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A Study on the Effects of EGR on Engine Performance and
Emissions of a HCCI (Homogeneous Charge Compression Ignition)
Engine
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Abstract

Automobile companies and research institutions in leading automobile-manufacturing nations have
recently been very active with research regarding the HCCI engine for use in future vehicles.
Because HCCI engines take advantage of high compression ratio and heat release rate, they exhibit
high efficiency found in compression ignition engines. HCCI engines also utilize a lean air/fuel ratio
resulting in low emissions of NOx and PM (particulate matter). The objective of this research is to
determine the effects of EGR rate on the combustion processes of HCCI. For this purpose, a
4-cylinder, compression ignition engine was converted into a HCCI engine, and a heating device was
installed to raise the temperature of the intake air and also to make it more consistent. In addition, a
pressure sensor was inserted into each of the cylinders to investigate the differences in characteristics
among the cylinders. The experimental study of the effects of EGR rate on various gas emissions,
engine performance, etc. should prove to be a valuable source of information for the development of
the HCCI engine.
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Table 1 Engine specification
Items Specifications
4 Cylinder
Type
Water-Cooled
Displacement 1.896 L
Bore x Stoke 79.5 x 95.5 mm
Connecting Rod Length 144.0 mm
Compression Ratio 188 : 1
Piston Geometry Bowl
Engine Speed 1800 rpm
Firing Order 1-3-4-2
Intake Valve Open 16 CAD ATDC
Intake Valve Close 25 CAD ABDC
Exhaust Valve Open 28 CAD BBDC
Exhaust Valve Close 19 CAD BTDC
Qrifice
Plate Propane
Alr = Heater
EGR [ Induction

4 Cyiinder Engine

Motor

Combustion
Gate Analyser
pr—
jERsassannsNsIaE]

Exhaust toVent «— 1

Vaive

Exhast Gas
Analyser

Fig. 1 Schematic diagram of experimental engine
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Fig. 2 Start of combustion vs. EGR rate for
different cylinders at intake temperature of
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Fig. 3  Start of combustion vs. EGR rate with
cylinder-to-cylinder at intake temperature
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Fig. 4 Timing of peak heat release vs. EGR rate
with cylinder-to-cylinder at intake
temperature 145C

%A= wixdth 1Y 22 Fg 2 ~Fig. 49
1 SOCe HAZ EGRY g&ste F¥Fo &



1634 3 4

Fig. 55 &Y= 115CA, Fig. 6& F4

B
44
b o

T 145CdA  EGR& digd 4 1t

cylinder-to-cylinderS #¥+2 Yegd 43 2
olt}, B AFAM dAiFztold, dLAE 10~
90% o] ZYA o g Aot ALFENL
Axe £5Z AAZE JE REE Mg B
At dutHow AL AW =AU AL
g3, dAFde] god WE dALAE ¢
. Fig. 59} Fig. 6914 EGR& Z7HA 7] e}

AFz7ko]l F7HE olf%E, EGR €9 F7i2
hik-go] A d=Hy] wWEgoz A =
Eexst 145CTQ Fig. 60] Qi Fo] vins
#th HCCI ARAoNA ZZRAE o83 Hed
HEALE AN B FUILE Hags ¢
T Stk

Fig. 7& EGR&d W& Gross IMEPE e
A8 Axoln, gross IMEPE Huzog ¢
2.25barg UElES & & Ut

Fig. 82 EGR&d t§ d2EE&E Yed 4
g ZAsjolt}y 145To)M 9 F2EES
2 Jetdz 93, 115CME 37 85%E e
Wz ot dixFeo AAANE 1y T oo
5718 145CAAE EGRE 45% ol% Fr7l
T 115CoME EGRE 35% °ol¥e QL& &9
24z EUAE YHE 438 & U

Fig. 9& HCCI dzolA EGRE AH&d 7
2] NOx &% S FY&= disiA ekd
Lojth, ddtH o2 EGRE A4 Z 9] NOx
W& Eo) Zaste ofE d8%Y FUME U
o AxLxe AddE AN & 4+ Yok B
EGRS A& oz F7] Fo d2yxrt 2Has
7] g & NOx7} Zidhe= Aoz 4% + 3l
o a2 & 4 9%e] HCCI 7@ mE
&9 EGRY wE a#FHJ} FAld BgHo=Z
vetu gee ¢ F ok FV1LE 115C7
145Ce) v#) o2 ¥& NOx WiEE & $As
gith. EGRE #x ¥3 HCCI az7e=zx
NOx<e] A=A gL 1.3~58 ppml.E A4S 2
4 ALY Be g e e ¥718Y
AAR ARAYR SHol gt

o odu A

2 Ho

38 E
2%
Tin=115TC [}
*Cyl1 *
2 |scyl2

E
o Cyl4

8urn duration, deg
a
3

-
>

10
EGR, %

Fig. 5 Burn duration vs. EGR rate with cylinder-
to-cylinder at intake temperature 115°C
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Fig. 6 Burn duration vs. EGR rate with cylinder-
to-cylinder at intake temperature 145C
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Fig. 9 NOx emissions vs. EGR rate with
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Fig. 10 Unburned HC emissions vs. EGR rate at

intake temperature 115°C and 145°C
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Fig. 11 CO emissions vs. EGR rate at intake
temperature 115°C and 145C
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