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Abstract. The laminar ϐlame speed (LFS) of actual fuels is a critical property to 
consider when approaching the computational ϐluid dynamics (CFD) simulation of 
turbulent ϐlame propagation in internal combustion engines. A signiϐicant gap 
persists between the conditions under which LFS can be measured and the engine 
conditions, particularly in terms of pressure and temperature, at high loads in 
high-speciϐic power engines. Chemical kinetics simulations can be employed to 
calculate LFS at high pressures and temperatures by using mechanisms that 
cannot, however, be validated under such conditions due to the unavailability of 
experimental data. In this study, a literature review was conducted to identify 
measured values of H2 LFS to be compared with calculated ones through chemical 
kinetics simulations, using various published chemical schemes. A methodology is 
developed to assess the reliability of the tested mechanisms for CFD engine 
simulations, considering more relevant experimental data at higher pressures and 
temperatures, low dilution, and near-stoichiometric conditions. At low pressures 
and temperatures (i.e. at part-load engine conditions), all the considered chemical 
mechanisms yield similar results consistent with those of the Verhelst correlation. 
However, as the physical conditions move toward a high-load representative one, 
the choice of chemical scheme for LFS calculation can signiϐicantly impact the 
prediction of turbulent ϐlame speed in actual engines, leading to non-negligible 
discrepancies. 

1. Introduction  

Hydrogen as a fuel for internal combustion engines is one of the possible viable options to contain 
tailpipe emissions of vehicles in a short to medium term period. Fuelling internal combustion 
engines with hydrocarbons leads to issues related to emissions of greenhouse gases, unburnt 
hydrocarbons, soot and NOx, while, with hydrogen only NOx emissions are possible. Moreover, the 
strong know-how on internal combustion engines design combined with the ability to retroϐit 
existing power units, can signiϐicantly accelerate the decarbonization of the transportation sector 
(1). Engine design is currently even more driven by the outcomes of detailed 3D-CFD studies of 
in-cylinder processes that, with traditional fuels, have been proven effective in accurately 
replicating experimental evidence regarding fuel/air mixing, combustion, and emissions 
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formation in both research and production engines (2–4). Well-established models and 
methodologies are available to deeply characterize and optimize in-cylinder processes. Focusing 
on engine combustion, the accuracy of the simulation relies on the ability of the “ϐlamelet” model 
to capture the correct burn rate by estimating the ϐlame front propagation in a highly turbulent 
environment. In such “ϐlamelet” conditions the wrinkling effect of turbulence enhances the 
laminar ϐlame speed by increasing the ϐlame surface. In 3D CFD simulations of engine combustion, 
as the ϐlame structure deviates from the 1D unstretched laminar premixed one, the combustion 
model, to account for the effect of turbulence, plays a crucial role in the correct prediction of the 
burn rate. Many correlations and approaches are available to account for ϐlame speed 
enhancement due to turbulence. The tuning of model/correlations parameter is common to 
improve the simulation reliability especially moving outside the model’s validation ranges. In 
some cases, the model tuning effort could be related to under/over prediction of the LFS that is 
an input for the combustion model. However, the reduction of the uncertainties on the applied 
LFS of the actual fuel plays an important role in reducing the weakness of the overall simulation 
framework. In the past, the most widely employed approach for the estimation of the LFS at 
engine relevant conditions was based on the extrapolation of empirical correlations obtained by 
ϐitting experimental measurements at temperature/pressure levels far from the target ones (5,6).   
More recent works are performed to improve the reliability of such correlations ϐitting LFS values 
calculated at high pressure/temperature, through chemical kinetics simulations, instead of 
experimental data (7–9). The need to rely on chemical mechanisms that cannot, however, be 
validated under such engine conditions is therefore mandatory. In recent years, the increase of 
the available computational power, has allowed to build wide databases of chemistry-based LFS 
at engine relevant conditions avoiding issues related to the deϐinition of ϐitting functions.  

As for carbon-containing fuels, the same “ϐlamelet” modelling approach can be effectively 
applied for the simulation of hydrogen combustion in both research and production engines 
(10,11); the deϐinition of a reliable LFS is still pivotal especially when high pressure/temperature 
conditions are met. The Verhelst correlation (12,13) is widely adopted to prescribe LFS among a 
wide range of equivalence ratios; however, the correlation is valid up to 40 bar and this makes it 
unusable when approaching full load engine operations. As for fossil fuels, that issue can be 
overcome using detailed chemistry to calculate LFS through 1-D chemical kinetics simulations. 
Focusing on hydrogen, the difϐiculty in measuring LFS at high pressure/temperature due to 
thermo-diffusive instabilities, make chemical kinetics based study, that for their nature cannot 
consider instability effects (13), very important in understanding the hydrogen ϐlame 
characteristics such as LFS and laminar ϐlame thickness (LFT). 

The current work aims to identify the most reliable published mechanisms to simulate 
hydrogen laminar ϐlame speed and thickness. A methodology to compare experiments and 
simulations is therefore developed to deϐine the best performing schemes when moving towards 
engine-like conditions. At ϐirst mechanism validation is performed by comparing simulation 
results with experimental data, and after, an assessment of the performance of the mechanisms 
at uprising thermodynamic conditions is performed emphasizing as the adoption of different 
schemes for the calculation of the LFS could strongly affect the predicted burn rate in an actual 
engine case. 

 
 
 



The 79th ATI Annual Congress
Journal of Physics: Conference Series 2893 (2024) 012094

IOP Publishing
doi:10.1088/1742-6596/2893/1/012094

3

2. Chemical kinetics mechanisms  

Many detailed chemistry mechanisms to model molecular hydrogen oxidation pathway are 
available in literature. However, the reactions, thermodynamic and transport ϐiles necessary to 
perform simulations are not always freely available for all the published ones.  
Furthermore, most of the chemical kinetics mechanisms are validated and adopted to model 
syngas (a blend of H2 and CO) (14,15) or ammonia/hydrogen combustion (16,17). Considering 
that the presence of CO stabilizes the ϐlame, a mechanism created to model syngas could not be 
as reliable when simulating hydrogen only. 

In Table 1 the eleven considered schemes in the present study are listed: NUIG 1.1, DAVIS (USC), 
GRI 3.0, ZHANG, KONNOV, LLNL (O’CONNAIRE), XJTUNO-2021, CRECK (PoliMi), UCSD, WANG and 
C3 v3.3. It is noteworthy to underline that the reaction mechanism of NUIG 1.1 has a modular 
structure: reactions are stored in subgroups, from C0 to C7, among which only C0 group regards 
hydrogen oxidation: to reduce computational cost, the subgroups from C1 to C7 are not 
considered. As well in C3 v3.3 mechanism, the reactions including carbon-based molecules were 
removed to easily simulate hydrogen oxidation, without altering the consistency of the results. 
Some chemical schemes, such as GRI 3.0 and UCSD, are characterized by a higher number of 
reactions because they model also CO chemistry. In others, such as NUIG 1.1 and XJTUNO-2021, 
the modelling of NOx chemistry, which increases the number of reaction and computational cost 
as well, has beneϐicial effects on the overall accuracy of the mechanism. The transport ϐiles 
employed with different kinetics schemes are the ones provided by the authors of the 
mechanisms. 

Table 1. Tested chemical schemes available online. 

Ref. Year Mechanism Species Reactions Weighted mean error  
without He dilution [%] 

Weighted mean 
error [%] 

(20) 2020 CRECK 21 62 10.8 18.4 

(21) 2020 NUIG 1.1 34 236 4.6 11.4 

(22) 2019 KONNOV 15 75 5.8 11.9 

(23) 2004 LLNLa 10 21 6.8 - 

(24) 2021 XJTUNO-2021 44 266 4.3 10.1 

(25) 2021 ZHANG 11 32 4.9 11.7 

(15) 2005 DAVIS 13 38 5.0 10.5 

(26) 1999 GRI 3.0a 53 325 7.8 - 

(27) 2022 C3 v3.3 34 245 3.8 12.4 

(28) 2016 UCSD 68 311 8.1 18.9 

(14) 2014 WANG 14 43 4.1 12.1 

a Unable to simulate mixture with helium dilution. 
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3. Laminar ϐlame speed data collection 

Literature research was carried out to ϐind hydrogen laminar ϐlame speed (LFS) experimental 
measurements at conditions as similar as possible to engine ones. 

Due to the physicochemical properties of H2-air ϐlames it is difϐicult to experimentally track 
a well-deϐined ϐlame front at engine relevant conditions. This is the reason why in most of the 
literature LFS measurements with undiluted mixtures at NTP (Normal Temperature and 
Pressure) condition only (T=298 K and p=1 bar) are reported. However, some experimental data 
are available at higher temperatures (443K) or pressures (20 bar) but accepting massive dilutions 
with inert gases such as helium.  

In Table 2 the source of collected data adopted for mechanisms validation are reported. The 
equivalence ratio range is similar for all the datasets while different pressure/temperature and 
dilution/diluter are considered. The collected data are organized in datasets as the following: for 
each mixture composition (equivalence ratio and dilution) three or two different levels of 

Table 2. Experimental datasets reporting hydrogen-air laminar ϐlame speed measurements and the 
weight assigned to each one of them following the relevance criteria. 

Ref. Paper Dataset Eq. ratio 
range 

Diluter 
& Dilution 

Temp. 
[K] 

Pressure 
[MPa] 

Weight 
assigned 

(29) Tse et al. 
(2000) 

1A 
1B 
1C 

0.8 to 2.0 
0.8 to 2.0 
0.8 to 2.0 

He:O2=11.5:1 
He:O2=11.5:1 
He:O2=11.5:1 

298 
298 
298 

1 
 1.5 

2 

5 
7 

10 

(30) Hu et al. 
(2009) 

2A 
2B 
2C 

0.5 to 2.5 
0.5 to 2.5 
0.5 to 2.5 

- 
- 
- 

303 
373  
443 

0.1 
0.1 
0.1 

5 
7 

10 

(31) Krejci et al. 
(2013) 

3A 
3B 
3C 

0.5 to 2.5 
0.5 to 2.5 
0.5 to 2.5 

He:O2=7:1 
He:O2=7:1 
He:O2=7:1 

298 
373 
443 

0.5 
0.5 
0.5 

3 
5  
7 

(18) Grosseuvre 
et al. (2019) 

4A 
4B 
4C 

0.8 to 2.5 
0.5 to 2.5 
0.5 to 2.5 

- 
- 
- 

296 
363 
413 

0.1 
0.1 
0.1 

1 
1 
1 

(18) Grosseuvre 
et al. (2019) 

5A 
5B 
5C 

0.8 to 2.5 
0.5 to 2.5 
0.5 to 2.5 

N2:O2=5.67:1 
N2:O2=5.67:1 
N2:O2=5.67:1 

296 
363 
413 

0.1 
0.1 
0.1 

3 
3 
5 

(18) Grosseuvre 
et al. (2019) 

6A 
6B 
6C 

0.8 to 2.5 
0.8 to 2.5 
0.8 to 2.5 

N2:O2=9:1 
N2:O2=9:1 
N2:O2=9:1 

296 
363 
413 

0.1 
0.1 
0.1 

1 
1 
3 

(18) Grosseuvre 
et al. (2019) 

7A 
7B 

0.8 to 2.5 
0.8 to 2.5 

20% H2O 
20% H2O 

363 
413 

0.1 
0.1 

5 
7 

(18) Grosseuvre 
et al. (2019) 

8A 
8B 

0.8 to 2.5 
0.8 to 2.5 

30% H2O 
30% H2O 

363 
413 

0.1 
0.1 

3 
5 
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pressure/temperature are considered for a total of 22 datasets. The dataset nomenclature follows 
the criteria where the same number indicates the same composition (1, 2, ... up to 8): for each 
ϐixed number, i.e. ϐixed composition, different letters (A, B, C) identify different 
temperature/pressure levels (e.g 1A, 1B, 1C). 

Among the datasets obtained with diluted mixtures, there are groups (7 and 8) that analyse 
LFS trends by considering water dilution (18). These data are particularly attractive for validation 
due to the possible interest in diluting hydrogen/air mixture by injecting water in the engine 
combustion chamber to avoid the risk of pre-ignition especially in high performance H2-ICEs. 

4. Methodology 

The performed activity is organized in two steps to better understand the behaviour and evaluate 
the accuracy of the different mechanisms:  
• in the ϐirst step each mechanism is tested performing simulations at the thermodynamic 
and mixture conditions experimentally tested to perform a direct comparison between measures 
and calculated data. The best-performing mechanisms are deϐined applying different weights to 
each experimental dataset as detailed in the next section.  
• in the second step the mechanisms previously identiϐied are employed to calculate 
laminar ϐlame speed values at engine-relevant conditions targeting high-performance DI-H2-
engines operated at stoichiometry. This step is crucial to assess how the adoption of different 
chemical schemes could affect the burn rate prediction in a 3D-CFD framework. 

4.1 Experimental validation method 

To evaluate the accuracy of the mechanisms, each experimental point was simulated with the 
CONVERGE 1-D Freely Propagating chemistry tool (version 3.0.28). The accuracy of the 
mechanisms is strongly affected by the mixture composition, i.e. a best-performing mechanism in 
lean conditions could be less accurate in stoichiometric or rich conditions and vice versa. For this 
reason, a target equivalence ratio range should be set searching for the mechanism that performs 
well in the selected target conditions. The initial target for the activity is to deϐine a LFS database 
to be used for the combustion simulation of a high-performance DI hydrogen engine operated at 
stoichiometric conditions. Considering direct injection and reduced time available for ideal 
(complete) charge homogenization, the attention is focused on the range of equivalence ratio near 
to stoichiometric conditions including as a target also slightly rich and lean mixtures (0.8≤ϕ≤1.2). 
To quantify the mismatch between each experimental point (𝑆௅,௜

௘௫௣) and the calculated ones (𝑆௅,௜
௦௜௠), 

the absolute value of the relative error (𝑒𝑟𝑟௜) is calculated as follows: 

𝑒𝑟𝑟௜ = ฬ
ௌಽ,೔

ೞ೔೘ିௌಽ,೔
೐ೣ೛

ௌ
ಽ,೔
೐ೣ೛ ฬ ∙ 100  [%]   (1.1) 

The arithmetic mean error for each dataset i.e. for various equivalence ratio (𝑒𝑟𝑟௠
௞) was 

determined as follows: 

𝑒𝑟𝑟௠
௞ =

 ∑ ௘௥௥೔
೙
೔సభ

௡
 [%]    (1.2) 

Where n is the number of points in the range 0.8≤ϕ≤1.2 of the 𝑘-th dataset. Once the mean error 
for each chemical scheme and dataset is estimated, a weighted mean error is calculated assigning 
different weights to each experimental dataset as in the following equation: 

𝑒𝑟𝑟തതതതത௠௘௖௛ =
∑ ௘௥௥೘

ೖ ∙௪ೖಿ

∑ ௪ೖಿ
 [%]    (1.3) 



The 79th ATI Annual Congress
Journal of Physics: Conference Series 2893 (2024) 012094

IOP Publishing
doi:10.1088/1742-6596/2893/1/012094

6

Where 𝑁 is the total number of considered datasets (𝑁=22) and 𝑤௞ is the weight assigned to each 
of them as reported in last column of Table 2. The pivotal point of this procedure is the assignment 
of the appropriate relevance to each set of data to give higher importance to the data obtained at 
thermodynamic and mixture conditions closer to engine ones. Starting from a maximum weight 
of 10, which identiϐies the stronger link between the experimental condition and the engine one, 
to the minimum weight of 1, that identiϐies a very weak link, the intermediate values (7, 5 and 3) 
are assigned to the remaining sets as follows. The maximum weight is assigned to the datasets of 
the group 1 and 2 that include the experimental data collected at the highest pressure (2 MPa), 
accepting some helium dilution, and at the highest temperature (443 K) without dilution. For the 
sake of clarity, to the other sets in the same group a decreasing weight is applied going towards 
less severe conditions.  

High relevance (7) is reserved for the set (7B) with an intermediate water dilution (20%), 
possible for a high-performance hydrogen H2-ICE with water injection, at the highest temperature 
available (413 K). The minimum weight is employed to avoid overweighting data collected under 
almost identical conditions (see group 4 almost superimposed to 2) and to almost neglect data 
measured at extreme diluted conditions and low temperatures (see group 6).   

The performance of mechanisms with the lowest weighted mean error at engine relevant 
conditions will be deeply analysed in the next sections. 

4.2 Laminar ϔlame speed at engine relevant conditions  

Engine relevant conditions are identiϐied in terms of pressure, temperature, equivalence ratio and 
EGR dilution as listed in Table 3. The best performing mechanisms are used to generate databases 
using as stepping for each variable the ones reported in the table. The solver takes advantage of 
the previously calculated points as starting condition of the ones not already simulated. For sake 
of clarity each point is identiϐied by a ϐixed value of pressure, temperature, equivalence ratio and 
EGR. For this reason, the choice of the interval (step) between consecutive points is crucial to 
improve simulation stability allowing to reach the convergence in most of the simulated points. 
To deeply assess the differences among the chemical schemes, some comparisons were carried 
out between the simulated values obtained with the mechanisms chosen during the validation 
process. 
Some temperature sweeps of the laminar ϐlame speed as function of equivalence ratio are 
reported at different pressures: these conditions are representative of possible pair of 
temperature/pressure that can be experienced by the mixture in the combustion chamber of an 

Table 3. Pressure, temperature, equivalence ratio and EGR ranges adopted to create laminar ϐlame 
speed datasets applying the most promising mechanisms.  

 Min. Max Step 

Equivalence ratio [-] 0.2 2.5 0.05 

Temperature [K] 550 1250 20 

Pressure [bar] 10 150 5 

EGRa [%] 0 10 5 

a EGR percentage is evaluated considering only N2 as residual gas. 
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actual H2 engine. To better assess the results, the data are compared with the LFS predicted by 
the GRI 3.0 mechanism, which is one of the widely adopted freely available mechanisms. The 
behaviour of hydrogen-air ϐlames changes with dilution, leading to an LFS that is dependent not 
only on the dilution amount but also on the diluter composition. To have reasonably predictive 
CFD-3D combustion models the applied LFS must be as correct as possible also with diluted 
mixtures. For this reason, the LFS values calculated by the most reliable chemical schemes will be 
analysed also in the presence of some dilution. 

5. Results 

5.1 Weighted mean error 

 

 

 

Figure 1. Points represent experimental measurements and lines simulated laminar ϐlame speed with 
the best mechanisms identiϐied. (a) Group 2. (b) Group 1. (c) Datasets 7B and 8B. (d) Datasets 4C, 5C 
and 6C. 

T=413K
p=0.1MPa

T=413K
p=0.1MPa

p=0.1MPa T=298K

(a) (b) 

(c) (d) 
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Applying the procedures detailed in paragraph 4.1, the mean weighted errors are calculated. Some 
mechanisms such as GRI 3.0 and O’Connaire (LLNL) do not include Helium as a species. For this 
reason, the weighted mean error is calculated both considering or not the experimental datasets 
with helium dilution. The results using both methods are reported in Table 1. Despite considering 
a narrower experimental target, GRI 3.0 and LNLL do not show the lowest weighted mean error. 
This result, coupled with the impossibility of comparing the calculated points with the highest 
pressure/temperature experimental data (obtained with He dilution), excludes them from the 
ϐinal mechanism choice. According to the results in the rightmost column of Table 1, three 
mechanisms show the highest accuracy: XJTUNO-2021, NUIG 1.1 and DAVIS. The ϐirst is the most 
reliable considering a weighted mean error of 10.1%.  

Representative sample of laminar ϐlame speed results are provided in Figure 1. The 
mechanisms identiϐied show almost the same trends: slight difference with rich mixtures can be 
found using XJTUNO-2021. Simulated data with water and N2 dilution ϐit very well the 
experimental target (Fig. 1, c and d) as well as at lower temperatures, while an overestimation of 
the calculated ϐlame speed is noticeable when temperature increases (Fig. 1, a). The experimental 
trend increasing pressure for a ϐixed temperature is well captured as well (Fig. 1, b).  

5.2 Comparisons at engine like conditions 
 
Some comparisons of the ϐlame speed calculated with the three previously deϐined chemical 
schemes (NUIG 1.1, XJTUNO-2021 and DAVIS) at engine relevant conditions are reported. The 
results are compared to the one obtained with GRI 3.0 mechanism.  

In Table 4 thermodynamic and mixture conditions considered for the analysis are listed. They are 
relevant for a high-performance DI-ICEs fuelled with a stoichiometric hydrogen/air mixture; the 
range of equivalence ratio is widened to consider the presence of stratiϐied mixture inside the 
combustion chamber. 

The sweeps of temperature at ϐixed pressures in Figure 2 show that the differences between 
the laminar ϐlame speed simulated by different mechanisms increase with rising pressure and 
temperature. This attitude is underlined by the graphs in Figure 3 that report on the percentage 
difference between LFS predicted by the mechanisms analysed and XJTUNO-2021, as a reference, 
at two representative thermodynamic points (20 bar and 810 K; 130 bar and 1010 K). 
At lower pressure and with lean mixture DAVIS and GRI 3.0 predict LFS values lower than the 
others; this trend changes going towards rich mixtures. DAVIS was created by tuning the reaction 
rates of GRI 3.0: it simulates LFS slightly higher than the latter, but with the same trend as GRI 3.0. 
In all the simulated conditions, the most reliable mechanisms identiϐied predict different laminar 
ϐlame speeds: those discrepancies increase with rising pressure and temperatures. In these 
conditions GRI 3.0 calculates the slowest ϐlame speed, while NUIG 1.1 the highest one.  

Table 4. Representative thermodynamic conditions of high-performance H2-DI-ICE. 

Pressure [bar] Temperature [K] Equivalence ratio 
range 

20 710 - 810 – 910 0.5 – 2.0 

130 910 – 1010 – 1110 0.5 – 2.0 
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Considering that the GRI 3.0 has been proven to be one of the less reliable in reproducing the 
experimental data among the validated mechanisms, the usage of a LFS calculated with it in a 3D 
CFD simulation of engine combustion is expected to produce non accurate results and a general 
underestimation of the burn rate. A similar but improved result can be obtained with DAVIS 
mechanism, whereas a too fast combustion is expected using NUIG 1.1.  
At lower pressure (20 bar) the Verhelst correlation ϐlame speed is almost superimposable with 
NUIG 1.1; moreover, with lean mixtures the correlation calculates LFS almost 40% higher than 
that predicted using GRI 3.0. At the same pressure condition, the Verhelst correlation has a quite 
similar trend to the XJTUNO-2021 inferred one: varying equivalence ratio, the correlation 

 

 

Figure 2. Hydrogen-air laminar ϐlame speed sweeps of temperature at different pressures: (a) 20 
bar; (b) 130 bar. 

 

Figure 3. Percentage difference between LFS predicted by the mechanisms analysed and XJTUNO-
2021 at: (a) p=20 bar and T=810 K; (b) p=130 bar and T=1010 K. At 20 bar is also reported the 
LFS calculated with Verhelst correlation. 
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overestimates the LFS of an almost constant 10% value with respect to the best performing 
mechanism.  

More in details, at high pressure and temperature, comparing the three most reliable 
mechanisms identiϐied, with respect to the reference XJTUNO-2021, a 15% overestimation of the 
LFS is expected with NUIG 1.1 mechanism (at stoichiometry), while a 20% underestimation is 
found with DAVIS in the same condition. NUIG 1.1 chemical scheme is more reliable when moving 
towards leaner mixture, while the DAVIS one performs better towards richer condition.  

To deepen the analysis, in Figure 4 is reported the assessment of the behaviour of the most 
reliable mechanism (XJTUNO-2021) working with diluted mixtures: nitrogen and water.  
The introduction of water into the combustion environment subtract heat to the reactants. This 
heat reduction decreases the reaction rates and consequently laminar ϐlame speed reduces. 
Furthermore, water is more effective than nitrogen in lowering LFS, especially with lean mixtures, 
inϐluencing the hydrogen oxidation pathway by shifting the termination reaction towards higher 
temperature, similar to an increase in pressure (19).  

6. Conclusions  

In this work the accuracy of eleven chemical kinetics models to simulate laminar ϐlame speed of 
hydrogen-air mixture focusing on the equivalence ratio range 0.8 ≤ ϕ ≤ 1.2 is assessed. 
Literature research was conducted to collect experimental measurements of the LFS of H2-air 
mixtures. The data found were analysed and higher importance is assigned to the ones which are 
closer to the thermodynamic and mixture conditions representative of the ones experienceable 
by the hydrogen-air mixture in a high-performance DI-ICE fuelled with a globally stochiometric 
charge. The simulations are performed by employing the 1-D Freely Propagating CONVERGE 
chemistry tool and the results are compared with their experimental counterpart. By means of a 
developed methodology based on the mean weighted average of global errors, the three most 
reliable mechanisms are deϐined. XJTUNO-2021, DAVIS and NUIG 1.1 are the best-performing 
ones and, more in detail, the lowest error (10.1%) is found with the ϐirst one. 

 

Figure 4. LFS simulated by XJTUNO-2021 with N2 (blue) and H2O (light blue) dilution at: (a) p=20 
bar and T=810 K; (b) p=130 bar and T=1010 K. 
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A comparative analysis was carried out to examine the trends of the ϐlame speed calculated 
by these chemical schemes at engine relevant conditions. GRI 3.0 mechanism, because of its 
widespread use, and Verhelst correlation are also considered in the comparative analysis.  
At low pressure and intermediate temperature (representative of ignition or part load engine 
conditions) the differences, in terms of predicted LFS calculated by the different mechanisms, are 
generally lower. The Verhelst correlation is reliable in that condition: varying the equivalence 
ratio, it has an almost constant overestimation (10%) of the ϐlame speed with respect to XJTUNO-
2021 mechanism. For lean mixtures NUIG 1.1 performs better than DAVIS that strongly 
underestimates the LFS similarly to GRI 3.0. In rich conditions, all the mechanisms overestimate 
the ϐlame speed, but the relative difference is lower than 15%. At higher pressure/temperature 
(representative of the main combustion phase in a high-performance ICE) relative differences 
between the three best performing mechanisms are signiϐicantly higher: NUIG 1.1 overestimates 
the LFS, while DAVIS underestimation becomes higher moving toward lean mixtures.  
 

To sum up, the XJTUNO-2021 mechanism is found to be the most reliable in predicting LFS at 
engine relevant conditions. With respect to that, the following conclusions can be drawn:  

 Verhelst correlation is reliable for the LFS prediction at low pressure levels (up to 40 bar) 
with both lean and rich mixtures. A slight LFS overestimation, in the order of 10%, is 
experienced.  

 NUIG 1.1 mechanism is reliable in a wide range of equivalence ratio and, generally, 
overestimates the ϐlame speed at both low and high pressure/temperature levels.  

 DAVIS mechanism is more reliable for rich mixtures, while a strong underestimation of 
the ϐlame speed is expected in lean conditions.  

 GRI 3.0 mechanism has a very similar behaviour compared to DAVIS one, but the 
underestimation of the ϐlame speed is even more pronounced.  
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