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1. Introduction

During the course of experimental work oa the propagation of flame
on fabrics it was found that for a range of cellulosic materials (e,g.
wood, paper and various textiles) the speed of propagation of %a?e was
inversely proportional to the mdss per unit area of the fabric
This work was_performed with the material burning vertically but other
results (23 ? 5 show that a similar relation. exists for the speed of
propagation on an ascending 45° slope, the rate of spread being
approximately one-tenth of that in the vertical, and no doubt a similar
relation exists for the rate of flame spread at other angles,

This paper discusses the interpretation of these data in terms of
the heat balance within the burning materials,

2. 'Theoretical analysis

Heat is transferred from the flames to the nearby fabric surface
by radiation and comvection, The heat transferred in this way from the
flames raises the, temperature of the unburnt material at the edge of the
burning zone until sufficient. combustible vapours are produced to allow
the burning zone to advance, The assumptions made in the following
analysis are that:- :

A1) the behav1our is controlled by the thermal parameﬁers of
<7 +the system;

(2) the speed of propagation of flame is constant»

(3) the fabric is- thin:enough for temperaﬁure aradlents
acrosg it to be. neglected :

(4) +the heat flux to the fabric from the flame, the hot
gases and the chemical reaction, can be represented -
by a simple function of the distance 'z’ fram a point on
kthe fabrlc mov1ng at comstant speed;

The origin ‘of the co~ord1nate along the fabric is defined as the
position at which the temperature is the "1gn1tlon temperature® of the
fabric in question, Go. - The heat flux is assumed to be given by
Qs( Q(Z), Zz»0 where Q is the maximum heat flux and £ decreases
as 7 increases,

The qualitative aspects of the follow1ng theoretical discussidn
would not be affected by the form of ) prov1ded that:~

\ )
(a) only one 1ndepandent parammter such as . of dimension

!«qﬁls involved;

() the heat flux tended to zero at large values of x.

If H is the cooling coefficient then with respect to a statlonary
co~ordinate x

KAE@ =f"3ﬁ‘§“é~&§é(g‘@+ 2HB ceeees (1)

Where Z = x - vt, ceenne (2)
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where £\ is the thickness of the fabric,
(¢ is the density,
¢ 1s the specific heat,
¥ is the thermal conduct:.vity,
f is the time,

and Vs the velocity
Mo =0 t=0 and 8 =6,

From equation 2, the equation for s‘cea&y burning is

X - v 4B @xz}+2€\9 L

Az ® A KA A

where {% = K/PC | ‘and ’9\ ': \—“/K :

The following dimensionless variables are imtroduced:-

A . — Surface loss of haat

A D("L ..._. conduction in direction of flame propagat:v.on

V()C A b< ‘ . Heat given o material

o2 \._\ surface loss of heat

B
R%
M_

Maximum heat flux to surface
maximum heat loss

= XZ

~N = &/,

Rquation L4 cen then be writben:-
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The boundaxy conditions are:-

/\\mX y W= O

(\__éo u = OO0
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The sclution leads to relations betwsen the "constants" D 5
and R The equation will be discussed in more detail elsewhére in
connexion with the thermal. limitations on flame propagation. Here,
only the limiting form of ‘the solution is discussed, B  can be sho‘wn
to tend to a maximum as A tends -to infinity, that 1s, as the conduction
term becomes less important in the heat transfer, .

The value of -h' is near unity for fabrics, that is, H and X
are of the same order so thet for flames of leagth 10 cm
and fabrics of thickness 0+1 om or Less, A ig of order 102, R and
B are of the same order and much less than this, The approximation of
neglecting the conductlon tarm is thus valld f’or normal propagatlon of
flames, :
In the limit wherse A becomes infinite fqué’t’ion L. may be rewritten,
after introducing the integrating factor & B as, o AR

A [ =B - 4 = 7B
Ne )= -2l e veeens (5)
Integrating equation 6 over the range O < WA < OO
o)
P
O

For ‘a given value of R, it follows that B is a constant, If
it is assumed that ~ '

PN (6)>
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on equation which can be derived directly from a simple heat balance,

9 and (_ are basic properties of the fabric, Q is a property
of the flame and is appromately constant and CA is, presumably
mainly a function of the rate of heat production which is itself
proportional to A,\/ " Ii: follows that for any given type of
material the product of the mass per unlt area and the veloc:m;y is a
constant -

/A \/ = constant,
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In addition to the -effect of the veriation'in "Q", "C" and
"o  from one maberial to another, account would have to be teken of
the dependence of flame: length on calorific value, As long as the
variation in these properties between two given waberials is not lerge
it might be expected that they have values of /911\/ of the same order,

Application of theory

Vertical flame spéed

. .
The heat transfer from flsmes is dependent on a number of properties
which are not accurately known, .

There does not appear to be any date avsailable for convection o
thin strips. One spproximetion imvolves an approximation to a non-
circular pipe for which the diemefter is twice the thickness This would .
give a result at least three times thst calculated for a wide plate,

The estimates based on a natural convection formula for wvertical
convective transfer to a plate or a cylinder gives a velue of 0:2 to
0+6 cal cm~2 soo™!,

The radiation transfer fran the flames depends on thelr emissivity
and though this 1s not known accurately for the thin {flames considered
here 1t is unlikely to exceed 0°1, The value of § is thus of the order
0+5 cal onrgfafﬂ The total heat loss for a black body at the "ignition

: P e
temperature” for cellulose, taken as 250°C is approximately 0¢15 cal om™% 880G

i.e. R == 33

For cellulosic materials g mean value for C is 0-35 calygm"1 ?U“qn

1

The value found experimentally\"/ for AV  was 8§ x 107% gm en™" soc™
that from equation 8; the equivalent flame length

Jx
A E 10 cem

This is not unreasonable in view of the assumptions made,
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