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Abstract: To address the issues of flashback and high NOx emissions in hydrogen-enriched gas combustion, a
swirl-stabilized burner was designed using mild premixed combustion technology, and a feasibility study was
conducted for its application in industrial boilers. Using a combination of experimental and numerical simulation
methods, the study explored the equivalence ratio adjustment range of the mild premixed burner and the influence
of hydrogen blending ratio on flame shape and pollutant emission characteristics. The experimental results
showed that the mild premixed burner can achieve a wide hydrogen blending heat ratio adjustment range of
0~100%. The addition of hydrogen promoted a more uniform flame distribution, and the flame height decreased
with the increasing hydrogen blending ratio. Additionally, the NOx mass concentration experienced a rapid
increase (for hydrogen blending ratios less than 30%) followed by fluctuations around 60 mg/m?. As the hydrogen
blending ratio increased, the critical equivalence ratio for local flashback decreased, narrowing the stable
combustion range between the blowout limit and the partial flashback limit. The widest equivalence ratio stable
combustion range was achieved at a hydrogen blending ratio of 40%, which was 0.54~1.06.
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Tab.1 Comparison of combustion conditions between gas
turbines and industrial boiler
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Fig.1 Schematic diagram of micro-mixed combustion
principle
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technology
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Fig.3 The micro-mixed combustion experimental system
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Tab.3 Experimental conditions for hydrogen blending ratio
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3 1.53 211 30 27.41 20
4 131 2.82 40 26.85 20
5 1.09 3.52 50 26.29 20
6 0.87 4.23 60 25.73 20
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numbering
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Tab.6 Uniformity of fuel and air blending in each nozzle
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5 0382 0551 0655 0765 0840 0960
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8 0367 0561 0652 0760 0861 0985
9 0257 0524 0629 0720 0733 0831
10 0356 0431 0626 0723 0840 0931
1 0258 0544 0625 0721 0835 0834
12 0372 0500 0528 0623 0702 0933
13 0360 0571 0623 0701 0730 0944
14 0369 0548 0640 0746 0853  0.950
15 0370 0520 0637 0745 0840 0946
16 0362 0570 0657 0771 0857 0977
17 0360 0568 0650 0668 0750 0972
18 0263 0546 0625 0723 0736 0833
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