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The investigation on the Ignition Delay of n-heptane/n-butanol
Blend Fuel Using a Rapid Compression Machine
at Low Temperature Combustion Regime

Jae Hyeok Song, Ki Joong Kang, Zheng Yang, XingCai Lu, Gyung Min Choi and Duck Jool Kim

ABSTRACT

This study presents both experimental and numerical investigation of ignition delay time of n-heptane and
n-butanol binary fuel. The O, concentration in the mixture was set to 9-10% to make high exhaust gas re-
circulation(EGR) rate condition which leads low NOx and soot emission. Experiments were performed using
a rapid compression machine(RCM) at compressed pressure 20bar, several compressed temperature and three
equivalence ratios(0.4, 1.0, 1.5). In addition, a numerical study on the ignition delay time was performed using
CHEMKIN codes to validate experimental results and predict chemical species in the combustion process.
The results showed that the ignition delay time increased with increasing the n-butanol fraction due to a
decrease of oxidation of n-heptane at the low temperature. Moreover, all of the binary fuel mixtures showed
the combustion characteristics of n-heptane such as cool flame mode at low temperature and negative-tem-
perature-coefficient(NTC) behavior. Due to the effect of high EGR rate condition, the operating region is
reduced at lean condition and the ignition delay time sharply increased compared with no EGR condition.

Key Words : Rapid Compression Machine(RCM), Homogeneous Charge Compression Ignition(HCCI), n-hep-
tane, n-butanol, Blend fuel, Low Temperature Combustion(LTC)
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Table 1. Specifications of the RCM

Table 2. Fuel properties

Description Name n-heptane n-butanol
Cylinder bore 50 mm Molecular formula C7His C4HosOH
Cylinder thickness 13 mm Molecular weight 100.21 74.12
Piston type Creviced piston Density g/m’ 0.68 0.81
Piston stroke 218.2 mm Boqmg e 99.4 118
Compression ratio 6.5~25 point
Compression time ~50 ms Low

. calorific Ml/kg 4491 34.36
Initial temperature 293 K
value
Initial pressure 1 atm AJF 152 1.1
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Fig. 2. The reproducibility of experiments for ¢ =1.0
with 40% n-butanol at compression tempera-
ture of 775 K.
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R#27 : ch2o+oh <=> hco+h2o
RH#2630 : c4h9oh+oh => h2o+pcdhdo f-
RH45 : h202+02 <=> 2ho!
R#44 : ho2+oh <=> h20+0
RH21 : h+02(+M) <=> ho2(+M|
R#2554 : c2h5+02 <=> cZh4+ho!
R#40 : ch3+ho2 <=> chd+o!
R#2234 : c7Th150_2-2 <=> ¢7h1dooh_2
R#497 : h202+0h <=> h2o+ho!
R#2287 : cTh1d0oh_2-4 => cTh1do_2-d+ol
RH2632 : c4h9oh+oh <=> h2o+cdh8oh-3
R#2323 : c7h1d00h_2-302 <=> nc7ketl3+oh|
R#2243 : c7Th150_2-4 <=> c7hldooh_4-2
R#2328 : c7hldo0h_2-402 <=> nc7ket24+oh|
RH#2239 : c7h150_2-3 <=> c7hldooh_3-5
R#2110 : nc7h16+0h <=> c7h15-4+h20
R#2109 : nc7h16+0h <=> c7h15-3+h20
R#2233 : ne7h150_2-2+0h <=> c7Thldooh_2-4
RH2108 : nc7h16+oh <=> c7h15-2+h20
R#46 : ZohkM) <-> hzazl+M)

R#2630 : c4hIoh+oh => h2o+pcahdo N
R#27 : ch20+0h <=> hco+h2o] =~

R#497 : h2o2+0h <=> h20+ho2| ]
Ri21 : h+o2(+M) <=> MZ(#M]‘
RH2234 : c7Th150_2-2 <=> c7h1dooh_2-5]
R#139 : ne3h7+02 <=> c3h6+ho2)
RH#2633 : cah9oh+oh => hwmh&oh-lq
R#591 : nc3h702 <=> c3h6ooh_1-2
R#288 : c2hS+02 <=> c2hd+hod]
RH2287 : cTh1400h_2-4 => c7Th1d0_2-4+0h)]

R#2239 : c7h150_2-3 <=> c7h1dooh_3-5
R#2323 : ¢7h1d00h_2-302 <=> nc7ket13+oh)
R#2107 : nc7h16+0h <=> ¢7h15-1+h20

| R#2540 : ch3cho+ho2+oh <=> ch3co+h202
| R#2110 : nc7h16+0h <=> c7Th15-4+h20
{R#2233 : nc7h150_2-2+0h <=> c7Th1ldooh_2-4
[ | R#2109 : nc7h16+0h <=> c7h15-3+h20

[ [ Ri#46 : 20h(+M) <=> h202(+M)

[N IWZSSZ c4h9oh+oh <=> h20+c4h8oh-3
mmos m?hlswh <= )¢1h15-10h20

7
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Normalized Sensitivity Coefficient
(a) H6B4 T = 750 K 10% O condition

R#2630 : cdhoh+oh => hZoopcdhan A
RH27 : ch20+0h <=> hco+h2o!
R4S : h202+02 <=> 2ho2[ /]
RK44 : ho2+oh <=> h2o+02 77277
R#21 : h+02(+M) <=> ho2(+M}7 7777777
RH2554 : c2h5+02 <=> cZhd+ho2|// /7]
RH#40 : ch3+ho2 <=> cha+o2[ 7]
RW#2227 : ¢7h150_2-1 <=> c7hlooh_1-
R#139 : nc3h7+02 <=> c3h6+ho2

:¢7h150_2-1 <=> c7h14o0h_1-3

: ¢2h5+ho2 <=> ch3ch2o+oh
:¢7h150_2-4 <=> c7h1400h_4-2

: ¢7h1d00h_1-302 <=> nc7ket13+oh
: ne7h16+oh <=> c7h15-4+h20

| R#46 : 20h(+M) <=> h202(+M)

/|R#2109 : nc7h16+0h <=> c7h15-3+h20

/| R#2239 : c7Th150_2-3 <=> c7h1dooh_3-5
/{R#2233 : nc7Th150_2-2+0h <=> cTh1ldooh_2-4
RH#2108 : nc7h16+oh <=> c7h15-2+h20

T L
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Normalized Sensitivity Coefficient

(c) H6B4 T = 750 K 21% O2 condition

LA B e i T T

08 06 04 02 0.0 0 2 0.4 0 6 0.8
Normalized Sensitivity Coefficient

(b) H2B8 T, = 750 K 10% O2 condition

Rit45 : h202+02 <=> Zho2

R#2163 : c7h15-2 <=> pc4h9+c3h6
R#2170 : ¢7h15-4 <=> ¢2hS+¢5h10-1)
R#2166 : c7Th15-3 <=> c4h8-1+nc3h7
RH#2287 : c7h1dooh_2-4 => c7h1do_2-4+0h

NN
AN
NN
AW
AN

:¢7h150_2-4 <=> c7h14o0h_4-2

| R#2239 : c7h150_2-3 <=> c7h1400h_3-5
N{R#2328 : c7h1400h_2-402 <=> ncTket24+0h
R#2233 : nc7h150_2-2+0h <=> c7hldooh_2-4
3JR#2113 : nc7h16+ho2 <=> c7h15-3+h202
N RH#2112 : nc7h16+ho2 <=> c7h15-2+h202
| RH46 : 20h(+M) <=> h202(+M]
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Normalized Sensitivity Coefficient
(d) H6B4 T = 900 K 10% O condition

Fig. 10. Sensitivity analysis for various experimental and numerical conditions.
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