
Lu, Z., et al.: Development of a Natural Gas Hot Blast Furnace … 
THERMAL SCIENCE: Year 2026, Vol. 30, No. 3B, pp. 2221-2235 2221 

DEVELOPMENT  OF  A  NATURAL  GAS  HOT  BLAST  FURNACE 

BASED  ON  CFD  SIMULATION 

by 

Zechen LU
*

, Xiang LI, Fushuai LUO, 

and Yuting ZHAO 

School of Mechanical and Power Engineering, Shenyang University of Chemical Technology, 
Shenyang, China 

Original scientific paper 
https://doi.org/10.2298/TSCI250822215L 

To meet the requirements of drying processes, this paper proposes a theoretical 
design method for a natural gas-fired hot blast furnace suitable for this scenario, 
while establishing a numerical model for it. It also focuses on analyzing the influ-
ence laws of three types of geometric parameters, air inlet angle, air inlet diameter, 
and combustion chamber length, on the internal flow field of the furnace and the 
outlet temperature. The simulation results show that increasing the air inlet angle 
of the cooling chamber can significantly optimize the temperature distribution. Re-
ducing the air inlet diameter can effectively increase the air inlet velocity and fur-
ther improve the outlet temperature uniformity, while under the same heat output 
condition, the combustion chamber length has a negligible impact on the outlet 
temperature. However, when the air inlet velocity is relatively high, increasing the 
combustion chamber length can enhance the outlet temperature uniformity. The 
experimental verification results indicate that the experimental data are in high 
agreement with the numerical model. Through the integration of theoretical cal-
culations and numerical simulations, this study has further improved and refined 
the design method of natural gas-fired hot blast furnaces specialized for drying 
processes. 

Keywords: hot blast furnace, natural gas, theoretical design, 
CFD simulation; drying 

Introduction 

With the continuous growth of the global population and rapid industrialization, en-

ergy consumption has surged, becoming a major driver of environmental degradation [1, 2]. 

The global energy system remains heavily reliant on fossil fuels, particularly coal and oil, due 

to their stable supply and mature technologies. However, this dependence has resulted in mas-

sive GHG emissions, accelerating global warming and producing pollutants such as PM, sulfur 

dioxide, and NOx that threaten air quality and human health [3, 4]. As the cleanest and lowest-

carbon fossil fuel, natural gas offers clear advantages in reducing pollutant emissions [5]. This 

benefit is especially notable in the industrial sector, where natural gas combustion furnaces are 
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widely used in food processing, drying, chemical manufacturing, pharmaceuticals, environmen-

tal protection, textiles, heating, and power generation [6, 7]. Given their broad applications and 

critical role in energy efficiency and emission reduction, natural gas combustion furnaces have 

become an important focus of academic research. 

Colorado et al. [8] examined biogas and natural gas combustion in a regenerative 

flameless burner under varying heat loads, finding that flameless combustion markedly en-

hanced furnace performance compared with conventional systems. Similarly, Ferrarotti et 
al. [9] conducted experimental and numerical studies on a 20 kW natural gas-fired flame-

less furnace, evaluating thermal efficiency, wall temperature, and flue gas temperature. 

Wang et al. [10] further showed that burner design strongly influences temperature distri-

bution and emissions in non-premixed flameless propane combustion. 

The effects of furnace geometry and operating conditions have also been widely 

explored. Tu et al. [11] found that increasing the geometric angle between the furnace roof 

and sidewall improved recirculation, expanded the reaction zone, and reduced NO ₓ emis-

sions in MILD (moderate or intense low-oxygen dilution) combustion. Huang et al. [12] 

complemented these results by assessing how heat input, excess air ratio, and combustion 

mode affect MILD combustion in industrial-scale furnaces. 

In terms of modeling and numerical optimization, Nikckele et al. [13] used the 

finite volume method to simulate aluminum melting furnaces fueled by oil or natural gas, 

revealing that flame and heat flux variations can cause significant thermal effects on fur-

nace walls and aluminum surfaces. Prieler et al. [14] developed a steady-state CFD method 

that retained predictive accuracy while reducing computational cost, and Landfahrer et al. 
[15] introduced a spatially segregated model for a walking-beam reheating furnace, ena-

bling flexible combustion submodel integration. 

Studies of specialized applications have deepened understanding of combustion 

mechanisms. Batrakov et al. [16] modeled NOx formation pathways in non-circular fire-

tube furnaces. Kirdyashkin et al. [17] experimentally identified two combustion regimes, 

filtration and jet-stabilized, in porous-media natural gas furnaces, achieving controlled bed 

temperatures from 1230-2220 K. Filho et al. [18] combined CFD simulations and experi-

ments to validate heat transfer predictions in a natural gas-oxyfuel furnace for ceramic frit 

production. 

Existing studies mostly focus on general-purpose combustion furnaces for various in-

dustries. However, the drying industry requires hot blast furnaces to stably supply air at a spe-

cific temperature to ensure the quality of material drying, which exhibits significant differences 

from the mode of traditional combustion furnaces that discharge high temperature flue gas. 

Literature reviews indicate that there is currently a lack of design theories and systematic re-

search on natural gas-fired hot blast furnaces dedicated to drying processes. 

To address this gap, this paper proposes a design method for natural gas-fired hot blast 

furnaces dedicated to drying processes. Its theoretical framework encompasses gas mixing tem-

perature control equations, combustion chamber parameter calculation, and furnace lining 

thickness determination. Meanwhile, a numerical model is developed to analyze the impact of 

geometric parameters on cooling performance, and the design theory is refined by integrating 

theory and simulation. Through conducting prototype furnace experiments, the reliability of the 

proposed design method and numerical model is validated. The research findings not only pro-

vide theoretical support for the design optimization of hot blast furnaces dedicated to drying 

processes but also can be applied to fields such as agricultural products, chemical and pharma-

ceutical industries, textile and paper industries, and food processing. 
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Natural gas combustion furnace 

Figure 1 depicts the structure and operating principle of the hot blast furnace. It com-

prises a burner, combustion chamber, cooling chamber, and blower, with its interior lined with 

high temperature refractory castable (furnace lining) to withstand extreme heat. During opera-

tion, the burner injects flame into the combustion chamber, where complete combustion gener-

ates high temperature flue gas. Simultaneously, blower supplied air-flows through the interlayer 

channel between the furnace’s outer wall and lining, entering the cooling chamber via the air 

inlet. Within the cooling chamber, the air mixes with the hot flue gas. As the mixture flows 

toward the outlet, heat exchange occurs, reducing the flue gas temperature. The mixed gas 

reaches the temperature required for drying at the outlet before flowing into the dryer. 

Combustion chamber 

The gas fuel combustion consumption can be expressed as [19]: 

u

net

Q
B

Q 
= (1) 

where Qu is the effective utilization heat, Qnet – the low calorific value of fuel, and h –  the 

thermal efficiency of hot blast furnace. 

The theoretical air volume required for the combustion of 1 m³ of natural gas can be 

calculated [19]: 
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where VH2, VCO, VCmHn, VH2S, and VO2 are the volume fraction of various component in 100 m3 

combustible gases, respectively. 

The volume of combustion chamber can be expressed: 
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Figure 1. Structure and operating principle of the hot blast furnace 
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where Vc is the volume of the hot blast furnace and Ik – the combustion chamber thermal inten-

sity. 

Cooling chamber 

According to the type of fuel, chemical reaction equation, and combustion conditions. 

The actual flue gas volume Vf,1 can be expressed [19]: 
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 f ,1 f,t 0.21( 1) LV V V= + −  (5) 

where Vf,t is the theoretical flue gas volume, Vf,1 – the actual flue gas volume, and VCO, VH2, 

VCH4, VCmHn, VCO2, VN2, and VH2O – the component percentage in 100 m3  natural gas. 

The flue gas volumetric flow of the hot blast furnace refers to the volume of flue gas 

passing through the furnace per unit time. It can be expressed: 

 1 f ,1V BV=  (6) 

where V1 is the flue gas volumetric flow. 

According to the law of conservation of heat, when two gases at different temperatures 

are combined, the heat transfer relationship can be expressed: 

 1 1 1 m 2 2 2 m( ) ( )  0C V T T C V T T− + − =  (7) 
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where C1 and C2 are the specific heat capacity of flue gas and air, V1 and V2 – the volumetric 

flow rate of flue gas and air, and T1, Tm, and T2 – the temperature of furnace outlet, mixed gases 

and ambient, respectively. 

Based on the previous analysis, the required air volumetric flow rate in the cooling 

chamber can be expressed as: 

 1 1 1 m

2

2 m 2

C V T T
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C T T
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−
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where C1 is the specific heat of the flue gas. 

Furnace lining  

In heat transfer calculations for furnace linings, the ability of refractory materials to 

resist heat transfer is known as thermal resistance. Thermal resistance can be expressed [20]: 

 
f

R



=  (10) 

where d is the thickness of furnace lining and lf – the thermal conductivity. 

The comprehensive heat release coefficient, b, of the outer wall on furnace lining to 

the air can be written [20]: 

 yd yf  = +  (11) 
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where byd is the convective heat release coefficient of the outer wall on furnace lining to air, 
byf – the radiation heat release coefficient of the outer wall on furnace lining to air, gn – the 

radiation coefficient of the outer wall on furnace lining to air, Ts and Ta – the absolute temper-

ature of outer wall on furnace lining and air, ts and ta [°C] – the temperature of outer wall on 

furnace lining and air, and A – the empirical coefficient of convective heat transfer coefficient. 

The process of heat transfer from inside the furnace through the furnace lining to the 

exterior of the furnace occurs under thermal equilibrium. The heat balance equation is [20]: 

 y s s a

f

1

t t t t



 

− −
=  (14) 

where ty [°C] is the temperature of inter wall on furnace lining and b – the comprehensive heat 

release coefficient.  

Methodology 

Numerical model and boundary conditions 

Figure 2 presents a schematic of the numerical domain, with model dimensions listed 

in tab. 1. Numerical simulations of the furnace was conducted using CFD software. The steady-

state model was adopted. This approach meets the engineering design requirements for deter-

mining key parameters, such as temperature distribution, while reducing computational costs. 

The realizable k-ε model is selected as the turbulence model because it better accounts for the 

anisotropy of turbulent flows and more accurately predicts anisotropic characteristics in rotating 

flows, curvilinear flows, and flows with strong strain rate gradients [21]. 

The combustion of natural gas 

and oxygen is modeled using a com-

ponent transport model, with the 

eddy-dissipation model chosen to cap-

ture the effects of turbulence on the 

combustion process [22]. The methane-air reaction is utilized as the chemical reaction mecha-

nism. The methane-air reaction equation is given as: 

 4 2 2 2CH 2O CO 2H O+ → +   (15) 

The discrete ordinates model is selected for radiation. The natural gas combustion pro-

cess involves complex chemical reactions and heat transfer, for which the pressure-based solv- 

Table 1. Geometrical parameters 

Items Details [mm] Items Details [mm] 

d 40 l 485 

D 780 s 260 

L 1644 h 70 

Figure 2. Simulation model of the hot blast furnace 
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er is employed, with the SIMPLE algo-

rithm used for the solution method [23]. 

The second-order upwind scheme is ap-

plied to better preserve the gradient of 

physical quantities, with the gradient calcu-

lated using a least squares cell-based ap-

proach. The convergence accuracy of the 

residual energy equation is set to 1·10–6, 

while that of the remaining equations is be-

low 1·10–4. During the simulation, key 

physical quantities are continuously monitored. The simulation is deemed converged once these 

quantities stabilize with negligible fluctuations, indicating no significant further variation. In 

this model，the boundary conditions are shown in tab. 2. 

Grid independence 

To ensure the reliability of simulation results and demonstrate that the computational 

outcomes are independent of grid discretization, radial and axial contour curves have been plotted 

to cover the comparison of velocity, and temperature under all grid sizes. The yellow line – 1, in 

the fig. 2, denotes the data sampling positions for grid independence verification. Figure 3 shows 

the comparison of flow fields under different grid settings without blast inlet air. The simulation 

results with a mesh count of 1507463 show significant discrepancies compared to the other two 

groups. The flow field distributions of the 2505297 and 3502695 mesh cases nearly overlap. To 

enhance computational efficiency, a grid consisting of 2505297 cells was selected. 

Model validation 

To validate the model accuracy, combustion tests were conducted in a hot blast fur-

nace with the same dimensions as the simulation model under conditions without blast inlet air, 

as shown in fig. 4(a). The experiment was conducted using natural gas as fuel under full-load 

conditions in the combustion test furnace. The distribution of temperature measurement points 

inside the furnace is shown in fig. 4(b). The measuring junctions of thermocouples were in-

stalled at the pre-determined in-furnace locations, while their reference junctions were con-

nected to compensating cables that extended to areas with stable ambient temperatures. The 

Table 2. Boundary conditions 

Items Details 

Natural gas 5.1 m/s 

Air 7.0 m/s 

Blast inlet air 3 m/s 

Outlet –5 Pa 

Furnace lining thermal conductivity 0.7 W/mK 

Figure 3. Comparison of flow fields under different mesh settings; 
(a) radial profile of velocity field and (b) axial profile of temperature field 
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thermoelectric signals were then converted via temperature transmitters and transmitted to dis-

play instruments for data collection. 

The comparison between the experimental and simulation results is presented in fig. 

5. The numerical results closely match the experimental data, with the deviation between the 

maximum measured temperature and the numerical result falling within a range of ±4.5% [24]. 

The accuracy of the model was validated. 

Cases analysis 

Figure 6 illustrates the research model of the cases, where uncertainties exist in the air 

inlet angle, α, in the cooling chamber, air inlet diameter, d, and combustion chamber length, L. 

Additionally, hot blast furnace with different outlet temperatures require varying air volumetric 

flow rates for mixing. This simulation case focuses on the following aspects: the influence of 

air inlet angle, α, in the cooling chamber on outlet temperature uniformity, the influence of air 

inlet diameter, d, on outlet temperature uniformity, the influence of combustion chamber length, 

L, on outlet temperature uniformity, and the influence of different air volumetric flow rates on 

the in-furnace flow field. 

Figure 4. (a) Test hot blast furnace and (b) temperature measuring points 

Figure 5. Comparison between experimental and 

simulation results 
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Results and discussion 

Simulation results 

Effect of air inlet angle  

According to eq. (9) and tab. 2, the theoretical outlet temperature is 1013 K. Figure 7 

presents the outlet temperature distribution as air enters the cooling chamber at various angles. 

As shown in the figures, with the angle α increases, the outlet temperature difference decreases 

significantly from 500-200 K along with a reduction in the average temperature from 1195-

1036 K. This trend indicates an improvement in temperature uniformity and suggests that a 

larger angle facilitates more complete gas mixing, thereby promoting heat exchange between 

air and flue gas. The average temperature in fig. 7(c) is closer to the theoretical value, validating 

the rationality of the design methodology. 

Effect of air inlet diameter 

Figure 8 shows the velocity distribution at the air inlet cross-section for various diame-

ters. As the diameter decreases, the inlet air velocity increases. Figure 9 presents the outlet tem-

perature distribution for different diameters. As the air inlet diameter, 𝑑, decreases, the outlet 

temperature difference decreases significantly from 800-200 K while the average temperature 

drops from 1135-1046 K, indicating improved temperature uniformity. The average temperature 

Figure 6. Case models; (a) cooling chamber air inlet section and 
(b) hot blast furnace outlet 

Figure 7. Outlet temperature distribution as air flows in at various angles; 
(a) α = 25 °, (b) α = 35 °, and (c) α = 45° 



Lu, Z., et al.: Development of a Natural Gas Hot Blast Furnace … 
THERMAL SCIENCE: Year 2026, Vol. 30, No. 3B, pp. 2221-2235 2229 

approaches the theoretical value of 1013 K, demonstrating the regulatory effect of the air inlet 

diameter on outlet temperature uniformity. The higher velocity promotes more uniform gas 

mixing, enhancing heat exchange between the flue gas and the air.  

Effect of combustion chamber length  

To demonstrate the universal applicability of the eq. (9), the outlet temperature distri-

bution of combustion chamber with different lengths under the same thermal output condition 

was investigated. Based on the calculation model of fig. 2, gradually increase the length of the 

combustion chamber by 400 mm. Figure 10 shows the outlet temperature distribution for dif-

ferent combustion chamber lengths. The average temperatures of figs. 10(a)-10(d) are 1085 K, 

1072 K, 1062 K, and 1051 K, respectively. This shows that when the furnace lining provides 

good insulation, the exit temperature changes very little with increasing length. According to 

eq. (9), the mixed air volumetric flow is determined by the exit flue gas temperature, flue gas 

volumetric flow, and air temperature. The flue gas temperature remains relatively constant 

across different lengths, suggesting that the eq. (9) for the mixed air volumetric flow is appli-

cable to hot blast furnaces of various sizes. 

Effect of air volumetric flow rates on the in-furnace flow field   

The above analysis show that α = 45° and d = 40 mm have the best cooling effect 

when the theoretical outlet temperature is 1013 K. When a lower outlet temperature is required, 

the volumetric flow rate of mixed air increases. A comparison is made between models with 

blast inlet velocity of 3 m/s and 7 m/s. Figure 11 illustrates the air velocity field at the cross-

section of the cooling chamber air inlet. The figures demonstrate that increasing the air volu-

metric flow rate leads to a significant increase in the velocity of air entering the cooling chamber. 

Figure 8. Velocity distribution at the air inlet cross-section for various diameters; 
(a) d = 80 mm, (b) d = 60 mm, (c) d = 40 mm 

Figure 9. Outlet temperature distribution for various diameters; 

(a) d = 80 mm, (b) d = 60 mm, and (c) d = 40 mm 
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Figure 12 presents the temperature field inside the furnace. When the blast inlet ve-

locity is 3 m/s, the temperature field exhibits good symmetry. However, with the blast inlet 

velocity increases to 7 m/s, the high temperature zone in the temperature field shows a pro-

nounced upward shift. 

The simulation results of section Effect of combustion chamber length show that in-

creasing the length of the combustion chamber does not affect the outlet temperature. The 

model with a 1200 mm increase in combustion chamber length is used as a case study, with a 

blast inlet velocity of 7 m/s. Figures 13 and 14 present the temperature fields inside the furnace 

and at the outlet, respectively. The simulation results in the figures demonstrate that increasing 

the length of the combustion chamber significantly enhances the symmetry of the temperature 

field high temperature zone distribution. The simulation shows an outlet temperature difference 

Figure 10. Outlet temperature distribution for different combustion chamber 

lengths; (a) L = 2044 mm, (b) L = 2444 mm, (c) L = 2844 mm, and (d) L = 3244 mm 

Figure 11. The air inlet cross-sectional velocity field in the cooling chamber at 
different blast inlet velocities; (a) blast inlet speed 3 m/s and (b) blast inlet speed 7 m/s 
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of only 80 K, with an average temperature of 819 K, which is in excellent agreement with the 

theoretical calculation of 798 K. This indicates that extending the combustion chamber length 

represents a scientific strategy to maintain symmetric temperature field distribution of hot blast 

furnace when the drying process requires lower temperatures. 

Experiment of the natural gas hot blast furnace 

Test site of hot blast furnace 

The application of the hot blast furnace is shown in fig. 15. The drying equipment is 

a rotary dryer, the hot blast furnace is connected to the dryer and the connection section is 

equipped with a flue gas detection port. The main instruments used in the experiment include 

thermocouples, an electronic Ringelmann blackness meter, a portable infrared thermometer, 

flue gas analyzer, and a multi-component gas analyzer. Thermocouples were installed at the hot 

Figure 12. Temperature field distribution inside the furnace between 
various blast inlet velocity; (a) v = 3 m/s, xz plane, (b) v = 3 m/s, xy plane, 
(c) v = 7 m/s, xz plane, and (d) v = 7 m/s, xy plane 

Figure 13. Temperature distribution inside the              Figure 14. Temperature distribution at 
furnace on the lengthen model;                                         the outlet on the lengthen model 

(a) v = 7 m/s, xy plane and (b) v = 7 m/s, xz plane  
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blast furnace outlet to monitor temperature. The geometric parameters and simulation parame-

ters of the hot blast furnace are presented in tabs. 3 and 4. The air inlet angle α is 45°.  

 

Test procedures  

After the hot blast furnace has been working steadily for a certain period of time, the 

thermal performance indicators were measured at the flue gas test position, under non mixed 

air conditions. Then adjust the outlet air temperature of the hot blast furnace to 950 K. The 

temperature distribution within the furnace and at the outlet was recorded. The locations of the 

temperature measurement points are shown in fig. 16. The average of three measurements were 

taken.  

Industrial hot blast furnace simulation 

The industrial hot blast furnace and the test furnace exhibit fundamental differences 

in practical applications, as the former is subject to more external interference factors. Simula-

tion of the newly designed hot blast furnace allows for intuitive visualization of its flow field 

characteristics. Comparison of the simulation results with experimental data verifies both the 

reliability of the flow field predictions and the accuracy of the numerical model. Figure 17 

illustrates the temperature distribution of the simulated industrial hot blast furnace. Under the 

Table 3. Geometrical parameters of the experimental hot blast furnace 

Items Details [mm] Items Details [mm] 

Air inlet diameter, d 50 Cooling chamber length, l 700 

Combustion chamber diameter, D 1200 Furnace lining height, h 100 

Combustion chamber length, L 2400 Blast inlet width, s 320 

Table 4. Main simulation parameters of experimental hot blast furnace 

Items Details Items Details 

Heat capacity 1.2 million kcal/h Outlet pressure –25 Pa 

Natural gas velocity 5.4 m/s Thermal conductivity 0.7 W/mK 

Air velocity 6.8 m/s Blast inlet speed 3.5 m/s 

Figure 15. Experiment test site 
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condition of air mixing into the cooling chamber, the temperature field inside the furnace is 

symmetric, and the outlet temperature distribution is uniform. The temperature ranges from 

1000-1200 K, with an average of 1043 K, which falls within the expected theoretical range of 

1000-1070 K. This confirms the validity of the hot blast furnace design methodology. 

Figure 18 shows the comparison between simulation and experimental results, indi-

cating a high degree of consistency between the test and simulation outcomes under conditions 

with blast inlet air. The maximum temperature difference is 53 K, with the maximum error 

being less than 4.2%, which validates the accuracy of the CFD model.  

Figure 16. Temperature measuring positions of the experiment 

hot blast furnace; (a) inside the furnace and (b) outlet 

Figure 17. Temperature field distribution of the simulated industrial hot blast furnace; 
(a) inside the furnace and (b) outlet 

Figure 18. Comparison between the simulation and test re-
sults of the experiment hot blast furnace 
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Conclusion 

In this paper, the methodology of natural gas hot blast furnace is proposed, and a 

numerical model of the hot blast furnace is established. The effect of geometric parameters on 

the flow field of the hot blast furnace is analyzed.  When the inlet air angle α increases from 25° 

to 45°, the temperature difference of the hot blast furnace decreases from 500 K to 200 K, and 

the average temperature decreases from 1195 K to approach the theoretical design temperature 

of 1013 K. This confirms that increasing the inlet air angle can enhance airflow disturbance and 

improve heat exchange efficiency. Inlet air diameter of the cooling chamber: There exists an 

optimal regulation value. When the inlet air diameter d decreases from 80 mm to 40 mm, the 

inlet air velocity increases significantly, the temperature difference decreases from 800 K to 

200 K, and the average temperature is optimized to 1046 K. This verifies the theoretical hy-

pothesis that high inlet air velocity promotes airflow mixing. Under the same heat output con-

dition, as the combustion chamber length increases from 2044 mm to 3244 mm, the average 

outlet temperature only decreases by 34 K, exerting a weak regulatory effect on the outlet tem-

perature. This verifies the universality of the relevant equation. However, when excessively 

high air velocity destroys the symmetry of the temperature field, extending the combustion 

chamber length can maintain the uniformity of the outlet temperature, providing a new idea for 

the design of combustion chambers under special working conditions. The simulation model is 

highly consistent with the experimental data, which confirms the accuracy of the proposed hot 

blast furnace design method and simulation system.  
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Nomenclature 

A – convection coefficient, [Wm–2K–1]
B – fuel consumption [m3h–1]
C1,C2 – specific heat capacity flue gas and

air [Jkg–1K–1]
Ik – combustion chamber

thermal intensity [Wm–³]
Qu – effective utilization heat [kJm–3]
Qnet – net calorific value of the fuel [kJm–3]
R – thermal resistance [m2KW–1]
T1,Tm,T2 – temperature of furnace outlet, 

   mixed gases and ambient [K] 
ty – temperature of inter wall on

furnace lining [K]
Vc – volume of the hot blast furnace [m3]
Vf,t – theoretical flue gas volume [m3m–3]
Vf,l – actual flue gas volume [m3m–3]

VL – theoretical flue air volume [m3m–3]
V1 – flue gas volumetric flow [m3h–1]
V2 – air volumetric flow rate [m3h–1]

Greek symbols 

b – comprehensive heat release [Wm–2K–1]
byd – convective heat release

coefficient [Wm–2K–1]
byf – radiation heat release

coefficient [Wm–2K–1]
gn – radiation coefficient [Wm–2K–1]
d – thickness of furnace lining [m]
e – excess air coefficient [−]
h – thermal efficiency [−]
lf – thermal conductivity [Wm–1K–1]
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