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RESISTANCE O F  THE BOEING 707 POWERPIANT* 
A STUDY O F  IGNITION HAZARDS AND FIRE- 

SUMMARY 

A study  was  made of the  characterlst lcs of powerplanr  fires In the  Boelng  707  pod-type 
turboJet  englne  Installaton  and of the  lgrutlon  hazards  and  f lre-reslstance  characterlst lcs 
of thls  lnstallahon 

ventilahon  The  early  phases of h s  study  Inhcated  that   the  f lammable  f luds  used  In  the 
powerplant would  not igmte  from  contact  with  the  hot  surfaces of the  englne  under  normal 
operahng  and  nacelle  axflow  con&tlons.  However,  the  parhcular  type of fuel-alr   starter 

when  elther  was  sprayed  on  the  starter  durlng  the  starbng  cycle 
employed m t h l s  t e s t   a r h c l e  would  Igmte  JP-4  fuel  and  MIL-0-5606  hydrauhc  flud  rea&ly 

vent  flame  lmplngement  on  the  wlng  although  conslderable  damage  was  done to the  nacelle 
simulated It was  observed  that  the  strut  dimensions  for  thls  design  were  adequate  to  pre- 

doors  wlth  lesser  damage  to  the  strut   slun An uncontrolled  powerplant  flre of the slze  and 
lntenslty  used ln these  tests  should  not  damage  any  portlon of the  wlng. 

The  powerplant  under  invesbgahon  employed a tightly  sealed  nacelle  wlth a low rate of 

In order  to  study  external  flame  paths, a prolonged  uncontrolled  in-fhght flre was 

INTRODUCTION 

counterpart,  the  Boelng  707,  are  representatlve of a new  concept m multlenglne  turboJet 
transport  deslgn  whlch  uses  pod-mounted  englnes on struts  underneath  the  wmg  Thls re- 

years  of experlence wth reclprocatlng  englne  transports.   For thls reason, a tes t   program 
sulted ln the  necessity  to  reconslder  the  means  for  provldlng  fire  safety  eatabhshed  from 

was  carr led  out   and  the  f i re   character ls t lcs  of t h ~ s  deslgn  were  studed  under  controlled 

general  deslgn  and  was In an  advanced  stage of producbon 
condbons  The  KC-135  was  chosen  for  thls  purpose  because It was  representatlve of ths  

The testmg  was  accompllshed at the CAA Technlcal  Development  Center  (TDC), 
Indlanapohs.  Indlana,  durmg  the  perlod  Aprll  through  June. 1957 This 1s the flrst of a 
s e r l e s  of reports  on  these  studies  and  deals  speclflcally w ~ t h  the  ventllatlon  characterlstlcs 
of t h s  powerplant,  the  Igmbon  hazards  present  ln  the  nacelle  when  combustlble  flulds  con- 
tact  the  hot  englne  surfaces.  and  the  effect of uncontrolled  powerplant  flres on the 
structural   lntegrlty of the  airplane. 

external  flame  paths  after  nacelle  burn-through,  reslstance of the  structure  and  englne 
mounts  to  conhnued  flre  exposure.  and a study of the  hkellhood of lgnltlon of the various 

flammable  fluds  used  ln  the  powerplant. 

and  deslgn  crlterla  obtalned  from  these  tests  may  apply  in  general  to  slrnllar  deslgn 
conflguratons.  

Company,  Wrlght  Air  Development  Center,  Deparhent of the  Air  Force,  and  the CAA 
Technical  Development  Center 

The  Unlted  States  Alr  Force's   aerlal   Jet   tanker,   the  KC-135,  and  I ts   comrnerclal  

Included 1n these  maJor  divlslons of the  f lre  studles  were  mvesbgatlons  Into  the 

Whlle the  tests  were  conducted  on  the  KC-135  powerplant  mstallahon,  the  lnforrnatlon 

Thls  proJect  was  made  posslble  and  was  supported  Jomtly  by  the  Boelng  hrplane 

*Manuscript subrmtted  for  pubhcabon  June 1958 
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DESCRIPTION OF  TEST  EQUIPMENT 

Test  Artlcle.  

Of the KC-135  airplane,  mounted  on a supportlng  structure  in a test   cell   The wing section 
was  mounted  at a 7' angle of dlhedral  and  an 8' angle of attack, with the  centerllne of the 

The 8' angle of attack  was  considered  to  be  the  worst condition for  external fl-e t rave l  
englne  lntersectlng  the  centerllne of the  wlnd  tunnel  at  the  openlng of the  nose  cowl air Intake 

from  nacelle  to  strut   to wlng  The  engine  was a Pratt  and  Whitney J 5 7 - P - 1  modified slightly 
so that  It could  be  adapted  to  the  nacelle  The test lnstallatlon  dlffered  sllghtly  from  the 
standard No 2 engine  installatlon  In  that a fuel-alr  starter  was  Installed  and  supplled  with  an 
external  source of compressed   a l r  ln place of the  pneumatlc  starter  The  compressed-alr  
storage  bottle  used  In  the  airplane In conJuctlon  wlth  the  fuel-an  starter  was  not  installed.  
nor  was  the  bleed  alr  duct  whlch 1s a par t  of the  pneurnatlc  starter  lnstallatlon 

The  enttlre  serles of tests  was  run  wlthout  the  use of  nose  cowl  anttl-lclng alr  which, 
when  operating. 1s exhausted  into  the  compressor  sectlon A Walter  Kldde  contlnuous  detector 

pr lor   to   rece lp t   a t  TDC and  were  operatlve  durlng  the  fire-reslstance  tests 
system and  the  KC-135  Fenwal  unlt  detector  system  had  been  Installed In the  tes t   ar t lc le  

Fac lh ty  

driven,  four-bladed  fan  whlch  forced a1r through  an  elght-foot-dlameter  tunnel  directed  at  the 
test   art lcle  Thls  fan  was  capable of provldlng  an alr velocity of up to 165  mph 

Compressed  alr   for  the  fuel-alr   starter  was  supplied  by  elght 1 1/2-cublc-foot 
nltrogen  cyllnders  pressurlzed  wlth  alr   to 2,000 PSI and  connected to the  s tar ter   am  inlet  
Thls  provlded  enough  alr  for  an  average of five  starts  before  recharging  the  cyllnders 

statlons  lnslde a control  room  adJacent  to  the  test  cell  The  englne  and  wlnd  tunnel  were 
operated  from  the  englne  operator 's   panel  located  at   one of the  two  observatlon  windows In the 
control  room  The flow and  lgnltion of fluids,  operatlon of recordlng  mstruments,   and  the 
dlscharge of  fire-extlngulshlng  agents  were  controlled  from  the  fire-control  console  located 

totalmg 2 1/4  Inches In thickness They  permltted  observatlon of the  test   art lcle  and  the  takmg 
at a second  observatlon wlndow These wlndows conslst  of 4 layers  of high-tempered  glass 

of  color  motlon  plctures  of  the  tests  Communlcatlon  between  members of the  test   crew  was 
achleved  wlth  an  alrcraft  lntercommunlcatlons  system 

phases of the  tests,   and  temperatures  were  recorded on Brown  temperature   recorders   The 
agent  concentratlons  durlng  the  ventllatlon  tests  were  obtamed  wlth a Statham  agent 
concenttratlon  recorder  developed  by TDC 

A s  many  as  three  dlfferent  cameras  were  focused  slmultaneously  on  the  test   art lcle 
durlng  the  conduct of tests  to  obtain  complete  photographlc  coverage  from  all Vantage  POlnts 
The analysis of the  color  film  provlded  evldence  from  whlch  many  concluslons  were  reached 

The  test   art lcle  conslsted of the No 2 englne,  pod,  strut,  and 12 feet  of  the section 

Alrflow  over  the  outstde  surfaces of the  test  artlcle  was  supplled  by  an  electrically 

Control  of  the  powerplant,  the wlnd tunnel,  and  the  fires  was  malntalned  from  operatlng 

An  Esterl ine-Angus  operatlon  recorder  was  used  to  record  the  sequence of the  varlous 

VENTILATION  STUDIES 

Purpose 

combustlble  vapors  In  the  nacelle  and  the  leakage of vapors  from  one  nacelle  compartment  to 
another 

Procedure 

compartrnent  and  the  burner  cornparbent of the  nacelle  at  varlous  englne  power  settlngs  and 
measurlng  the  ra te  of dlsslpatlon  resultlng  from  nacelle  ventllatlon  The  concentrations  were 

The  purpose of the  ventllatlon  studles  was  to  determlne  the  rate of dlsslpatlon of 

The  method of test   conslsted of releaslng  C02  wlthln  both  the  compressor 

An  Instrument for Evaluating Extlngulshlng  Systems," CAA Technlcal  Development  Report 
No.  206,  June  1953 

' James D New and  Charles M Mlddlesworth,  "Alrcraft  Flre  Extlngulshment,  Part 111. 
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Flg 1 Locations of Sampllng  Probes  for  Ventllatlon  Tests 

obtalned  uslng a Statham  agent  concentratlon  recorder  wlth  18  gas  sampllng  probes  mounted 
at varlous  locatlons In the  test   art lcle,  10 In the  compressor  compartment, 6 ln  the  burner 

the  horlzontal  flrewall In the  strut  The  locatlons and numbers of these  samplmg  polnts  are 
c o m p a r h e n t .  1 above  the  vapor  barrler In the  strut .  and 1 below the  vapor  barrler and  above 

shown In F l g  1 After  the  nacelle  volume  was  saturated  wlth COz. the GO2 supply  lme w a s  
shut  off,  and  contlnuous  samples of the  alr-CO2  mmture  were  extracted  at  each of the 18 
sampllng  polnts  by  the  concentratlon  recorder  The  concentratlons  were  shown  as  traces  on 
a recordtng oscillograph Thls  sampllng  conhnued  untll  the COz dlsappeared  Gas  samples 
were  taken  slmultaneously  from  all  18  locatlons  durlng  each  test 

and  burner  comparhents  slmultaneously.  ( 2 )  the GO2 released Into the  compressor  compart- 
ment  only, and (3)  the C 0 2  released Into  the  burner  compartment  only  Readmgs  were  obtamed 
under  each of the  above  condltlons  at  frve  englne  power  settmgs and alr veloclttes  as  follows 

The  tests  were  dlvlded  into  three  phases  (1)  the GO2 released Into  both  the  compressor 

2 Flfty-elght  per  cent maximum engme  rpm, 25-mph alr  veloclty 
1 Statlc. no englne  power,  and  no  alr  veloclty 

3 Nlnety  per  cent  normal  rated  thrust  (NRT).  165-mph  alr  veloclty 
4. One  hundred  per  cent  NRT.  165-mph  alr  veloclty 
5 Englne  wlndmlllmg,  165-mph  alr  veloclty 

over  the  test  artlcle Duplicate runs  were  made of each  test 

Results 

followlng  outllne  These  are  general  trends  mdlcated  from a study  of  extenslve  data 

Varlous  atrflows  were  obtalned by means of the wmd  tunnel  whlch  dlrected  the  alrflow 

The  dlsslpatlonof  the C 0 2  under various condltlons of test   are  summarlzed In the 
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C02  re leased Into  both the  compressor  and  burner  compartments 

a Statlc  condltlons.  no  engme  power, no alr veloclty 
Dlsslpatlon Of the GO2 In  the  compressor  compartment  was  very  gradual and 
exceeded  374  seconds  In  the  burner  comparhent,   the  dlsslpatlon w a s  m o r e  rapid 
and  was  completed In  40 to 50 seconds, due probably  to  the  annular  openlng  around 
the  englne  exhaust  nozzle 

The  dlsslpatlon of the  gas  was  gradual In both c o m p a r h e n t s  and requlred up to 
120 seconds 

Dlsslpatlon In  the compressor  compartment  was  more  raptd and  was  completed 
wlthln 30 seconds  In  the  burner  compartment,  the C 0 2  was  dtssLpated  ln 20 to 30 

d Nlnety  per  cent  NRT,  165-mph  alr  veloclty 
seconds 

Dlsslpatlon  ln  the  compressor  compartment w a s  completed In 30 to 40 seconds, and 
In the  burner  compartment In 20 seconds 

In the  compressor  compartment.  the  dlsslpatlon  was  complete In 20  to 30 seconds 
In  the burner  compartment, 40 to  45  seconds  were  requlred  for  gas  dlsslpatlon 

b Flfty-elght  per  cent  maxlmum  englne  rpm,  25-mph  alr  veloclty 

c One  hundred  per  cent  NRT.  165-mph  atr  veloclty 

e Wlndmllllng,  no  engtne  power,  165-mph  atr  velocity 

C 0 2  released Into  the  compressor  cornparbent  only 

a Statlc  condltlons. no engme  power,  and no atr  veloclty 

varlatlon  between  the  upper  and  lower  areas of the  engrne  In  the  burner  sectton 
The  dlsslpatLon  rate  was 2 to 4 mlnutes In the  compressor  sectlon  wlth  llttle 

to 60 seconds  The  leakage of C 0 2  Into  the  burner  sectlon  resulted In local 
the  upper  locatlons  dlsstpated In 25 to 30 seconds.  wlth  the low areas   reqmrlng 40 

concentratlons of 80 per  cent In that  sectron 

The  dlsslpatlon  rate  was 5 to 6 mtnutes In the  compressor  sectlon w ~ t h  llttle 
varlatlon  from  the hlgh to  the low areas  of the  engme In the  burner  sectlon,  the 
dlsslpatlon  rate  was 3 to 3 1 /2  mlnutes wulth no varlatlon  between  sampllng  locatLons 

per  cent In that  sectlon 
The  leakage of C 0 2  lnto  the  burner  sectlon  resulted In a local  concentratton of 80 

The  dlsslpatlon  rate  was 40 to 50 seconds  for  both  compartments A local 
concentratlon of 50 per   cent   In   the  burner   comparhent   resul ted  f rom CO2 leaking 
f rom  the   compressor   comparhent  

The  dlsslpatlon  rate  was 50 to 60 seconds  for   both  comparhents   wlth  l l t t le  

ment  resulted ~n a local  concentratlon of 50 per  cent In that  compartment 
varlatlon  between  sampllng  locatlons  The  leakage of C 0 2  Into  the  burner  compart- 

In   the  compressor   comparhent ,   the   dlss lpat lon  ra te   was 50 to 60 seconds  wlth 

ment,   the  dlsslpatlon  rate w a s  from 5 to 20 seconds  The  concentratton  due  to 
llttle  vartatlon  wlth  respect  to  locatlon  inslde  the  nacelle In  the  burner  compart- 

leakage of C02  from  the  compressor  compartment  decreased  rapldly  toward  the 
aft   areas of the   burner   comparhent  

b Flfty-elght  per  cent  manmlPn  englne  rpm and  25-mph  alr  veloclty 

c One  hundred  per  cent NRT  and  165-mph alr  veloclty 

d Nlnety  per  cent NRT  and  165-mph alr  veloclty 

e Wmdmllling.  no  englne  power,  and  165-mph  alr  veloclty 

C 0 2  re leased Into  the  burner  comparhent  only 

a Statlc  condltlons, no engme  power,  and no alr  veloclty 
A concentratlon  of 20 per  cent  occurred  Just  forward of the  f l re   seal  ln the 
compressor   comparhent   due  to   leakage of C 0 2  from  the  burner  compartment 
Thls  lagged  the  lntroductlon of C 0 2  In the  burner  compartment  by 30 seconds and 
requlred 4 mmutes to dlsslpate  In  the  burner  compartment,  the  dlsslpatlon  was 
slmllar  for  al l   locatlons  regardless of posrtlon  lnslde  the  nacelle and requlred 
6 minutes 

of the  burner  comparhIent,   the C 0 2  dlsslpated  wlthm 30 to 60 seconds,  and  at  the 
There  was no leakage of C02 Into  the  compressor  compartment In the  upper  areas 

lower  locatlons. t h e  GO2 dlsslpated In 90 to 100 seconds 

b Flfty-elght  per  cent  maxlmum  engme  rpm  and  25-mph  alr  veloctty 
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c One  hundred  per  cent  NRT  and  165-mph  alr  veloclty 
There  was no leakage of C 0 2  Into  the compressor  compartment  In  the  burner 
compartment,  the dissipation of C02  requlred  f rom 20 to 40 seconds  and  was sunllar 
for  al l   samphng  locatlons 

There  was no leakage of C 0 2  Into the  compressor  compartment  The  dlssipatlon of 
CO2 In  the  burner  compartment  requlred 30 to 60 seconds  and w a s  s imt la r   for   a l l  
plckup  locatlons. 

There  was  no  leakage of C 0 2  Into  the  compressor  compartment  In  the  burner 
compartment,  CO2  dlsslpatlon  requtred 35 to  45  seconds  and  was  slmilar  for  all 
sampl~ng  locatlons 

d Ninety  per  cent  NRT  and  165-mph  alr  veloclty 

e Windmllllng,  no  englne  power,  and  165-mph atr veloclty 

These  are  typlcal of  the tlme-versus-concentratton curves  for  the majority of the  s?mpllng 
locatlons 

Figure 2 shows  the  dlssipatlon  curves  for a representative  plckup In each  comFartment 

FLAMMABLE FLUID IGNITION TESTS 

Purpose 

of englne 011, hydraulic  fluld,  and  JP-4  fuel  when  these  flulds  are  released  ln  the  englne com- 
partments  sunulating  fallure of some  component of the  fluld-carrylng  systems 

011  Ignttlon Tes t s  
Procedure  

The  purpose of these  studles  was  to  determine  the  probabhty of hot-surface  lgnttlon 

Varying  degrees of fa l lure  of the  outlet of the  maln 011 tank  were  stmulated,  and  the 
total  quantlty of 011 contalned In the tank was  released  In a sohd  stream  into  the  compressor 
comparhnent  In  all  Instances In slmulatlng  compressor  sectlon 011 leaks,  the  quantlty of 011 
was 6 8 gallons of MIL-L-7808,  preheated  to  englne  operatlng  temperature. 250' F , but 
released  over  varlous  lengths of tlme  to  represent  varylng  degrees of llne fallure An external 
011 supply  separate  from  the  engine 011 system  was  used A control  valve.  flowmeter,  and 
pressure  gage In  the  control  room  provlded  control of the 011 flow 
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warm  up  for 5 minutes at 58 per  cent  maximum  rpm  and  then  the  englne  power  was  increased 
The test procedure  was  the  same  for all tests  The  englne w a s  s tar ted and allowed to 

to  90  per  cent N R T  After  the  engine  had  stabillzed  at  thls  thrust  ratmg  and  operated  for 5 
minutes.  the 011 was  released at the  desired  rate and  allowed  to  contlnue  flowing  untll  the  total 
quantity of 6 8 gallons of 011 was  released  The  englne  power  contlnued at thls  settlng  for an 
additlonal two minutes  before  being  reduced  to  Idle  power  and  shut off 

bearlng,  the  englne was  operated  for 3 mlnutes at 90 per cent NRT  and then  wlndmllled at 8 
In  additional tests  simulating fal lure  of the  engine 011 pressure  l ine  to   the  rear  turblne 

per   cen t   maxmum  rpm  for  3 mlnutes 011 was  released continuously from a separate  supply 
llne  during  both  condltlons of englne  operatlon.  and  pressure In thls  llne  was  varled  to  represent 
oil  pressures  in  the  bearing  supply  line  for  each  englne  power  settmg  011-lme  breaks  were 
simulated at nacelle  statlons 179  and  211 These  statlon  locatlons  and  others  referred  to In 
the   repor t   a re  shown In F l g  3 Durxng these tests the  wmd  tunnel  was  provldlng  an  alrstream 
of 165 mph  over  the  test   art lcle 

The  locatlous of 011 release  are   indicated on Fig 4 and are   descr lbed  as follows 

Location A Thw  leak  was  at  the lower  portlon of the 011 tank  to  slmulate  partlal  or 

Location B Thls  location  represented a leak of the low pressure   re turn  oi l  and of 
complete  rupture of the 011 supply  llne 

was consldered  representatlve of the  type of leak  which  could  occur  at 
scavenge 011 In the  gear box A flow ra te  of f rve pounds of 011 per  mlnute 

Locatlon C Thls  leak  was at the bottom of the  houslng  for  the  angular  accessory  drlve 
this  polnt 

Locatlon D Thts  represented  total   fatlure of the 011 return  lme  at   the  top  rear  corner 
011 1s scavenged  through  thls  houslng  to  the  gear box 

of the 011 tank. A n  amount of 011 equal  to  the  total  capaclty of the 011 tank, 
6 8 gallons.  was  released In 30 seconds In a solld  stream  allowlng  the 011 to 
cover  the  compressor  bleed air collector  and  dlffuser  case  completely 
The  measured  surface  temperature  of the dlffuser  case  prlor  to 011 dls- 
charge w a s  500' F During  oil  dlscharge  this  temperature w a s  450' F 
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Flg  4 Location of Englne 011 Release  Points 

Locatlon E Thls  leak w a s  In the  rear  turblne  bearlng 011 p res su re   lme  and 

the  remalnder to  contlnue flowlng  through  the  llne The  line was  cut 
represented a break of the llne  whlch  would permlt  some 011 to  leak and 

halfway  through  wlth a hacksaw  blade  on  the  englne  slde  to  cause 011 to  be 
sprayed on the  combustlon  chamber  outer  front  case  at  nacelle  statlon 
179 In a flat ,   fan-shaped  pattern  The  pressure  was  varled in accordance 
wlth  the  englne  power  settlng as shown In Table I 

Locatlon F Thls  leak  was In the  rear  turblne  bearlng 011 pressure  l lne at nacelle 
statlon 211 The  other  detalls  are  ldentlcal  wlth E above 

The  rates and  quantltles of  011 dlscharged  are shown In Table I Amblent a n  
temperatures  at  the  polnts of fluld  dlscharge  were  obtamed  by  the  use of chromel-alumel 
thermocouples  at  those  locatlons  and  also  are  mcluded In Table I 

Results 
Table I glves a summary of test   results  Conslderable  smoke and 011 vapors  were 

observed,  but  at no tlme  durmg  the  entire  survey  was  there  any  lgnltlon of MIL-L-7808  engrne 
011 from  any of the  hot  surfaces of the  engine 

Hydraulic  Fluid  Ignltlon  Tests 
Procedure 

hydrauhc  fluld  under  3,000-PSI  pressure w a s  sprayed on  the  englne  surfaces In the  proxlmlty 
of the  hydraullc  pump  and  hnes  The  locatlons of the  point  of  dlscharge  are  shown  ln  Fig 5 
The  hydraullc  fluld w a s  re leased In a thln  stream  to  slmulate a loose or cracked  flttlng  and 
was  dlstrlbuted  over a conslderable  area In the  compressor  compartment due to  the  hlgh 
veloclty of re lease An external  supply of fluld  and a separate  pump  were  used  to  supply  the 
fluld  under  pressure  to  the  proper  locatlon In the  nacelle  Thermocouples  were  mounted  at  the 
test   area  to  record  amblent  am  temperatures and to glve an  lndlcatlon  of  flre.  should  one 
occur 

after  the  englne  surfaces  had  reached  thelr   saturatlon  temperature,   hydraullc  f luld  was  released 

durmg  tests  The  quantlt les and duratlons of fluld  dlscharge  are  shown In Table I1 
onto  the  test  area  The wlnd tunnel  provtded  an  alrstream of 165 mph  over  the  test   art lcle 

To  determlne  whether  hot-surface  lgnltlon of hydraullc  fluld would occur,  MIL-0-5606 

Durlng  the  hot-surface  lgnltlon  tests. the engme  was  operated  at 90 per  cent NRT and 



TABLE I 

CONDITIONS AND RESULTS OF OIL IGNITION TESTS 

Englne  Power 90 Per   Cent  NRT (except  as  noted) 

Locatlon of 
011  Release 

A - Lower  forward 
portlon of engine 
011 tank 

B - Gear box 

C - Angular  accessory 
drive  housmg 

D - Top  rear   corner  
of englne 011 tank 

E - Rear  turbine  bearlng 
011 pressure   l lne .  
Nacelle  sta No 179 

F - Rear  turblne  bearlng 
011 p res su re   hne  
Nacelle sta No. 211 

011 Release 
Rate of 

15 10 gpm 
12 25  gpm 
6 66  gpm 
3 87 gpm 
1 76 gpm 

5 0 ppm4: 

5 0 PPm 

13 60 gpm 

0 62 gpm** 
1 16 gpm 

0 62 gpm** 
1 16 gpm 

Duratlon of 
011 Release 

27 0 sec 
33 5 sec  
61 0 sec  

229 5 sec  
105 0 sec  

1 0  0 mln  

10 0 mln  

30 0 sec  

3 0 rntr 
3 0 min  

3 0 min 
3 0 mln 

011 Released 
Quantity of 

6 8 gal 
6 8 gal 

6 8 gal 
6 8 gal 
6 8 gal 

50 0 lb 

50 0 lb 

6 8 gal 

3 48  gal 
1 86 gal. 

3 48  gal 
1 86 gal 

P r e s s u r e  
011 

(PSI) 

45 
10 

45 
10 

4: Pounds  per  mlnute 

** Englne  windmllling at 8 per  cent  maxlrnum  rpm  wlth  slmulated  alrspeed of 165 mph  

Slmulated  Alrspeed 165 mph 

Amblent  Air 
Temperature  

("p 1 
110 
110 
110 

110 
110 

130 

130 

275 

350 
350 

300 
300 

Results 

No lgnltron 
No lgnltlon 
No lgnltlon 
No lgnltlon 
No lgnltlon 

No lgnitlon 

No lgnltlon 
m 

No lgnitlon 

No lgnltlon 
No lgnltlon 

No igmtion. 
No lgnltlon 
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Flg  5 Locatlon of Hydraullc  Fluld  Release  Polnts 

The  only  devlatlon  from  the  above  procedure  was  for  hot-surface  lgnltlon  tests 
Involving the  fuel-alr   starter  In  these  tests,   hydraullc  f luld  was  released on the  s tar ter   Just  
pr lor   to  a normal   s tar tmg  a t tempt   The  s tar ter   on  the  tes t   ar t lc le  w a s  manufactured  by  the 
Hamllton  Standard  Dlvlslon of Unlted  Alrcraft  Gorp , Model N o  FAS  450-3,  Assembly No 
506270, Ser la l  N o  4632 

Results 
Table I1 glves a summary  of the  results  for  each  test   At no tlme  under  condltlons of 

testmg  was  there  any  hot-surface  lgnltlon  from  the  englne  surfaces  Durmg  dlscharge of 
hydraullc  fluld  on  the  dlffuser  sectlon,  dense  clouds of smoke  were  created  Indlcatlng  an 
approach  to  lgnltlon  temperature  Durlng a normal  start   cycle,   lgnit lon of the  hydraullc 
flutd  dld  occur  from  hot  surfaces of the  blast  tube  and  nozzle  block of the  fuel-alr   starter 

JP-4  Ignltlon  Tests 
Procedure 

lgnltlon would occur  under  normal  fllght  condltlons  The locations of fuel  release  are shown 
m Flg 6 and are   descr lbed below 

JP.-4 fuel  was  sprayed  on  varlous  hot  surfaces of the  englne  to  determlne  whether 

Locatlon A A leak  of  the  fuel  dump  valve  was  slmulated  and  JP-4  fuel  was  sprayed 
on  the  dlffuser  sectlon at the 6 o'clock  posltlon  The  englne  was  operated 
at  90 per  cent NRT for 5 mmutes  prlor  to  fuel  release,  wlth  the wlnd 

Locatlon B A leak of the  fuel llne to  the  fuel-alr  starter  durlng a normal start cycle 
tunnel  forclng  alr  past  the  nacelle  at a veloclty of  165 mph 

was  slmulated  To glve the  worst  condltlons  under  normal  operatlons. 
the flrst start  cycle  was  lnltrated  up  to  englne  llght-off  rpm and then 
purposely  aborted  After a 30-second  Interval.  the  second  start  cycle 
was  lnltlated  wlth  JP-4  fuel  bemg  sprayed  on  the  starter  assembly.  The 
starter  contlnued  through Its normal  cycle  endlng  wlth  englne  llght-off 
In thls  manner,   the  metal   surfaces of the  starter  reached a maxlmum 
temperature  for  routme  operatlon 



TABLE I1 

CONDITIONS AND RESULTS O F  HYDRAULIC FLUID IGNITION TESTS 

Englne  Power 90 Pe r   Cen t  NRT 
Hydraullc  Fluld  Pressure 3,000 psl  

Locatlon of Rate of Duration  of 
Fuel  Release* Fuel  Release Fuel   Release 

(gpm)  (mtn  -sec ) 

Locatlon A 
Nacelle  statlon 
128, 5 o'clock 0 3  5-0 

Locatlon B 
Nacelle  statlon 
128 ,  2 o'clock 1 9  

LocatLon C 
Nacelle  station 
157, 2 o'clock 1 9  

2-0 

1-43 

Slmulated  Alrspeed 165 mph 

Quantltv  of  Temperature 
Fuel  Released  Ambient  Surface  Results 

(gal ) ( O F . )  ) 

1 5  175 175 No  Igmtlon 

3 6  

3 3  

Locatlon D 
Nacelle statLon 

nozzle  block of 
119,  blast  tube  and 

combustlon  starter  Sprayed  prlor  to  normal  englne  startlng  cycle 

150 200 No  ignltlon 

2 85 500  Ignltlon  dld  not  occur 
Heavy  dense  vapor 
filled  nacelle, mdh- 
catlng  approach  to 
lgnltlon  temperature 

100 1400 Ignltlon  occurred 
durlng  normal 
start lng  cycle 

* See F i g  5 



Flg  6 Locatlon of JP-4  Fuel  Release  Polnts 

Locatlon C A leak of the  seals  around  the  control  shaft of the  fuel  control  was 
simulated  The  fuel  nozzle  was  placed  at  the 6 o'clock  posltlon  under 
the  fuel  control  and  fuel  released In a low-pressure  spray  pattern 
Durlng  the  release of fuel,  the  englne  was  operatmg  at 90 per  cent NRT 
wlth  an  alr  veloclty of 165 mph  over  the  nacelle  Thermocouples  were 
mounted In tes t   a reas  and  connected  to  Brown  temperature  recorders to 
record  amblent  alr  temperatures  and  any  mdlcatlons of f lre  

Results 
No lgnltlon of JP-4  fuel  occurred  durmg  tests on the  fuel  dump  valve  or  fuel  control 

the  bottom of the  nacelle 
even though fuel was released  for  an  extended  perlod of t lme and  allowed  to  accumulate In 

nozzle  block on the s tar ter   turbme houslng  was  the  hottest  part of the  starter  assembly, 
start  cycle,  lgnltlon  occurred  an  average of 10 seconds  after  lnltlatlng  the  start  cycle  The 

of the  start  cycle  Ftgure 7 shows  the  tlme-temperature  hlstory of four  thermocouples  whtch 
glowlng brlght  red  wlth a measured  surface  temperature of 1,400' F 12 seconds  after  lnttlatlon 

measured  the  surface  temperature of the  nozzle  block  durlng a normal   s tar t  cycle Vlewing 
the  starter  from the combustion chamber  end, and  wlth  the  chamber In an  uprlght position, 
the  four  thermocouples  were  posltloned on the  Inner  dlameter of the  starter  nozzle  block  in 
the  lower  rlght-hand  quadrant  Thls  was  determlned  to be the  hottest  area by vlsual  obser- 
vatlon  and  by a number of temperature  measurements on varlous  parts of the  s tar ter  
assembly  Table I11 shows  test  condltlons and results  for  thls  phase of testlng 

Durlng  the  perlod  when  fuel  was  belng  released on the  fuel-air  starter  durmg a normal 

FLAMMABLE  FLUID  FIRE  TESTS 

Purpose 

flres  resultmg  from  lgnltlon of MIL-L-7808  englne 011 MIL-0-5606 hydraulic flutd.  and 
The  purpose of the  flammable  fluld  flre  studtes  was  to  determlne  the  lntenslty of 

JP-4 fuel,  the  external  flame  path  characterlstlcs. and damage  suffered by the  powerplant 
lnstallatlon  after  exposure  to  these  flres 



TABLE 111 

CONDITIONS AND RESULTS O F  JP-4  IGNITION TESTS 

Rate of Duratlon of Quantlty  of  Test  Temperature 
Fuel   Release Fuel Release  Fuel  Released  Condltlons  Amblent  Surface 

kpm)   (mln   - s ec  ) (gal ) ( " F a )  ("F.) 
Fuel  Release* 
Locatlon of 

Locatlon A 
Fuel  dump  valve. 
nacelle  statlon 161, 
6 o'clock 

Locatlon B 
Fuel-air   s tar ter ,  
nacelle  statlon  121. 
6 o'clock 

Locatlon C 
Fuel control  shaft 
seals.   nacelle 
statlon 145, 
6 o'clock 

0 3  3-0 0 9  A** 220 

0 75 0-15 0 19 Startmg 
cycle 

0 3  6-4 1 82  A 225 

1400 

Results 

No flre  Some  dlscharge 
of fuel  vapors  through 

holes 
cowl  vents  and  dram 

Starter  nozzle  block 
glowed red  durmg 
start  cycle  Fuel  Igntted 
10 seconds  after Inltr- 
atlon of s tar t   cycle  

No flre  Fuel  dralned 
through  draln  holes In 
nacelle  doors 

c 
N 

** A - 9 0  per  cent NRT. slmulated  alrspeed of 165 mph 
* See  F l g  6 .  



011 F l r e   Tes t s  
Procedure 

An external  supply of MIL-L-7808  englne 011 was  preheated  to 250” F and  prped  into 

A f t e r  a study of the  results of 011 Ignltton tests,  three  locatlons  were  dectded upon as  belng 
the  engme  nacelle to locatlons  where  varlous 011-system fallures  were  to be simulated 

the  most  llkely  source  areas  whlch  could  result In severe  damage  should a fLre be lgnlted 
These  were 

1 The  area  around and  under  the  ollsupply  tank In the  compressor sectLon A t  thm 
locatlon,  the 011 could  puddle  In  nacelle  doors  for  the  entlre  length of the  compressor  sectlon 
and flames  could  totally  envelop  thls  area  See  Locatlon A ,  F l g  4 The 011 was  released In 
a sohd  s t ream for these  tests 

2 The 011 pressure  lme  to  the  rear  turblne  bearmg  lust  aft of the  flrewall  bulkhead 
flttlng  at  nacelle  statlon 179 See  Locatlon E ,  Flg 4 The 011 was  released In a fan-shaped 
pattern  and  dlrected  agalnst  the  combustlon  chamber  outer  front  case 

3 The 011 pressure  lme  to  the  rear  turblne  bearlng  at   nacelle  statlon 211 The 011 was 
released In a fan-shaped  pattern  and  dlrected  agalnst  the  turblne  exhaust  case  See  Locatlon 
F. F1g 4 

The 011 was  released  at  these various locatlons  at  the  rates  and  pressures  lndtcated In 

per  cent  maxlmum  rpm  After  warm  up,  the  power  was  Increased  to 90 per  cent NRT and 
Table IV For  all   tests  the  englne  was  started and  allowed  to  warm up for 5 mlnutes  at  58 

tunnel  was  started  and  heated 011 w a s  released  at  the  test  locatlon  To  accompllsh  lgnltion of 
operated  for 5 mlnutes  After  the  requlred  englne  power  condltlons  had  been  set  up,  the wlnd 

the 011, a 20-second pr lmer   f l re  of JP-4 fuel,  released  at a rate of 0 75 gallons  per  mlnute 
(gpm),  was  spark-lgnlted  lntermlttently  before  and  durlng 011 release  untll  elther  the 011 lgnlted 

were  provlded by several  chromel-alumel  thermocouples  mounted In the tes t   a rea  and 
o r  It was determined that  lgnltlon of the 011 could  not  be  accompllshed  Indlcatlons of f l re  

connected  to  Brown  temperature  recorders 



Run 
No 

1 

2 

3 

4 

5 

b 

Ignltor  and  Preheated 

Dlscharge Location* 
MIL-L-7808 

Lower,   forward  corner 

See  Locatlon  A, F l g  4 
of englne 011 supply  tank 

Same  as  run no 1 

Same  as run no 1 

Same  as  run no 1 

TABLE IV 

CONDITIONS AND RESULTS O F  OIL FIRE TESTS 

A 15 1 0-27 6 8  45 

A 1 2  25 0-33 6 8  45 

Nacelle  statlon 179 Rear  A 
turblne  bearmg 011 pressure  B 
llne  See  Locatlon  E. F l g  4 C 

A 3 87 1-45 6 8  45 

A 1 76 3-50 6 8  45 

Nacelle  statlon 2 1 1  Rear  A 
turblne  bearlng 011 pressure  B 
llne  See  Locatlon F, F l g  4 C 

1-0 
0-30 

45 

4-25 
7 4  20 
Total 10 

2-0 45 
1-0 7 35 
5-0 

20 
Total 10 

A - 90 per  cent NRT  and slmulated  alrspeed  of 165 mph 
* - MIL-L-7808 011 preheated  to 250' F used In thls  study 

B - 58 per cent  maxlmvm N 2  rotor  rpm,  slmulated  alrspeed of  165 mph 
C - Wlndmlll or englne  power  lever  "off",  slmulated  arrspeed  of 165 mph 

Results and Observations 

No o ~ l  sustalned  flre  Damage 

and  engine  case  from  prlmer f lres  
conflned  to  sootlng of cowllng 

Same as run no 1 Also.  pressure 
ratlo  transducer  became Inoperative 

Same as run no 1 

Several  attempts  to  lgnlte  falled 
to give  an 011 sustalned  fme 

Requlred  several  attempts  wlth 
prlmer  flre  to  lgnlte  Low- 
lntenslty  flre,  lazy  flame  Mlnor 
dlstortlon of nacelle  door  latch  llne 

Prlmer  f lre  energlzed  f lve  t lmes 
before 011 lgnlted  Low-mtenslty 
flre,  lazy  flame  Dlscharged 011 
flowed  to low potnt of nacelle  at 
flrewall  carrylng  the  flame  wlth lt 

e 
P 
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bearing, the  englne  was  operated  at 90 per  cent  NRT.  then  reduced  to  idle  for a short  perlod 
O f  tlme  Then  the  power w a s  cut  off  completely,  allow~ng  the engine to windm111 m the  am- 
stream  Durlng  each of these  three  phases of operatlon,  the 011 pressure  ~n the  test  line  was 

mlttently  ut11  the  heated  engme 011 lgnlted  The  englne  then was  shut down by following  the 
adlusted  to  correspond  to  the  slmulated  fllght  condltlon  The primer f l re   was operated  Inter- 

above  procedure,  remainlng  at  the  varlous  power  settlngs  for the  tlmes  shown ~n Table IV 

In tests lnvolvlng  slmulated  failure of the pressurized 0x1 hne   t o  the rear   tu rbme 

Results 

the 011 tank,  MIL-L-7808 011 could  not be lgnlted  Attempts  were  made  to  lgnlte  the 011 at  
varlous  flow  rates  but all attempts  were  unsuccessful  The  only  flres  were  prlmer  flres  and 
were of 20 seconds  duratlon  The  released 011 accumulated In the  bottom of the  nacelle and 
slowly  dramed  out  through  the  draln  holes  provlded In the  doors 

Durlng  the  dlscharge of  011 slmulatrng  failure of the 011 pressure  l ine  to  the  rear 
turbine  bearlng  at  both  locations In the  burner  sectlon,  lgnltlon of MIL-L-7808 011 occurred 
after  several  attempts  with  the  JP-4  prlmer  flre. When 011 was  released  at  Locatlon E ,  
F l g  4, nacelle  stahon 179, I t  puddled  and  burned In the  bottom of the  nacelle  Just  aft of the 
flrewall  causlng  mlnor  dlstortlon of the  nacelle  latch  line  Several  short  bursts of flame 

nacelle  statlon 211 burned  in  the  annular  openmg  around  the  tallplpe  for 55 seconds  and  then 
escaped  from  the  nacelle and were  carried  away In the  external   a l rs t ream  The  f l re   a t  

was  carried  forward by  the 011 a s  It dralned  to  the  lower  part of the  nacelle  Just  aft of the 
flrewall  It  continued  to  burn In thls  locatlon  for the duratlon of the  test  

door  latch  line  Just  aft of the  flrewall 

Hydraullc  Fluld  Flre  Tests 

Durlng tests in  the  compressor  section  slmulatlng  fallure of the 011 supply  line  from 

The  only  damage  whlch  resulted  from  these  fires  was  some  minor  distortlon of the 

Procedure 

from  an  external reservoir and separate  pump  The  test  locatlon  selected  was  at  the  fittlng 
of the  hlgb-pressure  hydraullc  hne  on  the  plumblng  shelf  at  the 2 o'clock  posltlon and at  
nacelle  station  128  See  Locatlon B,  Fig 5 The  end of the  test   hne  was  restrlcted.   al lowlng 
only a small   s t ream of hydrauhc  fluld  to  escape  to  simulate a loose f l t t m g  or a cracked  llne 
Due to  the hlgh release  pressure,   the   small   s t ream of fluld  sprayed  over  most of the  rlght 
slde of the  compressor  sectlon 

165 mpb  The  prlmer  f lre,   burnlng 0 3 gpm of JP-4  fuel,  was  started  and  the  hydraullc  fluld 
under  pressure  was  released  at  the  test  locatlon  Ignltlon of hydraulic  fluld w a s  almost 
Instantaneous,  and  the  fuel  to  the  prlmer  flre  was  shut off after  elght  seconds Two ldentlcal 
tests  were  made  under  the  condltlons  shown In Table V Indlcatlons of fire  were  provlded 
by thermocouples  mounted In the  tes t   area and  connected  to  Brown  temperature  recorders. 
and  by  observatlon  through a wlndow Installed In the  rlght  nacelle  door  ground-extlngulsher 
access  panel 

MIL-0-5606  hydraulic  fluld  was  supphed  at  3,000-PSI  pressure  to  the  test  locatlon 

Durlng  the test, the  englne  was  operated  at 90 per  cent NRT wlth  the  wmd  tunnel  set  at 

Results 

produced  dense clouds of vapor and  smoke The  vapor  and  smoke escaped  from  both  louvers 
The  f l re  whlch resulted from  lgnltion of  the  hydraullc  fluld was a lazy flame whlch 

and  the  door  latch  lme w~th  conslderable  fluld  dralnage  from  the  bottom of the  nacelle A s  
the  flre  lntenslty  Increased,  the  englne  exhaust  gas  pressure  (Pt7)  decreased  and  exhaust gas  
temperature  (ECT)  Increased  Portions of the  seals  around  the  surge  bleed  valves  were 
destroyed.  and  conslderable distortion of the  nacelle  skm  occurred In the  vlclnlty of the  f lre 

were  due to  the low ventllatlon  rate  whlch  exlsted In the  nacelle  wlth  no ant1 -1crng alr 
Ignltlon of hydraulic  fluld  was  accomphshed  easlly and Its lazy  f lame  characterlst lcs 

JP -4   F l r e   Tes t s  
Procedure 

fuel  sources  to  lgnltlon  sources  and  on  operatlonal  reports of leaks  occurring  durlng  fllght 
operatlons of thls  jet  englne  The  procedure  generally  followed  was  to  release  JP-4  fuel In 
the  area  to  be  lnvestlgated In quantltles  commensurate  wltb  the  posslble  leakage  source and 
lgnlte  the  fuel  by  means of a spark  lgnltor  The  fuel  for  test  flres  was  plumbed In from  an 
external  source  to  the  area  under  lnvestlgatlon  The  locatlons  used  are  descrlbed below  and 
shown  In F l g  6 Table VI glves  the  test  condltlons  for  all  tests 

Three  locatlons  were  chosen  for  JP-4  fuel  flre  tests  on  the  basls of the  proxlmlty  of 



TABLE V 

CONDITIONS AND RESULTS 
OF  MIL-0-5606 HYDRAULIC FLUID  FIRE  TESTS 

Engme  Power 90 Pe r   Cen t  NRT Slmulated  Alrspeed 165 mph 

Locatlon of 
Fluld  Release Flutd  Release  Flutd  Release  Flutd  Released Durlng Flre Results 

Rate  of Duratlon of Quantlty of A l r  Temperature  

(*F. Max ) (gpm at  3000 PSI) (mln  -sec ) (gal ) 

Nacelle  statlon 
115, 2 o'clock 
posltlon 1 8  1-50 3 3  

1140" F. at  station Total flre t lme 2 rnlnutes. 

posltlon 
128, - 2 o'clock 40 seconds,  conslderable 

Some skln warplng  be- 
dramage  overboard 

tween  statlons 133 and 
162 

+- 
0. 

Same as above 1 8  1-50 3 3  Same  as  above  Same  as  above 
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Flg  8 Locatlon  and  Dlrectlon of JP-4 Fuel  Release for Uncontrolled  Flre 

Locatlon C 

Locatlon D 

Locatlon E 

A leak of the  seals  around  the  control  shaft of the  fuel  control  was 

the  fuel  control,  and  fuel w a s  released In a spray  pattern  The  fuel w a s  
slmulated  The  fuel  nozzle w a s  placed  at  the 6 o'clock  posltlon  under 

for  a short   t lme and  allowlng  fuel  to  puddle  before  lgnltlon 
released  for one  mlnute  prlor  to  lgnltlon.  slmulatlng  exlstence of a leak 

Fuel  was  sprayed on the  dlffuser  sectlon  at  the 12 o'clock  posltlon  and 

nacelle.  The  englne w a s  operated  at 90 per  cent NRT for 5 mmutes  prlor 
lgnlted  to  determme  the  effects of a f l re  In thls   area on the  englne  and 

to  lgnltlon of fuel  The  power  settlngs  durlng  the  flre  are  Itemlzed In 
Table VI  
A leak of the  maln  fuel  line  at  the  plumbmg  shelf  on  the  rlght  slde of the 
englne  was  slmdated  Thls  test  was  to  represent  an  uncontrolled  fire 
resulting  from  the  burnlng of a large  quantlty of fuel In the  nacelle,  and 
w a s  deslgned  to  determlne  the  flre-reslstance of the  nacelle  skm. 

trolled  flre.  and  whether  the  strut  dlmenslons  were  adequate  to  prevent 
external  flame  paths,  the  effect  on  englne  operatlon of a prolonged  uncon- 

f lame  mpingement  on  the  wmg 

plumbing  shelf, lndlcated by  the  arrow In Flg 8, so that  fuel  was  dlrected  agalnst  the  shelf 
An  open llne  from an  external  source of JP-4 fuel  was  routed  to  the  locatlon  on  the 

Thls  caused  the  fuel  to  splash In all  dlrectlons.  resulting In conslderable  dlsperslon A 
spark  lgnltor  and  prlmer  f lre  were  located  at   that   polnt  to  provlde  lgnlt lon of the  pr lmary 
fuel  The  englne  power  was  stabillzed  at 90 per  cent NRT and  held  at  thls  power  settlng  durmg 
the  dlscharge of fuel  and  ensulng  fire  The  veloclty of the  alrstream  around  the  outslde of the 
nacelle  was  165  mph  When  the  dlscharge of fuel  was  stopped,  the  engme  power  was  reduced 
to  Idle  and  then  cut off to allow  the  engine  to  wlndmlll  In  the  alrstream  whlle  the  flre  contmued 
to  burn No attempt  was  made  to  extlngulsh  the  flre  untll  the  englne  was  ready  to  be  shut 
down Table VI  shows  the  condltlons  durlng  the  test 

Results 
In  the  test   slmulabng a leak of the  seals  around  the  fuel  control  shaft,  there  was no 

lgnlted  The  flame w a s  not Intense af ter  Igmt1on  and the released  fuel  was  completely burned 
exploslon  when  the fuel was lgnlted even though  fuel  had been  allowed  to  puddle  before belng 

Some  flames  appeared  through  draln  holes In the  bottom  of  the  nacelle  doors,  and  addltlonal 
flames  were  carrled  Into  the  burner  sectlon  by  the  seepage of fuel  past  the  flrewall No 
damage  was  done to the  structure of the  nacelle 

Within 2 mmutes  after  the  flre  was  lgnlted  at  Locatlon D, a hole  approxlmately 5 
Inches In dlameter  appeared In the  left-hand  door  Just below  the hmge  llne and at  nacelle 

the  left-hand  englne  bleed  overboard  vent  was  destroyed 
statlon 151 The  cowl  formers  In  thls  area  were partially destroyed,  and  the  cowl  seal f o r  



TABLE V I  

CONDITIONS AND RESULTS O F  J P - 4  FIRE  TESTS 

Run  Ignltor  and J P - 4  Fuel  Engine  Power 
No Dlscharge  Locatlon  Settlng  Tlme  Rate  Tune 

Fuel   Flow  to   Flre  

(min  -sec ) 
Total 

(gpm)  (mm.-sec ) (gal ) 

1 
fuel  control,  nacelle 
6 o'clock  posltion.  under A 

B 
0-22 
1-0 0 3  1-40 0 5  

statlon  145,  Locatlon C.  C 
F I g  6 

3-24 

2 
nacelle  statlon  159, 
12 o'clock  posltlon, A 

B 
2-0 
1-0 2 2  3-15 7 15 

Locatlon D. Fig 6 C 2-2 

3 2 o'clock  posltlon, A 
nacelle  statton  129, B 0-30 5 0  5-59 29 80 

6-32 

Locatlon  E.  Flg 6 c 2-32 0 3  0-22 0 12 

Results  and  Observations 

Small  low-intenslty  flre  caused 
very  minor  cowllng  damage, 
very  small   f lames at nacelle 
door  latch  llne 

to  5-1nch dlameter hole In left  
Low-lntenslty  flre burned a 4- 

cowl  near  hlnge  lme  and 2 0  Inches 
forward of f l rewal l   Lef t  alr 
bleed  duct  seal  destroyed 

Intense  flre  destroyed 50 per  m 
cent  of  right  nacelle  door 
Several  engine accessories made 

burned  through N o  f lame 
moperatlve  Some  pylon  skln 

damage  other  than  dlscoloratlon 
observed m pylon No flames 
impinged  on  wlng  surfaces 
Total   f lre  t lme 9 mlnutes - 
1 second 

c 

A - 90 per  cent NRT  and  slmulated  alrspeed of 165 mph 

C - Wlndmill or engine  power  lever "off"  and  slmulated  alrspeed of 165 mph 
B - 58  per  cent  maxlmum N 2  rotor  rpm  and  simulated  alrspeed of 165 mph 
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Fig 9 Engme  Nacelle Showlng Locatlon  of  Inboard  Vent 

As a result  of the  slmulated  uncontrolled flre at  Locatlon E (see  Flg 6). approximately 
50 per  cent of the  rlght-hand  door  was  destroyed  Photographs of the  nacelle  taken  before 
and  after  the  flre  are  shown  as F l g s  9 and 10 The  area of destructlon  was  located  between 
nacelle  statlons 136 and 2 2 5  Thls   f l re ,  when first lgnlted,  fllled  the  entlre  compressor  sectlon 
wlth  conslderable  flames  shootlng  from  the  rlght-hand  louver at nacelle  statlon 16 8 The 
hinge  llne  dlstorted  at  statxons 155  and 163. allowlng  small  Jets of flame to escape and  burn 

contamed the  flames  for two mmutes  after whlch  tlme  the rlght  louver  burned  away  Dlsm- 
a hole of about two square  Inches'   area In the  s t rut   skm  at  each of those  statlons  The  nacelle 

tegratlon  began  wlth  the  sharp  edge of the  louver and progressed  rapldly Into  the  nacelle  skln 
Just  aft of the  flrewall When the  burner  sectlon  was  opened up to  the  alrstream,  the  f lre 
Increased  In  lntenslty  rapldly  and a large  portlon of the  door  burned  away  The  flre  balled 

wing  None  of the  flames  could  penetrate  the  layer of alr around  the  alrfoll  sectlon  and  were 
up behmd  the  exposed  fzrewall  and  shot up to  the  strut  and  toward  the  under  surface of the 

carrled  away  by  the  alrflow  The  flames  burned  through  the  strut  skln In severa l   a reas ,  as 
shown In F lg  10 but f lames dld  not  enter  the  strut  structure 

next to the  hmge  hne  enlarged,  flames  ceased  strlklng  the  strut  and  reached  upward  toward 
the wing Conslderable  fuel  was  dralnlng  from  the  englne pod dunng  the  fire.  bemg  lgnlted 
and  carrled  away 1n the  alretream In t ra l l lng   s t reamers  

fuel-line  break  was  slmulated.  consequently,  there w a s  mlnor  damage done to  the  outboard, 

The  flames  struck  the  strut  only  durmg  the  early  stages of the  f l re  A s  the  hole 

Most of the  flre  was  concentrated  on  the  rlght-hand  slde of the  nacelle  where  the 

F lg  10 Damage  to  Rlght-Hand  Door  and  Strut  as a Result Of 

Slmulated  Uncontrolled  Flre 
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Fig 11 Damage  to  Left-Hand  Nacelle  Door as a Result of Louver  Burn-Through 

or  left,   door  One  hole  about 12 Inches  In  dmmeter  burned  through  at  the  locatlon of the 
outboard  louver  Flgure 11 shows  the  hole In the  skln  resultmg  from  the  louver  burnout 
On  thls  slde, as on  the  rlght  slde,  the  louver  created a chlmney  effect  whlch  caused flames 
to  torch  out of the  louver,  resultlng In ear ly  fallure of the  louver  and  metal  surroundlng I t  

the  nacelle as they  were  then  fed by large  quantltles of both fuel and alr   Control of the 
englne  was  malntamed  durlng  the  entire  test  even though the  Pt7  decreased  durlng  the  helght 
of the  f ire  mtenslty  Thls was  due to  the  temperature-compensating  action of the  fuel  control 

The  followmg  powerplant  components  were  destroyed or  made  Inoperative as a 
resul t  of the  flre-  the  entlre  engme  lgnltor  system,  tachometer  generator, 011 pressure  
t ransmlt ter ,   fuel   pressure  t ransmlt ter ,   nacel le   e lements  of the  Kldde  continuous  detector 
system , one  675" F Fenwal  unlt-detector.  rlght-hand  englne  bleed  overboard  vent, all 

seal,  rlght-hand  nacelle  door,  all  grommets and c h p  cushions, and  the 011 breather  line  tee on 
electrlcal  and  control  wlrlng  mounted on  the  englne,  left-hand  englne  bleed  overboard  vent 

the  dlffuser  case 

In  thls  fire,  flames  were  very  Intense  and  destructlve  after  the  lnltlal  burn-through of 

GENERAL OBSERVATIONS 

Based  on  vlsual  observatlons,  motlon  plctures,  and  data  recorded  durlng  test  runs, 
the  followlng  were  noted 

1 MIL-L-7808  englne 011 d1d not  ignlte  from  any of the  englne  surfaces  and  was  very 

2 Hydraullc  fluld.  MIL-0-5606,  dld  not  lgnlte  from  any of the  hot  surfaces of the  englne, 
dlfflcult  to  lgnlte  wlth a pr lmer   f l re  

however,  the  dense  vapors  glven off by  contact  with  hot  surfaces  lndlcated  that  the  fluld w a s  
approachlng  lgnltlon  temperature 

3 When  ignltlon of hydraullc  flutd  was  stlmulated  with a pr imer   f i re ,  It lgnlted  readlly 
4 JP-4 fuel  did  not  imlte  from  any hot surfaces  of the  englne  In  the  compressor 

I 

compartment 
- 

5 The  fuel-alr   starter  was  the  onlv  source of hot-surface  lenltlon  observed  In  the  nacelle 
In  the tests conducted 

as  the  nacelle  remalned  Intact 

of fuel  could  be  burned 

flames  to  lmplnge on  the s t ru t  

exposed  to  f lames  for  more  than two mlnutes 

I 

6 The  fires  whlch  were  lgnlted  rnslde  the  englne  nacelle  were  low-lntenslty hres as long 

7 Due to  the low ventllatron  rate m  the  nacelle  wtth  no  antl-rcrng alr, only a small  quanttty 

8 Continued  exposure  to  flame  and  heat  caused  the  hlnge  llne  to  dtstort.  allowlng  small 

9 The  louvers In the  nacelle  doors  created a chimney  effect  durlng a fire  and  falled when 
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10. The  alummum  skin on the  nacelle  doors  reslsted  burn-through  for two mlnutes  under 

11 After  a  burn-through of the  nacelle  doors.  flre  reached  the  strut  and  burned  through  the 

12 Under  the  most  severe  fire  condlbons,  flames  &d  not  reach  or  come  close  to the  under 

13  After  dislntegration of the nacelle  door  skin.  the  englne  firewall  acted  as  a  flame 

14 The  engine  mounts  apparently  were  unaffected by exposure  to  a  severe  f lre 

severe  f ire  condihons 

strut  skm  However,  flame  penetratlon Into  the strut  &d  not  occur 

surfaces of the  wing 

1 bar r l e r  

CONCLUSIONS 

that 
A s  a  result  of the  analysis of data  obtained  during  the  foregolng  tests,  It 1s concluded 

1 With  no anh-icing  a i r ,   a  low  ventilahon  rate  exlsts in the  nacelle 
2 The  engine  power  setting  has  httle or no effect  on the  rate of fuel  vapor  dissipation 

3  hcreaslng  axrspeed  around  the  outside of the  nacelle  decreases the b m e   r e q u r e d  to 

4. The  data  inhcated  that  some  flow of vapor  from  the  compressor  compartment  to  the 

withm the nacelle 

clear  the  nacelle  volume of fuel  vapors 
- 

burner  compartment mll occur 
5  IENtlOn of MIL-L-7808 enelne 011. MIL-0-5606  hvdraullc  flud.  or JP-4 fuel  from  the - - 

engine  hot  surfaces 18 not  probable  Thls  does  not  apply  to JP-4 fuel  m  the  aft  engine 
compartment  since  the  tests  conducted  did  not  include ttus condibon 

free  fuel  to  lgrute 

f r o m  contacting the  wing surfaces 

nacelle  and  will  not  be  dramed  away  rapidly  enough 

6  During  the  startlng  cycle,  the  fuel-an  starter 1s an  lgrutlon  hazard  and wil l  cause 

7. The strut  supportlng  the  engine pod 1s of adequate  length  to  prevent  external  flames 

8 Flammable  f luds  re leased  lnslde  the  nacel le  wall1 accumulate  in  the  bottom of the 


