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A study on the application of DOE for optimization of
blending oil with non-esterified biodiesel fuel at partial
engine load
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Abstract: Non-esterified biodiesel fuel is cheaper than esterified that because of a simple manufacturing
process that only consists of filtering. Applicability of this on diesel engine with electronic control system
was accomplished, then optimization adopting a fractional factorial design and response surface
methodology was carried out at 25% and 50% of engine load in this study. Pressure of common rail and
injection timing mainly effected on responses as specific fuel oil consumption and nitrogen oxides
regardless of engine load. Estimations were 310.3 g/kWh of specific fuel oil consumption and 237 ppm of
nitrogen oxides at 25% load, and 233.2 g/kWh of specific fuel oil consumption and 730 ppm of nitrogen
oxides at 50% load. Tests to verify these estimations were accomplished and as the results, specific fuel
oil consumption was 300.4 g/kWh and NOx was 277 ppm at 25% load and 236.8 g/kWh and 573 ppm
at 50% load.

Key Words : Optimization design, Non-esterified, Biodiesel fuel, Diesel engine, Design of experiment
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Fig. 1 Schematic diagram of experimental equipment

Table 1 specification of tested engine

Description Specification
Model HYUNDAI D4EA
Engine type Wateéfcooled 4 stroke

iesel engine
Number of cylinders 4

1991 cc
83mm x 92mm
84/4000 kW/rpm

17.7

Piston displacement

Bore x Stroke

Maximum power

Compression ratio
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factorial design

Load 25 50
Level
1 2 1 2
Factor

IT(°TDC) 6 12 7 13
Pcr(Mpa) 40 50 45 55
PI(ms) 0 2 0 2
TP(%) 10 20 15 25
EGR(%) 5 30 5 30
VGT(%) 5 30 5 30

of factors on tests by response

surface methodology

Load 25 50
Level
1 2 3 1 2 3
Factor
IT(°TDC) 41 9| -14| 5| -10] -15
Pcr(MPa) 30| 45| 60| 35| 50| 65
TP(%) 5 15 30| 5| 20| 35
PI(ms) 2
EGR(%) 30 5
VGT (%) 5 30
A AFs] Wristr] of@Hr] Wi A¥
wAolA AY APe APat Ay APge A
ge Ay A8e R o] AYPshAl Dok
%, <3 Ag Agol obd Ras Ay Age
2 WAt AYste otk oldd wael A
g AlE-> Minitab vieS ©]&3le F2Hg A3y
AE Mt 23 APolA = 302 354-F2] 1

o
SHEAEAHE A 83T Table 39 AR} <1
2] =28 JelgQlnh AAdd 304 Qe
A3HA 3+ TH Box-behnkenH 0.2 A3 A<=
Aol et APttt

3. 2o Y oE

SRS 7| A ZERX| H20H H2=, 2016 42 53



SEZE5H0IM Ho|AH 235t HIO|CE 5% 2§72

IT Per P
208 =
- \
296 \
204 b e
202 . .
6 12 40 50 10 20
MPI VGT EGR
298
206 e
R LS -
294 - = ——
202
0 2 5 30 5 30
(a) 25%
IT Per TP
233 -
231 . —
220 .
- 7 13 15 55 15 25
MPI VGT EGR
233 .
231 — —
229 . *
227
0 2 5 30 5 30
(b) 50%

Fig. 2 Main effects of 6 factors on specific fuel

consumption at each load
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Fig. 3 Main effects of 6 factors on nitrogen oxides

at each load
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