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PREFACE 

Foam i s  one of t h e  more impor tan t  f i r e  ex t ingu i sh ing  
a g e n t s  and i s  used e x t e n s i v e l y  on flammable l i q u i d  f i r e s .  
It i s  necessa ry  t o  be a b l e  t o  de f ine  and t o  measure t h e  
s u i t a b i l i t y  of a  g iven  foam f o r  a given a p p l i c a t i o n .  U n t i l  
such t ime as it becomes p o s s i b l e  t o  p r e d i c t  foam p r o p e r t i e s  
from measured phys i ca l  p r o p e r t i e s  it i s  necessary  t o  r e l y ,  
a s  a t  p r e s e n t ,  upon performance -type t e s t s  employing s t a n d a r d  
f i r e s  s e t  i n  t a n k s  con ta in ing  a flammable l i q u i d .  Pre l iminary  
s t u d i e s ,  which it i s  hoped w i l l  l e a d  t o  t h e  development 
of an  improved f i r e  t ank  t e s t  f o r  mechanical foam, a r e  now 
repor t ed .  !The a u t h o r ,  a chemical engineer  and a  r e s e a r c h  
o f f i c e r  i n  t h e  F i r e  Research Sec t ion  of  t h e  Div is ion ,  i s  
engaged i n  s t u d i e s  of v a r i o u s  a s p e c t s  of f i r e  ext inguishment .  

Ottawa 
June 1961 

N. B. Hutcheon, 
A s s i s t a n t  D i r e c t o r .  



SMALL-SCALE FIRE EXTINGUISHMENT 

TEST ON MECHANICAL FOAJ1 

PART I 

by 

K. Sumi 

The F i r e  Sec t ion  of t h e  Div i s ion  o f  Bu i ld ing  Research,  
Nat iona l  Research Counci l ,  h a s  been a s s i s t i n g  t h e  Royal 
Canadian Air Force f o r  s e v e r a l  y e a r s  w i t h  t e s t s  on foam- 
g e n e r a t i n g  equipment i n s t a l l e d  i n  t h e i r  c r a s h  t r u c k s .  Th is  
work, and  a s s o c i a t e d  expe r i ence ,  i n d i c a t e d  a need f o r  a 
b e t t e r  method f o r  e v a l u a t i o n  of  foam, and  it w a s  dec ided  t o  
conduct  s t u d i e s  d i r e c t e d  toward t h e  development o f  a f i r e  
ext inguishment  t e s t  s u i t a b l e  f o r  a s s e s s i n g  t h e  performance 
p o t e n t i a l  of foam. 

One of t h e  most wide ly  used  of t h e  ex t inguishment  
t e s t s  f o r  foam a v a i l a b l e ,  a t  p r e s e n t  i s  t h e  f i r e  t e s t  
de sc r ibed  i n  JFMC S p e u i f i c a t i o n  No. 260.00 (which was 
adopted from JAN-C-266 of t h e  Uni ted S t a t e s )  (1, 2 ) .  Th is  
I1 go-no go" t e s t  f o r  foam l i q u i d  is cons ide red  u n s u i t a b l e  f o r  
a s s e s s i n g  t h e  p o t e n t i a l  e x t i n g u i s h i n g  e f f e c t i v e n e s s  o f  foam 
because t h e  c h a r a c t e r i s t i c s  o f  foam cannot  be v a r i e d  ( i n  
t h i s  t e s t ) .  I n  p r a c t i c e  t h e r e  i s  c o n s i d e r a b l e  v a r i a t i o n  i n  
t h e  c h a r a c t e r i s t i c s  of  foam, w i t h  t h e  r e s u l t  t h a t  t h e r e  is 
a need f o r  a method t o  a s s e s s  t h e  performance p o t e n t i a l  of  
foam o v e r  a wide r ange  of c h a r a c t e r i s t i c s .  

It w a s  t h e  purpose of  t h e  p r e s e n t  i n v e s t i g a t i o n  t o  
c a r r y  o u t  s t u d i e s  towards  development of  a sma l l - s ca l e  f i r e  
ext inguishment  t e s t ,  i n  c o n t r a s t  t o  t h e  l a r g e  10- by 10-ft  
f i r e  t e s t  used i n  t h e  JFMC s p e c i f i c a t i o n .  A sma l l - s ca l e  
f i r e  t e s t  which cou ld  be conducted i n  a l a b o r a t o r y  on a yea r -  
round b a s i s  would n o t  on ly  be u s e f u l  f o r  r e s e a r c h  i n v e s t i g a t i o n s  
b u t  cou ld  a l s o  be cons ide red  e i t h e r  a s  a rep lacement  o r  as  an  
a l t e r n a t i v e  f o r  t h e  f i r e  t e s t  of JFMC S p e c i f i c a t i o n  No. 
260.00 i f  it proved t o  be s u i t a b l e .  

The p r e s e n t  r e p o r t  d e a l s  w i t h  s t u d i e s  t o  determine 
s u i t a b l e  exper imenta l  c o n d i t i o n s  f o r  ex t inguishment  of 
2- by 2 - f t  flammable l i q u i d  f i r e s .  

FIRE TEST I N  JFMC SPECIFICATION NO. 260.00 

The f i r e  t e s t  i s  one of t h e  most impor t an t  t e s t s  



desc r ibed  i n  JPMC S p e c i f i c a t i o n  No. 260.00. B r i e f l y ,  t h e  
t e s t  procedure i s  as fo l l ows :  

A minimum of 150 ga l"  of g a s o l i n e  i s  f l o a t e d  on 200 
g a l  of wa te r  i n  a f i r e  t a n k  1 0  by 1 0  by 3 f t  deep. A f t e r  
a pre-burn pe r iod  of 60 s e c ,  foam i s  discharged  th rough  a 
s t anda rd  nozz le  a t  5 g a l  p e r  minute s u p p l i e d  w i t h  w a t e r  
a t  a p r e s s u r e  of 100 p s i .  The foam s t ream i s  d i r e c t e d  from 
a p o s i t i o n  j u s t  above t h e  s i d e  of t h e  t ank  a c r o s s  t h e  f i r e  
j n  o r d e r  t o  s t r i k e  t h e  approximate c e n t r e  of t h e  oppos i t e  
t ank  w a l l  a t  r i g h t  ang le s .  Foam i s  a p p l i e d  f o r  5  minutes .  
V i s u a l  o b s e r v a t i o n s  a r e  recorded  du r ing  t h e  t e s t .  

The f i r e  t e s t  h a s  s e rved  a u s e f u l  purpose over  a 
number of y e a r s  by making p o s s i b l e  t h e  i d e n t i f i c a t i o n  of  
poor q u a l i t y  i n  foam l i q u i d .  It a p p e a r s  s u i t a b l e  f o r  d i f f e r -  
e n t i a t i n g  between good and bad q u a l i t y  foam l i q u i d .  Its 
weakness, however, a p p e a r s  t o  e x i s t  i n  t h e  c l a s s i f i c a t i o n  of 
foam l i q u i d s  t h a t  f a l l  between t h e  two extremes.  The 
c r i t e r i a  f o r  f a i l u r e  of  a sample of  foam l i q u i d  a r e  based  
l a r g e l y  on v i s u a l  obse rva t ion  and p l a c e  a g r e a t  d e a l  o f  
r e s p o n s i b i l i t y  on obse rve r s .  Some of  t h e  r equ i r emen t s  
g iven  i n  t h e  s p e c i f i c a t i o n  a r e :  

1. The foam s h a l l  sp read  over  t h e  t a n k  i n  n o t  more 
t han  2  min. 

2. The f i r e  s h a l l  be c o n t r o l l e d ,  i . e . ,  e x t i n g u i s h e d  
excep t  f o r  l i c k s  of f lame a t  t h e  edges  of t h e  foam 
b l a n k e t ,  i n  n o t  more t h a n  4 min. 

The f i r e  s h a l l  be 
more t han  5  min. 

complete ly  e x t i n g u i s h e d  i n  n o t  

4. The foam s h a l l  n o t  sp read  a l o n g  i n  s l i p  p l a n e s  
ove r  t h e  g a s o l i n e  s u r f a c e .  

5. The foam s h a l l  p r o t e c t  t h e  g a s o l i n e  from r e -  
i g n i t i o n  by a l i g h t e d  t o r c h  f o r  a p e r i o d  of n o t  
l e s s  t h a n  1 5  min. 

Experience w a s  ga ined  i n  app ly ing  t h e s e  c r i t e r i a  
in t h e  cou r se  of  a number of  f i r e  t e s t s ,  c a r r i e d  o u t  i n  
accordance w i t h  JPMC S p e c i f i c a t i o n  No. 260.00, on a foam 
l i q u i d  which had met t h e  r equ i r emen t s  of  t h e  s p e c i f i c a t i o n .  
!he foam appeared  t o  s a t i s f y  t h e  f i r s t  two r equ i r emen t s  
w i thou t  d i f f i c u l t y ,  a l t hough  t h e  a c t u a l  t i m e s  r eco rded  f o r  
coverage and  c o n t r o l ,  p a r t i c u l a r l y  t h e  l a t t e r ,  a r e  a t  t h e  
d i s c r e t i o n  of t h e  obse rve r .  I n  most c a s e s  t h e  requ i rement  

Imper i a l  g a l l o n s  a r e  used  i n  t h i s  r e p o r t .  



f o r  complete extinguishment w a s  n o t  s a t i s f i e d .  It  may be 
quest ioned whether t h i s  requirement  i s  a reasonable  c r i t e r i o n  
f o r  f a i l i n g  a sample, because f l i c k e r s  of  flame may remain 
a t  t h e  c o r n e r s  o r  edges o f  t h e  tank  even though t h e  f i r e  
h a s  been c o n t r o l l e d  f o r  some t ime. Foam d id  spread  a long  i n  
s l i p  p l anes  bu t  only t o  a  very l i m i t e d  degree.  I n t e r p r e t a t i o n  
of t h i s  requirement  i s  a l s o  a t  t h e  d i s c r e t i o n  of t h e  observer .  
The foam d i d  n o t  g ive  p r o t e c t i o n  a g a i n s t  r e - i g n i t i o n  a t  t h e  
c o m e r s  and edges of t h e  tank  where f l i c k e r s  of flame had 
t o  be ex t ingu i shed  a f t e r  foam a p p l i c a t i o n  had te rmina ted .  
These exper iences  i l l u s t r a t e  t h e  d i f f i c u l t i e s  a r i s i n g  from 
r e l i a n c e  upon v i s u a l  observa t ion  and observer '  s judgment 
i n  determining t e s t  c r i t e r i a .  

The use of a f i r e  t ank  1 0  by 1 0  by 3 f t  deep r a i s e s  
f u r t h e r  problems. Because of t h e  r e l a t i v e l y  l a r g e  s i z e  of 
t h e  t ank ,  t e s t s  a r e  u s u a l l y  conducted outdoors  where 
changes i n  bo th  speed and d i r e c t i o n  of wind may a f f e c t  t h e  
r e s u l t s .  A foam l i q u i d  which could meet t h e  requi rements  
under i d e a l  weather c o n d i t i o n s  might f a i l  because of t h e  
in f luence  of  wind. A f u r t h e r  disadvantage of such a l a r g e  
t e s t  is t h e  expense incu r red .  C a p i t a l  expense w i l l ,  of 
course ,  be h igh ,  b u t  i n  a d d i t i o n  a minimum of 150 g a l  o f  
g a s o l i n e  i s  r e q u i r e d  f o r  each t e s t .  

The f i r e  t e s t  i s  n o t  in tended  f o r  e v a l u a t i n g  r e l a t i v e  
q u a l i t y  of  foam l i q u i d  nor  f o r  a s s e s s i n g  t h e  p o t e n t i a l  
ex t ingu i sh ing  a b i l i t y  of a foam of given c h a r a c t e r i s t i c s .  
Its use  a s  a r e s e a r c h  t o o l  i s  t h e r e f o r e  very  l i m i t e d .  

PRESENT INVESTIGATION 

It was decided t o  r e t a i n  t h e  performance a s p e c t s  of 
t h e  10- by 1 0 - f t  f i r e  t e s t ,  b u t  t o  a t t empt  t o  s c a l e  it down 
i n  o r d e r  t o  overcome s e v e r a l  of  tine problems i n h e r e n t  i n  t h e  
use  of  a l a r g e  tank .  A t ank  s i z e  of 2 by 2 f t  mhich i s  small 
enough t o  permit  t e s t i n g  i n  a l a b o r a t o r y ,  was s e l e c t e d  f o r  
d e t a i l e d  i n v e s t i g a t i o n .  

The s t anda rd  nozz le  used i n  t h e  l a r g e  f i r e  t e s t  
produces foam w i t h  one s e t  of  c h a r a c t e r i s t i c s .  I n  o r d e r  t o  
vary  t h e  parameters  of foam c h a r a c t e r i s t i c s  it w a s  decided 
t o  use  a l a b o r a t o r y  foam g e n e r a t o r  capable  o f  producing foam 
over wide r anges  of  expansion r a t i o ,  25 p e r  c e n t  d ra inage  
t ime and s o l u t i o n  r a t e  of a p p l i c a t i o n  w i t h  r e s p e c t  t o  t h e  
s i z e  of t h e  f i r e .  Expansion r a t i o  is  t h e  r a t i o  of f i n a l  foam 
volume t o  t h e  o r i g i n a l  foam s o l u t i o n  volume. !be 25 p e r  c e n t  



d ra inage  t ime i s  t h e  t ime a t  which 25 p e r  c e n t  o f  foam 
s o l u t i o n  may be d r a i n e d  from a sample of foam i n  a s t a n d a r d  
foam c o n t a i n e r  ( 3 ) ,  and  i s  a n  i ndex  of  t h e  degree  o f  s t a b i l i t y  
and f l u i d i t y  of t h e  foam. The i n f l u e n c e  o f  v a r i a t i o n  i n  
t h e s e  f a c t o r s  upon ex t ingu i shment  was de te rmined .  

I n  a n  a t t e m p t  t o  f i n d  a more o b j e c t i v e  end-po in t  f o r  
t h e  t e s t ,  it w a s  dec ided  t o  u s e  a r a d i o m e t e r  t o  a s s e s s  
p r o g r e s s  of ex t ingu i shment ,  t h u s  e l i m i n a t i n g  i n c o n s i s t e n c i e s  
r e s u l t i n g  from v i s u a l  o b s e r v a t i o n  a n d  dependence upon o b s e r v e r ' s  
judgment. It was dec ided  a l s o  t o  u s e  " c o n t r o l "  t ime ,  as  
determined by t h e  u s e  of  a r a d i o m e t e r ,  r a t h e r  t h a n  "ex t ingu i shment"  
t ime as t h e  end-po in t  f o r  t h e  phase of  t h e  i n v e s t i g a t i o n  
now r e p o r t e d .  

EXPERIMENTAL DETAILS 

Appara tus  

1. Foain Genera to r  

An a d j u s t a b l e  foam g e n e r a t o r  c apab l e  o f  p roduc ing  
foam o v e r  wide r a n g e s  of  expansion and  f l u i d i t y  a t  d i f f e r e n t  
r a t e s  of f low w a s  c o n s t r u c t e d ;  i t s  des ign  i s  similar t o  
that used  by Tuve and  P e t e r s o n  ( 4 ) .  

A pre-mixed foam s o l u t i o n  i s  pumped th rough  a f lowmete r  
i n t o  t h e  foam mixing chamber o f  t h e  g e n e r a t o r  a n d  compressed 
a i r  i s  f e d  t h rough  a n o t h e r  f lowmeter  i n t o  t h e  same mixing 
chamber. The f l ow  r a t e s  o f  t h e  two f l u i d s  and  t h e  i n p u t  
p r e s s u r e s  a r e  c o n t r o l l e d  by a p p r o p r i a t e  v a l v e s  t o  g i v e  t h e  
d e s i r e d  r a t e s  o f  d i s c h a r g e ,  from which expans ion  r a t i o  of  
t h e  foam can a l s o  be determined.  The mixing chamber p r e s s u r e  
can be  v a r i e d  t o  c o n t r o l  t h e  f l u i d i t y  of  foam by t h e  u s e  o f  
i n t e r c h a n g e a b l e  o r i f i c e s  a t  t h e  i n l e t  and  o u t l e t  o f  t h e  mixing 
chamber and w i t h  i n t e r c h a n g e a b l e  pe r f  o r a t e d  d i s c s  a t  r i g h t  
a n g l e s  t o  t h e  d i r e c t i o n  of  f l ow  i n  t h e  mixing chamber. The 
foam produced i n  t h e  mixing chamber p a s s e s  t h rough  a $-in. 
d i a me te r  r u b b e r  hose  a n d  d i s c h a r g e s  th rough  i n t e r c h a n g e a b l e  
n o zz l e s .  

The s i z e  of nozz l e  t o  be  u s e d  f o r  a particular f i r e  
ex t ingu i shment  t e s t  w a s  s e l e c t e d ,  i n  g e n e r a l ,  on t h e  b a s i s  o f  
t h e  l a r g e s t  nozz l e  which would p r o j e c t  a s o l i d  s trearn o f  
foam t o  t h e  o p p o s i t e  s i d e  o f  t h e  t a n k .  I t  w a s  sometimes 
n e c e s s a r y  t o  u s e  a s m a l l e r  nozz l e  t o  a v o i d  a p p r e c i a b l e  f l u c t u -  
a t i o n s  du r ing  t h e  i n i t i a l  s t a g e s  o f  foam a p p l i c a t i o n .  



2. F i r e  Tank 

!The f i r e  t ank ,  2 by 2 by 1 f t  deep, was cons t ruc t ed  
of s t e e l .  

3. Fuel 

The f u e l  used w a s  commercial grade heptane .  It w a s  
considered t h a t  it had c e r t a i n  advantages  over  t h e  g a s o l i n e  
used i n  t h e  f i r e  t e s t  desc r ibed  i n  JPMC S p e c i f i c a t i o n  No. 
260.00. It has  a  much narrower d i s t i l l a t i o n  range than 
g a s o l i n e  and is  be l i eved  t o  provide more r ep roduc ib l e  
cond i t ions ,  p a r t i c u l a r l y  when t h e  unburn t  f u e l  of one t e s t  is 
used t o g e t h e r  w i t h  f r e s h  f u e l  f o r  a  succeeding t e s t .  I n  
a d d i t i o n ,  t h e  p r o p e r t i e s  of gaso l ine  a r e  known t o  va ry  
seasona l ly  and wi th  t h e  producer and p o i n t  o f  o r i g i n  ( 5 ) .  

4. Radiometer 

Radia t ion  from a f i r e  w a s  measured by means of a 
gold d i s c  rad iometer  ( 6 ) ,  connected t o  a m i l l i v o l t  r e c o r d e r .  
The rad iometer  was placed 6 f t  from one s i d e  of t h e  t ank  a t  
an e l e v a t i o n  of 2  f t  above t h e  t o p  of t he  tank.  

5. Ilwenty-five Pe r  Cent Drainage Time 

The 25 per  c e n t  drainage t ime was used as a measure 
of t h e  f l u i d i t y  of foam, determined accord ing  t o  t h e  method 
developed by 'Puve and Pe te rson  (3 ,  4 ) .  This t e s t  i s  easy  
t o  perform and r e q u i r e s  very simple appa ra tus .  !Ihe 
expansion r a t i o  of foam was a l s o  determined us ing  t h e  1400-ml 
pan f o r  t h e  drainage t e s t s ,  b u t  t h e  use of t h i s  method w a s  
confined t o  checking t h e  v a l u e s  ob ta ined  from t h e  flolvrneter 
r ead ings  f o r  a i r  and f o r  foam s o l u t i o n .  

Method 

Pour g a l l o n s  of hep tane ,  t h e  volume e q u i v a l e n t  of a 
2-in. l a y e r  i n  t h e  2-by 2 - f t  f i r e  t ank  f l o a t e d  on 2 i n .  of  
water ,  w a s  used as  f u e l .  A f t e r  a  pre-burn pe r iod  of  60 s e c ,  
foan  produced by t h e  gene ra to r  was discharged  through a 
nozzle  from a p o s i t i o n  d i r e c t l y  above t h e  mid-point  o f  one 
w a l l  of t h e  t ank  and d i r e c t e d  a c r o s s  t h e  f i r e  t o  s t r i k e  t h e  
oppos i te  s i d e  about  4  in .  above t h e  f u e l  s u r f a c e .  

"Control  t ime",  def ined  as t h e  tirne a f t e r  foam 
a p p l i c a t i o n  a t  which t h e  r a d i a t i o n  i n t e n s i t y  from t he  f i r e  
was decreased t o  1 0  pe r  c e n t  of t h e  maximum va lue  reached 



dur ing  t h e  pre-burn pe r iod ,  was determined f o r  each t e s t .  

A p r o t e i n  base foam l i q u i d ,  whicll had met t h e  
r e  u i rements  of JFMC S p e c i f i c a t i o n  No. 260.00, was used a t  
a 2 per  c e n t  by volume concen t r a t ion .  m e  t e s t s  were 
conducted a t  expansion r a t i o s  of 6 ,  8, 10, 12 ,  1 4 ,  16  and 
18, s o l u t i o n  r a t e s  of d i scharge  of 7 ,  8, 1 0 ,  1 4  and 18 ga l /hour  
(0.029, 0.033, 0.042, 0.058 and 0.075 gal/min/sq f t  of f u e l  
s u r f a c e )  and 25 pe r  c e n t  drainage t imes  ranging  from 0.5 t o  
20 min. 

RESULTS AND DISCUSSION 

The adopt ion  of c o n t r o l  time as a t e s t  end-point  
had two d i s t i n c t  advantages:  it permi t ted  t h e  use  of a  
rad iometer ,  t h u s  providing an  o b j e c t i v e  measure of t h e  end 
of t h e  t e s t ;  c o n t r o l  t ime was reached  much be fo re  complete 
extinguishment s o  t h a t  t h e r e  was a g r e a t  s av ing  i n  time 
and m a t e r i a l s .  Its use w a s  cons idered  j u s t i f i e d  i n  t h e s e  
t e s t s ,  s i n c e  no f u l l y  accep tab le  r e a s o n s  could be found t o  
suppor t  t h e  use  of complete e x t i n g u i s h e n t  i n  a square  t ank  
a s  a good measure of foam q u a l i t y .  A s  it  is e n t i r e l y  
poss ib l e  t h a t  d i f f e r e n t  p r o p e r t i e s  may be involved depending 
on t h e  end-point  used,  it w i l l  be necessary  t o  c a r r y  o u t  
f u r t h e r  i n v e s t i g a t i o n s  t o  determine t h e  r e l a t i o n s h i p .  A l l  
r e s u l t s  r e p o r t e d  f o r  t h i s  s e r i e s  of t e s t s  a r e  based on 
"cont ro l"  time a s  def ined.  

"Control" time v a r i e d  apprec i ab ly  when t h e  r a t e  of 
a p p l i c a t i o n  of foam w a s  low. This  behaviour  i s  n o t  s u r p r i s i n g  
f o r  r a t e s  of f low j u s t  above t h e  " c r i t i c a l  r a t e  of  a p p l i c a t i o n " ,  
because any i n t e r f e r e n c e  such as  a s l i g h t  draught  could  
i n c r e a s e  t h e  c o n t r o l  time s i g n i f i c a n t l y .  For t h e  wors t  
c o n d i t i o n s ,  e.g. ,  a t  low expansion r a t i o s  of 6 and 8 and 
a t  a low r a t e  of a p p l i c a t i o n  of 0.029 gal/min/sq f t  of f u e l  
su r f ace ,  t h e  r e s u l t s  had  t o  be d i sca rded  because of excess ive  
s c a t t e r  and consequent u n r e l i a b i l i t y .  

The exper imental  r e s u l t s  were p l o t t e d  on g raphs  of  
c o n t r o l  t ime a s  a  f u n c t i o n  of 25 p e r  c e n t  drainage t ime a t  
expansion r a t i o s  of 6 ,  8, 10,  1 2 ,  14 ,  1 6  and 18 and s o l u t i o n  
r a t e s  of a p p l i c a t i o n  of about  0.029, 0.033, 0.042, 0.058 
and 0.075 gal/min/sq f t .  Drainage t imes r ang ing  from 0.5 
t o  20 min were examined. !he range of drainage time v a l u e s  
ob ta inab le  i s ,  however, l i m i t e d  by t h e  design of t h e  foam 
producing equipment. A t  low expansion r a t i o s  and low s o l u t i o n  
r a t e s  of a p p l i c a t i o n  t h e  l i m i t  occur s  i n  producing foam of 
h i g h  drainage t imes ,  whi le  a t  h i g h  expansion r a t i o s  and h i g h  



so lu t ion  r a t e s  the l i m i t  occurs  i n  producing foam of low 
drainage t imes.  Some ex t rapo la t ion  of t h e  curves was 
c a r r i e d  ou t  when the  t r ends  were c l e a r ,  i n t o  these  regions  
f o r  which foam of des i red  c h a r a c t e r i s t i c s  could n o t  be 
produced. 

!The graphs were used as a  b a s i s  f o r  p l o t t i n g  t h e  
s i x  graphs included i n  t h i s  r e p o r t  (Fig.  1 t o  6 ) .  The 
quan t i ty  of so lu t ion  requ i red  t o  con t ro l  f i r e ,  a s  one of the  
coordinates  of each of these  graphs,  i s  t h e  c r i t e r i o n  f o r  
a s sess ing  the  e f f e c t i venes s  of f i r e  suppression. Por t ions  
of the  curves obtained by ex t rapo la t ion  a r e  shown dashed. 

Observations made from t he  s i x  graphs a r e  given below. 

Figure 1: 

Solut ion r a t e  of app l i c a t i on  of foam of 0.058 gal/min/ 
sq  f t  was more e f f e c t i ve  than any of t he  o t he r  so l u t i on  r a t e s  
inves t iga ted  a t  any drainage time between 2  and 20 min wi th  
foam having an expansion r a t i o  of 12. !The d i f fe rence  i n  
e f fec t iveness  of varying t he  so l u t i on  r a t e s  from 0.030 t o  
0.075 gal/min/sq f t  w a s  very small  f o r  drainage t imes of 
foam between 2  and 5 min. !This di f fe rence ,  however., increased 
appreciably with increase  i n  drainage time from 5 t o  20 min, 
p a r t i c u l a r l y  a t  lovi so l u t i on  r a t e s .  

The inf luence of changes i n  drainage time on t h e  
quan t i ty  of foam so lu t ion  requ i red  t o  con t ro l  the  f i r e  w a s  a t  
a minimum f o r  a so lu t ion  r a t e  of 0.058 gal/min/sq f t .  !The 
inf luence of changes i n  drainage t ime  w a s  small  f o r  drainage 
times between 2  and 5 min, but  increased  a t  h igher  drainage 
times. 

Figure 2: 

Optimum expansion r a t i o  of foam having a  25 per cen t  
drainage time of 4  min depended on t he  so l u t i on  r a t e  of 
app l i ca t ion .  The optimum value w a s  very d i s t i n c t  a t  low 
so lu t ion  r a t e s  of 0.030 and 0.033 gal/min/sq f t .  The quan t i ty  
of so lu t ion  requ i red  t o  con t ro l  f i r e  above an expansion r a t i o  
of 12 va r ied  very l i t t l e  a t  h igher  so l u t i on  r a t e s  of app l i c a t i o n .  
In genera l ,  the optimum expansion r a t i o  appears  t o  be about  
12  o r  14. 

Figure 3: 

Foams wi th  expansion r a t i o s  of 12  and 1 4  were more 
e f f e c t i v e  than those with expansion r a t i o  of 1 0  a t  cons tan t  



s o l u t i o n  r a t e  of a p p l i c a t i o n  of 0.058 gal/min/sq f t .  Foams 
of h igh  expansion r a t i o s  of 16 and 18 ob ta inab le  were l i m i t e d  
t o  those  wi th  h i g h  apparent  v i s c o s i t y .  A s  t h e  curves  f o r  
t h e s e  two expansion r a t i o s  were based l a r g e l y  on e x t r a p o l a t i o n ,  
they cannot be given much weight. 

The in f luence  of  changes i n  25 p e r  c e n t  drainage time 
on quan t i ty  of s o l u t i o n  r e q u i r e d  was smal l  f o r  expansion 
r a t i o s  of 10, 1 2  and 14 ,  b u t  was much g r e a t e r  f o r  t h e  lower 
expansion r a t i o s  of 6  and 8. 

Figure 4: 

The order  of  decreas ing  e f f e c t i v e n e s s  of foam having 
a 25 per  c e n t  drainage time of 4  min based on expansion r a t i o  
w a s :  expansion 12 ,  14,  10 ,  8, 6.  Again, expansion r a t i o s  
of 16 and 18 were n o t  cons idered  i n  t h e  comparison because 
a g r e a t e r  por t ion  of curves  a t  t hese  expansion r a t i o s  were p l o t t e d  
by e x t r a p o l a t i o n .  

The i n f l u e n c e  of changes i n  s o l u t i o n  r a t e  of a p p l i c a t i o n  
on t h e  q u a n t i t y  of foam ' so lu t ion  r e q u i r e d  w a s  s m a l l e s t  when 
t h e  expansion r a t i o  of foam w a s  12. 

Figure  5 :  

The in f luence  of changes i n  s o l u t i o n  r a t e  of a p p l i c a t i o n  
on t h e  q u a n t i t y  of s o l u t i o n  r e q u i r e d  w a s  s m a l l e r  f o r  foam 
wi th  drainage t imes of 2 and 4  min than f o r  foam wi th  drainage 
t imes of 10 and 20 min. 

Figure  6:  

The d i f f e rence  i n  e f f e c t i v e n e s s  w a s  small between 
drainage t imes of 2  and 4  min f o r  foams wi th  expansion r a t i o s  
of 10 ,  1 2  and 14.  The inf luence  of drainage time on 
e f f e c t i v e n e s s  decreased as  expansion r a t i o  of foam inc reased .  
Foams of low drainage t imes  were n o t  ob ta inab le  f o r  expansion 
r a t i o s  of 16  and 18. 

CONCLUSIONS AND RECOl!~IENDATIONS 

1. A smal l - sca le  f i r e  extinguishment t e s t  such as  t h a t  
descr ibed  i n  t h i s  r e p o r t  o f f e r s  some promise f o r  a s s e s s i n g  
t h e  performance p o t e n t i a l  o f  foam over  a wide range of foam 
c h a r a c t e r i s t i c s .  



2. !be new f i r e  t e s t  h a s  a number of advantages  over  t h e  
o r i g i n a l  10- by 1 0 - f t  f i r e  t e s t .  Because t h e  f i r e  t ank  i s  
small, t h e  t e s t  can be conducted i n  a  l a b o r a t o r y  i n  a n  atmosphere 
absen t  from t h e  i n f l u e n c e  of weather .  The r e d u c t i o n  i n  
expense f o r  conduct ing small t e s t s  i s  s i g n i f i c a n t .  The use  
of a rad iometer  f o r  determining t h e  end-point  of  a t e s t  
reduces  r e l i a n c e  on v i s u a l  observa t ion  and t h e  r e s p o n s i b i l i t y  
p laced  on t h e  observer .  

3  The folloviing exper imental  c o n d i t i o n s  appeared optimum 
f o r  t h e  suppress ion  of 2- by 2 - f t  flammable l i q u i d  f i r e  by 
foam, u s ing  t h e  method desc r ibed  i n  t h i s  report;:  

( a )  So lu t ion  r a t e  of  a p p l i c a t i o n  = 0.06 gal/min/sq f t  
of f u e l  s u r f a c e .  ( F i g s .  1, 2 ,  4, 5 )  

( b )  Expansion r a t i o  of  foam = 12. (F igs .  2 ,  3 ,  4 ,  6 )  
( c )  25 pe r  c e n t  d ra inage  time = 2  t o  4 rnin. (F igs .  1, 3 ,  5 ,  6 )  

In g e n e r a l ,  under  t h e  c o n d i t i o n s  g iven  above t h e  t h r e e  
v a r i a b l e s  were l e a s t  dependent on one a n o t h e r  w i t h  r e s p e c t  
t o  e f f e c t i v e n e s s  i n  t h e  c o n t r o l  of  f i r e s .  The expansion 
r a t i o  shown t o  be optimum i n  t h e  p r e s e n t  i n v e s t i g a t i o n  i s  
h i g h e r  than expected.  

4.  The r e l i a b i l i t y  of  t h e  2- by 2 - f t  f i r e  t e s t  w i l l  be 
f u r t h e r  examined by c a r r y i n g  o u t  a  s e r i e s  o f  r e p e a t  t e s t s  
wi th  n o t  only  t h e  2- by 2 - f t  t ank  b u t  a l s o  w i t h  a 3- by 3 - f t  
tank and a 10- by 1 0 - f t  t ank .  It is hoped. t h a t  completion 
of t h e  contemplated i n v e s t i g a t i o n  w i l l  l e a d  t o  a t e s t  
procedure t h a t  may be cons idered  e i t h e r  as  a replacement  o r  
an  a l t e r n a t i v e  f o r  t h a t  g iven  i n  JFMC S p e c i f i c a t i o n  No. 260.00. 
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FIGURE 4 
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FIGURE 5 

CONTROL QUANTITY AS A FUNCTION OF SOLUTION RATE 
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