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Abstract 

In this study, rapid compression machine (RCM) and 
shock tube (ST) ignition delay time measurements have 
been made for three butene isomers (iso-butene, 1-
butene and trans-2-butene) for fuel/air mixtures at 
equivalence ratios of 0.5, 1.0, and 2.0 over a wide 
temperature range, and across engine relevant 
pressures, ranging from 10 to 50 atm. Some ignition 
delay time measurements of 1,3-butadiene have also 
been obtained at both low and elevated pressures. The 
results for the butene isomers show that, for several 
pressures and equivalence ratios, the ST and RCM 
results are in excellent agreement at overlapping 
temperatures and are very complementary to one 
another. A negative temperature coefficient (NTC) 
behaviour was not observed for any of the butene 
isomers at any of the conditions studied. At relatively 
low temperature conditions (≤ 1000 K), ignition delay 
time decreases with increasing equivalence ratio, while 
at relatively high temperature conditions (≥ 1000 K), 
there appears to be no dependence on equivalence ratio 
under the conditions investigated. It was found that 
reactivity increases with increasing pressure for all 
fuels. 1-Butene is the most reactive, followed by trans-
2-butene, with iso-butene being the slowest to ignite at 
the same conditions of temperature and pressure. As to 
1,3-butadiene ignition, we can see that reactivity 
increases with pressure at all equivalence ratios and at 
all levels of dilution presented. As the pressure 
increases, the relative concentration of the reactants 
increases, thereby increasing the overall reactivity. 
These experimental results will be used to validate 
detailed chemical kinetic models for all these fuels 
studied. 
 
1. Introduction 

The isomeric structure of a fuel can fundamentally 
affect its combustion chemistry and consequently the 
nature of its practical applications. Butene (C4H8), 
being the smallest alkene with isomeric structures, is a 
common component in many practical fuels, 
particularly liquid petroleum gas. As the simplest 
conjugated hydrocarbon, 1,3- butadiene (1,3-C4H6) can 
also provide a first step towards understanding the role 
of complex alkenes in combustion and, in particular, an 
understanding of the contribution of 1,3-butadiene 
towards soot formation. 

Despite their importance, there is a lack of 
experimental data available in the literature for both the 
butene isomers, and 1,3-butadiene at low and 
intermediate temperatures (700–1200 K), and at high 

pressures (≥ 10 atm). From this point of view, ignition 
delay time measurements have been made for three 
butene isomers (iso-, 1- and trans-2-butene) for fuel/air 
mixtures at equivalence ratios of 0.5, 1.0, and 2.0 in a 
wide temperature range, and across engine relevant 
pressures, ranging from 10 to 50 atm. Ignition delay 
time measurements of 1,3-butadiene have also been 
made at both low and elevated pressures.  
 
2. Conclusions 

This work represents the first comprehensive 
ignition delay study of three butene isomers and 1,3-
butadiene oxidation at elevated pressures in a high-
pressure shock tube and a rapid compression machine 
over a wide range of pressures, temperatures and 
equivalence ratios. Ignition delay times were measured 
at temperatures in the range 650–1450 K, at pressures 
of 2, 10, 30 and 50 atm and at equivalence ratios of 0.3, 
0.5, 1.0 and 2.0. 

It was found that an increase in reflected shock 
pressure resulted in shorter ignition delay times (higher 
reactivity) for all equivalence ratios investigated, which 
is typical of the influence of pressure on fuel reactivity. 
The effect of equivalence ratio on ignition delay times 
depended on the temperature of the experiment, where 
all mixtures had similar reactivity at higher 
temperatures and fuel-rich mixtures were most reactive 
at lower temperatures. As to the effect of isomeric 
structure on ignition delay times for three butene 
isomers, 1-Butene is the fastest to ignite, followed by 
trans-2-butene, with iso-butene being the slowest. 
These experimental results will be used to validate 
detailed chemical kinetic models for all these fuels. 
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