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Ssce of the exparizents by Curty and Pars on the sprrad of fire in
thin fuals 1n sitll air have boen ':a.);ud Except for the thinnest fuel

ran te df-a:r‘.""" as batwarr L and 8 .p_,/s per 3q. ¢a of vertical (ro’s
zection, ecoriing to the yoluzme ol Foils Der unit surface aref, Thrag
resul%3 ocEparn closely wiih theas obtal ned by ¥Yors et al for weod c:-ibs.
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e Theae have Yeen dizcuased in a praviousn report but certaln aspocts of that
} dizoussion ary coatinruod here, 2
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asl ‘he most tightly packed boda . che raus of spread in all ‘ho e-marizents . —— "




THE SFRFALZ (P FIFZ "% FINE P.UELS 1N STILL AIR
b
P, H. Thnzas
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e rreviags rn;:o:'t‘” it mas shiwn <ha’ the spread of fire along crids of
woald tr 2clll a'r can bte acocunied for by the transslasion of radiation through
the fusl Tey oz the Yirring core, Ingtill alrthe front elige af the bumiing
zore zivea Forward wertizally and this waa tuwken by Ponma o lzply that the top
of the P.el Yrd 4.2 not rroea.vea greater gmaunt 67 R, .0 tham the hottiesn, that ls,
wne flz=es nbove the fuel bed #1d not vcntritute aignificantly to the spread nor,
wa =n- adl did *he zooling vary algn!ficancly throughout the dep.h of thas orid.
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&

fh b s

Tris ~epert Yegins by dlacusaling the two dasumpiions concerning the swall contri-,

tutiena of the fleme snd the unmiforzity of the corling conditlons within the fuel
tel .n nore lstall than hitherte. Alzo in thia re;,-o:': 8010 nxporinar.’.al results

- ghtained Ty Curr and Pors{?, ror *he epraad of fire in tnln fuels in atill air

are dizZusaed.in taraa of the keal talance af tre me; bed and are rfound to give
remlts a.:'.‘.ar to thoge: for orids. D

-2, Tnm contrituiion of flazas % thy nNeating

The @een rute of keat tranafer ahnad of o vertical flaze of reight L,

m‘.ui\".‘._vefan, Ylack Yoy interanty ie ts

&, = L.6.LF

vhere the dot over ¢ denotea per unit-3izge, anl the dagh par urdt uidth of fire
frant, and the auffiz  lanotles Tazo, ? s ths sxchango foctor betwnen the
flaze ond the t0p of the fuel lef ani ia 4 for an inflnitely wide tertical flame.

. ‘ .
The valus of q,’aahnro the auffix B denotes radiation from the durning scne
ia : .

& = lg€ah

vhere !p 1s thoe black Yody ‘ntensti’ .y nzitted fyor the burning rone, 6etho

oxzipalvity of tho burning ran 1 nd the height of the fuel bmd, In the experi-

ments porformsd ty Po-.n et alll/) the c:'-ib wan usuzlly 25 om wide (L2 ca at moat);
ard ihe height wsually ‘4 oz (5‘.5 ca at zost). The mo:ﬁum flane h( ht waa
tetwaen 30 ord 45 oo 0o that typical values of P nre lgss than 0,214 The
turning zane ‘a wida encugh for Cgto be taken ag unity(!), wut for a ane.iO'

¢z thlek the oziapivi t.yef‘.n approxiamately ? ‘;m t.hat tho rat{o %p

te approximately 1/20 1f ipmsiB, It Ln for this roason that the centribution
of the famos oould ho negieoted in comparison witn that of thes radiation %on
tho turning sore,

3+ Cooling in tha fual bed

!n the ana yalo(‘) of Pon's ortid dnta(” a valuo of 8 x 10-"' col cm"zn-‘
dag C=' was gssusmed for the mean total cooling coefficient in tha fuel bed,
We row vonsidor this wooling in grectar detall,

inired, zuch of thin report is devoted to discussing tho effootivo cooling
in fusl Teds whith are more tightly packed than ¢ g Tho reascn for doling
this f¢ thot In the axperisonts by Curry and Ponafz to bo discuazed bolow, H,
tho Loat tranafor coofficient, io not conotant for tho difforunt fuel bnis,
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e i atelilon ofeTemeris 20 JATIDLA Alles. Hervy we
ereoqn Liepiiies Lalof alevenis o egial gize and defins
s_wfanA nyeh T Ol perounll Joluose of so.ld fuol

e tUEe gt calds ver 0t oazva af ealnd

1]
L3a.E% 6f 40'da par Lt atal volume (porosity)

SA
- — R HE
P 1+ oA o ()
v Surey ad Bona, If the mtio oF
bnoustie of sguase aticks s oa W have

pmer s YL LN MY LAk
S R T SR SRS KT

P Y (11)
s = /b {111)
s LGN

tnd Lo oLpnerlr X

Dt olr el glementa s T epacshoaparn, the onoorcanee o the air
% TN SR PO e ceamt o Sase o—er Tptesact et opay etller sxeept thaae
it o, onhive L4, Th oF menne tnatorer Surlotedr whlihoam analiown in
et 0 9 he Lhaakrira Doof b ol 073ept e convellive 1ranafer

N » - - . -

ChaefiLr st T oapptaYiEnLe ¥ ~--M fa~ n onlngle el etomant, An Approx.zaia
st one fE= op L ert tias . Lhat tas Lnluxseza o7 the TapndArY faser
noaepg e Che e U pha 0 enn o T ke (Lide, S foor egaltion 1Ly
e rm ML e T8 LAY - ::i‘m & g A JC‘Z‘\
3.0, T eonEh.00 Letwenn ke e ing fseg several fuel efaments

Lo0t. Senecttan Tika

YeoAdne
hawizg-tal

fLvea the heal teasafer by nntueal convection from long

N, '8 -te Nopse, i Numher Jar lhe cylinder diemetsr

Gy “# tha Grawhaf Rundep for the syilnder diameter

P, 'a “ra Peanlol Nuacar of the fluld which for atx Ly Q.

Epiatinn (2} than correapiade 1o n mean thickness for the luerwal loundary
iaver n®

J: —= (9)
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: oola ke tezparntire Alffernie tetween the solld surface and the alr
sstntle e boaderty Jever, '
. V s tre zesn kinezaltio visaonily of tne gases within the toundary iayer
, 0 oLn Mhe o nceeleration dun lo praviily ’
J E ~
.2 2'3 L.y abgolgte tezpe. *ure o the mnmbient alr
o T & A b ~ . ~ Tas "~ 5 »>
Sin'm @ dependy only on &7 the saxizum vaniue of 12 approxizately V.33 times the
meay vaue, Lot in vies ol tMe extent of the sppruxizations to be zade in-wha?l
fo.lory, n.2 !a neglacued, ns ie the ! fference in shaps betwmean squares anl
cxlittern,  Tho atave expowasion can by mrtltes In terms of the aurface to voluse
' a1~ § ahlich fs WD for & long cylinder ani g long squame section stick, Thus
: .\
-r < B g o
. 3 = 29 46 ¢ ()

P T T T g A
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L0 that ine reguiremsnt J(l)x can te written as -
Y
& &\t |
DZ2VNSHE ()
A L—: N2

wo zhell refer L tnla ne cenditicn Al if, instend of regarding each fusl
rlrnes in fenlation, e sonastder the orin as conplsting off a group of vertical
witer, azaare In sestian, of dalde  LALematien (Yivy) the saxizuz boundary layer
*LUaaezs wlll e plyven fy onnovguatlon & ar to_tguation (3) r~zept that h, the
Naieht af the crid, reulacer D The cor..:’.'.;o:-{(‘)_}nan now bea mrition

Vi
8 @ % ‘ - 4
A (———-—-&_{;w,_ > & | (L1s)

if this rondition is fuifilled the alr in the centre of the veriical passagea
rezaing unleated, O i less th’:’xn @1 the maxizum surface 4epperature riso of
PRI - . . ]

YU, Tooa JUUVK, ¢ =n 981 r;r{s.- and 9 (appropriate to a meen boundary layer
trzperatum of 50C, s 0.) cmf/a approxipately

The twa ccnd:itiona (41) and (41t) that haye now beon obtained are then
Vo 3
AC D Dl (51)
ATy et (s11)

The utovae can'ﬁ,tionu can aise be written .
: 24 .
s > o-5/p (61)
. vie
und < > o.&4 /D , hand Dincn (611)

In zn-y of the criba yaed by Fonz ot nl.(j) D was 5.3 am, 8 wao 2~3 and h ML o,
Lrit, nith auch vaiuna oatlafy the abtave conditliona, 20 that the convection hoat
‘ruwcfer ducs not approximats %2 ttat in packed bedn., With cautlon ve oay
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' Seaee TSoALrrtt A0 VAsue 9 ADLTIRIEL t3 that in free apace, “he
Lo S U LTI A O T ¥ O ‘\.-.:. paresieristic lensuns rar evaluating

) cel e Dor eneffiaent tsotna racin R/DN3 a faitor mdsut 2. An

] oLt 8y 28 B for a single atlick L2 spproxizacely
N ‘n.y e A verifical gurfaces of each stick
RS L . e oapd the roundary Layer {s that Jue to 2o height

: oo aertie gon ing cactficient for all four surfscaes s abeut 1 x ‘lO""

; L '"'"-"""5." . . . | ‘

:

' Io. . af cke enme Merght tot 0 .6 cm (f ia) stloks could aleo be

. Dopa-ied na L0 iline ke Londtiions (53 aad {5147, In some of the criba

i Sy a{t anY mana Lue} tv 'Degherty ned Young{7) h mas 120 ca,  These

i a. g eat LTy the nlove comililans 30 leng as ‘st is 2 or over, However,

¢ s dmeens o3 rresblelabie pange ot Yohuviour tetween a "packed Ved® and

!. Trree sineeT s eotlCn Dewnater 1Y eautd Yo unwiie o rezard puch concluslons

3 andoche onoze sV vnlee o B st latnad oot Wiy oabove argaoenis as sore than

! moEhonpprorizations, :

.i '

} 0.2, Rallutivn lngy

Troomalintion 'nuicert ntotoy po:nt theni 3P the fire has been ca’iculat.ed(t)
e the ansanation that Lere 3 5o reealiatinon fruz the heated solid surflacer,
_Temze oate a't s ¥ oLperntuie helow 33090 a0 that wny. reradiation would be leas than

D00 ial wsTALt whien ta wrent 8= per cend of the egtimate of 1-2 cal ca"’a"

. Tor ot rmteemt enlinticn, The tempern‘ure rise above sabient vas zhown %o

H Tollne v e czpprentint caw s he Tewn) of rndiation and tecause of the

3 ran=l.noar oeey thy! redlatlen 403 nis ea teupevsiure the reradiation decrvases

. Cmor “hodlatante wnan gueu the frodent radlatien, o that the above

;e onoxarts ;5 orntizate wnl aa a Mrat appr deation
LAl seramtely fror Vo oaneldent of radiation.

Althourh *here L2 some Duliation ex hunge woth
Jney la Peoo the topes and Yawes surfuncea ot Lhe
“l
L1

mn.tlien of the wha’r the duegpr Dol ted,

in the fuel bed, the only
21 bed and this 15 a sanllier

The =axicuz pessin.s rulint’on loon 13 equival cn‘ o a3 heat transfer

PRV T DN UUF U SN

saelff, e of :,. f/ L, L. 5 x 10" ial wmmoat degC' maxing a total of
7ox 410 el ermYamiagl Tibrae ping e lralated elemant, . .
Trantling the orl) nB A se:les of squarce tutez of aide I.’\and height h

coaTewa the rellatlon loas from the tvo ernds lo ve caltylated. The.distance .
L tween stk oorninva 19 LAF L/ a0 that che product of the square area -
nniltred by aeighbsuring 6licks and the intensity ¢ reradiation from unit
surtace o wood s

. ) kS
: 2N t4re) L
The totnl 5ur.f'u'.:o esrreaparding 2 mach aguare tube Lp
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* 7 re *hat the fraction of radiation losa through the open ends ia T
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! oot \'.'t..--! [N >\ 5 ard upe oy ¥ons et oAl T ty at omLatodnent
13 . i w
oo St s that the dren Ir .\..\n:.‘. ‘o a ctonr mAtution transter -r'.."!"‘..:.ar‘.t
y RS B ..'r"“ ir D T R AT T VLI Y LT ;;\sﬂ of 54 luast 1. o t07=ezal \
; erm e derl eemunred wtak nzent Uox 1D tend ez a”t .m:;C' for a aincsla :
tesiatal fuel gaezent.  Thase v spproximate lower and upper LImIta
é - rotpaztivaly for o tpe hawt lean erpreazed nuoa tm:w"ar coefflicslient por zzn;‘.
* [
erTuge of woed L et orita uaed by Pena ot wl. Tn a provicus reporth ¢
y o . S - N
{ a owntum of By t{=ecal umTiaT dugl was likel. :
! 1.0 Tho Tuof bedaosaed ly Curry oond F‘-vs . ]
- 3 r
Surrw wwl Frng atudlioed Cire arread in o beds of unermdered Uil . ¥
3 i Cyra they uned ne apesinl groancorert o fual, na w,h c:'i‘.}a.’ , 4
‘ T teven Sfovaany e Ao 6' o D25 omoand h.5< SCiCT T, |
i Cro wae,UF agpest e Ahere ac taroo vart.oal channels theugh
h avch o w Sl Let thal there are bareaae of thias the Diow wmmech
. ~ C ot [P J N T nep Vet et AR A% g b nmey Y™ :
] TEA DU, I By Sure apnd '(‘ AL L Mt oaa TLow Latourh L pet il SRR . ’
l To o siLuatrate *hin we scnalder she protsbilivy thAt noamall olleat riaing 1
i certionlly wiil pana Trwely thovigh the ban o withod atriving part ol Lne
1 anlid.  Thin wisl everestizate tne protability rap a puail volume of .
i Laited wir te rimp frecly By reelectine we Uinlte size nd axpansion of
eher edly. Foroaoerib, the horizoninl or : nran of the vertical .
- possacet in the netatien sr this radur el thi mwhelas btuso 1
nprul whore : R
. _~ i
i J ; I
B \ i
) Por nn .norlored bed s ozeasure of dina srelnl iy s pivon by he atientuntlen 4
ef w Visht ray enld this {»x 6ppr oxtrately . ’
1 = LS , 3
.
1 wher ol con be .‘.-'.u na '
:
‘ (’
H ) - — .
! 1t
{ (LR A il
‘ ' Tre unordrred Led 'a mest 1ire nn crdored one when is large and é"::::111 ond { T ;
takine the uppropriate oxtrome viioa = 8.3 em=l und A = 0.8 cn tho zevx Limn
, vriin of the mtio £3/f) 13 0,10 [the gctu.l vaines of fy and 2 being 0.7 and L
, C.L70 oA cnv‘!l\). Por tha valuas < Ch emand ¢ = 3 em! appropriate to ) o,
[ eribs of 4 i ostyugpe wood allara n'mcn-.t 1: in opurt which lle ocutsids tho abova .
' rangy of ,\ ard » 1, fg are (L5 and 041 rzpectively. -Bacause £ 1a
P :m.ul It te unrenlistio to cunslider thvw beda ao having vertlceal paaanges .
. allewing an.unrontricted flow of air, and in the following section the conveotion ‘ ]
throurh buds of unordered fual o the kind used by Curry nnd Fona 1s cenaidored }
. in terma of tha flowx through packed bids. It !8 of interest to note in phrasing ! p
that Lusaiso £ and o diftrer the froe burning of such beds may alse differ, - N
. ' 2 ;
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Biseag the *arperntuns? of the T.el olewents yartes with their 3latarce
AP owi4 fire front s aLmels eatizate of she Leat trarsafor rondititua In
hY T . Y. 5

Movery apprakiciie.

e e Rudtarlon Nnsa

The varintion o, tesperat i rlae on the fuel surfach assuzlirng

ro sooelilng Ln- Lheoretionlly

g 3
8, : 8 ¢ F(irdk) (7)

wshere @, 3 the ‘erporniure rlau causing ignitien
i
and €

o the £:el bod is ansuned Lo have the aeme dlatributicn rn urpor

18 the distance ahesd of the Tire front, I# tho top suriace

eatimite o0f *he totnl rud.utice

-
fira front o |

o N 4 -
IQ'R“..H:'-G%?'%C*‘Q:)'_ fo {d“ enlca 1T
o

vhere o is the nmblent wbaalute torpernture. Thias loss is

lcas frex thia surface per unit width of

q{ }\ b * L S L))
[ 6 b ] . - - i /.‘.‘
§r1on HGT M TR ITH* RO
£ - =i

- v

rer - W

e

-

e s .4
. .
2 oo o g W’ = Wiy gL e -

;{ For “Tg e XC9K nnd e, = 320 dagl +his beccmss 0.78 (—‘6:'*')\) eal co et
The lnrgeat vaiuve c? é_-i'?\ in thaxe o:qw:ﬁ:onta mas about |41 cm Cnking
1 the rudintion hont loss about 0.7 cai cg ‘s '. The depth of the fuol v
{ Lnd mwns 15 cn so that the heat los-:: exprossod per unlt cress aoction of‘ . i
the ndvancing front is iess than G0} cal cm—asq. which is rogilzible '£ 4
compa rod uith_;ho forsnrd radfation flux which will bo shown belce to bo : i;
-t . t N
gver § oul ez B ., N
] 132, Convacg‘i;:n lons l ‘r
If hoate! air leaves the fuol bed vertically at a mean velooity w ! ;ﬁ‘
] mith a tezporaturv 6 the convoctive loss for unit ‘width of fire front :
] s | - . B
. i
(1/( = (jge CA Gc w dac (8) )
o . s . ]
.G W is enlculated as volume per unit base area of fusl dad, J
if e e takon ns tho air donsity and ¢, as the spocifioc heat of air, and X ‘
: the suffix » dnnotes exit con;utionn. E f
! -6~ =
| -
L o U

o i & it Ao Juncpre
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DOl d veries wWiin Y owy annll caloulate W for 6 Yed in which the solids

et s UL e neesture plae of 80 wnd In whizh tha air flow !a en‘.imiy
TR T oshol. et all uressure varlatin and all irertiatercs in the

vooatden 2T Tabicr, nn! wgtate tthe lofa of nressure due to tho reaistance to

SLce o thet o umney Beets Weoeknll also saswne that the fuel elements oan be
Lrcated o toria of thelr gnagivie purtace, lizroparding any effect of thoir ahape.

Beernt T fefings cte preawlre drep acrora o padkod bed of height I for a.

v |_.P .
A h ek T (9)

e £ ran 0 e (1op)Y (10)

[ 9
! e

T & the yumewatlc wizvogity of the hot geses
» ! A

e

T . : (f‘ )
75 . ‘
‘T:L Pa she nrmun oo ve'oeley ol tha saaes fn the bed. /g s the donsity of

e paars,  Boomting this lana ¢ hand oo the bucyuncy gives

A S O )

-~

whera AP t2 the alfferenenr in gas denaity beiwcon inside and outside the fuol bed,

4/( (13)

shot!iuting :‘ort‘_ A( ned %ﬁ oquation (42 ) bocomes ) ' O

] .
Por s Ido L pab

u"\ l.ao

(5]

S oX : \
El*f/\g we j.;m))- 6q B3

[P
J_J \ +62$‘\T1 —asd

L] w i

' = EXT YAKEAS) (14)
It ey bu noted hers ‘i.:- the pudn in momentun per unit Athia flow from
2nro vc;o‘z in é (1 0 /O?\) which is Juas thaun ('7_.1.75 e It isn

vachud R fs nv, rnat T that the romentunm terms oan be nogleated oompmd

Ve

with the Luuynney and the drage The neglect of proassure variation within the fuol
Dol can te Justified only it; as rero, the ted is doop in relation to tho width of
the ristop pluww of aly, The rise In teanperature of the air at exit h-om the
upter Suefiee 04 the fuel !.m.i: cver tho initial tomwornture dif!‘eronce 9 betwoen
t for the hont transfor
for foreed senvestion, and 14 can bo shown that tho h nt.Atmnaf‘or for all the
sothinations of 6‘ an! P\ In thoee fuol tods s hig nough for the air to be in
of Ceat hevtad to the fuel surface tomperaturn, Thus §f 0 is takon aa 5oo°c and
9 a3 o0 u-f-"n)w ‘\3 13743 (3 + 2,00N = 1) tn c.g.n. units which for the
vioiums of A usod by Curry and Fona £ lons than 55 om/ae  Lower temperaturos give

Lhet Bewts ! ruel and the cold alr may bo eatimuied from
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ttese  The sarisus Raynclds Ko, eith respect to the particle.

L bw . . . .= .

Vs T T € eonioty pieut 6oz %S thea adeut 100, The

O ooorareCrnum aee T Lert g I thareliore absut Co2 (see, fof viazple,
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