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Abstract: The aim of thisresearch isto investigate the effect of
diesel fuel grade on engine performance thru experimental
method. Three grades of diesdl fuels are used in this study, which
ispurediesel fuel, euro 2M diesel fuel and euro5 diesel fuel. These
fuels are being tested on 3.2L diesdl turbocharged engine on a
engine dynamometer.
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I. INTRODUCTION

Now days, mostly heavy transportation such as army truck,
bus, rail transportation used diesel fuel to generate engine
power for moving. Mixture with 8 to 21 carbon atoms per
molecule obtain by crude oil distillation and addition contains
an additive. The parameters to define the diesel fuel
parameters is cetane number. Mostly the minimum cetane
number is51[1]. For better fuel ignitability in the combustion
chamber, higher cetane number as indicator to provide a
power were the fuel isinjected into combustion chamber with
filled hot compressed air. Other than that, viscosity also main
characteristic was by if the high viscosity will damage internal
wear part for diesel pump due to higher pressure. Thus, if too
low viscosity may lead to poor of lubrication in the fuel
injection pump operation.

FAME (Fatty Acid Methyl Ester) or Biodiesel fuel that
formulated from vegetable oil or animal fats. Term for pure
Biodiesd is refers to B100 whereby the fuel is 100% of
biodiesel. This fuel was designated as an alternative fuel for
transportation and manufactured area. Advantage of biodiesel
as fuel is renewability, greenhouse gases can be reduced and
emission to environment will regulated. For the petroleum
diesel aso contain 7% biodiesel to meet the specific
properties.

For the standard diesel engine, biodiesel can be used to
convert the fuel on the standard engine. It can be used alone or
be blended with any proportions and can be used as heating
oil. Mostly, blends of biodiesel commonly distributed from
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used in retail marketplace. Biodiesel known as the “B” to state
the quantity biodiesel blendsin any fuel mix.

+ B100 refersto 100% of Biodiesel

» B20 refersto 20% of Biodiesel and 80% of diesel

* B2 refersto 2% of Biodiesel and 98% of diesel

In 2010, a study that has been conducted to compare the
performance of direct injection diesel engine operating with
biodiesel and diesel fuel based on GT-Power simulation [2].
The simulation results showed that torque and power outputs
for biodiesel fuel were generally lower than those for diesel
fuel.

On the other hand, a study has been conducted to improve
biodiesel properties by blending it with pure diesel and to
measure the basic properties of waste pam oil
biodiesel-diesel fuel blends according to the standard
specifications of diesel fuels[3]. It isfound out that optimum
of volume ratio mixing in order to improve the cold flow
properties if biodiesels are used under severe winter
conditions.

II. METHODOLOGY

In this study, the experimental engine was performed on a
Mitsubishi 4M4 2.8L diesel engine, 4 cylinders and Inline
engine. A gas analyzer aso is being used to collect the
emission and opacity data during the testing and this series of
experiment are being done on engine dynamometer as shown
inFig 1 and Fig 2. The engine specification isshown in Table
1 below.

Table. 1 Mitsubishi 4M4 3.2L engine specification

Mitsubishi 4M4 3.2L engine specification

Engine type Diesel engine DOCH 16 valve
Engine displacement 3200cc

No. of cylinder 4inline

Total displacement 2835cm3

Cylinder bore x stroke 98x 105mm

Compression ratio 17:1

Maximum power 121kW (4000rpm)

Maximum torque 351N.m (2500rpm)
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Fig. 2 Exhaust gas analyzer for diesel vehicle

[1l. RESULTS

Performance result has been obtained from the test
performed on the engine that used compression ignition. This
test was carried with two different throttle load which is 50%
throttle opening and 100% throttle opening or wide-open
throttle (WOT). The engine speed has been set from 1000,
1500, 2000, 2500, 3000, 3500, 4000 and until to 4300(RPM).
This test will run for both throttle load respectively. At the
same time, this test used three type diesdl fuel such as Pure
Diesel, Diesel 2M and Diesel Euro 5 which to carry out the
engine performance. The engine performance that were
analyzed is torque and power, fuel consumption and the
smoke opacity that produce by different diesel fuel.

Power and Torque

Table. 2 Diesdl Fuel Test on 50% engine load
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Fig. 3 Diesdl Fuel Test on 50% engine load.

The graph in Fig.3 was given information about the
combination of diesel fuel test at 50% throttle opening. At
50% throttle opening test three different fuel were used to get
which give the best engine performance, that is Pure Diesel,
Diesel 2M and Diesel Euro 5.
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RPM Torque (Nm) Pure Power (kW) Pure | Torque (Nm) 2M Power (kW) 2M Torque (Nm) Power (kW) Euro
Diesel Diesel EURO 5 5
1000 174.4 18.7 166.7 17.5 158.3 16.3
1500 235.6 36.8 244.9 385 242.3 38.6
2000 343.3 72.8 3224 68.1 3335 705
2500 338.8 88.6 329.8 87 329.8 86.3
3000 3338 104.9 3202 1015 323.8 101.7
3500 292.7 107 277.9 102.6 283.2 103.5
4000 236.9 98.9 219.8 92.7 2289 955
4300 173.9 78 118.7 53.9 164.1 735
50% Load Pure, 2M, Euro 5 Diesel The line graph for engine torque shown Pure Diesel has
n reached peak point at 343.3(Nm) on 2000(RPM) compare to
Diesel Euro 5 which is 333.5(NIm) aso on 2000(RPM) and
0 increment at 2.3% of
- engine torque for Pure Diesel. For the Diesel 2M,
maximum torque produces at 329.8 on 2500(RPM). Thus, the
250 == Tarque (Nm) Pure Diessl

optimum torque produce is by the Pure Diesel because has
maximum reading compare others. Line graph for engine
power shown Pure Diesel has reached peak point at 107(kW)
on 3500(RPM) compare to Diesel 2M at 102.6(kW) and
Diesel Euro5 at 103.5(kW) aso on 3500(RPM) respectively.
The engine power wasl increase to 3.3% between Pure Diesel
and Diesel Euro 5 at engine speed 3500(RPM). Thus for 50%
throttle opening, Pure diesel shown that improvement on
engine power output at 3500(RPM).
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Table. 3 Diesdl Fuel Test on 100% engine load

RPM Torque (Nm) Pure Power (kW) Torgue (Nm) Power (kW) 2M | Torque (Nm) Power (kW)
Diesdl Pure Diesel 2M EURO 5 Euro 5

1000 164.1 17 167.2 17.5 145.2 14.7

1500 248.8 385 251.8 39.6 252.6 40

2000 339.5 719 324 68 331.6 70.1

2500 340 89.1 328.7 86.2 328.7 86

3000 335.5 105.3 321 100.9 324.4 101.9

3500 294 107.4 279.2 102.4 283.7 103.7

4000 236 98.5 223.2 93.5 228.9 95.6

4300 1735 7.7 139.8 63.1 165.1 73.9

100% Load Pure, 2M, Euro 5 Diesel
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Fig. 4 Diesel Fuel Test on 100% engineload

The graph in Fig 4 was given information about the
combination of diesel fuel test at 100% throttle opening. At
100% throttle opening test three different fuels were used to

get which give the best engine performance that is Pure
Diesel, Diesel 2M and Diesel Euro 5. Line graph for engine
torque that produce maximum reading is from Pure Diesel
which is 340(Nm) on 2500(RPM). Compare to Diesel 2M
and Diesel Euro 5 which is 328.7(Nm) on 2500(RPM) and
331.6(Nm) on 2000(RPM). The engine torque increment
between Pure Diesel and Diesel Euro 5 is 2.4%. Thus, at
engine was wide open throttle Pure Diesel was best engine
performance to meet with compression ignition engine
compare to the Diesel Euro5 and Diesel 2M.

Line graph for engine power, peak reading showed at
107.4(kW) on 3500(RPM) which fuel from Pure Diesel. At
3500(RPM) engine produce two different power with
different fuel which is 102.4(kwW) for Diesel 2M and
103.7(kW) for Diesel Euro 5. This means at 3500(RPM)
engine can produce variable power depending on the fuel
based. However, engine will burn less fuel to produce more
power output because power loss from crankshaft turning,
movement of piston will increase the square of crankshaft
Speed.

Brake Specific Fuel Consumption

Table. 4 Brake Specific Fuel Consumption Test

RPM Torque (Nm) Pure Power (kW) Pure | Torque (Nm)2M | Power (kW) 2M Torque (Nm) Power (kW) Euro
Diesdl Diesel EURO 5 5

1000 358.8 3316 235.7 233.8 4175 349.8
1500 202.3 196.8 229.1 225.62 261.34 217.1
2000 198.2 208.2 222.3 2231 210.8 227.1
2500 218.3 210.1 228.9 2354 220.2 230.1
3000 221.6 220.2 254.6 257.9 249.7 248.3
3500 221.6 253.7 269.6 274.2 259.7 263.3
4000 291. 279.2 304.3 311.2 303.3 280.2
4300 357.1 3324 531.2 376.6 327.2 3355
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50% Brake Specific Fuel Consumption
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Fig. 5 Brake specific Fuel Consumption Test on 50%
engineload

The line graph in Fig 5 was given an information about
brake specific fuel consumption for the combination of diesel
fuel test at 50% throttle opening. At 50% throttle opening test
three different fuelswere used to get which give the minimum
and maximum fuel consumption that is Pure Diesel, Diesel
2M and Diesdl Euro 5. In can be seen in this graph were when
engine speed is increasing the amount of fuel consumption
will increase. It was related to load torque by increasing the
rotational speed the fuel consumption become more. The
lowest specific fuel consumption that produce at 50% throttle
load is 198.29 g/KWH by Pure Diesel and follow by Diesdl
Euro 5 is 210.87 g/KWH at 2000(RPM) respectively. Line
graph for Diesel 2M shows that 50% throttle opening with
4300(RPM) it was most amount of fuel consumption was
531.23 g/KWH. Second wasto Pure Diesel 357.17 g/KWH at
4300(RPM). Thus, for best fuel consumption at 50% throttle
opening is Pure Diesd and Diesel Euro 5Swere the least
amount of brake specific fuel consumption at minimum speed
and load.

100% Brake Specific Fuel Consumption
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Fig. 6 Brake Specific Fuel Consumption Test on 100%
engineload

The line graph in Fig 6 was given an information about
brake specific fuel consumption for the combination of diesel
fuel test at 100% throttle opening. At 100% throttle opening
test three different fuel were used to get which give the
minimum and maximum fuel consumption that is Pure Diesel,
Diesel 2M and Diesel Euro 5. In can be seen in this graph
were when engine speed is increasing the amount of fuel
consumption will increase. It was related to load torque by
increasing the rotational speed the fuel consumption become
more. The lowest specific fuel consumption that produce at
100% throttle load is 196.86 g/KWH by Pure Diesd and
follow by Diesdl Euro 5 is 217.13 g/KWH at 1500(RPM)
respectively. Line graph for Diesel 2M shows that 100%
throttle opening with 4300(RPM) it was most amount of fuel
consumption was 376.67 g/KWH. Second wasto Diesel Euro
5 33585 g/KWH at 4300(RPM). Thus, for best fuel
consumption at 100% throttle opening is Pure Diesel and
Diesel Euro 5were the least amount of brake specific fuel
consumption at minimum speed and load.

Smoke Opacity

Table. 5 Smoke Opacity on 50% engine load
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Fig. 7 Smoke Opacity at 50% engine load.
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RPM Opacity %50% | Opacity % 100% | Opacity %50% | Opacity % 100% | Opacity% 50% | Opacity % 100%
Pure Diesdl Pure Diesel 2M 2M Euro 5 Euro 5
1000 2.5 16.5 2.7 31 31 11.9
1500 24 11.9 29 6.6 39 12.2
2000 15 134 2.9 5.3 9.6 6.6
2500 5.6 5.2 49 6.6 48 6.4
3000 7 5.8 8.4 10.2 7.1 6.1
3500 1 6.3 7.8 15.4 9.6 6.6
4000 15.2 15.5 14.9 22.3 12.1 13.6
4300 19.8 213 9.6 19.4 14.9 16.9
50% Load Opacity Test The graph in Fig. 7 was given information about smoke

opacity percentage test for the combination of diesel fuel test
at 50% throttle opening. At 50% throttle opening test three
different fuels were used to get which give the minimum and
maximum smoke opacity reading that is Pure Diesel, Diesel
2M and Diesel Euro 5. It can be observed that smoke opacity
for Diesel Euro 5 and Pure Diesel was increase dightly
consistence from 2500(RPM) until 4300(RPM) compared to
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Diesel 2M. Line graph for Pure Diesel shown that peak
reading at 4300(RPM) on 19.8% smoke opacity for 50%
throttle opening compare the lowest reading is Diesel 2M
whichis9.6%. At 2500(RPM) and above the smoke opacity is
start increasing for each fuel because of increment on engine
speed and air drawn into the combustion chamber. Smoke
opacity percentage for diesel Euro 5 at 2000 (RPM) 9.6% and
reduced to 4.8% at 2500 (RPM).

100% Load Opacity Test
25
20 FaN
—f—0Opacity 100% Pure
g 1 Diesel
§' 10 === Opacity 100% 2M

Opacity 100% Euro 5

1000 1500 2000 2500 3000 3500 4000 4300

Speed (RPM)

Fig. 8 Smoke Opacity on 100% engineload

The graph in Fig. 8 was given information about smoke
opacity percentage test for the combination of diesel fuel test
at 100% throttle opening. At 100% throttle opening test three
different fuels were used to get which give the minimum and
maximum smoke opacity reading that is Pure Diesel, Diesel
2M and Diesel Euro 5. It can be observed that at 1000(RPM)
Pure Diesel and Diesel Euro5 was released high opacity
which is 16.5% and 11.9% respectively. Pure Diesdl line
graph was dlightly reduced to 5.2% at 2500(RPM). This is
because of quantity of air in the combustion chamber is
excessive when engine was travel from 50% throttle opening
through wide open throttle (WOT) and start to increase at
3000(RPM) until 4300(RPM). Thus, for wide open throttle
condition, Diesel 2M shown that most dightly increase
excessively compare to others. From, 2000 (RPM) to
4000(RPM) the smoke opacity for Diesdl 2M increase 5.3%
to 22.3% opacity and dropto19.4% at 4300(RPM).

IV. CONCLUSION

This study has been executed to maximize diesel engine
performance parameters when different diesel fuel has been
used. Each fuel such as Pure Diesel, Diesel 2M and Diesel
Euro 5 has different characteristic to the engine performance.
Different throttle load will give different engine output. The
main findings are summarized below.

Torque and Power

Based on the result obtain, found that Pure Diesel have
produce best engine performance on torque and power for two
throttle condition 50% and 100% opening at 1000(RPM) to
4300(RPM). Then, performance comparison between Diesel
Euro 5 and Diesel 2M isdlightly better for Diesel Euro 5.

Specific Fuel Consumption

For the specific fuel consumption result, it can be observed
where Pure Diesdl line graph give is least fuel consumption
for each engine speed operation. Thereislinear trend on Pure
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Diesel test from 1500(RPM) to 3500(RPM) at 50% throttle
opening. On the wide opening throttle at engine idle
condition, Diesel Euro 5 and Pure Diesel reading is highest
compare to the Diesd 2M and dlightly reduce minimum
specific fuel consumption for both fuels. When the engine
speed is travel to high RPM, the fud consumption will
increase because of engine loads.

Smoke Opacity

Pure Diesel has proven that engine performance is better
compare to the Diesel Euro 5and Diesel 2M. Meanwhile, for
the smoke opacity reading that produce by exhaust smoke
from Pure Diesdl is highest. This mean exhaust smoke that
produce by these fuels is not recommended to the diesel
engine. Increasing engine speed will effects on smoke opacity
reading if this fuel widely used in industries
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