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1. Introduction . L N

The amount of heat required to ignite a canbust:.ble surface can be
increased by protecting it with a fire retardant paint layer, This
provides thermal insulatiol and thus recduces the ratc of rise of |
temperature of the combustible surface. - This temperatire rise deponds
not only on the time of exposurc and intensity of radiation but also an
the physical propertics of the material and the protective layer. ‘ It
is the purpose of this note to derive an expression for the bempcraturc
rise at the interface of a material and its pmtec*lve 1ayer and to
discuss the factors upon which it depends. .

A rigorous solution of the problem would be too complex to be'w
useful for assessing the effectiveness of a fire rctardant trcatnent and

certain lnm.t:l.ng assumpt:.ons have therefore becen made:

(1) that the ccmpos:.te solid formed b/ the material and its |
protective layer is sem-—lnf:mlte in extent; ‘

(2) that the physical properties of the materials used are
independent of temperature; and

|

!

R

(3) that there is no heat loss from the irradiated surface. ;
Thesc assuaptions will 1limit the wvalidity of the resu] ts to short
times of irradiation but the solution may however be used as a guide in

determining the physical properties of a protective layer which is most

.likely to be effective in reducing the temperature rise of the protected
urface.

{

2. Theoretioal derivation .of interface temperature rise
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In Fig. ’1:rlnléferia1 2 represents the material to be protected and
material 1 the protective layer which has a thickness a.

let 6, 8)’ be the temperaturc rise at points Xy Xy

materials 1 and 2 respcctively
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Aq, Ao, By and Bp are constants to be determined from the boymda‘ry
conditions,
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“ The value of the remaining Constants, ‘determined from the boundary
conditions stated in (L3), (LL,.) and (L5), are as follows:
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The inverse of this type of expression is known (1) and the interface
temperature rise is given by

.
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| Equation (13) giving the interface|temperature rise may be divided
into two parts, a sumnation term which is a function of A= & and
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and another factor dependent on time and the. thermal properties of the

two media. It will be convenient to evaluate the summation term first
Ky

end it will be noted that § = I R may have
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values in the range + 1. The curves for the sumnation term are shown

in Pig. 2. For values of /2 >0 d the summation is independent of J

since the terms m >0are negllglble. " Under this condition the summation

is only a function of A . '

|

| The temperature rise for various valucs of exposure time was then

computed for & combustible material having the physical properties of wood,

with & vrotective layer of thickness 5 |x 107 2emsa  The temperature rise

was specificd per unit intensity of 1n91dcnt radiation since thése are

proportlongl and the range of thermal constants for the protective layer

covercd the range of non-metals,

j The thermal constants in equation|(13) appear as the conductivity
and diffusivity of the materials. . The temperaturc risc was therefore
computcd for various values of conducu1v1ty K, , and thermal capacity
per unit volume S, fer the protective layer, From these results a
measurc of the effectiveness of the profcctlvc layer vias determined by
¢hc time taken for the interface tcmpcrature to risc 4509C, a-value at
whlch ignition might occur, PFig. 3 shcws this protection time plotted
as & function of the thermal conduct1v1uy of the layer for a range of

1valucs of /?S . The corresponding results for a range of values of

fbonductivity are shown in Flg. L

: Figs. 3 and L show that for the rangu of thermal constants. con51dercd
dthe thermal capacity per unit volume of the. layer largely controls the
;protection time though the effect of 1ncrca31ng the thermal conductivity
lof the layer is to reduce the protection tlme._

I

q The yrotectlon time will of course be de pendent on the thickness of
‘the layer a. Fige 3 shows the protecLlon time plotted as function of
J$he layer thickness, the layer having (a thermal conductivity of 1 x 10-&
Jcal/cm/OQ/sec. and thermal capacity per unit volume of 0,3 cal/°c/CC,
The slope of the graph shews that in the range of thicknesses considered
. the advantage gained by the addition of further coats increases slightly
|as the thickness of the 1ayer increases.,

¢

Since the protection time denends on the thermut properties of the
Jprotected material. gsomc materials will require iess protection than others.
dIn the following analy51s it has beenlassumed that the the=rmal properties

. and thickness of the protectlve layer|remain cohstant while the properties
\of the protected material are varied.
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Equation (13) shows that under these coniiilions
rise is governed by the values of the s ultl}x* ing Toobor
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respectively.

Consider first the effect of 1ncrea51ng the value «f thermal .
conductivity KK, . This will decrease the value of the nultlplylng
factor and increase the value of ¥ Whlch Fig, 2 shows corresponds to
a decreasc in the value of the series térm in Equaticn (13) The
overall cffect therefore is to reduce the temperature rise for a given
time of irradiation. Sincec the thermel properties appear in the

equation as the product K,A 5, only,then any variation in the value
of /S, will result in the same change in the value of interface .
temperaturc rise as a proportional change in the thermal conductivity.

Fig. 6 shows the protection time plotted as 2 function of the
thermal conductivity of the proteeted meteriali for a range of values of
thermal capacity per unit volume for a prouCﬂtlve leyer of thickness
5 x 10~2cm, thermal conductivity 2.5 x 10~4cal/em/oC/sec. thermal
capacity per unit volume 0.1 cal/9C/CC. It can be scen frem the graph
that the materials requiring lecast protection are those with a high thermal
conductivity and high thermal capacity per unit volume.

For convenience the effecet of the varisbles in Equation (13) on the
protection time is summariscd in Table 1 below,

TABLE 1

The effect of the physical propertics of a
material and its protective layer on the protcction time

Variable Effect on Protection
Time
E Liow Increase
K1 .
High Decrease
. Low | Decrease
A5,
High Increasc
Thin Decreasc
Q’ ' rd
Thick - Incrcase g
]
Ko Low Deerease
High | . Increase 3
Low Decrease

A8

High Increaée
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Q.ﬁ The effect of heat loss

\
I In the forcgoing arguments heat lons| frem the irrodiated surface has
been neglected, For a semi-infinite SOlld receiving radiation the
temperature rise of the surface is 1ndependent of tie heat loss provided

. —— (2)
L
‘ -3 -

P [ L OHR .

II‘ ‘P KPs where ‘-]/ is
the heat lost by unit area of the surface in unit time for eech degree
rlse in temperature. A similar conditicn probebly applies to a composite

sqlld A mean value of for a tewﬂerature rise in the range
450%0-550°C is 1k x 1073cal/en?/sec/%C.| Hence the time of irrediation
for which Equaticn (13) is valid is given by :
fi . o U
! 0.12 = 1o x 10770 [
- JKAS

/4

" or %= 73K, x 10™2

Teble 2 shows the meximum time of 1rrad1atlon for which heat loss can be-
neglected for a range of values of :

I
'

TABIE 2

The maXimum time of|irratiation
for which heat loss can bs neglocted,

|
! ) Maxirmum
o KA S, Timo
f . . (sec)
! —
! 1 x 10‘2 .0073 .
I 5 x 107 .036
I 1 x 1072 073
! 5 x 1072 | 1036
i x1074 ) .73
| 5x 1074 | 3.6 '
i 1 x 1072 | 7.3
i 5 x 10-3 3?
\l .
l

iThe results in Table 2 show that in general Equatlon (13) will only
give a correct value for the interface temperaturc rise for high

|1nten51t1es of 1rrad1at10n corrcspondﬂng to short exposure times.

‘! ) . N i
5 Conclusicns
\ ~oncusions

” An expre331on has been derlved for the temperature rise at the
" interface of a composite solid with radiation at the surface. , Analysis
of the cxprcssion shows that the mOSt‘efzc tive fire retardant Laint is
one with a high thermal capacity sd low thormal conductivity, the former

% condition being the more important, The prctection afforded by the

" paint increases with the thickness of| the layer. DMaberials which require
' the least protection are those with a| high thermal capacity per unit

| volume and high thermal conductivity.

!
! Tre validity of the results is llmlted to short gerinds of ixradiation
! "'ainne neat loss from the irradiated su*fdce was neglaciod, However the
i protection times computed from the expre531cﬁ Will ©e shorter then weuld
"be obtained in practice and the expr8551on may be used as a guide {o the

| physical properties requircd of a fire retardant paint.
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