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Abstract

Laminar burning velocity is one of the important aspects of fuel combustion characteristic. It affects
combustion system design and performance. A lot of researches work related to laminar burning velocity
had been carried out, but these works were speared in different journals and conference proceeding.
The aim of this study is to show the most chemical variables that effect on this important combustion
property. These variables include mixture strength, molecular structure, inert additives and effect of
oxygen as oxidizer.
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Introduction

Laminar burning velocity is one of the fundamental properties of a reacting premixed
mixture and its reliable data are constantly needed for combustion applications. So far,
several techniques for measuring the one-dimensional laminar burning velocity have been
used for a wide range of temperatures, pressures and fuels .Some of these techniques flat or
curved flames in stagnation flow, propagating spherical flames in combustion vessel and flat
flames stabilized on burner. With all these measurement techniques proper care should be
taken to remove the effect of flame stretch either during experimentation or through further
data processing.

Related Work

The most relevant definition of flames is “visible chemical component undergoing highly
exothermic chemical reaction takes place in a small zone with the evolution of heat”. The
flame speed is the measured rate of expansion of the flame front in a combustion reaction [1].
Flames can be produced in two radically different ways depending upon how the reactants
are brought together, premixed and non-premixed. In the premixed flame, the oxidizer has
been mixed with the fuel before it reaches the flame front. The reaction creates a thin flame
front as all of the reactants are readily available. The pre-mixed flammability limits for most
hydrocarbon fuels are 0.6<¢<3 [2]. In a diffusion flame (non-premixed), the reactants are
initially separated, and the reaction occurs only at the interface between the fuel and oxidizer,
where mixing and reaction both take place. It can also be defined as the flame in which the
oxidizer combines with the fuel by diffusion. As a result, the flame speed is limited by the rate
of diffusion. Diffusion flames tend to burn slower and to produce more soot than premixed
flames because there may not be sufficient oxidizer for the reaction to complete [1].

Chemical Variables

Effect of mixture strength (®)

Mixture strength or equivalence ratio (®) is defined as the ratio of the actual to the
stoichiometric air-fuel ratios. It is generally acceptable to assume that a mixture with a
maximum flame temperature is also has a maximum burning velocity [3]. It is clear that very
lean and very rich mixtures fail to support a propagatable flame because there is too little
fuel or oxidant to maintain a steady deflagration wave. Thus, there exist upper and lower
flammability limits [4,5] measured the laminar burning velocity of H,-natural gas/air mixture
in a constant volume bomb at temperature (298K), pressure (1latm.) and equivalence ratios
(¢) from 0.6 to 1.4. The results showed that for lean and rich mixture combustion, there exists
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a linear correlation between flame radius and time. Combustion
of stoichiometric mixture demonstrated the linear relationship
between flame radius and time for natural gas/air, hydrogen/air,
and natural gas/hydrogen/air flames. Flame instability increased
with the increase of hydrogen fractions in the mixture. Based on the
experimental data, a formula for calculating the laminar burning
velocity of natural gas/hydrogen/air flames was proposed. Liao et
al. [6] carried out a study on determination of the laminar burning
velocities for mixtures of ethanol and air at elevated temperatures.
They measured the laminar burning velocities for ethanol-air
premixed mixtures at various initial temperature and equivalence
ratio. The flames are analyzed to estimate flame size, consequently,
the flame speeds are derived from the variations of the flame
size against the time elapsed. They also studied the effects of
equivalence ratio, initial temperature, and pressure on the laminar
flame propagation. They studied the premixed laminar combustion
of ethanol-air mixture experimentally in a closed combustion
bomb and found that the laminar burning velocity was 58.3cm/s
at initial pressure of 0.1MPa. and temperature of 358K. Xuan et
al. [7] carried out a study on measurements of laminar burning
velocities and flame stability analysis for dissociated methanol-air-
diluents mixtures at elevated initial temperatures and pressures
and equivalence ratios. In this study the laminar burning velocities
and Markstein lengths for the dissociated methanol-air-diluent
mixtures were measured. It was found that the peak laminar
burning velocity occurs at equivalence ratio of 1.8. The Markstein
length decreases with the increase in initial temperature and
initial pressure. Measurements of laminar burning velocities
and flame stability analyses were conducted using the outwardly
propagating spherical laminar premixed flame. Shuang et al. [8]
carried out a study on Laminar burning velocities and Markstein
lengths of premixed methane/air flames near the lean flammability
limit. Outwardly propagating spherical flames were employed to
assess the sensitivities of the laminar burning velocity to flame
stretch, represented by Markstein lengths, and the fundamental
laminar burning velocities of unstretched flames. Resulting data
were reported for methane/air mixtures at ambient temperature
and pressure, over the specific range of equivalence ratio that
extended from 0.512 to 0.601. Furthermore, the burning velocities
were predicted by three chemical reaction mechanisms. Additional
results of this investigation were derived for the overall activation
energy and corresponding Zeldovich numbers, and the variation of
the global flame Lewis numbers with equivalence ratio.

Effect of fuel molecular structure

Effect of fuel structure (number of carbon atoms) on the
laminar burning velocity had been studied by Kuo KK et al. [9,10].
They found that the laminar burning velocity decreases with the
increase in number of carbon atoms. Bradley et al. [11] found that
for lean mixtures of the liquid fuel group, the burning velocity
varied approximately linearly with the heat of reaction per kilomole
of the mixture. They were able to plot different lines for different
pressures and functional groups. Marshall et al. [12] investigated
LBV of n-heptane, iso-octane, toluene, ethylbenzene and ethanol

over awide range of initial pressures, temperatures and equivalence
ratios, along with tests using combustion residuals.

Effect of inert additives

Many investigators studied the effects of the inert additives
to combustible mixture such as (CO, , N, , He and Ar), on their
burning velocities. Erjiang et al. [13] studied the effect of diluents
on the laminar burning velocity of the premixed methane-air-
diluent flames numerically. The mechanisms of diluent, thermal
diffusion and chemical effects of diluent on the burning velocity
were analyzed at different dilution ratios for different diluents.
Results showed that the burning velocity was decreased in the
order from helium, argon, nitrogen and carbon dioxide. Benedicte
et al. [14] investigated effects of dilution on premixed methane/
air combustion through experiments and numerical simulations
on laminar burning velocities. Laminar burning velocities were
determined for several diluents (nitrogen, carbon dioxide, water
vapor, a mixture of the three previous gases representative
of exhaust gases, hilum and argon) and for different dilution
percentages. Excellent agreements between experimental data and
computed results are obtained.

Effect of oxygen as oxidizer

Oxygen is one of the more important factors that affecting the
measurements and values of laminar flame speed and burning
velocity. Han et al. [15] and Oh & Noh [16], determined the burning
velocities of methane air and methane oxygen enriched flame for
various equivalence ratios by an analysis of the Schlieren image.
Modified reaction mechanism showed a good agreement for
predicting the burning velocity in methane /oxygen enriched flame
as well as methane/air flame. Mazas et al. [17] investigated effects
of water vapor addition on premixed methane oxygen-enhanced
combustion through experiments and numerical simulations on
laminar burning velocities of CH,/0,/N,/H,0 (v) mixtures. The
tests were carried out at atmospheric pressure and fixed inlet
temperature T =373K. The mixture equivalence ratio was varied
from 0.6 to 1.5. The oxygen enrichment ratio in the oxidizer,
defined as 0,/(0,+N,) (mol.), is varied from 0.21 (air) to 1.0 (pure
oxygen). The equivalence ratio ranges from 0.5 to 1.5 and the steam
molar fraction in the reactive mixture is varied from 0 to 0.50.
Experimental data yield a linear decrease of the laminar burning
velocity when the water vapor molar fraction was increased.
For an oxygen enrichment ratio in the oxidizer O, (0,+N,) (mol.)
equal to 0.5, this decrease was found to be independent of the
equivalence ratio and a correlation was proposed to decrease the
effects of water vapor on the laminar burning velocity. Hernando
A et al. [18] studied the performance of laminar burning velocity
of a mixture of H,, CO and N, (20:20:60 vol.% ) using air enriched
with oxygen as the oxidizer, varying the oxygen content from
21% up to 35% for different equivalence ratios. The laminar
burning velocity increased with the concentration of the oxygen
in the mixture due to the increase of the reaction rate for a
stoichiometric mixture, the laminar burning velocity increased
by almost 25% with an increment of 4% of oxygen in the oxidant.
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Fuel type

The molar mass of the fuel has a weak effect on the burning
velocity since the vast majority of the mixture is air. Far more
significant is the enthalpy of combustion of the fuel since this
affects the adiabatic flame temperature where the temperature has
the greatest effect on burning velocity. The kinetics of the oxidation
reactions are also important and can explain why some fuels
with similar adiabatic flame temperatures have different burning
velocity [19].

Experimental Results

Figure 1 studied the effect of temperature on the burning
velocity of hydrogen flames for different equivalence ratios and
validated the mechanism with many researches and found that the
slightly richer than stoichiometric is the region of the maximum
LBV. Figure 2 tested a 45 type of hydrocarbon fuels using a constant
volume bomb, but only at an initial temperature of (450K) and an
initial pressure of (304kPa) and also the burning velocity of alkanes
is higher than others and the branches of alkane will decrease the
flame speed.
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Figure 1: LBV of H,/air flames at standard conditions for $=0.25-7 (left) and ¢<1 (right).
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Figure 2: Peak-burning velocities for chemicals of different families.
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Conclusion

With the increase of equivalence ratio, laminar burning
velocity increases in the case of fuel-lean mixture combustion and
decreases in the case of fuel-rich mixture combustion. Laminar
burning velocity decreases with the increase of dilution ratio,
and the position of peak value of laminar burning velocity moves
slightly to the lean mixture direction with the increase of dilution
ratio. With the increase of equivalence ratio, the flame stability
is increased. Markstein length increases monotonously with the
increase of equivalence ratio and it slightly decreases with the
increase of dilution ratio. Various diluents (N,, Ar and He) highlight
effects of transport and chemistry on preferential-diffusion/stretch
interactions. Replacing nitrogen with argon yielded larger laminar
burning velocities due to increased flame temperatures but had a
relatively small effect on Markstein numbers due to nearly same
transport properties for the two diluents. Replacing nitrogen with
helium, however, yielded a larger laminar burning velocities due to
both increased flame temperatures and transport rates, and also
stabilized lean flames by enhancing the diffusion of heat.
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