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Introduction
In recent years, there has been an increased interest in studying the combustion of fuel mixtures consisting of carbon monoxide and hydrogen, referred to as syngas or “wet CO”. The combustion chemistry of syngas forms the basis of the combustion of hydrocarbons and oxygenates, and has been the subject of many experimental and modeling studies for decades. Several new syngas combustion mechanisms have been published in the last ten years. In these publications, the agreement between the
measurements and the simulations is typically characterized by plots, in which the experimental data
and the simulation results are depicted together. In the present work, the agreement of experimental
and simulation results is described using the following objective function (a detailed description can be
found in [1]):
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A comprehensive set of experimental data was collected for syngas combustion. In total 4127 data
points in 358 datasets from 50 publications were accumulated: ignition delay time, flame velocity and
concentration profile measurements. These data cover wide ranges of temperature, pressure, CO/H2
ratio and equivalence ratio (see Table 1). 15 recent syngas combustion mechanisms (see Table 2) were
tested against these experimental data. The dependence of simulation accuracy on the type of experiment was investigated (Fig. 1). With respect to all data used in this comparison, six mechanisms were
identified that reproduce the experimental data similarly well. These are the NUIG-NGM-2010, Kéromnès-2013, Davis-2005, Li-2007, USC-II-2007 and SanDiego-2014 mechanisms, in decreasing order
of their overall performance. Using a similar set of methods, an extensive comparison of reaction
mechanisms for hydrogen combustion was recently elaborated [1].

Collection of experimental data
A large set of experimental data was collected in which the combustion of syngas mixtures was investigated. We utilized all measurements that were employed for the development of the recent mechanisms of Davis et al. [4], Li et al. [5], Sun et al. [13] and Kéromnès et al. [3] and added a large amount
of new data. A summary of the available data can be found in Table 1.
Shock tube experiments were simulated using the SENKIN program of the CHEMKIN-II [17]
package. In all cases except for [18], pressure–time histories were not reported, which is why constant
volume and adiabatic conditions were assumed. Otherwise, volume–time histories (VTIM) were used.
Ignition delay times were defined as in the respective publications, e.g. based on the maximum slope
of the pressure profile. Low-temperature shock tube experiments, where the ignition delays are in the
order of milliseconds, should be handled with special care by considering the possibility of a pressure
change during the induction period [19]. At such reaction times the pressure behind the reflected shock
wave increases with time [20]. If the reported measurements did not have accompanying pressure profiles, we could not take into account such facility effects and therefore excluded data points at T ≤
1000 K. Rapid compression machine (RCM) experiments were simulated using the VTIM option of
SENKIN, to account for the effects of compression and heat loss. The handling of volume–time histories was done in agreement with the original publications [3, 21, 22] and shall not be further detailed
here.

Table 1. Our database of syngas data used in the mechanism comparison by type of measurement and experimental facility.
The numbers of included datasets and data points, covered ranges of pressure p, temperature T, equivalence ratio φ and CO/H2
ratio are summarized. For flame velocity measurements, temperature T refers to the initial temperature of the mixture and values
in brackets are the measurements in helium.

Type of measurement
Experimental facility

No. of No. of data
p
datasets points
[atm]

T
[K]

Ignition delay time measurements
Shock tube
Shock tube using VTIM

102
50
12

1041
532
122

0.75–49.4 896–2870
0.75–32.8 1001–2870
1.5–20.5 896–1308

Rapid compression machine using VTIM

40
175
(27)
68
(4)
60
(20)
18
(–)
29
(3)

387
1725
(238)
801
(33)
563
(179)
112
(–)
249
(26)

2.6–49.4
0.5–25 (1–
40)
0.95–1
(10–15)
0.5–25 (1–
40)
1
(–)
0.94–4
(1–9)

Concentration measurements

54

1123

Flow reactor concentration–time profiles

35

508

Flow reactor outlet concentrations

9

125

Shock tube outlet concentrations
Jet-stirred reactor outlet concentrations

7
3

436
54

Flame velocity measurements
Flame cone method/
Bunsen burner
Outwardly/ spherically propagating
flame
Counterflow twin-flame
Heat flux method

φ

CO/H2

0.1–6.1
0.5–6.1
1

0.18–243.4
0.25–243.4
0.43–2.82

933–1145
0.1–1
0.18–19
293–700
0.3–6.8 0.05–184, pure CO,
(293–600) (0.5–5) pure H2 (0.1–355)
293–700
0.3–6.8 0.05–184, pure CO
(300–600) (0.6–1.2)
(0.1–4)
293–500
0.4–5.8 0.33–335, pure H2
(293–424) (0.55–5)
(1–355)
298–323
0.4–1.4
0.11–99
(–)
(–)
(–)
298–302
0.4–5.6
0.18–19
(298)
(0.5–0.7)
(0.18–1)
0.0005–
1–3,
1–499.5
785–1495
3.03
pure CO
1–9.6
943–1138 0.001–1.7
pure CO
0.0005–
1.04–1.05 785–1479
pure CO
3.03
20.9–449.5 995–1495 0.47–1.0
2.4–3
1
1000–1400 0.1–2
1

Laminar flames were simulated using the PREMIX code of the CHEMKIN-II package. ThermoLaminar flames were simulated using the PREMIX code of the CHEMKIN-II package. The thermodiffusion (Soret effect) was taken into account, and molecular diffusion was described with the multicomponent diffusion approach. The number of grid points was always at least 600 to minimize the
effect of the grid size on the simulated laminar flame velocity.
Concentration measurements in flow reactors and shock tubes were performed using SENKIN, assuming constant volume and adiabatic conditions. If the concentrations were reported vs. time, the half
depletion of the fuel CO was matched to the simulated concentration profile to take into account the
time shift due to mixing effects. In this case, only those flow reactor data points, where the concentration of CO is between 10 % and 90% of the initial fuel concentration, were used. Jet-stirred reactor
(JSR) simulations were performed using the PSR code of the CHEMKIN-II package. Wall effects are
expected to play a dominant role at low temperatures. The corresponding data points at T < 1000 K
were excluded from the comparison.
Investigated mechanisms
Our aim was to test all important syngas combustion mechanisms that were published since 1999. Two
mechanisms from the same research group were tested only if they were conceptually different. Table
1 contains a list of all mechanisms. In the forthcoming discussions, a mechanism identifier is used,
which combines the name of the publishing author(s) or research group and the year of publication.
The numbering of the mechanisms in Table 1 is according to their overall performance from the best
(1) to the worst (14). The mechanism of Dagaut-2003, which could not be tested for the complete set
of experimental data, was arbitrarily given the number 15.
Several of these mechanisms were originally developed for syngas combustion [3, 4, 7–9, 12, 13,
15], while other mechanisms were elaborated for the combustion of hydrocarbons or oxygenates [2, 5,
6, 10, 11, 14, 16], but also used to interpret syngas data. Thermochemical and transport data were used
as provided by the authors. Transport data were not published for the Rasmussen-2008 mechanism.

