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A BSTRA.CT

A series of tests were conducted at sea aboard the USS
INDEPENDENCE (CVA.-62) for the purpose of evaluating the
application of the twinned agents, "Light Water" - Purple-K-
Powder, from the Twin Dall Fire Fighting Unit, application of
"Light Water" from a helicopter, and P-K-P from portable
extinguishers. Also studied were the characteristics of the NBC
"washdown" nozzles as possible basis for the introduction of a
"Light Water" based installed fire protection system for the
flight deck. Wind speeds and patterns were measured at various
heights above the deck to establish their role in fire fighting
operations. The major portion of the work was done under
30 knot winds characteristic of the wind speed during aircraft
launch and recovery and representing the most severe conditions
for extinguishing fires.

The air flow over the deck below the 6 ft level was found
to be laminar in character with marked diminishment in speed
at levels near the deck. Thus, the detrimental effects of wind
on the discharge patterns of fire extinguishing agents was not
serious in the down-wind direction but did severely limit the
cross-wind agent reach.

The water distribution pattern from the "washdown" nozzles
offers good potential as a base for a fire fighting system which
with "Light Water" will offer both fire extinguishing and ordnance
cooling capabilities. Average water application rate from this
system is 0. 03 gpm/ft2 deck area, although the tests proved the
wind-blown patterns were very uneven. Previous shore-based
fire tests have shown JP- 5 fires can be readily extinguished at
this application rate of "Light Water" spray. Simulated ordnance
made of sponges demonstrated that water spray concentrations of
0. 015 gpm were reaching each square foot of exposed munitions
surface area. This is equivalent to absorbing about 150 BTU/min/ft 2 .

The discharge of water nozzles mounted along the edge of the
flight deck and directed inboard was found to be highly deflected by
the wind and will present a problem in properly designing a system
for those carriers not already fitted with flush-deck nozzles.
Additional testing on the pattern, flow, and angle of discharge will
be required in order to obtain satisfactory results.
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I Extreme wir~d deflection of "Light Water" applied from the

boom of th I UH- 2B helicopter dispersed the stream and made
aiming to the site of the fire difficult. These and other helicopter

Soperation,) problems lead to the recommendation that this method

i not be cocr. dered further for carriers.

Operation of two of the High Capacity Fog Foam System stations
revealed problems in getting them into action within the desired time
period of 30 sec. Their foam proportioning was found to be erraticI but usually on the rich side. Foam concentrate replenishment rates
wev'e inadequate.

PROBLEM STATUS

L This is an interim report. Work on the problem is continuing.
L

A UTHORI ZATION

NKIL Problem COb- 19

Bureau Nos. SF 015-07-02-33b0,t Sub Project S 4624-006
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I
INTRODUCTION

The study of fire protection systems for the distinct purpos-e of
improving the operational safety of Naval aircraft carriers was a nearly
completely neglected effort from the period 1949 to 1964. During this
time significant advances in chemical and engineering research were
made in applicable areas of methods and equipment for controlling and
extinguishing fires. Unfortunately however, the pressure of attention
to carrier safety problems did not rise to a point of action until the
Navy had suffered two fire incidents of major proportions: The
USS ORISKANY hangar deck pyrotechnic fire in October 1965, and the
USS FORRESTAL flight deck fuel and ordnance fire in August 1967.

Because of the completely unexpected course of the fire on the
flight deck of the FORRESTAL, a conflagration previously thought to
be almost impossible, study groups and review panels were irmnedi-

ately formed to cor-vider all factors involved in this fire, methods of
preventing its recurrence, and the overall problem of fire safety
aboard carriers.

The deliberations of these committees and of other authorities
familiar with ship construction, carrier fire protection readiicos,-,
and existing equipment, reached consonance in the conclusion that
some type of remotely controlled fire figithiig and bomb-cooling
system should be installed on the flight deck of aircraft carriers
whereby fire extinguishment could proceed without exposure of
personnel to the hazards of imminent explosion of munitions. The
proposal was made that the existing system of exposed weather-
deck continuous salt water washing by means of spaced water spray
nozzles should be employed in some manner. This system was
originally devised for nuclear, biological and chemical warfare
"washdown" purposes.

Another conclusion was concerned with the need for emergenicy,
quickly put into action, motorized, portable fire extinguishers of
high efficiency, capable of controlling small ilitial fires beforn they
grow into large conflagrations. This recommeidation has- been
complied with by provisioning combat operations carriers with the
NRL-developed shipboard TWin Ball Fire Fighting Unit, (sec Fi,. 1)
the initial procurement for which was 21 units in October 1GWt,'i. A
second procurement of 120 units of this type of equidment is n..,I being consummated for shipment to all aircraft carrior:: for flii.flit
and hangar deck use.
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A third principal conclusion involved the need for a careful
survey of the current operational characteristics of the 1948-designed
High Capacity Fog Foam Systems with which all carriers are
equipped.

The general survey of operational conditions existing aboard an
aircraft carrier underway in the open sea with a 30 to 40 knot wind
velocity along the long axis of the flight deck (aircraft launching and
retrieval conditions), covered in this report, represent an entirely
new assessment of the following hitherto unexplored factors directly
bearing on the recommendations by the above- mentioned study groups
for design and planning of new installations for efficient fire protection
on the flight decks of ships:

1. Flight deck wind velocity profile patterns

2. Water distribution area - density patterns from the NBC
"washdown" nozzle system on the flight deck

3. Water distribution patterns from deck-edge positioned
nozzles

4. Dry chemical powder and "Light Water" extinguishing
agent discharge pattern effectiveness when exposed to high wind
velocities

5. Effective pattern of "Light Water" foam streams distributed
by an overhead hovering helicopter

6. Water density rates of impingement on munitions suspended
near the NBC "washdown" nozzle system

7. Operational efficiency of shipboard High Capacity Fog Foam
systems.

The test results of the above factors were obtained during the
period 29 November to 3 December 1967 aboard the CVA.-62
USS INDEPENDENCE, in the open sea. Wind and weather conditions
were not always optimum during the tests but significant data for
planning purposes were obtained.
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[ EXPERIMENTAL TEST PLANS
SIn order to create a basic system of reference points for localinq

nozzle, for each test and making measurements it was planned to lay
out a series of accurately measured bench marks over the entire flight.
deck area of the aircraft carrier. Such a system would serve as aI grid background for the cameras at elevated locations and subsequent
distance measurements. It was planned to do the marking with strips
of tape which could be easily stripped from the deck at tho conclu.-ion
of the program.

Certain areas of the flight deck contain fixed equipment, such
as catapults, subject to damage and corrosion by sea water and
possibly the agents being used in the tests. For this reason it wasr the desire of the ships personnel to confine the test operations to the
aft area of the flight deck insofar as possible. To receive assurance
that the wind speeds and general wind flow conditions in the aft area
were representative of other more forward areas, wind speed
measurements were conducted over the entire flight deck area.
These were made at varying heights above the deck to study the
characteristics and existence of the boundary layer of flow. Two
hand held, direct readout anemometers of the Navy type were used
plus a Alnor heated wire type of velocity meter.

A series of water spray nozzles are mounted flush with the
surface of the flight deck and discharge vertically upward. These
nozzles were installed as part of the NBC "washdown" system which
was designed to supply R flowing water coverage of all exterior areas
of the ship while underway. The system is sectionalized by valves
and the flight deck is divided into five sections which can be activated
individually. Fig. 2 illustrates the individual nozzle locations and
their sectional grouping. It was desired to determine the pattern.,
of water impact on the deck and observe their suitability for use as
the basis of an installed fire fighting system. Approximately GO pans
1 ft x 1 ft x 2 in deep were brought on the ship with the aim of makirti
different arrangements around the nozzle heads to measure actual
water densities in gal per rmin per ft 2 reaching the deck around thie
nozzle. After timing the duration of discharge, the volume of contents-
of the pan was found either by dumping into a graduated cylinder or
by reading the water depth.

I.
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The vertical aspects of the discharge were to be obtained by
photographing the spray against a vertical grid or "witness panel,

Tepanel was an 8 ft high and 12 ft long frame of 2 x 4Ts struing
with line at I ft sp, <ng in both directions, The open design
minimized the wind resistance of the panel and made it manageable
under high wind conditions.

Ships constructed prior to the CVA.- 62 (1959) do not have
installed "washdown" syýtems and other means must be sought
for providing an installed fire fighting system. Nozzles discharging
from along the edge of the deck offer one possible approach to the
problem. Several portable water nozzles of variable flow rates and
discharge patterns were obtained to study the effective projection
and deck pattern shooting Ethwartshlj 7D@ .os- i.. 1, wind flow.

The FORRESTAL incident vividly demonstrated the hazards
of cook- off of ordnance suspended beneath aircraft wings when
directly exposed to flame. It is essential to provide water promptly
to such items to cool them and prevent temperature build-up. As
a means of estimating the degree of cooling provided by the flush-
deck nozzles, the overall shape of a Zuni rocket and of a 250-lb
bomb was constructed out of sponges to be hung beneath the wing
of an aircraft on the deck. The experimental concept involved here
was the retention for later measurement of all water which impinged
on a bomb so that a volume/area calculation could be made. These
data when compared to heat input data from actual bomb exposure
fire tests would establish the adequacy of the "washdown" system
for ordnance cooling purposes.

The Twin Ball Fire Fighting Unit (TBFFU) as provided the
carriers on Yankee Station in October 1967 and mentioned earlier
in this report had never been tested on shipboard under the wind
conditions normal to aircraft launch and recovery operations.
This unit has a 4 lbs/sec Purple-K dry chemical discharge nozzle
plus a 50 gpm "Light Water" discharge nozzle identical to the
nozzles used on the Naval Air Station Twinned Agent Unit (TAU).
These nozzles were to be discharged against the witness panel
for observation of output stream characteristics.

The discharge patterns of the portable P-K-P dry chemical
extinguishers recently furnished for flight deck usage had never
been observed under 30 knot wind conditions. Their basic nozzle
design is similar to that used on the TBFFU but the flow rate is
only on,- half as much.
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Two surveyed C- 45 aircraft were put on board the carrier
to serve as targets for the application of "Light Water" from the
UH-2B helicopter. The UH-2B pilot was to maneuver over the
aircraft and check his ability to accurately direct the foam discharge
on the aircraft.

The high expansion foam nozzle was a portable 60 gpm device
aerating the solution by air aspiration rat'ier than by an externally
powered blower as done with some generators. The foam may be
characterized as a "low expansion high expansion" or very high
expansion because its expansion is about 10C in contrast to a value
of 500 to 1000 for ultra-high expansion foams. and a value of 10 for
other foam equipment normally found on the carriers. The plan was
simply to discharge the foam out onto the flight deck and to observe
the resultant flow patterns.

It was planned to check the operation of the High Capacity
Foam Stations for response time, proportioning efficiency and
nozzle pressure.

TEST RESULTS

Wind Speed Measurements

The original plan of laying out a series of accurately
measured bench marks on the flight deck area using adhesive
tape met with only partial success. The combination of a deck
roughened with non- skid material and low air temperature would
not allow any of the several types of tape available to exhibit any
adhesion except for cloth-backed "Mystic" tape. The dark olive
color of this material made it very difficult to see on the dark

gray background of the non-skid material on the deck and it was,
f necessary to put down yellow vinyl tape on top of the cloth tape.

After completion of the deck marking, two teams, each
with an anemometer, took wind speed readings at 18 in, 24 in,
36 in, 48 in, 60 in, and 72 in above the deck. Other readinqs
with the heated wire instrument were taken at limited points at
levels down to 1 in and below. The small probe size of approximately
1/8 in diameter made this possible. Presentation of the data obtalried
is difficult to do adequately in a report of this type becaus.e of it::
three dimensional nature and necessitates a series- of two dhimcmv;ioIia
plots.
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Figs. 3, 4, 5, 0, and 7 are plots of the wind speed areas as

found at the 18 in, 24 in, 36 in, 48 in, 60 in, and 72 in levels
respectively. Fig. 8 is a prcflile of the wind speeds at the 72 in
and 18 in levels down the centerline of the flight deck for its entire
length. Fig. 9 is a profile of the variation in wind speed according
to height above the deck and is based on average points along the
full length of the deck.

NBC "Washdown" Flush-deck Nozzle Patterns

An outlinf plan of the CVA-62 flight deck indicating the location
of the "washdovn" flush-deck nozzles and the solid stream "cannon"
nozzles mounted and discharging athwartship is shown in Fig. 2.
The deck nozzles are designated "Type S" and are designee for
welding into the deck. Construction of the nozzle is shown in
Fig. 10. Its discharge rate at various pressure is shown in Fig. 11
and the discharge pattern at 30 psi under no-wind condition is
shown in Fig. 12. At 30 psi the flow rate is 30 gpm and the area
covered by the pattern is 1520 ft2 (44 ft dia) which means the average
calculated water application rate under still wind conditions within
the spray pattern area is 0. 02 gpm/ft2 .

Fig. 13 illustrates a typical flush-deck nozzle installation
surrounded by non-skid deck coating. Fig. 14 shows a portion of
the placement of pans for collecting water from the nozzle pattern
and their method of securing against the high ambient wind. The
discharge pattern of a single nozzle is shown in Fig. 15 in front of
the witness panel which is marked in 1 ft squares. The effect created
by the approximate 30 knot wind is evident by severe sweepback in
the "vertical" stream.

In Run 2 with the "washdown" systems only Section 6 was
activated. The water collecting pans were secured to the deck
around a single nozzle in the forward row of nozzles in this section so
as not to be influenced from the discharge of other nozzles further
forward. After observation of the deck pattern in Run 1, the pans
were aligned for the most part directly downwind of the nozzle where
the fallout was concentrated. The duration of the run was 9. 75 min.
At the conclusion of the discharge the contents of each pan was poured
into a graduate for measurement and the water application rate
calculated on a basis of gpm/ft 2. In Fig. 16 the result, of this test
have been plotted in the manner of a contour map to describe the
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pattern formed by the water falling on the deck. The highest concen-
tration found was 0. 045 gpm/ft2 , which occurred 24 ft downwind of
the nozzle.

In Run 3 Sections 4 and 5 of the "washdown" system were
activated in addition to Section 6. The water collecting pans were
arrayed around the same nozzle in the same way as Run 2, however,
this time the pans also received water by wind driftage from nozzles
in Section 5 located 40, 80, and 120 ft forward. After plotting the
data in a contour manner as in Fig. 16, a different type of data
presentation was prepared. In Fig. 17 the water application densities
in gpm/ft 2 have been plotted as a function of the distance aft from
the nozzle. For purposes of illustrating the amount of water carried
back by the wind from Section 5 the comparable values from Run 2
have also been added to Fig. 17. Thus, the shaded area lying
between the two curves represents the additional water superimposed
on the discharge from the nozzle in Section 6. The actual increase
in water application rate was from 50 to 300 percent, depending on
the distance aft of the nozzle.

Fig. 18 is a view from a helicopter flying off the port side
of the ship while Section 6 was being operated. Two nozzles in the
forward row were plugged and one partially plugged and the out-
board nozzle starboard in row 3 was also plugged. The resulting
holidays on the deck are clearly visible. The water collecting pans
can be seen lined out behind the second nozzle from the top of the
picture in the forward row. The sponge "bombs" are suspended
beneath the wings of the forward aircraft. Fig. 19 is a deck-level
view of the same test operation. Full pressure at the nozzles was
reached in 22 sec after the signal had been given to open the main
valve.

Sections 4 and 5 of the "washdown" system were operated
together with Section 6 in this test in order to gain a more
comprehensive knowledge of the system and its patterns. The
pan water collection values for this test were given in Fig. 17
above. Photographic views are shown in Figs. 20, 21, arid 22.
A considerable number of the nozzles appear to be only partially
functioning. The effective range of the cross- deck directed water
"cannons" is severely limited by the 30 knot wind and the highly
elevated angle of nozzle airi. Time of response to full operation
was 15 sec for Section 4, 20 sec for Section 6, and 40 sec for
Section 5. Initial pump pressure was 140 psi.



Unfortunately, high winds and heavy rains occurring during
the night before the tests of the "washdown" systems carried away
all the tape grid markers. These would have been valuable aids
in observing the effective range performance of the individual
nozzles and defining the areas of inadequate water coverage. The
masking of the catapults and other machinery on the flight deck with
polyethylene sheet was only partially successful because of the poor
holding power of the tape. The plastic was also weighted down with
lengths of 2 1/2 in fire hose and wheel chocks. Final word as to
the degree of intrusion and/or possible harmful effects by the salt
water has not been received from the ship.

Deck- edge Positioned Nozzle Patterns

On the first day that the flight deck was available for wet
testing a zero degree relative wind of 25 - 30 knots existed. Under
these condiLions two 1 1/2 in Select- o-flow nozzles were discharged
toward each other from the deck level at the point where the narrow
aft area of the flight deck begins (900 ft aft from the bow). These
nozzles are of a type which discharge water at a constant flow rate
regardless of the pattern setting between a straight stream and
wide angle spray. In addition, the flow rate can also be varied
between 60 and 120 gpm. It was found that with a 60 gpm flow the
straight stream's maximum range was about 35 ft while at 120 gpm
it was about 40 ft. At maximum width spray pattern setting the
ranges were 6 and 10 ft, respectively. Pressure at the nozzle was
110 psi and each nozzle was inclined upward to approximately
30 degrees, the angle for greatest horizontal reach under no cross-
wind conditions. Fig. 22 shows the straighL stream appearance at
the 120 grim flow. Deck width at this point was 125 ft.

On the second day when deck-edge nozzles were run, the
wind speeds down the deck were much lower, 5 - 10 knots, and
thus the stream reach values are not comparable to the previous ones
nor are they representative of those to be expected when the ship
is launching or recovering aircraft. In this series the 1 1/2 in
and 2 1/2 in Select-o-flow nozzles were tried plus a standard
2 1/2 in All-Purpose nozzle. The following results were obtained:
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Nozzle and Setting Flow Rate Max Reach
(gpm) (ft)

1 1/2 in Select-o str stream n0 50
full spray 60 6
str stream 120 60
full spray 120 10

2 1/2 in Select-o str stream 250 75
full spray 250 --

2 1/2 in APN str stream 130 100
full spray 130 15

During these runs the angle of the nozzle to the deck was
varied and it was found that lower anglEs minimized the sweep-
back of the stream by the wind and achieved a net increase in
range.

Sponge "Bomb" Model Water Pick-up

Fig. 23 shows the sponge model of a Zuni rocket being
rigged beneath the wing of the C-45 aircraft. The aircraft was
spotted on the deck in the location indicated in Fig. 8. The
sponge model, consisting of cellulose sponges cemented to a

* central wooden spine, was 5 in in dia and 101 in long. It was
suspended 32 in above the deck as it would be normally found on
an A4D aircraft and hung directly over one of the flush deck
nozzles. This was an attempt to establish the maximum amount
of impinging water that could be expected, however, during the
run the constant buffeting by the wind caused the Zuni to swing in
and out of direct impingement by the heavy vertical stream of the
nozzle. The weights of water accumulated in each run were
calculated back to a gpm/ft 2 of "bomb" surface area. The first
and second runs were made with only Section 6 of the "washdown"
system operating while in the third run Section!:. 4, 5, and 6 were
operating simultaneously. The water impingement rates were
found to be 0.012, 0.011, and 0.011 gpm/ft2 for the three
respective runs.

The sponge "bomb" constructed to simulate a 250-lb bomb was
8 in in dia and 43 in long including a semi-conical nose section. It
was suspended beneath the opposite wing and about 25 ft from the
nearest deck nozzle where the water density would be at about its
minimum concentration. The water pick-ups with this device were
0. 005, 0. 015, and 0. 017 gpm/ft 2 for the three runs as described
above.
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TBFFU Discharge Nozzle Performance

The modification of the TA.U "Light Water" - P-K-P equipment
as used on shore air stations for shipboard applica":on is shown in
Fig. 1. Changes included removal of the Freon- 12 :¾j;tem, storing
the twin hose on a live reel, a side-by-side nozzle mounting, and
placing the equipment on a smaller vehicle.

For purposes of these tests the agents were discharged by the
ship's crew against one of the aircraft. It was found that good control
of the agents could be achieved, projided the nozzleman was directly
upwind of the target. The action of agents when directed at 90 degrees
to the wind is illustrated in Fig. 25 where "Light Water" and Purple-K
are being discharged straight upward into the wind stream. Discharge
rates for this unit are about 4 lbs/sec for the P-K-P and 50 gpm for
the "Light Water."

P-K-P Discharge

A 30-lb capacity portable P-K-P extinguisher with a discharge
rate of about 2 lbs/sec was discharged in a manner similar to that
of the TBFJFU dry chemical nozzle. A. photograph of this operation
is given in Fig. 26. It is to be noted that the air flow along the deck
is fairly laminar in character and the chemical cloud has little
tendency to billow upward. In fact the upper boundary of the powder
cloud rose but slightly higher than the nozzle for the 18 ft of lateral
movement visible in the photograph.

"Light Water" Application by Helicopter

The UH-2B fire fighting equipment consisted of two 50 gal
capacity "Light Water" solution tanks, a high-pressure gas source,
and a nozzle mounted out on the end of the rescue boom. The nozzle
is the same as the one on the "Light Water" tip on the TBFFU,
discharging 50 gpm at 100 psi. Normally the pattern of foam travels
straight downward from a height of 20 ft until it impacts the ground,
however, in operation over the flight deck there is practically no
straight downward portion, as may be seen in Fig. 27. The large
degree of backward sweep required the pilot to allow a very long
lead in order to hit a desired spot. The pattern and point of impact

are clearly visible to the pilot and he may easily correct his position
to achieve the desired result although some material wastage would
be bound to occur. Considerable dispersion of the pattern indicated
losses greater thr n those observed in land based applications of this
system with low (round wind speeds.
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High Expansion Foam Discharge

At the time available of operating the generator the wind speed
over the deck was in the b - 10 knot range and the results were not
considered to be representative of the worst conditions to be
encountered at the time of fire. Under the winds observed it was
possible to lay down a blanket of high expansion (estimated to be 100)
on the deck about 6 in deep with little loss by blow- off, however,
within a minute the covering had almost completely disintegrated.

High Capacity Fog Foam System

Two HC Fog Foam stations of the 17 on board were checked
out for response, pressure, and proportioning under high and low
flow rates. All lines were discharged over the side to avoid contact
with the ship.

On Station 17 50 ft of hose were attached ,o the flight deck
catwalk hydrant with a 2 1/2 in FFF nozzle and similarly a 2 1/2 in
and a 3 1/2 in nozzle on the hangar deck level. It was found that
after 15 sec from activating the push-button control at the flight deck
hydrant water was being discharged and after 30 sec foam was being
made. The following summarizes the other data:

Nozzle Arrangement Nominal Flow Nozzle Pressure Conc.
* ~(gpm) (ps/0 ()

one 2 1/2 in Flight Deck 250 65 7.3
one 2 1/2 in Hangar Deck 250 84 9.6

one 3 1/2 in Hangar Deck 500 -- 1.8
.All 1000 72 Hangar 2. 1 Hgr.

52 Flight 7. 4 Fit.

Station 10 was checked by connecting a 3 1/2 in line to the
monitor and a 2 1/2 in line on the hydrant both on the hangar deck

level and running them over the side at one of the port side refueling
positions. The following data were obtained:

Nozzle Arrangement Nominal Flow Nozzle Pressure Conc.
(gpm) (psi) (70)

one 2 1/2 in FFF 250 108 4.8

one 3 1/2 in 500 -- 6.3
one 2 1/2 in and 7. 6 (2 1/2)

one 3 1/2 in 750 88 6. 2 (3 1/2)
one 2 1/2 in 250 95-108 3.8

11
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At Station 10 an endurance run was made in order to determine
the length of time one fu.1 tank (300 gal) of foam concentrate would
last while supplying one 2 1/2 in nozzle without dumping additional
5 gal cans. It was found that an operating time of 18 min was possible.

Visual observation of the depth of color of the foam streams
from both stations indicated wide variations in concentration even when
operating at one fixed flow rate.

DISCUSSION

Wind Speed Measurements

The normal operation of a carrier during the launch and recovery
of aircraft requires a course and speed which will create a zero
degree bearing relative wind with a relative speed over the deck,
forward to aft of 30 knots. This probably represents the most severe
condition for fighting a fire on the flight deck not only because of I
wind effect on the agents but difficulties are created in personnel
communications and footing on the open deck.

On the other hand this wind can be used to an advantage to
direct the flames and heat overboard away from other aircraft.
Maneuvering a ship of this size to bring about a favorable wind and
direction will require a number of minutes so at least the first fire
attack must be made under the initial prevailing wind condition.

Study of the wind speed plot for the level 6 ft above the deck
shows that the speed was in the 21 - 26 knot range for the greater
part of the deck area. There were small regions of lower speeds
which usually occurred along the deck edges caused by localized
structural features. These were probably accompanied by localized
turbulence but no attempt was made to establish them accurately.

As would be expected from normal frictional considerations,
the wind speeds decreased as the height of measurement approached
the deck. At the 1. 5 ft level, large areas were in the 15 knot and
under range. The plot given in Fig. 6 illustrates this variation in
a profile form down the full length of the center line of the flight
deck. In general the trends in speed were in parallel agreement,
gusts probably causing the deviations. In order to give a better
picture of the variation of the wind speed due to friction effects of
the deck, the speed readings down the centerline were averaged
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for each height, as shown in Fig. 9. At the 1. 5 ft level the speed
was 70 percent that of the 6 ft level. Readings with the heated
wire anemometer are not given for the levels below 18 in because

* .of a discrepancy in calibration between this device and the rotating
anemometer. The latter instrument was lost at the conclusion of
the tests which precluded rechecking of the calibration.I

It was concluded from the wind studies that no unusual
conditions exist on the flight deck which would detrimentally
affect fire fighting operations any more than the same wind on
land. Maximum winds to be encountered are approximatly 30 knots
without significant turbulent regions. With aircraft spotted on the
deck it is to be anticipated that the average wind speed below the
6 ft level will be well below 30 knots but accompanied by turbulence
in the lee of the aircraft. The most critical area in a flammable
liquid type fire is down on the deck itself and this is where the
agent must be directed to accomplish I •s extinguishing action
most efficiently. Here the wind speed is probably only about
50 percent of the maximum 30 knot speed found at the 6 ft and
higher levels. It was further concluded that test work involvinq
fire fighting agents and techniques could be conducted on the aft
portions of the flight deck, behind the catapults and arresting wires,
with the knowledge that the wind environment there was representative
of all flight deck areas.

NBC "Washdown" Flush-deck Nozzle Patterns

The average water application density within the pattern area
of the Type S flush deck nozzle (Fig. 12) calculates out to be
0. 02 gpm/ft2 under no wind conditions. This density value is ba:,ed
on a flow rate of 30 gpm per nozzle, which in turn is based on an
assumed nozzle butt pressure of 30 psi. The actual operating pressure
during these shipboard runs could not be determined becaun.e there
was no location available for tapping in a gage. The wind effect on
the discharge pattern may be seen by comparing the no-wind pattern
of Fig. 12 with Figs. 15 and 16. In place of the ,i0 ft vertical i,]lnn,
a 6 ft high, severely bent plume is found. In place of the 44 ft dia
circular area an elliptical pattern is found with the no.zle located
at one end of the long axis of the ellipse. The limited number cf' wvater
"fallout" test pans did not permit the accurate determination uf a fll
windblown nozzle pattern. The maximum density measured downwind
on the centerline where the heaviest fallout occurred was 0.0.17 .l nl/ftl
It was estimated that the short axis of the elliptical pattern did noat
exceed 10 ft.
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Spacing of the fl...h-deck nozzles was highly variablc over the
deck area. The area between elevators 3 and 4 was heavily covered
as was the bow area, Section 2. For no-wind conditions the average
water application rate figures out to be 0. 050 gpm/ft2 for Section 2,
0. 05 gpm/ft 2 for Section 3, 0. 095 gpn/ft2 for Section 5, and
0. 023 gpm/ft2 for Section 6. The overall rate for the entire flight
deck is 0. 03 gprn/ft2 . The elongating effect of the wind on each
pattern leaves relatively dry areas between the rows of nozzles when
they are viewed as running in a fore and aft direction. Alternate
rows of nozzles running athwartship are staggered in order to
minimize this condition. Nozzles are concentrated in the forward
portions of Sections 2 and 6, evidently with the idea of letting the wind
carry the water aft to the more sparsely covered areas. This concept
may be valid for washdown purposes but most of the spreading will
occur on the deck itself and it cannot be considered effective for
ordnance cooling. Also, in less than full wind conditions there will
be many areas of low water concentration. This also means that
"Light Water" applied from the flush- deck nozzles will be required
to extinguish the fuel by a completely "horizontal" surface spreading
action rather than the more normal method of spraying it directly on
the surface.

Through the simultaneous activation of washdown Sections 4 and
-5, some rough figures were obtained on the amount of "drifted" water
or water contributed by nearby nozzles. The pans were placed behind
the same nozzle as used in Fig. 15 but the three nozzles in front of it
in Section 5 supplied an additional amount of water application. The
added increments varied with the distance from the nozzles in the
amount shown in Fig. 17. The maximum application rate found was
0. 065 gpm/ft 2.

The flush-deck nozzles are limited in Sections 1 and 4 to the
area along the portside edge and reliance is placed on the flush deck
"cannons" for coverage. From Figs. 20 and 21 it can be seen that
their effectiveiiess is limited because oa the wind "sweep" of the
streams.

The activation of the shut-off valves controlling the various
sections was accomplished manually upon intercom command from
Primary Flight Control. The response time of approximately 20 sec
was considered to be acceptable in the event the system was to be
used as a fire fighting system. A wet type system would probably
permit an even faster response time but the nozzle design and the
nature of the fire fighting agents do not lend themselves to a wet
system arrangement. In the conversion of the existing system to
fire fighting the shut-off valves should be changed to quick-opening
types remotely controllable from "Pri Fly.

14



It was noted that a considerable number of flush-deck nozz-,les
were completely or partially blocked. This type of installation is
highly susceptible to becoming fouled with dirt and debris over a
period of time. When the deck is being coated with anti-skid material
the nozzles are sometimes masked, never to be found again. A
better means of opening the orifices is badly needed. Something like
a battery powered electric drill with the proper diameter and length
bit, together with a jig, would allow ships personnel to go along the
rows periodically and clean them out. It would also help to have a
nozzle layout to serve as a check-off list to insure that all nozzles
are at least accounted for.

Deck-edge Positioned Nozzle Patterns

Using the deck-edge mounted 1 1/2 in nozzles at the two flow
rates of 60 and 120 gpm produced only a 15 percent increase in
range for the 100 percent increase in flow in the straight stream
configuration. The pair of opposing nozzles operating at 110 psi
nozzle butt pressure and 120 gpm would not come close to covering
the width of the flight deck even at the narrow portions, (125 feet).
(See Fig. 23. ) (This observed increase in horizontal reach for a
doubling of flow rate is in agreement with published fire hose stream
tables. ) Thus, it is felt that a problem will exist in obtaining proper
water coverage of the complete flight deck from a system of deck-
edge mounted nozzles for a 30 knot wind condition. Careful doe-iin
consideration will be necessary as to nozzle pattern, angle of
elevation, flow rate, operating pressure and nozzle location, in
order to provide for water distribution in an approximately uniform
pattern across the deck under varied wind speeds, a variation in
nozzle patterns from wide spray to straight stream will be required.
The angle of nozzle elevation for best horizontal reach under no
wind conditions is 32 degrees, however, these tests with the 90 degree
cross-wind indicated. that a greater horizontal range is obtainable
"with a flatter angle. Unfortunately, testing time available did not
permit the collection of quantitative data on this function. From a
rationalizing viewpoint, the hiMher the angle the more water :3.t1r'ani
interference can be expected from aircraft wingos parked alon, th(
deck edge and extending over the catwalk. A low o'.le-tr.c•.Un
angle would only have to contend with wheel. and ]andmin ,ear 0. ruts,
which are much smaller profiles than wings,. 'The individual no::.hs
flow rate and pressure will determine its range and water iarj i,-.tioi

* rate. Reach of the stream will vary approximately an; thoe.qur,
root of the nozzle pressure and by an even lesser fa.tor for tlI, fluw
rate. Nozzle locations and direct ions- will detern iio their (01'5,.
for covering the deck for fire extinwuishit•,i mu o.:l. . . dl -

1
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cooling ordnance items on the planes. Additionally, a minimum of
damage from sea water to aircraft not directly involved in fire but
within the section being discharged can partially be controlled by the
design of the installation of nozzles.

Sponge "Bomb" Model Water Pick-up

The data from the ordnance sponge models suspended from the
aircraft wings revealed that the rate oO water impact on the ordnance
skin would be approximately 0. 014 gpmu/ft2 . Previous laboratory
studies with sponqjes slhowed 10 to 20 percent of a directed water spray
would be rejected froni the surface and drip off. This variation was
related to the velocity of the impacting spray; the higher the velocity
the greater the rate of rejection. The laboratory studies also found
the sponge bomb to be saturated with water and incapable of further
adsorption when its weight had ioubled. (On complete immersion
these sponges will absorb 8 tinmes their weight. ) During the shipboard
test runs, the weight pick-up totaled only about one-third of the
initia? weight so it is firly certain they had not become saturated
with vater. If the shipb)oard data is corrected for the estimated
amount of water which was rejected, the water application rate to the
ordnance skin surface would be 0. 015 to 0. 019 gpm/ft2 . This
represents a heat removal capability of approximately 135 to
175 BTU/ft2 .

It was unexpected that the 250-lb bomb model located 25 ft
from the nearest flush-deck nozzle retrieved almost exactly the same
amount of water as the Zuni rocket sponge mounted directly over one
of the nozzles. The explanaticn for this appears to lie in the
"reflective" characteristics of the sponge model which probably
simulates that for the actual metal weapons. Ifhe bomb model was

in a space which was characterized by rapidly drifting y, which
had to be of very small droplets to be blown as far as 2. it or more
downwind, whereas the Zuni model was contacted irom below by a
semi- solid jet which ricocheted outward on contacting a small area
on the skin. As a result, the only effective cooling water the Zuni
model absorbe- was from drifting spray which amounted to no
greater a rate than that on the 250-lb bomb. These tests would
indicate the degree of cooling of ordnance will depend to a large
extent on the orientation toward the wind and drifting spray with only
the projected surface or silhouette normal to the wind intercepting
appreciable amounts of water. In any event the cooling will probably
be restricted to one side of the weapon. In the shipboard tests the
sponge models were turned almost broadside to the wind direction.
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With diminishing winds below the full 30 knots the water cooling
pattern will become increasingly localized and varying from good
at some points to non-existent at others.

TBFFU Nozzle Discharge Performance

As described earlier, there were no particular problems
encountered with the operation of the TBFFU nozzles or equipment.
The agent discharge from both nozzles is strongly influenced by
cross winds and a 30 knot wind at 90 degrees to the output will
reduce the effective range to 2 ft or perhaps even less. Therefore,
it becomes almost imperative in winds of 20 - :30 knots that the
fire fighter be almost directly upwind of the fire while applying his
agents, Conceivably, a different nozzle design could improve the

cross-wind range but this would require an undesired sacrifice in
performance at lower wind speeds. Likewise, adjustable stream
nozzles have not proven satisfactory because of the problem of
misselection of the proper position.

The laminar air flow with little vertical movement means
that the agent should not only be released directly upwind but also
at the same level as the fire. Agent projection and range will be
as limited upward and downward to the wind flow as it will be
across it. For a fuel spill fire burning on the deck the nozzles should
be held low, but for a fire situated in an aircraft the nozzles should be
held at a corresponding level.

Although it was not a part of these tests, the subject of the

vehicle for transporting the TBFFU had been discussed earlier
Swith Air Department personnel from the INDEPENDEN14CE. These

talks were the basis for the decision to mount the "second generation"
design units on the rear platform of the MD-3 towing tractor. Thin
vehicle is widely used on carriers and has a low 36 in overall height
to permit movement among parked aircraft. The platform mounting
will allow the tractor to perform its normal towing duties without
any interference and the platform can be easily transferred to
another tractor in the event of engine or chassis maintenance.

P-K- P Discharge

The same comments as made above for the twin ageint.,, "Lil,.flt
Water" and P-K-P, also apply to the discharge of P-K-P fron :.,0 ]i)
P-K.-P portable extinguishers, however, the wind effect on the uffectjve
fire fighting range of the powder will be even more pronouiced
because of the lower mass flow rate of discharge from thn:sc CxHZill, ,i:'1r1,.
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"Liqht. Water" Application by Helicopter

Application of a fire fighting agent from a hovering helicopter
would have a big advantage of providing ready access to fires anywhere
on the flight deck without regard to parked aircraft. During all :light
operations, a helicopter, called "the angel, " is airborne and ready to
effect rescue of personnel from downed planes and this craft would
provide an ideal platform for bringing "Light Water" to a fire situation
within the deck-spotted aircraft "pack. " The shipboard tests indicated
that delivery and application of "Light Water" by helicopter was possible
and probably could accomplish some fire extinguishment action even]
though the 30 knot wind condition would make it less efficient than the
comparable land-based technique.

Strong objections to this procedure have been raised by the
ships' operations officers. One objection is that the latest flight pattern
for the "angel" calls for it to orbit the carrier at a distance instead of
hovering off the island and this would incur a long delay in response.
The biggest objection lies in the amount of fuel which would have to be
traded off to permit carrying the "Light Water" unit. This would
require more frequent return of the helicopter to the deck for refueling,
which in turn interferes with other flight operations on the carrier.

High Expansion Foam Discharge

The operation of the high expansion foam generator under 5 to
10 knot winds was not considered an adequate test of the characteristics
of this agent for flight deck application. Adoption of this material
cannot be viewed optimistically because of the cumbersome equipment
required. Presently available high expansion foam generating apparatus
cannot be readily adapted to the flush- deck nozzles nor to any system
of deck-edge nozzles as a part of a fixed system and portable units would
be slow to mouilize and almost impossible to handle in a 30 knot wind.

High Capacity Fog Foam System

The basic form of the Fog Foam System -vas first introduced to
carriers in 1945 after a series of preliminary tests conducted by NRL.
Except for modifications made to convert it to a remotely controlled,
dry type system with better proportioning at a flow rate of 250 gpm, it
has remained essentially unchanged over the 20 year interim period.
The system suffers from complexity of arrangements in the proportioning
.section, maintenance problems, and lack of ucage, as do most fire
protection -ystems.
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Despite the above cited shortcomings, the two stations checked
out on the INDEPENDENCE were found to function fairly satisfactorily.
On Station 17 there were some problems in finding and properly setting
the valves at the proportioner, but after these delays, the flight deck
push-button control was finally closed, and water was received in
15 sec and foam in 30 sec. In the first acceptance tests (1946) of this
type of system, foam was obtained in 17 sec. Response time to the
flight deck within 30 sec is essential for prompt fire attack. The
variation in depth of color of the solution flowing from the nozzle
indicated fluctuations in foam concentration, however, only one sample
taken at Station 17 was below the desired 6. ('n rnrcent value. There
appeared to be no logical explanation of why the <roportionin j should
vary while the water flow rate remained constant. Concentrations
above 6 percent are beneficial in regard to fire fighting so the only
concern here is premature depletion cf the foam supply. Observed
nozzle pressures were somewhat below the desired 100 psi level.

The endurance run made at Station 10 resulted in a duration of
18 min which is very close to the theoretical time of 20 min for

* emptying the 300 gal supply tank with one 2 1/2 in nozzle operating.
This would indicate the average concentration was slightly over
6 percent.

It was observed during the runs that the foam concentrate stored
in 5-gal cans near the proportioning station could not be dumped at a
rate to keep pace with even the iow flow rates. With the maximum
fiow of 1000 gpm the 300-gal tank will be exhausted in 5 min which is
a relatively short time in a major fire. The standby supply of 300 gal.s
af each station would riot appear to be available rapidly enough at the
time of a fire, especially if it had to be carried to another station.
Consideration should be given to putting all the concentrate into a tank
or tanks where it would be availible for immediate and continuous use.

Examination of foam cans in the storage racks showed some of
theým to be 10 years old and new cans were stored alongside tht, oldest
caris. It i,; advisable that protein foam concentrate should not be older
tnan 3 years. A. fixed policy of replacing any stored material older
trian 31 years should be established on all ships.

Although they were not a part of the fog foam system, very old
.x foar proportionero fo, r portable use were noted in various

locations throughout the ship. These outmoded and inefficicrt foanir
ccncer, tratel. proportioniers r ,Jd ., en rý pced ninny ,r,. aq:r .
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CONC LUSIONS

It is patently superfluous to conclude at this point that the
opera.ion of a correctly installed aircraft carrier flight deck
NBC "washdown" system (similar to the one tested aboard the
CVA-62 (INDEPENDENCE)) would diminish the detrimental effects
of fire and heat if a repetition of the FORRES'W'AI. incident should
occur. Heavy rainstorms have been known to accomplish thc.-e
same ends.

From a quantitative viewpoint, it is impossible to forecast
the exact degree of control of fire and heat attainable by operation
of the system on the basis of the information obtained in these
tests. However, certain data have now been gathered concerning
the water pattern characteristics of a typical system during normal
ships operating procedures. Certain other information has been
developed by laboratory tests which relates closely to the shipboard

Sresults and confers 2onsiderable optimism to the efficacy of the
"washdown" system for fire protection.

In a series of qua.,titative, field fire tests on a steel plate
19 ft in dia using JP-5 fuel, hand-held sprays of 6 percent "Light
Water" extinguished and secured the fire in 7 sec at an application
rate of 0. 057 gpm/ft 2 ; which is an application density of 0. 007 gal/ft2.
(Protein foam solution applied at 0. 214 gpm/ft 2 required a density
of 0. 150 gal/ft2 , 20 times that for "Light Water"; plain water at this
rate could not extinguish the fire. ) The calculated water rates for
the flight deck varies between sections but averages to 0. 03 prpm/ft 2 .
Extrapolation of the extinguishing time based on the above rates
would indicate extinguishment by the flush-deck "washdown" system
should be accomplished within 13 sec using "Light Water" solution
4n it.

Testing is now underway (January 1968) at this Laboratory
using a mocked-up 50 x 50 ft section of a steel deck in which carrier
flush- deck washdown nozzles have been installed. Full scale fire
tests at identical deck spray rates to those on boad ship will be
conducted.

The data obtained concerning area/water rate impingement
on mock-up sponge "ordnance" indicated that a considerable cooling
effect from upward projected and drifted water spray can take place
by operation of the "washdown" system. Of course, the extent of
this water impingen, rnt will be a function of the position of the
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ordnance relative to the pattern of the water spray. Additionally,
the heating charactoeristics of ordnance of differing configurations
under flame and spray exposure will have a bearing on the "cook-off"
prevention capabilities of the "washdown" system operation. It is
worth noting in this connection that time lag between the start of
heat input and initiation of cooling may generate a "point-of-no-return"
concerning the internal penetration of the heat front. This also must
be determined for each configuration before definite conclusions can
be made.

It is evident even from the tests that were performed, that
spray coverage of the flight deck will be very discontinuous using
deck-edge positioned nozzles. Such an installation will require a
careful series of tests under 30 knot wind conditions in order to
establish optimum elevation and stream pattern characteristics of
candidate nozzles, in terms of deck areas requiring protection. The
interference of parked aircraft with deck-edge nozzle streams will
continue to be an insoluble problem, it is believed.

The effective reach of extinguishing agents from dry chemical
portable extinguishers and from the "Light Water" and "Purple-K-
Powder" twin nozzle of the TBFFU was severely limited by high
cross-wind velocities. Since these devices are easily portable and
hand-directable, the fire fighter can usually point the nozzle in an
easily seen, exactly downwind direction at the lowest position to the
deck where wind velocity and turbulence do not adversely affect the
discharge pattern.

It was disappointing to note the extreme deflection by wind
velocity of the downward projecting stream of "Light Water" foam
from the overhead hovering helicopter. It must be concluded that
a fire extinguishing agent discharge which cannot be accurately
aimed will be of minimal utility in an actual fire emergency.

The High Capacity Fog Foam Systc. stations that were checked
on the CVA.- 62 operated satisfactorily after a number of difficulties
had been surmounted. These consisted of improperly designated
control valves, problems of communications, difficulties of rapid
handling of 5-gal foam concentrate recharging cans, poor disposal
of empty cans, and inability of operation of sections of the system
without manual control of automatic electrical relays. There is no
question that the system needs engineering design attention immediately.
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RECOMMENDATIONS

Based on the findings of these shipboard tests it is recom-
mended that engineering design studies of aircraft carriers be
initiated leading toward the provision of flight deck1- water spray
systems, preferably of the flush-deck mounted type, yielding
uniform spray "fallout" on the deck of at least 0. 02 to 0. 03 gpm
per sq ft under operating conditions. These systems should be
designed for sectionalized, remotely-operated control and
provided with automatic proportioning stations for admixture of
6 percent by volume "Light Water" Concentrate in the salt water
mains supplying the sections.

It is also recommended that a complete review be made of
existing High Capacity Fog Foam Systems including hangar deck
sprinkler systems with the objective of increasing their effective-
ness by utilizing "Light Water" in their operation and simplifying
them.
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13 ABSTRACT

A series of tests were conducted at sea aboard the USS INDEPENDENCE (CVA-62)
for the purpose of evaluating the application of the twinned agents, "Light Water" - Purple-
K-Pbwder, from the Twin Ball Fire Fighting Unit, application of "Light Water" from a
helicopter, and P-K-P from portable extinguishers. A',.- studied ,ere the characteristics
of the NBC "washdown" nozzles as possible basis for the introduction of a "Light Water"
based installed fire protection system for the flight deck. Wind speeds and patterns were
measured at various heights above the deck to establish their role in fire fighting operations.
The major portion of the work was done under 30 knot winds characteristic of the wind speed
during aircraft launch and recovery and representing the most severe conditions for exting-
uishing fires.

The air flow over the deck below the 6 ft level was found to be laminar in character
with marked diminishment in speed at levels near the deck. Thus, the detrimental effects of
wind on the discha-ge patterns of fire extinguishing agents was not serious in the down-wind
direction but did severely limit the cross-wind agent reach.

The water distribution pattern from the "washdown" nozzles offers good poltential as
a base for a fire fighting system which with "Light Water" will offer both fire extinguishing
and ordnance cooling capabilities. Average water application rate from this system is 0.0:3
gpm/ft 2 deck area, although the tests proved the wind-blown patterns were very uneven. Previ-
ous shore-based fire tests have shown JP-5 fires can be readily extinguished at this appli-
cation rate of "Light Water" spray. Simulated ordnance made of sponges demonstrated that
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I
water spray concentrations of 0.015 gpm were reaching each square foot of exposed muni-
tions surface area. This is equivalent to absorbing about 150 BTU/min/ft2 .

The discharge of water nozzles mounted along the edge of the flight deck and directed
inboard was found to be highly deflected by the wind and will present a problem in properly
designing a system for those carriers not already fitted with flush-deck nozzles. Additional
testing o. the pattern, flow, and angle of discharge will be required in order to obtain satis-
factory results.

Extreme wind deflection of "Light Water" applied from the boom of the UH-2B
helicopter dispersed the stream and made aiming to the site of the fire difficult. These and
other helicopter operational problems lead to the recommendation that this method not be
considered further for carriers.

Operation of two of the High Capacity Fog Foam System stations revealed problems
in getting them into action within the desired time period of 30 sec. Their foam proportion- i

ing was found to be erratic but usually on the rich side. Foam concentrate replenishment
rates were inadequate.
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