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Numerical study of the flame structure of a hydrogen jet lifted flame by detailed 

simulation

Yasuhiro MIZOBUCHI*1, Junji SHINJO*1, Shingo MATSUYAMA*1

Satoru OGAWA*1 and Tadao TAKENO*1

ABSTRACT
A real-size hydrogen jet lifted flame is successfully reproduced by a highly resolved time-dependent 3-D numerical simulation 

with detailed chemistry and rigorous transport properties. The analysis based on Flame Index clearly shows that the lifted flame

is not a single flame but consists of three flame elements; 1) a stable leading edge flame, 2) diffusion flame islands floating on 

the outer side of the lifted flame, 3) inner vigorously turbulent rich premixed flames. The stable laminar leading edge flame of

ring shape has a triple flame like structure and is stabilized outside the turbulent jet where the incoming flow almost balances

with the burning velocity. The combustion in diffusion flame islands can be explained by the conventional laminar flamelet 

concept, although they take island-like shapes. The island-like shapes are produced by the unsteady turbulent behavior of inner

rich premixed flame. In the inner vigorously turbulent rich premixed flames, flame structures that are largely deviated from the

laminar flamelet concept are observed. The turbulence scales and the flame structure scales are in the same order and turbulent

eddies can easily penetrate into the flame internal structures. 

Flame Index

1)

2) 3)
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4
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2

210 TaTaTaTaaH s

]K[:],J/mol[:, THH fss

a0 a1 a2 a3 a4 Hs

H2 -8.1326E+03 2.6663E+01 2.1287E-03 -8.7153E-08 -1.2495E-12 0.0000E+00

O2 -8.7981E+03 2.8524E+01 3.4874E-03 -4.4822E-07 2.5177E-11 0.0000E+00

OH -8.2317E+03 2.6919E+01 2.4185E-03 -1.9602E-07 4.4040E-12 3.9426E+04

H2O -8.8587E+03 2.7196E+01 8.8307E-03 -1.1411E-06 5.8445E-11 -2.4160E+05

H -6.1868E+03 2.0760E+01 3.1743E-06 -6.3343E-10 4.5081E-14 2.1778E+05

O -6.4485E+03 2.1805E+01 -5.9607E-04 1.2975E-07 -7.5884E-12 2.4896E+05

H2O2 -1.0680E+04 2.6514E+01 3.5581E-02 -1.5200E-05 2.6737E-09 -1.3305E+05

HO2 -1.0338E+04 3.1957E+01 9.6625E-03 -1.6663E-06 1.0667E-10 1.7556E+04

N2 -8.2271E+03 2.6494E+01 3.9239E-03 -6.3248E-07 3.8992E-11 0.0000E+00

4 s s/k

s [10-10m] s/k [K]

H2 2.920  38.0 

O2 3.548 107.4 

OH 2.750 80.0 

H2O 2.605 572.4 

H 2.050 145.0 

O 3.500 80.0 

H2O2 3.458 107.4 

HO2 3.458 107.4 

N2 3.621 97.53 

6 w1, w2
3

3
2

210 RaRaRaaw TkR s /)/(

a0 a1 a2 a3

w1 5.977E-01 1.0752E+00 -2.3769E-01 3.0005E-02

w2 1.3401E+00 2.3472E+00 -3.9074E-01 3.2369E-02

5 kT/ s w1, w2 [9]

kT/ s w1 w2

0.3 2.648 2.841 

0.5 2.066 2.284 

0.7 1.729 1.922 

1.0 1.440 1.593 

1.3 1.274 1.401 

1.6 1.168 1.280 

2.0 1.075 1.176 

2.5 1.0002 1.093 

3.0 0.9500 1.0388 

4.0 0.8845 0.9699 

5.0 0.8428 0.9268 

7.0 0.7898 0.8728 

10.0 0.7422 0.8244 

20.0 0.6640 0.7436 

50.0 0.5761 0.6504 

100.0 0.5177 0.5869 
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