
.,,"
- .. ..,.,
,....

F.R. Note No. 392/1959
Research Objeotive B2

,
DEPARTMENT OF SCIENTIFIC AND INOOSTRIAL RESEARCH AND FJllli OFFICES' COMMITTEE

JOm FJJlE RESEARCH ORGANIZATION
I

I .
THERMAL DAMAGE TO iFABRIDS AT HIGH INTENSITIES OF RADIATION

. '-
, by
I,

r, 'H. Thomas and D. L. Simms

I

SU!!!!!!!UJ'"

When the intensity of :thermaJ. radiation is greater than Do certain
value, the total incident energy required to produce the ilisini;egration
of a fabrio increases with :increasing· intensity of irradjation, i.e. with
decreasing exposure time. ,This increase in energy has been related to the
time lag ·occurring in the chemical reaction, i.e. the induction period.,.
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Introduotion1 •

reduoes to

1-' , .
Several oriteria have been suggested as necessary for theproduotion of .

different kinds and degrees ofl thermal damage •. The simplest of them is a simple
temperature oriterion, thermal damage oocurring only if the volatiles or solid
reaohes a oertain temperature. I This is satisfaotory for oo:qe:j.ating muoh of the
experimental data on the ignition of materials by radiation ~1).I ...

With a fixed temperature ~riterion, the energyI'lOlquired to produoe a given
level of thermal damage in a thin material Should, with increasing,intensity of
iITadiation, tend tcmards a l1IUiting minimum value, theoretioalJy independent of
the intensity. For thiok materials the energy required deoreases with increasing
intensity. However, at very h:1-gh rates of heating the induction times of the
chemioal reaotions beoome significant in relation to the total exposure time, and
the simple temperature oriterion requires modifioation because the energy increases
with inoreasing intensity., I ' .

In the experiments on ignition ioarried out at Joint Fire Research Organization
where the highest intensity avri.ilable was about 12 oa1/om2/sec , , no significant
increas~ ~n energies has been ~btained, but in some results &iV~I), by Mixter and
Krolak ~2} who used a source giving intensities up to 37 oaJ/omGfseo\ there ,
is a well defined increase in Jnergy with inoreasing exposure time.(F:l.g.1).In their
expezdments , samples of a 9 oz! sateen fabriol6 were iITadiateu by a carbon arc
source until their opacity disappeared and this paper shows that their results can
be interpreted by a thermal model which allows for a chemioal induotion time.

2. Theoretioal analysis . I '

The temperature rise T of la thin fabrio irradiated on one face by an intensity
I, for time t losing heat from both sides by Newtonian oooling, is given by

a.r I - 2Ht '
(T-To) =W(1-e iQ) (1)

where To is the initial ambient! temperature
I

H is the Newtonian cooling oonstant
m the weight per unit area I
c the specifio heat I
a is the effeotive absorptiVity,

I
For small values of!!:!:. such as ocour when the intensity is high, thisno. I

(T - T) .::~ 1= 9:S
o mo I me

where Q is the total incident energy.,

The rate of produotion of JOlatiles is assumed to be first order.~ to obey
the Arrhenius I law. i

• ~ = - ft·, e - 2:•• CIt -'.IU
where (g) is the volatile oontent lat tilne t

f a frequency factor . I

E an energy of aetivation 1

and R is the gas oonstant

I,.
H This has been assumed to mean: 9 o7/yd2 .:

I .
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Provided Jz (T - To) >3 ani equa~~on (2) is 3. valid approximation, equation

(3) mG\}" be :iJIt~grated to give the appro~te'result
~ 1- 7'~

Loge (w: ) ==- \. Q. . • •• • •••• • • • • • ( 4)
X me

';.r: where (ih is the initial. concentra i6n of volatiles
and Wc is the final concentration lat which damage occurs and 'JC is the

-...1 corresponding temperature. Hence I

I oC T 2 exp(...:E) i (5)
c ETc I

The ~nentia1. time is much more se~sitive to changes in Tc>th.a.n is Tc2 and.
the Tc tem may be treated as constiant •

We introduce a temperature Ts nearly equal. ,to Tc and where

••••• ~.~ ••••• (7)

•••••.•.•• •• •(6)

..............(8)

....!-2 (Tc-Ts)«1,RTs
, Ts is taken as the temperature at w:lrl.ch thennaJ. damage occurs if the induction

period were absent. Equation (5) maj. nCNl be written

IoC expf~jxex+ I ~sZ
Substituting for T from equation (2) Igives

I

r £" et.Q. I \1
I.~· ex? t...R~:l?, ~c. ~~ - -r:~ .

a.n I = . L. x etQ I +~
L. e. --;;i. R1;.:2.. 'm. C I

3. Ap;pl:i.cat:i.on of analy::>is I,

In fig. 2, log I is shown plotted against Q .
for .the means of the results by Mixter and Krolak (2) and aJ..though .the scatter
islarge, the results lie about a s~rtight line of slope 0.6.

0". E = 0 6 1

RTs2 x mc ~ I
A wJ.ue of Ts may be determined from equation (1) using the results for,

the lower intenSities where it may be lassumed that only the attainment of· a
given mean temperature is necessary. IThese results are quoted below in
Table 1. I

i
Table 1

I

,.

Intensity of Incid.eht energy Time of
irradiation cailcm2 irradiation
cal cm-2s-1 I aI

I

5 19.5 3.9
6 18.0 3.0
'/ 16.6 2.4

I

This leads from equation (1) to a!vaJ.ue for T:s-To of 1'075°C.
<l
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For the values of m, 6~C3 yc~2, C, 0.34 cal g-1 OC-"1 and R.2 .caJ.lg.iiio:lii; this
gives values of E between 18,000 and 22,000 oaiiS.mole .for ',d/ between a.6',and 1.
These values are in reasonable: agreement with those given elsewhere ·1.3)(4-)l~)
which range from about 17,000 10 30,000 oaJ./g.mole.

This analysis has shown, therefore, that the inorease in incident energy
to produce the same degree .of thermal damage with increasing intensity of
irradiation although small, abOut 15 per oent, is oonsistent with the existence
of a ohemioal induotion time. IThe value obtained for the effeotive activation
energy, E, is reasonahle, but because of the uncertainty in d. arid hence in Ts,
no estimate can be made of theIeffective rate constant 'f'. ~
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FIG.2. VARIATION OF CRITICAL ENERGY WITH
IRRADIANCE
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