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ABSTRACT 

The present study focuses on modeling a CH4/H2 diffusion flame using the laminar flamelet model. 

The investigation aims to explore the effect of hydrogen enrichment on temperature evolution, as well 

as on the emissions of CO, NO, OH. The results indicate an increase in the flame temperature due to 

hydrogen enrichment. Furthermore, nitric oxide (NO) exhibits a similar trend to temperature evolution, 

with NO emissions primarily arising thermally during combustion. Ultimately, this study underscores 

the significant role of hydrogen enrichment in stabilizing non-premixed flames. 
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1. Introduction 

Nowadays, the primary focus of research and development in the automotive industry revolves around 

minimizing fuel consumption and reducing pollutants emissions from vehicles. Methane and hydrogen 

emerge as the predominant alternative gaseous fuels under consideration for engine applications. Notably, 

hydrogen-enriched natural gas has garnered significant attention in the past decade, leading to extensive 

research in this domain. The NG-H2 hybrid fuel, presents numerous advantages in terms of combustion 

performance and pollutant emissions when utilized in internal combustion engines [1-3]. Various 

experimental and numerical studies have been conducted to enhance the understanding of its combustion 

characteristics [4,5]. In pursuit of this objective, the concept of laminar flames had been embraced, which 

can reliably predict the characteristics of a diffusion flame for a methane-hydrogen mixture [6-9]. The 

structure of diffusion flames is significantly influenced by the mixing fraction and scalar dissipation, crucial 

parameters that describe the mixture's quality. 

2. Experimental 

The present analysis adopts a physical model involving a laminar diffusion flame configured in an opposed 

jet arrangement. This specific geometry holds significance, enabling an in-depth exploration of the laminar 

flame's structure while simplifying the flow equations.  

3. Results and Discussion 

Figures 1 to 4 depict the temperature distribution of the methane-hydrogen mixture and the mass fractions 

relative to the mixing fraction, z. Throughout this investigation, a constant pressure of 1 atm and a scalar 

dissipation rate of 27 s-1 are assumed, maintaining consistency across varying proportions of hydrogen. 
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Figure 1: Temperature flamelet profiles as a function of Z.  Figure 2: Flamelet profiles for mass fraction of OH  

 
Figure 3: Flamelet profiles for mass fraction of NO        Figure 4: Flamelet profiles for mass fraction of CO 

4. Conclusions 

The acquired results yield the following insights: 

• The introduction of hydrogen leads to an elevation in flame temperature surpassing 1750 K, resulting 

in the generation of thermal NO. 

• The impact of hydrogen doping on carbon monoxide (CO) is minimal, as CO primarily arises from 

the incomplete combustion of carbon compounds. 

• Ultimately, we have demonstrated that employing the flammelet concept proves effective in 

comprehending the CH4/H2 flame's structure. Furthermore, the mixing fraction Z emerges as a 

suitable descriptor for characterizing the mixture's quality. 

References 

[1] Baratta, M., Chiriches, S., Goel, P., & Misul, D. (2020). CFD modelling of natural gas combustion in IC engines under different EGR 

dilution and H2-doping conditions. Transportation Engineering, 2, 100018. 

[2] Ma, F., Liu, H., Wang, Y., Li, Y., Wang, J., & Zhao, S. (2008). Combustion and emission characteristics of a port-injection HCNG engine 

under various ignition timings. International Journal of Hydrogen Energy, 33(2), 816-822. 

[3] Kavathekar, K. P., Rairikar, S. D., & Thipse, S. S. (2007). Development of a CNG injection engine compliant to Euro-IV norms and 

development strategy for HCNG operation (No. 2007-26-029). SAE Technical Paper.  

[4] Lafay, Y., Renou, B., Cabot, G., & Boukhalfa, M. (2008). Experimental and numerical investigation of the effect of H2 enrichment on 

laminar methane–air flame thickness. Combustion and Flame, 153(4), 540-561. 

[5] Safta, C., & Madnia, C. K. (2006). Autoignition and structure of nonpremixed CH4/H2 flames: detailed and reduced kinetic models. 

Combustion and flame, 144(1-2), 64-73. 

[6] Pope, S. B. (2004). Advances in PDF methods for turbulent reactive flows. Advances in Turbulence X, CIMNE, 529-536. 

[7] F. Tabet, B.Sarh, I.Gökalp, «Turbulent non-premixed hydrogen-air flame structure in the pressure range of 1–10 atm», International Journal 

of Hydrogen Energy, vol.36, pp.15838–15850, (2011). 

[8] Heyl, A., & Bockhorn, H. (2001). Flamelet modeling of NO formation in laminar and turbulent diffusion flames. Chemosphere, 42(5-7), 

449-462.  

[9] Driscoll, J. F. (2008). Turbulent premixed combustion: Flamelet structure and its effect on turbulent burning velocities. Progress in Energy 

and Combustion Science, 34(1), 91-134. 

0,0 0,2 0,4 0,6 0,8 1,0
0

200

400

600

800

1000

1200

1400

1600

1800

2000

0,0 0,2

1600

1800

2000

 

 

 

 

Z 

Te
m

pe
ra

tu
re

 (K
)

 

 

 

 

Z 

Te
m

pe
ra

tu
re

 (K
)

 100 % CH
4

 90 % CH
4
 - 10 % H

2

 80 % CH
4
 - 20 % H

2

0,0 0,2 0,4 0,6 0,8 1,0
0,0000

0,0005

0,0010

0,0015

0,0020

0,0025

0,0030

0,0035

0,0040

 100 % CH
4

 90 % CH
4
 - 10 % H

2

 80 % CH
4
 - 20 % H

2

 

 

fra
ct

io
n 

m
as

si
qu

e 
de

 O
H

Z

0,0 0,2 0,4 0,6 0,8 1,0
0,000000

0,000005

0,000010

0,000015

0,000020

0,000025

0,000030

0,000035

0,000040

0,000045

0,000050

0,000055

 

 

 100 % CH
4

 90 % CH
4
 - 10 % H

2

 80 % CH
4
 - 20 % H

2

fr
ac

tio
n 

m
as

si
qu

e 
de

 N
O

Z
0,0 0,2 0,4 0,6 0,8 1,0

0,00

0,01

0,02

0,03

0,04

0,05

0,06

0,0 0,2

0,05

 

 

Z 

 100 % CH
4

 90 % CH
4
 - 10 % H

2

 80 % CH
4
 - 20 % H

2

 

 

fr
ac

tio
n 

m
as

si
qu

e 
de

 C
O

 

https://doi.org/10.21467/abstracts.169

