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FIRE  PROTECTION IN B-36  AIRCRAFT WWERPLANTS* 
EVALUATION O F  MEANS ADOPTED TO  PROVIDE 

FOREWORD 

The  mvest1gatlon  covered by thls  report  was  conducted  at  the C ~ v l l  Aeronautrcs 
Admlnlstratron's  Technical  Development  Center,  hdranapolls.  Indlana,  and  was  sponsored by 

perlod of December 1953 to  September 1956 
the  Equlpment  Laboratory.  Wrlght A n  Development  Center  Tests  were  conducted  durrng  the 

SUMMARY 

A full-scale  test  program  was  conducted  for  the  purpose of evaluatlng  the  flre- 
extlngulshlng  system  used  In  B-36  alrplane  powerplants and to assrs t  1n the  design  of  an 
Improved  system.  Certaln  deslgn  features of the  powerplant  whlch  affected  the  control of In- 
flxght flres  also  were  evaluated 

Both  laboratory  and  In-fhght  tests  were  made  on  the  orlgmal  and a number of revlsed 

and  dlstrlbutlon of agent  wlthln  the various f l r e  zones  The  quantrty of agent  dlscharged  Into 
extrngulslung  systems  usmg an agent  concentrattron recorder to determlne  the  concentratlon 

each  zone  was  determmed  from  catch  tests on a mocked-up  system  The  effectlveness of a l l  
flre  control  provrslons  ultunately  was  determrned  from  laboratory  tests  In  whlch  actual  flres 
were  lgnlted  in  the  powerplant  under  sunulated  fllght  condthons 

ventlng  powerplant  flres  from spreading forward Into the  wlng. A revlsed  extlngulshrng 
arrcraft  by the  Department  of the A l r  Force  were  evaluated  and  found to be  effectlve m pre- 

system  whlch  Included  Zone 3 coverage  was  found to be Inadequate  Weaknesses In the f i re  
seal  separating Zones 1 and 3 and m the  shrouding of hot surfaces  In Zone 2 were indicated 

Certarn  flrewall  unprovements and  a fire-curtarn  lnstallatlon  lncorporated In B-36 

INTRODUCTION 

detectlon  was  Inadequate.  It  was  belreved  generally  that  frre  extlngulshment  also  should be 
Improved  To  overcome  these  apparent  weaknesses a fourfold  plan  was  adopted  The  detectlon 
problem  was  met by replacmg  the  Edlson  unlt-type  detector  system,  wlth  whlch  the  power- 
plants  were  equrpped.  wlth  the  newly  developed  Edlson continuous-type system  Thls  latter 
system  afforded  wlder  coverage and greater  sunplrcrty  In  lnstallatron  than  Its  predecessor 
The contr.01 and  extmgmshment of powerplant flres  were  approached  In  three  ways  (1) by 
unprovlng  the  flrewall  seals, (2)  by rnstallmg a new frre  curtarn,  thereby  creatlng a new buffer 
zone. and (3) by improving  the  flre-extmgulshlng  system 

had a part  in  the  development of each  of  these  modrflcatrons A report1  pubkshed  prevrously 
deals  wlth  the  development of the new detector  system  Thls  report  deals wrth  the  frre-control 
and  frre-extlngmshment  programs 

A study  made of fire  mcldents  In  B-36,alrcraft  durrng  the  year 1949 showed  that  flre 

The  Technical  Development  Center  (TDC) of the Clvxl Aeronautlcs  Admlnlstratron (CAA) 

PROCEDURE 

The  left  outboard  nacelle,  mcludrng a 19-foot  sectlon of the wing to  whrch  It  was 
attached,  was  used  as a test   art lcle  for the  development of Improved  flre  protectron  for  the 

*Manuscript submltted  for  publlcatlon  August 1958. 

'Lyle E Tarbell.  "Evaluatlon of the  Resettmg  Continuous  Flre-Detectlon  System for the 
B-36 Alrcraft  Nacelle," CAA Technlcal  Development  Report No 295,  November 1956. 



F I g  1 The  B-36 Alrcraft  Nacelle Mounted In the Test  Cell 

In line  wlth  an open wlnd tunnel  whlch  supplled alr  for  coolmg the englne and for slmulatmg 
alrplane The tes t  artlcle  was  mounted  as shown In Fzg 1 In the center of a test cell  dlrectly 

fllght  condltions  Durrng  part of the  program, the wmd tunnel  was  moperable and the  arr 
requlred  was  supplled by blowers When the wmd  tunnel  was  used,  azr  entered  the  maln 
coohng  alr  duct of the  nacelle  at  the  leadmg  edge of the w m g  and also  passed  over  the wmg 
and nacelle When the blower system  was  suhstltuted, alr was  dlrected Into the  maln  duct  only, 
and no alr  passed  over  the  nacelle and  wmg except  that  drawn by the  propeller 

the Alr Force,  that  all B-36  nacelles would  have a new fire  harrier  Installed  Thls  barrler  was 
called a "frre  curtam. ' ' rather  than a firewall,  because It was  to be fabricated of a flexible 
materlal   rather  than of sheet  metal  However,  at  the  tlme  that  the  work  was  done, a sultable 
flexrble  materlal had  not  been  found 2 Therefore,  the  flre  curtam  In  the  test  nacelle  was  con- 
structed of sheet  steel  Figures 2 and 3 show how th1s was  done  The  openlngs  Into  the 

Before  any  tests  were  conducted. I t  was  declded  In  conference wrth the D e p a r h e n t  of 

F l g  2 Vlew of  Nacelle  at  Cleavage  Plane  Prlor  to  Installatlon of Flre   Curtam 

conststed of 1/4-1nch-bxlde stainless s teel   s t r lps  woven  Into  a mat whlch w a s  coated wvlth 
neoprene 

2Ultlmately, a satisfactory flexlble  fabrlc  was  developed  for use on B-36 alrcraft  Thls 
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Flg 3 Vlew of Sheet  Metal Flre Curtaln  Installed  at  Cleavage  Plane 

trallmg edge of the  wmg  were  covered as wel l  as the area In the  alrplane  where  the  qulck- 
englne-change  (QEC)  nacelle  was  attached 

Wlth  the mstallatlon of the flre  curtam.  the  nacelle  consisted of three  malor  zones as 
shown In Flg 4 Zone 1 was  the  zone  contanung  the  englne,  and w a s  located m the  aft  part of 
the  nacelle  Zone 2 contarned  the  heat  exchangers and  the turbosupercharger  exhausts  It  was 
located  forward of Zone 1 In the  mlddle  lower half of the  nacelle  Zone 3 contamed,  among 
other  thlngs,  the  turbosuperchargers,  carburetor  Intake  ducts,  the  antldetonatlon (ADI) tank, 
and  the  turbo 011 tank  It was the  most  forward  zone and extended  above  Zone 2 The  coolmg 

of Zone 1 smce I t s  maln functlon  was  to  convey alr  to  that  zone 
atr  duct In the  center of the nacelle  passed  through all of the  zones  but  was  consldered  as  part 

Followmg  the  InstallatLon of the  ftre  curtaln, a study  was  made of the  agent 
concentratlons  produced In the  nacelle by the  orlgmal  ftre-extmgulshmg  System A, and by a 
proposed  modlftcatlon.  System B See  Flg 5 Thls  was  accompllshed by use of an  extln- 
gutshlng  agent  concentratlon  recorder 3 In  conductmg  these  agent  concentratlon  tests,  fllght 

Flg 4 Deslgnatlon of MaJor  Zones of B-36  Nacelle 

3James D  New and Charles M Mtddlesworth, "Aircraft Fme  Extlngushment.   Part  111, 
An Instrument  for  Evaluatlng ExtmgutshLng Systems," CAA TechnLcal  Development  Report 
No 206. June  1953 
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Flg.  5  Schematlc  Dlagrams of Flre-Extlngulshlng  Systems  Tested 

condrtions  were  simulated by operation of the B-36 englne  whlle  a  blast of air   from  the wind 
tunnel  passed  through  and  around  the  nacelle When englne  operatLon  reached a steady  state, 
an  emergency  sltuatlon  was  assumed and emergency  procedure4 was Initrated  Thls included 
shuttlng down the  englne.  feathering  the  propeller, and drscharglng  the  agent  when  the  pro- 
peller  stopped  turlung  The  wlnd  tunnel  continued to blow a n  at the nacelle Bromochloro- 
methane (GB) was the extlnguishing  agent  used  In  these  tests.  wrth 36 pounds per  shot (18 
pounds  In each of t w o  945-cubic-lnch  spherrcal conhners   p ressur leed   to  400 psr  wlth  nltrogen) 

PSI with  nitrogen  for  the  proposed  System B 
for  the  orlglnal  System A, and 33 pounds ~n one  945-cublc-mch  contalner  pressurlzed to 400 

Following  the  agent-concentratlon  measurements,  prellmrnary  fme  tests  were 
conducted  The  number of tes ts  was llmrted  to  seven, wl th  four In Zone 3, one In Zone 2, 

fire  at   the  rate of 3 gallons  per  mlnute  (gpm)  untll  the  flre  had  burned  for  approxlmately 8 
and two 1n Zone 1 The  procedure  adopted  was first to  lgmte  gasolme.  then  add  hot 011 to the 

seconds.  Emergency  procedure  followed  and  when  the  propeller  stopped  turnlng  In 
approxunately 7 seconds,  the  agent  was  dlscharged 

wlnd  tunnel  was  undergomg  modlflcatlons  When  the  modlflcatlon  work  extended f a r  beyond 
the  allotted  tune  for  completron, It became  necessary  to  abandon  frre  testlng  temporarily As 
a result  of the  prellmlnary  analysls and fire  tests,  the  proposed  System B was  revlsed  The 

agent  concentratlons  was  made  wlth  the new System C durlng  actual  fllght  tests  These  tests 
changes  were  mcorporated  In a productlon  prototype  deslgnated  System C ,  and a  study of 

were  conducted at Convalr,  Fort  Worth,  Texas, In June  1955,  uslng the agent  concentratlon 

of  these  tests  a  further  modlflcatlon  was  proposed and an  extlngrushlng  system  lncorporatlng 
recorder  to  measure  concentratlons of CB and  dlbromodrfluoromethane  (DB)  On  the  harm 

the  proposed  change,  System D. was  set  up at  the  laboratory  where I t  could  be  mewed  during 

more  agent Into  Zone 3 at  the  expense of the  other  zones  The  dlstrlbutlon of agent into each 
dlscharge  The  change  Involved  the  use of a  restrlctor.  the  purpose of which was  to  dlvert 

chlortde  and  catchlng  and  welghmg  the  quantltles  leavlng  each  portlon of the  system  Hlgh- 
zone wrth and  without  the  restrlctor  was  deterrnlned by dlscharglng  water and carbon  tetra- 

speed  mavmg  pictures of the  spray  actlon  also  were  taken 

removed  from  the wrng stub  to permlt the  retrofrttmg of a flrewall  Improvement  klt  The  klt 

Unfortunately,  the  testlng  program  could  not be continued at that  tlme  because  the 

Durlng  the  perlod  that  the  wind  tunnel  was  lnoperatlve,  the B-36 QEC nacelle  was 

4See (1) a,  Table III. 
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was  deslgned to strengthen  the  frre  barrler  between  Zone  1 and the  forward  zones by 
lmprovlng  the  seallng  between  makng  and  lntersectrng  surfaces,  and by pa tchng  a l l   unreqdred  
and  unused  openrngs 

and It became  necessary to r e so r t  to a  substitute  means of provldlng  arrflow In order to 
contmue  the  test  program. A blower  system  whlch  provaded  ducted air   was connected to the 

that would occur in fhght  over  the  outslde of the  nacelle  was  not  duplrcated  However, It was 
alr ducts  In  the  leadlng  edge of the B-36  wlng Uslng thls arrangement, the normal  airflow 

desirable to make  addrtronal  concentration  measurements In order  to observe  whether  the 
restrlctor  that  had  been  developed to be used In the  extlnguishng  system  was  changlng  the 
dastrlbutlon as desrred 

were installed m  the  same  respective  locations  they  occupled  durrng  the  fllght  tests  Emer- 
gency  shutdown measures  were  executed  prlor  to  dlscharge of the  agent  Tests  were  made 
wlth and wlthout  the restrrctor In  the  system, wrth  GB and DB extlnguishlng  agents,  and  at 

pressure  through  adjustment of the  blowers 
slmulated low and h1gh altitudes  Altrtude  changes  were  sunulated by changing  the ram 

Followlng  the  measurement of agent  concentratrons.  a  fire-testmg  program  was 

lack of arrflow  over  the  nacelle  when  the  blowers  were In use,  the B-36  engine  was  kept 
conducted  to  determrne the effectlveness of extlngushmg  System D. To compensate  for the 

operating  durlng  the  extrngmshment  tests to provide  at  least  some  semblance of airflow to 
give dlrectlon to external  flames  However,  ext~ngulshment  was d i f f rcu l t  to  accomplish,  par- 
tlcularly In Zone 2. F o r  a time, It even  was  difficult to determine  whether  rergdtlon  was 
occurrlng  or  whether  extmguishment  had  not  been  complete.  Several  courses  were  pursued 
In the study of t h ~ s  partlcular  problem Flrst. the  locatlon of possible  hot-surface ignrtron 

relatlonshrps of such  surfaces  durrng engrne shutdown were  obtalned by  the  use  of  thermo- 
sources In Zone 2 was  determlned by means of  Thermocolor  paint Then  the  time-temperature 

couples  Flnally,  varlous  methods of coplng wrth  the hot  surfaces  were  lnvestrgated.  (1)  the 
surfaces  were cooled by alr bled off the  maln  duct, (2) the  surfaces  were  covered  with  asbes- 
tos and waterglass to keep  fuel  and 011 away from  them,  and  (3)  the  surfaces  were  cooled  by 
water  spray  The third method  was Investigated by uslng  a spherical container  partially 
filled  wtth  two  gallons of water and pressurrzed  with  nitrogen  The  water  was  nprayed on 
each of the hot  surface  areas  through  small-dlameter  lines  for  approximately  15  seconds at 
each  discharge  The  effect of decreased  ventllahon  also  was  studied  For this. a  special 
door  was  fabracated  and  mounted  forward of the  louvered  door.  Thrs  door  could be closed 
durmg  emergency  procedure to seal off  the louvered  openlngs  effectively 

flight  condltrons  for  the  remalnlng  frre tests Hot 011 flowrng at  a  rate of 6 g p  was  used  as 
fuel  for all the fires  After  engine  temperatures  had  stabllazed  for  medium  crulse  condltlons, 

cases  thls part  of the procedure  was  repeated  Then  after a brref  perrod rn which the  excess 
the or1 w a s  allowed to flow for  10 seconds  to  see If hot-surface  ignltlon would occur  In  some 

plug  rgnrter  The flre  was allowed to burn  for  appronmately 10 seconds  at  the  end of which 
011 was  allowed to drain  away,  the 011 flow agaln w a s  started  and  the  oil  lgnrted by a spark- 

tlme  emergency  procedure  was  executed, and as soon  as  the  propeller  stopped  turrung,  the 
extrngulshlng  system  was  dlscharged  Three  agents  were  used at dlfferent  times GB. DB, 

psr at 70' F., when  the  other  agents  were  used  the  contarners  were  pressurlzed to 600 psi 
and  bromotrrfluoromethane  (BT) When GB was  used  the  contarner w a s  pressurrzed  to 425 

Upon completlon of the f r r ewa l l  rmprovements,  the wlnd  tunnel st111 was  not  avallable, 

The  tests  were  conducted wl th  the  agent  concentratlon  recorder,  the  probes of which 

Eventually,  the  wlnd  tunnel  was  restored to operatlng  condltlon  and  used to simulate 

RESULTS AND  DISCUSSION 

Tests  on  the  Orlgmal  Exttlngushmg  System A,  

pounds of methyl  bromlde m 2 seconds  Thls  quantity  was  determlned  from  the  formulas 

(for  zones  through whlch there 1s l l t t le   or  no a1rflow) Wa represents  the pounds of air per 
0 40 Wa (for  zones  In  whlch  the  alrflow 1s large  compared  to  the  reglon  volume)  and 0.11 V 

second  passrng  through  a  zone  under  crulslng  condrtlons  and V represents  the  gross  volume 

of 24 pounds of agent wathm the prescribed 2-second  perlod, two  945-cubrc-1nch spheres,  each 
of the  zone ID cublc  feet It was  determlned  further  that,  in  order to provrde  the  discharge 

containrng 16 pounds of methyl  bromade, would need to be dlscharged  smultaneously  Approx- 
lmately 88 feet of 0 035-mch by 1 1/4-1nch o d  magneslum tublng w a s  used to convey  the 

fell Into dlsfavor  because of I t s  Corrosiveness and  toxlclty, It was  replaced m B-36 alrcraf t  
agent  from  the  spheres  to  the  nacelle  most  remote  from  the  spheres. When methyl  bromlde 

by CB  The  system  Itself  was not redesrgned  The  welght of CB  requlred  was  determlned 

The  orrglnal  frre-extrngushlng  system  m the B-36  was  deslgned to drscharge 24 
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F l g  6A Probe  Locations  for  Prehrmnary  Sampling of Agent  concentratlons 
Usmg  System A 

Fig 6B Probe  Locahons  Used  for  Fhght  and  Later  Laboratory  Investrgations 

simply on the  basle of malntalnlng  the  same  volume of agent  Because of the difference In 
speclfic  gravlty of the two agents,  the  welght of the CB charge  became 36 pounds In both 
cases.  the  agent  was  pressurized to 400 pal  wlth  utrogen 

that  the  effectlve  dlscharge  tlme m each  case  was  less  than 2 seconds  Immedlately  after 
dlscharge.  the  quantity of CB remalnlng ln the  supply h e  was  found  to  he 1 12 pounds o r  3 I 
per  cent of the  irutlal 36 pounds 

zones  upon  dlscharge of the  orlglnal  System A were  measured  at  probe  locatlona  descrlbed 
m Table I and  shown  In F l g s  6 and 7 For  these  tests,  36 pounds of CB agent  were  discharged 
under  airflow  con&tlons  slmulatlng  emergency  shutdown of the  englne f r o m   n o r m a l   c r u s e  
operatlon The resulhng  concentratron  versus  tlme  records  are shown  In Flg 8 

exact  science at  thls  tlme  However, previous inveshgatlons  have  mdxated  that  appron- 
Use of the  agent  concentrauon recorder to  evaluate  extulguslung  systems 1s not  an 

mately 15 per  cent  relatlve  concentration  In  all  areas of a zone  for a perlod of 112-second or 
more  will  extlngulsh  short-duratlon  flres  The  interpretauon of data IS predxated on t h l a  
basls  and on the  assumption  that  the  reabngs  taken  represent  the  areas of weakest 
concentratlons 

produce  extmguxshment of f l r e  In Zone 2. concentratlons  were  appreciably  hlgher  than In 
Zone 1 although  at  probe  locahon 2C insufflclent  agent  vapor waw Indicated  However, thls 
probe  was  located  lnslde  the  shroud on the  downstream  srde of the  heat  exchanger  and  the 
reading  dld  not  portray  conhtlons w l ~ n  the  zone  proper In Zone 3,  some  concentratlon of 
agent  was  recorded T h s  resulted  from  leakage of agent  from  Zone 2 a s  no  agent  was 
released  dlrectly  Into  Zone 3 

Tests on a Proposed  Extmgurshing  System B 

ways  and  means of mprovlng  B-36  aircraft   f ire  protecuon The hre-extlngulshing  system 

Mohon  plctures of the  system  during  dlscharge of methyl  bromide  and CB indxated 

The  relahve  concentrations of CB exhngulshng  agent  occurrlng  in  the  nacelle  flre 

In  Zone 1, the  concentratlons  were  relatlvely low at all  polnts  and  insufflclent  to 

A conference  was  held  at  Fort  Worth,  Texas, on October 27 and 2 8 ,  1953, to  conslder 
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TABLE I 

LOCATION O F  EXTINGUISHING  AGENT 
SAMPLING  POINTS IN THE B-36  NACELLE 

Probe  Deslgnatlon 
TDC No 

(System A) 
Convalr No 

1 

3A 2 

3 

4 

5 

6 
3B 7 

3D 8 

9 
2B 10 

2A 11 

2c 12 

2D 

3 c  

1A 

1B 

1 c  

1D 

Locatlon 

Centerllne  above  engme  alr  duct and dlstrlbutlon  llne 
polntlng aft 

Engglne bulkhead  upper  centerhne aft of carburetor alr scoop 

Rlght-hand  slde  below  turbo 011 tank  polntlng aft 

Between  fuel flow transfer  valve and heat  antl-tcmg  duct 
polntlng  horlzontally 

At  master  control  fuel  1nJection  pump  dtstrlbutton  llnes, 
rlght-hand  side  polntlng  down 

Englne 011 sump,  nght-hand  slde  polntlng up 

Rlght-hand  slde of  011 cooler exlt atr   duct polntlng down 

Rlght-hand  slde  near  flre  curtaln at fuel and 011 Ilnes 

Zone 2 centerhne,  18  Inches  above  cowl  polntlng  down 

Adjacent  to  lower  cowl  louver  panel,  left-hand  slde 
polntlng  forward 

Upper  Zone 2, left-hand  slde.  approxlrnately 8 o'clock 
vlewzng forward 

(In  coollng  shroud) 

vlewlng  forward  (slmllar to 2A) 

Downstream  exhaust  prlmary  left-hand  heat  exchanger 

Upper  Zone 2, rlght-hand  slde,  approxlmately 8 o'clock 

Inslde 011 cooler  duct aft of  011 cooler 

Above  No  2 cyllnder  bank 

Below No 5 cyllnder  bank 

Under  englne  shroudlng  at No 4 cyllnder  bank 

Under  engme  shroudlng  at No 2 cyllnder  bank 

was a sublect  for  dlscusslon  at  that  tlme  along  wlth the flre-detectlon  system,  Improved 
seahng of the  flrewalls,  and  the  mstallatlon of a new ftre  curtam  The  latter  Improvement. 

desirable to  have  the  extlngulshmg  system  protect  thls  zone  as  well as the  others Two ways 
In effect,  Isolated  the  nacelle  from  the wlng and  created a  new zone It  was  consldered 

were  proposed  for dolng thls (1) re tam the  exlstmg  system  and add a secondary  system 

protect  all  three  zones  Tha latter w a s  constdered  the  better  cholce  because I t  offered 
deslgned  to  protect  the new zone  only,  and (2) redeslgn  the  exlstlng  extmgulshlng  system to 

increased  protectlon at less  cost  and  welght 

mounted In each wlng The two  In  the left  wmg were  mantfolded  to  englnes 1. 2 ,  and 3 and 
evaluation  The  system  may be described as follows two 945-cublc-~nch  spheres  were 

tublng  for  Zone 3 flre  protectlon  Check  valves and electrlcally  operated  dlrectlonal  valves 
connected  to  the  exlstmg  nacelle  flre-extmgulsher  dlstrlbutlon  tublng,  wlth  addltlonal  nacelle 

dlrected  the  agent flow  through  the  manlfold  tublng to the  englne  selected  at  the  englneer's 
panel  Thls  arrangement  provlded  two  shots  for  any one of the  three left wlng reclprocatlng 

In  the right w1n-g but there w a s  no crossover  between  the  left  and  rlght wlng mstallatlon  Only 
engmes, or one shot  each  for  any two of the  three  englnes  The  arrangement  was duplicated 

a portlon of thls  system,  conslstmg of one 945-cub1c-1nch sphere  wlth 30 feet of 0 035-~nch 

A redeslgned  system w a s  Installed In the test  nacelle for prellmlnary flre t es t  
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Flg 7 Probes In B-36 Test  Nacelle - A and B, Zone 1. D, Zone 2, and 
C and E ,  Zone 3 

by 1  1/4-lnch o d  tublng and the rensed  dlstrrbution  system  lnsrde  the  nacelle,  was  used  for 
testmg  purposes  This  was equivalent to  the  tesbng of the  system  as  applled  to  a  nacelle  most 
remotely  located  from  the  supply  contalner 

of 33 pounds of CB through  the  proposed new extlngulshmg  System B For  these  tests  the 
system  was  fired  after  emergency  shutdown of the  englne  from  normal c r u s e  power  The GB 
agent  contalner  was  pressurlzed to 400 psl  wlth  nltrogen  The  probe  locatlons  at  whch  agent 
concentratlons  were  measured  were  the  same  as  for  prevlous  tests  on  the  orlgmal B-36 air- 

plane  extmgutshlng  system  These  are  descrlbed 1n Table I and shown  In  Flgs 6 and 7 
Results of the tests are shown graphically In Flg 8 

zone were  approxlmately  the  same  as  those  produced by the  orlglnal  system and were not suf- 
The  smgle  measurement  made  in Zone 1 rndlcated  that  concentratrons  produced  In  thls 

frclent  to  extlngmsh  fires  The  srngle  measurement  made m Zone 2 at probe  locatlon 2D lndl- 

frres m this zone  The  agent  provlded  lnslde  the  shroud  downstream of the  heat  exchanger,  as 
cated  that  concentratlon of agent  ln Zone 2 provlded by System B was  sufflc1ent  to  extmgulsh 

Indicated by probe 2C. was  ample  for  extmgulshrnent  and  considerably  hlgher  than  was  pro- 

vlded  concentrations  at  locatlons 3A and 3D sufficient to  extlngmsh  fires  However,  the 
duced by the Or lg lMl  System A Measurements  made  In  Zone 3 lndlcated  that  System B pro- 

concentratlon  at  locatlon 3B was  Inadequate No agent  was  provlded In the 011 cooler by 
System B and therefore, no concentratlon  was  recorded by probe 3C In summation. the 
results of the  concentratlon  measurements  mdlcated  that  System B provrded  Inadequate 
protectlon 

tratlon  measurements and by a knowledge of what  the  system  was  Intended  to  accomplrsh 
Table I1 THe selectlon  of test  fire  locatlons was gulded  somewhat by the results of the Concen- 

Agent  concentrhtlon  measurements  were  made In the  nacelle  zones  durlng  drscharge 

A flre-test  evaluatlon of System B uslng 3-gpm  or1 frres  produced  the  results  glven  ln 
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Flg 8 CB  Concentratlons  Produced  by  the  Orlglnal  System A and  by  the 
Proposed  Fire-Extlngulshng System B 

the  englne  accessorles  Therefore,  the  fact  that  the  flres  in  Zone 1 were  not  extlngmshed  was 
Zones 2 and 3 were  to  be  fully  protected  Zone 1 was  not to be protected  except In areas   near  

not  unexpected As noted in  Table LI. the  protectron 1n Zone 3 appeared  to be marpna l ,  with 
f l res   a t  3 of 4 locatlons  bemg  extlngulshed  The  srngle  fire  lgmted  in  Zone 2 wan extmgulshed 

Tes t  No 

1 

2 

3 

4 

5 

6 

7 

TABLE LI 

OF REDESIGNED EXTINGUISHING  SYSTEM 
PRELIMLNAUY FIRE  TESTS 

Operatlng 
Condltlon  Fare Nozzle Location 

Crulse  Center Zone 3 pointing down and  aft 

Crulse  Center Zone 3 polntmg down  and aft 

Crulse  Inboard-slde Zone 3 pointlng  forward 

Crulse  Inboard-side Zone 3 polntlng  forward 

Crulse  Outboard-stde  Zone 2 polntrng  aft  under 
turbo 

Crulse Zone  1  polntlng  aft  on  crankcase  between 
banks 1 and 2 

Ground  Zone  1  pointing  aft on crankcase  between 
banks 1 and 2 .  

Extingulshed 
FIre 

Yes 

Yes 

NO 

Yes 

Yes 

No 

No 
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Flg 9 GB Concentratlons at 2,000 Feet  Altltude  Produced by System C 
and  Using 33 Pounds of Agent. 425 PSI  Container  Pressure 

Tests  on a  Proposed  Extmgushlng  System C. 

made  and a new system, deslgnated as System C. was  Installed rn a B-36 alrplane  for  fhght 
tests These  were  conducted  at  Convalr.  Fort  Worth,  Texas. and consisted of recording the 
concentration of agent  produced  at 12 nacelle  locatrons.  Ten tests were  made  at  varlous  flrght 
altltudes,  usrng CB and DB agents.  Other  varlables Included  agent  quantrty,  agent  contarner 
pressure,  and  posltlon of the  englne  arr  plug  whlch  affected  Zone  1  alrflow  and  statlc  pressure 

probes  uaed In obtalrung  agent  concentratlons  are  descrlbed ~n Table I. Results of each  test   are 
The  speclfic  condlbons  under  whlch  each  test  was  made  are s h o w  m Table I11 The locatlon of 

shown  by g r a p h  1n F lgs  9 through 18 Graphs  for  probes 1, 2 .  3. 4, 7, and 8 In each of these 

AE a result  of the  evaluatlon of the  proposed  System B, certaln hole  rev1slons  were 

F1g. 10 GB Concentratlons  at 5,000 Feet  Altrtude Produced by System C 
and  Uslng 33 Pounds of Agent. 425 PSI  Contalner  Pressure 



TABLE 111 

FLIGHT TEST CONDITIONS(') RESULTING IN AGENT CONCENTRATIONS 
A S  SHOWN  IN FIGURES 9 THROUGH 18 

Extmgulshlng 
Quantlty 

of 
Posztlon 

F l g  No Altltude  Agent( 2 )  Agent Pressure  Amspeed 
F r e e  Alr 

Alr  Plug  Temperature 
Container  Indicated of 

(ft ) (Ib ) (P.4 b P h )  (-C.) 

8 

10 
9 

11 
12 
13 
14 
15 
16 
17 

2,000 
5,000 

20.000 
20,000 

20,000 
2,000 

20,000 
5,000 

20,000 
20,000 

CB 
GB 
CB 
CB 

DB 
CB 

DB 
DB 
DB 
DB 

33 

33 
33 

33 
25 
39 
39 

39 
39 

18 E 

42 5 
425 
425 

425 
425 

425 
425 
425 
600 
600 

140 
170 
170 

170 
170 

140 
170 
170 
170 
170 

Open 

Open 
Open 

Open 
Closed 

Open 
Open 
Open 
Open 
Open 

(1)  Condltlons  common  to all tests conducted  were as follows 

a Tests  were  conducted  on  the No 1 powerplant  Agent  was  dlscharged as pa r t  of the In-fllght 
fire emergency  procedure  conslstlng of (1) feathering  the  propeller, ( 2 )  movlng  mlxture 

immedlately after englne  rotatlon  ceases,  and ( 5 )  turnlng off lgnition  Power  settings  on all 
control  to  Idle  cutoff, (3) shuttmg off the englne  fuel  and 011 valves,  (4)  releaslng the agent 

other  engmes  were set for medium  crulse 

b A slngle 945-cublc-1nch spherlcal  agent  container w a s  used 

C. Extmgulehmg  System  C  was  used 

(2 )  CB - Bromochloromethane 

DB - Dlbromodlfluoromethane 

16 
24 
-4 
- 5  
-8 
16 
16 
-9 
-9 
-9 
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Flg. 11 GB Concentratlons  at 20,000 Feet  Altltude  Produced by  System C 
and  Using 33 Pounds of Agent,  425  PSI  Contamer  Pressure 

frgures  mdlcate  condltlons  In  Zone 3. those  for  probes 5 and 6 lndlcate  condltions  near  the 
englne accessories lnslde  the  main  alr  duct, and  those for  probes 9 ,  10,  11,  and 12 indlcate 
conditions  in  Zone 2 

appeared  to be adequate m Zone 2 but low to marglnal In the  other  zones A sl ight   mprove-  
In  general,  the GB concentratlons  resulting  from  the  discharge of 33 pounds of agent 

ment  was  evldent  when  the  dlscharge  was  measured at hlgher  altitudes  although  the  average 
condition shll would  be consldered  marginal  There  appeared to be no  advantage  In  closing 

propellant  gas In the  contamer  and  reduclng  the  agent  to 25 pounds 
the air  plug  prlor to dlscharge, nor w a s  there  any  advantage  in  lncreaslng  the  volume of 

0 5 IO 15 20 
TIME 1 

0 5 10 15 20 

F i g  12  GB Concentratlons  at 20,000 Feet  Altltude  Produced by  System C  and 
Using 33 Pounds of Agent,  425 PSI Contamer  Pressure,  and w ~ t h  A i r  
Plug  Closed 
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Flg  1 3  CB Concentratlons at 20,000 Feet Altrtude Produced  by  System C 
and Using 25  Pounds of Agent,  425  PSI  Container  Pressure 

4 0 ,  , , , , , , , , 

30 

2 0  

, 0 5 10 I5 EO 
iCONOSl 

Flg  14 DB Concentratlons  at 2 ,000 Fee t  Altitude  Produced by System C 
and Uslng 39 Pounds of Agent, 425 PSI  Contamer  Pressure 
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Flg .  15 DB Concentratlons  at 5 ,000 Feet Altltude  Produced by System C 
and  Usmg 39 Pounds of Agent, 425  PSI  Contalner  Pressure 

Flg 16  DB Concentratlons at 20.000 Feet  Altltude  Produced by 
39 Pounds of Agent, 4 2 5  PSI Contalner  Pressure 
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Flg  17 DB Concentratlons  at 20,000 Feet  Altltude  Produced  by  System C 
and Usmg 39 Pounds of Agent, 600 PSI  Contamer  Pressure 

Flg 18  Concentratlons  at 20,000 Feet Altltude  Produced  by  System C 
and Usmg 18 8 Pounds of Agent, 600 PSI  Container Pressure  
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agaln were apparently  adequate In Zone 2 In Zone 3,  concenttratlons  were  not  unrform, and 
SLnce some  were  rather low, the  protectlon  for  the zone appeared inadequate A t  the low 
altztude of 2,000 feet,  the  concentratlon  appeared to be  adequate near  the  englne accessories 
but  at  hlgher  altztudes  protectlon  also  was  consldered marginal The  use of a higher propellant 
gas  pressure of 600 psl  Instead of 425  PSI ralsed  the  peak  concentratlons ~ n m o s t   c a s e s ,  but a 
reductlon  In  the  quantlty of agent  to  18 8 pounds  was  not  compensated for  by the  Increased 
pressure 

part  of the zone  Values  decreased In a downward or  rearward  dlrectlon  from  that  polnt  as 
The  hlghest  concentratlon  measured  In  most  cases  In Zone 3 was  at  the  upper  forward 

shown by the  comparatlve  magnltude of concentratlons hown at  probe locations 1, 3,  8 ,  and 7 
ln  that  order, and probes 2 and 4 in  that  order  The  locatlon of these  polnts  may be  noted  In 
F l g  6b There  was  httle  dlfference  In  the  concentratlon ln the  forward  part of Zone 2 ,  bottom 
or  top  as  shown by probes 10 and 11. but near  the  center  the  concentratlon  generally  was  less, 
as  lndtcated by probe 9 Probe  12,  located In the  space  under  the  shroud, was omrtted  from 
conslderatlon  Inslde  the  mam  alr  duct, Zone 1. hlgher  agent  concentratlons m the  area of the 
lower engme  accessorles  occurred  (probe  6)  than In the a rea  of the  upper  accessorles  (probe 5) 
although  the  dlfference  was  mlnor 

Dlstrlbutlon  Measurements on  Modzfled Verslons of System C 

that  the  concentratlons of agent In Zone 3 should be Increased  However,  slnce  the  system 
tubmg  already  was  In  productlon,  there wds  a natural  reluctance  to  make  any  maJor  revls1ons 
If the Improvement  was tc be effected. It would have  to  be  done by some  means  that would not 
necessltate  stopplng  productlon  From  the  deslgn of the  system, It was  ConJectured  that  the 
agent  could be dlverted  from  the  mam  supply  lme  lnto  Zone 3 by lnsertlng a res t r lc tor  In the 
llne  downstream of the  pomt  where  the  Zone 3 dlstrlbutlon  llnes  branched off The  rntended 
functlon of the  restrlctor  slmply  was to r e s t r am the flow of agent so that  the  paths  Into  Zone 3 
would  have less resistance A ser les  of  19 tests  was  completed  to  study  the  effect  of  the  use 
of the restnctor   Water  and carbon  tetrachlorlde  were  dlscharged  through  the  system  and 

was a certaln amount of varlatlon  In  results  Also,  some  tests  were  ellmlnated from consld- 
caught  ln  plastrc  bags to determine  the  proportlon of agent  dlscharged  Into  each  zone  There 

tore  open  from  over-InflatLon by the  propellant  gas  However, of the 19 tes ts ,   several   were 
eratlon  altogether  because  an  undetermlned  amount of agent  loss  occurred  when  plastlc  bags 

selected as representatlve  The  data  for  these  are  presented  In  Table IV Tes t  1 of thls  table 
was  conducted  wlth a system  equlvalent  to  that  used  durlng  the  prevlous  fllght  tests  but  wlth 
shght  hole  modlflcatlons  Another  test  (Test 2 )  of  the  same  conflguratlon  was  made  wlth  the 
agent pressurized to 600 psl  mstead of 400 PSI The  agent  drscharged  Into  Zone 3 Increased 
shghtly  In  further  attempts  to  redlstrlbute  the  agent,  several  plugs  havlng  varlous slze 

wlth a 3/4-~nch-d1ameter orlflce appeared to  effect  the deslred  redlstrlbutlon of agent The 
orlflces  were  Inserted In the  feed l m e  and several   tes ts  were  made  wlth  each s1ze A plug 

results of a typlcal  test  wlth  thls s u e  plug a re  shown In Test  3 A slmpllfled  restrlctor 
shown ~n F l g  19 then  was  deslgned  to  duphcate  the  performance of the  3/4-lnch  plug Test 
results using thls  restrlctor  are shown as   Test  4, Table IV The  reqults  for  the  last tY0 tests 

ext,ngulshr,g  system  Intended  for  mstallatlon 1n all f lymg  B-36 a l rc raf t  
the  table were obtalned wlth the  same 3/4-1nch restrlctor  mstalled  In a newly fabricated 

Tes ts  on a Proposed  Extingulshlng  System D 

was Inst-lled ~n the test  nacelle  and  preparatlons  were  made to take  agent concentration 
upon concluding the  d1strlbutzon measurements.  the new system,  designated  System D. 

measurements and =onduct  actual  flre  tests  under simulated fllght  condltmns A t  the t m e  the 
concentratLon  tests  were  made,  the wmd tunnel  was  not  avallable  and  the  blower  system Was 
used This provided alrflow  mslde the nacelle  only, and entrance  pressures  at  the  Intake  duct 
On the wing leading edge  were  equlvalent to those for the  fllght  condltlons simulated The 
subsequent  fxre-extlngulshmg  tests  were  conducted  usmg  the wlnd tunnel which produced  an 
alrflow  of 150 mph  over  the  test  nacelle 

Uslng DB Instead of GB.  the concentrations produced by dlscharglng 39 pounds of agent 

After  studylng  the  results of the  fllght  tests on extzngulshlng  System C, It was  concluded 

1 Agent  Concentratlon  Measurements 
The measurement of agent  concentratlons  produced  wlrhm  the  nacelle  flre  zones  were 

conducted  prlmarlly  to  deterrnlne  the  lmprovement  effected In agent concentrations In Zone 3 
by  the  extlngulshlng  system  restrlctor  In  addltlon. the tests  provlded  lnformatlon on the 
effect  of the engine alr-phg  posltlon,  fllght altitude. agent  used.  and  agent  contamer  Pressure 
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TABLE IV 

TYPICAL  TEST  RESULTS OBTAINED WITH SELECTED 
MODIFICATIONS TO  THE ALRCRAFT  EXTINGUISHlNC  SYSTEM C 

Welght of Agent  Caught 
Test  No Zone  1  Zone 2 Zone 3 

1 9 3   9 5  6.5 

2 9.3 9 1   7 0  

3 8 6  9 1  7 5  

4 8 7  8 8  7 8  

8 6  9 3  7 9  

9 0  9 1   7 5  

pounds 
Total 

25  3 

25 4 

25 2 

25 3 

25 8 

25 6 

Remarks 

Modifled  fllght test System  C, 
400 PSI contalner  pressure 

Moddied  flight  test  System C. 
6 0 0  PSI container  pressure. 

Modlfied  flight  test  System  C, 
3/4-1nch plug 

Modified  flight  test  System C. 
3/4-lmb  restrlctor 

Productron  system,  3/4-inch 
restr lc tor  

Productlon  system,  3/4-lnch 
restrictor 

Speclfic  condltrons  for  each  test  are  shown IU Table V. Agent  sampllng  probes  were 
located  in  the  same  respectrve  positlons as for the  previous  flight  tests  and  numbered In 
accordance  wlth  the  Convarr  order  shown  In  Table I Agent  concentratlon  measurements  are 
shown  graphically  ln  Flgs 20 through 24 Graphs  numbered 1, 2 ,  3, 4. 7, and 8 in  each  figure 
lndxate conditions  In  Zone 3. those  numbered 5 and 6 mdrcate  conditlons  near  the  engine 
accessories  INlde  the  mam  air  duct,  and  those  numbered 9 ,  10, 11, and 12 indicate  condltlons 
in Zone 2 

the  restrictor  were  shown  in  Flg 20 for  sunulated  low-altltude.  and In Flg. 21 for  simulated 
When 33 pounds of CB  were  dlscharged,  the  concentratlons  produced  with and wlthout 

hrgh-altztude  operatlon  The  effect of the  restrlctor  under  low-altltude  condltlons  was  negh- 
glblc  In  all  zones  Under  smulated  hlgh-altitude  condztrons. It appeared to increase  the con- 

pounds of DB were  discharged at sunulated  high-altrtude  condltions.  uslng 425 and 600 per 
centratlons  by  a  moderate  amount 1n Zone 3 and  had httle  effect  on  Zones 1 and 2 When 39 

agent  contalner  pressure,  use of the  restrlctor  Increased  concentratlons  In  Zone 3 In  both 

Flg.  19 Restrlctor  Used rn Flnal  Productlon  System Mockup 
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TABLE V 

TEST CONDITIONS(’) RESULTING IN AGENT  CONCENTRATIONS 
AS SHOWN  IN FIGURES 20 THROUGH 23 

EXTINGUISHING SYSTEM D 

19 
19 
20 

20 

21 

22 

22 

2 3  

23 

Slmulated 

Low 

Low 

Hlgh 

Hlgh 

Hzgh 

Htgh 

Hlgh 

High 

Hlgh 

Agent  and  Quantlty 
Extlngulshlng 

(2) 
(agent) (1b 1 

CB 33 

CB 33 

CB 33 

CB 33 

CB 33 

DB 39 

DB 39 

DB 39 

DB 39 

Container 
Agent 

P res su re  
(P=) 

425 

425 
425 

425 

425 

425 

425 

600 

600 

Posltlon 
of 

Alr  Plug 

Open 

Open 

Open 

Open 

Closed 

Open 

Open 

Open 

Open 

(1) Engme  stopped  and  propeller  feathered  prlor  to discharge of 
extmgulshlng  system  in all tests 

(2) CB - Bromochloromethane 

DB - Dlbromod1fluoromethane 

Extlnglushlng  System 
Restrlctor  Used m 

No 

Yes 
No 

Y e s  

No 

No 

Y e s  

No 

Yes 

F l g  20 C B  Concentratlons at Sunda ted  Low Altltude  Produced  by  System D 
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F l g  21  CB Concentrahon  at Simulated Hlgh  Altltude  Produced by System D 

Instances and caused  sllght reductions In concentratlon of agent In Zones 1 and 2 These  results 
a r e  shown In Flgs 23 and 24 In summatlon,  the  restnctnr  provlded a sllght  Improvement  In 
Zone 3 and  a sllght  decrease  In  concentratlons 111 Zones 1 and 2 

Results of the tes t  conducted  wlth  the a ~ r  plug  closed a re  shown  In Flg. 22 ,  A 
cornpanson of these w l t h  the results In F l g  21 (wlthout  restrlctor)  mdlcates  that  closlng  the  alr 
plug  Increased  concentratlons In all  zones  to  some  extent 

F l g  22 C B  Concentrations Wlthout Restrlctor and wulth Alr  Plug Closed 
Uslng  Extlngulshlng System D 
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Flg. 23 DB Concentratlon at Simulated Hlgh Altitude (425 PSI) Using 
Extlngmshlng System D 
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~l~ 24 DB Concentratlons at Sunulated Hlgh Altitude (600  PSI) 
Extlngwshlng  System D 
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Flg 25 Cross Sectron  Taken at  the  Firewall  to Show Where 
Zone  1 Flres  Penetrate Into  Zone 3 

A comparlson of the results  shown In Flgs 20 and 21 show that agent  concentratlons  In 
Zone 1 were  consrderably  hlgher  under  slmulated  hlgh-altltude  condltlons  than  under  simulated 
low-altltude  condltlons  Concentratlons  in  Zones 2 and 3 essentially  were the same  vnder the 
two condltions 

Figures 21 and 23 provlde a comparlson of results  obtamed  wlth 33 pounds  of CB and 
39 pounds  of DB Wlthout the restrlctor  Installed,  the CB charge  produced  somewhat  hlgher 
agent  concentrations  In  Zone  1 and much  lower  concentratlons In Zones 2 and 3 than  the DB 
charge Wlth the restrictor  Installed,  the CB charge  produced  much  higher  concentrations In 
Zone  1 and much  lower  concentratlons In Zones 2 and 3 than  the DB charge  These  results 
lndlcate  dlfferences In dlstribution, due posslbly to the  differences 1n speclhc  gravlty and 
volatlhty of the two agents 

agent  contalner  pressures of 425 psi and 600 psl  These  results show that  the  hlgher  pressure 
produced  a  negllgible  increase In concentrations 

The  graphs In Flgs 23 and 24 provlde a comparison of concentratlons  produced by DE 

2 Flre-Extingmshmg  Tests 

System D. the wind tunnel  became  available and a  number of fire-extlnguishmg tests were con- 
Followrng  completlon of the  agent  concentratlon  measurements  usmg  extlngulshmg 

ducted at a  tunnel  airspeed of  150 mph  These  tests  were  made  as  a  flnal  check  on  extingulshlng 
effectiveness and  to  provlde a check  on  the  mterpretatlon of agent  concentratlon  measurements 

operatmg B-36 axrcraft was  the  result of exhaust-system  fallures  in  Zone  1  The  extinguishmg 

between  Zone  1  and  the  adJoinmg  zones  was  Improved and strengthened  During  the  fire-testmg 
system  was  not  deslgned to combat  such  flres  In  lleu of thls  type of protectlon.  the  flrewall 

program,  the  effect of the  revamplng w a s  observed  For  the  most  part,  the  Improved  flrewall 
was  an  effectlve  barrier However.  one area was  discovered  where  unburned  fuel  and  flame 
could  penetrate  the  lap  Iolnt  between  Zone 1 and  Zone 3 Thls  occurred  in  the  manner  lllus- 
trated In Flg 25 The JOlnt was  fairly  tlght and  normally would not  permlt  the  passage of 

Fme dld  not enter Zone 2 m a slmllar  manner  through the fire seal i n  the  lower  portion of 
Zone 1. The  quantzty of agent  dlscharged  rnsrde  the  maln  duct  for  use  agalnst  Zone  1  flres w a s  

were  comparatively low because of the  hlgh  alrflow  through  the  maln  duct Flres were  more 
equal  approximately to that  discharged Into  Zone 2 but  the  concentratlons  measured  ln  Zone 1 

uslng a 2 - g p  flow of gasoline  These  flres were extmgulshed  by  the  system  usmg CB as the 
dlfflcult to lgnlte  In  thls  alrstream  but  they  could be Ignlted, as w a s  demonstrated by two tests 

agent 011 flres orlglnatlng at the  engine  mlght be more difflcult  to  extmgulsh  because 011 
clings  to the  englne  surfaces, and oil f i res  outslde  the  confanes of the  englne  In Zone 1 probably 
would escape  exhngulshment  because of the low agent  concentratlon  ln  the  space  surroundlng 
the  engme  Protection  for  the  alrplane  then would depend  on  the  lntegrlty of the  firewalls  and 
flre  curtams,  plus  curtaxlment of flammable  flmd flow and elimlnatlon of the  lgmtlon  sources 
by  engine  shutdown 

Accordlng to a study  made In 1949, a  large  percentage of fire  lncldents  occurrlng  in 

, flames  During  a  fire,  however,  sufflclent  warpage  occurred to permit  appreclable  leakage 
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F1g 26 Unshrouded  Portlons of the  Exhaust  Stacks 

Flre-test   results In Zone 2 were  not consistent Exhngulshment was successful 1n only 
15 of the 30 tests conducted  Gasolme  was  the fuel  used In flve  fire  tests  and or1 preheated to 

fact  appeared to have  llttle  bearlng on results Stoppzng the  flow of fuel to the flre  unmedlately 
160' F was  used 1n the rest  Rates of 2-, 3- ,  and  6-gpm were  used  at various tlmes, but thls 

prlor to attempted  extmgurshment  had  neghglble  effect  The  reason  fallure  occurred  In so 
many  Instances  was  not  readlly  apparent  as  the  concentratlon of agent  was  consldered  sufflclent 
to extmgulsh  flres Two explanatlons  were possible, erther  the  frre  was  relgnlted by some 
hot  surface  lnslde  the zone or f l r e  persisted 1n some protected  area mtll the  agent  had dlssl-  
pated  An  attempt  was  made to locate  the  suspected  hot  spots  and  havlng  located  them.  to 
determrne  whether  somethmg  could  be done to  make  them  Ineffectual 

to be at  temperatures  In  excess of 800" F durlng  normal  operatlon Two of these  spots  near 
Four  unshrouded  areas on the  exhaust  stacks  near  the  turbosuperchargers  were found 

the  rlght-hand  turbosupercharger  are  crrcled xn Flg 2 6 .  the  others  were  In  comparable  posl- 
tlons  near  the  left-hand  turbosupercharger  The  lower  clrcled  area  was  the  hottest of the  four, 
and was  glven  further  study A thermocouple  was  placed  on  the  forward  slde of thls  stack and 
deslgnated as  thermocouple No 1 The  thermocouple  shown In the  lower  clrcled  area  was 
deslgnated  thermocouple No 2 Tlme-temperature  relatlonshlps followmg  engme  shutdown 

temperature  recorder  The records  are  plotted In  F l g  27 for normal  cooling and forced  alr 
for two operatmg  condltlons were  determmed by use of the two thermocouples and a Brown 

coollng  wlth alr  from  the  maln  arr  duct  The  alr  was  dxrected  on  the  slde  where  the No 2 
thermocouple  was  attached  With  normal  coollng,  approxlmately 50 seconds  were  requlred  for 
a t   least  one part  of the  stack to cool  from 1,000' F to 800' F. Wlth  forced  alr  coollng.  the 
maxlmum  temperature  recorded  was  only 880" F., and 12 seconds  were  requred to cool to 
800' F ! 

A stream of 011 preheated  to  160" F was sprayed  on  the  exposed  surfaces When the 
surfaces  were  cooled w ~ t h  the  coolmg alr,  the 011 falled to Igrute  but  when  the 0 x 1  was  sprayed 
on  the  surfaces  wlthout  beneht of the  coolmg  am.  lgnltlon  took  place  withm  approxlmately 5 
seconds  Although  the  coollng alr  appeared  to be lnstrumental In preventlng  lgnltlon, It was 
not considered  advlsable  to  Introduce  free a n  Into  the  zone  because  once a fire  started,   the 
free  alr  would asslst  combustlon A s  an alternative means of preventlng lgnltzon. the  exposed 
surfaces  were  covered wlth asbestos and waterglass  Followlng  thls.  flres  contlnued to rgnlte 
St111 another  attempt  to cool the hot  surfaces by spraylng a hmlted  amount of water on  them 
over a perlod of several  seconds  met wlth l l t t le  success 

started  uttzmately and rntentlonally by the  spark-plug  lgnlter When extlngulshment  was 
Durmg  the  tests to study prevenlxrm of lgnltlon by coollng and by  covermg,  flres  were 

attempted  such  fmes  frequently  relgnlted  Thls  led  to  the conclusion that  other  factors  were 
Involved Observers noted that,  durmg  extmgulshment  tests.  flres  tended to perslst   near the 
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F l g  27 

was  posslble  for 011 to leak Into these  spaces  and  lgnlte  The  agent,  however,  dld not enter 
exhausts  and  partlcularly  In the spaces between  the  stacks  and  the  shrouds  Apparently, It 

these  spaces  In  sufflclent  concenttratlons  to  extlngulsh  these  Isolated  flres  snnultaneously  wlth 
the  maln body of f l re  

tests In  whlch the louvers  In  the  bottom of the  zone were  covered  by  means of an  auxllxary 
door  Thls  door,  when  closed  as  part of the  emergency  procedure,  was  Intended  to  ass>st 
extlngulshment by preventrng  the  escape of agent  through  the  louvered  openlngs.  thereby  mam- 

to  remain  In  and  around  the  shroud  spaces  durlng  the whole perlod  that  extlngulshment W d S  

tamrng  the  hlgh  agent  concentratlon  for a longer  duratlon  However.  flres  usually  contlnued 

taklng  place,  although  they  were  extmgulshed  xnslde  the  zone 

results  can be assun-d  to be m o r e  mdlcatlve o i  what  mlght  occur  durlng a f l re  In  actual  fllght 
Simulate3 CTUISB condltlons  were  estabhshed for each  test  Then 011 was  sprayed  from a 

It  dld  not  lgnlte In every  case. In order  to  conduct a ftre  test.  the 011 had to be lgnlted  lnten- 
nozzle  lnslde  Zone 2 for perlods of 30 seconds to see  whether It would lgnlte on hot surfaces 

tlonally by a spark-plug  Igmter  However,  once  Ignlted,  the  flres  could  not be extlngulshed 
wlth 33 pounds of CB  In  a slngle  test wzth 27 pounds of BT agent,  the  flre  was  not  extmgulshed 
No  tests  were  conducted  uslng DB Agaln  the flres were  observed In the  shroud  spaces 
around  the  stack  outlet  even  though  the f lres  In the  zone  proper  were  extlngulshed 

the  amount of agent  belng admltted to  them Accordingly, four of the  nozzles  dellverlng  agent 
To combat  flames llngerlng In the  shroud  spaces. I t  would seem  expedlent to Increase 

to  these  reglons  were  drllled  out s o  that  the  orlflce of each  was  approrlmately  four  tlmes  Its 
orxglnal s ~ z e  Thls  modlflcatlon  appeared  to  effect some Improvement  but  flres  contlnued  to 
escape  extlngulshznent Two other  nozzles  whlch  dehvered  agent  to  these  spaces  were  left 
unmodlfled  It 1s doubtful  that  the  enlargement of these  orlflces would have  provlded  sufflclent 
addltlonal  agent In all  probahlhty,  larger  dlameter  hnes  leadlng  up  to  the  orlflces would  be 
needed 

The  poss1blllty of flres  perslstlng  for  thls  reason  was  confirmed  further by addltlonal 

The Twnd tunnel furnished coolrng alr  for  the  concludmg  sene5  of  tests,  therefore,  the 

CONCLUSIONS 

The following concluslons are based on the  tests  conducted 
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1 The  final  verslon of the B-36  hre-extlngulshlng  system  (System D), uslng a 33-pound 
charge of GB o r  a 39-pound charge of DB, provldes  concentratlons of agent In Zone Z sufficient 
to extlngulsh  flres  However, It does  not  produce  concentrations In cer ta ln   areas  of Zones 1 
and 3 sufficient to  assure  extingulshrnent In these  zones 

receives  adequate  concentration  and  distrlbutlon of agent  in the  zone  proper.  msufflclent  agent 
2 The provisions for  extlngulshing  flres  are Inadequate In all  zones  Although  Zone 2 

1s provlded  the  shrouded  spaces.  and  Inadequate  shroudlng of hot  exhaust  surfaces  permlts 
fuel  or oil to  enter  shrouded  areas  Thls  results In furs  occurrlng  wlthln  shrouded  areas 
which  cannot be extlngulshed by System D and  which  cause  relgnltlon of fuel or 0 x 1  In Zone 2 

3 In  evaluating  the  provlsrons for In-fllght flre  control on alrcraft  powerplants,  the 
measurement of agent  concentratlons  must be supplemented by assurance  that  the zone 1s 

procedure 
Isolated  from  sources of relgnltlon or  that  such  sources  are  ellmmated by the  control 

entering  Zone 2 However.  flre  and  unburned  fuel In Zone 1 may  enter Zone 3 through  Jolnts 
1n the fire seal  between  these  zones 

4 The  fire-seal  provlslons  between Zone 1 and Zone 2 prevent  slzable Zone 1 flres  from 


