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Knocking Mitigation of Gasoline Engine
by Reduction of Unburned Area Using Pre-chamber Jet Combustion
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Analysis was conducted of knocking mitigation
when using passive pre-chamber jet combustion as
compared to a gasoline engine with stoichiometric
spark ignition combustion. Jets emitting from the pre-
chamber enabled the propagation flame to rapidly
reach the bore end, shortening the combustion
duration. This reduced the unburned area of end-gas in
the latter half of combustion and mitigated knocking.
It was also shown that by creating more nozzles and
thus increasing the number of jets, the unburned field
is partitioned and made smaller, which suppresses
auto-ignition and mitigates knocking. It was confirmed
that setting specifications to maximize the knocking
mitigation effect and thermal efficiency can raise
the compression ratio by 1.8 and increase thermal
efficiency by 1.1 pts.
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Fig. 1 Schematic diagram of combustion chamber
and passive pre-chamber
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Table 1 Test engine specifications

Number of cylinders 1
Displacement volume [cm?] 374.5
Bore [mm] 73
Stroke [mm] 89.4
Compression ratio 10.6 (base), 12.4
Valve system DOHC 4-valve
Intake port tumble ratio 1.8

Fuel injection system Direct injection

(Injection pressure: 10 [MPa])

Fuel Japanese regular gasoline
(Research octane number: 91)

Ignition system Direct ignition

(Ignition energy: 60 [mJ])

Plug heat value #8

Pre-chamber specifications Hole number: 4, 6, 8, 10, 12

Hole diameter [mm]:
0.3,0.4,0.5,0.65,0.8,0.95

Volume [cm?]:
0.42,0.52, 0.83, 1.12, 1.36, 1.92

Boost device Super charger

Table 2 Calculation software and model

CFD software CONVERGE v3.0.14

Turbulence model RNG k-¢-f

Spray model Kelvin-Helmholtz and Rayleigh-Taylor

Combustion model Extended Coherent Flame Model

Ignition model Imposed Stretch Spark Ignition

Auto-ignition model Tabulated Kinetics of Ignition

Fuel Regular gasoline

Propagation flame
combustion rate
(OMEGA_CFM [g/s])

Turbulent flame No wrinkles

surface area [cm?] flame surface area [cm?]

Flame surface turbulent
kinetic energy [m?/s?]

Laminar burning
velocity [m/s]

Unburned part
density [kg/m?]

Propagation flame
(OMEGA_CFM [g/s])

Auto-ignition
combustion rate
(OMEGA_TKI [g/s])

Unburned part
equivalence ratio [-]

Unburned part
pressure [MPa]

Unburned part

Auto-ignition
temperature [K]

(OMEGA_TKI [g/s])

Fig. 2 Factor analysis of flame propagation
combustion and auto-ignition combustion
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Table 3 Pre-chamber jet specifications on CFD

Pre-chamber jet
combustion £10.6

Excess air ratio Stoichiometric

Pre-chamber |10 holes, | 10 holes, | 10 holes, | 10 holes, | 10 holes, | 10 holes,
hole 0.3mm | 0.4mm | 0.5mm [0.65mm | 0.8 mm |0.95 mm
specification | diameter | diameter | diameter | diameter | diameter | diameter

Pre-chamber 0.83 0.83 0.83 0.83 0.83 0.83
volume [cm?]
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Fig. 5 Effect of pre-chamber hole diameter on
knocking by CFD
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Fig. 10  Pre-chamber jet specifications on CFD
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Fig. 15 Effect of pre-chamber volume on end-gas
auto-ignition volume by CFD

Table 4 Pre-chamber jet specifications on CFD

Pre-chamber jet
combustion €10.6

Excess air ratio Stoichiometric

Pre-chamber 4 holes, | 6 holes, | 8 holes, | 10 holes, | 12 holes,

hole 1.27mm [ 1.05mm | 0.9 mm 0.8 mm | 0.73 mm
specification | diameter | diameter | diameter | diameter | diameter
Pre-chamber 1.36 1.36 1.36 1.36 1.36
volume [cm?]
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RO BRBEIR & MFB 50% 77§, ML MmE & 31
oy F v IHER B L, 10 BFLI B T & ]
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ML, /v d VIR MEB 50% K& < EAL
72. Fig. 18 12X% b L — ¥ 3 v, GLA K mifR A %
RY. AMESLA S 10 WL TIEMEILEI & & & ICELER
KETEFEAPER U, BRBEHI 2N M 4 2 E R L7z 2
Tk, ALk o Xr L =Y g VEAKIIK T
2500, Uy MARBEINZE & 2k Je &K f 23 9k
KU72ZEhEREEZONS.
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(a) Wall heat loss in pre-chamber by heat balance analysis
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(b) Wall heat loss in main-chamber by heat balance analysis

Fig. 16  Effect of pre-chamber volume on heat loss
by CFD
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Fig. 19 12 OMEGA_CFM & OMEGA_TKI #/xR¢. / v
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Fig. 18 Effect of pre-chamber hole number on
jet penetration of propagation flame and
maximum turbulent flame surface area by
CFD
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Fig. 20 CFD image analysis of pre-chamber hole
number
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Table 5

Engine specifications of conventional SI
combustion and pre-chamber jet
combustion on CFD

Conventional
S| combustion
base £10.6

Pre-chamber jet
combustion
£10.6

Pre-chamber jet
combustion
€12.4

Excess air ratio

Stoichiometric

Stoichiometric

Stoichiometric

Pre-chamber 10 holes, 10 holes,
hole specification - 0.8 mm diameter | 0.5 mm diameter
Pre-chamber 1.12 0.42

volume [cm?]
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Fig. 22 Engine specifications of conventional SI
combustion and pre-chamber jet
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