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Effect of Dilution Gas on Turbulent Burning Velocities
of Lean Hydrogen Mixtures
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Kyushu University
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It is important that the effect of dilution gas on the turbulent burning velocity of hydrogen
mixtures is elucidated to develop modern hydrogen combustion devices. In our previous studies,
the preferential diffusion effect was made clear to play an important role in the turbulent
combustion characteristics, affecting the local burning velocity, where nitrogen was added as a
dilution gas to several fuel/air mixtures. The present study is performed to obtain
experimentally the turbulent combustion characteristics of dilution gas added lean hydrogen
mixtures with special attention to the local burning velocity of turbulent flame, in order to
elucidate the mechanism of turbﬁlent combustion of those mixtures. In this study, the
turbulent burning velocities of the prepared mixtures, whose laminar burning velocity were
nearly the same and the equivalence ratio were varied, were experimentally investigated.
Where, argon, helium and carbon dioxide in addition to nitrogen were adopted as dilution gas.
It is found that carbon dioxide added mixtures show larger turbulent burning velocities than
that of nitrogen added mixtures at the same equivalence ratio. On the contrary, helium added
mixtures show very smaller turbulent burning velocities. Those characteristics are discussed in

preferential diffusion effect, turbulent flame-front configurations and Markstein number.

Key words: Hydrogen Premixed Turbulent Combustion, Dilution Gas, Turbulent Burning
Velocity, Preferential Diffusion Effect, Markstein Number
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#1. REKFE
Fuel& |  Molar Fraction | Sy, ag V.
Mixture Dilution| G Dg/D Le
¢ Gas | Fuel [ O Dlg’;‘m emis | 5 ¢ mm%s | mm%/s

HO02-15N | 0.2 | Hy/Ny| 1.00| 2.50| 7.50|14.77] 2.979| 27.64| 16.83]0.380

HO05-15N |0.5| Hy/Ny| 1.00| 1.00( 7.80]15.31| 2.967| 2841 16.98]0.393

HO7-15N [0.7 [ HyNy| 1.00| 0.71| 7.39|15.26| 2.951} 29.00| 17.10]|0.402

HO09-15N |09 | Hy/N,| 1.00] 0.56| 6.94]|15.88| 2.933| 29.60| 17.24|0.411

H02-15A | 0.2 | Hy/Ar| 1.00| 2.50(11.00| 15.57 | 3.291] 27.20| 15.140.363

HO05-15A | 0.5 Hy/Ar| 1.00| 1.00|11.80} 1444 3.299| 27.72| 15.01}0.370

HO7-15A | 0.7 [ Hy/Ar| 1.00] 0.71|10.86]15.50 3.283| 28.44| 15.09]0.380

H09-15A {09 Hy/Ar| 1.00| 0.56 | 10.56 | 14.83 | 3.277| 28.75| 15.12]|0.384

H02-15C | 0.2 |[HyCO,| 1.00| 2.50| 5.00]15.32| 3.346{ 20.11| 11.37]0311

H05-15C ] 0.5 |[Hy/CO,| 1.00| 1.00| 5.50|14.89| 3.256| 19.17( 10.48|0.308

H07-15C | 0.7 |H/CO,| 1.00| 0.71| 4.70|15.74| 3.179] 20.34| 10.63]0.328

H09-15C | 0.9 |H,/CO,| 1.00| 0.56| 4.17|14.70| 3.118] 21.38| 10.780.346

HO02-15H |0.2 | Hy/He| 1.00| 2.50| 8.80|14.80| 1.612| 117.85| 54.66 [0.962

H05-25N J0.5| Hy/No| 1.00| 1.00] 7.10|24.69| 2.946| 29.03| 17.12]|0.402

HO07-25N }0.7| H,/N,| 1.00] 0.71] 6.43]|2538| 2.917| 30.02| 17.33[0416

H09-25N |0.9| Hy/No| 1.00| 0.56 | 6.17]24.53| 2.904| 30.54| 17.44)0423

HO05-25A | 0.5| Hy/Ar| 1.00| 1.00| 9.70]|25.00| 3.261| 28.94| 15.230.386

H07-25A]0.7| HyAr] 1.00| 0.71 | 8.93|25.34| 3.242( 29.80| 15.33]0.398

H09-25A ]0.9| Hy/Ar| 1.00| 0.56 | 8.72)|24.86| 3.236| 30.16[ 15.36)0.403

H05-25C 0.5 |[Hy/CO,| 1.00 [ 1.00| 4.50]|25.39( 3.195| 20.74| 10.89]0.331

H07-25C | 0.7 |H/CO,| 1.00 [ 0.71 | 4.25(24.90| 3.144| 2121 10.84 (0342

H09-25C | 0.9 {H/CO,) 1.00| 0.56| 3.75]|25.43 | 3.077] 22.40] 11.02]|0.362

HO02-25H | 0.2 | Hy/He| 1.00| 2.50| 7.75]|25.00| 1.583| 113.32| 51.850.942

HO03-25H | 0.3 [ Hy/He| 1.00] 1.67| 9.35|24.90| 1.706] 134.59| 66.46 |1.038

HO04-25H | 0.4 | Hy/He| 1.00 | 1.25]10.10|25.11 | 1.767| 145.62 | 75.87 | 1.085

H05-25H ] 0.5 | Hy/Hej 1.00 | 1.00 | 10.50 | 24.55 | 1.803 | 152.32 | 82.42]1.112
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x2. SFretEE

w o elk

Substance g/mol nm K
H, 2.016| 0.283 59.7
0, 31.999 | 0.347 106.7
N, 28.013 | 0.380 71.4
Ar 39.948 | 0.354 93.3
He 4.003 | 0.255 10.2
CO, 44.010} 0.394 195.2

w': Molecular weight

o Characteristic Lennard-Jones length
&: Characteristic Lennard-Jones energy
k' Boltzmann's constant
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