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Sununary

The phys i c a l characteri s t i cs of t he fo am used for base injection
into till1k e of bur ning pe t r ol must b3 closely cont r ol le d to obtain
ext i nct i on of t he fire .

I t i s shown in this note that while s u i t ab le; foam cannot be
p r oduced by t he use of s e lf- a s p i r a t i ng foam generators alone, it may
b e made by c ombining ~uc h a g enerator wi t h a centrifugal pump. In
this 'Jay , aucce s sf'uL use i s mad e of normal F i re Brigade equipment,
';ithout r r cour'so t o special foam pumps or La.rge compressed-air foam
generators.
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r.:; 1)'.1:1 -toE ' 2 '~ S;~ J .-'I:.". (1 ) t hc.t the phys i c a l characteristics of foam
fc:..~ i:..'1. j :'C :,::!.::T. at t ho 'oasc of t anks of b urning petrol, mus t be controlled
wl t h lY1. na r rcr. l i mit s .i: ex't i.nc t i.on is to be obtaine d. The e xpans i on
and c-c ::'+' :c r .8.1 511: a '( s t:-css of the foam mu s t be low to e n s ure that the
p e tr'oL P~ ( .k cd up by t ho f'o am r eaching the aur-f'a ce does not exceed 10 per
cC~'r ;~ 0,'" oi ,. E: v ::;L~'n·2 o f t'oanu ng liquid. F or most l?rotein compounds, the
exoa.ic.icn 2.1, in:P'.l'G to t l1C t ank , must not e xceed 32' and the critical
s he a r s t .r'e s s mu s't not exceed 240 dyne slcm2• To e nsure that the, .

incrc n ~c of foam c:yansion ( ~~om input to the surface is not great, the
25 P ("l~ 0 Cr:.t d r- s i.n cgo t i rae ) must exce ed 3 minute s. Foams of these
propcrt ~e s can b e F rodu ccd f rom at l e a nt f ou r ex i s t ing p rotein compounds.

The amourrt of ene r gy r e quir e d t o pr-oduce such foams is re lat i v e ly
high, and inv olve s t he us e of fine mesh gause in the ampr over' of the
laborator y foam gcnc r~t or (3). It should be possible to ob t a i n similar
results wit h a larger version of t ' Je Labor'at ory equ ipmc rrt , 'wi t h a foam
p ump uz ing a simila r i mpr over or wi t h spccial~r-desi3ned e quipment such
as the triple p ump arYange~ent d eve l op ed by t he Naval Re s e arch
Labora t ory of t he U. S .A. \. 4 ). It wou l d , hcvrev e r , b e a n adv ant ag e if
suit able f oam could b e p r oduc ed using s t andar d fire brigade e qu i p me nt .
Cons o quorrt Iy , a study has been made of t he perf ormance of a common form
of self --usp i r at i ng in- lin e g enera '; or whe n d e l i ver i ng aga iris t a pressure,
and mc t liod s hav e be en c on s i de red of mod ify ing its us e ' s o that foam
suit.ab l e f 0r b ase inj ection may be produc e d . •

T' -1-" ' .£>
J., e ,.co l .LS 0 1.

b e I ""} '" "~C> ," ~ ·v,"'n.... " '::). ..... .:J .J. .... J.

-l::he foa m comp ound s us cd in the expe r i m::m t s described
jn Tab l e 1.

Table I,

Dc~ils of f o am cOIT!J? ound~

.' .

Labor a tory I
i den t ificat i on Type Remarks "

.

-
A Hy d r o l i s cd keratin Us e d unsuccessfully on.

9 ft 30 ft tank fire testsx
,

B Hy drol i s e d keratin Used successfully on
C' f t x 30 f t tank f i re t ests./

C Hydrolised blood
--...

. ' .'. .. .... ..~._..~ ..
K Hydrolised ke r atin Proved suitable for base

,. i I •• injection b-' laboratory tests.
keratin)

'J

I M Hydr ol i.sed
I .
•, .-
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of se:f - aspirat ing generators4.

It i s t herefor e doubt fuL whet he r such a generat or could b e used
satisfactorily f or t he b a se i n j ect i on of f oam int o pe t rol tanks , even
i f t he oper at ing condit i ons co uld be adjus ti ed t o g i ve t he r e qui r ed
expans i on and criti cal shear i ng stress.

The r elat i 'Jns hi ps brrtveen t ho expans i on of t he foam produced and
t he b ack pres sur e on the generat or obtain~d under these e rndi t i ons i s
s hor.n h F i g . 2. It i s seen tha t the r equired expansion of f rom 3 to
4 wa s oLtnincd 11 i t h back pressures between ab out 13~ and 15~ l b/in2•
F i g. 3 ,,:,o';;s the crit i c a l shear s t r e s s of t he f oam obta i ned under the se
cond'i, t i ons ; over t he rc qu ired r ange of ex_-ansi ons t he shear s t res s is
\1ell beLo w t he suggcs t cd maxi mum '"iit h compound B but is ar,pr ec i ably t oo
high with compound A. The 25 p e r cen t drainage times of t he foam are
s i mil a r f or t he t"o" compounds ; for compound B t h.e a c tua l value s are
2' 0 min. f or expan s i on 3 and 2 '7 ruin . for expanoi~n 4. These are
be Low t.ho des i r ed rnax imum of 3· 0 min. at wh ich ( 2) t he p r oport i on of
inj ected liquid reachin g the surfac e in a pe t r ol t ank de creas es gr eat ly.

Bot h compounds A and B we re used in t he se exp cr-i rrents , It i s
generally f'ound \> i t h pr ct c an compounds t hat t he fire-fighting efficiency
of a f ocrD i s not g r e at ly incre a sed by us ing more than 3 pe r cen t
c oncent r at i on of compound. I n orde r to ke ep tl~ cri t i cal shea r s t ress
of t Ile f'oarn a s 10'i as possib l e , t he compound concent r a t ion wa s l i mited
t o 3 p er cen t by putt ing a sui t able re s t rict i on in t he p i ck- up tube .

In recent yea r s imFr ove d fo am generat or s h ave b een devel oped from
t.he f orci ng t yp e of b r anchpipe . The~ o gener a t or s arc c apr.b Le of
pr oduc ing f oam aga i ns t moderate heads , but the b ack press ur e has
c on sadcz-ab.Le i nfluence an t he properties of t he f oam produced. Two
gener ator s of s i mi l ar de s i gn f'r-om di frercnt manufactur ers have been
e~amincd. both b eing des igne d to oper ate at a ~ater pr es su r e of
150 lb/ i..'12 . :<lach generator had four p aral l el nozz l es in t he TIa t er
head , c.~; iv"ring Vl ater in t o the end of a pa r al le l t ube containing ports
t hrough ",:].0,,1: ai r was i nduced . At t he wor k I ng pressure the smal ler
gener-a t or- ("".:> i'e rred to as gene r ator I) de l ivered 60 ga l . of wat er per
min . cr.Q t re ~arger (generct or I I ) 125 ga l . per min.

'ri:e :rL" s ical char ac ter ist i c s of t he foam produced by generator I
when o~" :'at i~ aga ins t various back pre s s ur es h ave b e en det ermine d .
The f' oc.m char-ac t.or Ls t i.c s meas ured were t he expans i on , the critical
shcax s t ress and t he 25 pe r cen t; dr-ai nagc time , using t he method
des cribed by Tuve and l'e t e r s on (4). Gr eat care " as ne cess a ry in
coll ecting t he f oam sanple to prevent further ae rat i on in t he collecting.
vesse l . The met hod use d i s shown in F i g . 1, t he f'oam b e ing c ollected
in a vesse l of about 1000 cm3 c apacity as i t f l o"ed off the s heet ne t al
def l ector at l ow veloc ity. The back pr essure wa s adjus t ed by means of
the valve at the entr ance to the 4 in. p ipe . Fifty f eet of 2?; in.
rubber-lined hos e was inserted i n t he l ine i m:lJ: diat ely af'be r- t he
gener at or; f or one t e st 300 f t. of 2~ in. rubbe r - lin"d hos e was used.

3. Descript ion of foam gen e r a t or s examined

I t TIas con sidere d t ha t modificat ion of the f oam gener ator i tself
t o echteve t hi s woul d al so f ur the r r educe t he b ack pres s ure agci ns t
which i t coul d ope rate . It was f ound , howeve r , that the foam
p r oduced by the generat or could be de l i ve r ed direct~ into the suction
eye of a centrif ugal pump s o as to gi ve a considerable i mprovement in
t he f oam char ccbc r Lst dca,

5. ~hc use of t .o ~mps t o p r oduce f oam of the re qui red characterist i cs

From the expe r i ment s de scribed ab ove i t was ev i dent t hat more ene r gy
woul.d have t o be Fut into the produc t i on of the f'o am in order t o d ecr ease
the drainage rate .

I
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Expcr-hrerr bs wi t h this a r-rengetrerrt " e r e made v;i t h generator I J

Op7r at ing at 150 Ib/ in2 \later pre s sure end coupled d i rect l y to the
suct i on inlet of a li!\ht t r ailer pump ( nomina l Yi !l·"IOr. c apac Lty of
120 gal /min at 100 I b/ i n2) . Bot h c omp ounds A an ,,- 13 wer-e used , t he
foam being del i ve r ed through 50 f t of 2 ~ in. rubber- lincd ho se into the
same 4 in. pi pe p:reviously used for the collecticn of foam s amp le s .
','lit h the p ump running a t noder-a t e speed and the de l iv ery valve ad j ust ed
to give a pump out put ~reG sure of 35 - 70 Ib/ sq.in. , s t ab l e pumping was
madn'b a ined, but pr essure fluctuation occurred outside these limits.
Under stable c onditions the ba ck pressure on the gene rat or was f rom
14 to 16 I b/in2, g i ving foam expans i ons f'r'ou 3·6 t o 2· 9. The probab le
reason ~hy t h i s b ack ~res sure was Obtai ned even when dc l i ve r i ng i nto
the suction side of the pump was that unt il such a pr es sure was built
up , t he foam was not s uf f i c i ent l y dense to b e pump~d by t his t ype of
appl i ance; f oam of expansion 3'5 at a pressure of 15 I b/ in2 has a
r e l ative dens ity of about 0' 45.

The ef f oct of t he us e of this second pump was t o incre as e t he
25 per cen t dr-adriage t i me of t he f oal'! made from comp ound B to values
be tween 3' 5 an d 6 ' 5 mi n . and a t t he s ame time t o gi ve a cri t ical shear
s t r es s of 50 to 90 dyne/cm2, a slightly l ower value than had b een
obtained ~dth the gene r-at or- a l one. The f act that Hi t :, compound B,
t here was virtual~' no increase in cr i t i cal shear s t re s s , desp i t e the
great increase i n ener gy used to produce the f oam of nece ss ary s t ab i l i t y ,
had also been observed using the l abor a t ory foam gener ator ; i t wa s
this f e ature of compound B t ha t f i rst enabled f oam suitable f or b as e
i n j ection i nt o p etrol s torag e t anks t o be produced . 'dith compound A,
the s e eond p ump increas ed t he cr-Lt i.ca'L shear st r e s s of the f oam t o a
value veLL above t he des i red maxdmun ,

Compounds C, K and 11 , ..hich on t he b as i s of ot he r work ( 2) were
cons i de r ed l ikely to b e suitab l e f or base i n j ec tion , wer e al s o t r i ed ~
this e qui pment and wer e found t o gi ve r esults very similnr to t hose
obt a iried " i t:1. comp ound B. The r csult s of all t hese c xpcr i ment s are
shown in ~'il3s . 5 , 6 and 7.

~o other comb inat ion s of in- l ine foam generat or and eentrifugal
PU1~ were t ried f or e omparison; in one of these ' ener a t o r I dc l ivered
i nt o a much l a r ger pump (nomina l wat e r eap ac i ty ioo g a l/mi n a t 100 Ib/in2).
The other ar rangement t r i ed was genc r ator II de l i ve r i ng into t hi s same
l arger pump. ,li t h e ither of thcse ttlO arran:,cments i t was d i f f icult
t o obta i n the back pre s sure on the gener a t or necess ary t o g i ve t he
r equired expcne a.on , Sui t able f oam could bo produced wi th ei t her of
t hese combinutions under c arcfulJ,y ad jus ted opcr ating cond itions but , in
pract ice , to be ce r t a in of obtaining t he r equired cX})UTI s i on , a pr es s ure
gauge wouLd be r equi red b c t we en t he gcn erat or and t he pump .

Both t hes e pumps had i ndirect cooling system s and i t was f ound
t hat, wi t h foa m flowing thr ough t he cooling co ils, t h ey could be
oper ated wi thout over heating , bu t no cxpc r -u-orrt s wer e carri ed out i n
whi ch t he p ump YiP,S run f or more t han about f if t een minutes .

6. Conclus ions

Normal self- aspi r at ing foam gen erat or s cannot gene r a l l y produc e
f oam sui table for the ext inct i on of petr ol fir es by b as e inje ction.

By pass ing the f oam outp ut fr om one of these gene rat or s through a
s uitable cen t r ifug a l pump , f oa l'! of the requ i r e d propert ies can be
produced: in add i tion, t hc out l et pre s sur e i'r om t he pump should be
adequat e t o overcome t hc petrol head and the pipe Ldnc l os s e s in
act ual instal l a t i ns .
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This method of pr oduc ing f oam has the adv&'1t agc t hat it make s use
of exist ing fire brigade equi:;Jment . It i s prol· ~:~l e t hat t he sys t em
wou'Id work s nt isfac tor i ly on a much l ar ;;." " s'~ alr, t's-:ng :oui tab l e gene r at or
and pump c ombinations . It i s -:hought h'J'r.':7:l;: 'r-Lx, ·.r,cr" wor k should
b e e arricd out \lith Lar ger- c ';uiprr.cn t b e f ore t he ",-~ihcy! ). 3 :re t forward
f or usc on l ar ge petrol t anks ,

!£cno\" l edgment

Acknowl edgment is due to C. Yl . Claridg e f or h i s as s i s t an ce in t hc
wor k des cr i bed ab ove .
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