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Observation on the Ignition Delay Time of Cool and
Thermal Flame of n-heptane/alcohol Blended Fuel
at Low Temperature Combustion Regime

Jachyeok Song, Kijoong Kang, Seunghyup Ryu, Gyungmin Choi and Duckjool Kim

ABSTRACT

The ignition delay time is an important factor to understand the combustion characteristics of internal com-

bustion engine. In this study, ignition delay times of cool and thermal flame were observed separately in
homogeneous charge compression ignition(HCCI) engine. This study presents numerical investigation of
ignition delay time of n-heptane and alcohol(ethanol and n-butanol) binary fuel. The O, concentration in the
mixture was set 9-10% to simulate high exhaust gas recirculation(EGR) rate condition. The numerical study
on the ignition delay time was performed using CHEMKIN codes with various blending ratios and EGR rates.
The results revealed that the ignition delay time increased with increasing the alcohol fraction in the mixture
due to a decrease of oxidation of n-heptane at the low temperature. From the numerical analysis, ethanol
needed more radical and higher temperature than n-butanol for oxidation. In addition, thermal ignition delay
time is sharply increasing with decreasing O, fraction, but cool flame ignition delay time changes negligibly
for both binary fuels. Also, in high temperature regime, the ignition delay time showed similar tendency with

both blends regardless of blending ratio and EGR rate.

Key Words : Homogeneous Charge Compression Ignition(HCCI), n-heptane, Alcohol, Exhaust Gas Recirculation

(EGR), Low Temperature Combustion(LTC)
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Fig. 2. The cool flame(t1) and thermal flame(tt) Ignition delay time with changing mole fraction of alcohol fuel in the
blend fuel at ¢ = 1.0, 9% O condition and compressed temperature of (a) 680 K, (b)700 K, (c) 900 K and (d)

1100 K.



275 = . 228 . 2 =
16 FAY - A7S - FeE - AR - HEE
(a) 01 T T T T T T 1400 T T T T T T 010 q1x10”
0.01 = = $=1.0, E20, 9% O, condition ,g
H0.008  Hox0” @
1E3 _ 12004 —-— Temperature s 2
= X — OH mole fraction 8 %
=
o L4 [ —-= Net heat production Jo.006 x 8x10% G
- — ~
B s 2 s | c
[ @ 1000 L F 2
= ° =t B qiroa0'g
= [ S 17 o
o 16 3 e Jooos 8 H]
g o i 2 §_
17 F 800 °
] = {500’
-o.002 X §
1E8 %
z
1E9 600 T ¥ T T = 000 doo
0 1 2 3 4 5 6 7
Time(ms)
(b) o1 1400 T T T T —— T T 010 q1x10”
0.01 $=1.0, E60, 9% O, condition 5
@
Q008 -ox10” @
1E-3 _ 1200 —-— Temperature s g
S k4 X — OHmole fraction S g
e
2 o -..— Net heat production Jo.006 x 48x10" &
= L % 3
5 3 i c
g 5 S 1000-] 7 sz K]
b ° o BT J10a0' g
Qo 16 g. T -o,omg _g
] [
= 7 C o d o § £
/ Jd 10
_________________ o.002 5.0x10 §
1E8 | %
- )‘ ' z
19 600 T e e T T ' ——0.00 0.0
0o 2 4 6 8 10 12 14 16 18
Time(ms)
(C) 01 140 T T T T T —0.010  q1x10”
0.01 ¢=1.0, B60, 9% O, condition ,g
H0.008  Ho9x10” @
3 _ 12004  --- Temperature = 2
c X — OH mole fraction -3 %
=]
2 14 [ ---= Net heat production /l Jo.006 x 8x10” G
° S i .3 =
g 1S B 1000 5+ 5
- I} PR T 1 0x10“§
Q2 1E6 g. _______ e i -o,ooa‘g _§
2 2 T L2 2
17 800 / i
i J0.002= 1 s.uxm“’g
1E8 3
A z
1E9 600 e ¥ T 000 Jo.o
0 2 4 6 8
Time(ms) Time(ms)

and (c) B60 at ¢ = 1.0 and Tc = 750 K.
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