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Abstract: The purpose of this study is to analyze the effect of biodiesel fuel injection timing on
combustion, exhaust emissions, and energy efficiency in a single diesel engine. The biodiesel fuel injection
timing was changed from BTDC30° to BTDC3° with 5° intervals. The maximum in-cylinder pressure was
increased from BTDC30° to BTDCI15° and gradually decreased after BTDC15°. Indicated mean effective
pressure, which is an index of combustion performance, showed to increase the fuel injection timing is
retarded to TDC. In addition, engine torque exhibited the same tendency as result of indicated mean
effective pressure characteristics. The highest rate of heat release occurred between ©p and Os
depending on the fuel injection timing. Oxygen, carbon monoxide, and hydrocarbon emissions in the
exhaust pollutants were reduced as the fuel injection timing was retarded to TDC, and carbon dioxide
tended to increase. Nitrogen oxides showed the highest value at BTDC15° as the maximum in-cylinder
pressure characteristics. Energy efficiency increased as the fuel injection timing was retarded to TDC due

to the negative work that occurred while the compression stroke decreased.
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—J]l 5 &8 9 — CO, : Carbon dioxide(%)
dQ : Rate of heat release(ROHR, J/deg.)
ABDC: After Bottom Dead Center HC  : Hydrocarbon(ppm)
ATDC : After Top Dead Center IMEP : Indicated mean effective pressure(MPa)
BBDC : Befor Bottom Dead Center mg : Fuel mass(kg)
BTDC : Befor Top Dead Center Mf : Fuel mass flow rate(kg/s)
CO  : Carbon monoxide(ppm) MFB : Mass fraction burned(%)
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N : Engine speed(rpm)

NOx : Nitrogen oxides(ppm)

0] : Oxygen(%)

P : In-cylinder pressure(MPa)

P : Engine power(kW)

Py @ Injection pressure(MPa)

Quev : Low heating value of fuel(kJ/kg)
rpm  : revolution per minute

ur : Fuel conversion efficiency(%)
ngp  : number of revolution per cycle

910 : 10% MFB
950 : 50% MFB
990 : 90% MFB
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Fig. 1 wlo] @014 A (Table 1)9] FAMAY]

Low pressure pump
7N

Common rail Fuel filter

controller  Injector driver

FERE

Engine controller and | [——0
Data acquisition system | GoOOg
Emission analyzer }

~<——Exhaust

Electric

Motor

controller [ —

— |

Test engine bed

Fig. 1 Schematic diagram of experimental system

Table 1 Properties of biodiesel fuel

Properties Unit Values
Carbon 77.71
wt%
Hydrogen 13.05
o 10% 330.5
Distillation 50% oc 1343
Temperature
90% 343.0
Density(15°C) kg/m’ 882.7
Cetane number - 56.3
Kinematic viscosity(40°C) mm?/s 4.341
LHV kl/kg 36,910
Flash point °C 154.0
*Analysis service : K-Petro
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Table 2 Specifications of test engine and conditions

Items Descriptions
1. Test engine

Displacement(cc) 498

Valve Operation SOHC
Bore x Stroke (mm) 83 x 92
Compression ratio 17.7 : 1

Number of valve

2-Intake, 2-Exhaust

Fuel injection system

Bosch common rail

Intake open BTDC7°
Valve Intake close ABDC43°
timing Exhaust open | BBDC52°
Exhaust close | ATDC6’
2. Test conditions
Engine speed 800 rpm
Injection pressure(pin) 30 MPa

Injection timing

BTDC30°~ ATDC3°
(5° interval)

Injection quantity

10 mg/stroke

Coolant temperature

60°C
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Fig. 2 In-cylinder pressure, ROHR, and ROPR

characteristics

P, =30MPa, Engine speed=800rpm, Fuel injection mass=10mg IMEP
—{J—Peak in-cylinder pressure(MPa)
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characteristics

and Torque

[e)
YA AdUY WE g HFsEL
717 AREAFE EoEvE

Fig. 32 Hpolor)dl AR EAAZ|7}F EA
fastgMEP), AdH
TAE, #Hi dEdsE 2 A
Aoty TABEAFRFEYHS o
e NEE &8d80 AgZFelA A
717y AREFE =]
A BAY. ABRAAIIE Wd=

o
2o @A Eo] dSAAHNA P, o]

2
4z



, 2L
Y &g AeE =23 St AFoE YER
o AFNEIE ASEAA7 ] IE ZAIHF
59t W3l A LA woh Az &Y
2 AR YRl LAdE EABFFELHHY
AR Q)R A WAYs= E0) B, AZ3F
A g Az B dt 450 Al
dZzoA FYslttr 7HA3H AXEIE =
ANBFFrEdEH Y] Z7]dl vl Ft Fig 4v vkl
oUAd ARRAA|Y wE Add yr Hu
A ARYE A LS 10%(010) ~90%(Og) A H
ALE&WMFB)F vlmg A3E yebd Aol 4

SEAAZIE VEE AUy g HutEsd
AP ES AFALE 10%(O1) ~50%(Os0)l =
Aste AE AT F JoH, ol A& A4
of 93] Yephdtl ASREAAZZF X 4EEE A
FALE 10~50%7HA 9 7132 A F71E
T AREAAIIIE A4EFE AUy WE o

A
Hyl dEAELS ALTt AFREE AEA 10%©
i

0 AFAsge] THIG AREANI} A7
Aol R eEs el %7] Wi

1
Be PAATIE UNoE AEHT AREAA
Nk AZDEE S0%(Ox) o1F AFALERE
7ol

90%(0g) AHALE TUTMA = F4HA 4 7]
AojA7] W&ol Eojdth Fig. 5+ wolofA

1=]

AL

25 15

PW=30MPa, Engine speed=800rpm, Fuel injection mass=10mg

20| —FF10% MFB —O—50% MFB —0—90% MFB —/— Peak dP&dQ
— Peak ROPR(MPa/deg.) Peak ROHR(x10 J/deg.)
Q 412
E 15
< N . -
2T N N 7 H
T 4l N 1° 8
2 2 7 z
=4 Q
5 of 7 g& <
x 728 e 8
c é 7% c
g s 73 2
S N
2 = F = 8 T
= - ’§

st é§/ ’\

N
-20 L 0
-35 -30 -25 -20 -15 -10 -5 5

Injection timing(deg. ATDC)
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P,,=30MPa, Engine speed=800rpm, Fuel injection mass=10mg
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Fig. 6 Emission characteristics
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P, =30MPa, Engine speed=800rpm, Fuel injection mass=10mg
772 Relative energy efficiency —— Relative total energy losses
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