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This paper mainly conducts experimental and numerical simulation studies on 

the combustion characteristics of H2/landfill gas laminar premixed flames. 

The laminar burning velocity of CH4/CO2/H2 mixtures is measured with a 

fixed-volume combustion bomb. The study results indicate the mixture’s 

laminar burning velocity approximately grows linearly with the H2 content, 

and the rate of increase also rises with the increase of equivalence ratio. The 

variation trend of the adiabatic flame temperature with equivalence ratio is 

similar to that of laminar burning velocity. Compared to the thermal 

diffusivity, The adiabatic flame temperature has a greater effect on laminar 

burning velocity. Under lean combustion conditions, as the H2 content 

increases, the thermal diffusion instability gradually intensifies, while it is the 

opposite under rich combustion conditions. The hydrodynamic instability 

gradually intensifies with the increase of H2 content, while first intensifies and 

then weakens with the increase of equivalence ratio. The increase in H2 

content enhances the laminar burning velocity by increasing the mole fraction 

of relevant free radicals and the reaction rate of the main reaction. The 

maximum mole fraction of NO gradually increases with the rise of the H2 

content for different equivalence ratios. The increase in H2 content 

strengthens the contribution of thermal mechanism reactions in NO formation. 

Key words: H2/landfill gas premixed flame; Laminar burning velocity; Flame 

instability; NO emission 

1. Introduction 

Nowadays, the consumption of fossil fuels and impact of air pollution on the human living 

environment have become increasingly severe. Therefore, finding a clean energy alternative to fossil 

fuels is of critical importance for China's energy transition and ecological environmental protection [1, 

2]. Landfill gas consists of a mixture of gases with combustible components produced by the 

decomposition of solid waste in landfills by microorganisms. Its primary components are CH4 and CO2, 

with small amounts of air and other impurities [3, 4]. Studies have shown that CO2 can effectively radiate 

and absorb heat generated during combustion, significantly reducing the burning velocity [5-7]. This 

reduction, in turn, lowers flame temperature, combustion rate, and flame stability. As a result, the 

industrial application of landfill gas is significantly limited [8-10]. To improve the combustion 
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performance of landfill gas, it is commonly mixed with high-calorific-value fuels. H2, due to its high 

calorific value and environmentally friendly combustion products, is the preferred choice for blending 

[11-14]. Therefore, studying the influence of adding H2 on burning properties of landfill gas holds 

significant theoretical and practical value for its real-world applications. 

The laminar burning velocity (SL) is an important parameter in characterizing combustion 

properties. It's crucial for validating the reliability of chemical reaction mechanisms and for developing 

accurate premixed flame combustion models [15, 16]. The source and production process of biogas are 

slightly different from landfill gas, but their compositions are similar, with CH4 and CO2 being the main 

component. Zhen et al. [17] used the Bunsen burner method to study stability and heat release properties 

of premixed biogas-H2-air flames. Their research found that as H2 content increased, the SL of the biogas-

air mixture increased monotonically. Wei et al. [18] conducted numerical studies on H2-rich biogas-air 

one-dimensional laminar premixed flames with the simplified reaction kinetic mechanism GRI 3.0. 

They found that because of joint impact of thermal, dilution, and chemical effects, CO2 reduced heat 

release rate of the biogas-air mixture, while adding H2 significantly increased the heat release rate. 

Benaissa et al. [19] investigated how adding H2 influences the burning behavior of biogas-H2-air 

premixed mixtures. This finding indicated H2 addition to biogas enhanced the flame's SL, cut down the 

combustion duration, and reduced the ignition delay time. Kahangamage et al. [20] carried out numerical 

analyses of the laminar combustion properties of H2-rich, low heat value landfill gas. Their results 

showed that when equivalence ratio (Φ) falls between 0.7 and 1.4, SL grew with higher H2 contents and 

initial temperatures but decreased significantly with increased initial pressure. At high initial pressures, 

SL was less sensitive to changes in the H2 contents. Boussetla et al. [21] studied deeply NO emission 

from MILD combustion of the mixture biogas-syngas, five NO routes are considered, specifically: 

thermal, prompt, NNH, N2O and reburning, they found that temperature grows up rapidly and the MILD 

regime disappears when O2 increases in oxidizer, in addition, O2 increasing in the oxidizer improves 

thermal mechanism which surpasses prompt one at 17% of O2 volume and governs NO production. 

Existing research indicates that studies on the combustion characteristics of H2/landfill gas 

premixed flame are limited, particularly regarding its flame instability and NO emission characteristics. 

Therefore, this study, building on previous research, focuses on exploring the effects of variations in H2 

content and Φ on the flame instability. Additionally, the mechanism of SL variation is revealed by 

sensitivity analysis and changes in chemical reaction rates, and the NO emission is deeply investigated 

through the mole fraction and rate of production, aiming to provide a theoretical basis for improving the 

combustion performance of landfill gas and for its future use as an energy resource. 

2. Experimental methods and numerical simulation 

2.1. Experimental methods 

In this study, the experimental setup primarily consists of several key components, including a 

Schlieren system, ignition system, constant-volume combustion chamber, data acquisition system, and 

high-speed camera system [22, 23]. A Schematic diagram of the experimental system is shown in Fig. 

1. The combustion chamber has internal dimensions measuring 200 mm by 200 mm, resulting in a total 

volume of 6.3 L. Transparent glass windows, the diameter measures 170 mm, are installed on 

combustion chamber for observation of flame propagation process. The ignition system uses a high-

energy pulse igniter to ignite two 0.45 mm tungsten wires symmetrically positioned at the center of the 
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combustion chamber. A pressure sensor is used to monitor pressure changes inside combustion chamber 

in real-time, with a sampling frequency of 200 kHz and an accuracy of 0.25% FS. To ensure the 

reproducibility of the experimental results, each experiment was repeated at least three times under the 

same initial conditions. The uncertainty analysis of the SL measurement is presented at the end of Section 

2.2. 

 

Fig. 1. Schematic diagram of experimental system 

Table 1. Comprehensive fuel mixture chart 

Number 
Fuel components (%) 

𝑋𝐻2(%) Density(kg/m3) 

CH4 CO2 H2 

F1 

55 

27 18 18 1.125 

F2 22.5 22.5 22.5 1.114 

F3 18 27 27 1.104 

F4 13.5 31.5 31.5 1.094 

F5 9 36 36 1.084 

The specific composition of the mixed fuels which is used in the experimental study is provided 

in Tab. 1. The purity of the gas used in the experiment reached more than 99.99 %. The mixed fuels 

consist of 55% CH4 by volume and a total of 45% by volume of H2 and CO2. According to the varying 

H2 content, the mixtures are denoted as F1, F2, F3, F4, and F5, respectively. 

The definition of the hydrogen content XH2 is 

 𝑋𝐻2 =
𝑉𝐻2

𝑉𝐶𝐻4+𝑉𝐶𝑂2+𝑉𝐻2
 (1) 

Where, VCH4, VCO2, and VH2 respectively represent the volume fractions of CH4, CO2 and H2 in the 

mixed fuel. 

 Φ =
(𝐴 𝐹⁄ )stoic

𝐴 𝐹⁄
 (2) 

Where A/F is the actual air-to-fuel mass ratio in the gas mixture, and (A/F)stoic is the theoretical 

air-to-fuel mass ratio for complete combustion of the fuel under chemical equivalent conditions (Ф = 1). 
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The initial temperature of the experiment is T0 = 300 K and initial pressure is P0 = 1 atm. The Φ is set 

between 0.8 and 1.2, with the initial mixture composed of CH4, CO2, and H2 at a volume fraction ratio 

of 55:27:18. The H2 volume fraction in the total fuel ranged from 18% to 36%. 

2.2. Data processing 

Figure 2 indicates the flame propagation images at different H2 contents. The spherical flame in 

the combustion chamber is affected by the ignition energy during the initial propagation process. 

Therefore, the ignition energy is controlled below the maximum ignition limit of 6 J and the minimum 

effective flame radius is set to 10 mm to reduce the influence of the initial ignition energy on the 

experimental results [24]. Additionally, to reduce measurement uncertainty, the effective flame radius 

is kept under 0.3 times radius of the burning vessel [25]. Therefore, the range of effective flame radius 

is set between 10 mm and 30 mm. For the spherically propagating flame, Image-Pro Plus image analysis 

software is used in this study to process flame images to extract real-time flame radius rf. The momentary 

variation in flame radius is subsequently employed to determine the stretched flame speed (Sb) and flame 

stretch rate (K). The expression for Sb is given by [26]: 

 𝑆b =
𝑑rf

𝑑𝑡
 (3) 

 
Fig. 2. Flame development images of F1, F3, and F5 captured by Schlieren (Φ = 1.0, P0 = 1 atm, 

T0 = 300 K) 

In the equation, rf is the instantaneous radius of spherically expanding flame, and t represents time. 

The stretch rate K during spherical flame propagation process can be calculated by following equation 

[27]: 

 𝐾 =
𝑑(𝑙𝑛𝐴)

𝑑𝑡
=

1

𝐴

𝑑𝐴

𝑑𝑡
=

2

rf

𝑑rf

𝑑𝑡
=

2

rf
𝑆b (4) 

In the equation, A represents the area of the flame front. In the early phase of spherical flame 

propagation, when flame surface does not exhibit a significant cellular structure, an approximately linear 

relationship exists between stretched flame speed Sb and flame stretch rate K: 

 𝑆b = 𝑆b
0 − 𝐿b𝐾 (5) 

In the equation, 𝑆b
0 represents the unstretched flame speed, and Lb represents Markstein length. 

Finally, determination of SL is based on the principle of mass conservation in the reaction zone near 

flame front. 
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 𝑆𝐿 =
1

𝜎
𝑆b
0 =

𝜌b

𝜌u
𝑆b
0 (6) 

In the equation, 𝜎  represents the expansion coefficient, where 𝜌b  and 𝜌u  represents the 

densities of the burned and unburned gas mixtures, individually. 

Flame stability is an important indicator for evaluating the combustion properties of premixed 

laminar flames. It primarily includes thermal-diffusive instability, hydrodynamic instability, and 

buoyancy instability [28]. Buoyancy instability typically only has a profound effect on flame 

propagation when the laminar burning velocity is below 15 cm/s. Since the SL under different conditions 

in this study all exceed this value, the effect of buoyancy instability is disregarded [29]. The impact of 

thermal-diffusive and hydrodynamic instabilities is examined through the calculation of the Lewis 

number (Le), thickness (δ) of laminar flame and thermal expansion ratio (σ). 

The equation used to compute δ is presented below: 

 𝛿 =
𝑇ad−𝑇0

(𝑑𝑇 𝑑𝑥⁄ )max
 (7) 

In the equation, Tad is the adiabatic flame temperature of the gas mixture, T0 represents initial 

temperature, while (dT/dx)max represents the maximum value of temperature gradient. 

Le serves as a crucial parameter that reflects the unequal rates of thermal and mass diffusion, and 

it's commonly used to analyze the extent of thermal-diffusive instability. Its calculation formula is as 

follows: 

 𝐿𝑒 =
𝛼

𝐷𝑖𝑗
=

𝜆

𝜌u𝑐P𝐷𝑖𝑗
 (8) 

In the equation, λ denotes thermal conductivity, cP represents specific heat capacity at constant 

pressure, and α represents thermal diffusivity. Dij refers to mass diffusion coefficient of deficient reactant 

with respect to N2. Equation (8) computes Le corresponding to a single-component fuel combustible 

mixture. However, for mixed reactant fuels with at least two combustible substances, the effective Lewis 

number Leeff can assess the thermal-diffusive instability. In this study, volume-weighted method is used 

to calculate Leeff as outlined below: 

 𝐿𝑒eff = ∑ 𝑥𝑖𝐿𝑒𝑖
𝑛
𝑖=1  (9) 

xi represents volume fraction of each component in the combustible mixture, and Lei represents 

Lewis number of component i in the combustible mixture. 

In this experiment, the measurement error of SL primarily comes from computational errors and 

measurement inaccuracies. (1) The computational error primarily stems from inaccuracies in extracting 

the flame radius. Due to the use of a high-speed camera and a Schlieren system, the error in extracting 

the flame radius is deemed negligible. (2) Measurement errors primarily originate from the precision of 

the digital manometer and initial temperature and pressure conditions. The digital manometer error is 

maintained between 1% and 3%, while initial temperature and pressure deviations are confined to ±3 K 

and ±3 kPa, respectively. The error of the initial temperature is below 1%, and the error of the initial 

pressure is below 3%. The total experimental error is less than 5%. 

2.3. Numerical simulation 

In the study, the laminar combustion characteristics of premixed flame are numerically simulated 

with the PREMIX module in CHEMKIN-Pro. The PREMIX is a FORTRAN program for modeling 

steady laminar one-dimensional premixed flames. Computational domain ranged from -2 cm to 10 cm, 
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GRAD and CURV are both assigned values of 0.02 to satisfy boundary conditions for free flame 

propagation and no thermal diffusion. A grid size of 900 is used to guarantee complete convergence of 

the flame speed and meet the required computational accuracy. Tad is determined by chemical and phase 

equilibrium modules. 

3. Results and analysis 

3.1. Mechanism validation 

To verify the reliability of the mechanisms, Fig 3 shows the SL of CH4/CO2/H2 mixtures with five 

different H2 contents in the Φ range of 0.8 to 1.2, and the experimental data are compared with the 

predicted results from five commonly used mechanisms. Comprehensive details regarding these 

mechanisms are provided in Tab. 2. As shown in the figures, under lean combustion conditions, the 

prediction results for the mixture's SL based on the USC-II and GRI 3.0 mechanisms fit well with 

experimental results for F1, F2, and F3 conditions. However, at Φ = 0.9 under F4 and F5 conditions, the 

USC-II mechanism underpredicts, while the predictions of the GRI 3.0 and San-Diego mechanisms are 

more accurate. At Φ = 1.0, under F1 and F2 conditions, the predictions from the GRI 3.0 and San-Diego 

mechanisms are more accurate. As the H2 content increases further, the San-Diego mechanism 

underpredicts, while the GRI 3.0 mechanism still provides better predictions. Under rich combustion 

conditions, only the predictions from the GRI 3.0 mechanism fit well, while the predictions from the 

other four mechanisms are all lower than the experimental data. Overall, the GRI 3.0 mechanism 

provides the best prediction results. Therefore, GRI 3.0 mechanism is selected for subsequent simulation 

calculations. 
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Fig. 3. Comparison of experimental and predicted Laminar burning velocity (SL) 

Table 2. Detailed information of the mechanisms 

mechanism species number reaction number reference 

FFCM-1 38 291 [30] 

San-Diego 57 268 [31] 

USC-II 111 784 [32] 

GRI 3.0 53 325 [33] 

Li 21 102 [34] 

3.2. Laminar burning velocity 

Figure 4(a) illustrates the changes in SL with Φ at different H2 contents. The figure clearly 

demonstrates that as Φ increases, SL grows at first and then diminishes, reaching its maximum value 

near Φ = 1.05. Figure 4(b) depicts the relationship between SL and the H2 contents. As H2 content 

increases, SL increases approximately linearly, and the rate of increase rises as the Φ increases. From F1 

to F5 and Φ rises from 0.8 to 1.2, the SL of the mixture increased by 9.5 cm/s, 12.3 cm/s, 14.5 cm/s, 16.1 

cm/s, and 16.5 cm/s, individually, with corresponding growth rates of 27.6%, 28.8%, 30.4%, 32.6%, 

and 36.2%. This phenomenon may be due to different factors influencing the change in SL. Under lean 

combustion conditions, the excess oxidizer is inert in the combustion process and serves as a diluent, at 

this point, thermal effect plays a crucial role in influencing SL, so addition of H2 has minimal impact on 

improving SL. However, under rich combustion conditions, the combustion reaction of the mixture is 

more complete, and the enhancement of chemical effects caused by H2 addition increased SL. 

 

Fig. 4. The Laminar burning velocity (SL) at different Φ and H2 contents 
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3.3. Adiabatic flame temperature and thermal diffusivity 

SL is generally positively correlated with adiabatic flame temperature (Tad) and thermal 

diffusivity (α) of the mixture. A higher Tad increases the reaction rate constant, making the combustion 

reaction more intense and accelerating the combustion process. A higher thermal diffusivity allows heat 

released by the combustion reaction to be transferred more quickly to the unburned zone, promoting the 

occurrence of chemical reactions [35, 36]. Figure 5 illustrates the changes in Tad and α with Φ at different 

H2 contents. As depicted in Fig. 5(a), as Φ grows, Tad of the mixture first increases and then decreases, 

attaining its highest value at Φ = 1.0. Furthermore, as the H2 content increases, the Tad has increased for 

different Φ. As illustrated in Fig. 5(b), α rises as Φ increases, moreover, its rate of increase slightly rises 

as H2 content increases. α significantly increases with the increase of H2 content. However, the trend of 

Tad 's variation with Φ is consistent with that of SL, which indicates that compared with α, Tad has a 

greater impact on SL. Furthermore, from previous analysis for Fig. 4, it is evident that the SL of the 

mixture attains its highest value near Φ = 1.05, while the peak value of Tad occurs at Φ = 1.0. This 

indicates a slight shift in the Φ corresponding to the peak SL relative to Tad, this can be attributed to the 

combined influence of Tad and α. 

 

Fig. 5. Adiabatic flame temperature and thermal diffusivity at different Φ and H2 contents 

3.4. Analysis of laminar premixed flame instability 

During combustion, the gas mixture undergoes thermal diffusion and mass diffusion. Thermal-

diffusive instability mainly arises from unequal rates of thermal and mass diffusion at the flame front, 

causing irregular wrinkles and cellular structures on the flame surface. Typically, thermal-diffusive 

instability can be characterized by the effective Lewis number. The heat generated during the 

combustion of the mixture causes temperature changes in the unburned and burned gases around the 

flame. Due to the thermal expansion and contraction properties of gases, density differences arise, 

leading to flame instability, a phenomenon known as hydrodynamic instability. Thermal expansion ratio 

(σ) and flame thickness (δ) are key indicators that define hydrodynamic instability. Figure 6 illustrates 

the changes in Leeff, σ and δ with Φ at different H2 contents. Figure 6(a) shows that as Φ increases, the 

Leeff of the mixtures at different H2 contents gradually increase, indicating that the thermal diffusion 

instability of the flame gradually weakens. When Φ > 1, the Leeff of the mixtures is more than 1, 

indicating that thermal diffusion and mass diffusion of the flame tend to stabilize under rich combustion 

conditions. Furthermore, under lean combustion conditions, Leeff decreases with the increase of H2 

content, while under rich combustion conditions, it increases with the increase of H2 content. This 
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indicates that the thermal diffusion instability of the flame gradually increases with the increase of H2 

content under lean combustion, but the opposite is true under rich combustion. 

From Fig. 6(b), it can be seen that as Φ rises, σ of mixture grows at first and then diminishes. The 

larger the σ, the greater the density ratio across the flame front, leading to more significant thermal 

expansion and more intense hydrodynamic instability. Therefore, as the Φ increases, hydrodynamic 

instability caused by σ first strengthens and then weakens. It is evident from Fig. 6(c) that as Φ increases, 

δ first decreases and then increases, attaining its highest value at Φ = 1.1. Generally, the smaller the δ, 

the weaker tensile resistance of the flame, and the more intense hydrodynamic instability. Therefore, as 

Φ increases, hydrodynamic instability caused by δ first strengthens and then weakens. Furthermore, as 

can be seen from Fig. 6(b) and Fig. 6(c), under different Φ, with the increase of H2 content, σ gradually 

increases and δ gradually decreases. This indicates that the hydrodynamic instability of the flame 

gradually intensifies with the increase of H2 content. 

 

 

Fig. 6. The variations in effective Lewis number (Leeff), thermal expansion ratio (σ) and flame 

thickness (δ) 

3.5. Chemical kinetic analysis 

To further investigate the influence of H2 content on SL, this study analyzed the key reactions 

during the combustion process of the mixture. Figure 7 shows the sensitivity coefficients of key reactions, 

mole fractions of important species and changes in net reaction rates at different H2 contents when Φ = 

1.0. The magnitude of sensitivity coefficient indicates the impact of the reaction on SL, with positive 

values indicating a promoting effect on SL and negative values indicating an inhibiting effect. 

As shown in Fig. 7(a), sensitivity coefficients of reactions R38, R119, R97, R284, R99, and R166 

are positive, indicating that they generate O and OH radicals during combustion, promoting SL. Among 

them, R38 exhibits the greatest positive sensitivity value, making it the dominant reaction during 



P

A

G

E

 

 

 

combustion, producing a significant amount of O and OH radicals. R97, R119, and R284 are the main 

reactions that consume CH3 radicals, with R119 and R284 being significant sources of OH and H 

radicals, respectively. R99 is the oxidation reaction of CO, which consumes OH radicals and produces 

H radicals. R166 is the reaction that consumes CO and H radicals. R52 and R35 have large negative 

sensitivity coefficients, they consume large amounts of H radicals and generate stable intermediates, 

which suppresses SL. As depicted in Fig. 7(b), as the H2 content grows, the competing effects of these 

main reactions mentioned above dramatically escalates the mole fraction of radical species, including 

H, O, and OH [37], thereby promoting the combustion reactions and leading to an increase in SL. 

Figure 7(c) and Fig. 7(d) illustrates changes in net reaction rates of relevant reaction at F1 and F5. 

It is observed that the net reaction rates of main promote reactions R38 and R99 increase significantly 

from F1 to F5. the maximum net reaction rates of these two reactions individually increase by 68% and 

47%. The net reaction rates of other promoting reactions, R97, R166, and R284, show slight increases, 

while reaction R119 shows no significant change. Meanwhile, the net reaction rates of main inhibitory 

reactions R52 and R53 also increase, while other inhibitory reactions, R35 and R45, show no significant 

change. 

 

 

Fig. 7. Sensitivity analysis of key reactions, mole fractions of important species and changes in 

net reaction rates 

3.6. Analysis of NO generation 

During combustion, a large amount of NO is produced as heat release increases and flame 

temperature rises. This study conducts an in-depth analysis of the formation of NO under different H2 

content conditions by examining the mole fraction and rate of production. Figure 8(a) shows the 

variation of the maximum mole fraction of NO with the content of H2 under different Φ. It is observed 

that the maximum mole fraction of NO gradually increases with the rise of the H2 content for different 
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Φ. Furthermore, for the same H2 content, as Φ increases, the maximum mole fraction of NO first 

increases and then decreases, and the peak of the maximum NO mole fraction occurs at Φ = 1.0. 

Figure 8(b) shows the variation of NO production rate with H2 content under different Φ. It is 

observed that when the H2 content is 0 and Φ is less than 1.1, the production rate of thermal NO increases 

with increasing Φ, but decreases when Φ exceeds 1.1. After adding H2, the thermal NO production rate 

continues to increase with increasing Φ for F3 and F5. However, the production rate of thermal NO for 

F1, as well as non-thermal NO for all H2 contents, first increases with increasing Φ and then remains 

relatively unchanged. In addition, as H2 content grows, the production rates of both thermal NO and 

non-thermal NO increase to varying degrees at different Φ. As the H2 content increases from 0 to F5, 

the production rates of thermal NO and non-thermal NO increase by 204% and 170% at Φ = 0.9, by 

201% and 148% at Φ = 1.0, and by 227% and 139% at Φ = 1.1, respectively. This indicates that H2 

addition contributes more to the production of thermal NO. According to the previous analysis, adding 

H2 increases the Tad of the mixture, which could be the reason for the increased production of thermal 

NO. 

 

  

Fig. 8. Maximum mole fraction and production rate of NO 

Figure 8(c) shows the variation of the rate of production (ROP) of the reaction related to NO with 

the content of H2 when Φ = 1.0. It is observed that the main reactions contributing to NO formation are 

R178, R179, R180, R189, R190, R208, and R214. As H2 content grows, the ROP of these reactions 

increases to varying degrees. Compared to ROP of NNH mechanism NO reactions R208, R214, and 

R190, ROP of thermal mechanism NO reactions R179 and R180 increases more significantly with 

increasing H2 contents. Thus, adding H2 strengthens the contribution of thermal mechanism reaction to 

NO formation. Compared to NO formation reactions, the reaction rates of NO consumption reactions 

change less significantly. Therefore, the overall NO mole fraction grows as the H2 content increases. 
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4. Conclusions 

This paper mainly conducts experimental and numerical simulation studies on the combustion 

characteristics of H2/landfill gas laminar premixed flames. It focuses on exploring the effects of 

variations in H2 content and equivalence ratio (Φ) on the flame instability. Additionally, the mechanism 

of SL variation is revealed by sensitivity analysis and changes in chemical reaction rates, and the NO 

emission is deeply investigated through the mole fraction and rate of production. The key conclusions 

of this research are as follows: 

1. At different H2 contents, the mixture’s SL grows at first and then diminishes as the Φ increases, 

reaching a peak near Φ = 1.05. At the same Φ, SL grows in an almost linear fashion with the growth of 

the H2 content, and the rate of growth in SL is greater at higher Φ. 

2. The increase in H2 content enhances Tad and α, thereby promoting the improvement of SL of the 

mixture. The peak equivalent ratios of Tad and SL are different, which can be attributed to the combined 

influence of Tad and α. Moreover, the variation trend of Tad with Φ is consistent with that of SL, indicating 

that Tad has a greater impact on SL compared to α. 

3. Under lean combustion conditions, as the H2 content increases, the thermal diffusion instability 

gradually intensifies, while it is the opposite under rich combustion conditions. The hydrodynamic 

instability gradually intensifies with the increase of H2 content, while first intensifies and then weakens 

with the increase of Φ. 

4. With the rise of the H2 content, the mole fractions of species including H, O, and OH increase 

significantly, and net reaction rates of main promote reactions R38 and R99 also increase substantially. 

The increase in SL is the result of the competition of main reactions R38, R99, R52 and R35. 

5. The maximum mole fraction of NO gradually increases with the rise of the H2 content for 

different Φ. As the H2 content increases, the ROP of main NO formation reactions increases. Compared 

to NNH mechanism NO reactions, the ROP of thermal mechanism NO reactions increase more 

significantly. The increase in H2 content strengthens the contribution of thermal mechanism reactions in 

NO formation. 
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