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A Study on the Effects of EGR ratio on Engine Performance and Emission in a
4 Cylinder 4 Cycle Gasoline Engine
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ABSTRACT

A multi-cylinder four cycle spark ignition engine equipped with on exhaust gas recirculation(EGR)
system to reduce nitric oxide emission and to improve fuel consumption rate has been comprehensively
simulated in a computer program including intake and exhaust manifolds. To achieve these goals, this
program was tested against experiments performed on a standard production four cylinder four cycle
gasoline engine with EGR system.

As EGR rate increased, the maximum temperature of combustion chamber and NO emission concentra-
tion decreased under each driving condition. But the emission concentration of CO didn’t change much
through whole district in spite of the increase of EGR rate.

Fuel consumption rate improved under each driving condition according to the increased of EGR rate
until 10 percent EGR rate. Therefore the degree of EGR depend not only on the NO emission but also
on the economy and the engine performance criteria of the engine.
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a . speed of sound or coefficient in Annand C, © specific heat at constant pressure
equation C. : specific heat at constant yolume
A non-dimensional speed of sound, a/a D diameter
D

A entropy level non-homentropic flow * bore of engine
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UHE, xHS

. specific intrinsic internal energy

. friction factor

. factor CO formation

. flame factor
~ area of surface exposed to heat transfer
. length

. mass

* engine speed(revolution per second)

. pressure

. heat transfer/generation rate per unit mass
: heat transfer/generation

. specific gas constant

. Reynolds number, #vd/#

. time
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: mean temperature of unburned gas

T, . mean temperature of cylinder wall
u . gas velocity

U : non-dimensional velocity, u/aref
U, : laminar flame speed [m/s)

V : volume

#  specific volume

V, : mean piston speed

X © non-dimensional distance, x/Lref
Z - non-dimensional time, aref/Lref

ag|ola XF
. Riemann variable - value of characteristic
> ratio of specific heats, Cp/Cv
. Riemann variable - value of characteristic
! dynamic coefficient
. density
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. crank angle

T E ¥

. air, air manifold
. burned gas

. cylinder

. exhaust
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. unburned gas
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Table 1 Specifications of Engine

Water cooled 4-cycle
Engine type 4-cylinder gasoline en-
gine
Bore X Stroke mm 85.0X88.0
Total displacement cc 1997
Compression _ratio 8.6
Firing order 1-3-4-2
Ignition timing at idling speed BTDC 5°+1
Max. output ps/ pm 98.7 / 5000
Max. torque kg-m/ pm 16.53 /3500
Opens BTDC 19°
Valve timing Intake Closes ATDC 57°
Opens BBDC 57°
Exhaust 0 s ATDC 19"
Intake valve duration °CA 264°
Exhaust valve duration °CA 264°
Intake valve overall length mm 106. 6°
Exhaust valve overal! length mm 105, 2
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2847, NO= NDIRY #471% ol&std 53
stach #RAS) HAVK BES —EsH #4187
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Table 2 Specifications of Instruments

o,

BLE WEKAD, REET FREN CO, HH
B RED A2 CO, WES WES 2 v
o) EGREE Axstd Faidch =@ Hirts
MES 918kl ME7H2F CO, COs HCE 47

10

7
Eddy cument absorption
jl I_E) Type Y i
. 7 dynamometer

30 Dynamometer Model 104 D.G.

L 9 E& . Max. abs. power 176 ps
oc 28 T — .
== Digital fuel Type Digital capacity
o _o

25 24 . T
8 " ] m consumption Capacity 20cc
77 2611 meter Maker ONO SOKKI
Range Air temp.  0~%T
1. 1st Inlet air surge tank Hygrometer R Homidity T 0~%%
2. Karman vortex type air flowmeter ange umidity - 0 °
3. 2nd Inlet air surge tank Maker KANOMAX
4. EGR valve — —
5. Fuel injector Digital Range 0~990 rpm
6. Gasoline engine tachometer Maker ONO SOKKI
7. Exhaust manifold Dlglla.[
8. Thermocouple Maker YOKOGAWA Electric Works
9. Muffler thermometer
10. Exhaust gas surge tank Pressure Sensitivity —15.0 PC/bar
11. Cooling water tower
12. Fuel tank transducer Range 0~250 bar
13. Rotary flowmeter (Piezo electric Type 610A
14. Burette
15. Anamometer type) Maker KISTLER
16. Vaccum pump Charge Type 5007
17. E(ldy. current dynamometer amplifier Maker KISTLER
18. Receiver
19. Projector Cranke angle Type PP-935
20. Source of electricity focus detector Maker ONO SOKKI
21. NOx analyzer -
22. Four gas analyzer Combustion Type CB-366
23, Standard gas analyzer Maker ONO SOKKI
24. IBM-PC/ 386 -
25. Line printer Graphic Type RO-411
26. Combustion analyzer printer Maker ONO SOKKI
27. Graphic printer —
28. Charge amplifier €0 1 0~10%
29. Dyamometer controller Emission Range CO., 1 0~9.9%
30. A/D converter P
31. Throttle actuator analyzes HC - 0~5000ppm
32. Thermocouple Maker HORIBA
Fig. 2 Schematic diagram of experimental apparatus Type NDIR
R N NOx Range 0~5000ppm
wpoz mERSE EGRE S HEiskr] dAst " ‘
EGR valveol FRSI: R & 0 0% walyer | Resporshe T
Maker HORIBA

A HEONA A3 BIEMTEEREE BEE A
ol EhHe st P-4, P-v, dP/d8, P-0 F
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