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Introduction

Materials generally propogate flame most rapidly when hanging
vertically, It has bsen reporied (1) that en empirical relsiion shows
the vertical speed of burning for cellulosic wmoterials such as paper,
wood veneers and cotton to be inversely proportioncl to the weipght ver’
unit area,
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If a fabric of thiclness 1 is dunersed in flame heat will Dbe
trans{erred to the fabric shead of the material which is burning; the
temperature of this will rise until it is able to glve off combusiible
gases; these will ignite, aund the flame front will wove lTorword, The
veleeity of the flame front will depend inversely on the time necessary

for the temperature. of the material to rise to the point of ignition,
In moliing on analysis seversl simplifying assumpiions must be wade,

(1) That the material is homogeneous and that the usual
thermal constants &, s, andf? ceil be specified for is,

(2) That the material will always isnite when iis terperature
s pdsen o some wlue Vi irrespective of the therwmal
history of the nnterial,

(3) ‘'hat the material behaves as an inert body up ©o the 4ime
of ignition.

(4) ‘hat the heat transfer from the flame to the material can
be represented as H (V-v) where v is the temperature
of the material and V 1is the temperature of the flams,

The temperature v at any point 26 in a solid occupyinz the region

1< x <L and receiging “rodiction” from a medium at
tempercture V 1is given
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where ¥, are the roots of stan® U =n ... (2)
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b=z
X is the thermal conductivity of the material
k is the thermal diffusivity of the materiol
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The surface temperature Vs is found by substituting A=t { in (1)
| < ‘_k‘i‘:_i.' -
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1w { the semi-thickness of the fnbric is smoll and since h will
huve values of the order of 0-15 only the first root of (2) will be
significant when substituted in (3),

From 2 Cﬂz = %
Vhich on being substituted in (3) gives
. - 4k
o= Bw[- ]
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If the material ignites when some surfoce temperature V iag been
reached this will occur at a time ¢ given by
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The time t ot which ignition takes place 1s related to "I, h and
such that

lﬁi}t' is a constant say C

= Wt/unit area s ond H being constent for ony given matorial e.g.
cellulose, Ilence velocity of flame front ¢ U/“Wgthcr unit area,

It is interesting to pursue the relation for the time of ignition
given in (4), this may be expressed as

log .M» = \’\:__‘IQ_E
N 1

Since v represents the flame temperaturc (say about 7,0000C) cad
v4 ‘the temperature for ignition in the presence of o Llame (about
2503C) so that V > vy  thea roughly

% = ‘éjlg. = EU;
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Now if a choracteristic distance X is introduced into both
sides of the equation such that X has the physical significance of
being the distance ahead of the flome at which heating just begins
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L ig the constant ift/area x velocity of flame front which
has {;en found (3) to be 80 x 1070 gm em~ sec™T,

Putting v = 1,0009C
vy = 25000 :
H = 2.6 x 107% cal o2 gec™! oc~? (&)
3 = 04 cal/ gm

gives o value for 3 of about 30 cm,

In spite of the rather crude assumptions which have been wmade the above
value is reasocnable,
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