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Thls 1s a  techmcal  mformatlon  report and does  not 
necessarlly  represent CAA pollcy In all  respects 



AIRESEARCH MODEL GTP70-2 GAS-TURBINE  AUXILIARY-POWER UNIT* 
DEVELOPMENT OF FIRE  PROTECTION FOR 

S U W R Y  

Thls  report summarizes the  results of an  mvestlgattron  whch  was  made to frnd  means 
of provldmg  better  flre  protectlon  for  alrborne  gas-turbme  auxdlary-power umts  Speclfzc 

These  recommendatlons xnvolve revlsrons  and  changes to the  flre-detectlon and  -exhngulshmg 
recommendatlons  are  made  for  adequate  flre  control m the  AlResearch  Model  GTP70-2  unlt 

Model  GTP70-2 umlt and for  mcorporatlon In the  desrgn of later  models  These  measures 
systems  Flre-preventlon  measures  also  are  recommended  for  use In modlflcatlon of the 

Include  use of ducted-alr I n l e t s  to  the  compressor and cool~ng  fan,  preventlon of  011-dumpmg 
Into  the  turbme  exhaust.  and  drams  for  the  burner  cans and center sectLon Incorporatlon of 
the  recommended  ftre-preventton  measures w ~ l l  change  and  slmpllfy  the  fire-control  requxre- 
ments,  therefore,  separate  flre-control  recommendatlons  are  made  for  modlfled  models of 
auullary-power  uruts and for  new models  deslgned  to  rncorporate  these  fme-prevention 
measures  

INTRODUCTION 

An AlResearch  Manufacturlng  Company  Model  GTP70-2  gas-turbme  acullary-power 

tratlon by the  Department of the  Navy  for  evaluatron  from the  frre-protectlon  standpomt 
plant  was submrtted to the Technlcal  Development  Center of the C l v d  Aeronautrcs Admlrus- 

Power  plants of thls  type  were  scheduled for  rnstallatlon In naval  alrcraft  types RV7-I and 
-2  (Lockheed  Constellatlon)  and  RbD-1  (Douglas DC-6). These  amcraft   must be certificated 
by  the Clvl l  Aeronautlcs  Admrnlstratlon  before  thelr  acceptance by  the  Department of the 
Navy  The  spectflc  purpose of thls  evaluatron  was to determme  the  acceptabhty of the 
GTP7O-2 aumhary-power  plant In rts present  conflguratlon It was  Intended to use  thls  unlt 

provlde a standby  source of electrxcal  power  durmg  landings  and  takeoffs A t  the  tlme  the 
in  these  alrcraft to provzde electrlcal  power  requlred by  the a l rc raf t  on the  ground  and to 

other  than  those mentioned. except ~n emergencies After a portlon of a  Navy order  for 
evaluatlon  was  requested,  these  power  unlts  were not Intended  for  use  under  fltght  condrtlons 

alrcraft  was  conslgned to the  Department of the  Alr  Force.  however,  m-fllght  operatlon of 
the  gas-turblne  auxlllary-power  plant was consldered  lmperatlve  The  general  purpose of 
thls  evaluatlon,  therefore,  was  to  recommend  measures whzch would ensure  safe  operatlon 
of gas-turbme  power  plants  under  all  condltrons 

More  spec1flcally.  the  ObJectlves of the  mvestlgatlon  were 

the  GTP70-2  unlt 

power  plant  by  several  amcraft  manufacturers 

control  for thls type of gas-turbme  auullary-power  plant 

auxlhary-power  plants 

1 To  determme  the  adequacy of the  present  prov~s~ons  for  f lre  protectlon and control In 

2 To  test  some  proposed  ftre-control  systems  whxh  were  suggested  for  thls  auxlhary- 

3 To determme  mlnlmum  provlslons  necessary to provlde  adequate  frre  protectlon  and 

4 To  provlde  lnformatlon  whlch  would be useful to deshgners of these and s lmllar  

TEST  ARTICLE 

The  GTP7O-2  a-lrary-power  plant  was  a  self-contamed unLt See  Flg 1 The  turbme. 
together  wlth  all  accessories,  was  confmed  m a stamless-steel  enclosure It was  a  compact 

*Manuscript recelved  far  publlcatlon  September 1 9 5 5  
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Flg. 1 Cas-Turbme Power Umt (Model GTP70-2) 
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and llghtwelght prune  source of constant-speed-shaft  power,  deslgned  prunarlly  to  drlve  elthcr 
an  alternator o r  a d-c generator.  It had autornatlc  startxng  and  automatic  control  Normal 
rated power for continuous  operatron  under  standard  sea-level  condltlons 1s 70 hp at  a  speed of 
6,000 rpm  at  the  power-takeoff shaft. The power  unlt was  capable of dehvermg 84 hp (maxi- 
mum rated  power)  for  perlods of 5 mlnutes  under  standard  condttlons.  The  baslc  dry  welght of 
the  auxlhary-power  unlt  was 195  pounds. It  was 14 1/8 Inches  deep, 25 1/2 inches wide.  and 
28 1/4 Inches  long.  Wlth  the  generator  and  regulator  used  m  the  tests,  the  total  welght  was 
312 pounds  and the  over-all  length  was 49  1/4 Inches. 

two  combustlon  chambers,  an  integral  oil  cooler  and  tank, and a fan and coolmg-alr  duct,  all 
housed  withm  the  stamless-steel  enclosure. 

Turbme  Assembly. 

turblne  developed  the  power  reqmred  to  drlve  the  compressor  and  the  accessones,  includmg  a 
The  turbme was the  radlal-mward-flow  type  wlth  a  slngle-stage  turbme  wheel.  The 

fan  whlch  provldes  coolmg  alr  for  the  drlven  equlpment, It also  developed  the  power  dehvered 
at  the  power-takeoff  sphne. 

Compressor  Assembly 
The  compressor  was  a  two-stage  type, wvlth backward-curved  blades.  The  compressor, 

whlch  was  drlven by the  turbme.  furnlshed  all of the  combustlon  alr  requred  for  operatron of 
the  unlt. 

Accessory-SectLon  Assembly. 

all   accessones  were  gear-drlven from the output shaft.  The  accessory  housing  also  Included 
the  power-takeoff  flange as  well  as  mountmg  pads  for  the  starter. over speed  swltch.  governor. 
fuel pump, 011 pump,  and  duplex-scavenge 011 pump. The  cooling-air  fan  was  driven by the 
accessory-drlve  shaft 

Combustton  Chambers 

alummum  outer  shells,  hlgh-temperature-alloy  flame  tubes,  and  hxed-area  fuel  nozzles 
Ignztlon was  provtded  by  two  spark  plugs  and  a c o ~ l  durlng  startmg only,  and  combustIan w a s  
self-mamtamed  durmg  operatlon. 

Integral 011 Cooler and  Tank. 

wlth 011 passlng  outslde  the  tubes  and  alr  passmg  through  the  tubes  The  alr  was  forced  through 
the 0x1 cooler by the  fan. 

Fan and  Coohng-Alr  Ducts. 

or other  drlven  equlpment. Alr entered  the  fan  entrance  from  wlthm  the  enclosure. and ductmg 
The  axlal-flow  fan  was  deslgned  to  supply  coollng  alr  for  the  unlt  and for the  alternator 

to  the  drrven  equlpment and the  other to the o1l-cooler  Inlet.  The 011-cooler alr  was discharged 
carr led the  fan-dlscharge a n  m two parallel  streams, one dlrectly to an  outlet for connectlon 

Into  the turbme  components  and  frnally  escaped  through  an  annular  openlng  around  the 
turbme-exhaust  duct 

Enclosure 

wlth  a  mlnlrnum  number of external  connectlons.  Thls  deslgn permitted easy  lnstallatlon and 
removal of the  unlt.  Servlce  and  lnspectlon  panels  were  provlded.  The  stamless-steel 
enclosure  was divxded Into three  sectlons by an  Internal  flrewall and an Internal  bulkhead. 
These  sectlons  are shown  In Flg .  2. The  compressor  was  separated  from  the  turbine  by  a 
flrewall, and a  portlon of the  accessory  sectlon  was  separated  from  the  remamder of the  unlt 
by Internal  bafflmg 

Flre-Detection and -Extmgulshment  Provlslons 

the  accessory  sectlon. Thxs flre  detector  was  a  umt of a Type A hre-detectmg  system  made by 

The  complete  gas-turblne  power  unlt consisted of a turhme,  a  compressor,  accessorles. 

The  accessory sectxon was  located  between  the  compressor and  power-takeoff  pad,  and 

The two combustlon  chambers  were the strarght-through  can  type  They  utibzed  tapered- 

The  Integral 011 cooler and  tank  was of mechanrcally-bonded  alummum-tube  construction, 

The  enclosure  housed  the  baslc  unlt and accessorles,  provldlng  a  packaged power umt 

One detector  was  Installed on the horizontal baffle extending Into the  enclosed  portlon of 
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Thomas  A  Edlson,  Inc  A  threaded  flttlng  was  provtded  on  the connectLon panel for the  Instal- 
latlon of a he-extmguzsher  lme  Thls  flttlng  dlscharged  an  extlngulshlng  agent Into  the 
enclosed  portlon  only of the  accessory  sectlon. 

Test   Load 

unlt  The  power  output  was  absorbed by a  salt-water  rheostat  conslstmg of 0 25 per  cent salt 
current  generator  wlth  a  Model CR7930NA109Gl  voltage  regulator  was  attached  to  the  GTP70-2 

solutlon  contarned  In  three  55-gallon  steel  drums. wxth center  electrodes,  Y-connected. 

Test  Operatlon. 

feet In  helght,  wlth a cross-sectmnal area equal to that of the arr-Inlet openlng. was attached. 

A  General  Electrlc  Company  Model 2CM212A1, 30-kva,  120-volt,  3-phase,  alternatmg- 

Durmg  the  testlng,  the GTP7O-2 -It was  mounted  on a t e s t  stand.  An  Inlet  duct  four 

Flg. 3 CTP70-2 Unrt Prepared for Testlng  (Sectrons of the 
Enclosure  Removed  and  Replaced  wlth  Plealglas) 
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Fig. 4 Propmqulty of 011 Lmes  to  Compressor  Entrance 
(Bottom Vlew,  Enclosure  Removed) 

A three-foot  exhaust pzpe wlth  an  outer  coolmg-alr  shroud  also  was  attached.  The  necessary 
connectlons  were  made  for  fuel Intake.  24-volt d-c  power,  and  Instruments. A photograph 
showmg  the GTP7O-2 unlt as tested 1s shown  in  Flg. 3. 

FIRE HAZARDS 

Survey. 

of notmg  potentlal  fire or eltploslon  hazards.  The  followmg  condrtlons  were  noted 
A thorough  Inspectton was made of the  GTP70-2  auxlllary-power  unlt  for  the  purpose 

compressor  Inlet, as shown  In Flg 4. 

carrylng  fuel  and  lubrlcatmg 011. The  coollng  fan  dehvered alr from  thls  sectlon  to  a  T  duct. 
One  leg of the  T  supphed  coollng  arr to the  alternator.  and  the  other  leg  supphed  coohng alr 
whlch  passed  through  the 011-cooler am  passages  and  then Into  the  turblne  compartment  to 
cool the  turhlne  housmg.  Thrs  system IS shown m Flg. 5.  

3. 011-tank-  and  cooler-vent hnes opened  Into  the  turbme  exhaust at a locatlon  one  mch 

the  vent  lrne  and  lnto  the  turblne-exhaust  duct. 0 1 1  also  entered  the  turbme-exhaust  duct  when 
hehmd  the  turhme  wheel, as shown In Flg 6 .  Overflllmg  the 011 tank  caused 011 to  flow  through 

the 011 tank  was  fllled  to  the  proper level, as  rndlcated on the  bayonet  gage  attached  to  the  cap, 
and  then  the  GTP70-2  unlt  was  tllted 35' or more  upward  from  the  generator end. 

4  There  were no provlslons  for  dramage In  the  bottom of the  center  sectlon of the  unlt. 
5. The  termmals  on  the  d-c starter were exposed.  See  Flg. 5. 
6 .  There were no drams  m  the  burner  cans 
7. Internal  baffhng  between  the  accessory  sectlon and the  remamder of the  unlt  conslsted 

1 Lmes carrymg  lubrxatlng 011 for  the aft bearmg  passed  wlthrn  four  Inches of the 

2. The  coohng  fan  drew alr  from  the  center  sectton of the  unlt  whlch  contamed  lmes 

largely of alumlnum  sealed  wlth  rubber  and  sponge-rubber  strlps 

After  lnspectlon of the  unlt, It was  concluded  that 

alr to a turblne  englne 1s drawn.  Leakage of these  lmes,  from  elther  fallure or  neglect  of 
1. It 1s poor  practlce  to  have  llnes  carrylng  lubrlcatlng 011 m  any  sectlon  from  whlch  Inlet 

malntenance  personnel to tlghten  flttmgs,  would  allow 011 to he drawn Into the  engme,  causlng 
overheatmg,  overspeedmg.  and  subsequent  turblne-wheel fallure 

flammable  flulds and  vapors.  The  turbme  houslng was considered a potentral  lgnltlon  source 
2 Alternators are defmlte  sources of Ignltlon.  therefore,  they  should be Isolated  from  all 

and tes ts  w e r e  made to deterrnlne  the  existmg  hazard 
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Ftg 5 Locatlon of Fuel Llnes  and 0 1 1  Lmes In Relatlon  to  the 
Coohng  Fan, 011  Cooler,  and  Starter  (Top Vlew, 
Enclosure  Removed) 

3. Tests  should be  conducted to determrne  what  degree of hazard  exlsts, If any,  a5 a 

4 Smce  the  center  sectlon of the  unlt  contalns  fuel lmnes and  lubrlcatmg-011  Ilnes, 

5.  The  exposed  terrnlnals on the  d-c s tar ter  could be a source of Ignltzon for  leaklng 

resul t  of lubrlcatmg a11 entenng  the  exhaust  duct 

provlslons  should be made  to  carry  overboard any leakage from those  Imes. 

flammable  flulds If the outer enclosure  became  damaged  ln  the  vlclnlty of the s tar ter   and 
It contacted  the  terminals. 

Fig. 6 011-Tank and Cooler  Vent Llne Routed to Turbme  Exhaust 
(Rear Vlew, Enclosure  Removed) 
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Flg .  7 Method of Conductmg  Alrflow  and  Vapor-Flow  Tests 
(Plexiglas Replacmg  Enclosure Sections) 

hot starts. 
6. Combustion chambers  should  be  dralned  to  prevent  accumulatlon of fuel  and  resultant 

flammable-fluld  systems  from  compressor  and  cooling-fan  entrances  and  from  areas of 
7 .  Although  not m the  most desirable locatlon,  the  Internal  bafflmg  Isolates a par t  of the 

potentla1  Ignltlon.  It  also  should  ald  flre  control  by  lsolatlng  flres  occurrlng  wlthln  the  sectlon. 
I t  would  qulckly lose Its mtegrlty,  however,  durlng a fire  caused by fallure of materials f rom 
w h c h  It 1s constructed 

Testmg. 
Equipment and  Procedure. 

Smoke was used  to determine the  route of a l r  and  flammable  vapors  wlthm  the  enclosure 
whlle  the  unlt  was  hemg  operated A smoke  generator  was  utllleed  whlch  conslsted of a can 
In  whlch punk was burned. A one-Inch  tube  carrled  the  smoke  to  the  polnt of release  To 
permlt  observatxon of the  smoke  streamllnes,  sectmns of the  stamless-steel  enclosure Were 

mately 0 2 gallons  per mlnute (gprn), water  was  released  at the  same locations where  the 
replaced wlth  slmllar sectlons made of Plexzglas,  as shown m Flg. 7 At a rate of approxl- 

smoke  was discharged to  approxlmate  the  Influence  of alrflow on  leakmg  fuel  and  luhrlcatlng 
011 whlle  the  unlt was bemg  operated  In  the GTP7O-2 umt,  luhrlcatmg 011 could be dumped  Into 
the  turbme-exhaust  duct  by  way of the 011-cooler-vent lme by overfilhng  the 011 tank or by 
tlltlng  the unit upward  35" or more Thls  condrtlon was slmulated  by  release of measured 
quantltles of Grade 1010, MIL-0-6087A lubrlcatlng 011 Into  the  exhaust  duct  through  the 011- 

tests  wlth  the 011 tank fxlled to the  normal  level,  the  unlt  was  tllted  upward  35" 
cooler-vent  lme.  Later,  the  tank  was  purposely  overfllled  durtng  the  tests  Also  durlng  other 

Grade 1010, MIL-0-60B7A lubncatlng 011 and  Grade  100-130  avlatlon  gasolme w e r e  released 
To  mvestlgate the lgnltlon  hazard  presented by hot  surfaces In the  turblne  sectlon. 

at  the  coolmg-fan  entrance so that  they would be  carrmd  through  the 011 cooler by the a lr -  

In the  center  sectlon  reached  the  turblne  sectlon  In  the  same  manner  These  tests  were 
stream  and would  be  dumped  Into the  turbme  sectlon.  Leakage  from  fuel o r  lubncat lon  hnes 

conducted  at maximum rpm,  both  wlth  no  load  and  wlth  an  attached 30-kva alternator  under 
load.  To Investigate the  posslblllty of lgnltlon  hazard  In  the  turblne  sectlon  more  concluslvely, 
temperature-mdlcatlng  pamt  was  apphed  directly  to  the  turbme-wheel  houslng  and  the  umt  was 
operated  under  load  condltlons.  The  locatlon  at  whlch  the  turbme-wheel  houslng  reached  the 
hlghest  temperature was found  and  thls  temperature  was  measured  wlth a thermocouple  pyrom- 
eter.  An o ~ l  llne  was  Installed  to discharge oil dzrectly at the polnt of hlghest  temperature on 
the  turbme-wheel  housmg  Addltlonal  tests were conducted  wlth vanous   ra tes  of 011 flow  from 
0 1 to 1.0 gpm. 
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Results. 
The  results of the  studies of axrflow characterlstlcs  within  the  enclosure,  during which - 

the  streamlines  were  made  vlsihle by use of smoke. were  as  follows 

1. Most of the air entering  the  enclosure  at  the d e t  screen was drawn  downward,  around, 
and  Into  the  compressor  Inlet. but  the alr  whlch entered  wlthm two  Inches of the  edge of the 
openmg  nearest  the  accessory  sectlon  passed  through  the umt. around  the  fuel  and 011 lmes,  
and  Into  the  coolmg-fan  duct. 

2. Alrflow  was  very  rapld  at  all  polnts  m the center  section of the  unlt. 
3 Alrflow In the  sealed-off  accessory  sectton was  negllglble. 
4 Water  released  withm  the  center  sectton of the  unlt  followed  the  same  path  as  that of the 

airstream hnes.  

a r e  shown In Table I. During  the  tests In whlch  lgnrtlon of the 011 occurred,  the  resultant 
flames  were  vlslble  approxlmately  elght  feet behznd the  turblne  wheel.  The  flame dld not  pass 
back  through  the  vent  hne to Ignite 011 m  the  cooler  and  tank  durlng  any of the  tests. 

Table I1 Temperature-indlcatlng  pamt  showed  that  the 6 o'clock posltxon on the  turbrne  houslng 
The  data  obtalned  durlng  the  ignltlon-hazard  tests on  the  turhrne  sectlon  are shown  ln 

was  the  polnt of hlghest  temperature.  Measurements  taken with a pyrometer  lndlcated  the 
temperature  to be 1,020' F.  Although 1,020' F 1s above  the  Ignition  polnt of lubrxat lng 011 In 
st111 a n  on a hot  surface, 011 released  directly on thls  pomt dld not  lgnlte  because of the  rather 
large  alrflow  through  the  turbme  sectlon. 

The  data  obtalned  durmg  tests  conducted  when 011 was  dumped  Into  the  turbine  exhaust 

Concluszons. 
When  the GTP7O-2 unlt IS operatlng,  any  leakage  from  the  luhrlcatlng  llnes to the  aft 

bearlng would  be d r a m  Into  the  engine.  Thls 1s dangerous  and  should  he  prevented  by  lsolatlng 
the  compressor  entrance 

luhrlcatlng  lmes In the  forward  portion of the  center  sectlon would  he  drawn  Into  the  coolrng 
Any leakage  from  the  hlgh-pressure  fuel  llne to the  top  burner-can  nozzle  or  to  the 

fan and to  the  alternator  and  turblne  sectlon.  Alternators  are  a  constant source of lgnltlon  for 
flammable  flurds,  therefore,  alr  used  for  coollng  the  alternator  should  not be drawn  from  a 

to  decrease  the  dwell-tlme of the 011 and f u e l  on  the  hot  turbine-housmg  surfaces,  therefore, 
sectLon  contamlng  fuel and lubrrcatlng  hnes. In the  turblne  sectlon,  the  alrflow  was  sufflclent 

It prevented  ignltlon. 

FIRE  DETECTION 

Survey. 

one temperature-senslng  unlt  whlch  slgnlfies  the  rate-of-nse.  Thls  sensmg  unlt  was  part of 
The  flre-detectlon  system on the GTP7O-2 unlt  submltted  for  testlng was comprlsed of 

an  Edlson  Type A flre-detectlon  system, and d was located In the  accessory  sectlon.  Although 

was  determaned that flres  orlgmatmg In elther  the  turbme or the  center  sectton would  not  be 
thls  detector  was  well  located  for  detection of flres  OrlglMtlng  In  the  accessory  sectlon. It 

detected by the  system  untll  they  had  progressed to the  extent of destroymg  Internal  bafflmg. 
Therefore,  I t  was  declded  to  test  only  those  systems  with  a  senslng  unit In each  sectlon. 

Testmg. 
Equipment and Procedure. 

A f l r e  nozzle  was  fabrlcated.  Thls  conslsted of a l/B-mch-OD.  open-end  copper tube. 
whlch released  a  stream of Grade 100-130 avlatlon  gasolme,  and  a  spark lgmtor for  lgnltlon 
The  rate-of-flow  of  the  gasolme  was 0.172 gpm.  The f l r e  nozzle  was  constructed so that It 
could  be  moved  to  various  locatlons In the  enclosure of the GTP7O-2 umt to slmulate  flres 

flre  locatlons  were  as  follows 
resulting from  the  lgnltlon of leakmg  fuel  hnes,  lubrlcatlon  hnes. and  components.  The test  

Locatlon A, at  fuel-nozzle  lme  connectlon  on  top  burner  can 
Locatlon B, front  right-hand  corner of 011 tank. 
LocatLon C, accessory  sectmn  at  fuel  nozzle of lower  burner  can 
Locatlon D, accessory  sectlon  at  fuel  valve. 
Locatlon  E,  lower  slde of compressor  entrance  adJacent to control box 



9 

Tes t  
No 

1 

2 

3 

4 

5 

6 
7 

8 

9 
10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

TABLE I 

OIL-VENT-OVERFLOW IGNITION TESTS 

1010,  MIL-0-6087A 
011 

Rate Temperature 
kpm)   (degrees  F) 

0 1  60 

0 1  200 

0 2  200 

0 3  200 

0 4  200 

0 1  zoo 
0 4  200 

0 4  60 
0 1  60 

0 1  60 

0 1  190 

0 3  190 

0 4  190 

0 1  70 

0 4  70 

011 tank overfilled 
before  startmg 
the unlt 

011 tank  overfilled 
before  startmg 
the unlt 

011 tank  overtilled 
before  startmg 
the  unlt 
Front  of unlt 
tilted  upward 40' 

Front of unlt 
tllted  upward 40' 

Front  of unlt 
tllted  upward 40" 

Condltlons 
Operatmg 

governed  speed 
Normal 

governed  speed 
Normal 

governed  speed 
Normal 

governed  speed 
Normal 

governed  speed 
Normal 

Startlng 

Startmg 

Startmg 
Startmg 

Shut down 

Shut down 

Shut down 

Shut down 

Startmg 

Startlng 

Startmg 

Startmg 

Startmg 

Startlng 

Startmg 

Startmg 

Results 

011 was  vaponsed  m  the  exhaust 
duct  but  dld  not  rgnlte 

011 was  vaporrsed m the  exhaust 
duct  but  dld  not  Ignite 

011 was  vaporlzed  in  the  exhaust 
duct  but  dld  not  lgnlte 
011  was  vapormed 1n the  exhaust 
duct  but  dld  not  lgnlte. 

011  was  vaponsed  in  the  exhaust 
duct  but  dld  not  Ignite 

Oil  was  Ignited  lmmedlately 
011 was lgnlted  unmedxately. 

011 was lgnrted  Immedlately 

011 was  lgnlted  lmrnedlately 

011  was  vaporlzed  In  the  exhaust 
duct but dld  not  lgnlte 

011 was  vaporlzed In the  exhaust 
duct  but d1d not  Ignite 

011 was  vaporlzed m the  exhaust 
duct  but  dld  not  lgnlte 

011 was  vaporrzed  in  the  exhaust 
duct  but  dld  not Lgmte 
011 was  lgnlted  lmmedlately 

011 was  Ignited  Immedxately 

011 was  lgnlted  immedlately 

011 was  lgnrted  lmmedlately 

011 was Ignxted lmmedlately 

011  was  Ignlted  lmmedlately 

Oil was lgnlted  lmmedlately 

Oil  was Ignited lmmedlately 
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TAEUE II 

TESTS OF TURBINE  COMPARTMENT As AN MNITION SOURCE 
FOR LEAKZNG FLAMMABLE FLU- 

Test 
NO. 

1 

2 

3 

4 

5 
6 
7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

oil (1010) 

Oil (1010) 

Oil  (1010) 

Oil (1010) 

oil ( 1010) 
Oil  (1010) 

Aviatlon  gasoline 
(100-130) 

Aviation  gaaoljne 
(100-130) 

Aviation gasoline 
(100-130) 

Avlahon g a s o h  
(100-130) 

AvFDtlon gasoline 
(100-130) 

Aviatmn  gasoline 
(100-130) 

Aviation  gasohne 
(100-130) 

Aviation gasoline 
(100-130) 

Aviatlon  gasoline 
(100-130) 

Aviation g a s o h  
(100-130) 

Aviation gasoIine 
(100-130) 
Oil (1010) 

oil (1010) 
oil (1010) 

Oil  (1010) 
Ofl(lOl0) 

oil (1010) 

Oil (1010) 

oil (1010) 

(gpm) 
Rate 

0.1 

0.4 

0.1 

0.4 

0.1 

0.4 

0.4 

0.1 

0.3 

0.4 

0.3 

0.1 

0.4 

0-1 

0.1 

0.4 

0.4 

0.1 

0.4 

0.3 

0.4 
0.4 
0.1 

0.3 

0.4 

Release Location 

Oil-cooler air Inlet 
011-cooler air inlet 
011-cooler air A t  
Oil-cooler air Met 

Oil-cooler a h  d e t  
Ofl-cooler air Met 

Top  burner-can f u e l  line 

Top  burner-can fuel line 

Top  burner-can f u e l  b e  

Top  burner-can f u e l  line 

Top  burner-can  fuel  Yne 

Top burnerran fuel Jine 

Top  burner-can  fuel line 

Top  burner-can fuel line 

Top  burner-can  fuel  line 

Top  burner-can  fuel lhe 

Top  burner-can f u e l  line 

Oil-cooler air inlet 
Oil-cooler air inlet 
Ofl-cooler iur inlet 
Oil-cooler air lnlet 
O i l s o o l e r  air Met 

Against  turbLne basing 
at 6 o'clock position 

Itgalnst turbine housing 
at 6 o'clock position 

Against  turbine howing 
at 6 o'clock position 

Payer 
output 
(**a) 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

30 

30 

30 

30 
30 
30 
30 
3 0  

30 

30  

30 

+Tests were cnnducted at normal governed  speed. No ignlilnn occurred lrnder these test 
conditions. 
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Fig 8 Detector  Locatlon N o  1, Accessory  Sectlon 

Locatlon F, lower  side of compressor  entrance  under 011 ta& 
Locatlon G ,  in  tvrbme  compartment  at  alr  outlet of 011 cooler 

These  were  selected  as  representatlve of locatlons of potential  fire  hazards  such  as 
flammable-fluid leaks 

The  test  sequence  was as follows 

1  Operatmg  conditions  were  established  for  the  test 
2 The  test-fire  lgnltar  was  swltched on 

4 Fuel flow for  the test   f lre  was stopped  after  10  seconds or after  an  alarm  from a f i re  
3 Fuel flow for  the  test  flre  was  started 

detector,  depending on whlch  occurred  fmst 

The  tlme  required  for  the  fire-detectlon  system to alarm  was  recorded by an Es terhne-  
Angus recorder.  The  tlme  recorded  was  the  perlod  between  the  start of fuel flow to the tes t  
fire  and  the  alarm  glven by the  detection  system 

The  operatmg cond~t~ons under  whlch  tests  were  conducted  were 

1 CTPlO-2  unit  operatlng at normal  governed  speed (6,000 rpm) 
2 GTP7O-2 urut  startlng,  vlth  d-c  starter  energlzed  but  wrth  msufflcient  engine  rpm  to 

create  alrflow to the  compressor  entrance  and cooling fan 

The  system  conslsted of five  Model  17343-62-450F  Fenwal  flre  detectors and  one  Model 

In the  accessory  compartment,  three  were ~n the  center  sectlon.  and one was in the  generator- 
17343-34-600F Fenwal  flre  detector  One of the  Model  17343-62-450F  detectors  was  located 

cooling  duct.  The  Model  17343-34-600F  detector  was  located in the  coohng-alr  annular- 
exhaust  passage of the  turblne  sectlon  These  locatrons  are  shown  m  Flgs 8. 9, 10,  11,  12. 
and 13 

above  the  ambzent  temperature  durlng  normal  condttlons,  thermocouples and recording 

the  unlt  Those  locatlons  were  as  follows 
pyrometers  were  used  to  determane  temperatures  at  varmus  locatlons  wlthin  the  enclosure of 

Tests   were conducted  on  a  fire-detectton  system  designed  for  RW-1 and  R7V-2 alrcraf t  

Because  flre  detectors  should  be  preset to alarm  at  temperatures of not less  than 150' F 

Thermocouple No I, accessory  sectron 
Thermocouple No 2 .  cooling-fan  entrance 
Thermocouple No 3,  Inlet-alr  duct. 
Thermocouple No 4,  coolmg-air  duct of generator 
Thermocouple No 5,  coolmg-alr  annular-exhaust  passage ~n turblne sectxon 



1 2  

Flg 9 Detector  Locahon  No. 2. Center Scchon at  Coohng-Fan  Entrance 

10 Detector  Location No. 3 ,  Center Sectxon Between 
Burner C m  mad Compressor Entrance 

Flg I 1  Detector  LocatlonNo 4, Center Lctlon  Between  Lower 
Burner Can and Compressor  Entrance 
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F l g  12 Detector  LocatlonNo 5, Generator  Coollng-Alr  Duct 

Thermocouple No 6 ,  011-cooler-alr  outlet In tvrhlne  sectLon 
Thermocouple No 7. coolmg-alr  exlt of generator 
Thermocouple No 8, turhme-exhaust  outlet 

GTP7O-2 unlt  InformatLon  resultmg  from  the  alrflow  Investlgatlon,  the  umt-detector  tests, 
and  the  temperature recordings was  utllleed In chooslng  the  mstallatlon  conbguratlon  The 

F l g  14 The  system  used  for  the  lnstallatlon was manufactured by Thomas A. Edlson. 
locatlon of the  sensmg  element  as  rstalled In the  GTP70-2 unit for  the  tests 1s shown ~n 

Inc 

The  hre-sensmg  element of a contlnuous  flre-detectxon  system was  installed m the 

Results 
The  data  obtamed  durlng  fire  tests  on  the  system  for  the GTP7O-2 unlt  In R7V-1 and 

R7V-2 alrcraf t   are  glven  In Table 111, and detector  locatlons are shown m Ftgs 8 through 13 
Detector No 1 alarmed  durmg all flres In the  accessory  sectlon.  Detector No 2 alarmed 
durmg  three of four  flres  lgnlted  at  Locatlon A A l l  of the flres  at  that  locatlon  alarmed 
detector No 5 Flres at  Locatlon B passed Into the  coolmg-fan  entrance  and  alarmed 
detector No. 5 wlthout  alarrnlng  detector No. 2 Detector No. 3 alarmed  durlng all flres at 

Flg 1 3  Detector  Locatlon No 6, Exhaust  Coohng-Am  Annular  Passage 



Test  
N o  

1 

2 

3 

4 

5 

6 
7 

8 

9 
10 

11 

12 

13 

14 

15 

16 
17 

18 

Locatton 
Fire 

A 

B 

B 

B 
A 

A 

A 

C 

D 
E 

E 

E 

F 
F 

C 

D 
G 

G 

14 

TABLE I11 

RESULTS O F  FIRE  TESTS ON UNIT-DETECTOR SYSTEM 

Test 
Condltlons No. 1 

Locatlon of Detector Umt Alarmed and Tlme Required 
No 2 No 3 No 4 No 5 

(seconds)  (seconds)  (seconds)  (seconds)  (seconds)  (seconds) 
N o  6 

OperatLon 6 6 4 

Operatlon 4 

Starting 8 
Operatlon 4 

Operatlon 8 b 

Startmg 19  17 

Startmg 14 14 

OperatLon 3 

OperatLon  7 

Operation 

Operatlon 

Startmg 

Startmg 

Operatron 

Startmg 5 
Startmg 9 
Startlng  10 

Operation 3 

8 

3 8 

4 

6 

b 
3 

3 

Locatlon  E.  and It was  the  only  umt  alarmed by fires  at  that locatLon  Detector No 4 alarmed 
dunng  all  fires  at  Locatton F, and It was  the  only  unlt  alarmed by flres  at  that  locatlon 
Detector No. 5 alarmed  durmg all flres  at Locations A and B, and It was  the  only Unlt whlch 
detected  flres  at  Locatron B. Detector No 6 alarmed  durmg  all  flres  m  the  turbme  sectlon 

lndlcate  that no excessive temperatures  exlsted  m  the  areas  at  whlch  the  thermocouples  were 
Installed 

The  test  flres  were  detected  durlng  all  the  tests  Tlme  requlred  for  detectlon  was  short, and 
no false  alarms  were  reported 

The  data  obtained  durmg  the  temperature  survey  are  glven  In  Table IV. These  data 

The  data  obtamed  durlng  tests on the  contlnuous  detector  system  are  glven  In  Table V 

Concluslons 
1 The  Fenwal fire-detection system  for  GTP70-2  unlts In  R7V-1  and  R7V-2 a l rc raf t  IS 

satlsfactory. 
2 Ehmlnatlon of the  detector  at  Station No  2 would  not materrally  decrease  the 

eifectlveness of the  system 
3 A s  mdlcated by the  tests and  the temperature  survey,  detector  statlons  shown 1n 

Flgs 8 through 13 are  iatlsfactory  for  lnstallatlon of anytype of unit detector 

and at the coohng-alr  annular e u t  of the turblne  than  could  be  provlded by umt  detectors In 
these  areas,  and  the  tlme  reqmred  for  detectlon  was  less  than for  unlt  detectors 

4 The  contmuous  detector  system  provlded  better  coverage a t  the  compressor  entrance 
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TABLE IV 

TEMPERATURE SURVEY 

Amblent 
Air  

ature 

Recorded  Temperature  at 
Each  Thermocouple  Locatlon 

Phase 3 Temper- 1 2 3 4 5 6 7 8 

(degrees F) (degrees F) 

Test  
No. Voltage 

1 200 

2 200 

3 200 

4 

5 200 

b 200 

7 LOO 

8 LOO 

9 200 

10 200 

Load 
Amperes 

Phase 1 Phase 2 

26 25 

47  46 

59 60 
No Load 

47 1 / 2  47 1/2 

58 3/4  58 3 / 4  

55 55 

46 1/4 46 1/2  

52 1/2 5 2  1 / 2  

53  1 /2  53 3/4 

27 

48 

61 

50 

57 1 / 2  

48 3/4 

62 1/2 

55  

63 3/4 

30 

30 

30 

32 

32 

32 

30 

40 

40 

40 

120 

140 

150 

100 80 
150  110 

160 110 

170  110 

120 100 

150  110 

150 100 

40 

40 

100 

50 

80 

100 

100 

85 

90 
90 

150 

180 

200 

100 

210 

250 230 

250 240 

230 220 

270  240 

270  240 

650 

720 

750 

70 

100 
140 

150 

90 
130 

140 

FIRE EXTINGUISHMENT 

Survey 

a flttlng  for  the  connection of tublng  from a supply  of  flre-extmgmshmg  agent  Thrs  frttlng was 

TABLE V 

TIME  REQUIRED FOR FIRE DETECTION WITH PROPOSED CONTINUOUS SYSTEM 

The  only  hre-extmgulshment  provlsron of the GTP7O-2 unlt as recelved for testlng  was 

Tes t  
No. 

Flre 
Locatlon  Condltlons 

Tes t   Alarm  Tune  

(seconds) 

1 

2 
3 

4 

5 

b 
7 

8 

9 
10 

11 

12 

13 

14 

A 

A 

B 

B 

c 
c 
D 

D 

E 
E 

F 

F 
G 

G 

Starting 

Operatlng 

Starting 

Operatlng 

Startlng 

Operatlng 

Startmg 

Operatmg 

Startmg 

Operatrng 

Startmg 

Operatlng 

Startmg 

Operatlng 

4 

2 

5 

2 

3 

3 

3 

3 

2 

1 5  

4 

2 

5 

1 5  
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F l g  14  Locatlon  of  Contlnuous  Detector-Sensmg  Element 

located on the  connectlon  panel.  and It discharged the  agent  Into  the  accessory  sectlon  See 
Flg  1  The  passage of extlngulshmg  agent  from  the  accessory  sectlon to other  parts of the 
power  plant was prevented by the  baffllng  whlch  Isolated  the  accessory  sectlon  Because  fmes 
could  occur  In  other  sectlons of the GTP7O-2 unlt owmg to  the  presence of flammable-flutd 
lmes m those s e c ~ o n s ,  thls  fme-extmgulshent  flttlng  was considered madequate 

Testing 
Equipment and Procedure 

plants m then   a l rc raf t  were  fabricated, Installed In the test artlcle,  and  evaluated  Also, one 

Flg  15 
expenmental  Hlgh-Rate-Dlscharge (HRD) system was tested  These  systems  are  shown  m 

and  R7V-2 azrcraft. It provlded two fme-extr.gu~shment connections In  the  power  plants.  one 
was a 3/8-mch-OD  tube  to  the  Inlet-am  duct,  and  the  other was a  1/4-inch-OD  tube  whlch  led 
to the  connectlon  Into  the  accessory  sectlon  provtded  wlth  the  unlt  These  tubes  were  connected 
by 90 feet of 3/8-lnch-OD  tubing  to the  mam  ower-plant  supply of 37 5 pounds of carbon 
dloxlde (COz). Later,   dunng  the  tests,  the  3  8-lnch mam  feedlme  from  the  carbon-dloxlde 
supply  was  replaced  by  the  same  length of 5 1 8-mch-OD  tubmg. 

was  tested It provlded  three  flre-extlngulshment connections to  the  power plant  and  one 
A system  deslgned  for  lnstallatlon on Model GTP7O-2 power  plants  In R6D-1 alrcraft  

Extxngulshmg systems  deslgned by alrframe  manufacturers  for  use on  GTP7O-2 power 

The  fmst  system  tested was designed for  mstallatlon on GTP70-2  power  plants In R7V-1 
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PROPOSED FOR USE IN R7V-I AND R7V-Z  AIRCRAF~  EXRRIUENTAL  HIGH-RATE-DISCHAW€ - Irn - -”- 
..I- 

Flg  15  Flre-ExtlngulshIng  Systems  Tested 

connectlon  to a d n p  pan  under  the power plant. One 1/2-inch-OD  tube. wulth a  nozzle a r e a  of 

of 0 0065 square Inch. was connected to the accessory  sectlon,  and a 1/4-1nch-OD tube,  wlth  a 
0 074 square inch, was connected to the  Inlet  alr  duct, a 1/4-lnch-OD  tube, wxth a nozzle area 

nozzle  area of 0 0139 square  mch, was comected to the  turbme  sectlon  The connectLon to the 
drlp  pan was a 1/4-1nch-OD tube wzth a  nozzle a r e a  of 0 0053 square  Inch  The  extmgulshlng 
charge  was  3 7 pounds of carbon dloxlde  m a 205-cub1c-1nch cylmdrlcal  contamer equlpped 
wlth a 3/4-mch  flood  valve  The  carbon-dloxlde  container  was  mounted  adlacent  to  the power 
plant 

pressurized wlth  nltrogen  to 400 PSI or wlth  bromotrlfluoromethane (CF3Br) p re s sunzed  wlth 
Later,  a system was tested  for use elther  wlth  dlbrornodlfluoromethane ( C F L B ~ Z )  

nltrogen  to 600 psr,  both of whlch  have  been  proposed for use  on GTP7O-2 power  plants  m 

mJected  into  the  am-Intake  duct  through a 3/4-1nch-OD tube and Into  the  accessory  section 
R7V-2 aircraft  It  provlded for two connections In the power-plant  enclosure  Agent  was 



through a 3/8-1nch-OD tube  The estimated welght of agent  requlred was  0 75 pound,  but a 
contalner  capable  of  holdmg 2 pounds  was  used  because I t  was  the  smallest  avallable  The 
contalner  was  mounted  adlacent  to  the  power  plant 

an HRD system  was  deslgned and tested  It  provlded  three  flre-extlngulshment  connectlons  to 
the  power-plant  enclosure. A l/Z-lnch-OD  tube was  connected ~n the  center  sectlon by 
mstalllng a fxttmg ID the  top  portton of the  connectlon  panel, a I/Z-mch-OD  tube was connected 
to a flttmg  provlded  for  the  accessory  sectlon,  and a 1/2-1nch-OD  tube  was  connected  to a 
fittlng In the  enclosure  adlacent  to  the  baffle  behmd  the 011 cooler 

flre locatlons,  and  operatmg condltxons as  were used  durlng  the  fire-detectlon  tests A 
dliferent  test  sequence was used,  however,  as  follows 

In conpnctlon  wlth  the  tests  on  the  systems  proposed by the  alrframe  manufacturers, 

The  f lre  tests of  the  extmgushment  systems  were  conducted  usmg  the  same f lre  nozzle. 

1 The  operatlng  condltlon  for  the  test  was  establlshed 
2 The  test-fme  lgnltor  was  swttched on 

4 A s  soon  as flre detectlon  occurred.  the  englne-stop  swltch  was  pushed  and  the 
3 Fuel flow for the test   f lre  was  started 

5 Fuel flow for  the  test  flre  was not  stopped  untll after completion of the  test. 
extmgmshment  system  was discharged 

In  addltlon  to  conductmg flre tests,  measurements of  extmgulshlng-agent  concentratlons 
In the various sectlons of the  GTP70-2  auxlllary-power  plant  were  made  wlth a gas  analyzer 1 
Sampllng  tubes  were  mstalled  at SLX different lacatlons  wlthm  the  enclosure of the GTP7O-2 
umt  These  locatlons  are shown In Flgs 16 and 17 

Results 
The  data  obtamed  durlng  flre  tests  conducted on the  extmgulshment  system  used  on 

GTP70-2  unlts In R7V-1  and  R7V-2 alrcraft  are gxven In  Table VI Owmg to  the  length of 
tublng b e h e e n  the  carbon-dloude  supply  and  the  extmgulshment  system,  the  delay  between 

I"- 
ll-"lc - - C.YI*&. 

F l g  I 6  Extmgmslung-Agent  Concentratlon  Measurement  Pomts 
(Bottom Vlew of Auxlllary-Power  Unlt) 

An  Instrument  for Evaluating Extmgulshlng  Systems.'' CAA Technlcal  Development  Report 
N o  206, June  1953. 

'James D New and Charles M. Mzddlesworth, "Aircraft Flre Extmgulshment,  Part 111. 



Flg 17  Extlngulshlng-Agent  Concentratlon  Measurement  Polnts 
(Top Vlew of Auxlllary-Power  Umt) 

openlng of the  carbon-dloxlde  valve and the beglnnmg of discharge  averaged  apprommately 
2 1 seconds  The  total duration of dlscharge  averaged 71 seconds  The  duratlon of dense 
discharge  was 55 seconds. 

Flg. 18 Carbon-Dloxlde  Concentratlons  Durmg Discharge of the  System 
Used on CTP70-2 Unkts  In R7V-1 and R7V-2 Alrcraft 
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TABLE VI 

RESULTS OF FIRE TESTS ON EXTINGUISHMENT SYSTEM USED 
IN GTP70-2 UNITS IN R7V-1 AND R7V-2 NAVAL AIRCRAFT 

Tes t  
No Locatlon 

F i r e  
Cond~tlons 

Tes t  
Extlngvlshed 

F i r e  

1 

2 

3 

4 

5 

6 
7 

8 

9 
10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

A 

A 
A 

B 

B 

B 
C 

C 

C 

D 
D 

D 
D 
E 
E 

E 
F 

F 
G 

G 

G 

G 

Startmg 

Operatlon 

Operatlon 

Startzng 

Operatlon 

Operatlon 

Starting 

Operatxon 

Operatlon 
Startlng 

Operatlon 

Operatlon 

Operatlon 

Starting 

Operatlon 

Operation 

Startlng 

Operatlon 

Starbng 

Operation 

Operation 

Operatlon 

Yes 
No 

No 

Yes 

No  
No 

Yes 
Yes 

Yes 
Y e s  

Y e s  

Yes 
Yea 

Yes 

No 

No 

Yes 

No  
Y e s  

No  
No 

No 

supply  tublng  wlth  the  same  length of 5/8-mch-OD tubing.  The data  obtamed durlng  these 
Addltlonal fire tes ts   were conducted on the  system  after replacing  the 3/8-mch-OD 

tests are glven In Table VII. The  delay  between  openmg of the  carbon-dloxxde  valve  and  the 
beglnnmg of dlscharge  averaged  approximately 1 8 seconds The total  duratlon of dlscharge 
averaged 50  seconds The duratlon of dense  dlscharge  was 28 seconds  Concentratlons of 
carbon  dloxlde  in  the  varlous  sectlons of the  GTP70-2  auxlllary-power  plant  durlng  the 
dxscharge of these  systems  are  shown In Flg 18 

for use on CTP7O-2 units on  R6D-1 a l rc raf t   a re  glven  In  Table VI11 Measurements of 
carbon-dloxlde  concenttratlon  provlded  by  the R6D-1 sys tem  a re  shown  in  Flg. 19 

dlbromodlfluoromethane o r  bromotrlfluorornethane IP R7V-2 alrcraft, are glven in  Table IX 
Extmgmshlng-agent  concentratlons  for  both  dlbromodlfluoromethane and bromotrifluoromethane 
a r e  shown In Flgs 20 and 21 

The  data  obtalned  durlne fire tests conducted on the HRD extineulshment  svstem  are 

The  data  obtalned  durrng  flre tests conducted on the  extmguishment  system  proposed 

The  data  obtalned  durlng fire tests conducted on the  extmguishment  system,  usmg  elther 

I I 

glven  In  Table X Extmgulshlng-agent  concentratlons  provrded  by  thls  system  are  shown  in 
Fig 22 
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TABLE VI1 

RESULTS O F  FIRE TESTS ON EXTINGUISHMENT SYSTEM USED 
IN GTP70-2 UNITS IN R7V-1 AND R7V-2 NAVAL AIRCRAFT* 

Tes t  Flre 
No. 

T e s t  
Locatlon  Condlt~ons 

Flre 
Extmgulshed 

1 
2 

3 

4 

5 

6 
7 

8 

9 
10 

11 

12 

13 

14 

15 

16 

17 

18 

A 

A 

A 

B 

B 
B 

c 
c 
D 

D 

E 

E 

E 

F 
F 

c 
c 
G 

Startmg 

Operation 

Operatxon 

Startmg 

Operatlon 

Operatlon 

Startmg 

Operatzon 

Startmg 

Operation 

Starting 

Operatlon 

Operatlon 

Startlng 

Operatlon 

Startmg 

Operatlon 
Operatlon 

+The  3/8-lnch-OD  supply  llne  replaced  wlth  5/8-1nch-OD h n e  

Y e s  

Y e 5  

Y e s  

Y e s  

Y e s  

Yes 

Yes 

Y e s  
Y e s  

Y e s  

Yes 

Yes 

Y e s  
Yes 

Yes 

Yes 

Y e s  

Y e s  

Concluslons 
1  The  fire-extmgulshment  system  slrnulatmg  that  used  to  protect  the  Model  GTP70-2 

lnstallatlons In  Navy  Model  R7V-1  and  R7V-2 alrcraf t  was found to be  adequate for  extm- 
gulshmg all f u e s  under  statlc  condltlons  but  Inadequate for extlngulshmg all flres  that   can 
occur  durlng  engine  operatlon.  Increasing  the s ~ z e  of supply-hne  tubmg from 3/8-mch-OD 
to  5/8-mch-OD  tubmg  resulted  In  a  system  that was adequate  under  all condxtions Ehml-  
natlon of the  ?&foot  supply  hnc, by provldmg a separate  extlngulshmg-agent  supply  adjacent 
to  the  auxlllary-power-unlt  lnstallatlon  and  an  extlnguzshlng-agent  connectlon to the  turbme 
sectlon, would be  preferable,  however  Testzng of other  systems  lndlcated  that  extmgulshmg- 

dlstrlbutlon of the extzngulshmg  agent, after the  suggested  changes were made. 
agent  requlrements  were  greatly  reduced.  owmg  to a hlgher  rate of dzscharge  and  better 

unlt  lnstallatlon In ~ 6 ~ - 1  amcraft  was  found  to  be  adequate  to  extlngulsh all test flres  under 
a l l  condrtlons  The  extlnguzshmg-agent  concentratlons  were  entlrely  adequate 

3  The  flre-extmgulshment  system  proposed  for  use of elther  dlbromod1fluaromethane 

was  adequate zn all sectzons  of  the  unlt  except m the  turbme  sectlon.  In that sectlon, 
or bromotrlfluoromethane In  aumhary-power-unlt  lnstallatlons m R7V-1  and R N - 2   a l r c r a f t  

two pounds  of  elther  agent  extlnglushed  the test flres, the  results of the  gas-analyzer  tests 
extmgulshmg-agent  concentratlons  were low durlng  static or  startlng  condltlons  Although 

zndlcated  that  extlngulshmg-agent  concentratmns  were  very l o w  m  the  turbme  sectlon  durlng 
startlng  Therefore, It was  concluded  that  an  extmgulshment  connectlon  Into  the  turhrne  sectlon 
1s desmable 

2. The  flre-extmgulshrnent  system simulating that  used  to  protect the auuhary-power- 
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Flg 19 Carbon-Dloxlde  Concentratlons  During  Dlscharge of the  System  Used 
on GTPIO-2 Units In RbD-1 Axrcraft 

wlth  the  gas  analyzer  lndlcated that concentratlons  were  hlgh m all sections 
4 The HRD system adequately extingushed  all  test  flres Goncentratlon measurements 

Flg.  20 Dlbromodlfluoromethane  Concentratmns  During  Discharge of the 
System  Proposed  for Use on GTP70-2 Unlts in R7V-2 Aircraft 
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Fig 21 Brornotrlfluoromethane  Concentratlons  Durmg  Dlscharge of the System 
Proposed for Use on CTPIO-2 Unlts m R7V-2 Alrcraft 
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TABLE VI11 

RESULTS O F  FIRE TESTS ON EXTINGUJSHMENT SYSTEM USED 
IN GTP7O-2 UNITS IN R6D-1 NAVAL AIRCRAFT 

Test 
No. 

1 

2 

3 

4 

5 
6 
7 

8 

9 
10 

11 

12 

13 

14 

15 

16 

17 

18 

19 
20 

21 

22 

Locatlon 
F l r e  

Condltrons 
Tes t  

A 

A 

A 

A 

B 
B 
B 

B 

c 
c 
D 
D 
E 

E 
E 

F 
F 
F 
G 
G 

G 

G 

Startlng 
Operatlon 

Operatlon 

Operation 

Startlng 

Operatlon 

Operatlon 

Operatlon 
Startlng 

Operatlon 

Startlng 

Operatlon 
Startlng 

Operatlon 

Operatlon 

Startlng 

Operatlon 

Operatlon 

Startrng 

Operation 

Operatlon 

Operatton 

Extmgulshed 
Fme 

Y e s  

Yes 

Yes 

Yes 

Y e s  

Yes 
Yes 

Yes 

Yes 

Yes 

Yes 

Yes 
Yes 

Y e s  

Yes 
Y e s  

Yes 

Y e s  
Y e s  

Yes 
Y e s  
Y e s  

RECOMMENDATIONS 

F l r e  DetectLon 

through  the  lower  accessory  (fuel  system) sectLon  and enclrcllng  the  entrance  to  the  coollng 
fan,  the  engme-alr  Inlet,  and  the  annular  exlt  for  the  c3olmg  alr m the  turbme  sectlon  Thls 
1s the  system  shown m Flg.  14. 

2. Also  recommended 1s a unlt-type  detector  system  conslsting of flve detector  untts 
located as follows  one  detector  In  the lower accessory  sectlon.  see F l g  8, Locatlon  1,  one 
detector In the  coohng-fan discharge to the  generator.  see  Flg 12. Locatlon 5, one  detector 
In the  upper  reglon of the  annular  exlt  for  turhme-rectlon  coolmg a,=, see F l g  13, Locatlon 6 ,  
and two detectors in the  englne-am-Inlet  area,  see  Flgs 10  and  11,  Locatlons 3 and 4 

F ~ r e  Extmgulshment 
1 A s  a result of the  hre-extmgulshment  tests  and extmgulshlng-agent-concentratlon 

measurements  on various systems. It 1s recornmended  that  extmgulshment  nozzles he  placed 
m the  lower  accessory  sectlon.  the  maln  Inlet duct, and  the  turbme  compartment. When the 

1 A contxnuous-type flre-detectlon  system LS recommended,  wrth  the  elements  passmg 
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Tes t  
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 

11 

12 

13 

14 

15 

16 

17 

18  

19 
20 

21 

22 

23 
24 

25 

26 

27 

TABLE IX 

RESULT5 OF FIRE  TESTS ON PROPOSED EXTINGUISHMENT SYSTEM 
FOR USE IN GTP70-2 UNITS IN R7V-2 NAVAL AIRCRAFT 

Locatron 
Flre 

A 

A 

B 

B 

C 

C 

D 

D 
E 

E 
F 
F 

G 

G 

G 

G 

G 
A 

A 

G 

G 

G 

G 

G 
G 

G 

G 

* Dibromoddluoromethane. 
**Bromotrlfluoromethane. 

Conditions 
Test  

Startmg 

Operatlon 

Starbng 

Operatlon 

Startmg 

Operatlon 

Startmg 

Operatxon 

Startmg 

Operatzon 

Startmg 

Operatlon 

Starting 

Operatron 

Starting 

Startlng 

Startlng 

Starting 

Operatlon 

Starting 

Operatlon 

Startang 

Startrng 

Startzng 

Startmg 

Starting 

Startrng 

Type 
- 

CFZBr2* 

CF2Br2 

CF2Br2  

CF2BrZ 

CF2Br2  

CF2Br2 

CF2Br2  

CF2Br2 

CF2Br2  

CF2Br2 

CF2Br2 

CF2Br2  

CF2Br2  

CF2Br2  

CF2Br2 

CF2Br2  

CF2Br2 

CF3Br ** 
CF3Br 

C F p r  

CF3Br 

CF3Br 

CF3Br 

CF3Br 

CF3Br 
CF3Br 

CF3Br 

Extrneulshmg  Agent 
Quantity 
(pounds) 

0.75 

0.75 

0 75 

0 75 

0.75 

0.75 

0.75 

0.75 

0 75 

0 75 

0 75 

0 75 

0 75 

0.75 

1 0  

1 5  

2.0 
0 75 

0 75 

0 75 

0 75 

1 6  

1 8  

2 .o 
2.0 

2 .o 
2 .o 

Extlnguxshed 
Flre 

Y e s  

Y e s  
Y e s  

Yes 
Yes 

Yes 

Yes 
Yes  
Y e s  

Y e s  
Y e s  
Yes 

No 

Yes 

No 

No 
Yes 

Yes 
Yes 
No 

Yes 

No 

No 

Y e s  

Y e s  
Yes  

Yes 

mstallatlon  Includes  a  drlp  pan below the  auxlllary-power unt, a n  addrtlonal  exhngulshment 
nozzle  should  be  Included  to  provlde  extrngulshmg  agent  to that area  Evaluatlon of the 
dlfferent  systems  lndxcated  that  small  quantltles of agent wll l  extmgulsh fires if the  discharge 

dlbromodlfluoromethane  and  bromotrifluoromethane, It should  be 0 75 pound per  second 
rate  1s hrgh. The discharge rate  for  carbon dzovlde should  be 2 1/2  pounds  per  second,  for 

2. A shutdown  procedure,  couxstlng of pushzng the  stop  button  on  the  control  panel  and 
waztmg 10 seconds  before  dlschargrng  the  extlngulshment  system. 1s recommended  because 
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TABLE X 

T e s t  
NO 

2 
I 

4 
3 

5 
6 
7 
8 

10 
9 

I 1  

13 
I2 

14 
15 
16 
17  
1 8  

20 
19 

21 
22 
23 
24 
25 
2 6  
2 7  
28  
29 
3 0  
3 1  
3 2  
3 3  
3 4  
35  
3 6  
3 7  
3 8  
39 
4 0  
41 
42 
4 3  
4 4  
45 

4 7  
4 6  

4 8  
19 
50 
51 
52 

5 4  
5 3  

5 5  
5 6  

HIGH-RATE- 
RESULTS 

Locatmn 
Fire 

A 

A 
A 

A 
A 
A 
A 
A 
A 
B 
B 
c 
C 
D 
D 
E 
E 
E 
E 
F 
F 
c 
c 
A 
A 
E 
E 
E 
E 
E 
A 
A 
B 
B 
c 
c 
D 
D 
F 

G 
F 

G 
E 
E 
A 
A 
B 
B 
c 
C 
D 

F 
D 

c 
F 

G 

DISCHARGE EXTINGUISHMENT  SYSTEM 
O F  FIRE  TESTS  ON  EXPERIMENTAL 

Operatton 
Starttng 

Operation 
star t tng 

o p e r a t m l  
s tar t tng 

Operatmn 
Staartmg 

Owrat ton  
Startlng 

Operatlor, 
startxng 

Operatton 
Startmg 

O p e r a t ~ o n  
Slartmg 

OperatlGT, 
Operrtlon 
Operatton 
Star tmg 

Operatmn 
s ta r tmg 

Operation 
Start,$ 

Operatton 
Startmg 

Operatton 
Startlng 

operat ton 
Optratmn 
startzng 

Operatton 
Star tmg 

Startmg 
operat ton 

opera tmn 

operation 
star t tng 

Operation 

Operatmn 
s ta r tmg 

Operation 
s ta r tmg 

s ta r tmg 

Startmg 

Opcratmn 
Startmg 

opera tmn 
s ta r tmg 

Operatlo" 
startma 

s ta r tmg 

Startmg 

OperatLon 

Operatmn 

Operntxon 

5 0  
5 0  
2 5  
2 5  
1 5  

2 0  
1 5  

2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
2 0  
2 5  
2 5  
2 5  
2 5  
2 5  
2 5  
I O  
1 0  
I O  

0 75 
I O  

0 6 0  
0 75  
0 75  
0 75  
0 1 5  

0 75 
0 75 

0 75 
0 75 
0 75 
0 7 5  
0 7 5  
0 75  
0 7 5  
0 7 5  
0 75  
0 7 5  
0 75  
0 75 
0 75  
0 75  
0 75 
0 1 5  
0 75 
0 75 
0 75 
0 75 
0 75  
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It decreases  the  alrflow  through  the  unlt.  Tlus  allows  larger  concentratlons of eatmglushmg 
agent  to  hulld  up. 

F ~ r e  Prevention 

1s recommended  because It was  concluded  that  the  orlgmal  prov~slons  for  the  lsolatlon of 
englne-inlet  am  from  lmes  contamlng  flammable  fluld  are  Inadequate 

would  avold  the posslblhty of flammable  flurds  passmg Into the  generator  wlth the coollng a l r  
2 Separate  flreproof  ductmg of the  coolmg-fan-Inlet  alr 1s recommended  because  thls 

in  the  event of leakage  from  hnes m the  upper  portlon of the  center  sectlon  Under  the 
present  conflguratlon of the  CTP7O-2 model,  discharge  overboard of the  generator-coolmg 
a l r  1s deslrable  Thls would  not  reduce  the  frre  hazard  wlthm  the unit. but  It  would protect 
the  alrplane 

Other  deslrable  features would  include  the  lncorporatron of an  011-level "ful l"  mark  whlch 
3 Venting of  the 011 tank  overboard  Instead of Into the  turbme  exhaust t s  recommended. 

1s vlsible  durmg  the  flllmg  operatlon or shortemng the 011-flller  tube to the f u l l  level  and 
adding  a  scupper  wlth  an  overboard  dram. 

temperature  exceeded  that  requlred  for  lgnltlon  at low rates of alrflow For thls  reason, I t  
enough veloc~ty  to  make  lgnltlon of hydrocarbons  Improbable.  the  turbme-housmg  surface 

1s recommended  that 1n the  deszgn of new uruts,  provlsron be made  for  the  alr now utlllzed 
fo r  011 coolmg  to be dumped  overboard  Instead of bemg  utlllzed  also  for  coolmg  the  turbine 
housing. 

maln-turbojet  power  plants. 

1  The  mcorporation of a  fmeproof,  ducted-am  Inlet  contammg no flammable-fluld  llnes 

4. Although  the  tests  whlch  were  conducted  mdlcate  that  anflow In the  turbme  sectlon  had 

5 It IS recommended  that  the  burner  cans be provided  wlth  drams  slmllar  to  those on 

6 .  Provislon of a dram  for  the  center  sectlon of the  unlt IS recommended. 
7. It 1s recommended  that  all  flammable  flulds  dramed  from  the  unlt be routed  overboard 

8. An lnsulatmg  cover  for  the  posltlve-termlnal  connectzon  on  the  starter IS recommended. 
9. Internal  baffllng  and  firewalls  should be as  tlght as  posslble  and  should  be  constructed 

of the  alrplane. 

of flre-resistant material. They  should  Isolate  all  flammable-flutd  systems  from  Ignltlon 
sources.  In thls  umt, If the  englne-Inlet a i r  and  the  coolmg-fan-entrance alr   are  ducted  as 
recommended,  the  need  for  the  Internal  baffllng  whlch  separates  the  accessory  sectlon no 
longer wzll e n s t .  

Implementation of  Recommend;itrons. 

for  flre  detectlon and  extlnguzshment a re   a s  follows 
If the flre-prevention measures  recommended  above  are  mcorporated,  recommendatlons 

1 The  contmuous  sensmg  elements  should be used  as shown m F i g  14, except  that  the 
length of element  requlred  to  enclrcle  the  coohng-fan  entrance and  the  compressor  entrance 
may  be  replaced  wlth  a  stralght  sectlon of element  through  the  center  sectlon  from  the 
accessory  sectzon  to  the  turbme  sectlon Unlt detectors would  be requlred  at  Locatlons 1, 4. 
and 6 as shown  In Flgs 8, 11,  and  13 

separate  sectlon. that 15,  to  the  turbme  sectlon, the accessory  sectlon,  the  center  sectlon. 
and to  the  drlp  pan, If Included 

2 One hre-extmgulshment connectLon  should  be  provlded  whlch  would  lead Into each 


