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D. I. Lawson

Introduction
.~-.... ~~ ._._--_._....

J1aterials generally propagate ffame most rapidly uhen hanging
vertically. It has been reported (1) that an empirical relc[;io;1 ShOHS

t.he vertical speed of burning for cellulosic m:..\teriuls such 3.S paper' ~

wood veneers and cotton to be inversely pr-opor-t i.onaL to -[;he 'lleight ~)er­

unit ar-ea,

If a fabric of thickness l is Lnsner-aed in flame heD:~ will be
transferred -Co the fabric ahead of the material which is bw:-niU8; the
temperature of this will rise until it is ab.Le '[;0 [ive off combustible
gases; these will ignitc j and the f'Lame front Viill move fO:Cl,'iOXd. '1111e
velocity of the flame front Hill depend inversely on ·~he time necessary
for the temperature. of the material to rise to the point of i6ni·~iol1.

In mak.irig an analysis several simplifying assumptions must be made,

(1) l'hat the material is homogeneous and that the usual
LhermaL conatarrt s ..'.. a, and f) C211 be specif'Led for i'c.

(2) 'l'haf the material Ifill a.Ivrays Lgru.ce when Ho terr<perature
k113 lisen ·~o some ~·.]l1e V~ irrespective of the tho!mo.l
h:iBtory of the r.w.terial.

(3) ','hat the material behaves as an ancr-t body up to the hmc
of ignition.

(4) 'i'hat the heat transfer ::'rom the flame -to the material can
be represented a s II (V-:r) '.!here v is -the bemper-a'tur-e
of the material and V is the temperatlU'e ef the flame.

...... , .. (1)

'rhe temperature v at any point ':I., in 8. solid occupyd.ng
-t -< X <,1. and receiving "radiation" from a medium

t.emperature V is given (2)
..... l-
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=hare the roots of','-here v( "

Hh=I(

K is the thermal conductivity of the nmterial
k is the therulal diffusivity of the material

'I'he surface temperature Vs is found by substituting

k"''"!:"- .-\- e
h"--\- H,;..>-~)

,
y. :> 1.: I in (-I)

• . • • • . •• (3 )
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If 1.. tho Demi-i;p.ickness of the fe, brio is smo.Ll, and since h
have vglllc~ vi' the order of' 0-15 only the f'irsi; root of (2) Hill be
signif'icant when substituted in (3).

will

Fr-om 2

=

\!hich on

v
s

j. h
C;(, =_

1...
being substituted in (3) gives

[
.1<.1, 'OJrl _--I..

(, Y, V _I - e. 1-

--_o_'2hC~~--l-~ J.-

v[ \-

•. • • •• •• (}-f-)

If the material ignites "hen some eurf'aoo t emper-e.tur-e Vi 112.s been
reached tt.is will occur at a time t [iiven by

~ /V[I - e.
KJf

)
:L'he time t
such that

at which ignition takes place is related to h and

•• • t = 1e
k.h

is a constant SQY C

= Wt/unit area s and II being consunnt for: Dny given m[·.tcrial e.g.
cellulose. Hence velocity of f'Leme front \.(; "/;e5.l';h". per unit area.
It is interes'cing to pursue the relation for t'r-e time of ignition
given in (4), this mE\)' be expressed as

log k hl:
'::--

1,
Since v represents the flame temperature (say about oj ,OOOOC) and
Vi the temperature for ignition in the presence of a flame (about
250:lC) so that V> Vi then roughly

V, IG hl- = I-It- '" - -
\j 1 [pC;

I.
I

or ~ -= Y- l:L.-
r v, s

HOI' if a characteristic disto.nca X- is introduced into both
sides of the equation such that 'Y- has the physical significance of
being the distance ahead of the fl~e at which heating just begins
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Lp7i is the constant Wt/area

has heen found (3) to be 80 x 10-3
x velocity of flame
gm cm-1 sec-i.

front which

Putting v = 1,OoooC
vi = 2500C

(4)
II = 2.6 x 10-4 cal cm-2 sec-1 oC-1

S = 0<4 cal/gm

gives D. value for "/... of about 30 em.

In spite of the rather crude asaumptd.ons which have been made the above
value is reasonable.

(1 ) Lawson, \febster and Gregsten.
F.R. Note Ho. 107/1954.

The flrunmability of f'abr-Ics ,

(2) Car-aLaw and Jaeger. Conduction of heat in solids. Page 102.
Clarenden Press, 1948.

(3) Lawson, liebster and Gregsten. lac. cit.

(4) Lawson, Webster and Fox. The heating of panels by flue pipes.
H.l!I.S.O. Special Report Ho. 1, 1952.




