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Influence of exhaust gas recirculation on the performance of a
lateral-swirl combustion system
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Abstract: A lateral-swirl combustion system (LSCS) was used to deal with the challenges of deteriorated combus-
tion performance and increased soot emission after implementing exhaust gas recirculation(EGR) in direct-
injection diesel engines. An in-cylinder combustion 3-dimensional simulation of the LSCS and a traditional ® com-
bustion system was conducted under medium and high load conditions at the speed of 1 800 r/min and 2 500 r/min,
respectively. The results indicate that, under the same NO, emission levels, the LSCS allows a higher EGR rate
compared to the ® combustion system, resulting in an increase of the indicated power from 1.1% to 1.3%. Under
the same indicated power conditions, the LSCS can accommodate a higher EGR rate while reducing NO, emissions
by 35.9% to 45.6% and soot emissions by 27.9% to 49.4%, respectively. Furthermore, the results suggest that the
wall-flow-guided structure of the LSCS promotes the fuel jet expansion in the cylinder to be fully mixed with the
air, enhancing its compatibility with EGR.

Keywords: direct-injection diesel engine; exhaust gas recirculation; ® combustion system; lateral-swirl combus-

tion system

B IR AT AR R i Rt Aok 2R IR FATFERSGMAL NO, HEM ERHARRAEA K
ERHL B R LA SR A W R E S R (BEGR) PR, 7E EGR R4, SR
F3. BRI, SEPLE A WA TS e B, A BRI S R, RO T AT
CO. A EY (HO) ALY (NO) FIRRL Y ¥ T, AR T SR8 B A 5 g R e T
(PM) 55, 1 NO, ARV FEAHEs gy, B, INMRFEAR 758l NO, HEjil. H i [ i Ak %)

X PRI 1) s 2 e EGR #iA#4T T REMET, £ T EGR R4H
S EHEE: 2024-09-29; f&EHEF: 2025-01-07.
BHEWB: “F =1 EFEE SR H (104010204) .

EERIIT: IR, BEWFEA, 987203774@qq.com.
BIEEE: FnsE, ##, WMEASI, lixr@bit.edu.cn.



- 298 - A o

F O

Fa3E B4l

11, LA EGR R4 5 S8l fkItic, {H EGR 4
ARAFTE— LGS, RIS AR T R P 3 fif
Foi, FEEMALI T B E iR 0 2 g .

R T AR TSR | B R HE L, Zheng
201 L ju ZEPWE5E T 7 EGR R 46% T T AR
ARG FNHER A2, & AR S B A TRl s
TTEERT DA R HERL , [FIBIE REHR i S A LR KR
JIFHE#. Bump AR RGAEA e RE T T PRV
W, T 51 SRR e o B 15 TR B e & D X
SR R R AL, AR T RE TRMAR I P HE AR, R
Ptk REA BRI i &% N o BRI T
et FEIG SEFR G 1R T S5 Y, il BE SO A
AT [ ER e = ot K T, TEF A 1100 r/min, 50%
Tt TOUT , BB = M2 R T T 2%
T SHHE T RAAR 90% .

EH R B B EVFE T ISR RS
(LSCS) , [FIFETE o B RIEAE T, 723 Iy
BETE T FH 0 3 o 0 2 it A0 43 9 88 A B A 4 9 1
LIS 1 T T e N ) = e e B OIS ES S
] PN A T, B T 0k be == [ J] Jr 1 19 22 <R
2, AR HEGT P PRI BORH IR G BRE R
22 Li R Su IR LSCS Wi REU T T
WEFE, &5 ) A bk G T BR THI 76 BE 1 1)

AL o RBERSE, HIOR T & | AR HE R
i, A F LSCS MABRHURSET:, G AT,
FHI NO, HECH BT+

SRV P X T SR R E A 1 2 IR AT
7%, (BB BT LSCS A EGR HysZmfge /. Jt
T, MRSl bLE ] EGR Ja R AHHER T L 2h
RN, £ 5 M58 EGR X o MR RS
LSCS AL FHERERE M, IR R A EGR
K LSCS, 7E4ERF3AIE NO, HERL A [R5 M i
TR AR AR AR HE L.

1 REEST 51F
1.1 {AEHEBEN

X F S ALET N A FR I 5 B, — AN R
HAHER MR, DO AR R, BIAI A AVL Fire
TSR e FRaT , 528 TR M SC A B %1
FHEST HTIEE ). TR 8 FLmiimas, G
PRBEZE N 16 AN BUAE IR Jy ) ¥ 51 HEA , DR
EERH 1/4 BB R GRS AR, TS RS Ifi A
gk, M Li 2V WRFEBCE RAR T2 1 mm. (&
1 4 LSCS i EH/RE. F 2 A o BB MMETR
PR (IS SR, HE 1/4 ARAS RN IR 3 FiTR.

1 R HET ML E B AR S, 3 2 R R
% 1800 r/min F1 2500 t/min BfH K ffa 140 Fia
PS40, ML T s TR, PILRET N TR AR B
AT B Z) GH5 AR A0 DR o9 D 3 318

Iy
Vot

(a) THZERAY (b)) BE S AR5
E1 MERRRRFEITREETRE
Fig.1 Schematic of design principle of LSCS

$88.0mm _ =7~~~
\ /«/ b \/)\\\
L ~
/LJ \ ,Ls\
P S S/ 2 2/./5:1&
89.3 mm ,(\ /; o )
e - <!
v ‘A
\
A Y ¥ /J
N i
\‘\ . P2

~~=Lee"38 0 mm
N e
R210.7 mm _I19.7 mm

1 56j0° — 150.0°

A-At
R=12.0 mm 4
D 13:2m

(a) o = (b) MR bEE
B2 oREMNESRBRENEESH
Fig.2 Structure parameters of ® and lateral-swirl com-
bustion chamber

(a) o BEE
B3 o BRERENMNERREERN 1/4 RiEEDR
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Tab.l1 Main technical parameters of the single-cylinder
diesel engine

A Bl
it 4%/mm 132
15 2E4 A2 /mm 145
R /mm 262
JR 45 13.5
R/ (¢ + min™) 1 800
FrAE&E#/ (r + min™) 2500
I RFE S S )2 kW 72
B i s 28 /KW 92
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Tab.2 Operating parameters of the simulation
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Fig.4 Validation of spray penetration distance
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Fig.5 Validation of in-cylinder pressure and instantane-
ous heat release rate
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Tab.3 Validation of NO, emissions
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