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necessari ly   represent  CAA policy m all respects.  
Ths 1s a technlcal information report and does not 



FIRE-RESISTANCE  STUDIES OF THE CONVAIR-340 POWER  PLANT* 

SUMMARY 

During  the  perlod  that flre-detection and  extmgulshlng  tests of the  CV-340  power  plant 
were In progress,  the  mstallatlon  was  also  studied  wlth  respect  to its f l re   res ls tance Alr  flow 
and  leakage  in  the  power  and  accessory  sectlons  were  studled wlth the  aid of a dye  Introduced 
Into  the a i r   s t r eam upwind of the  nacelle  under  slmulated  flight  condltlons.  The  dye  technique 
proved  to be a practicable  means of detecting  loose flts between  mating  parts  Test  fires  ln  the 
nacelle  revealed  which  materlals  and  components  are  most  llkely  to  fail  during a power-plant 

flre  safety.  Thls  was due 1n part  to  the  umque  deslgn  and  to  the  generous use of stainless  steel .  
fire.  In  many  respects,  the  nacelle  was  exceedlngly  well  constructed  from  the  standpoint of 

the  result  that  the  confinement of flres  was not  successful.  The  destructlon of certain  seals 
However,  the  seallng  materlals  used  between  rnatlng  surfaces  were found t o  be  vulnerable  wlth 

permitted  some  flres  to  extend  to  the  outslde of the  nacelle, a fact which complicated the  extln- 
gushment  problem. A change  In  fabrlcatlng  materlals  of  one o r  two i tems of equpment   a re  
recommended. 

INTRODUCTION 

fire  extmgushment,   the  f ire  reslstance of the  CY-340  nacelle  was  studied.  The  studles  were 
made  at  the  Techmcal  Development  and  Evaluahon  Center of the  Clvll  Aeronautics  Adrnlrustra- 
tion,  Indianapolis, Indiana. Go-operabng  with  the  TDEC In the  studles  were Uruted A i r  Llnes. 
which  supplied  an  operable  engme-and-propeller  assembly,  and  Consohdated  Vultee  Alrcraft 
Corporation,  which  suppked  the  nacelle  and  assistance  in  assembling  the  equipment.  The 

approxmately  1000  f lres were  started In the  nacelle 
studies  were  Irutiated  In November  1952 and  were  completed  July 1954. Durlng  thls  perlod, 

Throughout  the  full-scale  fire  tests  lncludlng  speclal  tests  involnng  fire  detectlon  and 

DESCRIPTION O F  TEST EQULPMENT 

The  facllltles  used  In thxs study  are  described  in two prevlously  published  reports. 1 - 2  
Addltlonal  equpment  conslstlng  of  an  extlngushlng  agent  contamer  charged  wlth a m x t u r e  of 
powdered 011-soluble orange  dye  (Dye No. 5-27 manufactured  by  the  Indianapolis  Paint  and 
Color  Company)  and  carbon  tetrachloride.  pressurized  with  Ntrogen,  was  used In the  study  of 
the  air flow. The  container  was  fitted  wlth a manually  controlled  valve  and  1/4-lnch-&ameter 
tublng of smfficlent  length to  reach  any  desrred  point  lmmedlately  forward of the  nacelle 
an-inlet  opemngs. 

TEST  PROCEDURE 

Before  any  flre  tests  were  conducted  and  whle  the  nacelle  was still in an  undamaged 

lnto  the  air  stream  directly  ahead of the  nacelle.  The  dye  was  prepared  prlor  to  the tests by 
condltlon, a study  was  made of the  am flow through  the  nacelle  wltb  the  aid of dye released 

-ng powdered  dyestuff  and  carbon  tetrachloride  and  then skrring the  mxture  thoroughly 
to  keep  the  dye  In a state of suspension. To conduct a dye tes t ,   s lmulated  f ight   conbbons 
were first established  for  the  CV-340  by  operatlng  the  engine 1n an  a l r   b las t  of 120  mph fur- 
rushed  by  the  moblle  blower. S e e  F l g  l. The a r  blast  carried  the  dye  into  the  nacelle  and 
deposlted it on the  inside  surfaces.  After  each  hscharge of dye,  the  englne  and  the  mobile 
blower  were  shut down  and  the dlsperslon of the  dye  inside  the  nacelle  was  noted, In the Zone 1 
tests,  the  dye  was  Introduced  just  ahead of each  cybnder of the  engine. In the  Zone 2 tests,   the 
dye was  released at the  entrance  to  the  air  scoop. 

* 
Manuscript subnutted  for  pubkcation  February 1955. 

'L. A. Asadourlan,  "Flre-Detectlon  Studies  in  the  Convalr-340  Power  Plant," CAA 
Techmcal  Development  Report No. 250, November 1954. 

'L. A. Asadourlan,  "Fire-Extlngwshrnent  Stubes of the  Convalr-340  Power  Plant,' '  
CAA Techmcal  Development  Report No. 265, May 1955. 
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F l g  1 General View of Flre-Test  Facilltles 

Throughout  the  flre-detectlon  and  flre-extmgushment  programs. particular attentlon 
was  paid  to  the  effectlveness of the  compartmentatlon  in preventing the  spread of f l re   f rom 

lnslde  the  nacelle,  and  the  effectlveness of certaln  deslgn  features  such  as  the  top-wing 
zone to zone,  the  effectlveness of stamless   s teel ,   whch was. wldely  used  In  place of aluminum 

exhaust  system.  Thls  arrangement of the  exhaust  system In the CV-340  nacelle 1s In accord- 
ance  with  recornrnendatlons  made ~n prevlous  reports  Issued by thls  Center,  that IS, that  the 
exhaust  system be located  hlgh  In  the  nacelle  out of the  path of leaklng  fuel  and 011. The 

released  in  the  vlclnlty of the  engme wvlthout being  lgnlted by the  hot  exhausts  Durlng  the 
safety of the  arrangement  was  apparent  durlng  the  tests  when  gasollne  and 011 were  repeatedly 

f i re   t es t s ,  all of the  conventional  MIL-H-5511  rubber  hoses  in  Zone 2 were  replaced  wlth 
flexible  metal  hoses  supplled  by  Flexorucs  Corporation,  Maywood,  Illlnols. 

A few  test   f lres  were  started In Zone 1 forward of the  top  cowl-flap  openlngs  In  order  to 
determlne  what  damage would  be lnfhcted on the  cowl-flap  ports  and  on  the  nacelle  skln 
downstream of the  ports  by f x e s  ernergmg  from the  openlngs. Test   f l res   were  a lso  s tar ted 

the  outer  periphery of the  engine were  used  to  test  the  cowlmg seals. When detector  flre 
close  to  the  englne crankcase  to determine  whether such  f lres would enter Zone 2. F l r e s  on 

tests  were  belng  conducted,  small  gasolme  fires of 1/3  gpm  were used. For  the  extlnglushlng 
tests,   larger  gasolme  fmes of 1 1 /2  gpm  and  combmation gasoline-and-oil f i res   were used. 
In the  latter  Instance,  gasohne  was  supphed at 1 1/2  gpm  while  heated 0x1 was  simultaneously 
supphed  at 2 gpm. The  duration  of  fires  ranged  between 15  and 75 seconds. 

RESULTS AND DISCUSSION 

The  use of dye  Inlected  Into  the a n  stream  ahead of the  test  nacelle was first  consldered 
In  connection  wlth  the  fire-detectlon  studxes. It was  thought  that  the  dye  deposrts  rmght  be 
helpful I n  tracing  fire  patterns  and  consequently  In  determimng  where  fire  detectors  should 
be located.  The h q u d  vehlcle ~n whlch  the  dyestuff  was  suspended  was  heavler  than  the  burn- 
Ing  gases  and  therefore  was  not  able  to  follow  the  circutous  path of the  names  through  the 
nacelle.  Consequently,  the  dye  preclpltated  out of the  alr  stream  at  places  where  the  paths 
changed  dlrectlons  abruptly  However,  the  dye-inlection  techruque  did  provlde  an  approxlmate 
lndlcatlon of a i r  and  probable  flame flow  through  the  nacelle. 

There  were  lndlcatlons  that  the  alr flow reversed  in  dnection  under  certain  conhtlons 
and  lndlcatlons  that  leakage  occurred  through  seals  whch  were  designed  to be leak-proof. 

duced  from  the  photographlc  mdlcahons of dye  deposltlon.  Flgure 2A shows the inslde  surface 
Color  photographs of the  dye  deposlts  facdltated  thls study.  The  sketches  In Flg. 2 a re   repro-  

the  englne  cyllnders on that  slde.  Thls  pattern  indicates  that  part of the air passlng  between 
of the  left  side-cowl  panel.  The  pattern  was  produced  when  the dye was  Introduced  forward of 

the  cylinders  reversed,  came  forward,  and  spllled  over  the  front of the  lower  left  portlon of 
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the  cowling.  Flgure 2B shows  the  dye  pattern  on  the  outslde  surface of the nacelle  as  viewed 
f r o m  the rlght,  near  the  propeller. This  test  was  conducted  wlth  closed  cowl  flaps.  The  dye 

between  the  horizontal  rnatlng  surfaces. Ths stain  was  produced by the  dye  whxh  first 
stam  at  the  upper  right  corner, X, of the  sketch  was not caused by leakage  through  the  seals 

entered  Zone  1,  then  passed  between  the  inner  and  outer s h n  of the  bottom cowl  panel by 

to  a  hole m the  horizontal  matlng  surface,  where It emerged  at  the  outslde  surface.  The  loose 
leaking  around the scupper  dranprpe in the  bottom of the cowling. The  dye  traveled  thence 

fit of the  scupper  dram  at  the  inner  liner of the  cowlrng  would  have  gone unnoticed except  for 
the dye. Such a  loose  fit is a  potentlal  hazard  because  flammable  fluids  and  explosive  ganes 
can  collect in the  interror  space of the  cowl  panel.  The  dark stnm immediately  below,  at Y, 
was  produced by the dye whlch  passed  through  the  scupper dram itself.  Although  the dye 
adhered to  the  skin  that  encloses  Zone 3, there is little  reason to beheve  that  fire at the exlt 

would be  wlped off immediately  by  the a n  s t r e a m  
of the  scupper  drakr would cause  damage in t h s  area.  Tests  have  indicated that such  a  fire 

leaving  the  cowl-flap  ports.  Since  fire will continue  to  burn  when  the  shp  stream 1s diverted 
In  dye  tes ts   w~th  the cowl  flaps  open,  deposits  were also made on the  Zone 3 slun by dye 

by the extended  cowl  flaps.  there is a  real  danger  that  fire wlll destroy the downstream  skin 
under  such  condihons. 

closed  cowl  flaps.  There was also a heavy  deposit on the  forw8rd  side d the carburetor 
Inside Zone 1, dye  was  deposited on the  bell-mouths of the  augmenter tubes and  on the 

intake  duct,  as  shown Fn Fig-  ZC. 

shown ln Fig. ZD. The  left  interior of Zone 2 was  comparatively  free  from dye deposits. 
There  was  a  large  deposit of  dye  on  the r igh t  side of the  Zone 2 access  door but no penetratlon 
of the seal  around this door  lnto Zone 3. 

Dye introduced at  the  intake  to  Zone 2 w8s deposited  mainly at the l m e r  r igh t  aide, a s  

Fig. 2 Dye Deposition  on l n t e r ~ l  and  ExternaI  Surfaces 
of the  Nacelle  During Air-Flow Stu&es 
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Flg .  3 Hole  Burned  In  Cowlmg by Fire  Leavlng  Cowl-Flap  Port 

The  chief  value of the  tests  described  was  to  ln&cate the areas  where  seahng  was  Inef- 
fectlve  and to reveal  unsuspected a n  flows w t h m  the  zone.  The  need for tlght  sealmg  In  the 

seal  has  been  effected.  The dye  method  provldes one means  for  determlnlng  the  degree of suc- 
control of f i re  IS generally recognized, hut It 1 s  dlfflcult  in  many  cases  to be sure  that  a t l g h t  

cess  that  has  been  achieved in this  connectlon 

cowl  flaps,  the  flames  hugged  the  skln  aft of the  flaps  and  burned  through  the  duraluminum 
outer  skln  The  damage 1s shown In F l g  3. The  port  was  also  damaged, but  the  Inner  skln of 
the  cowllng  remalned  Intact  because It was  fahrlcated of stamless  steel.  The  flames  extended 
beyond  the  cowl  hmge  llne,  whlch  marks  the  locatlon of the  fire  wall,  and  lrnplnged on the  duralu- 

was  used  durlng  the  tests to  cover  thls  area to  prevent Its belng penetrated by f l r e s  
minum  skin  coverlng  Zone 3. Since  there IS no protective mner hung   fo r  Zone 3, s tamless   s teel  

After  many  flres  had  been  lgnlted  In  Zone 1, the  Inner  stamless  steel  llmngs of the  two 
side-cowl  panels  were  buckled  and  cracked to such  an  extent  that  they  had to be  replaced.  The 
cracks  pernutted  f lammable  f luds  to  enter  the  panels,   and, In one Instance,  an  exploslon  occurred 
In one of the  panels  when a f l r e  was  started  lnslde of the  zone. 

along the hne  where it butts  against  the  englne  flre  seal.  Thls  made  it  posslble  for  flre  to  gain 

out  The  destructlon of the  orlglnal  seals  was  progressive  and  requlred  several small f l r e s  and 
entrance  to Zone 2 The  f l res   mslde Zone 2 were  well  contalned  untll  the  seals  started  to  burn 

a few large  f i res   to   create  a crl t lcal  condltlon. When the seals around  the 011 cooler  failed.  flres 
extended  outslde  the  nacelle  and  lodged  behlnd  the  011-cooler  flap  Thls  development  compllcated 
the  extmgushment  problem 

ued  to  be  effectlve barrlers  for  several   tests.   Even when failure  occurred  at  different  polnts. 
Although  they  became  brlttle  after  exposure  to  flre,  the  seals  at the cowl hlnge  llne Lontln- 

the  flames  whlch  emerged  to  the  outslde of the  nacelle  were  comparatlvely  small  and  harmless 
to downstream skirr. The  rubber  cushlon In the  cowl  hlnges  eventually  burned  out  completely 

When a flre of 20 seconds  duration  was  started  hlgh In Zone 1 near  the partially open 

The  flres  orlglnakng  close  to  the  crankcase of the  englne  caused  the  englne  shroud to warp 
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flre  wall  at  the  lower  left  slde of the 011-cooler alr-exit  duct. The  flames  burned  lnsulatlon  off 
some of the  wlres In  Zone 3. Seallng  compound  was  used  to  prevent  further  leakage  at t h s  polr 
durlng  the  remalrung  tests 

other  wlrlng 1s connected  was  protected  during  the  fire  tests  by a coatlng of asbestos  Impregnated 
wlth  water  glass.  Thls  was  necessary  because Its destructlon would  have an  effect  on the  detec- 
tion  system  and on the  governor  solenold by whlch  unfeatherlng 1s accomphshed.  It would seem 
deslrable  to  construct  thls box of a mater la l  havlng greater  flre  reslstance  than  alummum  alloy 
has. 

tlnued to  burn  and  to  cause  relgrutlon  of  the  fires  The  flexlble  metal  hoses  used  In  place of the 
other  conventlonal  rubber  hoses  In  Zone 2 were  only  sllghtly  damaged by the  prolonged  exposure 
to  f1res. 

Ear ly  In  the  program  the  test   f lres found t h e n  way f rom Zone 2 Into  Lone 3 through  the 

The  alummum  alloy junction box In Zone 2 to  whlch  the  hre-detectlon  system  as  well  as 

In some of the  tests,  the  accordlon  rubber-hose  coupllng In the  generator  blast  tube  con- 

CONCLUSIONS 

It IS concluded  that 

that  It enters  Zones 1 and 2, IS helpful  In  determlnlng flow patterns  and  In  testlng  the  effechve- 
1 Dye, In suspension, InJected  Into  the alr   stream  ahead of the  nacelle  In  such a manner 

ness of compartment  seals 
2. The  dye  deposit  indicated a reverse   a i r  flow  In  Zone 1 between  the  4-and  6-o'clock 

posltlons as vlewed from  the  propeller  end  and  mdlcated  an  unsymmetrlcal flow in  Zone 2. 
3 A loose flt between  the Inner llner of the  bottom  cowl  panel  and  the  scupper  dram 

o r  any  small operung  Into  the  Interlor of any of the  cowl  panels 1s hazardous  and,  therefore, 
should  be  avolded. 

and  on  the  downstream  skln. 
4. Flre  passlng  through cowl flaps whlch a re   par t la l ly  open  wlll  lmplnge on the  metal  ports 

5. The  top-wlng  exhaust  arrangement  reduces  flre-lgruhon  hazards. 
6 The  seal  around  the  Zone 2 access  door IS effectlve. 
7. Flres In Zone 1 near  the  crankcase of the  engine  can  warp  the  engine  shroud 

8. The  seals  near  the  hinge  llne of the  cowlmg are  falrly  effectlve  in  the  retentlon of fire. 
9. The mtegrlty oi the  seals  around  the 011 cooler 1s of paramount  importance  in  prevenhng 

sufflclently  to  let fire enter Zone 2. 

Lone 2 f l res   f rom extending overboard  and  lodgmg  behmd  the  oil-cooler  flap,  where  they  are 
difficult to  extlngrush. 

to  preclude  the  passage of flammable  flulds  from  Zone 2 Into  Zone 3 

and  can  cause  relgruhon of a f l r e  

1000  fires. 

10. The fire  wall   must be carefully  fltted o r  sealed  In  the  reglon  near  the 011-cooler  duct 

11. The  accordlon  rubber-hose  couplmg  In  the  generator  blast  tube  supports  combustion 

12. The  flexlble  metal  hoses  were  only  shghtly  damaged  from  exposure  to  approximately 

RECOMhli3NDATIONS 

It 1s recommended  that 

1. The Injection of llqrud  dye  mlxture  Into  the  stream of alr  entermg  the  various  nacelle 
zones be  gzven conslderatlon  as a practical method of determlrung the effectlveness of seals and 
the  tightness of fire  walls  In new o r  reworked  nacelles  and as an  ald  In  the  study of air flows 
through  nacelles. 

carefully  maintained  to  prevent  flammable  fluds  from  entering  the  Interlor of t h e  panels,  and 
( 2 )  means be provlded  to  draln  and  ventllate  th6  Interior. 

more  fire-resistant  than  alummum  alloy. 

reslstance  together  wlth  the  necessary  degree of flexlblhty. 

ellmmate  all  small  operungs  whch would lrnpalr  the  tlghtness of the  fire wall. 

2. In  cowl  panels  havlng  an  enclosed alr  space,  (1)  the  Inner  surface be tqhtly  sealed and 

3. Exterior  nacelle  surfaces  downstream of flaps be protected  wlth  materlals  whlch  are 

4. The  seals  around  the  oil  cooler be fabricated of materlals havlng a maxlmum of fire 

5. In  flthng  the  fire  wall  around  the  englne  and  around  the 011 cooler,  care  be  taken  to 



to fire 

flexible  metal coupling. 

6. The englne  shroud  be redesigned to  prevent  excesslve  buckling  Induced  by  exposure 

7. The flexlble  rubber-hose  couplmg In the generator  blast tube be replaced  with a 

8. The junctlon  box In Lone 2 be  fabrxcated of stamless  steel. 


