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Combustion of unburnt gas mixture penetrating into burnt gas

O THIZREE, JAXAIARD, HUHERFAT iR =F HH] 7-44-1, mizo@chofu.jaxa.jp

P 0 Je, JAXA/ARD, R AUERFRAT THIR K SF BT 7-44-1
AL E, JAXAIARD, HAUHBERAG TR SF AT 7-44-1
HTHRIE S, JAXA/ARD, R AUERFRAT THIR K SF BT 7-44-1

AN 7, IAXAIARD,  HCUERRRAT TR R ST ST 7-44-1

Yasuhiro Mizobuchi, JAXA/ARD, 7-44-1 Jindaiji-higashimachi, Chofu, Tokyo
Tadao Takeno, JAXA/ARD, 7-44-1 Jindaiji-higashimachi, Chofu, Tokyo
Shingo Matsuyama, JAXA/ARD, 7-44-1 Jindaiji-higashimachi, Chofu, Tokyo
Junji Shinjo JAXA/ARD, 7-44-1 Jindaiji-higashimachi, Chofu, Tokyo

Satoru Ogawa JAXA/ARD, 7-44-1 Jindaiji-higashimachi, Chofu, Tokyo

The combustion of unburnt gas mixture thrown into burnt gas of premixed flame has been studied by means of 2-D
numerical calculation with detailed chemical kinetics and accurate transport properties for a rich hydrogen-air mixture.
It has been found that the local fuel consumption rate increases in the low temperature side of the flame when the
unburnt volume develops the flame curvature, and in the center of the volume after it has passed through the flame.
The trend coincides with the observation about the highly turbulent rich premixed flame in a detailed numerical
simulation of a hydrogen jet lifted flame, where the non-flamelet-like structure is observed.
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Fig. 1: Structure of a hydrogen jet lifted flame reproduced by a
detailed numerical simulation. Iso-surfaces of hydrogen
consumption rate at 10°mol/m®/s are presented with surface colors
indicating local combustion modes, red:rich premixed, bule:lean
premixed, green:diffusive.
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Fig. 2: Fuel consumption rate as a function of temperature in the
combustion volume of 0.02<z<0.04 in the region #1 in Fig.1.The
black line is the profile in the 1-D flame of z=0.0295.
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Fig. 3: Fuel consumption rate as a function of temperature in the
combustion volume of 0.10<z<0.12 in the region #3 in Fig.1.The
black line is the profile in the 1-D flame of z=0.109.
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Fig. 4: Fuel consumption rate as a function of temperature in the
combustion volume of 0.12<z<0.14 in the region #4 in Fig.1.The
black line is the profile in the 1-D flame of z=0.128.
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Fig. 5: Unburnt gas volume burning in burnt gas of premixed flame
observed in a detailed numerical simulation of a hydrogen jet lifted
flame.
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Fig. 6: Problem configurations.
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Fig. 7: Time-sequent change of flame shape. The distribution of
hydrogen consumption rate at each time stage is shown.
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Fig. 8: Fuel consumption rate as a function of temperature at the
time stage b) in Fig.7. The black line is the profile in the 1-D flame
of z=0.12.
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Fig. 9: H, production rate by reaction 4 as a function of temperature
at the time stage b) in Fig.7. The black line is the profile in the 1-D
flame of z=0.12.
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Fig. 10: OH mass fraction as a function of temperature at the time
stage b) in Fig.7. The black line is the profile in the 1-D flame of
z=0.12.
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Fig. 11: Fuel consumption rate as a function of temperature at the
time stage b) in Fig.7. The black line is the profile in the 1-D flame
of z=0.12.
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Fig. 12: Fuel consumption rate as a function of temperature at the
time stage b) in Fig.7. The black line is the profile in the 1-D flame
of z=0.12.
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Fig. 13: Fuel consumption rate as a function of temperature at the
time stage b) in Fig.7. The black line is the profile in the 1-D flame
of z=0.12.
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Fig. 14: Fuel consumption rate as a function of temperature at the
time stage b) in Fig.7. The black line is the profile in the 1-D flame

of z=0.12.
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Fig. 15: OH mass fraction as a function of temperature at the time
stage b) in Fig.7. The black line is the profile in the 1-D flame of

z=0.12.
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Table 1 ; Chemical mechanism ¥

R1
R2
R3
R4
RS
R6
R7
R8
R9
R10
R11
R12
R13
R14
R15
R16
R17

H+0,
H,+O
H,0+0
H,O+H
H,0, + OH
H,O0+M
H+0,+M
HO,+0O
HO,+H
HO,+H
HO, + OH
H0, + 0,
H,0,+M
H,0,+H
O+H+M
O, +M
Hy+ M

O+0OH
H+OH
OH+OH
H,+OH
H,0 + HO,
H+OH+M
HO,+M
OH+0,
OH+OH
H,+ 0O,
H,0 +0,
HO, + HO,
OH+OH+M
HO, + H,
OH+M
0+0+M
H+H+M

Copyright © 2009 by JSFM



