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A study of gasoline compression ignition at low load based on
concentration and activity stratification
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(State Key Laboratory of Engines, Tianjin University, Tianjin 300350, China)

Abstract: Gasoline compression ignition engines have the great potential for efficient and clean operation. Based
on a self-built gasoline-diesel dual fuel engine test bench and an in-cylinder combustion numerical simulation, the
effect of fuel stratification, generated by the gasoline dual or single manifold injection strategies and the diesel sin-
gle or multiple in-cylinder injection strategies respectively, on gasoline compression ignition combustion at low
load was studied. The results show that under the low load condition with a speed of 1 500 r/min and a fuel calorific
value of 610.4 J/cyc, the concentration stratification degree of the gasoline single port injection strategy is signifi-
cantly higher than that of the dual ports injection strategy. The strategy of direct injection of micro diesel greatly in-
creases the activity of the mixture, accelerates the generation and consumption rate of active substance. Under the
condition of gasoline premix rate as high as 86%, the average indicated pressure and indicated thermal effi-
ciency (ITE) during early injection (-160° CA ATDC) of diesel fuel reach 0.53 MPa and 49.41% respectively, and
the emission levels of NO,, CO and total hydrocarbons (THC) are reduced, but the pressure rise rate exceeds the
limit. By optimization of the gasoline injection strategy and use of the diesel multiple in-cylinder injections, the
concentration and activity distribution of the mixture can be flexibly adjusted to delay the heat release process and
reduce the pressure rise rate. Under the conditions of the first diesel early injection quantity of 1.9 mg/cyc and the
secondary diesel direct injection of 1.0 mg/cyc, the indicated thermal efficiency is further increased to 49.55%.
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Tab.1 Engine parameters and fuel injection parameters

ZH BB
B34/ (r + min™) 1500
HREAE L 15.6
T 48/mm 85
% ZE4 TS /mm 104
FEFTK B /mm 126
ST/ (°) CA ATDC -137
HEST TR B2/ (°) CA ATDC 121
RIS R 1/ MPa 0.4
ST AR LA 4
Sl Rt L B A5 /mm 0.135
LEINEE/MPa 50
i 1.3
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Fig.1 Schematic of gasoline compression ignition multi-
cylinder engine test device
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Tab.2 Models for numerical calculation
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Fig.2 Schematic of 3D simulation of the engine
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Tab.3 Parameters of numerical calculation boundary

conditions
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Fig.3 Simulated and experimental results of cylinder
pressure and heat release rate

2 EMERKST

21 W, BEEREXNKEDERENZI

TG, WFFT VR A E X PR A 15t B O W BT
A IR [RR B 43 J2RRBE XTI fp Rt R A g ). R
FAZE 3 0l FEAEEA T EEAL, BER R <A
WSS, JO4eIh BT, AR 333 K, ) TR R g
HBR A 1.2 MPa/ (°) CA.

EL AL, BRLIEE A5 SR T I IBE S Ee Z HR e P A
sZmm. [ 4 XL, B A SR T R N R T R
AL, FEWEST I %14 -400° ~ =370° CA ATDC i
FRL PN, RUBEAS SR s AR B P9 R 1 I (E 3T 5.0 MPa,
Hil#er 208 EAB B E AL T 10° CA ATDC 2 )5,
BRI TR GE , (A el BB AS WS IS | (T N e ) WAL
R RIS E A AT S 5°CA ATDC, H.
PAIBE AT IR % -400° CA ATDC B, i 4 TR 044



- 100 - "

#l

i B3 B2l

az
=

ik E] 5.7 MPa.

5 SR, B TS SRS AR be kg, &1 5 (a)
Hh, IS % A5 -400 ~ =370 ° CA ATDC N, Wi & #hbe
LRASIINIF 2° CA ATDC, {H AU SR I BA bedr 4
HIEIR 20° CA, T LB SRS AR AR 2 15° CA
DL, RN, B B h A, 78 1k
ZIGFFURIREE, BRI ZEC AL F R AT B, IR be i 2%
FEM S EUABSCE T, I 5(b) (K 5 (), s
M St SR MR 355 %R S e RO R I S R s, i 2 e
RE Ik 63%, MIGHTE 40% 5. Hi# F48mIE )
AR R PGCR IR =250 0.40 MPa 1 40%, TfiJe &
WRBRUR SIS FIRBEA 78 4, SBOEHE /R R 1A RE
2% 0.27 MPa, f8/R PSCRAIRT 25% .

FEB I —HARTT IFP ORI T R be kR 22 5= AR
JEA Xt KT SRR A SR A 5 3 2R sk
5T, BT IUR VR TR « IR T2 sh 3 3 AT
Je Mt A A L KT A LKA R R A TR L. PR
FERRITFE N« 2 F AR Ry X R S P A 2 A Bk
W%« 22 KO B KO T TG 1) IO 6 Y e B X A%
T ke N AR STR AU AR TR A SRR
BrBt. JLT L 4 BB, HAS PR RS N b iR
Sjpetg . 7E bk s BT i B A AR IR ARG
WS EL N FE RS AL 4 AN K,
SETY) R XI5 anEl 6 k.

K7 SRR, BB A TS Y i oA . AU  E
AR 2 r S A HE A TS M 7 B ) Y ik L A
Hoh X e, kbl 0.46, BEASTION L HLRE Y JE K
MBS LA, B WU, AP RTR R E N
()24 5 F oy 2 G oo B35, HESUT T — M St X
R, S A T 0.50, BREEE O X 82
AR, A 0.24, BAELN Y5 L 22 R GR R T

o ~
2 S
B -
1 o
Tz .
& 2
5
4
-20 -10 0 10 20 30
% f1/ (°) CA ATDC
MUE  HREE B (°) CA ATDC

— -— ~400

— - -390

— - -380

— - -370

B4 W, REEBEHREOIINESSHHRE
Fig.4 Cylinder pressure and heat release rate of dual or
single manifold injection strategies
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Tab.4 Conditions of a single direct injection strategy of diesel
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Fig.11 Temperature after a single direct injection of diesel
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Fig.13 Cylinder pressure and heat release rate for differ-
ent diesel direct injection mass
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Fig.14 Mass change of in-cylinder active radicals under
different diesel direct injection mass
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emissions
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Tab.5 Conditions of dual direct injection strategy of diesel
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Fig.16 Cylinder pressure and heat release rate of diesel
under double direct injection
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Fig.18 Combustion performance of diesel under double
direct injection
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