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Turbulent Flame Propagation
in a Combustion
Bomb (3rd Report)

Kazuo Iinuma, Yoshimasa Iea
and Kiyoshi Fukuzawa
Abstract

Following the previous work on turbulent flame propagation through
homogeneous propane-air mixtures in a combustion bomb, dependence of the
flame accelerating effect of turbulence on the mixture composition has been
studied with methane-air, methane-hydrogen-air, and propane-hydrogen-air mix-
tures, by means of high speed schlieren motion pictures and pressure mea-
surements.

Main conclusions obtained are as follows: (1) The effect of turbulence
on flame propagation time with methane-air mixtures is more pronounced on
leaner side in contrast with propane-air mixtures. (2) A considerable varia-
tion in burning time is found with extremely rich as well as lean methane-air
mixtures. (3) Rich limit of flame propagation in methane-air mixtures is
considerably restricted, whether turbulence is given or not. (4) Addition of
hydrogen has marked effect on acceleration of flame on the lean side, both
with methane-air and propane-air mixtures. (5) Dependence of turbulent
burning velocity on the mixture composition has been determined and is found
almost equivalent to the above-mentioned results. (6) All of these results
can be understood by considering preferential diffusion of fuel and oxygen
molecules in the preheat zone of flame front, and this seems to support the
theory that increase of burning velocity by turbulence is mainly due to the
increase of flame surface area instead of eddy diffusion.
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Fig 1. Schmatic diagram of the experimental apparatus.
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Table 1. Properties of turbulence measured by a hot-wire-anemometer.

VELOCITY FLUCTUATION
TIME MEAN INTENSITY | RELATIVE
INTERVAL| VELOCITY |FREQUENCY OF INT%"":S”Y
ms mls Hz TUR?nleENCE TURBULENCE
s o,
11000 41 50
0~ 2 8.2 600 1.9 24
10000 1.1 22
4~ 6 50 600 1.5 30
3000 0.5 13
8-~ 10 3.8 500 1.2 32
8000 03 12
18 ~20; 26 300 0.7 27
7000 0.05 29
45 ~ 55 1.7 100 010 5.9
~ 7000 004 3.4
70~ 75 12 50 0.05 42
8
7
, \ U MEAN VELOCITY.
6 Uhigher freq, Ulower freq.
\ INTENSITY OF TURBULENCE.
TEST GAS : AIR + H2 9 vol%.
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Fig 3. Decay of the mean velocity and the intensity of turbulence.
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Fig 4. Total burning time of methane-air mixtures.

Parmeter indicates spark timing from the end of the stroke
of turbulence generator.
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Fig 5. Frequency distribution of total burning time. (methane-air)
Parameter indicates equivalence ratio.
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Fig 6. Change of total burning time fluctuation with equivalence ratio. (methane-air)
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Fig 7. Relations between fluctuation of total burning time and spark ignition time
from the end of the stroke of turbulence generator. (methane-air)
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Total btrning time of methane-hydrogen (2 wt %)-air mixtures,

Parameter indicates spark timing from the end of the stroke of
turbulence generator.

40 \[
w 35 CH,~H, 10%
£ \ © 0 ms
a 10 ms

w 30 A 20 ms ]
= 8 55 ms
—_ o LAMINAR
- 25 N /
2 20 \ .
2 -3
z [~ /-
5 15 N A

~J s
m \__//u
4 10 \L\~\J ///b
S =1
e ] e

0
06 07 08 09 10 11 12
EQUIVALENCE RATIO

Total burning time of methane-hydrogen (10 wt 92)-air mixtures.

Parameter indicates spark timing from the end of the stroke of
turbulence generator.
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Fig 11. Frequency distribution of total burning time. (methane-hydrogen-air)
Parameter indicates equivalence ratio,
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Fig 12. Change of relative burning time with equivalence ratio. (methane-hydrogen-air)

Parameter indicates spark timing from the end of the stroke of turbulence gene-
rator.
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Fig 13. Total burning time of laminar flame propagation.
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Fig 14. Total burning time of turbulent flame propagation.
Spark timing: the end of the stroke of turbulence generator.
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Fig 15. Change of relative burning time with equivalence ratio. (propane-hydrogen-air)
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Fig 16. Frequency distribution of relative burning time. (propane-hydrogen-air)
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Fig 17. Change of laminar burning velocities with epuivalence ratio. (methane-air)
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Fig 18. Change of laminar burning velocities with equivalence ratio. (propane-air)
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Fig 19. Turbulent burning velocities against equivalence ratio. (methane-air)
Spark timing : the end of the stroke of turbulence generator.
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Fig 20. Turbulent burning velocities against equivalence ratio. (propane-air)
Spark timing : the end of the stroke of turbulence generator.
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Spark timing: the end of the strtoke of turbulence generator,
equivalence ratio is 1.0
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