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1. Tnircduction

¥revioaes attempﬁsl"?‘ to predict the distance from an atomic explosion
at which wood would be ignited have been bascd on the azsumption that the
radiation is constant for a peoriod of 3 secs. after which it f‘al.e.:: repidly to
Z0T0,. This is very far from the truth as will be zeen on refironae to
Figure 1 which shows the probably variation of inmteasitsy with time at a
distance of 1 kna from the explosion. Although the average infensity used
in the previovs calculations was derived from the time 'u-+eora.L o this
curve it was felt that the non uniformity of the radiation with time would
affect the resuwlis significantly and that the probabl!e discrepaticy should be
determined, '

In the past the distance of ignition has been found by determining-
experimentoily the intensity required to ignite various species of wood in
“hree scconds and- then computing the distance from an atomic explosion at
whtich this intensity would occur under various atmospheric conditions,

Tivis direct approach is not suitable when account has to.be taken of an
ineident intensity which is varying with tine and an alternative method has
tu De devised,

It is well known that the diffusion of heat in materials may be
remrezented by the current flowing inside suitably designed electrical
networlits and this analogy has been exploited in the solution of the problen,
The problem divides itself into two parts;  first to determine the intensitvy
of radiatioca required to bring the surface of the wood temperature for
spensarsous ignition and second to determine the distence from the cxplosion

at which thesc intcnsities will be encountered.

2 Intemsity required for the spontancous i&nition of wood,

Txis part of the problem nmay be subdivided into two seshions one in which
the tamperaturc at vhich spontaneous ignition takes place is caleuloted and the
other in which the temperature of the irradiated mter.r.d is determined,

2,1. The use of elee tr‘* ca'l. nctworks for the determinat ion of
the im S tion tu‘mcrq fure of wood

It is well~known that the flow of chargce in a wveraated resistince capacity
networik of the type shown in Fig. 2 will rcpresent tha one-dimensional flow of
heat inside a glab provided certain relationships are mointained between the
rezistances end the thermal resistance and between the capacity and the product
of tle densiiy and specific heat, This bheing so, the notential diffecrence
axrozs the network at any point will represent the tempeorature risc at a
cotrresponding point ia the siab on the heat yroblenm and the current will

‘;ﬁyue:: us the heat flux at the sane point. The application of a constant
I'"c,ut'rcnt +o the network would represent the irradiation of a slab,at a comstont
~dnbensity Fig. 3. 4s irradiation proceeds the tcmperature of the front face

cf the sleb will risc and it will begin to reradiate heat, A suitable

“elecirical circuit which.will rcepresent this loss of heat due to ?tef‘an

radiation and convection has been developed by Lawson and McGuire--and this

is shown connected to the line network in Fig. 4,

‘Loawson and Si:;msl* have determined the minimum intcnsities of radiation
which will cause wood to ignite spontancously after the irradiation has been
continued for a very long time. They call this the critical intensity and
find that this is constant for nearly all the woods tested and equal. to
0.6 cal./sq.ct./sec. Under these conditions the wood will have reached a
uniform temperature since it has been irradinted for a long time and no heat
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will fleow from the surf‘ace to the interior, This means that the surface .
temperature will be governed only by the heat lost from the =urface, The .-" "}
surface temperature may be found by adausting the constant currazub -ta a -

vaive representing the critical radlatlon of 0,6 cals, /sq,cm,/sec. and _

~applying this to the reradiation network only, with the rest of the .
transmissicn | network representing the wood disconnected Fig. 5. In this

wag~ the temperature at which timber 1gn1tes spontancously is found to be

_ about 480°C.

2.2, Tha use of electrical networks t6 dctermine thé'surface

o

o An atomic explosxon will rad:Late renergy which will va:y with time as _
“shown in Fig. 1 and it is necessory to develop a current waveforin of this .~
type. Since at any instant the incident radiation is independent of the
temperature of the irradiated surface, it is essential that this current
waveform shall be delivered to the neﬁwork from & souwrce of high impedance.
The time variaticn of the radiation may be closely represented by the flow
of current in an overdamped series inductance resistance and capacity R
network, This current is applied to the network representing the wood

throvgh valve circuits which maintain it constant irrespective of the

potential rise., The input current representing the radiation may be adjusted
until the surface temperature rise is 480°C at which point lgnltlon takes plnce,
In this vay, the peak value of radiation rcqulred for ignition is. found, , |
The curves in Figs, 6 and 7 show the rlse in temperature with time for mnhogany '
and American vhitewood, — In cach casc the irténsity of radiation Ins been ..
adjusted to raise the surface temperature by 480°C the requirement for
spontaneous ignition. Thc temperature of the surface rises to its maximum
value after 0,6 secs. so that ignition’ will not océur after this time.

It will be seen that the peak 1nten31ty required for the ignition of

mahogany (5,92 cals/sq.cm./secy )  is greater than that required to ignite =
American whitewood (5.25 cals. /sq.cmm/sec ) This is beceuse mahOpungbelng

a dense wood, has a greater thermal’ conduct1V1ty than ‘merican whitewood, a -
wood - of medlun density., - Unfortunatély it was not possible to compute

accurately the radiation intensity reqliired to bring fibre insulation board

(2 low density wooden board) to the point of ignition since this intensity T
was greater than that of the lowest range of the equipment and less than that

of the highest range. By interpolation on a curve of a maximum surface

' temperature against peak intensity of radiation (Fig. 5) however, it has been

‘found that a temperature rise of 480°C is produced by a peak 1ntens*tv of
2.5 cal./sq.cn./sec, . Time-temperature curves for a peek 1ntenu1+y of"
2.1 cals, /sq.cm./sec. are shown in Fig: 9.

Experinments which have been carrled out to measure the radiation necc'sary s
to ignite wood in the presence of a pllot flame show that the critical intensity
4s asbout. 0,25 cals./sq.cm,/sec, Enploylng the methodﬂ used for poontaneous i
ignition it can be shown that all species of wood ignite at 250°0 in the.presence * |
of "4 pilot flame., Refecrence to Figs. 5, 6, and 7 will show that as this.
. teamperature is achieved at a depth_of about Zm below the surfaces  The burning
layer. would have a dapth of about ]7.{00 in. L

Of course, if the applied intensity is greater, a higher maximm surface _
terperature will be reched. TFigures 10 and 11 show that the surface tcnpcraturcs 1
attained oy mahogany and fmorican whitewood for intensities of 12 cels./sq,cm./scc,
roach values of -about '900°C.  The surface tempcrature for fibre 1nsu1at10n bonrd
for an‘inténsity of only 5.25 cals, /sq.cm./sec. is 750°C Fig. 12, It .will be scen
that for all these conditions the spontancous ignition tenperqture on the surface
is attained after about 0.2 seconds, = The pilot ignition tenperature 1s re~ched e
qt a depth of sbout § mm, or about 3&001n- )

Know1ng the intensity rcqulred for ignition and the energy releasod by tho i-
borb it is possible to construct a table shOW1ng the distance at which ignition )
w111 take place under varlous atmospheric conditlons.

: /T_ABLE I
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TABLE I

Mhusonoes din feet fran grovwnd zero at which
ignition wiil tske pince

(Ignision in 0.6 segcs., Depth of
burning 3 ggin. )

Lmericon Fibre Insulation
1"’1&1108&—"\7 thisawood Ticors,
10,200 10;370
9,100 0. a0
6,000 8,500
6, 76C 000
5;400' ' 5_&00
5,900 4,000

%a \ov*‘n.tr.s 1o of results w:z.tn prev101,,, work

T+ is now possible to campare with previous work the distances ot
i iguition takes place when rediation is applied to a wooden. surface
“hqu the intensity varies with time as in an atomic explosicn,

I previous computation the incident intensity wos assumed to be constant
with time and had a value such that the total quantity of radiation at
any given distance from ground zero was cqual to the total radiation flux
at that point from the bamb,

Figures 13, 14 and 15 show the distances from ground zero at which
jgniﬁior takes place for mahogany, Americen whitewood and fibre insulation
boaxd, both for radiation following the bomb flash curve, and for radiation
which is mintoined constant with time.

It will be seen th vt in all cases the radiation follcw:ng the bomb flast
curve gives risze o ignition at a greater distance frcm ground zero than fOrL
constant intensity radiation. This is due to the fact that LT a given
guantity of radiation is applied rapidly therc is 1litile time for an
appreciable quantity of heat to be conducted away {rum the surface layers
and the surface tcmperature is higher, or conversciy less heat is regquired
to bring the surface of wood to a given value the mere raplidiy the heat is
applicd.,  Yor low density materials under perfectiy clcar conditions the
increcaze in distance at which ignition takes place may be a

LGk greeier than previous estimates.  For medium or high *' "rood the
increase is omly Just over 10k. The lower the visibility i‘.'*‘ & s the
norcontage discerepancy between the present cstimates and perevious work.

4. Concluszions'
Tt hes been shown that if allowance is rade for the time varistion of
*‘or"ion' intensity during the bomb flash that the distances at which ignition
akes place may be up to 4O% greater than previous estimntes, The discrenancy
is ‘grc'xtcst for low density wvroods under clear conditions,

At the instant of ignition, at mexinum- :Lgn:l.tion distance, the wood which
will burn is a layer up to a depth of about for all cases considercd;
The depth of buwrning will incrcose to a layer 99;110 n thick vhen the penk
rodintion intensity is 12 cals,/sq.cm,./sec.. for: mahoga.ny and for' American
whitewood, The same depth of burning will be given for a radiantion intensity
of 5.25 cals./sq.cn, /sec. in the case of fibre insulation board,
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