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Figure 2- Diesel combustion process
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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 % v/v 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: B20fuel, Diesel: Pure diesel fuel, MAX CP: Maximum cylinder pressure)
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Figure 7- Maximum values of the ignition delay in different engine loads and EGR rates (WCO: B20 fuel, Diesel: Pure diesel fuel)
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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)
(uaJL" J).aé &g :STD B20 <o g ‘WCO) gfuJJ.a.o u»é)f liseo tSL.’.ISj ) Lo)f ‘SjLnaé‘}“- cr9 )W 0990 )L&é -\ JS.w

Y


www.SID.ir

878 Guadle 5 (yLol3 Sl LS Ll ol 8

e sn B sz g sV s g (sl LS s3asll &5 o35 om e JSB al 53 o 455%slon
Jpd Co g & o S g ol e LW g oaimoylis Jpogm cd g 5l eslatunl b LS (g5lwolyl &5 Sial3dl
I Tasl L ssloslyl g5 G2l sl Jods oo wilgs oo 505 Jogm Ghez alas (309 5YL ol 0392 alls

saidew 59,0 ilwalil #5 Jloges S IS EGR .l oolatl wgds g0 09 la IS (] 1o 45 455 yled ¢l ogdle
EGR s (I8l b cwl 00,8 joss 3l ool g9,0 alasd g LS (g5lwolyl & 5 ancion (g)lade L 5 ol oolad yss |
ol 00 3155 [YY] g 1o Lawgs gplie Wiy, ol axdl 2ol L) g5lwolsl &5 laie

5 s (Bl 90 o) 5 dndan HLES S5 )0 Webige s jaikew (45,0 ,Lad lajlaged o aS gl
Slad ol caol BT pl Lo 3o Cogw 4 Cad Jpdgm S gw lp Jidl U e o 26S .l 5l ]
Pl OosieS e R Bkl il Jns CEen 4y Cad Jpogn S s JLl o 2 palS Ldsa i
LSl iy al> e jo Glial Gln 3 cSgw e (lBl case s S sw 4 Sl Roen S se Gl
LYY Flogs o

o095 g NO, ‘SLEO..LL.{YI
0ad V) S 50 a5 digS led 06l oo oy 2 4590 (29,5 0990 9 NOX sanV jlaie 5 EGR wlolu 150 cond ol )0
el aily 20lS sasosliinl C g £55 95 8 Sl ysise o785 NOX 00T e EGR Cares 2ul33l b g oo
P90 (79> 0393 e ((nl 0929 b Cewl 0l 5390 (29,5 0393 (Rl e g ECR S (il S0o )b
el ools lid 03 3l alls e g jleslatnl Hloy 4 cond 02 g5 BB (ialS Jpnosm S g leolaiul log o
SS9 Sgw LSl o S el ATy g imle S g (el @l Gl (LU Sgige (g 390 JuSis
I¥fleat Jposm oimnST lgiome 5l o5b Jpogm cdgm 5loslitul oloj 10 s5ige 09,5 0398 lade Lials [Ya] el
Vg0 JLSle 13 (055 (99268 wonl podle Selipge @l CuieS Sgnte 5 Lo 1Sy Rl cse (LA 5enST
5 @l sles Lnals [¥0lasl j5ge @2y > onge 1als LYo 5l Koo (o wilgico Jpo S g 4 S Jpogm
WS )3 5 oS GRS Gizres 5 S slaaies S 5 Gl cage ECR s (33 b (ST lgione
I¥7logt o sis0 (2,5 0390 Sl

Wco-NOx Diesel-NOx Wco-NOx Diesel-NOx Wco-NOx Diesel-NOx

Wco-Soot Diesel-Soot Weo-Soot Diesel-Soot Wco-Soot Diesel-Soot
Load 7 Nm Load 14 Nm —_ Load 21 Nm —
500 10 & ggg 25 o ggg 300 %

—_ < = —_ L
5-400 8 ~..E_ ESUO . 20 ‘_EB E_EOO gggg
&30 5 & 830 € B30 150 £
x 200 a E %300 ' 10 = x300 100
~ © 200 o O 200 100 (@]
Z 100 2 9 2100 5 0 21p , 50 ©
0 0 A 0 0 0 o
0 10 20 0 10 20 0 10 20
EGR rate (%) EGR rate (%) EGR rate (%)

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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