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Abstract 

The F-16 mul t im iss ion  f i g h t e r  employs a new 
l igh twe igh t  approach towards prov ld lng f u e l  tank 
i n e r t i n g .  The F-16 i n e r t i n g  system stores and 
e f f e c t i v e l y  d i s t r i b u t e s  Halon 1301 ( b r a n o t r l f l u o r o -  
methane) to the a i r  space above the f u e l  leve l  to 
prov ide a nonexplosive atnwsphere w i t h i n  the fue l  
tanks when ac t iva ted .  Background in formar lon in -  
cludes a trades study w i t h  a l t e r n a t e  i n e r t l n g  con- 
cepts, Resolut ion of component and system develop- 
ment problems i s  discussed and engine and airframe 
c o m p a t i b i l i t y  t e s t i n g  as w e l l  as system leve l  t e s t s  
are deta i led.  The r e s u l t s  o f  i n l t l a l  F-16 operat- 
ing experience Is h i g h l i g h t e d  and a p r o j e c t i o n  i s  
made towards f u r u r e  app l i ca t lons .  It Is concluded 
t h a t  halon fue l  tank i n e r t i n g  I s  a v i a b l e  candidate 
fo r  t a c t i c a l  and s t r a t e g i c  a i r c r a f t  weapon systems. 

In t roduc t ion  

The United States A i r  Force has a c t i v e l y  pur- 
sued l igh twe igh t  a i r c r a f t  f u e l  tank i n e r t i n g  con- 
cepts as a means o f  improving f l i g h t  safety and 
reducing a i r c r a f t  v u l n e r a b i l i t y  dur ing combat 
operations. A number o f  concepts Inc lud ing vapor 
enr ichers,  d r y  I c e  i n e r t l n g ,  a c t i v e  ex t ingu ish ing  
systems, exhaust gas i n e r t l n g  and chemical reactor  
systems have been explored I n  the past. A com- 
p a r a t i v e l y  simple gaseous n i t rogen system was 
appl ied to the F-86 and F-100 a i r c r a f t ;  n e i t h e r  
system was used opera t iona l l y .  The F-86 system 
weighed 116 pounds and provided 8.8 minutes o f  
purging a t  '35,000 fee t  fo r  both f u e l  tanks and 
f u e l  tank c a v i t i e s .  The F-100 system weighed 42 
pounds and provided 35 minutes of purging at 
20.000 - 30,000 fee t  f o r  fue l  tanks only .  Re- 
quirements fo r  fue l  tank i n e r t i n g  became f i r m l y  
establ ished as a r e s u l t  of the staggering a i r c r a f t  
losses i n  the Southeast A s l a  (SEA) c o n f l i c t .  
thousands o f  f i xed  and r o t a r y  wing a i r c r a f t  were 
l o s t  due t o  enemy groundf i re  ranging from .30 
c a l i b e r  small arms f i r e  t o  large a n t i - a i r c r a f t  
a r t i l l e r y  (AAA) t o  sur face- to-a i r  m iss i les .  
Analys is  ind icates t h a t  fue l  system f i r e  and 
explos ion was the maJor cause of a i r c r a f t  losses 
due t o  b a l l i s t i c  impacts. 

In 1968 an expedited e f f o r t  to modify various 
a i r c r a f t  w i t h  a r e t i c u l a t e d  polyurethane foam 
f i l l e r  mater ia l  was pursued by the  A i r  Force. The 
foam i s  i n s t a l l e d  w i t h i n  the fue l  tanks and pre- 
vents an explos ion by removal o f  energy from the 
combustion process through absorpt ion o f  heat and 
mechanical in ter ference.  Large numbers o f  several 
types o f  a i r c r a f t  inc lud ing  the F-105, C-130, and 
F-4 were modif ied. However, the maJor i ty  of these 
a i r c r a f t  d i d  not reach serv ice I n  SEA u n t i l  near 
the end o f  the c o n f l i c t .  
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Present day a t t i t u d e s  towards a i r c r a f t  surv iv -  
a b i l i t y  a re  t h a t  the f u e l  system design, ( fue l  
tanks) must be protected. 
in  defense concepts f o r  fue l  tank i n e r t i n g  encom- 
pass several types o f  r e t i c u l a t e d  foam f i l l e r s ,  
l i q u i d  n i t r g l e n  i n e r t l n g  systems such as deployed 
on the C-5A and halon tank lner t lng .  Halon tank 
i n e r t i n g  i s  a r e l a t i v e l y  new technique f o r  explo- 
s ion  p r o t e c t i o n  o f  a i r c r a f t  tankage, although 
halons have been used as f i r e  ext inguisher  agents 
f o r  some time, Th is  concept has been f u l l y  de- 
veloped by the USAF and the General Dynamics Cor- 
porat ion,  F o r t  Worth, Texas, and deployed on the  
F-16 a i rp lane.  The purpose o f  t h i s  paper i s  t o  
describe the developmental h i s t o r y  and i n i t i a l  
operat ing experience OF the F-16 system. 

The l a t e s t  technology 

Background 

Proper t ies o f  Halon 1301. Halon 1301 (bromo- 
t r l f iuoromethane)  i s  a co lo r less ,  odorless gas w i t h  
a chemical formula o f  CBrF . The m i l i t a r y  speci- 
f i c a t i o n  i s  MIL-8-12218. I t  i s  a h i g h l y  e f f e c t i v e  
f i r s  ex t ingu ish ing  agent w i t h  widespread commerclal 
and m l l i t a r y  a p p l i c a t i o n  f o r  p r o t e c t i o n  of e l e c t r i -  
ca l  hazards, engines, o rd inary  combvstlbles and 
l i q u i d  and gaseous flammable mater ia ls .  
Halon 1301 Is compressed f o r  convenient storage 
and shipped as a l l q u a f i e d  gas. 
s i t y  i s  13.1 Ibs/ga l ion a t  70'F. I t  i s  a low- 
b o i l i n g  substance w i t h  a f reez ing p o i n t  of -270'F 
and a t o l l i n g  p o i n t  o f  -72°F a t  1 atmosphere 
pressure. 
temperature i s  shown I n  F igure I. The mechanism 
by whlch Halon 1301 acts  as a f i r e  suppressant Is 
not  f u l l y  establ ished. One theory i s  t h a t  C F p r  
chemical ly in te r fe res  w i t h  the combustion process.1 
As a chemical change t o  the  hydrocarbon/air mix- 
t u r e  occurs w i t h  the In t roduc t ion  o f  an i g n i t i o n  
source, complex t r a n s l e n t  canbustion products are 
formed. The Bromine (Br) rad ica l  t h a t  i s  freed 
dur ing thermal decomposition o f  Halon 1301 I s  
considered t o  react  w i t h  these t r a n s i e n t  products 
and i n t e r f e r e  wi th  the Intermediate combustion 
process t o  h a l t  the development o f  an explosion. 
A r e l a t i v e l y  small amount o f  Halon 1301 i s  needed 
t o  produce t h i s  e f f e c t .  

current1 a v a i l a b l e  w i t h  an Underwr i ters '  Labora- 
t o r y  (ULJ r a t i n g  of 6 ( l e a s t  t o x i c  group c l a s s l f l -  
c a t i o n ) .  Numerous animal t e s t s  and actual  human 
exposures have demonstrated t h i s  low exposure and 
inha la t ion  t o x i c i t y .  Because of the low t o x i c i t y ,  
Halon 1301 has found Widespread a p p l i c a t i o n  fo r  
p r o t e c t i o n  o f  inhabi ted areas. 

Normally, 

The l i q u i d  den- 

The v a r i a t i o n  of vapor pressure w i t h  

Halon 1301 i s  the  safest ex t ingu ish ing  agent 


