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SINOPSIS

About 1623, January 17, 1959, Eastern Air lines Flight 70L made an emergenay
landing on runway 9R of the Miami International Alrport. The landing was mede be-
cause of an engine fajlure and uncentrollable fire immediately after takeoff, Of
the 5 crew members and 12 passengers, one passenger received minor injuries., The
aircraft, & Lockheed 10L9G, N 621,06, was badly damaged by inflight and ground fire,
and by impact when the right main gear collapsad,

It is the Board's analysis of this accident that the No. 3 engine failure
resulted from an initial failure of a connecting rod, probably No, 10. It is be-
lieved that during the engine failure progression an almormal exhaust flems occurred
which ignited a flammable discharge from the outboard breather exit of the engine,
The resulting flame then penetrated the aluminum wheel well dooras igniting a fire
in zone 3-A of the nacelle, an ares not presently serviced with fire extinguishing
agants or fire detection.

As corrective measures the Board has recommended to the Psderal Aviation
Agency that consideration be given to a requirement that zone 3-A be serviced with
fire detection and extinguishing equipment; also, that action be taken to imsure
that an abnormal exhaust flame cannot ignite an unusual breather discharge. The
Board further recammended that the wheel well doors be replaced with those made of
fireproof materials,

In connection with the accident, the Board investigated and found the Dade
County Fort Muthority Airport rescue and fire-fighting department deficient be-
cause of a lack of equipment capabllity, The Board was informed that this defie
ciency will soon bs corrected by additions to the equipment,

Imst{gration

Bastern Alr Lines Flight 704 is a daily nonstop ght from Miami, Florids,
to Detroit, Michigan, scheduled to originate st 155%% and terminste at 15k8. Om
January 17, 1959, the assigned flight crew consisted of Captain James W. Rush,
Pilot Robert P, Harkless, Flight Engineer Russel E, Eshbach, and Flight Attenda.nts
Bsther M, Tharpe and Wanda Carr,

1/ A1 times herein are eastern standard based on the 2lj-hour clock.
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The necessary documents preparatory to the trip were corplated in a
routine manner and well in sdvance of flight time, A review of these papers
showed they were complete and properly executed. The flight plan showed the
flight was planned in accordance with instrument flight rules, although weather
conditions at Miami were clear except for a few distant cumlus clouds and the
visibility was 12 miles. The load manifest showed the gross takeoff weight of
the airoraft was 107,776 poundsy the maximum allowable weight for takeoff for
the proposed operation was 12,310 pounds, and the maxjmum weight for landing
was 12k,310 pounds, The losd was properly distrituted,

Flight Bngineer Bshbach performed a preflight inepsotion of N 62403, He
stated that while inspeoting the right main landing gear wheel well and No, 3
nacelle area he found a considerable smount of oil acoumalation in the wheel
well and streaking the sides of the necelle and wheel well doors. The engineer
aaid the oil acowmlation and streaking was quite normal and in characteristic
patterns from the No. 3 engine and engine breather exits, He sald the sames ocon~
ditions existed in and around the left wheel well and were ncrmally axistent on
all airoeraft of this model and make, The flight engineer added that he found
some hydreulic fluid on the right main gear strut. This was not unusual because
the right strut was repacked during an 18-hour layover period for the airoraft
before Flight 704, He stated that his preflight was complete and he was satis—
fied there ware no lesks.

At 1559 Flight 704 recsived taxi clsarance to rumway 278 for takeoff, The
distance involved was short; howsver, becauss of hesavy traffic, both ground and
air, it was about 20 xrmtes before Flight 70 was No, 1 for departure, The ¢rox
members stated that during this time, while in runup position, & thorough and
satisfactory pretakeoff check was made and, bscawse of the delay, & plug defouling
and burnout procedure was accomplished.

Pilot Harkless made the takeoff at 1621. A1l orew members said that power-
plant response was normal and the alrcraft ascelerated properly. They stated that
the throttles were closely aligned at takeoff power and powar and pressure indi-
cations were equal and stable, The engineer found the engine temperatures indics-
tions within the normal range., When the aircraft was airborne the landing gear
oontrol was positionmed to “gear up,” and while the gear was in transitv maximum
contimuous power was established. Again the crew found the power indications
equal and stable from all powerplants,

Captain Rush stated that about 150 fest above the rumway and abowt the time
the gear was retracted he saw 2 fluctuation of the No, 3 engine tachometer, The
r. p. m, dropped from 2,500 to 2,300 and retuwrned, Simltsneously he moted a
power decay for the engine. The flight engineer ssw these conditions ard noted
that the engine ignition anslyter, then set to the No, 3, showed two secondary
shorts in the No. 12 cylinder, Captein Rush ordered the engine shut down. The
engineer stated that he closed the throttile, cut the mixture, and depressed the
No. 3 feathering button, holding 1t until he saw the Propsller stop. He then
turned off the No. 3 fuel boost pump, the genarator, and the No. 3 fusl tank
salector valve and closed the engine cowl flaps., According to the Emstern Air
Lines emsrgency procedure, unless & fire is known to exist the amsrgency Tirewall
simtoff valve is not to be sctusted; therefore, because no fire was indlcated at
this time, thie was not done,
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As near as can be determined, about the time the engina failure procedure
was in progress Miaml tower personnel saw smoke, then flames, trailing the aire
craft from the No. 3 engine nacelle area, The local controller informed the
flight and cleared it to land using any runway. The airport emergency equipment
was alerted at the same time,

The crew stated that before the aircraft was over the west end of the
runway and when the last steps in the engine~oul procedure were taken, the master
fire-warning bell sounded and the No. 3 engine zone 1 fire-warning light came on.
The zones 2 and 3 light quickly followed, at which time Captain Rush took control
of the aircraft. The flight engineer positioned the fire extinguisher selector
to the No. 3 engine and when Captein Rush ordered him to "fight the fire® the
first of two Freon bottles was discharged, Captain Rush estimated the aircraft
was then just past the west end of the runmway. The warnings continued and the
second bottle was discharged. The action was ineffective although, sometime in
thie sequence, the zone 1 warning light went ocut. Filot Harkless saw fire from
the No. 3 engine nacelle area reflected on the inboard side of the No, L nacalle,
Also about this time the odor of smoke permeated the cockpit,

At this time fire was known to exist and extinguishing action had been takern,
Therefore, the company's emergency procedure required that the emergency firewall
shutoff valve be pulled and the cowl flaps be opened, This was not done. The
flight engineer stated he recognized the requirement and omission. In esssnce,
he credited the rapidly occurring events and the compounded emergency as part of
the reason for the omission. He also said the emergency stsps taken were mot
checked against the cockpit checklist as there was little opportunity for such
action in the short time available,

Mumerous aeronasuticelly qualified witnesses saw the aircraft during ths
phase of flight just described. Many furnished statements and several testified
as to their observations before the Board in public hearing. From this source it
was learned that an abnommal dense gray-white smoke was seen emanating from the
No, 3 nacelle during the last part of the takeoff roll just before ths aircraft
became airborne, One witness who saw this smoke stated he saw flames on the right
side of the nacelle just after the sircraft became airborne. Another witness saw
the flames immediately thereafter end stzted that as the aircraft passed his posi-
tion, affording a side view of the outboard side of the nacelle, it was his impres.
sion the flames were coming from the right (No. 1) PRT (power recovery turbine;
exhaust outlet, Both of these witnesses were qualified mechanics and stated the
flames were abnormal, They described them as intermittent and & dirty orange-red
color trailing rearward along the nacelle aresz and visible even when viewed into
the sun,

A few seconds later, when the aircraft was near the west end of the runwsy
and about 250 feet above the ground, flames turst out of the nacelie ares and,
viewed from the rear, seemed to come from and surround the aft nacelle area,
Tower personnel, located on the opposite side of the racelle, first saw gray-white
smoke and then flames shortly after the aircraft became airborme. Ons stated that
when viewed from a quartering rear position the flames extended below and to ths
rear of the nacelle, Many other witnesses saw the smoke and flames about this time.
Most agreed the gray-white smoke was observed first and became heavier as the air-
eraft continued; also, when the flames appesred they were intermittently vasibls in
the smoke. Of all theae witnesses, none could recall the landing gear position or
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whether or no- the No., 3 propeller was stopped. Several explained this was
because their chservations were almost hypnotically fixed to the emoke and fire,

In the Constellation, Captain Rush turned left as soon as possible to estab-
1ish a base leg for landing on rumway SR, the parallel runwey to 27R in the oppo~
site direction of takeoff, He stated that the pattern speed did not exceed 1LO
knots, the altitude did not exceed LOO feet, and the pattern was as close as
possible, He also estimated the first Freon discharge was before the first left
turn and the second was shortly after this turn, The landing gear was extaunded
during the left turn to finel approach and landing flaps were extended shortly
thereafter, Both operations were accamplished normally. The captain said the
touchdown was smooth and very close to the approach end of the rumway, He said
that during the rollout normal system braking rapidly *faded out®™ and became inaf—
fective, All four throttles were pulled into reverse range, at which time the alre
oraft yawed to the left. About this time it was learned the No. L engins had
stopped and nose wheel steering was inoperative, Secondary braking was initiated
ot also quickly faded out although the auxiliary hydraulic pump and manuel pump
were operated. It was also noted the primary end secondary hydramlic quantity
indications were zero,

With the partial braking available, some reverse thrust and normal rolling
deceleration, the aircraft slowed appreciably but did not stop until It overran
the east end of the rumisy sbout 75 feet, Then the right main landing geer col~-
lapsed.

From veriously positioned ground witneeses, who saw the flight from the first
left turn to lending, it was established that flames were visible most of the time
a8 the alrcraft progressed through the pattern, None saw any parts fall from the
aireraft in flight, The fire besame much worse on the final approach and during
the landing roll fleming metsl fell from the aircraeft and flaming fluid neured down
the main gear onto the runmway leaving a pat of fire, One witness said that cn
fingl approach the No. 3 propeller was turning slowly; another esid it was stopped,
A photograph taken during the ground roll showed heavy flame pouring out of the aft
nacelle arsa behind the extended main gear strut and passing the trailing edge of
the wing above and below the flaps,

The stewardesses prepared for cabin evacuation before the aircraft stopped,
cautioning passenpers to use the left gslde and to ramove their shoes aac glisses
before using the emergency slide chute, The main cabin door was opensd &nd the
cehute hooked up while two male passengers left the cabin through window exir 17-A.
it & request from Stewardess Tharpe they came to the cabin door, and held ine
bottom of the emergency slide chute for the othars to slide down. The erew also
used the chute, with Captain Rush last after a final check of the eabin, One
elderly and partislly disabled passenger received aggravation to his existing
condition during the evacuation, Though ncne of the crew could estimate the
evacuation time the rapidity and efficiency deseribed by passengers and witnesses
indicated it could not have taken much more thsn a mimte,

The Dade County Port Authority airport emergency rescue and firefighting
equipment intercepted the aircraft from a crossing runway (17-33) before
it stopped, After learning that all occupants were safely ocut of the air.
craft the emergency personnel began to fight the fire, which was not extinguic.ed
for approximately 30 minutes end not until assistance was received from ¢ff-airport
fire departments from Miami, Miami Springs, Hieleah, and Dade County. As a result,
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a part of the accldent investigation and publiec hearing was devoted to a deter-
mining what equipment was available to the rescue and firefighting department,
the capabilities of this equipment, and the tactical mamner in which it was used
to fight the fire in this accident,

From competent witnesses of the Airpert Fire Department it was learned that
foam was used as the principal extinguishing agent and the total capacity of the
four pieces of equipment manned at the accident was about 2,150 gallons of water-
foam mixed in a 10 to 1 ratio., This total capacity could be discharged ir about
five mimutes. Additional foam concentrate was not carried to the accident scene
and other than hand extinguishers the department had no extinguishing agent to
supplement the foam., Water, however, was available to any part of the airport
through a system of wells and hydrants,

Compared to NFPA (National Fire Protection Association) suggestions, which,
in this field, are widely accepted in the absence of any regulatory metter, the
amount of foam mvailable at the scens was well below the amount suggested, As
indicated, the suggested amount of supplementary extinguishing agent, such as dry
chemical or carbon dioxide, was not possessed, The discharge rate capacity of the
equipment was about one-half that of the NFPA suggested rate. In addition s the
Fort Authority lacked such important rescue equipment as power saws snd escape
Btairs.

During the investigation comparisons were also made between the Mismi Inter-
national Alrport rescue and firefighting equipment and equipment capabilitiee and
those of other airports of similar size and generating comparable traffic factors,
The comparison showed Miami was far below New York, Los Angeles, San Prancisco,
and Chicago.

The equipment reached the aircraft before it stopped and the prime piece
of equipment was positioned at the cabin door to carry out the first and all
important mission of protecting and assisting the evacuating occupents. When
this was assured, the equipment was moved in fromt of the burning wing, close to
the fuselage., Another foam truck was positioned behind the wing and at the same
time hose lines were laid to water sources. Both foam trucks laid foam on the
fire according to accepted techriques, According to nearly sll observers, in a
few mimtes the fire, then being fed by about 1,700 gallons of fuel from the right
wing fuel cells, was under control and nearly out. At this time the foam supply
at the scene was exhsusted, Two flashbacks of the fire then occurrsd and it re-
kindled to its original intemsity. The lieutenant in charge of the airport equip-
ment at the scene stated, in essence, that when the fire was nearly out and despite
the flashbacks only a small amount of additional foam would have enabled his per-
somnel to have put out the fire. Without it, extinguishment took the combined
efforts of his equipment and the off-airport equipment that reached the sceme
about the time the fire rekindled. The fire was finally extinguished by using
several thousand gallons of water, The evidence indicates that the diffieulty
encountered in extinguishing the fire was caused by the lack of equipment rsther
than improper firefighting techniques and tactics.,

Concerning future plans, the airport superintendent of maintenance and fire
protection stated at the public hearing that bids would soon be advertised for the
purchase of a new firefighter and a chemical truck. He said that specifications
for the firefighter included a foam concentrate capacity of 250 gallons, & water
capacity of at least 1,000 gallons and a discharge rate of 1,000 gallons per
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mimate. A specification for the chemical unit was 500 pounds of dry chemical,
which is considered equivalent to 1,500 gallons of foam.

At the accident scene N 62L40G stopped on & heading of 110 degrees resiing

on the left main gear, nose gear, the outboard portion of the right wing and

engine nacelles, and the right vertical fin, Inflight and ground fire aseverely
damaged the right wing and powerplants and heat rippled the fuselage skin on the
right side of the aircraft from the rear pressure mlkhead to the crew entrance
door. Fire trailing rearward during the approach and ground roll burned the right
side of the empennage. When the gear collapsed impact forces buckled the right
wing and right horizontal stabilizer upward and crushed the lower part of the right

vertical fin,

Pxarmination of the aircraft and the crew statementis established thal the
inflight fire was confined to the No. 3 nacelle and adjascent areas aft of the
nacelle, The other powerplante and structure did not cause or comtribute to
canage of the accident, Desnite thie advantage the sewverity of the fire in the
areas mpst important to the investiigation destroyed much valuable evidence and
the ground fire damage made it most difficult to ascertain and trace the inflight
fire patterns with certainty.

On the L-l0)9-seriss aircraft the No. 3 engine nacells instellation is divided
into four zones, Briefly, zone 1 is the engine power section which is located for.
ward of the engine fire seal; zorne 2 is the englne accesscry section located betweer
the fire seal and the stainless steel fire wallj zone 3 18 the area from the firewal
rearward to the auxiliary fire shield (some fluid-carrying lines are routsd througa
this gone and it houses the right main gear wheels and the lower portion of the gear
strut when the gear is retracted); sone 3-A 13 the area aft of the auxiliary fire
shield, located just in front of the front +ing spar, rearward to the resr wing
spar. The right mein landing gear strut is ninged to the rear spar.

Testimony of a Lockheed representative at the public nearing was that the
auxiliary fire shield which divides sone 3 and 3-A in the Ho. 3 nacelle of the
1~10k9 was for the purpose of additional safety beyend regulstory requirements.
The installation, he said, was not dictated by aay adverse operatiensl experiencs,
He stated that with the landing gesr up and wheel well doors closed a fire zeal
was formed between the two zZonesj however, with the landing gear down both zones
were open to the atmoephere and to each other.

The fire detector system used in the aircraft engine nacelle is a double
loop detector system routed through scnes 1, 2, end 3. Zone 3-A is not ssrved by
the detector circuit, Following the ascident, exeminetion reveaied the system even
though badly burned was capable of functioning sstisfacterily,

The sircraft's fire extinguishing system is & ditromedifinoremethane {commonly
referred to as Freon) typs, which, as it pertains to the No. 3 nacelle copcisted of
two Freon bottles loceted in the upper section of zone 3-A from which the sxtinguishe
ant is routed to zones 1, 2, and 3. The system does not route the extinguishant to
zone 3-A, and thus would not be available to this area with the landing gear up ard
the whesl wall doors closed. From the evidence available and from the tests pere
formed following the accident it was determined that the system operatsd normelly
when actuated by the flight engineer although, obviously, the fire whisch existed
at that time was not sxtinguished.
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PBxamination of the No, 3 engine controls revealed the throtile was about
one=-hglf open and the mixture control for this engine was in the £fifth notoh
from cutoff,

External examination of the No. 3 engine showed it was completely intact
and remained securely mounted in the nacelle, The cowling was extensively
damaged by fire and the nearly downward flow of molten metal clearly distinguished
the damage as that from ground fire, The No. 3 powercase sections were intsst and
all cylinders remained securely mounted on the powercases, DBoth the induction and
exhaust manifolds were intact and showed no evidence of leakage. Froam outward
appearance it was impossible to determine that this engine had failed internally.

The front and rear sumps, howaver, contained large amounts of ferrous and
nonferrous metals later identified as pleces from the front row master rod, cone
necting rods, pistons, and piston rings, and from the front main bearing. The
Nos, 1 and 2 PRT turbine wheels were nicked by metal which passed through these
assenblies, The No. 2 wheel was oil soaked; the No, 3 was undamaged. All PRT
flight hoods were undamaged, properly aligned, and secursly mounted,

Internal examination of the engine showed a flange failure of the inner race
of the front main bearing. The rear flange of the outer race was broken away in
several areas. Metal pleces were also located in the main bearing raceway end
there was indication the pleces created binding causing the outer rase of the bear-
“ng assembly to spin in its retainer, Laboratory examination of these parts indi-
“ated the failures resulted from overload conditions rather than a fatigue or faulty
condition of the parts,

Fxamination of the front row powsr section disclosed that all comnecting rods
and the master rod were broken off, All of the front row pistons, excepting Nes. 6
and 12, were lodged in their respective cylinuers, Nos. 6 and 12, which were badly
deformed and crushed into balls, were found in the front case section. Nearly all
pistons showed a damage pattern in the form of polishing on the rear side of the
top ring lands and breaking of nearly all piston skirts on the front side, This
damage pattern showed that the pistons were cocked in the cylinders while the faijl-
ure of the engine was in progress, The broken master rod was flared as a result of
unbalanced operating loads, The stub end of the master rod was wedged against the
crankshaft counterweight so that the crankshaft could not be rotated, Relatively
the assemblies and components of the rear row of the engine wers in good condition.

Fxamination of the failed connecting rods showed all except No. 10 were
broken off cleanly about six inches from the piston pin., The No. 10 rod indicated
a splitting type failure in the blade section about 5 inches from the piston.

Except for ground fire damage and a rearward bend in the No. 1 blade, the
No. 3 propeller and related mechanisms were in good condition., The stop rings
were properly set at Bl degrees, full feathering, and minus 21.1/2 degrees, full
reverse, Impact markings on the shim plates showed that when the right gear col-
lapsed the blade position was 67 degrees, or 1l degrees less than full feathering,
Some molten metal partiecles were found on the governor side of the No, 3 governor
rscreen and in the auxiliary check valve,

In zone 1, between the Nos. 2 and 3 PRT's, the HRD (high rate discharge)
1ine of the Freon extinguisher system was torn apart by an explosive«like force.



n&-

The nature of %nis damsge led te an investigzation of the possibility that the

system might have contzined material other thau Freon., It was lesarned that the
£iller fitting for the aircraft Freon system mated only with the filler fitting

on the Freon supply source so that the fitting on the supply source of any other
material, such as oxygen, etc., would not fit, The possibility, under couusidaration,
was therefore remote, A specific cause was indeterminable,

The fire shield separating zones 1 and 2 was intact and ahowed no avidence

of inflight fire, In zone 2, howsver, fire damage was found to tae engine hreather,
vacuum suction, vacuum exhaust, and fuel suction lines, Ir sn ares below anc close
to the vacuum pump these lines were open to the atmosphere. The vacuum fusp cone
tained pieces of molten alumimum, scme of which zelzea tha pump causing the drive
ghaft to shear at the shear section, DBecause the pump is englne driven it is evi-
dent that inflight fire existed which melted the metal that was drawn iato the pump
before the engine was stopped.

Zone 3 is conatructed mainly of stalnless steel exceph for the whsel well
doors and its aft portion., Within the zZone most lines ars sto.nless stasl except
the alumimm alloy vacuum lines and & fire«~resistant flexible irdraulic pressure
1ine, Exsmination showed the zone was exposed to fire and major porticns of the
aluminum alloy and fire-resistant flexible lines were burned away, The stainless
steel lines were intact,

The magnesium wheela, which were retracted into scse 3 ducisg part of ths
flight and while inflight fire existed, showsd evidense of heesl but vere no. burusd,
The gear strut piston and brakes showed no evidence of excesnlve hesh or fire dama e
although the tires wera fire damaged to a minor extent, Tuws sma’l flexihis lines,
one located on the outer side of each brake, were bturned through,

The front left and right wheel well doc 2 were melted -wuy cucept for a
considerahls portion of the leading edge and lowar area of the rigit door ard &
gimilar portion of the leading edge and hinge zrea of ths left deoor. Exsmineticn
of the right door remaining structure showed that wolten aluminum moviag rrarverd
had impinged in layers on the front surfece of & vertical member of ths right fromt
door located about opposite the surxiliary fire shield that divides nones 3 and 34,
A study of the photograph of the aircraft during the landing roll indicated that
the lower center portion of the right front vheel well door was bucued awey sithoush
the fire at this time was pouring from the naselle well behind tha door.

There were three areas of molten aluminmum epatterings cn the zome 3 side of
the auxiliery fire shield, These arsas were the right center of tie firs shield,
the angled right edge of the fire shield pen covering the gear uplock, and ihe
engled left sdge of the cutout in the fire shlield for the m&in gear stru: whon the
gesar 1s retracted, There was no splattering found on the firs shield plate looabes
on the gear strut which covers the cutoul when the gesr Z2 up although a Little war
found on the strut, brake housing, and the wheels and tires of the right wain gear.

The most forwerd damage in zome 3=A was in the narrow &rves hetween Lhs sux~
iliary fire shield rearward to the froat wing spar emd adimsant ~3 the eforcaen-
tioned cutout in the awciliery fire shieid., Hers alvminum Yines snd Pitiives wera
melted away and the spar wedb and an area of hesvy alumimum &lloy wing surfess be-
low 1t were meltad through, Directly aft of the cuteut the stainlsse stesl hyurai-
lic extension and retrection lines for the gear showzd evidenss of intensivwe heat
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and the aluminus 2lloy "B® mat on the retracting line was split, A number of
hydraulic lines snd fittings of the system were burned through and & *B* mut of
a landing gear down line, located on the front face of the front epar, was melted,

The number 3 and }j engine fuel lines in the area aft and somewhat higher
than the top of the fireshield cutout were burned away allowing the associated
fuel filters and fuel tank selsctor valves to fall free., Of these, the No, 3
filter fell free before the aircraft stopped; the others were found on the ground
below their normal positions. Except the No. 3 selsctor valve, which was closed,
the others were fully or partially open. The emergenoy fuel stoff velve, located
in zone 3-A was found in the open poaition as were the hydraulic and oil valves
assoclated with the emergency shuteff system,

The large aluminum alloy fuel crossover line which couaects the right fuel
tanks through zone 3-A was distorted by heat and the rubber hoss comnection at the
right end was disconnected by fire damage. Obvicusly this damage and that to the
hydraulic and other fuel lines would release large gquantities of flamahle fluvids
Into the fire,

In the aft part of zone 3=A the heavy alumimm alloy fitting located at
the right end of the landing gear trunnion fitting received sach intense heat
that the bearing pulled cut and fell to the ground befars the aircraft stopped.
Tris permitted the right main gear to collapse rearward.

Other than hinges, only small fragments were found of the left and right
wheel well doors which normally close zone 3-A, One hinge was feund on the lend=
ing runway and the others were found on the ground below their normal positions,
Al) evidence indicated the rest of the door structure had melted awsy.

Bacause of the considerable probative evidense (most of which has already
been described), found during the investigation of this aoccident, the investi-
gators were ascutely aware of the possibllity that an abnormal exhaust flame may
have ocourred in conjunction with the engine failure, It was further thought
that this flame then entered the necelle igniting flammables causing the fire.
This possibility was therefore pursued during the public hearing in which the
Board sought technical information and expsrience data from highly qualified per-
sonnel of the engine mamufacturer, Curtiss-Wright Corporation; the airframe wmam-
fTacturer, Lockheed Aircraft Corporation; and the gperator, Easterm Air Iines. Thie
pessibility was also discussed by a highly recognized and experienced witness in
the field of flammables and conditions under which flammebles can be ignited in

flight,

In essence, it was the testimony of the representative of the engine manue
facturer that during an engine feilure of the nature that ococmrred it would be
reasonable to expect some engine oil to be forced by case pressure into the exhaust
system and into the airstream from the engine bresther exits, loocated about & inches
below, 8 inches inboard, and 8 inches behind ths Nos. 1 and 2 exhaust exits. The
amount of oil, he said, would depend upon the internal condition of the engine dur-
ing failure and the nature of the failure, For example, if pistons wers torn out
of thelr cylinders, oil could freely pass into the cylindars through the exhaust
'valves and into the exhaust system. Similarly, increased case pressure would result
in oil and oil vapor being forced into the atmosphere through the engins bresthex
exits, Obviously, both situations could ccecur similtaneously. The witness stated
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that accepting «ne or both aitustions he w .u4d oot expect @n egheust {lawe whieh
could ignite flasmebles in the imterior of the nacelle, He emphasised this by
gtating thera are iiterally hundreds of case histories of oil being forced iuto
the exhsust and from the breather by combustion chamber failures, oil-locked pamps,
and & variety of other engine troubles but there was no case, exscepting the one
under study, where a nacelle fire occurred Juring such difficulty. Hs conc_uded
that, in his opinion, another element muatl have btaen present to causs tho frs,
Such element could be & fual or hydraulic Jesk in tux nacelle,

To determine and show the effect of oll forced into the exhauwst zyaton, the
Curtisa-Wright Corporation ran tests for the Board. Conducted in a test cell; tha
tests were made by injesoting oll at controlled flow vates iuto the front sxhsust
extenaion of the No, 12 cylimder of an engiune operating at ULV power, Col . wotiosn
pictures were taken of the exhsust flame as increasing amounts of oll were {orced
into the exhaust syetem, The plctures showsd that with s small smeunt of oll the
flsme from the FRT beceme & dirty orange-red colev, Tha flawe, however, diJ not
btrosden or lengthen apprecisbly. As the flow rate wus imsreased “ho flsm~ diadn-
ished as the mixture obviously became too 3°lch tp burn, at thig nine a dewse graye
white smoke appeared in place of the flams,

The Lockheed iirerafi Corporation represc tative, a powerplsnt stell su,'nsexr,
teatified that it wap & regulatoary renuirsment for the airfreme memwMoiur » (0 dew
termine that an exhaast flame doas not eater ag area, ann) &8 ha Wuncl woli, whe™e
flemmables could be ignited and Lo determine that {lammecler wo not ember e iat -
rior of the nacelle in hezsrdous quantities. ine witiases sald Lhet tovh detsomiyuw -
tiona in the instance of the L-10i9 wera mgde from experien.s with ezrlier Consislil=a~
tions snd by wind-tunnel tests which demcn.irate the »ir flow patteaas n wad arount
the necells., He sald the Leste shoved Lhe exhaust flowe would noc epter the Ho, 3
nacelle or lmpinge the wheel well doors., ile desciibed the flow of the exhavs! [lmma
&8s belng rearwerd and bending sharply upwwrd .wuy from ths wheel well operdng, H-
stated thet with the wheel well doors open the airflow below Lhe exhzust patiern
would enter the interior of the Ho. J nagelle. he saic the aivflow is reemasrd
againat the muxilisry fire shield where it usflects usaru to the top of sone J,

The flow is then forward along the top of the »one W the five wall where it deflonts
dowrward and out of the nacells. ‘lhe witaess paid that during takeoff he wouvid si-
pect a turbuient &ixflow ae a result of the ground effect, propelier W unt, ond the
wheel well door being open at this time,

The witness ateted that the engine krastrar locet’on ik & comprovise of severall
considerations and because of thies zem2 engine ¢ll doss ents:r tne No, 3 nicelle
interior., This is moet evident upon etémination of tos intefor of the nacelle,

Discussing ths poesibility that the exnsuet “leme enisred the nscells or 1g-
nited a discharge of oil from the oil braalher; the wicuness maid that tesi indicated
the exhavst and nacelle skin temperstuces deccessesi sherply ‘s the area of the wheel
well, To hie it mesmed impomsible to ipnite flarmables ia the wheel well oy an
exhauet flawe, He stated, howewer, he could not ruls out the possibl ity thet oll
flowing out of the breather end stresicing the nccslie was Somehov ‘gnited an’ anbared
the nacells, or that a lesk in the necelle sxisted and wap scmehr.s igrniten, Iis wiv.
nese asid that cass histories showed only one o a8 3 Tire on the L=104Y serlies air.
craft and this was determined to have veen caussd by an cveriee.ed vrake w.ilh ignlte
flsmmables in zone 3 when, efter takeoff, it was retracted inte ihe zZoms.
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The expert witness in the field of alrcraft fires stated that he would
not expect an extensive and sustaining flame from the PRT as the result of
engine oil being introduced into the assembly, He said that without something
for the flame to stick to or adhere to both the flame and flammable would blow
away in the slipstream before much of a flame could develop, He indicated,
however, that in such circumstance flecks of flame could be expected., For the
same reasons he said a sustaining flame would not be expected on a smooth surface
in the slipstream even though the surface was being continuously smeared with a
flammable fluid,

In considering the possibility of a hot exhaust stream contacting and ignit-
ing a stream of hot engine oil from the breather exit in the sirstream, the witness
stated this was possible but not probable., He sald the improbability was because
of the inherent difficulty of igniting a flammable in the slipstream, the stratifi-
cation which tends to keep the two streams apart, and, in such circumstances, the
lack of something to which the flame could adhere,

The witness indicated that his statement was gualified because a stream of
hot exhaust gasses can ignite a stream of flammables if the streems can make con-
tact, Considering the turimlent and disrupted airflow created by the propeller
swirl and by the wheel well doors being open, such contact could occur. Parther,
if ignited the flame could develop and be sustained if it attached te the breather
exit, Assuming such conditions, an oil-fed fire would be capable of burning threugh
aluminum skin structure in about 20 seconds or even less if the structure was hested
on both sides. Because of the improbability of the aforestated conditions occurring
the witness seemed to believe that flecks of flame, as previously desecribed in his
testimony, entering the nacelle and igniting an existing lesk of flammables in zons 3
or 3=A was a more plausible explanation for the fire,

Commenting on the observations of witnesses to the accident, this witness
indicated that burning oil would produce a dirty orange-red flame and the gray-white
smoke reported by some observers would indicate oil that was beglnning to get hot,

An incident occurred March 25, 1959, which is significant and has an important
bearing on this accident., It involved Flight 13k, an Essterm Air Lines Constella-
tion and a model which has identical engine and nacelle installations to N 62L0G.
Shortly after takeoff, Flight 13l experienced a failure of the No, 2 engine which,
upon exzmination, showed nearly identicel internal damage to the engine imvolved in
the accident under consideration, except the damage involved the rear row of the
power section instead of the fromt row.

A CAB investigator who witnessed this incident stated that after the enmne
waa shut down and the propelier feathered, he observed a flame which emapated in
the arsa of the exhaust and Ireather exits and treiled rearward at lsast to ths
trailing edge of the wing and continued to burn for nearly a mimte while the flight
made a pattern around the ajrpert (Miami International) to land,

Examination of the front and rear outboard wheel well doors revealed heat
damage coincident with the exheust stains on the doors. Heat blisters and heat
damage existed on the cutside surface of the front door, and oil coating and char-
ring was found on the leading edge of this door. Similar coking was found on the
inside of the rear door in the ares adjacent to the opening between the front and
rear doors. The seal between the doors was undamaged, Fxsmination alsc disclosed



that the ent re ovtside surface of the fire damaged doors was costed with engine
oil and thers was an abnormel accumilation of oil on the inside of the doors, Fur.
ther, oil wes dripping from the No. 1 FRT and the breather exit on the same side,

Examinationg of the engine in this incident revealed no leaks and there was
no release of exhsust flame and gasses except through the normal exhaust system
exits, It was evident that an exhaust flame during the type failure involved did
impinge against the wheel well doors. The incident also proved that such exhaust
flame can and did enter the nacelle between the front and rear doors with suffi-
cient heat to coke oll deposits on the inslde of the rear door as far resrward as
a point just aft of the leading edge,

Analysie

Analysis of the damage and damage patterns found in the No. 3 engine strongly
indicates that the initial fallure was a commecting rod, most probably %o, 10,
Failure of a connecting rod and/or the front maln bearing could produce all of the
engine damage that occurred; however, it is believed only & connecting rod fail.re
could have produced this damage in the sequence indicated. Becauss the No. 10 rod
showed a splitting-type failure while all others showed cleen overlosd breaks, it
18 logical to believe that this rod failed first,

Failure of the No. 10 rod would undoubtedly add reciprocating lvads on ths
front master rod; therefore, it most likely falled mext. Similariy, iith one or
more rod failures the remaining pistons would begin to overtravel permitiing the
bottom rings to pass below the cylinder skirts progressively failing the piston
rings, pistons, and connecting rods as indicated by damage found, Obviously, the
unbalanced loads would produce flaring of the master rod until it failed, During
the flaring, which was clearly shown on the front master rod, cocking of ihe con-
necting rods and pistons could take plece which would reasonably aceount for the
heavy wear patterns found on the top land ~f one side of the pistors and on the
piston akirt on the opposite side.

Injtial failure of the connecting rod was also evident by the damage to the
front main bearing itself, All of the failures in the bearing assembly were overa
load as the result of jamming and restricting the normal bearing functisn., The
only parts and pieces which would have jammed the bearing were thosa foundi in the
agsembly and these were from the front row pistons, coenecting rods, and rings.

In addition to this evidence, parts of the bearing found in the oil sumnrs were

free of the heat indications that are normally characteristic of & bearing failire,
Finally, had bearing failure been the initial vecurrence, damage should have been -
found to the center and rear main bearings as well 23 to the reciprocating assem- .
blies of the rear row; none was found, For these reasons the Board is of tne orinl
that fajlure of & connecting rod, probably Mo, 10, caused the engine failure, :

It may be recalled that the flight crew experienced the engine faiinre sherti
after takeoff and thereafter were confronted with an uncontrollatle fire in the s
nacelle, After a careful study of all the avsilable evadence the Board 13 of the
View the two occurrences were related and cannot be &ccepied ag two lsclsisa ewerds
that happened at nearly the same time in the seme nacelle, Furthemore, *nare was
no evidence found which could eccount for the fire having been started frowm a mourf
of ignition within the nacelle, It is therefore believed that the fire resulted
from conditions and events relating to the engine failure, More specifically,
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wit!tin this zrea of consideration, there was no physical evidence feound tc show
that the scurce of ignition came from zones 1 and 2 or from within the nacelle,
Ths, it is firmly believed the ignition source for the nacelle fire mmat have

been an abnormal exhaust which ignited a flammable substance ocutside of the nacelle,
The resulting flame penetrated the nacelle through the alumimm wheel well doors,
Substantial physical evidence, as well as same expert testimony, was available to
support this opinion,

During an engine failure of the nature just described, hot, highly agitated,
engine oll and oil wvapors would be forced into the airatream through the exhaust
system and from the engine breathers, Even more sc in this instance because two
lower pistons had failed in a mannes allowing them to fall into the crankcase where
they had tumbled for some time as evidenced by the fact they wers pounded into balls.
This circumstance would permit crankcass oil to drain freely into the lower exhaust
system. Similarly, from back pressure, oil and oil vapors would be forced from the
crankcase breathers., In addition, as long as the engine controls remained at rated
power, high airflow and fuel flow would be delivered to all combustion chambers since
both cam drive assemblies were intact and operating. Although many of the front row
pistons became incapable of compressing the nixture, it was free to pass into the
exhaust and also to enter the crankcase and then into the slipstream through the
engine treathers, This process probably began during the takeoff roll, as evidenced
by the unusual gray-white smoke observed at this time. It would aliso continue and
incraase with the engine failure progression until the reciprocating action of the
engine was stopped which, according to many eyewitnesses, was well after a major ire
axisted in the nacelle,

Although the tests conducted by Curtiss-Wright indicated that the introduction
of 0il into the exhaust system would not produce an abnormal flame, the March 2%
incident and verbal pilot reports prove conclusively that under certain circumstances
an abnormal flame will occur, In this incident, under similar conditions of engine
failure, an abnormal flame occurred and extended rearward under the wing Lo the
trailing edge. Investigation of the incidunt showed serious flame impingsment on
the wheel well doors, inside and outside, as far aft as the separation area belwasn
the front and rear sections, PMurthermore, the flame continued for a period long
after the engine was stopped and the exhaust source of flammable had discontinued.
Again, compared to the tests, some differences were present in the incident. Thess,
the Board believes, may have been the introduction of a fuel-alr mixture, the siip-
stream effect not present in the tests, and the ignition of such a combustible mix-
ture from the engine breather, Because more pistons ware out of the cylirders in
the accident situation an even mors combustible fuel-air mixture would have been
present,

It also appears significant that the Ne., 1 PRT exhaust 18 angled downward
slightly with the opening just cutboard, forward, and above the outboard breather,
Also, examination of the oil breather pattern and exhaust stain shows they cross
at the forward edge of the right front door, Tius, after consideration of all the
aforestated conditions, the Board is of the opinion that aithough ignition of the
breather mixture 1s not probeble, under certain condations, it is possible that it
did occur in this accident,

Because the normal discharge of breather oil enters the nacelle in consider-
able amounts it is most reasonable to beliieve a flame from the same sourcs would
enter the interior of the nacelle while the wheel well doors were open. Als , it
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12 bceliaved taat such flame would impinge the dcors while they were closed and,

1f of sufficient intensity, could bum through the sluminum structure in a few
seconds, Considerable probative evidencs ez 8ts lsading the Board to beliove the
ilatter occurred in this instance. This opinion is supported by the layered pattem
of nonferrous metal which was impinged rearward and inward on the vertical outbeard
forward door nember, This could have oceurred only in flight by a fire source out.
gide the nacelle which burned through the alumimum doors to supply the molten mets],
Although other metsl splatter patterns found in zone 3 of the nacelle, wers in accol
ance with the inflight swirl patterns with the wheel well doors open, il 13 belirvey
such & pattern would exast with portions of the doors burned awsy. Furthor support.
ing the opinion that the doors were clesed is the fact that fire warnings did not
occur until well after gear retraction when the gear doors would have Dedl slosed,
Finally, the phnotograph of the aircraft durang the lending roll showed MEJOr PoT-
tion of the right front door turned away although the existing fire at that time wa
well behind this area. Again, this burnout, together with the impingessut, pattera
of molten alumirmm, must have been caused by a sustained flame whach os7irinated ouls
gide the nacelle earlier in the sequence of events, Thus, by this evidsnce and the
elimination of other fire sources, the Board is of the opirion the source of the :{'ju\g1
muat have been the ignition of breather discharge which then burned threuagh the whed
well doors.

It is alsoc apparent that the flame penetrated zones 3 and 3-A beforz the eigim
was stopped, This is evident by the ingestion of molten metali by the enslna-dr.een
wacuum pump, It is considered probable that rotation of the propeller occurred oy
continued after the vacuum line, which supplied the meial, was melted. lith such
propaller rotation a continuation of the supply of flanmables {rom the exhavet ana b
PRT would exist for a longer pariod of time.

Pven after the fire was extinguished the lines in zone 3 wars intac.: there-
fore, there could have been no contimiing scurce of flammables in this ucvie which
could bave sustained a fire of the magnitude that occurred. Relatively light Asmag
in zone 3 also indicates this, In view of this evidence and becsuse thers was no
way for the fire to enter zone 3-A from zone 3 with the gear up and the fire sineld
intact, the major fire must have been ignited in zons 3-A, It is considered most
probable therafore that the breather flame, after burning through tho wheel well
doors, entered zone 3-A traveling upward and forward behind the auxiliary fire
shield to the ares of several flammable fluld-carrying lines and The No. 5 fuel
filter,

Because of the extensive burnout that ocourred in zcne 3-A it 1s3 aytramely
difficult, if not impossible, to determine vhe precise source of flammable materia.
yhera the uncontrellable fire began or if & pre-existing lesk was present .2 the
zone which, when ignited, sustained the flame until fire damage releasad the larg?d
quantities of flammable fluids. From the fire pattern and apparent airflow it iw
possitle that the breather flame impinged the previously describud hegt-aplit B o
creating a spray of hydraulic fiuid, and/or impinged upon the light alumdnum alioy
cover of the No, 3 fuel filter creating s spray of fuel., Cousidering ibe fire-
registant quality of the lines in zone 3-i, the rapadity with which the Iics s i
and the lack of precedence for such fire, the Boerd cannot discount the 2e83ibu i I
of a pre-existing leak.

Believing the raging fire was principally in zone 3-A, it ia immed a‘ely |
apparent that because this zone is not serviced with fire sxtingnishing sgens
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outlets, the fire could not be put out when the crew discharged the Freon. Also,
gince the source of the flammable which ignited is unknowm, the effect of the flight
engineer's fallure to actuate the emergency fire-wall shutoeff valve cannot be deter-
mined,

Conclusions

On the basis of all the svailable evidence the Board concludes that in this
instance during an engine failure an abnormal exhaust flame occurred. It is con-
cluded that this flame did, in fact, ignite an abmormal discharge of oll and fuel
vapors from the cutboard No. 3 engine btreather exit, The resulting flame from the
breather then impinged upon and burned through the right wheel well doors and entered
the interior of the No. 3 nacelle, The Board concludes that although fire damage
occurred in zone 3, the principal fire in the nacelle was ignitel from & source of
flammablea in zone 3-A although the precise source and conditions surrounding how
the flammables were released cammot be determined.

As a result of the accident the Board has submitted recommendations tc the
Foderal Aviation Agency stating that it is believed necessary, in the interest of
safety, that consideration be given to a requirement that zone 3-A of Conatellation
aircraft be serviced with fire-detection and fire extingulshing equipment, Also,
that action is necessary which will, through directional control of the exhaust
flame, ensure that an abnormal exhaust flame will not ignite a breather discharge
.or impinge upon the wheel well doors when they are either open or closed.

With respect to the airport rescue and firefighting astiviviaes, it ie the
Board's conclusion that a lack of equipment and equipment capability was the prin-
cipal reason the aireraft fire was pot extinguished more promptly. The reccrd shows
that the Alrport Authority initiated action to increase its firefighting capability
through procursment of new equipment,

Probable Cause

The Board determines that the probable cause of this accident wes an uncon-
trollable fire ignited in zome 3-A by a bturning bresther discharge which was ignited
by and combined with an abnorma) exhaust flame during engine failure,

BY THE CIVIL AERONAUTICS BOARD:

/s/ JAMES R, DIRFEE

/a/ CHAN OURNEY
/s/ HARMAR D. DENNY

/8/ G. JOSEPH MINRTIT

/s/ LOUIS J. HECTOR




SUPPLEMENTAL DATA

Investigation and Hearing

Te Civil Aeronsutics Board was notified of this accident shortly after it
occurred, An investigation was commenced in accordance with the provisions of
Section 701 (2) (2) of the Federal Aviation Act of 1958. A public hearing was
held in Miami Beach, Florida, on March 31 and April 1 and 2, 1959,

Mdr Cerrier

Ragtern Air lines, Inoc,, is a Delawars corporatiem with corporate offices in
New York City. The air carrier is engaged in the tramnsportation of persona, pro-
perty, and mail by virtue of current certificates of public convenience and neses=
sity issued by the Civil Aeronautics Board, It possesses an sir carrier operating
gertificate issued by the Federal Aviation Agency for various routes inelicding the
ons involved.

Flight Personnel

Captain James W, Rush, age L3, was employed by Eastern Air Lines September 2,
1942, and became captain in 194li, He held a currently valid airmsn sertificate with
airline tramsport rating and aircraft ratings on DC-3, Martin 202/LOl, DC-6/7, Lock-
heed Constellation and L-186, His last line check was December 10, 1958, Captain
Rush held a current medical certificate, without waivers. At the time of the acol-
dent he had a total flying time of 15,9511 hours, of which 2,919 were in the Con-

stellation equipnent,

Pilot Rebert P. Harkless, age 36, was employed by BEastern Air Lines Jamary 31,
1955. He held a valid airman certificate with airline transport rating and ratings
for Martin 202/40li, He was checked cut as first officer on L-1049CG equipment
Angust 23, 1956, His last instrument check was satisfactorily acccaplished Jamary
7, 1959, and he held a current medical cert ficate, without waivers, At the time of
the accident Pilot Harkless had a total flying time of 6,800 hours, of which 1,57k
waere in Constellation equipment.,

Flight Engineer Russel E, Eshbach, age 33, was employed by the company on
Pebruary 8, 1955, and became & qualified flight engineer March 1, 1955, He held 2
valid airman certificate with flight engineer rating and ajrcraft snd poverplant
mechsnic ratings, His medical certificate wes curremt, He had completed his last
line check August 26, 1958, and his last proficiency check December 10, 1958, Flight
Engineer Eshbach had a total flying time of 2,217 hours, of which 1,087 were in
Constellation equipment,

Flight Attendant Wanda Carr, sge 23, was employed November 5, 1956, and becams
a qualified flight attendant for Eastern Air Lines December 8, 1956, Her last re-
fresher emergency training was July 20, 1956,

Flight Attendent Esther Tharpe, age 30, was empleyed Jamary 9, 1952, and
became & qualified flight attendant February 15, 1952, Her last refresher emergency
training was October 2, 1958,
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N 6240G, a Lockheed 10L9CG, manufacturer's serial mumber U665, was scquired
by Eastern Air Lines, new, December 8, 1956, At the time of the accident the
aircraft had accumlated 7,309 flying hours, of which 116 were since the last
maintenance phase check on November 2, 1956. The aircraft was powered by ¥Wright
engines, model 9868TC-18EA-3, and Hamilton Standard propellers, model 43860, blade
model 63038, The No. 3 engine had a total time of 5,579 hours, of which 19 hours
were since last overhaul,



