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A Study on Flame Propagation Through a Mixture of H,/Air and Inert
Particles with Radiation Effect

Deok Yeon Kim, Jin Wook Son and Seung Wook Baek

Deflagration (78 ¢ 42 7), Two Phase Media (2 4 ) &), Radiation (E-A}g)
Abstract

The characteristics of flame propagation in inert particle-laden Hy/Air premixed gas are numerically
investigated on this study. The 2nd order TVD scheme is applied to numerical analysis of governing equations
and multi-step chemical reaction model and detailed transport properties are used to solve chemical reaction
terms. Radiation heat transfer is computed by applying the finite volume method to a radiative transfer
equation. The buming velociti¢s against the mole fractions of hydrogen agree well with results performed by
different workers, The inert particles play significant roles in the flame propagation on account of momentum
and heat transfer between gas and particles. Gas temperature, pressure and flame propagation speed are
decreased as the loading ratio of particle is increased, Also the products behind flame zone contain lots of
water vapor whose absorption coefficient is much larger than that of unburned gas. Thus, the radiation effect
of gas and particles must be considered simultaneously for the flame propagation in a mixture of Hy/Air and
inert particles. As a result, it is founded that because the water vapor emits much radiation and this emitted
radiation is released at boundaries as radiant heat loss as well as reabsorbed by gas and particles, flame
propagation speed and flame structure are altered with radiation effect.
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Table 1 Thermodynamic propetties of gas-particle mixture.

PROPERTY DEFINITION
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Gas concentration o, = V_
. m »
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Table 2 Reaction mechanism used for the simulation of Hz/ Air Combustion. (k, =a, 7% ™% )

J Reactions @, (mole, cm’, 5) B f E; (cal/mole)

1 H+0,=20H 1.70e13 0 47780

2 H;+OH=H,0+H 5.20e13 0 6500

3 H+0,=OH+0 1.22¢17 -0.907 16620

4 O+H;=0H+H 1.80¢10 1 8826

5 H+0,+M=HO+M 2.00e15 0 -870
H,0 720/

6 OH+HO=H,0+0; 1.20e13 0 0

7 H+HO,=20H 6.00e13 0 0

8 O+HO,=0,+0H 1.00e13 0 0

9 20H=0+H;0 1.70¢06 2.030 -11%0

10 H;+M=2H+M 2.23e12 0.5 92600
H;0 /5/

11 0,+M=2H+M 1.85¢11 0.5 95560

12 H+OH+M=H,0+M 7.50e23 -2.6 0
H,0 720/

13 H+HO,=H,+0; 1.30e13 0 0

14 O+N,;=NO+N 1.40e14 0 75800

15 N+0,;=NO0O+0O 6.40¢09 1 6280

16 OH+N=NO+H 4.00e13 0 0
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Table 3 Conditions for the computation of flame
propagation in Hy/Air/Inert particles mixture.

Conditions Quantity
Tube length Scm
Mole fraction of H, 0.41
Initial gas and particle 296 K
temperature
Initial pressure 1 atm
Initial gas and particle 0m/s
velocity
Diareter of the particle 100 pm
Loading ratio of the particle 0,0.5,1
Emissivity of particles 0.95
Emissivity of the boundaries 1
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Fig. 2 Verification of the present program : Comparison
of the burning velocity with other results.
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Fig. 3 Effect of inert particle on the flame propagation
according to the loading ratio.
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Fig. 8 Effect of radiative heat transfer on the flame propagation.
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