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Abstract 
  
This paper represents the behavior of Porous Radiant Burner (PRB) in 

household combustion uses and this paper is also about disposal of the 

industrial waste with the help of PRB .PRB is created to work in the range of 

5-10KW of firing rate, in this case the PRB uses of twofold layer Porous 

media innovation .PRB layers consist of Silicon Carbide (Sic) and Alumina 

(Al2O3) porous matrices and both are acting as preheat zone and combustion 

zone. All the parameters of the PRB that we investigate keeps the metric 

boundaries of the burner consistent. The equivalence ratio (ϕ) and firing rate 

(5-10 KW) with stable operating range based on 0.75-0.97. Tests were 

performed with the same variable in a conventional burner (CB) to get 

comparative analysis of combustion in PRB due to which pollutant emissions 

from such burners are low. When we compare it with its counterpart? 

Efficiency i.e. improved and declined 95% and 85% CO and NOx emission 

values in a Porous Radiant Burner (PRB). 

  
Keywords: Porous Radiant Burner; compressed Biogas; consumption; 

Cooking Applications; Thermal Efficiency. 
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1 Introduction 
 

Excessive use and consumption of energy is due to the growth of 

industrialization and because of these various issues occur in the 

environment. Non -sustainable energy sources are also affected by 

industrialization and this condition is of much concern. Global warming is 

increasing due to the pollutant which occurs due to the use of these resources 

in excess Keeping these conditions in mind we should find an alternative like 

Bio gas as it is produced after a digestion of organic matter of microorganism 

[1], [2]. Gas can be produced by organic things like animal waste, crops 

residues, energy crops, food waste, municipal water waste and dairy manure. 

The combustion of Biogas takes place in various combustion devices like 

furnace cook stone or turbine. It leads to a cleaner environment and 

ineffective combustion is a result due to free flame mode of Bio gas. 

Alternation of biogas  is considered by many researches to test the usability 

in the border aspect by using different kinds of fuels. Porous media is a most 

suitable medium for the combustion of biogas and for increasing efficiency 

of the porous media we can also use heat recirculation. Due to this it is 

suitable for the combustion in low calorific value of gas. Conventional 

Burner is extremely different from the porous Radiant burner (PRB) due to 

the different mechanism of heat transport. (PRB) porous Radiant burners 

have proper combustion in a porous matrix whereas which is totally different 

in which free flame combustion takes place. Whereas porous matrix provides 

conduction and radiative heat transfer [3], [4].Idea of excess enthalpy is for 

PMC (Porous media combustion) which provides adiabatic flame 

temperature due to the preheating of approaching fuel air mixture. Due to this 

combustion would be possible for the low calorific value gases and lean 

mixture in the porous matrix. To support the application of such PRB in 

compressed biogas utilization, various experiments have been performed. 

Investigation performed on various permeable matrixes. Different porous 

materials like foam, beads and honey comb with methane air matrix. Foam 

having the lowest CO emissions that are followed by the foam, beads and 

honeycomb respectively. While NOx outflow of the all the three structures 

were beneath4ppm.40% of carbon dioxide and 60% methane of PRB with 

porosity 10ppi tested.Co2 (carbon dioxide) presence result in the emission of 

Co that is higher from the bio gas combustion, also performed on the another 

study that is focused on the radiation efficiency outlet temperature, pollutant 

concentration with the same burner and radiation efficiency Ch4, Co2 and 

CO     [5], [6]. 

Mixtures are made of considered fuel and 200 and 800 Kw / m2 are the 

thermal range of load of operation. Cases with less thermal load have Co 

emission 30ppm whereas NOx values were found to be always less than 

20ppm. As we increase the Co2 concentration there was decrease in the 

efficiency.  

  

8971



  

  
  

 

 

Ignition Investigation of Porous Radiant Burner for Commercial 

Cooking                Operations 8972  
  

In case of radiation efficiency of all these values of methane were higher 

than compressed biogas. Hydrogen - rich vaporous fills with LCG in ceramic 

burner. The result of the experiment shows that fuel mixture and flame shape 

is the same when compared with pure methane burner inlet flame of the fuel 

mixture. Due to this there was an ascent of laminar fire speed as we 

increment the H2 content and that leads to a large stability range. The 

combustion of methane, propane, hydrogen in a double layer burner of 

alumina beads and he performed an experiment in which the effect of fuel on 

the adjustment of fire, temperature of fire and aide temperature mapping and 

toxic pollutant emission was performed. Based on that analysis that propane 

and methane had a stable flame of domain is less than that of hydrogen with 

temperature of 1400 °C the Co emission was found to be less than 50ppm 

and the outflow of NOx from propane burning were higher as looked at 

methane. On dissecting the announced. Work on ignition of LCG in 

permeable media. It is needed to take the predominance of a two-layer PRB 

over CB. By taking this in concern present investigation put fixation on the 

outflow execution of an in domestically created bi-layered fired PRB of 5-10 

Kw of terminating rate. Results are compact with that of CB of the same 

wattages only to decide the exhibition in regard to ignition effectiveness [7], 

[8].Combustion process required a porous medium in porous burner 

technology. So that’s why it is also known as PRB that is porous radiant 

burner and (PMC) porous medium combustion. Preheating zone and the 

combustion zone are the two zones of (PMC) porous medium combustion the 

first zone i.e. combustion zone contains Sic ceramic matrix as well as in 

preheating zone there is low porosity to ignore resulting flash back and 

combustion flashback. We can see a two-layer porous burner in diagram i.e. 

fig.1. In the preheating zone air fuel mixture firstly gets preheated and 

whereas combustion takes place in the combustion zone. Convection 

conduction and radiation method of mode of transfer of  heat is transmitted in 

all the directions. As compared with the domestic burners available in the 

market PMC has two important characteristics that is less emission and good 

thermal efficiency. And to raise the value of thermal efficiency and two 

deplete the emission of burner  many of researches are working and for 

household applications combustion review paper was represented by 

scientists.  Porous burner is best suitable for commercial applications like 

cooking. For household applications the scientist presented a review paper on 

a penetrable media     [9], [10]. 

 

 

 

 

 

 

 



  

 

 

 

 

 

 
Fig. 1: Schematic Diagram of a Two-Layer Porous Burner [2]. 

 

A review paper that was presented on different materials that utilizes a 

porous burner. Research and development for PMC was reflected in their 

paper. Few Researchers also produce a burner that is known as commercial 

cooking porous burner. 80%, 85%, 90% are different porosities at which 

burners were tested for different equivalence ratio and wattage ratio sand 

wattages. In experimental set up, 80-90% porosity of Sic foam was used in 

the combustion zone as well as in the preheating zone 40% porosity used. 

Efficiency was 10% which is good then the commercial burner available in 

INDIAN   market and that achieved efficiency was 75%. Studies formed a 

porous burner i.e. self-aspirating porous radiant.  3.0 m/s, 3.6 m/s and0.4 m/s 

are the range of different velocities basically getting from the experiment 

conducted and two things were measured for the burner i.e. temperature 

distribution analysis and thermal efficiency. 64.6 % for velocity of 3.5m/s is 

the thermal efficiency 55.46% for gas speed 3.0 m/s and 36.42 % gas speed 

0.4 m/s. 

A study was performed that was basically for the porous radiant burner 

which was actually on the induced air at high altitude and serving 

commercial applications. At three different powers that is (i.e.370 kW/ 2m, 

480 kW/ 2 m and 670 kW/ 2m) burner was tested, with that we can likewise 

determine the warm productivity and outflows of the burner. 50% is the 

maximum thermal efficiency for the power 370kW/ 2 m was analyzed [11], 

[12]. 

To check the one which is gathering and furthermore estimated the warm 

productivity of the burner, different porous media burners were developed 

with metal fiber (MF), stainless steel fin (SF) and ceramic (CM) are three 

types of porous media which were basically utilized. Two different 

parameters were analyzed that is equivalence ratio and thermal efficiency of 

burner at different wattages and on the basis of that we can analyzed that MF 

burner have highest efficiency at 86.7% and Φ = 0.95 at 25Kwwhereas SF 

burner has efficiency 81.6% that is lowest and Φ = 0.80 at 15Kw. 

A self-aspirating porous burner was built up for small scale enterprises 

and for medium one. Different practical work was analyzed at various  
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power  ranges as well as highest power range from 21- 44 kW and variation 

of height was 75-125mm. We can analyze that there was decrease in thermal 

efficiency with increase in height with exception of the burner at 57.64% is 

the highest thermal efficiency.  

A kerosene porous burner was developed. In the experiment we can use 

two side to side as well as lower side fuel that was supplied to the top side of 

the combustion take place in spite of spray atomizer. We are using fuel in an 

experiment. Temperature profiles and discharge qualities were calculated 

inside the burner for measuring the combustion properties at equivalence 

ratio of range. 0.37-0.55 and power range of 2.62-3.49kW a low combustion 

emission pollutant and low emission was shown by the burner.  

An experiment of porous insertion in a kerosene pressure stove which is 

conventional one was performed. The efficiency increased by 55% to 62% 

of the stove by using a porous medium burner . Porous radiant reticulated 

burners (PRRB) are designed for domestic application, and by comparison to 

other burners the (PRRB) Porous radiant reticulated burner is much efficient 

in terms of efficiency, emission characteristics and combustion stability.  

Cooking application for LPG (liquid petroleum gas)another burner is 

developed and for this experiment was performed by changing the 

porosities, equivalence ratio and power. When we compare it with a 

commercial burner its efficiency was 71% and 72% which was 6% and 7% 

better respectively then the commercial burner.  

Porous burner technology (PBT) Permeable burner innovation isn't 

confined to the single field all this was observed from literature survey. 

There are many applications like heat exchangers, i.e. engines cooking  

Application in which porous burner technology(PBT) can be used to 

raise the productivity and consumption of the discharges upgraded shape 

should be observed basically all done in the literature survey. Preheating and 

combustion zones are the two zones of PMC preheating zones have metal 

balls of diameter 6.5mm which have low porosity and the another zone 

known as combustion zone which have Sic ceramic matrix another point of 

the concern is using low porosity in the preheating zone so that combustion 

would not take place and to avoid resulting flashback. Thermal efficiency 

and temperature distribution were investigated. 

 
2 Experimental Approach and Procedures 

PRB is porous radiant burner used at the experimental setup. There are 

two zones in the burner: one is Combustion zone and another is Preheating 

zone. Combustion zone contain the Sic ceramics foam hold dimensions 

10ppi and stiffness 25mm. On the other hand, preheating zone contains steel 

balls having width 6.5mm each. 
 



  

 

 

 

 

Two parameters such as thermal adaptability and also temperature 

distribution were determined for the two burners i.e. commercial and porous 

burner and with the help of water boiling test efficiency was calculated. 

Aluminum pans along with the lid (0.5-1kg) of amount of water is required 

to filled the pan and at specific temperature i.e. (20-25˚C). To check the 

repeatability quantity of water starting from 0.5-1 kg and varying a weight of 

water, effect on efficiency is measured with the help of weighing balance 

weight of pan with water. The starting temperature and initial weight of the 

water and cylinder is calculated respectively. When flame becomes stable, 

then burner is used on which the pan was kept after that the temperature of 

water rises till it reaches to 90˚C, burner was turned off at this stage, after 

this calculation was made on the LPG cylinder weight again. It is crucial to 

note the time that the burner take increase temperature which is of water 

from T1 that is starting temperature to 90˚C. The more accuracy of the 

experiment review are taken at any rate multiple times and also to conclude 

the final result according to a standard of IS 4246:2002. 
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(E) 

Fig. 2: (A) Schematic Diagram Experimental Setup (B) Experimental Setup (C) 

convergent Porous Burner (D) Divergent Porous Burner (E) straight porous 

Burner. 

 

 



  

 

 

 

 

 

 

Fig. 2 shows (A) Schematic Diagram Experimental Setup (B) Experimental 

Setup (C) convergent Porous Burner (D) Divergent Porous Burner (E) straight 

porous Burner. 

Formula for calculating Bio gas fired burner given below. 

 

thermal efficiency of 

fired burners  = 100(W + P) (T2 – T1) 

 m f .CV 

 

 

where W is the mass of water, mf is the mass of the Bio gas expended and 

CV is the calorific estimation of Bio gas and P is mass of the pan along with 

lid made up of aluminum. 

Also. accessed  nth i.e. above formula for the measurement of Bio gas 

and PNG thermal efficiency of fired burners. Equivalence ratio is defined as 

the ratio of actual air fuel ratio to stoichiometric fuel air ratio 

Equivalence ratio= 

 

(air / fuel) actual 
(air/fuel)

stoichiometric 

Actual one part of the ratio that is air fuel ratio about fuel consume for 

the actual combustion quantity of the air utilize to increase the desired 

temperature of water. As weighing balance help to measure fuel with the 

help of which we can get the rate of actual quantity fuel utilize for ignition 

or increasing water temperature. And for this Stoichiometric fuel air ratio 

appropriated as 15.6. 

  
 

3 Result and Discussion 

 

Different equivalence ratio at which the burner was operated was (0.10-

0.60) whereas power wattages like (0.4-1KW). The result of temperature 

distribution and domestic burner adaptability and porous burner is studied in 

this section. 

Varied to calculate the distribution of temperature to parameters is taken 

into consideration are as follow; 

i).   Equivalence ratio 

ii). Air flow ratio 
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3.1 Temperature Distribution 

 

Conventional burner and facial of PRB temperature have been measured 

with the help of K- type of thermocouple.  (DAS) Data acquisition system 

(make Aberrancies TC - 900) was used to acquire the output of the 

thermocouple mostly 1 hour is the time at which burners were operated. 

Different equivalence ratio we get i.e. (0.11-0.63) we get when all burners 

temperature was calculated. Different maximum temperature (1025-1265) 

attained by energy burner. 

At constant equivalence ratio the porous burner and increase in temperature 

as the time increase and max temperature attained by after 60 minutes that is 

1128°C maximum temperature 1401°C when the temperature rises by 150°C 

then 5% increase in the mass fuel consumption at the equivalence of 0.11 and 

minimum temperature i.e.1°C toward the beginning of burning.                       

 

 
 

 
Fig. 3: Variation of Temperature W.R.T. Time (Minutes) of Porous Burner 100 Mm 

at Different Equivalence Ratio of convergent. 

 

The difference in the porous burner surface temperature of 100mm 

diameter verses to air fuel ratio is shown by the figure.4. It was analyzed as 

there is a decrease in air to fuel ratio and it declined from 3.47 to 2.14 

(38.2%). Then maximum raise of temperature was analyzed from 1025 to 

1265°C. The temperature rise was less i.e. (1220 to 1300 °C) whereas the air 

fuel rate overloaded beyond 1.32 to 1.13 and this is because of saturation of 

heat in a porous medium. Fig. 3 shows Variation of Temperature W.R.T. 

Time (Minutes) of Porous Burner 100 Mm at Different Equivalence Ratio of 

convergent. 
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Fig. 4: Variation of Temperature W.R.T. Air / Fuel Consumption ofPorous Burner 

100Mm OF Convergent 

 

In a permeable disparate burner 90mm top diameter the temperature 

raised by some amount after 0f minutes as we increased the time. It was 

analyzed that 1473°C is the maximum temperature at equivalence ratio (Φ = 

0.63). The mass fuel of expenditure increased by 1.5 % and the maximum 

temperature observed at equivalence ratio of 0.43 was 1442°C and that of 

1198°C was the lowest temperature at the beginning of ignition. 

                       

 
Fig. 5: Variation of Temperature W.R.T. Time (Min.) of Porous BurnerDivergent 

80Mm at Different Equivalence Ratio. 

 

 

1180

1200

1220

1240

1260

1280

1300

1320

5.5 3.5 2.1 1.7 1.3 1.1

Te
m

p
er

at
u

re
(°

C
) 

Air Fuel Consumption  

100mm 

0

500

1000

1500

2000

10 20 30 40 50 60

Te
m

p
er

at
u

re
(°

C
) 

  

Time 

Temperature vs Time 

Φ=0.41 Φ=0.53 Φ=0.63 

Saurabh Chhabra1et al 

 

8979



  

 

 

 
 

 

Ignition Investigation of Porous Radiant Burner for Commercial Cooking                 

Operations 8980 

 

 

A porous divergent burner with dimension 80mm upper diameter with 

respect to air to fuel ratio and  its variation of surface temperature is shown 

by figure 6 with the decline of air to fuel ratio raise in fuel utilization we 

analyzed that there is raise in the temperature (1198to 1473°C) is the 

maximum raising range of the temperature was seen when there is decline in 

the air / fuel rate from 2.2 to 1.9 (13.6 %). 

                        

 
Fig. 6: Variation of Temperature W.R.T. Air/Fuel Consumption of PorousBurner 

Divergent 80Mm. 

Straight burners and facials of PRB temperature have been measured 

with the help of K- type of thermocouple.  1 hour is the time at which burners 

were operated. Different equivalence ratio we get when the at different 

equivalence ratio i.e. (0.11-0.16) we get when all burners temperature were 

calculated. Different maximum temperature (1038-1555°C) attained by 

energy burner. 

 

                            

 
Fig. 7: Variation of Temperature W.R.T. Time (Min.) of Porous Burner 100Mm 

straight at Different Equivalence Ratio. 
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Fig. 8: Variation of Temperature W.R.T. Air / Fuel Consumption of Porous straight 

Burner 100 Mm. 

 

Difference temperature of the commercial straight burner with porous 

and straight Bansal burner without porous v/s Bio gas fuel consumption are 

analyzed in fig 9 and with the raise in the fuel utilization 1038°C is the most 

extreme temperature achieved by the commercial burner and 0.028 gm/sec 

consumption is required for this process . Another point we also analyzed is 

the higher estimation of greatest temperature that is in the range of (6.89 – 

20.94 %) of porous burner and all this analyzed this for same fuel 

consumption. 

                        

 
Fig. 9: Variation of Temperature W.R.T. LPG Fuel Consumption (Gm/Sec) for 

porous burner and without porous burner. 
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 3.2 Thermal Efficiency 

Thermal efficiency of straight burner with porous and straight Bansal 

burner without porous as well as commercial straight burner and is shown by 

fig 10. If we take a comparison between porous and other burners, we can 

analyze that the straight porous burner of diameter 100mm has maximum 

efficiency. When there is a constant power of 0.6kW and the porous burner 

of width 150mm. 

                            

 
Fig. 10: Variation of Efficiency of Porous and without porous Burner Vs. 

Power (Kw). 

 

Difference between Thermal efficiency of straight burner with porous 

having 100mm , convergent burner with porous  having 100mm , divergent 

burner with porous having 80mm We can analyzed that porous burner of 

80mm diameter commercial burner as well as divergent burner all have 

thermal efficiency less than the 80mm porous burner they have thermal 

efficiency of 15.67 % , 22.13 % and 30.32 % respectively and the porous 

burner of width 150mm having maximum efficiency of 78.58 % at 

equivalence ratio of 0.48 and at power 0.84Kw. shown in fig 11. 

                      

 
Fig. 11: Variation of Efficiency of straight, convergent, divergent porous Burner 

Vs. Power (Kw). 
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4 Conclusion 

 

The porous burner and divergent shape of burner taken for an 

experimental analysis and their thermal efficiency were calculated and 

differentiated with commercial burners. 

Following are the conclusions: 

         65 % is the higher capability of a commercial burner. 

         Porous burner has a thermal efficiency more than commercial burner 

that is 7 8.58 % and it is 13.5 % more than the domestic burner. 

         62.7 % is the maximum efficiency of a porous burner 80mm that is 8 % 

more than the commercial burner. 

         Porous burner which is divergent in shape has a maximum efficiency 

of 50.78%. 

         1401°C which is maximum temperature at 0.16 which is the 

equivalence ratio (Ø) is of porous burner with diameter 100mm. 

         1473°C  is maximum temperature at 0.47 which is  equivalence ratio 

(Ø) of 80mm diameter porous burner. 

After testing porous burners experimentally for the commercial applications 

we can conclude that the thermal efficiency of porous burner with 

100mmdistance across was 78.58 % was most elevated among all  the 

burners. At the same fuel consumption, computational examination of work 

will be finished. 
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