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Research on the triple spark plug ignition system and high thermal
efficiency achievement for dedicated hybrid engine
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Abstract: Based on a 3-cylinder 1.5 L dedicated hybrid engine, the influence of three different ignition modes,
using single spark plug, passive pre-chamber and triple spark plugs, on the engine combustion and emission char-
acteristics was studied under lean-burn conditions. The test results at the speed of 2 000 r/min and the brake mean
effective pressure of 0.8 MPa show that under high-tumble intensity, the lean limit with passive pre-chamber igni-
tion corresponded to an excess air ratio ¢, of approximately 1.70, which is slightly lower than that of single spark
plug. In contrast, triple spark plug ignition can maintain stable combustion with a ¢, greater than 1.95, thereby
improving the fuel consumption and raw NO, emissions. As the air dilution increases, the advantage of passive pre-
chamber ignition in improving combustion phasing gradually weakens, while the corresponding ignition delay and
combustion duration increase more obviously. Triple spark plug ignition can effectively accelerate the combustion
rate, and this advantage becomes more significant especially when ¢, exceeds 1.70, the combustion duration
could be shortened by nearly 4° CA compared to those of single spark plug and pre-chamber. When using triple
spark plug ignition and a lean mixture with ¢, of 1.80, the engine achieved a highest brake thermal effi-
ciency (BTE) of 45.06% with the fuel of 92 research octane number (RON) . With RON100 fuel and further utiliza-
tion of electronic supercharger, the highest BTE can be increased to 45.63% and 47.04% respectively.
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Tab.1 Engine specifications

B B
KL B 3 G A
fFL42/mm 76
1% 2E1 7 /mm 110
TR/ 1.45
HEHR/L 1.496
JR 4 15
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FRKEHE/ (N - m) 167(2 500 ~ 3 900 r/min)
FriE I E /KW 70 (4 000 r/min)
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Fig.1 Triple spark plug combustion chamber and ignite-
ion coil layout on the test rig
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Fig.2 Physical image of tested passive prechamber
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Fig.3 Schematic diagram of engine test rig
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Tab.2 Measured parameters and accuracies

MHASEL B WG B
LT AVL YNOFORCE ASM 600 + 1 r/min
L2 AVL YNOFORCE ASM 600 £03N+m
PRI AVL FuelExact PLU 740 +0.1%
FURTRAE Y ES621 + LSU4.9 *2%
SR Kisler 6115 1%
SAHERR HORIBA MEXA-7100 DEGR +2%
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Tab.3 Testing boundary conditions
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e 2000 r/min, BMEP = 0.8 MPa
AL SR
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IEIMAR {3/ (°) CA ATDC -290
I3 I F1/MPa 35
TEIE 130 541% 3
FRBEAR LI AR B B/ (°) CA ATDC 7~ IMERN I
RONO92 JIMME#AE/ (M - kg™) 42.5
RON100 YR IHHMIEHYE/ (MJ - kg™) 42.13
KR/ C 90
WL/ C 90
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Fig.4 Schematic diagram of tested ignition modes
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Tab.4 Electronic supercharger specifications

B Bl
PRI/ (N - m) 0.35(0 ~ 72 000 r/min)
IEES Ty NIEY Y 2.6 (72 000 r/min)
R S R4/ (N - m) 0.70 (0 ~ 62 000 r/min)
FESTyNIEY Y 4.5(62 000 ~ 72 000 r/min)
SR (0 ~ 90% H% =555 3) /ms 550
v
—
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Fig.5 Electronic supercharger layout
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Fig.6 Variations of fuel consumptions and combustion
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Fig.8 Variations of raw NO, emissions with increasing @,
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