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THE  DEVELOPMENT AND EVALUATION OF A FIRE-EXTINGUISHING 

SYSTEM  FOR  THE  MARTIN  YP6M AIRPLANE 

ABSTRACT 

system  proposed  for   the  Mart in  yp6M a i rp l ane   powerp lan t   u s ing  
E v a l u a t i o n   t e s t s  were conducted   on   the   f i re -ex t inguish ing  

a s t e e l  mockup o f  t h e  YP6M a i rp l ane   nace l l e   and   s imula t ed  air- 
f lows  for f l i g h t  and s u r f a c e   o p e r a t i n g   c o n d i t i o n s .  

R e s u l t s  of t h e s e  t es t s  showed tha t  the proposed  system was 
Inadequate .  It was redes igned   and   modi f ied   to   p rovide   e f fec t ive  
ext ingulshment   of  f i res .  

XP6M and YP6M n a c e l l e   c o n f i g u r a t i o n s   d u r i n g   e x t i n g u s h i n g  
t e s t s  were   Inves t iga ted .  

The cause   and   p robab i l i t y  of e x p l o s i o n   o c c u r r i n g   i n  the 

i 



PUBPOSE 

fire-extinguishing  system  and  to  develop an effective  flre- 
extinguishing  system for the  Martin  YP6M airplane. 

The  purpose o f  these  studles  was to evaluate  a  proposed 

1 
Tests were also  conducted  to  determine  the  probability 

and  cause of explosions  that  occurred In the  nacelle  during 
extinguishing  tests. 

extinguLshing  system  were  conducted by the  Civil  Aeronautics 
The  evaluatlon  studies  and  development work on the 

Administration's  Technical  Development  Center,  Indianapolis, 

ment of the  Navy, undes  Order  NAer 0128, Appropriatlon 
Indiana,  at the request o f  the  Bureau o f  Aeronautics,  Depart- 

17x1319.80 R&DN,  Account 46810, BuControl 15995, Program  8015, 
F o/c 079. 

SUMMARY 

A fire-extinguishing  system,  proposed for the YP6M 

using  a  steel  mockup of one o f  the YP6M alrplane  nacelles. 
alrplane  and  designed  by  the  Martin  Company,  was  evaluated 

quantity  and  rate-measurement  tests,  by  measuring  nacelle 
Evaluation of the  system was accomphshed by  conducting 

extingulshng agent  concentrations  during  dlscharge  of  the 
system,  and  by  full-scale  fire-extinguishing  tests.  The 
nacelle  alrflows f o r  flight  and  surface  operating  conditions 
were  slmulated  durlng  the  tests. 

Explosive  hazard  studies  were  conducted  on  the  XP6M 

whereby the  rotational air flows were  replaced  by straight 
cooling air  configuration and  a modified  cooling air  system 

fore-to-aft  flow. JP-4 fuel  was  released in the  nacelle  at 
various  rates  and  locations  and  the  results of delayed  spark 
and  open  flame  ignition  were  observed. 

ii 



TA 59-213.1 

INTRODUCTION 

The Bureau of Aeronaut ics ,   Department   of   the  Navy, 
r eques t ed  that a n   e v a l u a t i o n   b e  made of a f i r e - e x t i n g u i s h i n g  
system  proposed  by the Mart in  Co. f o r   t h e  YP6M a i r p l a n e .  The 

of the p r o t o t a e  a l r p l a n e ,   t h e  XP6M; however,  because of the 
(TDC) p r e v i o u s l y  had eva lua ted  the f i r e - e x t i n g u i s h l n g  system 

m a j o r   m o d i f i c a t i o n s   i n c o r p o r a t e d   I n  the Y model  powerplants, 
a new ex tmgu i sh ing   sys t em was designed  and  an  evaluat ion of 
the   sys tem was d e s i r a b l e .   F o l l o w i n g   t h e   e v a l u a t i o n   s t u d i e s  
on th i s  system, i t  was redesigned  and  the  revised  system was 
eva lua ted .  

1 Civil Aeronaut ics   Adnunist rat ion  Technical   Development   Center  

ext inguishing  systems  covered by th i s  report   were  conducted 
The eva lua t ion   s tud ies   and   deve lopment  work on the YP6M 

d u r m g  the per lod   January  1 t o  August 22, 1957, at  TDC under, 
sponsorship  of   the  Department   of   the  Navy. Also covered i n  

s e r v e d   p r e v i o u s l y   d u r i n g   t e s t s  on the  XPGX-1 a i r p l a n e  power- 
plant .   These  s tudies   were  conducted  during the p e r i o d  
March  23 t o  July 1, 1956, and  were made t o   d e t e r m i n e  i f  the 
unusual   des ign  of t h e   e n g i n e   n a c e l l e ,   p l u s   t h e   r o t a t i o n a l  
t y p e   o f   c o o l l n g   a i r f l o w ,   c o n t r i b u t e d   g r e a t l y   t o   t h e   e x p l o s i v e  
h a z a r d   i n   t h e   e a r h e r   d e s l g n .  

1 th i s  r e p o r t  i s  a l i m i t e d   s t u d y  of the exploslve  hazard  ob-  

t h e  mockup of   the XP6M No. 1 nace l l e   mod i f i ed   t o   con fo rm  to  
the YP6M conf igu ra t ion ,  w l t h  t h e   o u t e r   c a s i n g  of an Al l i son  
J71 j e t  e n g i n e   i n s t a l l e d .  The ex t ingu i sh ing   sys t em  to   be  

d i t i o n s   o f   t h e  YP6M a i r c r a f t  were s imula ted  w l t h l n   t h e   n a c e l l e  
t e s t e d  was l n s t a l l e d  I n   t h e  t es t  a r t l c l e .  Operat ional   con-  

by   provid ing  ram a i r  from a 1750-hp  blower a t  the forward  end 

The t e s t   n a c e l l e   u s e d   f o r  the e x t i n g u i s h i n g  tests was 

\ and   by   p rov id ing   a sp i r a t ion  a t  the  rear of t h e   n a c e l l e  by two 
I 100-hp  blowers. 

The t e s t   n a c e l l e   u s e d   f o r   t h e   e x p l o s l v e  hazard s tudy  was 
the mockup o f   t h e  XP6M-1 a i r p l a n e  No. 1 n a c e l l e .   S e v e r a l  
a luminum  b lowout   pane ls   were   Ins ta l led   on   the   t es t   a r t ic le  
t o  reduce damage t o  the i n s t a l l a t i o n   c a u s e d  by exp los ions  
resulting from  both f i r e  and  explosion  hazard t es t s .  

An obse rva t ion  room a d j a c e n t   t o   t h e  tes t  c e l l   c o n t a i n e d  
the   con t ro l   pane l ,   t ime   r eco rde r ,   t empera tu re  gages, manometers, 
and   o the r   equ ipmen t   u sed   In   t he   t e s t s .  

1 
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EVALUATION OF NO. 1 FIRE-EXTINGUISHING  SYSTEM 

extinguishing  system  provided by the  Martin Co. is shown i n  
a.  Description of the  System.  The No. 1 fire- 

Fig. 1. For-test  purposes,  tubing,  fittings,  directional- 
valve,  and  agent  containers  were  connected in the same manner 
as in the YP6M airplane. 

- 

agent  quantity  requirements were determined  by  the  formula  given 

were  determlned  prior  to  the  removal of the  firewall  separatlng 
ln an earller Technxal Development  Rep0rt.l  These  calculations 

used was as  follows: 
the  compressor  sectlon  from  the  exhaust  section.  The  formula 

In the  orlginal  deslgn of thls  system  by  the  manufacturer, 

Q = 0.02 (V) -t (0.25) W, 

where 

I Q = pounds of agent  required f o r  extinguishment. 

Wa = pounds of air  per second  passing  through  the  zone  at 
cruising  speed. 

V = net  volume o f  zone i n  cabic  feet. 

high  airflow  and  smooth  inner surfaces,  a  turbulence  factor of 
Since  the  above  formula was  derived  for  a  condition of 

2 was used to compensate  for the  rough  interior of this  nacelle. 
\ 

the  Martin Co. and  the  calculated  values of  agent  requirements 
were as follows: 

The  original  values of airflow  and  zone  volumes  used  by 

Part V, Preliminary  Report on  High-Rate-Discharge  Fire- 
Extinguishing  Systems for Aircraft Power Plants,"  Technical 
Development  Report No. 260, February 1956. 

'Harvey L. Hansberry,  "Aircraft  Fire  Extinguishment, 

2 
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TABLE I 

QUANTITY OF EXTINGUISHING AGENT AND DISTRIBUTION 

Agent  Expected 
Net Quant i ty  Distri- 

Zone Vo lune  Anf low  Formula Re u i r e d   b u t i o n  
( c u . f t . )   ( l b . / s e c . )  ( X  f a c t o r )   q l b . )  ( l b . )  

Accessory  2.4 0.30 0.04V + 0 .  5Wa 0.25 0.38 

Compressor  82.0 2 .1  0 . 0 4 V  + 0.5Wa 4.33 5.12 

Exhaust  27.0 6.6 0.04V + O.5Wa 4.38 5.5 

To t a l  8.96 11 .oo 

wlth the coo l ing  a i r  duc ts   open   and   an   a i r f low  ra te  o f  9.0 

opera t ion   were  made wi th  t h e   d u c t s   c l o s e d   a n d   a i r f l o w   r a t e s  
o f  7 .0  and 3.0 pounds  per  second. 

Tests were  conducted  under  simulated f l i g h t  c o n d i t i o n s  

~ pounds  per  second.  Those  conducted  under  simulated  surface 

All f u l l - s c a l e   e v a l u a t i o n  studies o f   t h e   e x t i n g u i s h i n g  
system  were  conducted  using  bromotrifluoromethane (CBrF3) as 

ta iners   were  Walter   Kidde  spheres   equipped with a v a l v e   o u t l e t  
the  a g e n t   i n   q u a n t i t i e s   o f  11 and 18 pounds. The agent  con- 

f o r  1 1/4-inch 0.d. t ub ing .  A 378-cubic- inch   conta iner  was 

c o n t a i n e r  was used f o r   d i s c h a r g i n g  18 pounds o f  agent .  
Calcu la ted  f i l l  r a t i o s   w e r e  50 per cen t .  

I u s e d   f o r   d i s c h a r g i n g  11 pounds  of  agent  and a 630-cubic-inch 

b.  Scope o f  Tes t s .  The e v a l u a t i o n  of the No. 1 YP6M 
ex t ingu i sh ing   sys t em was accomplished by: 

1. Measuring the quant i ty   o f   agent   d i scharged   f rom 
e a c h   n o z z l e   o u t l e t .  

2. De te rmin ing   t he   e f f ec t ive   du ra t ion   o f   agen t  
d i scha rge .  

3. Measur ing   t he   agen t   concen t r a t ions   r e su l t i ng   f rom 
the d i scha rge  o f  the  system under   s imula ted  flight and  surface 
cond i t ions .  

e x t i n g u i s h i n g  f i r e s  unde r   s lmu la t ed   f l i gh t   and   su r f ace  
ope ra t ing   cond i t ions .  

4 .   Determlnlng   the   e f fec t iveness   o f   the  system i n  

3 
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s u b s t i t u t e d  for C B r R  i n   d e t e r m i n i n g  the amount of e x t l n -  
c .   Agen t   D l s t r lbu t ion   Ca rbon   t e t r ach lo r ide  was 

gu i sh ing   agen t  tha t  Gould  be  dlscharged  from  each  nozzle 
o u t l e t   a n d   t o   o b t a i n   t h e   d i s t r i b u t i o n   o f   a g e n t   t o   e a c h   z o n e .  
The s p e c i f i c   g r a v i t y  of CBrF3 and   ca rbon   t e t r ach lo r ide  are 
1 577 and 1.595, r e s p e c t l v e l y .  The d lscharged   agent  was 
c o l l e c t e d   i n   e x c e l s l o r - f l l l e d   c o n t a i n e r s   p l a c e d   u n d e r   e a c h  

each t e s t .  The e x t i n g u i s h i n g   a g e n t   c o n t a i n e r  was f i l l e d  
w i t h  11 pounds of agent   and   pressur ized  w i t h  n i t r o g e n   t o  
350 psl  f o r  each  tes t .  A t o t a l  o f  four tes ts  were conducted. 

The r e s u l t s   o f  the d l s t r lbu t ion   measu remen t s  made on  the 

1 nozzle .   These  containers   were  weighed  before   and  af ter  

No 1 system are g i v e n   i n   T a b l e  11. This t a b l e  shows t h e  

the four t e s t s .  The q u a n t i t l e s  are g iven  as pe rcen tages  of 
average   quant i t ies   d i scharged   f rom  nozz les   In   each   zone  for 

t h e   t o t a l   c h a r g e   i n   t h e   a g e n t   c o n t a i n e r .   F o r   p u r p o s e s  o f  
comparison, the c a l c u l a t e d   e x p e c t e d   d l s t r i b u t i o n  of agent  i s  
shown. 

TABLE I1 

TESTS ON THE NO. 1 YP6M EXTINGUISHING  SYSTEM 
AVERAGE RESULTS OF FOUR DISTRIBUTION 

Agent Q u a n t i t y  
Zone (1) Outlets Obta ined   D i s t r ibu t ion (3 )  

Expected 

( p e r   c e n t  of t o t a l )  ( p e r   c e n t  of  t o t a l )  

Acce s ry E 
Loss ? ?  2 

43 .6 
48.3 

1 . 4  
6.7 

46.5 
50 -0 
3.5 

(l)No f i r e w a l l   s e p a r a t l o n  o f  compressor  and  burner 

(2)The l o s s  o f  6.7 per   cen t   could   have   been   due   to  

zones. 

agent  l e f t  In   t he   sys t em  and  l o s s  due t o   e v a p o r a t i o n  
and leakage. 

(3)Calcula ted  desired d i s t r i b u t i o n .  

d. E f fec t ive   Dura t ion   o f  Agent Dlscharge.  A 16 mm 
movie  camera was used   t o   de t e rmlne  the d u r a t i o n  of e f r e c -  
t i v e   d i s c h a r g e  of agent  by the   ex t ingulsh iag   sys tem.  The 
e x t i n g u i s h i n g   b o t t l e  was f l l l e d  wit'n 11 pounds o f  CBrF3, 

4 
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and  pressurized  wlth  nltrogen to 350 psi. Two tests  were 
conducted,  and  examinatlon  of  the  movie  film  showed  the 
duratlon of effective  discharge  to be approximately 1.1 
seconds. 

e. Agent  Concentration  Measurements.  Extinguishlng 
agent  concentration  measurements  were  obtained by using  an 

1 agent  concentration  recorder2  to  sample  and  record  the  con- 
centration of extlngulshing  agent  from  sampling tubes Installed 

I at 18 locations  throughout  the  nacelle.  See  Figs. 2, 3 ,  and 4. 
\ 

I The followmg procedure  was  used  in  measuring  the 
extingulshing  concentrations: 

1. Approxlmate  rate of airflow  through  the  nacelle 
was  establlshed to slmulate  the  test  conditions. 

2. Operatlon  of  the  agent  concentration  recorder 
was  started. 

3 .  The  extinguishing  system  was  discharged  and 
agent  concentrations  recorded. 

Agent  concentration  measurements  were  conducted  under 
smulated flight  and  surface  condltions  using  bromotrl- 
fluoromethane  agent in quantities of 11 and 18 pounds  pres- 
surlzed  wlth  nitrogen  to 350 ps l  in four  tests  and 600 psi 
In two tests.  The  results of the  agent  concentration  tests 
are  shown  graphically in Figs. 5 to 10, inclusive.  The 
1 s  presented in the  curves.  Also shown is the  maximum per- 
relative  concentration  measured  at each  sampllng  tube locatlon 

centage  of  agent  concentration  existing  simultaneously in all 
areas o f  the  nacelle  for a duration of 1/2-second.  It  will 
be noted  that  agent  concentrations In some areas  were  well 
below  the  recommended  mlnlrnum  requirement of 15 per cent for 
a duration of 1/2-second  for  all  six  tests. 

extlnaulshinfz  tests  were  conducted under simulated flight 
f .  Fire-Extinguishing  Tests. Five full-scale fire- 

procedures. The  test  flres  burned JP-4 fuel at  the rate 
condif;lons ezlsting  after  enactment of flight fire emergency 

Fire  Extinguishment,  Part 111, An  Instrument f o r  Evaluating 
Ektingulshing  Systems,"  Technical  Development  Report No. 
206, June 1953. 

2James D. New  and  Charles M. Mlddlesworth,  "Aircraft 
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o f  4.7 gpm and were l o c a t e d  as shown i n  Fig. 11. Four tes ts  
were conducted  using 11 pounds of bromotrifluoromethane 
(CBrF3) agent  and  one test  was conducted  using 18 pounds o f  
agent .  A 378-cubic- inch  container  was used for d i s c h a r g i n g  
11 pounds,  and a 630-cublc- inch   conta iner  was used for d i s -  
charg ing  18 pounds o f  agen t .  A l l  c o n t a i n e r s  were p r e s s u r i z e d  
t o  350 p s i   w i t h   n i t r o g e n .   A f t e r   e s t a b l i s h i n g   a p p r o x i m a t e  
r a t e s  of a i r f low  th rough  the n a c e l l e   r e q u l r e d  t o  simulate the 
t e s t   cond i t ion ,   t he   p rocedure  for conduc t ing   t he   f i r e -ex t in -  
gu i sh ing  t es t s  was as fo l lows :  

Elapsed Time 
from S t a r t  

( s e c . )  

1. Ign i to r   and   p r imer  fue l  were 
turned  on. 0 

2. Main f u e l  (JP-4)  t o   f i r e  was 
turned  on.  5 

3. Ign i to r   and   p r imer   fue l   were  
t u r n e d   o f f .  10 

4. Ext inguish ing   agent  was 
d ischarged .  

tu rned  off. 
5. Maln f u e l  t o  f i r e  was 

15 

25 

The r e s u l t s  of t h e  f i r e  tes t s  are shown In Table 111. 
Only  one o f  t h e   f i v e   t e s t  f i res  was ext inguished .  T h i s  f i r e  
was l o c a t e d  a t  P o s l t i o n  2, Fig.  11. Three of the  o t h e r  four  
t e s t s   r e s u l t e d   i n   e x p l o s i o n s   a f t e r   t h e   f i r e s   a p p e a r e d   t o   b e  
ex t inguished .  

EVALUATION OF NO. 2 FIRE-EXTINGUISHING SYSTEM 

a. D e s c r i p t i o n  o f  System. A s  a r e s u l t  o f  t h e  tests 
o n   t h e   o r i g i n a l  YP6M, the f i r e -ex t ingu i sh ing   sys t em was 
redesigned by the Martin Co. Th i s   des ign  was subrni t ted  to  
t h i s  Center  f o r  e v a l u a t i o n .  The r e v i s e d  or No. 2 f i r e -  
ex t inguish ing   sys tem 1 s  shown i n   F i g .  12. 

Tests   were  conducted  using  bromotr i f luoromethane 
(CBrF3) as the a g e n t   i n   q u a n t i t i e s  o f  15  pounds  and  pres- 

fill r a t i o ,  a Walter  Kidde  536-cubic-inch  sphere,   equipped 
s u r i z e d  wl th  n i t rogen   t o   600  psi .  To ma in ta in  a 50 p e r   c e n t  

w i t h  a v a l v e   o u t l e t  for 1 l/$-lnch-o.d.   tubing, was used.  

6 



TABLE I11 

RESULTS OF FIRE-EXTINGUISHING  TEST ON NO. 1 SYSTEM 

Test  Test  Measured  Weight (l) F i r e  Fue 1 
No. Condltlon Alrf low o f  Agent Locat ion Rate   Resul ts  

( lb . / sec . )  (10 ) ( see   F lg .  11) (gpm) 

1 Flight (*) 8.94 11 2 4.7 F l r e   no t   ex t ingu i shed .  
2 F l l g h t  8.96 11 6 
3 P l l g h t  8.95 11 2 4.7 F i r e   no t   ex t lngu l shed .  

4.7 F i re   ex t inguis r ied .  

Small ex2loslon 
occurred .  

4 F l i g h t  8.94 11 4 4.7 Severe explosion. 
5 F l l g h t  8.95 18 4 4.7 Severe explosion. 

( 2 ) S m u l a t e d  f l lghr;  condltlons,   follorulng  enactment o f  f l i g h t   f l r e  
emergency  procedure  (englne  shutdown),  estlrnated a l r f l o u r  = 
9.0 lb/sec.  



I). Scope  of  Tests.  The eva lua t ion   o f  the No. 2 YP6M 
f i r e -ex t ingu i sh ing   sys t em was accomplished by the same t e s t  
procedure as that  u s e d   f o r   t h e   o r i i l n a l   s y s t k m .  

I -  

C .  Agent D i s t r l b u t l o n .  The r e s u l t s  o f  t h e   d i s t r i b u t i o n  
measurements made on t h e  No. 2 s y s t e m   a r e   g i v e n   i n  Table I V .  
The e x t i n g u l s h i n g   b o t t l e  was f i l i e d  wi th  15 pounds o f  carbon 
t e t r a c h l o r i d e  ( C C l 4 )  pressurized w i t h   n i t r o g e n   t o  600 p s i   f o r  
e a c h   t e s t .  A t o t a l  o f  t h r e e   t e s t s  were  conducted. 

TABLE IV 

TESTS ON NO. 2 YPGM EXTINGUISHING  SYSTEM 
AVERAGE RESULTS OF DISTRIBUTION 

O u t l e t s  P e r  Cent of Total   Charge 

B 
A 31.0 

25.0 
15-5 
16.7 

88.2 

11.8 

(')The l o s s  o f  11.8 pe r   cen t   cou ld   have   been   due   t o  
evapora t lon ,   l eakage ,   and   agent   l e f t   in   the   sys tem.  

\ movie  camera was u s e d   t o   d e t e r m i n e   t h e   d u r a t i o n   o f   e f f e c t i v e  
d ischarge   o f   agent   by   the   ex t inguish ing  system. The e x t i n -  
g u i s h m g   b o t t l e  was f i l l e d  w i t h  15 pounds  of CBrF and pres- 
s u n z e d  w i t h  n l t r o g e n   t o  600 p s l .   E f f e c t i v e   d i s c  a arge time 
as vlewed by t h e  f i l m  was approxlrnately 1.23 seconds. 

d .  E f fec t lve   Dura t ion  o f  Agent  Discharge. A 16 mm 

equipment  and  procedure as that used  on  the No. 1 system, 
e .  Agent Concentration  Measurements.  Using  the same 

agent   concentrat ion  measurements   were  obtained  under  
s i m u l a t e d   f l l g h t  and simulated s u r f a c e   c o n d l t i o n s   u s i n g  

of t e a g e n t   c o n c e n t r a t i o n   t e s t s  are shown i n  Figs. 13 
CBrF p r e s s u r i z e d   w l t h   n l t r o g e n   t o  600 p s i .  The r e s u l t s  

and 14 .  

MODIFICATION O F  NO. 2 EXTINGUISHING  SYSTEM 

a 

throughout   the  nacel le ,   changes  were made t o   n o z z l e s  A, C, 
I n   o r d e r   t o   o b t a i n  a more u n i f o r m   d i s t r i b u t i o n  of agen t  

8 
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and D to  increase  the  agent  delivered  to  areas of low 
concentration.  See  Fig. 15. 

Utilizing  the  information  obtained  from  the  previous 
agent  concentration  tests,  a  change  flrst  was  made  to  nozzle 
A outlet  and  then  checked  by measurmg the  agent  concentra- 

the fmal configuration  was  obtained  by makmg several modl- 
tlons  wlth  the  agent  concentration  recorder.  The  deslgn of 

flcatlons  to  the  nozzle  outlets  and  conductlng  tests  after 
each  modlflcation  to  measure  agent  concentrations  resulting 
f r o m  the  dlscharge of agent from the  modified  system  with 
nacelle  airflows  simulating  both  airplane  flight  and  surface 
operating  conditions. 

continued until  all areas  except  the  top  forward  area 
The development of the  fire-extlnguishing  system 

measured  agent  concentrations  above 15 per  cent for a  dur- 
ation of l/e-second.  Methyl  bromide  was  substituted for 
CBrF3 (bromotrifluoromethane) for a portion of these  tests 
and  used in quantities of 15 pounds,  pressurized  to 600 psi 
with  nitrogen. 

EVALUATION O F  FINAL  VERSION OF YP6M FIRE-EXTINGUISHING SYSTE3I 

The  evaluation of the  final  configuration  was  accomplished 
by  conducting  tests to measure  the  agent  concentrations 
resulting  from  the  discharge of the  system  under  simulated 
flight  and  surface  conditions,  and  by  conducting  a  limited 
amount  of  full-scale  fire  tests.  Tests  also  were  conducted 
to determine  the  effectiveness of larger  quantities  of  agent. 

1 
i 18, and 3 pounds. A 536-cubic-inch  container  was  used  for 

CBrF  agent  was  used  in  the  tests in quantities of 15, 

dlscharging 15 pounds,  a  630-cubic-inch  container was used 

were  used for discharglng 30 pounds of agent.  All  containers 
for  dlscharging 18 pounds,  and  two  536-cublc-inch  containers 

were  pressurized  to 600 psi  wlth  nitrogen. 

a 

a.  Agent  Concentration  Measurements.  Tests  were 
conducted  using  the  same  equipment  and  procedure as that  used 
in prevlous  tests to measure  agent  concentrations  resulting 
from  the  dlscharge  of  CBrF3  from  the  fire-extinguishing 

and  surface  operating  conditions. 

.~ 

\ system  with  nacelle  alrflows  simulating  both  airplane  flight 
I 

of agent  produced for a  period of 1/2-second  was  determined 
From  the  results of these  tests,  the  minimum  concentration 

9 
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for all areas o f  t h e   n a c e l l e  and are shown i n  Figs. 16 t o  21, 
i n c l u s l v e ,  and  a comparison o f  t h e   t e s t   r e s u l t s   u s i n g   v a r i o u s  
quantities of  agent  i s  shown i n  Table V. Also shown i n  
Table V for two f l l g h t  t es t s  a r e  minimum concen t r a t ions  with 
pickup No. 15, l o c a t e d  i n  t he   t op   fo rward   a r ea  o f  t h e   n a c e l l e ,  
eliminated. The d lscharged   agent  i n  th i s  a r e a  was d i spe r sed  
very   qu lck ly   because  o f  t he   t ype   and   ve loc i ty   o f   t he   coo l lng  
a i r f l o w .  

b .   Fire-Ext inguishinR Tests. The first f u l l - s c a l e  
f l r e - e x t i n g u s h i n g  t e s t  was conducted a t  simulated f l i g h t  
c o n d i t i o n s   u s i n g  15 pounds o f  CBrF . The t e s t   f i r e  was 
l o c a t e d  i n  the  lower  forward area ? P o s i t i o n  1, Fig.  11) and 
burned JP-4  f u e l  a t  the rate o f  4.7 gpm. Re ign i t lon   occu r red  
I n  less t han  10 s e c o n d s   a f t e r   d i s c h a r g e  of agen t   and   r e su l t ed  

pounds o f  agent   and   aga in  r e s u l t e d  i n  a seve re  explos ion .  
i n  a severe   explos ion .  A similar tes t  was made us ing  30 

TABLE V 

Condltion 
Tes t  

F l i g h t  

F l igh t  
F l i g h t  

Sur face  
Surf ace 
Surface  

RESULTS OF EXTINGUISHING AGENT 
CONCENTRATION  MEASUREMENTS 

OW FINAL SYSTEM 
Measured  Weinht  mnimum(1) Minimum (2 )  
Airflow 

( lb . / sec . )  
o f  Agent   Concentrat ion  Concentrat ion 

( I b  0 1 ( p e r   c e n t )   ( p e r   c e n t )  

9.36 15 13 .o 
9.3 18 
9 1  30 22.8 

16.0 
- -  ~ 

2.97 15 20.0 
3.01 18 23.0 
3.02 30 34.5 

19.0 
20.0 

(l)Minlmum concen t r a t ion  o f  agent  a t  all p o i n t s   i n  t he  
n a c e l l e  simultaneously for a d u r a t i o n  o f  1/2-second. 
Values   a re  I n  terms o f  per c e n t   r e l a t l v e   c o n c e n -  
t r a t i o n s  i n  a i r .  

(2)Minimum concen t r a t ion  o f  agent  for a d u r a t i o n  ol' 
1/2-second w i t h  plckup No. 15 e l imina ted .  

ex t ingu i shmen t ,   bu t   d id   no t   p reven t   r e ign i t ion ,   poss ib ly  
from r e - e n t r y  o f  e x t e r n a l   f l a m e s  o r  from h o t   s u r f a c e s  
produced by the t e s t   f l r e .  A thermocouple was p laced  on 
t h e   l o w e r   e x t e r n a l   s i d e  o f  t he   eng ine   i n t ake   sh roud .  

An i n c r e a s e   i n   a g e n t   q u a n t i t y   a p p e a r e d   t o   p r o v i d e  

10 
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This  shroud was f a b r i c a t e d  from c o l d   r o l l e d   s t e e l  0.030- 
Inch   th lck ,   and  It was found tha t  a temperature  o f  approx- 
ima te ly  1300° F. e x i s t e d  when a t e s t  f i r e  burned JP-4  fue l  
a t  t h e  rate o f  4.7 gpm f o r  a pe r iod   o f  10 seconds i n   t h i s  
lower  forward  area.  When t h e   f i r e   b u r n e d  for 5 seconds, 
t h e  m a x i m u m  shroud  temperature  measured was 550° F. 

r e l e a s l n g   t h e   e x t i n g u i s h i n g   a g e n t  after t h e  JP-4 fuel had 
burned for 5 seconds  and  f looding the e x t e r n a l   s u r f a c e  of 
t h e   n a c e l l e  with C02 t o   p r e v e n t   r e i g n i t i o n  from o u t s i d e   t h e  
n a c e l l e .  The r e s u l t s  of t h e s e  tes ts  I n d i c a t e d  t ha t  r e i g -  
n l t i o n  was occurr ing   f rom  hot   sur faces   and  that  a f i r e  
cou ld   be   ex t ingu i shed   In  thls  lower f r o n t  area i f  the e x t l n -  
gu i sh ing   agen t  was r e l e a s e d   a f t e r  the J P - 4  fue l  burned f o r  
5 seconds  instead  of  10 seconds.  

A l i m i t e d  number of f i r e  tes ts  then  were  conducted  by 

An a d d i t i o n a l   t e s t  was conducted  under  simulated f l i g h t  
c o n d i t i o n s  wi th  t h e   t e s t   f i r e   l o c a t e d   i n  
s e c t i o n   ( P o s l t i o n  3 ) ,  and two  t e s t s  were 
s imula t ed   su r f ace   ope ra t ing   cond i t ions .  
t h e s e   f i r e - e x t i n g u l s h i n g  tests a r e  shown 

t h e   t o p   f r o n t  
conducted  under 
The r e s u l t s  of 
i n  Table V I .  

- 

XP6M EXPLOSIVE HAZARD STUDY 

cool inn  a i r  i n l e t s  o f  the XP6M a l r o l a n e   a r e  shown I n  FIE. 
a. Desc r ip t ion  of Cooling  Airflow  Systems. The 

22. The elbow i n l e t s  were  located- a f t  o f  t h e  f i r e  wall: 
and  provided a c o u n t e r c l o c k w i s e   r o t a t i o n   i n  Zone 1 and a 
c lockwlse   ro t a t ion  I n  Zone 2. 

A r ev l sed ,   s t r a igh t - th rough   a i r f low  sys t em,   hav ing  
f o u r   l n l e t s   e n t e r l n g   t h r o u g h   t h e   f o r w a r d   f i r e w a l l  o f  Zone 1, 
i s  shown l n  Flg. 23. Thls  was accomplished  by  removing 
the two elbow i n l e t s   i n  Zone 1 and  duc t ing  a i r  i n t o   t h e  
f r o n t   o f  the nacel le   through  four   2- inch-diameter   open-  
ings   p laced   approximate ly  goo apart. An air o u t l e t  was 
i n s t a l l e d  i n  t h e   b o t t o h  of the n a c e l l e   i n   t h e  rear s e c t i o n  
of  Zone 1. 

’> b.  Generd   Tes t   Procedure .  The study o f  the exp los ive  
h a z a r d   r e s u l t i n g  from t h e   r e l e a s e  of a f l a m m a b l e   f l u i d   i n  
t h e  XPGM-1 tes t -nace l le   under   s lmula ted  f l i g h t  c o n d i t i o n s  
was accompllshed by r e l e a s l n g  JP-4 f u e l   w i b h i n   t h e   n a c e l l e  
and   p rov id ing   de l ayed   l gn i t l on  w i t h  a n   e l e c t r i c   s p a r k  or 
a small g a s o l i n e  f l r e .  The number of aluminum panels   blown 
ou t   du r lng  a t e s t  gave   an   i nd ica t ion  o f  t h e   r e l a t l v e   f o r c e  
of t h e   r e s u l t i n g   e x p l o s i o n .  
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T K L E  VI 

RESULI'S OF YIRE-ZXTINGUIS5I~JG ,'ZSL'S 
ON FINAL SYSTEM 

Dura - 
t l G t l ( 3 )  i n &  CJf 

Flood- 

Tes t   Tes t   deasu red  I:elgl?t (') F l r e  (2 )  Fuel of Pest Test  Cell 
No. Condlt lon Air f low o f  Aeent L o c l t l o n  Rate h , * e  w l t h  C02 R e s u l t s  

( lb . / sec . )  ( l b  ) ( w a )  ( s e c .  ) 

1. P l i g h t  9.4 15 1 4.6  10 No Severe 

P 
W 

w 



explos ion  tests: 
The fo l lowing   procedure  was used f o r  conduct ing   the  

t h e   n a c e l l e   r e q u i r e d   t o   s l m u l a t e  the tes t  cond i t ion .  Zone 1, 
2.1  lb. /sec.;  Zone 2, 6.6 lb . /sec.  

1. E s t a b l i s h   a p p r o x i m a t e   r a t e s  o f  a i r f low  th rough  

2. Sta r t   JP -4   fue l   f l owing   t h rough  a nozzle  from 
a p o s i t i o n  where a f u e l  leak could  occur .  

3. Turn   on   t he   i gn i t i on   sou rce  a f te r  a p r e d e t e r m n e d  
time f o l l o w i n g   t h e   r e l e a s e  o f  the JP-4  f u e l .  

Tests were  conducted w i t h  JP-4 f u e l   d i r e c t e d  as fol lows:  

through  a i r f low  system. 
1. In to   t he   l ower   coo l ing  a i r  i n l e t  o f  the straight- 

ou tboa rd   s ide  of  the   lower   cool ing  a i r  i n l e t .  
2. Toward an   a r ea   approx ima te ly  8 i n c h e s   t o   t h e  

o f  the   lower  cool ing a i r  i n l e t .  
3 .  Toward a n  area approximately 8 i nches   i nboa rd  

f u e l   t o   s p r a y   I n t o  the lower   nace l l e   a r ea .  
4. Toward a n d   s t r i k m g   a n   e n g i n e  component  causing 

5. In to   the   'ower   ou tboard   forward   sec t lon .  

conducted   us ing   the   normal   ro ta t lona l   type  o f  a i r f l o w .   F i f t y -  
c .   Resul t s   and   d i scuss ion .  A t o t a l  of 158 t e s t s  were 

one t e s t   r u n s   r e s u l t e d   i n   e x p l o s i o n s  of-;arious I n t e n s i t y .  ~ 

Severe   exp los ions   r e su l t ed  when the f u e l  was d i rec ted   toward  
the  f r o n t  o f  t h e   n a c e l l e  i n  Zone 1 and was i n t e r c e p t e d   b y   t h e  
c o o l m g  a i r  coming  from the l e f t  s i d e  a l r  i n l e t .  A very  
seve re   exp los ion   r e su l t ed   In   one   t e s t  when a n   e l e c t r i c   s p a r k  
was u s e d   t o   i g n i t e  the f u e l - a i r   m i x t u r e  5 s e c o n d s   a f t e r   t h e  
J P - 4  f u e l  was r e l e a s e d  a t  a r a t e  of 2.5  gpm. I n   o r d e r   t o  
reduce  the amount o f  damage t o  the n a c e l l e  from the   exp los ion  

1 tests.  
t e s t s ,  a f u e l  rate o f  1.80 gpm was used  subsequent ly  f o r  Zone 

An e x p l o s i o n   o c c u r r e d   i n  Zone 2 when JP-4 fue l  was 

was used as t n e   i g n i t i o n   s o u r c e .  The fuel  was r e l e a s e d  Jus t  
r e l e a s e d  a t  the rate of 2.65 gpm when a small g a s o l i n e   f i r e  

a f t  o f  t h e   f i r e w a l l  where the a f t e r b u r n e r   f u e l   l i n e  comes 
through. 
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A t o t a l  o f  73 tests were  conducted  using  the straight- 
through airflow system of  which 15 r e s u l t e d  In exp los ioqs  

d e l a y e d   i g n i t i o n  was provlded f o r  JP-4 fuel di rec ted   toward  
o f   v a r l o u s   i n t e n s i t l e s .   S e v e r e   e x p l o s i o n s   o c c u r r e d  when 

t h e   f r o n t  o f  the n a c e l l e   a n d   i n t o  o r  i n t e r c e p t i n g   t h e  lower 
coo l ing  airstream. 

accumulated  between the d e e p   s t r u c t u r a l  members o f  the n a c e l l e  
d u r l n g   p r e v i o u s   t e s t  runs, occur red   i n   one  tes t .  

A severe   explosion,   probably  caused by JP-4 fuel  
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CONCLUSIONS 

i n  the YP6M a i rp lane   powerplan ts ,  i s  i n e f f e c t i v e   i n   e x t i n -  
gu i sh ing  JP-4  fue l  f i r e s  o c c u r r i n g   i n   t h e   n a c e l l e .   I n a d e q u a t e  
d i s t r i b u t i o n   o f   a g e n t ,   r a t h e r   t h a n   i n s u f f i c i e n t   q u a n t i t y ,  i s  
the   cause  o f  e x t i n g u i s h i n g   s y s t e m   f a i l u r e .  

The o r i g i n a l  f l r e  extinguishing  system,  proposed f o r  use  

The f i n a l   e x t i n g u i s h i n g  system developed   dur ing  the tes t  
p rogram  p rov ides   adequa te   d i s t r ibu t ion   and   quan t i ty   o f   agen t  
(15 pounds o f  CBrF3) t o   e x t i n g u i s h  a l l  flames from JP-4 f i res .  
Eighteen  pounds o f  agen t  is r equ i r ed   t o   p roduce  15 p e r   c e n t  
c o n c e n t r a t i o n s   i n  a l l  n a c e l l e   a r e a s  f o r  a 1/2-second  period. 
E x p l o s i v e   r e i g n i t i o n   f r o m   h o t   s t e e l   s u r f a c e s  may occur  
fo l lowing   ex t inguishment  o f  10 second o r  l o n g e r   d u r a t i o n  f i res  

De layed   i gn i t i on  of JP-4 fue l ,  r e l e a s e d   i n   t h e   n a c e l l e  
by a f u e l   s y s t e m   f a i l u r e , m a y  be expec ted   to   p roduce   an  ex- 
p l o s i o n  o f  severe  magnitude. 

t he   e l eva ted   t empera tu re  of th i s  air ,  the r o t a t i o n a l   t y p e   o f  
coo l ing  a i r  c i r c u l a t i o n ,  the large recessed  volumes  between 
v e r y   d e e p   n a c e l l e   s t r u c t u r a l  ribs and  bulkheads,  and the 
c o n f i n l n g   n a t u r e  o f  the nacel le-engine  space,  a l l  c o n t r i b u t e  
t o  a s e r i o u s   e x p l o s i v e  hazard f o u n d   p r e s e n t   i n  the XP6M 
powerplant .  

The r e l a t i v e l y   l a r g e   q u a n t i t y   o f   n a c e l l e   c o o l i n g  air, 

RECOMMENDATIONS 

Modif ica t ion  o f  t h e   o r i g i n a l l y   p r o p o s e d   e x t i n g u i s h i n g  
sys t em  to   con fo rm  to   t he  f l n a l  sys t em  desc r ibed   i n  th i s  r e p o r t  
i s  recommended. A t  least  18 pounds o f  bromotrifluorornethane 
agent   should be used. 

r e l e a s e  o f  JP-4  fue l  i n  the nacel le   compartment   should be 
made. 

E v e r y   p o s s i b l e   p r o v i s i o n   f o r   p r e v e n t i n g   i n a d v e r t e n t  

Fu tu re   des ign   mod i f i ca t ions  o f  the nace l l e   shou ld  
a v o i d   t h e   c o n d i t i o n s   i n d i c a t e d   i n  this r e p o r t  as f a c t o r s  
c o n t r i b u t i n g   t o  an exp los ion   haza rd .  
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LOCATION OF SAMPLING TUBES 
IN LOWER AFT NACELLE  AREA 
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LOCATION OF SAMPLING TUBES IN 
LOWER FOWARD NACELLE AREA 
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LOCATION OF SAMPLING TUBES 
I N  NACELLE TOP DOORS 
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T I M E  FOLLOWING DISCHARGE OF AGENT (SECONDS) 

SURFACE  OPERATING  CONDITIONS 
WITH AFTERBURNING: 

AIRFLOW - 7.5 LB./SEC. 
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SURFACE  OPERATING CONDITIONS 

WITHOUT  AFTERBURNING: 

AIRFLOW - 3.3  LB./SEC. 

AGENT - 11.0 LB. CB P r 3  
AGENT PRESSURIZATION - 350 PSI  

MAXIMUM PER CENT AVAILABLE I N  ALL AREAS 
FOR A DURATION OF 1/2 SECOND. 
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FLIGHT  OPERATING  CONDITIONS : 

AIRFLOW - 9.5 LB./SEC. 
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FLIGHT OPERATING  CONDITIONS: 

AIRFLOW - 9.5 LB./SEC. 

AGENT - 18.5 LB. C B P 3  

AGENT PRESSURIZATION - 600 PSI  

MAXIMUM PER CENT  AVAILABLE I N  ALL AREAS 
FOR A DURATION OF 1/2 SECOND 
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FIRE NOZZLES LOCATED ON RIGHT SIDE AND TOP DOORS 
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FLIGHT OPERATINO CONDITIONS: 
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SURFACE OPERATING  CONDITIONS 
WITHOUT  AFTERBURNING: 
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1 FLIGHT OPERATING  CONDITIONS: 
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AIRFLOW - 9.3 LB./’SEC. 

AGENT - 18.25 LB. CB,F3 - 

a0 AGENT PRESSURIZATION - 600 PSI  

MAXIMUM PER  CENT  AVAILABLE I N  ALL AREAS 
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TIME  FOLLOWING  DISCHARGE O F  AGENT (SECONDS) 

FLIGHT  OPERATING  CONDITIONS:  

AIRFLOh' - 9.3 LB./SEC. 
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LOCATION OF AIR INLET DUCTS, 
YPGM- I NACELLE 

Task NO. 59-213. I FIG.22 



LOCATIONS OF INLET DUCTS 
THROUGH FORWARD FIRE W A L L  

Task N o .  59-213.1 FIG. 23 
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