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Understanding the Effect of Fatty Acid Methyl Ester’s Reformulation to

Lighter Quality by Mixing Ethanol on Spray and Combustion Characteristics
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In recent years, Bio Diesel Fuel (BDF) has been used in diesel engines as an alternative fuel to gas oil. Fatty Acid Methyl

Ester produced by esterification of vegetable oils has the properties of higher density, higher kinematic viscosity, and lower

volatility than gas oil. Therefore, the atomization of its spray droplet seems to inhibited, which results in problems such as

combustion failure and deposit formation. In past studies, FAME is mixed with heptane or ethanol as a low-boiling fuel to improve

its fuel properties. Ethanol has high solubility in FAME, can be produced from vegetable oils, and does not lose its carbon

neutrality when mixed with FAME. In this report, considering the continued existence of diesel heavy-duty vehicles, the spray

and combustion characteristics of FAME mixed with ethanol under high load conditions were understood.
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Fig. 1. Two-phase region of multi-component fuel.

Table 1. properties of test fuel.

Gas oil FAME
UsNe)  (EO) E20 E40
g’m‘g:g"t‘;‘;nol [volume%] 1000  80:220  60:40
Density (298K) [kg/m3] 822 885 866 847
Kinematic viscosity (298K) [mm?/s] 3.54 4.57 3.93 3.29
Surface tension (298K) [mN/m] 279 31.2 29.6 28.1
Oxygen [mass%] 0 10.9 15.7 20.5
Distillation T10 K] 483 606 420 420
Distillation T50 K] 551 624 622 619
Distillation T90 K] 606 626 625 624
Cetane index [-1 57.3 61.0
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Fig. 2. Distillation curve for each fuel.
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Table 2. Experimental conditions

for schlieren photography.

Test fuel Gas oil, EO, E20, E40
Injection pressure [MPa] 100

Injection fuel amount [mg] 4.0

Ambient Gas N,

Ambient temperature K] 700

Ambient density [kg/m?3] 19.5
Ambient pressure [MPa] 4.0

Table 3. Experimental conditions

for actual engine.

Test fuel Gas oil, EO, E20, E40
Engine speed [rpm] 1500
Efrfi'ézv’zﬁgssure [MPa] 0.25, 0.50, 0.75
Injection pressure [MPa] 100

Boost pressure [kPa] 130

EGR ratio [%] 0, 10, 20, 30
Injection timing [deg.ATDC] -5.0
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Fig. 3. Images of schlieren photography.
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Fig. 11. Brake thermal efficiency (BTE) .
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