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A STUDY OF THE IMPROVEMENT OF EXHAUST CHARACTERISTICS IN DIESEL ENGINES
USING DIMETHYL CARBONATE AND ALCOHOL BLENDED FUELS
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Diesel engines are widely used due to their excellent thermal efficiency, reliability, and durability.

However, measures are necessary to address issues such as nitrogen oxides (NOx) and particulate matter

(PM) in diesel engine exhaust, which contribute to problems like acid rain and air pollution. On the other

hand, securing sustainable energy sources is currently an urgent and imperative task for society. Therefore,

this study investigated the effects of fuel properties (mixture ratios) and engine load on combustion
products (CO, HC, NO, PM) in diesel engines using dimethyl carbonate (DMC) blended fuels, alcohols
(ethanol, 1-butanol, 2-butanol) fuels, and fuels with alcohol additives to DMC fuels.
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Fig. 1 Experimental devices
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Table 1 Engine specifications

Engine type 4stroke cycle diesel engine

Combustion system Direct injection

Cooling system air-cooling

Number of cylinder 1
Bore x Stroke 78mmx62mm
Displacement 0.296L
Valve system OHV
Rated output 3.68kW/3000rpm
Voltage (AC) 100V
Current (AC) 28A
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Table 2 Properties of fuels

Light oil Ethanol 1-Butanol ‘ 2-Butanol DMC
Composition - C2HsO C4H100 C3HeOs3

Density @20°C [kg/m?] 822 789 810 ‘ 808 1079
Oxygen content rate [%] 0 34.8 21.6 533
Carbon content rate [%] 86 52.2 64.9 40
Hydrogen content rate [%] 14 13 13.5 6.7
Lower calorific value [MJ/kg] 43.1 26.8 33.1 32.8 21.2
Cetane number 40~55 8 18 - 15.8
Boiling point [°C] 240~350 78 117 100 90
Viscosity @20°C [mPass] 2.06 1.20 2.95 3.91 0.63
Kinematic viscosity @20°C [cSt]] 2.51 1.52 3.64 4.84 0.58




Table 3 Components of test fuels

Test fuels [vol.%] Light oil DMC Ethanol 1-Butanol 2-Butanol

Light oil 100 0 0 0 0

D10 90 10 0 0 0

D15 85 15 0 0 0

E10 90 0 10 0 0

E15 85 0 15 0 0

E5D5 90 5 5 0 0

E10D5 85 5 10 0 0

1-B10 90 0 0 10 0

1-B15 85 0 0 15 0

1-B5D5 90 5 0 5 0

1-B10D5 85 5 0 10 0

2-B10 90 0 0 0 10

2-B15 85 0 0 0 15

2-B5D5 90 5 0 0 5

2-B10D5 85 5 0 0 10
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Fig. 2 CO emissions (blended fuels of DMC or alcohol)
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Fig. 3 HC emissions (blended fuels of DMC or alcohol)
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Fig. 4 Structural formula (1-butanol, 2-butanol)



350

——E10 --+--E15
300 1 1-B10 1-B15
250 4 —*—2-B10  --+--2-B13
. ——DI10 --e--DI5
EZOO 1 ——Light oil L
5 | .
S 150
100 A
50 4
! .
_____ L 4
0 T-- T T T T T
0 300 600 900 1200 1500 1800
Load [W]
Fig. 5 NO emissions (blended fuels of DMC or alcohol)
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Fig.6 PM emissions (blended fuels of DMC or alcohol)
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Fig. 7 CO emissions (blended fuels of DMC and alcohol)
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Fig.8 HC emissions (blended fuels of DMC and alcohol)

350
—e—E5D5
300 | —e-E10D5
1-B5D5
1-B10DS
2501 e 7 BsDs
— ----2-B10D5
£200 1  ——DI0
S ----D15
g 150 A —e—Light oil
100
50 4
04 : : : :

0 300 600 900 1200 1500 1800
Load [W]

Fig. 9 NO emissions (blended fuels of DMC and alcohol)
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Fig. 10 PM emissions (blended fuels of DMC and alcohol)
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Fig.11  Exhaust emissions (DMC and ethanol)
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