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ABSTRACT

An experimental study was performed in a constant volume vessel by using the Schlieren
system to investigate the laminar burning velocities and Markstein lengths (L,) of H,/CO
lean and stoichiometric (p = 0.4 to ¢ = 1.0) premixed flames under various hydrogen
fractions (from 0% to 100%) at atmospheric and elevated pressures and room temperature.
The unstretched laminar burning velocities (S%) are compared with data from previous
literature. Results indicate that excellent agreements are obtained. At 0.1 MPa and room
temperature, the stretch behaviour is governed by both the hydrogen and carbon mon-
oxide with hydrogen fraction of less than 50%. However, the hydrogen governs the stretch
behaviour with hydrogen fractions of more than 50% because Markstein lengths are
essentially the same as for Hy/air flames. Furthermore, L, generally increases with
increasing equivalence ratios for most hydrogen fractions; an opposite trend is observed
when the hydrogen fraction is 0%, i.e., in pure carbon monoxide. The unstretched burning
velocities of lean and stoichiometric synthesis gas (syngas) premixed flames increase with
increasing hydrogen fraction and/or equivalence ratio. The value of unstretched burning
velocities decreases with increasing initial pressure with a specific equivalence ratio and
hydrogen fraction.
Copyright © 2014, Hydrogen Energy Publications, LLC. Published by Elsevier Ltd. All rights
reserved.

Introduction

coke, natural gas and heavy oil; there is a considerable vari-
ation in the H,/CO ratio of syngas due to various sources and
processing methods. Syngas can be used in many power de-

Given the increasing concerns on energy efficiency and envi-
ronmental protection, synthesis gas (syngas) has attracted
significant interests as a promising alternative and environ-
mentally clean fuel in the field of energy and combustion [1,2].
Syngas primarily consists of hydrogen and carbon monoxide
and can be derived from numerous sources, such as coal,
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vices, such as gas turbines for integrated gasification com-
bined cycle systems [3]. However, both the design of syngas-
fuelled devices and the control operation in syngas combus-
tion are very complex because of continuous variation in the
composition of the generated syngas from a given gasification
source. Understanding the fundamental combustion
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characteristics, such as laminar burning velocity, is significant
for designing the combustion appliances. Hence, an in-depth
understanding of the fundamental combustion characteris-
tics of H,/CO over a wide range of hydrogen or carbon mon-
oxide fractions is important for the further application of
syngas.

Laminar burning velocities are fundamentally important in
developing and justifying the chemical kinetic mechanisms of
combustion systems, as well as in predicting their perfor-
mance and emissions [4—6]. Some methods are used to mea-
sure the laminar burning speed: counterflow flame method
[7—9], conical flame method [10—13] and spherically expand-
ing flame method [14—24]. The stretch imposed on the pre-
mixed flames can be well defined for spherically expanding
flames, asymptotic theories and experimental measurements
suggest that a linear relationship exists between flame speed
and stretch rate (K); thus, the spherically expanding flame
method has been extensively used to determine unstretched
laminar burning velocities (S2) [5]. Furthermore, the Markstein
length (Lp), which is an important indicator of flame in-
stabilities [25], can be derived from the experimental mea-
surement of laminar burning velocities in spherically
expanding flames. Therefore, conducting experimental mea-
surements on the laminar burning velocities and L;, of syngas
premixed flames is important to obtain an in-depth under-
standing of the fundamental combustion characteristics of
syngas.

Combustion devices favour lean combustible mixtures for
low emissions and high fuel economy [26—29]. Setting lean
syngas premixed flames as the target significantly affects the
design of practical syngas fuelled combustion devices. The
laminar burning velocities and L, of lean hydrogen—air pre-
mixed flames [18,30—38], carbon monoxide—air premixed
flames [39] and hydrogen—carbon monoxide—hydrocarbon
and/or inert gas—air premixed flames [17,19,40—47] have been
reported. However, literature on the laminar burning veloc-
ities and Markstein lengths of H,/CO premixed flames is
sparse. Fuel mixtures of 95%CO + 5%H, and 50%CO + 50%H,
with air were studied across the stoichiometric range, along
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with stoichiometric mixtures with selected H,/CO ratio by
Mclean et al. [48], Brown et al. [49] measured Markstein
lengths for three fuels (95%/5% CO/H,, 50%/50% CO/H,, and
100%H,), the dependence of Markstein length on H, content
was also measured for stoichiometric CO/H, mixtures, they
found hydrogen governs the stretch behaviour when
hydrogen fraction is 50%. Hassan et al. [50] studied the
laminar burning velocities of CO/H,/air mixtures with selected
hydrogen fractions of 3%, 5%, 10%, 25%, 50% by volume and
Hongyan Sun et al. [51] measured the laminar flame speeds of
CO/H, with hydrogen fractions of 1%, 5%, 25% and 50% at
elevated pressures. Mixture compositions ranging from 5/95%
to 50/50% H,/CO were investigated by Bouvet et al. [52]. These
previous investigations have been conducted under selected
hydrogen fractions. In fact, syngas is a mixture mainly con-
sisted of H, and CO, the composition can greatly vary. Many
fundamental properties of syngas mixtures still need to be
investigated, especially over wide range of hydrogen fractions.
To obtain further information on lean syngas premixed
flames, this study measures the laminar burning velocities
and L, of H,/CO premixed flames under the full range of
hydrogen fractions (from 0% to 100%) associated with lean and
stoichiometric mixture (¢, from 0.4 to 1.0) at atmospheric
pressure and elevated pressure (0.3 MPa) in a closed com-
bustion vessel by using the Schlieren photographic method.

Experimental and computational specifications
Experimental setups and procedure

The experimental method employed for the present study is
mainly composed of six parts: a closed combustion vessel,
discharge system, ignition system, optical access system,
high-speed camera and data acquisition and control system
(Fig. 1). The closed combustion vessel is made of stainless
steel and has a cubic inner chamber with a length of 140 mm.
The 2-quartz windows of the vessel have effective diameters
of 100 mm and are oppositely mounted. The discharge system
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Fig. 1 — Schematic of the experimental apparatus.
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