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Extending the operating range of ultra-low NOx emissions by enhancing the reactions
of the secondary lean mixtures injected into the reverse-jet stabilized primary stage
combustion products
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The lean-lean two stage combustion, characterized by the enhancement of the reactions of ultra-lean to lean
mixtures injected into the hot combustion products of the lean-burn primary stage, was investigated to show its
potential in achieving low NOx emissions while maintaining complete combustion over a wide range of power of gas

turbines. For single-digit NOx emissions, the stagnation reverse flow combustion was employed as a means of flame
stabilization for the primary stage because of its robust flame holding capability at very lean conditions. Methane
was used as fuel and emissions measurements and direct flame imaging were conducted at T; = 373 and 573 K and at
atmospheric pressure. NOx emissions less than 5 ppm (15% O2) were achieved for a primary equivalence ratio of 0.5
with combustion efficiency greater than 99.9% over a range of gas temperatures ranging from 1400 to 1900 K.

Key words : Lean-lean two stage combustion, Stagnation reverse flow combustion, Robust flame holding, Ultra-low
NOXx emissions, Perfectly premixed methane-air mixtures
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Fig. 1 Photographs and drawings of injectors used.

Table 1 Dimensions of primary injector.

Outer tube and wall thickness, mm 32 ID*-1

Inner tube and wall thickness, mm 25 OD*%1
Cross-sectional area of mixture passage, mm? 313

Number and diameter, mm of holes 4x ¢ 10
Total opening area of holes, mm?® 314

*Tnnlnner diameter, **OutOuter diameterer

Table 2 Dimensions of secondary injector.

Inner diameter and wall thickness, mm 19.7-1
Cross-sectional area of mixture passage, mm? 305
14X 3
Number and diameter of holes®, mm 4x¢3
(From top to bottom rows) 4% ¢4
414X 8
Total opening area of holes, mm? 308

*10mm interval
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Fig. 2 Photographs of flames showing effects of primary mixture P2 WHEBITMAE ING Z L TRIDHIMRAESI NG Z &8
injection position, Zi, on flame structure for Zi,»=55 mm RENTWS,
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Fig. 3 NOx emissions and combustion efficiency vs.
overall equivalence ratio, ¢, for different primary
mixture injection positions, Zi1.
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Fig. 4 Photographs of flames showing effects of secondary

mixture injection position, Zi2, on flame structure for
Zm1=10 mm and ¢1=0.7.
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Fig. 5 NOx emissions and combustion efficiency vs. overall
equivalence ratio, ¢, for different secondary mixture
injection positions, Zina.
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secondary mixture of different primary equivalence
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Fig. 10 Concentration of NO and NO; along the combustor axis for secondary mixture of different primary

equivalence ratios for ¢ of 0.5 and 0.6.
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