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Abstract 

Experiment.\' have been c11rried out to examine the combustion clzaractedl·fic.l' of pmpane-air mixtun •.1· 
under nomwl grm•i(Y lllld micm!(ravity conditiom by u.~ing high ignition ener!(y iu a comlmstiou lithe. Tlw 
micrugraJ•ity tecl111ique achiel•t•d in a freely falling chamber is employed l)(~cause tile realimtiou.1· of' 
.1)'/lllllt'lrica/ .flame propagation.\· in a tube are po.1·sihle. Experimental col/{/itio11 jiu· the initial mixture.\· 
cmn'.1po1uls to room temperature and 0.1 M Pa and the jiU!Iused i.~ propane of 99.9% purity. 

rtu• main couclu.1·ions are as j(JI/ows: ( I) 11w .flame speetl monotonically decrease.\· with decrea.1·in,; the 
equil'ltf('llce mtio under 1111rmal gravity and microgral'ity. (2) The probability 4 tlw irregular .flame 
propagation .fill' botll jitel.\' under microgravity are larger than that tmder normal gravity at same equil'aleuce 
mtio. (3 )Tite range oftlisfanc:e of j7ame propagation under mmual and microgravity cmtdilions by using hif,:li 
ignitim1 t~uergy can po.\',1·ible to disti11guish. 

I. 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 safety 
engineering in space lll and development of new kinds of combustion havi ng low fue l 
consumption and low emissions [2]. Furthermore, the dete1·mination of propagation limits 
under normal gravity and microgravi ty are very important for active control of safety 
engineering [3-81. In fact. the values of these propagation limits are needed not on ly frorn the 
standpoint or design or many combustion systems including safety problem, but also in view 
or the combustion theory. From view point of this, in the previous investigations[ I ,9- 1 I I. 
cxpcrin1L'Ills 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 or 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 tlame 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 99.90;(, 
purity. Experiments are conducted in the drop shaft operated by Micro-Gravity Laboratory of 
Japan and Hosei Univers ity drop tower where the acceleration level inside the combustion 
device is of the order of I o·5g. The observation time of microgravity is about 1-4 sec. 
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2. Experimental apparatus 

The experimental apparatus and procedure are similar to those described in the previous 
reports [ 11 . The experimental equipments under normal gravity consist of a combustion tube, 
an igniter. a delay circuit and an exhaust system(Fig. I and Fig.2). The combustion tuhc was 
mounted in each direction (upward. downward and horizontal) at each experimental 
conditions. The falling assembly for microgravity experiment measuring 400 x 400 x 800 mm 
and \Neighing ahout 80 kg<Fig. 3). A glass tubes are changeable from 20 to 70 mm in internal 
diameter and 630 mm (short type) or 1500 mm (long type) in length is mounted horizontally 
i11sitk the falling ~1sscmhly. A set of CCD video and a still camera. an ignition system. a delay 
circuit and a hattL'ry constitute the remaining part of the assembly. The trave l time of the 
lbnll' front is tracked by video cameras located at different ax ial stations from ignition point. 

Combustion 
tube 

f\ i chrome Switch 

Timer 

Fig. I. [:.~\"flerimellro/ Of!J)(I/"(Iflls( Nornwl grm·irr) 

, ,,.... . 

Fig. 2. Colllmi.\TSfnn 

CCD video 

Fi,~. 3. Erperimr:ntul UfJJl(lmllls(Microgrw·irr) 

Typical examples or direct color photographs of the flame propagation near the lean 
limit or in flammabil ity of propane-air mixtures under normal and microgravity are shown in 
Fig. 4. The flame shapes near the lean limit mixtures of upward. downward and horizontal 
prPpagations under normal gravity are subjected to a marked influence of buoyancy effect. 
Oi l the other hand. under microgravity axially symmetric flame propagation is possible 
throughout the combustion process in a tube. 
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3. Results and discussion 

( h l Duwn wanl prop;~gation (cl Horizontal propa~;ll inn !d) Micrognwity 

Fig. 4. Flame shape!CH~. (25=0.52) 
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fig. 5. lrregularflame sh(lp!! ( C.:H.~. micmgra1·irr. {25=0.4) 
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Fig. 6 Flnme .speed 

Figure 5 shows the irregular tlame fronts of cellular nature observed in a narrow range 
of 0. 30~ ~'J ::; 0.50 under microgravity. The flames do propagate over the entire length 
yielding repeatable flame speeds. At 1J <0.30 or <t> >0.50, no irregular flame fronts are 
observed. It is well documented in literature that spontaneous cellulnr instability primarily 
occurs in fuel-oxidizer mixtures when the Lewis number (a ID a :thermal diffusivity, D: 
tnolccular diffusibity) of the deficient species is smaller than some critical value. Rich 
mixtures of heavy fuels or lean mixtures of light fuels are often found to exhibit cellular 
instability. In conformation to this, rich mixtures( cf> >1.5) of propane-air do show such 
instabilities. However, lean side cellularity in Fig. 5, irregular flame fronts in lean propane-air 
mixtures under microgravity ( cf> =0.48) a heavy fuel like propane is rather unusual. 
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Fig. 7. Prolwhilit\' of rhe irregulorflume propagaTion 

The fact that this instability is repeatable and restricted to a narrow range of (j) 1s even 
more intriguing. 

Figure 6 shows the average name 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 name speed monotonically decreases with decreasing 
the equivalence ratio under normal gravity and microgravity. Furthermore, the flame speed 
under micro gravity is smaller than that under normal gravity at same equivalence ratio. 

Figure 7 shows the probability of the irregular fl ame propagation(%) of methane-air and 
propane-air mixtures under normal and microgravity conditions, respectively. It is found from 
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-ai r mixtures against 
cquivakn<.:e 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 thi s 
distance from ignition 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 1lame propagation was observed under normal and microgravity 
conditions (Distance of flame propagation: over 1500 mm, Flammability), Range II : the 
flame propagation was influence by gravity condition (Distance of name 
propagation: I )microgravity. less than 600 mm 2) normal gravity, less than 1500 mm), 
Rangeill : under microgravity the flame propagation was observed ((Distance of flame 
propagation: I )micro gravity, over 1500 mm, 2) normal gravity, less than 1000 mm), and 
Range TV : the flame propagation was not observed under normal and microgravity conditions 
(Without tlamrnability limit under normal and microgravity conditions). 
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4. Conclusions 

l:xpLTimcnls have been carried out with extremely lean. quiescent propane-air tnixlllrcs 
to examine the influence of flame propagation direction under normal gravi ty and 
1nicrogravity conditions on propagation limit and distance of tlame propagation in a tube. 
The experimental results show that (I) The tlame speed monotonically decreases with 
decreasing the equivalence ratio under normal gravity and microgravity. (2) The probabil icy or 
the i rrcgular flame propagation for both fue ls under microgravity are larger than that under 
normal gravi ty at same equivalence ratio. (3)The range of distance of 1lame propagation under 
normal and microgravity conditions can possible to distinguish under follows: Range I : the 
name propagation was observed under normal and microgravity conditions (Distance of 
name propagation: over 1500 mm. Flammability), Range II: the flame propagation '1-vas 
influence by gravity condition (Distance of tlame propagation: I )microgravity, over 1500 nun, 
2) norrnal g:ra vity. less than 1500 mm). Range ill : under m icrogra vity the flame propagation 
was observed ((Distance of tlame propagation: I )microgravity. less than 600 mm.2) normal 
g:ra vi t y. less than l 000 m m). and Range IV : the flame propagation was not observed u ne! er 
normal and microgravity conditions (Without flammability limit under normal and 
microgravity conditions). 
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