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Combustion and Emission Characteristics of Biodiesel Blended Fuel

by EGR Rate in a 4-cylinder CRDI Diesel Engine
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This study describes the effect of EGR rate on the combustion and emissions characteristics of a four

cylinder CRDI diesel engine using biodiesel (soybean oil) blended diesel fuel. The test fuel is composed of 30%
biodiesel and 70% ULSD (ultra low sulfur diesel) by volumetric ratio. The experiment of engine emissions and
performance characteristics were performed under the various EGR rates. The experimental results showed that ignition
delay was extended, the maximum combustion pressure and heat release gradually were decreased with increasing EGR
rate. Comparing biodiesel blended fuel to ULSD, the injection quantity of biodiesel blended fuel was further increased
than ULSD. The emission results showed that NOy emission of biodiesel blended fuel becomes higher according to the
increase of EGR rate. However, in the case of biodiesel blended fuel, HC, CO and soot emissions were decreased
compared to ULSD.
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Nomenclature 1. M E

tm : main injection timing [degree] A QA A oA ab] F= T G shA A
L : pilot injection timing [degree] B e FEEe A 9 S 0As X7t
Piyj : injection pressure [MPa] A717] 9ate] F8 AEAF AL v 25t o
m, : pilot injection quantity [mg/cycle] Ualol A 8] 7] 7} 2= ol ZS A2} 223 A] A5}
BD - blodiesel gtk o] s} e 87 Al lg-5H] eI A
Lo poem i | & Q0 Az R GA AR el A7E A F5
ITDFC :m 1(ciated specific fuel consumption T 9t} B8] tAelA A S8 S ES A7
top deadioenter AR 5 Qe aAl duA NeR EaARs)

ULSD : ultra low sulfur diesel ) .
DME(Dimetyl Ether), H}-o] 2ol &2 (Bioethanol), B}
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Fig. 1 Schematic diagram of experimental setup

Table 1 Specification of test engine

Pressure
Sensor Jpoensor -
— A 0)@©)
0)©
= j‘ "Exhaust
illi= = : — f gas
] —
......... ifli= : : f— ‘
Za
°)@
1= A0
Smoke meter
Test Engine
[
O]
Dynamometer
Fuel supply line

Dynamometer
Controller

Fuel return line

Table 2 Property of ULSD and biodiesel fuel

Engine type 4-stroke VGT DI Diesel
Number of cylinder 4
Bore x Stroke (mm) 77.2 x 84.5
Displacement volume (L) 1.582

Fuel injection system Bosch common rail

Valve type DOHC 4 Valve per cylinder
Compression ratio 17.3
Engine management system Bosch EDC 16
Intake | Open (deg. BTDC) 6
valve | Close (deg. ABDC) 34
Exhaust | Open (deg. BBDC) 46
valve | Close (deg. ATDC) 4
Max. Power (kW/rpm) 86/4,000
Max. Torque (Nm/rpm) 260/2,000
Max. Speed (rpm) 4,750
AFF 3L 9FE 160MPa7kA] Al & = QL= 74
steitt. 2] o Al lxle] 58 Al <lS Table 12}
2tk EE ARTH AL vloler A EFAR
(el3F “BD30” 2. = 3%}, ULSD : BD = 7 : 3)8} =29}
ULSDHIALE wa AR sl on, 3uE WuE of
&ato] el FFatdty. 1elar AXS Aof 3]
7] 918 ETASAFS] INCA V5.4 X233} ECU
(Bosch, EDC16 ETK ECU)Z A}-&-3}1 ) w3k <zl
o A&FAL setets] A5 g el $

132 sizxI=Aa2sts| =27 M192 M4S, 2011

Characteristic Diesel Biodiesel
(ULSD) (Soybean)
Cetane number 40~55 48~65
Carbon content (wt%) 87 77
Hydrogen content (wt%) 0.01 0
Oxygen content (%) - 11
Sulfur content (wWt%) 0.01 0
Viscosity at 40°C (cSt) 3.11 4.75
Liquid density at 20°C ( kg/m3) 828 884
Cloud point temp. (°C) -15~5 -3~12
Flash point temp. (°C) 60~80 100~170
Low heating value (MJ/kg) 42.5 37.4
Stoichiometric A/F ratio 14.6 14.1
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Table 3 Experimental conditions

Fuels ULSD, BD30
Injection pressure (MPa) 70
Engine speed (rpm) 1500
Cooling water temp. (K) 35343
Intake temp. (K) 320 43
Load (%) 30
Pilot quantity (mg/cycle) 1.6
Injection Main 0
timing
EGR rate (%) 0, 10, 20, 30, 40
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Fig. 4 Effect of EGR rate on NOx and Soot emission
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Fig. 5 Effect of EGR rate on HC and CO emission
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