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THERMAL DAMAGE TO FABRICS AT HIGH INTENSITIES OF RADIATION

by
P, H, I‘I’homa,s and D, L, Simms

1. Introduction = . .‘

Several criteria have been suggested as necessary for the production of
different kinds and degrees of| thermal damage, . The simplest of them is a simple
temperature criterion, thermal| damage occurring only if the volatiles or solid
reaches a certain temperature,| This is satisfactory for co: e')La.ting much of the
experimental data on the ignition of materials by radiation

. With a fixed temperature Ierlterlon, the energy requ:.red to produce a g:.ven
level of thermal damage in a th::.n material should, with inereasing intensity of
irradiation, tend towards a ln.m:.t:r_ng minimm volue, theoretically independent of
thé intensity, For thick materials the energy required decreases with increasing
intensity., However, at very high rates of heating the induction times of the
chemical reactions become s:LgnJ.f:Lca.nt in relation to the total exposure time, and
the simple temperature criterion requires modification because the enerpy increases
w:.th increasing intensity, .

In the experiments on ignition |carried out at Joint Fire Research Organization

. where the higheat intensity a.va.:.la'ble was about 12 cal/cme/sec,, no significant

' :anrea.Sf s.n energies has been obta.:n.ned but in some results gilven bv Mixter and
Krolak \2) who used a source glvn.ng n.n'tens:.‘tles up to 37 ca1§ cm2/ seo!l, there .

is a well defined increase in energy with increasing exposure time, (Fig.'l) In their
experiments, samples of a 9 oz..| sateen fabric® were irradiated by a carbon arc
soursce until their opacity d:.sappeared and this paper shows that their results can
be interpreted by a thermal model which allows for a chemical induction time,

2, Theoretical analysis

The temperature rise T of a thin fabric irradinted on one face by an intensity
I, for time t losing heat from both sides by Newtonian cooling, is given by

(T -1,) =9%—(1 -e"%) | (1)

where T, is the initial ambientl temperature

H is the Newtonian cooling cons!tant
m the weight per unit area '

¢ the specific heat

@ is the effective absorptivity

|
' For small values of Lt Ht % such as ocour when the intensity is high, this

reduces to

(T - T,) =-£—=- =%§ ceevrenaneeas(2)

where Q@ is the total incident energy,

The rate of production of \lola.t:les is assumed to be first order a.nd to obey
the Arrhenius' law,

ol -
'.'SL(.:‘= _f@we RT ' ;............(3)
where Q) is the volatile content Ia.t time t ’
f a frequency factor !
E an energy of activation |-
and R is the gas constant
: |

- . r -\l
¥ This has been assumed to mean} 9 oz/yd2,’
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_ Provided -Ez (T =Tg)D 3 and equa.tion (2) is a valid approximation, equation
(3) may be integrated to give the appro te result

P ¢

b whem @, is the initial concentra n.clm of volatiles
and (), is the final concentration at which damage occurs and T; is the
-4 correspondlng temperature. Hence |

I o 1.°expE ) |‘ : R ).
c

The exgonent:l.al time is much more sens:Lt:we to changes in T, ,than is Tq 2 and
the Tec term may be {treated as consta.nt

We introduce a temperature TS nearly. equal to T, and where

* | %;2 (Tc“Ts)<<1 )

T4 is taken as the temperature at which thermal damage occurs if the induction
period were absent. Equation (5) may now be written

Iol exbl:-—--;]x exp[ -—-wz (T -1 )] , ...........;.("é)

Substituting for T from equation (2) |g1ves

: I_&'QXF,[EE@X (T T] . veverraivensa(T)

~ E a’.Q |
- L-Q. ‘%@I— RT;_l X;r;_c- | + CMM’ oo.o-oooo-.-o(a)
3. Application of analysis |
In fig. 2, log I is shown plotted against Q
for the means of the results by Mixter and Krolak (2) and slthough the scatter
is la.rge » the results lie about a str?.lght line of slope 0,6,
. _..._.E‘“..._
RTs2 % mo Ei |
A value of Ty may be determined from equation (1) using the results for
the lower 1nten51t:1.es where; it may be |assumed that only the attainment of-a
given mean temperature is necessary. These results are quoted below in
. Table 1, -
i
FOAN : Table 1
-’ - ) |
Intensity of | Incident energy | Time of
irradiation cal/cm? irradiation |
. cal cm~2s~1 | '8
) l
. 5 19.5 3.9
& 6 18,0 3.0
' 7 16.6 2.0

- This leads from equation (1) to a',value for Ta~To of 1075°C.
a
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For the values of m, 0,C3 ;/cm2 C, 0,34 cal g~1 oC~1 and R,2 cal/g.Hols, this
gives values of E between 18,000 and 22,000 oaJ,{g.mle for' @ between 0.6.and 1.
These values are in rea.sona.ble a.greement with those given elsewhere- \3)(4)(b)
which range from about 17,000 to 30,000 cal/g.mole.

This analysis has shown, therefore, that the increase in incident energy

to produce the same degree of thermal damage with increasing intensity of

irradiation although small, about 15 per cent, is consistent with the existence
of a chemical induction time, |'l‘he value o'bta.:l.ned for the effective activation
energy, E, is reasonable, but because of the uncertainty in o and hence in Ty,
no estlmate can be made of the'lef‘fectlve rate constant 'f!, -
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