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Abstract : The effect of gravity on flame spread over sub-flash liquids was investigated from scaling analysis and
experiments. The role of three independent (surface-tension, gravity and viscosity) influences on the mechanism of
pulsating flame spread was explored by scaling analyses based on sub-surface layer instability. These three influences form
two independent pi-numbers, firstly the Marangoni (Ma) number and secondly Grashof (Gr) number, which include the
characteristic length scale ratio (depth of sub-surface circulation)/(horizontal length of preheated liquid surface). The Prandtl
(Pr) number was introduced to compensate for the different thermal diffusivity and kinematic viscosity of different liquids.
Also a non-dimensional flame spread rate, V/Vp (= V8/D, where § is the quenching distance and D is the diffusivity of fuel
vapor) was introduced. Using these non-dimensional parameters, the flame spread mechanism was divided into two separate
regimes: for the shallow liquid pool the non-dimensional flame spread rate was correlated with {Gr*'5 / (Ma-Pr)}'°, while
for the deep liquid pool it was correlated with {Gr*'> / (Ma-Pr)}'?. Flame spread rate decrease with decreasing gravity. The
effect of gravity on flame spread rate for deep liquid pool is greater than that for shallow liquid pool, so that the former is
smaller than the latter under micro-gravity condition. Also scaling analysis shows that decreasing initial liquid temperature
is similar effect of decreasing gravity on flame spread, i.e., flame spread at initial liquid temperature of 293K for n-butanol
deep pool under micro-gravity condition seems to be same as that at 260K under normal gravity condition. The pulsation was
not observed under micro-gravity at 293K, because this condition is thought to be same as psued-uniform flame spread which
is observed at low initial liquid temperature under normal gravity.
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Fig.1 Comparison to sub-surface layer circulation of normal gravity
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Table 1 Thermo-physical properties of and Pr number calculated for
methanol, ethanol, n-propanol and n-butanol.

Kinematic viscousity ~Thermal diffusivity — Diffusivity of vapor

Fuel Pr
v x 106 (%)  a x 108m’%s) D x 106 (n’%s)
Methanol 6.88 0.705 0.1024 112
Ethanol 15.64 1.373 0.0878 92.7
n-Propanol 31.36 2.49 0.0794 75.4
n-Butanol  40.9 3.23 0.0789 63.5

XTI CIE, ~7 =8 (Ma) £ 77 7 K74 (Gr) I
77 v PV (Pr) ZINA T 5.
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Fig.12 Flame spread rate versus gravity
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