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ABSTRACT

This study investigated the NOx emission characteristics of methane-hydrogen co-combustion and hydrogen combustion. A

multi-hole type flat flame (FF) burner was utilized as an industrial burner, and the tests were carried out with variations in

air-fuel and co-firing ratio. The current investigation showed a minimum difference in the combustion and NOx-emission

characteristics in the methane-hydrogen co-firing tests, at least up to 50% hydrogen co-combustion conditions. In the hydrogen

combustion conditions, on the other hand, the amount of NOx emissions was significantly increased along with a flashback,

which could produce additional heat to a burner surface. Additional tests with a greater amount of air showed that it is able

to reduce the NOx emission level, and the heating of the burner surfaces as well.
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Fig. 1 The surface of flat flame burner for

methane—hydrogen co—combustion and hydrogen
combustion
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Fig. 2 The schematic diagrams of a combustion
system for methane—hydrogen co—combustion and
hydrogen combustion
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Table 1 Experimental conditions to investigate the NOx
emission for methane—hydrogen co—combustion and

hydrogen combustion

Contents CHy [Ipm] H, [Ipm] Air [lpm]
0% H, 2.6 0 252
50% H, 2 24.3
100% H, 0 8 19.6
100% H, 0 8 19.6-35
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Table 2 Fuel properties

OH

SERESEE

IR

Al NOx HiE E4

Table 5 The Interchangeability range of Weaver Index

Table 3 The Interchangeability based on LNG of the

hydrogen co—combustion for the burner in a industrial

furnace
Index CH,4 H, 10% H, | 20% H, | 50% H,
JH 0.95 0.84 0.97 0.95 0.86
JA 0.95 0.66 0.97 0.93 0.82
JF 0.03 6.37 0.24 0.50 0.66
JL 0.92 4.53 1.15 1.31 1.16
| -0.03 -0.15 -0.01 -0.03 -0.14
Y -0.05 -0.34 -0.03 -0.07 -0.18

Table 4 The Interchangeability based on COG of the
hydrogen co—combustion for the burner in a industrial

furnace
Index CH,4 H, 10% H, | 20% H, | 50% H,
JH 1.60 1.42 1.64 1.59 1.45
JA 1.76 1.21 1.78 1.72 1.51
JF -1.72 1.12 -1.64 -1.38 -0.53
JL 0.60 2.94 0.81 1.07 1.81
JI 0.52 0.28 0.94 0.87 0.63
Y 0.65 0.11 0.77 0.70 0.46
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WL 4-T5%2 wS Wor, Sddest wel 8 A
<3 s}ww surelazzion YaAlelE Aofrt 7Pse
Aoz Amgck

Contents COG NG H, CH, Contents Fair Interchangeability
CO, 3.1 - - - JH Heat Production 0.95-1.05
02 0.3 - - - JA Aeration 0.80-1.20
CnH, 2.0 - - - JF Flashback <0.26
co 8.4 ] - ] L Lifting >0.64
Composition CH, 26.6 9225 - 100 | CO formation <0.05
H, 56.4 - 100 - Y Yellow Tip <0.05
N 23 - - -
GoHe ' 3.16 - ' Tables 3%} 49]:= Weaver IndexZ ©]-83}o] NG 2 COG
LU L L : of Rk 4k E W AL A ALEIA] Tt ALE 3
Specific gravity 0.36 0.625 0.082 0.52 2J5ke] LFERRATE 2+ Weaver Index7} ZH= olujel 7|2
}ﬁgh[kl:jg?i}]value 4400 | 10,500 | 2573 | 9520 ZHS Table 50] Azlste] UERAQTH:Y JHE heat
Flammable range in the 508 5.15 475 5.15 production %4 i §=
air [%] al, £5%0] lch JAE= Aeration© 2 F
Flash point [°C] 600 537 530 537 Z13Fe] et dmele] FHEE UyEhfd, Jre
Flame velocity 56 15 139 148 Flashback © 2 3}544& Uepdlich JL lifting 0 &2 <
coetfcent sfof w2 shedol Bl EE Slo] ulgel BPYT A,
Wobbe Index (WI) 7,333 13,282 8,985 13,219
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Fig. 3 The characteristics of NOx emission as function of
H, co—combustion ratio
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Fig. 4 The characteristics of NOx emission as function of
air/fuel for hydrogen combustion
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