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Combustion Property with Difference in Various Types of Hydrogen Diffusion Flame

Ryoichi TANIGAWA *  Takamitsu YOSHIMOTO **

ABSTRACT

In recent years, we have to think over seriously the efficient use of the heavily consumed energy. The mechanisms of stability
and holding about the flame have been studied. It is found that the parameters for holding the IDF, the micro flame and the
radial horizontal jet diffusion flame are fuel velocity, co-flowing velocity, nozzle diameter (curvature of nozzle),
concentration of fuel etc. The flame structure and lifting mechanism are simulated by using the PHOENICS. The results of
numerical computation are compared with the experimental data. The results are obtained as follows. (1) The flame base of
the IDF is constantly formed at airy side. (2) The flame base of the radial horizontal jet diffusion flame is lifted bulging
outward after it moves closely to a spout with an increase in the jet velocity. (3) When the flow rate of the fuel is very small,
the flame structure becomes spherical shape. The factors about structure and
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Fig.1 Flow sheet for experimental equipments
of NDF and IDF
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Fig.2 Schematic configuration of nozzle of NDF and IDF
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Fig.3 Flow sheet for experimental equipments
of the radial horizontal diffusion flame
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Fig.4 Schematic configuration of nozzles
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of the radial horizontal diffusion flame
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Table 1 Chemical reaction equations and

parameter of Arrhenius equation

Elemental reactions A n E

H + 0O = OH + o 2.24E+ 0 7030
o + H2z = OH + H 1.74E+ 0 3960
H2 + OH = H + H: 2.19E+ 0 2160
(o] + OH = H: + (o} 5.75E+ 0 3270
H + H + Hz = Hz + H 9.20E+ -0.6 0
H o+ H + N2 = H2 + N 1.00E+ -1 0
H + H + 02 = H2 + 02 1.00E+ -1 0
H + H + Hz = Hz + H 6.00E+ -1.2 0
o + o + N2 = 02 + N2 2.62E+ -0.8 0
o + H + M = Hz + M 1.17E+ 0 0
H + 02 + M = HO + M 2.70E+ -0.8 0
H + HO = OH + OH 2.50E+ 0 7950
H + HO = 02 + H 2.50E+ 0 2910
H + HO = H2 + o 5.00E+ 0 4190
O + HO = OH + O 4.80E+ 0 4190
(o] + HO = H: + 02 5.00E+ 0 4190
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Table 2 Computational condition of IDF

A R

INLET1-Air velocity

0.6,5.0,10.0[m/s]

INLET2-Fuel velocity

0.6[m/s]

A(Radius)

2.4[mm]
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Table 4 Computational condition of micro flame
INLET-Air velocity 0.5~[m/s]
INLET-Fuel velocity 0.1[m/s]

B(Rim thickness) | 0.1,0.2,0.3,0.5,1.5[mm]
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Fig.5 Computational domain of IDF
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Table 3 Computational condition

of radial horizontal jet diffusion flame

INLET1-Fuel velocity 0.5~15.0[m/s]
INLET2-Air velocity 0.1[m/s]
C(Slit width) 0.5,1.0[mm]
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Fig.6 Computational domain

of the radial horizontal jet diffusion flame
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B(Rim thickness) 0.15[mm]
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Fig. 7 Computational domain of micro flame
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Fig.8 Radius profiles of temperature (H2:N2=30:70)
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Fig.10 Transition of flame base

(V=10[m/s],OH mass fraction)

Fig.9 Flame behavior
(V=5[m/s],OH mass fraction)
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Fig.11 Flame configurations with increasing jet velocity

(Vj:jet velocity) (experiment, H2:N2=30:70)
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Fig.12 Profiles of OH mass fraction with increasing jet velocity

(Vj:jet velocity)(computation, H2:N2=30:70)
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Fig.13 Position of measurement
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Fig.14 Radius profiles of temperature
(experiment, H2:N2=50:50)
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Fig.15 Radius profiles of temperature
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Fig.16 Contour of temperature with velocity vector
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Fig.17 Radius profiles of temperature (computation)
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Fig.20 Flame length versus Fuel velocity
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