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1. Biodiesel
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1. Exhaust Gas Recirculation

2. Canola Oil Methyl Ester

3. Cetane Number

4. Brake Specific Fuel Consumption (BSFC)
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Table 1- Properties of diesel, biodiesel and ethanol fuels

Fuel property Units Diesel Biodiesel Ethanol Method
Oxygen content wt.% 0 11 35 D5293
Carbon content wt.% 87 78 51 D5291

Hydrogen content wt.% 13 11 14 D5292
Cetane number - 55 62 7 D6890
Calorific value MJkg* 43.37 34.35 2752 D240

Flash point 'C 69.8 110.15 13 D93
Kinematic viscosity @ 40 °C mm?s? 3.42 4.19 1.13 D445
Density @ 15 °C kgm'® 847.7 887.3 794.9 D127

1. Transesterification
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Table 2- Properties of TiO2

Chemical name Titanium dioxide
Purity >99%
Form Powder
Colour White
Average particle size 20 nm
Molecular weight 82.3 g/mol
Chemical abstract service (CAS) 12188-41-9
number
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1. Manifold
2. Flap Valve

3. Orifice Meter
4. Hydraulic Dynamometer
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Table 3- Specifications of the test engine [31]

Manufacturer and model LOVOL,1006TG1A
. six-cylinder, four-stroke, direct
Engine type i?\ljection, turbocharged
Number of cylinders 6
Cylinder volume 5.99 lit
Bore and stroke 100 * 127 (mm)
Compression ratio 17.5/1
Maximum torque 337 Nm@1400 rpm
Maximum power 62 KW@2000 rpm
Number of holes in nozzle 5

1. Newton Meters
2. Eddy Current Dynamometer
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Figure 1- Schematic arrangement of the engine test bed: (a) ) diesel engine, (b) dynamometer, (c) gas analyser, (d) EGR system,
(e) thermometer, (f) fuel tank, (g) air tank, (h) transduser
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Figure 2- Diesel engine and engine test bed
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Table 4- Specification of the Testo 350 emission analyser

Parameter Range Resolution
NOx 0-3000 ppm 1 ppm
CO 0-5000 ppm 1 ppm
CO. 0-50 vol% 0. 1vol%
HC 0-40000 ppm 1 ppm

1. Cartel
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Figure 3- Average values of uncertainty of emmision and performance parameters
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Figure 4- Variation of power for diesel/ ethanol/ biodiesel blends at various engine speeds
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Figure 5- Variation of power for diesel / ethanol / biodiesel blends at EGR = 20, 30% and various engine speeds
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Figure 8- Variation of Torque for diesel / ethanol / biodiesel blends at various engine speeds
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Figure 9- Variation of Torque for diesel / ethanol / biodiesel blends at EGR = 20, 30% and various engine speeds
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Figure 10- Variation of Torque for diesel / ethanol / biodiesel blends at TiO2 = 40, 60 ppm and various engine speeds
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Figure 12- Variation of BSFC for diesel / ethanol / biodiesel blends at various engine speeds
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Figure 14- Variation of BSFC for diesel / ethanol / biodiesel blends at TiO2 = 40, 60 ppm and various engine speeds
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Figure 15- Variation of BSFC for diesel / ethanol / biodiesel blends at EGR = 20%, TiO: = 60 ppm and various engine speeds
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Figure 16- Variation of Exhaust temperature for diesel / ethanol / biodiesel blends at various engine speeds
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Figure 17- Variation of Exhaust temperature for diesel / ethanol / biodiesel blends at EGR = 20, 30% and various engine speeds
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Figure 18- Variation of Exhaust temperature for diesel / ethanol / biodiesel blends at TiO2 = 40, 60 ppm and various engine
speeds
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Figure 19- Variation of exhaust temperature for diesel / ethanol / biodiesel blends at EGR=20%, TiO2 = 60 ppm and various engine
speeds
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Figure 20- Variation of NOx for diesel / ethanol / biodiesel blends at various engine speeds
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Figure 21- Variation of NOx for diesel / ethanol / biodiesel blends at EGR = 20, 30% and various engine speeds
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Figure 22- Variation of NOy for diesel / ethanol / biodiesel blends at TiO2 = 40, 60 ppm and various engine speeds
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Figure 23- Variation of NOx for diesel / ethanol / biodiesel blends at EGR=20%, TiO2 = 60 ppm and various engine speeds
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Figure 24- Variation of CO for diesel / ethanol / biodiesel blends at various engine speeds
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Figure 25- Variation of CO for diesel / ethanol / biodiesel blends at EGR = 20, 30% and various engine speeds
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Figure 26- Variation of CO for diesel / ethanol / biodiesel blends at TiO2 =40, 60 ppm and various engine speeds
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Figure 27- Variation of CO for diesel / ethanol / biodiesel blends at EGR=20%, TiO2 = 60 ppm and various engine speeds
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Figure 28- Variation of CO: for diesel / ethanol / biodiesel blends at various engine speeds
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Figure 29- Variation of CO: for diesel / ethanol / biodiesel blends at EGR = 20, 30% and various engine speeds
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Figure 30- Variation of CO: for diesel / ethanol / biodiesel blends at TiO2 = 40, 60 ppm and various engine speeds
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Figure 31- Variation of CO: for diesel / ethanol / biodiesel blends at EGR=20%, TiO2 = 60 ppm and various engine speeds
Wyl sdce o g TIO2 = 60ppm .EGR = 207. 3 Jpoem [Jelbl/ Jpe e seuS 5 5l 2 CO2 Ol s -31 Js<s

(HC) (2553500 0aia¥T
Joge g6 1 50 5l eads solal slaloglies sl 1y ialosl 8,90 slacie o ;0 HC o0s¥T &l s 35 15 32 sla JSio
Wy 181 L oo solel labogliee aled ;o .m0 o yLid EGR pivws gTIO2  S0g381 51 oolazl cglicie Loyl o
[68] ol 5l il anT 8 39 ams 40 a5 Wb o Lials HC oanVl

OiamST Glgioe a0 HC 00 VT [alS cuel ccdguw a1 o o Joibl 599381 457 095 oo oanlie 32 IS o
Sl 039508 4 (05 Cumad Grize g 05 g0 Bl ALl B sy o a5 LAl 30 4 S Joibl g Joge YL
oAlE o b awslie ;0 BOE6 <o 5 5l oolitwl il T ol 5¥o 51 wlgs o calls 3o b anslio j0 Joibl g Jo0m
1413 §19/5 18/5 5 54 rpm 1800 4 1400 1000 slace po ,0 BOE4 b avslio 1o 9 aoyo 2917 (Sl jgboas
ol ymels |, HC Lacsl s o

Slop 58 5T Glgize 3guaS ol o ialpl HC 00 ¥T EGR aio o (ioldl b a8 548 o ovmlie 33 IS5 o
U0 4 Caws BIOEO+EGR30 oS 5 .[70 69] sl HC suiu¥T iolidl Lol s ilg o (a8l 1yl olol 5 (584,9
Oliee Oy g ols Lial38l 1) HC Ll cas 0 8 4 5/7 < 413 s 54 rpm 1800 4 1400 1000 sloce ju yo alls
ligiss 10 EGR g 5l ooliia] b HC JLacsl liae 50 (stplie Wy, 0905 o cods dngs slaboglsne s 5o |, Lact]
[22] ai ssali o)l SKen 5 jlogS

90



HC (ppm)

1400 5l ey oylod (oo lez Jlo @il s Cpus (o = (sole @8

ED100 ®BI10EO = B20EO BOE4 ®BOE6 ®BI10E4

HC (ppm)
8

20 A

10 A

1000 rpm 1400 rpm 1800 rpm

Figure 32- Variation of HC for diesel / ethanol / biodiesel blends at various engine speeds
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Figure 33- Variation of HC for diesel / ethanol / biodiesel blends at EGR = 20, 30% and various engine speeds
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Figure 34- Variation of HC for diesel / ethanol / biodiesel blends at TiO2 = 40, 60 ppm and various engine speeds
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In this study, the simultaneous effect of ethanol-biodiesel-diesel emulsion with TiO, nanoparticles in different
EGRs on emission characteristics and performance of a direct injection diesel engine was investigated. TiO;
nanoparticles at three levels of 0, 40 and 60 ppm were added to biodiesel produced from waste cooking oil at
levels of 0, 10 and 20% and ethanol at levels of 0, 4 and 6% and an EGR system was used at rates of 0, 20 and
30 %. A total of 31 mixtures from biodiesel/diesel, ethanol/diesel and ethanol/biodiesel/diesel emulsions with
TiO, nanoparticles and different percentages of EGR were tested at full load at speeds of 1000, 1400 and 1800
rpm. Briefly named with BXEy + EGRw + TiO2z, that X, y, w, and z represent the biodiesel volume percentage,
ethanol, EGR, and TiO; percentage used in the mixture, respectively. The results showed that the use of B10E4
+ EGR20 + TiO,60 reduced NO, CO and HC compared to pure diesel by 5.8, 20.3 and 40 percent, respectively.
Also, the output power of B10EO + TiO,60 was improved by 11.2 percent compared to pure diesel. In addition,
by using B10E4 + EGR30, fuel consumption increased by 26.7 percent compared to pure diesel.

Keywords: Nanoparticles, Exhaust gas recirculation, Biofuel, Experimental study
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