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A B S T R A C T

To evaluate the effect of hydrogen fraction and equivalence ratio on the competitive relationship between flame
and crack development, combustion experiments of H2/CO/air mixtures at various equivalence ratios and hy-
drogen fractions were conducted in a constant volume combustion chamber. The crack length and growth rate
were defined. The results indicate that the crack length and the number of the cells increase with the flame
development. With the increase (decrease) in hydrogen fraction (equivalence ratio), the disturbances caused by
flame inherent instabilities increases, and the crack length at the same radius increases. The appearance and
generation of the new cracks dominate the cellular structure process, clear increasing the crack growth rate. The
effect of hydrogen fraction on the development of cracks is more obvious at lower equivalence ratios. Flame
stretch affects the competitive relationship between crack growth rate and flame propagation speed, exhibiting
two completely different trends. The critical crack growth rate decreases with the increase of the equivalent
ratio.

1. Introduction

With the rapid industrial development, the demand for energy
continues to increase in human society. Meanwhile, the environmental
pollution and ecological destruction caused by the usage of energy are
becoming more and more severe, this has attracted worldwide attention
[1–3]. Search for clean energy is one of the main ways to solve this
problem. Syngas is a promising clean energy source; it has attracted
much attention [4,5]. Syngas has been studied in the internal com-
bustion engine as an alternative fuel [6–8]. Therefore, it is important to
study the combustion characteristics of syngas/air premixed combus-
tion.

For an expanding flame, because of the limitation of the actual
combustion device, steady flame propagation and cellular structure are
the two critical parts of the laminar premixed combustion. The data of
the steady flame propagation stage are the key to calculate the laminar
burning velocity [9–11]. The effects of initial temperature, pressure,
equivalence ratio and hydrogen fraction on the laminar burning velo-
city have been extensively studied by scholars [12–14]. Moreover, to
further evaluate the effect of initial parameters on the laminar burning
velocity, the chemical kinetics analysis is a useful method [15,16].

Diffusive-thermal instability and hydrodynamic instability are two
major factors for the splitting of flame front cracks and the formation of

cellular structure. The cellular structure increases of the flame front
area and self-acceleration of flame [17,18]. Critical radius and Peclet
number are the most commonly used parameters to characterize the
instability of flame [19,20]. Moreover, Jiang et al. [21] and Askari et al.
[22] quantified the cellular information of flame front from its local
structure. The fractal dimension can be used to characterize the overall
structure of flame front to study the self-similar characteristics of flame
from the perspective of fractal geometry; this can be used to estimate
the flame propagation speed in the flamelet and flame inherent in-
stabilities affecting the region [23]. For a spherical expanding flame,
the flame front undergoes a considerable acceleration according to the
power-law expression, Xie et al. [24] showed that when a flame reached
the self-similar stage, the acceleration exponent remained constant.
Furthermore, Fast Fourier transform and wavelet transformation are
also effective methods to study the disturbances of different scales in
the flame front caused by flame inherent instabilities, achieving the
decomposition and quantification of disturbances in the flame front
[25,26].

According to the aforementioned review, many valuable methods
are available to study flame inherent instabilities, which provide a very
important guiding significance. However, mainly two types of research
on flame structure characteristics have been conducted. One type of
research involves the extraction of flame profiles, followed by the use of
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Fig. 1. Comparison between original and extracted images.

Fig. 2. Effect of equivalence ratio on the flame evolution of 70% H2/30% CO/air mixtures.
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