15
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Fig. 6 Comparison of in-cylinder pressure and heat

release rate between experiment and CFD
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