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Table 1- Standard range of biodiesel and base fuels properties
al S gw g Jpogm (plas 5 ojluil s lailiwlesgass =) Jgaxr

Unit DMC n-butanol Diesel Biodiesel Standard limit Standard code Property
mm?/s 0.63 3.6 29 4.7 1.9-6 ASTM D445 Viscosity
glem? 1.07 0.81 0.86 0.89 0.87-0.90 ASTI S751- Density
MJllkg 16 325 45.8 375 35-39.9 ASTM D240 Calorific value

°C 20 33 89 135 >130 ASTM D93 Flash point
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Table 2- Fuel Sample compositions
s g diged GlaS )5 -Y Jguer

DMC n-butanol Biodiesel Diesel Code Order
0 0 0 1000 BODONO 1
0 0 20 980 B2DONO 2
1 0 19 980 B2D5N0 3
2 0 18 980 B2D10NO 4
3 0 17 980 B2D15N0 5
0 0 50 950 B5DONO 6

25 0 475 950 B5D5N0 7
5 0 45 950 B5D10NO 8
7.5 0 425 950 B5D15N0 9
0 1 19 980 B2DON5 10
0 2 18 980 B2DON10 11
0 3 17 980 B2DON15 12
0 25 47.5 950 B5DON5 13
0 5 45 950 B5DON10 14
0 75 425 950 B5DON15 15
1 1 18 980 B2D5N5 16
1 2 17 980 B2D5N10 17
1 3 16 980 B2D5N15 18
2 1 17 980 B2D10N5 19
2 2 16 980 B2D10N10 20
2 3 15 980 B2D10N15 21
3 1 16 980 B2D15N5 22
3 2 15 980 B2D15N10 23
3 3 14 980 B2D15N15 24
25 25 45 950 B5D5N5 25
25 5 425 950 B5D5N10 26
25 75 40 950 B5D5N15 27
5 25 425 950 B5D10N5 28
5 5 40 950 B5D10N10 29
5 75 375 950 B5D10N15 30
75 25 40 950 B5D15N5 31
75 5 375 950 B5D15N10 32
75 75 35 950 B5D15N15 33
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Table 3- Engine specifications
19930 Slasio Y Jgan
Model: HSD1G-178FE
Engine type: Vertical, four-stroke, single-cylinder, air-cooled
Constant speed, Direct injection Cl engine
Rated power: 2.8 KW@2200 rpm

Displacement volume: 0.406 L
Cooling type: Air Cooling

Fuel samples’ tank

Gas analyzer

. 7 . FA
Air filter |7

Data acquisition

Force meter system

Figure 1- Schematic of the experimental setup
nlosT T comw oylaz b =) S
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Table 4- Measurement accuracy values
oinlesT sl ol )b (6 S o5lal cds polie -F Jgax
Resolution Limit Accuracy Unit Parameters

0.1% 0-99 +1 Vol. % CO2
1 ppm 0-5155 +1 ppm NOx
1 ppm 0-8000 +1 ppm CcO
1 ppm 0-20000 +1 ppm UHC
0.1N 0-100 +1 N Engine load

byl as aido b jlam 05 b0 gjlailely S50 Cogus bl J5o 55850 o33l £, 5l am ¥ U5 bl
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S (End)

To run the engine with Yes
control

|

Using the next fuel sample

To adjust the engine load

l

To stay for engine stability

No

Last fuel sample?

No

Stabl
vt Yes

performance
and emission
variables

N

Figure 2- Engine test flowchart
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To record the data
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Table 5- Results of ANOVA for analyzing the relation of variables
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Figure 3- Fuel density changes for each sample
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Figure 4- Fuel LHV changes for each sample
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Figure 5- Flash point changes for each sample
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Figure 6- Fuel viscosity changes for each sample
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Figure 8- BP changes for each fuel sample
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Figure 9- BSFC changes for each fuel sample
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Figure 10- BTE changes for each fuel sample
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Figure 11- CO emission changes for each fuel sample
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Figure 12- CO2 emission changes for each fuel sample
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Figure 13- NOx emission changes for each fuel sample
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Figure 14- UHC emission changes for each fuel sample
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Diesel engines are considered the main sources of energy production and diesel fuel consumption. The use of
biodiesel fuel as a part of diesel engines can have a positive effect on reducing the use of fossil resources and
the emission of pollutants. Using biodiesel fuel, along with its advantages, has disadvantages such as
increasing the emission of nitrogen oxides, which is considered a toxic gas. Many researchers have proposed
different additives to cover some of the disadvantages of biodiesel fuel. In this article, two types of oxygen
additives, including dimethyl carbonate and n-butanol, were combined with small amounts in B2 (2%
biodiesel and 98% diesel) and B5 (5% biodiesel and 95% diesel) fuels. Using small amounts of these
additives can reduce the cost of fuel production. Based on the obtained results, B2D10N10 and B2D10NO
fuel samples were able to increase the braking power of the diesel engine by about 12 and 10%, respectively,
compared to B2 fuel. On the other hand, the use of fuel samples containing dimethyl carbonate and n-butanol
additives in B2 fuel reduced the special brake fuel consumption by about 18% compared to diesel fuel and
about 32% compared to B2 fuel. Using the combined additives of dimethyl carbonate and n-butanol increased
the thermal efficiency by an average of 15-30% compared to diesel, B2, and B5 fuels. The addition of
dimethyl carbonate and n-butanol in combination in small amounts significantly reduced carbon monoxide
emissions. The highest amount of carbon dioxide emission occurs in fuels containing the combined
compounds of dimethyl carbonate, n-butanol, and B5, which was about 10-15% higher than the control
sample. During the optimization process, the B2D3N2 fuel sample was selected as the optimal formulation in
combining diesel fuel, biodiesel, dimethyl carbonate, and n-butanol.
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