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Introduction

The analysis described below Has under-baleen as part of a
pr-ogr-amme of war!:: into the self heating of wood cUTied out a'~ the
30in'c Fire Research Or'garri.aatdon. The generation of h:';f?,t is aasumed
to follow the, Arrhenaue Law for a. monomo'Lecu.Lar- reaction. 'ihis theo:r'Jr

provides a basis fOI' studying experdment a I data and -the extent to ..hich
other factOrs such as the presscnce of a secondary reaction' ~nd ,
exhaustion of combustible marer;a~ are dmpor-carrt , '.rhe analysis "described<l
below closely follows Ohambre s ,~ 1) met.hod, "'

C~nbr~s'notation is followed i.e.,

=
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In addition we have H the cooling coefficient at the surface.

HathelilB.tically the steady state problem can be represented by

·..... ( 1)

where
.~-(2.

-,J is the LapLacd.an operator.

],:'01' small temperature,differences we can write

llinoting '6 :: E ('r - To)
, RTo2

· .

where k = a for a slab
= 1 for a cylinder,
= 2 for a .spher'e ,

·......
i

1~'-z,+we have

·-.....'
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· . • • .. (5)

~he boundary conditions - .are

!1.t Z = 0
(\. (r

= 0, .by symmetry
r.\:Z..

At Z = 1

.1-\-( 8 + ol~ 0- ~ -'
1'- ,(l L,

,,,

·..... (6)

! .

'Je denote HI' by the- dimensionless parameter ~
A

It is required to find the temperature:,.distribution i,1 the body and
in particular the max.iuuim value of 'd I for' which such a ~lution

is possible. For 'rf' in excess of this c~iticQl value de no
steady state solution exists and the material will eventually ignite
or explode, '

Slab

TIns problem has been investigated in more detail than for the
cylinder and the .. sphere .but for tIle sake of comJtletion the solution
is given here. i<"rank - Kamensky ,2) and :=is U) have obtained the
solution for <><. -'? (p

The equation with 'k' zero may be int8grated(multiply by ~~
and integrate) and the solution obtained as ~

.,. . .."
•• 1._"

....... " e = log A - 2, loge-cosh 'Z ,j~. • , " '," (7)

where ..A is a constant of integ;ration, the logarithm 0:::' which gives
the temperature at the centre. ~'his satisfies the first boundary
condition (5) and satisfies (6) if

log «:cf = log" 2D2 - 2 log e,cosh D -
-. ..' '.

where D =

D may be found by the condition that I d I is to be a maximum, thus
differentiating equation (8)

D1\~ \....}> (,R.J." \) ..... ~L

=U':"'~T~~) ~"'1
...... (9)

Por any vnlue of D less than the root of 1 - D tanh D = a
d..., can be calculated from (9),

.. .,.
For these va'luea of DJ 0: can be found from, equation (8). I A' can
then be calculated and so the temperature distribution, in particular
the- centre -and surface temperatures, or:\, "';C'srespectivcly obtcined
as functions of o; . The results ere given ,graphically in l"igures (-I),
(2), (3) and (4).
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Por k = 1, following Chambr-e... the solution is

where B is a constant of integration.

The boundary condition (6) is slltisfied if

·..... (10)

LJ-~ ~.
9: B/,j 4\3

( 11 )v{ -- ·.....
~t-0'-

1--".0> + I

4\S

d-,( \';.+i) ...... (12)

The criticul value of ' 6' is obtained by. put'dns

from which is obtained

• • • • •• (13)

'l'hus in terms of a critical Value of
(-12) and (13)

'6 ~L

- -lBc+ ') ?.

from (10) and (14)

·..... (11;.)

. and \ - R,
.';.'

•••.• ; (15)

• • • • •• (1 6)

These parameters are shorm as functions of oZ. in Figures (1), (2),
(3)' and (~). .....•...
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, .
?ollowing Chambre we define

..

• . . . •. (17)

where

and

is the unknown cenrre temperature

{f @~)'11.-
-::- Z. 0 -€..

< ,... •

(18)

Hence (3) i;lith k = 2 becomes

.... l 'i l\'~J .-*
- -:::. ~
71.- d ·ct 1..
...; ) /

..••• ~ (19)

where

Equation (6) becomes
& II

rA (8 - L+'~\ ~- (~\ lJ-e- 0J'-
, : ' .: 0 )J '. J ~ /.1 .

t.9
Cl
\ I (l

)S . ~ (d-e'),

· . (20)' .

(21) .

and the sui'fix "s ' refers to the surface.

Equation (5) becomes

:.. o • • • • •• (22)

Substituting for & from equation (21). we write equat i.on (20) ~s

To find the critical condition Y/e differentiate 'iii th r-espect to ~ ;
and pu t cl cf equal to zero.

crt-),)

Hence

·~ .....

• (25)--

. .

liTom equation (19) we then obtain

~~ ~-'+".- 1, ~,. 01........ _~ - .._
::;---..;..;..;..--;...:.-..;._:...--

2- - ~J ~I~
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the values of ,
(17), (21) and (24)
(i), (2), (3) and (8).

'Eow 0/ and ~ are 'tabulated as functions of :) for the
condition (22). .!"6r any 3, we can now comJ?ute tJ.. and this ve.lue
of ).7 will satisfy the boundary condition \ 26) with the condition
that '<I' has a maximum value and ~ is tile value computed by
equat Lon (31).

l';r'om thes~ values of ~,1ftl and If',
<:0" /J:; and d. can be obtained r'rorn equations

for any (I( • The results are shown in ~'igurcs

Lirritins solution for small values of 0(

It is interesting to oonsider the fo~ of' the solution for
"'...::p o. B'J analogy with the slab and the cylinder we expect;
60,- f.9~ to tend to zero so equation (3) becomes

2---2_ ...... (26)

zero.

...... (27)

zero at Z.

---b

Repeated integration gives with

and condition (6) becomes

-5 ....... (28)

'rreating cf as a function of {!}-.::J we obtain the condition for maximum
d' as

a, -
...... (29)

PrOM which
~ .

(30)

This may be directly compar-ed with the results for the slab and
the cylinder where the coefficients of a</(~ are 1 and 2 respectively.
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