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A Study on the Combustion and Smoke Emission Characteristics
-of the Natural Aspiration Type Diesel Engine

I
W. L Chung, C.

oge
H

. Park

ABSTRACT

We made a selection of engine operating conditions in the natural aspiration type diesel engine
as load and speed. The effects on the power, smoke emission and cylinder pressure characteristics
of these variations in operating conditions were observed experimentally.

Also, the smoke emission was predicted by using the Arrhenius equation and empirical
equation of the smoke emission was made. At the same time, the correlations between the
combustion and smoke emission characteristic were examined.

From the above results, it is clear that to prevent power dropping and to decrease exhaust
fume when the conditions are changed, one should improve the intake system. To do this, the
best way is to lower the air-fuel mixing ratio.

We found that the parameters of the indicated mean effective pressure, maximum pressure
and its location and combustion duration, etc. change the motion in accordance with the
conditions described above. Also, we found that the variation of the pressure cycle comes from
an amplified variation of the early part of process.

From the analysis of comparing combustion and exhaust fume, the exhaust fume is produced
at the latter time of combustion and decreased when the combustion ratio is higher. Also, we
developed a special formula which can predict the exhaust fume value according to the engine
load and speed.
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a Crank angle of combustion start
b Crank angle of combustion end
E Apparent activation energy for soot
oxidation[cal/gml
Load(%]
p Pressure[bar])
Drnax Maximum pressure[bar]
P, Power[kW]
P Indicated mean effective pressure
[bar]

Q Heat release[k]/ke - deg)

R Universal gas constant{cal/gm * K]
S Smokelbsu]
T
X

Temperature of gas[K)
Bosch smoke unit{bsu]

Xp Mass burned fraction

Y Gravimetric content[g/m’)

a Constant

dS/dé Rate of smoke emmission[g/m’]
A Excess air-fuel ratio

6 Crank angle[deg]

f S Cumulative smoke emission[g/m’]

O Crank angle of heat release 50%

[deg]

Gw Crank angle of heat release
90%[deg]

¢ (Prax) Crank angle of maximum pressure
location[deg]
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Table 1 Specification of Test Engine
Ttem Specification
8-Cylinder, Water-Cooled,
Type

Direct-Injection, 4-Cycle

Displacement (cc) 16745
Bore * Stroke (mn) 137 * 142
Compression Ratio 171

Max. Power (ps)

330 at 2200rpm

Max. Torque
(kg *m)

115 at 1400 rpm

Valve Timming

Intake Open : BTDC 15",
Close : ABDC 45°
Exhaust Open : BBDC 48,
Close : ATDC 16°

@ Enginc

@ Torque indicator

©® Intake temp. controlier
D Smoke meter

@ Air flow meter

Fig.1 Schematic Diagram of Test Apparatus

@ Dynamomcter

@ Cooling water controller
® Fucl consumplion meter |

® Fuel temp. controller

Fig.2 Diagram of Combustion Chamber

Firing order

1-8-4-2-7-3-6-5

Crank radius(ms)

Combustion ‘Toroidal Type
Chamber :
Connect Rod 234
length(m) :
7

Table 2 Specification of Injection Pump, Nozzle

and Pipe
. Item Specification
_ Type RFD
Governor of 9,5/500
C Rack position y
injection pump 9.6/700
: (mm/rpm)
: . : 10.4/1100
-~ 0/500
Timer of Advange- 015-8.5 700
injection pump (deg/rpm)
351100
oo
pening pressure 180
Nozzle (kgf/ca)
Hole(Dia. xNo.) | 0.4x20. 42x2
Pipe(Dia. XLength:mm) 22 %661




AAE7IN U2 718 Ao A W@ S0 A 4FY A7 72

Table 3 Composition and Properties of Diesel

Fuel

Item Value
Carbon content 86.76 Weight 2%
Nitrogen content 005 Weight 26

Hydrogen content 13.05 Weight %
Sulfur content 0.14 Weight %
Ash 0001 %

Gravity at 60°F 359 AFI
Viscosity at 37.8TC 314 CST
Higher Heat Value 32 cal/y

. Lower Heat Value 10252 cal/g
Flash Point 47 ¢C
Pour Point -19 T
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