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FOAM. FOR ATHORAFT CRASH FL:ES (1)
) | . by . - K >

_ ' .. 'D,"Hird, R, J, Prench end P, Nash -
1. Inbrofuotian’ . ' |

. Alrarald -:zr-aah fires differ in many ways from other flamable liquid

f:L o8, such as those in petrol starage tarks, The time element is usually
tm..’ulom. in that pecple must be rescued at the earliest possible mament,
erd_ths accont therefore 1lies in the rapid reduction of thé intensity c:i‘ the
. fire ruther then o 1ts extirecticn, It 4s unlikely that there will te any
" arpreciable area of free petrol surface, and in order to obtain rapid coveraege
" of the airoraft orash and the surrounding terrain, ths foam must be applied

. directly to the burning areas,

Foam may be anpth oither ag a.jet ar a spray, and cpinions of _
oporational officers differ o the relative meriss of the two methods. While
many tosts heve_becn made with sprayed fosm wn large spill fires, there is
1ittle infomat:.m G1 the applicasicn of foam as a jet to this type of fire,
An ir]it:l.al programme of tosts was therefore plamned to see whether there was-
eny merkod advantage in using mne mothod of application in preference to the
other, and at the samo time the effects of verying the expanaim and oritical

p}waring streas of the foam were investigated.

2. Previous work o sprg._ye& foam

‘Rosults af large-scale tcsts b She Engineer Rescarch end Develo;vmmt
Laborataries were reported in 1950 {1 A petrol fire 25 £t x 50 £t vas
tackled using a number of "fsg fosm" nozgles, The majority of thesc nozzles
wore water spray nozzles of the impinging jet type which, when used with a

'6 por oent foem solution, gave a low expansion rapidly*—draining foam, (ne

- of the nozzles tested was a self-aspirating nozzle similar to a branch pipe
with a fen-sheped diffusor which: appearcd. to give a foam of expansicm about 6.
'I.‘he resml’ts oi‘ these tosts are shorn in Fig. 1. .

: Experimental wcxrk at the Naval Rasearch Leboratoriés (2) was ocarried out
et one rate of epplication, 0,083 gal/ft2/min. Proliminery tests on'an Opan~
ended 2 £t dismoter drum ‘of petrul werc followed by tests an a 400 ©'+< tray
* with about § in, of petrol = ‘a mud bass, The spray was produced frum a fived

. nozzle with sixtean outlst pipes, tho diemeters of which were varied to obtain
satisfoctory perfarmence with tho fosms of different expansim wnhich were tenied
The oonolusimme drawm fromfthose tests Were that there was en.optirrm expanaim
of 10~12 when foam was am...ied in a dispersed pattern and that vaa-latims in
viscosity at a given expanaim were of no d:l.rect importanoe- ‘ ‘

- Esmer"menfbal proncdtmo

3.1. Sinulated a:lroraft crash i‘ire

_ Tho teBt f:Lre (Fig¢ 2) was arranged to elmilate s in & sinplo mmner, 'bhe
mein features of an airaraft orash fire. A 10 £% by 9C £t “and wasn omstructed
end two diggmally opposite quarters were built up wih rithle and pend; the
other two quarters wero left umobstructed end a watow Level was meintained just
below the sand surfacc. Four 40 gal. drums ware plaoed eVmmotwio0slly in tho
bund with their centro lines diegomally acroas tho bund, About 15 gal. of
potrol (motar spirit) was used far cach test, Tue firve thas nonalsted pertly
of free petrol surface ard partly of petrol-soaksd sead, .with a simple rep-esan-
tation of an airoraft fuselage. Becanne af tha slmna'sy ot “hls ad,:mgmnt
the fire aculd ‘be .attacked from any side to silt ths directicn a® the pz«evaiJ.L\g
wind, _
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The foam wes produced by & gencrator giving motered eantrol of the
foaming liquid amd adr flow rates, For the asprlicatim of fozm as a jot
gbandord fire brigeds nozz.os were usod, eithor § in. or 1 in, dlameter
aocoding to the foam flow rafe. To pwoduoe a foam ‘spreay, a.modif'iad water
diffuser (I‘.Lgr, 3) was useda This Wwas ane of the typo having serratims
desimmel t3 glvo a s71id ccne of water spray. The originel valve was replaced
to give the increased clueranco requirod for foam, two sizes of valve being
used to suit the foam ficw rate,

A )..-useocnd preburn was allowed before fire-fighting was cammenced, The
progroes of Yho fire control was recorded by means of radiancz Sars arrenged in
the momnor used in preovious surface applization experiments The opereator
aprproached “Ww Plre fram the windward side and meved rcund the bund to reduce
the firc ay quiockly as possd.b..e. The critericn ussd to determine the effiocicncy
of extinshion was to measure the "90 per cont” cantrol time, i,o. the fime taken
to redusec tho radistion from the fire to cne-tenth of its initial intenalty.

Tho size of the fire at this stage was omsidered to be such thet a suiiably
~.clothzd trained man could walk thr~ugh the fire area to moke a rescue atiampt,
No tcsts were carried cut whan the vand spoed was more than 10 £t per see,

- Twenty-fowr tests wore inade, the order being selccted to minimlze the
effect of the operatar's lewrning fastars In half the tests, jet applisation
was wsod and in the other half the foom was epplied as a suray., For €uch
method of application tlreo liquid rates were used at two levels of critiocal
shearing stress for each of two foam expansicns,. The two expansiong wore 7
and 14, the liquid retes of epplicatimm were 0,05, 0.775 and 0O.10 gal/ft-a/min"1
and tho vwo rangos of critical shearing stross wore 300-450 dynes/on® end
600-850 dynes/am?,

3,2. Frac petrol and petrcl-snaked seand fires

Follcwing the twens ty-four tests desoribed above, a smaller nuz'bor of tests
werc me\dc::l to occmpare the use of jot amd sprey epplication on two ¢f the basic
-elements ‘of the aircraft crash fire, namely, fire o a free potrol surface and
on petrol-~socaked ground. -

The same 10 ft square bund was used. For the freco petrol tests 15 gal of
fucl was flnated on wator, whﬂ.e far the other tests the whole bund was £illed
with rubble .and finished. off, with a lovel send swrface, The test pv-cﬂe"bmp was
similar to that used for the' earlier experiments and foam of expansion b and -
critical sheerding stress 450 dynes/om? was used, For the free petrol Tirss the
Jet was ulwws directed. into the petrol no use being made of the bund wall,

s E?{)G*‘,‘]_."‘Dﬁtal resul"s md scuss.‘lc-n ' , ""‘

hele Sirmuieted aircraft crash fires

Thz razulis of the Twmty~fowr tosts ere shown in Table 1 and Fig, L ond
the resulis of the statistioad wnalysis are given in Appendix 1, The analysis
shows that of the four variables all but the expensica have o sigmificent offecot
on the time talccn to control the fire, tho rate of apmlicaticn and oritical
shearing siress of the foam having a groator effest i the metivd of a.pp.d.c ticn.
- The "most ’L.lrc]y" resnits can te calzulated using miy the significant effect
and theso are plotted in Pig. £,
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TABLE I

EYPERTMENTAL R "ULTS OF TESTS CN 100 Q. FT MOC‘K AIl'(CxtAFP FIH.E
- /Z‘i/{a

™ - 1/10 CONTROL TIME (SECS.g |
CRITICAL | . . |KiTES ép APPLICATION: GAL.ft~2min—
EYPANSION | SHEA«ONG | METHCD OF »
STw2S3 | APPLICATION 0.10 0.075 0.05.
B JET S W,
el ’ | :
. SPRAY N 42 55
7 ) : _ 0% Y e < Lolb
: JED 29 56
HIGH ) 070 o0f Y
"f"o SERAY 46 ST 903
il p1h - 05b
JET 28 £

) Lo . R ow— . eo¥0
| . SPRAY 37 36 . ] 48

14 L : R NYE o .w{ <00

v~ . . ._... - - Jm LN ‘ N - 42 . b‘j . . . m ,

HIGH ' .57 ol + 050

. | | SPReY 56 I 4 08
gh L oCC - ' -07%

The effects of the foan properties on the control time were similar for
"both jet and spray applicaticn, In both cases there was no significent effect
of expansion and at the lower rates of application the more fluid foams controlled
tho f'ire more rapidly than the atiff foams.  is the rate of application fram the
Jet increased, the cantrol time deéoreased as would ho expected. However, the
shape of the cantrol time/rate curves for spray application, particulsrly with
the low critical shearing stress, show that it tended to take longer to oontrol
the firec at the high rato of. application than at the medium rate. To interpret
this and the difference between.the two méthods of appliocation it is necessar'y
to oonsidar ‘what happens as the foam passes through the flames. :

Watcr will be lost from thu,. foam by eveparation as it passes through tho
flemes, and this loss will depend on the expansion of the fodm, the fleke size
and the time tho foam tekes to pass through the flames. Thesc evaporation
losses have beon estimated in Appendix 2, The way in which they depend ¢n the
pr erties of the fomm. spray.can. be .scon. by making an apprmcimatim to cquatim 3

ppendix 2. This can be ro-written -

a (1~ ‘B, t.E)}
whero % = f‘raotion of the. ﬁater in foam ‘reaching the petrol surface
e t = tine far whioh flakoa ara in the flame.. .. . i Ao
~E. a 'eXpansicn |

1= initial radius of foan flakea '

‘B = conatanﬁ

Now ¢ = Jlongth of aththi- ﬂmo ‘

.' Ve oc:lty of fc:am flakes v) . .

¢ it :ls aaswned that the flakea e’ tz-avolling w:lth the!lr term!.nal veloo:l'l -
t-hrm fqr flakea: leaa than ahout 1 o in diameter i 4

* ‘:

e, g Dy A . = | o e At S S = S
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vhere B! d 8" are ccnstants, ‘ ' '

It can be seen that the ecveporation losses from the foam in the form of a
Jot would be insignificent but in a spray would ‘depend en both the expansim
end the Plake sizo of the foam. Par flakes less than about 4 an diamster the
losses are morc dependent on the flake size than on the expension. Tho
pereentage of water reaching the petrol surface under the conditions of the
tasts lnve been cstimatod and oro shovmn in Fig. 6.

Becanse of the imporiancs of the flake size in the foam sprays samples of
the sprays were colleeted wn glaus piates and photographed, dbout one hundred
flokes of each spray were sized and the mass medien flake sige ostimated; those
erc shown in Table Z.

Table 2. Mase median floke size of foam sprays

.
Brpmsion| - Ordtical . | Rate of applicatiom MASS MEDIAN
3 shearing stress . gal/ft4/min fleke diesmeter (cm)
0.1 ’ 0.8
Low, 0075 1.3
0.05 A . X =
7 1 :
: 1
High 0.075 . 1.2 - -
0.05 ' o -
| 1 o 0.1 . ' ' Oudy }
 Low 0.075 T e
0,05 . 1.0
% .
. 0.1 , 0.5 Ny
High 0,075 . | O
0.05 . 0.75

%rhe sprays producod with foam of expansion 7 at the ‘lowest rate of Applicatim
were really a serics of mmall Jets and no estimate of ths flake sizes were mede.

-

It oan be seen from Table 2 that the fleke xtzes tended to decrease as the
rate of application incroased and also that thc smaeller f‘lakes wure generally
obtained with the high expansicn foam, . . i -

Oans:ldcring then the results obtained with sprayed foeni (Fig. 5) thg
inarease in control time as the rate increases fram 0,075 to 0.1  gal/ft“/min
may woll be explained by the reduction in floke size inureaning t’he ovéparatian-
~ lossos and reducing the rate of application to the petrol ‘surfsoé.’. Hawevez-, me . -
" would expdet an increased evapOraticn loss frun the high expansim foam m- tWo

A
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-counts, f:l.ratly, theory suggeeta that rnr $he emflnke a:lse the evapcx-atlon :
" “losses are greater with the high expansion foam,(Plg. 6); end sedenély, ot thw

. seme rate of spplication the flake sizes of the high expansion foams Were fourd
to be less then those of the low expension foems, Despite this the totaul effeot
of expansion was not signifioant.’ This indicates that f.the epray consisted of
lerger flekes, with which the evaporation losses would be negligible, the high
expansion foan might control the f'ire more rapidly than the low expeneion foam,

The tests showed, therefore, that ‘whan foem wes applied to the fire as a
Jet the control time d'*creaeed as .the rate of application increased and the fluid
foams coatrolled the fires morc rapidly at the .two lower rates of epplication than

did the stiffer foams, There was no:significent differcnce between fooms of expan-

sion 7 and expansion 14,

When the foem was applied as a sprey the fluid foem again controlled the
fire more ropidly at the lower ratos of epplication and the effect of expension
was insignificent, However, since the flake sizes of the foam were in the region
whoere considerable loeses by eveporation were possible, it would be unwise to
draw any firm conclusicns on either the effects of expension or the rolative
merits of spray and Jet application had the spray consisted of flakes large enough
for the eveporation losses to be ncgligible.

One other factor may affect a canperison between the-application of fomm as
a jet and a8 a spray. £ jet of foam breaks up to some extent and by manipuletion
a disperscd pattern oan be achioved over a reasonable area, - It may be, however,
that thore is an effectivo limit to this, and the edvantages of‘ spray would show
up more whon large aroes ero involved,

4.2, Free petrol surface ond petrol-soakcd eend

Tho control time rate of application _rcla.timships for these tests are
shown in Fig. 7, .On the free petrol surface there is little indicetion of any
difference in the ‘twro methods .of application, although tho resorvations given
sbove will apply pa:r-ticulerly ‘as o high-expension foam was used. In the tests
with petrol~soaked sand tho Jet took much longer to control the fire than did
the spray. Thoe foaom was rapidly broken dovmn in contect with the send when
epplicd as o jet ‘end after extinction I.tttle foam remained, This effcot may
have been largely meehanical. :

Conclusions

4t this stnge of the inveetigations it is difficult to come to any very
definite conclusiomse’ as to the influence of the method of applylng foam to this
type of fire. There is some indication that spray applicetion may be better if
the flakes are of oompere.tively large size, so that most of the foeam reaches the
petrol surface,

The most impartant foem prcperty when foem 1s applied as a Jet 1s the
oritical shearing stross; a fluid foam controlling the fire. more rapidly then
8 stiff one. VWith this method of application there was. no significent difference
between foams of exponsion 7 end 14,

A £luid foem is also an advantage w1th sprey applmatim but in these tests
the effects of expansion may ma,y vell have been eln'-mded by the variatim of fleke
sizc with expansion. .
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. ..l Meen result | Standard drrer | Cooff. of | -' . Hean Volues of signifiomnt effects - - IR
‘Statistic} - sec. | of obsérvatious | variatitn | Lincar Effect Curvilinear | Lincar cffect | Lincer effoct | Lover 55.71&"1'3 N
R T of R (Rq) ctffect of & (Ra) of M~(M4) - of S-(34) RoMy RSy

Lty

e 50 : + 8.2 S 16 s 12,250 T 3.25% + 3.9 4 T2 +2.84%

Time ..

R
e el 0 : S -
» s -
- - M H . - LIS
f

. Fan'bn. 3. 'Ef.‘g‘,é’r_:i-.:c}i‘ rats of J}pplicatim ro = 0.05 g'a]/f'x";z/m_i‘n Ty = :0...0?5 gal/ftz/:‘m ro
FOL‘-’ZOE: Mo. nttdet pfn'lf-‘-'.hﬂd of gpplicetian mg = jet m{ = S a?_:, : -
Pactar S.  Effect of fluidity ' = 300450 dyres/a= 34 = 60{)_—850_dyneq/c_m-.‘

= 0.1.gal/Ft2/min,
. 5¢ ' o
Factor E.  Effect of cxpansian . Rop =7 . eq =14

levels. of significence - '™ 1 par cent R 5 per cent.

R
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APPENIIX 2

Estime*ion cf evaparation losscs fram foam spray .

Tho loss of water Ly eve.bc&-at:.m as the fompm passes through the flames wAll
depend on the 'foam exvension erd particle s:Lze and the time token f'or tho i{cam
to pf'r'c \rrcagh the f‘larm., T
) Consider unit mass of f'cam ccmprj zin,g N Bpherica.l flakes cf initial radius
rq. Tho rate of losg cf h"‘lght is given by

o.‘n"ectlve h..at transfer coef‘f. o
number of flekes in unit mass of foam — —"é'j_
densibty of focm : L o ﬁf"
surfaze area to which heat transfer ocours = I
initial radivs of flakes :

radius at time ¢ .

flame temperaiure

latont hsat or ateam

intensity of rediatian

where

M D4y @zr

uisnunnuuu

" Data on heat transfer coefficients betwveen sphores end alr have 'b? 3
corrslated in terms of the Reynolds No, ERe) and the Nasselt No, (liu) \#
To simplify the integration of equatu:n 1) the follcu:mg correlation will be
used -
 Nu = 0.63 Re 0e5

This gives a good carrelaticn over the range of Re from (20~2,000) which is the
range cuncsmed in this p*oblem.

Substltuting in Equation (1)

—dy og.m(&v,a) %;?;ﬁb_ ax;z_ (2)

where - thermal oconduoctivity of t}:.é hot gases

density

viscosity '
relative velocity between the £ oam flakes end the fleme.

o0t

?‘E'O =

It is rﬂa.sonablt, o a.x'ume that the flakns rl’lll be travelling at thelr
torminal velo t.n:*m,,h t f e85, The t mal veloclt
o i Dhaney, T teming $¥,,0-5(Re > §00)
Tho renge of f'luko sizes up to about 1 en m.ameter vould be in the first
range cf Re. In determining the residence time of the flekes in the fleames
calculated vaiues of scttling veloci y will be usod, but since in-
oequation (2) ¥V appears only as the following approximat:lon will be used -

V= ApTe ! wheYQ A=Qqxio®
" Substituting in cquaticn 2)

033" , 1

“%“Oanrﬁ.( e .3:9 . Y/th-
035

_~§__ 31 + Mke[m (.2/%:

0'5'_

Now Y"Iﬁo”%
g |

?o IOF
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Integrating gives o

| = :‘*b‘“'** [SI +0 %5"K9/’; ( ) 7“‘“(3)

If 1% is ascumed 4hal I‘he flakes always traverse the .same distance through
thy flamos the rosidaisc :-=-mf! in the flsmes € g 71l depend on tho terminal
velonity with respeot to the petrol surface V) which depends an the flamc
velocity (VF)end alsc on v and ﬁ, :

V?V-E'F

‘Since r will vary as tho flakes pass through the flames the terminal
veloclty w1l bs ccntinually varying. However, a 504 loss in weight of the
foem flake would only result in a 16% reduction in r and thus a 16% decreoase
in velooity and a proporticiel incrase in.residence time. A rcasonable
approximaticn can therefore bé chtained by taking the terminal velocity as
that appropriate to the initial flako size. .

Tho evaiaoratim losses for foam sprays of expansion 7 and 44 will be
oamputed ascuning the following values for the conatent in Equatiam (3).

L = 620 cal/gm.
& = 1001

: ~ 3
_ %OOOBC 1.3 x 1C C. g 84 units

ﬂooo“f. 2,8 x 107% cegs8, units

/Ll(’ddt 408 x 10 0980 g8« units
= 3.6 cal/om /BOO. (assumes an emissivity of 1).

A = 9-9 X ']OJ
E = lengih of path of flakes th“o' f'lame '
Assuming the f‘lakes traverse 10 f¢ (305 cms) and VF 305 cn;/seo.

then t = . 30 8203,
~ x VvV - 3Ch

Substituting in Equaticn (3) gives

ME= |- TS PF. !O~?+‘).q-2{3;'lj

Thus for foams of expancion.] =~

- 43
M = "'(v*?o“)\*]

and for foams of expansion RIS

- @]

Values of M have been carputed from these tv:o equationa for values of
roup to 1 cm and aro shown graphically in Fig. §

8808

’
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