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Prediction of Ignition Delay for HSDI Diesel Engine
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Abstract

New reduced chemical kinetic mechanism for prediction of autoignition process of HSDI diesel
engine was investigated. For precise prediction of the ignition characteristics of diesel fuel, mechanism
coefficients were fitted by the experimental results of ignition delay of diesel spray in a constant
volume vessel. Ignition delay of diesel engine on various operation condition was calculated based on
the new reduced chemical mechanism. The calculation results agreed well with experimental data.
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Fig. 1 Schematic diagram of main reaction path of

the reduced chemical mechanism
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Table 1 Present reduced chemical kinetic
model
Reaction

R1 RH + O2 = R + HOy

R2 R + O = RO,

* R3 RO: = QOOH

R4 QOOH + 02 = OOQOOH

R5 OOQOOH = OROOH + OH

* R6 OROOH = RCHO + CH2xO + OH

R7 RH + OH = R + H.0

RS R + Oy = HOz + Olefin

R9 HO, + HO, = HOOH + O

R10 HOOH + M = OH + OH + M

R11 RO, + HO; = ROOH + O

R12 QOOH = RCHO + OH + Olefin

R13 RCHO + HO; = R + HOOH

R14 RCHO + OH = R + HxO

R15 RH + RO; = R + ROOH

R16 RH + HO: = R + HOOH

R17 R+ R =RH

R18 CH:O + OH = HCO + H:0

R19 HCO + O, = HO2 + CO

Ae AFA = Fig. 29F 2ol AA 1 mgx
& wEs) 9% A4 Qa9 dds A, R
B A% AAE% 9z FFAL AR FF A
A, Az 43 e 2 Ay AE 05
37 9% dolg 85 A2 FARGQ)

Constant volume vessel . E]
onsorg
Charge
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22 : Thermocouple
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Pump Delay/Pulse
Generator

Common Rail
Fuel Injection
System

Fig. 2 Experimental setup
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Table 2 Specifications of research engine

Stroke (mm) 100 mm
Connecting rod (mm) 167 mm
Compression ratio 17.8
VO -26°
vC 230°
Engine speed 1,400 & 2,000 rpm
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Fig. 3 Comparison of -calculation results with

experimental data
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Fig. 4 Species and temperature distribution of

homogeneous combustion condition
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Fig 6. Comparison between calculated ignition
delay time and experimental data according to

injection timing at 1,400 rpm
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Fig. 7 Comparison between calculated ignition

delay time and experimental data according to

injection timing at 2,000 rpm

30

—5-1,400 rpm, ‘Pinj=1,‘ooo bar, Qin;=15 mm’®

N
o
T

—<1,400 rpm, P,,=1,000 bar, Q_=30 mm®

N
o
T

51,400 rpm, P,= 600bar,Q =30 mm® |

Ignition Delay (deg)
> o

[¢)]
.

0 I I I I I I I
5 10 15 20 25 30 35 40

Injection Timing (BTDC)

45

Fig. 8 Comparison of ignition delay time due to
injection pressure and duration
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Fig. 9 Comparison of ignition delay time of NA
condition and turbocharged condition according to

injection timing
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Fig. 10 Comparison of ignition delay time of
normal condition and EGR condition according to
injection timing
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