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Improvement of the performance and emission

in a four-stroke diesel engine using fuel additive
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Abstract: High thermal efficiency and the ability to use various types of fuel are a few of the many advantages of
diesel engines. However, a major disadvantage is that their exhaust emissions are more harmful to humans and the
environment than that of conventional engine. Consequently, the provisions of the international emissions standards
for diesel engine equipped passenger cars, commercial vehicles, and ships have become more stringent. These stand-
ards include the EU Euro 6, the IMO MEPC Tier 3, and the US EPA Tier 4. Ryu et al. published a study that ap-
plied fuel additives to two-stroke diesel engines. In this study, a four-stroke diesel engine using diesel oil for a gen-
erator is utilized as the test subject, and an experiment is performed to verify whether fuel additive can be used to
improve performance and exhaust emissions. In addition, this experimental study presents research results for the ap-
plication of fuel additives in both two-stroke and four-stroke diesel engines. The experimental results were compared
and analyzed by placing an oil-soluble calcium-based organometallic compound in diesel oil. The results confirmed
that the addition of fuel additive improved the performance (fuel consumption rate, exhaust gas temperature) and ex-
haust emissions (NOx, CO) of the diesel engine.

Keywords: Four-stroke diesel engine, Fuel additive, Oil-soluble calcium-based organometallic compound, Performance

of diesel engine, Exhaust gas emission
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Table 1: Test engine specification

Item

Description

Engine type

4 stroke cycle, water
cooling L type with turbo
charger, 6L18CX

Combustion type

Direct injection type

No. of cylinders 6
MCR output 300 kW
MCR rpm 900 rpm
MCR P-max 100 kg/cn

Turbo charger type NHP-15

Turbo charger rpm 43,800 rpm

Table 2: Properties of the diesel oil and added diesel oil
where, added diesel oil = diesel oil dosed additives

Item Diesel oil Added fuel oil
Carbon, % 86.28 86.08
Hydrogen, % 13.45 13.41
Oxygen, % 0.17 0.40
Nitrogen, % 0.02 0.02
Sulphur, % 0.08 0.08
Ash, % 0.00 0.00
Moisture, % 0.00 0.00
Specific gravity(15/4C) 0.8380 0.8370
Higher heating value, 10823 10820
kcal/kg
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Figure 1: Schematic diagram of experimental apparatus
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Figure 2: Specific fuel consumption rate by engine loads(50,
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Table 4: Exhaust temperature by added additive

. . A .
Load Diesel oil a d(ig:i(\i/e Deviation Ratio
(kW) (C) °C (%)
(C)
150 (50%) 297 287 -10 -3.5
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Figure 3: Exhaust temperature by engine loads(50, 67, 90%)
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Table 5: NOx for 150kW

NOx Diesel oil Added e Ratio

(ppm) (ppm) fuel Deviation %)
0

PP PP (ppm)

NO 539.0 489.1 -49.9 -9.2

NO, 16.7 60.6 43.9 262.9

NOx 555.7 549.7 -6 -1.1

Table 6: NOx for 200kW

NOx | Diesel oil | Added . Ratio

(ppm) (ppm) fuel Deviation %)
0

PP PP (ppm)

NO 566.8 537.8 -29 -5.1

NO, 17.4 38.7 21.3 122.4

NOx 584.2 576.5 -7.7 -1.3

Table 7: NOx for 270kW

NOx Diesel oil Added .. Ratio

(ppm) (ppm) fuel Deviation %)
(V]

pp pp (ppm)

NO 554.3 504.7 -49.6 -8.9

NO, 14.0 48.4 344 245.7

NOx 568.3 553.1 -15.2 2.7
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Figure 4: NOx by engine loads(50, 67, 90%)
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Table 8: CO by added additive

Load Diesel oil Added Ratio

additive | Deviation
kW m %
(kW) (ppm) (ppm) (%)

150 (50%) 433.8 389.8 -44 -10.1
200 (67%) 432.8 420.8 -12 -2.8
270 (90%) 410 398.5 -11.5 -2.8
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Figure 5: CO by engine loads(50, 67, 90%)
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