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. Material

' plate temperature,

for ignition tests was as follows:-

IGNITICON COF DUST LAYERS ON HOT SURFACES

by
P.C. Bowes, ¥.D. Harris and Miss S.B, Tomshend -

INTRODUCTICN

. Combustible dusts in contact with a hot surface will ignite if the
temperature of the surface is high enough and fire or explosion may n(-sult.
Examples are the ignition of combustible dus'l('s on overheated bearings(l),
on exposed steam pipes or steam pipe flanges 2) and on unprotected electric
light bulbs(3), The hazard has recently become of interest in comnection

. with the safe running temperatures for electrical equipment in dust-laden .
atmospheres or in situations where dust may accunulate on surfaces,

Palner and Tonkin(%), Hardy(1), and Freytag(5) have determined the

~ minimum temperature at which a hot surface can ignite deposits of some coal
" dusts, cork dust, and wood sawdust, and have shown that this ninimum temperature

depends markedly on the thickness of the deposit of a given dust,
The work described in this note extends that of Palmer and Tonkin on the

" effect of ' depth, particle size,end packing density on the minimum ‘tempemtui‘q
for ifgnition of wood sawdust on a hot surface, Correlation of the results on

a theoretical basis is attempted.
' EXPERTMENTAL

-— v . s . .. - - A

Beech sawdust, separated by sieving into the particle siuze ranges given
in Table 1, was used in these tests, Beech was chosen because different size
fractions of the sawdust are unlikely to dif'fer widely in composition or in
the form of the particles, N - '

1

The aversge moisture cantent of . the sawdust was 11 per cent,

. Apparatus

o

The apparatus was similar in principle to that used by Palmer and Tonkin() ,
The hot surface on which the ignition tests were carried out was a horizontal

' plane circular plate of aluminium alloy 19 cm in diameter and 0,64 cm thick,

It was heated electrically on the underside and was cantrolled to mm at any
desired temperature to within about 19C,  Some thermal insulation was provided

. round the periphery of the plate,

The temperature control system, the sensing element of which was a

.thermocouple fixed in the underside of the plate near the centre, was set by

reference to a potentiometer at the beginning of each test and was checked again °
at the end of each teat, The drift was less than 1°C, A seccnd thermocouple
on the underside of the plate was used to obtain a continuous record of the

A chromel-alumel thermocouple, 36 S.W.G,, for following the course of
ignition was stretched across the plate with its junction over the centre, : .
The distance of the junction friom the plate was adjusteble and was arranged
to be ingide the dust deposit and, in most cases, just below its centre plane,

Procedure

Except for tests on layers of less then 5 mm in é.epth, the general procedure

Iy

A dust layer was formed on the plate, at room temperature, in a oylindrical
nould of eppropriate height and diameter (see below), After removing the mould
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the .pla.te was heated up to a pre~determined temperature. The time taken
to reach this temperature was about 15 minutes, ‘

A test was continued wntil a layer ignited and a zone of smouldering
. combustion appeared on the surface, or until it was clear that no ignition
would occur, Failure to ignite was shown by the temperature in the dust
deposit increasing to a maximum and then decreasing.

The densities of dust deposits prepared without compmssion was
usually within ¢ 0.01 g/ cnl of the mean for depos:x.‘ts of given depth,

In preparing depos:l.ts of h.:.gh density the sawdust was compressed 'by
hand, by means of oircular plates fitting inside the moulds.

, Some tests with layers having d:l.fferent ratios of d:.ameter ‘lo helght
Andicated that provided this ratio was grea.ter than 5 it had ‘little effect
on ignition temperature, Smaller values of the ratio resulted in” sn increase
in the ignition temperature for a deposit of given depth. Except for the
deposits 25 mm in depth, for which the diameter/depth ratio was 5, the ratio
.. was grester than 5 in all tests d.escr:.bed in this note. . _

: For reasons described below tests with 1ayers of 3 mmé depth ‘Were o
carried out by depositing the dnst an to theé plate already preheated to the
test temperature, The time taken to deposit the dust in these tests, .and
to spread it wniformly within the mould, was less than 20 seconds, The mould
was left :m place throughout the test, - ‘

_Deﬁ.n:Lt:Lon of ignition temperatum _ i

e Ignition tests were made at hot surface temperatures differing by .
E.ntewals of 5¢C, The frequency with which layers of a given thickness
ignited at a given temperaturs varied with temperature over a range of
. 15-209C, Therefore, in the main series of tests, the ignition temperature
" was defined ar"oitmrily 23 that temperatum at which an ignition occurred and
which was 59C higher than the maximum temperature at which no ignition:
occurred in five repeated tests,  The frequency of ignition at the ignition
.- temperature was thus 20 per cent or more, but the number of tests at this

o tempemture was usually less than five, a

In other series of tests wh:'..ch will be indicated, the maximum temperature
for :.gnition failure was c.haractensed by .non-ignition in three repeated tests.
. Minimum ignition temperatures determ:.ned, on this basis were, as would be
' expected sometmes 50 or 10°C higher than those based on 5 non—ignlt:l.ons.

REBULTS

Qualitative features of igm.ticm

Tpemture/t:.me records typical of those obta:.ned with the thicker
layers tested are shown in Figs, 1 and 2 respectively for a layexr that ignited .
and ane that did not. The records show the hot plate temperature and the :
temperature at a distance of 1,0 .cm from the plate in a layer of 36-~60 mesh
sewdust 2,5 cm thick,

The following points are of interest in the temperature record for the
layer that ignited. A pause in the rate of temperature rise in the interval
A (Fig.l) may be atiributed to loss of moisture in the temperature range
60-909C, At B the temperature in the plene 1,0 cm from the hot surface passes
through the value that would finally be reached in this plane if the sawdust
were chemically inert; this value, about 190°C, is calculated on the basis
-~ of a thermal ccmdnctivity for the layer of 1,3 x 10~% ¢,g,s, wnits (Appendix
1) and an estimated temperature for the cool surface of about 60°C, An
exothermic reaction is clearly taking place, At C there is a relatively
rapid inorease in the rate of tempemm r:i.se in the neighbourhood of 25o°c
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" it is reminiscent of that which occurs in detérminaticns of the ignition
temperature of wood sawdust by a r%sn.ng temperature method and which is used.
. to define the ignition tempera. At D the slope of the temperature
* record passes through a maximum in the neighbourhood of 300°C, from which,
' neglecting possible changes of thermal capacity, it may be inferred that the
" rate of heat evoluticn per unit volume passes through a maximum at 300°C in
the plane 1 cm from the hot surface, At E, which correspands in time to the
appearance of smouldering at the top surface of the layer of sawdust, the
temperature begins to rise again, This indicates an increase in the rate of
"~ heat.evolution, and is probably a consequence of increased air access to the
" interior of the layer following the emergence of smouldering,

: When ignition (Flg. 2) does not occur the temperature in the plane 1 cm
- from the hot surface rises to a maximum; win this case about 30°C above the
value that would exist in this plane i.n the absence of reactian, and then
'decreases. .

w':< [t)
3

In thinner layers, .e.g. 1 cm, the sequence of events occurred within a
. shorter time and the decrease in the rate of temperature rise immediately
preceding the breakthrough of smouldering was not always observed.. Occasicnally
' ignition occurred to one side of the centre of a layer, and was therefore not -
. indicated in the temperature record until -smouldering had spread to the centre;
this was more often so for the th:.rmest 1a,yers, tested (5 mm and less),

Tests with layers of less than 5 mm ,th:l.ckness were carried.out with the

finer fractions only. Layers 3 mm in thickness could not be ignited when
. heated on the plate from room temperature up to a temperature as high as 410%c
" for the 60-120 B.S, sawdust. fraction, ' Decomposition of the sawdust occurred
.. With_an evolution of volatiles which practically stopped before.the assigned

plate temperature was rea.ched. When, however,a3 mm layer was formed quickly
cn the plate already preheated to'a steady tempera.tum ignition of the layer
occurred at a minimm plate temperature compatible with ignition temperatures
for thicker layers (see below). It was subsequently shomn for thicker layers,
i.e. 5 mm and 10 mm, of the 18-36 B.S, fraction that the minimum plate

' ..'tempera.tum for ignition was independent of whether or not the plate was

preheated to its final temperature before deposzt:mg the du.,t (Table 1)

Minigum ign:.‘bian tampera.tu.res of dust layers

: : '.I.‘he minimum tempemturq of the» hot su:rfa_ce for ignition of layers of :
sawdust varying in depth from 3 mm to 25 .mm are given in Table 1 for four sieve

~ ..fractions. of the sawdust at two Principal packing densities, Results for

' uncompressed layers of density about 0,27 are in the upper paxrt of the table,
a;xg those for oompressed layers of density about 0,4 in the lower part of the
t 13' . T . .



-k -
Table 1

Minimum surface temperature, °C for ignition of 'beec.h
sawdust layers on hot surface

- — — - Depth of la;yer. mm, : .3 15 8 |ia0 | X6 29 1 25
Sieve Nominal - | Mean
| fraction |size range | density
B.S, Microns | g/emd .
1836 | 853422 | 0.28 | - 550 | - |- f -] -] -
T : 0025 .| = 3508)6 - | - - - | -
0.22 - - | 325] - -l - | -
0,2 - - - | 3210 ‘- - -
0.25 | =~ - - |3 - | - -
0.22 . - bad - , - 295 - -
. . i 0.2 - - - | = - | 285 270
36-60 | ho2-251 | 0.28 | -7 |mo | -\ - f-| -1 -
o 0.29 - - - | 305 .| =] -
0,26~ | = -- - | - 275%
60-120 | 251-124 ° | 0,29 - | 370%B| - - S N
P | 0,287 |- | 3us | - |310 | - - |20
| €10’ |1280 0,29 - | 3508 | - - | - S P I
Ty 0,260 | = 335 -] - - -] =
o . . 0.27"'.'1- - - - 300 - - -
S ' 0,28 - -] - - 290 - | =
- - -'?-: 7- -_— e we e e o | e - ——‘ -_—] - w - -—‘— —r =] - -T-
1836 | 853422 | owsh | 4 leom | - | - | - v- -
: . ‘ ' 0037 _ - - - 305ﬁ - - -
36-60 | 422-251 | Oubk .| - 3956 | - | - | - | - | -
0038 Lo ) - - BOSE - - -
) 60-1230‘ . 251-3—‘2-4%— '0.45 | e o 320% | - I _ ;- }

‘#Based on 3 non-ignitions 5°C lower.

F‘(Layer deposn.ted on preheated plate. \

It will be seen from Table'.l that', in common with the results of other

- workers, the minimum temperature for ignition decreases as the thickness of
" .- the dunst layer is increased, PFor the three sieve fractions in the range

18-120 B,S. the minimum ignition temperature for layers of given thickness is
-within 50C of the mean for all the fractions' at that thickness and shows no
consistent trend with particle size; but for the fraction below 120 B.S, the
ignition temperature of the 3 mm and 5 mm layers, at least, is markedly reduced,

. Increase of packing density leads to a decrease in ignition temperature for the

- 5 mm layers, but not in thicker layers. 'A quantitative relaticmship between
' .ignition tempemtm -depth and d.cns:.ty is d:.scussed below. '

i

i
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" APPLICATION OF THERMAL IGNITICN THEORY

General

The thermal - ?heory of ignition, developed initially by S uemenov(n and

8) for homogeneous ignition in gases, has been shown 9)
to fumish a linear correlation for the results of experiments on the ignition
of blocks of fibre insulating board exposed to uniform ambient temperatures

" in en oven, (10) Subject to limitations indicated later the theory enables

a prediction” to be made of oritical sizes or critical ambient temperatures for
ignition due to self-heating, once certain constants for the material involved
are known, It is therefore worth while'to determine the extent to which the

- thcory can be applied to the ignition of layers of dust an a hot surface,

Briefly, the theory, in the form to 'be applied here, sets ocut to define
the limiting conditicns for the existence of a stcady—state temperature
distribution in a body that is generating heat at a rate that depends on o
teomperature and is losing heat to the:surroundings, Any small d.epartu.re from

..~ these conditicons that tends to :.ncrease the temperature at any point in the
t body m.ll lead to ign:n.‘bim. ©n

F::‘ank-Kamenetski:.'s(B) “tmatment of.'.-_the problen def:.nes the ln.mn.t:.ng

o cm.ditions for a steady state or, i.n other wo::ﬂs critical cmd::.t:.ons for
: igp.'l.‘bion, by the equa.tim T L e

I

_ozp__ "’E/mA 7; Sc , ‘.«....;..,‘.J...".I_..(l)

o KT 2 | .
whcn the rate of heat evolution per-init mass, ?/ , at any point in the

. 'body is given'by _ e . ‘ _ ) : S
TR "q, QF;E/}’E , S O N
e - - . . a4 . - . . . . .

~ " Q.= heat of react:.on u(cal g‘l) )

... F = preeexponential factor in Arrhenius cqua.tion ( s~1),

nw 2 B = activation energy (cal mol-l),

IR R = gas constant (cal mol=l oK-1),

s P = density of.body (g om=3),

HE TR K = thermal conductivity of 'body, assumed independent of

1t ' temperature (cal s-1 cw=2 (0C/cm)-1),

. = semie-thickness of slab, or radius of infinite cylinder or
of sphere to which the form of the body appmnmates (cm)
TA = am‘bient tempemtu:m °K.

H
)

The dimensionleas pa.ramcter Sc has & value that depends on the

‘geometrical form of thc bod;y and on the coolmg condit:.ons at the surface,

The expmssion for the rate of heat evoluticn, equat:.on (2), is based an
the assumption of a first ordeér reaction which cbeys the Arrhenius equation,

- and in which the loss_of reactant du.ring the ignition process is small and nay -
be neglected., This last proviso will be ‘fulfilled to the extent that the

' ~ heat of reaction, Q, is large.‘ The‘factqr F includes a dimensionless concenw-
_tration factor. _ K , ' -

H

Where, as for the ig:ut::.on of c'iusts on a hot surface, the body is

) effective]y a sleb with cne face at a constant high tempcrature and the other

cool:l.n% to the ahnos;inbcm the application of Frank-Kamenetskii's approach :
yields ll) equation (1) with TA replaced by T? , the tcmpemture of the hot

B

e
W
oo




" rate of héat evolution by a factor of two or so. 'Activation energies cbtained.
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surface, as the definition of critical conditicns for ignitiam, 8o becomes.
a ﬁmcticn of the surface cooling and of the temperature difference between
the hot suxfese and the surroundings, expressed in terms of th.e d.i.mms:.onleas

‘ quantities O( and @y, where'

B R N FCL Y

here .
h = overa.ll coef:t‘ic:.ent of" hcat transfex at the bmmdm'y
'betvf)een the slab and the a.‘l:mosphere (cal s‘l cm=-2
L g )
T = temperature of surroundings (°K).

This extension of Frank-Kamenetskii's ai)pxﬂach involves the use of the

| exponential approximation to the Arrhenius equation in the definiticn of O,
" outaide the range of temperature differences for which it is valid, but it

- . has been shown that the error thereby involved-is small 1), 8 for the -
- .. unsymmetrically heated slab has been tabulated end is plotied in Fig,3.

It follows from equation (1) that for dust layers of given density, and
thickness 2r, igniting at minimum tempera.ttm Tp ), @ plot of log;,

(dc 'lj,«"-‘/r2)vs. 1/T, should be linear with slope -E/2.303R, provided, of
that the sinple rea.ct:.on considered in the theory adequately represents

" the ignition process, 8§, is obtained from Fig.3 for vsalues of of eand 8,

appropriate to the e:q:er:?;mmtal conditions, ©f 1s calculated, with sufficient

. accuracy, by assuming that the sewdust: is :.nert and Oy is initially

calculated with an assumed valus |for the a.ctiv‘a.t:.on energy. The above plot

. then yields a velue for the activation energy, E, * which may be used to

correct 6, and so obtain an improved velue for E, Details of the

calculations are given in Appendix II. -
. i

Results for the three fractions of beech sawdust between 18 and 120 B.S.

are plotted in the above manner, in Fig.4k. The points are based on a secend

- approximation to E -of 26,000 cal. nol=l (Appendix II) The points for these
. three fractions do in fact 113 close to a straight line, The line shomn

gives the following values for Erand the product QF in cqua.t:.on (1):

26,500 cal mol"':L : [ o e R T

- - )
. - 3762 x 109 cal gl s~1 (corrected. for E=26. ,500)

QF

Insertmg the above cunstants in equat:.on (2) the rate of heat evolution .
at 250°C is found to be 36 x 10=3 cal g=l s~1; or 2.2 cal gl min-l, This is
comparable with the value of 2,6 cal gl min=-l at 2500C estimated from
deteminations of the :Lgn:n.t:l.on tempera‘bure of beech sawdust in a fummace by

" a rising temperature method(l 2), Howe'v'cr it must be pointed out-~that later

determinaticns of igm.t:a.on tcmperatum by the fumace method (not yet reported)
indicate that a change in the size of the specimen can alter the estimated

} by this latter method tend to be 'sbout 30, 000 cal mol~l for beech.

For ‘the sieve fracticms sbove 120 B Se, :.gm.t:.on appears to be indepen-

" dent of particle size, But for the fracticn below 120 B,S., the points in

conatants- -

Fig.l eppcar to lie an a @iffereit line (chain line) which yields the following -
29,000 Cal mOl_l ‘ : (C‘”'A Jf('! r( :"", “a \ Iy U

. B
QF = %4413 x 1010 ca.'l. gl s-1 (corrected for E= 29 000)
B o

ST
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.‘ The rate of heat evolution in the fine fraction at 2509C is then
" 2,2 oal g~} min=l; this happens to be the same as for the coarser freoticns

at this temperature,

Effect of density

A change in the pack:mg density of the dust layers will, in general,
result in a change in their thermal conductivity. Ta'bulatcd data on the
thermal conductivity of sawdust is insufficient for a direct assessment of
the variation with density. But assigning the bulk properties of beech to
the sawdust particles it may be estimated, with the aid of an equation due
to Maxwell (Appcndnx I), that an increase in density from 0,28 to 0.4k
(as for the 5 mm™ la,yers) will increase the thermal conductivity from
1.355 x 10~%# to0 2,16 x 10-% c.g.s. units, That is, in increase in density
by a factor of 1,57 increases the thermal cmductlv:.ty by a fagtor of 1.60.
Since thermal conductivity and density appear as a quotient in equation
(1) the critical conditions for ignition would be independent of changes in
dens:.ty if the sbove were the anly consequence of a change,

N However, R, and themfo:ne %c, ‘'ig a function of the thermal -
canductivity, For the 5 mm’layers of ,density 0,28, C{ was 0,85 and '
was 8,1, The increased thermal conductivity of thc high density la;y'ers
( a.bove) reduced X to 0,57 and.:i® v to 5,6, Calculated on this basis the
points: corrsspondiny to the 5 mm layers of high density and particle size

£.1207B,8, lie reascnably. closz. to the line for the corresponding low

dens:.ty layers in Fig.ho _ . .
" “For the 10 mm lsyers thé increasc in density (Table 1) decreases. OX

- from 1.).;.8 to 1, 15 and S ‘from 10 9 to 9.5. This relatively small change
is reflccted in"the 1ack of sn.gm.flcant difference 'between the ignition
tmpera:tures of the h.:.gh and JLow densi‘by ‘layers. : _ _

, It\ thus appears that the effect of variation in the density of dust
. laycrs on the oritical cond:.t:_ons for ignition is anly of importance in
‘ thn.n layers for which ot is’ small’ and where P, varies rapidly witheX .

" . Prediction of critical de;pths and 'tcmpe:r‘atures for :.gntion of dust layers

B lthn E end  QF have beé=n determined experimentally in the above way

.'for''a given material the prc&uut:.on of"’ other critical depths and temperatures

- for ign:l.ticn consists in finding pairs of values of T, and r that

sa‘t.:l.si‘y simultaneously both equation(ljend the relation B, = F1(&, Oo) =
r) of Fig.3. This is most easily done by taking a value.of T and
: find.mg the appropriate value of .r by trial, E and QF will normally
. have been determined for fairly thin layers and a guide to the initial choice
of ol will thus be availsble,; With thick layers, say 30 ¢m or more, &t
"becomes large enough for var:i.a.tlcm of Dc with o! to be small and the
. value of Sc then depends mainly 'en ©p; a value of Sc of, say, 90 per
- cent. of its value at of oO for the appropriate 00 will be a.dcquate for
mo..;t puzposes. C o - :

. .Fig.5 shows the pred.:l.c’ced relation between depth and :.gu.tn.on temperature
for:layers of beech sawdust (sieve fractions between 18 and 120 B.S.) on a
hot ' surface, at a density of 0,25 g en=2 and cooling to surroundings at 25°C,
The main practical interest.of the:relationship lies in the region below,
200°9C and with sawdust layers- of a-foot or more. inidepth, :In’this 'région it is a
© difficult matter to carry out expcr:.mmtal tests, but it is just here that
; :lnfoma.tion is somet:unes requ:..red and, h:n.thcrto has been completely lacking.

. i '1 ’ o '-";
s B . - .

I
-
N B T T
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Possible examplesrange from the hazard of sawdust lagging in the walls or
. on the roof of a drying room or kiln to the risk of ignition in la.rge stocks
of sawdust storcd on a floor over a 'bo:.lcr room,

It oust be emphasised that an extrapolation of the magnitude attempted
in Fig.5 must be treated with reservation until more is known of the true’
kinetics of the self-heating and ignition reactions and of their effect in
modifying the theory, or until data. on large scale cxa.mplcs of 1gnlt10n is
availeble as a check, - ‘ .

Thomas(9) has- already po:mted out that a discrepancy appears whcn thermal
ignition theory based on the simple reaction mechanism assumed here is
applied to Mitchells results(10) on spontaneous heating and spantaneous
ignition in-fibre insulating board, and that this descrepancy suggests that _
the reaction model is inadequate., Again, the observation in the present :

. work that the 3 mm layers of dust could not be ignited on a surface heated

from room temperature, but: only when depos:l.ted on a prchea.ted surface, ‘
- indicates the presence of a rate process not included in the simple thcory,
, 'aa.th.ough this effect disappears in the thicker layers. -

For Ithe presmt however, Fq.g.5. 1s rega.rded as a useful practica.l
gt:ide w:I.th a n.ot unreasonable theoret:.cal foundation. -
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CONCLUSIONS

~ e

Stud:Les of the ignition of layers “of beech sawdust on a hot surface .

. confirm the results of other workers that the depth of the layer is the most

-

: important factor affecting the mmmum ‘tcmpcrature of the hot surface for
l@itimo . - . ‘_- 2

The' experimental results have been adequately correlated by a thermal
" theory of ignition based on the smple model of a first order exothermic
.reaction’, in which lbss of reactant may be néglected and which obeys the
Arzhen:.us law, in a slab with cne face at a constant high tempcrature and
the other 1cool:|.ng to the surroundmgs. ' : _f

Ap‘pl:.ca.tlon of the theory to .the results for a given material yield two
~-reaction constants; E, the activation energy and QF, the product of the
heat of reaction per gram and the ;pre-exponential factor of the Arrhenius
equation, = Once they have been detem:.ned critical depths and temperatures
for ignition may be predicted,

Although the simple reaction ‘model appears to be adequate for the ranges
within wh::.ch the variables have been examined, it does not follow that the .
reactions’ msponsible for ignition are so sn.mple or that E and QF have
any sbsolitte sn.gn:x.ficance. Thcrc ig, in fact, an indication that the
ignition. proccss is more complex~than has 'becn assumed,

The.theory predicts that the density of the layer will aﬁ’est the
J.gutien {emperature in th:.n layers only and this appears to be ‘bome out .
by the results.

.\" - . s
> .

For® szeve fractions in the range 18-120 B S. ignition was independent
‘of particle size., The sieve fraction passn.ng 120 B.S, ignited at
significantly lower tempemtures - at least in the thinner layers ' than
the coarser fractions at given depths. .'l

~
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Thermal conductivity of beech sawdus‘b

v A tabulated value(13) for the thermal conductivity of sawdust

" . described as "various" ind. of unspecified moistire content, is 1.4 x 1074
cal cm~2 s} (°C em~})"* at & density of 0.2 g cm~3, S:.ncc for the :

present purpose, a value that can be regarded as more l:i.kely to be,

- representative of dry beech sawdust is desirable, and it is also necessary

- : to eatimate the effect of changing density on the thermal conduct:.vity,

-~ attempt has been made to calculate the cmdnct:wity of the sawdust from

the bullk pmpertlea of beech wood, :

: An equation due to Machll(:ui-) expresses the themal cmduct:.vity,
‘ of a pomus or granular material as

K'a - Kso l = (1 = aKP/KS) b ) . .- o-cloro-.oo(s)
CLe(a-]) b A

ﬂ_?. P ~

3 KJ (Z&s + Kp) ’
vﬁ(vB + VP) » .
volume of contmuows rhase,

. - where,

1 2
Y
B
v
= @
"o

"J' .-

._d-'-1
1

volume of" d:.scm‘t:l.nuous phaso
Kg = themmal oondnctn.va.ty of con't:.nuous phase,
Kp = thermal cmduc'l'{inty of discontinuous phase,

P

-
i::‘{l"
oA

e lz equat:.on was derived from small values of b, but ‘accordin

_ Eucken(15) it is valid fory b up, %o 0.5. According to de Vries( 1%)

: accuraoy of the equation depcnds also on the ratio of the’ canduct:.vi‘ties of
', the continuous and discontingous phases.

: " For a granular material, such as sawdust, where the mass of air in a
 given volume is small oompared w:.th the mass of the solid -it can be shown
- that F : o .

v RR

1./p

~
f

s

P bulk density of mater:.al
: Hn.

lop = denszty of particles.

T For dry beech of de.ns:Lty 0.70 MacLean's formula relating thermal
* conductivity to density(17)F yields K = 3,93 x 10-% c,g.s. wnits for
' comdiiction across the grain,? The:tebulated value(18) is 4,00 x 10~k but,
sincé ‘the molsture content 't0 which this' velue corresponds is not sta.'ted
~ thé fomer value is used beldw, »

T MacLean's results(17) 'on Douflas Fit and Red Cak of moisture cantent

" ranging from 6 to 15 ;ger cént showed that thermal conductivity parallel to . .
-~ thé grain was 2§ to 23 times the conductivity across the grain, Taking a
" - mean value of 2% for this factor, the thermal conductivity for beech
i para.uel to tho gra.'i.n is cstimated as 9,8 x 10=4 Cog.S units, N

e A
. _
n s i, it
Hn v
S
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SN
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For randomly orientated articles of ‘beech sawdust we use s ccm.dnﬁtivd,ty
equal to $(ZK across +K alem i.e. 5.9 x 10-4, Taking the canductivity
oﬁ: as 0.586 x 10=4 and :l:merting these values in equa.tion (3) we have

Ka = 0 586 _+—1-!2—— b 10-J+ c.g-s. lmitSo
. ’ 1-0,78% .

The 'following valuss for K, are of interest in this notq;-

'_a. ' b '- Ka

S 0,26 0,36 1.27 x 10'1* CoZoSe units ' SR .
' ' | 0.28 040 1,35x 107k - " |

0,37 0,55 1,76 x10=% = "~
, Ouhk 0,63 2.16x10"lb oo
de Vrles's canclusicns(16) indicate that: for.the highcr dengities, the
calc!ﬂ.a.tecl thermal cmdnotivities may be rtoo low 'by 10-25% '
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APPENDIX IT
. Detedls of calculation of eactivation energy etec.

l, Calculetion of

The sawdust is assumed to be inert so that the heat flux at the cool
surface is given by the s:.mple conduction equation, With this assumption
the cool surface temperature is determined by graphical solutidan: of the -

.follow:lng equat:.on for the thema.'l. balance at the cool surface: -

OR(S t)

R it « zt- (to 275)5_\ ¢ hel8h = 1) o)

-
r

s .tp,'ts, t, = temperatures of hot surface, cool suzface and
: su:rozmd:l.ngs respectively, °C. :

d = Stef‘a.n;-fBol‘bzmann can‘stant, Ceges, units,
h, = convective heat transfer coefficient,
21 ‘
The temperature of the smomdangs was taken as 25°C,
T A

For tcmpcra‘hms of the cocrlux surﬁaccs of the dust layers estimated
initially:on the assumption of turbulernt convection, the product of the Prandtl
and Grashof Numbers wes between 6°x 105. and 6 x ZI.O6 The following expression
for the heat transfer coeffioimt for streamline canvection, was therefore
used 19).-f ; .

- ™

he = 9. 86 x 10-5 (ts - t)1e25 ‘oa1 ca-2 sec..l og-1
10«25

.. The characteristic length ]Z., was takcn as rﬁ where r was the radius
of the dust layers. o b .‘ : '

. Since the dust layers did not cover the: whole surface of the hot plate
they were surrounded by an annulus at a temperature higher than that of the
. dust layers, Convective heat lo3ds from the dust layers is therefore probably
overestmated 'by the. above cxpressicn and surface temperatures correspondingly -
tOO 10'“«- :

- 4,

1 o is glven'by 07

11 . LA i .
o ol = tp"ts'i.'
In < - i
P 2(tg - to)
I o -~ I
3, Activation energy. . = - [

" - We have - :
20 g = 2,303 & 19310(8:2 Tp2) Y= 10810( r-92-2)2
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where the subsoripts 1 and 2 refer to two points on the line

logio (S°T2/r2)vs. /T ]

It is necessary, first, to assume a value of E in order to calculate
and so obtain § . from Fig.l, The value of E calculated from the

' agove equation is thén used to correct Qg

end- §,. Further approximations

nay be made if desired, but they will usually be unnecessary since &g
appears in the 1oga.r.1.thms and - is therefore relatively insenaitive to

mtema.tio errors in 80. i
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