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A small-scale laboratory fire test has been developed to replace costly 
and air-polluting large-scale field fire tests that are used to evaluate 
reliability of fire fighting foam formulations. 

F ~IRE FIGHTING foams are employed extensively in the suppression of 
Class B pool fires. Historically, reliability has been established and 

maintained through extinguishment tests. Because such fires are complex 
and much remains to be understood about their behavior, faith in results 
has tended to increase with the size of the test fire. Certification of agents 
by government and independent testing laboratories and quality confor- 
mance by the manufacturers have been based on test size, generally ranging 
from 28 ft 2 to 100 ftL 

Inherent problems of this approach are {1} the notorious amount of 
smoke produced, which is causing air pollution control agencies to restrict 
such fires; (2) the costly amount of fuel, labor, and the agent itself; and (3} 
the large experimental error due to environmental conditions, operator 
techniques, and variability in application equipment. 

Our objective has been to develop test procedures and equipment that 
minimize the problems of pollution, cost, and uncontrolled variables in tests 
suitable for quality control, certification, and the evaluation of new foam 
formulations. 

The approach focused on reduced-scale modeling of large pool fires in 
which the hostile environment of the accidental fires could be generated in a 
modest laboratory sized burn. In scope, the study examined the importance 
of (1} the type, geometry, and amount of the fuels; (2} atmospheric 
parameters, such as the available air and its motion; and (3) environmental 
factors, such as substrates and structures that control the configuration of 
the fuel and serve as heat sources and sinks. 

C U R R E N T  F I R E  T E S T S  

We are concerned with hot tests and the three general kinds of informa- 
tion they provide about foam -- the ability to control and extinguish a fire, 
the ability to seal in vapor and prevent reignition, and stability in the 
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presence  of con t iguous  f lames.  Some cu r r en t ly  used  shal low and  deep pool 
t e s t s  of var ious  sizes are in accordance  wi th  s t a n d a r d s  set  fo r th  by  var ious  
r e g u l a t o r y  agencies.  All have  several  of the  weaknesses  t h a t  we propose  to 
el iminate ,  i.e., expensive,  pol lu t ing,  h igh ly  dependen t  on opera to r  or en- 
v i ronmen t ,  no t  reproducible,  no t  realist ic.  

BURNING RATE 

Normal ly ,  the  bu rn ing  ra te  equals  the  ra te  of fuel evapora t ion ,  which, in 
turn ,  provides  the  chal lenge to  the  foam ' s  ab i l i ty  to  seal the  fuel surface.  
Ideal ly ,  th is  chal lenge should  r ema in  c o n s t a n t  in s t a n d a r d  fire t e s t s  or be a 
control led  var iable  in deve lopmen t  research.  Table  1 shows tha t ,  w i th  free- 
b u r n i n g  pool fires, the  b u r n i n g  ra te  var ies  considerably;  therefore,  i t  ap- 
pears  desirable  to exercise pos i t ive  control  over th is  pa rame te r .  B u r n i n g  
r a t e s  for fuels t h a t  bu rn  wi th  luminous  f lames  genera l ly  increase  wi th  pool 
size up to d i ame te r s  of a b o u t  3 or 4 f t  a t  which poin t  r ad ia t ive  feedback  
f rom the  f lames  becomes  essen t ia l ly  cons t an t . '  This  feedback is also sen- 
s i t ive to the  p lane  g e o m e t r y  of the  fire, which,  in turn ,  is s t r ong ly  dependen t  
on the  env i ronmen t ,  pa r t i cu la r ly  the  wind.  

Fires  in the  1- to  2-ft r ange  can be forced to bu rn  a t  the  large fire r a t e  by  
a u g m e n t i n g  the  hea t  feedback  f rom the  c o m b u s t i o n  zone. This  combina t ion  
of a m o d e s t  size fire and  an  aux i l i a ry  hea te r  provides  a s imple l abo ra to ry  
size fire t h a t  can mee t  the  b u r n i n g  ra te  s t ab i l i t y  r equ i r emen t s  needed  in the  
foam tes ts .  The  evapora t ion  ra te  or b u r n i n g  ra te  should  be m e a s u r e d  prior  
to  the  appl ica t ion  of foam in order  to  d o c u m e n t  the  fire condi t ion  t h a t  was  
suppressed .  

TABLE 1. E x a m p l e s  o f  Pool  Fire B u r n i n g  R a t e  Data  (lbs #-2 min-i) 

Da ta  source 

Fuel 1 2 3 4 5 6 7 8 

Diesel O.2 - 0.33 . 0.3 
Ethanol 0.15 0.3 
Gasoline 1.17 1.16 0.9 1.17 
Hexane 0.44 0.98 1.0 
JP4 1.1 0.20 1.1 
JP5 0.74 1.0 1.1 - 1.3 0.22 - 0.24 0.12 1.0 
Methanol 0.3 - 0.35 0.14 - 0.17 0.16 0.28 0.3 
Naphtha 
Benzene 0.74 - 0.82 1.05 1.0 
Toluene 0.47 - 0.5 0.5 
Naval distillate 0.2 - 0.34 0.3 
Acetone 0.22 0.4 

1 = Cass, 25-ft by 35-ft pool 
4 = Alvares, 2-ft diameter 

pool 
7 = Burgess 

2 -~ Dr. Fu, 2-ft to 8-ft diam- 3 = Camp Parks, 10 ft diam- 
eter pool eter pool 

5 = Sealed compartment, 6 = Blackshear 
1.5-ft to 3-ft diameter 
pool 

8 = Values used in computations. 
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HEAT FLUX 

The radiation field generated by a fire interacts with the foam both dur- 
ing the exinguishment and burnback tests. In the first case, one of the ex- 
tinguishing mechanisms involves terminating the energy feedback from the 
combustion zone to the fuel by foam that absorbs and scatters the radiant 
energy. For small diameter fires in which the flames become relatively 
transparent, the radiant intensity will fall below the large fire value even if 
it were possible to maintain the view factor unchanged. In Reference 1, the 
simulated radiation field applied to the foam was used at intensities up to 
5.4 Btu ft "2 s -1. Therefore, values corresponding to real fire environments 
can be achieved if required for burnback tests. 

FUEL TYPE 

The selection of a test fuel involves a compromise because no single 
choice is ideal in all respects. Besides the impact on the fire characteristics, 
the fuel type affects the foam directly in several ways. First, the 
temperature, temperature distribution, and heat capacity determine the 
amount of foam required to cool the fuel to a temperature at which a foam 
blanket can form. Second, to form a stable foam blanket, the fuel surface 
must be cooled below the boiling point of water; therefore, the difficulty in 
sealing the vapors and the susceptibility to secondary foam formation de- 
pend on the fuel's evaporation rate at 212 ~ F. Third, the foam spreading 
capability depends on the surface tension and the interfacial tension be- 
tween the foam and the hot fuel. In some instances, a polar fuel may be 
needed for testing special foams formulated to protect such hazards. 

Homogeneous fuels are the most attractive from the standpoint of 
reproducibility and stability because the composition, boiling point, and 
rate of evaporation per unit of energy feedback remain constant. However, 
gasoline was selected for the initial investigation to provide a basis for com- 
parision to the existing tests, but a versatile test apparatus should permit 
foam tests as a function of the fuel. 

FUEL GEOMETRY AND SIZE 

For pools without a freeboard to collect heat that can be transmitted to 
the fuel, the burning rates should be independent of the modest geometrical 
changes in going from a circle to a square or rectangle. However, when large 
freeboards are present, the additional energy feedback can substantially 
enhance the burning rate, particularly in corners. From this standpoint, cir- 
cular symmetry is preferable. The preferable geometry from the standpoint 
of foam application depends on the pattern employed to meet the needs of a 
particular foam property test. For example, in foam spreading tests, a rec- 
tangle would provide a longer spread-distance-to-fuel ratio than a square or 
circle, particularly when the agent is applied along one of the narrow sides. 
On the other hand, a rectangular or square pool with hot freeboards could be 
more difficult for the foam blanket to seal vapor tight than a circular 
counterpart. Similarly, the rectangular geometry could provide a long 
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burnback-distance-to-fuel ratio as developed in Reference 11. In summary,  
geometrical  effect appears to be minor; however, in foam spreads and burn- 
back measurements ,  the rectangle  was chosen for its convenience. 

Foam application becomes a problem with  very small fires; therefore, 
this factor appears to control size in the coverage, control, and extinguish- 
ment  tests.  These foam spread and burnback tests  set a min imum size in the 
1 to 2 ft 2 range. 

ENVIRONMENTAL PARAMETERS 

TWO groups of parameters  act ing on the fire characteris t ics  are (1) the 
amount  and motion of the air and (2) heat  sources and sinks. For example, a 
large freeboard can control air motion, serve as a heat  sink at the s tar t  of 
the fire, and become a heat  source after the metal  heats.  

An intui t ive assessment  made us choose to include the option of heat ing 
the freeboard, but  to ignore s imulat ing air motion. Air mot ion is a major  dif- 
ference between the larger test  fires and the laboratory simulation. 

FOAM PRODUCTION AND APPLICATION 

The guiding philosophy is to minimize the effects of the genera t ing  
equipment  and the application techniques. Variables tha t  are readily con- 
trolled dur ing foam product ion include the agent,  concentrat ion,  and expan- 
sion ratio. To a lesser degree, some control can be exercised over bubble size 
and uniformity.  These variables are of concern because they control  proper- 
ties t ha t  are vital  to foam performance but  are difficult to control or 
measure  dur ing the brief foam formation process, i.e., fluidity, viscosity, 
and stabil i ty or drainage rate. Precise concentra t ion control can be achieved 
by using a premixed solution, and a uniform water  t empera ture  and pur i ty  
contr ibute  to reproducible physical  properties.  

The foam application variables of concern are the application rate, pat- 
tern, and density.  Test  application rates  frequently match  the specific ap- 

Figure 1. Laboratory test  stancL 
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plication rates recommended for foam suppression of real tank fires, e.g., 
0.06 gpm ft-L If only the size factor were involved, all test areas would be 
covered in the same time interval. However, coverage, control, and ex- 
tinguishment times depend on the mode and pattern of application. Three 
general patterns are employed in the surface mode of application -- total 
flooding as with built-in sprinkler systems; incremental coverage as is com- 
monly achieved with a handline; and single point application as is employed 
in portable towers, fixed outlets, and also in subsurface injection. Total 
flooding and incremental patterns can achieve total coverage in a specified 
time, irrespective of the foam's flow properties. Coverage with the single 
point application, however, is very sensitive to foam fluidity, and it is very 
difficult to estimate performance in a 100-ft diameter tank from a 1-ft 
diameter fire test. Consequently, for testing such foam properties as the 
critical application density for extinguishment or control, sealability, and 
burnback resistance, either the total flooding or incremental patterns are 
preferable. The latter was chosen as the most practical for a small-scale ap- 
plication. 

Application densities are usually specified in terms of application time 
at a specific application rate. Consequently, the rate control usually deter- 
mined the accuracy of this measurement. Since the application density 
markedly affects all of the evaluation parameters, it is important to ensure 
either reliable rate measurements or an independent determination of total 
foam applied. 

A P P A R A T U S  

The apparatus can be broken down into three main sections -- the test 
stand, which includes the fire pan; the foam generator; and the control con- 
sole, which provides power and contains monitoring instruments. 

TEST STAND 

The test stand is constructed of Unistrut  | and serves as a mount for the 
fire pan and auxiliary equipment (Figure 1). The 15- by 45-cm fire pan is 
fabricated from light gage stainless steel and is thoroughly insulated to 
minimize heat losses. A removable freeboard permits the simulation of 
either a shallow pool or a tank fire. The specific burning rate is monitored 
with a load cell and controlled by a 2,000-watt calrod heater mounted in the 
bottom of the fire pan. This heater warms the fuel to the desired test 
temperature prior to ignition. Evaporation is controlled with a remotely 
operated lid, which fits into a water seal around the fuel pan and exhausts 
vapors through a flare stack for safe combustion. 

Remotely activated electric igniters and gas pilot lights provide safe, 
positive ignition for the flare stack and ignite the entire pan when the lid is 
opened. 

The foam applicator is mounted on a mobile carriage, which can traverse 
the length of the pan at a predetermined speed for the incremental mode of 
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application. A stepping motor drives the carriage, which, in turn, is con- 
trolled by an indexer on the control console. Fixed point application is 
simulated by stopping the carriage at the front edge of the fire pan. 

THE FOAM GENERATOR 

The foam generator is a laboratory type similar to that shown in Figure 
2. It consists of air regulators, airflow controller and rotometer, a flow 
meter and needle valve for liquid flow control, and a mixing chamber. The 
generator produces foam of similar quality to that produced by a National 
2-gpm test nozzle. 

By adjusting the liquid flow, we can carefully control foam application 
rate. The desired expansion ratio is achieved by adjusting the airflow. 

Figure 2. Foam generator. 

CONTROL CONSOLE 

The control console allows operation of the test stand from outside the 
fire room for the sake of safety and comfort. It provides and controls all 
power outputs and receives all input signals (Figure 3). 

E X P E R I M E N T A L  R E S U L T S  

So far, the apparatus has been used only for fire control and extinguish- 
ment tests without the freeboard panel extensions. These current tests are 
concerned with two factors -- establishing the laboratory fire intensity re- 
quired to challenge the foam to the same degree as the conventional test 
fires and determining the reproducibility of the laboratory tests. 

In the simulation test, the agent served as the yardstick for the com- 
parison of the laboratory burner fires and the 50- and 100-ft 2 pool fires. 



18 Fire Technology 

Figure 3. Control console. 

Premixed foam with the same physical  propert ies (i.e., expansion ratio and 
drainage rate) was applied to all three fires at  a rate  tha t  produced the same 
theoret ical  application densi ty  over the various surface areas in the same in- 
terval  of time. The burning rate  of the laboratory fire was ad jus ted  unti l  the 
control t imes and ex t inguishment  t imes matched  those of the larger fires. 
In  all cases, the temperature  of the gasoline was essentially the same, namely, 
the boiling point, bu t  the evaporat ion rate  increased with  auxil iary power. 
For example, wi thout  auxiliary power, the burning rate  was 8.2 g m -2 s-' or 
about  12 percent  of the large pool specific burning rate. With  auxil iary 
power, the burning ra te  followed the exponential  relat ionship 

l n R b  = (8.1 X 10 -4 ) P +  2.1 

where Rb is in g m -2 s-', and the power, P, is in watts .  A similar expression 
was obtained for the fire in tensi ty  indicated by the radiat ion field and 
measured  with the radiometer ,  i.e., 

l n H =  (2.6 >< 10 -4 ) P +  2 

where H is in Btu  s-' m-L With  the max imum auxiliary heat ing ra te  of 1.9 
kW, it was impossible to extinguish the fires unless the power was drastically 
reduced dur ing the foam application. For example, in tests  with fluoropro- 
tein liquids in a 3 percent  concentra t ion applied at  a rate  of 0.261 ml min -~ 
cm -~ {0.06 gpm ft-2), the 100-ft 2 OF-555c tests  were satisfactori ly reproduced 
by reducing the auxiliary power to 830 wat t s  at  the s tar t  of foam applica- 
tion and to zero at  the 95 percent  control time. Figure 4 shows a typical  
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Figure 4. Typical radiometer record made during an extinguishment test. 

radiometer record of an extinguishment test. After a 3-min heat-up period, 
the gasoline reached the maximum evaporation rate, the lid was opened, 
vapors were ignited, auxiliary power was reduced, and foam was applied. 
Fire knockdown and contol are defined as the points where 50 percent and 
90 percent, respectively, of the original fire intensities are recorded by the 
radiometer. 

Figure 5 shows a correlation of control times observed when the same 
series of nineteen foam samples were tested on the laboratory fire and on a 
50-ft 2 test fire in the field. Laboratory test control times are plotted horizon- 
tally, and field test values, vertically. Equal control times by both tests cor- 
respond to the 45-degree fine. Since eighteen of the points fall below the line, 
the laboratory test was slightly more severe than the field tests. A visual 
correlation through the scatter points {dotted line) indicates control times 
about 35 percent longer for the heating cycle employed with the laboratory 
apparatus. The dashed fine in Figure 5 is the regression line obtained by a 
least squares fit to the scatterplot. Because of the modest number of 
samples, the few extreme points play a significant role in the computer cor- 
relation coefficient, which obviously cannot be applied at small values of X. 

This scatter in the correlation appears to be largely due to the variability 
of the conventional field test in which weather conditions and human judg- 
ment played larger roles. Also, the observed parameters are slightly dif- 
ferent in the two tests. For example, in the 50-ft 2 test, control was measured 
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Figure 5. Correlation of control times observed in laboratory and field tests. 

by an estimate of the percentage (90 percent} of the fuel area that was 
covered by the foam blanket. In the fire modeling laboratory, however, 90 
percent control represented the time at which only 10 percent of the original 
thermal radiation intensity remained. 

Reproducibility of the laboratory tests was checked with a series of pro- 
duction foam batches in which two tests were performed on each batch and 
both time to control and time to extinguish were recorded. A statistical test 
of sixteen pairs of control times and fourteen pairs of extinguishment times 
showed no significant difference between the means of the replicate values. 
While both agreements were satisfactory, the extinguishment tests were 
somewhat more reproducible than the control times, e.g., the average dif- 
ference between control times was about 6 percent compared to 3 percent 
for the corresponding average in extinguishment times. In both cases, the 
reproducibility was substantially better than for the field tests. 
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C O N C L U S I O N S  

The laboratory fire provides an adequate challenge for fire extinguish- 
ment tests. On the basis of control times and extinguishment times, the cur- 
rent test procedure is slightly more severe than the conventional 50- and 
100-ft 2 fire tests. 

The existing procedure is suitable for production control and product 
development tests. 

The reproducibility of the laboratory tests is superior to that of the field 
tests and is substantially less time consuming and less expensive. 

The laboratory tests appear suitable for certification tests; however, a 
slight reduction in test severity is required to achieve a one to one correla- 
tion with the field tests. 

Prediction of foam requirements to protect against various envisioned 
pool fires can be made as well with the laboratory tests as with the conven- 
tional field tests. However, until the apparatus is extended to tests with 
freeboards and the burnback modification, its use should be limited to 
measuring control and extinguishment time. 
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