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Table 1- Physical properties of fusel oil constituent

Component Boiling point (°C) Density (g/cm?®) Volumetrically %
i-amyl alcohol 131.1 0.8104 61.52
i-butyl alcohol 108 0.802 15.87
n-butyl alcohol 117.73 0.8098 0.708
n-propyl alkyl 91.7 0.8034 0.704

Ethanol 78.4 0.789 8.98
Water 100 1 12.23
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Table 2- Experimental levels of the independent variables

Independent variable Xi Range and levels
-0 -1 0 +1 +a
Fusel oil (%) X1 0 5 10 15 20
Speed (rpm) Xz 1400 1700 2000 2300 2600
Load (%) Xs 0 25 50 75 100
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Table 3- Technical specifications of the single-cylinder diesel engine

Brand Lombardini
Model 3LD 510
Weight 60 Kg
Type 4stroke
Displacement 510 Cm®
Bore 85 mm
Stroke 90 mm
Power 9 kW
Torque 33N.m
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Figure 1- The schematic view of the engine test bed: 1- Fusel, oil 2- Fuel, consumption meter, 3- Diesel engine, 4- Dynamometer
control panel, 5- Dynamometer, 6- Gas Analyzer, 7- Computer
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Table 4- ANOVA table for brake power

Source df Sum of square Mean square F value P value
Model 9 19.13 213 30.77 <0.0001
X1 1 0.037 0.037 0.53 0.481
X 1 0.66 0.66 9.56 0.0114
X3 1 17.17 17.17 248.55 <0.0001
Xo XXy 1 0.0524 0.0524 0.076 0.78
X3 XXy 1 0.36 0.36 5.18 0.0361
X3 xXp 1 0.045 0.045 0.663 0.036
Xq? 1 0.18 0.18 2.67 0.013
X7? 1 0.36 0.36 5.19 0.0451
X4? 1 0.21 0.21 3.07 0.11
Residual 10 0.69 0.69
Lack of fit 5 0.39 0.078 13 0.39
Pure error 5 0.3
Total 19 19.93
29Ul 5kl 4y s 3l ol i -0 Jgua
Table 5- ANOVA table for Torque
Source df Sum of square Mean square F value P value
Model 3 236.57 78.86 10.91 0.0004
X1 1 38.90 38.90 5.38 0.0319
X 1 7.49 7.49 1.04 0.0413
X3 1 190.17 190.17 26.31 0.0001
Xo XXy 1 0.21 0.21 0.023 0.88
X3 XXy 1 0.054 0.054 0.0597 0.0439
X3 xXp 1 0.67 0.67 0.075 0.7
X4? 1 0.14 0.14 0.016 0.019
X5? 1 2.78 2.78 0.31 0.049
X3? 1 5.94 5.94 0.66 0.0435
Residual 10 89.84 8.98
Lack of fit 5 72.60 14.52 421 0.0703
Pure error 5 17.24
Total 19 352.54
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Figure 2- Deviation from Reference Point (a: power, b: Torque)
(59beid b (ylgi i) (5,105 0T 2> po adaili 31 aliold -Y Sl

(PM) 5590 599 5 (22,0) JSI (189, Comad Dl il 1) 0509 CS g Bras (Gamdns 5 (Gamgs Hloged ¥ IS5

DS Gl e i G U oS0 s, sladogbie plat (sl ol oy gl & at s s e ol
Sl Yo 1pmM 90 10 0,0 YO 4 a0 YO 5l jeige ,b ial33I DooF1o wuS 5 (sl il iolidl s gw Byan e
3,10 3929 ST JoSge o] JLsle 1o a5 (solge 4l @ a9 b .ol o5y S g B pan (ylime 10 (w00 YO ol
g Bpae axl )0 5 Sl Sl 9y5e Olg Jlde Gles wdsi Gl i S g Al 66 Sl 85
CE g Syas I was oo Gl Hsige Slasl g5 j5ise Cae Gl Aol 4 az g b e e (1)
ORlBIL sl Glgs Gl Bre ey Cose Brae Al (a0 0 Ol a4 abioe (Rl e laygs o

sl ol 10 Cogw B pan Gl (JSIN 85, do

BSFC (kg/Kw.hr)

230000 : s

2500 R — 700

150.00 —
£ 07500 2 450
g ]
=
— ?[
- 2
S 00000 &
0
2 ©
v 2500 B 200

m
185000
" 2300.00 15.00
1775
215000 1250
) 2000.00 1000
7004 i g o
500 700 900 11.00 1300 15.00 Speed (rpm) 18:0'00170000 i 750 Fusel oil (%)
A 24
Fusel oil (%) b
a

Figure 3- Interaction effect of fusel oil and speed on BSFC (a: 2D, b: 3D)
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Fig. 4- Interaction effect of fusel oil and speed on CO (a: 2D, b: 3D)

055 SanS gigo 00l VT 5 19790 3l g 590 (IS (p 9y Commnd Jillin 51.(D) (gamsaws ylo90i 5 @) 17 bkt -F JSb

Fusel oil (%)

(NOx) ¢339 5% donsS'
Iy s5ige 599 9 JSII oyég, calites slacans lp NOx oon¥T &lnis blie 1 gamaw loges g 515 bglas & JSo
FJe Glil Jdoar ) Gl ol alaios slos Wi oo JSI (129, slosSdge )0 9250 (YL (5emST Glie w0000 (L3S
JoU5 Glpal mile JSIN e, 40 09290 ol Gl eonl 8929 b (Ll g oo 09938l NOx lie o aoes jo g 00l iul3dl
Oy 30 Vol Giali8l b eols Lzl .ol o 2alS NOx (yl5ae 4 o g a8l ialS jailew abaass gloo I g ouls
Aoy yo &S gldgaasd ol .8l el as,e YAl 4 NOX YO/ ,L o YYeerpm 50 50 (IS 9, oS 5

a3



6091 Fuds Slgzdaze 9 (2o (SO e ol pall e dese

OB olgen 85 g0 aSTS Glal g sladx Gl Gleygise jo Jno s ey b SIS 8y, S oS S
22,0 YO 4L gV O+« 1pM 50 ;0 NOX (yl500,0 YO/ L2alS o cgolie Gudimes 1o .0ls oylis 1) NOx oV e puKai>

u;u)}.a LsL:ou....m”.a ).vl....: Ja...uy oJ.nT Cowddy 6[1&4..3[4 ‘yUa.A d,«.a.‘)u U"‘ B od.nT Cowddy C.»L..l W U’“")‘)f
S g labgline aled sl 59551 29,5 NOx olime jg0 ialisl b -0 5 a-0 sla i 4 axg5 L LY VeYY]s,
Gial33l S JSI g, g slabogline ples sl NOx Slaie jgige 5l Lial33l b ols (ylas gulis uizmen .2l ialS
JSis Grali8l ale wlgs oo y5950 el Jlasl )b (2ol b joidew (550 JLad g Gl abbass gleo (il b oo

Load (%)
NOx (ppm)

3.00 7.00 9.00 11.00 13.00 1500
Fusel oil (%)
a

160.00

135.00

110.00

85.

60.00

00

7. 50\

10,

LyAlast NOx

2300.00

2150.00

\/ 200000
Fusel oil (%) % 9% Speed (rpm)

15.00 1700.00

b

Figure 5- Interaction effect of fusel oil, speed and load on NOx (a: 2D, b: 3D)
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Figure 6- Interaction effect of fusel oil, speed and load on UHC (a: 2D, b: 3D)
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English Abstract

Optimization of performance and emission characteristic of fusel oil-diesel
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The alcohol-based fuels have attracted the attention of alternative fuel researchers. Fusel oil is an alcohol-
based fuel collected as a by-product during bioethanol production. The main objective of this study is to
determine the optimal blending ratio of fusel oil-diesel regarding the performance and emissions of spark
ignition engine using response surface methodology based on CCD design. In this research, experimental
investigations have been performed with different fusel oil-diesel blends (0%, 5%, 10%, 15% and 20%),
different loads (0%, 25%, 50%, 75% and 100%) and different engine speeds (1400, 1700, 2000, 2300 and
2600 rpm).The multi-objective optimization was performed to maximize the power and torque, and minimize
BSFC, NOx, UHC and CO emissions. The best combination of engine parameters was found to be 11.57%
fusel oil, 40% load and 2264 rpm engine speed. The optimal values were 1.9 kW, 10.9 N.m, 354.5 g/kWh,
0.19, 54.5, 2.34 and 87.7(V%) for power, torque, BSFC, CO, UHC, CO2 and NOx emissions, respectively.
The results showed that fusel oil usage increased power and torque. It was also found that both NOx and
UHC emissions decreased.

Keywords: Fusel oil, Engine Performance, Exhaust Emissions, Response surface methodology
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