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Abstract: In this study, the exhaust gas of a diesel engine operating on biodiesel(BD) fuel(a mixture of diesel and
soybean oil) was investigated for different fuel mixing ratios in the range of BD3 to BD100. The experiments were
conducted using injection pressures of 400, 600, 800, 1000, and 1200 bar. The Pearson correlation coefficient and
Spearman rank-order correlation coefficient were used to quantify the NOx and Soot emissions based on the fuel
mixing ratio and injection pressure. Consequently, the Pearson correlation coefficient obtained for NOx and Soot
emissions according to the mixing ratio and injection pressure was -0.811 and the corresponding Spearman rank-order
correlation coefficient was -0.884, which indicated that the correlation of the NOx and Soot emissions was linear. Thus,
the NOx and Soot have a trade-off relationship. Moreover, at each injection pressure, the Pearson correlation coefficient
was a negative number, which indicated an inversely proportional relationship between NOx and Soot.
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Fig. 1 Schematic diagram of experimental apparatus for
engine combustion analysis
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Table 1 Experimental conditions for emissions

Engine Type : CRDI
Engine speed [rpm] 1,500
Engine load [N'm] 80
pilot BTDC 0, 10
Injection timing [deg.]
main TDC
Compression ratio 17.3
Coolant temperature [ C] 90
Injection pressure [bar] 400~1,200

Table 2 Biodiesel-fuel properties

Kinematic Surface Lower
Mixed . . Density Hr heating
Viscosity 3 tension
fuels [mm?/s] [kg/m’] R value
[MJ/kg]
BD2 3.94 826.6 30.9 44.83
BD3 3.95 829.8 31 44.75
BD5 3.99 831.8 31.1 44.59
BD20 4.14 838.9 31.5 43.37
BD50 4.5 853.5 32.8 40.95
BD100 5.1 876.0 34.8 36.89
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Fig. 4 Change in the NOx and Soot generation in accordance with injection pressure and mixed fuel ratio(Soybean oil)
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Table 3 Statistical correlation analyses of linear relationship between the two variables and NOx/Soot
(a) Pearson correlation
Fuel index | Pressure 400 Pressure 600 Pressure 800 Pressure 1000 Pressure 1200 Total
BD -0.79 -0.889 -0.965 -0.963 -0.867 -0.811
(b) Spearman correlation
Fuel index Pressure 400 Pressure 600 Pressure 800 Pressure 1000 Pressure 1200 Total
BD -1.0 -1.0 -1.0 -1.0 -1.0 -0.884
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Appendix
< Summary of emission characteristics in accordance with engine operating condition with biodiesel blended fuel>
|| 0 | o [t T [ [ [ [ T ol T Troo [ e [ [eon [, [ an | e [ e [t o
(var) O | T | o | % | @D erme) | @To0) | ging) | Gnging) | e 08| Gom) | (p) | () G0 f@emd) | ey | ey | e
a0 |1s00| so | 1023| 70 | tre|a217| o 10 |1652| 16 [1s122|18s2| o0 [ 8 | 724 | s04 | 185 1008|1032 | 61 | 431 | 18
60 | 1500 so | 10| 1 |7red|4z20s| o 16 |16924| 16 [18.524 | 1866 | 001 [ 10 | 927 | 704 | 188 [ 102 | 423 | 63 | 416 | 13
s |1s00| so | w0m9| 72 |7is2|azoez| o 160 |16o11| 16 [1s.s11 | 1863 | oo [ 1 |11 796 | 187 [1002] 203 | 63 | 409 | 18
106 | 1500 | so | 10220f 72 [re1a|s2205| o 1016333 16 [17933 | 18| oon [ 11 | 1320 | sa4 | 183 | 9ss | 243 | 64 | 403 | 18
1200|1500 | so [ 23| 72 [7ies|s035| o 10 |15038| 16 [17.s38|1802| o1 [ 13 1450|822 | 18 | 97 | 197 | e+ | 403 | 18




