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Experimental Studies into the Effects of High and Low Pressure
Exhaust Gas Recirculation on a Turbocharged
Gasoline Direct Injection Engine

WANG Yingjie, ZHANG Zhendong, SHEN Kai, YIN Congbo
(School of Mechanical Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: Experiments on high-pressure exhaust gas recirculation (EGR) and low-pressure exhaust gas
recirculation were conducted on a gasoline direct injection (GDI) engine. The experiments compared the
combustion characteristics, fuel consumption, and exhaust emissions at low-to-medium speed partial
loads. The results indicate that with the increase of exhaust gas recirculation (EGR) rate, the peak
cylinder pressure decreases, the phase lags, and the deflagration margin increases under two different
EGR arrangements. Among them, the effect of low-pressure EGR on peak cylinder pressure is more
obvious, which is about 20% lower than that of high-pressure EGR. Different EGR arrangements have
improved the emission at low-to-medium speed, and the trend is basically the same. The emission of CO

remains basically unchanged. The emission of total hydrocarbon increases, but the trend slows down at a
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higher speed. The lower the speed, the more obvious the reduction of NO, emission.

Keywords: gasoline direct injection engine; exhaust gas recirculation system; high and low pressure
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Tab.1 Main parameters of experimental engine
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Tab.2 Main equipment of experiment

-2 5 TR
ML AVL202/12 SX AVL
PRBE ST BT AVLIndiCOm-596 AVL
I AL R AVLGHI5D AVL
2SR LI AL ECM EGR5230 ECM
TMAEAL AVL735s AVL

HEo ML MEXA 7100DEGR HORIBA

HAH: Recr WEFIEAFE,; Reo,imn N TR G
CO, U BE 5 Reo, i WA CO, BIMREE s Rco, exh
R IR IES T CO,y MHREE .

R T SEBR ARG PR R AR, S
SENFETR AR . RS CO, BIMREE .

12 LHAHR

WG S5 AN EWANE, @R
3MORIEIAY EGR i 8 58 B S ER 7 2 (a7
PR B EGR) A% B A8 36 5 2 (R Ak IR
EGR) . R&E S ) L (R #KIR A EGR), 4H
RIPUR,

JESAEIR R G RS L R S E B R,
SERMREEHEE AR sz s 22 &
JEFR A ERG i =, AR & e B ES
ST REZEAREEATEE N . L EGR i &



FEAN, F BRI BB R RIm LR e RS2 05T 559

% 6 1
®3 EGRHFEAR
Tab.3 Arrangements of EGR
IES G TEANLE
R T EAHUG
iR =TUELAYE JESHLHET
RE ARETT JEAAHLAT

Jralh, RS T R B AR RS0 bR

IR 2 5 N ia 47 F P i ol 7
ff N o FEREER 3 ME . RE T X R Kk sh ALk AT
EGR & A & ol IR #7530 00 . ARS8 T TE
P AN AT 7 2T R HF—2. 2 000 r/min, XA
JE T30 0.5 MPa 1E S A% 5 38035 4 £ g i 47 55 50 0F
5% ; 3000 r/min, “FIARE IR 0.8 MPa /£ R
e R Ay ST EA T SE IR AR

H T PRIE LIRSS R A IS, AT SR T
LN R o — [ AR SRR, (R &
DRRECH 1, ISR R 2, AR
JE 4 il 7 882 °C, MLIMIR 5 Ml 7 90+1 °C, f#
R A U B BERBKSE . R VVT (RIS TIE R
AR MR, SRR ARIE 200 UG R B9 PR AR
% COV 1E 5% LN .

2 ZEWHER5ITIE

21 ARESBEFRITZIVBRER RN
TE 2 000 t/min, V34 % & J1°~ 0.5 MPa #l
3000 r/min, “FXJHRE TR 0.8 MPa 554, &I
L& 1 Fros . 785 K EGR K& EGR T,
W& R SRR R IE I, WIE RGN R B

——EGR%H0
- —{KJEEGRZH5%
- - fIKEEGRZE }110%
FIREGR# A 5%

3 |- BIREGRAEN7.5%/,”
-~ FEEGRF N 10%,

LN F1/MPa

-30 20 -10 O 10 20 30 40
il £1/°)
(a) 2 000 r/min, 0.5 MPa

AR BT R, ELERT RO REAIG, AR H B
oo KR T 51 AR S PR RN F A BEAE
REAR T BRBEIR B, T N T i B R AR R AR B
GDI VA HLET R BE 7= A= 4], R 58 ik R 22
EGR %4 10% i, X EGR T 2 000 t/min, V-3
HRE SR 0.5 MPa T H 38 d 55 24.3% 19 R R
{1 EGR 4 15% B}, {&H EGR T 3 000 t/min, “F-
YIAE BT S K 0.8 MPa R H B 55 29.7% 19 T %
FE HE EGR 1, SLE FREBEFZE /DT 5%, X2
S N LR = g W = A =0 2 €) N E E N
BB IR AR RTEUR, HAlREMATRER M,
ARNGFHEEs, 5K EGR Mg, HZad 51K
J£ EGR fH[F]#Y EGR 2 HI18% , &5 ARE R
WhrE R, ONREARRABE IR B . R be 1 VR H]
WA TEEI 1(b)Hh, BEE RSP 3 0
i, TEm R RS FIE RN T 10% Z 07, 65
BHA—F, SINETTREBEESE 1(a) M E
INZENE . X JEH T HE 3 000 t/min, FX¥HRE S
9 0.8 MPa I, JEAS AL RN AN G R B 32
B, BRIRME FERRAR, S TARUE COVHE 5% LAY,
SRS LI

WRIGERE L 8 O BRRHBEBE 10%~90% X [
) ith b fR T PR . ATS0 5 M BREHRBE 50% Xif
I 1 R e AR Rl R I . an &L 2 B, ZER AR T
AN TRl EGR A 8 J7 0N B & R ARG PR 32 3G
JE A RBEAE TR N BBV E FHAS B 1 — 2 By 4,
TN TR A ISRV 38 58, RRBERr S AR A
3000 t/min, “F¥IAGEE SR 0.8 MPa I, Ei{K/E
EGR BABSFF 2L 3G e # A — 3, BEE K<
TEIR R LT 2 17%, BREFRLL W I 2 10 30%,
r — EGRZE 40
- — RJEEGRFE H5%
sk X FREGRA44510%

— - [REEGRE N 15%
FEEGRFE }5%

4r ---- WIEEGRENI0% /5 .
#IREGRFEN15%/ -

N

HL N E F1/MPa

=30 -20 -10 0 10 20 30 40
il /(%)
(b) 3 000 r/min, 0.8 MPa

B 1 FRIATSREEGR EXEERI#MT
Fig.1 Effect of EGR ratio of high and low pressure on cylinder pressure under different conditions
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Fig.2 Effects of high and low pressure EGR ratio on combustion duration and AI50 under different conditions
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Fig.3 Effects of high and low pressure EGR ratio on ignition advance angle and COYV ratio under different conditions
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Fig.5 Effects of high and low pressure EGR ratio on CO and THC under different conditions
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