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Simulation study on lean-burn combustion characteristics of gasoline
engine with pre-chamber ignition

YIN Congbo, FAN Jingzhi, SUN Yuedong, ZHANG Zhendong
(School of Mechanical Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: The simulation study was carried out on a turbocharged direct injection gasoline engine with a
passive pre-chamber. The three-dimensional simulation model of pre-chamber ignition engine was
established, and the lean-burn combustion environment (excess air coefficient 1=1.3) was formed by
using the three injection strategy. The gas flow, spray, combustion and emission characteristics at
different working conditions were studied by simulation. The simulation results show that a significant
tumble flow of intake air is formed in the main chamber, and the maximum turbulence kinetic energy
(TKE) at the end of combustion can exceed 150 m’/s’, but further delaying the ignition time to 715°
crank angle, the maximum TKE will drop to about 110 m/s’. During the jet flame spraying process,
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there is a significant imbalance, with the jet flame spreading faster from the right-side nozzles, while the

jet flame spreading slower in individual left-side nozzles. By delaying the ignition time under heavy

load, the maximum temperatures of the main chamber and the pre-chamber are effectively reduced, thus

reducing the maximum pressure and emissions of NO, and CO. The maximum mass concentration of

NO, in the main chamber is reduced by about 54%, and the maximum mass fraction of CO is reduced by

about 30%.
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Fig.1 Schematic diagram of pre-chamber spark plug engine and pre-chamber model

F1 FEASGHITEMEETRT

Tab.1 The cell sizes for the computational meshes for

different parts
PR X 4 4% AR /Vmm
Tk AL 0.25~1
e NS S e 0.5~1
AEE D 0.5~2
HES HES R 1

INHIEA AR R Y Bl R 0.1°~0.5°,

B X RE E TR) AT, 3 4 3 B A R X AR A5 ) 2R
ARG R EOCE RGN S Al AL
137 % F i1 Hanjalic 25 7% F % B DU J7 72 i i A5 780
B k-G BB AT T3

S JH Liu 251 55 0 0 D 205 75 Sfe 991000 348 1 o
T B 0 o K O'Rourke™ $5 H 14 15 32 il 48 46
IR E] AVL-FIRE GRS, A8 FH T Jiro 4
TR B W% 25 /R T AR EL AR AR A o IR I R RN 28 &
112 F Dukowicz™" ¥ & HYRET HEF AT

PRBEAR R SR ] AVL-FIRE " A94 ELE KM
7 (extended coherent flame model, ECFM), ¥ &
TR KGR A (coherent flame model, CFM) f%) 3%

filt bk SR K, RE % TR B b AR LR B ) AR
ECFM W] 5 25 A1 58 24, JF H T Ui e
RS G (exhaust gas rec1rcu1at10n EGR) #
M) #1 NO, JE i 3 J2 ke . HoAk 2= S R L3R A

o .
QH@#LH%—E%hﬁnab+§hO (1)

n 1 j
CnHj01+(§—§)02—>nCO+%H2 (2)

K, n. g LERe R . SRR TEH .

AVL-FIRE ' ECFM Iy $i7 fift Kl 7 & 4 0.5,
A LIPS IR DI BAL S @ SRS TR SN i 52
BRBE B BOT I DR e s B . A5 KB RLR FH KR A3
KR, PR b KA B2 B — AN 3KE K
mv M4 AVL-FIRE 31 (#7218, KIARZ
TN R KRR LRI 8] 43 15 5E 4 3 mm F10.0003 s,

SR FH i AL £ 3 B R I BE R R R R
WiEsl . AR wE LU

Z m; [(yi —yo)wi — (zi — z0) vi]
w= i:L (3)
Z m; [(Zi —20)* + (i —yo)z]
=1

7

(a) P A

&S

(b) FRIT™] L5 TR 2 ARy o A% 50 i

2 HERERE

Fig.2 The grids of calculation area



%2

TFrAg, 45 PR SRR WA B R 07 ELBT 5

171

A a FoRMMEHAECE;  m; ZoR IR
Vi 2z F N8 HUAS AR BT B0 9 R R AR A
o, 20) 7N BEFRRIAE V-0 A OB AAR s vie w73
BIFR y A 2 Bl 1) L P

U e T AR S R S L Z L,
A

w

Rx:N (4>

A RN IS8 x e IR L s N &R &
LA . FEARIE T, LR 2 JhoTm L,
FEI 8 o il 7 1] B4 0 O LU E ORI L o ¥R LE
R, BT VA PR IS VR 7 e 8 ol A5

443 L Bl RE A E AR

2,2 2
Z m; (uix + iy, + uiz)
i=1

=

25 i

AR5 me RSB
KA.

B 5 i AR B T G 2 P ORI A i
i 5 SCA

Elf—;

B

ﬁﬁm%ﬁ

mavg:(zmﬁsi]/zsi (7)
i=1 i=1
e mp, RoR RS R AR ERRL R B 5 S, 3R M)

LEOE S AT
12 HEAER

RS T — G 6N BB G S,
TUHL BRI T A AT B T A B U = 50K AE 28
R K AEFE T, AR R UR 247
Ko K3 RSPl G AR ER .

1
kavg = 5 Z (5) B, LR SRR % Kistler 6052C S
> mi W B BT A FE 5 6D 4 PR R B AR b
i =1 " 43 Hr A% AVL Indicom W5 il 330 St 6L R . Tl |
ff:;'ﬁ’; st PIVE ey M2 TTRLLTEAR e ome smpi  ETAS-630 S %
Aty SHLHEURP b 1R T R BRI R
a o om (6) RED . —F AR E 0 &Y 5A FIA) M
T 1-p mg TRBL 4> # s fd F H 7 45 ) 80T (electronic control
K. pRARIBEYIRB R EWE; m, F#n  unit, ECU) R HI 5 K JE RS SEmf 8], Lok A8
JLWE
=
m_
[}
|
| 1
|
:
[}
I
...
T S
|
|
I
I
I
e SRR RS
WA | gahblinil  gheesrpii
=3 BER
. Ir =
TR B |
AR A WIRLRET | I I Ui
. ok
T
H3 RRARFEE

Fig.3 Schematic diagram of the test bench
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Fig.16 Temperature distribution of main chamber and pre-chamber
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