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INTRODUCTION

Purpose

The purpose of this project was to establish criteria for the
aireraft installation and utilization of an exztinguishing agent concen=-
tration recorder and to provide genmeral guidelines for the testing of
aircraft powerplant fire-extinguishing systems.

Background

From 1959 to 1968, the Pederal Aviation Administration's (FAA)
Mational Aviation Facilities Experimental Center (NAFEC) was actively
engaged. in the evaluation of aircraft powerplant fire-extinguishing
systems. WNAFEC's activity in this field consisted, primarily, of
providing specialized fire-extinguishing agent concentration recorder
equipment and cognizant personnel to organizations requesting assistance
in the evaluation of aircraft extinguishing systems. The test equipment
and associated services were provided to the FAA's Flight Standards
Service, all branches of the United States military services, various
foreign military services and manufacturers, and domestic aircraft
manufacturers. Testing was conducted and data cbtained for all types of
aireraft ineluding STOL, VIOL, helicopters, large transport category
aircraft, military aircraft, executive aircraft, turbojet, turbopropeller,
and reciprocating engine aircraft.

The scope of the report was limited by two factors. The first
factor was the type of extinguishing agent utilized in the aireraft
industry. The majority of information obtained during the past 8 years
was for systems utilizing monobromotrifluoromethane (CBrF3), with
dibromodifluoromethane (CBr;F;) being the next most commonly used agent.
Several carbon dioxide systems were also tested.

The second limiting factor was the type of test equipment used for
the test and evaluation programs. All testing was conducted utilizing
a specialized extinguishing agent concentration recorder. The extin-
guishing agent concentration recorder equipment, the principle of which
was based on the difference in flow characteristics of gases, was
developed expliecitly to provide an instrument capable of continuously
measuring the percentage and duration of agent concentration in aircraft
nacelle compartments. The equipment and method of application became
accepted as the prime means of establishing the effectiveness of air-
craft powerplant fire-extinguishing systems. The operational principle
and theory of the instrument were described in detail in Civil Aero-
nautics Administration Technical Development Report No. 206, entitled
"aircraft Fire Extinguishment, Part III, An Instrument for Evaluating
Extinguishing Systems," dated June 1953. A further description of the
equipment, as well as its basic installation and operation, was presented



in the FAA's Technical Development Report No. 403, entitied "Aircraft
Installation and Operation of an Extinguishing Agen: Concentration
Recorder," dated September 1959.

General guidelines are provided in this report for the conduct of
8 meaningful test program; however, care must be taken fo treat each air=-
craft system individually. Each system tested will present particular
problems or new applications not common to previous programs. Aircraft
mission, nacelle cooling methods, internal nacelle compressor interstage
airbleed, engine configuration and type, extinguishing system design,
and aircraft flight envelope and performance characteristics are some of
the many variables which must be treated as an integrated unit for the
proper evaluation of an aircraft system. In addition to the testing of
prime powerplant fire-extinguishing systems, the equipment and basic
methods have also been utilizad for testing of aircraft fire-extinguish-

ing systems for auxiliary power units (APU), wheelwell areas, control
__hays, and cargo compartments.

~Description of Equipment: The agent concentration recorder equip-
ment consisted of a recording oscillograph, a vacuum pump, a ceontrol
unit, 3 gas analyzer units, and 12 agent sampling probes. One typical
- model of equipment, the GA-2A, is shown in Figures 1 and 2. The vacuum
pump was used to draw the gas samples from the nacelle through the
sampling probes to the analyzer units. The analyzer units were thermally
insulated and temperature regulated at 250°F and were the core of the
analyzer. A typical analyzer cell within the analyzer unit is shown in
Figure 3. From the sampling probe, the gas sample passed through the
temperature-regulating, porous metal plug where a common temperature was
achieved for all the cells. The sample then passed through the second
porous metal plug, across which a pressure drop occurs as a function of
the viscosity and volumetric flow rate of the gas. The pressure drop
was sensed by the transducer assembly, and the resulting transducer out-
put was transmitted to the recording oscillograph. Finally, prior to
being exhausted through the vacuum manifeld, the gas sample passed
through the critical flow orifice. Proper operation of the analyzer
was dependent upon the maintenance of critical flow through this orifice.
The gas analyzer was calibrated for all commonly used extinguishing
agents,

DISCUSSION

Guidelines for Installation and Location of Extinguishing Agent
Sampling Probesg

Probe Location: An important factor in the conduct of a meaning-
ful test program is the proper installation and location of the agent
sampling probes. Since the existing concentration recorders make use of
a maximum of 12 probes, careful consideration must be given to the
selection of areas to be sampled in order to provide a maximum of useful
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data per test, and also to provide a complete program composite for the
judgment of overall system performance, The expeditious development of
an acceptable aircraft fire-extinguishing system can also be influenced
by the selection of probe location.

Two concepts have generally been used in selecting the
location of the probes.. The first is to present an overall picture of
agent concentration within the nacelle fire zome, and the second is to
locate the probes with regard to specific fire hazard areas within the
fire zone. The resulting positioning is usually a compromise between
the two methods, with the emphasis being place on overall concentration.
Since the entire designated fire zone within a nacelle must simultan-
eously receive a given minimum agent concentration for a specified time
interval, and the number of sampling probes is limited, a composite
picture of agent distribution is wvery useful in the equalization of
concentration throughout the fire zome. The more equal the concentration
at all probe locatioms, the greater the degree of confidence that the
entire fire zome is adequately protected, and since fire may occur any-
where within a fire zone (for instance, from f£lammables sprayed or

splashed into remote areas), even the upper areas of the zone should be
sampled,

Two general methods have been used to obtain overall pictures
of agent concentration. For a relatively long nacelle, probes are
positioned in four rings of three probes each. The probes in each ring
are spaced at 120° intervals about the longitudinal centerline of the
engine. The probes in each succeeding ring are rotated 50° with respect
to the preceding ring. A typical installation is shown in Figure 4.

For a shorter nacelle, three rings of four probes each will
present a good perspective. The probes in each ring are 90° apart and
each succeeding ring is rotated 45°, as shown in Figure 5.

Many variations of these methods are possible. The position-
ing may start with any ring or any angular location. Also, by deviating
slightly from the ring station locationm, or the suggested angular posi-
tioning within the rings, or by varying the radial distance, many
specific fire hazard areas may be investigated without disrupting the
overall coverage.

The investigation of specific fire hazard areas and areas of
expected low concentration is important for a proper evaluation and
should be given consideration when locating the probes. Examples of
such areas within an engine nacelle or APU compartment are areas where
flammables might collect in the event of spillage, recessed arsas,
areas of expected high airflow, areas remote from agent discharge
nozzles, electrical or hot surface ignition sources areas, and areas
adjacent to fuel lines and couplings. Examples of specifiec areas in a
wheelwell are those adjacent to flammable fluid lines that could be
severed by shredded portions of a rotating tire or, in the event of a
brake overheat and tire ignition, areas adjacent to the tires.
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: Since the equipment described was limited to 12 probes per test,
aircraft with extremely large nacelle fire zones or aircraft with several
related fire zones to be tested may require relocation of the initially
installed probes or installation of supplementary probes and the conduct
of duplicate tests under the condition demomstrated to be the most
adverse during the course of the program.

Probe Installation: A number of guidelines should be observed
during the physical installation of the probes. The probes, which are
1/4=inch-outside~-diameter open-end tubes, should preferably be either
copper or aluminum., Copper is more commnonly used due to its greater
flexibility in initial routing and coiling, and subsequent rerouting,
recoiling, and relocating which may occur during a program. The lenzth
of the probes from the analyzer units to the terminal ends within the
test area should be kept to a minimum to avoid excessive pressure drops
and loss of critical flow at the critical flow orifices in the analyzer
units. Additionally, the wall thickness of the sampling probe tubing
should be as small as possible {(0.030 inch or less).

All probes must be of the same length to allow identical Fflow
times from the nacelle to the analyzer units. Therefore,; the length of
the longest probe should be determined first, and then all other probes
should be cut to this length. Coiling of the excess tubing will then be
required for the majority of the probes, particularly in a large nacelle
where there is a long distance between the probe locations closest to
and farthest from the analyzer units. This differential may be kept to
a minimum by careful consideration of available probe routing. The
coiling of excess tubing should be accomplished outside the nacelle to
avoid disruption of actual airflow and agent distribution., The coils °
should be of as large a diameter as practical to minimize line losses.

Within the nacelle, the probes should be clamped or tied
‘securely to rthe nacelle or engine at several points to prevent shift-
ing during the program, and particularly during a £light test progpram.
1f shifting does occur, misinterpretation of data can result, Shifting
of the tubing could also cause interference with moveable engine
controls or chaffing of flammable or electrical lines., If praectieal,
the probe should be firmly secured as closely as possible to the free
end. - The open ends of the probes should be several inches from any
object that might cause probe blockage or flow obstruction when the
vacuum pump is operating. These clearances and the probe positions
should be checked at intervals throughout the program.

: The open ends of the probes should be positioned normal te the
local airflow or the expected local airflow to sense the static pressure.

If located close enough to an agent discharge nozzle to be more influ-
enced by pressures from the agent stream than from the local airflow,
the probes should be positioned normal to the agent f£low.



Positioning the open ends parallel to and facing downstream of
the flowing gases necessitates a 180° turn of the gases prior to probe
entry, and with the flow velocities existing in a high-rate discharge
system or a high-performance aircraft nacelle, erroneous concentration
versus time indications may result, Conversely, probes facing directly
into a discharge stream may result in erroneous concentration versus
time readings due to gas compression within the probe, . The closer the
probe end to the agent discharge nozzle or source of airflow, the more
severe will be the effect.

Wnen installing the probes, and throughout the Program, line
obstructions and contamination must be avoided. Prier to connecting
the probes to the analyzer units, the open ends of the probes must be
deburred and the lines cleared with high-pressure dry air or nitrogen.
If, during the course of the program, there is a possibility that
moisture, fuel, o0il, or other contaminants have entered the probe lines,
they must be disconnected from the analyzer units and cleared. WNo
high-pressure gas used for clearing must enter the analyzer units.
Short radius bends and sudden reversals in line direction should be
avoided, and tubing crimped during installation, in course of the
program, or in shifting to a second nacelle should bLe replaced,

Numbered tabs or tape should be placed approximately 4 inches
from both ends of each probe to insure preoper identification in the
event the probes are disconnected from the analyzer units or moved
during the program. Misidentification of a probe's location will create
confusion in data interpretation during system development. Finally,
after probe positioning is completed and before the first test, photo=,
graphs should be taken of each probe's location and a careful dimen-
sional record (including clock position and in which direction the open
end points) should be made to assure that the exact duplicate position-
ing will result if the probes are moved or future additional tests are
required.

‘Importance of Distribution System Conformity on System Development and
Subsequent Production Installations

Throughout the test period and at the termination of the program,
careful records of system configuration and conformity must be main-
tained to insure a successful program. During the program, each svstem
change should be documented. This documentation is necessary for
correlation with the test data to air in system development and to
properly evaluate overall final system performance. Also, in the
course of a development Program, a specific system may be developed to
its maximum potential without achieving acceptability, and a detailed
record of past changes and results may allow logical "backtracking" to
a-more favorable configuratiom,




When an acceptable system is obtained, a complete photographic
record and exact dimensioning of the system should be made by the
company and substantiated by the cognizant agency or service prior to
disturbing the system in any way. All system line lengths and diameters,
fictings, orifice sizes, and discharge nozzle or outlet configurations
should be recorded. Specific attention should be given to the spatial
angular positioning of all agent discharge nozzles, particularly those
located adjacent to a distribution line connection or fitting that
might cause an angular nozzle change if loosened.

If requirements are such that only one nacelle of a multiengine
aircraft is to be tested, an extinguishing system layout should be
prepared for the other nacelle(s), and a determination made of whether
the acceptable system will £it in the other nacelle(s) with regard to
routing, attachment points, nozzle angles, and engine or nacelle
obstructions. In general, different production manufacturing jigs will
be required for opposite nacelles., Care must be taken that the same
relative nozzle angles are used for each nacelle. In one case, an
approved left-hand nacelle system was found to be installed in the
right-hand nacelles of a number of production aircraft, thus creating
an untested right-hand system.

For production design purposes, any agent distribution system
connections or fittings which could influence the position of the agent
discharge nozzle or outlet should be indexed, keyed, fixed, or somehow
position identified so that exact conformity will result on every pro-
duction installation with respect to the test installation. Another
important consideration with regard to production system design is
field or user maintenance relative to system disconnection, removal,
and reinstallation. In general, persomnnel not intimately associated
with the development program are not aware of how critical nozzle
angles or positions are for duplication of test results, Thus, it is
of additional significance that the production system nozzle
crientation be clearly designated.

Several points regarding system development and subsequent pro-
duction design which have been observed during past ftest programs can
ve of benefit to future programs. For instance, in several cases, when
systems developed during test programs have been installed in preduction
aircraft, wvarious agent distribution lines have heen used as steps or
handholds by maintenance persomnel. This practice can lzad to changes
in conformity of individual airecraft systems. Sewveral companies have
had to provide sheet metal line covers and "NO-HANDHOLD" markings.

Mext, to facilitate and expedite a program, aliminum agent distri-
bution lines may be used for test and development purposes. The
2luminum tubing is much more easily worked and modified than the pro-
duction stainless steel lines, Care must be taken, however, that the
production stainless steel lines have the same inside diameters and the
same general flow coefficients as the aluminum lines used in the
development. :
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Another point, commonly overlocked, is the adaptability of a test
gystem to mass production, This is particularly evidenced in welding
and tube joining. For instance, where two tubes are joined by welding,
such as a main line and branch line, provision must be made for cleane
ing the interior of each line of any weld material at the tube Junction.
If this is not accomplished, weld material which has Tun internally may
effectively change line diameters and create line obstructions which
alter agent distribution. Cleaning and inspection should also be
carefully controlled during the development program,

Finally, it is imperative that production and design personnel have
continued contact with the cognizant test program personnel, and notify
the test personnel of even the slightest alteration proposed for the
system.: Posttest changes have been observed in System attachment points,
nozzle angles, and routing for such reasons as nacelle configuration
changes, clearances, and convenience,

Factors Which Influence Agent Distribution and Concentration

Agent distribution and concentration are affected by many factors
such as secondary airflow, nacelle configuration, engine configuration,
compartment obstructions, and ambient envirommental conditions. Since
the majority of these contributing factors is generally in a state of
flux when aircraft are in the experimental or prototype stage, the
extinguishing system tests should be scheduled as late as possible in
the certification or acceptance program. The tests should definitely
be scheduled after the final nacelle cooling configuration has been
determined. A number of Systems have had to be retested at later
dates due tec nacelles cooling airflow changes., If any changes are under
consideration, additional tests should be conducted in conjunction with
the regular program in order to indicate the possible effects of the
changes. Data thus obtained may be used to substantiate a change
without further extinguishing system tests at a later date.

One factor which has a pronounced effect on agent concentration
and distribution is the discharge cf turbine engine compressor interstage
bleed air into a nacelle, The effects of this discharge air must be
carefully investigated when testing extinguishing system performance.
Various engines have differing bleed band or bleed port opening and
closing schedules, and these schedules must he considered with regard to
bleed airflows existing during extinguishing system discharge. In
general, for engines of this type, the bleed air device will be fully
open when the extinguishing system is discharged, and appreciaple air- : i
flow can be introduced into the nacelle, In some aircraft; bleed air
discharge into the engine compartment can be over 2 pounds per second
during extinguishing system activation, Under the Proper compressor
discharge conditions, nacelle secondary airflow can completely reverse;




that is, normal nacelle ventilating air inlets can become outlets. A
typical example of the effect of compressor bleed air upon system per-
formance is presented in Figure 6. The two tests illustrated were
conducted on the ground with the aircraft parked; thus, the effects of
bleed flow are isclated at each of the 12 sampling probe locations.

Note should be made that during several system development pro-
grams, the compressor interstage bleed air has been used very effec-
tively to aid in distributiom of CBrF3 agent, which is normally a gas
following nozzle discharge and, thus, lends itself readily to mixture
with the bleed air. CBryFp, which is generally a liquid at discharge,

can better penetrate and carry through the blast of compressor discharge
air.

Another factor which has a pronounced effect on agent concentration
and distribution, K and one which is generally not given proper consider=
ation during aircraft fire-extinguishing system testing, is the adverse
influence of low envirommental temperature on the performance of a
system using gaseous nitrogen as a propellant. The low temperatures may
be the result of either high-altitude flight or winter ground conditions.
The primary cause of decay in system performance is attributed to the
drop in pressure within the agent storage containers in a low-temperature
environment. This pressure drop, coupled with distribution system line
losses, can radically affect agent distribution. The majority of airecraft
tested have had their containers mounted in spaces that may be subjected
to low-ambient-temperature conditions. Test programs have generally been
conducted in moderate (above 30°F) temperature environments, and the more
marginal the results under these conditions, the more questionable will
be the system performance at an extremely low (-65°F) ambient tempera-
ture. While testing at low temperature has been very limited, some com-
parative data have been obtained for CBrF3 and CBrpF,. Comparative data
were obtained for both agents by discharging them through an aircraft's
system at approximately 50°F ambient temperature, then repeating the
discharge through the same system after the containers had been cooled
overnight to -60°F. Typical test results are presented in Figure 7 for
CBrF3, which illustrates the change in concentration at each of the
12 probe locations. Similar results are presented for CBrFp in
Figure B. Both sets of data were collected with engine operating on a
test stand and agent containers and plumbing installed in a wing sectiom
above the nacelle as in the production aircraft. At discharge, contain-
er temperatures had risen to -40°F. The data indicate that low temper-
ature has a more adverse effect on CBrFy distribution. This set of data
was a limited, exploratory by-product of a standard evaluation program,
and care must be used in application of the results. The data are pre=-
sented only as a general indicatiom of the influence of low temperature
on agent distribution.. Additienal low-temperature envirommental data
were gatherad during a more comprehensive FAA test program and are
presented in FAA Final Report No. NA-69-26, (DS5-68-26) entitled "An
Investigation of In-Flight Fire Protection with a Turbofan Powerplant
Installation," dated April 1969,
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Data from the referenced report indicated that a 47- to 64-percent
increase in the weight of CBrFy was required to extinguish a full~sca1e
engine fire when the agent container was cooled from 59°F to =50° F, and
a 36~ to 73-percent increase in the weight of CBryF2 was required to
extinguish a similar fire under similar conditions.

One possible methed for avoiding the adverse and ordinarily
untested effect of low temperature on system performance would be to
install the agent containers in heated areas. Containers are often
mounted in convenient, unheated areas such as wings and wheelwells.
Excesslvely hot areas should also be avoided since the liquid phase
discharge from the container is appreciably reduced at elevated tem-
perature, Ideally, the area in which the agent containers are mounted
would be maintained at a constant tewperature fFor both test and
production systems.

A determination that must be made during a multiengine aireraft
evaluation program is the applicability of the test results obtained
for one nacelle to the other nacelles. Obviously, in certain instal-
lations, more than one nacelle will have to be tested as in a tri-
engine aircraft with one "buried" engine and two pod-mounted engines.
On aircraft with even-numbered, symmetrical engine installations, how-
ever, this determination becomes more difficult. When an acceptable
system has been developed for one nacelle, the first point to be
resolved is whether this extinguishing system configuration is physi-
cally adaptable to the other nacelle(s) with respect to routing and
nozzle orientation. These factors become increasingly important when
the test results are marginal for the first nacelle, Differences in
the initial impact points of the agent issuing from the discharge
nozzles and obstructions in the vicinity of the discharge nozzles
must be considered, particularly if it is suspected that the agent may
still be in the liquid state in this area. Agent in the liquid state
following discharge from the nozzles is more sensitive to obstructions
than is agent discharging in the vapor state. Due to the physical
characteristics of CBryF2, it is more probable that this agent will be
in the liquid state for a longer time following nczzle discharge than
CBrFy. During test programs, cases have occurred where liquid CBraFs
has collected in lonmgitudal members of the nacelle and has flowed down
the nacelle skin as a liquid, thus creating distribution problems. In
one extreme case of this type, aluminum skin was installed in a portion
of the interior of the nacelle adjacent to the discharge nozzle to
provide a smooth surface which aided in evaporation and prevented
collection of the liquid agent pricr to vaporizationm.

Additionallv, on turbine aircraft with more than one nacelle, the
engine accessories, components, and cooling air inlets are often not in
the same location with reference to discharge nozzles in the opposite
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nacelle. These location differences must be examined in light of their
expected effect on distribution, Programs where more than one nacelle
has been tested are very limited in number, However, of those pPrograms
where more than one nacelle was tested and where results for the first
nacelle tested were marginal and duplication of results in the opposite
nacelle was questionable, the majority has required system changes for
the second nacelle. 1f, after careful consideratiom, it is decided that
the other nacelle(s) should be tested, it is usually sufficient to test
only the most adverse condition encountered during the testing of the
first nacelle. When shifting the agent concentration recorder probes

to a second nacelle, the procedure generally followed is that the probes
are shifted with respect to the nacelle rather than to the engine. For
example, a probe that is outboard (9 o'clock) in the left-hand nacelle
would be in a corresponding outboard (3 o'elock) location in the right-
hand nacelle, This method produces more comparable results and allows
an analysis of overall concentration changes in the void volume of the
nacelle. Occasionally, the same sampling tubes used for one nacelle
will be used for testing the second nacelle, and a careful examination

should be made to assure that the tubes have not been crimped during
shifting.

Another factor which ecan influence agent distribution within a
nacelle is the placement or location of discharge nozzles with respect
to nacelle cooling air inlets and outlets. Cases have been experienced
where discharge nozzles have been located directly in line with cooling
air screens and louvers, Depending upon the distance from the nozzle to
the screen or louver, the spread angle of the nozzle, the agent, and the
area of the nacelle opening, all or a large portion of the agent issuing
from that nozzle may be discharged overboard without adding to the
extinguishing ecapability of the system. Therefore, the path of the agent
discharge from each nozzle should be traced and, if necessary, adjusted

to assure that maximum utilization is made of the total quantity of agent
discharged into the nacelle.

An occasional and basically inadvertent factor which ecan influence
agent distribution within a nacelle is the location of obstructions near
the discharge nozzles on the test aircraft. Since the extinguishing
system tests are conducted almost exclusively on experimental or proto-
type models of a particular aircraft, additional company test instru-
mentation and equipment are usually installed in the nacelle. Hence, a
visual examination should be made for inmstrumentation harnesses, wire
bundles, and measurement equipment on the test airecraft which will not
appear on production aircraft but which may cause changes in agent
distribution,

Flight or Ground Test Procedures and Conditions

Although specific test procedures and conditions will wvary from
aircraft to aircraft, a number of basic guidelines will be presented for
general application. Each test program should be designed to realisti-
cally simulate the most adverse conditions under which the extinguishing
system will be expected to perform.
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One of the first considerations in establishing a test program is
the designated engine fire-emergency procedure for the aircraft., Tests
should be conducted using the proposed or specified fire-emergency
procedures for each particular aircraft. If no procedure exlists, one
should be developed prior to test initiation. The tested procedure
should then be specified in the appropriate section of the aircraft's
flight manual. A typical fire-emergency procedure for a turbopropeller
engine is as follows:

1. Engine power lever -- QFF

2. Engine fuel/oil valve -- OFF

3. Engine fuel boost pump -- OFF
4. Propeller =- FEATHER

5. Emergency "T-handle" -- PULL

6. Extinguishing agent discharge selector switch - BOTTLE 1 AND/OR
BOTTLE 2

For test purposes, certain portions of designated procedures which do not
affect agent distribution have been modified, eliminated, or only simu-
lated if it was reasonably suspected that extensive test repetition of a
specific phase of the procedure might cause engine damage.

With the present type extinguishing agent concentration recorder
equipment, the normal calibration countdown (described on Page 28) should
be adjusted and coordinated with the aircraft fire-emergency procedure to
give near-maximum or higher than the normal secondary airflows expected
in an actual emergency. Also, by initiating the emergency procedure at
a specific point in the countdown and by coordinating each step in the
remaining portion of the procedure with the countdown, repeatability of
the test condition and lessening of test variables are assured. The
rapidity of pilot reaction during planned tests, the practices emergency
procedure, and the adjusted countdown will insure a positive safety
margin with respect to severity of compressor bleed flows and other
sources of nacelle secondary airflows with respect to an actual fire
EMETEEency.

Ground Test Condition: A series of ground tests is usually con-
ducted during an extinguishing system evaluation program. Nacelle
fires can and have originated on the ground, and they should be extin-
guishable with the aircraft's system, The importance of the ground
test phase will vary with the type of aircraft and its missiom, Cer-
tain civil transport aircraft, such as executive type and helicopters,
as well as many types of larger military aireraft, have the capability
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and requirement to occasionally operate from airfields or landing areaas
with limited or no ground firefighting equipment. Even on a wall pro-
tected airfield, costly damage can occur prior to arrival of ground
firefighting units.

Several conditions may be used, individually or in combi-
nation, to establish ground system performance and to provide more
comprehensive overall evaluation data. One of these conditions is the
ground test with the aircraft parked and engine(s) not operating. This
condition can be used to approximate system performance during a fire
emergency occurring during an engine start. On certain nacelle/engine
configurations, however, the bleed airflow and induced secondary
cooling airflow developed during the engine start cycle will not be
present. Of possibly more importance for overall system analysis and
development purposes, this condition establishes a zero=flow baseline
for more accurately determining the effects of airflow on system
performance. It is also the condition which can be most exactly
repeated with a minimum number of wvariables.

A second ground condition is that in which the aireraft is
parked and the engine operating. Operating parameters are set so that
maximum secondary airflow will be present in the nacelle. This second-
ary nacelle airflow may result from a number of areas such as compressor
airbleed devices, auxiliary cooling blowers, erngine ejector pumping,
rotor downwash, or propeller flow. If no secondary airflow is created
by operating the engine, this test is generally not conducted; however,
heat generated by an operating engine does assist in vaporization of
agent in certain cireumstances., This test condition can also be used
to isolate flight-induced flows from the engine-induced flows. Since '
flight test time is expensive, the ground system discharges are useful
not only in providing applicable evaluation and development data, but
also in uncovering test equipment or aircraft system peculiarities or
faults prior to flight, Due to the fact that the ground tests are
usually the least severe tests, only ome or two such tests are generally
made at the beginning of a program. If a number of development tests
are required, the ground tests are usually eliminated from the develop-
ment series and are not repeated until an acceptable system is achieved.
Relatively isolated cases have cccurred where the ground test condition
has provided the least satisfactory agent distributiom.

Flight Test Condition =-- Fixed-Wing Aircraft: Four genmeral flight
conditions have been established for the testing of fixed-wing airecraft.
The first of these, and the one most commonly used for system performance
determination, is the maximum airspeed in level flight condition. This
condition will normally present the maximum ram cooling air effect and
generally establishes the low concentration limit of the extinguishing
system performance envelope when coupled with the zero-flow ground test
data curves, With the high-speed condition, normal test procedure
following engine shutdown and agent discharge is to attempt to maintain
a constant airspeed rather tham a constant altitude,
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The second and third conditions are approach and takeoff,
These conditions have not been used to the extent of the lavel f£light
maximum speed condition in system evaluations. When they have been
used, however, some systems have performed less satisfactorily in
these conditions than in level flight. They should be considered in
view of possible effects on systems performance due to such factors as
aircraft attitude, engine power setting, and climb or descent rate
based on the aircraft's eclimb or descent configuration. The takeoff and
maximum airspeed conditions are generally considered to have the most
severe fire potential due to high fuel flows, line pressures,
temperatures, and airflows.

A fourth condition occasionally tested is a low- or loiter-
speed condition., This condition can be used to validate the assumption
that the maximum airspeed condition is the most severe level flight
condition. The data points should lie between the zero flow and maxi-
mum airspeed data points. There have been cases where the higher
airflows associated with the maximum speed conditions have actually
assisted in the agent distribution. Also, at lower airspeeds, and
consequent lower cooling inlet ram pressures, gecondary alrflows in a
nacelle may change radically from the high-speed condition if factors
such as bleed air-flows begin to dominate the ram airflows. While it
is not practical to test all flight regimes during an evaluation, it
has been found that the four specified conditions will present a
satisfactory comprehensive picture of system performance,

Flight Test Conditions -- Rotary-Wing Aircraft: A number of basic
flight conditions have been established for testing extinguishing systems
in rotary-winged aircraft. The helicopter test programs, in general,
have been more involved than those for fixed-wing aircraft. The specific
flight profiles and missions of helicopters can create a greater variety
of nacelle airflows than those of a fixed-wing aircraft. Rotor down-
wash, coupled with various climb and descent conditions, can cause
changes in agent distribution, Cocling air screems or openings on the
bottom of the nacelle may contribute low local flows in a forward
flight condition, but in a high rate-of-descent condition they may
cause high ram flows which can radically change agent distribution,
Single-engine and multiengine helicoptors also present different prob-
lems. During a fire emergency, a multiengine helicopter may continue
level flight, climb, hover, or descent with partial power, while a
single-engine helicopter would normally begin an autorotative descent.
Conditiens tested during various helicopter programs have included the
following:

1. V,e (velocity never-exceed) in level flight
2. 0.4 V,, in level flight

i s
3. Vnhe autorotation



&4, Partial power descent

J. Transition from normal cruise in level flight to
autorotation

6. Climb
7. Hover out-of-ground-effect

Additional Conditions and Considerations: While generalized flight
and ground test conditions may be established for an aircraft based upon
its type and performance, the specific program will depend on & combi-
nation of performance, nacelle ventilation configuration, and engine
bleed characteristics, if bleed zir is discharged into the nacella, The
engine bleed device opening schedule should be determined, and agent
diacharge should be made as soon after opening as possible to obtain the
highest bleed airflows. For test purposes, a microswitch can be instal-
led in the engine compartment and conmected to an Indicater light in the
pilot's compartment to provide a visual positive indication of bl:zed
device position. Test programs have been conducted where enginme com-

‘pressor bleed discharge has caused reversals in normal nacelle cocling

airflow patterns in all test conditioms; that is, all nacelle cooling
air inlets, including generator ram cooling inlets, have becom= outlets
following bleed band opening. Other cases have occurred where, at high
forward speeds, bleed air has diminished but not overcome incoming ram
cooling air. Then, at lower forward speeds, the bleed air has com-
pletely overcome the ram cooling air. The engine bleed air, therefore,
can be an important factor in agent distribution and should be
considered when establishing a test program.

There are a number of other possible sources of airflow within
the nacelle which must be investigated for each specific aircraft.
Exhaust of generator cooling air within 2 nacelle can contribute to
relatively high local airflows. On a propeller-driven aircraft, pro-
peller contributions to nacelle airflow should be considered. Since
propeller feathering is normally accomplished as part of the fire-
emergency procedure prior to agent discharge, no additive flows are
produced; however, a pulsating-type nacelle flow may result as the pro-
peller rotates in fromt of cooling air inlets. It is also possible for
blade stoppage to occur directly in front of a cooling air inlet, thus
altering normal ceooling airflow.

During past programs, several aircraft with uncommon nacelle
airflow sources have been tested, and are presented to indicate the
variety of sources that can affect agent distribution. 1In one of these
programs, nacelle cooling con the ground and at low flight speeds was
accomplished by means of auxiliary blowers. As aircraft airspeed
increased and adeguate cooling could be achieved by ram flow, the
blowers would shut down. Much higher nacelle airflows existed during
ground- and low-airspeed conditions tham on ram-cooled nacelles. Certain
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engine configurations can also create special test conditions. For
instance, during testing of a nacelle containing a "reverse-flew' PTEA
turboprop engine, fire protection was provided for the primary air inlet
plenum section of the engine as well as the accessory and burner
sactions of the engine. Inlet plenum section protection was provided
since flammable fluid lines from the accessory section to the burner
section were routed through the inlet section., It was relatively
difficult to obtain the required agent concentration in this section
due to the high primary airflow.

Flight tests should be conducted at as low an altitude as is
practical for the given test condition in order to obtain high second=
ary airflows. The majority of the extinguishing system flight tests
has been conducted at pressure altitudes between 2,000 and 5,000 feet.

With the present type extinguishing agent concentration
recorder equipment, flight tests should be conducted with the aircraft
unpressurized so that the pressure differential between individual
components of the instrumentation system is minimized. During wind
tunnel utilization of the extinguishing agent concentration recorder
equipment, with the system vacuum pump off, baseline calibration shifts
have occurred when the sampling probes installed in the tunnel were
exposed to lower static pressures than those which existed in the con-
trol room where the remainder of the system was installed. These shifts
resulted in questionable data. The reasons for the calibration shifts
were never fully determined; however, indications were that the overall
system pressure differential had caused a system reverse-flow condition
to exist. GSimilar large pressure differential conditions could exist
during a flight test with the extinguishing agent concentrationm recorder
equipment mounted in a pressurized cabin and the probes terminating in
an unpressurized nacelle. This condition should, therefore, be avoided.

Also, during a flight test program, large changes in altitude
should be avoided during the air calibration and agent discharge record-
ing periods. Since the differential pressure drop across the equipment
transducers as described in the "Discussion" section is a function of
the ambient pressure of the gas sample, large altitude changes during
test calibration and concentration recording periods can cause continp-
uously varying differential pressure drops. These altitude-induced gas
sample pressure changes can add to or subtract from the actual extin-
gulshing agent concentration-induced pressure drops and can result in
data which are erroneous and exceedingly difficult to correct. Maximum
altitude changes are normally experienced in the descent test condition,
particularly in helicopter programs. Altitude losses of approximately
1,800 feet have been experienced during the normal combined 20-second
calibration and concentration recording periods when in full autoe
rotation at 5,000-feet-per-minute rate of descent. Altitude changes
greater than this should be avoided.

The eritical concentration recording period normally ends
10 seconds after discharge, at which time agent concentration has
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usually peaked and then fallen below minimum required values. This
10-second period, plus the previous 10-second calibration perieod,

should be examined for possible ambient pressure-induced errors if

large altitude changes are involved. If possible, with altitude changes
of 1,000 feet or more occurring during the calibration and concentration
recording periods, a second air calibration should be made at the
observed altitude through which the aircraft was passing 10 seconds
after discharge. For longer test recording periods, the altitude for the
second calibration should be adjusted accordingly. Care should be taken
to allow sufficient time for the nacelle airflow to clear the nacelle of
agent prior to obtaining the second calibration. The probes should also
be cleared of agent by operating the vacuum pump. The first and second
calibrations should then be compared and inspected for possible cali-
bration shifts., The altitude loss must be reduced if large shifts are
indicated,

For the majority of test conditions, the aircraft's airspeed,
attitude, and any other pertinent factors which might influence distri-
bution should be stabilized from the time of agent discharge until the
recording period is completed. This lessens the agent distribution
variables and increases the accuracy of data analysis. If a system
development program is required, this also allows more exact test con-
dition duplication which is very important for determination of the
effect of system changes on overall system performance. In this respect,
tests specified as level flight maximum velocity tests are nermally
accompanied by a planned altitude loss following engine shutdown in
order to maintain the desired airspeed and nacelle airflows.

On occasion, APU and wheelwell compartments have been testad
during the course of a program. APU compartment tests are conducted as
ground tests, unless the APU is rated as "flight-operable."” No special
conditions are used for APU testing; however, the APU should be oper-
ated and the specific fire-emergency shutdown and discharge procedures
should be followed. Any special features such as automatic sequencing
of compartment ventilation shutoff devices and extinguishing system
actuation should be tested under actual discharge conditions. Wheel-
well tests are conducted with the landing gear retracted and the wheel-
well doors closed, under the flight conditions normally associated with
the takeoff. Particular attention should be given to the areas immed-
iately adjacent to the tires where a fire due to brake overheat might
occur, and to areas in the vicinity of the tires which contain
Flammable fluid lines that might be severed by a rotating shredded tire.

An additional factor which can affect agent concentration is
the distribution linme pressure losses between the agent container and
the system discharge outlets. Tests should be conducted using the
branch of the system's distribution lines that has the greatest line
losses in order to obtain results representing the most adverse operat-
ing conditiens. Line length, valves, fittings, connectors, and orifices
should be considered when determining the losses. During system tests,
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it is important to use lines having losses equivalent to those that will
oceur in the production system.

Test Data: Form, Reduction, Interpretation, and Presentation

. An important portion of each test program is the utilization of the
test data obtained from the extinguishing agent concentration recorder.
Individuals or organizations ultimately responsible for the acceptance or
certification of an aircraft extinguishing system should be familiar with
the fundamentals of the data phase of the program. The following data
section is intended to convey a basic understanding of the type of data
obtained, the reduction of the data to a useable form, general inter-
pretation of significant factors, and the most comprehensive methods of
presenting the data for evaluation purposes. Based upon past experience,
this section contains the-data phase information most commenly requested
by organizations for which these tests have been conducted.

Data Form and Reduction: A typical flight test oscillograph record
obtained by utilization of the extinguishing agent concentration recorder
is presented in Figure 9. The 12 pressure transducer outputs, the agent
container discharge indicator trace, 2 static reference traces, and
pulsed timing trace are shown on this record. The polarity of 6 of the
12 oscillograph galvancmeters representing the transducer outputs are
reversed to allow maximum deflection within the width of the escillograph
paper. A normal test consists of a 10-second verbal countdown (equip-
ment cperator to pilot) between the start of the air calibration and the
container discharge., Figure 10 illustrates the countdown sequence, At
the count of "10," the oscillograph is activated, and since the vacuum
pump is off and no flow exists in the system, a straight baseline is
produced for each of the 12 differential pressure transducers. At the
count of "5," the vacuum pump is activated, and each transducer presents
a stabilized 100-percent air deflection. Generally, at the count of
"3," the engine shutdown procedure is initiated. At the count of "0,"
the agent container is discharged, and the exact instant of discharge
is indicated by the oscillograph's event marker. Within several seconds,
depending on the time for the agent to reach the sampling probe and the
sampling probe length, the traces will deflect additionally and indicate
that a mixture of agent and air is passing through the transducer
assemblies. The agent concentrations will peak, and the traces will
normally return to their 100-percent air positions within 10 seconds
after discharge in a flight test. In a flight test, therefore, it is
important that the pilot maintains a stabilized flight test condition
for at least 10 seconds after he discharges the agent. Longer recording
periods will require longer conditiom-holding periods.

The air calibration procedure is repeated for each test. In
additicn to providing a continuous test-by-test calibration check, the
calibration procedure alsc insures an immediate pretest check of
equipment operation, thus allowing a halt to the test to be called if
a malfunetion is indicated prior to container discharge.
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Figure 10 illustrates a graphical representation of a typical
test trace which will be used to demonstrate several agent concen=
tration sample calculations. The percent relative agent concentration
formula, as described in Technical Develorment Report No, 403, is:

MD
cC= x 100%
AD - (AD x CR)

where RC = percent relative agent concentration

MD = displacement of agent/air mixture from 100-percent air
reference

AD = digplacement of 100-percent air reference from static
no-flow baseline

CR

calibration ratio for specific agent. For example purposes,
assume monobromotrifluorcomethane (CBrF3) with CR = 0.401,
For other agent calibration ratios, reference Technical
Development Report We. 403.

For simplification of computation, this formula is rearranged to give:

RC = MD x 100
AD (1 - CR)

100
AD (1 - CR)
test and is calculated first., From Figure 10, AD = 5.00 inches and

the term remains constant for each trace during sach

100 - 100 33.4%
AD (1 - CR) 5.00 (1 - 0.401) inech

The constant (33.4/inch) for this specific trace is then multiplied hy
the mixture defection at each time point at which concentration is
desired:

RC at 2.0 seconds 33.4/inch % 0.45 inch = 15.0%

RC at 3.0 seconds

33.4/inch x 1.05 inch 35.1%

Il

BC at 4.0 seconds

AD (1 = CR) :
channels. The percent relative agent concentration, as indicated by the
recorder, may be converted to actual veolumetric or weight percent by use
of data contained in Technical Development Report Ho. 403,

33.4/inch x 1.35 inch = 45.1%

term must be recalculated for each of the 12 data

£l



Due tguthe repetitious operations required to calculate the

value of R CRE) for each data channel for each test, a com-

puter printout was obtained for this parameter for the most commonly
used agent, CBrF3. This printout is presented in Table 1-I of
Appendix A. 1In this table AD is represented by ¥, and values of AD
are shown from 3.00 inches deflection to 6.99 inches deflection in
increments of 0.01 inch., Corresponding values of 1 are

AD (1 - CR)
also given. These values must be multiplied by 100. This table is
extremely valuable and time saving to those involved in data reduction
or verification. A similar table for CBr3Fy would also be useful.

For the majority of tests, an adequate number of data points
upon which to base an evaluation may be obtained by reducing the oscil-
lograph trace at ome-half second time intervals beginning with the
instant of agent discharge as zero time. All channels must be reduced
at common-time intervals; for instance, at 1.5, 2,0, and 2.5 seconds
after discharge. When using one-half second data reduction intervals
and an apparently acceptable system is obtained, the oscillograph record
should be reexamined within the time intervals being used for the
acceptance to determine if any unusual trace shapes are present. Occas-
ionally, trace shapes change appreciably between one-half second read-
ing intervals. Some systems that are marginal with respect to time may
require deviation from the normal one=half-second data reading interwval
to show acceptability. Yo restriction is placed on timing, with the
exception that the recommended minimum concentration is indicated at
all probes simultaneously within a fire zonme for the specified time
period. 1In nacelles with several fire zones separated by an adequate
firewall, each fire zone may be treated individually with respect to
the "simultaneous" requirement. Since timing is a factor in system
acceptance and since a variation in oscillograph paper drive speed could
occur, it has been found very beneficial to record an accurate external
timing pulse on the oscillograph record during each test. This may be
accomplished by means of an intervalometer. A rate of 2 pulses per
second has been found adequate,

Data Interpretation: A complete discussion of data interpretation
is beyond the scope of this report. The ability to comprehensively and
advantageously interpret the data can best be gained through long-term
association with gas analyzer test programs. A generalized discussion,
however, should prove beneficial in establishing a basic understanding
of this subject,

The first factors to be noted are the 100-percent air cali-
brations. During each program, a test-by-test comparison should be
made of these ecalibratiens. The air calibration for any one channel
should not vary by more than 5 percent from its calibration value
recorded for previous tests in the series, unless ambient conditions
such as test altitude, pressure, or temperature also vary radically.
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If a large variation either positive or negative in value does occur in
any one channel, a similar change in value should be present in all
channels. An unusual variation in a single channel or in four channels
common to the same transducer bank usually indicates a transducer ma l-
function. A large shift in the relative position of any trace on the
oscillograph record between tests can also indicate a transducer or
galvanometer malfunction. If a distinct decrease in the air ecalibration
is noted between tests in a current series or from a previous test
program, a leakage in the vacuum lines downstream of the transducers may
be present. If a sharp decrease occurs in agent concentration between
two tests in a series, a vacuum leakage upstream of the transducers may
be present. Partial blockage of the pourous plugs in the transducer
assemblies may also cause air calibration or agent deflection changes,
All filters should be changed at intervals related to the equipment
usage,

The instant of container discharge or discharge switch actua-
tion must be recorded by the oscillograph as an aid in data interpre-
tation. Effects of system changes on agent distribution phasing for
system development purposes are extremely difficult to assess unless a
common time base is present between tests.,  The time in which all
channels begin indicating the presence of agent following discharge
should not vary by more than one-half second for a given test, nor
should this time vary appreciably for any channel between tests. Any
. extreme time variations should be checked for possible equipment

malfunction. j

Certain general trends are normally cbservable during ground
and flight tests. In ground tests, particularly with engine inoperative,
agent concentration may be detected for pericds of time exceeding
30 seconds, curves normally flatten out after initial peaking, and
slopes of the dissipation portion of the curves are very slight. Agent
buildup during a ground test may not be as rapid or uniform as in
flight due to the absence of secondary airflow. Since the agents are
heavier than air, the higher elevations in the nacelle will have
greater agent dissipation rates than the lower portions of the nacelle,
During flight tests with high secondary airflows, agent buildup and
dissipation may occur in under 5 seconds. Generally, as the sescondary
airflow increases, the slope of the dissipation section of the curve will
increase, and peak concentration values will decrease. Occasionally,
during propeller or rotor aircraft programs, certain traces may exhibit
a periodic pulsation which may be attributed to nacelle airflow
interruption by the propeller or rotor blades.

When invelved in the development of a system, it is recommended
that the development be directed toward extending the time for which the
recommended minimum concentration is maintained, rather than developing
high-peak concentrations for short durations. High-peak, short-duration
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relative concentrations above

15-percent recorder indication have little

practical extinguishment value., This can be illustrated by a typiecal
fuel/air versus agent concentration flammability limit curve shown in

Figure 11. This curve indicat
CBrF3 by volime, no mixture of
6 percent correspends to a 15-

es that above approximately 6 percent of
fuel and air is flammable., The indicated
percent volumetric relative recorder indi-

cation. Therefore, roeducing high concentrations to valuss approaching

15-percent relative concentrat
extinguisning capability, but

ien will not adversely affect the agent's
can serve to extend the duration of the

recommended agent concentration in the nacelle, An extension of extin-

guishment duration will allow
Preventing hot surface reignit
longer durations generally ind
througheout the entire nacelle,

It should be noted,
indicated time between dischar
the indicated buildup of agent
the gaseous agent, the flow ve
probes. Figure 12 presents a
elapsed time required for the
CBrF3 for various sampling pro

Data Presentation: Tabul
during a program should be sub
service responsible for final
Two forms of data sheets have
the purpose of continuing this
Figure 2.1 of Appendix B, is u
all pertinent data values, suc
mixture deflections (MD), and
Typical walues are illustrated
100=percent air column Teprese
from the oscillograph record.
sents the value of AD (1-CR) a

The first row of numbers in th
sents the MD in inches obtaine
row of numbers in these columnm
concentration. These numbers

value of 100 .
AD (1 - CR)

The second data shee
is used for finalized presenta
time versus percent relative a
the type used for final submis
conditions should be recorded

additional nacelle cooling which aids in
ion. Also, the lower concentration for
icates a more equalized distribution

for interpretive purposes, that the initial
ge and recorder agent indiecation and, alseo,
are influenced by the diffusion rate of
locity, and the length of the sampling
typical experimental curve showing the
recorder to respond to the presence of

be lengths,

ar data sheets for all tests conducted
mitted to the persomnel of the agency or
acceptance of the extinguishing system.
become standardized and are presented for
standardization. The first, shown in
sed for basic data reduction and contains
h as 100-percent air deflections {4D),
calculated relative agent concentration,
for Probe No, 1. The first number in the
nts the 100-percent AD in inches obtained
The second number in this column repre=-
nd the third number represents _"___l______-

AD (1 - CRY
e Seconds After Discharge columns Tepre=

d from the oscillograph record. The second
§ rTepresents the percent relative agent
are obtained by multiplying each MD by the

t form, shown in Figure 2,2 of Appendix B,
tion of data and contains only values of
gent concentration. Since this form is
sion purposes, all pertinent test

therecon.

A combined plot of all 12 probes should be presented for each

of the tests used to demonstrate the acceptability of the finalized
extinguishing system. An example of this type of graph 1= shown in
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n-HEPTANE CONCEHTRATION (VOLUME PERCENRT)

HONFLAMMAELE REGION

Explosion Buret Data

Purdue Research Foundation

1.0 2.0 3.0 4.0 5.0 6.0
AGENT CONCENTRATION (VOLUME PERCENT)

FIG. 11 MONOBROMOTRIFLUOROMETHANE FLAMMABILITY CURVE
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Figure 13. The cross~-hatched area is used to denote the recommended
minimum values of time and concentration which must occur simultane-
ously for all probes within a fire zone. Plots of all tests conducted
during the development of a system are not essential.

Since it is frequently difficult to differentiate between
individual probes in a combined-type plot, comparative plots have often
been found useful. A comparative-type plot is illustrated in Figure 6,
Each probe is plotted individually for a given series of tests. This
is useful in system development since it presents an overall picturs of
the effect of system changes on each probe for the entire nacelle. The
comparative-type plot can also be used to clearly show the effect of
each test condition on the performance of both the overall system and
the individual probe. Any system peculiarities may be quickly deter-
mined and. illustrated with this type of plot which is a useful supple=-
ment te the combination plot. When used in conjunction, the comparative
plot and the combined plot can provide a very comprehensive picture DE
system parformance for final acceptance purposes,

The oscillograph records fur all tests conducted during a
program should also be submitted to the accepting agency for inspection
and examination for such items as unusual aspects or trends in trace
shape and calibration wvalidity.

Relative Importance uf'Flight Tests and Ground Tests With and

Without Supplemental Airflow

A great smount of cumparative flight and ground test data has been

collected during the FAA's aircraft powerplant fire-extinguishing system

evaluation programs. These data, while never specifically gathered to
provide a basis for a judgment cf the relative importance of flight and
ground tests, may be used to indicate general trends. The comparative
use of the data is somewhat limited in scope and application since each
specific test program, aircraft, extinguishing system, and nacelle
configuration have been variable. Direct comparisons are limited,
therefore, to individual tests conducted on a specific extinguishing
system on the same test aircraft.

No single program or programs have been conducted which would allow
a complete comparative analysis to be made. A program for a complete
analysis would include a number of carefully controlled tests under con=
ditions of zero secondary airflow within the nacelle, simulated in=
flight secondary airflows, and actual in-flight secondary airflows.
Data have been collected, as a by-product of normsl extinguishing system
evaluation programs, for conditionms of no flow versus simulated flight
flows for certain aircraft, and no flow versus actual flight flows for
other aircraft. Certain representative comparisons of these data will
be presented teo illustrate the general effects of nacelle secondary air-
flows on extinguishing agent distribution. The comparisons shown are
for systems which were improved during the course of a program,
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Figure 14 is a comparative plot of a ground test with engine operating
and an 80- and 128-knot flight test. The flight tests were conducted
in level flight., The data werz obtained during a turbine=-powered heli-
copter test program. No engine compressor interstage bleed air was
present within the nacelle, and the only airflows present were flight
induced, The data indicate a definite increase in agent dissipation
rate with inereasing aircraft flight speed. The flight test data
generally show a marked deviation from the ground test data.

Figure 15 is a comparison of two in-flight tests conducted on an
aft pod-mounted engine fixed-wing aircraft. Secondary airflow in the
nacelle of this installation was attributed primarily to compressor
interstage bleed discharge since in-flight measurements indicated that
all normal nacelle ventilating air inlets and outlets were acting as
outlets when the compressor bleed ports opened following engine shut=
down, The lower secondary airflows occurring during the 165-knot test
condition resulted, generally, in better system characteristics than
the 350-knot test condition. The differences exhibited in the two
conditions indicate that a ground test with engine operating and bleed
flow present would produce additional changes in system performance
characteristics. A ground test with engine inoperative would produce
results entirely unlike any of the flow conditions. If only a static
ground test was conducted, it would be improbable that the resulting
data could be directly extrapolated to a flight test conditionm.

Figure 16 is a comparison of a zero-flow, engine inoperative ground
test, a ground test with engine operating and compressor bleed air being
discharged within the nacelle, and a Vne level flight test with bleed
band closed, The Vp, test shows only the effects of flight-induced
nacelle airflows. The data were collected during a turbine-powered
helicopter test program. Again, the in-flight system performance is
significantly lower than the static ground test system performance;
however, several probes exhibit improved performance with flight airflow
within the nacelle. The ground test with bleed flow produces results
significantly different than either of the other two conditions. The
variations in test results illustrate the difficulty that would be
encountered in predicting system performance without the instrument-
recorded data,. i :

Figures 17, 18, and 19 illustrate the effect of simulated internal
nacelle flight flows on system performance of three different aircraft.
For all three aircraft, actual in-flight measurements were made of the
nacelle air inlet pressures, and the corresponding nacelle airflows
were calculated. Simulated in-flight flows were then provided om the
ground by means of a controllable air supply and specifically sized flow
ducts connected to the nacelle air inlets. The test data show system
performance tendencies similar to those experienced in flight; however,
no directly comparative flight data are available. Even with simulated
or supplemental secondary airflows, as supplied in the described manner,
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RECGRDER THDICATION (PERCENT RELATIVE AGENT CONCENTRATION)

FIG, 17

TIME AFTER DISCHARGE (SECONDS)

COMPARATIVE EFFECT OF STMULATED INTERNAL NACELLE FLIGHT
FLOWS ON THE PERFORMANCE OF AN AIRCRAFT POWERPLANT
FIRE EXTINGUISHING SYSTEM
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RECORDER THDICATION (PERCENT HELATIVE AGENT CONCENTRATION)

TIME AFTER DISCHARGE (3SECONDS)

FIG, 18 COMPARATIVE EFFECT OF SIMULATED INTERNAL NACELLE FLIGHT
FLOWS ON THE PERFORMANCE OF AN ATRCRAFT POWERPLANT
FIRE EXTINGUISHING SYSTEM
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RECORBER THDICATION (PERCENT RELATIVE AGENT CONCENTRATION)

TIME AFIER DISCHARGE (SECONDS)

FIG. 19 COMPARATIVE EFFECT OF SIMULATED INTERNAL NACELLE FLICHT
FLOWS ON THE PERFORMANCE OF AN AIRCRAFT POWERPLANT
FIRE EXTINGUISHING SYSTEM
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flight=induced pressure differentials on the external portions of the
nacelle will not be present. The internal nacslle airflows and airfiow
patterns could, therefore, be different than those that would be

encountered in flight, and this, in turn, could alter the agent
distributien.

Specifically, when testing with simulated flight flows, additional
tests are often conducted using airflews higher than the in-flight-
measured or calculated flows. This is illustrated in Figure 19, The
aircraft's specified maximum obtainable nacelle airflow at sea level on
a standard day was 24 pounds per minute; however, it was considered
advantageous by both the company and the FAA to conduct an additional
test using 30 pounds per minute. The additional test data was used for
three purposes: (1) to provide a probable flight safety margin, (2)
to provide an additional controlled comparison for determining airflow
effects, and (3) to provide an economical basis for future determina-
tion in the event that additional nacelle ventilating airflew was
required at a later date,

 Figure 20 is presented to give a general indication of the waria-
tions that may occur in agent distribution within two different nacelles,
The data are not considered to be completely accurate for absolute com-
parison due to differences in sampling probe positioning, extinguishing
systems, and engine and nacelle configurations. Both thesze systems,
however, utilized exactly the same type and quantity of extinguishing
agent which was discharged through high-rate discharge systems. The
nacelle void volumes and corrected volumetric airflow rates were very
similar. The data are plotted for the average concentrations for all
12 probes. The data were collected under controlled test stand conditions,

The typical agent concentration variations shown between all the

directly comparable zero-flow ground tests and the flow tests presented
in this section indicate that it would be extremely difficult to deter-
mine the in-flight performance of g system through zero-flow ground
testing alone. Probes located within even relatively low-flow nacelles,
as shown, may wvary widely in indicated concentration between zero-flow
and flow tests. Therefore, the primary utilization of zero-flow ground
test data has been to determine the ground fire protection capability of
a system and to establish a baseline to indicate the effect of nacelle
air flows,

Utilization of the Extinguishing Agent Concentration Recorder as the
Recognized Means for Evaluating Aircraft Fire-Extinguishing Systems

The accepted gauge of the capability of an extinguishing system is
its ability to satisfy the FAA's recommended minimum agent concentration
and time requirements. The most accurate method for determining this
capability is to discharge the proposed extinguishing system into a pro-
duction-configured engine nacelle under simulated fire-emergency
conditions, and to measure and record the resulting agent distribution.
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And, to date, the extinguishing agent concentration recorder is the
only aircraft-oriented test equipment that can efficiently provide a
continuous time history of the distribution characteristics of an
aircraft fire-extinguishiug system,

Past experience has indicated that utilization of the extinguish-
ing agent concentration recorder is necessary for proper determination
of system performance, This is best illustrated by considering the
total number of ailrcraft systems tested versus the number that were
initially acceptable. During the past 14 years, the FAA has evaluated
extinguishing systems on 51 separate aircraft. This number does not
include the same type aircraft retested at a later date due to minor
system or nacelle changes, but represents 51 distinct programs using
essentially untested systems. Of these 51 systems tested, no more than
10 were found to meet the recommended minimum limits in their initial
configuration. A number of these have required extensive development
programs. The FAA's experience in this field indicates that the majority
of programs are highly developmental in nature, and that system design
is based primarily on experimental data obtained by utilization of the
gas analyzer equipment, :

Other criteria for system design and acceptance are basically
inadequate. For instance, the standard calculated quantity of agent
required, which is based on nacelle airflow and nacelle roughness factor,
and is used as an initial design parameter, iz almost universally multi-
plied by a factor of 2 by system designers in industry. Since gystems
using even these doubled quantities of agent rarely qualify initially,
it is apparent that the distribution system itself is probably the most
important single factor in system design., Therefore, use of the extine
guishing agent concentration recorder, which indicates actual nacelle
agent distribution once discharge has occurred, becomes essential,

Other acceptance methods which have been utilized or cccasionally
suggested, such as observation of visible products of discharge or sub-
stitution of a colored indicator dye, are not dependable due to their
dependence on ambient Pressure, temperature, moisture content of the
ambient air, or density of the substitute., Neither does collection of
agent in containers at the discharge nozzles indicate the final nacelle
distribution of the agent. Thus, system design engineers and manuface
turers have relied almost exclusively on the extinguishing agent
concentration recorder in recent years,

Of significance, also, is the fact that the United States military
services have established a standard (MIL-E-22285 & Amend -1) for system
acceptance which is based upon the FAA's recommended minimum limits,
The military have also indicated that the extinguishing agent concen=
tration recorder is currently the best means available for determining
adherence to their system requirements.,
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CONCLUSIONS

Based on the overall program of evaluating aircraft fire-extinguishing .
systems, it is concluded that:

1. TUtilization of the extinguishing agent concentration recorder
provides the most comprehensive and practical means presently available
for the determination of aircraft fire-extinguishing system performance.

2. The acceptability of an aircraft fire-extinguishing system can
.he determined by proper utilization of the described recorder.

3. Reliable evaluation testing of in-flight fire-extinguishing
systems by use of the agent concentration recorder requires that such
tests be conducted under nacelle airflow and pressure conditions
existing in flight. Results obtained under ground static conditioms
may be unrelated to those under flight conditions. Results obtained
under ground simulation of in-flight airflows may produce results that
differ significantly from in-flight tests unless nacelle airflows are
simulated in all respects.

4. Due to the wide variety of aircraft fire-extinguishing systems,
engine and nacelle combinations, and aircraft £light envelopes, complete
standardization of equipment utilization and test methods is not
possible, and each test program requires special adaptation and
application of the generalized information presented within this report.

5. Static ground test results cannot be usefully extrapolated to
provide in-flight results, .

6. The adequacy of a halogenated extinguishing agent system using
gaseous nitrogen as a propellant is influenced by the temperature of the
agent container. Effectiveness may be decreased by temperature varia-
tions higher or lower than those under which the system evaluation tests
were conducted.
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TABLE 1-I (CONTINUED)

COMPUTED AIR DEFLECTION CALCULATIONS FOR
CBrF3 USING 0.401 CALIBRATION RATIO
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Nx0.599

_ 1.79700

1.80299
1.840898
1.81497
1.820946
1.82695

5 1.83294

1.83893
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1.85091
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COMPUTED AIR DEFLECTION CALCULATIONS FOR
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COMPUTED AIR DEFLECTION CALCULATIONS FOR
CBrF3 USING 0.401 CALIBRATION RATIO
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3.82954 L.26249
3.81563 .26208
3,82162 26167
3.82761 26126
3.83360 . 26085
3.83959  .260u4
3.84558  ,26004
3.85157 «259643
3,85756 .25923
3.86355 .25883
3,86954 .25843
3,87553 «25803
3,84152 « 25763
3.82a751 « 25723

-6

N Nx0.,599
6.350_ 3.89350
t.51
6052 _3.90548
6«53 3.917147
6454 3.91746
4455 3.92345
ba56  3.92944
HeS5T 3.93543
6458 3454742
b.59 3.9u4TH1
G860 3.95340
‘hab1  3.95939
bab2 3.956538
b.A3 3 _gT13T
.68 3.97T34
H«+65 3,98335
G066 3.98934
b+6T 3.99533
Ha68 L4.00132-
6«69 LL0OCOT3
6.70 4.01330
G«.T1 L.01929
b.T2 L.02528
b.T3 LaQ3127
6.Th LB.03T724
.75 L.04325
6.76 4,04924
6.TT L.0Q5523
b.T8 L.06122
baT9 L,06T21
.80 L.OQT3290
6.81 LL.0T919
t6.82 L.08518
6.83 4,.,09117
G.84 4,.09T716
6.85 L4,10315
b6.86 L4.10914
587 4.,11513
¢.88 L,12112
6.89 L4,127T11
5.90 L4,13310Q
He31 L,.14909
6.92 L4.14508
6.93 L,15107
694 W.15T706
b.95 UL.16305
5.96 L.16904
597 L.1T7503
6.98  L.18102
.99 4,718T01

3.89949 .2

1/(Nx0.599)

+25295
.25256
.25218
25180
025142
«25108
25067
«25029
. 24992
« 24954
24917 _
. 24880
< 24843
.24806
«24TH9
24733
«24696
24660
.24623
+ 24587
e 24551
24515
. 24479
«24443
.24uQ7
.24372
.24336
24301
<2265
<2230
<24160
28125
.24090
.24055
24021
« 239864
23952
«23918
« 23883



TABLE 1-I (CONTINUED)

COMPUTED AIR DEFLECTION CALCULATIONS FOR

CBrF3 USING 0.401 CALIBRATION RATIO

N  Nx0.599 1/(Nx0.599)

7.00 4,19300 .23849
T.01 4,19899  ,23815

7.02 4.20498  .23781

7203 14.21097  .23747

7.04 b,21696 L2371y

7.05 4.22295  ,23680
T.06 Uu.2289%  ,23647

7.07 4.235493  ,23613

7.08 4.28092 .23580

7.09 L4.28691  ,23547
T+10 4.25290 « 23513
To11 4,25889  .23480
T.12 UL.26488 e 235447
T-13 hk.2T708T « 23414
T.14 4,2768% «23382
T«15 4.28285 e 23349
T.16 L4,28884 «23316
7.17 4.29483 .2328M
T«18 4,330082 « 23251
719 4.30681 « 23219
7.20 4.31280 « 23187
T+21 4.31879 +23155
Te22 U4.32478 «23123
7.25 4.38275  ,23027
Te26 B.348TY4 229495
T«27 4.35u473 « 22954
T.28 4,36072 22932
Te29 UL.366T1 «22901
T«30 u,.37270 «+ 22849
T«31 W4,37869 « 22838
T.32 L4.38448 « 2287
T«33 L4,39047 22776
T34 4.39466 « 22THS
T+35 L4.40265 w2270
T«36 L,43B6Y « 22683
T.37T 4.L4T463 + 22652
T.38 L,L2042 222621
T+39 L.42661 022591
Teld0 L.43260 22562
T-41 L4,43859 « 22537
Ta42 LoLkuylss s 22899
743 4.45057 224469
Tl L4,45656 « 22439
T«U45 L.LH255 + 22439
Talb L LAEA5Y + 22379
ToUT U4,4T453 «+ 22349
T.48 L4,43052 « 22319
T-49 L.LEES] « 22283
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APPENDIX B

SUGGESTED TABULAR DATA
PRESENTATICON FORMAT




FAA AGENT CONCENTRATION RECORDER TEST DATA
TEST ARTICLE IAS_ 350 ANOTS  AGENT__ C8» F,; GA-2

TEST NO, ALTp /0, 000 FT" WEIGHT_Z.3  1bs, GA-2A
‘—o—-lT——_..._._
DATE szzj%ss AT____3I0°C BOT. PRESS.350 psig. TEST STA

TIME__ /630 HUMIDITY CONT. SIZE 8§ nvi FLIGHT /' GROUND
RECORD NO, 08577 STA. PRESS. GO TY PEERG S FESTICELL i
1007. | PROBE Seconds after Discharge
AIR NO. 7l |
lqﬁ 1.5 z.ﬂ 2.5 3-'0 3-5 Qpﬂ tl'-ﬁ Sru 5-5 6.& 6.5 ?-D ?-5 E.ﬂ ai5
<. 5 @ |0 67 |[45.29]|.03| 0
£ 75 1 ' :
0. 364 O |0 24.4i53./\10.8|1.1| O
2
3
3 |
2
5 i
6
7
8
9
|
10
11
12
MISC:

TATORMSSSMIOT £1G. 2.1  SAMPLE SUGGESTED TABULAR FORMAT FOR BASIC

DATA REDUCTION PRESENTATION
2a3



NOILVINASZMd VIV TVYNIJ

404 IVIGIOJ ¥VINGVL QaISHONS HIdWYS 7'z *9ig
O B0 ST Ez . Iw SR RN siEr ziek B3y 0 0 Al
0 o 29 - pmnnd ity g 1
(PaPOGND Missy- BRas TS 0 HONT . 66T €T 0 0 01
NOTILVINAINO HT2ZON Y T R P
0 a0 e L e g 0 8
RO [0 B e gl o1 N 8i1Z. .0 0 L
f H——> ana LR o e s S e e 9
06 ot el 1S O O [ <
0 1T'T Z% 48y S ¢ 0 Y
S o Gy 5 S 1 5 LT R 0 €
05 TEM0L 6T0 JeYE Uik @Sl gve: o z
(BOEE 11 (RAE oy i TS o TR S 0 1
L R L I L e R R T SEETONET CNENUI0%E. ST 0CL|E ohoxs
(spuodag) a3xeyos1q xe3jv AwTL . Sujrduwesg

HWIL SNSHAA NOILVIINAONOD INIOV ALLVTHY INIDUAJL
m o0L 3 818d O¢f 03 pazyinzsaid £4192 spunod ¢- rd

Jo0t

1933 000°01
flouy gGg

co/cz/6

T 3% 811y emag

- ..H..zmu..ﬂ.__

=== TANLILTV 3dNssdaud

R T, 0

I

41va

se==e—--- IS91 IHOTT4

VIV B20403389 NOILVIINTOROD INAIV ONIHSINOMILIXE

AONTOV NOLLVIAV TYHAQTd
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