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ABSTRACT
Performance information forwildland foam equipment is in high demand. Nozzle aspirating
systems can be quickly adaptedto conventionalwater systems. Low expansion aspirating
systems were tested for discharge pattem, expansion, and drainage rate according to the
National Fire Protection Association Standard 412. Expansion ratios averaged 5.6. The 25
percent drain rate averaged 3.4 minutes. Nozzle aspirated systems are wellsuited for direct
attack, indirect attack, and mop-up firefighting tactics.

3



INTRODUCTION
The Bureau of Land Management and Chemeketa Community College conducted the Standard
for Evaluating Foam Fire Fighting Equipment on Aircraft Rescue and Fire Fighting Vehicles
(NFPA 412) as part of a c.ontinuing cooperative evaluation of wildland foam technology. The
purpose of the test was to start meeting the demand for perfrcrmance information on aspirated
nozzles.

The test creates only a baseline of performance from which users and manufacturers can make
judgements. Weather, topography, and fire behavior are examples of variables which were not
part of the test procedure.

WILDLAND FIRE FOAMS
Wildland fire foams are characterized by relatively stable bubbles formed by liquid of superior
wetting ability.l Hydrocarbon surfactants or soaps are the major ingredients of ficam besides
water. Surfactants reduce the water surface tension allowing the waterto form bubbles.
Reduced surface tension also gives waterdraining from a foam improved penetrating and
spreading capabilities. Foam acts as a vapor suppressant. Fire knockdown rates arsimproved
over plain water. Foam acts as an insulative, reflective banier, preventing or delaying ignition.
These foams are considered suppressants and have limited long-term etfectiveness. Use levels
are between 0.1 percent and 1.0 percent. Available performance data about these foams and
their generating systems are limited.'

ASPIRATED NOZZLE SYSTEMS
Firefighting foams are mechanically generated by either low or high energy systems. The tow
expansion aspirated nozzle is a low energy system. Low energy means the totalamount of
energy available for creating foam is supplied by the water pump. No other motive forces exist.
Nozzle aspirating systems create foam by 1) atomizing the bam sotution streams,2)drawing air
into the streams to create a froth, 3) mixing the froth in an expansion chamber to entarge and
strengthen the bubbles (see Figure 1). ln general, nozzles which spend much energy frcr
propulsion of foam have little available to make foam and therebre produce a wet, frothy foam.
Conversely, nozzles which use most of their energy in foam production have short discharge
distances.
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Figure 1

Schematic of the nozzle aspirated system
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TEST

We hope this test can be a benchmark for others who wlsh to test cunently avallable or
soon-to-be available systems. As many aspiraUng systems as posslble were tested and they are
llsted in figure 2. Many are commercially available, some are not.

The foam propertiestest€d were dlscharge pattern, expansion, and dralnage rate. Direct ailack
will not be safe or effective beyond the length of a nozzle's discharge pattem. The capablllty of a
nozzle to ficrm a ftle resistant ground and canopy barrier is also a functlon of dlscharge pattern.
Expansion relates to heat absorpfion, water use, and banier depth characleristics. Dralnage rate
ls an indication of ham stability and viscoslty, and ls commonly msasured by the 25 percent
drain time.

,TEST PROCEDURES

The NFPA 412 stan&rd oortalns marry related tests br foam equlpment The procodures

'c*lc,€d 
are described hr secton 422,Hand une and Auxlllary Nozzles, parts a and b.

Te6ilng occurred dudng tftrdess and nsar windless condlUons. When wind would have been a

tachr, Ests were cor$rcEd rvtffrln a shelterod area

Every asplrated system ]ras a range of recommended values forwater pressure, water flow, and

conoentrate ratio. We cfi65€l as a tBference polnt to test all asplrated systems at 100 psl', 0'5

pgr6ril solufion, and as mucfi rvater as the nozzle would allow underthese condlilons'

Wabrbmperature rras{o'F. Foam concentrate was inlected lnto the water suppty. A

eonnrpr.Xilty avallable rrufand fire bam produc't was ussd for all systems'

GROUI.ID PATTERII
. To &bnrdne the disctrggB patem, each nozzle was mounted at normal hand-heH operatlng-

helgt[ on a tunet whlc{r *s'mrO 30 degrees from the horizontat. The nozzle produced foam br
ID seconds on flat pawilrlnl. trlarkers were set out to denote pattem width and length.

Eacfi patem settlng foragivun sysfiem was estrablished and measured.
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Figure 2
The nozzles tested are either commercially available or their simple construction design can be
obtained.

Nozzle Name
Pattem Contact if not
Settings Commercially
Tested Available

Rockwood SG 60
W FF extension

Co-son Blizzard
Wizard LF 5

Co-son Blizzard
Wizard MF 16

Co-son Blizzard
Wizard HF 32

Co-son Blizzard
Wizard HF 32M

Southwest
Oregon Nozzle

Nozzle Shape
Scale: 1" =2'

-l
-t

Pacific
Airflex lll

Pacific
Airflex I

Elkhart FSL
W Model 244Tube

Elkhart SM-10F
w/ Model 245 Tube

Modified KK (2)

Model 4100

F

-

c (3)

c

a

a

arb

O. Eary & D. Moody
Oregon State Department
ol Forestry

5286 Table Rock Road
CentralPoint, OR 97502
(503) 664-3328

Gary Self
Los Padres N.F.
Los Prletos R.D.
Star Route
Santa Barbara, CA 93105
(805) 967-348r

John Machado
Califomia Department
of Forestry

1968 S. Lovers Lane
Visalia, CA93277
(209)732-5954

arb

a:

b:

maximum distance pattern

maxi mum aeration pattern

optimum foam production pattern
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FOAM SAMPLING
After the pattem markers had been set, the nozzle was pivoted to the side to project onto the
foam collector. The collector was located to sample midpattem foam properties. Each discharge
pattem was sampled for expansion and drain time. The aluminum collector was a standard
aqueous{ilm-forming-foam collectorwith dimensions as shown in Figure 3.
Two sample containers held by the collector were one liter capacity transparent plastic
graduated cylinders 14 inches in height and 2.5 inches in inside diameter. Ten ml. graduation
marks were placed on the cylinders below 100 ml. to remain in the working range of the test.
Each cylinder was cut off at the 1000 ml. mark to ensure that sample volume.
When the sample containers became filled with foam the stream was directed away and a stop
watch started to define time zero for drain time analysis. The containers were removed from the
collector and cleaned of excess foam.

l LITER \
GRADUATED \

32-1t2

CYLINDER

I
16-1t2

31-1/2
23-7t8

Figure 3

Low Expansion Foam CollectorS



Expanslon
Each foam-filled container was weighed to the nearest gram. The expansion of the foam sample
was determined by the es.lation:

volume of foam 10OO ml
expanslon =

volume of soluilon (tullwt.) - (empty wt.)

Dralnage Rate
The analysls for drainage tde was conducted on the same samples measured frcr expansion.
The tme in minutes forone quarter of the tiquid in the bam to drain from the foam is called the
"25 percent drain Ume." The 25 percent volume was determined by divldlng the net welght of the
foam sample by four. Beginning with the Ume established when collection was complete, the
draining volums was measured every minute untllit reached or surpassed the rS percent
volume. lf necessary, interpolation was used to estlmate exacrt tlme. For example, tf the 25
percent volume occurrcd behreen the 4 and 5 minute marks, then the lncrement to be added to
4 minutes was found by:

25 percent volume - 4 min. volume

5 min. volume - 4 min. volume

-RESULTS/DISCUSSTON
Dlscharge Pattems and uvater llow rates are shown ln Figure 4. Results br expanslon and 25
percent drainage time were averaged between the two sample containers and plotted In Figure
5. Four large water fiow nozzles reached over 70 feet. Overtwo thlrds of the discharge patiems
were less than 6o feet [cng and 6 feet wide. Expansion ratlos ranged from 2.9 to 10.8 wlth an
average of 5.6. The 25 percent drain rate averaged 3.4 minutes, ranglng from 1.9 to S.4
mintrtes.

Although the NFPA 412 gtddelres for procedure were bllowed as closely as possible, we chose
not to measule pattem depth. lt was understood that the ratlonale br depth measurement came
from two dlmenslonal liquid frrel applicatlons. We felt the expanslon and dralnag€ data would
adequately measure the aHfty of bam to form layers on three dlmensionalwlldland fuels. The
measured foam pattem was defined by the limits of material dropping from the projected stream.
Attlmes, wind made Fattsm measurement dltficult
The foam collecting device has an inherent drain time enor for two reasons. First the collector ls
designed to capture wet foams. Dry low expansion foam did not readlty slide into the containers.
Second, the device reqdres that two sample contrainers be fllled. When one becomes frlled well
before the second, drainage rates of the two cpntainers can be significantly ditferent.



Discharge pattems and water flow rates 
"t 'fln"[""l.ion 

nozzle aspirated systems. Foam was
produced at 100 psi and projected 30 degrees from the horizontal.

ROCKWOOD SG-60
w/FF EXTENSION

CO-SON LF 5

CO-SON MF 16

CO-SON HF 32

CO.SON HF 32M

SOUTHWEST
OREGON NOZZLE

PACIFIC AIRFLEX III
HIGH FLOW

PACIFIC AIRFLEX III
MEDIUM FLOW

PACIFIC AIRFLEX III
LOW FLOW

PACIFIC AIRFLEX 1

ELKHART FSL W244
TUBE DISTANCE

ELKHART FSL W245
TUBE DISTANCE

MODIFIED KK #8
AERATION

MODIF1ED KK #8
DISTANCE

MODEL 41OO

AERATION

MODEL 41OO

DISTANCE

o

70 60 50



Figure 5
Expansion and 25 percent drain rates of low expansion nozzle aspirated systems' Foam was
produced at 100 psiwith 0.5 percent solution.

o ROCKWOOD SG.6O
W/FF EXTENSION

CO.SON LF 5

CO-SON MF 16

CO-SON HF 32

CO-SON HF 32M

SOUTHWEST
OREGON NOZZLE

PACIFIC AIRFLEX III
HIGH FLOW

PACIFIC AIRFLEX III
MEDIUM FLOW

PACIFlC AIRFLEX III
LOW FLOW

PACIFIC AIRFLEX I

ELKHART FSL W244
TUBE D]STANCE

ELKHART FSL W245
TUBE DISTANCE

MODIFIED KK #8
AERATION

MODIFIED KK #8
DISTANCE

MODEL 41 OO

AERATION

MODEL 41OO

DISTANCE

$

\T

Average expansion (volume of foam/volume of

Average 25/" drain time (mi nutes)

E--
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CONCLUSION

ln general, low expansion aspirated nozzle systems have timited discharge distance and
produce rapidly draining foams. lncreased discharge distance requires either an increase in
system energy such as pump pressure or less energy spent creating foam. These
characteristics suggest aspirated systems are well deslgned br 1) direct appllcations to fire
fronts,2) creating defensive bam baniers, and 3) surface fire mop-up. Asplrated systems with
multiple pattem settings otfer the most versatility for these appllcations.
The advantage of the low expansion aspirated nozzle systems is that they offer a simple,
introductory method of foam production with low initialcosts and lmproved water etficiency.
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