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Table 1- The coefficients of the EDC combustion model in the study as study of D.He i et al[16].

Coefficient residence time scale mass fraction constant
Variable C, C,
Default Value 0.4083 2.1377
Modified Value 0.1567 1.3161
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Table 2-Furnace, oxidizer and oxidizer characteristics

Variable Unit feul air
Combinations Vol% CH, = 100 0, =21&N, =79
Temperature K 306 306

Discharge kg/s 0.000189 0.00378
Extended air [} 25
Power kW 10
Walls Temperature 1520K
Outlet
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Figure 1- A) Furnace schematic B) Internal recirculation system C) Placement of chimneys T) Cross arrangement C) Plus
arrangement
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Table 3-Specifications of the investigated geometries in the current research

X configuration + configuration
Case Number 1 2 3 4 5 6
b (mm) 12 20 28 12 20 28
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Figure 2-Comparing the the experimental data of Cao et al[24] with prediction results of temperature and species (02, CO and NO)
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Figure 3- Investigating Wang's criteria[25] to determine the combustion regime in six proposed designs
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Table 4-Reaction zone temperature, maximum temperature and their difference for six proposed arrangements

Case Number Temperature of the reaction =~ Maximum temperature Difference of maximum
zone [K] K] temperature and reaction zone[K]
1 1490 1707 217
2 1530 1822 292
3 1550 1827 277
4 1495 1726 231
5 1556 1755 199
6 1590 1821 231
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Figure 4- Cavalier and joauanon criterion[3] for the analysis of the combustion regime in six proposed designs
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Figure 5- Wunning's criterion [27] for the analysis of the combustion regime in six proposed designs
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Table 5-The percentage of increase or decrease of recycling coefficient in six proposed designs compared to the study of Lee et
al [25] and mohammadzadeh et al[22]

Case Number Ky, (ratio) Ky, (ratio)
1 2.50 2.13
2 2.56 2.19
3 2.60 2.22
4 2.47 2.10
5 2.51 2.15
6 2.53 2.16
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Figure 6- a) Velocity distribution on the left side and pressure on the right side in the diagonal plane of the furnace for six
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Figure 7- a) The investigated pages in internal recycling b) Distribution diagram of internal recycling coefficient (Kv) relative
to the cross section of the furnace for six proposed designs of internal recycling system
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Table 6-Maximum value, average and difference between maximum and average temperature

Max Temp (K)
Casel 1707 Case4 1726
Case2 1822 Case5 1744
Case3 1827 Case6 1821
Average Temp
Casel 1635 Case4 1638
Case2 1630 Case5 1636
Case3 1632 Case6 1636
AT
Casel 71 Case4 87
Case2 192 Case5 108
Case3 195 Case6 185
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Figure 8- Temperature distribution, temperature contours on the right and its uniformity on the left
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Table 7- The amount of CO and NO pollutants and CO2 greenhouse gas in the chimney section

Case Number 1 2 3 4 5 6
C0,(%Mole F) 8.23 7.83 8.13 8.83 8.71 8.31
CO(ppm) 9.94 10.39 10.76 9.72 9.79 10.41
NO(ppm) 2.14 9.83 10.68 2.54 5.77 8.97
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Investigating the effect of arrangements of air and fuel inlets on the
performance of flameless combustion furnace
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The purpose of this study is to investigate the conditions governing a flameless combustion furnace with
natural gas fuel. In this article, by changing the arrangement and distances of the four symmetrical air inlets
from the central fuel inlet, The concept of eddy dissipation model with coefficient correction has been used to
model combustion with reduced chemical kinetics DRM22. Two symmetrical cross arrangements "X" and
"+" configuration, were determined to minimize the dead space in the furnace for air inlets. Lower limit of the
air and fuel inlet distance was assumed to be 12 mm and the upper limit of this distance was 36 mm in the
simulation. Most of all, by examining the combustion parameters, the proposed geometry was selected for the
construction of the furnace. The recirculation factor (K,) has been increased by 2.6 times compared to the
base furnace. Also, the maximum temperature has decreased by 5% and the difference between the maximum
and average temperature by 77 Kelvin compared to the basic furnace, and this indicates better temperature
uniformity. Also, the maximum heat of reaction of specified point in the furnace has increased by 63%
compared to the base furnace and indicates the higher potential of the furnace in heat treatment. It is possible
to extend results of this research to natural gas industrial furnaces.

Keywords: Flameless combustion, inlet configuration, temperature distribution, X and + configuration
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