Al 323] KOSCO SYMPOSIUM =¥ Q006 = &4 105

TEI & #4349 7 1 3380 2ALT

Co AN AEA - g0

Flame Length Scaling and Structure in Turbulent Hydrogen

Non-Premixed Jet Flames with Coaxial Air

Sangwook Yun, Jeong seog Oh, Munki Kim and Youngbin Yoon

ABSTRACT

Many previous works have been performed to provide correlations of flame length,
theoretically and experimentally. Most of these results studied were conducted in vertical
turbulent flame with no coaxial air condition. The present study analyzes the flame
length scaling with coaxial air. In turbulent hydrogen non-premixed jet flames with
coaxial air, flame length scaling theoretically proposed so far has been related with the
concept of a far-field equivalent source. At high coaxial air to fuel velocity ratio, Ua/Ur,
however, this scaling theory has some difference with experimental flame length data.
This difference is understood to be due to the fact that the theory is based on far-field
notion, while the effect of coaxial air on jet flame occurs in the region near the nozzle

exit. Therefore, we define effective jet density Per involving the concept of near-field so
that effective jet diameter can be extended to the near field region. In this condition, we
modify the correlation and compare with experimental data.

2l s M9
Ur  Fuel velocity Pess  Effective jet density
Ua Coaxial air velocity L¢/dr Normalized flame length
der  Effective jet diameter
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I 1 Experimental conditions

Test Casei Ur [m/s] | Us [m/s] | Ua/Ur
1 105-489 10.0 0.021-0.095
1 2 105-489 20.0 0.041-0.191
3 105-489 30.0 0.061-0.287
4 105-279 | 21.5-57.3 0.205
5 105-349 | 14.3-477 0.137
o 6 105-419 | 10.7-429 0.103
7 105-489 7.2-33.4 0.068
8 105-419 54-215 0.051
9 105 Re=3000; 3.0-45.0 [0.029-0.430
m 10 1140 Re=4000 3.0-50.0 10.021-0.357
11 1175 Re=5000] 3.0-50.0 {0.017-0.287
12 {244 Re=60001 3.0-50.0 10.012-0.205
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Variation of instantaneocus flame
length: (a) increasing Ur simple
jet with coaxial air, (b}
increasing Ur at fixed Us =
10m/s, {c) increasing Ua and Ug
at fixed Ua/Ur = 0.103, (d)
increasing Ua at fixed Us = 244
m/s
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Comparison of L;/dr, between
measured and calculated by
Dahm et al. [4] with U,/ Ur
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Fig. 6 Comparison of L;/dp, between

measured, calculated by present
study Eq. {11) and the calculated
by [4] with U,/ Ur in 20% Helium
diluent hydrogen
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study Eq. (11) and the calculated
by [4] with U,/ Uy in 40% Hefium
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