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Figure 2- Diesel combustion process
[N U320 @yt b 50 yaidoms 0y90 ,Lid Y JSo

1. Brake Specific Fuel Consumtion

oy



VYAV Sl eJsl olas sl Jlo 3l pol g Co g cigly - sode 4y i

2 ol 905 5 EGR ailibs (55, » 45 (soanie Slinios 925 b a5 ol o0y0 «aid Splonil lia j50 4 4295 L

5 S Ly NOy oui¥T LalS (gl wilobes ol 51 ool o600y i o j3it uns] 48,5 ool LSl i) 5ise
OO, oolaiwl 0590y Lo il 4y jeige » EGR ailols ol 1 iy colids aie) jo andod 4595 0 JA .Conl ol o a0 3
s5ge 5o wlebo cpl shoslannl (b )0 a5 o el il (n St com (nl )0 WS (o0 SeS y5ige yo Al l 51,5 L
Sl sl oy p sl yol G (ulply Wlodg j5ige Slpal oyl Wlad)S I3 w3550 yieS
0955 S 0l akiie wilie wlie jgye b aonlpopdle b 435 L5 EGR aileles 3l solial (o 5 5330 <0
Co SzsS Jps sbaygae 9, 2 Sl 089, 5l Jeol> Jngm cEgw 9 EGR alole 56 (55, (ol (3w
ST 55 i 5 )L b o sy 15T slo el ol 455, Sy byt b o5 EGR slocars
> 9> 0995 9 NOy ous¥l 1 EGR aibeles 5l oolaiwl ;50 «yioman .ol ok (9,0 sloo g Jil jo 15l bS5

28,5 13 e 0550 5 5se

Lo 59, 9 Slge
590 50 o jioles] o chy yas ol oo ools Hlas V Jgam yo aS oy i 300 Guiod sle bl plel e sbe
abgrye 9590 SPIBIT Lulolp iolosl yley 40 H9ge (6,15 sl pi aizd 5 bl O« vbar g il JLad 9 VO« crpm
Jyore bl ol odbiarog polie O¢char Cogw Lail ,Lad g VO« 1pmM g0 .Cunl oo Sl skl Glaal 4
Sl o Sl 550 j9ige odd (gaw g 0og Heige Jbpled Il ulaly 5 el Jlesl Sl copizren S5 5ise 51
Sl gl aiie ol ond (515 S b 0 EGR alle 36 iSTas a5 5.5 15 Laales] Syee | Sy b

Xloas oeﬁ] Y Jgoz 50 oo g, 2

oo lo3T (i yilo ) Jguzr
Tablel- Experiments matrix

Level 3 Level 2 Level 1 Unit Factor
21 14 7 Nm Engine load
20 10 0 % rate EGR
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Table2- Combustion parameters
Number Parameter Unit
1 Cylinder pressure bar
2 Cylinder temperature °C
3 Ignition delay CA°
4 Heat release rate JI°CA
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Figure 3- Biodiesel fuel
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Table 3- Biodiesel fuel characteristics

Parameter Standard Unit Standard value wWCO Diesel

Flash point ASTM D93 °C - 302 70.5
Monoglycerides ASTM D6584 % m/m 0.4 max <0.02 -
Methanol content EN14110 % m/m 0.2 max <0.01 -

Water and sediment content ASTMD2709 % viv 0.05 max <0.01 0.003

Dynamic viscosity at 40 C ASTM D445 cSt 1.9-6.0 6.1 2.95
Sulfated Ash ASTM D874 % m/m 0.2 max <0.02 -
Total sulfur ASTM D5453 % m/m 0.05 max <0.001 -
Copper Strip Corrosion D130 -- No. 3 max Superato -
Carbon Residue 100% sample* D4530 % m/m 0.05 max <0.001 -
Acidity number D664 mgKOH/g 0.5 max 0.3 -
Phosphorus Content D4591 mg/g 1.0 max 0.84 -
Distillation D1160 °C 360 max >300 -
Cetane number ASTM D 613 57.12 48
oxidation stability EN 15751 h 3 min 12< -
Visual aspect ASTM D 4176 - - clear yellow -

Lower heating value - MJ/kg - 39.9 45.82
Oxygen content - % - 13.44 0
Surface tension Drop shape method mN/m - 40.52 24
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Figure 4- AVL Single Cylinder Research Engine 5402 and eddy current dynamometer
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Table 4- Engine Specifications of AVL Single Cylinder Research Engine 5402

Engine type 4-stroke water cooled Diesel
Manufacturer AVL
Model 5402
Number of cilynders 1
Maximum power 18 kW
Bore 85 mm
Stroke 90 mm
Connecting rod 138 mm
Displacement 510 cm?
Compression ratio 17.1:1

Combustion chamber

Bowl with valve pockets and flat head

Injection system Common rail
Max. injection pressure 1300 bar
Number of nozzles 5
Nozzle diameter 170 um
Spray angle 142°
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Figure 6- Maximum values of the cylinder pressure in different engine loads and EGR rates
(WCO: B20 fuel, Diesel: Pure diesel fuel, MAX CP: Maximum cylinder pressure)
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Figure 8- Maximum values of the in cylinder temperature in different engine loads and EGR rates
(WCO: B20 fuel, Diesel: Pure diesel fuel)
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Figure 9- Maximum values of the heat release rate in different engine loads and EGR rates (WCO: B20 fuel, Diesel: Pure diesel fuel)
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Figure 10- Cylinder pressure and Heat release rate in different crank angle degrees (WCO: B20 fuel, STD: Pure diesel fuel)
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Figure 11- Effect of the engine load and EGR rate on the NO,, emission and soot for different fuel in different engine load
(WCO: B20 fuel, Diesel: Pure diesel fuel)
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In this study, the effects of EGR on the combustion behavior, and NO, and soot emissions of a diesel engine
fueled by biodiesel is investigated. To do so, a compression ignition engine, diesel fuel, biodiesel fuel blend
(B20) obtained from waste cooking oil, three EGR rates (0, 10 and 20%) and 7, 14 and 21Nm engine loads
are used. The results show that the addition of biodiesel to diesel fuel increases the cylinder pressure and the
maximum increase is 1.97%. In addition, the cylinder pressure increases with increasing EGR rate. Also, the
ignition delay of B20 is lower than diesel and the maximum decrease of the ignition delay is 7.3%. The in-
cylinder temperature is decreased with increasing EGR rate and ultimately, it can be stated that the maximum
heat release rate increases with increasing EGR rate. The NO, emissions decrease with increasing EGR rate

for both types of fuels.

Keywords: Combustion, Biodiesel, EGR, Ignition delay, Heat release rate
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