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k'.:C'jI'1lf't or-aah fire s di'~er i:.:i many W"\yS fran other flex:Jnable liquid
f~:lleJ 'such as tho~" in. p6.trol starag~ tanks. The time elament is usually
!='t'::,'.i9.al in that people must be r-escued a+' the eaz-liest poss~ble mCltent,
sm.,th,> aot:on~ therefo/e lie,!! in '.;~ rapid reduoticn ..at' the int~sity at' the
Nrertl.'.;h.E:~,,t~ ~ its ext:ll1.Clti~. It is u,:l.:l,Dcely that there w.lll be a."lY

, ~reQiable area of. !'ree p'etrol surfaoe, and in order to obtain rapid ooverage
, " of the, 'a1roi-a.t't cr-ash and the surrounding terrain, the f08lll must be llfplied

. d~ctly to the burn.ing areas. ,
..' -

Foam Illa;y be applied either a~. a jet ar a spr'a;y. and opin~,Qls of' ..
oper'ational ,of'fioers differ on tho relative merits of' the two mathcds. m\ile
many tests have..been made with sprayed foam en large spill i'ires, ther';l, is
little ,infonnation en the !lP:r;liuaticn of' foam as a jet to this ty;pe of' fire.
Ariihitial progrm:une of tosts was tb9refore p},a':llled to see whether there was,
any Il!arked ~ventage in uoing QIle mothod of appli'Jaticn in preference to the
othor, and at the same tj.me the effects of' varying' the expansim and critioal

, lihearing stress of the foam were investigated•.~ " ... _......' ..
2. ' &ertOlls work on s~!i,yea foam

, ,
'ResUlts 'If''large-;;cale tests by ~he Engineer Researoh and Development

Labaratorie s were reported in 1950 l1). A petrol fire 25 ft x 50 f't fillS '

tackled using a number of' "f,'lg f'oem" 'nozzles. Tho majorityof' these nozzles
wilre water spl'8\Y,:nozzles 9f the impinging jet' type whioh, mum used with a
'6 per oentfoSll solution, gave a 101'{ expansim repidly-draining foam. (he
of' tPe nozzles tested \78.5 a self-aspirating nozzle similar to a branch ,pipe

, with 'a fen-s.'ulped diffusor 'WI11oh;'sPpeared to give a foam of' expansion about 6.
The results of' those tosts are shem in, Fig. 1. "

~~t;;i v/ork-'o.t t~' Naval Researoh L~Oratories (2) was oarriod out'
at me rata of' aPpl1.oatial, b~083 gsJ/1't2/min~ ~liminsry test!! an' an opan­
ended 2 'ft ~emoter)iro.llll'of' petrol. were follOflOd by tests, m a 400 1't.2 tray
with ,about :1- ~. 'of. petrol ::l a mud base. Tb;l spra;y'vas prodUceu fr.<.:m a fixed
'nozzle, with sUteon ootlat pipes, the diSlleters of' whioh were,var:l:ed to obt.":n
satisf'notary performance \4,th the foams of' different expansiom wiLoh Tlere tell.'o,\d
The oanoluei<lrls drawn frau:ftlXlse tests \1ero that tnere was an, Oi'tj.ll1'.un exransim
of' 1CH2 when f.)BDI was aP.C'lled in a dispersed pattern ond ,tJ:lat variations in
visoosity at a givon expa.,sian were of' no direct 1mportanoe~ , ,

" '.', EJmar.~men<talprooo~

. ",

~hll'~8t f.;lre (Fig.' 2) was arranged to s:lm"\l~tEl. in a s:t."'I)?10 manner, ' the
lIlain, featalX'es 'of an Idroraf',; Ol'ash t"...re. A 10 t-; hy ~() ft ':J..:nd Wa.o orostructed
and two di&ganally op!i'oBite qn.:>r';;ers· viere bti.}t up' w.i.':;:' rl'.blil,fl and !land; the
other two quarters 'lrere left tm.obs'~ruoi;od E.r.d a wa't;3:Jr 'leval \788 mair,tainoo. jus~

beloo the sand surface, Four 40 p;1lJ.. c'l.1'Ul1lI:l, W.3r'.l pl&.'Vlu' EY lIIDot>:o1OallY in tho
bund with their centre lines dhgo."\nlly ecr-css tho bund, A~')OIlt 15 gal. of
petrol. (motor spirit) was used far eaoh teet. Tlw fi..>'e th.ls ,l)an3iatoo. partly
at' free petro~ surfooe am. partly of.' potrol-:soakeJ ell.ild, .with a: s:iJ!lple rep:o.esan.,.
to.tic:n of' an aircraft fuselage. Becanrso of' tb.3 ~r.;n.~':::-y. of' ';1,1.a al"'t'~ngc:r.llnt

tho fire oould 'be attaoked'fl'Qll any side to slli.t th9direotlcn 0: t:ba pr-eve:L.ll.!--3
v.lnd.
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The foam was prtducod by Ii generatOr giv1hg moter~d cantr"l 'of the
foaming liquid Ill¥i air flow rates. For tho 6pFlicatiC:l of fcam as a jot
Eta:ldnl'd f :.rc briged" noz.z1os were usod , oithL'r I in. or l' 1.,. diar.mtor
aocOl',U.ng to th3 foam· f'low ra.to o To pr-oduce a foOlll "spray, eo Clodif'ied Vla"tor
dif'fu.~or (FIg. 3) was 113",d••This W!lS one of the 'tYro ha~-ing" serrations
desi90'l b givo a s'llid CC'nO of wator spray. Tho original valvo was replaced
to gi'''0 ~::rw Lncr-caacd clc;ar3T1co required for foom, two stzes of valve being
usc.'! to m.t.i.t thEJ foD.'L flC\7 r·al;e.

A j:J-seccnd pr-ebur-n was allawcd before fire-fighting wo.s camnenced. Tho
progr-ccc of ;;110 fire control wo.s recorded by means of' redian9t~s arr!l1lged in
tvc mcnnor- used in previous surfo.oe opplioo.ticn exporiments l3). Tho OJ?erator
ar'pro~3:\'':(1 ':.;'~, fire fran the ,rlndword .siele and moved r-cund tho bund to r-educe
tbo fi.:r-u 11'3 qu;,okly as possiblo. Tr.a critey·icn used to dotermine the offioicncy
of a1Ctinc-:'ial' was to measur-e tho "90 por cent " centrol time, i.o. the t.:1Jne takon
to r-educe tho rat:1iaticn fran tl1e firo to me-tenth of its initial intensfty.
Tho si7.(J of. tjo.£) firo. at this stago was ooncfder-ed t a he such that a bU:I.tably

r , clo'~h¥l -tr-a::.:J.ed man could we.1k '~h.-'lugh the fire area to make a r-eaouo nttompt.
No testS wor-e carriod out wtwn tho 17Jnd speed vias more tho.o, 10 ft per- son.

Twimty-four tcst(3 nore made, tr.a or-der- bedng selccted to rrd.l'.i:ni7.e t~.o

effect. of' "i;l-..e -:>pcrate!', (3 lyarning fao~or. In hali' tho tosts, jet r";'l:1J.ic<:ltlm
.was used and in tho otbor Ii.a::.f the foo.'ll was applied as a spray. .For 6Mb.
method of' applioation ·ttl·eo liquid rates wer-e used at two levels of critioal
shearing stress for each of two f'oam oxpansions.. The two expansions Vl'Jro _7 .
and 14, tho liquid rates of .applicati'"ll1 were 0.05, 0.1)75 and 0.10 gaJ!ft~:::/min-1
and tr.D t'iIO r-engo a of critical shearing stress were 300-450 dyl1es/an' and
6<XH350 dynos/cm2•. '.

3.2. Eroo petrCJl a'ld petrol-s'>akod tiand fjres

Following tho twnnty-four tests' dosoribed above, a smal:Ler nu:r.hcr of tosts
'R.'re made to conpare t1::.o U80 of jot am sp!"ay applicatiOn on two cr' t:>o bam,cI . . . '

. elements 'of :too aircraft crash fire, nanely, fire en a froe petrol sur-f'neo and
en petrol-soakod ground.

Tho same 10 ft square~ was used. For the freo petrol. tests 15 gal of
fuol "'8:S floated an water, while. for tlie other tects tho whole bund was fiIJDd
with rubbl'o .and finished· off,' with a l~';ol sand surfaoe. Tba t.ast pro~'3~l':tr" was
similar to that used for tho' enrlier experiments and foom'QI' expanrrlo.., '14 a.1'].
crit~.c·al. shearing stress. 450 d;ynes/crn2 was used. For tho 'freepetrol f1:-6:'1 th'3
jet was almvs directed in~o tho petrol, ne use being made or ths bund 17al......

. : '. 1 .
,4. E:"'{lcr;l.:rentalr:su:l:':!..~uiscm:s:l.cn -: ,.

,"

Th':l r3S".V.tG of th,,: ';;-;mnty-four tests are shown in Tabie 1 and F:tg. '4 and
tho rcsuEs of the statistitl.':i. onalysis aregivon in .~.J?p<ll'l(iix. 1. Tba analysis
shows that of the four Y3X'iahlos all but tho expon ':liG:l, ~vo a s:l.gnif~.oa'lt cffoct
rn tho timo taken to control t!lP. fire, tb rate of Sl'~11i(JP'<;~,Cl'1 a:-.~1 cr.:-itic'al
wtu"'ing s'::;rocc of t!l;e :roam r..av~_n.g Do. g.i..·..Jatcr etj"'u':..f; t~J.&.l.l the' fl!Er~.ivil of applicatial~

Tho "most 151.:e3..;I"" roS'l.:ts can to cal.zo.lla:ced v.d:l.g '1i:i~:t .t~.e siGll:e'iclOllt o.ffcc.ts
and thone are plotted 1:.1 1"'lgo 5.

,.'

••

.'



q 'f

-3­
TABIE I,

E.>:PLttDreNTAL RESULTS OF T~...1 eN 1,00 f:Q. Fl' MOO!{ !J..iIJJ.t1.AJ!T FILiE
~",..,....,,. ~.

": / ~ 'lit;" '

EXPANSION

7

..._.. ,... ,...l.lJiF

SPR.t\Y

. ~ ~. ~ -.. .

HIGH

", 1~tO CONrROL TIME jSECS.)
RXTESF APPLICATION: GAL.f't-~min-l

0.10 0.075 0.05·
,

43 40 45 ~
.0itt .0'0 .o')"h

47 '42 55
'll'1~ .0Cl.- .air"

29 56' rt
-our 001'0 .061.1

, ,

46 .' 45 . 103
.,n1 ·0(& .. oib

28 34- 40
,., .ott? .' ".•..~ qtt~ ", .. , ' ,Qffo

37 "'36 . 48
-oIl.- .. '·cur '0110'

,., ' ' , " .....

42 43 to
.~o.0'" .o~I.I-,

I 56 44 08 .01;
.oq~ 0'(

'...
Tfl6 e.ff~(}ta ,of: ~. 1'oan pr,opertiea on, t.m control time -oore similar for

"both jet end spre;y applioation. In both OOBeB there was no significant effect
of expansion arid at the lower ratos of application the more riuid f'oams cattrlJ:Llod
tho t'iro more r,apid1y than the sti.ff foams.' i~B the rate of appl1oatiC'l f\ran iihe
jet mar-eIlBed, the contr-o'l, tirile aeorenaed as uould be expeobed; However, 'tAO
shape of the control time/rata cur-ves for spray appl1caticn, p~t1eu1nrly~th
the 10\1 critical sh~ing atr-eas , show that it tended to take longer to oantrol
the fire at the high r-at c O£. appl1oa.tiQl thlm. at the medium rate. To interpret
this and t.rn ,~~~ft}renceJ)et,w.een, the two methods of applioaticm it is neoessary

, .... ,v'to:"oo~sld~ \7hat happens as tho ,foam passe,s thr~gh the flmnfJ8.~ , "
.,.-
Water will be lost fran the, foam by evv.poratic:n as it passes through tho

flames, 'and this lOBO will depmd on the expansion of the tos,. the fle.keiaize
and the .time th0 foam takus to pass thr-ough too flames. Theso evaporatial
losses have beon est':1matcd in Appendix 2. ~oo way in which. the)" depend on the
P'~i~t~~s.. ~,~P£ ..,i,'.9qn,spray"can):lO"scon. by 'making an apprax:1matiOli to equatiQl 3
Of ~PPood.1x 2. This- oan be ro-~~tten - .

time tOl::' ,vl;h.iah ,tlako~ Dr,Q ~,.tho flano., ., .

.'.. ,

. .'",'
-;

sUrfaoe

.~. ~. . / '.
• • p'

._....... ~ :. 1.1..:; ... , • ~ .,1. ,~

• ~. t • r- ..' " •

; .....~ -:' ,. • • I • •

' .. .' '
" "'\

• . 7'.. ~ ~. ; . •....:.

". ~. ..~ ... .

. ~....... ..

" ,

Wtial'radius of foan flakes.' \ ..."
" "j' . ,', <;." •.••
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and tor flakes greater 'than about 1 ali in dlmneter

1:1... - [,_ :B" ·Cor J3
tJlo - • ..,.0 rr

:,11, ' ,
where B' end B ore constants.

It can be seen that the evapor-atdcn losses fran' the foam in the form of a
jet' would be insignificDnt but in a spr-ay "ould depend on both'too expanai.cn
end the flake sdze of: the roam. For flakes less than about ·1 an di£llIleter tho
losses ar-e more dependen t on the flake size than on tho expansiQ'l. Tho
por-cenbage of' water- r-eaching tho pcf:rol surface under- the oonditions of' the
tests have been ostimatoo and arc shown in Fig. G.

BOC81150 of' the importc:6CJ of the flake size in the foam sprays aemp.l.e e of
the spraya 'Wore collected c..n glau3 plat'Hi nnd photographed. About one hundred
flGkcs of each sprl\}" wer-e sized and the mass median f'Lake size ostimatcdj those
arc shown in Table 2.

Table 2., Mass median f'lokc size of foam S'j?raxs

"

" Expansion Cr.1tioal 'Rate of ap~liOllticn MASS MEDIIiN
\

shearing stross , gal/ft Imin ' flake diameter (em)
"

... . ,
" ,

, 0.1 0.. 8

. , .. " . .. LO'i'I. 0.075 .1.3
, '

0.05 ]I

7 ' .
. -,

0.1 0.5
.'

:
High i 0.075 , 1.2 .

, ,

0.05 Jt:
, ,

.
(

l 0.1 0.4-
,

"

0.6Low 0.075
'.

0.05 1.;0
14

0.1 0.5 .'

High 0..075 0,4 .

0.. 05 0.75
..

fl_.. '

: ~ ~.

~he sprE\Ys producod wi.th foom of expansion 7 at the 'lowest' rate ot ~ppl1oatiQ\
were reolly a series of anall jets and no esUmate ~ the flake sizes were made.

It oan be seen !'ran Table 2 that the flake si ZOe tended' to dearease as thl
rata of applioatiQ'l Lncr-eesed and also that tb:: sneller' fl8k'es 'Wore generally
obtained with the high cxpansicn foam.

~. - . . ..

O~s1dor1ng tmn the re~t~-~bto1nOO: With sPr~' f~~ (Fig.' 5) t~
increase in contrql time aa the rate '1ncr~e..ses,~an._0.O~5 .t.~..0'.1 ,:g'Pftf. 1rWl.
may well be explained by the reduoticn in tlek~ size ~Qre~.thft~apQra:tion
lossos and. reduo1ng the rate at applioaticii1 to the petrpJ. ·SurteDO:·:rH~Ver,"fOne

. would expect an increased ev-8.pOratim loss t~ the high expansi~ ro~ ~,two'

~

r
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coUnts; f~Btll; theory su:gge~~s thlit t~; ilbe ._.fl~;i1iB~rtbil evap.oratl,cn.· " \
losses are greater with th~ high. expllllsiai foam, (P'1g~ 6~, ,·and .~ocnely.. 0::: tho ,\
same rate of applicatian the flake. sizes: of t~ high expilns1cn' foane were found
to be lees than those of the law exp~iClll foem·s. Despite this the total ef'~et:'lt

of expansi an '17M not signifioant.· This indicates that :U\ the Spray oonsi6~ed of
larger flakes, with whioh the evaporation losses would be negligible, the high
expansion foem might control ifue f:l,.re more rapidly than the low expansion foam.

. " .

The'tests ah0l7ed, therefore, that·when fo~ wail applied to the fire as a
jet the control time decreased as .the rate of applioation inoreased and the fluid
foams controllGd the fi=·es more rapidly at the .two 1= rates of applicatial then
did the stii'fer fooms. There was no'signifioant dii'feronce. b'etween fOQllll of expen-'
sian 7 and expansion 14. .

When the f'oam was Ol?plied as 0. sprcy·the fluid foem again controlled the
fire more rOl?idly at the lcmor rates of applioation and too effect of expansial .
was insignif'icant. However, since the flake sizes of the foam were in the region
where considerable losses by evaporation were possible, it would be unwise to
draw any firm conclusions on either the. ei'fects of expansicn or the relative
merits of spruy and jet application had the spray consisted of flakes large enough
for the evaporo.tion Losseo to bo negligible.

One other factor muy effect a comparison between the· application of foam as
a jet and as a spray. I. jet of foam breaks up to some extent and by manipulation
a dd sper-sod po.ttern ean be achieved over a reasonable area. . It may be, howovcr-,
that there is an effectivo. limit to this, and the edvantages Qf spray would shew
up more when largo aroas el-O involved.· . , .

4.2. Free petrol surface und petrol-soaked simd

The control time rate. of 'applioation relationships for theso testa are
sham in. Fig. 7..;On the f'r-ee petr.ol· surface there is littlo indication of any
differmce in the·two 'methods .of applioation, although tho resorvatims given
abovo will apply' pa:rt1culfirly;as a high-expansitn folllU \"las used. In the tests
with petrol-soakod sand tho jet took muoh longer to control the f1z,e than did
the spra;y. ThO f'osm was rOl?idly br-oken dO'11l ~ contact with the sand Whllll
applied as D. jet 'and after. extinctiOn little 1'oam remained. This effeot ms;y
have beon largely moohani,oal.

Conclusions
•

I.t this stage of the investigatioils it is diffiouit to. come to any very
definite conclusions' as to the influenoe of the method of applyiJig foam to this
type of fire. There is ~ane, indication that spray application may be better ii'
the flakes are of OClDIparatively large size, so that most of the foam reaches the
petrol suri'ace. .::.. I

The most important' foam property when foan is applied as a Jet is the
critical shear;l.ng stress; a fluid foem oontrelling the firo. more rapidly then
~ stii'f one. With this; method of appliOll.tian thero was· no signifioant difference
betVlllon foams of expo:nsion 7 and .14. . . .

J. fluid foan is 81so' an edv<llltage with spray silplioation but in these tests
the effects ~ expansion may may well have boen ShroudGd by the variation of fle.ke
sizo with expansion. .

i.cklowledPlJ!!3l\ta

Thanks are due to !lfIo~ C. R.·,Theobald who E;DtGd as brancbnan far the testa
and to Mr. D. W. Millarf.OI.' his help in plo:nning the tosts.
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-,

;L.i...~t}ar--cHeet -- ..
statist{h sec. or o't.sCrvations variatiOn % Li..~CD.r Effect 'Curvl.linear Lince:r ef'f'oct .. '=.~~--
- o-E a (R1) ci'feot or it (R2) of M-(M1) of S-(51) Rilt '!i151 ' .
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cClit~o;Ii
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~ 50 + 8.2 16.4 -' 12.2SX:f + 3.25:1£ + 3.~ + 7.~ +2.84-- '7' ...

I - "," .15
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r o = 0.05 ga:vft2/mi.~ r1 =0~075 gaJ/ft2/in r2 =
. mo = jet ID1;o ~prS'.

So ;0 3CC>--lt50 dYJ'-es/<:oL 31 = 6..."0-85C dyn~:I an2;

eo:te. =7 e 1 = 14.

, ..
·~I"~4?t""Of.. ~~.:1~~ of .I:tPlic~.ti~
l.;;tJ.·'2.~-:t 91 ... ·:,.;!·". hod 0.... oppli0e.t1..Ql
~ff'ect of f: ~l~.dj.ty .
:sf:fect 'of.' o:i<:pa,'"1sien

l'aot ',ll,'. a,
FuctoL" Y..,.' .
i'at:':t~ s.·
Fac.'ltor :G.

Levels. of' aignificenoc' - '1 per 'cent 31 5 per cent.
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APPENDIX 2
. ~,. '

~~t:L£!l.!?f eVaDcr",tian lossoa fran foam SWay

Tr.s loss of water tyev£lpcratian as the foam passes tm-ough the f'Lame a m:n
depend an the :roam eX;;I'~,sim ern particle size and the time token i'or t:m foam
tope.roc ·"hl'cu;>h the fla.'U'J. •.

Oonsider unit IM.s~ of rc em canPrje~ N spherical flakes cf initial radius
Too rat<l of loss cf weight is given by

where

_ .dt1 = ,6r.,;s8. + .~ (1)
dt I- t:

I, = oro',eative heat transfer coert', ,
N" number m' flakes in unit mass of f'oam - 4.7Tv'. 3~
A = den sHy of f ocm 0 .,. '1

IS = !lurfa':le ar-ea to which heat transfer occurs = If-
1'0 = initial radit.:.a of flakes .
...,,, radius at time t
.e .= f'Lame tmpero.·:"ure
L. = latezlt heat or' sbenm

. .I '" intensity of radiation

.. Data on heat tra"lsfer coefficients bet',een spheres and air have b~e,+
correlated in t'mns of th<l Reynolds No. (Re) and the Nasselt No. (Nu) t'*"),
To siJ:lplii'y the integration of equatd on (1) the follcwing correlaticn will be
used - .

Nu = 0.63 Re 0.5

This gives a good ccr-r-eLatd on crrer tho range Of ne fran (2()'2,OOO) which is the
range concerned in this pr-ohLem,

Substituting in'Equation (1) ,

_ 1lM. =- 0:63J( (~:t;2)O'S3.:t').B + ..a r/r ......:...:,'(2)
. dtJ:r \ fl y;rp;L .Yo ~ L.

where K '" thermal oonduotivity of t~l hot gases
(?, = l1:c"ns i t y
')l = vl.socsity
V .. relatiYe velooity betwcen the foam flakes and the flame.

J'
'.'

• 1 . •

It is reasonable to aaaume 'that' the flakes will be tr'avelling ai' their
terminal vo1ocity t~O',,;h t.lr~ fIm~es.. The terminal vo1oOit,*: 0'$"(0 >r; .'1 .. v~" fl'.· -y' ... (~< 000; 0/110:.:. \100 ,40' '" "e "o0)

Tho range of fluke sizes up to about 1 em <i.iameter \iould be in the first
range cf Re. In determining too residence time of the f'lak",s in the f'lancs .
oalculatod values of settling ve10CijY ,vill be used, but utnce 1.",' .. .
equatietl (2) Y appears only as v'" the following approximation will be used -

. . V" AfF' 0.')1'- uJheY'Q A ~ q.q X 103'

SubstHuting in. equaticn (2) ;

~
\O·t 0,3/". :1./1 ).

dl1.. ... Q:U1.t :2 AD) ~F ~T V '+ 3 .... r.
de :l...,... 7 1 y."3jOF L. yt/'r':

o·3S'" '( ~O')Jo,q4.6"ke~r .<AD·
. r 7

.. :



[
. u'J~l

IO'&' + IJ'lf~ J

. 4/t? . ,.

Integrat:lng gives .

M~.=: } . :;-_L [3I ~·O.q.~)K. (}f/l''1.~.~O-.1.u .. 6). t' (" ,<I" L \'fl/
If it is a.s~:i ·t:~-::..!; t.r.c flaJcea always traverae the .aaae di.atan~e thzoough

t:tu f'Lamcs the roaida·!:.x: \,iIDEf in the f'Lamea (t)· rdll depend on tho -terminal
veloo:Lty wi th r-espect .~~ tl~ petrol surface (V) which depends an too flame
velooi~y (VF)en~ a.lso an ~o And "'.' .

V ; V - 'VF

. Since r "will vary as tho flakes. pass through too flames the terminal
voLocf ty \-.rill be cc~t:tnucl.ly varying•. Ho\"revor, a. 50~1' Lose in weight of the
foam flake wO"llld only z-e su Lt in a. 16~{; reduction in r and thus a 16~f. decr-ease­
in 'velooity and a prop~rt;ic:1al inorase in-residence time. A reasonable

--'
approxi.mo.tian can thereforo be cbt£l1.,ed by taking the tenninal velceity 8B
that approprio.te to the initial f'Lako size. .

Tho ovnporatian Losees for f'oam sprE\Ys of expansion 7 and 14 Will be
ocmpubod aecuming tho follOWing values for the constant in Equl1tion (3).

. .

L ~ 620 c~~.
9 = 100')OC·

.·~ooo8c 1.. 3 x 10-4 e.g.. s .. Wlits

ftooo't~ 2.8 x 10-4 e.g.a.. units
~INll:Jt.:. 4.. 8 x 10-4 eOeD s .. Wlits
:t == 3.6 co]./an2/ s oe. (aSS1X!'leS an emissivity at 1).
A= 9.9 x 103
t : ~th of' path en: flakes t1tro t fl~e . eecs

. V - VF' ' • .
. \ ~ .

Assuming the flakcs traverse 10 t't (305 ans) and VF =305 anisee,

then t =.. ,3'15 6COS.

V - 305

Substituting in Equation (3)gh-o~

M~ = I - . . Q' t4~- .
. . . .~V~ JOj-) ~ P:

Thus forfooms of oor.pa.ri~~on'7- . J1

M ~ J. I --. -2.Q..:.SL ,~(Y-30~)~
and for foams o'f expansion·14:. 3

M -0 -' d:~';:')~J
Values of M have been oonputed fran these tTlO equati'one fOr values of

ro up to 1 em and 8m shown graphically in Fig. (, .

.'

. I,

.'. .
d
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