5 Fire Protection (ATA 26)

5.1 Definition

Those fixed and portable units and components which detect and indicate fire or smoke and store
and distribute fire extinguishing agent to all protected areas of the aircraft; including bottles,
valves, tubing, etc. (ATA 100)

5.2 Detection Fundamentals

Fire detection comprises that part of the fire protection system, which is used to sense and
indicate the presence of overheat, smoke, or fire (ATA 100).

There are various waysin detecting a fire, induding:
direct observation by cockpit and cabin crew (optical indication, sensng of heat or
ardl)
overheat detector
smoke detector
rate- of-temperature-rise detector
ingpection by video camera
fiberoptic detectors
thermd imaging devices
radiation senang devices
ultraviolet aircraft fire detection system
detection of combustion gases like CO or CO;

Desgnated fire zones must be equipped with fire detection and extinguishing equipment.
Designated fire zones are (JAR-25, FAR Part 25):

power plant compartment (section 1181)

auxiliary power unit (APU) compartment (section A1181)

combustion heater chamber (section 859)

Fire detection and extinguishing equipment is required for cargo compartments according to
the car go compartment classification (section 857, JAR-25, FAR Part 25):
Class A compatments are accessble in flight. A fire in the compartment would be essly
discovered by acrew member while at his station.
Class B compartments provide access in flight to enable a crew member to use a hand fire
extinguisher. The compartments are equipped with a smoke or fire detector.
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Class C compatments are equipped with a smoke or fire detector and a built-in fire
extinguishing sysem.

Class D compatments are able to confine a fire completely without the safety of the
arcraft being endangered.

Lavatories must be equipped with a smoke detector system, and lavatories must be equipped
with a built-in fire extinguisher for each disposa receptacle for towels, paper, or wade,
located within the lavatory (section 854, JAR-25, FAR Part 25).

Other areas equipped with fire detectors may include the avionic compartment or the landing
gear bay.

fire detector
——>overheat detector
| —>point detector

| | ——>thermal switch

| | | —>spot detector

| | | L—>bimetallic thermostat
| | L >»thermocouple

| L —>continuous-loop detector

|
|
|
|

——>electric

| —>averaging
| L —>discrete
L >pneumatic

——>smoke detector

| ——>ionization type

| L— >photoelectric type
...

Figure 5.1 Roadmap to the most widely used detection devices

Fire detectors are generaly either overheat detectors or smoke detectors. From the beginnings
until today, these and other fire-detection devices for arcraft have been developed by only a
faw US companies Walter Kidde, Fenwal, and Systron-Donner. Their component designs
will be presented here (Hillman 2001). The roadmap to the following discusson of the most
widely used detection devicesis presented in Figure 5.1.

5.3 Overheat Detection

In the 1940s overheat detection coverage in the engine nacelle was done with thermal
switches or thermocouples. Severad of these switches were postioned in pardld at different
places around the engine. A fire darm was activated if one of the switches was triggered.

Prof. Dr. Dieter Scholz university of applied scienceshamburg AUTOMOTIVE AND AEROSPACE ENGINEERING



FireProtection 5-3

However, it was recognized that these point detectors were very limited with regard to area
of coverage. The placement of the point detector therefore became the mogt criticad factor in
how successful the detection system would be.

In the early and mid 1950s continuous-loop detectors were introduced in the arcraft
industry. This technology became the most popular detection approach for arcraft engines
and has remained s0 to this day. Didinguished are electric continuous-loop detectors and
pneumatic continuous-loop detectors.  Electric  continuous-loop detectors are of either
averaging type or the discrete type (Figure 5.2).

porous aluminum thermistor .

oxide ceramic ) material ] INert helium gas
inconel stainless metal
tube steel tube tape

solid wire conductors titanium gasabsorption
eutectic nickel material with hydrogen
salt gas
discrete electric averaging electric pneumatic
continuous-loop continuous-loop continuous-loop
Figure 5.2 Cross section of continuous-loop detectors

Some verdons of dectric continuous-loop detectors dependent on the amount of eement
heated to reach ther dam threshold level. These have been termed averaging electrical
continuous-loop detectors. Their darm threshold averages the temperature over its entire
length. These detectors monitor ether changing dectrical resistance aone or resistance and
capacitance in conjunction. Electrical continuous sensng dements have one or two internd
wire conductors embedded in a ceramic-like thermigtor materia contained in a metdlic outer
tube. As the surrounding temperature incresses, the resstance between the inner conductor
and the outer tube conductor decreases while the capacitance increases. When two internd
wire conductors are embedded in the sendng dement, the resstance change between these
two wires is typicaly measured. When the resstance between the interna conductor and the
externd sensng eement tube drops to some predetermined level (and/or the capacitance
increases) corresponding to the desred dam temperature, a monitoring control unit issues a
hazard sgna. When the hazard condition is eiminated and the temperature returns to normd,

Prof. Dr. Dieter Scholz university of applied scienceshamburg AUTOMOTIVE AND AEROSPACE ENGINEERING



FireProtection 5-4

the resstance increases and the capacitance decreases, thereby cancding the darm. Multiple
trip resstance/ cgpacitance settings can be used when multiple thresholds are pursued to
indicate fire versus overhedat.

Shortly efter the fird averaging-type detection systems, discrete electrical continuous-loop
detectors were introduced (Figure 5.3). To achieve its dam threshold, the discrete system
utilizes senang dements that are essentidly independent of the length of eement hesated.
These sysems employ a senang dement which, as in the dectricd averaging systems, has
gther one or two internd wire conductors embedded in a ceramic-like core materid
surrounded by a metdlic outer tube. The ceramic core is impregnated with eutectic sdt. The
st mets a its eutectic melt temperature, even when only a very short length of dement is
hested. When this occurs, the electrica resstance between the inner conductor and the outer
tube very rapidly bresks down (dso, the capacitance increases), and a monitoring control unit
dggnds a fire or overheat, depending on which is gppropriate for the intended application. The
characterigtics of the discrete type are paramount for reliable early warning of smal, discrete
overheat events, such as bleed ar duct fallures. By its nature, the discrete type cannot provide
multiple darm thresholds or any kind of andlog temperature trend informetion.

inconel tubing

—

porous aluminum oxide ceramic

porosity of ceramic
saturated with eutectic
solid nickel salt mixture

Figure 5.3 Discrete electric continuous-loop detector (A321, pneumatic system, leak detection)

Pneumatic-based continuous-loop detectors rey on increesing gas pressure to achieve the
dam threshold. These sensng eements have a hydrogen-charged core surrounded by helium
gas, contained in a metdlic outer tube. As the surrounding temperature increases, the heium
gas pressure increases, closing a pressure switch and thereby issuing an darm. As the
temperature returns to normal, the pressure decreases and the darm is canceled. If a locdized
high temperature event is present, the hydrogen core aso outgasses its hydrogen ges,
increasing the internd pressure and closing the pressure switch. As the sensing element cools,
the hydrogen absorbs back into the core so that the internd pressure decreases, removing the
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dam output. A lesk in the detector can be discovered with an integrity switch opening due to
aloss of pressure (Figure 5.4).
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Figure 5.4 Principle of pneumatic continuous-loop detector (A321)

Overheat detection may be agpplied in the areas of the engine, auxiliary power unit (APU),
bleed air ducts, and the landing gear bay.

54 Smoke Detection

Smoke detection systems are the primary means of fire detection used in cargo compartments.
This has not changed much over the last 50 years. While solid state el ectronics and new optics

and new processng agorithms have been introduced, the basc mechanism that these
detectors operate under has remained the same. There are two basic designs of smoke
detectors: ionization and photoel ectric.

lonization-type smoke detectors monitor ionized combustion byproducts as they pass
through a charged dectricd fidd. Photodectric detectors measure light attenuation, reflection,
refraction, and/or absorption of certain wavebands. lonization smoke detectors have been used
from the early years. The typical approach was to use a radioactive isotope as the source to
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charge the combustion products (Figure 55). However, this source may adso charge
everything dse, including dugt and fine water droplets and can make ionization type-detectors
unreligble.  lonizetion-type smoke detectors have been used by the commercid aviation
community primarily in lavatories and cargo compartments.
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Figure 5.5 Principle of ionization type smoke detector (A321)

Photodectric-type smoke detectors have become the industry standard. This is not to imply
that photoelectric-based detectors have been free from fase darms. These detectors, too, have
been quite troublesome over the years. Most cargo compartment applications use aerospace-
qudity photodectric-type smoke detectors that rely on scattered or reflected light radiation
caused by a particulate matter between a radiation-emitting source and a detector device.
Solid dsate photodlectric smoke detectors use a long-life light-emitting diode (LED) as the
source of light.

Smoke detectors dill have many limitations Thelr operational success depends highly on
their placement with respect to where a fire event is. But there are dso problems with other
detectors. Since one cannot count on a visud line of sght of a cargo bay fire, future cargo-
detection technologies cannot rely on the use of video camera or therma imaging devices,
Deep-seated fires and/or fires indde LD3 contaners will ill be hidden. This makes
ganddone therma-based systems impractical. While combustion gases, such as CO or COo,
could be monitored, these gases may be introduced from sources other than fires.

Smoke detection can be gpplied in the cargo compartment, lavatories, galleys, and avionic
compartments
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5.5  Extinguishing Fundamentals

Fire extinguishing includes that pat of the fire protection sysem using fixed or portable
sysems used to extinguish afire (ATA 100).

A fire classification includes three types of fire rlevant to arcraft gpplication:
Class A:
Fires involving ordinary combustible solid materids, such as wood, paper, rubber and
many plagtics
ClassB:
Fresinvolving flammable liquids, ails, greases, paints, lacquers and flammable gases
Class C:
Fresinvolving energized dectrica equipment.

Each of these types of fires requires its own suitable type of extinguisher:

- Water extinguishers are used on Class A fires only. Water must never be used on Class C
fires and can be counterproductive on Class B fires.
CO, extinguishers are gpecificaly used to combat Class C fires. A hand-held CO;
extinguisher includes a meggphone-shaped nozzle that permits discharge of the CO. close
to the fire. Be aware that excessive use of CO, extinguishers robs a closed area of oxygen.
In an arcraft, this could affect passengers.
Dry chemical fire extinguishers can be used on Class A, B, or C fires Use of suchan
extinguisher on the flight deck could lead to temporary severe vighility redrictions. In
addition, because the agent is nonconductive, it may interfere with eectricad contects of
surrounding eguipment.
Halon has dmost exclusvely been in use in portable arcraft fire extinguishers.

In the late 1940s time frame, the very effective hadogenated hydrocarbon (later termed halon)
fire extinguishing agents were introduced. The primary agents used for fixed fire
extinguishing sysems were mehylbromide (Haon1001) and  bromochloromethane
(Halon1011). Halon 1011 eventudly digolaced Hadon 1001 for engine extinguishing systems
primarily because of lower toxicity and corrosion.

The haons introduced in the early 1950s were less toxic than Halon 1011. Over the next 30
years, the higher vapor pressure bromotrifluoromethane (Haon 1301) essentidly displaced
most of the Haon 1011. Because of the high vapor pressure of Halon 1301, the use of
elaborate goray nozzles and spray bars was no longer required. The new Haon 1301
extinguisher systems were designed to discharge & a very high rate. This concept was cdled
the high rate discharge (HRD) concept. The high rae discharge sysems utilized haon
pressurized to 600 psig (40 bar).
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Hand-hdd dibromoflouromethane (Halon 1211) and/or water extinguishers have been the
approved approach for accessible fire fighting.

In recent years, due to international agreement on banning the production and use of ozone-
depleting substances, including dl the hadons, the need br alternate extinguishing agents to
the haons has arisen. However, the use of haons is ill permitted for essentid applications,
such as arcraft, until a "suitable" replacement agent can be developed, approved, and certified
for arcraft use Until that time comes, exising <ocks of hdon, recovered from
decommissoned fire protection sysems, ae sufficient to support many years of arcraft
production and use. Upon review of dternaive agents, it is evident that there is no clear
winner with respect to a replacement for Halon 1301 in fire suppresson systems that will use
amilar hardware and architecture. Each candidate has at least one characteristic that makes it
inferior to Halon 1301.

5.6  Engineand APU Extinguishing

First step: the engine is shut down and combudible fluid entry (jet fud, hydraulic fluid, and
engine ail) into the engine compatment is sopped. This is necessay for the engine
extinguisher to be effective. If the engine were not shut off, the fire would probably just
rdight after the extinguishing agent disspated. Because of this practice, only multiengine
arcraft utilize extinguishing systems.

Second step: the extinguishing agent flows from a pressure vessel through rigid pipes and
is sprayed in the engine- protected zones.

Third step: If after some time (309 the fire waning gill remains on, extinguishing agent
from a second pressure vessel (if dill avaladle for that engine) may be used for further fire
extinguishing.
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Figure 5.6 Fire extinguishing bottle (A321)

The extinguishing agent is dored in high-pressure vessels commonly cdled bottles. A
spherical-shaped pressure vessel desgn represents the most weight- and volume-efficient
geometrica configuration for containing the grestes amount of agent. It is dso the optimum
shape with respect to dtress levels in the vessdl's materid. The spherica pressure vessd is the
most popular design (Figure 5.6). Other details of the design are dtated in section 1199 of
JAR-25 and FAR Part 25.

APU fire extinguishing is technicdly smilar to engine fire extinguishing, but the APU may
only be equipped with one bottle.

5.7  Cargo Extinguishing and Inerting

Cargo compartments have traditiondly been protected with hand-hed fire extinguishers if the
compartment was accessble and with a fixed Hadon 1301 fire extinguishing/inerting system if
the compartment was not ble.

Like engine extinguishing systems, a cargo compartment suppresson sSystem is required to
provide an initid pesk volumetric agent concentration to "knock-down" the fire. Since
complete fire extinction cannot be assured, a cargo suppresson system is required to mantan
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a lower concentration for some extended period of time. The compartment is thus inerted to
prevent the fire from regniting or growing. The typica time period for keeping the
compartment inert againg flaming combustion is 60 minutes. In case of extended range twin-
engine operations (ETOPS), inerting periods are much higher.

A typicd cago fire suppresson sysem will conss of two fire extinguishers connected to
gngle or multiple cargo compatments by digribution plumbing. The “knock-down™ or high
rate discharge (HRD) extinguisher providestheinitid high volumetric concentration, and the

second low rate discharge (LRD) extinguisher provides the metered lower inerting
concentration.

5.8  Passenger Compartment Extinguishing

Fires that could occur in an aircraft cockpit or cabin are Class A, B, and C. The number of
hend-held fire extinguishers to be caried in an arcraft is determined by section 851 of the
certification regulations (JAR-25, FAR Part 25).

For airplanes with a passenger capacity of 20 or more, each lavatory must be equipped with a
bult-in fire extinguisher for each disposad receptacle for towes, paper, or waste, located
within the lavatory. The extinguisher must be desgned to discharge automaticdly into each
disposal receptacle upon occurrence of a fire in that receptacle (section854 JAR-25, FAR
Part 25).

59 Example: AirbusA321

For each engine, two fire extinguisher bottles contan fire extinguishing agent. The fire
extinguisher bottles are connected to the extinguishing lines. The lines are routed in the pylon,
leading to the outlet nozzles around the engine. The agent from the second bottle can be used
if, after goplication of the firgd bottle, the fire warning remains on. The fire extinguisher
bottles are controlled from the cockpit by pressng the DISCH (discharge) button. This
supplies 28 V dc to two filaments in the cartridge on the bottle (see Figure 5.7). The filaments
ignite 400 mg of explosve powder, which in turn causes rupture of the frangible disc in the
cartridge and frees the agent with a high discharge rate.
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Figure 5.7 A321 engine fire extinguishing distribution system
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