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ABSTRACT 
Methane and ethane are the two main components of 

natural gas and typically constitute more than 95% of it. In this 

study, a mixture of 90% CH4 /10% C2H6 diluted in 99% Ar was 

studied at fuel lean ( = 0.5) conditions, for pressures around 1, 

4, and 10 atm. Using laser absorption diagnostics, the time 

histories of CO and H2O were recorded between 1400 and 1800 

K. Water is a final product from hydrocarbon combustion, and 

following its formation is a good marker of the completion of 

the combustion process. Carbon monoxide is an intermediate 

combustion species, a good marker of incomplete/inefficient 

combustion, as well as a regulated pollutant for the gas turbine 

industry. Measurements such as these species time histories are 

important for validating and assessing chemical kinetics models 

beyond just ignition delay times and laminar flame speeds. 

Time-history profiles for these two molecules measured herein 

were compared to a modern, state-of-the-art detailed kinetics 

mechanism as well as to the well-established GRI 3.0 

mechanism. Results show that the H2O profile is accurately 

reproduced by both models. However, large discrepancies are 

observed for the CO profiles. Under the conditions of this study, 

the measured CO profiles typically increase rapidly after an 

induction time, reach a maximum and then slowly decrease. 

This maximum CO mole fraction is often over-estimated by the 

models, whereas the depletion rate of CO past this peak is 

largely over-estimated by the models for pressures above 1 atm. 

This study demonstrates the need to revisit the reactions 

involved in CO formation and consumption for pressures of 

practical interest for the gas turbine industry. 

 

INTRODUCTION 

 For both economical and environmental reasons, it is 

desirable to have clean and efficient power generation gas 

turbines for electricity production. Natural gas is very 

commonly used as a fuel by these gas turbines [1, 2]; methane 

and ethane are the two main components of natural gas, 

typically constituting more than 95% of it by volume. It is 

therefore required to have an accurate and detailed description 

of the combustion chemistry of methane and ethane to design 

efficient gas turbines. The combustion chemistry of 

methane/ethane mixtures has been investigated in several 

studies, for example in shock tubes where the focus was placed 

on ignition delay times [1, 3-7], or in closed-flame vessels, 

where the laminar flame speed was measured [8]. However, 

despite its importance for the gas turbine industry, no study has 

focused on the amount and timing of CO formation. CO is an 

important species as the emissions of this toxic gas are 

regulated, and also since CO is also a marker of incomplete 

combustion.   

 In a recent study, Mathieu et al. [9] used a laser absorption 

technique to investigate the CO formation in methane mixtures 

(stoichiometric and fuel rich, with an equivalence ratio () of 

2.0) diluted in 99% Ar at around 1 and 4 atm. These 

measurements were compared to several models from the 

literature. While the induction time for CO formation was well 

reproduced by most models, this study showed some noticeable 

discrepancies between the amount of CO measured and the 

concentration predicted. Notably, a peak in CO formation 

observed for the stoichiometric case. This peak was formed by a 

rapid increase in the CO mole fraction followed by a slow 

decrease in the CO level. This decrease in CO mole fraction 

past the peak was significantly over-estimated by the models 

(i.e. models predicted too low of an amount of CO). These 

results could indicate that current models largely under-estimate 

the amount of CO at the end of a combustion process. While 

this discrepancy could be problematic when designing efficient 

energy production devices, it is worth noticing that these results 

were obtained for mixtures and conditions that are not those 

encountered in typical gas turbines. Therefore, the present study 

used the same approach of measuring the evolution of the CO 

DRAFT 
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mole fraction as a function of time using a laser absorption 

technique, but focused more on realistic gas turbine conditions.  

 Here, a dilute mixture (99% Ar dilution) of methane and 

ethane in realistic natural gas proportions (90% methane/10% 

ethane by volume) was studied under fuel lean conditions ( = 

0.5) and for pressures around 1, 4, and 10 atm. The formation 

of water was also investigated by laser absorption using the 

same mixture, but pressure was limited to 1 atm for this species. 

Water is a final product from hydrocarbon combustion, and 

following its formation is a good marker of the completion of 

the combustion process. Measurements such as these species 

time histories are important for validating and assessing 

chemical kinetics models beyond just ignition delay times and 

laminar flame speeds. The resulting time-history profiles for 

these two molecules measured herein were compared to a 

modern, state-of-the-art detailed kinetics mechanism as well as 

to the well-established and widely used in the industry GRI 3.0 

mechanism. Below, the techniques used to follow the time 

histories of these species are presented, followed by the results 

and their comparison with the models. Finally, a chemical 

analysis is provided to explain the results, and suggestions for 

improvement of the models are made. 

 

EXPERIMENTAL SETUP 

 Shock tubes 

Experiments were conducted in two different shock tubes. 

The two facilities are similar, although their dimensions are 

slightly different. Both tubes are single-diaphragm, made of 

stainless steel, with a 7.62-cm i.d. driver section (2.46-m long) 

for the CO diagnostic tube (COST); 3-m long for the water 

diagnostic tube (WDST)) with a large-diameter driven section 

(15.24-cm i.d., 4.72-m long for the COST; 16.2-cm i.d., 6.78-m 

long for the WDST). In both cases, PCB P113A piezoelectric 

pressure transducers were used along the driven section to 

measure the incident-wave velocities. A curve fit of the 

measured velocities was used to determine the incident wave 

speed at the endwall location. Post reflected-shock conditions 

were obtained using this extrapolated wave speed in 

conjunction with the one-dimensional shock relations and the 

initial conditions in the test region. This method was proven to 

maintain the uncertainty in the temperature determination 

behind reflected shock waves (T5) below 10 K (10). Test 

pressure was monitored by a Kistler 603 B1 transducer located 

at the sidewall, in the same plane as the observation windows 

(sapphire, 16 mm from the endwall).  

Non-ideal boundary-layer effects measured by the change 

in pressure (dP/dt) behind the reflected shock wave were 

determined to be less than 2%/ms in each facility. 

Polycarbonate diaphragms were used, and a cross-shaped cutter 

was employed to facilitate their breakage and prevent fragments 

from tearing off. The driven sections were vacuumed down to 

2×10-5 Torr or better prior to every run. The pumping time 

between experiments was minimized using a pneumatically 

driven poppet valve matching the inside diameter of the driven 

section for each tube. Test mixtures were prepared 

manometrically in a stainless steel mixing tank shared by the 

two facilities. More details on the shock tubes can be found in 

the literature, see Aul et al. [7] for the COST and Vivanco [11] 

for the WDST. 

Mixtures were prepared following the partial pressure 

method using capacitance manometers (MKS Baratron with a 0-

10 torr and a 0-1000 torr range and Setra GCT-225 with a 0-250 

PSI range). All of the gases were high purity (99.97% purity for 

CH4, 99.994% purity for O2, 99.95% for C2H6) or higher 

(99.9999% built-in-purifier (BPI) grade for Ar). 

 

 Laser diagnostics 

The Beer-Lambert relation describes the attenuation of a 

monochromatic light source by I/I0 = exp(-kvPabs ), where I0 and 

I are the transmitted and incident intensities, kv is the spectral 

absorption coefficient, Pabs is the partial pressure of the 

absorbing species, and L is the path length. If kv can be 

calculated and I/I0 can be measured, the concentration of a 

species of interest can be obtained. In this study, kv was 

calculated using the spectroscopic linestrengths from the 

HITRAN 2004 database [12]. 

 

- CO diagnostic 

A quantum cascade laser (QCL) from Alpes Lasers was 

used to generate light at 4566.17 nm to access the fundamental 

R(12) transition of the v’’=0 band of CO. This line has been 

well-characterized by Ren et al. [13]. Two InSb detectors 

(Teledyne Judson J10D) were used to monitor the incident and 

transmitted intensities,  and . Special care was taken to 

minimize broadband light emission from striking the detector 

on the transmitted side. Prior to each experiment, the laser was 

scanned over the selected transition via a removable absorption 

cell containing a CO/Ar mix and placed at the center of the 

transition. A thorough description of the CO diagnostic can be 

found elsewhere [9]. 

 

- H2O diagnostic 

A tunable diode laser (TDL) from Toptica Photonics was 

used to generate light at 1388.140 nm to access the H2O 

transition at 1388.1389 nm within the v1+v3 fundamental band. 

The slight shift in wavelength is to account for the pressure shift 

of the line center. This line shift was calculated according to Li 

et al. (14) and was also measured by successively changing the 

laser wavelength over the course of nearly identical shock 

experiments in a mixture with a known amount of H2O; the 

calculations and experiment were in excellent agreement. The 

laser wavelength was monitored using a Burleigh WA-1000 

wavemeter, with an uncertainty of ±0.0005 nm. Two InGaAs 

detectors (Newport 2317NF) were used to measure the incident 

and transmitted intensities, I0 and I. A thorough description of 

the H2O diagnostic can be found elsewhere [15]. 

 

EXPERIMENTAL UNCERTAINTIES 
As mentioned previously, the uncertainty in the temperature 

is considered to be within 10 K for this study. This temperature 
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uncertainty has a very small impact on the value of kv and, 

hence, on the mole fraction level of the species detected by 

laser absorption. As a result, this temperature uncertainty mostly 

impacts the timing of CO and H2O appearance. 

Another source of uncertainty is due to the broadband 

emission during the course of an experiment. Indeed, broadband 

emission is inadvertently gathered by the transmitted 

photodetector. This emission originates from both the shock-

heated gases and reflection from the shock-tube walls. Although 

irises and bandpass filters were employed to minimize this 

emission, it was difficult to eliminate it entirely. The 

interference emission level was quantified by performing an 

experiment with the laser turned off. The results of these 

emission shocks are shown in Table 1.  

 
Table 1. Results of emission tests. 

a Worst-case, equivalent change in mole fraction from laser 

absorption at similar conditions; this occurs in the tail of the 

profile. 
b  This row corresponds to the H2O diagnostic 

 

Each emission shock was performed at the highest 

temperature studied for the given pressure since emission 

increases with temperature. Figure 1 shows the results of 

correcting a CO profile with the measured emission profile. The 

correction is less than 3% in every case. Furthermore, note that 

the emission correction only serves to shift the tail of the 

measured profile upward, which is even further from the 

predicted profile (see later). The H2O diagnostic showed no 

sensitivity to emission, likely due to the lower wavelength and 

extremely narrow bandpass filter (1384 ±10 nm). 
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Figure 1. Uncorrected and corrected CO profiles for a 

shock at 1737 K and 10.85 atm. To produce the corrected 

profile, the measured emission from an emission test at 

1728 K and 10.73 atm was subtracted from the raw voltage 

signal of the uncorrected profile. 

 

MODELING  
The Chemkin Pro package [16] was used, and the 

computations were performed using the closed homogeneous 

batch reactor module with the constant-volume assumption. The 

GRI 3.0 model was downloaded directly from the GRI website 

[17] and used without any further modification. The state-of-

the-art mechanism used in this study was adopted from 

AramcoMech 2.0, which is available to download at 

http://c3.nuigalway.ie/mechanisms.html. Briefly, this mechan-

ism consists of reactions involving the H2/CO/O2 sub-

mechanism developed by Kéromnès et al. [18], the C1-C2 sub-

mechanism constructed by Metcalfe et al. [19], and the 

propene/allene/propyne sub-mechanism built by Burke et al. 

[20, 21]. Moreover, the sub-mechanisms of 1-, 2- and iso-

butene recently published by Yang et al. [22] and Zhou et al. 

[23] were added.  

AramcoMech 2.0 has been validated against a large number 

of experimental data measured from various devices including 

shock tubes, rapid compression machines, jet-stirred reactors, 

plug-flow reactors and flames over a wide range of conditions. 

Considering HOCO chemistry in terms of promoting CO to CO2 

conversion at combustion conditions [24], the HOCO-related 

reactions have been added to AramcoMech 2.0. Specifically, the 

rate constants for unimolecular composition reactions of HOCO 

were adopted from the high-level theoretical calculations of 

Barker’s group [25, 26], while the rate constants for 

bimolecular reactions of HOCO were taken from the Yu et al. 

calculations [27-32].  

 

EXPERIMENTAL AND MODELING RESULTS 

 CO profiles 

Pressure 
(atm) 

Emission 
(mV) 

Change in mole fractiona  
(%) 

1.17 1 0.7 
4.58 4 2.7 
10.8 7 2.6 
1.21b 0 0.0 
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For the sake of space, only a few representative CO 

profiles are presented herein. The results below are grouped by 

pressure level (1, 4, and 10 atm). 

 

-  1 atm 

A series of CO profiles at various temperatures at pressures 

around 1 atm is visible in Fig. 2. As can be seen, the CO profile 

rapidly increases after an induction time and reaches a 

maximum in CO mole fraction before beginning to slowly 

decrease. This induction time decreases as the temperature 

increases, and the CO mole fraction at the peak seems to 

decrease with the temperature. 
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Figure 2. Evolution for various temperatures of the 

experimental CO mole fraction as a function of time for a 

mixture of 90% CH4/10% C2H6,  = 0.5, diluted in 99% Ar at 

around 1 atm. 

 

This experimental behavior is captured by the models (Fig. 

3), although the computed rise in CO mole fraction is slightly 

too steep, and the decay in CO is more pronounced than what is 

observed experimentally. Also, the width of the CO peak is 

larger experimentally than predicted by the models, while the 

maximum amount of CO is over-predicted. Note that the 

predictions for the induction time and time at which the CO 

concentration reaches its maximum (τmax) are discussed later. 
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Figure 3. Comparison between models and experiment of 

the evolution of the CO mole fraction as a function of time 

for a mixture of 90% CH4/10% C2H6,  = 0.5, diluted in 99% 

Ar at 1523 K and 1.21 atm. 

 

-  4 atm 

A similar behavior as for the 1-atm data is observed at 4 

atm, (Fig. 4), with however a decrease in the maximum CO 

mole fraction with the temperature that seems more 

pronounced. Note the slightly noisier signal of those profiles, 

which is primarily due to the turbulence-induced beam steering 

of the laser, which induces noise via position-sensitive optics 

[33].  
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Figure 4. Evolution for various temperatures of the 

experimental CO mole fraction as a function of time for a 

mixture of 90% CH4/10% C2H6,  = 0.5, diluted in 99% Ar at 

around 4 atm. 

 

At this intermediate-pressure condition, models somewhat 

capture the experimental trends, although many differences can 

be seen when comparing to experimental data (Fig. 5). Notably, 

the maximum amount of CO is over-predicted, the computed 
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profiles are sharper at the peak, the initial rise in the CO level is 

steeper for the models, and the depletion in the CO profile past 

the peak is too fast for the models. 
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Figure 5. Comparison between models and experiment of 

the evolution of the CO mole fraction as a function of time 

for a mixture of 90% CH4/10% C2H6,  = 0.5, diluted in 99% 

Ar at 1542 K and 4.55 atm. 

 

- 10 atm 

At 10 atm, Fig. 6, the experimental signal is noisier than at 

4 atm and the shape in the CO profile is a bit different than for 

the lower-pressure cases. Indeed, the peak after the initial rise in 

the CO mole fraction is less pronounced since the depletion in 

the CO concentration is slower, as it almost follows a linear 

trend that starts nearly right after the maximum in CO 

concentration for the high and intermediate temperatures. For 

the low-temperature condition, the CO peak is rounded 

compared to the low-pressure cases. 
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Figure 6. Evolution for various temperatures of the 

experimental CO mole fraction as a function of time for a 

mixture of 90% CH4/10% C2H6,  = 0.5, diluted in 99% Ar at 

around 10 atm. 

 

As can be seen in Fig. 7, the two models are not capturing 

well the experimental trends. Indeed, the computed CO profiles 

show a rapid and significant decrease in the CO level after the 

peak that is not observed experimentally. 
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Figure 7. Comparison between models and experiment of 

the evolution of the CO mole fraction as a function of time 

for a mixture of 90% CH4/10% C2H6,  = 0.5, diluted in 99% 

Ar at 1542 K and 10.8 atm. 

 

- Induction time and time for maximum CO mole 

fraction 

As seen in previous figures, the CO induction time is 

shortening as temperature increases. This induction time (ind) 

was measured for every experimental profile, following the 

definition shown in Fig. 8. The time at which the CO mole 

fraction reaches a maximum (max) was also monitored 

following the definition visible in Fig. 8.  

 

 
Figure 8. Definition of the characteristic time 

measurements extracted from the CO mole fraction profiles 

obtained during this study. 
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The evolution of τind for all pressures and temperatures 

investigated is visible in Fig. 9. As can be seen, τind also 

decreases as the pressure increases. The models considered in 

this study capture these trends. However, some large 

discrepancies in τind were observed depending on the 

conditions. It is visible that the data at 1 atm are better predicted 

by the NUIG model, the GRI 3.0 model being too reactive by a 

factor of 1.5-2, whereas the 10-atm data are better predicted by 

the GRI 3.0 model, the NUIG model being under-reactive by a 

factor up to 2 at low temperature. For the intermediate-pressure 

condition, the NUIG model is accurate at high temperatures but 

over-predicts the induction time on the low-temperature side, 

whereas the GRI 3.0 model is accurate on the low-temperature 

side but tends to under-predict the induction time at higher 

temperatures. 
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Figure 9. Evolution of the induction delay time with the 

inverse of the temperature for a mixture of 90% CH4/10% 

C2H6,  = 0.5, diluted in 99% Ar at around 1, 4, and 10 atm. 

 

The time at which the CO mole fraction reaches its 

maximum is plotted for each temperature and pressure case in 

Fig. 10. As can be seen, pressure and temperature have similar 

effects as for the induction delay time: an increase in either of 

these parameters induces a noticeable decrease in τmax. Models 

are predicting the experimental trends with an overall good 

level of accuracy, but the predictions obtained with the NUIG 

model are closer to the experimental results at 1 and 4 atm, 

while the 10-atm data are better predicted by the NUIG model 

at high temperatures and by the GRI 3.0 model at low 

temperatures. 
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Figure 10. Evolution with the inverse of the temperature of 

the time at which the CO mole fraction reaches a maximum 

for a mixture of 90% CH4/10% C2H6,  = 0.5, diluted in 99% 

Ar at around 1, 4, and 10 atm. 

 

- CO mole fraction 

As seen in previous figures when comparing the 

experimental and numerical CO profiles, the maximum mole 

fraction of CO is often over-estimated by the models. The 

experimental value was determined for each experiment and is 

plotted in Fig. 11. As can be seen, the experimental results 

indicate that the maximum amount of CO produced during each 

experiment increases with the temperature, for each pressure 

condition. It is also evident that the increase in pressure notably 

reduces the maximum amount of CO formed for a given 

temperature. This effect of pressure is even visible within a 

single pressure condition, like at around 1 atm where the coldest 

experiment was performed at a pressure of around 0.9 atm, 

opposed to around 1.2 atm for the other runs in this series, and 

where the maximum amount of CO is noticeably higher than 

expected by the trend. 

As can be seen in this figure, models do predict an increase 

of the maximum amount of CO produced with temperature, but 

the slope is severely under-estimated, which leads to large 

discrepancies on the low-temperature side. Overall, the 

disagreement is not too large for the 1-atm data but becomes 

severe as the pressure increases. For the high-pressure case, 

models over-predict the amount of CO by 5-10% at high 

temperature, but by more than 45% for the coldest temperatures 

investigated. 
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Figure 11. Evolution of the CO mole fraction at the peak 

with the temperature for a mixture of 90% CH4/10% C2H6,  = 

0.5, diluted in 99% Ar at around 1, 4, and 10 atm. 

 

The previous comparison between the experimental and 

numerical profiles also showed that the CO mole fraction was 

decreasing much faster for the models than for the experiment 

after the peak in CO mole fraction. To quantify this difference, 

the CO mole fraction 0.5 ms after the peak of CO was 

determined from the experimental and numerical profiles. This 

analysis leads to a value that is independent of the induction 

delay time and can be used for nearly all experimental profiles 

(longer times after the CO peak would have excluded several 

experiments, due to test-time limitations). As can be seen in Fig. 

12, the amount of CO predicted 0.5 ms after the peak is close to 

the experimental data at around 1 atm, with less than a 20% 

difference overall. The NUIG model is closer to the data, and 

both models capture well the change in CO level due to the 

pressure difference between the coldest experiment (0.9 atm) 

and the other data from this series (1.2 atm). However, above 1 

atm, significant differences can be observed between the 

experimental data and the models. Indeed, experimentally the 

amount of CO increases with the temperature whereas an 

opposite trend is predicted by the models. Also, the difference 

between the model and the data in terms of predicted CO mole 

fraction increases with the pressure. For the highest temperature 

case of the 10-atm data, a factor close to 5 is observed between 

the mole fraction of CO determined experimentally and the 

amount that is predicted by the models. These results 

demonstrate flaws in the models for the predicted rate of CO 

consumption above atmospheric pressure. 
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Figure 12. Evolution with the temperature of the CO mole 

fraction 0.5 ms after the peak for a mixture of 90% CH4/10% 

C2H6,  = 0.5, diluted in 99% Ar at around 1, 4, and 10 atm. 

 

  H2O profiles 

Water is a final combustion product and, under fuel lean 

conditions, its concentration reaches an equilibrium value that 

does not vary under the range of temperatures investigated. As 

for the CO profile, an induction time that varies with the 

temperature was observed. When compared to the models’ 

predictions, one can see that the shape of the water profile is 

very well reproduced (Fig. 13).  
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Figure 13. Comparison between models and experiments of 

the evolution of the H2O mole fraction as a function of time 

for a mixture of 90% CH4/10% C2H6,  = 0.5, diluted in 99% 

Ar at around 1 atm. 

 

As mentioned previously, both the timing for water 

appearance and the time necessary for reaching this equilibrium 

value, once H2O starts being formed, vary with the temperature. 

The water induction time was measured in the same way as that 
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of the CO induction time shown above. Results and comparison 

with models are visible in Fig. 14. As can be seen, the NUIG 

model reproduces with accuracy the experimental trend over the 

entire range of temperature investigated. One can notice only a 

small over-reactivity of the model above 1650 K, where the 

induction time is too short by 15% or less. The GRI 3.0 model 

also satisfactorily predicts the experimental trends, but is 

consistently over-reactive (predicted induction times are too 

short by about 25%). 
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Figure 14. Induction delay for the water production from a 

mixture of 90% CH4/10% C2H6 diluted in 99% Ar at  = 0.5. 

 

DISCUSSION  
In an attempt to explain the difference between the models 

and the CO data at high pressure, a chemical analysis using the 

NUIG model was conducted. This analysis showed that CO is 

mainly formed via HCO + M  H + CO + M (R172 in the 

model) and then is mostly consumed through CO + OH  CO2 

+ H (R36). These two reactions are therefore primarily 

responsible for the shape of the CO mole fraction profile and 

the level reached at the peak. Any changes in their reaction rates 

will impact the shape of the profile and the mole fraction at the 

peak.  

The reaction R36 has been heavily investigated as it is the 

main reaction pathway for CO2 formation and one of the main 

reactions behind the energy release during combustion 

processes [34]. While this reaction is pressure dependant at low 

temperatures, it is considered as pressure independent at typical 

combustion temperatures [34]. A decrease in the rate of this 

reaction by a factor 3 increases the CO level past the peak, 

closer to the experimental profile, but not in sufficient 

proportions to match the experimental data (Fig. 15). However, 

this decrease in the rate of R36 also notably increases the CO 

mole fraction at the peak, which worsen the prediction for this 

factor. Note that the pressure independence of this reaction also 

induces an increase in the CO level past the peak for the 1-atm 

data, which deteriorates the overall good predictions in that 

case. On the other hand, increasing the rate of R36 to reduce the 

CO mole fraction at the peak induces a stronger reduction of the 

CO mole fraction past the peak. It is therefore not possible to 

improve the predictions by simply adjusting R36 in its current 

and well established, pressure-independent form. 
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Figure 15. Evolution of the CO mole fraction at 1542 K and 

10.8 atm for a mixture of 90% CH4/10% C2H6 diluted in 99% 

Ar at  = 0.5. Predictions from the NUIG model are included 

for a variation of the reaction R36 (CO + OH  CO2 + H) by a 

factor of 3. 

 

Concerning R172, Krasponerov et al. [35] studied this 

reaction experimentally between 625 and 830 K, for pressure up 

to 100 bar, and concluded that this reaction is pressure 

dependent. By curve fitting their data with literature data 

obtained at higher temperature and around 1 atm, they 

determined a reaction rate for the low-pressure limit, but no 

reaction rate for the high-pressure limit was proposed in their 

study. Similarly, the rate used in the NUIG mechanism has been 

proposed by Li et al. [34] (note that this rate was increased by a 

factor of 1.2 in the NUIG model, to better fit data). This rate 

from Li et al. is based on a curve fit to literature data, on the 

low-pressure limit. Using either reaction rate does not change 

much the predictions on the CO mole fraction level: using the 

rate from Krasponerov et al. [35] instead of the modified rate 

from Li et al. [34] for HCO+M  H+CO+M decreases the CO 

mole fraction at the peak by about 1% at high pressure. But this 

modification also induces a larger change of the overall 

reactivity of the model by increasing max by 10%, and an ever 

larger impact is to be expected for flame speed predictions. One 

can therefore conclude that changing this well characterized, 

low-pressure limit reaction rates does not allow for improving 

the high-pressure predictions herein. 

The validity of the reaction rate for R172 was discussed in 

detail in Li et al. [34]. It appears from their study that deviation 

from the low-pressure limit data is significant only below 

580 K, far from practical combustion temperatures. This 

observation seems to indicate that determining the reaction rate 

for R172 for the high-pressure limit will not significantly 
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improve the predictions at high pressures. Nonetheless, Li et al. 

concluded that more studies of the falloff behavior of R172 (i.e. 

closer to the high-pressure limit) were necessary, which is in 

agreement with the observation made for the low-temperature 

side of the high-pressure data obtained herein. Note that 

revisiting the reaction rate of R172 for high-pressure conditions 

would help in the predictions for the CO mole fraction at the 

peak level for the results herein. Past the peak, the computed 

over-depletion of CO is due to the reaction rate for R36 (despite 

the current consensus on the pressure independence of this 

reaction) and/or to some other reaction pathway important at 

high pressure but not well characterized currently, to the best of 

the authors’ knowledge. One can conclude that the present study 

exhibits a strong case to revisit the CO/CO2 combustion 

chemistry at high pressure. 

 

CONCLUSIONS  
The evolution with time of H2O and CO mole fractions 

were measured in shock tubes by laser absorption, and results 

were compared to detailed kinetics model predictions. Data at 1 

atm, both for CO and H2O, were well predicted by the models 

used in this study, especially by the NUIG model. However, at 

pressures above atmospheric, large discrepancies were observed 

between the models and the experimental profiles. First, the CO 

mole fraction at the peak was largely overestimated by the 

models for the lower temperatures investigated. Then, the mole 

fraction of CO past the peak was severely under-estimated by 

the models. A chemical analysis was conducted for the high-

pressure case, to understand the discrepancies between the 

models and the data. The two main reactions involved in the 

shape of the CO profile, namely HCO + M  H + CO + M 

(R172) for the formation and CO + OH  CO2 + H (R36) for 

the consumption, appear to be well characterized, although it 

would be beneficial to study R172 at high pressure for typical 

combustion temperatures. The present study shows that it is 

probably necessary to further investigate and revisit the CO 

combustion chemistry at pressures relevant to gas turbines. 
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