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HECTION 1

INTRODUCTION
BACKGROUND STUDIES AND TEST DPROGRAMS

In mid 1960 the Naval Research Laboratory conducted studies
(References 1 and 2) which proved the fire extinguishing super-
iority of aqueous film forming foam (AFFF) over protein foam on
large~scale fires when utilized in crash rescue and fire fighting
vehicles. The air-aspirating nozzles and foam pumps used as
foam~-generating equipment were originally designed for protein
foam concentrate. Ultimately the Navy and Air Force converted
these vehicles to XAFFF use without any changes to the foam-
generating equipment. One of the recommendations of these
studies was to seek the optimum f£oam makers for the most effec-
tive application of AFFF.

In 1968 the Navy conducted full-scale fire test studies
{Reference 3) at the Naval Air Station (NAS), Jacksonville,
to evaluate a new sea water-compatible AFFP tor shipboard use,
One of the test phases was designed to compare the application
of AFFF through air-aspirating and non air-aspirating (adjustable
water spray) type handline nnzzles on 3500-square-foot JP-5

£ !

vias und th

spill fires. It sun and extinguishing
effectiveness increased, varying from 20 to 100 percent (depend-
ing on wind conditions), when AFFF was applied with the non air-
aspirating nozzle. The inherent advantage of an adjustable
pattern nozzle and the increased stream range for the more fluid
foam produced were reported as contributing factors.

During the Air Force C-5A fire test program conducted at
the Naval Weapons Center, China Lake (NWC/CL) in 1972, it was
found (References 4 and 5) that large fires (4000 squarc fect

to 48,000 squarc feet in area) reduced the effective discharge
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range and trajectory of turret nozzles. Greater fire penctra-

tion and extinguishing effectivencss was achieved when AFFF was

Ak i 5

applied through water barrel turret nozzles, but an unmeasured

f e —

reduction in burnback resistance was also observed.
Based on the aLove-mentioned test results and nmore recent

comparative nozzle tests on large-scale fires conducted by the

§
"

Nuvy at NWC/CL in 1975, variable-pattern water nozzles for
applying AFFF were chosen for installation on the new Wavy P-4A ;

crash rescue and fire fighting vehicle, )

COMPARATIVE NOZZLE STUDY

st S Al

Agqueous film forming foam has now replaccd protein foam for

aircraft crash rescue and fire fighting purposes at all military

air activities. There is, however, no general agreement in the !
fire fighting community as to optimum {cam characteristics or §

nozzle types to use for this application, indicating a need for

et b et el L

further research in this field. This report covers a comparative
Lozzle study for applying AFFF conducted by the Naval Research
Laboratory and sponsored by Detachment 1 (Civil and Environmental
tngineering Development Office), Armament Development and Test
center (ADTC). Some of the fire tests were perfcrmed at the

Naval Weapons Center.

“he fLurret or handline nozzles currently used are classiiiled

v

[

+teose nozzles have the following characteristics:

Air~Aspirating Device

¢ Is a specially designed foam nozzle, originally
developed for use with protein foam.

¢ Has air-inle% ports at the base of a long,
enclosed air/foam solution mixing barrcl.

® llas stream-shaping devices for pattern variation.

¢ Produces expanded, relatively viscous, expansion

6-12 agueous film forming foams,

_ — e T TN
» .
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Non Air-Aspirating Device

.1s a conventional variable pattern watexr nozzle.

e Has no attached mixing barrel.

e May have external impinging orifices in center
section to provids full spray pattern.

eDischarges agueous film forming foam solution
and entrains air while in flight.

eProduces fluid, expansion 2-10 aqueous film

forming foame.

The larye-scale test program described herein was cconducted

at the Naval Weapons Center during January 1977.
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SECTION II

TEST OBJECTIVES AND PHASES

The overall test objective was to determine the guantita-
tive advantages and disadvantages of applying agueous film
formine foams through conventional water spray nozzles as com-
pared to foam barrel nozzles. Commercially available nozzles
were to be tested and evaluated. Influencing factors, such as
fire control, foam guality, pattern characteristics, barnback
resistance, application technique, and presence of aircraft
mock-up were to be analyzed.

The fire test program was divided into two phases. TPhase 1
was designed to determine the relative effectiveness of nozzles
in the 250-gpm category, and Phase 1I was designed to determire

relative cffectiveness of nozzles in the 750 to 800 gpm category.
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SECTION III

TEST ARRANGEMENTS AND PROCEDURES

TEST SITE
For this test program, a section of the test site originally
constructed for the Airxr Force C-5A tests (Reference 4) was
. utilized. An overall view of the test site is showa in Figure 1. H
Phase I fire test areas were 4000 square feet in size, and (
Phase II test areas were 8000 square feet in size. A combination i
of three adjacent, 40-foot by 100-foot diked arecas were used.

Some of the tests involved the use of an obstacle which was

placed in the area to the right, as depicted in Figure 2. The
dimensions of the aircraft mock-up were: 6~foot diameter, 36
feet long, with an 18-foot wing span, and an overall 8-foot
height. ©Each area had been recessed in the sandy scil and pro-
vided with a crushed rock base. Prior to fueling, a sufficient
amount of water was added, as shown in Figure 3, to ensure a
level surface for full area fire inveolvement. TFigurc 4 shows ‘
two adjacent areas covered with watex prior to fueling. L
As illustrated in Figure 5, the area along the 100-foot
side of the test-bed was striped at l0-foot intervals to aid test

personnel in obtaining fire extinguishment and burnback test A
data.

VEHICLES

The crash vehicles used as test nozzle beds are depicted P
in Figure 6. The Navy MB-1 vchicle, on the left in Figure 6, ’
was used for all Phase 1 tesgts. The Air Force P-4 vehicle, in
the center in Figure 6, and the Navy P-4A vehicle, on the right
in Figure 6, were used for all Phase II tests. The MB-1 and

P-4A vehicles were stationed at the Naval Weapons Center, The
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same turreét operator was employed for tests involving both of
these vehicles. The P-4 vehicle with an operating crew was pro-
vided by Edwerds Air Force Base.

In order to verify nozzle flow rates for each tesi, the
water tanks of these vehicles were calibrated in gallons per inch
with the following results: MB-1, 23.3 gallons per inch; P-4 and

P-4A, 36.6 gallons per inch. The proportioning of AFFF concentrate

was determined by using the refractometri: method and also by
metering the amount of AFFF concentrate needed to refill the
concentrate tank after each test. AFFF proportioning was found
to be within 1 percent of the desired 6 percent concentration.

NQZZLES
PHASE I TESTE

For the Phase I tests, a Rockwood foam barrel turret, as
shown in Figure 7, was used as the 1ir-aspirating-type nozzle.
illustrates the Model DSr Elkhart nezzle used as the
non air-aspirating device. Both nozzles had a discharge rate
of 250-gpm at 200 psi nozzle pressure and were manually operated.

PHASE 1II TESTS

For Phase 1I tests, a Feecon, double-barrel foam turret,
shown in Figure 9, served as the air-aspirating-type nozzle. It
is flow-rated at 800-gpm for 240 psi pump pressure. This nozzle
was remotely controlled from the cab cf the P-4 vehicle. Figure
10 shows the non air-astirating, Elkhart/Feecon turret nozzle
which was manually operated from the roof of the P-4A vehicle.

It is a nominal 750-gpm nozzle. For this application, it was flow-

tepted at 78B7-gpm for 125 psi nozzle pressure.

All the test nozzles were flow-tested based on the water
tank calibrations previously cbtained for each vehicle. Under
these test conditions, all nozzles flowed at their rated

12
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Figure 8. 250 gpm Air-Aspirating Turret Nozzle cn MB-1 Vehicle
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capacity except for the Feecon 800-gpm nozzle. After engine
governor adjustments were made, the highest water flow rate
obtained was 750-gpm,
The pattern characteristics and analyses of agueous film

forming foam produced by tnese turret nozzles were made in

. accordance with the procedures of the National Fire Protection
Assaciation Pamphlet 412 (Reference 6). The test results are
summarized in Table 1.

MATERIALS

The AFFF concentrate used in all the tests was FC-206, Lot
60, and met Military Specification, MIL-F-24385 (Recference 7).

JP-4 was used as the test fuel for all tests. For the §
Phase I tests, 1000 gallons were utilized for each test, and
2000 gallons were utilized for each Fhase II test. These
guantities were employed to prevent premature burnout and repre-
minutes of full area burning time.

During the testing period, the temperaturce of the water
used varied from 58° to 66°F, while the fuel and air temperatures
ranged from 38° to 58°F and from 37° to 68°F, respectively.

Ambient wind speeds varied from 1 to 7 knots and were generally

from a southerly direction, which was considered ideal for the
test site location,

DATA RECORDING '
Helmets equipped with radio headsets were furnished to
§ experienced fire test observers for communication and data
: recording purposes. Stop watches were used for timing the
sequence of events. The test director relayed pertinent data
/ to another observer for recording purposes. Two other observers
served as timers to record data separately. At the conclusion

of each fire test, recorded data was compared to ensure an

accurate determination of test cvents.

17
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PHOTOGRAPHIC COVERAGE

Figure 11 shows the 16 mm motion picture camera located cn
an clevated scissors-bed platform which took continuous color
film footage of each fire test. This footage was used to
verify test data and study opcrator technique. Several still
cameras were employed to photograph test arrangements and burn-

back test seguences,

FIRE TEST PROCEDURES

For both Phuses I and 1I, duplicate f{ire tests were run on
an alternate basis, with and without the aircraft mock-up. A
total of 16 fire tests were conducted.

The JP-4 fuel was ignited with a flare gun and given
approximately a 30-second preburn time. During this period, the
test vehicle was driven to a predetermined, marked spot, 15 feet
from the leading edge of the test area. The turret operators
were instructed to start the initial fire attack with full-spray
foam patterns in an oscillating manner and then gradually narrow
the foam pattern to achieve the test criterion of fire control
(50-percent extinguishment). The initial attack, full-spray
patterns, for thc air-aspirating and non air-aspirating foam
nozzles used in the Phase 1 tests, are depicted in Figures 12
and 13 respectively. Similarly, for the Phase II tests, Figures
14 and 15 show the initial fire attack patterns of the air-
aspirating and non air-aspirating foam nozzles, r spectively.

After 90 percent control had heen established, foam appli-
cation was continued to the point of complete or almost complete
¢xtinguishment. The total toam application time was held
constant in order to provida an equal starting point for the
burnkack evaluation which followed. 1n the event complete
extinguishment was not cffected at the conclusion of foam
application, any lingering berm fires were gently extinguished
by means of portable dry chemical units. TFigure 16 shows a
typical AFFI foam blanket appecarance immediately after fire

extinguishment.
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BURNBACK TEST PROCEDURES

Figure 17 illust ‘ates the start of the burnback test pro-
cedure followed after each fire extinguishment. The procedure
commenced within 7 to 8 minutes after extinguishment. Prior to
placement of the l2-inch-diameter burnback pan 8 feet inside the
test area, it was fueled with about a l-inch depth of motor
gasoline. The rate of fire erlargement was recorded and the
time to achieve reburning over 25 percent of the total area wac
used as the test criterion.
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b. Torching Fuel in Burnback Pan and
Start of Clock for Timing Burnback

¢. Reraoval of Burnback Pan After Sustained Ignition of
JP-4 Fuel Occurred Outside of Pan Approximately 5

Minutes
Figure 17, Typical Burnback 1est Procedure

27

b i e 1 S it

e o ] biRR e sdniE L o

et




SECTION IV

TEST RESULTS AND DISCUSSION

PHASE I TESTS

The results of the eight fire tests conducted for the Phase
I +ost series are sunmarvrized in Table 2. Duplicate fire tests,
although run alternately tc increase validity of test results,
are presented successively to facilitate comparison. Apalysis
of 90-percent fire control times obtained reveal that AFFF
applied through the non air-aspirating nozzle achieved control
in approximately two-thirds the time reqguired for the air-
aspirating nozzle, either with or without the presence of the
aircraft mock-up. The superior performance of the non air-
aspirating nozzle is attributed to the increased fluidity pro-
vided by the low-expansion foams produced and also the advantage
of stream range (see Table 1). The aircraft mock-up d4did not

y 4 Ve wn o nm & mr o e
influcnce the pericrmanc
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Operator technique used in applying agqueous film forming
foam from both types of nozzles was commendakble. The duplication
of control times within a margin of 10 percent as shown in Table
2, is well within the deviation normally experienced for fire
tests of this magnitude. .

Analysis of the 25 percent burnback time data (Table 2)
vields no definite trend of superiority for the aqueocus film
torming foams produced with ¢ither type of nozzie. However, it
should be pointed out that the rate of burnback is subject to
many factors, such as agent application density, types of fuel,
wind, substrate, and location of burnback pan. For these com-
parative tests, the agent application densities were held
similarly. Wind speceds were gencrally low, ranging from 0 to 2
knots, and the burnback pan was placed toward the downwind side.

Figure 18 shows typical stages of burnback for air-aspirated
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a. AFFF Burnback at 3 Minutes b. AFFF Buraback at 5 Minutes c. AFFF Burnback at 6 Minutes

d. AFFF Burnback at 7 Minutes e. AYFF Burnback at 10 Minutes f. 26% AFFY Burnback
at 12 Minutes

Figure 18. Typical Stages of Burnback for Air-Aspirated AFFF (Test 1) = TOP of Split-View and Non Air-Aspirated
AFIF (Test 2) — BOTTOM of Split-view
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AFFF (Test 1) and non air-aspirated AFFF (Test 2) resulting in
similar 25-percent burnback times. The presence of the aircraft
mock~up for Tests 5 to 8 had no discernible effect on the 25-

percent burnback times.

PHASE II TESTS

A BIPPTE Sye  Sert PAr

The results of the eight fire tests conducted for the Phase
1T test series are summarized in Table 3. The data are pre-

sented as in Table 2 with one exception -- Tecsts 14 and 15 were

O g T ey e

run consecutively but on different days. Again, as found in the
Phase 1 tests, the fire control times obtained when applying
AFFF through the ron air-aspirating nozzle were two-thirds of
those for the air-aspirating nozzle for both test conditions,
with and without the aircraft mock-up. Data from Test 10 are

i not included in this analysis becausc of an cquipment malfunc-
tion, resulting in the applicalion of water-only for the first
20 seconds.

Earlier in this report it was noted that preliminary flow
testing of the air-aspirating nozzle on the P-4 vehicle indicated
roughly a 10 percent decrease in its rated capacity of 800~gpm.
For these fire tests (Table 3), the average flow rate for this
nozzle was 710-gpm compared to 820~gpm (13 percent higher) for
the non air-aspirated nozzle on the P-4A vehicle. However,
these differences in flow rates were equilibrated by comparing
the actual application densities (not time) required for each
nozzle to achieve fire control. On this basis, these data,
excluding Test 10, still show it required only two-thirds the

amount for the non-aspirating versus the aspirating,

B L Y

The comments made concerning the superior performance of
- the non air-aspirating nozzle for the Phase 1 tests also apply
here for the Phase II tests. The data for aqueous film forming

: foam analysis and pattern characteristics for each nozzle are
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inzluded in Table 1. The turret operators dgenerally followed
the technique outlined in the test plan for gaining control
of these fires. However, during several tests with the air-
aspirating nozzle, it was observed that the turret operator's
vision was overly obscured because of his remote position
inside the cab of the P-4 vehicle. For example, during Test 13,
the turret operator did not see the fire remaining beyond
the aircraft mock-up and inadvertently shut off the turret twice
before final extinguishment was achicved. The more pronounced
effect of the influence of large-scale fires and crosswinds on
the effective range of alr-aspirating nozzles was observed dur-
ing the conduct of Test 16. With a cresswind of 7 knots, dif-
ficulty was esiperienced in reaching the far edge of the test
fire which was 115 feet distant from the turret. Table 1 shows
a straight stream reach of 175 feet for this air-aspirating
nozzle under no-fire test conditions and without a crosswind.
The burnback test data in Table 3 show relatively equal
performance for both types of agueous film forming foams pro-
duced. The aircraft mock-up <id not appcar to be a factor.
These results are similar to the Phase 1 test data givan in
Table 2., The data for Test 14 was favorably influenced by an
increase in wind speed which carried the flames away from the
foam blanket and outside the test area. After 28 minutes, only
100 square feet (<2 percent) of the tctal area was afire, and
no further data was recorded, since it was obvious that most of
the exposed fuel had been consumed. Conversely, a wind shift
across the test arca would have been detrimental to burnback
since the smooth surface provided by the water gsubstrate per-

mits *he AFI'F blanket to readily slidc around.
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SECTION V

CONCLUSIONS

Non air-aspirating nozzles provide longer reach streams
than air-aspirating nozzles under both fire and nen-fire con-
ditions. Crosswinds and large-scale fires adversely affect
strecam reach for both types of nozzles.

There is no advantage in using air-aspirated nozzles for
dispensing AFFF. 1In fact, air-aspirated foams required appr xi-
mately 50 percent longer to achieve control thai: the lower
cxpansion, more fluid, non air-aspirated foams.

Well-appliced AFFF from a single, fixed turret locatlion
at 0.06 gallons per minute/square foot should afford 90 percent
firc contrel within 30 scconds over a relatively non-obstructed
arca within turret reach. The aircraft mock-up, as used, was not
a factor in time required for achieving control of the fire or in
bucnback.

The burnback resistances of hoth types of aqueous film
forming foams produced are considered relatively equal for the
Lest conditions used. This was true even though the aspirated
foam blankct at the end of the application period was much
thicker and looked as if it would be much more resistant to
Lurnback than the non-aspirated foam.

Operator technique is definitely a factor in achieving fire
control. Agucous film forming foam can best be applied by con-
tinually sweceping the entire fire area, changing patiterns as

necded to avoid overkill and waste of agent.
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SECTION VI
RECOMMENDATIONS

It is recommended that.consideration be aiven to utilizing
manual turrets directed by opcerators looking over them and
fitted with non uair-aspirating-type AFFI' nozzles on all aircraft
crash rescue and fire fighting vehicles. These nozzles should
be easier to maintain and lower in cost.

It is also recommended that further improvement in nozzle
design for the application of aqueous film forming foam be sought

from nozzle manufacturers and workers in this field.
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