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Examination on Combustion Quality Analysis of Residue
Heavy Fuel Oil and Improvement of Combustion Quality
Using Pre-injection
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Abstract: Due to the development of the petroleum refining technology and continuously increased demand
from markets, a quantity of gasoline and diesel oil produced from a restricted quantity of crude oil has
been increasing, and residual fuel to be used at marine diesel engines has been gradually becoming low
quality. As a result, it was recently reported that trouble oils which cause abnormal combustion such as
knocking with extreme noise and misfire from internal combustion engines were increasing throughout the
world. In this study, an author investigated ignitability and combustion quality by using combustion
analyzer with constant volume(FCA, Fuel Combustion Analyzer) and middle speed diesel engine about
MDOMarine Diesel Oil), HFO(Heavy Fuel Oil), LCO(Light Cycle Oil) and Blend-HFO which was
blended LCO of 1000 liters with HFO of 600 liters. Moreover, for betterment of ignitability and
combustion quality of injected fuels, multi-injection experiment was carried out in the diesel engine using
Blend-HFO. According to the results of FCA analysis, ignitability and combustion quality was bad in the
order of MDO<HFO<Blend-HFO<LCO. And combustion of blended HFO caused extreme knocking in
experiments of the diesel engine. However, sub-injection with injection timing of BTDC 20 CA(Crack
Angle) defused the knocking that was caused from drop of fuel quality.
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Table 1 Test fuel properties used at experiments

Item Density(15C) | Viscosity(507C) Water Sulfur CCAI Cilzﬁjgc

Unit g/em’ mm?/s (cSt) % (m/m) % (m/m) - MI/kg

MDO 0.8733 2.352 0.01 0.52 845 43.52

HFO 0.9906 349.6 0.2 2.93 852 44.87
Blend-HFO 0.9517 10.38 0.05 1.27 868 43.13

LCO 0.9328 2.696 0.01 0.25 897 42.36

P2 AISHRR] MigH e, 20144 123

15



o 2 1o @ o fu
e 2 o Jo
o By o
@b

-
}dtn&lgi
=

N
52
)

] ALY A= THeA
Z3ta k. AAE B Age T4
2 w

Ly

AT

K

SE TR dayd 240t 2

P

fu 4 o

Ao LCcorte dAiaE A
I dAG =AHS dozr] wEoel
9} dlolHe A& Zod=2 AFgE

Agol AhgE Az AHEA T4 gAd
FoZ Table 29 AR AlFS Yepdich A9
AR e 2%t 7]A A BAA S AMEShe

Table 2 Test

engine specification

Main fuel

supply

Test Engine MU323DGSC(Matsui)
Cylinder 3

Stroke 4

Injection method Direct injection
Borxstroke(mm) 230%380
BMEP(MPa) 1.78

Compression ratio 13

Continuous output 2574 kW/420 rpm

: Mechanical fuel
pump

: Check valve

: Main injector

: Fuel injector for
sub-injection

/, E : Common-rail

= E F : Mechanical fuel cam

[=Nel-]

Fig. 4 Experimental apparatus for hanging fuel

injection patterns
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