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Abstract: Based on a 1. 0 L turbocharged engine,
stoichiometric, lean burn and exhaust gas recirculation (EGR)
conditions were tested under the compression ratios (CR) of
9.6 and 12 to study their combustion and fuel consumption
characteristics. The results show that the fuel-saving effect of
EGR is better than that of lean combustion under heavy loads
with higher compression ratio, and the fuel-saving effect of
lean combustion is better under other conditions. By changing
CR together with lean burn or EGR, brake specific fuel
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consumption (BSFC) can be reduced by at most 7. 5%,
10.4% and 9. 3% comparing with CR9. 6 stoichiometric
conditions under light, medium and heavy loads respectively.
Combined with one-dimensional simulation, the reasons and
different characteristics of fuel saving under lean burn and
EGR conditions under heavy loads are analyzed and compared.
The results show that lean burn under high compression ratio
and heavy load when excess air ratio (1) <U1. 4 cannot
suppress knocking, and the fuel saving effect is not obvious;
under the same working condition EGR can effectively
suppress knocking and reduce fuel consumption up to 5.5%.
The fuel-saving of lean burn and EGR under heavy loads are
mainly due to the reduction of heat transfer loss and exhaust
loss. The sum of their contribution to fuel economy is higher
than 90% .
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Tab.1 Engine specifications
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Comparation of cylinder pressure and heat release rate under 3 conditions when compression ratio is 9.6,

engine speed is 2 000 ¥ + min~! and BMEP is 1.4 MPa
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1

ratio is 12, engine speed is 2 000 r * min~' and

BMEP is 0.2 MPa

3 WEERSH

MR A EGR A Ji_E#R XS BT A T BRHEATH R
{EUR BB R F B0 B0 3l R S A e =R o T
J7 EAEAH R ZEME T X R AR EGR HOBL AT, R T
BRI &, W R SO HESIT] 56 AT I 220 i
PR R 2R3 LAS T BT T o A 5 T A PR i 24 EE R
PR = PR Z L B

nmy

=

@)
myg RAE
Ko AR s HESTT SR PATI 20T A bR 248

T EASNTA LSRR 5 e DL PRUATH BB 5 Rar o B
WML

RMEHRARTE 5 AL A R AR R R,
XoF TR AR AR SRR A B SCAT A

r=2A 2)
Fi, Y 2 TR T =1,
¥ EGR T/, EGR & AR T .
Recg = 2™ L 100% (3

2 oo, i AFEEE T S ITEH COp WS 5700, ,ex
HEREE T S IR CO, WREE.

XF T EGR L0, #EA00T 5CFA B 22 L A B 4R il LA
S TR B 25 S0 EGR B 5] AR AE S,
F R, B :

my = m; * Rar + me, 4

K :m A EGR BHTIARBRRIE .

AU IR A B 220 L P9 BR S 4R DA Ah 5 Y 8
BIRE] LUE T EGR 5, B .

mf'RAF

m, = (5
1 —Resr
IS, EGR T FRBRITEARX R
_ 1
"= 1" Rum (6)

/NG TE TR R i 4 i
&l 4 27E BMEP ) 0. 2 MPa /NARPIRA T , 4k
HOUE R B EGR LR M#E K IMEP_COV
S UL AL E SR T OB 1, Mg A EGR

3.1



1804

A ¥ K% % ME R B 2B

ERYE

FRAGHAE L0 EAEFIO7 HEAR . AN da BT7R
FE/NURT T S 0 TR 4 e AT DA BB AR TR AR 2. fk
PRI TR, BRI N 1. 460 IR EZELLT .
PR EGR 1 — 5 W e 2RI il N 3 W] AR & 3L
KA FER (DRI T FE RO B8 3.
Srpr i AbCE R RIS 400 BRI R, T RD
RF RS L2 EGR MK IMEP_COV 3 n.
TR A B 1 ) R4 HU AR e 2 A B A RO 1R
LB 5 TR 5 L/ IE I R AR 4 T A B 2 A

—o— R4 9.6 FiR
--0-- [E4FH 9.6 EGR
—— JEFELE 12 B IR
--v-- JE4§Lk 12 EGR

~No

(953

(o5}

(=]
1

W

~

(=
T

PRI /(- (kW - 1))
£ 3

330
095 1.00 1.05 1.10 1.15 1.20 125 1.30
R r

a JRIMTAAE R

16, FBOR I BN BT B, K15 45 18 B AR, 1B 31 A28
SRR 9. 6 FRAELLT , f— I B R LM
IMEP_COV U3 3 K. 3% 2 F 2k, /N feg T AR E 48
R R T IR AR, KIEXELERE, S BT
ek s BRI AE R R A A T AR A8 Sh TR 3 . A
FHE4R T  F R A B R 1 5 & F EGR; ZE 48 [
KRR T ,EGR T IMEP_COV # LR 5
K. BEBA/NMA T T , EGR MRS A XA B R Fa e
(AN

10

—o— JEZEHE 9.6 FiA
sk --o-- JE#4ELL 9.6 EGR
—— JE4EE 12 TR
8 --v-- 45k 12 EGR
> 6f
)
OI v
Ay 4 Q. /A
M
b=
2 .

0

095 1.00 1.05 1.10 1.15 120 125 1.30
TR r

b IMEP_COV

El4 BMEP % 0.2 MPa {tZ L=tk . #HM5 EGR Wil R BEHRTHE
Fig.4 Fuel consumption and IMEP_COV of Stoichiometric, lean burn and EGR when BMEP is 0.2 MPa

3.2 & GHETRMBRERTmEE

& 5 5 BMEP & 0. 8 MPa H &840 fap bt , £ 2% 24
B RS EGR LAl MiFE X IMEP_COV Z8{k
TEBL. B 5a /n L AR UM 9. 6 $RFAB] 12, ] IR
FEARIRTH TS FE R, (b= M Bt T TR T FE %
&7 1. 9%. RFESE X EGR TR MM BRI A
EMIAK, AR l#E EGR FE1E 20 % k. (A3 7
FE4R o] LAFR R AR IR TR B R L AL, W R i

260 —o— JE4FH 9.6 B
--o-- [E4& Lk 9.6 EGR
250k —o— JEARLL 12 R
--v-- E4iH 12 EGR

™)

=

=)
T

PRHEEE /(g (kW . b))
(393
<

220F
210 1 1 1 1 1 1 1 1 ]
09 1.0 1.1 1.2 13 14 15 1.6 1.7 1.8
MREr
a AT RE R

S 1.4 $2F43) 1. 65. BIFPESE LU T, BT AR
THIEFERMECRA M F EGR.

& 5b s, 75 AE U 1 45 B DAL T, IMEP_
COV HRET 4% , BRBeFa BT X 2 R AT A
TR B/ NG T B R L R ] L R S e T BN
PR R Je AR o7 TN R 58 R 3 R e R AR AR K

6 —o— R4 9.6 FHIR
--o-- E4ELL 9.6 EGR
—— E4EL 12 FiR
--v-- K45t 12 EGR

IMEP_COV/%

0 1 1

09 10 1.1 1.2 13 14 15 1.6 1.7 1.8
PR -

b IMEP_COV

El5 BMEP % 0.8 MPa L=tk . #HM5 EGR Wil RBEHRTHE
Fig.5 Fuel consumption and IMEP_COV of Stoichiometric, lean burn and EGR when BMEP is (0.8 MPa

3.3 KfAafqTRBEER TR

B MRS EGR BIM#E K& CAS0 ZZ ALK BL. 7 HF

K 6 &7t BMEP 4 1. 4 MPa RIAf F.4b22 & 6a, RO T R4E A 9. 6 JREE] 12 J5 . #ATHH



F12H

E&Bk, 5 AR RS TR SO0 E B il m

1805

FERHA P, HA b S & L T BRI
FERAET 2.7%. XEE A KA FEFA RS
RN R A, BRBEAH 4R T B ). FEZE R 9. 6
B FRR T TR AR SRR F EGR, R TH FE R &
LA 9. 3%. RGN 12 B, A BRI AR TR I R R
2, EGR M HAUR L TR, 5 & fmsil,
PERESE LEXT EGR 31 FaZ A K, (B FRR
BRAORN LIESET 1. 4.

S3HTEE 6b. B 6d, TE RS T 32 SRR R, L
RUK A T OB A IR R e A T80, RS 5k
AT BB O (CAS0) AT LRIEF R S EGR S48
RRINHIBE ST, CAS0 BEEERT, 327 10 il 48 22 R
BT AR LL R 9. 6 B, AR A EGR ¥ gEfi CA50
2R, | Bf IMEP_COV A8 4L R A Wi FE 48 He ol 12
B AR IE A BB B 3 42 FT CAS50,{H IMEP_COV &
. YLK A T B 1~1. 4 Z [l
Be/INFE4E H T B R BB A5 40 R AR, T K 48
T3 T RS BB 3 2.

PR R R SHLE MR EHRE A S R
T8 A B GGRT PR IR R ot v T BB AR HE R I TR
BREBU. BA, KR AR B RV RER 51

260 - —o— REE 9.6 Tk
--0-- [E4EHE 9.6 EGR
2501 —o— RS 12 TR
--v-- E45H 12 EGR

[N

£

<
T

PREREE /(g - (kW . b))
N (393
S 8

210 1 I 1 L g
0.9 1.0 1.1 1.2 1.3 1.4

W r
a BRIhIEFER
30 - —o— [R4EEL 9.6 TR
--o-- JE45H 9.6 EGR
—— JR4EH 12 IR
20l- --v-- K45t 12 EGR
3 o10f
<
o
0 -
-10 !
0.9 1.0 1.1 1.2 1.3 14
WRE -
c CA05

3 FZ I R SR A oM. — 7 i, RS EGR
FIARIFRRESR, LA TR PRA R, fT N & =
LS A 5 A B o (8 35 4 207 =2 TR 1 i 4
SERREAK A A T HIRE. 51— . 8 T 4R
TS TE RS E. MR RIRET.,
WS KR BB E T, W 44 T B
Z WL P Fs T RO BE T8 B TR AR

KOFHRELE T 42T B 20T P9 963 358
Ik, i #AFD EGR ER i 1) T 5 48 5=, (HRFRTIA
7 O N, B LB K F EGR 5| A H;O 1 CO,
(T LR LG o PR s 48 26 T B 20 4G P UL BE B L G
EGR BI ARSI EAREREARS 5 RN EMS T,
R G X Bl /N 975 4 4 TR Al 43 AR I ARCR BE 47 i LA
TE R o e 4 LU A A SE A 1] TR HE 4R 2= . T EGR
SR LU IR AR,

4R 12 kKt TOU T, B dh s (CA05) B
FELIERZE, A 6c Fin. BT HEM THTH
WA EGR ) 45 b1k R, f F] GT Power #
FT07 BT BURA AT EGR IR BERI A 1. 3. I3k
2 s EHRSE bk AL R A T B0 ET B A Hefk 2% 25
L THR 0. 88 MPa, L N - H4IR B AL & L

50 —o— JE45EE 9.6 B
--o-- JE4HLE 9.6 EGR
a0l —— FEHFL 12 FiR
--v-- E4ELE 12 EGR

10 —o— JE4EL 9.6 FHIR
--o-- [E#ELL 9.6 EGR
8 —— FE4EL 12 FR
--v-- J[E4§tt 12 EGR

=)}
T

IMEP_COV/%

d IMEP_COV

6 BMEP % 1.4 MPa L2 2Lt . FH 5 EGR Bl RIRHR R RIEIREEHE
Fig.6 Fuel consumption, burning start point and IMEP_COV of Stoichiometric,

lean burn and EGR when BMEP is 1.4 MPa



1806

A ¥ K% % ME R B 2B

ERYE

*®2 Z=MIRTEIESRBRNERESD . FHRE
Tab.2 Cylinder pressure and mean temperature at top
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i JFHL prigiis EGR
ik EELHE S/ MPa 3.28 4.16 3. 77
kSRR E/K 770. 2 791. 1 781. 7

THE 20.9 K. i EGR TG EM b3 Y&
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XFUA b =R B AR AA T & TR

WRCRHAAT T4, 2R ILE 3. H, Wil R R
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Tab.3 Fuel saving effect of all conditions

LR ee] 9.6 REELL L5 9. 6 EAALL
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Tab.4 Effect of energy loss change on overall fuel
consumption when BMEP is 1.4 MPa
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