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Numerical simulation of stratified scavenging two-stroke gasoline engine
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(College of Energy and Power Engineering,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract:; A three-dimensional model of stratified scavenging engine was established to
study the scavenging characteristics and working mechanism of stratified scavenging engine,
then three-dimensional CFD software Fluent was used to simulate and analyze the fluid struc-
ture with or withoutstratified scavenging system at rated speed, and the boundary conditions
required for its calculation were obtained by one-dimensional simulation calculation of the en-
gine. Results showed that, the stratified scavenging engine used pure air to form a stratifica-
tion between the fresh mixture and the exhaust gas during operation, a part of the scaven-
ging loss was taken by the pure air, which reduced 15% of unburned hydrocarbon and im-
proved the fuel economy of the engine; the stratified scavenging engine and the non-stratified
scavenging engine had a'scavenging efficiency of 75% , without significant effect on the scav-
enging efficiency. The results of the research can provide reference for the design of strati-

fied scavenging engines.
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one-dimension performance simulation; scavenging loss
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Model of the stratified scavenged engine
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Fig. 2 Stratified scavenged engine during intake stroke
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Fig. 8 Pressure curve of the exhaust port
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Table 3 Initial mass fraction of species in pipes

(non-stratified scavenging) %
S8 BIEAGE S AR HAhAE  HEOH A A
wWo, 20. 4 1.9 20. 4 22
wy, 72:4 72.1 72.4 78
Wiyl 7.2 0 7.2 0
weo, 0 18. 8 0 0
Wi, 0 0 7.2 0 0

B 20 AR R A oy )2 R RGN
FEFAR HAIHE S H R R . R S PLR AL
A 116° (CAFTIF . 2 BN AE T, E
SRR APLTE 120°(CA) A R B4k A
AL S T4 245 SR S LA B2 A8 I 0 i s 4l s
SIBEES R 78 130°(CAD Z2 47 BRI T 4R 1k AT
Mo 140°(CA) B I BRI AE 93 /Y T 2 i i A
— AN R X TR A RETIRR A
TE PN A A R DX 38k 7 R W4 R R L AGE B
S T AT P 2 43 N TR X R
AT AR B Ak S AT I % 0 I L BRI ZE TR Y
Jo T AR R R T A 2 H AR sh L RE B
2 4023 A o HE DK 4l 2 SRS UL P 5 S8R 3 o

EREZEA K., 1E 180°(CA ZRI LR EHS
0.005
= RO~ HIAGUR)
—~HROUHE) - HROER)
_0.004}
D
Z
= 0003¢
i I
& 0.002
Q
pa
0.001 F
0 s A 1 1 1
120 140 160 180 200 220 240 260
ittt /()

20 HC LEHH FIHES F /Y BT i o
Fig. 20 Mass flow of HC at the scavenging and

exhaust ports



2008 it

¥

I IS

LRI

Je AL Il 5 L i TR 2 R SR A
BRI - R A R B AU S L
R R P sl s SR R . B3k 1807 (CAYZ
JE L ARIEAN A LE LA ARG 72
HARKRSIHUR S T o B T L 23S
S SHL YRR b 5T R B L TE 02 R S LR A
DD eS8 O N =k & R W42 L] R | Vs = E R Wd
SHPLERIEAE 1907 CCA) AT HA T MHE T H % i o {5
Je 03 JE F R B HLHE T A B4 R o R L
O JE AR S LA HE ST A 48K o B B
4 AR SHLMIC I JZ A B
FIRE R LB 2 2 ARSI IE 73 J2 10k
SRR 7526 4 2 ARG H A
REPABREW . RZAPLE TS HRG . TEL N
AR A TR 0 O R K S BL I A Be . &
IR R AR SHLRTE 7 2 R S — A
G 21T AR AR I SR AR 0 0. 004 1 g, SR 43 )2 41
VR R ISR OIS Rl |
0.0036 g 1M JG 73 JZ2 1R S WL & RG 6L N
T ARl B U g 0. 00355 g. 2R B
BRI T 0.00047 g, 11 T4 2 Kk Sl
AR 0. 00055 g 7 1 FEAH ALK& ith 19 15
DT a3 J2 AR S AL AT L 488l 5 49 K
%4 BEHEASEDNASERIEER
Table 4 Comparison of scavenging results between

stratified engine and non-stratified

scavenging engine

ZH SEAX To ZHEA
BOEFEBR I T/ g 0.0041 0.0041
FIA BRI R/ g 0.00363 0.00355
HAE/ % 75 75
4% #

i 1 2 S AL AL A S BLTE RE S B AT
B E » 7 ] AL K S LA = e AR AT GT-
Power I Fluent Jp 5l % 9 17 — 4 4 6 {15 F 1
Y5 B BT T R R Sl G
R A R 8 X FA TGy B UK S LY
PR FEMEERAG W R v fe & sh HLA
Pl AT IR S UORR L W I8 7 )= - LA
ROl SURTE T S PR A5 Ok 8 TH FE AT ()
PR 2 E T R HE R B UHC 4 Rk 3
PLE BRI 2 DA — R B S i s 20 )2 H1 R bl

WEESRWIESL SR PN AR L ey NP Sl
JotHE o3 BB AR PR R R A R R A
3

TEP JZ AR S AL AR S A v 4l 28 ORI
TR & 12 3l 32 B il il A TR 0 LI P SRR R
9 Fs 7 DL e % 2 2 1 IR 1) A 2 52 i i o ek AR
iy 0 A T 240 L AR R Sl LA ORI T LS B0 4
At i v Al s AU R R

S UMk :

LU0 FIA. ANBA AL — oh 0l & 3h LT N 8 AR it 5
[D]. B At B a2 T K K2 . 2017,

WANG Sigi. Research on GDI technology of small model
two-stroke kerosene engine[ D]. Nanjing: Nanjing Univer-
sity of Aeronautics and Astronautics,2017. (in Chinese)

[ 2] BLAIR G P. Reduction of fuel consumption of a spark igni-
tion two-stroke cycle engine[ R]. Society of Automotive
Engineers,SAE Technical Paper 1983-830093,1983.

(37 segeme, DH. £ EE. 5. RS T 0 2300

TR B AR /N 2 R Tl AL AR T FE I SR T LT ). R
PR . 1998,16(4) :497-504.
SHI Zongzhuang, MA Qicheng, CUI Guoqi, et al. An in-
vestigation into reduction of fuel consumption of small
two-stroke gasoline engine with air leading type stratified
scavenging method [ ] ]. Transactions of Csice, 1998, 16 (4):
497-504. (in Chinese)

Cad Rt EWIE. 2T CFD 40 — Rk sh il |

WA B 2 Jr g8 it [T, it 4 3l Jy 2 4k, 2013, 28 (12) .
2737-2745.
ZHU Cheng, YANG Haiqing, WANG Mingsheng. Design
of combustion chamber program of two-stroke direct injec-
tion spark ignition engine based on the CFD[]]. Journal of
Aerospace Power,2013,28(12);2737-2745. (in Chinese)

(5] Famgd. — o RREL i B W& s LB MLIA s 23 M (DL g
50 LA LR R 2014,

TAO Xiaolei. Thermal load analysis of two-stroke direct
fuel injection engine[ D]. Nanjing: Nanjing University of
Aeronautics and Astronautics, 2014, (in Chinese)

[6] MC ELLIGOTT S, DOUGLAS R, KEE R J. Stratified
scavenging applied to a small capacity two-stroke scooter
for the reduction of fuel consumption and emissions[ R].
Society of Automotive Engineers, SAE Technical Paper
1999-01-3271,1999.

[7] YOUSHIDA Y, UENOYAMA K.KAWAHARA Y. De-
velopment of stratified scavenging two-stroke cycle engine
for emission reduction R]. Society of Automotive Engi-
neers, SAE Technical Paper 1999-01-3269,1999.

[8] BERGMAN M,BERNEKLEV J. A novel method of tun-
ing a stratified scavenged two-stroke engine[ R]. Society of
Automotive Engineers, SAE Technical Paper 2006-32-
0055,2006.



%9 R A 4y 2 A W AR I AL BE AR 2009
[9] BERGMAN M,ENANDER N,LAWENIUS M. CFD scav- flers based on GT-Power software[ ] ]. Automobile Tech-

[10]

[11]

[12]

[13]

[14]

enging simulation and verification of a sequentially strati-
fied charged two-stroke engine[ R]. Society of Automotive
Engineers, SAE International Paper 2013-32-9079,2013.
RUTH R B AL TAE R B R 3 R A M. b
a [ B BB A . 1997,

UL AL AR B BE T R I ML de st R B Toll
filg 4t . 1986.

RASAE. ADL T AR AR B 8 (M. 74 % . 7Y %2 22 i R
5 AR . 1986.

Ko H - EHOT, A E . B231 & ShHLIE g 08 1k K 96 2R
P SELT]. AR HLT AR . 2006,27(1) £ 76-80.

SONG Longfu, WANG Jianxin,ZHENG Guoshi. Perform-
ance optimization and simulation of B231 engine[]]. Inter-
national Combustion Engine Engineering,2006,27(1):76-
80(in Chinese)

XA PREL R LML s A BB R A AL,
2001.

g e, G E AR g 56T GT-Power A1 19 N #A L TH
AR BG4 kL) ] IR HOR . 2003(7) < 7-10.
ZHONG Shaohua, JIN Guodong, XIE Tianfeng. Design

and analysis method for internal combustion engine muf-

[16]

[17]

(18]

nology,2003(7) :7-10. (in Chinese)

BRI BT B Bl R R S L HERE-G A R
G5 = 2k B SBEA TS LT ] AR L= 42, 2001, 19(2) ¢
159-164.

JIANG Yankun, ZHONG Yifang, LUO Maji. Research of
three dimensional transient numerical simulation of scav-
enging-exhaust duct and cylinder system of two-stroke
[J]. Transactions of Csice,2001,19(2):159-164. (in Chi-
nese)

BRI, XK SCE . b BRI 2 2R SRR
BB FELT]. R PLFA 4R 5 2008,21(6) : 395-400.
WEI Mingrui, LIU Yongchang, WEN Hua. Numerical sim-
ulation and experimental investigation of stratified scaven-
ging system of two-stroke gasoline engine[ J]. Transac-
tions of Csice,2003,21(6):395-400. (in Chinese)

FAREE . R R A B L A SR i e AR 1 2 4 B
B D], K RHEERA 2005,

CHEN Deng. Multi-dimensional numercial simulation of
scavenging and injection process of two-stroke direct injec-
tion engine[ DJ. Tianjin: Tianjin University,2005. (in Chi-

nese)

(i . FHHEKk )





