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REFERENCES

Aircraft Fire Protection Handbook (NAVAER 00-105E-501)
as Revised 1 September 1955

VERTOL Report TMR-293, Fire Test of Materisls Components
Required for ChA Certification -~ VERTOL Model 42

VERTOL Report MIR-61910 -~ Albi 99 Fire Reterdant Paint -
Evaluation

Design Manual on Aircraft Fire Protection for Reciprocating
and Gas Turbine Engine Installation - AIL Publication -
Revised 15 April 1954

MIL-E-5352A - Extinguishing System, Fire, Aircraft,
Installstion of

42-P-01 -~ Substantiation of Power Plant Installation
VERTOL Model 42 Helicopter

MIR-61869 - Fire Proof Characteristics of Self Sealing 01l
Tanks = CAA-VERTOL Model He42

MIR 571-7 - Fire Testing of Firewall Curtain Material and
Fagteners

Technical Development Report #260 - Preliminary Report on High Rate
Discharge Fire Extinguishing Systems for Aircraft Power Plants.

VERTOL Report 42-S-60 - Structural Substantiation for Engine
Compartment Fire VERTOL 42 Helicopter

42-T~111 - Fire Extinguisher System Test

VERTOL Report TMR-327 -~ Fire Test of Model 42 Transmlssion Oil
Cooler for CAA Certification
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Fire Protection - Aft Keel Fitting -~ Sta. 521
Installation Fire Proof Pasnels Upper Deck Engine
Compartment Aft
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1. INTRODUGTION

The current military helicopter, VERTOL Model H-21, is being
certified to CAA requirements as the VERTOL Model 42. In
order to meet the fire protection requirements of the GAR
Part 6, and Amendment 6.4, certain changes to the military
configuration are considered necesssary.

This report presents those proposed changes, the premise under
which the changes were established, and a summary of the sub-
stantiating tests results.
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2.2

2.2.1

The possible sources of fire in Lhe engine compsriment are
considered to he:

(a) Trangeission Oil Cooler Core Failure

(b} Engine 0il Cooler Core Fallure

{¢) Engine Intake Pipe Leak

(d) Fuel Line Fitting Ioosze or Broken

(e) Hngine 011 Line Fittings Iecse or Broken

(£f) Carburetor Leak « Crack in Bedy - Gasket Fnilure

(g} Breather Fitting Loose or Broken

(h) Engine Exhaugt Collector lesk

(1) Fuel Line Fitting Loose or Broken Forward of Englne Fan

Fire Curtein SThis source will be eliminated by proposed
change 4.1.1lc

(3) Structurel Feilure of Engine

Tempersture and Fleme Pattern

Seversl of the above sources of fire will be localized. In the
svent, however, of 2 fuel or oll system fallure, a mejor fire

in the engine compartment could ocour and is considered ag the
worst possible conditlon end blankets 21l others., It is further
conservatively assumed thabi

(a) The fire exbinguisher is inoperative.
(b) The slepsed time between the start of the fire and engine

stoppsge and elso stoppege of flow of flammsble fluids 1s
one full minate.
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PREMISE (Cont'd)

During the first minute of fire, the engine fan is operating
and discharging approximstely 26 pounds of air per second.
During this one minute, ample oxygen is available for fuel or
oil combustion with the hottest portion of the flame directed
toward the air exit opening. It is expected that a peak tem
perature of 2000°F can be reached in this area in approximately
15 seconds and continue at that temperature until the engine fan
is shut down.

After fan shut down, the amount and flow of combustion air is
conslderably reduced. Autorotation flights with engine off have
shown that the flow of air thru the engine compartment actually
reverses direction. Under these conditions, the flow of air
thru the fan and stator openings was measured as only 4 miles
psr hour, peak velocity. With the rapid reduction of quantity
end flow of air in the compartiment, it is expected that the
maximum flame temperature will decrease and approach the free
burning temperature of gasoline or oil., Thru actual tests,
reference (c), it was found that in a slow to moderate wind the
freeburning temperature of a 100 octane gasoline fire was 1575°F.
For a 50% mix of gasoline and engine oil, the free burning
temperature was 1450°F. Becauge of possible spurts, this tem-
perature is conservatively assumed to be 17009F, It is assumed
that this temperature exists in the major portion of the engine
compartment forward of the air exits.

The estimated temperature patterns for the engine on and engine
off conditions are shown on Figure 2.2 and Figure 2.2a. The
sctual air {low pattern thru the engine compartment in auto-
rotation, engine off condition will be determined from current
flight tests.
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3.1 of T Re

3.1.1 Detail fire tests at 2000°F of several of the questionable
components existing or porposed in the engine compartment have
been completed, reference (b). & summary of these tests on
the acceptable configurations is shown in Table 3.1, together

' "~ with & summary of other testing intended to verify the assump-

tions of this proposal.
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4.1.1 CAR 6.38, - Fire Protection of Structure, Controls, and
Other Parts.

The power plant fire zone will be confined between the engine
fan curtein, the freme at Station 562, and the upper deck,
This section will be protected from the foreseeable power
plant fire conditions for at least 5 minutes by the following

P REY

additions or changes:

(a)

(b)

(o)

(a)

(e)

(£)

(g)

The present engine fan curtain will be replaced with a
wire reinforced, neoprene coated asbestos cloth.

The attaching angle for the fan curtain will be replaced
by a similar angle of stainless steel. The attaching hard-
ware, which has been proven fire proof (Table 3.1), will
remain the same.

The fuel line between the engine fan curtain asnd the
fire wall at Station 407.83 will be enclosed. The
enclosure will be vented to the outslde.

A fire curtain of the same material as the revised engine
fan curtain will be added at Station 562.

A local barrier will be added at the intersection of the
keel and the engine fan curtain to prevent any possible
ligquid flow forward of the curtain,

L stainless steel fire guard will be installed over the
keel fitting at Station 521.3.

The internal fuselage structure between the engine fan
curtain and Station 562 will be costed with 18 mils of
Albil 99 fire resistant paint. The exception in this

area is the removable keel which 18 presently protected

by a stainless steel shield., The structural justification
of this section of the fuselage under fire conditions is
presented in reference (j).

e ESEED SN
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(Cont'd)

(h) The Upper Deck, Part No. 4257044, will be protected by
means of a stalnless steel fire wall .009 inches thick
located 1} inches below the upper deck skin. The gap
between the deck web and the stainless steel will be
filled with 4 layers of glass wool insulation. This deck
configuration has been fire tested, reference (e¢), under
2000°F with no air flow on the cold side.

(1) The drive shaft and upper controls will be protected from
the fire zone by means of the insulated deck. In addition,
a fire guard will be added below the drive shaft in the
area of the transmission oll cooler and the carburetor
air intake.

(j) The transmission 0il cooler has been successfully fire
tested under the assumed temperature conditions with a
representative quantity of system oil flowing thru the
cooler, Table 3.1.

CAR 6.481 Ventilation

The power plant section is adequately ventilated thru the cool-
ing sir exits between Stetions 521.3 and 562. Drain holes are
provided in the keel section.

CAR 6.482 Shut Off Msans

An electrically operated fuel shut off valve is located out of
. the engine compartment and forwerd of the fire wall, Station
407.83.

An electrically operated oil shut off valve is located on the
oil tank assembly which is in the fire zone. The operation of
the valve under fire conditions has been successfully demon—
strated. This velve must be coated with Albi 99 paint (Table 1),
the present wiring replaced with fire resistant wire, and the
present cannon plugs replaced with fire resistant plugs.

CAR 6.483 Fire Wall

A stainless steel fire wall, .012 thick, is located at Station
407.83. In addition, the present engine fan curtain will be
replaced with & fire proof curtain.

Protection of structure, controls, ets. in the power plant section
1s discussed under requirement .38, above.

s
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CAR 6.485 Lines and Fittings

Justification of lines and fittings 1s presented in VERTOL
Report 42-P-0l, reference (e).

CAR €.486 Flammeble Fluids

The fuel cell is located out of the engine compartment and forwsrd
of the stainless steel fire wall st Station 407.83,

The oll cell is located in the englne compartment in ths fire
zone. The cell has been demonstrated as fire proof thru fire

tests on the complete assenbly and thru detail fire testing
of the cell meterisl., A neoprens coating is added to the cell

exterior to suppress burning of the 2 outer layers of tire chord.
The fire tests were conducted on the later model nylon tire
chord cell. Fire proof justification ls considered applicable
to the rayon tire chord type also since the fiberglas build up
in each is identical. A comparison of the material is shown

or. Appendix.I, .

CiR 6,487 Fire Detector System

Three circuits make up the present fire detection system,
reference Drawing 22E8002. The detector circuit is 2 permanently
closed circuit consisting of 18 cage-type thermocouples, Edison
Model 108-11, locuted throughout the engine compartment. The
relay panel mounted on the forward side of the firewall, Station
407, consists of a gensitive relay, slave relay and thermel

test unit. The test switeh and the warning light are located

in the cockpit.

The proposed gystem will be identical except that the trans=
mission oll cooler detector unit will be relocated downstresm
of the cooler in the cooling air duct. One additional detector
will be located inside ithe earburetor intaks duct.

CAR 6.488 Fire Extinguisher System

A fire extinguisher system will be instslled Tor the engine come
partment. The quantity of agent used will be based on the volume
of the compartment and the estimasted flow of air thru the come
partment in accordancs with reference (d) and ). Current fire
control procedure in other sircraft, referencs a), is to shut
down the engine before relessing the extinguisher. The estimated
flow of air, therefore, is based on the engine off condition,

The proposed system is & high rate discharge type wherein the
agent is released in from .5 %o ,? secondz, To be conservstive,
the quantity of sgent is doubled over thst required by present
Tormulae.






