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F I R E  EXTINGUISHMENT AND I N H I B I T I O N  I N  SPACECRAFT ENVIRONMENTS 

John de R i s  
Fac to ry  Mutual  Research 

BACKGROUND 

The conf inement  o f  personne l  f o r  l o n g  p e r i o d s  o f  t i m e  i n  t h e  r e l a t i v e l y  
smal l  volumes o f  s p a c e c r a f t  i n t r o d u c e s  seve ra l  un ique hazards, i n  p a r t i c u l a r :  
( 1 )  t h e  cont inuous  accumula t ion  o f  t r a s h ,  which m igh t  suppor t  combustion; 
( 2 )  t h e  e x t e n s i v e  use o f  f i r e - r e t a r d e d  m a t e r i a l s ,  wh ich  once i g n i t e d  tend  t o  
produce ve ry  t o x i c  p roduc ts  cjf combustion; and ( 3 )  t h e  need t o  r a p i d l y  d e t o x i f y  
t h e  c a b i n  atmosphere immedia te ly  f o l l o w i n g  a f i r e  s i n c e  ( a )  personne l  escape 
i s  i m p r a c t i c a l ,  ( b )  v e n t i n g  t o  space w i t h  p r o v i s i o n  f o r  rep lacement  o f  t h e  
c a b i n  atmospheres i n c u r s  a severe des ign  we igh t  p e n a l t y ,  ( c )  t o x i c  p roduc ts  o f  
combustion tend t o  be h i g h l y  c o r r o s i v e ,  and ( d )  t h e  ass igned s p a c e c r a f t  m i s s i o n  
must presumably be con t inued .  

I n  a d d i t i o n ,  t h e  use o f  an a r t i f i c i a l  atmosphere i n e v i t a b l y  i n t r o d u c e s  
u n c e r t a i n t y  as t o  t h e  ambient oxygen c o n c e n t r a t i o n ,  wh ich  s t r o n g l y  i n f l u e n c e s  
t h e  p o t e n t i a l  f i r e  hazards.  M a t e r i a l s  and ex t ingu ishment  methods must be 
t e s t e d  under worst -case c o n d i t i o n s  cor respond ing  t o  t h e  maximum oxygen concen- 
t r a t i o n .  F i g u r e  1 ( f r o m  r e f .  67) shows t h e  s t r o n g  i n f l u e n c e  o f  ambient oxygen 
c o n c e n t r a t i o n .  Flame temperatures,  m a t e r i a l  i g n i t i b i l i t y ,  and b u r n i n g  r a t e s  
depend p r i m a r i l y  on t h e  ambient oxygen concen t ra t i on ;  hence combust ion d a t a  a r e  
c o r r e l a t e d  by t h e  h o r i z o n t a l  zones i n  t h e  f i g u r e ,  d e f i n e d  by l i m i t s  o f  mole 
p e r c e n t  oxygen. Human b r e a t h i n g  e f f e c t i v e n e s s ,  however, depends p r i m a r i l y  on 
t h e  p a r t i a l  p ressu re  o f  oxygen, rep resen ted  by t h e  broken l i n e s  i n  f i g u r e  1 ( a  
normal atmosphere has 21-kPa oxygen p a r t i a l  p r e s s u r e ) .  A s  a r e s u l t  one c o u l d  
n o t i c e a b l y  decrease f i r e  hazards by m a i n t a i n i n g  t h e  p a r t i a l  p ressu re  o f  oxygen 
cor respond ing  t o  t e r r e s t r i a l  c o n d i t i o n s ,  w h i l e  i n c r e a s i n g  t h e  p a r t i a l  p r e s s u r e  
o f  n i t r o g e n  t o  some h i g h e r  va lue ,  perhaps t o  200 t o  300 kPa ( 2  o r  3 atm).  The 
dependence on t o t a l  p ressu re  ( a t  low t o t a l  p ressu res )  i n d i c a t e d  i n  f i g u r e  1 i s  
p r i m a r i l y  due t o  changes i n  buoyancy f o r c e s  pe r  u n i t  volume. F o r t u n a t e l y ,  t h e  
r e d u c t i o n  o f  buoyancy f o r c e s  tends t o  reduce f i r e  hazards, because l e s s  ambient  
o x i d a n t  i s  drawn i n t o  t h e  f lame zone f o r  suppor t  of combustion. 

The v i r t u a l  e l i m i n a t i o n  o f  buoyancy f o r c e s  i n  a m i c r o g r a v i t y  env i ronment  
i n t r o d u c e s  i m p o r t a n t  fundamental changes i n  combustion mechanism - even though 
a g e n t l e  breeze i s  u s u a l l y  p resen t  f o r  v e n t i l a t i o n  purposes. 
i m p r a c t i c a l  t o  p e r f o r m  m a t e r i a l  acceptance t e s t s  (and p e r f o r m  r e a l i s t i c  f i r e  
suppress ion  t e s t s )  i n  a m i c r o g r a v i t y  env i ronment .  A s  a r e s u l t  we must r e l y  on 
a thorough t h e o r e t i c a l  and conceptua l  unders tand ing  o f  f i r e  behav io r  mechanisms 
when e x t r a p o l a t i n g  our  t e r r e s t r i a l  expe r ience  t o  s p a c e c r a f t  c o n d i t i o n s .  T h i s  
demands a c o n t i n u i n g  b a s l c  research  e f f o r t  t o  p r o v i d e  a f i r m  s c i e n t i f i c  founda- 
t i o n  f o r  any proposed e x t r a p o l a t i o n s .  For  example, t h e  reduced f l u i d  f l o w  
r a t e s  under m i c r o g r a v i t y  c o n d i t i o n s  r e s u l t  i n  l onger  f l o w  res idence  t imes ,  
p robab ly  reduc ing  t h e  e f f e c t i v e n e s s  o f  e x t i n g u i s h i n g  agents such as Halon 1301 
t h a t  a c t  by s l o w i n g  gas-phase k i n e t i c  r e a c t i o n  r a t e s .  These l o n g e r  f l o w  r e s i -  
dence t imes may a l s o  a l l o w  f o r  more soo t  f o r m a t i o n  and g r e a t e r  f r a c t i o n a l  r a d i -  
a n t  hea t  t r a n s f e r  under m i c r o g r a v i t y  c o n d i t i o n s .  Halon 1301, when i n t r o d u c e d  
i n t o  gaseous hydrocarbon f u e l s ,  i s  known t o  s t r o n g l y  encourage s o o t  f o r m a t i o n  

I t  i s  c l e a r l y  
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and probably increase the radiant heat transfer from the flames. While this 
augmented radiant heat transfer may tend to quench the flames, it i s  also 
likely to increase the soot and carbon monoxide output; and it may induce 
higher overall burning rates If the fire is large enough to be controlled by 
radiant heat transfer to the pyrolyzing solid fuel. These issues clearly 
demand further fundamental research. 

As we approach the 21st century, activities in space will become increas- 
ingly routine. People will demand higher level of safety from unwanted fires. 
Even today astronauts receive very little fire safety training. Future manned 
spacecraft missions will be of longer duration, be likely to have more objec- 
tives, and be expected to survive accidental fires. Terrestrial fire-safety 
experience dictates that unwanted ignitions will occur and that the most diffi- 
cult situations will be associated with unexpected fire scenarios. Presumably, 
all anticipated hazards can be controlled by careful design. Thus our major 
challenge at this time is to choose and develop a suitable general purpose 
fire-fighting technology that can be used to handle unexpected hazards with 
relatively little personnel training. Meanwhile, we should actively pursue the 
relatively easier challenges of designing specific fire protection measures for 
clearly identified hazards. 

ELECTRONIC EQUIPMENT 

Spacecraft generally have a lot of electronic equipment, which presents a 
likely source of fire ignition due to overheated components. Such equipment 
is generally in modularized compartments to insure its reliability and protect 
it from outside electrical, mechanical, and thermal disturbances. In general, 
one needs to gain access to the compartment interior only when there is a 
clearly identified faulty component that must be replaced or repaired. All 
other access generally occurs through panel controls, gauges, and connectors. 
Nowadays, terrestrial computers are sometimes fire-protected by installing 
self-contained automatic Halon 1301 canister extinguishers within the computer 
cabinet. Halon 1301, however, introduces severe toxicity and corrosion prob- 
lems. Instead, It might be much more desirable to inert the atmosphere within 
the compartments through use of an onboard nitrogen inert gas generation system 
(OBIGGS), using molecular sieve or permeable membrane techniques to provide 
continuous purging. The compartments would have to be sealed and possibly pro- 
vided with suitable heat exchangers. Thls approach would prevent ignition and 
reduce its concomitant damage, cleanup, and potential corrosion hazards. It 
would also minimize any fire-induced outgaslng of halogens from circuit boards 
and cable insulation. The sealing of electronic compartments would be quite 
advantageous in terms of reducing corrosion problems within the compartment due 
to attack by extinguishing agents or products of combustion from fires taking 
place outside the compartment. 

GENERAL-PURPOSE FIRE EXTINGUISHMENT 

It is essential for spacecraft to be provided with a general-purpose fire 
extinguishing system that i s  capable of handling a very broad range of fire 
threats both in terms of origin and magnitude. The choice of extinguishing 
system needs to be made as soon as possible to allow time for technology devel- 
opment tailored to spacecraft environments. 
tems include water sprays, dry powder, foam, C02 or N2 inerting, and Halon 1301. 

Present day general-purpose sys- 
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Dry powder and water-based foam p resen t  d e f i n i t e  c leanup problems i n  a 
spacec ra f t  and w i l l  n o t  be d iscussed f u r t h e r  here .  

I Gaseous I n e r t i n g  

N i t r o g e n  i n e r t i n g  has t h e  advantage over  carbon d i o x i d e  i n e r t i n g  o f  n o t  
r e q u i r i n g  onboard s to rage  of an a d d i t i o n a l  gas. N i t r o g e n  a l s o  i n t r o d u c e s  fewer  
p h y s i o l o g i c a l  e f f e c t s .  It, t h e r e f o r e ,  has d e f i n i t e  p o t e n t i a l .  Recent ly ,  t h e  
U.S. Navy has t e s t e d  N 2 - p r e s s u r i z a t i o n  as a method f o r  combating submarine 
f i r e  hazards and has found i t  t o  be q u i t e  e f f e c t i v e .  F i g u r e  1 suggests t h a t  
f o r  deep-seated f i r e s  i n v o l v i n g  g low ing  combustion ( i n c o m p l e t e  combust ion) ,  
oxygen c o n c e n t r a t i o n  must be g r e a t l y  reduced th rough e x t e n s i v e  i n e r t i n g .  Cur- 
r e n t l y ,  t h e  U.S. Navy i s  n o t  a c t i v e l y  p u r s u i n g  t h i s  approach because t h e  
onboard s to rage  o f  e x t r a  n i t r o g e n  i n c u r s  a cons ide rab le  we igh t  p e n a l t y .  Carbon 
d i o x i d e  would have an even g r e a t e r  we igh t  p e n a l t y ,  and we s h a l l  n o t  cons ide r  
i t  f u r t h e r  here.  Th is  leaves o n l y  Halon 1301 and water -sprays  as cand ida te  
f i r e  f i g h t i n g  agents,  wh ich  we s h a l l  now cons ide r  i n  more d e t a i l .  

I 

I 

Ha lon 1301 (Bromot r i f luoromethane,  CF3Br) 

Halon 1301 I s  a nonflammable gas t h a t  chemica l l y  i n h i b i t s  gas-phase com- 
b u s t i o n  by r e l e a s i n g  bromine atoms, wh ich  can repea ted ly  scavenge OH r a d i c a l s  
necessary f o r  combustion. On a pound-for-pound bas i s ,  i t  i s  t y p i c a l l y  two-and- 
a - h a l f  t imes more e f f e c t i v e  than carbon d i o x i d e  as a f i r e - e x t i n g u i s h i n g  agent .  
I t  i s  e f f e c t i v e  a t  a v o l u m e t r i c  c o n c e n t r a t i o n  o f  6 p e r c e n t  a g a i n s t  l i q u i d - f u e l  
(C lass  8 )  and e l e c t r i c a l  (C lass  C )  f i r e s  as w e l l  as most s u r f a c e  f i r e s  i n v o l v -  
i n g  o r d i n a r y  combust ib les  (C lass  A ) .  I t  i s  i n e f f e c t i v e  a g a i n s t  deep-seated 
(C lass  A )  f i r e s  because i t  does n o t  d i r e c t l y  c o o l  t h e  s o l i d  f u e l  and does n o t  
c h e m i c a l l y  impede g low ing  combustion r e a c t i o n s .  Such g low ing  r e a c t i o n s  a r e  
l e s s  i m p o r t a n t  because they  do n o t  spread r a p i d l y  and can be e x t i n g u i s h e d  w i t h  
sma l l  amounts o f  wa te r  once a f i r e  i s  o the rw ise  under c o n t r o l .  

Halon 1301 i t s e l f  i s  noncor ros i ve .  I t  i s  a l s o  t h e  l e a s t  t o x i c  o f  t h e  
va r ious  types o f  Halons a t  t h e i r  e q u i v a l e n t  f i r e  f i g h t i n g  c o n c e n t r a t i o n s .  How- 
ever, t h e  p roduc ts  o f  combustion f rom f i r e s  be ing  suppressed by Halons a r e  
h i g h l y  t o x i c  and c o r r o s i v e .  Th is  means t h a t  one must ach ieve  r a p i d  f i r e  sup- 
p r e s s i o n  and make p r o v i s i o n  f o r  immedia te ly  c l e a n i n g  up t h e  atmosphere a f t e r  a 
f i r e .  Th i s  I s  a v e r y  d i f f i c u l t  t e c h n o l o g i c a l  t a s k  i n  a s p a c e c r a f t  env i ronment ,  
where one does n o t  have ready access t o  a supp ly  o f  f r e s h  a i r  f o r  seve ra l  v o l -  
ume changes w h i l e  f l u s h i n g  t h e  p roduc ts  o u t  o f  an occupied cab in .  I f  t h e  pe r -  
sonnel c o u l d  r e t r e a t  t o  a secure area  o f  t h e  spacec ra f t ,  t h e  t a s k  would be made 
e a s i e r  by v e n t i n g  a l l  t h e  contaminated atmosphere t o  o u t e r  space; however, a l l  
components o f  t h e  s p a c e c r a f t  would have t o  be des igned t o  w i t h s t a n d  a f u l l  
vacuum. 

The most f o r m i d a b l e  o b s t a c l e  t o  t h e  use o f  Halon 1301 i s  t h e  t o x i c i t y  of 
t h e  agent  i n  i t s  o r i g i n a l  "nea t "  s t a t e .  Numerous s t u d i e s  ( r e f s .  68 t o  71) have 
been made on i t s  t o x i c i t y ,  l e a d i n g  t o  t h e  recommendations summarlzed i n  t a b l e  I 
( r e f s .  68 and 71 t o  7 3 ) .  Reference 69 s t a t e s :  "Three h e a l t h y  male v o l u n t e e r s  
were exposed t o  Halon 1301 i n  a con t ro l l ed -env i ronmen t  chamber f o r  t h e  purpose 
o f  m o n i t o r i n g  t h e l r  p h y s i o l o g i c a l  and s u b j e c t i v e  responses t o  a s e r i e s  o f  Halon 
1301 gas c o n c e n t r a t i o n s  rang ing  f rom 1000 p a r t s  per  m i l l i o n  t o  7.1 p e r c e n t  f o r  
p e r i o d s  o f  30 minu tes .  The f i r s t  untoward responses were observed t o  occur  
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d u r i n g  exposure t o  4.3 pe rcen t  and 4.5 pe rcen t .  These c o n s i s t e d  o f  a sensa t ion  
o f  l igh t -headedness  and d i z z i n e s s  accompanied by a f e e l i n g  o f  euphor ia  occur -  
r i n g  w i t h i n  2 minu tes  o f  exposure. Exposure t o  4.5 pe rcen t  f o r  10 minu tes  
r e s u l t e d  i n  an impa i rment  i n  t e s t s  o f  ba lance i n  one o f  t h e  t h r e e  s u b j e c t s .  A 
second s u b j e c t  ev idenced m i l d  impai rment  when exposed f o r  an a d d i t i o n a l  20 min-  
u t e s .  Exposure t o  7.1 pe rcen t  produced m i l d  changes i n  t e s t s  o f  ba lance i n  one 
i n d i v i d u a l  and severe impai rment  i n  a second s u b j e c t  who concomi tan t l y  e x p e r i -  
enced a decrement i n  eye-hand c o o r d i n a t i o n .  I n  t h e  w e l l - l i g h t e d  env i ronmenta l  
chamber a l l  s u b j e c t s  demonstrated t h e i r  a b i l i t y  t o  s a f e l y  e x i t  over  a 1-minute 
p e r i o d  f r o m  t h e  contaminated zone. No untoward c a r d i o v a s c u l a r  responses were 
observed. The untoward p h y s i o l o g i c a l  and s u b j e c t i v e  responses observed were 
s h o r t - l i v e d  f o l l o w i n g  c e s s a t i o n  o f  exposure." 

I t  i s  c l e a r  f r o m  these s t u d i e s  t h a t  a s p a c e c r a f t  would have t o  be p r o v i d e d  
w i t h  some means f o r  c h e m i c a l l y  c l e a n i n g  Halon 1301 f r o m  t h e  atmosphere f o l l o w -  
i n g  t h e  ex t i ngu ishmen t  o f  a smal l  f i r e .  The a u t h o r  i s  unaware o f  any such 
a v a i l a b l e  techno logy  f o r  t h i s  purpose. I t  i s  f o r  t h i s  reason t h a t  t h e  U.S. 
Navy has n o t  s e r i o u s l y  cons idered u s i n g  Halon 1301 f o r  suppress ing  submarine 
f i r e s .  

Water Sprays 

Water sprays a r e  e f f e c t i v e  a g a i n s t  f i r e s  i n v o l v i n g  o r d i n a r y  s o l i d  combus- 
t i b l e s  (C lass  A ) ,  l i q u i d  f u e l s  (C lass  8 ) ,  and e l e c t r i c a l  f i r e s  (C lass  C) .  On 
a pound- for -pound b a s i s ,  water  hand-held ex t i n ' gu i she rs  a r e  about  as e f f e c t i v e  
as Halon 1301 e x t i n g u i s h e r s  f o r  s u r f a c e  f i r e s  and much more e f f e c t i v e  f o r  deep- 
seated f i r e s .  L i q u i d  water  e x t i n g u i s h e s  f i r e s  p r i m a r i l y  by c o o l i n g  t h e  vapor-  
i z i n g  f u e l .  Water a l s o  coo ls  t h e  f i r e  zone and sur round ings  as w e l l  as p r o v i d -  
i n g  some smother ing  o f  t h e  f i r e .  

P o r t a b l e  hand-held e x t i n g u i s h e r s  p roduc ing  s o l i d  streams a r e  n o t  recom- 
mended f o r  Class 8 and Class C f i r e s .  A s h o r t  s o l i d  s t ream o f  water  can 
s p l a t t e r  a p o o l  o f  l i q u i d  f u e l  and m igh t  conduct  e l e c t r i c i t y  when i n  c o n t a c t  
w i t h  a h i g h  v o l t a g e .  However, s o l i d  streams a r e  ve ry  u s e f u l  when one wishes 
t o  p r o j e c t  t h e  wa te r  over  l o n g  d i s tances .  S o l i d  streams o f  c i t y - w a t e r  (con-  
t a i n i n g  e l e c t r i c a l l y  conduc t ing  i o n s )  p resen t  a d e f i n i t e  shock hazard when used 
w i t h i n  f o u r  f e e t  o f  h i g h  v o l t a g e  (600 V )  equipment. Sprays a r e  n o t  hazardous. 
Shock hazards o f  accumulated water  c o u l d  presumably be s i g n i f i c a n t l y  reduced by 
use o f  a d e i o n i z i n g  water  f i l t e r .  

F ine  sprays o f  wa te r  can be remarkably  e f f e c t i v e  a g a i n s t  v igo rous  f i r e s  
i n  compartments. The U.S. Navy ( r e f .  74) has e x t i n g u i s h e d  f u l l y  developed 
l i q u i d  hexane and heptane f i r e s  i n  0.8-m2 ( 9 - f t 2 )  and 2.2-m2 ( 2 4 - f t 2 )  
pans w i t h i n  6- by 6- by 3-m (20-  by 20- by 1 0 - f t )  enc losures  w i t h i n  9 sec a t  a 
water  a p p l i c a t i o n  r a t e  o f  1.3 l / s e c  ( 2 0  ga l /m in ) .  Fac to ry  Mutual  Research has 
demonstrated s i m i l a r  r a p i d  ex t i ngu ishmen t  i n  i t s  bed room- f i re  t e s t  s e r i e s .  
Apparent ly ,  t h e  v igo rous  spray i n j e c t i o n  causes t h e  f i n e  drops t o  be d e p o s i t e d  
on a l l  exposed su r faces  p r e v e n t i n g  f u r t h e r  f u e l  p y r o l y s i s .  Ex t ingu ishment  
occurs b e f o r e  enough water  m i s t  c o u l d  accumulate i n  t h e  gas volume t o  render  
i t  noncombust ib le .  One would need t o  have one mass u n i t  o f  l l q u i d  water  m i s t  
f o r  each t h r e e  mass u n i t s  o f  a i r  t o  reduce t h e  r e s u l t a n t  e q u i l i b r i u m  f l ame tem- 
p e r a t u r e  t o  below 1500 K, which i s  around t h e  tempera ture  necessary t o  p r e v e n t  
gaseous combustion. Tes t  obse rva t i ons  i n d i c a t e  e x t i n c t i o n  occurs  w i t h  f a r  l e s s  
wa te r .  Genera l l y ,  one needs an o r d e r  o f  magnitude l e s s  water  i f  t h e  wa te r  i s  
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used f o r  d i r e c t  c o o l i n g  o f  t h e  p y r o l y z i n g  o r  v a p o r i z i n g  su r face .  F i n e  sprays 
a r e  l e s s  e f f e c t i v e  f o r  s h i e l d e d  f i r e s ,  a l t hough  they  do c o o l  t h e  sur round ings  
and a l l o w  access f o r  manual ex t ingu ishment .  

< The most s i g n i f i c a n t  advantages o f  water  sprays f o r  s p a c e c r a f t  f i r e  e x t i n -  
guishment a r e  t h e  absence o f  adverse t o x i c o l o g i c a l  e f f e c t s ,  t h e  n a t u r a l  scrub-  
b i n g  a c t i o n  o f  wa te r  drops i n  c l e a n i n g  t h e  atmosphere, t h e  ease o f  agent  
c leanup u s i n g  t h e  s p a c e c r a f t  v e n t i l a t i o n  system d e h u m i d i f i e r ,  t h e  smal l  mass 
o f  agent  needed, and t h e  f a c t  t h a t  ample l i q u i d  water  i s  a l r e a d y  a v a i l a b l e  on 
t h e  s p a c e c r a f t  f o r  o t h e r  purposes so  t h a t  l i t t l e  we igh t  p e n a l t y  i s  i n v o l v e d  f o r  

recovers  f u l l  f u n c t i o n a l i t y  a f t e r  t h e  l i q u i d  water  d r i e s  o u t .  A s  d iscussed 
e a r l i e r ,  i t  m igh t  be d e s i r a b l e  t o  keep s p a c e c r a f t  e l e c t r o n i c  equipment i n  
sealed i n e r t  gas c o n t a i n e r s  t o  avo id  t a k i n g  t h e  equipment even t e m p o r a r i l y  o u t  
o f  s e r v i c e .  

1 f i r e  p r o t e c t i o n .  E l e c t r o n i c  equipment sub jec ted  t o  water  sprays g e n e r a l l y  
1 

I 

l h e  use o f  water  sprays i n  m i c r o g r a v i t y  env i ronments i n t r o d u c e s  a v a r i e t y  
o f  s c i e n t i f i c  i s s u e s .  There i s  a v a s t  l i t e r a t u r e  on t h e  behav io r  o f  l i q u i d  
sprays .  Computer models a r e  a v a i l a b l e  ( r e f s .  7 5  and 76) f o r  c a l c u l a t i n g  spray 
dynamics w i t h  and w i t h o u t  g r a v i t y .  These models f o l l o w  i n d i v i d u a l  t y p i c a l  d rop  
t r a j e c t o r i e s  and i n c l u d e  e f f e c t s  o f  t u r b u l e n c e  on t h e  gas - f l ow  dynamics. A 
s u i t a b l e  water  p ressure ,  spray angle,  and o r i f i c e  d lameter  need t o  be chosen 
t o  p r o v i d e  t h e  d e s i r e d  nozz le  w a t e r - f l o w  r a t e  and drop  d iameter  l e a d i n g  t o  
r a p i d  d e p o s i t i o n  o f  water  on exposed f u e l  sur faces .  I t  migh t  be d e s i l - a b l e  t o  
employ a hose l i n e  w i t h  an a d j u s t a b l e  n o z z l e  s i m i l a r  t o  t h a t  o f  a garden hose 
t o  c o n t r o l  t h e  water  f l o w  r a t e  and th row d i s t a n c e  o f  t h e  spray .  

I t  would be u s e f u l  t o  employ these computer models t o  s tudy  t h e  e f f e c t s  
o f  w a t e r - f l o w  r a t e ,  d rop  s i ze ,  and spray momentum on t h e  speed and u n i f o r m i t y  
o f  water  d e p o s i t i o n  on s h i e l d e d  and unsh ie lded su r faces  w i t h  and w i t h o u t  t h e  
presence o f  f o r c e d  v e n t i l a t i o n .  Very f i n e  drops can be c a r r i e d  by t h e  genera l  
gas mo t ion  beh ind  s h i e l d e d  sur faces ,  b u t  they  w i l l  s e t t l e  o u t  ( o r  be f l u n g  o u t )  
more s l o w l y .  Large drops tend t o  t r a v e l  i n  more s t r a i g h t  l i n e s ,  d i r e c t l y  
impac t ing  unsh ie lded  sur faces  w i t h  l i t t l e ,  i f  any, water  reach ing  s h i e l d e d  su r -  
f aces .  The spray i t s e l f  can genera te  cons ide rab le  gas mo t ion .  I t  would be 
i n t e r e s t i n g  t o  know whether  t h e r e  i s  an optimum d r o p - s i z e  range l e a d i n g  t o  
r e l a t i v e l y  f a s t  and u n i f o r m  s u r f a c e  d e p o s i t i o n .  I n  p a r t i c u l a r ,  one would l i k e  
t o  know how t h i s  optimum d rop  s i z e  depends on t h e  presence o r  absence o f  g rav -  
i t y .  Conclus ions drawn f rom such a mathemat ica l  s tudy  c o u l d  c e r t a i n l y  p r o v i d e  
i n s i g h t  u s e f u l  i n  s e l e c t i n g  a p r a c t i c a l  s p a c e c r a f t  water  spray f i r e  p r o t e c t i o n  
system. 

l h e  U.S. Navy f a v o r s  t h e  use o f  f i n e - d r o p  water  sprays f o r  submarine f i r e  
p r o t e c t i o n  and i s  c u r r e n t l y  deve lop ing  a f i x e d - n o z z l e  h igh -p ressu re  system 
( r e f .  7 4 ) .  The needs and c o n s t r a i n t s  o f  NASA a r e  q u i t e  s i m i l a r  t o  those  o f  t h e  
U.S. Navy. I t  i s  recommended t h a t  NASA s e r i o u s l y  cons ide r  t h e  a d o p t i o n  t o  a 
hose l i n e  and water  spray f o r  i t s  genera l -purpose f i r e  p r o t e c t i o n  needs. 

CONCLUSIONS 

I t  i s  e s s e n t i a l  t h a t  NASA deve lop  a comprehensive approach t o  f i r e  e x t i n -  
guishment and i n e r t i n g  i n  s p a c e c r a f t  env i ronments.  E l e c t r o n i c  equipment m i g h t  
r e a d i l y  be p r o t e c t e d  th rough  use o f  an onboard i n e r t  gas g e n e r a t i n g  system 

I (OBIGGS). The use o f  Halon 1301 p resen ts  se r ious  t e c h n o l o g i c a l  cha l l enges  f o r  
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agent c leanup and removal o f  t h e  t o x i c  and c o r r o s i v e  p roduc ts  o f  combust ion.  
N i t r o g e n  p r e s s u r i z a t i o n ,  w h i l e  e f f e c t i v e ,  p robab ly  p resen ts  a s e r i o u s  we igh t  
p e n a l t y .  The use o f  l i q u i d  water  sprays appears t o  be the  most e f f e c t i v e  
approach t o  genera l -pu rpose  s p a c e c r a f t  f i r e  p r o t e c t i o n .  

O r g a n i z a t i o n  Concen t ra t i on ,  Time 
v o l  % 

OSHA 0.1 8 hr /day , 
40 hr/wk 

NFPA( 1 2 A )  up t o  7 15 min 
7 t o  10 1 min 

10 t o  1 5  30 s e t  
>15 0 

FAA Product  o f  p e r c e n t  - < l o  
and minutes 

U . S .  A i r  Force 6 5 min 

Reference 

7 2  

73 

71 

68 
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Figure 1. - Varying degrees o f  combustion in an oxygen-nitrogen atmosphere 

(ref. 67). 
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