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Selection of Factors for Performance Optimization on Non-esterified Bio-diesel Fuel Using

Fractional Factorial Design
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Abstract: Non-esterified bio-diesel fuel saves cost by no esterified process and its performance was more similar to diesel oil
than esterified bio-diesel fuel when the fuel blended 95% diesel oil and 5% it was used on diesel engine with electronic con-
trol system. A performance optimization is necessary for application of non-esterified bio-diesel fuel blended with diesel oil
95% on the latest diesel engine. In this study, test using fractional factorial design was accomplished at 25% and 50% partial
load in order to evaluate influence of controllable 6 factors on responses such as specific fuel consumption, nitrogen oxides
and coefficiency of variation of indicated mean effective pressure as basic experiment for performance optimization of this fuel.
It is cleared that the injection timing and common rail pressure of 6 factors are mainly effective and its effect level is differ-
ent according to load.
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Figure 1: Schematic diagram of experimental equipment
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Table 1: Specification of tested engine

Description Specification
Model HYUNDAI D4EA
Engine type Water-cooled 4 stroke diesel
engine
Number of cylinders 4
Piston displacement 1991 cc
Bore x Stroke 83mm X 92mm
Maximum power 84/4000 kW/rpm
Compression ratio 17.7

Table 2: Level of factors on tests

load (%) 25 50
level 1 2 1 50
Injection timing (IT:°) -6 -12 -7 -13
Common rail pressure

40 50 45 55
(Pcr:MPa)

Throtle position (TP:%) 10 20 15 25

Multi-point injection
(MPIL:index)

Variable geometric
turbocharger (VGT:%)

Exhaust gas recirculation
5 30 5 30

(EGR:%)
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Figure 3: Main effect of each factors on SFC
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Figure 4: Main effect of each factors on COVimep
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Figure 5: Main effect of each factors on NOx
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Figure 6: Interaction effect between each factors on SFC
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Figure 7: Interaction effect between each factors on COVimep
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