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Aircraft Cabin Water Spray System
C.P. Sarkos, R.G. Hill and T.R. Marker
FAA Technical Center

The U.S. Federal Aviation Administration (FAA) and British Civil Aviation (CAA) have been
engaged in a joint program since 1989 to determine the effectiveness and practicability of an
onboard aircraft cabin water spray system for improving survival during a postcrash fire.
Aviation authorities from Canada and other European countries also participated in the
program.

Fire Scenarios. A postcrash aircraft fire is almost always initiated by spilled aviation fuel
outside the airplane. Survival of cabin occupants is dependent on how fast the fire spreads in
the cabin and the time to flashover. Accident conditions which impact the rapidity of cabin fire
involvement include fuselage integrity, whether there are openings (doors, ruptures) adjacent
to the fuel fire, and the resultant cabin drafts created by wind and door openings. The fire
resistance of cabin materials is also an important factor. FAA full-scale fire tests focused on
a fire scenario consisting of an external fuel fire adjacent to fuselage opening. An exhaust fan
in the test article was adjusted to vary the degree of flame penetration through the opening,
creating a cabin flashover condition that could be varied anywhere from about one to five
minutes (zero wind). Additional scenarios included burnthrough (intact fuselage), sprayed fuel
(fireball) and, in one test series, enhanced fire caused by metered oxygen (simulating rupture
of an emergency oxygen storage tank).

System Design. The baseline water spray system was developed in the United Kingdom (U.K.)
by SAVE Incorporated. The SAVE system consisted of a large array of small nozzles, mounted
throughout the cabin ceiling, which discharged a fire water spray for a period of three minutes.
The characteristics of the agricultural type nozzles are as follows: hollow cone, 100 micron
mean droplet diameter, and 0.7 1pm at 40-45 psi. In the FAA narrow body (B-707) test
article, the SAVE system consisted of 120 nozzles and 72 gallons of water and 195 gallons of
water was required. -

System Effectiveness. FAA completed full-scale fire tests in both narrow body and wide body
test articles to determine the effectiveness of the SAVE system under various postcrash fire
scenarios. CAA also sponsored narrow body tests in the U.K. Test results indicated that the
SAVE system effectively suppressed (it is not an extinguishing system) postcrash fires in both
aircraft sizes. In particular, the fine water mist caused large reductions in air temperature and
water soluble gas concentrations. The concentration of "dry" toxic gases such as carbon
monoxide was also lowered. By delaying flashover, survival time improvements of 2-3 minutes
were achieved. This improvement is very significant in the context of aircraft fire safety; in this
environment, improvements of only 5-10 seconds could conceivably save many lives (see
Figures 1 and 2).

A somewhat negative feature of the SAVE system was that the water spray tends to lower the
ceiling smoke layer. Compared to an unsuppressed fire, visibility is reduced during the early
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stages of a fire. However, as the water spray suppressed the fire, the visibility improved as
compared to the unsuppressed fire.

System Optimization. Because of payload, the weight penalty of the SAVE system is
excessive by aircraft standards. Tests were first conducted to determine what mechanisms made
the SAVE system effective. The results showed that the system’s best attributes were reducing
the burning rate of materials and lowering cabin air temperatures. This finding led to the
development and evaluation of a zoned waterspray system. An optimized zone system was
showed to be even more effective than the SAVE system while using only about 10% of the
water. Moreover, because water discharge is confined to fire areas, smoke lowering was
eliminated in those portions of the cabin where evacuation would be taking place, restoring and
even improving visibility (see figures 3-6).

Physiological Hazards and other Human Factors. A number of potential problems were
identified and examined. Based on water spray test measurements and pertinent scientific
literature, it was concluded that water spray of the type tested would not increase the water
content of inhaled air nor carry absorbed toxicants into the lungs. The effect of water spray on
emergency evacuation was studied by conducting full-scale tests with human subjects. There
was no difference in evacuation time from the sprayed and unsprayed cabin environment. In
addition to overcoming the loss in visibility caused by lowering of the smoke layer, a zoned
system would also minimize the number of passengers likely to be wetted and, thereby, the risk
of hypothermia following evacuation.

Safety Benefit Analysis. FAA, CAA and Transport Canada analyzed world-wide transport
accidents over the past 20 years to calculate the number of fire fatalities that could have been
prevented had a water spray system been onboard. The analysis factored into consideration fire
safety improvements (e.g., seat fire blocking layers, floor proximity, lighting) mandated after
the time of the accident. It was estimated that a maximum of 14 lives a year world-wide, or
4 lives per year in the U.S., can be saved by the use of an onboard water spray system.
Although the "average" savings in lives is relatively low, it is also recognized that a water
spray system could save a large number of people in a major aircraft fire accident.

Manufacturers Disbenefits Study. Boeing and Airbus completed separate studies to evaluate
the adverse effects of water spray discharge in an airplane. Particularly, the consequences of
an inadvertent discharge while the airplane is flying of great concern. The installation of a
water spray system is feasible, but certain protective measures would have to be taken to
enable an airplane to tolerate an inadvertent discharge. Since the analysis was based on the
SAVE system (continuous water discharge throughout cabin for 3 minutes), additional
considerations such as system zoning and arming would reduce the level of protection required.

Airworthiness Design Requirements. Design requirements for an aircraft water spray system
were developed by the airworthiness authorities participating in the program with industry
input. The requirements provided a realistic basis for a cost assessment.

Cost_Analysis. A cost study commissioned by CAA was conducted to cover a range of water
spray system configurations and airplane types. The fleet costs to retrofit systems would
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currently indicate a $22-32 M cost per life saved.

Future Studies. It is clear that the safety potential of an aircraft water spray system is very
great; conversely, the cost/benefit is high and the concerns with installing in an airplane persist.
Therefore, future studies should address cost issues and further evaluate operational feasibility.
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