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Minimization of the emission of pollutants along with maximization of radiation
from an air-staged natural gas flame
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ARTICLE INFORMATION ABSTRACT
Original Research Paper Air staging is defined as the supply of inadequate air from the primary stage to the reaction zone, and
Received 18 April 2016 the completion of the air supply through the next stage or stages. This study is concerned with the

Accepted 14 June 2016

Available Online 20July 2016 optimization of the air staging system of a burner with two air inlets and one fuel (natural gas) inlet with

the help of numerical modeling. The equivalence ratio of the primary air (with the assumption of a fixed
total air mass flow rate), and the distance between the two air inlets constitute the design variables of

E:m:{:;s flame the problem. In the previous research works, the air staging technology has been mainly employed as a

air-staging method to reduce the emission of NO. However, in the current study, in addition to the emission of NO,

multi-objective optimization the emissions of CO and soot, and radiative heat transfer from the flame are considered as the objective

pollutants functions. The results show that increasing the level of air staging (or the equivalence ratio of the

radiation . . . . . L. . .
primary air) has contradictory effects on the objective functions so that, as a positive influence, it
increases the radiative heat transfer from the flame and decreases the emission of NO, and as a negative
effect, it increases the emission of both CO and soot. The results also indicate that when all the
previously mentioned objectives are considered simultaneously, the optimal case, which is selected
based on the Pareto front concept, is the case in which the primary air is about 20% of the theoretical
air.
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Table 3 Best and worst values of each objective function and the
corresponding level of air-staging
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Table 4 Best value of each objective function and the corresponding
level of air-staging and distances between the air inlets
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Table 5 Information of Pareto front when environmental objectives are considered simultaneously

oS demSl5iza 035 59 iaS] ey L. L L s
(ppm) (ppm) (ppm) (W) (mm) (mm) ¢ -
0.145 0.023 12.2 2925.95 200 15 1.2 1
0.016 0.002 13.1 2794.22 300 15 0.8 2
0.144 0.024 12.7 2952.17 200 15 1.1 3
0.132 0.024 12.9 3106.54 200 15 1 4
0.018 0.002 13.8 2558.93 300 15 0.9 5
0.015 0.002 14.7 2334.62 300 15 1 6
0.016 0.002 16 1980.27 300 15 1.2 7
0.786 0.123 10.9 5837.58 200 45 0.2 8
0.0004 0.00002 27.7 780.35 300 0 1.2 9
0.0003 0.00002 30 864.38 300 0 1.1 10

1.74 0.255 8.81 6153.44 200 45 0.1 11
1.59 0.313 10.4 5691.68 100 15 0.2 12
0.301 0.057 17.3 5194.36 200 45 0.6 13
0.352 0.065 14 4809.25 200 30 0.7 14
0.218 0.036 15.5 4793.27 200 15 0.4 15
0.642 0.103 21.1 5520.39 200 30 0.3 16
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Table 6 Values of design variables for optimal and reference cases and comparison of them objective functions

oS S lgige 0393 O39S ol L L 1 (B
(ppm) (ppm) (ppm) (W) (mm) (mm) ®
0.145 0.023 12.2 2925.95 200 15 1.2 gl Gua ply 4 v bang b
3.23 0.515 6.72 6479.31 300 45 0.2 G g (Sogll Ban wly 4 axg b a2 )b
0.398 0.122 18.7 2724.62 0 0 1.1 &b
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Table 7 Information of Pareto front when maximum radiation is desired besides environmental objectives

S SenSgisn 039 eS| B L. L L s,
(ppm) (ppm) (ppm) (W) (mm) (mm) 4
3.23 0.515 6.72 6479.31 300 45 0.2 1
6.11 0.988 6.31 6485.04 200 30 0.1 2
1.74 0.255 8.81 6153.44 200 45 0.1 3
0.786 0.123 10.9 5837.58 200 45 0.2 4
1.59 0.313 10.4 5691.68 100 15 0.2 5
0.751 0.195 15.2 5273.56 100 0 0.2 6
0.455 0.089 14.6 5194.47 200 30 0.5 7
0.438 0.074 16.4 5332.08 200 30 0.4 8
0.748 0.155 14.3 5097.31 100 45 0.5 9
0.345 0.068 141 4996.61 200 30 0.6 10
0.44 0.067 18 5378.37 200 45 0.5 11
0.646 0.102 19.8 5653.96 200 45 0.3 12
0.44 0.076 19.2 5488.99 200 45 0.4 13
0.301 0.057 17.3 5194.36 200 45 0.6 14
0.352 0.065 14 4809.25 200 30 0.7 15
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