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O F  THE  NORTHROP  F-89  POWERPLANT* 
FLRE-EXTINGUISHING STUDIES 

SUMMARY 

A study  was  made of the  control of in-fhght  turbolet  powerplant  fires by conductlng  full- 
scale   tes ts  on  the  F-89  fire-exbnguwhlng  system  The  early  phases of t l u s  study  showed  that 
the  F-89  fire-exhnguishmg  system  was  meffecbve m exhngulshing  fires of low, as   wel l   as  
hgh,  intensity  Seven  mo&ficatlons of t h ~ s  system  were  tested  in  an  effort  to accompllsh  suc- 
cessful  extmgushment  usmg  bromochloromethane  in a perforated  tubing  system  Conwlderahle 
Improvement  in  exhngushment of flres  was  accomplished but  not  sufficient  to  warrant 
acceptance of the  system 

ef fec t ive   ex tmgulshent  A high-rate-discharge system.  consrstmg of a manlfold  and  dlstrl- 
bubon  hnes,  was  developed  which  effecbvely  extingushed all flres  lgrvted  Inside  the  englne 

methane  was  found  more  effecbve  than  bromochloromethane as the  exbngulshing  agent 
bay,  mcludmg  those of a s ize  whlch  consumed  all  oxygen  In  the  cookng a n  Dlbromobfluoro- 

A hgh-rate-&scharge  system  then  was  consldered  as a posslble  means of providlng 

INTRODUCTION 

The  tests  described  in ths  report  conclude  flre-protechon  studies  conducted  on  the 

were  presented m a previous  Technlcal  Development  Report ' Thls  work  was  conducted  during 
F-89  alrcraft  powerplant  Results of the first par t  of the  pro ram deahng  with  fire  detecbon 

the  period  January to September, 1956, at the CAA Technical  Development  Center,  Inhanapohs, 
In&ana.  It  was  sponsored  jomtly by the  Wright  Air  Development  Center  and  the CAA 

system on afterburning  engines  and  In  nacelles  havlng a relatively hlgh rate  of alrflow,  the 
Because of the  dearth of information on the  requlrements  for a flre-exhnguishmg 

F-89  installahon  was  chosen  for  testing.  Actual  fllght  experlence with aircraf t  of thls cate- 
gory  had  indicated  deficlencles  in  the  flre-extmgushng  system In a number of instances, 
the system  had  been  actlvated  wlthout  successful  exbngulshment Ths   p rogram  was   imhated  
so that  these  deflclencles  could  be  ehrnlnated 

flre-exbngulshmg system  and, if  necessary,  develop  an  improved  configurabon for the  agent 
The  primary purpose of t b s  phase of the  testlng  program  was  to  evaluate the  F-89 

dlstrlbuhon  system  whch would exbngush  any  f i res  of a s lze  whuch could  burn  in  the  coohng 
alr regardless of their  locahon  in  the  engine  bay  Also, it was  intended  to  determine  the 
comparative  effecbveness of bromochloromethane  (GB)  and  hbromodlfluoromethane  (DB)  ex- 
hngushng  agents ,   develop  an  optmum  f i re   emergency  procedure,   and  determlne the  effects 
of engine  shutdown  alone  on  the  exhngulwhment of f i res  

DESCRIPTION O F  TEST  EQUIPMENT 

Faclhty.  

chamber,  and two 1,750-hp  blowers  which  supplled  ducted  alr to  the test  artlcle  The  control 
The  test  faclkty  consisted  essenbally of a test   chamber,  a control  room  adJacent to the 

other  equpment  used In  conductlng  the  tests 
room  contained  the  englne  control  panel,  temperature  recorders, a multlple  manometer,  and 

Ram a n  from  the  blowers  was  ducted  to a plenum  chamber  Just  forward of the  alrcraft  
and  was  introduced  Into  the alr intake of the  left  englne  by  means of a n   e u t  duct  from  the  ple- 
num  The  Intake  air  was  controlled by the  blower  operator to slmulate  the  varlous  condltlons 
of flight  under  whch  the  flre-extmgushlng  systems  were  to  be  evaluated  Englne  operation  was 

*Manuscript  submitted  for  publicahon  August 1958 

'Allen V. Young. "Fire-Detecbon  Stumes of the  Northrop  F-89  Power  Plant," CAA 
Technlcal  Development  Report No 286. July 1956. 
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controlled  from a panel In the  control  room  The  veloclty of the  ram  alr   to  the  engine w a s  
measured by  prckups  mounted  In  the a1r Intake  of  the  englne  Two explosion panels  were 
Installed In the  doors  In  each of the two engine  bay  compartments  to  minimlee  damage  to  the 
alrplane  structure In the  event of exploslons  lnslde  the  bays  Indlcatlon of flres  was  provlded 
by thermocouples  mounted In the  areas  where  flres  were  to  be  lgnlted  and  by  flre-detector 
elements  routed  throughout  the  englne  compartments 

Test   Artlcle 

Alrcraft,  Inc It had  undergone  acceptance  and  evaluatlon  tests by the Department of the A l r  
Force  a t   Edwards A l r  Force  Base,  Californla.  prior to belng  transferred  to  the  Center  for  f ire- 
extlngulshment  studles 

The alrcraf t  was equrpped  wlth two J35-A-ZIA  turboJet  englnes  complete  wlth 

These  englnes  were  rated at 6.800 pounds thrust  at 7,900 rpm  at   sea  level  for takeoff  power 
afterburners  For  purposes of this  study,  only  the  left  englne  was  Instrumented  and  operated 

wlth  afterburner 
Certaln  modlflcatlons  were  made  to  the  test   art icle  to  accommodate It to  the  test   cell  

The  nose  section of the  alrframe  back to Statlon 125, the  tall  sectlon aft of Statlon  490,  and a 
maJor  portion of the  wlngs  were  removed  from  the  alrplane  before I t  was  Installed ~n the  test  
cell.   The  test  artlcle  was  supported  at  the wing stubs  by  wall-mounted  I-beam  structures 
Before  the  test  program  was  mltlated,  the  powerplant installation was  modlfled  to  make I t  
conform  as  closely as posslble  to  the  F-89D  models  which  were  then In productlon 

The  test   art lcle  was  the YF-89A alrplane.  Serlal No. 46-679,  manufactured  by  Northrop 

GENERAL  TEST  PROCEDURE 

Tests  were  conducted  under  englne  power  condltlons  simulatlng  taxl.  takeoff.  crulse, 
and maximum  crulse In  fllght Prelmlnary  flre-extlngulshlng  tests  lndlcated  that  the  operatlon 
of the  afterburner had  no appreciable  effect on the  extmguishlng  requlrements.  For  thls  reason 
the  afterburner w a s  not  used  in  the  later  phases of the  program Ram am  from  the  blowers  was 
supphed  to  the  englne  alr  Inlet In amounts  reqmred  to  slmulate  the  alr  Inlet  pressures  for  the 
various condltlons of operatlon  Table 1 defmes  the  test  conditions 

TABLE I 

TEST CONDITIONS 

Slmulated  Operatlng Englne  rpm  Engine  Inlet  Slmulated 

Rated  rpm) [Inches Hg) (knots) 
Condltlon (Per Cent  Max. Im  act  Pressure  Fllght  Speed 

T ax1 
Takeoff 

Maxlmum  Crulse 
Crulse 

100 
80 

100 
82 

0 1  
0 8  
5 0  
7 0  

130 
45 

320 
370 

The  locatlon of the  test   f lres  was  determlned  from F-89 accldent  reports  and  by a 
survey of the  engine to lndlcate  the  areas  where  the  greatest  flre  hazard  exlsted  Sixteen 
locatlons  were  chosen  as  potentlal  areas of f l re ,  and  throughout  the  series of tes t s ,   f l res   were  
Ignited  at  these  polnts  to  evaluate  varlous  agent  dlstrlbutlon  systems  and  several  extlngulshing 
agents  These  locatlons  are  indlcated and numbered In F lg  1 Flres   were  not  lgnlted  at all 16 

partlcular  extlngulshlng  system  conflguratlon  from  conslderatlon  as a satlsfactory  system As 
locatlons  for  all  surveys,  as  fallure  to  extmgulsh  flres  at  any  one  locatlon  ellminated  that 

soon as the  fact w a s  establlshed  that a dlstrlbutlon  system would not  extlnguish  flres In any 

firewall  separatlon  between  the  compressor and burner  sectlons, a flre  was  lgmted In each 
area,  the  system  was  redeslgned or Improved  and  the  test  sene5  begun  agam  Becauseof  the 

sectlon  slmultaneously  to  reduce  the  number of f l res   necessary and to make  use of the  agent 
which was  dlscharged~lnto both  sectlons 

4 20,  and 4 6 0  gallons  per  mlnute  (gpm)  The  fuel  was  Introduced  Into  the  bay In a spray  pattern 
JP-4  fuel  was  used  for  the  test  flres  at flow rates  of 0 475, 0 95, 1 90, 2 28, 3 20. 3 73, 



3 

LEGEND, 
~ L O C A I I O N  OF FUEL-OISCMGE NOZZLES 

FUEL IS RELEASED In DIRECTION OF 
EXPANbEO EHO OT S I L W T T E  

-2-- 

Flg 1 Test  Flre  Locatlons  in  Left  Englne  Bay of F-89 Alrcraft  

through  holes  drllled In a 1/4-lnch  copper  tube  and  under a pressure of 25 PSI to   assure  good 
mlxlng w1th the  coollng  alr  through  the  engme  bay.  Ignitlon  was  accompllshed  by  means of a 
modifled  alrcraft  engrne  spark  plug 

pressurmed  wlth  nltrogen  to 400 PSI. was  used to evaluate  the F-89 extingulshlng  system  Thls 
was  the  quantlty  and  pressurlzatlon  requlred  by  thls  deslgn DB and  bromotrlfluoromethane 
(BT) also were  used  in a number of tests to  compare  their  effectlveness  wlth  CB  Agent 

the  extmgulshmg  effectlveness 
contamer sizes, f l l l  ratlos.  and  charging  pressures  were  varxed  to  determme  thelr  Influence  on 

so that a permanent  comparatlve  hlstory  was  obtalned of each  tes t  In order  to duplicate the 

slst lng of four  cams  was  fabrlcated to control  the  varlous  operatlons  The  tuner  swltch  was 
sequenclng of events  throughout  the  entlre  serles of tests,  an  automatic  sequence  tlmex  con- 

the  tlmlng  sequence  whlch  was  malntalned  throughout  the series of tests 
energlzed by closing one manual  swltch, and the  sequence of events  was  begun  Table I1 gives 

before  extlngulshment  was  attempted  The  fuel  contlnued  to  be  fed to the  flre  untll  the  extin- 

automatlcally  prlor to the  above  operatlons  and  turned off after  thelr  completlon 
gulshlng  agent  mslde  the  englne  bay  was  dlsslpated  The  recordlng  Instruments  were  turned  on 

system  were  mounted  lnslde  the  eoglne  bay  mdependently of each  other  These  were  connected 
to  lndlcatlng  llghts  on  the  control  panel  in  the  control  room  and  to  indlvldual  pens of the 
E s t e r  llne-Angus  operatlon  recorder  to  provlde  vlsual  and  recorded  evidence of the  presence 
of f i r e s  In the  englne  bay 

A standard  378-cublc-lnch  extmglushlng  agent  sphere,  contalnlng 13 5 pounds of CB 

Each  operatlon  was  recorded  by a separate  pen of an Esterhne-Angus  operatlon  recorder 

As  can be seen  from  Table 11, the   f l re  w a s  permltted  to  burn  for a perlod of 10 seconds 

A complete  Edlson  contlnuous-type  detector  system  and  an  Edlson  unlt-type  detector 
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TABLE I1 

TIMING SEQUENCE O F  TEST  EVENTS 

Tlmlng 
Swltch 

Cam No 

0 

1 c  

2 

3 

4 

c 

1 

I - 

Elapsed  Tlme  (sec ) 

I 
dn I l&ite'r I off 

a - Polnt of f l r e  detectton 
b - Polnt of englne  shutoff 
c - Polnt of agent  release 
d - Polnt of maxlmum  agent  concentratlon In  englne  bays 
e - Pomt of agent dissipation 

The  test   procedure  used  was one m whlch  the  power  condltlons  of  the  englne  were 
estabhshed  and  allowed  to  stablhze wulth the  approprlate  amount of ram alr from  the  blowers 
The  manual  swltch  energlzlng  the  tuner  swltch  then  was  closed,  startmg  the  automatlc  sequence 
of events  After  the fire was  started,  the  warnlng  llghts of the  detector  systems  were  monltored, 
and  the  englne  was  shut down flve  seconds  after a flre  warnlng  was  recelved  The  flre- 
extmguishmg  agent  was  dlscharged  into  the  dlstrlbutlon  llnes  several  seconds  later  In  case of 
a malfunctlon of the Igniter, the  clrcult  to  the  agent  sphere  could be opened,  thus  preventlng 
needless  dlscharge of the  fire-extlngulshlng  agent  Extlngulshent  was  noted  by  temperatures 
in   the  area of the  f lres,  by  the  detector  systems,  and by vlsual  mspectlon  through wlndows  In the 
englne  bay  doors 

nozzle  pressure of 25 PSI When extlngulshment  was  accompllshed,  the  rate at whlch fuel was 
The flrst tes t  flres were  run at a flow rate  of 0 475 gpm of JP-4  fuel  released  at a 

Introduced  Into  each  englne  sectlon  was  Increased  to a maxlmum of 4 60 gpm From  observa- 
tlons of a number of tests,  the  maxunum  quantlty of fuel  whlch  could be Introduced  Into  the  com- 
pressor  sectlon  from a number of sources  and  completely  burned  was  noted  to be approxlmately 
4 gpm Quantities in  excess of this  amount  drained  out  through  the  doors  and  onto  the  floor 
Fuel was  lnJected Into each  sectlon  from  as  many  as  four  dlstlnct  sources to accompllsh  com- 
plete  combustlon of  the larger  fuel  quantltles  and  to  dlstrlbute  the  fuel  more  completely  through- 
out  the  engme  sectlon  Even though fuel  was  ln~ected  from  multlple  sources, for the  purposes 
of these  tests It was  consldered  as  belng  one  flre  for  that  partlcular  sectlon. 

c r u s e  fllght  power  was  more  dlfflcult  than  under  other  slmulated  fllght  or  ground  operatlng 
A s  the  tests  proceeded, It became obvlous that e x t l n g u l s h e n t  of fire  under  slmulated 

condltlons  Thus,  in  the  latter  stages of the program,  the  malorlty of tests  were  conducted  at 
c r u s e   s e t t l n g  

evaluated  durlng  the  conduct of 234 f i re   tes ts  
A total of 7 perforated  tubmg  conflguratlons and 3 open-end  tublng systems  were 

EVALUATION O F  THE  F-89  FIRE-EXTINGUISHING SYSTEM 

Purpose 

the  effectlveness of the  productson-type  agent  dlstrlbutlon  system,  and, If found  Inadequate.  to 
modlfy  the  agent  dlstrlbutron  system so that  It  would  extlngulsh  flres of any  practlcal  magnltude 
regardless of thelr  locatlon  In  the  englne bay. 

The  purpose of the  evaluatlon of the  F-89  flre-extlngulshlng  system  was  to  determme 
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Flg 2 F-89  Powerplant  Flre  Extlngulsh~ng  System 

Descrlptlon of System 

Inch  spherlcal  contamer  connected  to two dlscharge  rlngs,  one In the  compressor  sectlon  and 
Installed  in  the  englne  bay of the  tes t   ar t lc le  as shown  In Flg 2 It consisted of a 378-cublc- 

one In the  burner  sectlon A spray  nozzle was  mounted  on  the  aft  slde of the  englne  compartment 
forward  bulkhead,  Integral wrth the  maln  agent  supply  llne,  and  dlrected aft A small   lme 
extended  down  Into  the accessory  sectlon  from  the  forward  compressor  loop  Llne  slzes,   number 

F lg  2 The A l r  Force  specified C B  as  the  extlngmshlng  agent  The  quantity of agent  requlred 
and size of dlscharge  holes, and cross -sec t~onal   a reas  of the  varlous  llnes  are  indicated m 

for  each  zone of the  englne  bay  was  computed  from  the  formula2 

Q = O.56Wa t 0 16V 

where 

Q = mlnunum  quantlty of agent to be  dlscharged  per  zone  In  pounds 

W a  = alr flowlng  through  the  zone  under  normal  crulslng  condltlons In pounds per  second 

V = net  volume  (gross  volume of the zone less the  volume of major  I tems of equlpment)  In 

The  latest  productlon  extlngulshlng  agent  dlstrlbutlon  system  used  ln F-89 alrcraf t  was  

cublc  feet 

requlrements  for  each  powerplant  zone 

mocked-up  and  dlstrlbutlon  tests  were  conducted to determine  the  actual  amount of agent 
dlscharged  from  each  sectlon of the  system  Each  length of tublng  contalnmg  dlscharge  holes 
was  encased In plastlc  tubmg to re tam the  agent  after  dlscharge  and  enable I t  to be welghed 
For  these  tests.  an  equlvalent  volume of carbon  tetrachlorlde (CCl4)  was  substltuted  for CB, 
thereby  malntalnlng  the 50 per  cent fill ratlo  In  the  sphere  The  average  amount of agent 
actually  dlscharged  from  each  part of the  system  durmg a ser les  of three  tests 1s shown In 
Table IV 

compressor c o m p a r h e n t .  so that  the  total amount of agent  dlscharged  Into  the  compressor 
The forward  bulkhead spray  nozzle and  the compressor   rmg both  dlscharge Into the 

Table 111 sets  forth  the estimated alrflow.  volume,  and  the  computed  extlngulshlng  agent 

P r l o r  to the  actual  conduct of the tes t   Ares ,  the  complete  extlngulshmg  system  was 

February 16, 1954 
'See paragraph 3 3 1. Mlhtary  Speclfication  MIL-E-5352A.  Amendment-1,  dated 



TABLE III 

COMPUTED EXTINGUISHING AGENT 
REQUIREMENTS FOR THE  F-89  POWERPLANT 

Zone 

Accessory 

Compressor  

Burner,  Turblne. 
Tallplpe.  and 
Afterburner 

Net  Volume* 
(cu ft ) 

6 45 

17  08 

Welght of A1r auant l tv  of 
Flowmg  Through  Zone*  Agent  Requrred 

(lb  /sec ) (lb  CB) 

1.8 

1 0 3  

3 74 

36 7 5 0  8.67 

Total 13 44 

4; Northrop  Alrcraft  Inc  Drawlng No 540875 

comparbnents,   as  determlned  from  the  dlstrlhutlon  measurements of thm system,  was  less 
compartment IS the s u m  of these two quantltles  The  quantlty  discharged  Into  the  varlous 

than  the  desrgn requirement for  each  compartment 

by  photograpblc  aMlySlS of the  discharge  and 1s represented by the curves of Flg 3 The 
flrst component of the  extlngulshing  system to show lndlcatlons of agent  discharge  was  taken  as 
the  zero  polnt on  the  graph  and  the  lndlcations  of  dlscharge  from  the  other  components  are 
relatlve to thls  reference  polnt No measurements  were  made of the  amount of agent  discharged 
durlng  the  tlme  Interval of maxlmum  dzscharge  It  can be seen  from  thls  graph that the  com- 
pressor  dlscharge loop discharged a maximum  quantlty  of  agent  for a durahon of only 0 25  
second,  while  the  burner  loop  dlscharge  contlnued  for 1 4 seconds  The  llne of the  graph  marked 
'Maxmum  Dlscharge of Agent"  does  not  Infer  that  elther  quantity  or  rate of agent  dlscharged 
by  all  segments 1s the  same  but  only  that visually. in the  tlme  Interval  mdlcated on  the absclssa.  
the  dlscharge of agent  from  that  segment  reached its maxlmum  The  curve  lndlcates  the  tlme 
fo r  the  agent  to  reach  maxlmum  dlscbarge.  duration of maxunum  dlscharge,  and  the  txne  for 
all mdlcabon of dlscharge to dlsappear 

Flre-Extlnguxshlng  Test 

The  duratlon of the  free  dlscharge of 13 5 pounds of GB through  thls  system w a s  ohtalned 

Procedure 

were  lgmted  under  all  englne  power  condrtlons  and  exhngulshmg  agent was dlscharged  through 
The tests were  conducted  by  selectmg  varlous  fire  locatlons, Flg 1. where test f i res  

NC 

.E 

)LZLE 

I 

DISCHARGE TIME ISECONDSI 

Flg 3 Agent  Dlscharge  Duration 
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TABLE IV 

BY F-89 FIRE EXTINGUISHING SYSTEM 
AGENT DISTRIBUTION 

Quantlty of 

(See  Col 3, Table 111) 
(lb GB) 

Quanttlty of Agent 

Agent  Requlred  Measured  Per  Cent  Calculated 
of Total 

(lb  CT)(')  (lb CB)(') 

Agent  charge 13.44 11 66 100 0 13 44 

Agent  dlscharged 
from  sphere  11  31  97 0 13 04 

Agent  remalmng  In  sphere 

Agent  dlscharged by 
accessory  nozzle 

Agent  dlscharged by 
forward  bulkhead  nozzle 

Agent  discharged  from 
compressor   rmg 

Total  welght of agent 
discharged  into  compressor 
sectlon 

Agent  dlscharged  from 
burner  rlng 

Agent  lost In lmes 

Total  weight of agent 
dlscharged  from  system 

Total  contalner  and  llne  loss 

1 03 

3 14 

3 74 

8 67 

0 35 3 0  0 40 

0 50 4 3  0 58 

0 60 5 2  0 70 

2 33  20 0 2 69 

2 9 3  25 2 3 39 

7 35 63 0 8 47 

0 53 4 5  0 60 

10  78 92 5 12 44 

0 88 7 5  1 00 

NOTE The  theoretlcal  quantitles of CB  are  based on the  percentages of the 
requmed  amount of 13 44  pounds of GB which  would  have  been 
discharged Into each  volume 

(1) CT - Carbon  tetrachlorlde,  CCl4 

(2)  CB - Bromochloromethane, CH2BrCl 
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the plumblug  system to determlne If the  frres  could  be  exbngushed  and If flashback  occurred. 
Tests  were  conducted uslng GB. BT.  and DB agents with varlous  agent  contamer fill ratlos. 
Modlficatlons to the  plumblng  systems  were  made  as  the  tests  progressed IU an effort to 
Increase  the  concentratlon of agent In areas  of the  englne  bay  which  had  not  been  recelvlng  an 
adequate  supply 

Results. 

4  and 12, Flg 1 In thls series of t es t s ,  0.475 gprn of JP-4  fuel  was  released  at  each test 
locatlon  and  permltted  to  burn  for  10  seconds  before  extmgulshment  was  Inltlated.  Thlrteen  and 
one-half  pounds of GB agent  pressurlzed to 400 psi  with nltrogen  and  contamed In a 378-cublc- 

inch  sphere  was  used  for  each test The f i l l  rat lo,  volume of container was  50  per  cent 

Extmgulshment  was  attempted wlth the  englne  contlnulng  to  operate at the  deslgnated  power 
condition The test condltlons  and  results  are  glven In Table V. 

The f r r s t  s e r l e s  of tests w a s  conducted  at  each of the  four  power  settmgs at flre  locatlons 

c 3 volume of agent 

TABLE V 

EXTINGUISHING TEST CONDITIONS AND RESULTS 
FOR  FIRE LOCATIONS 4 AND 12 

Flre Number of Slmulated  Test 
Locatlon Flre Tests  Condltlon Flres Extingushed 

(No.) (Per  Gem) 

4 

4 
4 

4 
12 
12 
12 
12 

3 
1 
2 Crulse 

T ax1 
Takeoff 

1 
0 

33 

2 100 
0 

Maxunum C r u s e  1 
Tax1 3 

5 0  
100 

Takeoff 
Crulse  2 

1 100 

Maxunum C r u s e  2 
100 
100 

was  extlngulshed  raptdly  In  the  burner  sectlon  but  flashed  back In the  compressor  sectlon  durlng 
four of the  tests, due presumably  to a llngering  pocket of fire In that  sectlon  whlch  relgnlted  the 
fuel st111 being  inlected  Into  the  bay  Second, a conslderable  quantlty of CB  poured  from  the 
bottom of the  compressor  sectlon onto the  test  cell  floor  following  each  dlscharge.  lndlcatlng 
Improper  utllkzatron of agent 

lgmted  at   f lre  locatlons 8 and 16  slmultaneously.  Durlng  this  serles of tests,  the  fuel flow to 
the Ore was  mamtained at 0 475 gpm and  the  agent  contalner flll ratlo wa5  50 per  cent  The  type 
of agent was  varled to include  one  test wlth  DB.  Englne  power  was  malntalned  at  the  deslgnated 
settlng  durlng  extlngulshlng  agent  dlscharge  The  results of these  tests  are  lndlcated In 
Table VI. 

compressor  sectlon  and  only 55 per  cent  In  the  burner  section  Thls  lndlcated  that the system 
The  percentage of fires extlngulshed w a s  reduced,  none  belng  extlngulshed In the 

was  relatlvely  rneffectlve 

pr ior  to discharglng the agent  Into  the  engme  bay In order  to draw  a  dlrect  comparison 
between  results  wlth  and  wlthout  engine  shutdown  the  tests  were conducted  as  follows 

installed In the  englne  bay,  the  afterburner  (when  used)  and  then the  englne  were  shut down 
Five  seconds  after  an  mdlcatlon of flre  was  glven by  one of the  flre  detector  elements 

The  duratlon of the  fire  and  the  dlscharge of CB agent stlll were  controlled by the tuner The 
fuel flow  to  each flre locatlon was  0 475 gprn The  50-per-cent  agent  container flll ratlo was 
malntamed  but In two f i res  a 536-cub1c-lnch sphere was  used  to  dlscharge 19 0 pounds of CB 
Table VI1 shows  the  results of this  series of tests 

effective wlth  the  englne  shut off Subsequent  tests  durmg  the  conduct of the  program  proved 

After  the  cornpletlon of these  elght  tests,  several  facts  were  apparent. Flrst. the  f ire 

The  second  study  conslsted of mne  fire-extmgurshmg tests. For   each   tes t ,   f l res   were  

The  foregolng  serles of f i res  all had  been  conducted  wlthout  shuttlng  the  engrne down 

The resul ts  of there few tests  mdlcated  that  alrflow w a s  less  and  the  system  was  more 
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TABLE VI 

EXTINGUISHING TEST CONDITIONS AND RESULTS 
FOR  FIRE LOCATIONS 8 AND 16 

F l r e  Number of Slmulated  Test  Quantlty 
Locatlon  Flre  Tests Condltlon  Agent ( l )  of Agent  Flres  Extmguished 

(1b 1 (No (Per Cent) 

8 
8 

8 
8 

16 
8 

16 

16 
16 

16 

2 
2 

T ax1 GB 13 5 0 
Takeoff GB 13 5 

0 

1 Takeoff DB 
0 0 

16 2 
2 

0 
C r u s e  GB 

0 
13 5 

2 Maxlmum  Crulse GB 
0 

13 5 
0 

2 
0 

Taxi GB 
0 

13 5 
2 Takeoff  CB  13 5 

1 50 

1 Takeoff DB 1 100 
0 

16 3 
0 

2 C r u s e  
2 

CB 13 5 
M a x l m w   C r u s e  GB 13 5 2 

1 
100 
50 

(1) CB - Bromochloromethane 
DB - Dlbromodlflumomethane 

TABLE VI1 

EXTINGUISHING TEST CONDITIONS AND RESULTS 
FOR FIRE LOCATIONS 8 AND 16 

Fire  Number of Simulated Test  Quant t 
Locatlon  Flre  Tests  Condltlon  of CBt'Y Flres  Extinguished 

(1b 1 (No ) (Per   Cent)  

16 
16 
16 
16 
16 

2 Takeoff  13 5 0 0 
1 Tax1 
1 C r u s e  

13 5 
13 5 

0 0 
0 

1 
0 

1 
C r u s e  19 0 0 0 
Maxlmum C r u s e  13 5 

2 
0 

Takeoff 13 5 2 
0 

1 T ax1 13 5 1 100 
100 

1 C r u s e  1 100 
1 

13 5 
Crulse 

1 
19 0 1 

Maxrmum C r u s e  13 5 
100 

1 100 

(1)  CB - Bromochloromethane 

thls  to be true  Durlng  thls  serles of tests  three  f lashbacks  occurred In the  compressor  sectlon 

had nobetter extlngmshxng effect  on  the  fire thap the  standard  charge  Thls  lndlcated  that  the 
The  larger  quantlty of extlngulshlng  agent,  malntalnlng  the  same fill ratlo and pressurization, 

fallures  were not a matter of agent  quantlty.  but  rather  agent  dlstrlbutron  and  rate of dlscharge 
In an attempt  to  accomplish  more  vnlform  agent  dlstrlbutton  In  the  compressor  sectlon, 

r lng and the  burner  dlstrlbutlon  rmg  Thls  added 0 0675 square  inch of dlscharge  area m the 
15  no 48 holes  were  drllled In the  Interconnector  llne  between  the  compressor  distrlbutlon 

compressor  sectlon,  brlnglng  the  total  dlscharge  area  In  that  sectlon. exclusive of the  accessory 
nozzle,  to 0 1755 square Inch These new holes  dlscharged  agent m an  upward  directlon  The 
total dlscharge  area wlth t h ~ s  increase st111 was  less  than  the  feed  llne  cross-sectlonal  area 
Table VIII lndlcates  the  results  achleved  as a result  of thls  flrst  modlflcatlon,  wlth  the  englne 
bexng shut down prlor  to  dlscharge of agent  The  rate of fuel flow to  the  f lres  was 0 475 gpm 
and  the f l l l  rat lo of the  extlngulshlng  agent  spheres w a s  50  per  cent 
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TABLE VIU 

EXTINGUISHING TEST CONDITIONS AND RESULTS 
(F-89  Extmgmshmg  System.  Modlflcatlon No 1) 

Fire   Number of Sunulated  Test  Quantit 
Locatlon  Flre  Tests Condltlon  of  CB(11 Fmes  Extlngulshed 

(1b ) (NO ) (Per  Cent) 

8 
8 
8 
8 
8 
8 

16 
16 

16 
16 
16 
16 

1 
1 
1 
1 Takeoff 
1 Crulse 
1 

T a x 1  
T a x 1  

13 5 0 0 
19 0 

Takeoff  13 5 
0 
1 

0 
100 

19 0 1 
13 5 

100 
0 

Manmum  Crulse  13 5 0 
0 
0 

T ax1 
T ax1 

13 5 

Takeoff 
19 0 

Takeoff 19 0 
13 5 

Maxunum C r u s e  13 5 
Crulse  13 5 

0 
1 

0 
100 

0 0 
0 
1 

0 
100 

1 100 

(1) CB - Bromochloromethane 

ext1ngulshln.q capabllltles  ln  the compressor  sectlon  were  lmproved at  the  expense of the  burner 
Comparlng  these  results wlth  the  results of prevlous  runs, It can be seen  that the 

section  Thls  mdlcated  that  the  ablllty of the  system  to  extlngulsh  flres In  the  burner  sectlon 
prlor  to  thls  modificatlon  was  marglnal, and any  lesser  rate of agent  dlscharge In that  section 
detracted  from Its fire-extlngmshlng  capabllltles U s m g  19 0 pounds  CB In a 539-cublc-inch 
bottle  dld  not  Improve  the  ablhty of the  system  to  extingulsh  thls  small  test  flre  Agaln  wlth 
thls  conflguratlon  there  were  four  Instances of flashback,  twlce In each  sectlon Two mlld 
exploslons  also  occurred  Large  quantlties of CB conttlnued to  pour  from  the  engme  bay  after 
each  bottle  dlscharged 

On the basls of the  experlence  gamed  from  the  prevlous  fires, I t  was  apparent  that  the 
use of the  afterburner  had  no  effect  on  the  abllity of the  system  to  extlngulsh  flres,  as  the  effect 
of the  afterburner  was  lost  by  the  tlme  the  afterburner and the  englne  were  shut down  and the 
bottle  d~scharged  Consequently,  due to the large  amount of malntenance  requlred  on  the  after- 
burner  durlng  the  conduct of the t e s t   f l r e s ,  Its use  was  dlscontmued  Also,  there  was no dlf- 

maxlmum  crulse  settlng  was  ellmlnated to shorten  the  test   program and to  reduce  the 
ference m extmgulshmg  results  between  crulse  and  maxlmum  crulse  power  settrngs. so the 

deterloratlon of the  test   art icle 

better  dlstrlbutlon  and  atommatlon of agent  to  accompllsh  extlngulshment  Smce  there IS a 
bottle was  dlscharged  showed  no  lmprovement  In  agent  utlhzatlon  and  mdlcated a need  for 

reversa l  of axrflow  In the  compressor  section of the  englne  bay  between low to  hlgh  englne  power 
sett~ngs,   the  system  configuratlon  must not  only  dlstrlbute  agent  throughout a c o m p a r b e n t  
some 90  Inches  In  length,  but  also  must  dlstrlbute  the  agent  agalnst  the  Internal  alrflow  under 
certaln  power  condltlons 

rlng In the compressor  sectlon  was  Inadequate  because of the  length of the  zone  to  be  protected 
From  the  data  accumulated In  the  foregolng  tests, lt became  apparent  that one perforated 

Multlple  rlngs  dld not seem  practlcal  due  to  the  numerous  obstructlons  to  dlstrlhutlon  presented 
by  the  varlous  hose  lmes and  tublng,  therefore,  llnear  dlstrlbutlon  hnes  parallel  to  the ax15 of 
the  englne  were  lnvestlgated  In  the  burner  sectlon,  because of the  hlgh  veloclty of the  llnear 
airflow.  perforated  rlngs  could  functlon  properly 

and  addltlonal  holes  were  drllled 1n the  lnterconnector  hne  untll  the  total  dlscharge  area In the 
lnterconnector  hne  was  equal  to  the  dlscharge  area of the  perforated  rlng,  whlch  was  removed 

throughout  most of the  length of the  compressor  sectlon  For all these  tests,  13 5 pounds of CB 
These  holes  were  spaced  along  the  length of the  Interconnector  llne  to  dlstrlbute  the  agent 

were  dlscharged Into  the  englne  bay  and  the  rate of fuel to the  flre  was  malntalned  at 0 475 gPm 
The  procedure  followed  Included  englne  shutdown  prlor  to  dlscharge of the  agent  Table IX 
shows t h e  results of the  test  flres  conducted  wlth  thls  modlf1catlon 

The  large  quantltles of CB whlch  continued  to  dram  from  the  englne  bay  after  each 

To  Improve  dlstrlbutlon,  the  perforated  rlng In the  compressor  sectlon was removed 



TABLE IX 

EXTINGUISHING TEST CONDITIONS AND RESULTS 
(F-89  Entlnguishlng  System,  Modlficatlon N o  2) 

Flre   Number of 
Locatlon 

Sxmulated Test  
Flre  Tests  Condltlon 

(No ) (Per   Cent)  
F l r e s  Extmgulshed 

8 
8 

8 
8 
2 
2 
2 

16 
16 
16 
16 
14 
14 
14 

1 
1 
1 
1 
1 
1 
1 

T ax1 

C ruls e 
Takeoff 

Crulse  
T a x 1  

Takeoff 
C r u s e  

1 
1 100 

100 
1 
1 

100 

0 
100 

0 0 
0 

0 0 
T ax1 
Takeoff 1 
C r u s e  1 100 

100 

C r u s e  
T ax1 0 

1 100 

Takeoff 0 
0 

Crulse 
0 

0 0 

1 100 

These  tests  proved  only  that  flres  in  the  upper  reglons of the  engme  compartments  were 
belng  extlngulshed  raprdly  due  to  the  proxlmlty of the  agent  dlscharge  lmes,  whereas  those In 
the  lower  reglons  were  belng  starved for agent  and  were  not  belng  extlngulshed  In all prevlous 
tes ts ,   f i re   locat lon 8 was  the  area  whlch  was  recelvlng  the  least  agent  and  had the least   per-  
centage of extingulshments Wlth thls  latest  change  the  converse  was  true  The  quantlty of 
llquld  CB  dralnlng  from  the  engme  bay  was  conslderably  reduced 

were  Incorporated In the  next  system  modlflcatlon. 
To  glve  added protection to the  lower  reglons of the  englne  bay  the  following  changes 

doors and  keel were sealed  Smaller  holes  were  drllled at these  locatlons  dlrectmg  the  agent 
aft,  thus  reduczng  the  total  dlscharge  area In the  burner  sectlon by 0 043 square Inch 

2 The  dlscharge  rmg In the  burner  sectlon  was  relocated 14 Inches  aft of the  flrewall 
separatmg  the  compressor and burner  sectlons 

3 Addltlonal  holes  were  drllled In the  interconnector  line In the  compressor  sectlon 
4 An addltlonal  longltudlnal  dlstrlbutlon  llne  was  added at the 7 o'clock  posltlon  In  the 

5 The  forward  bulkhead  spray  nozzle  was  moved  from  the  forward  bulkhead  and  relocated 

1 In  the  burner  sectlon  all of the  holes  dlschargmg  agent  outward  toward  the  englne  bay 

compressor  sectlon 

at  the  tee-fltting of the  Interconnector  lme  and  dlrected  forward 

a rate of 0 475 gpm In  thls  serles of tests,  quantity, type,  and  pressurlzatlon of agent  were 
varled  to  obtam a dlrect  cornparlson of these  factors.  but  the f l l l  ratlo  was  maintamed at 50 
per  cent  The  test  procedure  Included  engine  shutdown  prlor  to  dlscharge of the  agent  The 

Pressurlzatlon  was 400 PSI In  all tests  except  those  noted In  the  table 
results of the   sene5  of tes t   f i res  conducted  wlth  thls  conflguratlon  are  glven In Table X 

CB  nor a 19 0-pound charge of CB  In a 536-cublc-lnch  sphere gave complete  extlngulshment of 
a l l   tes t   f l res  A standard  charge  pressurlzed  to 600 PSI dld  not  extlngulsh  the  flre In the  com- 
pressor  sectlon  even though thls  hlgher  pressure  produced a tremendous  mlxlng  effect  and 
the  dlscharge could  be heard  above  the  englne  roar  Flashback  occurred In flve  Instances,  four 
during  normal  crulse  condltlons and  one durlng tax1  power 

Even though very good results  were  accompllshed  uslng DB as  the  extlngulshlng  agent In thls 
latest   system configuration, the  problem  was  to  develop a system  uslng  CB  whlch would 
extinguish f l res  of a practical magnltude  successfully 

These  latest  changes  are  Illustrated  in  Flg 4 The  fuel to the  test  flre  was  released  at 

In the  serles of tes ts  lnvolvlng  the  thlrd  modlflcatlon,  nelther  the  standard  charge of 

In a survey of all  power  settlngs  uslng DB as the  agent,  extlngulshment  was  successful 
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Locatlon 
F l r e  

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

14 
14 
14 
14 
14 
14 

14 
14 

14 
14 

TABLE X 

EXTINGUISHING TEST CONDITlONS AND RESULTS 
(F-89  Extlngulshlng  System,  Modlflcatlon No 3) 

Number of 
F l r e   T e s t s  

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 

Slmulated  Test 
Condltlon 

Takeoff 
T  ax1 

Crulse  

Crulse  
C r u s e  

Crulse  
Taxl 

C r u s e  
Tax1 
Takeoff 
T a l  
Takeoff 
C r u s e  
C r u s e  
C r u s e  
Taxi 
C ruls  e 
Crulse 
T ax1 
Takeoff 

Agent (1) 

CB 
CB 
CB 
CB 
CB 
GB 
DB 
CB 
DB 
DB 
CB 
CB 
CB 
CB 
CB 
GB 
DB 
CB 

DB 
DB 

Quantity 
of Agent 

(1b ) 

13 5 

13 5 
13 5 

19 0 
13 5 

19 0 
16 0 
13 5 ( 2 )  
16 0 
16 0 
13 5 

13 5 
13 5 

13 5 
19 0 
19 0 
16 0 
13 5 (2) 
16  0 
16 0 

Flres Extmgurshed 
(No ) (Per  Cent) 

1 100 
1 
0 

100 
0 

1 100 
0 
1 

0 

1 
100 
100 

0 0 
1 
1 

100 

0 
100 

0 
0 0 
0 0 
0 
1 

0 
100 

0 
1 

0 
100 

1 100 
1 100 
1 100 

(1) CB - Bromochloromethane 

( 2 )  These  tests  were  conducted  wlth  an  agent  contalner  pressure of 600 PSI 

DB - Dlbromodlfluoromethane 
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TABLE XI 

EXTINGUISHING TEST CONDITIONS AND RESULTS 
(F-89  Extlngulshmg System. Modlflcatron No 4) 

Locatlon 
F l r e  

1 
1 
1 
1 
1 

1 
1 

1 
1 

2 
2 

4 
2 

4 
4 

7 
7 

7 
9 
9 
9 
9 

9 
9 

9 

12 
9 

12 
12 
13 
14 
14 
14 
15 
15 
15 

Number  of 
Flre Tests  

1 
1 
1 
1 
2 
1 
2 

1 
1 

1 
1 
1 

2 
1 

1 
1 

2 
1 

1 

1 
1 

1 
2 
1 
1 

1 
1 

1 
3 
1 
1 
1 
1 

1 
1 

2 

Slmulated  Test  Quantlt 
of CB( 1'1 

T a x 1  

Takeoff 
Takeoff 
Takeoff 
C r u s e  
Crulse  
Cruise  
C rum  e 
Crulse 
T ax1 
Takeoff 
C r u s e  
Tax1 
Takeoff 
C r u s e  
Tax1 
Takeoff 
Crulse  
Tax1 

Takeoff 
Takeoff 

Takeoff 
Grulse 
Crulse  
Crulse  
C r u s e  
T ax1 
Takeoff 
Crul re  
Taxi 
T ax1 
Takeoff 
Cruise 

Takeoff 
T ax1 

C r u s e  

13 5 
13 5 

10 5 
13  5 
13  5 
9 5  

13  5 
20.5 
13 5 (2) 
13  5 
13  5 
13  5 
13 5 

13 5 
13 5 

13 5 
13 5 

13 5 
13 5 

10 5 
13 5 

13  5 
13  5 
13  5 

13  5 12) 
9 5  

13  5 
13 5 

. .  
13 5 

13 5 
13 5 

13 5 
13 5 
13  5 
13  5 
13  5 

Flll 

(Per  Cent) 
Rat lo  

50 0 

37 0 
50 0 

37 0 
50 0 
35 0 
37 0 
55 0 
50 0 
50 0 
50 0 
50 0 
50 0 
50 0 
50 0 
50 0 
50 0 

50 0 
50 0 

37 0 
50 0 

37 0 
50 0 

35 0 
37 0 

50 0 
50 0 

50 0 
50 0 
37 0 
50 0 
50 0 
50 0 
50 0 
50 0 
50 0 

Fmes  Extmgmshed 
(NO ) (Per  Cent) 

1 
0 
0 
0 
0 
0 
1 
1 

1 
1 

1 
1 

2 
1 

1 
1 

2 
1 

1 
1 
1 

2 
1 

1 

1 
1 

1 
0 
1 
0 
1 
1 

1 
1 

1 
2 

100 

0 
0 

0 
0 

0 
50 

100 
100 
100 
100 
100 
100 
100 
100 
100 

100 
100 

100 

100 
100 

100 
100 
100 
100 

100 
100 

0 
33 

0 
100 

100 
100 

100 
100 
100 

(1) CB - Bromochloromethane 

(2)  These  tests  were  conducted  with an agent  contalner  pressure of 550 PSI 

replaced by a short  llne  extendlng  the  length of the  burner  cans  at 1 o'clock  and  by  another  lme 

were  drl l led In these 2 l lnes,  glvlng  a  total  dlscharge  area In the  burner  sectlon of 0 2047 
at 8 o'clock  extendlng  the full length of the  afterburner  fuel  llne A total of 121 no 56 holes 

square  Inch  Thls  dlscharge  area  was  less  than  that  of the  orlglnal  system  ln  the  burner 

tests the ra te  of fuel flow to each flre locatlon was 0 475 gpm All  other  factors  were  varied 
sectlon  The  results of the  flre  tests  wlth  thls  conflguratlon  are  glven In Table XI In  these 

as indicated In the  table  The  englne was shut down prlor  to  dlscharge of the agent 

englne  bay  wlth  a  wlde  varlatlon In the  quantlty of agent  used  and  wlth two dlfferent sizes of 

In  a greater  number of Instances  than  was  experienced  in  any of the  preceding tests, but 
agent  contalner,  namely, 378-cub1c-lnch and  53bcub1c-lnch  Extlngulshment  was accomplished 

To  Improve  extlngulshment In the burner  sectlon,  the  dlscharge  rlng w a s  removed  and 

Test s  at  these  several  f l re  locations provzded good coverage of both  sectlons of the 
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flashback  continued  to  occur  in  the  compressor  sectlon A total of 10 flashbacks  occurred, 6 
of whlch were at normal  crulse  The  purpose of usmg  the 536-cublc-1nch sphere  wlth  the 
smaller  amount of agent, as rndlcated  by  the  contalner fill ratlo  column,  was  to  determlne If 

a greater  quantlty of propelling  gas would ald  agent  distrrbutlon  in  the  englne  bay  There  was 
no  Improvement in extmgushment  wlth  thls  greater  quantlty of gas  In  the 44 tests  conducted, 
68 per  cent of the  flres  In  the  compressor  sectlon  were  extlngulshed, and 82 per cent of those 

next to the  keel In the  compressor  sectlon 
m the burner  sectlon  were  extlngulshed  In  these  last  tests,  flashbacks  occurred In the  area 

the  englne  in  the  compressor  section to provlde  addltional  agent m thls  area  The  holes In the 
A longltudmal 3/8-1nch llne  wlth  18 no 56 holes  was  added at the 2 o'clock  posltlon  on 

was  released at a rate of 0 475 gprn Thirteen  and  one-half  pounds of CB under 400 psi  
lnterconnector  lrne  were  sealed.  In  the  following  serles of tests.  the  fuel  to  each  flre  locatlon 

pressurlzatlon  In a 536-cublc-1nch sphere  was discharged in all tests  The  procedure  Included 
engme  shutdown  prlor  to  the  dlscharge of the  agent  The f l l l  ratlo  for  thls  charge  was 37 per 
cent  Table XI1 glves  the  results of the  test  fires  with  this  conflguratlon 

Locatlon 
F i r e  

5 
5 

5 

13 
13 

13 

TABLE XI1 

EXTINGUISHING TEST CONDITIONS AND RESULTS 
(F-89 Extlnguishlng  System,  Modiflcatlon No. 5) 

Number of 
F l r e   Tes t s  

Slmulated  Test 
Condltlon 

(No ) (Per Cent) 
F l r e s  Extlngulshed 

T ax1 

Crulse  
Takeoff 

T ax1 
Takeoff 
C r u s e  

0 
0 

0 
0 

0 
0 0 

0 
1 100 
0 0 

These  tests  proved  that  the  area  adlacent  to  the  keel  Inboard of the  englne st111 was 
lacking  sufflclent  agent  to  extinguish  the f r r e s  Due  to  the  inner construction of  the  englne  bay 
doors,   f ire w a s  able  to  remam  in  protected  areas  under  the  formers  and stringers, causlng a 

back 
reflash  after the agent  had  dlsslpated  In  the  above  serles of tes ts ,  6 of the 7 fires  f lashed 

llne  placed at the 2 o'clock  positlon m the  compressor  sectlon  for  the  prevlous  tests  was 
altered  as  follows 

In  the  subsequent  tests,  the  line  located  at then7 o'clock  posltlon w a s  retalned. and the 

5 o'clock  posltion  at  the  aft  end of the  compressor  sectlon  near  the  fire  seal 
1 The  line  was  sloped  from a 2 o'clock  position  at  the  mterconnector  tee-fitting to a 

2 A no 31  drll l  hole  placed  in  the  aft end of thls  llne  dlrected  the  agent  aft 
3. Nme  no 56 drlll  holes In the flrst one-half of the  llne  dlrected  downward,  and  nme  no 

56 drill  holes  in  the  aft  one-half of the  hne  directed  upward  were  added 

Both GB and DB were  used m 378-cublc-1nch  and  536-cublc-lnch  containers In the  tests 
of the  above  system  conflguratlon and as Indicated by the fill ratio  column of Table XI11 In 

gpm,  but  In  some of the  tests  this  quantlty  was  released  at  each of two dlfferent  locatlons  In 
all  tests  the  contalner  pressurlaatlon  was 400 psl  The  fuel flow at  each  locatlon w a s  0 475 

procedure  Included  engme  shutdown  prlor  to  dlscharglng  the  agent  Table XI11 shows  the  results 
the  compressor  sectlon  to  provide a larger  quantlty and greater  dlsperslon of the  fuel  The  test 

of the  tests 
All  but  one of the  test  fires  in  the  burner  sectlon  were  extlngulshed  Flashbacks 

the  compressor  sectlon  Three  addltlonal  flashbacks  occurred  in  thls  sectlon  durlng  the  entlre 
occurred  in 5 of the 7 tests  conducted wl th  fuel  released  slmultaneously  at  locatlons 2 and 4 In 

s e r l e s  of tes t   f l res   There  w a s  an  Insufficient  number of tes ts  In thls  serles  usmg DB as  the 
agent  to  draw  any  speclflc  concluslons  as  to  the  effectlveness of thls  agent 
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TABLE XI11 

EXTINGUISHING TEST CONDITIONS AND RESULTS 
(F-89 Extmgmshlng  System, Modlf1catlon  No 6 )  

Locat lon  Flre   Tests  Cond~tlon 
Flre   Number of Slmulated  Test 

1 
1 

1 
1 
1 

1. 5 
1 

2. 4 
2. 4 
2. 4 
2, 4 

3 
2. 4 

3 
3 
4 
5 

5 
5 

6 

6 
6 

8 
8 

8 
10 
10 
11 
11 
11 
12 
12 
12 
15 
15 

15 
15 

1 
1 Cruise  

Tax1 

1 T a x 1  

1 Takeoff 
1 
1 Crulse  

Takeoff 

1 
1 

T ax1 

2 
T ax1 

2 
Takeoff 
C r u s e  

1 
1 

Takeoff 
C r u s e  

2 T ax1 

2 
1 Takeoff 

C r u s e  
1 C r u s e  

2 
1 T ax1 

Takeoff 
1 C ruls  e 
1 T ax1 

2 
1 

C r m s e  
Takeoff 

1 
1 

T ax1  

Takeoff 
1 
2 

C r u s e  
T a x 1  

2 
3 Takeoff 

T a x 1  

2 
1 Takeoff 

C r u s e  
1 
1 Crulse  

Takeoff 

1 
2 

C r u s e  

1 
Takeoff 
Crulse  

1 
1 

Takeoff 
Grurse 

Fuel  to 
F l r e  
(gpm) 

0 475 
0 475 

0.475 
0 475 

0 475 
0 475 
0 95 
0 95 
0 95 
0 95 
0 95 
0 95 
0 475 
0 475 
0.475 
0 475 

0 475 
0 475 

0 475 
0 475 
0 475 

0 475 
0 475 

0 475 

0 475 
0 475 

0 475 
0 475 

0 475 
0 475 

0 475 
0 475 

0 475 
0 475 
0 475 
0 475 
0 475 

Agent (1) 

CB 
CB 
CB 
CB 
DB 
DB 
CB 
CB 
CB 

DB 
CB 

CB 
DB 

CB 
CB 
CB 
CB 
CB 
CB 
CB 
CB 

CB 
CB 

CB 
CB 
CB 
CB 
CB 
CB 
CB 
DB 
DB 
CB 
GB 
CB 
CB 
CB 

Quantlty Flll 
of Agent  Ratlo  Extxngushed 

F l r e s  

(lb ) (per  cent)(no ) (per  cent) 

13 5 
13 5 

13 5 

16 2 
13 5 

13 5 
16 2 

13 5 
13 5 

1 6  2 
13 5 

13 5 
10 0 

13 5 
13 5 

13 5 
13 5 

13 5 
13 5 
13 5 
13 5 
13 5 
13 5 
13 5 
13.5 
13.5 
13 5 
13 5 
13 5 
13 5 
16.2 

13 5 
16 2 

13 5 
13 5 

13 5 
13 5 

50 0 
50 0 

37 0 

37 0 
37 0 

37 0 
37 0 

50 0 
50 0 

50 0 
50 0 
30 0 
50 0 
50 0 

37 0 
50 0 

37 0 
37 0 
37 0 
50 0 
50.0 
50 0 
50 0 

50 0 
50 0 

50 0 
50 0 
50.0 
50 0 

37 0 
50 0 

37 0 
50.0 

37.0 
37.0 

50 0 
50 0 

1 
1 

0 
1 

1 
1 
0 

0 
1 

0 
0 
0 
2 

1 
1 

1 
1 

1 
1 
1 

2 
1 

1 
1 
1 
1 
3 
2 

2 
1 

1 
1 

2 
1 

1 
1 
1 

100 
100 

100 
0 

100 
100 
100 
100 

0 
0 
0 
0 

100 
100 

100 
50 

100 
50 

100 
100 

100 
100 
100 
100 
100 

100 
50 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

(1)  CB - Bromochloromethane 

DB - Dibromodlfluoromethane 
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sechon. five no 57 drll l   holes  were added 1n the  short   arc  of tublng  between  the  tee-flttlng and 
the bend  In  the  longltudrnal  sectlon of llne  at  the 2 o‘clock position, dlrectlng  the  agent aft lnto 
the compressor  section In the comparable  length of tublng  from  the  tee-flttlng to the  longltu- 
dlnal  llne at the 8 o‘clock  poslhon.  four no 56 drill holes  were  added at an  angle  of 45‘ to the 
horlsontal  plane,  dlrectlng  the  agent aft Into  the  compressor  secbon T h ~ s  conflguratlon 1s 
shown on Flg  5 

cublc-Inch  sphere  pressurized to 400  pal A much  larger  quantlty of J P - 4  fuel  was  dlscharged 
Into  the enpne  bay  than In any of the  preceding tests as  lndlcated In Table XIV 

To  =prove  the  exhngurshing  ablllty of the  dlstrlbutlon  system  In  the  compressor 

In the tests of thls  rnodlflcatlon,  the f l l l  r aho  was rnamntalned at 50 per  cent In a 378- 

Locatlon 
Flre 

2 
2 

4 
4 
8 
8 
8 

10 
15 
15 
15 

2 ,  4 

TABLE XIV 

EXTINGUISHING TEST CONDITIONS AND RESULTS 
(F-89  Extlngrushlng  System,  Modlflcation No 7) 

Number of Smulated  Test   Fuel  to 
Flre Tests  Conditlon 

Quantlty 
F l r e  Agent(’) of Agent 
( gPm ) Ub ) 

1 
1 

0 475 
0 475  CB 13.5 

1  Crurse 0 95 
DB 16 2 

1  Takeoff 
CB  13 5 

0 475 CB  13 5 

Crulse  
C ru1s  e 

1 
1 

Crulse  
Takeoff 

0 475 CB 
3  13 

13 5 
CB 13  5 

1 
I 

C r u s e  3 7 3  CB 
Crulse  3 73 DB 

13  5 
16 2 

1 
1 

Takeoff 
Takeoff 

0 475 
3 73 

GB 
GB 

13.5 
13 5 

1  Crurse 
1 C ruls  e 

3 73 
3 73 

GB 
DB 

13 5 
16 2 

(1)  CB - Bromochloromethane 

DB - Dlbromodlfluoromethane 

Extrngurshed 
F l r e s  

(No ) (Pe r  Cent) 

0 0 
1 
0 

100 

1 
100 
100 

0 
1 100 

0 
0 
1 

0 
100 

1 100 
0 0 
0 
1 

0 
100 

LONGITUDINAL LINE .T 

NO 56 DRILL-4 HOLES IN 
CURVED PORTON OF LINE 
A. 00068 _ ,  

100-0 CLOCK 

. 

W L W E M  SPPAY W I L E  
DlREClED FWa AD -001 

378 cu IN s 

NO 57 DRILL- 

LINE AD .DO069 
DNGITUDINAL  LINE AT 8 00-0 CLOCU 
7 9 5 6  DRILL noLEs IN 

LON61TYDln.L PmTION ONCT 

NO 5 5  DRILL-24 HOLES IN 
STRAIGHT LENGTH OF LINE 

ACCESSORY SECTION 
LINE (2)%4 DRILL 
HOLES 

AT r 00 o c ~ o c n  
A~ - a0604 

AD. 0 0116 NO 56 DRILL-36  HOLES  IN ~ $ ~ E ~ ” , ’ R ” ” ” T ~ ~ 0 , 5 9 2  IN 
STRAIGHI LENGTH 

EXTREME  END  AD TOTAL CROSS SECTIONAL PREA 
A. * 00735  OF DISCHARGE HOLES IN sa IN 

NO 3 I  I HOLE BURNER SECTION 02057 sa IN 

~ -_-“ m , - * , c -  -*-I- 
F~~ 5 l?lna1 Gonflguratlon of Perforated Tubing  Distrlbutlon System 
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Increased to 3 73  gpm m SIX of the  tests W t t h  thls  quantlty of fuel,  an  extremely  severe  fire 
exlsted In the  engine  bay  and,  upon  the  dlscharge of 13 5 pounds of CB,  contlnued  to  burn wl th  
practlcally  no  abatement  For  fires of ths magnitude,  on  whlch 16 2 pounds of DB was  used, 
however, extinguishment was  lnstantaneous  and  there was  no relgnltion  even  though  raw  fuel 
continued  to  be  released Into the  engme  bay  Three  flashbacks  occurred  in  the  compressor 
sectlon  and  one  In  the  burner  sect~on  durlng  the  fire  tests  In  whlch  CB w a s  used 

At  thls pornt  In the  testlng, I t  appeared  that  the  more  practlcal  configuratlons of a 
perforated  tubing  system  for  thls  alrcraft  had  been  tested  and  eveluated  The  Ilmttahon of uslng 

whlch  concelvably  could  occur ~n thls  englne  bay  unposed  the  requlrement of such  an  elaborate 
GB agent  in  developing a system  whlch would satlsfactorlly  extlngulsh a f i re  of a magnltude 

to extlngulsh  even a small  test flre, that It was  consldered  lmpractrcal to Investigate  thls  type 
system of plumbing to dlstrlbute  the  agent  into  all  areas of the  englne  bay  in  sufflclent  quantltles 

pounds of DB as  the  extlngulshing  agent. all f lres wlth  but  one exception  were  extlngulshed 
of dlstrlbutlon  system  any  further  Uslng  thls  general  type of dlstrlbutlon  system,  wlth 16 2 

In  the last s e r l e s  of f l re   tes ts ,  as Indicated In Table XIV, the  fuel to the fire was 

DEVELOPMENT O F  A HIGH-RATE-DISCHARGE SYSTEM 

to  conslderation of a hlgh-rate  dlscharge (HRD) system  to  effect  rellable fire extlngulshment 
The  dlfflcultles  encountered  In  developlng a perforated  tublng  dlstrlbution  system  led 

Tests  on  the  perforated  tubmg  system  lndlcated  that  the  amount,  direct1ou6, and velocltles of 
alrflow  wlthm  the  flre  zones of the  F-89  powerplants  result In rather  severe  agent  dlstrlbutxon 
requlrements  It  was  belleved  that  an  open-end  tublng  system  having a hlgh rate  of-agent 
dlscharge would meet  such  requlrements 

Descrlption 

the  supply  llne  from  the  agent  contamer  was  routed  to a specially fabrlcated  dlstrlbutor  located 
at the  midpolnt of the  engme  The  dlstrlbutlon  llnes to areas  of each  compartment  were con- 
nected  to  the  dlstrlbutor.  The  dlscharge  ends of SIX open-end 1/4-1nch o d. hnes  were  spaced 

pressor  and  the  burner  comparhents and  pointed at 45' hellcally  from a dlrect  forward 
equally  around  the  clrcumference of the  engme Just forward of the  firewall  between  the  com- 

p a r M e n t  and  the  ends  were  equally  spaced  around  the  clrcumference of the  englne  polntlng 
posltion SIX open-end 3/8-1nch o d l lnes  extended  through  the  flre  seal  Into  the  burner  com- 

located  at  the  mldpolnt of the  englne  The 45' angle at the  end of each  llne was  used  to  Impart 
45' from a dzrect aft dlrectlon  Each of these 12 hnes w a s  connected  dlrectly to tbe  dlstrlbutor 

a swlrllng  and  mlxlng  actlon to the  agent  as It w a s  dlscharged Into  the  englne  bay  The  dlstrl- 
butor  wlth  the  llnes  attached 1s shown  In  Flg 6 Thls  system flrst was  evaluated  wlth  CB but. 
because  thls  type of system  does  not  functlon  at 1ts peak  efflclency  uslng  an  agent  wlth the 
physlcal  characterlstlcs of GB,  the maJority of the  tests  were run using DB 

In order  to  dellver  the  agent  Into  all  compartments of the  englne  bay  slmultaneously. 

F l g  6 Dlstrlbutor of HRD System wwlth Dlscharge  Llnes  Attached 
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Test   Procedure 
The test procedure  for  the HRD system was the  same as for  the  perforated  tubmg 

system,  wlth  the  sequence of events  and  the  tlmlng  bemg  held  constant  In all of the tests 
lnvolvlng  the HRD conflguratlon,  fuel w a s  introduced at two or  three  dlfferent  locatlons In each 
sectlon of the  englne  bay  to  mcrease  the  quantlty of fuel and to spread  the  fuel  over a greater  
area  whlch  resulted  In a more  Intense fire However,  for  these tests It st111 was  consldered 
as bemg  one flre 

Results 

was  held  at  50  per  cent  In a 378-cublc-mch  sphere  uslng  both  CB  and DB pressurized to 400 
Table XV shows  the  results with the flrst HRD plumhlng  conflguratron  The flll ratlo 

psi  wlth  nltrogen as the  extlngulshlng  agents  The  englne  was  shut  down  prlor  to  dlscharge 
of the  agent 

TABLE XV 

EXTINGUISHING TEST CONDITIONS AND RESULTS 
FOR HIGH-RATE-DISCHARGE  SYSTEM 

Locatlon 
Flre 

2.4 
2.4 
2,4 
2.4 
2.4 
2.4 
2.4,8 

13.15 
13,15 
13,15 
13,15 
13.15 
13.15 
13,15 
13.15 

Number of Simulated  Test Fue l  to 
Fl re   Tes t s  Condltlon Flre 

(gpm) 

1 
1 

0 95 
0 95 

1 Takeoff 0 95 
1 Cruise 
1 

0 95 

1 
4 2  

1 
4 2  

1 
4 6  

1 
1 
1 
1 
1 Takeoff 
2 Cru1s e 
1 C ru1s e 

(1)  CB - Bromochloromethane 

T ax1 
T  ax1 

Tam 
Takeoff 
C r u s e  
T  ax1 0 95 
T  ax1 0 95 
Takeoff 0 95 
C ru1s e 
T  ax1 

0 95 
4 2  
4 2  
4 2  
4 2  

DB - Dlbromodlfluoromethane 

Agent  (1) 

CB 
DB 
DB 

DB 
DB 

DB 
DB 

DB 
CB 

DB 
DB 

DB 
DB 

DB 
DB 

Quantlty 
of  Agent 

(1b ) 

13 5 
16 2 
16 2 
16 2 
16 2 
16 2 
16 2 
13 5 
16 2 
16 2 
16 2 

16 2 
16 2 

16 2 

16 2 

Extlngulshed 
(No.) (Per Cent) 

Flres 

0 
1 

0 
100 

1 100 
1 
1 

100 
100 

0 
1 100 

1 
0 

100 
1 
1 

100 

1 
100 

1 
100 

1 100 
100 

2 
1 

100 
100 

cases  However,  In the  compressor  sectlon  there  were  two  Instances  In  whlch  the  fuel was 
relgnlted  by a flashback  from a pocket of f lre In  the  forward  part  of  the  sectlon,  whlch 

the  resultmg  flre  became  more  mtense  and  destructlve It was determlned  from  thls  and  the 
remalned after the  agent w a s  discharged lnto the  bay A s  the  quantlty of fuel  was  Increased. 

tests  on  modlflcatlon No  7 of the  perforated  tublng 5ysW T. .n whlch 3 73 gpm of  fuel -as 

whlch  could  support  combustlon  wltn  the  amount of oxygen  present 1n the  compressor  com- 
released  that ,   under  these  codltlons of alrflow,  about ** gpm w a s  the  maxunum  quantlty of fuel 

partment  Small  quantltles of fuel  were  observed  dralnlng  from rhe  englne  bay m thls  test  
durmg  the  f ire p r ~ o r  to  agent  dlscharge 

three  In  all ,  was reposltloned  to  dlscharge  agent  at  the  mldpolnt of the  compressor SectLon. 
relgnltlon  was occurring, each  alternate  dlscharge llne dlrectlng  agent  Into  thls sectLon. o r  

leavlng  the  rernatnlng  three  at  th+  origmal  locatlon at the  flrewall  The  total  length of dlscharge 

was  Introduced  Into  the  compressor  sectlon at three  dlfferent  locatlons  and  mto  the  burner 
h n e   r e m a n e d   t h e   s a m e  as ~n the  prevlous  test I n  the  tests evaluating thls  conflguratlon.  fuel 

sectlon at two locatlons A standard fill ratlo of 50 per  cent  wlth  16 2 pounds of  DB I n  a 

In thls  series  of tests. flre  exitngulshment In the  burner  sectlon  was  successful In all 

To Increase  agent  quantlty In the  forward  half of the  compressor  sectlon  where 
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378-cublc-lnch sphere pressurized to 400 PSI wlth  nltrogen  was  used  Because  the  system  was 
deslgned  to  operate  most  effectlvely at crulse  power  settmg.  these  tests  were  conducted  at  that 
power  settlng  only  Englne  shutdown  was  accomplished  prlor  to  the  dlscharge of agent  Table 
XVI shows  the  results of these  tests 

TABLE XVI 

EXTINGUISHING TEST CONDITIONS AND RESULTS 
(Hlgh-Rate-Dlscharge  System,  Modlficatlon No 1) 

Flre Number of 
Locatlon 

Fuel  to 
Flre   Tests   Flre   Flres   Ext lngulshed 

k p m )  (No ) (Per   Cent)  

2.4,8 
3,4.8 
13,15 
11,12 

4 6  
4.6 
4 2  
4 2  

0 0 
0 0 
1 100 
2 100 

None of the  precedmg  fires  In  the  compressor  sectlon  was  extlngulshed,  however, the 
lntenslty of the  flres  was  dunmished  greatly  after  agent  dlscharge In the  burner  sectlon 
extlngulshment w a s  rapid and posltlve  From a study of these  results,  It was  determlned  that 
elther  the  rate of dlscharge or quantlty of agent  dlscharged Into  the compressor  sectlon  was 
not  adequate 

ln  the s a m e  positlon  as  the  second HRD configuration Thls  more  than  doubled  the  dlscharge 
a r e a  In the compressor  sectlon  In  the  tests  evaluating  the HRD system,  modlflcatlon no 2 ,  
the  englne  power  remamed  at  crulse  setting  for  all  runs  Both DB and  BT were  used In vanous 
f l l l  ratlos In a 378-cublc-lnch  sphere  Contalner  pressurizatlon  was 400 psi  JP-4  fuel  was 

the  purposes of these  tests,  It st111 was  consldered  as  belng  one  flre In each  sectlon  Table 
Introduced  Into  each  englne  bay  from  multxple  sources  to  obtaln maximum dlsperslon,  but  for 

XVII gives  the  test  condltlons and results  for  thls  conflguratlon 

The 1/4-1nch o d lmes In the  cornpressor  sectlon  were  replaced by 3/8-1nch o d hnes 

Locatlon 
F l r e  

3.4.8 
3,4.8 
3,4.8 

11,12 
11,12 

11.12 

TABLE XVII 

EXTINGUISHING TEST CONDITIONS AND RESULTS 
(Hlgh-Rate-Discharge System.  Modlhcatton No 2 )  

Number of Fuel  to 
F l r e   T e s t s   F l r e  Agent  (1) 

Quantlty Flll 
of Agent 

(Ib ) 
Ratlo 

(Per  Cent) 

a 4 6  DB 16 2 
1 4 6  DB 13 0 

50 0 

1 4 6  BT 11 1 
40 0 
50 0 

2 
1 

4 2  
4 2  

DB 16 2 
DB 

50 0 

1 
13 0 40 0 

4 2  BT  11 1 50 0 

( gpm 1 

(1) BT - Bromotrlfluoromethane 

DB - Dlbromodifluoromethane 

Extlngulshed 
F l r e s  

(No.) (Per  Cent) 

2 
1 100 

100 

0 0 
2 100 
1 
1 100 

100 

Thle  was  the  flnal HRD system  evaluated and Its  deslgn 1s Illustrated In F l g  7 After 
It w a s  determlned  that 16 2 pounds of  DB would extlngulsh a maxlmum f l r e  In the  englne  hay, 

ment  Extlngulsbment  was  accompllshed  wlth  quantltles of DB as low as 13 0 pounds, or a 40- 
the  amount of agent  was  decreased  to  determlne  the  m~mmum  quantlty  requlred  for  extlngulsh- 

per-cent f l l l  ratlo  However,  there  was no excess  agent to cool  the  hot  surfaces and the  danger 
of relgnltxon  was  great  The  one  test  uslng  11 1 pounds of BT was  not  concluslve  because It 
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/I- -.- 

Fig 7 Flnal m D  System 

extlnguished  the  fire In the  burner  section but  not  In the  compressor  sectlon.  It  was  rntended 
to  lnvestlgate  the  capabllltles of this agent  further  but  at  thls pornt the  doors  on  the  englne  bay 
of the  test  artlcle  had  been  burned  away to the pomt  where a tlght  seal  could be malntalned no 
longer  Therefore,   the  f lre  tests  on  the F-89 test  artlcle  were  concluded 

Dlscharge  Duratlon  and  Dlstrlbutlon  Measurements 

when  Installed  lnslde  the  engine  bay, and tests  were  run  to  determlne  the  rate of dlscharge and 
the  quantlty of agent bang  dlscharged  from  each of the  component  llnes  These  values  were 
determmed  In  the  same  manner  as  for  the  perforated  tublng  system described ear l ler  m thls 
report   In  both of these  tests 13 5 pounds of GB were  used  as  the  agent  Flgure 8 shows  the 
agent  dlscharge tume for  the  flnal HRD system This graph  shows  that  the  maxmum  dlscharge 
In the  compressor  sectlon  contlnued  for 0 67 second  and  In  the  burner  sectlon  for 0 65 second 
These two perlods  were  overlapplng  for 0 44 second  durlng  whlch  tlme all segments of the 
system  were  dlscharglng  thelr  maxlmum  quantltles  slmultaneously  The  amount  of  agent 
dlscharged  Into  the  several  compartments of the  englne  bay 1s shown  in  Table XVIII The 
quantlty of agent belng dlscharged  from  each  nozzle  was  measured,  however, In the  table  these 
quantltles  are  totaled  for  the  entlre  compartment  because  the variation between  nozzles  was 
smal l  

The  fmal HFlD system  was  mounted  on a framework In  the same  relatlve  posltlon  as 
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TABLE XVIII 

AGENT DISTRIBUTION O F  THE HRD FIRE-EXTINGUISHING SYSTEM 

(Contamer  charged  with  13 5 pounds of GB(') pressurreed wvlth nltrogen  to 400 PSI) 

Quantlty  of  Agent 

Measured Per Cent of Total 
(lb  GB) 

Agent  charge  13 5 

Agent  dlscharged  from  sphere  13  47 

Agent remaining In sphere 0 03 

Agent  dlscharged  by  accessory  nozzle 0 35 

Agent  dlscharged Into compressor   sect lon 7 49 

Agent  dlscharged Into burner  sectlon 5 34 

Agent  lost In lmes 0 29 

Total  welght of agent  dlscharged  from  system  13  18 

Total  contalner  and  line  loss 0 32 

100 00 

99 75 
0 25 

2 55 

55 47 

39  51 

2 22 

97 53 

2.47 

(1) GB - Bromochloromethane.  CH2BrCI 

It wlll  be  noted  that  the  agent remaining ln  the  sphere  and  llnes  after  dlscharge  was 
very  small,  Indlcatmg  that  the  marlmum  quantrty  was  utlllzed  for  flre  evtmgulshment 

GENERAL OBSERVATIONS 

Durlng  the  entlre  course of the  flre  tests,  malfunctlons of any  Items of elther  the 
powerplant  lnstallatron  or  the  flre  extmgulshlng  equlprnent  were  noted  It IS Intended  that  thls 
information wlll  enable  the  manufacturers  Involved  to  Improve  thelr  products  further  to 
Increase  the  f lre  safety of alrcraft   In  general  

Deflclencles of the  Perforated  Tubmg  Agent  Dxstrlbutlon  System 

of fire  tests,  several  deflclencles  were  noted  Several  of  the  dlscharge  holes  were  covered  In 
Upon examlnatlon of the  productlon  perforated  tublng  dlacharge  system  after a number 

the  lnstallatlon  by  mountlng  clamps  used  to  hold  the  tubmg  In  posltlon  on  the  engme  Metal 
shavmgs  and  burrs  lnslde  the  dlscharge  holes  as a result  of the  drllllng  operatlon  were  forced 
back  Into  the  holes  after  dxscharge of the  agent,  resultlng  In  restrlctxons of many of the  holes 
Repeated  dlscharge of the  bromochloromethane  resulted In corroslon of some of the  holes, 
thereby  seallng  them so that  the  agent  could  not  pass  through 

Defrclencles of Agent  Contalners 

In the  perforated  tublng  system  were found sealed  as a result  of the  seallng  compound  used In 
the  cartrldge  assembly  (Walter  Kldde  Part No 931182) 

1 After  the  agent  contamer  had  been  dlscharged  several  tlmes,  some of the  dlscharge  holes 

2 In  one  Instance  the  cartrldge  falled  to  flre 
3 The frangible dlscs  failed  to  rupture  on  one occasLon,  and on another,  only a par t  of the 

4 Durlng  the  charglng of  a sphere a new dlsc  was  notlced  to be leakmg  after  pressurlelng 
segments  were blown  out of the  dlsc  resultlng  In  restrlcted  agent  dlscharge 

the  sphere,  allowlng  the  nltrogen to escape  slowly 

Flre-Resistance of Components 
After   several   large  tes t   f l res  In  the  englne  bay,  the  cables  by  whlch  the  englne 1s 

occaslon  It 1s suggested  that  such  cables be shlelded from posslble  flre  damage  or  be  changed 
lowered for lnspectlon  and  malntenance  were  severely  burned  and  weakened and falled  on  one 

after a severe   f l re  
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encountered  wlth  the  fires  burning  the  wlres  whlch  control  the  operabon  of  the  afterburner 
After a few 10-second  flres,  the  afterburner would  become  lnoperatlve  resultlng m a shutdown 
and a prolonged  delay  whlle  the  damage  was  bemg  repalred  The  components  whlch  gave 
trouble  repeatedly  were 

During  the  conduct of the  fire-extmgmshlng  tests,  conslderable  dlfflculty  was 

1 The  soldered  connectlons In the  Cannon  plugs  and,  in two Instances,  the  Cannon  plugs 
themselves,  which  melted  under  the  heat of the  test   f ires  result lng In an  open- or   short-clrcul t  
Thls  occurred  In  the  electrlcal  connectlons to the  fuel  valve,  the  alr  turbme  valve, and the 
eyelid  actuator  valve 

compressor  section  had  llttle  or no flre-reslstance  The  prlmary  wlre on  the  afterburner 

whlch  burned  through  and  were  replaced wtth  hlgh-temperature  reslstant  wlre  In  the  course of 
lgnltlon  cod and the  plastlc  insulated  wire  to  the  eyelld  actuator  valve  are two of the wires 

the  tests 

were  not  f lre-reslstant 
3 Two hoses.  namely,  the  fuel  pressure  vent  line  and  the  fuel  valve  solenold  vent  line, 

relay box burned  out 
4 Relays  In  cases  where  short-circults  occurred,  one  or  more  relays In the  afterburner 

Flre   Emergency  Procedure 
The  general  emergency  procedure  whlch  worked  best  for  thls  lnstallatlon 1s the  same 

as  that  found  best  for  other  slmllar Installations Upon recogmtlon of a flre  the  power of the 

lubrlcatlng 011, and hydraullc  fluld IS stopped,  and  the  flre  extmgulshlng  agent IS dlrected  to  the 
englne IS reduced  to  the  rnlnlmum.  all  electrlc  power  to  the  englne 1s shut  off,  the flow  of fuel, 

englne on flre  In  the  event of no agent  dlscharge,  the  flre w ~ l l  gradually  burn  Itself  out  once 
the  flow of combustlble  flulds 1s stopped.  the  tlme  requlred  belng  dependent  on  the  quantlty of 
combustible  flulds  accumulated  mslde  the  englne bay 

characterlst lcs of  the  system  was  obtamed  between  emergency  englne  shutdown  and no englne 
Durlng  the  earher  phases of the  tests,  a dlrect  comparlson of the  extlngulshlng 

shutdown  Durmg 67 f l r e   t e s t s .  It was found that  the  percentage of fires  extlngulshed  emplopng 
emergency  englne  shutdown  procedures  was 15 6 per  cent  greater  than  wlth no englne  shutdown 

Rellablllty of Recommended  Flre  Detector  System 

detector  system  Installed In the  test   art lcle  prlor  to the tests  confirmed  the  prevlous  recom- 
The  detectron  of  test  flres  by a contmuous  fire  detector  system  and by a unrt-type  flre 

mendatlons  Durlng  the  conduct of the 234 extmgulshlng  tests  covered by thls  report  the 
recommended  unlt-type  detector  system  detected 89 4 per  cent of the f i res  wlth an  average 
alarm  tlme  of 3 86 seconds  The  contmuous  detector  system,  which  was  routed  through both 
sectlons of the  englne  bay,  detected 100 per  cent of the  f lres wlth an  average  alarm  tlme  of 
2 92 seconds 

2 Control wires Many of the wlres  whlch  control  the  afterburner  and  pass  through  the 

CONCLUSIONS 

The  concluslons  drawn  from  the  study  follow 

f l res  

extmgulsh all f l res  In the  englne  bay 

engme  bay  and  resultlng  from  flammable fluid system  fallures 

F-89  perforated  tubmg  system and al l  the configurations of thls  system  whlch  were  tested 

methane  Thle IS belleved  to  be  due  prlmarlly  to  the  dlfferences In physlcal  characterlstlcs. 
that I S ,  volatd1ty.  upon  dlscharge whxch affect  agent  utlllzatlon 

1 The  F-89  perforated  tublng  system  was  not  adequate  for  the  control of In-fhght  englne 

2 It 1s not  practxcal  to  modlfy  the  F-89  perforated  tublng  system  such  that It wll l  

3 The HRD system  shown  In  Flg 7 1s effectlve In extlngulshlng  fires  occurrlngln  the 

4 The HRD system  developed  was  superlor ~n extlngulshlng  effectlveness  to  the  orlglnal 

5 Bromochloromethane  was  not  as  effectlve  an  extmgulshlng  agent  as  dlbromodlfluoro- 

Techrucal  Development  Report No  286,  July 1956 
3Allen V .  Young, "Flre-Detection Studles of the  Northrop  F-89  Power  Plant." CAA 
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6 Fallure  of the  F-89  extlngulshng  system  was  the  result of msufflcrent rate of agent 

7 Atomleatlon of CB durmg  dlscharge of the  F-89  perforated  tubing  system  was  not 
dlscharge  and  hstrlbutlon  rather  than  Inadequate  quantity of agent 

adequate as evldenced by the  large  quantltles of llquld  agent  whlch  poured  from  the  englne  bay 
followlng  dlscharge 

agent  must  be  provided to cool  the  surfaces  sufficiently  to  prevent  reigmtlon 

cause  stagnant  areas m wluch  the fire can  knger 

8 The  mlnlrnum  quanbty of agent  to  effect  extlngulshment  only 1s not  sufflclent  Adhtlonal 

9 Flelgnltlon can  occur  where  the c l r c d e r e n b a l   f o r m e r s   a r e   d e e p   o r   w h e r e  accessories 

10 After  dlscharge of GB. corrosion wlll  occur  unless  all  alummum  parts  are  flushed 


