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Influence of pre-chamber fuel injection parameters on combustion and
emissions of a heavy-duty diesel engine
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Abstract: The impact of pre-chamber injection timing and spray angle on combustion and emissions of a WP10H
heavy-duty diesel engine was investigated using the numerical simulation software CONVERGE. The results show
that under high-load conditions, pre-chamber combustion system improves combustion efficiency, advances the
combustion phase, increases the peak cylinder pressure, shortens the combustion duration, and leads to an ele-
vated wall heat transfer loss. Some pre-chamber setups studied effectively reduces both NO, and soot emissions. The
optimized pre-chamber configurations demonstrates that sustained turbulence induced by the pre-chamber disrupts
the redistribution of unburnt mixture in the main chamber, decreasing the presence of dilute mixtures in the cylin-
der and subsequently lowering NO, emissions. Additionally, with an equivalence ratio near 1, the increased mix-
ture facilitates more comprehensive combustion, resulting in higher temperature in the main chamber during the
soot oxidation stage and aiding in soot reduction. The final optimized solution involves selecting a pre-chamber in-
jection timing of 0° CA ATDC and a pre-chamber injection angle of 54.5°. This configuration, compared to the
baseline engine, results in a 2.48% reduction in NO, emissions and a 21.07% reduction in soot emission.
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Tab.1 Engine specifications

1.1

B2 i
il 4% /mm 116
I ZEA TR /mm 150
R /mm 224.5
B/ (r - min™) 1200
U T A4
W3 1% /M Pa 180
ML A 8
I fL B 4% /mm 0.169
WLz B e £/ () 149
HE=/L 9.5
J 45 H 18.5
FRIMFN S ERNREE S

1.2 CONVERGE #H#&#&8 5i5E
1.2.1 #HFEAME

i ] CONVERGE #A4:, A T Je 8L R = 4544 1)
WY, X BRI T 2R E , FE 2 R
CONVERGE 41y A 1 7 (A& Sl 4377 (AMR) , 7]
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SR AR 2 T RE , LRG| S AN ZE TR A% T
AR 2mm, BEEAHE X AN R 0.5 mm; i
AMR  H &N A 2 e, A sl e o s B | it
JE 5 HE e A A A I DX, O G DA i o



2025 4F 5 H

R XUAE : FUR 2 Ao 2 55008 3 R S AT LR 68 A HE A ) 320 - 203 -

0.5 mm. HARBAERAUSHILE 2.

TR N RNG k-e FEAUU2) 6852 Rl e
RISR A KH-RT A 78 0319 e 55 it 3 6 A 78 Sy
O’Rourke 57U I§ 52 2% %% B AU Frossling £
FUUO! SRR AR T Ry NTC AR 3y ok /8 T AH 5
fE R B ALy Wall film 5% 0 U810 RE [ 4% $4CR
Boundary Heat Flux &I BREARRI A SAGE 40
b2 R RO I b R R WAL 42 AR
168 ME“E SN NO, HEHUR AR ] Extended Zeldo-
vich Mechanism #5721 i R HE AR TR A Hiro-
yasu f 221

F2 BEHMMBEHMAREHE

Tab.2 Initial and boundary conditions of simulations

il pidis)
P15/ (°) CA ATDC ~150
HESIIFIE/ (°) CAATDC 126
M H 1.1
BT RIUR H J1/MPa 035
HARE/K 326
SELREFE/K 455
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15 ZESL IR /K 524
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Fig.1 Comparison of calculated and experimental results
of cylinder pressure and heat release rate

®3 BEUSIREHEREEXT

Tab.3 Comparison of simulated and experimental emis-

sion data
SR N & PRE%
NO, HEfi%/ (g « kW'« h™") 8.65 8.59 0.69
WMIHERL/ (g - kW' - h)  0.00412  0.004 25 -3.05
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Fig.2 Computation mesh for the TDC of the pre-
chamber and a schematic diagram of the fuel in-
jection tilt angle in the XOZ plane
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Tab.4 Pre-chamber structural parameters and schemes

B i
TRA = 2R LLA1/% 3
iHFLEA/mm 2
AL/ () 30
TR = I A5 FLEL 2
TRA = B 25 FLA2/mm 0.169
TIURA T L A51/% 1
I3 1% /M Pa 80
PIA/(°) 74.5, 54.5, 34.5, 14.5
PIT/(°) CA ATDC -2,0,2,4,6
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Tab.5 Summary of calculation results for different fuel
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3 -2 345 2.04 -14.75
4 -2 14.5 -2.82 -13.45
5 0 74.5 0.84 -20.61
6 0 54.5 -2.48 -21.07
7 0 345 -0.56 -21.62
8 0 14.5 -5.57 -16.16
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