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Abstract: The hydrogen-blended combustion

Combustion characteristics of H,O premixed CH, at air

technology is a new technology that mixes a specific atmosphere of different Rf under oxygen excess coeffcient
proportion of hydrogen, in the fuel, to improve

combustion efficiency and reduce pollutant emissions. i l l i l
This technology is considered to be an effective method P I generation .
in improving the overall energy produced. The principle j | | | |
of “power to gas” technology is to take advantage of the S mechmtms S

intermittent nature of both wind-generated and solar G H R G0

energy, by using the surplus energy for the production l | l

of hydrogen by the electrolysis of water. The hydrogen Urban a8 inferchangeabiity Industrial potlatant
can then be combined with carbon dioxide to produce e emission sandards
methane, or by direct addition to natural gas in the | 1 |
pipeline network, thus enabling large-scale utilization of The optimal hydrogen

blending ratio: 23%

hydrogen energy. The rationality of the application of

hydrogen-blended combustion technology in gas boilers is based on a simplified mechanism of GRI-MECH 3.0 of
methane combustion. This reaction contains 24 elementary reactions involving 17 components. In this work, a
numerical simulation experiment was designed, where atmospheric air was the oxidant, and the oxygen excess
coefficient was maintained as a constant. A total of eleven groups of methane/hydrogen premixing ratios Rf (0~1)
were considered and the effects of differing hydrogen blending ratios on fuel combustion temperature, combustion
rate, and main pollutant emission concentrations were studied. The results showed that, by increasing the hydrogen
blending ratio, both the combustion temperature and the reaction rate increased. Similarly, the concentration and the
total emissions of soot and CO decreased, while the concentration of NO, increased, however, the total emissions
decreased first then increased. The mechanisms relating to the effect of hydrogen mixing on the combustion process
and the resultant pollutant formation were also analyzed, concerning China's urban fuel gas interchangeability
regulations and industrial pollutant emission standards, the optimal hydrogen blending ratio was determined to be
23%.
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Fig.1 Burner structure, calculation area and grid

% 1 GRI-MECH 24 112
Table | GRI-MECH 24-step simplified mechanism

Reaction Pre-exponential factor/(cm-mol-s-K) Temperature exponent Activation energy/(J/mol)

O+H,<=>H+OH 4.281x10* 1.361 11171
O+CH;<=>H+CH,0 7.385x10"3 0 0

0O+CH4<=>0OH+CHj 8.755x10% 1.742 16778

0+C,H4<=>CH;3+HCO 1.481x107 2.756 543.08

H+0,<=>0+0H 4.644x10'° —0.3955 33978
H+OH+M<=>H,0+M 3.974x10%* -1.355 0

Third-body efficiency: Hy: 0.73, H,O: 3.65, CH4: 2.00, AR: 0.38
H+CH;3(+M)<=>CH4(+M) 1.340x10'® -0.41 542.66

Low pressure Arrhenius rate: pre-exponential factor: 1.762x103 cm-mol-s-K, activation energy: 5606.56 J/mol, temperature exponent: —3.121
Troe parameters: a=0.7830, 71=74.00, 7,=2941.00, 75=6964.00
Third-body efficiency: H,: 2.00, H,O: 6.00, CH,4: 3.00, CO: 1.50, CO,: 2.00, AR: 0.70

H+CH,<=>CH3+H, 6.550x10° 0.9403 25974
H+HCO<=>H,+CO 5.879x10'3 0 0
H+CH,0(+M)<=>CH;0(+M) 5.849x10"! 0.4828 7292.71

Low pressure Arrhenius rate: pre-exponential factor: 2.467x103 cm-mol-s-K, activation energy: 7689.56 J/mol, temperature exponent: —4.09
Troe parameters: a=0.7580, 77=94.00, 7,=1560.00, 75=4200.00
Third-body efficiency: H,: 2.00, H,O: 6.00, CH,4: 2.00, CO: 1.50, CO,: 2.00

H+CH,0<=>HCO+H, 6.066x107 2.388 7518.65

H+CH;0<=>H,+CH,0 1.846x10"3 0 0

H+CH;0<=>OH+CHj 2.459x1012 0.8344 2425
H+CoHy(+M)<=>C,Hs(+M) 2.495x10" 0.5292 5430.83

Low pressure Arrhenius rate: pre-exponential factor: 0.600x10° cm-mol-s-K, activation energy: 14677 J/mol, temperature exponent: —7.620
Troe parameters: a=0.9753, 71=210.00, 7,=984.00, 75=4374.00
Third-body efficiency: H,: 2.00, H,O: 6.00, CH,4: 2.00, CO: 1.50, CO,: 2.00, AR: 0.70

OH+H,<=>H+H,0O 1.169x108 1.620 9418.18

OH+CH4<=>CH;3+H,O 6.744x107 1.392 5840.86
OH+CO<=>H+CO, 6.847x107 1.271 142.8

OH+HCO<=>H,0+CO 5.351x10"3 0 0

OH+CH,0<=>HCO+H,0 2.093x10° 0.5917 —879.48
CH;+0,<=>0+CH;30 2.649x10'"3 0 90960
CH;3+0,<=>0OH+CH,O 1.514x10'? 0 60250
2CH3;<=>H+C,H;s 9.313x10"2 0.0914 25313
HCO+M<=>H+CO+M 1.832x10"7 —0.897 57948

Third-body efficiency: H,: 2.00, H,O: 0.00, CH,4: 2.00, CO: 1.50, CO,: 2.00
O+CH;3<=>H+H,+CO 4.610x10"3 0 0
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Fig.2 Comparison of radial temperature distribution on flame cross section

w2 LERFH
Table 2 Boundary conditions

Name Type Temperature/K  Turbulent intensity/% Hydraulic diameter/m
Fuel-inlet Velocity-inlet 300 10 0.00425
Air-inlet Velocity-inlet 300 10 0.082
Out-let Pressure-outlet 300 2 1
Wall Wall 300 — —
R T IS JIH) 70 B RS o R O 18 RS = Vi, )
faste k. SRR, WA TR, IR R Ve a,

FH— B ks =, ot i) 5 R ade FH il kg 2. &
F1E FE RS SR SIMPLE 3%, B4 L RfEALE:

KA, Vi, Veng 77 5108 Hy F1 CHy FIAAF (m3)
Bk L andk 3 fios.
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Table 3 Calculation conditions

Rf Fuel Oxidant Excess air ratio

’ Atmosphere Flow rate/(m/s) Atmosphere Flow rate/(m/s)

0 100%CH,4 10 21%0,, 79%N, 0.2822 1.1
0.1 90%CHa, 10%H, 10 21%0,, 79%N, 0.2610 1.1
0.2 80%CHs,4, 20%H, 10 21%0,, 79%N, 0.2399 1.1
0.3 70%CHa, 30%H, 10 21%0,, 79%N, 0.2187 1.1
0.4 60%CHa, 40%H, 10 21%0,, 79%N, 0.1975 1.1
0.5 50%CHs,, 50%H, 10 21%0,, 79%N, 0.1764 1.1
0.6 40%CH,, 60%H, 10 21%0,, 79%N, 0.1552 1.1
0.7 30%CHa, 70%H, 10 21%0,, 79%N, 0.1340 1.1
0.8 20%CHa, 80%H, 10 21%0,, 79%N, 0.1129 1.1
0.9 10%CHa, 90%H, 10 21%0,, 79%N, 0.0917 1.1

1 100%H, 10 21%0,, 79%N, 0.0705 1.1
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Fig.3 Nephograms of combustion temperature distribution
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Fig.4 Axial temperature distribution of combustion reaction
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Fig.5 Radial molar fraction distribution of oxygen with different cross sections
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Fig.9 Axial molar fraction distribution of O radical
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Table 4 Comparison of physical parameters of methane and

hydrogen?*!

Parameter Hydrogen Methane
Density/(kg/Nm?) 0.090 0.717
Relative density 0.070 0.555
Combustion potential/(MJ/Nm?) 12.70 39.83
Low calorific value/(MJ/Nm?) 10.79 3591
High Wobbe index/(MJ/Nm?) 48.70 53.40
Low Wobbe index/(MJ/Nm?) 40.91 48.41
Gas burning rate index 378.80 40.20
Upper explosion limit 75.90 15
Lower explosion limit 4 5
Minimum ignition energy/(MJ) 0.019 0.28
Diffusion coefficient in air/(cm?/s) 0.61 0.16
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