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1.0 OBJECTIVES

The objective of this test program was to determine the optimum nozzle
to be used with the in—line proportioner by the Coast Guard fleet. The com-
binations must be suitable for use with 6 percent AFFF (aqueous film forming
foam). Systems using 3 percent AFFF were also evaluated as an alternative.
In choosing a nozzle for the system, consideration was given to its adapta—
bility for use on hose lines in closed spaces and on deck. To accomplish
the above, the following specific objectives were addressed :

L. 1. Determine if the present Coast Guard in—line proportioner produces
or can be simply modified to produce an acceptable foam solution using 6
percent AFFF or 3 percent AFFF.

2. Determine if the present Navy All Purpose nozzle will produce an
acceptable AFFF foam blanket when used with the Coast Guard in—line propor—

- 
-
. 

.
- tioner.

3. Determine if there is a commercially available nozzle which would
produce a significantly better foam blanket or offer other superior features
when used with 6 percent or 3 percent AFFF proportioned by the Coast Guard ’s
in—line proportioner.

4. Verify that non—aerated APFF is at least as effective as aerated AFFF .

5. Determine the capabilities and characteristics of the optimum foam
systems developed in this program. Specific characteristics will include
foam application rates, minimum foam application densities to prevent burn—
back , flow and pressure requirements for the system, and maximum permissible
pressure losses between the proportioner and nozzle in terms of hose lengths
and nozzle heights.

2.0 BACKGROUND

Over the past few decades low expansion foams have been very effective
as fire extinguishing agents. Their primary use is on Class “B” fires, which
occur on Coast Guard vessels in machinery spaces, paint lockers, flight decks,
etc. A low expansion foam system requires a water supply , a foam supply , a
proportioning device and an application nozzle. It is the proper design and
maintenance of the entire system which produces the successful package.

2.1 Protein Foam Versus AFFF

The original low expansion foam which came into general use by the
Coast Guard was protein foam. There are still large quantities of this foam
concentrate throughout the operating fleet. However, as the protein foam is
used , it is being replaced by AFFF. AFFF was developed by the Navy and has
some superior fire fighting capabilities. When used in low expansion foam
systems, it provides extinguishment of Class ItBtt fires much more rapidly than
protein foam. It also has a degree of effectiveness for Class “A” fires. One
of its most frequently voiced deficiencies is that it has a low fire securing

1
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ability thus permitting unexpected reflashes. AFFF has a few characteristics
different from protein foam which must be designed around . The viscosity of
6 percent AFFF is approximately 5 centistokes at room temperature and increases
to 15 centistokes at 25°F. The maximum viscosity of protein foam is approxi—
mately 89 centistokes at 32°F. The primary effect of this viscosity difference
lies in proportioning. Most in—line proportioners can be modified by changing
the foam orifice to properly proportion AFFF. AFFF also has a corrosive effect
on many metals and materials when permitted to remain in contact with them for
long periods of time. This deficiency can be overcome by the proper choice of
materials for tanks, lines, proportioner and nozzles and by flushing all systems
subsequent to foam use.

r

2.2 Non—aerated Versus Aerated AFFF

Mechanical aeration of fire fighting foams was developed with the
advent of protein foams. When AFFF was brought into existence, it was aerated
as a matter of procedure. Navy testing1’2 has shown that special nozzles
designed to produce mechanical aeration are not always necessary for producing
an acceptable AFFF fire fighting foam blanket. This has some very obvious

* advantages. In the first place, a non—aerated foam requires less specialized
-, equipment. For example, standard fire fighting hose nozzles used throughout

the ship could also be used with the AFFF system. Aeration also produces a
f luf f y foam similar to soap suds which does not have good throwing character—
istics. A non—aerated AFFF could be used to eliminate this deficiency. A
certain amount of aeration is required , however, to develop a visible foam
blanket. The importance of this blanket is to permit the firefighter to
determine what areas of the fire he has secured and to give him the confidence
to carry on with his extinguishment.

2.3 Coast Guard Foam Systems

A prototype fixed system consisting of a foam storage tank and
balanced proportioner has been installed on board CGC MORGENTHAU (WHEC 722).
This system supplies a 6 percent AFFF foam solution to the twin agent unit
located in the engine room, to the re—entry stations for the engine room, and
to the flight deck for use with hand lines. It supplies the solution at 95 GPM
flow over the pressure range of 80 to 125 PSIG. 

4

All other Coast Guard cutters and boats are fitted with “portable”
systems. The reason for providing the portable systems is based on the desire
to provide a portable, universal, reliable, and effective system at the most
economical cost. To this end, an in—line proportioner was chosen for its prin-
ciple advantages of being light and thus easily portable, of simple design and
thus rugged and reliable, and reasonably priced . The proportioner—designated
LP—6CG (Stock No. CG 4210—GOO—1200) was designed to work over the operating
range of the majority of the fire pumps in use on Coast Guard vessels at that
time. This range was between 65 and 100 PSIG. When pressures within this range
were provided at the inlet of the LP—6CG, it would correctly proportion 6 percent
protein foam and provide a flow rate as illustrated in Figure 1. The pressure
drop across the LP—6CG is approximately 35 percent of the pressure supplied at
the inlet. Thus, if a cutter ’s fire pump provided 100 PSIG at the inlet , there
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would be approximately 65 PSIG pressure and 41 GPM of water plus 2.5 GPM of
foam (i.e. 6 percent of 41 GPM = 2.5 GPM) for a total of 43.5 GPM flow of
solution at the outlet. If a pressure loss of 10 PSIG due to a combination
of hose friction and head losses occurred between the proportioner and the
nozzle then the firefighter would have at his disposal 43.5 GPM of foam solu-
tion at approximately 55 PSIG. These parameters will not produce a very
effective firefighting stream.

Apparent in any manufacturer ’s literature for combining an in—line
proportioner and a nozzle to produce an effective foam system is the warning
that the slightest mismatch cannot be tolerated . To examine the reasons for
this, consider two possibilities :

First, consider the case where the nozzle permits a smaller volume
of water to flow through it than is required for the in—line proportioner. The
nozzle is thus a restriction in the line and in turn reduces the flow which is
available at the proportioner . If the proportioner does not receive sufficient
water flow an insufficient vacuum will be built up in the venturi and it will

* 
proportion at something less than the required percentage. The result is an
ineffective firefighting foam. For the second case, consider a nozzle which

- 
- ,  would permit a significantly larger flow than the proportioner. In this case

the proportioner is receiving the proper flow and pressure . It is, therefore ,
proportioning the correct amount of foam into the water stream. On the down-
stream side of the proportioner , however, the pressure will drop severely because
of the large nozzle. Thus it is possible to have a correctly proportioned foam
and water solution delivered to the nozzle with insufficient pressure for proper
operation of the nozzle. In the case of mechanically aerated protein foams , this
insufficient pressure means that the foam will not be properly aerated and con-
sequently , the system will provide an ineffective firefighting foam. In the
case of AFFF which does not need as much mechanical aeration , a lack of pressure
at a regular nozzle means a reduction in the effective range of that nozzle.
Thus one can permit a minor mismatch between nozzle and proportloner in the
direction of the nozzle being capable of larger flows than the proportioner if
he is aware of the sacrifice in range which will occur.

Another warning provided by most manufacturers is that the nozzle
should not be shut off while the system is proportioning foam. The reason for
this is that water may back up into the foam reservoir through the foam pickup
tube and thus dilute the foam concentrate. For the Coast Guard ’s application
with the LP—6CG proportioner , this should not be a major problem for two reasons.
First, the check value in the pickup tube is designed to prevent or at least
minimize this water backup problem. Second , the majority of foam on Coast Guard
vessels is stored in 5—gallon cans and so a little dilution will not affect the
entire foam supply.

One of the primary drawbacks with in—line proportioners is the large
pressure drop which they introduce. Commercial 1—1/2” in—line proportioners
designed to permit flows of 95 GPM require approximately 200 PSIG at their
inlet. The pressure drop across these proportioners ranges between 35 and 50
percent of that inlet pressure. The fire pumps presently used throughout the
Coast Guard fleet produce pressures between 80 and 125 PSIG. This is an in-
crease over the pressures available when the LP—6CG was designed but it still
does not approach the pressure required for proper proportioning for a 95 GPM
flow. That rate of flow from the LP—6CG would require approximately 540 PSIG
at the inlet.

4 
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3.0 TESTING APPROACH AND PROCEDURES

Testing was conducted at the U. S. Coast Guard Fire and Safety Test
Facility in Mobile, Alabama. Fire testing was conducted aboard the T/V A. E.
WATTS at Little Sand Island. This vessel was fitted with the necessary fire
containment barriers, fire mains and instrumentation.

Two AFFF concentrates (3 percent and 6 percent) were compared during
these tests to determine whether one displayed a significant advantage over
the other. Preliminary analysis showed that the spreading coefficients for
both concentrates were similar6 and that the cost per gallon of the foam!
water solution was similar. The principal advantage of 3 percent concentrate
was that for similar foam solution capacities, half the storage weight and
volume was required as compared to 6 percent AFFF. If storage space is not a
factor, then twice the capacity of foam concentrate would be supplied by using
the same storage as for 6 percent AFFF. The principle characteristics of 6
and 3 percent AFFF and the 6 percent protein foam used in the test series are
presented in Table 1.

3.1 Evaluative Tests of Proportioner/Nozzle Combinations
- - - 9

Because of the desire to keep the retrofitting expenses of Coast
Guard vessels to a minimum, the tests were approached with the assumption that
the LP—6CG proportioner would remain as one of the components of the final
system. With this assumption in mind , two options were evaluated :

Option 1 — Pair the modified LP—6CG with the CG all purpose
nozzle.

Option 2 — Pair the modified LP—6CG with a commercial nozzle.

The evaluative tests were conducted as outlined in Table 2 which
also summarizes the data. Specific measurements made are indicated . The
procedures for making these measurements follow:

FOAM EXPANSION — Per NFPA 4.2, p. 20, Section A—23O

DRAINAGE TIME — Per NFPA 412, p. 22, Section A—25O. The article ,
“Refractory Analysis of AFFF,” 5, describes the same procedure in more detail.

RANGE AND PATTERN — Per NFPA 412, p. 24, Section A—260 and p. 25,
Section A—300 modified for motion picture documentation of results as follows.
In place of the stakes laid out on 3—foot centers (see NFPA 4.2, Figure 7E) a
grid pattern of lines on 3—foot centers will be painted on the deck over the
expected foam ground pattern. This grid pattern was located on the after tank
deck of the T/V A. E. WATTS as shown in Figure 2. A movie camera was placed on
the 02 deck of the after deck house to record the foam patterns. All measure—
ments were made from these movies. All tests employed one 50—foot section of
1—1/2” hose between the proportioner and nozzle.

5 
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TABLE 1

CHARACTERISTICS OF FOAM CONCENTRATES TESTED

FOAM TYPE PROTE iN AQUEOUS FILM FORMING FOAM

CONCENTRATION 6% 6% 3%

MFG & DESIGNATION NATIONAL 
FC—206 FC-203

PH 7.3 8 8

Maximum Viscosity 8.9 ~ 32° F 4.8 @ 40°F 16.3 @ 40° F
(centistokes)

Specific Gravity 1.140 @ 60° F 1.012 @ 77° F 1.055 @ 77° F

Minimum Use
Temperature °F 20 35 0

Maximum Use
- - Temperature °F 120 — —

Recommended Storage Steel/Polyethylene Stainless Steel /PVC/Polyethylene
Container Material

Freeze Point °F — 25 —15

6
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3.1.1 Nozzles

The mechanical foam nozzle MFN (Stock No. 4210—225—6225)
currently used was evaluated to provide a base line for comparison . The
evaluative tests for foam quality , quantity , pattern and range were conducted
as described above. The following 1—1/2” nozzles were evaluated to determine
the optimum combination :

NOZZLE ABBREVIATION REASON

Navy All Purpose NAP Used on CG Cutters

Elkhart SFL @ 60 GPM Setting SFL Approved by Navy

Akron Style 17l5M @ 60 GPM l75lM Similar to SFL
Setting

Akron Style 43l5M with 60 GPM 43l5M Less Expensive 1715
Conversion

Santa Rosa C—4 with 60 GPM C—4 180° Fog — Single
Conversion Combination

Task Force Tip HTFT—V HTFH—V Automatic Flow Adjustment

The last five nozzles are commercially available, constant—
flow variable stream nozzles which will be referred to as water fog nozzles
in the remainder of this report. They were chosen by asking each manufacturer
which nozzle he recommended for the Coast Guard application given the pressure
and flow range shown in Figure 1 and the fact that the nozzle would be tested
with AFFF. Akron provided both of its nozzles with a simple modification to
the standard style. The modification consisted of replacing the baffle plate
with one of similar dimensions which had a set of eight impinging holes to
increase aeration. This modification was indicated by an “M” following the
style number .

3.1.2 In—Line Proportioner

The proportioning rate was measured as a function of inlet
pressure at 80, 100, and 125 PSIG. It was determined by two different methods.
One method was based on measuring the flow of water into the proportioner and
the flow of foam into the proportioner , and calculating the rate. (See Column
8 of Table 2.) The second method employed the “Refractometric Method of Analysis
of Concentration of AFFF So1utions.”~’

4’5

The LP—6CG proportioner was used unmodified for all tests
involving either 6 percent AFFF or 6 percent protein foam. In order to properly
proportion 3 percent AFFF, a simple modification was made. It consisted an
adaptor with female 1/2 NPT on the inlet and male 1/2 NPT on the outlet and an
internal orifice of 0.120—inch diameter . This adaptor was inserted between the
ball check valve and the proportioner (Figure 3). The experimental setup for
this portion of the testing is depicted in Figure 4. The pressure drop across
the proportioner and the pressure drop downstream of the proportioner were also
determined .

8
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3.1.3 System Evaluation

The proportioner/nozzle combinations were tested as a system.
The tests screened out the ineffective systems and thus highlight the optimum
proportioner/nozzle combinations. The criteria by which the systems were
judged included : foam quality, quantity, pattern and range. Foam quality was
determined by measuring the foam expansion ratio and the foam drainage t ime

- - according to procedures outlined in NFPA 412, Sections A—230 and A—240 respec—
tively. Foam pattern and range were evaluated according to NFPA 412, Section
A—300, modified to be used with motion picture documentation of the results.
Since foam thickness is not a necessary requirement of a successful AFFF
blanket, it was not measured in these tests. The optimum proportioner/nozzle
combinations were tested with the nozzle at the same height as the proportioner
and with 50 feet of hose between them. During the pattern and range tests the
nozzles were held in a fixture which maintained a 30° angle with the deck.
The tests were conducted at 80 , 100 , and 125 PSIG pressure .

A set of tests were conducted to determine the maximum
pressure loss between proportioner and nozzle which will still allow foam to
be educted into the system. This loss can be due to either head losses or
frictional losses in the hoses. To accomplish these tests, a nozzle was 9

connected to the end of 50 feet of hose which was in turn connected to the
proportioner and instrumented as shown in Figure 4. The ball valve of the
nozzle was then moved from the fully open position to that partially closed
position at which the proportioner ceased to educt. The unrestricted flow and
downstream pressure and the eductor stall flow and pressure were measured .
The stall pressure was then rechecked by completely closing the ball valve and
opening it to the point where the proportioner began to educt and recording
the flow and pressure.

3.2 Fire Fighting Effectiveness of Combinations

The optimum nozzle proportioner combinations chosen from the previous
- - tests were evaluated for their efficiency in extinguishing full—scale fires.

An open deck fire was chosen for these tests. The advantages of this kind of
test are that it is economical to conduct, similar to a flight deck fire, and
a much more reproducible and severe fire than a machinery space fire. JP—5
was used as the test fuel throughout.

3.2.1 Extinguishment Tests

The open—deck fire extinguishment tests were performed on the
after tank deck of the T/V A. E. WATTS. The fuel for the fire was contained
by a rectangular array of steel combings measuring 22 by 30 feet and providing
a test area of 660 sq. ft. A plan view of the test area is shown in Figure 5.
In order to provide a level surface for the fuel, the pens were flooded with
water. The fuel was then floated on this water to depths which would permit
burning for at l east 1 minute longer than the anticipated pre—burn plus extin-

— guishment time. The fires were ignited on the port side of the pen and a pre—
burn was measured from the time of full involvement of the test pen to the
time when extinguishment was begun. Twenty—five tests were conducted with a
one minute pre—burn , and two tests were conducted with a 7—1/2 minute pre—burn.
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All extinguishment tests were performed with the nominal
system pressure of 100 PSIG. The proportioner was suspended at approximately
the same height which the nozzle would be held during extinguishment tests.
The fires were fought with firemen’s turn—out gear and the approach on the
fire was always made from the port side of the test pen. The fire was m i —
tially attacked with the nozzle on straight—stream for some tests and on the
30° fog setting for other tests. The 30° fog setting was used to approximate
the discharge of the mechanical foam nozzle and also to provide a check on the
protection that fog gives a firefighter during extinguishment.

The foam proportioning system was instrumented for the
extinguishment tests in the same manner that it was for the evaluative tests.
(See Figure 4.) The water flow upstream of the proportioner and the foam flow
into the proportioner was used to calculate the foam application rate for each
test according to the formula:

— Flow Upstream \4(Flow of Foam
Flow of Foam Solution ‘of Proportioner’ ‘ConcentrateApplication Rate = =

Area Applied Area of Test Pen

Expansion and drainage characteristics were also measured for each test.

The principal data from the extinguishment tests, however , is
the control and extinguishment time measurements. Time to control the fire
was taken as the time from the beginning of foam applications to the time at
which the fire had been 90 percent extinc~uished . This time corresponds to the

9 
point where the fire was subjectively determined to be of no further threat to
the vessel or firefighter. It was measured as the average of observations
made by 3 or 4 people. Extinguishment time was taken as the time from the
beginning of foam application to the time when all fire in the test pen was
extinguished. There were obstructions in the test pen during the entire test
series as indicated on Figure 5. Additionally, two vented 55—gallon drums
were placed on their sides in the center of the test pen for Tests 35 and 36
to further evaluate the foam’s capability to seal around obstructions . The
junction of chromel—alumel thermocouples were secured to the front and back at
the top of two—inch diameter steel pipes. These pipes were placed vertically
in the test pen such that the thermocouples were approximately six inches off
the fuel surface (see Figure 5). Thermocouples 2 and 3 were moved into tie
transfer piping above the test pen after Test 21, and Thermocouple 6 was moved
to the center top of the starboard combing of the test pen after Test 34. The
output of these thermocouples was measured continuously and recorded digitally
in the instrumentation van.

3.2.2 Burnback Tests

Burnback testing was conducted for thirceen proportioner/
nozzle combinations which successfullly extinguished the previous test fires.
The test followed the general guidelines specified in NFPA 412, Section A—620,
and in MILSPEC MIL--F—25385 , Section 4.7.8.4.3. The first burnbas—k test was
conducted with a re—ignitiion fire source produced by inserting a 12—inch
diameter stove pipe into the foam blanket , removing the foam , and re-igniting
the fuel surface ~~ this area. The remaining burnback tests erlplL ed a 23—
inch diameter cylinder to produce the burnback fire. This was chos-~n as a

13
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more severe test so that adequate differentiation could be obtained between
foam blankets. One problem often referred to in considering the effectiveness
of AFFF is its poor securing or burnback resistance. This problem may para-
doxically be due to its rapid extinguishing capabilities. The more rapidly a
fire is extinguished , the less foam solution covers the fire; thus, burnback
may occur more rapidly through this minimal layer of foam. To evaluate this ,

-~ 
- 11 of the tests were extinguished with foam being continuously applied for a

total of 3 minutes. In 2 tests, the foam application time was reduced to 2
minutes in order to evaluate the effects of the reduced foam blanket. The
delay time between the end of fire extinguishment and exposure of the re—
ignition source to the foam blanket was maintained approximately constant at
10 minutes for all of the burnback tests. The pre—burn of the re—ignition
source was also held constant at 1 minutes for all tests. The time
required for the fire to burnback through the foam was recorded as a function
of the area of burnback.

4.0 RESULTS AND DISCUSSION

4.1 Evaluative Tests of Proportioner/Nozzle Combinations

-• Thirteen tests were conducted to determine the principal character—
istics of the various nozzles when used in conjunction with the LP—6CG in—line
proportioner. Summary of the data for these tests is presented in Table 2.
The first test provides the baseline data for the mechanical foam nozzle and 6
percent protein foam to be used for comparison with the water fog nozzles.
The next seven tests compare the various nozzles when used with 6 percent AFFF
and the last five tests provide the data for comparison with 3 percent AFFF.
The HTFT—V nozzle has been eliminated from the discussion of the results
because of its failure to permit flow at system pressures of 80 and 100 PSIG.
The data for pressure, flow , proportioning rate, expansion ratio and drainage
time for the fire tests (see Table 3) were used to expand the data base for
the discussion of the evaluative tests.

4.1.1 Pressure Effects

The principal pressure effect on the proportioner/nozzle
system is observed as a pressure drop between the upstream and downstream
sides of the proportioner. This drop is created by the increased frictional
losses in the proportioner and is a function of the flow of the system. For
the water fog and mechanical foam nozzles, all of which were designed for
flows of 60 GPM, the pressure loss increases with inlet pressure as shown in
Figure 6. If 100 PSIG is supplied to the inlet of the proportioner , there is
only 60 PSIG at the exit from the proportioner for downstream use. The
pressure drop for the Navy All Purpose nozzle which was designed for a flow of
approximately 95 GPM is much more severe with a loss of approximately 80 PSIG
at 100 PSIG inlet pressure.

When the proportioner is used with 3 percent AFFF, the
pressure drop is more severe than when it is used with 6 percent AFFF . This
is true for all nozzles (see Figure 6) and can be observed by comparing the
straight lines which were fit to both sets of the data by the least squares
method . Thus when a water fog nozzle is used in the system proportioning 3
percent AFFF, the usable downstream pressure is approximately 56 PSIG for an

- - inlet pressure of 100 PSIG instead of the 62 PSIG available when 6 percent
AFFF is used.

14
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TABLE 2

SUMMARY OF EVALUATIVE TEST DATA

— 1 PRESSURE AT 
-

~~~~~~~~~~~~ PROPORTIONING 
— __________

PROPORTIONER RATE WIND

- 5- — —Z 5-I.~ I-. 5- 5~Z z
5..

C _. 5- 5.5 ~ 5.. .5~~ ~~~ ~~C z < 5.5 5’

z
0 “

~~~~

- 

~~~~~ ~~I 
— 

5.-

PSIG PSIG GPM GAL/MIN FT

__________ 
±2 ±2 ±1 ±0.05 2 MIN ±2 

MPH TRUE

1 MFN 6% Protei n 86 43 26 2.10 7 .5 8.3 1.5 262
90 53 1.98 6.5 to to
100 58 1.80 7.4 4.5 316
112 69 1.98 6.0

* 127 76 1.84 5.6
142 82 36 1.50 4.0 3 4

2 C-(FN 62 AFFF 82 53 41 2.38 5 5  7 . 7  8.8 3 .2  64 2 .5  250r 100 64 44 2.98 6.3 8.0 8.8 I ~~~~ 47 5.0 to

5 - 125 78 47 2.84 S.? 7.2 11.5 1.9 50 3.5 316

3 SF1. 77 49 44 2.98 6.3 10.2 4.9 1.5 57 4.0 248
99 58 47 3.14 6.3 7 0  5.4 1.4 61 4 5  to
124 69 52 3.08 5.9 8.6 5.1 L5 63 5.0 306

4 1715M 77 50 41 3.24 7.3 8.6 6 1  1.5 43 4 5  270
96 61 46 307 6.3 8.6 6.0 2.1 51 4.0 to

C 125 74 49 3.09 5.9 7.0 6 . 3  2.0 57 3.8 330

5 c—4 77 54 31 2.11 6 . 4  5 .0  4 .0 0.8 51 4.5 150
97 67 38 2.46 6.1 9.7 4 .6 1.1 53 3.5 to
124 86 43 3.01 6.5 6.3 5.4 1.4 37 3.0 310

6 HTFT—V 80 70 0 0 0 — — — — 250
100 84 0 0 0 — — — — to
122 87 42 L67 3.8 3 . 6  3.1 0.? — 5 . 5  310

7 NAP 78 18 36 3.30 8. 4 8.6 2 .0  0 42 5.0 250
99 22 39 3.09 7 3  7.9 2.5 0 -44 4 .5 t~s
123 26 42 3.33 7.3 7.0 1.8 0 46 4.5 310

8 4315CC 6% AFFF 77 52 34 2.77 7.5 7.0 5.1 1.9 41 ~ .5  250
100 67 38 2.82 6.9 7.0 5.8 1.7 53 4 5  to
123 81 43 3.01 6 . 5  7.0 5 .7  1.7 59 3 .5  310

9 MFN 32 AFFF 79 50 29 0.99 3 . 3  3J 7 . 3  1 .2 38 1.5 010
103 60 33 1 .11 3.3 2.8 9.8 2.6 44 2.0 to
125 70 37 0.99 2 . 6  2 . 2  10.5 2 . 1  46 3 .0  090

10 SF1. 81 43 32 0.99 3.0 2.8 4.8 1 . 6 44 2.5 310
99 50 35 1.17 3.2 2.8 6.2 1.5 47 2.0 to
124 61 39 1.06 2.6 2.6 5.5 L4 50 2 . 5  020

11 17 15M 77 44 29 1.17 3 9  3 1  5.8 1.4 51 130
100 55 32 1.25 3.8 2.8 6.4 2.0 53 4 . 0  to
125 67 38 1.1’ 3.0 2.2 6 .9 1.8 55 160

12 4315M 78 52 27 0.99 3.5 3 1  7 .0 1.8 38 3 0  150
103 62 31 1.03 3.2 2.8 6 .4  2.0 50 3.0 to
125 73 36 1.06 2.9 2.5 5.8 1.3 52 2.0 210

1) NAP 32 AFFF 80 16 27 1.03 3 .7  3 .1 2 . 2  0.3 27 2.0 130
103 19 32 0.99 3.0 2.0 2 .2  0.1 29 LO to
125 22 35 1.03 2.9 2 .0  2 .2  0.1 33 3.0 200

NOTE: ALL NOZZLES ON STRAIGHT STREAM PATTERN S
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The 4315M nozzle was used in the tests conducted to determine
the maximum pressure loss between proportioner and nozzle which would still
allow the eduction of foam. This nozzle was chosen because its pressure and
flow characteristics were very similar to but slightly lower than the MFN,
SFL, and 1715M nozzles. Thus, the results obtained would be conservative
relative to these nozzles. The empirical results of the tests were manipu-
lated to show what combinations of inlet pressure to the proportioner (P1) in
PSIG, number of 50—foot hose lengths (N), and nozzle height above the propor—
tioner (h) in feet would just cause the proportioner to stall out. These
manipulations follow, by definition :

a. 
~N~~~~o F ~~~~h

where 
~N 

is nozzle pressure, P0 is the pressure on the outlet side of the
proportioner , Pp is the pressure loss due to friction and Ph is the pressure
loss due to heat. From manufacturers data (Figure 7, A):

* 
b. Log P~~= 2 L o g Q — l . 6l

where Q is the flow through the nozzle. From empirical data at the education
stall point (Figure 7, B):

c. P0 = O.9 P1— 9 . 5

from hose manufacturers data (Figure 7, C):

d. 
~F 

N(0.l3 Q — 1.9)

from empirical data at the educator stall point (Figure 7, D):

e. Q 0.17 P1 +2 3

and from the standard head loss equation :

~ ~h 
= 0.43h

combining these equations to eliminate Q and solving for h:

g. h .0017 P12 + 1.6 P1 - .05 NP1 - 2.4N — 53
Equation (g) thus describes the relationship between h, P1. and N. It is only
valid for 70 > P1 > 130 since linear approximations were made in this range
and for the system proportioning 6 percent AFFF with the foam reservoir between
2 and 3 feet below the proportioner. The tests were conducted with a foam
temperature of approximately 50°F. If the temperature were lower, the vis—
cosity of the AFFF would increase and the relationship would have to be reduced .
When values are substituted into equation (g), the following results are
obtained.

17
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P1 N h
0

80 1 60 -
100 1 86
125 1 116
80 2 54

-: 100 2 79
125 2 108
80 3 48
100 3 72
125 3 100
80 4 42
100 4 65
125 4 92

A review of this table shows that within practical limits of pressur~- , height and
number of hose sections the CG—6LP proportioner is capable of foam production.

3
.

* 
4.1.2 Flow, Proportioning Rate and Foam Usage

Flow through the proportioner/nozzle system is shown as a
function of the pressure at the upstream side of the proportioner for all
nozzles in Figure 8. If we compare the flow for each nozzle at 100 PSIG inlet
pressure, the following ranking is obtained :

RANKING NOZZLE FLOW (GPM)

1 SFL 48
2 1715 46
3 MFN 44
4 NPA 39
5 43l5M 38
6 C—4 38

The nozzles would maintain the same relative position if
ranked at other pressures since all of the flow/pressure relationships were
essentially parallel. Thus using flow as the ranking criteria , one would have
to consider the first three nozzles as essentially equivalent while the last
three nozzles produce lower flow rates. The graph of flow versus pressure of
the mechanical foam nozzle indicates the advantage of 6 percent AFFF over 6
percent protein foam. The advantage is that flow through the system is approx-
imately 50 percent higher when using the 6 percent AFFF than when using protein
foam at the same inlet pressure. Thus, when there is a constraint on the
maximum system pressure such as observed on our cutters , more firefighting
foam can be made available when using a 6 percent AFFF.

Figure 8 also shows that the system flow for 6 percent AFFF
is from 20 to 35 percent greater than for 3 percent AFFF for all of the nozzles
evaluated . The drop in flow for 6 percent protein foam over 6 percent AFFF is
due to the higher viscosity of this foam. The drop in flow for 3 percent AFFF

19
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is due to the smaller orifice required in the proportioner. It does show ,
however , that while 3 percent AFFF may save a 50 percent storage weight in
volume , it will also reduce the flow of foam to the firefighter when the
system is constrained by an in—line proportioner.

The results of the two methods for determining the propor-
tioning rate , as described in Section 3.1.2 , are shown in columns 8 and 9 of
Table 2. A comparison of these columns will show that the proportioning rate ,
as calculated from the flow of foam concentrate and water into the proportioner ,
is generally somewhat less than that measured by the refractonietric method .
One reason for this discrepancy is oil and other contaminents which are picked
up by the fire pump at the intake suction . The measurement of water flow at
the proportioner is generally insensitive to these impurities and thus the
proportioning rate calculated from the flows directly reflec ts the percentage 1-!,
of foam introduced into the stream as if the stream were 100 percent water.
The refractometric method requires a sample taken subsequent to the discharge
from the nozzle. This samp le can include the impur it ies from the bay as well
as the foam concentrate induced by the propor tioner and thus the refrac tive
index would be increased by the proportion of the impurities present. The
subsequent proportioning rate calculated would reflect this increase. For
this reason the propor tioning rate as calculated from the wa ter and foam flows
was used for presentation in Figure 9.

All of the water fog nozzles produced similar proportioning
rates when combined with the CG—6LP propo rtioner as seen in this f igure. The
rates range between 5 and 9 percent foam concentrate in solution . When the
evaluative test data is compared to the fire test data , it is noted that the
latter produced proportioning rates somewhat higher (7—9 percent) while the
former produced propor tioning rates between 5 and 7 percent. While much of
the fire test data is for nozzles used in the 30 degree fog position , as
indicated on the figure , there are still several data points for straight
stream patterns which fall on the high side. The Navy All Purpose nozzle when
used on the straight stream pattern produces a proportioning rate which is
somewhat higher than for the water fog nozzles. This is to be expected because
of the higher pressure drop across the proportioner.

The proportioning rates produced with the CG—6LP proportioner
as modified for 3 percent AFFF fall much closer to the nominal proportioning
rate of 3 percent . Their range is from 2.6 to 4 percent and the pressure drop
seems to have little significan t effect over the range explored .

As the proportioning rate increases , the foam usage for any
period of time increases even through the extinguishment or control time for
fire suppression may not improve . Therefore , from a conservation of foam
concentrate point of view , it is incumbent on the designer to bring the pro—
portioning rate of the system into alignment with the concentrate being used .
This will permit firefighting for the greatest length of time . This seems to
have been adequately done for the modification producing 3 percent AFFF. A
similar modification for the proportioner for 6 percent AFFF may be able bring
the proportioning rate into align.
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4.1 .3 ~~p~~ si uti ;ind hrai:ia, -~- n i  t t -r  - ics

— 

- 
The relat k inshi p hot ... -~-n t h -  25 pt- r - ~- r l t  1r a i n a ~~o t ime and the

expansion ratio is shown in Fi cu r o H;. H- r i- I’; a g e n e r a l  I n  r ease  in the
drainage t ime w i t h  i n cr ~-~ised ; X ~~ iflS~~OrI r i ~ I. ’ * or both ~

- ;t- rren t and 3 percent
AFFF. The best expans ion  r at i o s  -~~- r - - p r o v i c - ’ J  b y t h e  n e ch a n i~ 01 foam nozz l e
and the water  fog n o z z l e s  when in a 30 ie~~r - - f o g  p s i t  ion . In  c- - n t - r u , the
expansion ra t ios  and ir ail:a- i- t imt :i r i- l w  f r  f o a m  s-~’~- r ~~~s b u t  t h is  i s to  be
expected f rom a w a t e r  fog  n o z z l e .  Whik 1ie ~~~~~ f o g  n o z z l e s  on t I e  30
degree fog p a t t e r n  do c i v u  b e t t i — ; ev p ~~~~ion ratios , i t  i s  a l so  n o t e d  t h a t  they
give somewhat lower drainace t i n e s  t b ; : t i e  s o z zl e  on the  s t r a i g h t
stream setting . The N ivy ,‘‘l Purpose n zzle ~ i - e s  the - - rest drainage and
expansion characteristHs of a’i~~ of  the nioczl€-s tar bo th ~ and 3 p e r c e n t  AFFF .
There appears to be no disci r nib e di ft t- ri-- ; i c e  ber~~e -n t i e  25 hi- r et- nt drainage
time/expansion ratio relationship for 6 ~u rId 3 p e r c e n t  A F F F .  h i s  can be
observed most c lear ly b y c o n r u p a r i n r ; t h e  s r r a i ~~h t  linos wh ich h e r e  fit to both
sets of the da ta  by the  l eas t  sq u ar e s  m e t  b -cd .

Figure  I l  shows l b - d a t - ~ f o r  t h e  exp ar ;~~ion r a t i o  p l o t t e d  as
a func t ion  of the n o z z l e  p r e s s u r e .  The ;i~~~z 1e p r e s s u r e  was d e t e r m i n e d  b y
subtract ing the f r i c t iu n  loss f o r  a 50— - t l engt: h of b - ~~ at the  recorded
flow for each data po in t  f r o m  the pro- -~~re m ea s u r e d  d o w n s t r e a m  of t h e  p r o p o r —
tioner. The data was displayed t h i s  way b e ca u s e  i t  was e x p e c t e d  t h a t  pressure

- 

- at the nozzle would be the princi pal driving force for aerating foam and thus
producing the expansion ratios. The exp n ; si o n  r a t i o s  were o n l y  p l o t t e d  fo r
straight stream patterns because the comb ;tin r , of wind and foam board place—
ment caused too much variation in the- expansi a r a t i o  d a t a  when the  nozz les
were on the 30° fog pattern . I t  shows t h a t  t h e re  is n c le ar  r e l a t i o n s h ip f o r
the data as a whole but there is a p~~n e r o l  i nc rease  in e xp a n s i o n  r a t i o  w i t h
nozzle pressure if the nozzles are consideron ind ividually. It is clear from
this graph that the Navy All Purpose nozzle produces an expans ion  r a t i o  w h i c h
is in fe r io r  to all of the other nozzles c-c 1~ ated . This is true fo r  both 6
and 3 percent AFFF. The mechanical foam nozzle, on t h e  o the r  hand , produces
expansion ratios which are c l e a r l y  s u p e r i o r  b r  both fear; c o n c e n t r a t e s .  The
water  fog nozzles  as a group produce expansion ratios between 4 and 7.  W i t h i n
this  group ,  the C—4 gives the poore’ t expansion ratios. Since i t  was the onl y
water  fog nozzle which did riot have imping ing h oles , this indicates that these
holes are e f f e c t i v e  in inc reas ing  r h -  - x p i n s i o n  ratio. Or the remaining water
fog nozzles, there is not clear s u p e r i o r  i t - -  of one ev e ’  the et  t i e r .

4.1.4 Range and Pattern

The maximum range for each of the ao~:zles is plotted as a
function of the system pressure as r;easnrod on t h e  u p s t r e a m  side of the pro—
por tioner in Figure 12. The maximum r an~~~ was taken as a visual average over
1 m inute’s time of the furthest point from Idi t :  noc7l e of ~lt& straig ht stream
pattern . The patterns for all nozzles were similar , ragged elipses with major
diameter between 12 and 15 feet and minor diameter between S and 7 feet. It
is seen that the SFL nozzla gives shi ~~h 1t ly longer range than the other water
fog nozzles when used with 6 pt rc -cnr AF Fr . The N a v y  Al l  Purpose  nozz le  g ives
the poores t range of any of the nozzl es eval ua ted . The mechan ical foam nozzl e
also gives shorter maximt’m ranges than t i l e  ct ~1 r  water log nozzles. The
ranges of the mechanical foam nozzle decreases ev- -n furt it r as it is bent in
use. For example, at 100 PSIG system p l i - n s u r e , i t s  r ange  is approximately -eS

2 1

~~~~~ i~~~~~_~~~__ ____ ~ - -~~~~~~~~~~~ -— - -—~~--~~~— -  - - - --—.~~-- -  - -~~~---~~ -_ - — _ — --~~~~~--— - - _ _ _



_______________________________________ - I
T~ ::~~- x~~~~~~~~T’T __ . - ~~~~~~~~~~~~~~~ 

- - 
.

- - - 
~

—- --

- 0 SFL
6% AFFF o MFN

0 1715M

q C A

‘~ 
NAP

— Q 4315M
2 • EVALUATIVE TEST DATA • EVALUATIVE

-~ X FIRE TEST DATA X F I R E  TESTS
UI

3.
I-
UI

~
; 
:

- L - •FOG
~~FOG ‘

~~
0’ -

~~~ ~~ I I I— I I I
0 2 4 6 8 10 12

EXPA NSION RA T IO

4 ’ 3% AFFF

z
~~ 3-

EXPANSION RATIO

FIGURE 10

TWENTY—FIVE PERCENT DRAINAG E TINE AS A FUNCTION OF EXPANSION RATIO

24

I A  - - - - ‘~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



— 
— — -

~~ 
-P-- — 

~~~~~~~~~~~~~ -r

6% AFFF - STRAIGHT STREAM

Q SFL
10- 

O MFN

0 1715M
-

- ~~~~C-4

0 8  ~~~~NAP
~~ 4315M
• EVALUATIVE
X F I R E  TESTS

0 6 -

~~~~~ 
• 1

Ui i...

NAP

-
-

C- ’  2- ~~

10 20 30 40 50 60 70 80

- 
NOZZLE PRESSURE (PSIG)

~~

‘ i 3% AFFF - STRAIGHT STREAM

10-

0 8
I-

[4: z ~0 6

x
U.i 4~~

NAP

2-

I

0— I I I
10 20 30 40 50 60 70 80

NOZZLE PRESSURE (PSIG)

FIGURE 11

EXPANSION RATIO AS A FUNCTION OF NOZZLE PRESSURE

25

_ _  — -~~~ - --— —- - -- - - -- - -~~~~~~~~~- --- - -~~-- - -~ ~ -- —--



~~~~~~~~~~~~~
‘
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~T: ~~ ~~ T~~~~~T~:

70-
6% AFFF

60 a

50- 4 0

UI

~ 40-

II
D SFL

30- 0 MFN
0
~~~~C-4
~~~~NAP

• 20— Q 4315M

• EVALUATIV E
X F I R E  TESTS

I I I70 80 90 100 110 120 130
INLET PRESSURE (PSIG)

• 6 0 -
3% AFFF

0
0

50-

a

2
40-

C’
-f 

< 30—
C’

C’

20 

I I I I
70 80 90 100 110 120 130

INLET PRESSURE (PSIG)

j FIGURE 12

MAXIMUM RANGE AS A FUNCTION OF INLET PRESSURE

26

- -



I;
feet but when the nozzle is bent to approximately a 90 degree angle, the range
decreases to 18 feet. This is to be expected because the bending of the
nozzle will increase the frictional loss in it and therefore reduce the driving
force that produces range. When used with 3 percent AFFF , the l7l5M nozzles
produced slightly better range than the SFL.

The range of a general purpose nozzle for shipboard use is
- e  

- 
especially important in combatting deck fires. Initially , it can provide the
firefighter a capability of attacking the fire while remaining at a reasonable
distance from it. As the fire is knocked down , it permits clean—up of remain—

- 
• ing fire areas without having the firefighter traverse the previously burned

fuel. When the general purpose nozzle is used in the engine room , however,
the straight stream pattern can be a liability. The principal problem is that
the stream will find its way to any electrical wiring or panels which are
still live, thus producing the hazard of electrical shock to the firefighter.

-: 
-1 The characteristics of the wide fog patterns are displayed in

Figure 13. The Navy All Purpose nozzle gives the poorest wide fog pattern .
Its pattern more nearly resembles a 300 narrow fog pattern produced by the
other water fog nozzles. The 43l5M nozzle also gives a fairly narrow fog

-‘ pattern but with slightly more reach than the other nozzles. The C—4 nozzle
gives the widest fog pattern of any nozzle evaluated . It spreads water out in
approximately a 1800 water curtain and breaks it into a very fine mist which
provides a very good heat shield for the nozzle man. The reach of this pattern
is very poor, however. The l7l5M and the SFL nozzles give very similar fog
patterns which have a maximum of approximately 15 feet of reach at 125 PSIG
and a width of approximately 15 feet.

The advantages of fog patterns take up where straight streams
leave off. The widest fog pattern provides an extremely effective heat—
absorbing barrier in front of the nozzle man ; however , it has limited capability
for knocking down a Class B fire. A 300 fog pattern , on the other hand ,
provides some protection to the nozzle man as well as a fairly adequate capa-
bility for knockdown of Class B fires. The wide fog patterns for the l7l5M
and SFL nozzles are probably the best for the Coast Guard application because
they provida a limited knockdown capability with 18 feet of reach and yet good
fire barrier for the nozzle man. The advantage of the water fog nozzles over
a mechanical fog nozzle is the capability of having both that protective
shield and the range for adequate knockdown and cleanup in one simple control
on the nozzle. The disadvantage is that when in close spaces, the nozzle may
be inadvertently placed in the straight stream position , thus bringing on the
electrical shock hazards previously mentioned .

4.1.5 Six Percent AFFF Compared to Three Percent AFFF

The two AFFF concentrates have the similarities discussed
previously. The testing also showed that the expansion ratio and drainage
characteristics for the two concentrates were essentially equivalent (see
Figure 10). A significant disadvantage of the 3 percent concentrate was
highlighted during the testing . It first became ~pparent when observing the
pressure loss across the proportioner. The 3 p~:nent concentrate caused a

__ _ _ ___ _ __ _
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much higher loss than the 6 percent concentrate (see Figure 6). This is due
to the reduced orifice required in the proportioner in order to properl y
proportion the foam into the water stream and is a function of the type of
proportioner. In—line proportioners , in general , w ill requ ire this smaller
orifice and thus the larger pressure loss that goes with it; however , positive
displacement proportioners and other foam proportioning systems would probably
not be placed at this disadvantage when using 3 percent AFFF . The disadvan-
tage is also reflected in the fact that the flow for 6 percent AFFF is from 20
to 35 percent greater than for 3 percent AFFF when it is cons tra ined by the
CG—6LP proportioner (see Figure 8). The greater pressure drop across the
proportioner also leaves less pressure at the nozzle and thus the range for a
nozzle using 3 percent AFFF is decreased (see Figure 12).

4.2 Firefighting Effectiveness of Combinations

Twenty—five extinguishment tests were conducted to evaluate the
- -

~ effectiveness -.of the different nozzles in combination with the CG—6LP propor—
tioner. Twenty of the tests employed 6 percent AFFF while five emp loyed 3
percent AFFF and two employed 6 percent protein foam for comparative data.
The summary of the data for these tests is presented in Table 3 and the begin—
ning of extinguishment is shown in Figure 14. Thirteen tests were conducted
to evaluate the burnback resistance of the various foams produced ; 6 percent

C AFFF was used in nine of the tests, 3 percent AFFF was used in two tests , and
6 percent protein foam was used in two tests again for comparative data. The
principal data for the burnback tests is presented in Table 4. The C—4
nozzle was eliminated from both the extinguishment and buruback tests because
of its relatively poor ranking when compared to the other water fog nozzles in
the evaluative tests. While the Navy All Purpose nozzle also had a very poor
ranking in the evaluative tes ts , it was nevertheless used during the fire
tests because of its inherent advantage of being currently available on Coast
Guard cutters.

4.2.1 Control and Extinguishment Results

The data for the f ire extinguishment tes ts is disp layed on a
plot of app lication rate versus control time in Figure 15. Control time was
chosen over extinguishment time for display because of its more consistent
nature. The figure shows that application rates as low as 0.05 gpm/sq. ft.
can be used to successfully control fires with hand lines. These results compare
favorably with the application rates of 0.04 gpm/sq. ft. reported elsewhere . 7,8
An examination of Figure 15 shows that there are two distinct group ings of the
data. It turns out that these groupings are really a separation created by
extinguishment technique. The two techniques will be referred to as the
methodical and aggressive techniques. The methodical technique can best be
described as slow, cautious, and deliberate. The nozzle man initially stood
back from the fire until the foam stream had knocked down the fire and then he
approached cautiously for final cleanup and extinguishment. It was a defensive
technique from beginning to end . In the aggressive technique the nozzle man
was constantly on the offensive. He used a rapid advance with wide , fast
sweeping motions. In a few cases a heat absorbant water screen was provided
for him by a backup hose team. He continuously took the foam to the fire ,
during knockdown, cleanup and final extinguishment .

-I
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TABLE 3

SUMMARY OF FIRE TEST DATA

— 
PP.E SSORE 

— 
PROPORTI SlING

AT PRO- RATE - WIND

PORTIONER I— — I I

~ ~

(-C

— _ _ _  _ _ _ _  

PSIG P SIG PS IG GAL/PITh Z 2 MIN MI N SEC SEC !IFH ~TRUE

17 MFN 62 AEFF 107 69 42 3.13 6 •9  1 0 3  1.9 1 42 135 4 ,0 17 0 to 280

18 SFL—F 101 58 38 3.21 7 , 8  11.8 1.4 57 163 4 , 0  220 to 250

19 SFL—SS 99 57 44 3 1 8  6 • 7  4.6 1.4 163 5 .5  240 to 270

20 171514—F 97 62 37 3.49 8. 6 3 .5  0, 4 67 96 3 . 5  240 to 260

21 171 5M— SS 96 57 48 3.49 6 • 8  5 . 1 1 .5  31 88 3.0 265 to 270

22 4315 11—F 102 68 44 3.25 6 .9  11.6 1.0 31 60 L5  240 to 270

23 431511-SS 98 61 30 2.39 7 4  5.5 1.2 
___________ I

24 43 15M—SS 103 68 33 3.13 8.7 7 .6  5 .9 1.1 30 —— 2 , 0  330 to 020

24A NAP—SS 104 22 34 3.71 9.8 9 , 0  3 .6  0 .2  80 170 4 .0 270 to 330

25 NAP—F 104 76 32 0.87 2.7 3.1 1.8 0.2 35 110 4,0 320 to 340

25A PIFN 104 68 37 3.31 8.2 8.0 8.3 1.5 25 63 3.5 320 to 000

26A SFL—F 97 54 33 331 9.1 9.0 6.6 0,7 20 80 3.5 330 to 020

27 171511—F 106 67 32 3.57 10.0 9.0 5.5 1.0 I 22 55 4.0 040 to 080

28 431544—F 98 64 33 2.83 7.9 8.4 4.2 0.6 23 45 2.0 000 to 090

29 MEN 96 63 32 3.13 8,9 9,0 8.3 1, 7 23 65 2.0 000 to 070

30 171511—WV 62 AFFF 97 63 31 2.98 8.8 8.0 9.0 1.7 91 —— 2.5 000 to 060

31 MEN 62 ProteIn 98 64 35 2.84 7.5 8.0 5,7* 1.7* 37 105 3.0 040 to 090

32 MEN 62 Protein 97 61 35 2.87 7.6 8,0 5.8* 1.4* 1 65 130 3 _ a 050 to 080

33 MFN 62 A FFF 98 63 32 3.05 8,7 9.0 7.1 1.3 7.5 25 95 1.5 260 to 100

34 SFL—F 97 57 34 3.31 8.9 7.6 5.4 1.2 7.5 22 65 3 0  320 to 040

35 MEN 101 66 —— 3.21 ——— 8.6 5.7 1.0 1 23 70 1.0 040 to 070

36 SFL—F 62 AFT? 103 58 37 328 8 1  8.0 12.2 L3 25 55 1.5 050 to 080

37 SFI.—F 32 AFFF 96 51 36 1.09 2.9 2 6  11.8 1.0 35 60 0.5 ——
38 PITH 104 60 35 1.06 2.9 2.8 6.5 1.0 27 110 1.5 050 to 090

38A MEN 104 60 37 1.07 2.8 2.2 5.8 06 25 60 2.0 050 to 100

39 SFL—SS 104 54 37 1.04 2.7 1.6 3.2 0.3 25 60 1.5 050 to 090

39A STI.—F 32 AFT! 105 53 38 1.04 2.7 2.2 68 0.4 1 22 45 2.0 040 to 080

(1) (2) (2) 
— — — ____________

NOTE 1 - F INDICATES NOZZLE SET FOR 30’ FOG
SS INDICATES NOZZLE SET FOR STRAIGHT STEM
WV INDICATES NOZZLE SET FOR WIDE FOG

NOT! 2 - * INDICATES DATA TAJEN WITH AFT? FOAI4 BOARI)
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The aggressive technique produces rapid extinguishment (20 to
30 seconds) while the slower methodical technique can take as long as 100
seconds depending upon application rate. The effectiveness of the various
nozzles cannot be differentiated by con trol t ime when the aggressive techni que
is employed . It also appears that the nozzle pattern (straigh t stream or 30°
fog) does not affect the control time when the fire is approached aggressively.
When the method ical technique is emp loyed , the control time generally decreases
with increased application rate. This is to be expected because the increased
application rate provides more foam per unit time thus making up to some
degree for the lack of aggressiveness of the nozzle man . In any event , the
control time for the methodical technique at application rates between .07 and
.08 gpm/sq. ft. barely approach the control times observed for the aggressive
techn ique where the app lication rate was between .05 and .06 gpm/sq. ft.

The control times for 6 percent and 3 percent AFFF are corn—
parable as shown in Figure 15. It also appears that the control time for 6
percent protein foam when used with the mechanical foam nozzle is somewhat

- 
- longer (average 51 sec.) than the 20 to 30 second control time observed for

aggressive extinguishment with either 3 percent or 6 percent AFFF . It would
- S also be expec ted that fuels of greater volatility would require longer control

• and extinguishment times.9

Proportioning rate does not have a pronounced effect on the
control time when it is within the range of 6 to 10 percent as shown in Figure
16. This is true for both water fog nozzles and the mechanical foam nozzle.
Over the range of expansion ratios tested , there does not seem to be a defini-
tive relationship between expansion ratio and control time as shown in Figure
17. It is evident , however , tha t expansion ra tios as low as f our can be used to
successfully control (i.e., less than 30 sec.) the fire when app lied at the
appropriate application rate. Figures 15, 16, and 17 all show that the wide
fog pattern for a water fog nozzle is not a good pattern for control and
extinguishment of the Class B deck fire. The increase in obstructions by the
addition of two 55—gallon drums during Tests 35 and 36 did not seem to signi-
ficantly alter the control time.

Extinguishment times for the various tests are presented in
column 14 of Table 2. The wide range over which they vary is caused by diff i—
culties in final cleanup of the fire prior to total extinguishment. These
difficulties are caused by factors such as extinguishment technique , nozzle
range and sealing around hot obstructions . When the mechanical foam nozzle
was used , long extinguishment times often occur (Tests 17, 33 , and 38). These
were attr ibu ted by observers to a lack of range and poor sealing of the AFFF
at the hot edges of the fire pen. In a few instances it was noted that there
was a marked reduction in the thickness of the foam blanket in the vicinity of
hot metal surfaces. The maximum temperatures reached by the various thermo-
couples are recorded in Table 5 and representative profiles of the time/
temperature relationships are *3hown in Figure 18. The especially long extin—
guishment times in Tests 24A and 25 were attributed by observers to the very H
poor range (less than 3/4 of the fire pen) of the Navy All Purpose nozzle. S -

The nozzle man actually had to walk into the fire pen in order to totally
extinguish the fire.
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TABLE 5

MAXIMUM TEMP ERATURE S DURING FIRE TESTS

TEST 
_______ _______ 

MAXIMUM TEMPERAT URE (° C) ±5 
_______ _______

NUMBER 
— 

T/C2 T/C3 T/C4 T/C5 T/C6 T/C7 T/C8 
- 

T/C9
17 550 640 670 630 720* 660 390 550

18 570 650 600 570  640 680* 400 530

-
~~ 19 500 610 490 450 610 630* 330 480

20 510 590 450 430 660 740* 320 450

21 630 680* 560 530 590 580 450 600

22 650* 590 570 570 490 530 390 540

23 780* 760 — 670 670 770 610 630
1. -

24 120 170 600 480 730 740* 380 .530

24A 150 220 690 620 760 790* 470 570

25 — — — — — 660 — —
25A 130 200 710 480 720 740* 350 480

26A 140 210 730 520 710 750* 360 480

27 160 210 670 480 750* 690 310 440

28 130 190 730 500 830* 740 310 440

29 160 220 650 450 690* 650 380 500

30 300 330 710* 560 540 660 400 520

31 150 230 710 600 680 730* 320 460

32 330 210 730 570 750 760* 350 480

33 330 420 840 730 520 900* 670 790

34 330 420 780 710 760 900* 700 810

35 490 460 — 490 210 530 360 530*

36 260 310 — 470 280 630* 320 490

37 740* 630 — 530 230 640 380 430

38 400 400 — 480 250 580* 320 470

38A 860* 800 — 530 310 690 600 720

39 540 460 — 430 250 640* 430 590

39A 840* 660 — 490 310 670 450 610

*Indicates Highest Temperature For Test

39

_



r ’~~~~’ T~ ~~~~~~~~~~~~ —.- —__-~~~~ -- — --- —-

800 _  _  _ _  800 _  _  _ _  800 _ _

700 -
~~~~~~~~~~ 7(X) -——-——- 700

8 600 _  _  _ _  600 _  _  _  _  600 _  _ _ _ _

~~~500 - i 500 500

2
400 400 400

~~~ 300 ~~~~~~~~~
— 300 300 — ______ _____________

TIC 4 TIC 5 T/C 6
- I — — -LU 

_ _1— 200 - 200 200 - — ___ _ _ _ _ _ _ _ _

T/C 2 T/C 3

100 -/—— 

_ _  _ _  

i o 0J\ ~~~_/_ 
_ _  

100 - _ _  _ _ _ _

0 0 C I

0.0 3.0 6.0 9.0 12.0 0.0 3.0 6.0 9.0 12.0 0.0 3.0 6.0 9.0 12.0

TIM E (MINUTES) TIMI

;ooo 1000 — _ _  -
~~~~
- 1000

900 900 — 900

—. 800 —~~~~~ 800 — ______ ----—— 800 - — —

700 700 700 - T/C 7

00 3.0 6.0 9.0 12.0 0.0 3.0 6.0 9.0 12.0 0.0 3.0 6.0 9.0 12.0

TIME (MINUTES) TIME

I _



---

~~~
--

-

- 

~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ ~~~~~~T~~~~~~~~~~ TTTT T~~Ti ~ -

800 800 800

700 700 700

—— 6 600 600 ~~
—_— —_____ 600

(~~~5O0 I 500 —— 500LU

~~~40C - -
~ 400 400

______ 

~~ 300 — ~~ ~- 300 300 ______

0. ! T/C 7 
- T/C 9 -

200 - 
~
——- 200 

T/C 8 
200

_  

H 1:J ~~~~ 1

0 :_ _ _ _ _
12.0 0.0 3.0 6.0 9.0 12.0 0.0 3.0 6.0 9.0 12.0 0.0 3.0 6.0 9.0 12.C

TIM E (MINUTES) TIM E (MINUTES)

1000 ~~~~~~~~~~~~ 
-

9 0 0— —  C- -—-- -4--- - -

800 -— -  - -

I 0

-T/C7~ 
700 --- - - -  - s  - -1- 

-
-. 600 T/C 9 -——-4 - - - -  -

~~~~500~~

_ _  

~~~400

-~ 300 i— - . -- -.——-- --.—- -—
8-

-- 200 - - -  -— —

- 100 — __________

0- I
120 0.0 3.0 6.0 9.0 12.0 

~~~~~~~~ PA~~ NOT fTl

TIME (MI NUTES)
- - -—-~~~~~~.---— - - -

FIGURE 18

TEMPERATURE TIME PLOTS FOR TESTS 26A (TOP ROW ) AND 34 (BOTTOM ROW)-

~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



1~~ 
- -

~~~~~~

4.2.2 Burnback Resistance

The results of the burnback tests are displayed in Figure 19.
This figure is a semi—logarithmic plot showing burnback area as a function of

C burnback time. While the limited number of data points do not comp letely
- - justify the curves which are drawn through them , the curves are , however ,

indicative of the types of phenomenon which occurred during burnback. For
instance, the upper left curves show that the burnback area increases quite
rapidly and proceeds to total re—involvement in relative short periods of
time. Test 24, 25 , 25A , and 26 burned back the most rapidly. It was observed
for these tests that the foam blanket did not provide complete coverage at the
time the re—ignition source was exposed to the fuel. Test 20 had a somewhat
slower burnback rate even though it did finally reach full involvement . The
slower rate is due to the somewhat better foam blanket which remained over the
fueL The lower portion of Figure 19 depicts the case where the foam initially
advances on the burnback re—ignition source and then for some period of time
the re—ignition source continues to burn without gaining on the foam blanket.
Finally, the re—ignition fire begins to advance on the blanket and the burnback

* 
increases to a rate which is similar to those displayed in the upper portion
of the curve. While data was not taken for Tests 21, 22, 27 and 37 to full
re— involvement, it is anticipated that they would have proceeded as in Test 38

-‘C- - to that point.

It should be noted that the results of the burnback tests
with 6 percent protein foam do not appear in Figure 19 because they both
successfully contained the re—ignition source. The burnback fire in Test 17
was extinguished in 0.1 minutes. This is believed to be due to the smaller
initial burnback f i r e  (12—inch d i amete r ) .  This size f ire is used in many of

• the reported tests7’8 and appears to be one of the reasons why the literature
does not differentiate between the burnback resistance of protein foam and
AFFF.

The data shows that the proportioner/nozzle combination
affects burnback in terms of the quality of the foam blanket produced ; other-
wise, burnback seems to be a function of the type of agent. Wind can easily
negate the effects of a good foam nozzle by breaking up the foam blanket prior
to/during extinguishment of the fire. The foam blanket provided by the Navy
All Purpose nozzle on straight stream pattern was so poor at the time when
burnback re—ignition would have occurred , that these tests were not conducted .
The principal result of the burnback tests is that 6 percent protein foam very
effectively stopped burnback and actually advances on the burnback re—ignition
fire. The AFFF foam concentrates are not as effective at controlling burnback ,
and in fact, the fire advances on the AFFF foam blankets. The result for AFFF
may be somewhat academic, however, because even in the worst burnback situation ,
the foam slowed the fire spread to such a degree that a firefighter would have
time to observe the re—ignition and re—secure the area with application of
additional foam.

5.0 CONCLUSIONS

The test program clearly shows that water fog nozzles as well as the
mechanical foam nozzle can be used with the CG—6LP proportioner to effectively

-I
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app1y protein or AFFF foam solutions for the extinguishment of Class B fires.
Specific conclusions follow.

1. The present Coast Guard in—line proportioner produces an acceptable
proportioning rate when used with a 6 percent AFFF concentrate. If the
decision is made to use the in—line proportioner with 6 percent AFFF concen-
trate, it would be advisable to modify the proportioner in a similar manner as
described in Section 3.1.2 to bring the proportioning rate to 6±0.5 percent
rather than the 8+ percent which it currently produces. The modification
design for converting the CG—6LP proportioner for use with 3 percent AFFF was
very effective and could be simply manufactured and added to all proportioners
currently in service.

2. The Navy All Purpose nozzle produces a very marginal AFFF foam
blanket when used with the CG—6LP proportioner. The range from the nozzle ,
the expansion ratio, the drainage characteristics , the fire control and

- 

- 
extinguishment times , and the burnback resistance of the blanket produced by
this nozzle were inferior to the other no-~z1es evaluated .

3. There are co~~iercial nozzles available which produce significantly
better foam blankets when used with AFFF concentrates proportioned by the CC—
6LP proportioner. The nozzles which used impinging holes in their baffles to
enhance the foam expansion produced the best results. The mechanical foam
nozzle is also superior to the Navy All Purpose nozzle for use with AFFF. The
water fog nozzles, however, have the adv;s ~tage of providing operator heat
shield protection in a wide fog position ‘- d good f i re  con trol in a narrow fog
position with remote cleanup enhanced in L.s~~ straight stream position.

4. Non—aerated AFFF, as appl ied by the water fog nozzles evaluated ,
provides control times similar to the aerated AFFF applied by the 2echanical
foam nozzles.

5. The capabilities and characteristics of the optimum nozzles to be
used with the CG—6LP proportioner are listed in Table 6. The SFL and l7l5M
nozzles produce essentially equivalent foam solutions while the mechanical
foam nozzle is somewhat inferior due to its poor range and lack of fog patterns.
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TABLE 6

CHARACTERISTICS OF OPTIMUM NOZZLES

CHARACTERISTIC CREATED NOZZLE TYPEC BY NOZZLE AND CG—6LP SFL l7l5M
PROPORTIONING 6% AFFF 

- @ 60 GPM @ 60 GPM MFN

Flow (GPM) ) @ 80 PSIG 44 42 41
Proportioning) @ 100 PSIG 48 46 44

6% AFFF ) @ 125 PSIG 53 50 47

* Proportioning Rate (%)  7.5 8 7

Straight Stream
Expansion Ratio @ 100 PSIG 5 5.5 9

Range (FT) 9 100 PSIG 60 52 47

Patterns Available Straight Stream Straight
Through Wide Fog Stream

Best 660 SQ FT Fire
Control Time (SEC) 20 22 23
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