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ABSTRACT 

With the predicted high demand of hydrogen projected to support the neutral carbon society transition 

in the coming years, the production of hydrogen is set to increase alongside the demand. As electrolysis 

is set to be amongst the main solutions for green hydrogen production, ensuring the safety of 

electrolysers during operation will become a central concern. This is mainly due to the crossover risk 

(hydrogen into oxygen or the other way around) in the separators as throughout the years several cases 

of incidents have been reported.  

This study aims to evaluate the methodologies for calculating H2/O2 detonation cell size and laminar 

flame velocity using detailed kinetic mechanisms at the operating conditions of electrolysers (up to 35 

bar and 360 K). Therefore, the modeling of H2/O2 and H2/Air shock tube delay times and laminar flame 

speeds at initial different pressures and temperature based on the GRI mech 3.0 [1], Mevel et al.[2], Li 

et al.[3], Lutz et al. [4] and Burke et al. [5] kinetic mechanisms were performed and compared with the 

available experimental data in the literature. In each case, a best candidate mechanism was then chosen 

to build a database for the detonation cell size then for the laminar flame speeds up to the operating 

conditions of electrolysers (293-360K and 1-35 bar).  

1. INTRODUCTION 

Recent developments in the energy field indicate that the demand in hydrogen energy will increase 

rapidly over the coming years. As water electrolysis is set to play a major role in hydrogen production, 

some safety questions still remain about the process. For quite some time now, when dealing with 

alkaline eletrolyzers, several explosions have been reported in the US in 1969 and 1975; in Kosovo in 

2014 and in Korea in 2019. As the explosions started from the separators, it became clear that the cause 

was hydrogen crossing over into the oxygen tank or the other way around. There are two main 

possibilities to generate overpressures that can lead to such explosions:  

- A detonation when the mixture composition is in the detonable range and the initiation 

conditions are met. At electrolyser operating pressure and temperature (up to 30 bar and 363K) 

there is no experimental data on the detonability and flame propagation regimes for H2/O2 

mixtures. In order to assess the occurrence risk and the consequences of an initiation of 

detonation in the separators in case of crossing over, it is important to calculate the detonation 

cell size for the mixtures at the operating conditions.  

- A slow deflagration is first initiated which under the effect of instabilities will accelerate into a 

fast deflagration. Here again, the flame fundamental properties to allow the assessment of such 

phenomena are not available at the operation conditions of electrolysers. In this case evaluating 

the laminar flame speeds at operating conditions, is key to assessing the flame acceleration risk.  

We propose in this work a calculation by extrapolation of the detonation cell sizes and laminar flame 

velocities for H2/O2 mixtures at high pressure and temperature based on the choice of a detailed kinetic 

model in each case. 
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2. METHODOLOGY 

As it was mentioned during the introduction, there are very few experimental data available on H2/O2 

mixtures in the literature. We propose a workaround using the detailed kinetic calculation software 

Cantera [6] and a detailed kinetic mechanism. The calculations will be split into two parts. The first one 

will focus on detonation cell sizes and the second one on laminar flame velocities. 

At first, a set of kinetic mechanisms will be evaluated on H2/O2 experimental data, when available, 

otherwise on H2/Air data of shock tube induction times (detonation cell sizes) and laminar flame 

velocities. For each fundamental parameter, the mechanism offering the best agreement with the 

experimental data will then be used to calculate either the detonation cell sizes or the laminar flame 

speeds. In the particular case of the detonation cell size, the Ng et al. [7] and the Westbrook et al. [8] 

correlations will be evaluated against experimental data. The correlation offering the best agreement 

will then be used to calculate the detonation cell sizes at high pressure and temperature up to the 

operating conditions of the electrolysers 

3. DETONATION CELL SIZES 

3.1 Model validation 

H2/O2/Diluent mixtures in shock tube experiments 

A set of experimental data available in the literature on shock tube experiments is selected to serve a 

comparison basis for the selected kinetic mechanisms. These experimental data are summarized in the 

following table.  

Temperature (K) Pressure (atm) 
Equivalence ratio 

range 
Reference 

1000-1300 2.5 1 Bhaskaran et al.[9] 

1000-1800 1-3 0.5-1 Cheng et al [10] 

1000-1700 0.5-8.5 1-2 Cohen et al. [11] 

1000-1350 1.2-2.7 1 Fujimoto et al. [12] 

1100-1850 0.5-0.8 0.6-2 Jachimowski et al. [13] 

1050-1250 1.41 1 Just et al. [14] 

1190-1950 33-87 1 Petersen et al. [15] 

1100-2600 0.5-9.5 0.12-3 Schott et al. [16] 

1000-1100 5 2 Skinner et al. [17] 

1010-1080 2-7 0.5-0.75 Snyder et al. [18] 

Table 1: Summary of shock tube induction delay time database for H2/O2/Diluent mixtures  

As shown in Table 1, the experimental database consists in a wide array of tested pressures and 

temperatures as well as equivalent ratios. The simulation results with all kinetic detailed mechanisms 

are reported in figure. 1. As this work is intended to determine the best fit to the experiments, all the 

experimental data has been aggregated and has been attributed the same statistical weight. Therefore the 

calculated induction times for all the mechanisms has been plotted against the experimentally measured 
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ones. Globally, the plot shows an acceptable agreement for all the mechanisms when compared with the 

experimental data.  

Figure 1: Simulated delay times against experimental delay times  

Visually, no mechanism appears to provide the best fit. However, with such widely spread values, 

calculating the mean relative error provides an interesting basis of comparison. The values are reported 

in the following table.  

Mech Mevel Lutz Li Burke GRI 

Mean relative error 6.0 6.7 7.4 11.2 16.4 

% of data within +/-100% 

relative error 
30.26% 29.31% 26.24% 21.99% 21.51% 

Table 2: Mean relative error and percentage of data within +/- 100% relative error 

From Table 2, it can be deduced that the Mevel et al. mechanism provides the lowest mean relative error 

amongst the tested mechanisms. It also presents the highest percentage of data within +/-100% relative 

error. On this basis, the calculation of the detonation cell sizes will be performed using the Mevel et al. 

mechanism.  

It is however interesting to highlight that the models display a better agreement with part of the 

experimental data and a lower with others.  
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Figure 2: Experimental data comparison with model (reduced “best fit” database)  

As shown on Figure 2, the comparison of the modeling results with the data from Bhaskaran, Cheng, 

Jachimwosky and Petersen, exhibits a better fit than with the entire database. With no particular 

specificity either on the equivalent ratio or the pressure or even on the diluent and its percentage, this 

hints towards a discrepancy in the experimental database. Although, this does not change the outcome 

on the best fitting mechanism as shown in the following table.  

Mech Mevel Lutz Li Burke GRI 

Mean relative error 3.4 3.5 4.4 5.7 6.0 

% of data within +/-100% 

relative error 38.46% 36.65% 33.48% 27.60% 26.24% 

Table 3: Mean relative error and percentage of data within +/- 100% relative error using reduced 

database 
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3.2 Detonation cell size calculation 

Cell size calculation at ambient temperature and pressure for H2/Air mixtures  

Initial 

temperature (K) 

Initial pressure 

(atm) 

Equivalence ratio 

range 
References 

293 1 0.5-3.6 
Guirao et al. 

(1982) [19] 

298 1 0.3-5.5 
Tieszen et al. 

(1986) [20] 

298 1 0.5-4.5 
Ciccarelli et al. 

(1994) [21] 

293 0.83 0.3-5.6 
Benedick et al. 

(1984) [22] 

Table 4: List of detonation cell size at ambient pressure and temperature for comparison 

On Figure 3, the comparison of both correlation with the set of experimental data is plotted. It appears 

that there is a good agreement between the Ng correlation and the experimental data on the lean side 

and around the stoichiometry (note the logarithmic plot). On the rich side, there is a slight 

underestimation of the cell size value but overall the agreement is fair. On the other hand, the Westbrook 

correlation give a fair agreement as well but lower than the performance of the Ng correlation. It can 

also be noted that there are some dispersions within the experimental data especially between the data 

from Ciccarelli et al. and the others. Globally the cell sizes measured by Ciccarelli et al. are lower than 

those from the other authors of the literature.  

 

Figure 3: Comparison of cell size calculation using Westbrook and Ng correlation at ambient pressure 

and temperature 

Cell size calculation at ambient pressure and elevated temperature for H2/air mixtures 

The experimental set is based on the measurements performed by Ciccarelli et al [21] [23] in 1994 and 

1997. With the increasing temperature, the detonation cell size decreases as shown in Figure 4. The 

figure also shows some important dispersions for experiments conducted in the same conditions. 

However, it can be noted that both models provide a fair agreement with the experimental data in these 
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conditions. The agreement is higher around stoichiometric values and then decreases as the hydrogen 

concentration decreases. In addition, the mechanism reproduces the experimental behavior: as the 

temperature increases, the cell size diminishes.  

 

Figure 4: Comparison of cell size calculation using Westbrook and Ng correlation at ambient pressure 

and temperature 

Cell size calculation at ambient pressure and elevated temperature for H2/O2 mixtures 

The detonation cell size as a function of the pressure for stoichiometric H2/O2 mixtures is plotted on 

Figure 5. The comparison is based on a set of experiments available in the literature in stoichiometric 

conditions : [24]–[28].  

As the pressure increases to reach the atmospheric pressure, the experimental detonation cell size 

decreases. Although the test conditions are the same, there is a strong discrepancy in the measurements. 

The same trend is observed on both Ng and Westbrook correlations. However, it appears that at low 

pressure the Westbrook correlation presents the best agreement with the experimental data. The trend 

seems to revert as the initial pressure increases but there is not enough experimental data to confirm it.   

 

Figure 5: Effect of initial pressure on a stoichiometric H2/O2 mixture and comparison with Ng and 

Westbrook correlations 

The comparison of the correlations based on the Mevel et al mechanism and the correlations by Ng and 

Westbrook highlights the difficulty in predicting the detonation cell size as only the ambient temperature 
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and pressure experiments present acceptable discrepancies. In that configuration, the Ng correlation 

presents the best agreement with the experimental data. Although the Westbrook correlation provides 

the best agreement for H2/O2 measurement at stoichiometric conditions and at low pressure, those 

conditions are marginal compared with the target of calculating the detonation cell size over the whole 

equivalence ratio range and at elevated temperature and pressure.  

Figure 6 displays the simulation results at 363 K and for 1, 15 and 30 bar for hydrogen/oxygen mixtures. 

As the pressure increases, the detonation cell size decreases. A strong decrease is observed from 1 to 15 

bar and a smaller decrease from 15 to 30 bar around the stoichiometric zone. Near the flammability 

limits, on the lean side, the plots are similar with a smooth slope while on the rich side the slope is 

steeper. This plot highlights the difficulty that may occur when predicting the detonability of such 

mixtures at high pressure and temperature especially on the rich side. With the addition of the calculation 

error and the error made in evaluating the composition of the mixture, the detonation risk assessment 

must be performed with important care.  

 

Figure 6: Detonation cell sizes for hydrogen/oxygen mixture using the Ng correlation  

4. LAMINAR FLAME SPEEDS FOR FLAME ACCELERATION 

4.1 Model validation 

H2/Air mixtures at ambient temperature and pressure 

In order to validate a detailed kinetic mechanism, a set of experimental data available in the literature is 

selected and will serve as the basis for model comparison. The following table summarizes the selected 

experimental data. All the selected experiments were conducted during the current century and include 

some of the most recent ones. The laminar flame speed plots were extracted from the figures shown in 

the papers.  

On Figure 7, the laminar flame speeds for the selected experimental data were plotted against the H2 

percentage in the mixture. Although all the curves present the characteristic bell shape of the laminar 

flame velocity, a wide discrepancy can be observed. It goes from around a maximum value of 30 cm/s 

on the lean side to 50 cm/s on the rich side. This was observed by Han et al. [29] and they proposed 

some useful insights on the probable origins of the discrepancy. As the data available in the literature is 

not much detailed than the measured values of the laminar flame velocity, we cannot rule any of these 

data out based on the conclusions of Han et al.[29] Therefore, each of the experimental data will have 

the same statistical weight during our evaluation of the most suitable kinetic model.  



8 

Initial 

temperature (K) 

Initial pressure 

(atm) 

Equivalence ratio 

range 
Reference 

298 1 0.5-4 Tse et al., 2000 

298 1 0.28-3.75 Lamoureux et al., 2003 

298 1 0.5-4.5 Hu et al., 2009 

293 1 0.3-5.6 Kuznetsov et al., 2012 

303 1 0.5-4 Dayma et al., 2014 

296 1 0.8-3.5 Grosseuvres et al., 2019 

Table 5: Table of H2/Air experimental values considered in this work 

 

Figure 7: Experimental dataset for model validation 

These data were modelled using the selected detailed kinetic mechanisms and are displayed on Figure 

8 

 

Figure 8: Comparison of experimental data with calculations 
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All of the most recent models present a good fit with the experimental data. The Lutz model, however, 

didn’t provide a good agreement with the experience, as it was developed around 1990 and was validated 

against the data available at the time. In order to provide a rational comparison method for the models, 

a calculation of the deviation of the calculated SL
0 from the SL

0 measured from the literature are provided 

in Figure 9. The good agreement for the GRI, the Li, the Burke and the Mevel kinetic models are well 

illustrated by the plot as it appears that large part of the data are within +/- 10% of the experimental 

results regardless of the author. This figure also confirms the global overestimation of flame speed by 

the Lutz model with deviations higher 10% in a global view.  

 

Figure 9: Deviation of the calculated SL
0 from the experimental SL

0  

Moreover, calculating the standard error for each model (Table 6) based on all the experimental data 

selected for our work, it appears that the model from Li et al. gives the lowest standard error when 

compared to the experimental data. As it was previously mentioned, all experimental data are given the 

same weight. By doing so, it is the whole “cluster” of experimental data that is compared to each model. 

Thus, the comparison aims to find the model that fits better with the set of experimental data.  

It is also worth noting that the Li et al mechanism is the one that provides the most point within the +/-

10% deviation with the experiments (65%). The model from Burke et al. gives the second best agreement 

with the experiments.  

Mech Mevel Lutz Li Burke GRI 

Standard error 26 55 16 20 23 

% of data within 

+-/10% deviation  40% 5% 65% 63% 46% 

Table 6: Standard error and 10% deviation percentage for each mechanism 

H2/Air mixtures at 363K, 373K and ambient pressure 

Very few data in the literature are available on the measurements of laminar flame velocity of 

hydrogen/air mixtures at high temperature and from the current century. Measurements have been done 

by Liu et al.[36] and Korrol et al [37] in the 80s and 90s using the burner method. As this method may 

be subject to errors, we ruled it out of our specification for experimental data. Therefore, only the Hu el 

al [32] experiments and the Grosseuvres et al [35] are taken into account in this part of the analysis.  

On Figure 10, the deviations from the experimental values a plotted and exhibit the same behavior as 

the ambient temperature calculations. Here again, the Lutz et al. mechanism is mostly outside the 

confidence interval of +/- 10% deviation. On the other hand, the Li et al. mechanism provides the best 
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agreement with the experimental data with a standard error of 20 cm/s and 81% of the points inside the 

confidence interval.  

 

Figure 10: Deviation of the calculated SL
0 from the experimental SL

0 at 363K initial 

The comparison of the standard error and the percentage of points in the +/-10% margin is reported in 

table  

Mech Mevel Lutz Li Burke GRI 

Standard error 39 78 20 28 32 

% of data within 

+-/10% deviation  

28% 3% 81% 81% 56% 

Table 7: Standard error and 10% deviation percentage for each mechanism at elevated temperature  

H2/Air mixtures at elevated temperature and elevated pressure 

As for the tests at elevated pressure, the data at elevated pressure and temperature are very scarce in the 

literature. The only data available for our study is the data from Hu et al. [32] which were performed at 

373K  at  0.25 MPa and at  0.5 MPa. Only rich side measurements were performed with few data for 

each condition. However, the trend is the same as for the previous calculations. The Li model is in good 

agreement with the experimental data and proves to be the best fit to the experimental dataset. Both 

Figure 11 and Table 8 show that the Li mechanism has the lowest standard error with the measurements 

and the highest percentage of data in the confidence interval.   

Mech Mevel Lutz Li Burke GRI 

Standard error 53 93 17 35 30 

% of data within 

+-/10% deviation  

7% 0% 78% 30% 41% 

Table 8: Standard error and 10% deviation percentage for each mechanism at elevated temperature and 

pressure 
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Figure 11: Deviation of the calculated SL
0 from the experimental SL

0 at elevated pressure and 

temperature 

This analysis shows that the Li mechanism provides the best agreement overall in ambient and elevated 

pressure and temperature with the laminar flame speed experiments dataset that we considered for this 

work. Therefore, the extrapolation of the laminar flame speed at high temperature and pressure will be 

based on the Li mechanism. The results are displayed on the following figure.  

 

Figure 12: Laminar flame speeds for H2/O2 mixtures at high pressure and temperature based on the Li 

mechanism 

CONCLUSION 

Laminar flame speed and shock tube induction time simulations were performed using detailed kinetic 

models available in the literature.  

On the shock tube side, the comparison of the experimental data against the simulated values shows a 

fair agreement. Analysing the relative errors showed that the best fit was obtained with the Mevel et al. 

mechanism. It was then used to compare the correlations from Ng et al. and Westbrook et al. using 

Cantera. By comparing with detonation cell size measurement from the literature, the Ng et al. 

mechanism displayed a better accuracy over the equivalence ratio range when the experiments presented 

little dispersion. Finally the mechanism was used to extrapolate the detonation cell sizes at electrolyser 
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operating temperature and varying pressure (1, 15, 30 bar) which can be used to predict the detonability 

of hydrogen/oxygen mixtures 

On the laminar flame side, despite the differences in the experimental data, the Li et al. model has proven 

to reproduce better the measurements compared to the other mechanisms. Therefore it was a reasonable 

choice for extrapolating laminar flame speeds to the pressures and temperature of interest. This should 

in turn allow the evaluation of the fast deflagration potential and the run up distance for such 

phenomenon to occur.  

Overall, this work has highlighted discrepancies in experimental data for laminar flame speeds and 

detonation cell sizes. In order to improve the quality of our extrapolation, a more thorough investigation 

of the sources of discrepancy on experimental measurement has to be performed. Additionally, a deeper 

experimental and modelling work on the ability of the chosen mechanisms to reproduce the effect of 

increasing both the pressure and temperature must be conducted to improve the confidence in the 

extrapolation.  
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