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Mixing characteristics of hydrogen-enriched natural gas with
air in a micromixer burner
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Abstract: The micromixing combustion technology of hydrogen-enriched natural gas for gas turbines
provides robust support for achieving the "dual carbon" goal. Superior fuel-air mixing performance
serves as a guarantee for high-efficiency fuel combustion. For a micromixer burner featuring fuel

crossflow and air jet flow, novel air-injection hole structures with rounded rectangular shapes were
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proposed. Numerical simulations were conducted to investigate the influences of characteristic
parameters of the air-injection holes on fuel-air mixing performance and pressure loss. The results show
that as spacings between two rows of air-injection holes increase, the spatial mixing deficiencies reduce,
whereas the variations in pressure loss coefficients are small. As the inclination angles of air jet flow
increases, the spatial mixing deficiencies first rise significantly and then tends to a constant value, while
the pressure loss coefficients tend to increase with a maximum increment of 0.17%. As the widths of the
air-injection hole increase, the spatial mixing deficiencies first decrease and then increase, while the
pressure loss coefficients exhibit an increasing trend, reaching a maximum increment of 0.1%.
Mechanism analysis reveals that the spatial mixing deficiency is closely associated with the turbulence
diffusion and molecular diffusion mechanisms. Meanwhile, the pressure loss coefficients are primarily
relevant to the turbulence intensity of the air jets and the local pressure loss caused by the impact of the

second row of air jets.
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numerical simulation
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Fig.1 Configuration of a single tube in micromixer burner
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Tab.2 Fuel and air parameters used in numerical simulations

E 4 iRes HifH
kL CH, AR % Ven, 50
R, A H0% Vi, 50
SRRLE T A (s ) my 0.7957
25 S5k O i (kgs ) m, 0.0378
BRRLE TR /K 7 298
2= Sk R EE/K T, 770
TRAE B DR J)/MPa p 2

1.4 MR T HIRIE

W8 X IR 2> A NS LIRS, X EE
R R FH R 30 IR A 4 AR B, s 2 iR FE L, =
12mm. W,=3mm., 0=0 (WK 1) &84T, X
F 3 B0 A TR K /N B R AS (X R T AR S H N =
9.5x10*, 2.4x10° 1 4.0x10°) , FFIRECME ML, L)
BUERIAR TC M. K3 A T RN S H TR
HE B L CH, R B S e L &
Hr, BEARKR Lo/D AR -SSR AEBRRE L, 5
B D Z . XL 3 Fh AR A H T BB AR LG
BRI, MIEEH K 2.4x10° 5 4.0x10° B} iy 1154
ZEHE AR/, X RWILE N =2.4x10" I £ i 2 1%
TN Pk, JRERIAE N =2.4x10" i R
BOH T IEAT, A H 5 DX PN 5 R A 18 AR R
0.064 mm’, Ft/NEHEIAFH 0.001 64 mm’,

2 PR AT MRS

Fig.2 Cells divided for a single tube in micromixer burner
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Tab.3 Parameters used for model validation
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mixing tube outlet
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