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ATRCRAFT FIRE PROTECTION HANDBOOK

1. SCOFE

This Handbook embodies requiressenhs and design objectives for fire
protection for all types of manned Naval aircraft (including helicop-
ters) with turbine engines,

771 FLAMMABLE FLUID TANKS (See Figures 1, 2 and 3 on pages 9, 11 and 13)

revEmerre A v

2.1.1 GENERAL
2.1.1.1 TANK LOCATION

2.1.1,1.,1 TANKS IN ENGINE COMPARTMENTS

0il, hydraulic, and water-slcohol tanks may be located in
compressor sections of engine compartments, but shall be designed to

withstand a 2000°F fire for 10 minutes without leakage. 0ii,

herd Tanhal i
ny ‘a'u.L.LL, and water-alcochol tanks in compressor sections of "!}54'}88

should be kept, as far as practicable, toward the front of the compres-
sor and be located as low as practicable. These tanks shall not be
located adjacent to burner, turbine and tailpipe areas. O0il tanks for

aux111ary power plants may be located in their surrounding compartments
but shall be designed to withstand a 2000°F fire for 10 minutes without

leakage.

2,1.1.1.2 TANKS ABOVE ENGINE COMPARTIMENTS

Location of fuel tanks above engine compartments should be
avoided, If fuel tanks must be located above engine compartments for
justifiable reasons, provisions shall be made to prevent leakage of
fuel into engine compartments or onto exhaust systems. A ventilated
and drained space shall be provided between fire wall and tank to afford
safe dispcsal of any fuel leakage fror the iank. Insulation shall also
be provided, if necessary, to prevent ignition within the tank, or in
the shrouded air space, in case of a power plant fire. Such insulation
shall be nonabsorbent as a material configuration and shall be suitable
for periodic inspection.
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2.1.1.1.3 FUEL TANKS AND TURBINES

Fuel tanks should be located laterally as far from the plane
of the propulsion engine +irbine as possible. If fuel tanks must be
located in the plane of ice turbine for justifiable reasons, the turbine
should be tested for blade containment up to a speed which produces
kinetic energy of the maximum allowable overspeed of the engine, or
strategic armoring around the turbine shall be provided.

2.1.1.1.4 FUEL TANKS AND PROPELLERS

Fuel tanks should be avoided in an area within & 5° of
propeller planes.

2.,1.1,1.5 LIGHTNING PROTECTION

Fuel tanks with walls adjoining the free atmosphere should
be avoided in protrusions and extremities of the aircraft, and in areas
less than 12 inches from leading edges and trailing edges for reasons
of lightning protection. If fuel tanks must be located in these areas
for justifiable reasons, adequate protection against lightning shall be
provided (see 2.18), Fuel should not be stored in fore or aft extremi-
ties, such as in the nose of the fuselage, or in the nose or aft cone
of a wing tip tank.

2.1.1,1.6 FUEL TANK CRASH PROTECTION

Wing fuel tanks in the wing roots should be avoided, if
practicable, and should be placed behind heavy spars and leading edge
sections for maximum protection from direct crash impact. For the same
reason, all fuel tanks should be arranged as high as possible in the
aircraft, Puel tanks should, whenever practicable, be located so that
a collapsing landing gear does not result in a major fuel tank leakage.

2.1.1.2 FUEL TARK ISOLATTON

Fuel tanks and fuel compartments shall be isolated from one
another and from wing and fuselage compartments by liquid and vapor
tight seals to the greatest practicable extent. This will serve to
keep fuel and fuel vapors away from engines, crew, electric equipment,
hot bleed air lined, and armament, with attendant advantages in reducing
fire hazards in case of fuel leaks caused by accident or battle damage.
These precautions shall also be applied, as far as practicable, to bamb
bays which contain jettisonable fuel tanks,

Fuel tanks in inhabited areas should be separated by liquid
and vaportight barriers from the rest of the inhabited area. The space
between the tank and the barrier should be ventilated and drained (see
2,1.1.3).
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2.1.1.3 FUEL TANK COMPARTMENTS

A1l areas surrounding fuel tanks shall be drained and

ventilated to remove the fire hazard resulting from any fuel spillage
or leakage (@ee>2.4). The drainage and ventilation openings shall

remédin open at all times, There shall be no trapped fluid. If a fuel
tank is in or udjacent to a sealed compartment wlthout potential igni-

tion sources, it is acceptable to limit the ventilation to that pro-

resulting from altitude changes. The m inimum ventilati ﬁg air fiow in
fuel tank campartments with potential ignition sources shall be one air

change per minute

Electric equipment in fuel tank compertments shall comply with

All electric equipmwent, and &ll metal lines within & fuel tank
connected to electric equipment; regardless of size, shall be grounded.
All electric wires and equipment in fuel tanks shall be designed with

the highest degree of protection against sparking, arcing, or overheat
under normal operating and emergency condltlons, and during muintenance.

[ R Tamlemoe mamarad Faawm A

Arc-over Ifram electric equipment or wiring being removed Irom Or
installed into fuel tanks shall be prevented by positive means, if such

arcs are a potential ignition source. In addition, metal wire conduit
wall thickness, joints, and attachments shall carry meximum fault
current without dangerous external heating or conduit burnthrough under

o oan P VA

conditions of an internal power fault to the wall of the conduit or

Conduits which are open to the exterior of the tank for
breathing purposes, or for easy removal of the wires shall discharge
safely any leakage of fuel intc the conduit.

All electric equipment in fuel tanks shall be explosion-proof
in accordance with MIL-E-5272, Procedure IV,

e 2.2.3 for pumps for flammable filuids an
es
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i.5 FUEL TANK FITTINGS

Fittings which can be loceted above the fuel level, preferably
on tep of the tank, should be so located whenever practicable. Fuel

tank shutoff valves shall be as near to fuel tank outiets as possible,
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This location provis greatest protection against battle damage and
fuel line leakage., If practicable, filler caps, vents, gage units,
outlets, e’ .,, should be incorporated in one inspection plate at the
top of the tank., Fuel tank fittings in or clcsc to the bottom of the
aircraft shall be aveided, or provisions shall be made to minimize the
hazards of tank rupture in a crash landing or due to gunfire.

2.1.1.6 TANKS IN COMBAT AIRCRAFT

Fuel lires shall be routed through tuel tanks and close to
keavy structure, wherever possitle, to provide the greatest possible
protecticn &gainst combat damage, and fire hazard resulting fram line
leakage., ¥uel tanks shall not be located above engine campartments.
Metallic tubing shalil not be in contact with the walls of self-sealing
tanks, and fuel tank fittings shall be so located that they are as well
protected against battle damege as practicable, Fuel tank fittings
should be located as high as practicable in the tank so that battle
damage to e fitting causes & minimum of fuel loss, Fuel tanks shall not
be located immediately adjacent tc gun compartments; they snall be
separated from such compartments by at least one liquid and vaportight
bulkhead in addition to the tank bounaary structure., Fuel tank shutoff
valves shall be integral with or as close as possible to the tanks. The
fuel seguencing from multiple fuel tanks should be arranged to result

in lowest vulnerability to battle damage.

2.1.1.7 FUEL TANK I0ADS

Dwa [2% b .
Prevention of maJO fuel 1°°\'Qge caused )“' fuel iner

tia
in the tanks during a crash landing should be con51dered in tank design
to the greatest practicable extent. Fuel tanks which withstand, with-
out mzjlor leakage, the same crash inertia loads as the seats of the
occupants are desirable for a balanced crash safety level of an aircraft,

l1oads
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2.1.1.8 FASTENERS

Self-locking units utilizing nonmetallic locking devices shall
not be used in oil tanks because of loss of locking characteristics
through cil and heat. Nommetallic nuts shall not be used on tanks
containing flammable fluids where frequent threading of the nuts is
required.

2.1.1.9 FUEL TANKS IN BOMB BAYS

The requirements for fuel tank isolation of paragraph 2.1.1.2
and for fuel tank coampartments of paragraph 2.1.1.3 should be applied
to fuel tanks in bomb bays to the greatest practicable extent.
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2.1.1.10 FUEL TANK INERTING (See 2.16)

2.1.2 INTERNAL, REMOVABLE, NON-SELF-SEALING TANK:

2,1.2.1 TANK MOUNTING

The support structure ot tanks containing flammable flulds

o1 41 o Ll banle neeas ) e O\ s A

shall be such that the stresses in the tank are 1
radl s recommended, whenever practicable

eCOIineiiQTcl, wWatleyel Ma a2l LDl pAdT=2 L84 10Ul

be nonabsorbent, and fuel and oil resistant. Supports of tanks
containing flammable fluids, which are located in engine compartments
shall be designed to withstand a 2000°F fire for 10 minutes without

failure. The tank support pads shall withstand a 2000°F fire for five
minutes without losing the &bility to retain the tank in position under
normal flight loads.
2.1.2.2 BLADDER CELL CAVITY

Bladder cells shall be so supported by the tank cavity that
the bladder is not regquired to withstand fluid loads. Negative loads
on bladder cells shall be avoided by proper vent size and design.

Interior surfaces of bladder cell cavities shall be smooth and free of
projections which could cause wear of the bladder, unless provisions
are made for protection of the bladder at such points or unliess the

srym A~ Lln T < 3 3
construction of the bladder itself provldes such protectlon. Tank

fittings and accessories shall be mounted so that their loading is
transmitted to the structural cavity. The bladder shall fit the cavity
without clearance. The tank cavity shall be liquid and vaportight, and
drained.,

2.1,3 SELF-SEALING TANKS
2.1.3.1 TANK CAVITY FOR RIGID TANKS

Metal structural members such as stiffeners, hat sectio
etc., shall be kept to a minimum in cavities for r;gld nonmetalli
self-sealing tanks. The minirmm clearance between metal structure and

the tank should be one inch. However, it may be necessary to use the
tops of stringers for tank support to maintain tank shape. The above
requirements with regard to surrounding structure do not apply to the
top surface of the tank. The tank cavity shall be liquid and vaportight,
and drained and ventilated.

2,1.3.2 TANK CAVITY FOR FLEXIBLE TANKE

All surfaces of the tank cavity of flexible self-sealing tanks,
other than the top surface, shall be lined with plastic panels conform-
ing to MIL-P-80L5, The tank cavity shall be liquid and vaportight, and
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shall be drained. Th. cavity structure and the plastic panels shall
withstand the forces produced by the passage of projectiles, specified

in MIL-T-55,v, paragraph 4.5.12, through the confined liguid to such a

degree that no additional hazards evolve,

2,1.4 INTEGRAL TANKS

2.1.k,1 SPECIFICATIONS

These tanks shall comply with the requirements of MIL-F-17874,
paragraph 3.3.3 and the following:

(1) Extrusions or one piece sections should be used instead of
built-up members.,

(2) Faying surface sealing should be applied so that it will not
interfere with electric bonding requirements.

(3) Ample space for corners and butting parts shall be provided
for the sealant to contact all surfaces.

~~
P =
N

The seams should be arranged so that the fluid head will aid

the sealing. Access doors should be designed as inward open-
ing doors, whenever possible.

(5) Fasteners through tank boundaries should be avoided, whenever

~— =W Mald acdae wmadba .
possivle, DOIU NE€BAGS ralner than nuts should be located in

the sealed area when such & choice is available,

(6) The sealed area should be accessible for application and
inspection of the sealant and for repair,

(7) All holes or gaps in the assembly should be covered by plates,
caps, shims, etc.

2.1.4.2 STATIC ELECTRICITY (See 2.18)



Downloaded from http://www.everyspec.com

6°t°t°2

130 Ol

N..H.‘—.-.N

w.H.A.ﬂo.ﬁ'N

1O S Gl

HIv¥DbvHvd

T TNOI4

SYNVL QINId JTEVWWVIL 1°2

SXvd HWOd NI SHNVL TINd

S INANLHYIWOD JANVEI TaNd

NOLILVTIOST JMNVI Tand

NOILOZLOYA HSVHD MNVL TaNA

NOIXOZLOYd DNINIHOTI



MIL - EDBK-221 (WP )
3 May 1965

Downloaded from http://www.everyspec.com

~~

SANVL aIN14 FNYWWVIS 1°Z - | 29nD14

INIWHOVLLY ¥v3o ONiONY] —

o /ﬂ.,, e ﬁ.\\ Qv
— ) Fei) ) [ JIIU
<> NIgvd -
-
/

AA @ 8

33 ve -M
gy

VERYAL: ..... .

\

\

<

-

/

®

13N 40

QIOA SIILIAYS --




Downloaded from http://www.everyspec.com

I'e're

c'ree

g'tT'12

:.H.H-H,.N

£ttt

Al O Al 4

L S O G4

HIv¥ovavd

¢ TNOIJ

SUNVI, (INYId TIGVIAVIL T°2

ONLINNOW NV

SANVL QIDT¥ TITVAOKTY

SHANALSYJ

SUITTIION (ONV SHNVI TANg

SENTHEAL NV SNV ‘TAng

SININIHYINOD ANIONT HAOY SUNVI

SINANIHYAWOD ANIONT NI SHNVI

o~



M1(~-HDEK-221 (¥P)

3 May 1965

c.com

w.everyspe

Downloaded from http://ww

TIYMIY[d ANV \
30VvdS NOILLVINSNI:

Q3LVILNIA
aNy sz_éom

= —

_
\mnNH

ININL

SANVL QINT4 ITIVWWVYTL 1°2 = 2 NOIA

— ANION3
7 I/V.Av\l ANVL

,IH_ NNVL N4
~— VHOIINI

~—
I
/I.’I

32VdS Q3LVILINIA
% ANV G3NIV¥a

-TIVMIYId ANV

NOLLVINSNI

\\..l!.lm V

]I‘\
"w,“\l

ZyNvYL 13Nd
IJTAVAOWIY

_— \ﬁ.ﬂm

A —.

Ai_

]
VI
\\

- -
>

~3uld |} \

-

- lavdwod | |-
INJONI L

© GO® O ©

SO\
Py,

——— /|, -
NNNHHHHHR.BH L ﬁ \ #ﬂ
,— r~ // B ﬂ—ﬂ.‘.\ﬂ)llr\u(‘ ”\ _ | _4

] !

10



Downloaded from http://www.everyspec.com

£ ML

SHNVI dIOTd JITIVWWVIL T°2

]

12 swvi st ()
€1e SYNVI, DNTTYES-I13S QHV W
A MWL ONTTVaS- a1as-NoN (9) o V
9112 SHANAISY 4 ﬁwv
Lute _ savor s 7ans ()
G soNILaTs v tand ()
N2 SHNVL TEL NI INBAINbE oruroatd (2
S INIAIEVAWOD INVI TANL QU )

HIVHOVYYd



Downloaded from http://www.everyspec.com

B SANVL QINTd TEVAWYTS 17 - € NO14
e MNVL 316X NNV aloy NNV 3M6IX31d
b ONIVIS-413S ONITVIS-413S OMI1Y3S~4TIS-NON ANVL VLW
f
_.w3 L, NIvdd MNIVda *_. NOILLVIIINIA NIVid .__ z:<=_.al_... AZO_._R.__...Z\E,
—— ! - - .*. - - p— *. * um“. -y I“l [l
g T E==E o MIIMHMF“J.J \B_nnv,ﬂﬂﬂ
B 2 = B S u
13INd N4 BNd u 13N+
-L Ar r _I._ \ _J mJ = V.l.
N H!iH.L WMLH 1T 1T
! L
© mu ® ow
1 3 - - c
1INAGNOD *¥10313 / 13INE ONEINd — CONILLIS SNV
\ - u ................... o~
\ 4 o../p,
IA“ / '
—~— / \
/

LNIWLEVIWOD N\ "
ANV .mEn , INIWLNVIWOD
I\ ANVYL 1304
ININGINDI *¥1D313

JATVA ONIZINSSIY¥d MINVLI—




Downloaded from http://www.everyspec.com

MIL~HEDBK~221 (WP)
3 May 1965

2.2 FLAMMABLE FLUID SYSTEMS (See Figures L4, 5, 6, and 7 on pages 23,
25, 27 and 29).

2.2.1 GENERAL

2.2.1.1 SPECIFICATIONS

Flammable fluid systems and components shall comply with the
fire protection requirements of the following specifications:

FUEL SYSTEMS, AIRCRAFT, INSTALLATION AND TEST OF,
MIL-F-1787L;

FUEL SYSTEM COMPONENTS, GENERAL SPECIFICATION FOR,
MIL-F-8615;

FUEL AND OIL LINES, AIRCRAFT, INSTALLATION OF,
MIL-I-18802;

HYDRAULIC SYSTEM, AIRCRAFT, REQUIREMENTS FOR,
MiL-H-54LO.

2.2.1.2 COMPONENT LOCATION

Components carrying flammable fluid, such as fuel, oil,
water-alcohel, and hydraulic fluid shall not be located in compartiments
where a "single failure," such as leakage, can cause ignition. They
shall not be located, if practicable, in compartments where a duel
failure, such as leaskage plus electrical overheating or arcing, can
cause ignition. TIf this cannot be accomplished for justifiable reasons,
components carrying flammable fluid shall be located so that leaking
fluid will not come in contact with electric equipment and wiring, bleed
air ducts, or other pctentiaml ignition sources by the effect of gravity,
sgirflow, or battle damsage. This shall be accomplished by locating
componente carrying flammable fluid below and away from ignition sources.
If complisnce with above requirements cannot be accomplished for
Justifiatle reasons, the compsrtment shall be treated as potential fire
zone (see 2.11).

Components carrying fuel should not be located in inhabited
arees (see 2.2.1.7.7) and in cargo compartments (see 2.2.1.7.8).

Fuel lines should be routed within fuel tanks to the greatest
possible extent to minimize fire and explosiun hazards resulting from
leakage.

Where dupliceted flarmable fluid systems are rrovided, these
gvstems should be separeted by locaticn or compartmentation.

For location of compcnents carrying flammable fluid with
regard to oxyger. components see 2.G.
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Al_ compartments containing flammable fiuid components with
potential leskage, and compertments adjacent to fuel tanks, shall be

le :
drained and ventilated. Compartments into which leakage of flammable
vapor from other compartments is likely shall be ventilated. Where
mixtures too rich to burn can be maintained in these compartments

throughout all flight regimes, prevention of air circulastion rather than
me e

b3S e Vo
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2.2.1.4 ELECTRIC EQUIPMENT

Electronic equipment shall comply with the fire protection
equirements of MIL~E-5L00, and electric wiring shall comply with the

p T 00 Alem cmo
tion requirements of MIL-W-5088. Alsoc see 2.7.

Electric equipment which can be an ignition source in a normal
operating or failed condition should not be located in compartments
con*aini;g flemmable fluid components, or in compartments adjacent to

by

2 1

» Or in compartments into which leakage of flammable vapor
compa mept i !

e -+
L\AC..L

ca
from othe
narce and service. Leakage of flammable vapors into electrical compart-
ments should be avoilded, when practicable, by providing a positive
the electrical compartment reletive to any adjacent
ng flammable fluid components. If, for justifiabie
T ipment which can be an ignition source must be
4 in e compartment containing flammeble fluid components or tanks,
&8 compartment into which leakage of flammable vapor from other
comparunents cannot be prevented, the equipment shall comply with 2.7.2

2.2.1.5 HOT GAS DUCTS

Hot bleed air ducts and other hot gas ducts and components
which can be. an ignition source due to high surface temperatures or to
leaking hot air or gas should not be located in compartments containing
flemmeble fluid compornents wi sk T c t
adjaecent to fuel tanks, or in compartments into which leakage of flam-
mable vapor from other compartments is likely. If, for Jjustifiable
reasons, hot air or gas ducts must be located in compartments with
potential flammsble fluid or vapor leakage, they shall comply with 2.8.1

and 2.8.2.

2.2.1.6 ACCESSORY SUPPORT

All accessory units such as filters, valves, etc., the weight
or operation of which impose adverse stresses or vibration on tubing

e
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carrying flammable fluid, shall be supported by means other than the
tubing. If rigid connections are used between accessories, then all
accessories so connected shall be rigidly mounted on the same base.

Lo N T s 4 TYT AMALATTE T ITTTN T TAama
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Installation of fuel and oil lines shall comply with the fire
protection requirements of MIL-I-18802.

~A o~ e - wuvT Y A ARy ~n A ~\
2.2.1.7.1 LINE LOCATION ( )

e 2.2.1.2

g)

2.2.1.7.2 LINE SUPPORT

Unsupported sections of lines carrying flammsble fluids
whose natural frequency would be such that dangerous amplitudes of
vibration might occur in operation shall be avoided. Rubberlined
clamps, such as MS21919, shall be used to support metal tubing and
hoses. Chafing of lines shall be prevented by clamping, or in bulkheads
or other structure by grommets. Grommets, however, shall not be used
for support of rigid lines. Grommets in firewalls shall withstand
a flame of 2000°F for 15 minutes without flame penetration in instailed
condition. Lines shall not be supported from each other.

2.2.1.7.3 HOSES

Cut hose and hose clamps shall not be used in any part of a
flammable fluid system. Hose assemblies shall be protected by shielding
or other means against temperatures in excess of the maximum specified
sllowable temperature for the particular hose.

2.2.1.7.4 TUBES

Tubes, carrying flammsable fluid, with below standard radii
shall not be used. Tubes shall be provided with bends or other expan-
sion meeans to avoid rupture during normal service, or during & fire
if located in or close to a fire zone.

n

.2.1.7.5 FITTINGS

Lines shall huve as few joints as possible, ronsistent with
economical installation requirements. Fitti.gs for hoses and tubes
3/8 inch I.D. and smeller chall he made of steel.

2.2.1.7.6 LINES IN POTENTIAL FIRE ZONES

Tubes carrying flammable fluids in cr clcse tc a potentiel
fire zune shall be made of stesinless steel, or equivalent. Hoses

[
N
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carrying flarmable fi.ids in or close to a potential fire zone shall
withstand & fleme of 2000°F for at least 5 mimutes without leakage,

at the lovest fluid flow rate and the highest fluid temperature, and
under vibration of o
+5 Piwa Algo gee ?
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See 2.2.1.2. If fuel lines must be routed through inhabited
areas for Justifisble reasons, they should not incorperate fittings and
shall be sufficiently well protected against damage. If fittings must

be provided within the inhabited areas, the lines shall be enclosed in a
fluid and vaportight drained shroud.
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See 2.2.1.2. If fuel lines must be routed through cargo
compartments for justifiasble reasons, they shall be protected by rugged,
fire resistant conduits and covers, g0 that they cannot be damaged by
_________________ m~armemm maa i Aah haiure

mUVt'mCNL Ul CUuI'RO. LUC L—Uuuu.l.bb O COovers 10T J.A.JJCD wWhnicn nave
connectors within the cargo area shall be drained overboard.

2.2.1.7.9 LINES I WHEEL WELLS

Flarmable fiuid lines in wheel wells shall be installied to
bave the maximum protection ageinst rocks, frozen mud or exploding tires.

2.2.1.8 INTERNAL PRESSURE

Excessive internal pressure in components carrying [lammable
fluids, during normal service, or during exposure to a fire, if located
in a potentiel fire zone, shall be prevented by positive means.

2.2.1.9 INSULATION

Insulation used in compartments carrying flammable fluid
camponente shall be nonabsorbent as & material configuration and so

installed thet fluids will not be retained on or under it.

Sandwich type insulation blankets shall be vented, and drained
at their lowest points. The vent and drain holes shall be shielded if
required to prevent entrance of fluid. The insulation shall be
"ncnpacking" under service conditicns.

2.2.2 TANK FILLER UNITS
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All filler unite -for tanks containing flammable fluids, both
gravity and pressure fueling type, which are recessed behind access
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shall be sealed to the exterl of he alrcraft apalnst the entran
flammeble fluids or vapors to »he interior of the aircraft. If
necessary, filler basins (scuppers) shall be provided with drains of at

least j/O inch I.D. The scupper shall be adequately sealed to the
surrcunding structure to prevent spilled fluid from entering the fuselsge,
engine compartment, or wing. The cap shall incorporate provisions for

t

T la}
positive locking. Filler caps shall be sc designed that visual inspec-
tion of the instaliled cap from a distance of at least 10 feet in day-
light gives positive indication that the cap is properly and positively

locked in the closed position. An electric ground receptacle for
grounding pressure esnd gravity fueling nozzles, conforming to MS 33645,
shall be installed, with the exception that the receptacle shall be

located: (a) not more than 20 inches or less than 5 inches from the
adapter, and (b) not near fuel vents or openings. For lightning
protecting design of filler caps, see 2.18.

Pressure fueling adapters shall comply with the )
MIL-A-6L25. TPFueling edapters shall be propezly grounded to
frame in accordance with MIL-B-5087T.

-~ . _ ~

See fueling and defueling 2.5.
2.2.3 PUMPS FOR FLAMMABLE FLUIDS

Fuel booster pumps shall comply with the fire protection
requirements of MIL-P-5238.

Electric motor driven pumps for flammaeble fluids shall have
shaft seals and suitable drain chambers and overboard drains to ellow
any fluid, which leaks past the main seal, to drain to the outside
before entering the motcr. The drain shalil terminste on the outside of

- -t - ) a
the Fump in a boss in accordance with AND 10049-4 or AND 10050-4. The
only possibility of seal leakage shall be from between the rubbing
members of the seal. In the event that an electric motor is utilized;

wherein its rotating element operstes immersed in the fluid, this
requirement does nct apply. On electric mctor driven pumps, unless
the mctor coperstes immersed in fluid, the motor shall be vented over-
te integral with the pump without con-

4 + ¢ 3 +n Sy a
i¢ mcter driven paips with immersed
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to the tank cavity, which ircorporates a

shael have
ven flame arrestor. The electric moctors shall be explosion-proof in

ccordance with MIL-E-5272, Procedure IV.
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Electric motor ariven pumps which, in case of a failure, can
reach case terperatures higher than the autogenous ignition temperature
of the fluid shall incorporate thermal protection. The thermal
protection shall cut off the current to the motor so that no point of

tba madnm Ance avaseds ot any time 8 tomramaods hich 15 SO°F below
LilT WU LUl LAST TALTTUD QaGuv aiyy vaic @ umyc;avwc w1l 18 PA RS vedww

the autogenous temperature of the fluid. The thermal protection shall
not be resettable in flight. (Also see 2.7.3.2.)

Electric motor driven pumps shall be such that current cannot
be carried from the motor section into the pump under any Tallure
condition. The electric wires shall enter the motor through potted
inlets, if the wire inlet is submerged, in normal condition or in case

of a failure.

For electric wiring, comnectors and conduits, and for metal tubes
sttached to electric motor driven fuel pumps in fuel tanks, see 2.1.1.L.

Centrifugal pumps should be used rather than positive displacement
purps if necessary to preclude high rressure buildup in case of line
tlockage. High zpeed positive displacement pumps shall not be used

wvharn +the nmiimn ealoemant wevy »un amarecald
wiiCIN UAC PDUmp CTLCmhEnNTY MAY I'unl &meErscea.

2.2.4 QUANTITY GAGES

Capacitor type fuel gquantity gages shall comply with the fire
protecticn requirements of MIL-G-8998.

Quantity indicetors in tenks containing flammable fluids shall be
designed so that no "single electrical failure"” in any part of the
circuit, inside or outside the tank, shall cause s spark or arc, with

P s e S dlhme A D TV I 2T aa it e dlm +aowmle TIm1dA Nawval
&an cueL oy &LCHL'CL LAl Ve W11l jUUILITDd, Willllill LT vallne MdyuUiu LT VTL

switches shall be in accordance with the fire protection requirements of
MIT~-S-21277. If transformers are used for power supply to the gages in
the tank, electrostatic grounded shields should be applied between the
two v1ndings, if a short between the primary and secondary winding could
<

_________________ TVt dmnsTAam 4w
Causbe & bptuz\ oTr ﬂll.) Wlbn an cnergy SltdbC.L buuu U-C w'.u..xduu..u:a ddd

tank.

For routing of fuel gage electrical wiring with regard to
lightning protection, see 2.18.

2.2.5 ELECTRIC VALVES

Drain openings shall be provided and arranged to prevent any
potential leakage of flammsble fluid from passing through the shaft
seal and entering an electrical actuator in the position of instailation.
Such leakege shall not impinge on or otherwise contact an ignition source.

Rlectrical actustors shall bhe snrn]nnion proof in accordance with MIT~R-

=== Saa= =204 LRSS Lo 8 8 S ol - Vas &

5272, Procedure IV.
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Valves in fuel tenk vent systems should be avoided, when possible.
If they cannot be avoided for justifiable reasons, they shall be designed
and installed so that no flammsble fluid will be released into an exist-

ing fire withln the first five minutes of the fire. Dual valves for

mes mmd T 21 T L 2o mmntad am that o Mainsla
infiow and outflow comtrol shall be in COrporaecl SU wide d  Shligsl
failure" cannot cause excessive positive or negative tank pressures.
The valves should preferably incorporate a "self-exercising” feature to

prevent sticking from inactivity.

2.2.7 FUEL DIPSTICKS

If dipsticks are used in fuel tanks which have provisions for

pressure fueling, they shall either be made of material which is
electrically nonconductive and does not retain an electrostatic surface

charge, or they shall be contained in an electrically conductive sheath,
made of metal screen or perforated tube, or any other suitable design,
which is electrically bonded tc the metgl filler esdapter end carries
awey static charges rapidly from the fuel surface in the vicinity of the
dipstick.

2.2.8 ACCESSORIES IN POTENTIAL FIRE ZONES

Accessories conteining flammable fluids which are located in a

potential fire zone shall be sc designed that not more than 0.5 gallons
of flammable fluid are likely to be released intc an existing fire, as a
consequence of an existing fire, within the first five minutes of a fire,
If necessary to accomplish this, accessories shall be made to withstand

DANNCE Ploms Pace Fiarn mdeart no P A P strictions shall be vroviged
£ nutes, Or 140w Iestrilililns &hd.a ©C P AUTU,

or tanks are located remote from each other and so that spread of fire
to beth accessories and tanks is unlikely.

2.2.0 TMET TRANS aQvQq
el g Cdio

PARVIVIERES AT V1 JOJ o 141

S
. . L ey

The fuel transfer syster shall be designed so that a "single
failure" in the system cannot cause failure of the level control in the

tank to shut off the transfer flow, if such failure can cause fuel
discharge through thevent line or pressurizetion of & fuel tamk with
resulting tenk leaksge. Vent lines for fuel tanks receiving fuel from
e trensfer tan¥, normally or due to & failure of a level control, shall

be eized to sccommodate the maximum fuel transfer rate, in addition tc
the venting flow rate, without impcesing pressures on the tank which
could cause fuel leaksage.

19
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Reserved for future text.

.4 DRAINAGE, VENTILATION AND VENTS (See Figures 8, 9 and 10 on
pazges 3T, 39 and 41).

n

2.4.1 DRAINED AREAS

All compartments containing flammable fluid components shall be
drained, unless leakage from these components is extremely unlikely.
All areas surrounding fuel tanks shall be drained. All drains shall
be so arranged that no trapped fluid can sccumulste at any place in the
compertment. Cavities in flammable fluid components shall be drained
if leakage into these cavities is possible and leakage can cause an
igniticon hazard. In this category are components in which separation
of flemmable fluids from electric eguipment is accomplished by seals or
Ase

bellows. All filler unit scuppers which can ccllect spilled fue during

filling, shall be provided with drains (see 2.2.2).

i

2.4.2 VENTILATED AREAS

All compartments containing flammable fluid compcnents with
potential leakage, compartments adjacent to fuel tanks, and compartments
all be

into which flammable vapor can enter from other compartments, sh
ventilated if these compartments slso contain potential ignition sources
such as electric equipment, etc., unless such 1eakage is extremely

unlikely. The ventilation should be designed to lean out flammable
mixtures below the lower limits of flammsbility, minimize dwell time of

flammable fluid and vapor on hot surfaces and reduce environmental
temperatures. One to three alr changes per minute have prcven tc be

uate,
low leakage rates are expected and the higher values apply to compart-
ments with potential high leakage rates, which can be the case in power
plant accessory sections.

Where mixtures toc rich tc burn can be meintained in these
compartments throughout the flight regimes, prevention of air circula-
tion rather than ventilstion may be employed.

Ventilation flow paths througr large portions of the aircraft
shall be prevented, .by vapor barriers, when necessary, tc restrict
fuel vapor, fire, heat and smoke from spreading over wide areas st a
rapid rate. This, in case of fire, gives time to ithe crew to consider
pessible countermeasures, and glsc gives the fire z be<ter chance to
burn itseif out locally. Suck vapor tarriers may be made of aluminum

alloy or equally fire resistent material.

29
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2.L.2 VENWNT LINES

Ven. lines for flarmsble fluid tanks shall be so designed that
they safely d&ispose of flemmable vapors which ar€ emitted from the
tanks during fueling, during climd and due to thermal expansion in the
tank vapor space. The vent lines chell be sized so that the inflow
and outfiow through the lines 1s sccomplished in sll instances without
causing an excescsive pressure differential between the interior and
exterior of the tank which could result in tank leakage. Obstruction
or blockage of the vent lines by ice shall be prevented by avoiding
trapped fluid in the lines and by proper design of the vent line exit.
Jcing at the vent exit can be critical in a long descent, when cold air
with a high _iguid water content is ingested. Vent exits shall be tested
for icing if a possibility for icing is suspected. The vent lines shall
be designed so that fluid will not spill out during normal maneuvering in
£light and on the ground. If valves are provided in the vent lines for
the purpose of tank pressurization, tank inerting or prevention of fluid
loss through the vent line irn transient flight attitudes or during taxiing,
ihese valves shall comply with 2.2.6. Malfunction or misuse of fuel
transfer systems should rnot cause a high rete of fuel flow to be pumped
out the vent. Wing fuel tanr installetions equipped with vent vaives
having pressure relief provisions shell be checked for spanwise

-

acceleration tc ensure agsinct srillege during high speed taxi turns.

Vent lines shall be provided for flammeble fluid components, if
excessive pressure differentialcs can cause a fire or explosion hazard.

A1l vent and drain exits which carry flammable fluids and vepors
overbuard shall be arranged in such s manner that there is no impinge-
ment on the aircraft under any normal condition of asircraft operation.
Vent discharge, drain discharge, fueling and defueling nozzles shall not
be located irn close proximity to fittings for aircrew oxygen replenish-
ment, engine start and electric pcwer catle connections. Where the
prevention of impingement is impractical, there shall be nc re-entry
of the flammable fluid or vapor into eircraft spaces where a possible
source of ignition may exist, considering seams which might "open" during
normel operation of the aircraft, throughout the service life of the
aircraft. Further, fuel tank vents shell be installed so that fluids
discharged will not contact ground equipment normally parked about the
aircraft, when servicing the aircraft. Fuel tank vent exit configura-
ticns should be such that they dc nct protrude from the surface of the
aircraft whenever there is & possibility of a lightning clinging on to
the exit arnd caucing flame propsgeticn to the tank, cr adequate protec-
tion azainst lightninz shall be provided. (See 2.1€.) Vent and drein
exits shcul?d permit free crainage of fluid from the lines without wetting
the skin wren the sircraft is standing on the ground. The line exits

30
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shall be sealed &t the saircraft surface around the periphery of the line
to prevent entrance of fluid or vapor into the aircraft. Vent and drain

dischsrge shall be awvay from engine and rocket exhaust, to the

ULSTLUal g Sild4ia 4 L CLUg4lic 14 I'OCCKEU

extent necessary to prevent flame propagation into drained and vented
compartments. Fuel tank vent exits shall be so located that fuel vapors
are not likely to enter areas in the fuselage, wing and power plant
during fueling. Vent line exits for fuel tanks which have provisions

s
£Aar mrecenre Mfre n aehm11d he Aandioma’ + inadverten A PR
s

for pressure fueli 5 a
the vent exit by masking tape or by §t0:p u
checks, is ellmlnated to the greatest pra al extent. Lightning
protection of fuel tenk vent exits shall be provided in accordance
with 2.18.

g Sa0uLd O€ Gesignea inadvertent vlocking of
ed for system leakage

o +h

o U

ers
tic

2.4.5 DRAIN CONFIGURATIONS
Minimum drain angles should be greater than five degrees
throughout the normal range of fllght and ground attitud es. All drein
tr
ti ,

paths do not alter the gravity flow and prevent proper function of the

drainage provisions. No drain lines should be manifolded together except
at the point of overboard discharge. 1In cases where manifolding is

necessary, pressure differentials in drained compartments or equipment
cavities and their possible cause of & fire or explosion, and the ability
to identify drained flui

e compatible. Meanifolded drains must be
al Weapons. Minimum dismeter of drain lines
ineh I.D. for gravity flow, but all drain

which are manifolded mus
approved by the Buresau

uuu urnxu holes should
thal sy

(a3

b

ds shall be carefully considered. Drained fluids
st

T

ot 00 <

N,
ation of flammable fluid i

1 umul
at the hlgh st leakage rate caused by any "single failure."

2.4.6 DRAINAGE IN POTENTIAL FIRE ZONES

Vent and drain lines and fittings in potential fire zones
carrying flammable fluids or vapors shall be made of material' that
resists a flame of 2000°F for at least five minutes without leakage,
unless a failure of such lines and fittings will not result in or add

to a fire hazard.
2.4.7 DRAINAGE IN CARRIER BASED AIRCRAFT

A container shall be provided for collecting fuel drainage in
ixed dlng aircraft es described in General Specificaticn SD-24,
Volume I, paragraph 3.12.6.1C.1(2). The container shall be designed
and iocated sc that flammable vapors from the container cannot enter
an engine compartment or any other compartment which contains potential
ignition sources, and that the fluid in the container cannot be ignitead.

-u H!
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If the possibility of ignition ir the container cennot be eliminated,
the drainage ystem shall be designed tc contain & fire without causing
s hazard to drained components.

§

TLATTON CONFIGURATIONS

VASiS A A dditd a4 SN T Uiund iy

Ventilation irilets shall be so located that flames cannot enter
from other zones. Ventilation inlets to potentiel fire zones and to
other compertments containing potential ignition sources shall be

yrm . + ont Maam 3»mYat
loceted so that flammable fluids and vapors cannot enter. The inlet

air to these compartments shall not pass over or through any device
containing flammable fluid, such as heat. exchangers. The inlet air,
under condition of failure, shall not contain flammeble fluid or veapor.
Ventilation air inlets to a potential fire zone shall have fire shutoff
P S e nimPlAay Feamrm 8 edmels rmlad da Lislosm +loo O oo £d [e
VGJ.VCD, 44 LT alllliUW LIV d 5lldlC 1lIIdCL 15 IIIKICI vhall ) CUel Le/INLIle
and if fire extinguishing is provided fcr the zone.

Ventilation discharge from potentiaml fire zones shall not impinge
on surfaces of integral tanks, on vital structure, cr on equipment, if
such impingement can cause &n additional hazard in case of Jire. Ventila-
tion discharge from potential fire zones shall not enter any other com-
partment cr re-enter the aircraft through openings downstream of the
discharge. Ventilation discharge from compartments ccntaining flammable
fluid compcnents and from compartments adjacent to fuel tanks shall not

_...-\._'-'! ___.s_-_ PR

discharge or re-enter into compartments with potential ignition socurces.
The ventilating asirflow shall te distributed as evenly as

practicable throughout the compartment with emphasis on high airflows
At areas of potential flammable fluid leakage.

Openings should be prcvided in engine compartments which provide
natural convection ventilation during ground operation.

In rotary wing eircraft, ventilation by ram air cannot be
accomplished for all flight conditions. Ventilation by artificial
means such as exhaust or bleed air ejectors, or engine or electric
motor driven fans should be applied. Ventilation airflow through two
or more compartments, which can carry & hezard from one compartment to
another, should be avoided. Such interconnection is prohibited from
passing through fire barriers which isolate potential fire zones from
the rest of the airplane.
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2.5 FUELING AND DEFUELING ({See figure 11 on page e k5.

2.5.1 TANK FILLER UNITS

For the design of filler units for fuel tanks, both gravity and
pressure fueling type, see 2.2.2.

A CoNn T IR N
2.D.c EILECTRIC CURRENT

The electric system of the aircraft shall be so designed that
supply power can selectively be provided to only those electric compo-
nents which are needed during fueling and defueling.

2.5.3 DEFUELING CONNECTION

oint and the uank can be damaged b ressure fueling at the defueling
p g
point, means shall be provided to prevent pressure fueling through this

peoint.

2.5.4 PRESSURE FUELING

The pressure 1ue¢1ng system in the aircraft shall be designed so
that & "single failure" in the system cannot cause failure of the level
control in the tank to shut off the fueling flow. Provisions shall be

,,,,,,

of the fueling system for proper function prlor to fueling. Vent lines
for fuel tanks incorporating pressure fueling provisions should be sized
to accommodete the maximum fueling rate which can occur when the level
control fails, in addition to the venting flow rate, without imposing
pressures on the tank which could csuse fuel leakage. Fueling inlets to

tanks shall be sized and designed to minimize fuel splashing .
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2.6 FUEL JETTISONING (Bee figure 12 on page 49).

2.6.1 JETTISON DISCHARGE

Jettison discharge openings shall be designed and arranged in
such a manner that there shall be no impingement on the aircraft under
gny normal condition of aireraft operation.

2.6.2 LEAKAGE

Jettison lines and controls shall be so designed that they are
easily installed without the possibility of misrigging, easy to inspect
end maintain. Ground inspections should be made frequently, to prove
that controls are operating, and that lines are intact and will not leak
in the event they are used in flight.
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Electric and electronic equipment shall comply with the fire
protection requirements of MIL-E-7080 and 5040 and the wiring installa-
tion shall comply with the fire protection requirements of MIL-W-5088.

2.7.2 COMPONENT LOCATIO

W NSLUG \SSVLALS & eSS bl e ToY

Electric components shall not be located in compartments where a
single failure, such as leakage of flammable fluid, can ceuse ignition.
If electric components must be located in compartments containing flam-
mable fiuid components, or in compartments adjacent to fuel tanks, or in

compartments intc which leakage of flammable vapor from other compart-
ments is likely due to lack of adequate sealing, they shall be explosion-
proof, and protected against hazardous overheat and short’ circuits as
specified in 2.7.3.1, 2.7.3.2, 2.7.3.3, 2.7.3.k+ - Safety.o

fiight components with potemtial hazardous overheating, or components

for which thermal protection is not practical shall not be located in
compartments with potential flammable leskage. In addition, electric
components shall be located so that leaking flammable fluid will not

come in contact with electric equipment and wiring by the effect of
gravity, airflow, or battle damage. This shall be accomplished by

locating electric components and wires above and away from flammable

Nl W debd N vde N o S d Nr s pr RN hd VW

fluid components. High pressure hydraulic components, or the electric
components shall be shielded, where necessary, to prevent hydraulic
fluid from being squirted on electric components.

m
=2

igh powver electric components can represent an ignition source
not only tc flammable fluids and vapors, but also to solid combustibles,
such as plastics and wood, when resistance heating occurs due to a
failure. Such components shall not contain combustible material, and
shall be located away from any combustible material. When sufficiently

remote location cannot he efferted adeaununste Qh1elding and iggu;gtiog

ITE@OTe L0Cavailil elileCLCl, atltguate slilc L2

if necessary, shall be provided. The shielding and 1nsulation shall be
made of a material which will not ignite at the maximum component tem-
perature which car be expected under the most severe fallure condition.

Laminated fiberglass containers shall be made using the best grade of
t ot ant shall be treated with a fire retardant

fire-resistant materials and treated with tar
coating to limit out-gassing at the vaporization temperature of the
binder

If compliance with above requirements cannot be accomplished for
justifiable reasons, the compartment shall be treated as a potential
fire zone (see 2.11)

o~

-
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‘ For location of electric components and wires for reasoms of
crash fire preventi. . see 2.15.

Fc. lLocaticn of electric components and wires in potentiel fire
zones see 2.7.4.

For location of electric components and wires relative to oxygen
components see 2.7.6.

2.7.3 COMPONENTS IN FLAMMABLE FLUID ZONES

Electric compenents which are permanently or temporarily located
in compartments containing flammable fluid components with potential
leakage, or in compartments adjacent to fuel tanks, or in compartments
into which leakage of flammable vapors from other compartments is likely
due to lack of adequate sealing, shall comply with the following

2.7.3.1 EXPLOSION PRODFNESS

Th= electric components, including connectors, shall be
xplosion-proof as aefined in MIL-E-5272, Procedure 1V, unless eguivas
ent precautions are taken which have approval of BuWeps. Procedure IIT
of Specification MIL-E-527Z is acceptable only fcr such components which
cannot develop internal spark producing failures, such as locse wires

and contacts, or other loose objects.

H(b

2.7.3.2 OVERHEAT PROTECTION

Overh=at protection shall be provided for electric components,
if case temperatures can cause ignition of the fluids involved under any
potential condition of failure. The thermal protection shall cut off
the power tc the equipment so that no point exposed to the fluids exceeds
at any time a temperature which is 50°F below the minimum autogenous
ignition temperature of the fluids. The thermal protection should not
be resettable in flight. Where resettable protection must be, used, the
thermal protection shall bve designed on the basis that it may be con-
tinuously reset as rapidly as is practicable after each time the power
is cut off.

All bvare conductors or other exposed current carrying parts
shall be adejuately prctected against short circuits caused by loose
objects. Thnis protection can be cbtained by locating them in such a

..... bt AAATES A 1 +ontd me
manner that additicnal protectiion is not required. Qor “}’ meang of

suitable ccverings. Protection by location or covering is not sufficient
for terminals, ground studs and similar components which can cause

48
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ignition by sparking or heating because of loose connections. Allowance
shall be made for cumulative heating over extended periods and all

affected materials shall be selected to prevent deterioration or elec-
tric breakdown under these conditions These components shall comply
with 2.7.3.1 and 2.7.3.2.
2.7.3.4 WIRES

The installation and routing of electric wires shall comply
with the fire protection requirements of MIL-W-5088.

For connections in potential fire zones, see 2.7.k.

omponents which are essential for safety of flight, or

E tric comp for
are required to perform emergency operations, should not be located in
or close to a fire zone. If they must be located in or close to a fire

zone for justifiable reasons, components essential for safety of
AANAAND ™ OV ol ALl derma ) l:y
s

shall be aole to withstand a 2000° F flame of the type 1li}
P=S

ke
a for at least 15 minutes. Component
perations shall be able to withstand suc
t five minutes, without failure.

v pLie S

Firewall connections shall n allow flame penetrat ion when
+ +oc
v

ot
‘‘‘‘‘‘ AN ©
exposed to such a flame of 200C° F T

Shock mounts for electric components located in potential fire
zones should be all-metal.

g
Hy
[us
H
[’
N
Q
o
[
o
w
[1])
®
n

For materials used in potenti

Wire in fire zones which is essential for safety of flight or for

emergency operations shall be in accordance with MS 2428L.
2.7.5 COMPONENTS IN FU

for pumps for flam-
or static electricity.

See 2.1.1 L for

CC &L vhasae sy

e al r 2.2
mable fluids, 2.2.4 for quantity gages, and '2.18

2.7.6 OXYGEN EQUIPMENT

Elect=ic corpecrnents and wires should be located sway from oXygen
eguirment. When such separation cannot be obtained for justifiable
reasons, electric wires and wire bundles shall be provided with frequent

supports, including protective conduits if necessary, or other suitable
means of support to prevent a free end of a broken wire from touching
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any oxygen tube. Elec*ric wires shall not be attached to oxygen compo-
nents, unless requireu for electric operation or monitoring of the

companent .
2.7.7 CRASH FIRE PREVENTION (See 2.15)

2.7.8 ELECTRICAL COMPARTMENT PRESSURE

The pressure in electrical and electronic compartments should,
wvhen practicable, be above that of an adjacent compartment which contains
volatile flammable fluid components with potential leakage, to compen-
sate for the lack of complete sealing which may be expected after
reasonable maintenance and service. Tests should be made to substan-
tiate that flammable zones run at lower pressures than any adjacent
ignition zone.

2.7.9 NONMETALLIC MATERIAL

Nonmetallic material used in electric components shall not ignite
spantanecusly under all environmental temperatures of installation, and
shall be self-extinguishing after removel of a flame. When used in fire
zones with fire extinguishing capabilities, it shall not afterglow.
Nonmetallic material used in or close to electric components which can
attain excessive temperatures due to resistance heating caused by a
failure, shall not ignite at the maximumm temperature of a failed compo-
nent. Flammable fluid shall not be used in electric equipment such as
ballasts in neon lights, etc.

2.7.10 EXTERNAL POWER RECEPTACLES

External power receptacles shall be located as remote as possible
from points of potential flammable fluid or vapor release, such as vent
and drain exits. They shall be located in areas of the aircraft where
flammable vapors from leakage within the aircraft camnot accumulate, or
they shall be enclosed in a vapor tight compartment.

2.7.11 NAIN STORAGE ELECTRIC BATTERIES

Batteries shall comply with the requirements of the applicable
military specifications, or should be approved by BuWeps.

Hermetically sealed batteries shall not be used without specific
BuWeps approval. Where used, they shall be provided with frangible
sefety blow-out plugs or the equivalent.

Batteries shculd have gasketed covers held down by reliable

fasteners, in conjunction with the use of semled type electric connec-
tions. Lead-acid batteries shall be vented overboard to a place where

50
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ignition or re-entry cannot occur. Nickel-cadmium batteries shall be
provided with pressure-relief vents to limit internal pressure build-up.
Battery vent lines and fittings shall be resistant to the electrolytes
and their products of decomposition.

Safe cell temperatures and charging rates shall be maintained

- - s x 2\
when the battery is recharged (after previous complete discharge) at
maximum regulated voltage, during a flight of maximum duration, under
the most adverse cocling condition likely to occur in service.

Since safe design of electroexplosive systems such as ejectors,

[ R0 L8 - CL

igniters, destructors, flares, etc., 1s dependent upon proper design of
the initiator system, the following design recommendations are directed
toward initiator systems.

o 7 1
(=S N ERS S B N

Electric initiators shall be designed in accordance with the
fire protection requirements of MIL-I-23659.

I T B e Y
2.7.13.

An initiator system consists basically of a fusible link
(bridge wire), the external power supply and the triggering device which

initiates the firing current. The fusible link generally ignites a
small primer charge which in turn explodes an actuating powder charge.
Sensitive, low electrical energy initiators should be avoided, whenever
possible.

An electric shunt fuse connected across the bridge wire cir
cuit should be included within the initiator circuit. This fuse should

have not more than one fifth of the resistance of the parallel bridge
wire path and its blow-out rating should be equal to the minimum all-
fire current of the bridge. A resistor may also be installed in series

with the complete initiator to prov1u current limiting during firing
o > + =)
T t e

2.7.13.4 BRIDGE WIRE CIRCUIT

The bridge wire circuit should be a two-wire, ungrounded
system. Where a grﬂuna is necessary, the ground shall be made at a

51
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The exterr-1 firing circuit wires to the initiator bridge wire
should be a twisted-palr cable, encased in a flexible metallic shield.
This shie)}? should be covered with an insulating sleeving, but should be

electrically bonded to the disconnect plug shell at the initiator with
a wire as short as possible. The twisted-palr firing cable to one
initiator shonld not be placed within the shielding braid of another
initiator firing cable. Where an isolating relay 1s used in the firing
eircuit, it should be located as close to the initiator as is practi-
cable, and it should open both initiator leads.

2.7.13.5 INITIATOR SHIELDING AND GROUNDING

The initiator shall be encased in a complete metallic shield
container, with a metallic electric receptacle for external connections.
The initistor case shall be thoroughly electrically grounded to basic
metallic structure by means of the mounting installation.

2.7.13.6 RADIO FREQUENCY FILTER

In addition to metallic shielding of the bridge wire and its
twisted-pair shielded wiring, & radio frequency filter should be
included within the initiator circuit.. The longer the twisted-pair
shielded wiring, the more important the radio fregquency filter becomes.
The filter may be the conventional inductor-capacitor network or a
"solid state attonuator” incorporated in the bridge wire leads.

2.7.13.7 LOCATION OF INITIATORS AND WIRING

The wiring and the initistor should be routed separately from
airecraft wiring, especially radio frequency coaxial cables and heavy
A.C. power cables. The initiator and its wiring should be located,
insofar as practicable, within and close to the metallic skin or struc-

L RSO G A VPN A D PN 4 ] e
ture of the vehicle for shielding purposes. The initistor should not

be located adjacent to transmitting antennas in the aircraft.
2.7.13.8 ACCESSIBILITY

All initiastors should be easily accessible and replaceable.
2.7.13.9 EXPLODING BRIDGE WIRE INITIATOR SYSTEMS

Exploding bridge wire electric initiators employ bridge wires
of much larger diameter adjacent to but not necessarily touching the.
ncrmal charge of explosive. Since there is no heat sensitive explosive
in coptact with the bridge wire, any heating that may result from the
passage cf currents caused by stray voltages, electromagnetic readiation,
or other accidertal causes will have no effect on this type of initiator.
Because of the inherently safer construction of the exploding bridge wire
systems, only the recommendations of 2.7.13.6 need be applied.

52 -
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2.8.1 LOCATION

Hot bleed air and other hot gas ducts and their components shall
not be located in compartments containing flammable fluid components with

PR -tk I e | VT amlorn o ~ P 1 4

potential leaXage, OF in Compartments augacent to fuel tanks, or in com-

.0 vhich leaksge of flammablc vapor from other compartments

par t
is likely, if the following conditions apply:

Condition 1: The maximum surface temperature of the bleed air

ducts and components, under any normal or emergency
condition, is egual to or u.xbucx than the minimum
autogenous ignition +Pmerature {MA_.T ) minus SQ°F

Condition 2: The maximum bleed air temperature under any normal
or emergency condition is equal or higher than the

minimum hot gas ignition temperature {MHGIT) minus
50°F of the flammable fluids in question.

If, for justifiable reasons, bleed air ducts and components must
be located in such compartments, the installation of the ducts shall com-

o ATTY s e~ s A S man e P ﬁA-: Qo e T —— A,
ply with the following requirements, for above Conditions 1 and 2:

Condition 1l: The ducts shall be located as high within a compart-
ment as practical, and away from potential flammable fluid leakage. The
compartment shall be drained, and ventilated in conformance with 2.4,

In addition the bleed air ducts and components shall be insulated in
2 R0

T e el .

conformance with
Condition 2: Bleed air ducts and components shall be isclated by
fluid and vaportight, preferably permanent, barriers.

> A
[

The insulation of hot bleed air and other hot gas ducts shall be
nonabsorbent as a material configuration, and so designed and installed
that fluids will not be retained on or under it. The insulation shall
be designed sc that all surfaces, edges, cutouts and seams are effec-

tively sealed to preven® the entrance of flammable fluids. Sandwich-
type insulation blankets shall be vented, and drained at their lovest

LATRE LS R = ] - 8L LT

point. The vent and drain holes shall be shielded if required, to
prevent entrance of fluid. The insulatior material shall dbe "nonvacking”
under service conditions. Insulatlcu shall be attached to ducts and
corponents sc that a ' single failure’ cannot cause ignition.

2.8.3 BLEFD AIR DICTS IN FIRE ZONES (See

D AT 11)
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2.8.4 ANTI-STALL BLEED AIR

led from the engine to prevent compressor stall shall be
discharged uirectly overboard, and shall not discharge inside any air-
plane com partment Discharge into turtine and tadlnine

VKAl BT sy

turtine and tailpipe compartments is
permitted, except if water-alcochol is added to the compressor air for
thrust augmentation upstream of the bleed air takeoff. The ducts for
anti-stall bleed air discharge shall be made of steel, or egquivalent

material, within fire zones.

60
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Gaseous oxygen systems shall comply with the fire protection
requirements of MIL-I-8683. Liquid oxygen systems shall comply with the
fire protection requirements of MIL-I-19326.

2.9.2 LOCATION
2.9,2.1 COMPONENT TEMPERATUKES

Oxygen components shall not be located in or close to potential
fire zones, or in other areas where they could be subjected to tempera-
tures in excess of those specified in the individual component specifie-

AAAAA ~F €3 w At Aunrt
c&t,lon, u.nuer normu Opcx'ub.uxg &UHU.J. hJ.Ul.\ﬁ, or .LLL case Oi1 a J-J.LC, MUV wuv v

rupture, etc. If such location is not possible, permanently installed
shielding and insulation, if necessary, shall be provided to keep the
component temperatures within specification values.

S Q 2 2 ‘Dﬁm‘ADTI‘ r\wm MONTMA TRNLRG
b0 T o b o A VAL Sk \BAddV VY A bl VA

Portable oxygen containers shall be stored in areas where the
likelihood of a fire is remote, or they shall be stored in enclosures
vhich can withstand a fire likely to occur at their location, and they

nha"‘ 'ha -Inenﬁn#aﬂ 8c that anch fire -1411 nﬁ‘h nanca Ade charaoe I\‘? nwvvrron
viau SUlH 143C Waa cause qliscieaerge CI oxXygen

from the container into the fire.

2.9.2.3 SYSTEM LAYOUT

The layout of the oxXygen system and the location of
nents should be such that all lines are as short as practical, and that
high pressure lines are held to a minimum length. Oxygen containers,
however, should rot be located immedistely adjacent to the crew, and in
combat aircraft they should be located, whenever practical, sc that they

newe vwmadtoantad ascadnod e PL o
GdT PiViTLILTW GaO LDV Will Al C o

2.9.2.4 FLAMMABRLE FLUID COMPONENTS

Insofar as practicable oxygen lines and components shall not
be grouped with linmes and components carrying flammable fluilds, aad shall
not be located above each other. When necessary to keep potential flam-
mable fluid leakage away from oxygen lines and components, shrouding
shall be used.

g M A ITARTTET ATTAT AN AT

2.5.2.5 COMPONERT CLEARANCE

A clearance cf at least two inches shall be provided between
oxygen tubing and components, ard controcl cables and other flexible
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moving parts. A clearmnce of at least 1/2 inch shall be provided
betveen oxygen tubing and components, and other parts of the aircraft

n ox C C
under any condition of operation and accumulation of manufacturing
tolerances, unless the oxygen lines and components are rigidly attached
to these parts.

For rcouting cf electric wires near oxygen systems see 2.7.6.
2.9.2.€6 PROPELLERS AND TURBINE ROTORS
Oxygen containers shall not be located within 6ix inches of the
plane of rotation of aircraft propellers or turbine rotors
2.9.3 LINES AND FITTINGS
Aluminum or stainless steel tubing should be used in oxygen
ystems, and the connectors shall be of a type approved by BuWeps for

use in oxygen systems.

2.9.4 CONTAINER SUPPORT
The oxygen container supports should be designed
same inertia loads as the seats of the occupants. The container supports
in combat aircraft shall ve designed tc prevent the container from
tearing loose when hit by gunfire.
2.9.5 FILLING PROVISIONS
The filler connections shall not be iocated where there is any
possibility of oil coming in contact with the filler valve. The filler
connection shall be installed within a closed box behind a cover plate
with a dirt and oiltight seal.

Contaminants such as dirt, lint, metal chips, etc., should be
prevented from entering filler connections of the oxygen system by means
of fine mesh or sintered filters installed in the system.

2.9.6 CLEANLINESS

The entire oxygen system shall be completely free from oil, grease
and other foreign matter. Open ends of cleaned and dried tubing and
components shall be plugged at all times. There shall be no unplugged
opening in the installation at any time, except during attachment or

Aatarnhmoart A€ rnortc
aevacomentT C1 parLe .
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2.1C EHAZARDOUS SYSTEMS (See Figures 19, 20, 21, 22 and 23 On pages
B O~ ~n AT = O£
Oy ©OY, Ji, 7O GLA TJJ-»
2.10.1 GENERAL
The systems treated or referenced in this section are potential
fire and explosion hazards if not rroperly designed, located or install

2.10.2 HIGH SPEED ROTATING EQUIPMENT

2.10.2.1 LOCATION

High speed rotating equipment such as starters, auxiliary
power units, drive shafts, etc., shall be located, whenever possible,
to prevent damage of flammable fluid components, exploslves, oxygen
containers, and in particular fuel tanks by flying fragments in case of
disintegration of a rotating part.
2.10.2.2 OVERSPEED PROTECTION

If location recommended in 2.10.2.1 is not possible for Justi-
fiable reasons, high speed roteting eguipment, except main propuision
engines, shall be designed to incorporate either one of the following

Capability of containing all rotor fragments within the
equipment under the conditions of the most adverse "single failure"
which causes maximum overspeed at maximum operating temperature.

r part withetend = speed which pro-
duces 1.50 tim rgy of & maximum overspeed which can be
caused by the most adverse s1ngle failure," and at maximum operating

terperature.

2.10.2.2.3 AERODYNAMIC SPEED ILIMITATLGH
Aercdynemic speed limitation such that fallure of the rotor

cannct cccur at & speed producing 1.5 times the kinetic energy of the
1izit speed end at meximum crerating temperature. If the equipment

requires controlled ingestion of air fer aerodynamic speed limitaticn,
the tqu-au&ft model specification shell give all the requirements
necessary r satisfactory duct design.
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2.10.2.2.4 FRICTION BFP'XING

& zed limitation by friction braking between rotor and case
such that failure of the rctcr cannot occur et a speed producing 1.50
times the kinetic energy of the imm limit speed, and at any operating
t

emperature .

2.10.2.2.5 SPEED LIMITING DEVICE

In corder to limit the maxim
2.10.2.2.2, twc reliable and independent speed limiting devices should
be considered. One of these devices may be the normal speed copntrol and
the other one should be a tcpping device with the sole purpose of pre-
venting the equipment from exceeding a predetermined maximum speed. The
topping device should incorporate a "self-exercising,” or a testable
feature to prevent sticking from inactivity. The speed limiting device
should be located as close as practicable to the component which is to
be protected against overspeed by the device. Any electrical portion
of the topping device shall be located or protected so that it will not
be rendered inoperative by the lubricating oil of the eguipment, under
normal operating condition cr in case of a "single failure.”

nad Yeiavdl

o0 limit the maxirnum overspeed in 2.10.2.2.1 and

2.10.2.3 OTHER HAZARDS

High speed rotating equipment shall be carefully analyzed for
other potential fire hazards such as ignition of flammable fluids by
high case temperature due tc normal operation or due to railure, such
as oil starvation and bearing faillure. Satisfactory protection shall be
provided if such hazards exist. High speed rotating equipment shall be
supperted in such a manner that imbalance due to potential failures will
not cause failure of the support with conseguent fire potentiality.

LUV vhGuet LG4

ther »
&
a

High speed drive shafts should be encased, 1if necessary to

protect flammable fluid components, fuel tanks, explosives, OXygen
containers, etc.

2.10.2.4 POWER TURBINES

Compartments containing fuel burning power turbines shall
comply with 2.11.

2.1C.3 HIGE PRESSURE ATR SYSTEMS

n
’_.l
C
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3
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2.10.3.2 GENERAL

High pressure eir compressore and related components utiliz-
ing.ludbricating oil &s piston lubricent which ultimately is mixed with

the compressor air can experience explosions with destructive resulis
to the equipment and to, adjacent components, if not properly designed.

2.10.3.3 LOCATION

High pressure air compressors and related equipment shall be
located, whenever possible, to minimize damage of flammable fluid
components, explosives, oxygen containers, and in particular fuel

tanks, by flying fragments in case of an explosion.

2.10.3.4 EXPLOSION HAZARDS

Bigh pressure air compresscrs and related equipment shall
comply with MIL-~ P-5518. An explosion hazard report shall be submitted

to BuWeps as required by MIL-P- 5518. Particular attention shall be
given in this report to potential hazardous conditions caused by
equipment malfunctions. The oil-air mixture in & compressor, which is
precharged with compressed bleed air, may move from "too lean" to
"explosive" when the mass airflow {s reduced due to a severed com-
pressor air inteke line. The same result can be experienced when the
lubricating oil flow to the cylinders of the compressor is increased

due to & malfunction of the lubricating system. Breakdown of the

cooling system due to a fan feilure may also cause explosion when the
air temperasture exceeds the sutogenous ignition temperature of the

aad LLpTiavil v SAavt

lubricating oil.

2.10.3.5 SUPPORT

Compressors end reservoirs for compressed air shall be
supported so that compressor unbalance casused by malfunction, or
reservoir dsmasge caused by gunfire, will not result in failure of a
support with resultant fire potentiality.

2.10.!‘ m'rr\enmq

2.10.4.1 SPECIFICATIONS

A
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DESIGN AND EVALUATION OF CARTRIDGES FOR
CARTRIDGE ACTUATED DEVICES MIL «D-21625

INSTALLATION AND TEST OF AIRCRAFT PYROTECHNIC
BQUIPMERT, GENERAL SPEC. FOR MIL-I-8672

2.10.4.2 LOCATION

Explosives shall not be installed or stowed in the proximity
of heat sources if these heat sources can cause ignition of the
explosives under any normel condition, or if & "single failure” can
cause ignition of the explosives. Explosives shall not be instealled or
stoved in the proximity of potentisl fire zones. If explosives must be
located close to real or potential heat sources for jJustifisble reasons,
they shall be adequately protected by permanently installed insulation,
or shields, or both.

AN -] TRIOMAT T ATYTANRT
CedVee 5 ddVolAlUM L LY

Explosives can be a hazard to manutacturing and maintenance
personnel. Designs should permit installation of explosives as late as

possible in manufacturing sequence, preferebly at the flight line.
Bxploeives shall be interchangeable without force or rework.

2.10.5 ENGINE STARTERS
2.10.5.1 SPECIFICATIONS

Air turbine starters shall comply with the fire protection
requirements of MIL-S-T848.

2.10.5.2 OVERSPEED PROTECTION

Failure of a starter coupling to disengage after engine
lightoff can cause overspeed of the starter. Starter disintegration due
vO this type of failure and due to failure in the speed control
mechanism ghall be prevented by overspeed protection per 2.10.2.2.

aelLllgl 4 b C

n

.10.5.3 OTHER HAZARDS (See 2.10.2. )

rn

n L AARMRTTIVIE STARTERS
/e - A ¥ o\ Bdd L
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In additicn to the requirements of 2.10.5.2 &nd 2.10.5:3,
a cartridge starter shall comply with the following requirements:

72
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2.10.5.4.1 INADVERTENT IGNITION
A cartridge starter shall be suitably protected against
inadvertent ignition of the cartridge. It shall be possible to arm the
starter only after securing the breech. It shall be possible to disarm

the starter at any time prior to actuation.

2.10.5.4.2 GAS LEAKAGE

There shall be no leaskage of gases into the starter
compartment or into any other compartment from any part of the starter
during or following operation throughout the operating range.

DTN TR AT
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An overpressure relief device shall be incorporated in the
starter which will 1limit the maximum breech pressure in the event of
abnormal cartridge burning. The device shall bypass the turbine. The

AL o YAl nma A oI A

relief pressure shall not exceed the breech proof pressure.
2.10.5.4.4 CARTRIDGE STORAGE (See 2.10.4.2)

2.10.5.4.5 EXHAUST

Exhaust from the turbine and from the overpressure relief
device shall be disposed of in conformance with 2.11.1.13.
2.10.5.4.6 CARTRIDGES

Cartridges shall comply with the fire protection require-

ortrd
ments of MIL-D-21625.

2.10.6 GUN INSTALLATIONS

(TT'NTRD AT

A Aan K 1 TN
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3
oAU
Gun gases leeving the muzzle and leaking from the breech
contain considerable quantities of unburned combustibles. Appropriate
measures shall be taken so that the gas-air mixture within the gun

e s v mam e A

compartment does not fall wi

- s ) M Sara s e
|9

he explosive range.
2.10.6.2 GUN GAS DATA

The maximum gun gas release rate into the gun compartment and
the maximum content of combustibles by vclume in the gas shall be
determined and specified by the gun manufacturer. The lower explosive
iimit of gur gas is approximately nine percent by volume. ’
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2.10.6.3 VENTILATION

\
If ventilation is used for dijuti g the gas-air mlxture in
the gun cor_.artment, air intake shall be 1
')'7 r

q + T
zle to prevent gases Arom the m"

complished wzth a Vpn*l;a*lng system operating only while the gun
flres. The ventilation sirflow rate should be high enough to result in

an average concentration of combustibles of 4.5 percent with good
mixing, and 2.25 percent with less mixin

2.10.6.4 FUEL TANKS

Fuel tanks shall not be located immediately adjacent to gun

P I N g T i 2 et -2 e - R oY N o F = e o ot o)
compartments; they shall be separsted from such \.uluya.&tuncuts by &t

least one liquid and vaportight bulkhead in sddition to the tank
boundary structure.

2.10.7 LANDING WHEEL BRAKES .

Wheels which serve as housings for highly loaded braskes shall
be provided with pressure relief devices actuated by heat. Consider-
ation shall alsc be given to the use of & heat shield between the brake
ard the wheel. The purpose of these devices is to prevent tire explo-
sion caused by trake overreating or by brake fire.

Ir addition, serious consideration shall be given to a brake
overheat warning system. Use of & brake warning system shall be based
on the type of vehicle, its intended usage, the characteristic of the

JUR— PP

brake, and the probability and the consequences of the hazards.
2.10.& EXTERNAL ROCKETS

External rockets shall be instelled so that the rocket- exhaust
will not be a hazard toc fuel tank vent lines. If fuel vent exits
cannot be located at & safe distence from the rocket exhaust, the vent
line exits shall be prctected by flame arrestors or other effective

means to prevent flame propagation into the tanks.

Surfaces of rocket exhaust impingement shall be designed for
neat and corrosion resistance. Protection shall be provided, if neces-
ary; for flammable fluid components, fuel tanks, explosives, etc.,

=3
™
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2.11 POTENTIAL FIRE ZONES (See Figures 2k, 25, 26, 27, 28 and 29 on
pages 113, 115, 117, 119, 121 and 123).

TAN
LUIY

The following compartments shall be treated as potentiel fire
zones in conformance with the requirements of this section:

-\ -~ N « a2 = . -~ - ~o -~ Y

(1) Compartments which tain flammable fiuid components with
potential leskage, and,potentlal ignition scurces, if the following
applies:

(a) One "single failure" can cause a fire or explosion. A
combustor and turbine compartment is in this category if it contains
external flammable fluid lines with leakage potential as well as an
unprotected engine case hot enough to ignite the flammable fluid, or
when & combustor burnthrough can cause leakage from the flammable fluid

lines.

(b) A dual failure is needed to cause ignition, but the
flammable fluid components and potentiasl ignition sources are not
sufficiently separated and shielded, or are present in high concentra-
tion, so that contact of flammable fluid and vepor with ignition sources
by gravity, ventilation eirflow or squirt is likely. Accessory sections
of engines are, and hydraulic and fuel service centers may be in this
category.

This requirement is based on the assumption that
protective features of ighition sources may be rendered ineffective, at
least temporarily, by poor meintenance. A cover left off from explo-
sion-proof electric equipment, for instance, can invalidate the explo-
slon protective feature of the equipment and go undetected for some
time.

(2) Any zone containing flemmsble fluid components if the zone is
adjacent to a potentiasl fire zone and is not sufficiently separated
from the fire zone to minimize the possibility of fleme propsgstion.

2.11.1.2 FIRE ZONE ISOLATION

Fire zone isolation from the rest of the aircraft shall be
*omplished by fire barriers. Such fire barrier

(n
0
3
14
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2.11.1.2.1 FIREWALLS

Firewalls separste potential fire zones from adjacent
compartments of the aircraft. Firewalls shall be made of stainless
steel or titanium, at least 0.012 inches thick, or equivalent material.
Titanium shall not be used for firewall material in the vicinity of
burner cans, where molten material can drip on it when a burnthrough
occurs, or when the firewall is & vital load-carrying structural
member. The firewall shall be as tight as possible; & hole of O. ok
inches diameter in a firewall 0.015 inches thick can cause propagation
of flames through the firewall. Firewall connectors and the passage
of all plumbing, ducts, wiring, controls, etc., through firewalls sha
be as fireproof as the firewall itself, i.e.,under no conditions of
fire shall fire penetrate through the firewall because of failure of
fittings. Firewalls may buckle severely due to heat, therefore access
doors or Jjoints shall be avoided in firewells. If access doors or
Joints must be provided in firewalls for justifiable reasons, they shall
be closed by closely spaced fasteners of such type that hazardous geps
vill not result Auring s fire. Whenever a firewall is closer than
eight inches from the outer case of a combustor, additional protection
ghall be considered egainst the torchlike flame resulting from a burned-
through combustor. All grommets and fillers used at points where items

pass through firewalls shall be made of material possessing the same
Pl yranranf rharantoarictine es +heo f“l*ngnWl mn+4=r1ﬂ1, F‘i‘llers ShBJ_l be

d4dTpIUUL JViliGLa QL vid s vaL D vade P e LaLELS

used sparingly and only where necessary. Consideration shall be glven
to the difficulties of removing and replscing any movable pieces of
airframe which have been sealed with fillers. Unique firewall

connectors or passages shall be demonstreted to be satisfactory by
antitel +act Firewalls should not be cetrocced 'hv n‘\T1()nﬂS mounted

dav- i@l veouve L dd TRULLD OiiVuaw div v D ve CoRew ] mas =SR2

equipment, etc., 50 that early failure would occur due to the loss of
strength, even though flame penetration was not imminent.

.,

Materials used close to the protected side of the firewall
shaell be a type which will not burst into flames as & result of hest
conduction and radistion from = fire in the potential fire zone.

f
Structure and equipment shall be protected by insulation, shielding or
cooling if heating due to & fire can cause a safety of flight hazard.
Bigh strength fasteners with aluminum components such as lockbolts and

Hi- bnear rivetis shall not be used.

2.11.1.2.2 SKIN AND SKIN STRUCTURE

The skin and skin structure of potential fire zone

Adrswmn PN

enclosures, or portions thereof, or the skin and skin struciure adjacen

+
to potential fire zone enclosures, or portions therecf, shall be made of

stainless steel or titanium, at least 0.012 inches thick, or of equiva-
lent material, if necessary to protect against the following:

(9‘
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(1) Burning of a fire out of a potential fire zone and subsequent
burning into nonprotected, adjacent areas, around the firewall, either
through the skin or through openings in the skin.

uch th

1
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Divning AFf & fiva At Af o matantiel fire zone +
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) one

4 subsequent impingement of flames on vital structure or on
integral fuel tanks, if such impingement can cause safety of flight
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zone cannot occur.

(b) Fire egress should be encouraged at places where re-entry
or impingement cannot occur. This can be done by proper location of

- -&4 TVod 3~ Tar hswmnAiit manale
VENTL14ET10n0 uycu.l..uéb; or V)Y VWLV WKY palicane.

(¢) Fire penetration is most likely in areas of potential
flammsble fluid leakage, at ventilation air exits, and et and near the
bottom of the compartment These areas should receive highest attention

.
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2.11.1.2.3 AIR DUCTS

Air ducts passing through potential fire zones, when allowed
C PO S T ) VUi, — <t 1. d PR B o R e N L L L b s T o Yy | B e g P
LO Durmn Lxu‘uugn, MilgaT give &8 11I€ n€ Opporvuiiavy L0 wavea irdm Ouc
fire zone tc another or to the rest of the aircraft; and they may also

allow &8 high sir mass flow to enter the potentisal fire zone and feed
the fire. Such air ducts shell be made of stainless steel or titanium
not less than C.015 inches thick, or equivalent material, where they

pass through fire zones. Air ducts originating in fire zones shall be
made of stainless steel or titanium not less than 0.015 inches thick;

cr equivalent materisl, for a sufficient distance beyond the fire
tarrier to assure that any fire can be contained within the duct. For
eir ducts originating in potential fire zones, and flowing air to
potentiel fire zones shutoff means shall be provided as required by

2 171 1 b
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2.11.1.3 EXPLOSICNS

IExrlosions in potential fire zcones due tc presence of flam-

zable vaplrs shaell be ‘p:r‘eve:uu:u by &deguaile drainage and ventilation in
conformance with 2.4. However, explosions in potentisl fire zones
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happen occasionally and preceution must be taken to restrain the
consequences of this hnzard to the greatest practical extent. For thlg

pressure differentisl of 5 psig. Quick opening relief holes in the
outside wal. should be considered to prevent a pressure rise over 5
psig, if natursl relie
fire zones shall be de ed s 1 lure csaus
by an explosion, such as collapse of an intake duct or an exhaust pi
to the extent that & safety of flight hazard is prevented.

LY TITITTMATYOY

2.11.1.4 HUTOFF MEANS

Provisions shall be made for shutting off the flow

ous quantities of ailr and flammable fluids into ;; through each
potential fire zone. This requirement may be waived (&) if the design

O

f hezerd-
I nhazard

is such that leakage into a fire is impossible, or (b) if the fluid
(e.g. hydraulic fluid, feathering oil) is necessary for control of the
emergency. (2.11.1.6) '

Shutoff means shall be located outside of &nd remote from
fire zones, unless the following conditions are met:

(1) Shutoff valves, when exposed to a flame of 200C°F, are
easily onerable during the firest five minutes of a fire nd are

;s 8
capable of remeining closed without internal or externasl leakage for
the durstion of the fire.

(2) Mechanical and electric controls for shutoff valves are
operable for & minimum of five minutes when exposed tc a flame of
(-]
2000 F, and are capable of holding their valves closed for the duration

of the fire. Hydraulic controls shall meet this requirement without
leakage of hydrsulic fluid.

For oil shutoff valves in main power plants, see 2.11.2.7.

Lo ~ OBP coe Voerm = [ ammd s a2 A ON 1 DHN.. 2 D T __ . 2

onutofT valves are not required in fiammable fiuid lines if
the maximum flov rate through & line is 0.1 gallons per minute or less.
If more than one flammable fluid line without shutoff valve are used

for one fire zone, and the lines are in the same area. so that
similtaneous fire demage is l3kely, the total maximum flow rate shall
not exceed 0.1 gallons per minute.
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Air shutoff valves shall be provided for potentie
which are equipped with fire extinguishing, for any single air inlet

flowing more than five cu. £t. per minute of air to a fire zone, unless

88

RN——



Downloaded from http://www.everyspec.com

MIL-HDBK-221 (WP)
3 May 1965

it can be demonstrated by anelysis or test that the airflow is not
defeating the effectivencss of fire extinguishing. (See 2.13.) Bleed
air shutoff valves shall be provided on multi-engine aircraft, using an
interconnected distribution system, unless the duct is made of stainless
steel or titanium not less than 0.015 inches thick, or equivalent
maeterial, within the fire zone. The shutoff valve may be & simple check
valve or & controlled valve. Shutoff valves shall be provided in air
ducts which originate in & potential fire zone and lead to another
compartment in the asircraft.

Shutoff valves actuated by & servomechanism shall travel
from full open to full closed in one second or less. Electric shutoff
valves which emplcy terminal switches for limitation of wvalve travel
shall be so designed that reasonable tolerances are allowed for adjust-
ment of the terminal switches. Solenoid shutoff valves shall not be
used for equipment which is essential for performance of a mission and
shall be designed to shut off the flow to a fire zone, when failed.

Shutoff valves for potentisl fire zones shall be actuated in
conformance with 2.1h.

2.11.1.5 FLAMMABLE FLUID TANKS (See 2.1.1.1.1)
2.11.1.6 LINES FOR FLAMMABLE FLUIDS

Tubes carrying flammable fluids in or close to a potentisl
fire zone shall be made of stainless steel, or equivalent. Hoses
carrying flammable fluids in or close to & potential fire zone shall
withstand & flame of 2000°F for at least five minutes without leakage,
et the lowest fluid flow rate and the highest fluid temperature, and
under vibration of operation. Fittings shall heve an equal resistance
to fire. These requirements of fire resistance apply also to vent and
dreain lines, unliess e fegilure of such lines and fittings will not add
to & fire hazard. Hoses for emergency equipment in fire zones should
be as fireprocf as possible and they should be routed, and protected
if necessary, sc that they ere rnot damaged by consequence of the failure
which started the fire, thereby incapecitating the huses when they are
needed most.

Flammgblie fluid lines in potential fire zones shall be
reduce¢ tc the minimur totasl length end tc the rinimum number of
connectors, consistent with other requirements of MIL-I1-18802. They
shall be arrenged ac low ac practicel In the compartrent and away from
rotential fire scurces. Shielding of high pressure hydraulic lines
should be considered tc mirnimize the possibility of hydreulic fluid
contacting ignition scurces ty spray. Hose assemblies shall be

89
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Flammable fluid accessories shall be located in potential
fire zones only when justifiable reasons for such locations exist.
Flammable fluid accessories which must be located in potential fire
zones shall comply with the requirements of 2.2.8.

2.11.1.8 DRAINAGE AND VENTILATION (See 2.L4)

2.11.1.9 ELECTRIC EQUIPMENT

nt shall be located in p

Lilid ad UT AULGVEU id

ctri potential fire zones
only when justifieble reasons for such location exlst. Electric
equipment, which must be located in potentisl fire zones, shall comply

with the requirements of 2.7.
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(3) Insulation shall be nonsbsorbent as a material, or as &
material configuration, and so designed and installed that fluids will
not be retained on or under it.

(4) Nommetallic materisl which is combustible shall be
used only when use of more fire resistant materiel is impractical.

Normetallic material shall not ignite spontaneously under all environ
mental temperatures of installetion, and it shall bYe self=ext1a54ishing
after reccvel of a flame. When used in potentiel fire zones with fire
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.inguishing capabilities; it shall not afterglow. Also see 2.7.9 for
material used 1n or close to electric components.

2.11.1.11 AIR INLETS AND OUTLETS

D.n

M&DCOA ne drvtn nAatantdal fir 20nes 211311 hp 1Qcate an 14
constructed so that flammable fluids and vapors, or flesmes, cannot
enter a potential fire zone under any reasonable flight attitude. For

f
air outlets see 2.11.1.2.2.(a).
G
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Metallic shock absorbing elements should be used in potential
fire zones, whenever practical, instead of elements made of elastomeric
material. When metallic shock absorbing elements cannot be used, the
elements shall be sb designed that the supported components will remain
adequately supported and continue to function effectively, in spite of

failure of the nommetallic materiasl in the mounting system due to fire.

2.11.1.13 EXHAUST SYSTEMS

Exhaust systems should be located as high in a compartment
and in the airplane as practicable. Flammable fluid equipment, tanks,

and lines should be kept remote from exhaust systems. For location of
fuel, oil, hydraulic, and water/alcohol tanks with respect to exhaust

systems, see 2.1.1.1.

n

Whenever satisfactory isolation of exhaust systems from
flammable fluid equipment, lines and tanks by location is not practical,
isolstion by steel shrouds shall be considered. Sufficient distance

4,

between exhaust pipe and shroud, plus forced air cooling and insulation,

~ +Whao

if necessary, shall be applied to keep the surface on the side of the
potential flemmaeble fluid leakage st least 50°F below the sutogenous
ignition temperature of the flammable fluids involved. The shrouds

Exhaust ejectors have been used successfully for the cooling
of exhaust pipes and ventilation of compartments. This methed is
particulerly suitstle for helicopters and auxiliasry power plants where
ram air is not available in all flight and ground phases. When exhaust
ejectors are used which draw the cooling &ir from compartments contain-
ing flammable fluid components with potential leakage, protection shall
be provided against ignition of flammable fluilds and vapors by the
exhsust or exhsust pipes; or by the hot turbine wheel after shutdown.

Where shrouds cannot be used for separation of exhaust -
systems from flammable fluid components, sandwich type or other

N
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suitable insulation Y ~nkets may be used for covering the hot exhaust
surfaces. They shall ove designed and installed so that all surfaces,

edges, cutortc and seams are effectively sealed to prevent the entrance
of flammeblie fluids. The insulation blankets should have stainless
steel surfaces on both sides, and they shall be vented and drained at
their lowest point. The vent and drain holes shall be shielded, if
required, to prevent entrance of liquid. The insulation materisl shall
be "nonpacking” under service conditions. Insulation shall be attached
to the exhasust system sc that & "single failure” of an attaclment will
not cause an ignition hazard.

Exhaust systems and shrouds tend to warp. Such warpage shall
be considered in design of exhaust systems so that leakage of exhaust

end flammable fluids will not occur to an extent which cen cause a fire
hazard or a false fire warning signal.

Hea’. radistion from exhaust flanges and annular heavy sections
may be sufficient to rHrF-o'f"lv damage wiring, aluminum alloy structure,

hose assemblies, etc., located in the plane of the flange. Adequate
shielding or insulation shall be provided, if necessary.

Burning fluids will occasionally run out the end of exhaust
Positive provigsions shall be made either to 'ln+ +hdies fluid run

noeo
Peoe 4USAVL YT PIUVLAODAVIUD Diiddd WU LiGUT TCaviicd ViiALD 4 Avasa

e and clear of the aircraft to the ground, or to trap and drain it

Discharge of exhaust shall not impinge on unprotected surfaces,
on skin of 1ntegral tanks, or other places where & hazard may result
during normal operation or when a failure occurs. Exhaust shall not

from flammadble fluid and vapor vents and ventilation and fuel jettison
cutlets to avoid a hazard Drain discharge shall not create a hazardous
>t

PR T caoe 1tmAos o Ams

with exhaust gases under any condition of

2.11.1.15 FIRE EXTINGUISHING

Fixed fire extinguishing systems will be provided only if
aderemVlama Aadad — L LL md d mwm WNhama wAatanmdttal CLlea
41 1C LlOIl. wiicl © WVCJJ vVda d Jdd4i ©

reguired by the airplane detall spec a
zones are recognized by & contractor, eand not covered in MIL-P-22285,
appropriate recommendstions shall be made to the Bureau of Naval

Weapons.
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2.11.1.16 COMPARTMENT CONFIGURAT

Potential fire zones with high airflows which are equipped
with fire extinguishing systems, should be devoid of sheltered areas in
the lower quarter of the installations. Use of smooth fireproof inner
liners in these areas shell be considered. Where & liner is used, the
edges shall be sealed so that burning fluid cannot penetrate under tihe
liner.

2.11.2 MAIN POWER PLANTS

In addition to the general requirements of 2.11.1 through

2.11.1.16 for potential fire zones, main power plsnts shall comply with
the following:®
the following:

2.11.2.1 FIRE EXTINGUISHING

Fire extinguishing system shall be provided in the main power

nlant instellation of 811 multi-engine sircre aft Fire extinouighino

PAQUU Adiovddaduavii Ud dad didavaTlligaiic Gadd La e Ve ad T AL LS00

systems are not required in single engine aircraft, except for first
procurement of a small quantity of a new model aircraft. The fire
extinguishing system shall comply with the requirements of 2.13.

[}
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The accessory section of a power plant should be separated
from the hot burner, turbine and tailpipe section by & fire shield,
when practicable. The entire fire shield, or portions thereof, may be
made of aluminum alloy if the hazard from an existing fire is not
increased in case of burnthrough. Partial aluminum alloy fire shields,
with the rest of the fire shield made of stainless steel, should be
considered when local burnthrough is desired as discussed in 2.11.1.2.2.
(p). Careful consideration shall be given to the possibllity of high
pressures building up in the hot engine compartment, in cese of &
failure vhich causes releace of exhsust gases. Such preasure in

Fhsd wdd BRI T 4 = e Sirsena o=s=Ts pm 0 L6 8.3

combination with the high exhaust temperature could cause penetration
of an aluminum fire shield and carry an ignition source into the acces-
sory compartment, thereby increasing the hazard potential.

Maa Fiwma chianlAd chell ha 145
ddil b dd Y Piide .Lu DA ded W .

desirable to govern the pressure of the burner, turbine and tailpipe
section above that of the accessory section tc compensate for the lack
of perfect sealing which may occur after a reasonable service time.

or +iaht. Tt 4¢
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NMglnes willl Nl COlpresslon rratlos mgy regudire itoctauvion 01
the fire shield forwerd of the lest compressor stage to prevent igni-
ticn of leeking flammable fluid by the hot compressor case.

93
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2.11.2.3 DUAL-ENGINE INSTALLATION

Encines arranged in close proximity tc each other shall be
Yoy a firewvall .
~ L= S S B A g

2.11.2.4 ENGINE AIR INLETS

Engine air inlets should be designed, whenever possible, €0
that air cannot be drawn from a compartment with potential flammsble
leskage during any ground or flight phase. ILow pressure in the air
inlet ducts relative to pressures in adjacent compartments during
ground runs and low flight speeds can cause ingestion of flammable
leskage with resulting engine stall, flash-back of combustor flames
through the compressor, and fire and explosion in the adjacent compart-
ment. It also causes reverse flow of asir in the compartment with the
relasted problems of detector, and extinguishing discharge nozzle

location.
2.11.2.5 EXHAUST SYSTEMS

See 2.11.1.13. As flight altitude increases, turbine engine
exhaust wake fans out to a wider effective area, so caution shall be
taken that exhaust does not impinge on unprotected surfaces or create &
hezard by coming close to flammable fluid and vapor drain, vent. end
dump outlets.

Re-entry of exhaust gases into wing cavities may occur on
instelletions with engines mounted on the wing. Gases may travel
spanwise under some flight conditions. The wing cavities shall be
analyzed for potential fire hazards and for hazardous deterioration of
structural materisl, and appropriate protection shall be provided.

[ I T B AMDORNTNTC TN YD WNATNR wYwp
C-.L.Loc-s C\A‘AXU“&H‘LU Pei HUA nuG.Lu.u SWLION

Lines and equipment which carry flammable fluid and are
located close to the burner, turbine, and exhaust section of the engine
shall be of the highest possible order of reliability, and shall be
fireproof. All nuts, bolts and fasteners which can cause leakage of
flammable fluid, when loose, shall be safety-wired or otherwise
mechanically locked.

No lines and equipment carrying flammable fluid shall be
located in the plane of the turbine wheels, or aft and close to the
fuel injection nozzles, except thet lines may cross these areas in a
longitudinal direction when necessary.

0
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2.11.2.7 OIL SHUTOFF VALVES

An o0il shutoff wvalve shall be provided for each engine of all
ne aircraft in sccordance with Spec. MIL-0-19838.

Valves and controls shall comply with 2.11.1.k4, except that
the emergency procedure should incorporate a separate step for closure

of the oil valve if engine rotation cannot be stopped and if & major

Mha ~Aontr

ﬂnmngn of the engine can be expecited from cil starvation The control

AT rdipdedde wCidld L ASS C-Ayc;\' oWl 4l Wil W dd D VAL YA VAVile
shall be such that the 0il valve is always open when the fuel feed
valve is open.

2.11.2.8 O0IL, HYDRAULIC AND WATER-ALCOHOL TANKS (2.1.1.1.1)
2.11.2.9 OIL COOLERS

Aluminum 0il coolers and other heat exchangers for flammable

fluids, and their air intakes, should be separated from the engine
compartment by stainless steel or titanium sheet metal not less than
0.015 inches thick. 0il coolers and other heat exchangers for flammable

fluid should be located as low as practical in & power plant installa-
tion and so that fluid cannot enter the engine air intake system in case
of a failure 0il coolers shall not be located in the hot engine

3~ oo

e.
cant A o £
sectiion. Also see 2.11.2.6.

2.11.2.10 FIRE ACCESS DOOR

Spring-loaded fire access doors in main power plants shall
be prcvided only if required by the aircraft model specification. This
door shall be in such @ position that the nozzle of a COp extinguisher
can be thrust against the door, forcing it open, and permitting COs to
be injected directly intc the compartment. The spring shall be
sufficiently strong to hold the door shut against air loads. uick-
houid not be used. The size of the door should be

s s
b R e
1ches. e door should be located near the bottom, at a

point where burnlng flammable fluid cannot drain on the operator of the
extinguisher nozzle. The docr should be marked "Access for Fire
Extinguisher,"

;
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addition to the general requirements of 2.11.1 through
s nd 2.10.2 for high speed rotating
1 comply with the fcllowing:

+ memd A

11.1. cr potential fire zon
Guipment, auxiliary power plant
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uxiliary gas-turbine power plants shall comply with the fire
protection requirements of MIL-P-8686.

If an exhaust ejector is used to provide ventilation for an
suxiliary power plant compartment, protection shall be provided against
ignition of flammable fluids and vapors by the exhaust or exhaust
pipes, or by the hot turbine after shutdown.

Ventilation of suxiliary power plant compartments shall be
provided in flight, regardless of the power plant being used or not in
£74 aht
4 ddpyiive

11.3.3 FIRE SHIELDS

A fire shield should be provided between the hot section and

the accessory section of an auxiliary power plant, when practicable.

The fire shield shall be liquid and vepor tight. It is desirable to
govern the pressure of the hot section above that of the section con-
taining the flammable fluid components.
2.11.3.4 ATR INLETS

Combustion air inlets should be designed, whenever possible,
so that sir cannot be drawn from a compartment with potential flammable
leakage during any ground or flight ccndition.

2.11.3.5 OIL TANKS

0il tanks for auxiliary power plants may be located in their

surrounding compartment, but shall be designed to withstand a 2000 °F

A,_ o ou Vamleo e

ten minutes witho learKage.
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2.11.3.6 FIRE ACCESS DOORS

Spring-loaded fire eaccess doors in auxiliary power plants in
conformance with 2.11.2.10 shall be provided only if required by the
gircraft model specification. A door shall be provided if & fixed
fire extinguishing system is not provided.

2.11.4 COMBUSTION HEATERS

on tc the genersl regquiremen
ential fire zones, combust

ts of
n a

of 2.11.1 through
on heste

1
rs shall comply with

In additi
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2.11.Lk.1 SPECIFICATIONS
Combustion heaters shall comply with®
requirements of MIL-H-005L8kL.

2.11.4.2 HEATING AIR DUCTS

Portions of heating air ducts passing through regions in the
aircraft where flammable fluid systems are located shall be so con-

structed or isolsted from such systems that failure or malfunction of

the flammable system components cannot introduce flammable fluids or
vapors into the heating airstream.

2.11.4.3 COMBUSTION AIR DUCTS

Combustion air ducts shall be of fireproof construction for a
distance sufficient to prevent damage from backfiring or reverse flame
propagation. Combustion air ducts shall not communicate with the

heating airstream unless it is demonstrated that flames from backfires

or reverse burning cannot enter the heating airstream under any condi-
tions of ground or flight operation including conditions of reverse
flow or malfunctioning of the heater or its associated components.

Combustion air ducts shall not restrict prompt relief of backfires
which can cause hester feilure due to pressures generated within the

| U T

nesver.

2.11.4.4 AIR INLETS

Combustion and ventilating air intakes shall be so located
that no flammseble fluids or vapors can éﬁtér the heater system under
any conditions of ground or flight operation either during normal
operation or as a result of failure.

2.11.4.5 EXHAUST SYSTEM

of 2.11,.,1,.12

Ir- add tion to r-rvn-n'\\rinn \ﬁri‘i’h the requirem s of 2.11.1.13,

} Vi vU LVl Ay

iti ent
the exhaust shall be released without restriction which could cause
heater failure due to pressure within the heater.

s TN A TRY Y

2.11.4.6 DRAINS

Fuel drainage from the combustion chamber shall be carried

At Oom 1 LI D 1

overboard in conformance with 2.4.



Downloaded from http://www.everyspec.com

MIL-EDBK-221(WP)
3 may 1965
2.11.5 OTHER POTENTIAL FIRE ZONES

ments which qualify as fire zones per 2.11.1.1 and are
not power p4,ut or combustion heater compartments must be analyzed for
the most effective fire protection, whereby the following must be con-
sidered:

&
|
g
|L'D

(1) If shutoff of flammeble fluid flow to a fire is not

possible without rendering flight essential components inoperative,
effective fire protection is impossible for all practicel purposes.

(2) It is therefore mandatory that greatest possible separa-
etween flammable fluid components and ignition sources be accom-

[SESS S NN QR > HiH - O R CLOlpLliTtlly PRO S

+ 4
plished when components are involved which are safety of flight items.

Whenever an unusual potential fire zone has been recognized as

8 necessity, the fire protection philosophy for such a zone shall be
submitted to BuWeps for spproval.
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Fire detection systems shall be provided for all potential fire
R I__-_ A a9 L TR B R - PR Uiy I G VI N P
ZOIIESE \bCEC Cell ). .LHC QBEEC‘COI‘ sysr,em B5lI0ULU VE JUESLIEIICU 1050 NIARICHL
relisbility to detect 2 fire gnd toc minimize the occurrence of false

glarms. It is desirable that it only respond to a fire and misinter-
pretation with & lesser hazard such as engine overtemperature, harmless
exhaust gas and bleed air leakage should not be possible. If indication
of lesser hazard conditions is desirable, an independent system shall

he nvnead A 4‘*»—5 Aatant o ceovruad Par a ~canddttan
UT uoTUe k2 11 u.\,ucx,u.;.u.u DVDL/C.HJ ouuu.l.u o€ reserved I10r a Tonaivion

requiring immediste measures such as engine shutdown, fire extinguish-
ing, or bailout. A separate detector system shall be provided for each
fire zone. One single detector system may be provided for two or more
fire zones if a fire or overheat condition in either zone requires the
same emergency procedure. Fire detection systems shall not be incor-
porated with other systems, which if failed, could prevent normal
operation of the detector system. Diodes shall not be used to separate
detector systems.

AN N ATUVDLG AT IV AmADQ
e lZeC 4irrao Ul uUnilinouvivno

2
Fires or dangerous fire conditions shall be detected by one or
any combination of the following techniques:

{1) Radiation sensing detectors: Radiation detectors operate on
the principle of sensing visible flame. They are most use-
ful where the material present will burn brightly soon after
ignition, such as in & powerplant accessory section.

(2) Continuous type fire detectors. These detector systems
employ continuous lengths of heat sensing wires and can be
used wherever the hazard is evidenced by temperatures
exceeding a predicted set value. Also, some continuous
type systems operate on a temperature rate-of-rise principle

in addition tc a discrete level. For alarm temperature
setting and system response, refer to 2.12.5.

(2) Unit type. As the name implies, the unit type detector is
a single element, which operates on a heat sensing
principle. Unit type detectors are most effectively used
in small compartments or confined passages. The use of

it detectors must bhe nepotigted with RuWens
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2.12.3 SPECIFICATIONS

Y 5
m
x
ﬁ

t; Insta: of, MIL~F 787é ®rive ‘Warning Systems,
Aircraft, Radiation Sensing Type, Test and Installation of MIL~-F-23u4L7.

2.12.4 DETECTOR SYSTEM REQUIREMENTS

(1) Indicate fire immedistely after ignition and show the
compartment in which the fire is located

£~ N\ -~ 4y Jup——— P - -
(2) Remain "on" for the duration of the fire
{3) Indicate when the fire is out

—~
=

Indicate re~ignition of a fire

)
2.12.4.2 SYSTEM RELIABILITY

The detector system should be of rugged construction, to
resist meintenance handling, exposure to fuel, oil, dirt, water,
cleaning agent, extreme temperstures,; fire, v vibration, salt air,
fungus; and altitude. The detector units should be light in weight,
smell and compact, &nd readily edaptable to desired positions of
mounting.

d
)

Es to tem should actuste an individusel light or
lights which are in the direct line of sight of the crew member respon-
sible for execution of the emergency procedure. The lights shall

i{ndicate the location of the fire. If these indicator lights are not

also in the direct line of sight of the remaining cockpit crew members,

mester warning lights shell be provided which are in the direct line of
sight of these crew members. The master warning light sh all be illu-
minated when any indicator light is illuminated.

-
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When overheat detectors as well as fire detectors are used,
the warning system shall be distinctly different such as a steady light
for fire, and s flashing light for overhest.

Detector system components located within and close to poten—
4
ps

_ - — - o —~ - - m. - AANACTE £ cema -
tial fire zones shall withstand, without failure, a 2000 F flame for a
pericd not less than 5 minutes.

Detector system components for any fire zone shall not pass
through or be close to other fire zones, unless they are protected
asgainst false warnings and being rendered inoperative from fires in
such zones. This requirement shell not be applicable with respect to
zones which are simultaneously protected by the same warning and

extinguisher system.

12 L7 MITTTT_ENATNE TNCGTATT ATTOANG
ic ] 4 Vivio

Two or more engines shall not be dependent upon a single
detector system. The installation of common zone detection equipment
prevents the detection system from distinguishing between the englne

#M

-'I'l--b.l-..- ..... md L om AT A-J-J..— A v Tad I e e s
installations, necessitating shutting down both engines in

fire.

A hs L

('

B

m
<
o
"+
4

2.12.5 TETECTOR LOCATION

Heat sensing fire detector sensing elements shall be
o <

.
close as practiceble to sources of flammables such a&s fuel

and ignition sources such as generators and alternators, where the
proximity of these flammables and ignition sources constitute a possible
source of fire. They also should be located at points where the
ventilation air leaves the compartments so that temperature indication

located as
reiners

can be obtained with & minimum length or minimum number of sensing
elements. Radiastion detectors should be located such that any flame
ements. Radiation detectors should be located such that ny fl

within the compartment is sensed, considering the cone of vision of the
sensor and the fact that direct flames as well as reflected flames are
sensed. Detectors should not be located directly adjacent to combustion

sections or any area where in the event of "burnthrough,"” the high
temperature would incapacitate the system prior to providing alarm.
They should however be located so that they will indicate the "burn-
through. "

113
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The minimum allowable bend radius of continuous type sensing
elements, as recommended by the manufacturer, shall be rigidly adhered
to. Mounting brackets should be as short as possible, and spaced
according to the manufacturer's recommendastion in order to prevent
damage by vibration. Where sensors are located in the area of high
pressure ratio exhaust systems, special provisions, such as close
interval support should be made to prevent destructive-sensor vibration.

Sensor systems shall be designed so that it is not necessary to
disassemble or remove sections to perform frequent maintenance on the
aircraft. Connectors should be readily accessible.

Connectors used in firewalls shall remain intact and prevent
flame penetration for at least 15 minutes when exposed to a 2000 °F

fleme and the vibration of applic

ca ] a
connectors used in or close to pot e able to
remain operable for at least 5 minut es when subjected to a 2000 °F flame
and the vibration of epplication. All connectors used in the detector
systems shall be enviromment-free. Connectors used in areas which are

ProX T I B gy -

rewall comnector
re zones shall b

+
v
en

not potential fire zomes shall comply with specification MIL-C-26482.
Exposed terminal blocks shall not be used in any portion of the system.

Electric wires or components for the detector system which are
located in or close to a fire zone shall withstand a flame of 2000°F
£
4 4

for

1 e Looa o

ve minutes under the vibration of appllcatlon.
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2.13 FIRE EXTINGUISHING (See Figures 34 and 35 on pages 143 end 145)

2.13.1 GENERAL

A fixed fire extinguishing system shall be provided enly .if
required by the airplane detail specification. Fire extinguishing
systems in single engine aircraft are not required except for first
procurement of a small quantity of & new model aircraft.

Fire extinguishing systems which incorporate a second discharge
when required per MIL-E-22285 shall be so designéd that the first
discharge is directed to its respective compartment without requiring
positioning of valves to select the compartment.

The discharge openings of the lines shall not be threaded so as
to minimize the possibility of closure by caps which could be left on
by oversight.

Fire extinguishing systems shall comply with the requirements
of the following specifications: EXTINGUISHING SYSTEM, FIRE ATRCRAFT,
HIGH- RATE-DISCHARGE TYPE, INSTALLATION AND TEST OF MIL-E-22285; and

oA DI A TRTTY™ ATTIVATIATYR TITTITY TYWMTRIAITTOITTMA OVONT T AMATD TOT MLYTTII ANTR
CUNLTALINLR, ALKUIALL I inn EXTINGUISHING D.Lo.l.uu, BROMOTRIF uUOP\OAu.u.uAnu,

CF JER, MYL~C-2228k4.

2.13.3 SYSTEM MATERIALS

Stainless steel or other materiaml with equivalent fire barrier
qualities shall be used for all portions of extinguishing systems within
and close to potential fire zones with the exception of discharge
tubing in cargo and baggage compartments, which may be of alumlmum
alloy, and valve seals which may be of an elastic materisl. This
meterial shall not react chemically with the agent and cause leakage.
Some seal materials which are compatible and have been used with
Bromotrifluoromethane are summarized below:
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% COMP
BT ASTOMER SPEC TEME SWELL SET REMARKS
Perbunan 26 MIL-R-T7362 -65 Q Good Poor Storage
MII~R-6855 to & Ozone
CLASS 1 250°F Properties
Neoprene MI1-R-6855 -65 0 Good Good Weather-
Type GN-A CLASS II to ing, Ozone &
250°F Storage Re-
sistance
Hycar OR-15 MI1-R-T362 -65 1 Good Poor Storage
MIL-R-6855 to & Ozone
CLASS 1 250°F Properties
GR-5 NONE -65 1 Good Poor Storage
to & Ozone
225°F Properties
Thiokol FA NONE -65 1 Poor- Excellent
to Weathering,
175°F Ozone and
Storage
Properties

2.13.4 CONTAINER LOCATION

Agent containers shall not be located in a fire zone. Ambient
#mhns‘nfnﬂe nrnnnﬂ +'hb r\nn+n‘!npv- cshall neither Tise to a ‘DOin't CausinR

temperatur container chall neither
inadvertent discharge st maximum ambient operating temperature, nor

f4ll below the mintmum temperature necessary for adequate rate of
discharge. If the container is located adjacent to the area which it
protects and could be subgected to overheat in case of & fire, discharge
through the relief line into the protected area is acceptable. See
2.13.10. The containers shall be readily accessible for installation,
removal and inspection. Containers shall be located in such a manner
thet the pressure gage is readily visible for inspection by maintenance

personnel.
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Control systems for fire extinguisher systems shall not pass
through any potential fire zone. Any portion of the controls which must
be located in a potentlal fire zone for Justlilable reasons shall be able
of no s than i Vi
extin s
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2.,13.6 ELECTRICAL COMPONENTS AND CIRCUITRY

TN ot mmee nam mnde o2 med sl ammsrtdurr A Il ama AveIemamil At v
Liecuirical CQmpODEIlLS ana CirCuliilly Ol 11T TALVLINRUL SIS
systems should be as simple and reliable as possible and when located in
fire zones shall be able to operate for at least 15 minutes when sub-

jected to a 2000°F flame. They should tie into the aircraft electrical
system in a manner so that any other electrical failure will not affect
' lete electrical circuits should be

>~ a'l'l eleptrical ~common
I Caclulilan \_umyuuo nts

nal valves, etc. The

oYy p.ruv.x.u..l.u airec
arent containers.

SS -—°v.Av LLLlva =5

because the anodized flttlngs offer considerable electrical resistance,
Relays should be avoided if possible but if relays must be used, two

1ndependent relays shall be used in such a way that failure of one relay
does not cause malfunction of the system. When the discharge triggering
device is electrically operated (squib or solenoid), two such devices

with two separate and 1nde;i)ez;dent electrical c1rcu1ts from the circuit
breaker outward should be provided. A single circuit with single relay
is acceptable for protection of equipment which is used on the ground

only. Electric control systems should be designed so that accidental
grounding of the circuit through a discharged squib does not cause

i
malfunction of other circuits of the system. Care should be taken to
make certain the power supply is not affected by fire control procedures.
For prevention of inadvertent trlggerlng of squlb operated systems, see
section on electro-explosive systems (2.7.13).

2.13.7 SQUIBS

Sl [P ACE S

Squibs in container discharge valves shall be protected against
inadvertent discharge due to heat influx from a fire if such discharge

jeopardizes the intended function of the extinguisher system. Any
ennwb should be an wntegrn1 part of the electric connector or other pro-

2.13.8 PRESSURE INDICATORS

hall be of such design as to enabdble reading

<SsUuCll UEoa 11

with an accuracy of plus or minus 30 psi or better. An indicator with

121
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temperature compensation should be used whenever possible. If tempera-
ture compensated gages 5 & not used, a placard shall be placed near the
gage to provide container pressure variation with agent temperature.
(see Figure 37.) For maintenance purposes, this placard shall be used
as follows: When the pressure indication 1s below the value shown on
the placard at the estimated agent temperature, the container shall be
removed and weighed, If the weight is below the weight indicated on the
container, the container shall be recharged and leakage-checked, The

container shall be charged with nitrogen to 600 psi +25 -0 at TO°F as
indicated on the container gage.

2.13.9 AGENT QUANTITY

Agent quantity may be determined emperically by use of the
formlas presented in MIL-E-22285, Note that the specification requires
15 percent of additional agent trapped in the container and lost in
wetting the discharge tubing.

+ should be noted that the quantity formulas are emperical aids
for the designer. The final adequacy of the system shall be determined
by actual test, to assure that the required agent concentration and time
of concentration throughout the compartment are attained as required in
MIL-E-22285. 1In these tests special attention should be given to
sheltered areas and areas of high airflow by judicious placement of
concentration detectors to assure that adequate agent concentration in
these areas is attained.

2.13,10 SAFETY OUTLET

Each container shall be furnished with a safety outlet incor-
porating a frangible disc type diaphragm Or & fusible alloy type plug in
order to relieve excessive pressure that may occur in the container.

The blowout pressure of the disc should be equal to the container
pressure at the maximum ambient temperature plus 50°F vut not less than
21G°F. A curve of container pressure variation with temperature is
presented in Figure 33. The fusible plug relief setting shall ve 50°F
in excess of the maximum ambient temperature but not less than 210°F.

The discharge line from the pressure relief connection shall

terminate outside the aircraft in a location convenient for inspection

on the ground. An indicator shall be provided at the discharge end of
the line to provide a visual jpndication when the container has veen dis-
charged through the relief line. The indicator shall be on the outside
of the aircraft and readily visible from the ground. If the container
pressure gage 1s readily accessible for checking, the discharge indicator
is ncot necessary. If the contalner :s located adjacent to the area which
it protects and could Dbe¢ subjected to overheat in tne case of a fire, the

[}
N
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discharge line from the pressure relief connection may be terminated in
the protected area to afford some protective capability. However, this
type of installation must incorporate a pressure gage readily visible Irom

the ground to show when the container has been discharged, and it must

________ hY

have BuWeps approvadis
2.13.11 NITROGEN VOLUME

Determination of required nitrogen volume in the container is

1 VMmool o PAaswmir 1o

obtained by means of the following Iormula:

v - 20y
°b
Wnere: V, = Volume of Np in container at pressure P (cu. in.)
Py = Container total pressure at lowest expected
envirormental temperature * (psia)
VS = Total volume of system (container plus lines plus valves)

(cu. in.)

* Por lowest pressure, see Figure 2.

2.13.12 HAND FIRE EXTINGUISHERS

~

See 2.1G.12.
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EMERGEN E PROVISIONS (See figures 36, 37 and 38 on pages
- DY

After a fire and its location have been de
to perform the correct emergency operation immedis
sequence to effect prompt extinguishment. For this reason the basic
design of the emergency system and the arrangement of the handles,
switches and circuitry should be such that the emergency procedure i
simple and clear &s possible. Each new aircraft should be analyzed
determine the type of fire control system which shoul 8
considering such factors as:

ot it

L
b LT odbaxy
n

the proper
e proper

A W >
d be incorporet

(1) The number of emergency operations required for the
specific aircraft.

2) The ability of the pilot or crew to perform the required
g in the reguired time.

(3) The compromises involved in a more complex fire fighting
control system.
(,V\ 44
\7T/J

4 t and wveight.

o

Emergency operations and their sequencing may vary with
different aircrafi. However, in general, the following emergency
operastions are required in the event of fire:

(b) Shut off engine.
)

Apply engine brake if applicable.

(a) Shut off 211 non

\ 4/ Pidva v

ne al
(fuel, oil, hydraulics, anti-icing fluid, etc.). Essentiasl fluids are
those required to: prevent further damage to the engine; allow safe

continuation of flight; allow safe auto-rotation landing; or provide for

accomplishing required emergency procedures.

ssenti flsmmable fluid to the engine

(e) Shut off ventilasting and cooling air if required. (See
potential fire zones 2.11.)



Downloaded from http://www.everyspec.com

MIL-EDBK-221(Wp)
3 Mgy 1965

(f) Shut off bleed air from other engines if trey can
discharge intc a fire zone such es in the case of a bleed air duct
burnthrough in a fire zone. (See potential fire zone 2.11.1.2.3 and
2.11.1.4.)

(g) De-energize electric circuits to the engine compartment
or nacelle (with the exceptions of the feathering, fire flghtlng and
essential circuits).

(h
extinguishin

~
2.2 EQUIPMENT FIRES

(a) Shut off equipment.
(b) Shut off all flammable fluids to the equipment.

if required (see

(¢) Shut off v
potentiel fire zones 2.

[4.]
oy
H

ntilating and cooll

ven ng
11).
PR Y

(d) De-energize electric circuits to the equipment compartment.

(e) Select and arm the circuit for discharge of the fire
extinguishing agent.

\

(f) Actuste fire extinghisher.

A single emergency handle (panic handle) shall be used to
perform the above operations in their proper sequence, with the exception
of agent discharge, in every region possibly affected by the fire (uhich
may consist of multiple zones), and also initiate necessary operational
functions evolving from the shutdown. If engine rotation cannot be
stopped and if & major damage of the engine must be expected from oil
starvation, the emergency procedure should incorporate a separate step
for closure of the oil valve. On uncomplicated lnstallatlons, a multlple
control system may be used, however, only after approval is obtained
from BuWeps.

2.14.3 EMERGENCY HA

. Th§ emergency handle should be red in color and have the words
"FIRE-PULL" engraved or embossed thereon, or the words should be inte-
grally lighted in accordance with MII~-STD-41lA. Each emergency handle

should be identified ty adejuate marking, adjacent to the handle, to
indicate the Dotentlal fire zone associated with the control.
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Single emergency handles should require 20 to 25 pounds of pull
to operate them. The operation of the emergency handle should either be
reversible, or reactivation of the shut-down engine shall be established

'hu nther means.

[O2 7 0LoS Gy 11 L2~ 9 9 2

The cockpit installation and locaetion shall be according to
MIL-STD-203 for fixed wing aircraft, or MIL-STD-250 for helicopters.
A~ =) L TTT A T
Co lite ™t LIV L VHALVIY A

The indicator lights which are illuminated by the detector
system should be arranged close to the emergency handle so that associa-
tion with the emergency handle is obvious, or they should be incorporated

into the emergency handle in accordance with MII-STD-L1lA.

The indicator lights shall stay illuminested as long as a fire
detection persists.

Dimming provisions shall not be provided for the indicator lights.

n

1L.5 TL.AMPS

1Lk.5 LAMPS

Where light signals are used for fire warning, each signal shall
include at least two MS 2531-313 lamps, or at least two MS or AN lamps
of equivalent wattage.

2.14.6 MASTER FIRE WARNING LIGHTS AND AUDITORY SIGNALS

See 2.12.4.k4.

A ), -~ nTNn
Lo l*e |

When fire extinguishing is provided the switches for its
activation shall be located sc that they are covered by the emergency
handles and cannot be activated before the emergency handle is pulled.

2 v

Yy AF o)

‘!J_L‘, 7 A N

> wit oY hould be guarded or a separate transfer switch
should be provlded 50 tha t accidental discharge of both shots simulta-
necusly is unlikely. The system shall be designed so thet the first shot

can be epplied to the desired zone without activation of a transfer

enant ie nrovided (eanAn
&gent 1S5 PpIrovaiGel (S8l

4 shot) the

Vil

md
&
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2.15 CRASH FIRE PREVENTION (See Figures 39 and 40 on pages
I81 and 163)

2.15.1

c
B
=
B
A
o]
3
k4
(@]

. s L

Wing fuel tanks should be located behind heavy &pars and
leading edges to give them maximum protection against horizontal crash
impact loads. 1Integral fuel tanks in and close to the wing roots are

exposed to high bending and twisting loads in & crash landing and
should be avoided, whenever practicsal.

Fuselage fuel tanks should not extend close to the bottom of
the fuselage and should be protected by heavy bottom structure, whenever
If fuel tanks must extend close to the bottom of the fuse-
it ries

c
An Pwveren +hha
ttings and tank accessories should not protrude from the

nk f
tank surface, or they should be so designed that they tend to recede

into the tank without leakage in & crash. Fuel tanks should, whenever
practicable, be loceted so that a collapsing landing gear does not result’
in a major fuel tank leakage.

2.15.2 FUEL TANK DESIGN

Prevention of major fuel tank leakage caused by fuel inertis
loads in the tanks during a crash landing should be considered in tank
design to the greatest practicable extent. Fuel tanks which withstand,
without major leakage, the same inertia loads as the seats of the
occupants are desirable for a balanced crash safety level of an aircraft.

Biladder cells should be considered in locations where damage to
fuel tanks is likely in a belly landing. Three and four ply nylon faebric

with rubber liner and with T).l ies laminsted on the bias have proven to be

very suitable for cell construction due to their inherently high
elongation values and strength.

2.15.3 DRIP FENCES

Engine nacelles and pylons should be constructed so that fuel
leakage from ruptured wing fuel tanks, which is carried spanwise by
wetting conduction, is prevented from entering an engine compartment.

The nacelle and pylon skin joint with the lower wing surface, and pylon
and nacelle skins should be as liquid tight as practical,and r necessary
to dispose of major leakage of fuel along the skin to the ground.

Flammable fluid lines should be routed so that they are protected
by structure from impact. TFuel and hydraulic lines should not be located

R_OATis L MTiAI [utccu .
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in the leading edge section. Flexible flammable fluid lines with ample
slack should be used in areas where deformations ere likely to occur in

2.15.5 FLAMMAELE FLUID ACCESSORIES

nks, oil ooler, ‘fuel controls and fuel strainers should

= — ,l__.L — --_..L--a. T
alv polnis O1 coniacu with 5I'Uu..uu in a uc.L.LJ .Luuu;ue,-

U‘D

not be ocate
2.15.6 FRICTION SPARKS

Metals which have low friction spark tendency should be used in
areas of the aircraft which are in contact with the ground in e belly
landing. The spark characteristics of the three most common construction
materials and thelr ignition capabilities are as follows:

Material Spark Appearance Ignition Capability
Aluminum No Sparks None

Steel Thin Orange Streaks Inconsistent
Titanium Bright Consistent

2.15.7 LANDING LIGHTS

The filaments of landing lights have been proven to be hot enough
to ignite flammable vapors after the glase bulbs are shattered by crash
impact. Landing lights should, therefore, be located where they are not
exposed to crash impact and where they are not likely to come in contact
with flemmable vapors. A location in the viecinity of the trailing edge
is considered satisfactory.

2.15.8 ELECTRIC BATTERIES

Electric batteries which can be an ignition source should be
located where they are unlikely to be exposed to crash damage. Battery
retention should be designed to withstand the same acceleration loads as

the crew seats.
2.15.9 CRASH INERTING

Inerting of engines or other areas for the purpose of ignition
prevention shall not be considered, unless required by airtraft detail
specification or unless approved by BuWeps.
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2.16 INERTING (See Figures 41 and 42 on pages 167 and 169)

2.16.1 GENERAL

Inerting is the limitation of oxygen concentration in a fuel-alr
mixture by dilution with an inert gas for the purpose of prevention of
explosions or limitation of explosion pressures.

2,16.1.1 OXYGEN CONCENTRATION

e A s Le i WAL A ATEAY WA A Y A A kd L A

The maximum allowable oxygen concentration in a hydrocarbon
fuel-air vapor mixture depends on the total pressure of the mixture
before ignition and on the maximum tolerable pressure rise after ignition.

f Qe T2 mmmmn v )
(See Figure 41.)

2.16.1.2 OXYGEN EVOLUTION

drocarbon fuels when a tank

don 4l ol

is fueled at sea lev
v-n&nnnﬁ ™4 c oxyg

5@
I!)
ot
-
o O
3 Ul
|«
c
el
qa
c
g
5
’.J

educed. This ent ADOT
with increasing altitude. The oxygen olutlon rate is low from a
quiescent fuel volume and increases apidly with asgitation of the fuel.

sure S
in the vapor space

2.16.2 INERTING REQUIREMENTS

An inerting system shall be saspplied in an aircraft only when
required by the aircraft detail specification or when approved by BuWeps.

The inflow of inerting agent to the tank, the distribution of
-+
(%

the agent, and he oxygen evolution from the bulk fuel shall be sc
controlled that a predetermined maximum allowable tank pressure will not

be exceeded due to chemical reaction in the tank vapor space. The pro-
tection shall be effective for the time and conditions specified in the
aircraft specirication or as approved by EuWeps. Vaives used to maintain

- ma s s ved P R P -....~ W ~r xr

ithe operaving tank pressure within y;cucuc;uuucu limits shsll \.vul_ya\y with
2.2.6. Maximum pressures caused by chemical reaction (lnitjated by enemy
attack or other klnetlc phenomena) shall not cause inability of the &air-
craft to return tc home base.
2.16.3 INERTING GAS

The inerting gas, when entering the tank, shall be free of
harm©ul amounts of water, corrcsive materisl, end material which con-

taminates the fuel or fuel system. The gas shall not adversely affect
pumpability, and burning end electrical characteristics of the fuel.

Inert gas generating sysilems shall not require unusually short
overhaul periods, or excessive and costly maintenance and servicing.

7
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2.17 EXPIOSION SUPPRESSION (See Figures 43 and L4 on pages 173 and 175)

2.17.1 APPLICATIO"

Bxpiosion suppress
- An due +0 th

an eny+va+vu’ due Te T

n Sys

should b
£ e durin
an be prevented by action of the flight crew. The limited range of
action of a single capsule meakes this type of protection suitable for
small tanks or compartments. When application is considered for large

tanks or compartments the potential ignition hazard from an extensive

em

O
o @

0

cAame a1
(A= i .

_ _ E ey ~ el < da - - - o — o e - wmAy o~
electrical system in the vicinity of the tanks or compartments must be
carefully weighed, Any application of an explosion suppression system
shall be approved by BuWeps,
2,17.2 RESPONSE TIME AND TANK PRESSURE

The response t-:me vf the syo-bn (‘vu\m ;nltiaticn of the exmlosion

to quenching of burning shall be such that a safe pressure in the pro-
tected tank or compartment is not exceeded, The safe pressure is that
pressure which cannot be exceeded without causing inability of the air-
craft to continue safe flight.

2 7 3 QM MONTTORTNN

1 " ATB AN A W A Sded VA

The electrical system shall be so designed that continuity can
be readily pre-flight checked. The condition of a discharged explosion
suppression system shall be indicated by an amber light in the flight

ot ra 3 arld o+ nn# on 3
station, if no immediste action by the flight crew is reguired, If

immediate action is required, a red light should indicate the operation
of the system.

2.17.4 INSTALLATION

The installation of the explosion system shall be such that the
complete volume is protected. All electrlcal eguipment in the protected
zone and in the areas adjacent to the protected zone shall comply with

2.,1.1.2, 2,1.1.4 and 2.7.

153
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2.18 STATIC ELECTRICITY (See Figures 45, 46, 47, 48 and 49 on pages
181, 183, 185, 187, =nd 189%ur

2.18.1 LIGHINING

The shell of an aircraft generally provides satisfactory pro-
tection against lightning strikes causing ignition within this shell.
There are a few exceptions, however, where precautions must be taken
in design to prevent penetration of fuel tank walls, arcing within fuel
tanks, and flame propagation through vent lines into fuel tanks. 1In the
following paragraphs, methods are described which can be applied to
minimize lightning hazards to fuel tanks, An analysis of the most ade-
quate protection for each new aircraft shall be made, commensurate with
the potential extent of exposure of the particular aircraft to lightning.
The analyses shall be submitted tc BuWeps together with a proposal for
testing, where deemed necessary.

2.18.1.1 FUEL TANK WALL PENETRATION

Some areas on the aircraft, primarily extremities, have been
found to be prone to frequent direct lightning strikes of the type
which penetrates aircraft skins. See 2.1.1.1.5.

If fuel must be stored in any of these areas, for Jjustifiable
reasons, the following means of protection shall be evaluated:

(1) Tank skin thickness sufficient to carry the electrical
current surge of lightning at the points of potential entrance to and
exit from the skin, without causing skin penetration due to resistance
heating. Skin thicknesses of 0.08 inches seem tc give satisfactory
safeguard against skin penetration for most lightning strikes,

(2) A composite skin structure consisting of the load carry-
ing skin, a Fiberglas cloth layer and an aluminum sheet bonded together.
The resistance of such composite structure to lightning penetration has
been demonstrated to be considerably better than a single aluminum sheet
of the same total thickness.

(3) Lightning diverters (see 2.18.1.4).

2.18.1.2 ARCS IN FUEL TANKS

Lightning current traveling through the fuel tank skin on its
path from the point of entrance to the aircraft, to the point of exit,
shall not causc electric arcs within fuel tanks with the possivle con-
sequence of vapor ignition, The use of electrically conducting gaskets
or seals should be considered for all access doors, flanges of filler
units, quantity gages, pumps, etc., in the plane of the skin to ensure
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a direct and omnidirectional path for the current. If other current
bridges are incorporal.d across openings in the skin, the tendency of
inductive current to follow & straight path and the necessity to make
the functio. of the brndge ependeni of potentlai maintenance om;v-
shall be considered, The load car
not be less than the equi ent

of tinned copper stranded cable with a cross- sectlonal area of 20,000
circular mils. Materials and surface treatments shall be selected at

joints in the bridge which prevent current re51stant corr051on dep031ts

P - p .y

Some areas on the aircraft have been found to be prone to fre-
<+ 3 S <
(=1

Sk havae onf‘{‘-an ant anayroyr to0

quent direct or S'w'ept .LJ.subu..Lﬁg strikes which have licient €energy To
ignite fuel vapors emanating f: m a fuel tank vent line under certain

(1) In the wing plan form area closer than twelve inches to
the wing leading and trailing edges. and in the area at the wing tip
the wing leading and trailing edges, an » the ar ! g tip
which is indicated in Figure 47 by cross hatching, and not closer than
twelve inches from the wing tigp

(2) Within a zone extending behind a propeller which is
thirty-six inches wider than the diameter of the propeller.

(3) In extremities and protrusions of the aircraft and in the
wake of such extremities and protrusions.

TAPIY e U, mxr 3o Y S & PTG T sonlimn AR mmrAab A
(4) Close to any sharp corners, or in the wake of such corners,
ar in vent masts, or in the proximity of static discharge wicks.,

If required, flame arrestors of a proven design shall be

installed in fuel tank vent discharge openings. One type of a proven
flame arrestor is shown in Figure L5. The flame arrestors shall be
installed so that the exteriors of the flame arrestors are flushed by the
ambient airstream to prevent flames from clinging to sheltered pockets.

If location of fuel vent discharge openings per paragraphs (1)
through (4) is not practical, or vent masts must be used, present-day

flame arrestors alone are not sufficient protection. A configuration
with vent outlets shielded against direct lightning strikes has proven
tc be successful in simulated lightning tests where simple flame arrestors
failed. Lightning diverters in combination with present-day ’lame
arrestors may also give satisfactory protection, whereby the ‘diverters
prevent direct hits to the vent opening and the flame arrestors protect
against potential swept strikes and heat radiation. See Figure 4G,
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L LIGHTNING DIVERTERS

Lightning diverters, when used as suggested in the previous

or points are shielded from all directions of potential lightning
approach. The diverters shell be erosion resistant, resistant to the
airstream loads, and shall carry the current through the diverter base

without skin puncture. The tendency of a lightning stroke to be swept

away fram & lightning diverter by the airflow, or to seek a shortcut,
make the design of an effective diverter difficult and testing of every
new arrangement almost mandatory. Scme examples of diverter arrange-
ments and their inherent problems are shown in Figur e L8.
2.18.1.5 LIGHTNING INDUCED VOLTAGES

Under certain conditions lightning discharges have sufficiently

steep rates of current rise to produce an inductive potential sufficient
to not only cause arcing across. fuel tank dlscontlnultles, but to also

within the tanks. The latter can easily be caused by & s to a wi
tip light or an antenna, if its wiring is contasined in the same bundle
as the fuel capacitance gage probe. Such induced voltage also can
cause inadvertent discharge of a fire extinguisher, or can trigger ord-
nance equipment. Circuitry prone to lightning strikes shall be routed
away fram other electrical wiring, or shall be shielded.

Antenna lead-in wires shall incorporate lightning arrestors
which are in conformance with MIL-A-9094 if they are not sufficiently
shielded ageinst lightning by the aircraft shell,

2 10W ENERGY STATIC ELECTRICITY
Pressure fueling inlets to fuel tanks shall be sized and designed

o minimize e Spl&shlng. Splashing is an important contributing fac-
ic charging of the fuel and can lead to sparking in
e

?

Fuel dipsticks shall be designed in conformance with 2.2.7 to
prevent arc-over from a dipstick to tank structure during gaging.

I"\ ectric groun
oun

e WA A o4 d
fueling nozzles shall be

receptacles for grounding pressure and gravity
1

e
provided in conformance with 2.2.2.
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PARAGRAPH
2.18.1.3

L TANK VENT DISCHARGE

FUE
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2,18 STATIC ELECTRICITY

FIGURE U6
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2.19 INHABITED AREAS (See Figure 50 on page 195)

Materials used for cabin interiors shall not ignite spontane-
ously at the highest temperatures of installation, or at temperatures
lower than 14O°F, They shall be self-extinguishing after removal of the

flame. Whenever possible, cabin interior finish materials should be
those which produce the smallest amount of toxic gases when burned or
decomposed by heat.

Iex‘ules which are used for upholstery, floor covering, inte=
rior +ri o+ which are made flame resistant by treatment shall not

4 4 e S—— wVtmia Y ey S
lose their flame resistant quality after dry cleaning or laundering. If
treated textiles are used which lose flame resistance with age, or dry
cleaning, or laundering, suitable safe maintenance requirements shall
be given in the applicable Maintenance Instruction Manual.
2.19.1.3 BLANKETS

Blankets are acceptable without treatment if they contain a
minimum of 95% wool. Closely woven, short napped textiles are superior.

L wOD AND PIVWOOD

Wood and plywood used for cabin interiors shall be permanently
covered with a flame resistant material.
2 AMBIENT TEMPERATURES

Pabrics of vegetable, animal and synthetic textile fibers and
plastics shall not be used where ambient temperatures exceed 250°F.
Materials less fire resistant than aluminum alloys shall not be used

where ambient temperatures exceed 500°F,

2.19

S

B B
-

(e}
s |
4
h-d
g
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>
N

Treatment of materials of any kind (coating, doping, etc,) shall
not impair their flame resistance qualities, Nitrate dope shall not be
used in cabin interiors,

2.18.L RBERTHS

Berths shall be placarded against smoking.
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ities vrovided for +nv-s:nn Af hlornlra +5 -t 1) Avre
- W - . e Vaiineuve gy PLLlUWDy

s c of
magazines, nc.spapers, etc., shall be locaued and designed so that the
contents will not be ignited by light bulbs, matches, cigarette ashes,
etc.

2.1 £ MOKING FACILITIES

Q
oo AETBIAANT &

Smoking facilities shail be provided in the form of an adequate
number of fireproof self-contained, removable ash receptacles with
covers. Compartments where smoking facilities are not provided shall be

P - e

AnwmAad el d e
F.LG\_QJ ucu GG LIlo U QUIVALLIE o
2.19.7 WASTE MATERIAL

Waste material must be stowed in closed, fire resistant con-
- s — ~d ol ) - de L - el ama TV e

dandmnma —-
Ca&LNErs ma.uc U.L uu.uu.uum GJ_LUJ or Ubu:& maverial wiin cqu.LVCLLtllt
barrier gualities,

2.19.8 AIR CONDITIONING
KRecirculation fans or other high speed rotating equipment should
not contain magnesium parts.

2.,19.9 DUCTS AND THEIR CONNECTIONS

Ducts and their connections which terminate in the cabin or which
are routed through the cabin should be made of aluminum or equally fire
resistant material.

2,19.10 FLAMMABLE FLUID EQUIPMENT AND LINES

Flammable fluid and vapor shall not enter inhabited areas.

Flammahle fluid equipment and lines should be avoided in inhabited areas

unless they are enclosed in a fluid and vaportight shroud, which is
drained and ventilated overboard, or unless they do not 1ncorporate
fittings and are sufficiently well protected against damage,

2 1
[

Q 11 VTNTTTAMTNAN AN QUMNKE TUTASTTAMTAN
oLT e dd AR LS N

Means should be provided to close off airflow between crew and
passenger compartments, Provisions of smoke masks and goggles for crew
members should be considered.

Provisicns should be made to evacuate smoke and fire extinguish-
ing agent from crew and passenger campartments following extinguishment
of a fire., After every discharge of extinguishing agent in the cabin or

174
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baggage compartment, the crew and passenger compartments should be ven-
tilated whether or not smoke is present, It is therefore desirable that
the cabin ventilation system have capacity sufficient to supply fresh
air in quantities great enough to allow quick purging of personnel com-
partments. To prevent re-ignition, ventilation should not be
re~-established too soon to confined areas such as lavatories and coat
compartments.,

2,19.12 HAND FIRE EXTINGUISHERS

Portable COo extinguishers shall be as required by the aircraft
detail specification.

175
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2,20 BAGGAGE AND CARGO COMPARTMENTS (See Figure 51 on page 20)

- P o e 4

2.20.1 G

The occurrence of ignition and sustained burning within baggage
is very unlikely. Generation of moisture and inert gases during the

‘smoldering action within baggage may cause any fire to die out or many

hours will probably pass before even a small open flame resulits. The

~ DS . o PR S SN amnn o am S s ~A S an =
probability of continued burning is further reduced by increased altis
tude, decreased air- temperature, increased relative humidity, and

increased density of clothlnz pack, Increasing velocity of air passing
over baggage containing fire increases the burning rate of the fire,
The degree of increase depends on the compactness of the baggage.

n AN TIMANAMIEVINTT AR DI ATITDLRILM
CellUqa IInVIDL LAV nnh(uu\.ctmu;u

Requirements for specific configurations are as follows:

(a) If a fire is easily discernible and is accessible in flight,
a hand fire extinguisher for each baggage and cargo compartment shall be
provided,

(v) If sufficient access to baggage and cargo compartments is
available in flight to extinguish a fire with & hand fire extinguisher,
but a fire is not easily discernible, a separate system of smoke or fire

detectors for each compartment, and 2 hand fire extinguisher readily
avalla le for each omnartment shall be provided. No hazardous qua.nti-

ger compartments when access to the baggage and cargo compartment is
opened, The compartment shall be lined with aluminum or equally fire
reskstant materiai.

(¢) 1If the fire is not easily discernible and is not accessible
in flight, separate systems of smoke or fire detectors for each baggage
and cargo compartment, and a built-in fire extinguisher system shall bde
provided. No hazardous quantity of smoke, flames or extinguishing agent
shall enter the crew or passenge? compariments. Ventilation and draft

within each baggage and cargo compartment shall be controlled so that fire

extinguishing is effective, The baggage and cargo compartment shall be
lined with aluminum or equally fire resistant material.

(d) If s fire can be compietely confined without endangering
the sircraft or the occupants, no detector or extinguishing system is
required However  neither flame nor smoke or noxious gases shall enter

5 =Lt

compartments in hazardous quantities, Ventilation and
draft within the baggage and cargo campartments shall be controlled,
Ventilation and draft airflow through such compartments shall not exceed

m»
<
(e}
H
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P
[42]
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three cu.ft. per hour p r cu.ft. of volume and should preferably be
less. The method for measuring the airflow rate described in CAA Tech-

nical Develor- ent Report No. 146, dated June 1951, is recommended. For
larger compartments lesser alrflow may be appllcable. The compartments
shall be lined with aluminum or equally fire resistant material., No

critical effects shall be caused by heat on adjacent parts.

/o \ P RN PRSI W S P —~ [ R Ny - - —

(e) For aircraft used exclusively to transport cargo the follow-
ing configuration is acceptable: Separate systems of smoke or fire
detectors shall be provided. Means shall be provided to shut off the

ventilating airflow to or within the compartment, No hazardous quanti-
ties of smoke, flames, or extinguishing agent shall enter the flight
crew area, The compartment shall be lined with aluminum or equally fire
resistant material,

2.20.35 BAGGAGE AND CARGO COMPARTMENT CONSTRUCTION
2,20,3,1 VENTIIATING AIR

Shutting off ventilating air in case of fire permits the
extinguishing agent to be retained for a longer period of time, Shuteff

I T SR . SR P N T I P - dvrmn e AP n e o AR AN~
mearnsds are uvicrciore u.t:bJ.J. avie 10U cu..z. LY PCS Ul Uoaggagc ana cax (39 conm-
pav+m&n+ S. Cnmpar‘tmen’t seal ln_g and ventilation shutoff should be so

designed and maintained that at least a 25% concentration of agent is
malntalned after a two-hour cruise level flight. The compartment sealing
must allow the necessary breathing, for maximum climb and descent rates,
so that the design pressure differentials are not exceeded,

> MAATATT T TAI TN
[ VUI'LL'J’\-I\ LATAMOUY L daldvdavay

Compartments so specified in 2.20.2 shall be completely lined
with fire resistant material {Aluminum Alloy or other material with
equivalent fire barrier qus ]1tigs), Consideration shall be given to the

effect of heat within the compartment on adjacent parts of the aircraft.

0.3.3 ELECTRICAL WIRING AND FLAMMAELE FLUID LINES

VomemmanmNl a Al d A VL eaa s Al a1 A T AvaNlrrAaA
LAUaUAT L lullU LUITO OIHUWLU UT TALLUuUuCTU

fror taggage and cargo compartments. If this is not possible such wires
and linee shall be installed as to e protected from damage by cargo
being loaded, carried or shifted, (Alsc see 2.2,1.7.8)

z,20.3.L LIGHTS

b P gy - A o Py - -
Baggage and cargo compartment lignis s € ed Oor pro-
tected in such a manner that beggzge and carge cannct be ignited by them
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4, FIRE DETECTION

In addition to the reguirements of 2.13, fire extlngulshlng

containers shall not be located in the baggage or cargo compartments,

[
o)
s
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3. IGNITION AND COMBUSTION FUNDAMENTALS.

(See Figures 52 through 64 on pages 221 through 233).

CENETRAT
g

e puigvee T

o)
i

The reguirements and design directives of Section 2 of this Hand-
book are the results of world-wide flight experience over many years of
operation by commercial and military aircraft of all types. They have

nwemtvrtan A ha o0 AAamTRTrAmIioa avrdadsdAan Tiwe vwith NAath ed 41 P R e
piaUYTL LWLV Ve @ LUyl v 4o0C OVJ.QDA.ULL bCI.LL AdVC WLuil, COUul wWiti 1c5cuu v
the penalty of performance and cost, and remaining hazard potentials

In order to comply with the requirements and design directives in
the most economical manner, the designer must have, or must acquire
Knowledge about thée physical phenomena of air, fuel and ignition sources

and their interrelstion which lead to ignitdicn If he dces not have the
interrelation which ilead 10 igniticn. 21 D€ does

necessary knowledge at his command, he may end up with an unsafe aircraft,

or he may be forced to be overly cautious at the expense of performance
and cost.

3
(D
+

Mhoa rnurnAco of this rtd A -‘e +0 '(vuf'-v-r\A\\nn a Aeci basic
4 1€ PUIrpose i cricn 10 cacal

knowledge which in connectlon with the bibliography of Appendix A, should
enable him to cope with a great deal of his problems. Even though, the
many variable parameters involved in ignition and their intricate inter-
relation make it necessary to resort to specifically tailored tests for
marni arnnl S Aanded Ana T AvAanw +A malbba +hnans +andan manmirnafri1l anm A 4~

uiailiy appiiiadiiiuo . bl Ul UT A vV uianc viliT o vTo Lo IUCG-LAJNL.IS.L Ul aliu uvo
arrive at the desired results with the least expense, knowledge of the
state-of-the-art again is a prereguisite.

Conditions necessary for starting a fire sound deceptively simple;
the simultaneous presence of a flammable substance and a suitable igni-
tion source. In the case of fires involving aircraft turbine engine
fuels, formation of a flammable substance requires the mixing of an
oxidizer with the fuel vapor. Under ordinary circumstances the most
likely oxidizer is air. Three principal ingredients then are involved
in producing a fire: air, fuel, and an ignition source. Their perti-
nent characteristics are described next, after which their interrelation
with respect to fire will be discussed.

“a0r
410D
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3.2 ATMOSPHERIC AIR

in a prec1se sense,

geneous mixture of gases and small solid particles.
standp01nt however, it may be con

"U. S. Standard Atmosphere 1962"
the same relative compositicn at all altltudes

Using Table I, the
r air of 28.97 may be derived
times molecular weights.

atmosphere is &ry and nas
concerned.

While such things as smoke, dust, and industrial
e it is not likely to

contaminants, their total

This composition
standard equivalent molecular weight fo
from a summation of the products of mol fractions

Downloaded from http://www.everyspec.com

assumes uuuu

+ha
the ailr

is given in Table I

PR J

is qu;;glblu, gin

the earth's atmosphere is a rather hetero-
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with altitude for ICAO standard day and Air Force - Navy standard cold
atmosphere and hot atmosphere.

Figure 53 shows static temperature variations with altitude for the
ICAOC standard day and for the Air Force - Navy standard cold atmosphere
end hot atmosphere

In actual operation it would be extremely rare for any local at
phere to conform exactly to any of the standards shown in rlgure 52 and
Figure 53. Th va

mi an

m
+3iAane wuh
CLOIlS which m

combustion are dependent upon absolute temperatures and pressures;
therefore the various standard atmospheres indicate a range of altitudes
over which certain conditions might be encountered.

______ 4+l e

figures are primarily indicative of the range of
+ be encountered Tunctions related to ignition

CLlLlulLucicTua. SRIICL L0 JCLa LT il babll

As an aircraft moves through the

and temperature increase as a function of veloc1ty Flgure Sh shows the
ratios of stagnation pressures and temperatures to free stream (static)
pressures and temperatures for Mach numbers between O and 3.5. These
ratios are then applied to static absolute temperature and pressure con-

antiin) adasmntiAan vo

ditions being investigated tc determine actual stagnation valu

n

Figure 55 shows stagnation temperature as a function of Mach number
for the sea level condition and for the isothermal condition. Figure 56
shows stagnation pressures at several standard day pressure altitude
conditions as functions of Mach number. These figures illustrate the

general magnitude of temperatures and pressures to be 9ynpnfpd at hiah

CUCIGL JigeiliiLUulls Ul hllptiaiul s Qil patosniaite

velocities. They also serve as references for whatever calculatlong
designers might wish to make. It should be understood that the stagna-
tion pressures and temperatures at locations other than the stagnatiocn
point must be calculated on the basis of the individual configuration in

1es a+ 3 An
YuUucovaivii.

Several important pcints should be kept in mind: 1) For practical
purposes air consists of 21% oxygen and 79% inert gases by volume. 2)
The proportionality of gases is constant for the atmosphere in which

A e

air-breathing engines can operate. 3) The supply of oxidizer in the
form of atmospheric air is virtually inexhaustable. L) Pressure and
temperature of the air will depend on weather conditions and operating
altitude
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3.3 FLAMMABLE FLUIDS
3.3.1 ATRCRAFT TURBINE ENGINE FUELS

Standard fuels used in turbine engines on Navy aircraft conform
to specification MIL-J-5624(F), Grade JP-l4 and Grade JP-5. For emer-
gency operation, many engines permit limited use of aviation gasoline
of the lowest avalilable performance rating, conforming to specification
MIL-G-5572.

The "Material” section of both of the above specifications states
that the fuel shall consist completely of hydrocarbon compounds except
as otherwise specified. Since there are literally millions of possible
hydrocarbon compounds it is impossible to predict the chemical composi-
tion for a given fuel. From a statisticel standpoint aviaticn gasoline
may contain as many as 200 different compounds, and the turbine fuels

navhane ENANO Ay mAavre A4 FFavrant sAamnAniinice Mhe hlendid
pernaps pvve OF More aliierent Complulnids. ane cienaing of CompOundS

and groups of compounds permits utilization of the advantages of these
compounds and results in ecocnomical production of fuels suitable for
combustion in aircraft engines. Fuel specifications control a number of
physical characteristics as shown in Figure 57.

From a practical standpoint aircraft fuels consist of four series
of hydrocarbon ccmpcunds: paraffins, cycloparaffins, clefins, and aro-
matics. Each of these series of compounds displays both favorable and
unfavorable characteristics. Figure 58 presents comparative character-
istics for the four series of hydrocarbons. It can be seen that paraffins
and cycloparaffins are desireable fuels and usually constitute 70% to 80%
of the fuel blend. Aromatics are desirable primarily because of their
high specific gravity, which produces & higher heat per unit volume.
Inclusion of olefins is in many cases an economic measure to reduce the

over-all cost of the fuel.

Since net heat of combusticn and flame temperature show only a
small variation between the various fuels mentioned, the question
naturally arises: Is cne fuel more hazardous than any of the others?
This becomes a difficult question to answer in simple terms. Liquid
fuel of itself will not burn. If there is either too little or too

muck gaseous fuel in the fuel-air mixture, the mixture will not support
combustion. A brief discussion on vapor pressure should help to elarify

o Yl ala NMasliscals VA [=ROLGIPE Ly |

the situation.

Fundamentally, vapor pressure is a measure of molecular activity,
and represents the tendency of a substance to vaporize. 1t can be
defined =zs the minimum pressure at which & substance will remein liguid
or solid at the given temperature. Figure 52 is a generalized diagram
of the vapor pressure function. It shows how the temperature and

188

LI v TTTTET VYl 1] e W weeampe r -~ Y o -

e’



N’

N

Downloaded from http://www.everyspec.com

MIL-HDBK-221{WP)
3 May 1965

pressure determine whether a substance is solid, liquid, or gas . The
junction of the three branches of the diagram is called the "triple
point” at which the substance can exist simultaneously in the solid,
liquid, and gaseous forms. As the temperature increases, a critical
point is attained. If temperature is increased beyond this point, the
substance is gaseous no matter what the pressure. A simple, practical
example of this relationship is & conversion of ice to steam in an open
vessel, which is accomplished at a constant pressure with only the
addition of heat to increase the temperature. In the liquid-gas rels-
tionship it can also be seen that liquid can be converted to gas either
by increasing the temperature or by decreasing the pressure. With
respect to fire hazard, the liguid-gas relationship is the important

portion of the vapor pressure diagram

Vapor pressure as described above is equivalent to the partial
pressure of fuel vapor in a fuel-alr mixture under equilibrium conditions

1 A ma 3
in a closed vessel. This vapor pressure is a true absclute pressure and

must not be confused with Reid Vapor Pressure. Reid Vapor Pressure is
always measured at 100°F, is influenced by the partial pressure of the
air volume in the measuring chamber, and is intended primarily as a
measure of relative volatility of various fuels.

Figure 60 shows the effect of temperature on the vapor pressure
of the fuels under consideration. For JP-U4, the shaded area between the
two curves indicates the range permissible by specification. Since the
Reid Vapcr Pressure is not specified for JP-5, the curve represents
average values. For aviation gasoline the shaded area represents the
specification tolerance; performance rating of the various grades of
gasoline is independent of the vapor pressure.

Molecular weight of the fuel vapor does not of itself affect
flammablity. In general, however, it should be remembered that molec-
ular weight will increase as fuel volatility decreases. As & matter of
interest, average molecular weights for fuel vapors are: a) aviation
gasoline, 75; b) JP-4, 85; c) JP-5, l4C. These values have a probable
accuracy of +5%.

The hydrogen to carbon ratio of the fuel vapor will affect the
stoichiometric fuel-air ratio. This will be discussed in a section
concerning formation of flammable mixtures.

3.2.2 OTHER FLAMMABLE FLUIDS

Ia additien te its fuel supply, an aircraft carries e number of
cther flzmmatle fluids. Principal among these are:

(1) Alcohol and alcohcl mixtures
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Methanol (methyl alcokol) is widely used for engine thrust aug-
mentation and for de-icing. Isopropyl alcohol haes also been used. Both
are relatively volatile; at ordinary temperatures, methanol is slightly
less volatile than gasoline, and isopropyl alechol slightly less vola-
tile than JP-L. Although the net heat of combustion is less than that
of gascline and jet fuel, any alcoliol should be handled with the same
respect accorded the other fuels. Alcohols are miscible with weter, and

the resultant mixture is flarmable.
Standard petroleum base hydraulic
a hydrocarbon mixture. It has & vapor pressure lower than kerosene;
therefore it is only moderately hazardous at ordinary temperature and
pressure. When it is heated or when the pressure is reduced, & flam-
msble mixture can result. With respect to autogenous ignition it 1is as
hazardcus as JP-4 and JP-5, and more hazardous than gasoline. Fluids
such as Skydrol 500 and Monsanto 0S-L5-1 are only relatively fire-
resistant; they require higher temperatures than the MIL-BE-5606 fluid to

become flammable.

fluid MIL-E-5606 is esse

Lubricating cils are derived both from petroleum products and
from synthetic compounds. Their low volatility requires that they be
heated considerably before equilibrium flammable mixtures are formed.
This is evidenced by flash points (basically the lean limit) ranging
from 225°F to 510°F. On the other hand, autogenous ignition tempera-
tures renge from L70°F to 760°F, which is similar to the range for fuel.

Considering all factors, these three types of fluids are only
slightly less hazardous than fuel, and must be.treated accordingly; each
has, at some time, caused aircraft fires.
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Formation of fuel-air mixtures is best described by considering

- s PO I B U S PO I S S WL nesVd on n damlr Aarandadninsg
equiliprium conaitions in a closed system. viBuadliZ€ & vanxk conlalning
both air and liquid fuel, with nc means for fuel vapor or air to emcape.

Some fuel molecules nenetrate the surface and enter the air space while
others re-enter the fuel. Eventually an equilibrium condition is attained
in which the number of molecules leaving the fuel is equal to the number

re-entering. The gas Volume above the fuel contains both el vapor and
eir. At this time. the proportionality between fuel vapor and air can be
calculatéd from the relastionship of partial pressures given below.
By volume, (F/A)v = Pv/(Pa_Pv)
- s e lam /2 _ fem \fas evw \ /ot~ w s vy \
weight, (F/A)} = (P_)(M.W. P -P W.
By ght, (F/A) = (F W/ AETEL N a
Where (F/_.)v = Fuel-air ratio by volume
(F/A). = Fuel-air ratio by weight
- e Y e e mminaam AL N m £ it m Yk )
P = pOTY pressure OI Iuel \8ao0s80LutE)

P_ = Pressure &t surface of fuel (absolute)

(Pa-Pv) = Partial pressure of air

\VER 44 m MATamilar wadohded A€ Py wrarnmY

M. ov FIViTLUWLG: wWT apilL Ua AR AR

M.W. = Equivalent mclecular weight of air
a

From these equations it can be seen that the fuel-air ratio by
veight in the gas volume is dependent upon the vapor pressure of the

BLII'IBCC of the fuel, and the mole

cu
he caon +hn+ when the fuel veannr mregccn
T ST wWOTH TAT 1UCa VYGpul pliess

sure at the surface of the fuel, the parti
zero. Under these conditions the fuel is at its boiling point, for the
temperature in question, or ir other words is on the dividing line

between gas and liquid.

.
LB
nte n
te p
pressure of the air becomes

T +tha romhus+disn nroress the carbhor and hvadaragen r~on
wii A LD W A\ y& NS e\ b BT L2 = A N hmied WA

+
fuel vapor combine with the oxygen in the esir. For completely efficient
combustion each carbon atom combines with twoe oxygen atoms to form a
carbon dioxide molecule, while each hydrogen molecule, contalning two
hydrogen atoms, combines with sn oxygen stom to form a water molecule.

For example, pennane containing 5 carbon atoms and 12 hydrogen atoms,
combines with 8 oxygen molecules to form S5 carbon dioxide molecules and
6 water molecules.

[
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Another ~<ample is the aromatic benzene, in‘which two benzene mole-
cules, each containing 6 carbon atoms and 6 hydrogen atoms, combine with

15 oxygen molecules to form 12 carbon dioxide molecules and 6 water
molecules.

P 40N -1 + 68
Lsﬂlz"’uuz—-/ JV2

Fuel-air ratic in & stoichiometric mixture is dependent on the
hydrogen and carbon atoms present in the fuel vapor and is calculated as
described below. In the case of pentane the 8 oxygen molecules are
divided by the percent oxygen by volume in the atmosphere (0.2095) to
show that 38.2 equivalent air molecules are required for each pentane
molecule. Volumetric fuel-air ratio for the stoichiometric mixture is
simply the ratic of the number of molecules, in this case 0.0260. Fuel-
air ratio by weight is determined by dividing the product of fuel vepor
molecular weight times the number of fuel molecules by the product of
air molecular weight times mumber of air molecules, or in the case of
pentane 0.06L7.

(F/0)y =1/ (8/0.2005) = 1 [ 38.2 = 002

VRN - 0
(F/A), = (LUe-4) / (g/0.2095)(28.97)  ~

In the case of benzene the 15 oxygen molecules required to combine
with 2 benzene molecules require the equivalent of 71.6 air molecules.
Volumetric fuel-sir ratio for the stoichiometric mixture is then 0.0279,
and weight fuel-air ratio for the same mixture is 0.0753.

(®/8), = 2 /(15/0.2095) = 0079
(¥/m), = (2)(78:2) / (1570 2095 (28.92) = ©-O753

For the fuels under discussion, the composition of the fuel vapor
is quite likely to be different than the composition of the liguid. This
relationship can also change with changes in altitude and because of fuel
weathering (loss of more volatile constituents), and can be defined
precisely only by extensive testing. From s practical standpoint the
assumption of 8 stoichiometric fuel-air ratioc by weight of 0.068 probably
will be accurate to approximately +5%. This is due to the predominance

of paraffins and cycloparaffisms in the fuels.

Experience in adjusting fuel-air mixtures in such apparatus as
Bunsen burmers, gas stoves, and automotive carburetors, demonstrates
thbat flammsbility occurs at mixtures other than stoichiometric. In the
combustion process the exotbermic or heat-producing reaction takes place
between a definite proportion of fuel molecules and air molecules. Loss
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of energy to either excess air or excess fuel vapor eventually can pre-=
vent the combustion process frém sustelhing itself. For turbine engine

fuels the lean limit and'ttch"limit m;xtufeS’at'éne atmoépﬁére can be
calculated from the information given below, I '

- .6 /
187210/ (g )(m)

0

=
(]

= (L / ;
Lefa = (WM /100 - 1)(28.97)
R=L"'ll%’/07‘ ) .
J/‘M bl
Refa = (R /100 R)(28.97)
Where: L = lean-iimit concentration by volume
Q, = net heat of combustion, BTU/1b.
M = molecular weight of fuel vapor
Lf/a = lean-limit fuel-air ratic by welight
R = rich-1imit concentration by volume
Rf/a = rich-limit fuel-air ratio by weight

PR N Ter wr~alvima

Flammebility limits expressed in terms of fuel-air ratic by volume
or by weight are relatively insensitive to changes in absolute pressure.
The diminishing temperature spread shown in Figure 61 merely reflects
the reduced vapor pressure range dictated by the reduced absolute pres-
sure. Combustion in test apparatus has been obtained at pressures
equivalent tc 75,000 foot altitude. Moreover, test data at low absclute
pressures is rather meager, and the tests can be affected significantly
by test apparatus size and ccnfiguration. If low ambient pressure is to
be used as a protecting feature against explosicn, realistic tests

tailored to the actual condition and configuration must be conducted.

Flammsble fuel-air mixtures can also be~formed when a mist is gener-
b as from severe sgitation or impact. When the droplet diameter
0 microns or less, the mixture acts very similar to.a vapor-eir
mivture. As droplet size increases the lower flammability 1imit decreases
and then shows an increase once more. Data on this subject is extremely
limited; the mcst important pcint to remember is that the normal limits

£ flammability for an equilibrium fuel vapor-air mixture are not appli-

L
cable to mists and sprays.
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When fuel is stored in an open container it is a practical impossi-
bility to form an egquil_orium fuel-air mixture. The greatest fuel
concentration will be at the surface cf the liquid and will diminish

with both discance from the ligquid and circulation of the composite

mixture. If the pressure and temperature conditions existing for the

storage facility indicate that equilibrium fuei‘;i;~r;E;;'would be less
than the lean flammebility limit, the hazard is greatly reduced. On the

other hand, if the canditions indicate that equilibrium fuel-air ratio

uAn1d he onancdlderahly abhove the +»4 ok 1-\--—\-.'5\414&-» 1

4 d O PN
Vo Luviiioaul ia ao0VvVe i€ I'lCn JI.ialmio LibLYy J4LdiUliv, nus o
1

ct
£

Udy
assumed that somewhere between the surface of the

e U
inated surrounding air a region of flammable fuel-air mixture will exist.
Other hazardous situations will be discussed later.

Once the fuel-air mixture has left its ccntainer and emerges into
the atmosphere, it diffuses rapidly into the surrounding sir. If this
were not the case, fuel handling operations would be much more hazardous
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3.5 SOURCES OF IGNITION
Ignition usually is considere d the process of producing & propa-

gating flame in a combustible mixture. In order to initiate the combus-
tion, energy must be added to the mixture; after which a pronagatlng
flame is self-sustaining until the fuel is consumed, or it is extin-
guished because of lack of oxygen or by quenching.

The following mechanisms of ignition must be considered in aircraft
design:

(1) Autogenous or spontaneous ignition 1s caused by contact of
e Flammahlse mivinre with a hot surface.

S 14alllllQULAT lidaAuUilad © Wavis & vy 2522

(2) Friction spark ignition is in fact caused by contact with
hot surfaces but is generally not called autogenous ignition.

~

w
g
-
J,
ct

(4) Hot gas ignition caused by mixing hot gas with a flammable
mixture.
y severe shock waves is theroetically

i “ o 2
never been proven to be responsible for a fire in an

Autogencus 1gnition is evidenced by fires resulting from

exhaust stacks, turbine cases, <
<

eed air lines cverheated high ¢
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Surface tem p

appa.ratus and
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the most important
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ities of fuel into a heated
izer, at a wide range © T

pud

(2) Dropping of fuel onto a heated open surface over which the
air may be either quiescent or flowing.
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3.5.2 FRICTION SPARKS

Friction sparks can cause ignition in crash landings. Due to the
small surface are of sparks and short comtact times, relatively high

4 O
Hy

spark temperature e needed to ignite fuel air mixtures. Steel sp
in the orsnge color region (1650 to 1750°F) caused erratic ignitiom, ‘end
titanium sparks in the “white color region (above 2000°F) caused repeated

ignition in tests simulating aircraft skin sliding along a runway surface.

nenwlr ¢ amraradimm
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3.5.3 ELBCTRIC SPARKS AND ARCS

Electric discharges are excellent igniticn sources because of
their ability to concentrate high energy in a very small volume.
Although there are meny methods cf using electrical discharges, the

resultant sparks can be categorlzea generally as either inductive or

impedance sources, the current is low d the spark is of relatively
long duration. Capacitance sparks are produced by the discharge of
charged condensers. Electric discharges such as those generated by
friction, 1mpact pressure, successive contact and separation of unii
e v an AP -Fwn-tAs awvwa +he camo mc nnhnr\1+ ce s xr

surfaces, and transference of &r¢e& TNt same a5 capacitance
except for manner of generation. Natural atmospheric electrical dis-

tance discharges. Duration of ordinary capacitance sparks may be
extremely short, such as less than 0.0l microseconds for low energies.

With higher energies and with resistance added to the system, the dura-
tion of the discharge can be incressed considersbly, such as to 5 milli-
geconds in a lightning stroke.

Perhaps the most important aspect of electrical discharge 1s the
extremely small amount of energy required to produce ignition. Under

conditions favorable to ignition, the energy can be less than 1 milli-
joule. Under ideal conditions the energy has been as low as 0.2 milli-
Jou% es. (In terms of mechanical energy, 1 mllligoule equals O. 73766

_____ N nl~>0 o

1072 foot pounds: in terms of thermal energy it equals 0.5470 X /
2.5.4 HOT GAS IGNITION

The ability of hot gases to cause & fire are well known. Exhaust
gases and hot bleed air leaking 1nto a flammable mixture, or vice verss,
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centigrade. Experiment-l data are influenced considerably by apparatus

effects. Por instance, the container for the hot gas usually provides

a heated surf-ce and renders it difficult to gffects of
at

separate the effects of
the hot gas from those due to the he ce

When development testing is regquired to investigate potential
hazardous situations, the tests must be tailored to simulate closely the

most adverse operating conditions.
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2,6 VARIABLES INFLUENCING IGNITION

Many, although not all ignition phenomena, are better understood
when they are analyzed from the viewpoint of molecular energy necessary
to cause ignition, In order to ignite & mixture this mixture must reach
a certain energy level typical for the particular fuel., It is known
that chemical reaction in a mixture occurs before visible flame indicates
an ignition. This kind of reaction may or may not be indicated by pres-
sure when taking place in a closed vessel, and it is suspected that it
msy prevent ignition in marginal cases by inerting caused by the decom-
position products. Since the pressure rises of preignition reactions
are low compared tc those of ignitiorn, and ignition is likely to follow
a preignition type reaciion in nearly all cases, preignition reaction
can be aisregarded, at least for Lhe sircraft covered by this Handbook.

It is casy te understend that the energy transfer from an ignition
source to a mixture is infliuenced by the temperature and vclume of an
iznition scurce (energy flow rate), the contact time between ignition
source and mixture, the moiecular contact and the heat transfer coeffi-
rient Tromw a heated surface tc a mixture. It is also gquite cleer that a
mixture which has a high energy content to start with, will ignite
faster, and that energy applied tc molecules in the mixtures which do
not contribute tec burning, is wasted. Energy lost to adjacent cool
surfaces will delay, or even prevent ignition if the energy supply is
limited. If “he net rate of energy transfer (rate of energy input minus
rate of energy losses) is below a certain value for a specific fuel,
ignition is impossible regardless of such factors as size of energy
source, contact time, molecular mixing, etc.

Althougn the conditions needed for ignition are simply the simal -
taneous presence of & flammable substance and a suitable ignition source,
a nurber of variables will influence the ease of ignition. The more in-
fluential of these conditions are: 1) composition of the flammable
mixture; 2) absolute pressure; 3) temperature of mixture and ignition
scurce; 4) time; 5) velocity and turbulence; ©) surface finish and mate-
rial; 7) surface area; 8) distance between surfaces; 9) nature of elec-
trical energy.

Precise definition of the effects caused by varying these conditions
ic beyond the scope of this discussion because of the interaction of the
variasbles, However, the general effects of each variable can be
descr:bed andé are discussed below.

3.6.1 COMPOSITION OF MIXTURE
Theoreticatly, ignition should be easiest with a stoichiametric

mixture. In many caset tests have shown that minimm ignition energies
sre achieved with mixtures slightly richer than stoichiametric, while in
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a few cases ignition has been easiest with somewhat lean mixtures.
Hydrocarbon type and ._olecular weight can also influence ignition char-
acteristics, For aircraft turbine fuels, ignition is easiest at fuel-
air ratios approximately 20% richer than stoichiometric.

Pmn‘lﬂ'hrﬁnm conditions are seldom attained except in a aulesge_t

Mol PERELE ¢ =

storage vessel During aircraft fueling and other fuel transfer func-~
tions, mists and sprays are generated and any spillage aggravates the
release of fuel vapor. Diffusion of the fuel vapor into the surrounding

R He

air is quite rapid, so that for normal circumstances the existing fire

e "t o €
eventic .chi‘“re ents for areas n\nodr\ﬂ nx rnrnf“# are nﬂnq'ua'te. m‘-‘-'=

ever, it must be remembered that a severe spillage of fuel, particularly
in warm weather or onto a warm surface, will greatly increase the

hazard zone because of the tremendous volume of vapor which will be
released.

3.6.2 ABSOLUTE PRESSURE

The vast majority of test work indicates that ignition can be
accomplished at lower temperatures and energy levels as absolute pres-
sure increases. With electrical ignition, the minimum energy required
for ignition is proportional approximately to the inverse square of the
absolute pressure, An example is shown in Figure 63. Autogenous ignition
temperatures show a similar trend, except that the function is not well
defined numerically.

3.6.3 TEMPERATURE

Since increased temperature of either the flammable mixture or
the ignition source indicates an increase in energy level, the fact that
ignition is easier at higher temperatures is quite logical. In auto=-
genous ignition the effect of temperature is best defined in terms of
ignition lag. This function is approximately hyperbolic; the limits are
the minimm time required for the chemical reaction and the minimum tem-
perature required for ignition regardless of time lag. Test data in
Figure 6L involving a gasoline-oxygen mixture in a platinum crucible show
an ignition lag of approximately 1.2 seconds at 610°F and 25 seconds at

5L4°F, A similar effect occurs with electrical ignition. Using pentane,

CaiTLUV PLll = Wavad Tativad oVl il

minimum ignition energies ranged from 45.0 mllllgoules at -22°F to 2.5
millijoules at 34T°F.

3.6.4L TIME

Fram a practical standpoint this is an extremely important vari-
able since it can often be the difference between ignition and non-
ignition. It is primarily a dependent variable since it is intimately
interrelated with the other conditions., Time becomes increasingly impor-

7
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tant when mixture composition, pressure, and ignition energy are &
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ignition., There <
wces in which the conditions were all within the limits of igniti-
bllity but 1gn1tloﬂ dié not occur because these conditions did not

exist simultaneously for a sufficiently long time.

re undoubtedly many unrecorded

[y -]
’3 13
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3.6.,5 VELOCITY AND TURBULENCE

1
b}

Velocity and turbulence of the flammable mixture affect both
the minimum ignition energy and the ability of a flame to sustaln itself,

Test dats shows that minimum ignition energy increases &s

or turtulence increase, whether the energy is in the form

giectrical erergy or increased surtface Lewﬂeratur e. It al
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incran a ing fuel-air retios
Sver W &5 veloocity incvreases
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e flinne en
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LEil [
m8t nse ace ¢
iure required for ignition, PReasons [Jor thls are rot ccmrletely ov"
Yot thermal niuﬂ**thy -atalyt:c scTivity, and oxidation prcpériie‘
are amor buts ' ’ i is extremely
cetal i z nﬁewalam
axposed eat to cause igni-
sien,  Thi same tjpe= of
cigarett +erials ic that glas:
~fharn 41 d for ignition of &
ziven 1
3.€.7 SURFACE AREA

Sterting with very smail surisace ereas, igniticn temperature
decreases as area increases until some minimum temperature is appro oached.

After this point further increases in surface area have no effect on min-

laum igniticn temperature. Fire wirec muct be heated to incandescence

to cause ignition. While heated particles such as those emanating fram
& grinding wheel or cimilar abrasive function are not very effective &s
igrition sources, they must be classed as potential ignition sources.
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3.6.8 DISTANCE BETWEEN SURFACES

o Ls diolAalvL OLIWILIN

The ability of a flammable mixture to support combustion is
influenced vy the distance between any surfaces which might contain the

3

are sufficiently close, or
3
-

flammable mixture. When parallel surface
tube diameter or slit width is sufficiently R
to propagate a flame, This "quenching distance” is considerably influ-
enced by fuel-air ratio, pressure, and temperature., Quenching distance
will be at a minimum with slightly richer than stoichiametric fuel-air
ratio, high temperature, and high absolute pressure. The most important
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SPECIFICAT -ON

MIL-J-5624F

MIL-G-5572C

Fuel Grade

-5

80/87

Distillation:

v_:tial oA C'Nng pninf in.

astavj ST

10 percent min. at
20 percent min. at

50 percent min. at
a0 percent min. at
End point, max.
Percent evaporated, at 400°F
Residue, vol. p‘-""""""f max.
Distillation loss, vol.
percent max.
Gravity OAPI-min. {sp.gT.m ax.}
Gravity CAPI-max. (sp.gr.min.
Existent qum, mg/lOO ml. max.
Total potentia.l residue, 16 hr
aging, m({ 00 ml. max.
Sulfur, total; nercent weight max.
Mercaptan sulfur, percent wgt max.
Reid vapor pressure, 100°F, psi,
min. (glu /qua y min.)
Reid vapor pressure, 1000F, psi,
max. (gm./cm,, max. )
Freezing point, °F, max
uc"tiﬂg vg\un (Qpﬂ € 2 2) heat
of combustion “(lower or net)
BTU/1b. min
Or aniline—qravity product,
min.
Viscosity, ‘centistokes at -30°F
(-34. 40(/), max.
Aromatics, vol. m"ce..f maX.
Olefin, vol. percent max.
Smoke point, mm min.
Explosweness percent max
Flash point, min.
Smoke volatility index, min.
Copper strip corrosion, ASTM
classification, max
Water eomrgmeter index
Water reaction, interface rating
max.
Thermal stabliity:
Change in pressure drop in 5
hours, in. Hg, max
Preheater deposit
(1) To be reported-not limited

=) et dnd

o

13
<3

1]
Ll Y

iV
[+d Vol |
rivou

?

57 TABLE 1 - SPECIFICATION
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APPENDIX B

DEFINITIONS

Air, bleed - See bleed air.
Anoxemic - Indicates deficient aeration of the blood.
Arc, electric - See electric arc.

Armor - Steel or iron plating designed to resist gunfire or other high
kinetic energy pieces, used to protect fuel tanks and other
vulnerable components.

Arrestor, flame - See flame arrestor.
Arrestor, lightning - See lightning arrestor.

Autogenous ignition temperature, minimum, (MAIT) - The lowest temperature
at which a flammable fuel-air mixture will ignite spontaneously
under specified conditions.

barrier, fire - See fire barrier.
Barrier, vepor - See vapor barrier.

Bladder cell - Tank formed by en elastic bag which is contained in a
rigid cavity.

Eleed air - Air tapped from a turbine engine compressor for the purpose
of energy extraction, or compressor stall prevention. The air
may be tapped after the final compressor stage or at any inter-
mediate stage.

Bonding, electric - See electric bonding.
Butt - To meet or adjoin at the end. Example: butting wing skin.

Carbon monoxide detector - A device for detection of hazardous concentra-
tions of carbon monoxide or fire, especially & smoldering or
incipient fire.

Cell, bladder - See tladder cell.

Combustible - Solids or liquids which will ignite and burn, but are not
explosive or rapidly burning in the envircrment of application.

Cut hose - Normmetallic hose usually cut to size from stock material and
secured by a hose clamp.

Deflagration - A chemical reaction (flame) moving tnrough the material at
a speed less than i1nat of sound.

Detector, carbon monoxide - See carbcn moncxide detector.
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Detector, flame - See redistiom semsing detector.

AETLAR LA o

Detector, hestl - See pemlt detector.

Detector, s _ike - See smoke detectar.

Detomatior - A chemical reection (flsme) moving througr the material at
a speed gremter than scund.

Diverter, lightning - See lightming diverter.

Draimage - Generally used far the emptying of liquid by flow. In air-

craft, rapid draimege of flazmmble flmid leakage overboard from
ana:imrtlsvm-yerrective innixn‘nizimﬁreandex;plosion

The @well time is therefore one of the factors inflnencing the
autogenous ignition temperature of a mixture.

Electric arc - A sustained trilliantly luminous glow, sametimes having
the appearance of a curved line of flsme, that is farmed under
certain conditions when a break is made in an electric circuit.

Electric bonding - The connection between two electric conductars far the
purpose of maimtaining them at substantially the same electrical

s .~ - as = e AL L L B & R

potentiali. or ‘he pttrpose of this marmal this is meant Lo be

=
ana

h haoes $+hor nn inrterior cnocec where

0 vnere

vapor, or fluid can accumlate, ar which is sealed so that gas

1"} 1?,

Explosion - A violent expansion or bursting that is accampanied by noise

AR p Al 10 UHTE

and is caused by sudden release of energy-
Explosion proof - Explosion proof aeronautical equipment is desioned to

P ettt e s TS T e — e
prevent 1gn1t10n of a flammable mixture v:.thin the equipment when
operated, or to prevent an internal explosion from propagating to
the exterior.

Explosion suppression - An inerting system in an aircraft fuel tank ar
other compartment containing an explosive fuel vapor, which is

triggered by the initial phsse of an explosion. id di ian
D Atln Lonmmmd e At —emmmemeed v e e ow -l mn hoawnarnd coafPoa VTiwmeido
Ol Lie iucli u.x_u& u&t:u PI Lb a prt: m I AT UCJUI.!I DAL T JamI LDe
Agent discharge is triggered by pressure rise or radiation
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Extremity - Extremities of ar eircraft are major end porticns of an
aircraft such as ving tips, wing tip tarks, fuselage nose,
stabilizer and fin tips, etc.

Failure, single - See single failure.

Faying - Fitting closely together, suck as faying surfaces of wing
structure.

Fire barrier - A partiticn which will resist flame pemetration under the
most severe comdition of fire, duration and vibration likely to
occur &t its location.

Fireproof - FPireproof structure, equipment, wiring, comtrols and piping
mst be able tc perfcrm their intended functions under the most
severe congitions of fire and vibration likely to occur at their
location.

¥ire resistant - Fire resistamt structure, equipment, wiring, contrels,
and piping must be azble to perfore their intended furnctions under
the most severe conditions of fire and vibration likely to cccur
et the particular location fcr a period of at least five mimrtes.

Fire shield - Tight fitting fire shields made of ajumirum, Or egually
fire resistant material, &re used for separaticn of pctential
fire zones from adjacemt campartments, if the hazard is xinor.

Fire valil - See fire barrier.

Fire zone, potential - A campartment vhere a fire is possible due toc
specified conditions prevailing in this cospartment or iz adjacent
campartnents.

iame urrestor - A device vhich quenches 2 flame fromt to the point that
flsme propagstion is stopped. Quenching is effected by farcing
the flames along narrovly speced walls or through small tubes.
Flame arrestors are rendered ineffective by sustained exposure to
flame.

Flame detectar - See radiation semsing detectors.

¥lame resistant - Flame resistant material shall not ignite sportareocusly
under all envirommental temperatures of installation, and shall
be self-extinguishing afier removal of a flame. When used in fire
zones vith fire extinguishing capabilities, it sbhall npot afterflow.

¥lsmpable - Flammmnbles are solids, fluids or gases wvhich will ignite
readily in air, such as hydrocarbon fuels and lubricamnts.

Fueling, gravity - See gravity fueling.
Fueling, pressure - See pressure fueling.
Gas, inert - See ipert gms.
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Lightning diverter - A device which protects areas of the aircraft fraom
a lightning strike where a lightning strike could ceuse e
hazard. The device can be s rod or a strip which protrudes from
the skin of the aircraft, asttracting lightning and carrying the

current to the skin without dangerous resistance heating.

Filling of an aircraft fuel tank through & fueling

llne whlch ultimately is
fluid motion is pressure

- Minor components of
contour of the airframe,

attached to the fuel tank. The force of
applied to the fluid.

an aircraft protruding from the main
such as seasrch lights, bomb racks,

certain types of antennas, ventral and dorsal fins, etc.

rurge - To clean or slush such as fuel vapors or smoke from a
compartment.

Radiation sensing detector - A device which detects a visible flame
through radiation. These devices are often referred to as visual,
flame, or surveillance detectors.

Residence time See dwell time.

______ In 2ddition to the obvious, the following combinations
are considered satety-wise, equivalent to & single failure:
(a) A combination of failures which cannot be detected during e

failure

Single
e =4

preflight check or normal flight but which may be found 1o be in
a failed or unsafe condition when an additiconal failure occurs;

) (b) A combination or chain resction of failures caused by one
single failure.

Scupper - A small basin incorporesting & filler cap, and a drain for
disposal of spilled or overflowed fluid.

Smoke detector A unit which detects smoke by photo-eleciric; visusal or
olfactory means.

Spark, electric - A luminous disruptive electrical discharge of very
short 3uration between two conductors separated by air or other
gas.

Store - Equipment stored internally or externally of an aircraft; easily
removatle or interchangeable, such as bombs, rockets and
auxiliary tanks.

Surveillance detector - See radiation sensing detector.

Squib - A pyrotechnic device used to initiate fire extinguishing agent
relesse or igniticn of an explosive device.

Vaper barrier - Wall through which any anticipated vapor cannot
AN ATwOoOT O
JellT viQuee
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reduce pressure differentials between these cavities amd smbiemt
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Accessibility - o - - - e e e @ e
Initiators —————— T PR R A L

AcceBEOTies --==s==---------=== P e
mtentl&l fire Z0Nes —==—=—===- e P L
Su.pport ........... - - - —— = - ————

Agent quantity, fire extinguisher ----- R Sttt bt

Alr covlaltlonlng ———— e e EEem eSS RS T ES S S msmmmE - e -

Adan Ay ad e At ormtinl Fire 7NNP ceemecmecccrascsceresmcwcsenos

ALY QUULDy pULTLIVIGL das bt Svees

Air inlets - - - -——— - = - = P
Auxiliary power plant -=--------=-===--< Lt bt d
Combustion hegter ==--=-=s-=--m-ccc—-ccc=—c=- —————
Engine -----=--=-=~-- mmemmm—ee—— meemmee e

Air inlets and outlets, potential fire zone ------- c-=-

Adwm okt AP \rn.\ﬁrng ____________ - n - n =

M4 [=PRIY VLY Vikhd V bt

Air systems, high pressure ------=-=-=-"T--SoSTooToToo ===
Explosion hazard ====------=--=-==< mmmmm—e-= ----
location ---==-- mememmmeemo-——-m-m-sooocsoses --
Suppo ------- - - e e RS E rmn————— S =SS ===

—— . e trATT AR OMAOALC coccme o mwnmo - - -

Ambient bt:mpt:‘zubu.u:, 1Iuiaoiveld al'c

Antenne lightning grrngnr _____ - ————————————— .-

Antenne lightning arresto

Arcs, fuel tank,

Arrestors, flame ------ B L n T L T cmmmm———- ————
Auxiliary power plant (see power plant) =--=---====-- -
Beggage and Cargs compariments ----~-----s-ss---o--o--o-
Construction -=---=-=====- S e
Electric wiring ~------ s --

Fire detection
Fire extinguishing =--====--==----=---=- S--seee-

Flammeble fluid lines ==-=-----s==---------ooo--
Lining ~------------ meemmocsmmm—- mmssess-ceeso-
Lights =====---=a--=-- —esvemmmmsom— mmmoooosm=-
Requirements ----- esmo--msm- Rt bty ———-=--
Ventilating air =~-=-=--- e ininiindade smmesmm—--
Batteries, electric storage ====~---"""""- TTTSTETossss =
Bibliograrhy ===--~-=-===== memmerccmmmmm——m—————— ——me——
Berths, inhatited area --------- PR cm—mm————— _———-
Rladder cell cavity =~=-==-----===--- el et bl dededed --
Blankets, Inhabited areg =~==--=--=----------------s-o=s --
Eleed @ir AUELE -~---=m==m====---ss==sssoooooo- —eemmees
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Bleed air systems ~----=---=-m--e-cecaceo—c--o-mooooomoo
Anti-stall ~-=-~-------~-c----cc-eoom-momooome-
Bonding jum.cr, fuel tank ===-----=--=----e--o--oo-ao--
BoOSt PUmp =-=-====+s==-s=—mmmemce-ee-c-oc-o—----o----oo-o
Motor drain ==ee----=-ememmececececcssomceco————a-
Motor vent =-m-=—-----c-eecccceecmamsccccmcm———an
Brakes, landing wheel -----=-=--e--e-c-cc-o-comacasooo-
Bridge wire circuit =~----------==------ecccoccmcocooooo-
Cabin interior materigl -=-=-==c----c-mcemcmcmceco—ooao
Cargo compartments --===-==----e-sm-cceoco-o-o-oo--ao=o
Flammable fluid lines =-=====---eecmcocoeocconnn-
Cartridge starters (see starters) -----=-==-==c=-------
Cavities =----=-~=s-e-scecmememcmeccmeeccccsemceem—————
Bladder cell -—--—=---=c-ceemmmecmmcmmmc——n——————-
Flexible tankS ==-------=--sememeemeccmec-ceoncan
Rigid tAnks ==---=-----=-c-m-mccmcmcmcocooo-moo-
Cell bladder =~-vevememecemcmccc—eceecceeme e em—e——
Combustion fundamentals -----=-=-===cccmcmesomca-mcaoo-
Combustion heaters --------=cemmeemceceemcacccncneneaaax
Adr ducts -------------------s-smsoosomosmoncneos
Air inlets =-e-smmmmcememccceencerse o aoa— o
Combustion a8ir Aucts =-=--===~-=e-~coc-cccecaca=
Draing =-=---=s-mm--ccc-mcemmmemem—me——m—m—s—eoea
Exhaust System =----=------ccscerommmmmmmcaoo—ooo-
Beating air ducts =---------=-==scmecmmcecoo——o-
Compartments ----------=------scce-rcmroomosoooooona o
Baggage and carge ----------=s==s-m-e-m--o--cco-
Flammable system drainage ------=-==s=m=ec=c~o=-
Fuel dAreingge =--==-----=-----=--em-eemccem~oo—ao
Fuel t8nK ---e-==e=-me---me=-s-====ss=sss==s=========
Ventilation =--=-e-ecmcecccmcmecrecee— e
Compartment configuration, potential fire zone --------
COmpONENts ==-======------c-----s-emmmmem—eea-o-o-o-o--
Electric location -------=-=-=--—eecscecccenmcocan=
Oxygen system clearance =----=--=-=-~--==c-=----
Oxygen system temperature --====s=====--==-===c-<
Hot engine section ----==-==mec=mececececcoaocomn
Compressor, air, explosion hazard =--=--s=--=-e---------
Connectiong ---=-=-—e=c-secmec-eaccemaceccecrcacacenemn=n
Defueling =-==----------m=m=-;e-scs-ceceo-—o-soo-
Inhabited &reas =--===---=-e-ceccecccmcccccmnn==
ContBiners -----==-ceeco—cemememccemcacac-cc-ececocrasca=
Oxygen Support =----=-=-==m-m---eo--—oo-o---o-oo-
Portable oxygen =---==--===-s=s-==--co—o-ooo--o-
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Contairment, rotating equipment -------~ cmrmeememee - 2.10.2.2.1
Contamination, oxygen system -=-------cmcecucuocna —————- 2.9.5
2.9.6
Contimuous, fire detector =------ —————— e ————— 2.12.2
Control system, fire extinguisher ------c-cec-eoeeceneo—- 2.13.5
Cragh fire prevention ----------ccmmmmmc e oo 2.15
Crash inerting ----+---=-cecca-oo ————— m—emeeee- 2.15.9
Drip fences ---------------- e i E DD DL 2.15.3
Electric batteries ==-===~c-cccomcrccmaaaaaa- -—- 2.15.8
Flammable fluid accessories ==---=---c--ceencceocao 2.15.5
Flammeble fluld lines e-----ecmocccmmcnaone - 2.15.4
Friction sparks =s=====e-mecccmcemmmo e 2.15.6
Fuel tank design =-=e=s=m=--oeeoeooomooo oo 2.15.2
Fuel tank location ----+--=-ccecccceeccc e 2.15.1
Landing 1ights =-===-==mmmemmceme e eeececceeas 2.15.7
Cresh protection =------=--ccmcmccmmc e ccac e
Fﬁdel tan}{s il i et el Rl S adadnd 2- 1-10106
Definitions ----==-ccccccaecna-- e e DL D D Dt Appendix B
Defueling ========= == 2.5
Connection --~-~=---scorecc e 2.5.3
Dipstick, fuel ---=-=----e-mcccmcmcccmcccc el 2.2.7
Discharge, vent and drain --=-=--==-c-mcecceococccnaaaooo 2.L.4
Diverter, lightning ==---=====c-omemcommm oo 2.18.1.1
Drainage -~-~-----mccmmmmcmc e e
Boost pump mOtOr ==--=======eemmemeameceeeoooeoo 2.2.3
Carrier based aircraft ~--------—--cccoommmcmaao 2.4,7
Combustion air heater ----=--=--cc-cc-ccccccaaa.o 2.11.4.6
Configuration ===-===seceemmccmeocac oo 2.k.s
Discharge ======--mmmemoc oo 2.Lk.4
Electric valve =-------- e e L L L 2.2.5
Flammable cystems compartment = -------ceoeceooc--o 2.2.1.3
Fuel tank compartment -es=-sccc-cccmemem oo 2.1.1.3
Manifolds ===--=-e-- B e et P 2.4.5
Potentiel fire zone -=----------c-c-eeemeoo. ---- 2.4.6
Drip fence --~~c-ommecme e e el -—-- 2.15.3
Ducts --------omemceeana. ikl S it bbbt e
Hot gag ---=--==--c--m- i et DT 2.2.1.5
Tnhahited 871088 mcmccccmmccccmcecmcsccccccncwaea A 1A N
~nNn&pliilel areas CoedSey
Electrical systems --~----- R et T T L PN 2.7
Flectric components --------=----crccmmmmcmmcmaa —————
Batteries, storage ---=---------e-ce-oco. ———————— 2.7.11
2.15.¢8
Compartment pressure =----------scccccceoccaooooo 2.7.8
Components in fire zones =---=-=--ceccocmcoaooo_ 2.7.4
Explosion proofness -=-=------- e AL DL EE L 2.7.3.1
Firewall connections -~=-====-=cccc-ceceacaaooo 2.7.4
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defueling systems -=----=--~- crmeccme-

‘in
i1ing and defueling
Non—meta ic material --<~-c=--o---- rocsssmcseoo- -
Overheat protection =------ e - -
Oxygen systems ---~--=----=-=----c--c-csscosooo- -
Power receptacle =~--------------ec-c-mcoceonnan
<
i :

Electric ground receptacle -------=e----o- m—eemmce——— -
Electrical wiring, baggage and cargo campartment ------
Flectricity, static (also see lightning) -----=-~-=--=--

LOW ENergy ===--------------sem-eecem——eoec—coao

<
A evn N om e - ————— - ————— = - —————
IO \.Ay.LOSi"'B gY Stws -

Eectr

Emergency fire provisiong ------==--=------------c--oooo
Emergency handle ---«-=e---c-s--ccecoo- —m———— -~
Emergency operations ------=-=-cc-e----co-coco--
Fire extinguishing ~----------=--=-cccccc-nccnn-
Indicator lights -=-=-=---=-===-======----cc-cc-=-
JAMNE *==-—c-eccemmccrcre e e e e e e — e -

~Selp o

Engine compartment, flammable tanks =---=-==--=---=-----~-

Equipment, flammable fluid, inhabited area -------=---=-
Equipment, high speed, rotating -----------------------

Overspeed protection --------=----c------- esm-e—--
BEvacuation, smoke ===--====-=-----ce-----o-cemm-ooo-——oo

Exhaust -==-=-====-=-o---ooomccccossosssoooommonommnes

Combustion heaters -----=-------+-c-cc-ccem—o-- --
Engine ----~-----=------c-cnc-cocoo- R it
Potential fire zones ------=-==-=--------o-----o
Explosives -=-----cesocccmeccmoocsnmemcom s oo m oo m e

Installatio

location -=---=-------scesomcooanean- e ik
Explosion hazard ------------ smsm-e- sem--cseo---- ce--en-
High pressure air compressor =--=-=---==-=--=-===
Explosions, potential fire zone ------------=----c=-c----

Explosion proofness --~-=-==- ket deded ke i
Klectric compon

A v it o4
Explosion suppression -----=----=--= -mmeeesecsccno—-- -~
Application ===-------ce-=-ececcocccooromooooo— --
Installastion -==-=--c-cccceccocnn- cemscsoso=- -~
Response time ---------------- ettt --

]
1]
t3
ct
o]

- —————- = - e

2.2.1.4
2.7.3
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2.5.2
207-9
2.T+3.2
2.7.6
2.7.10
2.11.1.9
2.2.5
2.2.2
2.29.3.3
2. 10
2.18.2
2.7.13
2.14
2.1k.3
2.1k.2
2.1%.7
2.1k.4
2.14.5
2.1.1.1.1
2.1.1.1.2
2.19.1¢
2.10.2
2.10.2.2
2.19.11
2.10.5.4.5
2.10.8
2.11.4.5
2.11.2.5
2.11.1.13
2.10.4
2.10.k4.3
2.10.4.2
2.10.3
2.11.1.3
2.7+3.1
2.17
2.17.1
2.17.4
2.17.2
2.17.3
2.17.2
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Extinguishing, fire =--==--==-=----cococooooooomooooooo 2.1
Flectrical components and circuitry -------- .--- 2.13.6
Fasteners --------===-==-=---- it el 2.1.1.8
Filler cap cables +-----~-----=--=cesmec-—sccccoccoca- - 2.18.1.2
Filler units ----- e it
Flammable fluid tank =-==--=-==-=-r---e--c-cca--- 2.2.2
Filling provisions, OXygen -—---===-=--===-==--cs-co-ooo- 2695
Filter, radio frequency =-=-======-==-==---o-c-co—oooo - 2.7.13.6
Fire access door ---=-==~=-=----------coocooocooo- —-———
Auxiliary power plant ==-e=-=----ecmmccceoaooono 2.11.3.6
Power plant -----=---m--mccmmme e o cmeo—ee 2.11.2.10
Fire detection ==-==----=----------comocommonooono oo 2.12
Degign ----=----=c-cemomocano e L e 2.12.6
Location =-=----- D il it 2.12.5
Operation =-==---=-=-c--mmo-e-eecemmmoe—ce—eao- 2.12.4.4
System requirements =-------=c-e----cc--cocoo--- 2.12.4
Types of detectors ----------cec--c-o-cccoono-- 2.12.2
Fire extinguishing ----======s=s===s==-=---c-====s-=-=- 2.13
Agent quantity =-=------=-------c--cmomeco—onoo- 2.13.9
Container location --===e==e-ecemeecceco-oo “ee--- 2.13.4
Control system --=-=--===----c-ececcc—cco- ———ee= 2.13.5
Electrical components and circuitry ------------ 2.13.6
Main power plant ~-~---ceccceccceccmcccremennn- - 2.11.2.1
Nitrogen vOlume ----=-=========me===c--ec-ceeoon 2.13.11
Pressure indicators =------=----c-----cc-cemcnano 2.13.8
Potential fire zones ~--==-=-==-c-c--co--m-ceoooo 2.11.1.15
Safety outlets --=-=-------crcccccnocnrenacna- 2.13.10
Y 2.13.7
Fire extinguisher, hand ----e-s--c-tevesemscconmoncmn=n 2.15.12
Fire shieldg -~=-=-=---- e -~
Auxiliary power plant ------ e mmceemccccn——— 2.11.3.3
Mein power plant ----------c-cc--ccocccccmccccna- 2.13.2.2
Firewsll, electric connector =-=-=--=----~-ec--ee--moonmo- 2.7.4
Fire zones (also see potential fire zones) ------~-----
Bleed air @uet =-~=-m--meecm-e-cec—ccecmcoacmaao 2.8.3
Electric equipment ----e-=--ecc-ecmmmcacmancnnna- 2.7.h4
Fittings ==---=-========- S S
Flamable systemg -=-v=-ece-erec-c-- et L 2.2.1.7.5
2.11.1.6
Fuel tanks =====--=c-ec--meccmmomm e e cmme e 2.1.1.5
2.15.1
Oxygen system -==-c--cceccccccmcnccccca- e 2.6.3
Flame arrestor ------ Rttt L 2.18.1.3
Flammable fluids =-=-=-~=-===-- e LS AL L LR P 2.3
235



Downloaded from http://www.everyspec.com

Accessory support ------------sossosoosooToImTeT
Compartment ventilstion --===-<==-"7==7=""" mm———=
Component insulation -=-===-===s-s--oo==oo277570
Electric equipment -------=<==s=-===""=""" —mm——==

——-——----—_--—----—----—-----—-----—-—----

&m .(]3

Lines in cargo compartments --<----=----TTToTTTOC

Lines in potentie
Lines in wheel
Location ~=====-=--~s-s--cescoso---oseoosoooooos
Oxygen systems --=--==--====-=--"==< —————————
Pregsure —-e--se-=-=—--m-e---o-s--oosSSssss=soc

pES =~=mwm-m—~-esem--s-ss--se-osssooosoooSoses

Flammable fluid tanks =----===-==-=-----sso-ossossoToTT
Friction sparks =-----== et Dbt et ket
Fuel ~=~==-v--s----mm-s-cos----——oosooSsSSSoSSEEs comom--

Gas,

o g |
rouna

Aircraft, turbine engine -=-----==s-TosoSoTooTEE
Dipsticks =---==----=s-==----sssosssssmomoosmoToTo

receptacle, electric -------=-< e

236

AVEE VI VI VI VIV
SISV

sl i

.
.
£\

-
.
w

.
.
oW

.
[N\ O V)
.

»

DN DN
L]

.
gl
o

o
e~ S EN R B
.

[ ]
Ok 2 PO e

>
=

t\)f\)f\)l—‘l‘\)l—-’
s e
o o

P

.
VoI,V I V)
L ]

oD

DD NN MDD
.

.

wn
L)
o

G
~

L]

N PDW
. Y
-
.
=

L] L ]
n N
O\O *

. L
-3 O\ O\ AN
L]
n =

.

oW NN
* L]

~

\\)l\)\[\)f\)f\)

N’

ey



Gun installation

Hazards
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Ignition and combustion fundamentals ------------= -———
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Oxygen concentration
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Ducts and connections
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Hand fire extinguishers

Materials --==-=s-eccmcesrmmccm e s m oo

Smoking facilities
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Treatment of material
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Accessibility

Exploding bridge wire
Location and wiring
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Bleed sir systems
Components, flammable fluid
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Jettisoning, fuel --=-=--e-------cocco—coooomom oo oo
Discharge =---=--------=--cc-ccmmmcccccoconoonomo

lamps, fire warning

landing lights ------------=-------------o—o——eoooooooo
leakage =-=----------------------os--csscosossssoo=oso===-c
Fuel Jettisoning ---==----=---cr------o-o--moooo-
Lightning ----=-==--cmecr-cccrorocmm e e m oo
Antenna -------------c-co-ccnrcmcmm s me e
Arcs in fuel tank -----e-------c-mmmcmcocoooomoo
Diverters =------=---=-------------o-o-ooo—-===
Fuel tanks -------=------------------—-----oo-o--
Fuel tank vent discharge ---------------~s=--=-=-
Fuel tank wall penetration ----=--=-------c-----
Lightning induced voltages -----=-~-----c-cc-ee=--
Vent and drain discharge ---------==---c-cc-----
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Lights, landing ------------c-c-c-ccccuccrncocconarommo
Lights, master warning, fire ------=----=-------=--------
Lineg =-e~-cmeccmemrrcemcmcm e e e cc e e e e m e e
Baggage and cargo compartment ------------------

Flammable fluid

Inhabited areas
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FOREWORD

This Aircraft Fire Protection Handbook contains reguirements and design
objectives for Navy zircraft. It alsc contains some fundamental infor-
mation on physical properties of air, fuel and ignition sources, and
their lnterrelation in causing o fire znd explcsion., A bibliography of
relevant literature is added 'hich, in connection with the fundamentals,
should faciiitate the designers' tasxs cof implementing the requirements
and objectives of the Handbook.

The Handbook will be incerporated in the specification requirements of
contracts for new Navy aircraft modeils.

Amendments tc this Handbook will be issucd ac necessary Lo maintain
up-to-date requirements consistent with the stete-cf-the-art, Amend-
ments will bte by page revisions and revised paragraphs will be suitably
identified.

Handbook with any aT\T\llC&ble
requireme

b t
uir the specitications shall
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CHANGE ' !
MIL-HDBK-221(AS)

NOTICE 1
27 December 1995

MILITARY HANDBOOK

FIRE PROTECTION DESIGN HANDBOOK FOR
U.S. NAVY AIRCRAFT POWERED BY TURBINE ENGINES

TO ALL HOLDERS OF MIL-HDBK-221(AS):

1. THE FOLLOWING PAGES OF MIL-HDBK-221(AS) HAVE BEEN REVISED AND SUPERSEDE
THE PAGES LISTED:

NEW PAGE DATE SUPERSEDED PAGE DATE
119 27 December 1995 119 3 May 1965
120 3 May 1965 120 REPRINTED WITHOUT CHANGE

2. RETAIN THIS NOTICE AND INSERT BEFORE TABLE OF CONTENTS.

3. Holders of MIL-HDBK-221(AS) will verify that page changes and additions
indicated above have been entered. This notice page will be retained as a
check sheet. This issuance, together with appended pages, is a separate
publication. Each notice is to be retained by stocking points until the
military handbook is completely revised or canceled.

Custodians: Preparing activity:
Army - AV Navy - AS
Navy - AS

(Project MISC-0218)

AMSC N/A FSC MISC
DISTRIBUTION STATEMENT A. Approved for public release; distribution is unlimited.
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NOTICE 1

NOTICE: Paragraph 2.13.2 recommends the use of bromotrifluoromethane,
CEBr, an ozone depleting substance, for this application. Based on the
appropriate Technical Representative’'s assessment, it has been determined

that a suitable substitute is not currently available. The use of
bromotrifluoromethane, CF 3Br, is permitted pending approval from the Senior
Acquisition Official for each acquisition.

Supersedes page 119 of 3 May 1965.

REPRINTED WITHOUT CHANGE
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