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Abstract: The article presents the results of numerical simulation of the Meares and Masri (2014) and Barlow
et al. (2015) experiment with methane mixing and combustion in a subsonic jet stabilized by a pilot flame. The
interesting feature of the problem is the large spread of the mixture equivalence ratio: the mixture is fuel-rich at the
beginning of the jet and gradually approaches the stoichiometric composition further downstream. The calculations
were performed using the EPaSR (Extended Partially Stirred Reactor) model to account for the effect of turbulence
on the mean reaction rates. The possibility of simulating a pilot flame with a perforated wall in an axisymmetric
formulation with holes replaced by annular slots while maintaining the area ratio is investigated. The problem of
determining the characteristic chemical time scale in the case of large gradients of mixture equivalence ratio is
revealed. The mean temperature and velocity profiles obtained in the RANS (Reynolds-Averaged Navier–Stokes)
formulation are compared not only with the experiment but also with the DNS (Direct Numerical Simulation)
calculation by Zirwes et al. (2020).
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Figure Captions
Figure 1 Burner schematic from [2]

Figure 2 Computational domain (a) and grid (b)

Figure 3 Temperature field in the pilot flame

Figure 4 Temperature field near the burner obtained in the axisymmetric RANS calculation

Figure 5 Temperature profiles: 1 — experimental data [1]; 2 — DNS simulation [3]; 3 — RANS calculation with EPaSR model;
(a) x/D = 1; (b) 5; (c) 10; and (d) x/D = 15

Figure 6 Longitudinal velocity profiles: 1 — experimental data [1]; 2 — DNS simulation [3]; 3 — RANS calculation with
EPaSR model; (a) x/D = 1; (b) 5; and (c) x/D = 10

Figure 7 The fields of thin-structures volume fraction (a) and mixture equivalence ratio (b) obtained in RANS calculations with
EPaSR model

Acknowledgments
The research described in sections 3 and 4 was funded by the Ministry of Science and Higher Education of the
Russian Federation (Contract No. 14.G39.31.0001 dated February 13, 2017).

References

1. Meares, S., and A. R. Masri. 2014. A modified pilot-
ed burner for stabilizing turbulent flames of inhomo-
geneous mixtures. Combust. Flame 161(2):484–495. doi:
10.1016/j.combustflame.2013.09.016.

2. Barlow, R. S., S. Meares, G. Magnotti, H. Cutcher, and
A. R. Masri. 2015. Local extinction and near-field struc-
ture in piloted turbulent CH4/air jet flames with inhomo-
geneous inlets. Combust. Flame 162(10):3516–3540. doi:
10.1016/j.combustflame.2015.06.009.

3. Zirwes, T., F. Zhang, P. Habisreuther, M. Hansinger,
H. Bockhorn, M. Pfitzner, and D. Trimis. 2020. Quasi-
DNS dataset of a piloted flame with inhomogeneous inlet

conditions. Flow Turbul. Combust. 104:997–1027. doi:
10.1007/s10494-019-00081-5.

4. Mansour, M. S. 2003 Stability characteristics of lifted
turbulent partially premixed jet flames. Combust. Flame

133(3):263–274. doi: 10.1016/S0010-2180(02)00566-7.

5. Guiberti, T. F. , H. Cutcher, W. L. Roberts, and A. R. Mas-
ri. 2017. Influence of pilot flame parameters on the stability
of turbulent jet flames. Energ. Fuel. 31(3):2128–2137. doi:
10.1021/acs.energyfuels.6b02052.

6. Masri, A. R. 2015. Partial premixing and stratification in
turbulent flames. P. Combust. Inst. 35(2):1115–1136. doi:
10.1016/j.proci.2014.08.032.

7. Zhou, B., C. Brackmann, Q. Li, Z. Wang, P. Peters-
son, Z. Li, M. Ald‚en, and X. Bai. 2015. Distribut-

GORENIE I VZRYV (MOSKVA) — COMBUSTION AND EXPLOSION 2025 volume 18 number 3



Preliminary results of calculations of premixed methane combustion in a burner with pilot flame stabilization

ed reactions in highly turbulent premixed methane/air
flames: Part I. Flame structure characterization. Combust.

Flame 162(7):2937–2953. doi: 10.1016/j.combustflame.
2014.12.021.

8. Yu, S., X. S. Bai, B. Zhou, Z. Wang, Z. S. Li, and M. Ald‚en.
2022. Numerical studies of the pilot flame effect on a pi-
loted jet flame. Combust. Sci. Technol. 194(2):351–364.
doi: 10.1080/00102202.2019.1679550.

9. Sabelnikov, V., and C. Fureby. 2013. LES combus-
tion modeling for high Re flames using a multi-phase
analogy. Combust. Flame 160(1):83–96. doi: 10.1016/
j.combustflame.2012.09.008.

10. Chomiak, J., and A. Karlsson. 1996. Flame liftoff in
diesel sprays. 26th Symposium (International) on Com-

bustion. Elsevier. 26(2):2557–2564. doi: 10.1016/S0082-
0784(96)80088-9.

11. Tanahashi, M., Y. Nada, Y. Ito, and T. Miauchi. 2002.
Local flame structure in the well-stirred reactor regime.
P. Combust. Inst. 29(2):2041–2049. doi: 10.1016/S1540-
7489(02)80249-8.

12. Menter, F. R. 1994. Two-equation eddy-viscosity tur-
bulence models for engineering applications. AIAA J.

32(8):1598–1605. doi: 10.2514/3.12149.

13. Franzelli, B., E. Riber, L. Y. Gicquel, and T. Poinsot.
2012. Large eddy simulation of combustion instabili-
ties in a lean partially premixed swirled flame. Combust.

Flame 159(2):621–637. doi: 10.1016/j.combustflame.
2011.08.004.

14. Liu, Wenchao. 2023. Opyt chislennogo modelirovaniya
turbulentnogo goreniya metanovozdushnoy smesi v kanale

s ustupom s ispol’zovaniem paketa vichislitel’noy aerodi-
namiki ANSYS FLUENT na baze razlichnykh modeley
khimicheskoy kinetiki [Experience in numerical simula-
tion of a methane–air mixture turbulent combustion in
a duct with a step using the computational fluid dynamics
package ANSYS FLUENT on the basis of various chem-
ical kinetics models]. Goren. Vzryv (Mosk.) — Combustion

and Explosion 16(2):24–41. doi: 10.30826/CE23160203.

15. Petrova, N., V. Sabelnikov, and N. Bertier. 2018. Nu-
merical simulation of a backward-facing step combustor
using Reynolds-Averaged Navier–Stokes / Extended Par-
tially Stirred Reactor model. Progress in propulsion physics.
Eds. C. Bonnal, M. Colabro, S. M. Frolov, L. Galfetti,
and F. Maggi. EUCASS advances in aerospace sciences
book ser. Moscow: TORUS PRESS. 11:625–656.

16. Vagelopoulos, C. M., and F. N. Egolfopoulos. 1998. Direct
experimental determination of laminar flame speeds. 27th

Symposium (International) on Combustion. 27(1):513–519.
doi: 10.1016/S0082-0784(98)80441-4.

17. Abramovich, G. N. 1960. Teoriya turbulentnikh struy [The-
ory of turbulent jets]. Fizmatlit. 715 p.

18. Yamashita H., M. Shimada, and T. Takeno. 1996. A nu-
merical study on flame stability at the transition point
of jet diffusion flames. 26th Symposium (International) on

Combustion. Elsevier. 26(1):27–34.

19. Zhang, M., H. Li, S. Iavarone, A. Parente, and Z. X. Chen.
2024. Evaluation of chemistry and mixing time scales
on the prediction of partially stirred reactor closures:
Application to a Cabra jet flame. SSRN. doi: 10.2139/
ssrn.4811601.

Received December 26, 2024

After revision February 10, 2025

Accepted February 24, 2025

Contributors
Balabanov Roman A. (b. 1999) — engineer, Central Aerohydrodynamic Institute named after Prof. N. E. Zhukovky
(TsAGI), 1 Zhukovsky Str., Zhukovsky 140180, Moscow Region, Russian Federation; balabanov.ra@phystech.edu

Vlasenko Vladimir V. (b. 1969) — Doctor of Science in physics and mathematics, deputy head of laboratory, Central
Aerohydrodynamic Institute named after Prof. N. E. Zhukovky (TsAGI), 1 Zhukovsky Str., Zhukovsky, Moscow
Region 140180, Russian Federation; vlasenko.vv@yandex.ru

GORENIE I VZRYV (MOSKVA) — COMBUSTION AND EXPLOSION 2025 volume 18 number 3


