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ARTICLE INFO ABSTRACT
Article type Porous burners are considered efficient alternatives for domestic cooking systems. However, the
Research Article influence of equivalence-ratio variations on their performance requires further investigation. This

study presents a fully comprehensive, simultaneous evaluation of lean-to-rich combustion effects
on all functional aspects of a porous cooking burner—including flame stability, flame and
ceramic temperatures, preheat-zone temperature, thermal efficiency, heat-transfer partitioning to
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Available online 2025.09.29 were conducted at 1.83 kW (Pmin), and variations in temperature fields, flame behavior, and

Keywords pollutant formation were assessed. Results showed that at ¢ = 0.7 the bumer achieved its

Porous Burner maximum thermal efficiency of 63.2%, while CO emissions remained as low as ~3 ppm. For ¢

Equivalence Ratio < 0.7, the flame became semi-stable, whereas for ¢ > 0.7, thermal efficiency decreased and CO

g(‘)eréna,l Efficiency emissions increased. Across all tested conditions, CO remained within safe limits (3-25 ppm).
mission

Flame stability was maintained within ¢ = 0.55-1.2, and at ¢ = 0.7—where maximum efficiency
occurred—the flame was blue and attached to the ceramic surface. These findings highlight that
precise control of the equivalence ratio can significantly improve thermal performance and
reduce emissions, enabling optimized designs for domestic porous burners.

Cooking Application

Experimental Study

Porous burners have gained increasing attention as efficient alternatives to conventional free-flame
burners for domestic cooking applications owing to their enhanced thermal efficiency, improved
temperature uniformity, and reduced pollutant emissions. By stabilizing combustion within or near a
porous ceramic matrix, these burners promote internal heat recirculation and intensify heat transfer to
the cookware. Despite these advantages, their performance is highly sensitive to operating parameters,
among which the equivalence ratio plays a pivotal role. Variations in equivalence ratio can significantly
alter flame stability, combustion regime, temperature distribution, heat-transfer mechanisms, and
pollutant formation. Although previous studies have investigated the influence of equivalence ratio on
selected performance indicators, a comprehensive experimental assessment encompassing all major
thermal, combustion, and emission characteristics under identical operating conditions remains limited.
The present study addresses this gap by experimentally examining the effect of equivalence ratio on the
overall performance of a porous ceramic burner developed for domestic cooking applications.

Experiments were conducted at a constant thermal input of 1.83 kW, corresponding to the minimum
rated power for household cooking burners, over an equivalence-ratio range of 0.5 to 1.2, covering lean,
near-stoichiometric, and rich combustion regimes. All tests were performed in accordance with relevant
Iranian national standards to ensure reproducibility and practical relevance. The investigated parameters
include flame temperature, porous-ceramic surface temperature, preheating-zone temperature, thermal
efficiency, partitioning of convective and radiative heat transfer to the cooking vessel, flame stability,
combustion regime, and CO emissions.

The results indicate that the equivalence ratio exerts a dominant influence on flame location and
combustion regime, which subsequently governs the thermal and environmental performance of the
burner. As the equivalence ratio increases from lean conditions toward stoichiometry, flame temperature
rises substantially. Specifically, the flame temperature increases from approximately 1016 °C at an
equivalence ratio of @ = 0.7 to about 1080 °C near stoichiometric conditions, reaching a maximum of
around 1100 °C under rich combustion. A similar increasing trend is observed for the surface
temperature of the porous ceramic. This behavior is attributed to the progressive submergence of the
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flame within the porous structure, which enhances conductive heat transfer between the flame and the
ceramic matrix and increases radiative heat emission from the heated surface.

Beyond near-stoichiometric conditions, however, the rate of increase in flame temperature
diminishes despite further enrichment of the mixture. This trend reflects the onset of oxygen-deficient
combustion and the increasing influence of incomplete oxidation, which limits further temperature rise.
Under rich conditions, although the ceramic surface temperature remains elevated due to enhanced heat
recirculation within the porous medium, the effective combustion intensity no longer increases
proportionally.

The preheating-zone temperature exhibits a similar dependence on the equivalence ratio. Under lean
combustion conditions, the high velocity of the fuel-air mixture leads to short residence times within
the porous structure, restricting effective upstream heat transfer and preheating. As the equivalence ratio
increases, the mixture velocity decreases, allowing more intense thermal interaction between the
combustion zone and the preheating region. Consequently, the preheating-zone temperature increases
noticeably, which promotes improved flame stabilization and facilitates flame anchoring within the
porous matrix. This enhanced preheating effect plays a critical role in shaping the observed combustion
regimes.

Thermal efficiency, a key performance indicator for cooking applications, shows a non-monotonic
variation with equivalence ratio. The maximum thermal efficiency of 63.2% is achieved at an
equivalence ratio of @ = 0.7. At equivalence ratios lower than this value, thermal efficiency decreases
due to excessive mixture velocity, which induces flame instability, partial lift-off, and reduced heat-
transfer effectiveness. Under these conditions, a considerable fraction of the released thermal energy is
lost with the exhaust gases rather than being transferred to the cooking vessel.

As the equivalence ratio increases beyond ¢ = 0.7 thermal efficiency gradually declines, reaching
approximately 58% at ¢ = 1.2. This reduction occurs despite the higher ceramic surface temperatures
measured under richer conditions. These findings demonstrate that thermal efficiency is not governed
solely by ceramic temperature or radiative intensity. Instead, flame position relative to the cookware and
the velocity of combustion products play a decisive role in determining the net heat-transfer rate. When
the flame becomes fully submerged within the porous medium, convective heat transfer to the cooking
vessel is significantly weakened, resulting in lower overall efficiency.

Analysis of the heat-transfer mechanisms further elucidates this behavior. Increasing the equivalence
ratio leads to an increase in radiative heat transfer due to elevated ceramic temperatures and higher
surface emissive power. Conversely, convective heat transfer decreases as a result of reduced exhaust-
gas velocities and weaker forced convection around the cooking vessel. At an equivalence ratio of ¢ =
0.7, an optimal balance between convective and radiative heat transfer is established. In this condition,
convective heat transfer remains substantial owing to relatively high gas velocities, while radiative heat
transfer contributes effectively without becoming dominant. This balanced heat-transfer regime explains
the observed maximum in thermal efficiency.

CO emissions are found to be strongly dependent on the equivalence ratio. Under lean combustion
conditions, CO concentrations remain extremely low, typically in the range of 1-3 ppm, indicating near-
complete combustion facilitated by excess oxygen availability. As the equivalence ratio increases
toward rich conditions, CO emissions rise due to oxygen deficiency and incomplete oxidation of carbon-
containing species, reaching a maximum of approximately 25 ppm. Importantly, across the entire
equivalence-ratio range investigated, CO emissions remain below the permissible limit specified by the
BS EN 30-1-1 standard for domestic gas burners, confirming acceptable safety and environmental
performance.

Flame stability observations are consistent with the thermal and emission trends. At very lean
equivalence ratios (¢ = 0.5-0.6), the flame becomes unstable and prone to blow-off as a result of
excessive mixture velocity. In the equivalence-ratio range of ¢ = 0.7-0.8, a stable blue flame attached
to the ceramic surface is consistently observed, corresponding to optimal operating conditions. At higher
equivalence ratios, the flame progressively becomes submerged within the porous structure and exhibits
yellowish streaks characteristic of rich combustion. No flashback phenomena are observed throughout
the tested operating range, indicating a high level of operational safety.
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Overall, the results identify an equivalence ratio of approximately ¢ = 0.7 as the optimal operating
condition for the investigated porous burner, at which maximum thermal efficiency, stable flame
behavior, and minimal CO emissions are simultaneously achieved. The findings highlight the critical
importance of precise equivalence-ratio control in the design and operation of porous burners for
domestic cooking applications and provide valuable guidance for the development of high-efficiency,
low-emission cooking technologies.
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Figure 1- (a) Overall view of the experimental setup, highlighting the positioning of the burner, the cooking pot, and the fuel-flow
measurement instruments; (b) submerged combustion regime near the cooking pot at ¢ = 0.7; and (c) semi-submerged combustion
regime without the cooking pot at ¢ = 0.7
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Figure 2- Schematic of the experimental setup and piping system, showing the placement of thermocouples, the cooking pot, the gas
analyzer, the chimney, and the pot
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Table 1- Accuracy and uncertainty of measuring instruments

Instrument Accuracy Uncertainty
Natural gas meter 0.2 lit +0.1 lit
Thermocouple — S Type 0.01 °C +5°C
Thermocouple — K Type 0.01 °C +2°C

Gas analyzer 1 ppm + | ppm
Pyrometer 0.1 °C +1°C

Air rotameter 0.2 m*h +1m’h
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Figure 3- Measurement layout showing (a) flame temperature at 15 points and (b) ceramic-surface temperature in 8 zones over a 36
mm diameter
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Figure 8- Preheating-zone temperature and ceramic temperature as a function of equivalence ratio
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Figure 10- Variations of radiative and convective heat transfer over the equivalence ratio in range of 0.7-1.2
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Table 2- Different regimes of the burner at 1.83 kW and equivalence ratio range of 0.5 to 1.2.
P 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2

Regime | Blow - Off Lift - Off Submerged Submerged | Submerged Submerged

2T, ol st il 8IS b 5 g Lyl il selet 4l 3]s 5 53 o o il
S 3 o 3550 Jadio 30 ol oty (> ledily i Sz Gaiod 0550 Jade (Sl mhans (55,
Syl Sl Hld, Jrduo ¢ ol alad b 5l jeee 9 T rognS giwl b ) (65)le Cas 4 ol ooy bl +IY (55,002
5 9 o0d Ggde Jadio Salyw (59,0 Alad dga 5 S g bglde Cuo s ol 5 Jriie 4 (5399 Slor falS Sle @
el (Gigm (6 L g odg edde Djgo & (Sl 3, VY B IR 65 ke S 5l 09d o0 5B D90 4 (Sl 2>
oy lard BS990 Jado dags) e S 5l plaSomn 55l e (g Sl ) (005 5 003 KT 3,5 slaaS ) (sl
el gl 5 5] e Jale Sy ol 5 it Tl coiS,

1 Lift - Off

2 Blue Flame

3 Stoichiometry
4 Flashback



\# OF+F) ¥ ol A 090 c @l ol g CSgm o ySon g Wigls' (i

e 50 CO wdg g (Sl Glenly «Soalyu g alads slos (Sl L3, 5 (65)le0 Cannd 13U oy 4 Gigh
D (65 i 05l 53 5 lysleS VAT ol g5 )0 L ialos] 8518 o (S gy 4 oolitasl & g0 Jilite Jaiie
SIS el (65 s 45 ol L5 gl 09 b jpme it B g ied, Ly jo adie 8,Skec b b ool VY
Silotiar @ Wlgi oo o g @il 5 Col Jrde il 2L 5 Lo @i ol il ad @) e o
ol ) 0 4 0abadS O jgods Lol slaazsl
St buls o bl azdl (mal8 ) s A PC 4 V18 °C jlakas sles Ve B /Y 5165 ke Cons rali8IL
OC sga5 4 alad oo lod g ool Sgamme Loo al38l (a8l 5l g 5SSzl Lo & (VY 9 V/))
M) Y.
5 ke Lme )0 aled b (yghie ds 45l il Pl Gem if slocus 1o Jade s Saelyw slos
Sl las aled glos alive (Xig, g 998 o0 0018 Cod p )5 i 4l ule I 1ol58
5ol i il L a8 o s sl s 3 TEVIY il g IV (65, s 5 5yl o] iy o
el Syl ol bogle e s g alads Caege 13l il a5 il talS LA 4 pledil, MY b
el 51,5 0 s 45 0t sanlice Socalpos gebins 4o )l g o Koy ol Al g id, Ll 0 o
Bl Gl o ilaubl g oad STyo,; alads jew 28yl ph o Ll ]

4 AN 5 jgmgi Lalpd jo (Jo g 05 Y ppm B ppm ooly sl j5u3d) slacns ;0 CO cle
ool &+ ppm ol BS EN 30-1-1 o,Jailbiw jlxe o> 5l S S ouw, YO ppm sg0>

oy ), Cond 5l oz 18 5095 L @ =VY L P =+/V 3L jo Joiow aS slo olid g)luly Jgo @
s edmlie alads cuas L

Dot 5o (SloaisS pond 18 P = /Y 3505 10 0594 «(§),leR el (380 ;S A wes oo Ll bl (Egee 4o
anlllas () 0oisS ) lganel gl 09y b oyls S Jodsve sloJaie SonV¥l jials g aled &)l (5> ol
sl o Jain [Ld, wan] wlibss o RYWIPPRCI PESSERRLIO] [P PR WON JURISI el ES PR g JESN IS VRPN PR O

Sl Camd 9 0lg5 (S i g ey Gloj (g p dile pgloy (a8ly Ll g e Kiey 4l Oglate laawais 5YL
29 ool b eV (S 5 S s ladats (b (6l atea; 08 15 (w2 0550

&b

[1] S. Wood and A. T. Harris, “Porous burners for lean-burn applications,” Prog. Energy Combust. Sci., vol. 34, no. 5, pp.
667-684, Oct. 2008, doi: 10.1016/j.pecs.2008.04.003.

[2] M. Kavand, M. M. Heyhat, and M. Zabetian Targhi, “Energy efficient design of a domestic porous burner using alumina
ball packing,” Energy, vol. 342, p. 139561, Jan. 2026, doi: 10.1016/j.energy.2025.139561.

[3] Y. Liu, Y. Deng, J. Shi, Y. Liu, X. Wang, B. Ge, and Z. Min, “Experimental investigation on flame stability and emissions
of lean premixed methane—air combustion in a developed divergent porous burner,” J. Clean. Prod., vol. 405, p. 137070,
Jun. 2023, doi: 10.1016/j.jclepro.2023.137070.

[4] H. Soltanian, M. Maerefat, and M. Z. Targhi, “On the drastic improvement of porous burner efficiency,” Thermal Science
and Engineering Progress, vol. 41, p. 101832, Jun. 2023, doi: 10.1016/j.tsep.2023.101832.

[5] S. M. Vahidhosseini, J. A. Esfahani, and K. C. Kim, “Cylindrical porous radiant burner with internal combustion regime:
Energy saving analysis using response surface method,” Energy, vol. 207, p. 118231, Sep. 2020, doi:
10.1016/j.energy.2020.118231.

[6] N. K. Mishra, S. C. Mishra, and P. Muthukumar, “Performance characterization of a medium-scale liquefied petroleum gas
cooking stove with a two-layer porous radiant burner,” Appl. Therm. Eng., vol. 89, pp. 44-50, Oct. 2015, doi:
10.1016/J.APPLTHERMALENG.2015.05.077.

[7] Ch. Keramiotis, M. Katoufa, G. Vourliotakis, A. Hatziapostolou, and M. A. Founti, “Experimental investigation of a radiant
porous burner performance with simulated natural gas, biogas and synthesis gas fuel blends,” Fuel, vol. 158, pp. 835-842,
Oct. 2015, doi: 10.1016/j.fuel.2015.06.041.



VY 39y 3,5 b Jalsia Jrino 55 CO adgi 9 (Bl yol s Shg 2 63)ld S Sl

[8] A. K. Mahalingam, L. K. Kaushik, and P. Muthukumar, “Experimental investigation on the performance characteristics of
a naturally-aspirating Porous Radiant Burner,” Sustainable Energy Technologies and Assessments, vol. 67, p. 103822, Jul.
2024, doi: 10.1016/j.seta.2024.103822.

[9] S. Deb, L. K. Kaushik, M. A. Kumar, S. H. V. Satish, and P. Muthukumar, “Clustered Porous Radiant Burner: A cleaner
alternative for cooking systems in small and medium scale applications,” J. Clean. Prod., vol. 308, p. 127276, Jul. 2021,
doi: 10.1016/j.jclepro.2021.127276.

[10] V. K. Pantangi, S. C. Mishra, P. Muthukumar, and R. Reddy, “Studies on porous radiant burners for LPG (liquefied
petroleum gas) cooking applications,” FEnergy, vol. 36, mno. 10, pp. 6074-6080, Oct. 2011, doi:
10.1016/j.energy.2011.08.008.

[11] Hossein Soltanian, Mohammad Zabetian Targhi, and Mehdi Maerefat, “Experimental investigation of heat transfer in a
porous burner to be used in low power application,” Journal of Fuel and Combustion, vol. 14, no. 4, pp. 85-99, 2022. (in
Persian)

[12] Saeed Mohammadbagheri, Mohammad Zabetian Targhi, Mohammadmahdi Heyhat, and Ali Ashuori, “Experimental
Investigation of Flame Stability and Examination of Performance Map in a Structural Ceramic Porous Burner in Cooking
Application,” Journal of Fuel and Combustion, vol. 16, no. 4, pp. 1-15, 2024. (in Persian)

[13] S. Ranjan, P. Parthasarathy, and V. Ratna Kishore, “A numerical study comparing the performance of a self-aspirating
domestic LPG porous burner and that of a conventional LPG burner,” Energy, vol. 308, p. 132631, Nov. 2024, doi:
10.1016/j.energy.2024.132631.

[14] Y. Zhang, L. Zhang, X. Li, C. Bai, W. Zhang, P. Qiu, and Y. Zhao, “Numerical investigation and optimization of porous
media burner for NH3/0O2/H20 combustion,” Energy, vol. 317, p. 134687, Feb. 2025, doi: 10.1016/j.energy.2025.134687.

[15] J. Li, T. Jiang, L. Dai, H. Zhang, and C. Zou, “Experimental and numerical study of a novel thin metal mesh infrared
radiant burner,” Fuel, vol. 401, p. 135323, Dec. 2025, doi: 10.1016/j.fuel.2025.135323.

[16] G. Wang, L. Huang, H. Tu, H. Zhou, X. Chen, and J. Xu, “Stable lean co-combustion of ammonia/methane with air in a
porous burner,” Appl. Therm. Eng., vol. 248, p. 123092, Jul. 2024, doi: 10.1016/j.applthermaleng.2024.123092.

[17] C.-Y. Wu, K.-H. Chen, and S. Y. Yang, “Experimental study of porous metal burners for domestic stove applications,”
Energy Convers. Manag., vol. 77, pp. 380-388, Jan. 2014, doi: 10.1016/j.enconman.2013.10.002.

[18] Y. Cao, T. Su, Y. Ding, W. Song, L. Yang, F. Liu, and C. Zhai, “Enhanced combustion stability of low-concentration
methane though a flame buffer zone in a variable pore-density porous media burner,” Appl. Therm. Eng., vol. 265, p.
125546, Apr. 2025, doi: 10.1016/j.applthermaleng.2025.125546.

[19] G. Coskun, O. Yal¢inkaya, Z. Parlak, V. Tiir, H. Pehlivan, and E. Biiyiikkaya, “Investigation of the hydrogen-enriched
methane combustion in a domestic boiler with porous burner on emissions and performance,” Fuel, vol. 384, p. 134051,
Mar. 2025, doi: 10.1016/j.fuel.2024.134051.

[20] L. Li, R. Zhang, Y. Zhang, and H. Zhang, “Burning ammonia with methane blending in an air-staged porous media
burner,” Fuel, vol. 387, p. 134385, May 2025, doi: 10.1016/j.fuel.2025.134385.

[21] X. Zhao, L. Cheng, B. Wang, and W. Zhang, “Numerical investigation for the pollutant formation of hydrogen-methane
co-combustion in a porous media burner,” Int. J. Hydrogen Energy, vol. 143, pp. 441-453, Jul. 2025, doi:
10.1016/j.ijhydene.2025.01.154.

[22] N. Araya, S. Armijo, and M. Toledo, “Experimental and numerical study of lean combustion of propane in divergent
porous media burners,” Appl. Therm. Eng., vol. 259, p. 124710, Jan. 2025, doi: 10.1016/j.applthermaleng.2024.124710.

[23] X.-L. Zheng, Y.-Y. Chen, X.-C. Xu, B.-W. Li, and Y.-W. Li, “Experimental study on ammonia combustion in a porous
burner with 3D printed radiant plates under oxygen-enriched conditions,” Appl. Therm. Eng., vol. 264, p. 125438, Apr.
2025, doi: 10.1016/j.applthermaleng.2025.125438.

[24] H. Soltanian, M. Z. Targhi, A. Ashouri, and M. Maerefat, “Experimental and numerical investigation of heat transfer
modes on pot surfaces in a power range of a cooking porous burner,” J. Clean. Prod., vol. 478, p. 143952, Nov. 2024, doi:
10.1016/j.jclepro.2024.143952.

[25] F. Avdic, M. Adzic, and F. Durst, “Small scale porous medium combustion system for heat production in households,”
Appl. Energy, vol. 87, no. 7, pp. 2148-2155, Jul. 2010, doi: 10.1016/j.apenergy.2009.11.010.

[26] Hoda Shabani Nejad, Seyed Abdolreza Gandjalikhan Nassab, and Ebrahim Jahanshahi Javaran, “Three-dimensional
analysis of a porous radiant burner under different operating conditions with combustion modeling,” Modares Mechanical
Engineering, vol. 17, no. 12, pp. 105-113, 2018.

[27] R. V. Fursenko, E. S. Odintsov, A. D. Zakharov, I. A. Yakovlev, and J. Li, “Pore-scale flame oscillations and patterns of
upstream combustion wave propagation in a one-layer porous burner,” Combust. Flame, vol. 270, p. 113730, Dec. 2024,
doi: 10.1016/j.combustflame.2024.113730.

[28] A. Moroshkina, S. Babina, A. Ponomareva, E. Sereshchenko, V. Mislaviskii, V. Gubernov, and V. Bykov, “Numerical
and experimental study of stability limits of methane-air flame stabilized on a flat porous burner at normal and elevated
pressure,” Combust. Flame, vol. 280, p. 114336, Oct. 2025, doi: 10.1016/j.combustflame.2025.114336.

[29] N. Li, V. Bykov, A. Moroshkina, E. Sereshchenko, and V. Gubernov, “Two dimensional flame structure of oscillating
burner-stabilized methane-air  flames,” Combust. Flame, vol. 276, p. 114115, Jun. 2025, doi:
10.1016/j.combustflame.2025.114115.

[30] Institute of Standards and Industrial Research of Iran 10325, Domestic cooking appliances burning gas — Specifications
and test methods, 1st ed., vol. 1. Tehran: ISIRI, 2008.

[31] Michael F. Modest, Radiative Heat Transfer, Third. Elsevier, 2013. doi: 10.1016/C2010-0-65874-3.

[32] British Standard EN 30-1-1:2008+A3:2013, Domestic cooking appliances burning gas Part 1-1: Safety — General.
London: BRITISH STANDARD, 2008.



