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Abstract

Experiments have been carried out to examine the combustion characteristics of propane-air mixtures
wnder normal gravity and microgravity conditions by using high ignition energy in a combustion tube. the
microgravity technigue achieved in a freely folling chamber is employed because the realizations of
syimmetrical flame propagations in a tube are possible. Experimental condition for the initial mixiures
corresponds (o room temperature and 0.1 MPa and the fuel used is propane of 99.9% purity.

The main conclusions are as follows: (1) The flame speed monotonically decreases with decreasing the
cquivatence ratio under normal gravity and microgravity. (2) The probability of the irregular flame
propagation for both fuels under microgravity are larger than that under normal gravity at same equivalence
rativ. (3)The range of distance of flame propagation under normal and microgravity conditions by using high
ignition energy can possible to distinguish.

1. Introduction

Experiments on combustion of extremely lean mixtures in the vicinity of flammability
limits by using high ignition energy have acquired importance from the viewpoint of salety
engineering in space [1] and development of new kinds of combustion having low fuel
consumption and low emissions [2]. Furthermore, the determination of propagation limits
under normal gravity and microgravity are very important for active control of salcty
engineering [3-8]. In fact. the values of these propagation limits are nceded not only from the
standpoint of design of many combustion systems including safety problem, but also in view
ol the combustion theory. From view point of this, in the previous investigations|[1,9-11].
experiments had been carried out with extremely lean, quiescent propane-air mixtures to
examine the behavior of irregular flame propagation and to examine the lean limits of flame
propagation in a tube under microgravity.

As the next step, an experiments have been carried out with extremely lean, quiescent
propane-air mixtures by using high ignition energy to examine the combustion characteristics
under normal gravity and microgravity conditions for propagation limit and the probability of
the irregular flame propagation distance of flame propagation in a tube. The microgravity
technique achieved in a freely falling chamber is employed because the realizations of
symmetrical flame propagations in a tube are possible. Experimental condition for the initial
mixtures corresponds to room temperature and 0.1 MPa and the fuel used is propane of 99.9%
purity. Experiments are conducted in the drop shaft operated by Micro-Gravity Laboratory of
Japan and Hosei University drop tower where the acceleration level inside the combustion
device is of the order of 10™g. The observation time of microgravity is about 1-4 sec.
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The fact that this instability is repeatable and restricted to a narrow range of ¢ is cven
more intriguing.

Figure 6 shows the average flame speed of methane-air and propane-air mixtures
against equivalence ratio under normal and microgravity conditions, respectively. As seen
from this figure, it can be seen that the flame speed monotonically decreases with decreasing
the equivalence ratio under normal gravity and microgravity. Furthermore, the flame speed
under microgravity is smaller than that under normal gravity at same equivalence ratio.

Figure 7 shows the probability of the irregular flame propagation(%) of methane-air and
propane-air mixtures under normal and microgravity conditions, respectively. It is found (rom
this figure that the probability of the irregular flame propagation for both fuels under
microgravity are larger than that under normal gravity at same equivalence ratio.

Figure 8 shows the distance of flame propagation of propane-air mixtures against
cquivalence ratio as a function of direction of flame propagation. Where the distance of flame
propagation was defined the length of which the flame propagation was observed until this
distance from 1gnition point. From this figure it can be seen that the range of distance of flame
propagation under normal and microgravity conditions can possible to distinguish under
follows: Range I: the flame propagation was observed under normal and microgravity
conditions (Distance of flame propagation: over 1500 mm, Flammability), Range Il : the
flame propagation was influence by gravity condition (Distance of flame
propagation: I )microgravity. less than 600 mm 2) normal gravity. less than 1500 mm),
Rangelll: under microgravity the flame propagation was observed ((Distance of flame
propagation: )microgravity, over 1500 mm, 2) normal gravity, less than 1000 mm), and
Range IV : the flame propagation was not observed under normal and microgravity conditions
{Without flammability limit under normal and microgravity conditions).
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