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.
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thermal radiation from' a nuclear weapon have been cbteined
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1, Intmductlon

Ignition times of d:l.ff‘ere.nt cellulos:Lc materiala at different constant
levels of irradiation (1 = 15 cal co™ hf ve already been correlated
in terms of the thermal balance of the sol:r. In some problems, it is
more - important to correlate the data for the condit:.ons at which ignition
just occurs, that is, the threshold conditicns, When the radiatien is
constent in time, 'bhe thréshold condition is given by a constant or
minimun J.ntensa,ty, but for al pulse varying with time 2) the threshold
conditions for a given shape| of pulse are a functian of two parameters,
the peak intensity and the pulse duration, Such a correlation is obtained
in this paper for laboratory| results on ane thin and three thick materials
and the results have been generalised to a wider application on the
assumption that the matemals are :mert and ign:.te at a fixed temperatum.

2. Experimental method and resul‘ts

Table .1

Materials tested

Mate | We:.ghtétmlt Density
Juz | g/
i ; -
_Black filter 0,01 0453
paper, ‘
Osk } ' 0.42 - | 0,66
Western Ired. 0,23 0.37
cedar
| .
| Fibre insulating 0,30 0,24
board | '

~ Before testn.ng, the thick materials were blackmed cen the surface with
candle black, all the mater:.als were dried at 959C and then allowed to cool
over phosphoma pentoxide, T e apparatus and the method of use are
described in detail elsewhem 3). With this apparatus a pulse s:.m:.lar in
form to a nuclear explosion can be produced(2).
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In these experiments, both the duration and the peak intensity of the
pulse were varied and any ignition was notéd,. In general, about eight
tests were carried out at each peak intensity and each pulse length,

Ignition usually occurred ai'ter the peak intensity but well before the end
of the pulse, )

3+ Theoretical analysis

The thermal balance method used earlier( 1) for constant mtens:.t:.es "
of rediation assumes that z@itlon occurs at a certain fixed temperature
and that when the material is heated. it behaves as if it were inert, Here,
the same assumpticons are made.

3¢1, Differential equa'bn.ons dimensional analysis

The temperature rise 9 at depthz at time t of a slab. thickness
21, irradiated by an intensity varying with time I(t) on one face,
losmg heat on both s:Ldes by Newtom.a.n cool::.ng is given by

K 9"9 6)0 x20 ereeoe(l)

where K is' the thermal qondnctivity

/) the density

¢ the specific heat o:f‘ the sol:n.d
|
and H is the Newtonian chollng coefficient,

If dimensicnal analys:.s is used. no particular form to I(t) need
be assumed, Tor any given pulse shape, two perameters are required,

For canvenience the peak mtens:.ty Is , and the time to peak intensity
t,, have been chosen ‘ ‘ . 3

It): Lif /?ij) R



l
where.. :.s & sha.pe :E‘unct:.m

Let A = kﬁc‘ the thermal difi‘us:.vity
£- T
| .'-u!-,". I/L = ,\
!% - »W |
Substituting and rea.rra%lg:ing equations (1, 2end3) give
|
l I
b v oy
Y

'B’V/ = /t‘t y/i ‘ /]: "'"
The solution mey be rewnttm as

lfe-F_ﬂ_l. kéf ’7’

000000

OOOOOO

where F, = are wknown functions, The maxioum temperature is
given by
Foe o R K ééé] -

Z S

i
|
so that the threshold co:ndit:.oms are

;/9 f-’[//é éé]

where 9 is the eﬁ‘ect:.ve ignitien tempera‘ture.



Simplification of pmblem

Two approximations used in the earlier paper{l) are considered,

The first, the slab with a l:.near temperature gradient, the second the.
semn.-infm:n.te solid, |

3.2,1. Sleb with l:.nezl.r temperatureg-a.da.ent . o Ja

' The mean tempem‘hlme rise of such a sleb is mdepend.ent of /
the themmal conductivity, K . o

———

Ellmma.tmg(l")le fmm equat:.m (10) and subst:.tuting 9,;
the mean temperature for 9 gives

W - F Ff’f | . .....-_..(11)
Lp | S

Since thé energy E in the pulse is proportlmal to If’ tf,
equation (16)pithe rela*l.:l.on can be, written as. :

| /_Eéz:é_ - ) 6[;)—(;% | ., | eoveee(12)

f = /’:E :i.s sm:.la.r in form to ‘the euergy modulus obtamed

for constant intensities of 1rrad;1.at:|.on(1) but represents the
ratio of the heat in the pulse to the heat absorbed.

é A
# F is a modulus carmected with the size of the bomb,

It Igresents the mt::.é of the energy lost in the time up to the
maximum to the energ?’ absorbed at 1gutz.on.
LA

3.2,2, Semi-infinite solid

i
The solutlon for the seml-:mfn.m.te sol:Ld is mde'pmd.ent of
the thickness.Z L; so on eliminating 1 from equatica {(10) and
wnt:n.ng 9F for the front surface :Lgnn.t:.cn temperature,

_,c/Q,c_;Fé Wi ]

veseca(13)

voreee(20)
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TABLE 2 L
- RATE 25%: - PETROL PETROL | EXPANSION | EXPANSION
POINTE) OF | MELHOD OF cuEAR | DRAINAGE | PICK-UP | PICK-UP | ~ AT AT .
TEST o PRODU'CTION INJECTION : TIME AT N AT F SURFACE SURFACE
= ' gl/ft¥min | dyne/cm? (min)- |k by volume)|(% by voiurnel; AT N AT F
N . | Generator | ‘ . ——
1 + . 0:074 125 ~8-10 4-4 18 6-0 - 58
centrifugal (Generator L - .
| _pump | st
' Generator ' C . _ ‘
' + 08- -10 - : ' : : .
2 - contrifugal | 008 125 8-10 77 263 63 7-3
S pump
_ . — Smallt . _
| generator ' . ' : | -
— F 004 125 8-10 76 22:2 58 6-5
3 centrifugal ' - ‘
pump
Generator - . :
, + 08 125 -10) - . : . :
4 _ centrifugal o0 | - 8-10 14-8 20-8 6-8 6 7 |
pump
\ -
5 . ([@ON® Ge’;iri‘;tor 008 70 2 7.8- | 120 82 84
Generator . | _
6 — centrifugal 0-08 125 8-10 40-9 | 30-8 6-7 66 |

pump




. The similarity betwaen equations (12} and (14) is that Jktp
which has the dimensions of length and is a measure of the depth
of penetration of the heat mplacesa-z whilst 9,: , the surface
temperature, replaces| g the mean temperature,

3.3, Analytical soluticns |

It is only possible to solve equations (12) and (14) completely
with a Jnowledge of the form of f /7).

3 3e¢ls The form of f['r)

I :

A function amenable to analytical treatment and appl).cable
to explosions of different sizes is shown in Fig,l and given in
equation (15). |

I[é)"‘.f 14 /f) '......(15)

ma £ _e_‘,’f[f,éf -  veeees(26)
&4 - - -
where e is the exponential function o

and E is the tota!.l energy in the puise.

Equation (15) is a better fit than an equation of the form

E T, V5 . S
_-_e“)e

with which it is compared in Fig.l,.
| - : |
3¢3+2. The sleb with a linear temperature pradient ‘-

An analytic soltllt:.on to the mean temperature rise can now
be cbtained (Append:.x I} by the elimination of the term 'C!

.'.‘....(19)

" "between |
' 3
E’ = _ i I{.Zw /) . .
.2a)3e‘C we C[C@)'l)flC[-?U")*l] ......(18)
' -
|
and ‘ |
 RwlC
AN
I

.
w3C

|



Pc(g 4/c(_9¢
W fc

The solut:.on to these equatlons is shown in Fig.2, and is of the
form

f'\-::__‘g__ F | | cereea(20)
el [ el |

which is similar to the general form of equatiom (13)

3e3e3. Semi-infinite Is,olid

No solution in tenns of elementazy functions has been cbtained
for the semi-infinite sol:.d. H?wever a solution has been ?bta:med
by using an electricall analoguel5) and the form of equation(l4) is
shown in Fig.3. '

5. Correlation of data

The experimental results consist of values of E for various values
and these are plotted in F:.g.2 and 3 es the dimensionless variables
by equation (12) and compared with the analytic solution of equations

?8) and (19) for the slab with 'the linear temperature gradient and as the
dimensionless varisbles of equation (1) with its solution for the semi-
infinite solid.

The value chosen for 9, wes 5259C as obtained prev:x.ously(l) and it
gives a curve which is below the| experimental line for the sleb by a factor
of 30 per cent for low values of| 1/ (kiloton range) and by less than
20 per cent for high values (megaton range), and a curve LO per cent below
the experimental line for the semi-infinite solid. .

6, Discussiocn and conclusions

-

The effect of d@ns:.ty in the 1gm.t:|.on of thick solids vearying in ,
density by sbout 2% : 1 is accctmted for satisfactorily by the dimensionless
correlation employed and it is probable that for thin and thick cellulosic
materials these correlations can! be used generally using an ignition
temperature of 525°C, .

All the materials tested in these experiments have been totally
absorbing, Predictions for ma.ter:.a_'l.s which reflect some of the indident
rodiation may be estimated from values of abgorptivity gwcm elsewhere,

Because the area irradiated in the laboratory is less than the area
irradiated in the field, the mergr required in the laboratory is greater
than the energy requ:.r?d in the f:.eld. Unfortunately, the data available -
for the effect of 7,8 although showing the effect is greatest near



near the threshold cmda.t:.cm does not perma.t an estimate of its magnitude
closer than 20-40 per ce:nt. Thus the theoretical lines may represemt the
field conditions better than the figures suggest,

In the absence of f:.el!d data for ignition it is predicted, on the
basis of laboratory tests and calculat:.on that it is probably satisfactory
to assume that

E -
laboratory

where klﬁl}forthin
and ' 1.45 for thick materials.
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Calculation of the Threshold Condition for Tmitian

The mean temperature rise 9 of a slab with a linear temperature
gradient, thickness 21, lesing heat from both sides by Newtcm.a.n cooling is

given by
- ffr

/)clowm +.=-2 % (f) ‘ : ‘...A....(21)

Integrating equa‘b:.cn (21) end assuming igm.t:.cm occurs at t:!.me t‘,
when 'Qm = 9‘. the :Lg;nltion tempera.tu.re then

|
|
3

- 16 V. o
'g Iﬁ l' e .- 2&8‘1% + .26 % — .2e
ﬂlé (z- 2/17) (z- %p) (Z- 3/6;:) (2 —-?/[P)

...'...._(22)

where 2 = /?EL

- or

| E’ - 4 (2w-/ )3
2w3e-c_ we &C[&'(w-’)f.lc/.&a 1) +.2] ""--(23)

. Cs M
where C m— !

The threshold intensity :Ls that which is just -sufficient to bring the
material to a mean temperature 9 + At this point, a6 is zero and
equation (23) becomes _ Ez ‘

, 2 C .

E = e = ; . ) ‘ 600000(2)-#)

The locus of the th.reshold mtms:.ty for ignition ia given 'by the :
equation which satisfies both equations (23) and (24).
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