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Abstract. This paper presents the results of designing a promising burner device that combines injection 

and radiation methods for gaseous fuel combustion. Infrared radiation from the heated surface of nozzle of 

radiation burner provides intensive heat transfer in furnaces and boilers, specifies their high efficiency at 

low flue gas temperatures, and very low NOx emissions. Effective gas combustion is facilitated by 

additional heating of the initial fuel mixture during filtration through the hot walls of porous nozzle. The 

new design of radiation burner has high performance characteristics, provides effective combustion of 

gaseous fuel up to 99% and meets high environmental standards and requirements. 

1 Introduction  
Energy industry is one of the leading branches of human 

activity. Heat and light in houses, traffic flows and 

industry require a huge amount of energy. Currently, 

these needs are borne by mineral resources such as coal, 

natural gas, oil, reserves of which are limited and there 

are a number of works considering ways to increase the 

efficiency of their usage or other approaches for 

obtaining energy [1-5]. 

Today, the most economical and efficient type of fuel 

is natural gas. This is explained by its high calorific 

value, good transportability, minimum amount of 

harmful substances from combustion products, etc. The 

"blue fuel" releases heat during its burning in a mixture 

with an oxidizing agent. For this, various gas burner 

devices are used. In this connection promising is the 

development and construction of new devices and 

systems providing the most complete combustion of fuel, 

as well as reducing emissions of harmful substances into 

the air. 

The aim of this work is to develop a new energy-

efficient burner device with high performance 

characteristics, which meets environmental standards 

and requirements. 

To achieve this goal, the following tasks were set: 

- To conduct a review of currently used gas burner 

devices, to identify their main advantages and 

disadvantages; 

- To develop a concept of a new burner device which 

doesn’t have the identified disadvantages; 

- To develop a device model; 

- To perform computational and experimental 

studies; 

- To give a technical assessment of the possible use 

of such devices; 

- To draw conclusions on the performed work. 

Many companies carried out research in the field of 

low-power burner development and fuel combustion, in 

particular NPO CKTI OJSC, ORGRES Firm, 

VNIIpromgaz, MosgazNIIproekt, Tomsk Polytechnic 

University. A substantial contribution to the 

development of such burner devices was made by R.B. 

Akhmedov, O.N. Bruhanov, A.S. Isserlin, M.I. Pevzner, 

R.I. Esterkin, V.A. Khristich, I.Ya. Seagal, K.F. Rider 

and others. The conducted research work allowed 

creating different types of burner devices, such as 

diffusion, blasting, injection, rotary, etc., which have 

received wide industrial implementation. In recent years, 

the main attention of international researcher groups has 

been directed to studying the processes of gasification 

and intensification of fuel combustion processes. For 

example, the works of S.E. Najim, A.C. Styles, N. Syred 

[6] and Nanjia Yu, Bo Zhao, Gonghan Li, Jue Wang [7] 

present experimental and simulation studies of fuel 

combustion intensification due to high-tech mixture 

formation. 

Earlier studies were carried out on the efficiency of 

gaseous fuel burning under intensification by creating 

pulsations and exposure to magnetic field [8-10]. It is 

worth to note the developments [11,12], in which new 

methods for increasing the efficiency of fuel combustion 

and monitoring the pressure of the gas-air medium in fire 

equipment for various purposes are proposed. 

At present burners are of various designs ensuring 

their vast usage and stable demand in the market. The 

performed patent studies required for development of 

new products [13-15] allowed us to analyze the existing 

technical solutions which received protection documents. 

A review of the selected patents for gas burner devices 

showed that they all have a number of disadvantages and 

the area of further research is free enough for the 
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introduction of new designs. The objective of this study 

is to reduce the loss of thermal energy, to increase the 

resistance of porous nozzle to thermal loads, to achieve 

more complete combustion of fuel, to increase the 

reliability of combustion by reducing the thermal 

conductivity of nozzle. 

A comparison of devices currently available on the 

heating equipment market, which are analogues by the 

principle of operation, is given in table 1.  
The review of gas burners showed that they have a 

maximum thermal power of 2.3-4.5 kW, while the 

nominal flow velocity can vary from 100 to 327 g/hour. 

All of them are quite compact, safe and easy to transport. 

They can operate both on liquefied and natural gas. They 

are mainly used for room heating, but all have German 

ceramic panels as a heating element. 

A patent and literature search showed that there are 

analogues of burner devices based on the injection-

radiation method for burning gaseous fuels, but they all 

have a number of disadvantages. 

2 Concept of a new burner device 

The purpose of this study is achieved by combining the 

injection and radiation components in the burner. The 

burner body has a standard version of an injection burner 

with a superstructure of integrated nozzle for burning 

and afterburning of fuel. The new device belongs to the 

thermal power systems, namely to gas flameless 

injection burners with refractory nozzles. 

A feature of this device is a stacked nozzle made of 

tiles of heat-resistant ceramics. A combustion stabilizer 

is placed above the nozzle, which is made as a heat-

resistant grating that acts as gas afterburner, flame 

stabilizer and additional emitter. These features result in 

a more complete combustion of fuel due to a 

combination of methods for burning and afterburning of 

the fuel-air mixture. 

A sectional view of a burner device based on an 

injection-radiation method for burning gaseous fuel is 

presented in fig. 1. 

 

Fig. 1. Sectional view of a burner device based on injection-

radiation method for burning gaseous fuels. 

The operation principle of the device is as follows: 

gaseous fuel is supplied through the snout (1), while 

injecting the air necessary for combustion. In a mixer 

consisting of confuser (2), nose section (3), diffuser (4), 

fuel is mixed with air. The resulting air-fuel mixture 

through the distribution grid (5) enters the nozzle (6) and 

burns in the boundary areas of nozzle. The combustion 

stabilizer (7) contributes to fuel afterburning, the hot 

surface of nozzle and the combustion stabilizer create 

radiation flow and heat the surrounding objects. The 

nozzle, made of tiles of heat-resistant ceramics, provides 

optimal combustion conditions, has low thermal 

conductivity, prevents the spread of flame under the 

nozzle, even with wide limits of power control of the 

burner device. 

The theoretical calculation of gas burners is very 

complicated and time-consuming, since it is associated 

with complex calculations of the processes of mixing, 

combustion and heat transfer, which should provide both 

high efficiency of gas fuel combustion, and the lowest 

possible concentration of harmful components in the 

combustion products. Due to the complexity of 

calculations, it is necessary to use a number of 

approximation data obtained from practice or particular 

experiments. This is demonstrated in [16,17], where the 

main stages of design and simulation of such devices 

were shown. 

The design calculation of burner device was reduced 

to determination of dimensions of the main elements of 

gas burner: snout, nose section, mixer, confuser, diffuser 

and nozzle [18]. The design scheme is shown in fig. 2. 

Table 1. Comparative characterization of burners available in the market. 

Parameter Ballu BIGH-4 Komfort Prometei Bartolini Primavera I 

Maximum thermal power, kW 4.5 2.3 4.2 

Fuel type propane/butane propane/ natural butane propane/butane 

Nominal gas consumption, g/hour 207/327 180 100-300 

Dimensions of device (WxHxD), 

mm 

338х372х278 255х150х100 780x430x420 

Weight 2.3 1.4 13 

Producing country China Russia Italy 
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Fig. 2. Design scheme of an injection gas burner with a 

ceramic nozzle. 

Fig. 2 conventionally shows the following elements: 

1-reflector; 2-ceramic nozzle with holes; 3-injection 

mixer; 4-gas snout; 5-body; 6-channel head. 

It should be noted that the ranges of stable operation 

of injection burners are limited by the possibility of 

flame lifting and flashback. Therefore, the calculation 

should be based on the velocity of gas-air mixture flow 

through the nozzle (0.11-0.16 m/s) and the size of fire 

holes in tiles (1.5-2 mm). So, the designed burner device 

has thermal load limits from 2.53 to 3.96 kW. The 

source data and the calculation results are presented in 

tables 2 and 3, respectively. 

Table 2. The source data for design. 

Name Value 

Thermal load 𝑄g, W 2530 3960 

Net volumetric calorific value 𝑄n, 

kJ/m³ 

35590 

Gas density 𝜌0, kg/m³ 0.74 

Gas pressure before snout Pg, Pa 3000 

Theoretically required amount of air 

𝑉g, m³/ m³ 

9.015 

Excess air ratio, α 1.05 

3 Results 

The main design outputs are presented in table 3 [18] for 

two load parameters. 

Table 3. Calculated data and design outputs. 

Name Value 

Total heat load Qg, W 2530.00 3960.00 

Gas consumption for a burner, 

Vg, m³/h 
0.26 0.33 

Diameter of snout cross section 

ds, mm 
1.03 1.29 

Diameter of nose section of 

injection mixer dns, mm 
12.37 15.48 

Diameter of confuser dc, mm 18.56 23.22 

Diameter of diffusor dd, mm 18.56 23.22 

Length of confuser lc, mm 18.56 23.22 

Length of diffusor ld, mm 61.86 77.39 

Length of nose section of 

mixer lns, mm 
30.93 38.69 

The area of radiating surface of 

nozzle Fr, m² 
0.06 0.09 

Amount of tiles, pcs 16 25 

Diameter of hole in tile, mm 2.0 

Amount of holes in tile, pcs  574 

Air-gas velocity, Wmix, m/s 0.11 0.16 

 

Fig. 3 presents the optimal layout of a new gas burner 

device with dimensions of its main constituent elements. 

 

Fig. 3. Layout of a new gas burner with a heating capacity of 

3.9 kW. 

When developing a technical solution aimed at 

ensuring a proportional distribution of mixture at the 

outlet of the burner device, a three-dimensional model of 

the injection part of the burner was built. Geometry was 

developed in Autodesk Inventor graphic CAD system, 

which allows exporting geometry to ANSYS CFX.  

Color maps of distributions of pressure and velocity 

in the calculated geometry are shown in Fig. 4. The 

simulation results show that the highest velocity is in the 

nose section. A further increase in the number of 

iterations does not affect the numerical calculation. 

It should be noted that the burner has a symmetrical 

velocity profile resulting in a uniform temperature 
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profile. There is no explicit recirculation zone, which 

reduces hydraulic pressure losses. As it can be seen from 

figures, the design has a sufficiently high completeness 

of combustion and low velocities, due to which the 

temperature and concentration of nitrogen oxides at the 

outlet of burner device are reduced.  

Three-dimensional modeling in the ANSYS CFX 

software package allowed developing technical solutions 

related to modernization and selection of optimal design 

of burners for domestic and power boilers. 

4 Conclusions 

The following results were obtained from the 

computational and experimental studies: 

- The relevance of the use of gas burner devices is 

specified, the operation principle of such devices is 

described, and a review of manufacturers and patented 

technologies is carried out; 

- Based on the review results, a comparison of 

devices was made, their advantages and disadvantages 

were identified, as well as the prospects of design; 

- The concept of a new gas burner device was 

developed, which doesn’t have the identified 

disadvantages of the existing devices;  

- A new model of gas burner device was developed; 

- A structural analysis was performed, which allowed 

us to determine the geometric parameters of the device; 

- The injection part of burner was simulated in the 

ANSYS software according to the developed design. 

It was found that infrared radiation from a heated 

surface of radiation burner nozzle provides intensive 

heat transfer in furnaces and boilers, their high efficiency 

at low flue gas temperatures, and very low NOx 

emission. Effective gas combustion is facilitated by 

additional heating of initial fuel mixture during filtration 

through the hot walls of the porous nozzle. The design of 

radiation burner has high operational properties, 

provides effective combustion of gaseous fuels up to 

99% and meets the highest environmental standards and 

requirements. The burner was numerically simulated and 

appropriate presentations of physical processes were 

obtained. 
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