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THE F-16 HALON TANK INERTING SYSTEM 

James K. K le in*  
Aeronautical Systems D i v i s i o n  

Wright-Patterson AFB. Ohio 

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 .  

*Senior Pro jec t  Engineer, ASD/ENFEF/YPEF 
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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 
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TEMPERATURE ("F) 

FIGURE 1. VAPOR PRESSURE VARIATION 

F- I6  Trade Studies. i n  1974, the A i r  Combat 
F ioh ter  T r a n s i t i o n  Program accomDiished a studv 
to-determine the d e s i r i b i i i t y  o f ' f u e i  system 

' 

s u r v i v a b i l i t y  improvements i n  the F-16 and F - I 7  
w i t h  emphasis on preventing a fue l  tank explos ion 
i f  any tank were t o  be h i t  by enemy gunf i re  dur ing 
a i r - t o - a i r  o r  a i r - to -sur face  combat. As the 
study progressed. the combat e f fect iveness i m -  
provement d e s i r a b i l i t y  was determined f o r  each 
a i rp lane.  Four i n e r t i n g  techniques were evaluated 
by the F-16 cont rac tor .  General Dynamics, f o r  the 
F-16: foam f i l l e r  mater ia ls ,  a chemical 

ex t ingu ish ing  system and l i q u i d  and gaseous n i t r o -  
gen iner t ing. '  
trades study invo lv ing  two foam conf igura t ions ,  
n i t rogen iner t ing,and halon i n e r t i n g  were evaluated 

Fol lowing t h i s  study a fo l low-on 

The i n i t i a l  study assumed t h a t  the tanks would b 
be f i l l e d  w i t h  type I l l  (red co lo r )  polyurethane 
foam per MIL-6-83054 a t  a 70% f i l l  r a t i o .  The 
fol low-on s tud ies considered a 100% f i l l  r a t i o  as 
w e i i .  
i n c i  uded: 

Recognized advantages of the foam technique 

a. No serv ic ing  requi red.  
b .  Fu l l - t ime pro tec t ion- - ( take-o f f  t o  landing) .  
C .  No components t o  f a i l .  
d .  A i r  Force experience w i t h  foam i n  many a i r -  

c r a f t  appi i c i t i o n s .  

Disadvantages i i s t e d  were: 

a. S ign i f i can t  penal ty  t o  a i r c r a f t  per- 
formance. 

b. The increased maintenance task o f  remov- 
ing  foam pieces f o r  access when changing 
items located i n  f u e l  tanks. 

c. The foam had t o  be replaced every two t o  
f i v e  years when i t  began t o  d e t e r i o r a t e .  

The chemical ex t ingu ish ing  system t h a t  was 
considered was an a c t i v e  explosion suppression 
system comprised of an In f ra - red  detector  u n i t ,  
a chemical container and a s e l f  t e s t  e l e c t r o n i c  
device. The detector  senses the incendiary pro- 
j e c t i l e  o r  the  i n i t i a l  exp los ive f l a s h  and a c t i -  
vates a squib t o  re lease a chemical (Halon 2402) 
t o  suppress the f i r e .  This system was proposed 
f o r  the F-16 fuselage tanks only. The r e t i c u l a t e d  
foam was t o  be i n s t a l l e d  i n  the i n t e r n a l  wing 
tanks because of the dense s t r u c t u r e  and l a c k  o f  
access. 
chemical containers were considered necessary t o  
prov ide adequate tank coverage. 
t h i s  type o f  system are the a n t i c i p a t e d  frequent 
maintenance, the p o s s i b i l i t y  of fa lse  f i r i n g s  and 
the  unproven c a p a b i l i t i e s  of the system i n  terms 
o f  reac t ion . t imes against  Incendiary threats .  

Approximately ten sensors and f i f t e e n  

Concerns w i t h  

L 

FiGURE 2 

F-16 TANK EXPLOSION SUPPRESSION TRADES STUDY 

CONCEPT 

Factor 

FULLY CHEMICAL 
PACK 70% PACK EXTINGUISHER L i Q U l D  GASEOUS HALON 
FOAM FOAM AN0 FOAM NiTROGEN NITROGEN 1301 

Weight i "crease i66R i l 6 #  
Usable Fuel Decrease 3 4 l #  238# 

*Performance Ranking 6 5 
Cost Ranking 3 2 
Ef fect iveness Ranking I 5 

84n 
5 1 #  

4 
6 
6 

I * A i r c r a f t  Performance Penal t ies (Least Impact t o  Most Impact) 

55# 93# 2sn 
0 25# 0 
2 3 1 
5 4 1 
3 2 4 

55# 93# 2sn 
0 25# 0 
2 3 1 
5 4 
3 2 

1 
4 

2 
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The proposed l i q u i d  n l t rogen system provided 
a serv ice  connection t o  mate w i t h  a hose coupl ing 
from a ground serv ic ing  u n l t .  A f t e r  serv ic ing ,  a 
regu la to r  al lowed n i t r o g e n  t o  flow t o  an a u x i l i a r y  
heat exchanger u n t i l  the dewar pressure was 
ra ised t o  a pressure of ZOO ps lg .  When the fue l  
tank i n e r t l n g  s e l e c t o r  swi tch was placed t o  "ON" 
by the p i l o t ,  the h igh  dewar pressure forced 
l i q u i d  n i t rogen t o  the fue l /n i t rogen heat ex- 
changer where the n i t rogen was vaporized. 
n i t rogen would then f l o w  t o  the in te rna l  tank 
pressure vent and c o n t r o l  va lve so tha t  the tanks 
could be pressur ized t o  operat ing pressure w i t h  
the n i t rogen gas and an e f f e c t i v e  i n e r t  atmosphere 
obtained. The disadvantages o f  t h i s  system were 
(1) the l a r g e  number o f  a c t i v e  components, (2) 
the investment requ i red  f o r  LNz serv ic ing  t r a i l e r s ,  
(3) the need f o r  per iod ic  reserv ic lng  D f  a i rp lanes 
on a l e r t  fo r  several days, and (4) a decis ion t o  
i n e r t  must be made by the p i l o t  p r i o r  t o  take-of f .  
The gaseous n i t r o g e n  system included four 450 in3 
reservo i rs  charged t o  3000 p s i  and i s o l a t e d  from 
each other  by check valves. A pressure gauge was 
provided f o r  each reservo i r  near a s i n g l e  serv ice  
connection. A two stage regu la to r  was proposed 
t o  reduce t h e  l i n e  pressure and a l low the plumb- 
ing t o  be designed f o r  a lower pressure. 

Gaseous 

The proposed Halon 1301 l n e r t i n g  system in-  
cluded a 300 in3  reservo i r  enabled by a f u e l  tank 
i n e r t i n g  se lec tor  swi tch i n  the cockp i t .  Based 
on the predic ted low weight and performance 
penal t ies.  t h i s  system was eventua l l y  chosen f o r  
development and i s  described below. A comparison 
o f  these s tud ies 15 shown by F igure 2. 

System Development 

Descr lp t ion o f  the  F-16 i n e r t i n g  System. The F-16 
a i r c r a f t  15 c u r r e n t l y  being de l i vered  w i t h  a Halon 
1301 f u e l  tank i n e r t i n g  system. This  system i s  
shown schematical ly by F igure 3 .  The system 
consis ts  of a halon tank reservo i r ,  a halon f low 
c o n t r o l  valve, solenoid operated shuto f f  valves 
and associated plumbing, e l e c t r i c a l  w i r i n g  and 
switches. The halon reservo i r  i s  located i n  the 
wheel w e l l  area f o r  easy access and r a p i d  tu rn-  
around. The volume o f  the halon reservo i r  i s  
spec i f ied a t  a maximum o f  340 cubic inches and 
the reservo i r  i s  pressur ized by the  vapor pres- 
sure of the halon which var ies  from 560 p s i  a t  
i5O'F t o  I7 p s i  a t  -4O'F. A 400-watt heater i s  
i n s t a l l e d  t o  mainta ln  reservo i r  pressures, ( r e f e r  
t o  vapor pressure diagram. (F igure 1) .  A window 
w i t h  a b a l l  f l o a t  i s  incorporated i n t o  the 

FIGURE 3. 

F-16 INERTING SYSTEM SCHEMATIC 

FORWARD TANK 

ENGINE BLEED A I R  

LEFT WiNG I 
NOMENCLATURE 

I .  HALON RESERVOIR 
2. DISCONNECT COUPLING 
7 .  HOSF 
i: S O ~ ~ N O ~ D  VALVE 
5 .  FLAME QUENCHER 
6. HALON FLOW CONTROL VALVE 
7. O R I F I C E  
8. SOLENOID VALVE 
9. CHECK VALVE 

1 RIGHT WING I 

AFT TANK D 
3 

I T E M  WEIGHT COST ($75) -- 
I. 5 Ibs  5773 

6. 1.5 Ibs $619 

a. .5 lbs  $135  
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reservo i r  tank t o  prov ide a l i q u i d  leve l  i n d i c a t l o n  
a t  235 cubic inches volume wi thout  the need f o r  
a i r c r a f t  or ground e l e c t r i c a l  power. The reservo i r  
a lso conta ins an in tegra l  pressure r e l i e f  valve t o  
r e l i e v e  reservo i r  pressure a t  600 ps ig,  a threaded 
r e f i l l  p o r t  w i t h  a zero leak va lve f o r  serv ic ing  
and a qu ick disconnect a t  the o u t l e t  p o r t .  The 
halon reservo i r  i s  mounted i n  the a i r c r a f t  w i t h  
l o c a t o r  p ins  and can be r e a d i l y  removed dur ing the  
combat turnaround and replaced w i t h  a f u l l y  se r -  
v iced u n i t .  This can be accomplished simultane- 
ous ly  w l t h  the a i r c r a f t  fue l ing .  

Upon s e l e c t i o n  o f  "Tank Iner t ing"  on the fue l  
con t ro l  panel i n  the cockpi t ,  the halon system i s  
ac t i va ted .  E l e c t r i c a l  s igna ls  are provided t o  
the halon s h u t o f f  va lve located i n  the vent tank 
t o  a l l w  halon t o  f low t o  the fue l  tanks, t o  the 
i n i t i a l  i n e r t  so lenoid valve t o  open and t o  the 
i n t e r n a l  tank vent and pressure c o n t r o l  valve to 
reduce i n t e r n a l  a i r c r a f t  pressure. An a i r f l o w  
w i t h i n  the  tanks i s  produced as the i n t e r n a l  tank 
pressure i s  reduced from roughly 5.5 ps ig  t o  2.0 
ps ig  and a i r  i s  vented overboard. This  a s s i s t s  i n  
the d i s t r i b u t i o n  o f  halon gas throughout the vapor 
space above the f u e l .  The i n i t i a l  I n e r t  va lve 
opens for 20 seconds t o  permit a qu ick dump o f  
haion i n t o  the forward, a f t  and i n t e r n a l  wing 
tanks on the F-16. An i n e r t  atmosphere i s  qu ick ly  
obtained. The halon f low cont ro l  valve then 
mixes pressur iza t ion  a i r  from the environmental 
con t ro l  system w i t h  Halon 1301 t o  mainta in  an 
i n e r t  atmosphere a t  proper regulated values as 
f u e l  i s  consumed o r  the a i r c r a f t  changes a l t i t u d e .  
Some o f  the  halon supplied t o  the tanks i s  ab- 
sorbed by the  f u e l .  This i s  replaced by a con- 
t inuous bleed of haion through an o r i f i c e  i n  the 
vent tank plumbing. 

In the u n l i k e l y  event t h a t  fue l  o r  fumes should 
leak backwards i n t o  the reservo i r  and be i g n i t e d  
by the heater, i t  was theorized t h a t  a f i r e  could 
propagate t o  the a i r c r a f t  fue l  tanks. In  order t o  
p r o t e c t  against  t h i s  p o s s i b i l i t y ,  a flame a r r e s t o r  
i s  i n s t a l l e d  i n  the reservo i r  o u t l e t  l i n e .  A 
weight and cost  d e s c r i p t i o n  o f  major Items o f  the 
F-16 system Is included I n  F igure 3. 

Development Tests and Analyses. 
t e s t  and analys is  program was conducted t o  develop 
the F-16 halon system. Mater ia l  c o m p a t l b i i i t y  
tes ts ,  g u n f i r e  tes ts  and F-100 engine component 
tes ts  were performed as w e l l  as environmental and 
safety  analyses. 

A comprehensive 

The c o m p a t i b i l i t y  of F-16 fue l  tank mater ia ls  
w i t h  Halon 1301 was determine by t e s t i n g  a t  the 
General Dynamics Corporatlon.g The r e s u l t s  o f  
these tes ts  showed no ef fec t  or very minimal 
e f f e c t  as a r e s u l t  o f  halon exposures. Fuel tank 
sealants per MIL-5-83430 were exposed t o  10% and 
100% concentrat ions f o r  a per iod  o f  100 hours w i th  
no reduct lon in  peel s t rength  o r  adhesion. The 
MIL-C-27725 polyurethane f u e l  tank coating was 
evaluated by s a l t  spray a f t e r  exposures t o  the 
10% and 100% halon concentrat ions. and there was 
no corros ion evidenced. An increase i n  f iuoro-  
s l l l c o n e  O-ring volume from .5 t o  .7 percent was 
r e a l i z e d  when exposed t o  the 100% concentrat lon: 

volume increase a t  the 10% concentrat ion averaged 
.14% and decreased w i t h  time. 
t o  the d l e l e c t r l c  constant o f  JP-4 o r  JP-8 f u e l s  
and no e f f e c t  on r e f u e l  shutoff va lve  f l o a t  ma- 
t e r l a l s ,  v i t o n  seals. and fue l  q u a n t i t y  cable 
assembi ies.  

There was no change 

U 

The engine component t e s t s  were performed a t  
P r a t t  6 Whltney A i r c r a f t  Company, Government 
Products D lv is ion ,  We t Palm Beach, F l o r i d a  and 
a t  vendor facilities.' Except f o r  an increase i n  
f l a s h  p o i n t  and an increase In vapor pressure frm 
2.4 t o  3.9 p s i ,  the proper t ies  of the JP-4 f u e l  
were not  . s i g n i f i c a n t l y  a f fected.  There was no 
ef fect  on the thermal s t a b i l i t y  o f  the f u e l .  Main 
burner i g n i t i o n  t e s t s  were performed using JP-4 
and JP-5 w i t h  no halon and a I %  Halon 1301 concen- 
t r a t i o n .  The lean l i g h t i n g  l i m i t s  were unaffected. 
F-100 engine augmentor I g n i t i o n  r i g  t e s t s  were 
also performed a t  simulated sea leve l ,  .8  Mach 
Number/20.000 f e e t  a l t i t u d e ,  .8 Mach Number/ 
40,000 feet  a l t i t u d e  and . 8  Mach Number/54,000 
f e e t  a l t i t u d e  t e s t  condl t ions.  Nei ther  the r i c h  
nor lean l i g h t - o f f  l i m i t s  were a f fec ted  and the 
augmentor steady s t a t e  l g n l t l o n  bucket width was 
not  s i g n i f i c a n t l y  a f fected.  Tests were a lso  con- 
ducted i n  an eros ion r i g  t o  determine the  e f f e c t .  
I f  any, o f  burning f u e l  conta ln lng 1% Halon I301 
on hot  sect ion par ts  and mater ia ls .  
mater ia ls  were s lowly  ro ta ted  i n  a 2lOO' gas 
stream. then allowed t o  cool  f o r  5 minutes. This 
exposure was repeated 100 times. No d i f fe rences  
were noted between samples exposed t o  JP-4 wi thout  
halon and the I %  JP-h/halon mixture. 
component evaluat ions were conducted on the F-100 
main fue l  pump and the F-100 U n i f i e d  Fuel Control.  
These par ts  were selected because of t h e i r  sensi-  
t i v l t y  t o  fue l  proper t ies.  In both cases, there 
was a n e g l i g i b l e  e f f e c t  on both hardware mater ia ls  
and component operation. Pump performance dur ing 
c a l i b r a t i o n  and acceptance tes ts  remalned un- 
changed when Halon 1301 was added t o  the f u e l .  
Vapor t o  l i q u i d  (V/L) t e s t s  on the  pump showed 
t h a t  the r a t e  o f  c a v i t a t i o n  was not  increased by 
the a d d i t i o n  o f  halon and t h a t  the V/L perform- 
ance was comparable t o  normal JP-4 even w l t h  the 
increase i n  vapor pressure. 

Samples o f  

Spec i f i c  

L 

S o l u b i l i t y  c h a r a c t e r i s t i c s  o f  Halon 1301 i n  
JP-4 and 

constructed and tes ts  were conducted t o  determine 
the amount o f  Halon 1301 absorption i n t o  f u e l  
where the  halon i s  I n j e c t e d  I n t o  the vapor space 
above the fue l .  The exposed l i q u i d  surface was 
var ied  according t o  the a l r c r a f t  f u e l  tank se- 
quencing and halon concentrat ions o f  8%. 15% and 
22% by volume were examined a t  O'F and a t  78'F. 
Higher concentrat ion leve ls  were reached a t  the 
O'F temperature. For a one-hour exposure a t  O'F, 
the maxlmum amount o f  halon absorbed I n t o  JP-8 was 
.03% by weight and .17% by weight f o r  JP-4. Thus 
Halon 1301 i s  mare so lub le in  JP-4 than i n  JP-8, 
and f o r  a 60-minute exposure, concentrat ions are 
1% o r  less o f  the sa tura t ion  l e v e l s .  

P 0 fue ls  were evaluated by General 
Dynamics. i -  A simulated fue l  tank system was 

B a l l i s t i c  t e s t i n g  f o r  the F-16 was conducted 
by the Aeronautical Systems D i v i s i o n  and the A i r  
Force Aero Propulsion Laboratory a t  Wrlght- 
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Patterson A i r  Force Base. Test parameters in -  
cluded 4-5 volume percent propane In a i r  and 
Halon 1301 concentrat ions of 6 t o  I 3  percent by 
volume. The t e s t  f i x t u r e  was a rectangular ,  metal 
tank w l t h  a volume o f  rpprox lmate ly  105 gal lons.  
The tes ts  were conducted uslng .50 c a l i b e r  armor 
p i e r c i n g  incendiary (API) gunf l re  a t  tank pressure 
leve ls  corresponding t o  the F-16 l n e r t i n g  system 
pressure leve ls .  
represented by F igure 4. 
the A i r  Force F l i g h t  Dynamics L a b r a t o r y ,  Wright- 
Patterson AFB, Ohio ind icates t h a t  a 20% by volume 
concentrat ion of Haion 1301 I s  requi red t o  prevent 
s i g n i f i c a n t  combustion overpressures caused by 
23 mm h igh explos ive incendiary  th rea ts .  

The t e s t  data I s  g r a p h i c a l l y  
Subsequent t e s t i n g  a t  

Several environmental s tud lcs have been pre- 
pared. The e f f e c t s  on s t ra tospher ic  ozone, t o x i c  
exposure t o  ground personnel and p i lo t ,  and ex-' 
haust smoke visibility were considered. 
pher ic  ozone p lays an Important environmental r o l e  
as a f i l t e r  against  harmful so la r  u l t r a v i o l e t  
r a d i a t i o n .  It a lso  i s  a maJor c o n t r i b u t o r  t o  
c l i m a t i c  cond i t ions  on the  ear th 's  surface. 
CF Br w i l l  reac t  w i t h  u l t r a v i o l e t  l i g h t  t o  s p l i t  
o f f  a bromine (Br) atan which i s  recognized as 
an e f f i c i e n t  destroyer o f  ozone. However, the  
chemistry ind icates t h a t  o f  12 p o t e n t i a l  bromine 
react ions,  on ly  2 invo lve  "act ive bromine." The 
predominant reac t ion  i n  the atmosphere i s  undeter- 
mined. And I t  has been estlmated t h a t  only 10% 
of  the CF3Br released a t  the surface w i l l  reach 
the  s t ra tosphere because the  troposphere tends to 
cleanse i t s e l f  o f  bromine. H B r  i s  known t o  be 
water so lub le  and w i l l  be washed out  o f  the  troPO- 
sphere. For these reasons, I t  i s  not poss ib le  t o  
make an accurate q u a n t i t a t i v e  assessment of the en- 

a q u a l i t a t i v e  assessment was performed by the  A i r  
Force Geophysics Lab ratory ,  Hanscm A i r  Force 
Ease, M a s s a c h ~ s e t t s . ~  The study ssumsd a peace- 

year. Th ls  represents 2000 a i r c r a f t  horldwlde. 
w i t h  a system a c t i v a t l o n  of 3 t lmes per  m n t h  per 
a i r c r a f t .  Using t h i s  base, the  r a t l o  o f  bromine 
atoms released from F-16 CF3Br t o  those released 
fr n a t u r a l  sources 15 ca lcu la ted  t o  be 5.8 x 
IOT o r  about .058% o f  the na tura l  bromine source. 
This i s  con f ident ly  considered t o  be tw small a 
c o n t r l b u t i o n  t o  have any measurable environmental 
impact. Since the F-16 system 1s used only  f o r  
actual combat, t e s t  operations and landlng sear 
emergency landings, the usage r a t e  assumed I n  the 
referenced studv i s  a u i t e  conservative. There 

Strato-  

- vironmental impact of the  F-16 system. Homver, 

t ime F-16 emission r a t e  of 1 x 10 2 pounds per 

were about 40 s ~ s t e m ' a c t i v a t i o n s  i n  the f i r s t  S I X  
months o f  1980. 

Halon Reservoir Q u a l i f i c a t i o n .  The halon reser-  
v o i r  i s  designed t o  meet the general r e q u l r w n t s  
of MIL-R-8573 (nonshatterable s tee l  r e s e r v o l r ) .  
The q u a i l f i c a t i o n  o f  the heater contained w l t h i n  
the reservo i r  included a I l m i t  on heater surface 
temperature and outs ide reservo i r  temperature f o r  
personnel handl ing reasons. These temperatures 
were exceeded w i t h  the f i r s t  reservo i r  design and 
changes to thc heater and thermal swltch arrange- 
ment were made t o  resolve the problem. The 
reservo i r  a l s o  developed cracks a t  the discharge 

FIGURE 4. GUNFIRE PERFORMANCE 

I40 
1 

2 6 10 14 
VOLUME PERCENT HALON 1301 

p o r t  weld J o i n t  and main m u n t i n g  bracket dur ing  
v i b r a t i o n  tes t ing .  Successive design changes 
were implemented In the support backets and p i v o t  
legs t o  strengthen these f a l l u r e  po in ts .  
fire t e s t  was requ i red  t o  v e r i f y  t h a t  the halon 
reservo i r  w i l l  no t  sha t te r  If h i t  by enemy gunf i re .  
Two unl ts  were t t s t e d .  The f l r s t  reservo t r  was 
f i l l e d  w i t h  Halon 1301 and tes ted  a t  normal reser- 
v o l r  pressures. The p r o J e c t l l e  was tumbled to 
produce an e n t r y  ho le  a t  l e a s t  1/2 i nch  wide by 
1 Inch long. Th is  u n l t  remained i n t a c t  when 
tested.  A second 9pecimen tes ted  a t  the reservo i r  
r e l i e f  pressure f o r  in format lon was t o r n  In 
several pleces. 

System Tests. 
conducted uslng a f u e l  w i t h  Halon 1301 a t  P a t t  6 
Whitney A l r c r a f t  Company. There were no func- 
c lona l  problems observed dur ing  the  t e s t  and no 
m a r  o r  l u b r i c l t y - o r l e n t e d  problems noted u p n  
post t e s t  teardown of the  main fue l  pump, cont ro ls ,  
and sensors. The t e s t  cons ls ted of a ser ies  o f  
h igh  Mach number cyc les w l t h  an acce le ra t lon  from 
Mach number 1.6/35,000 f e e t  a l t i t u d e  t o  Mach 
number 2.3/40,000 f e e t  a l t i t u d e .  
heated t o  200.F for a p o r t i o n  o f  t h e  t e s t  to 
determlna the poss ib le  c a v l t a t l o n  e f f e c t s  on the 
main englne fuel pump. The t e s t  was c m p l e t e d  
w i t h  the fo l low lng :  

A gun- 

An F-100 engine endurance t e s t  was 

The fue l  was 

Tota l  run t ime 75.6 hours 
Intermedlate Power 32.7 hours 
Mach number I .6 10.2 hours 
Mach number 2.0 5.2 hours 
Mach number 2.3 1.0 hours 

43.0 hours Hot f u e l  
Augmentor 10.7 hours 

A s t a t i c  func t iona l  t e s t  was accomplished on 
F-168 SN0751 ta determine thc normal system opera- 
t l n g  s h a r a c t e r i s t l c s .  The airspace above the f u e l  
l e v e l  (tank u l lage)  was sampled p e r l o d l c a l l y  w l t h  
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evacuated 4-02. b o t t l e s .  Each sample was taken 
by opening a p inch clamp on the sample b o t t l e  f o r  
approximately 3 seconds and analyzed for Halon 1301 
content using a Perkin-Elmer Model 800 gas chroma- 
tograph w i t h  a d i f f e r e n t i a l  flame i o n i z a t l o n  de- 
t e c t o r .  The t e s t  was arranged so tha t  the i n i t i a l  
i n e r t  t ime could be var ied  t o  provide a 20-second 
and a 40-second exposure, and a simulated mission 
p r o f i l e  could be performed. 
cated t h a t  the halon concentrat ions were below 
ta rge t  dur ing the i n i t i a l  i n e r t  sequence and dur- 
ing a p o r t i o n  of the simulated combat mission. 
The halon f low cont ro l  valve was subsequently 
modif ied t o  r a i s e  the halon t o  a i r  mix ture r a t i o  
and another ser ies  o f  tes ts  was performed on F-16A 
SN 0750. This t e s t i n g  demonstrated t h a t  the halon 
i n e r t i n g  system genera l l y  provided the required 
concentrat ions and w i t h  the  exception of the a f t  
tank. ta rge t  concentrat ions were met o r  exceeded.7 
A i l  i n e r t i n g  system t e s t s  were conducted a t  sea 
l w e i  atmospheric pressures as a worst case condi- 
t i o n .  A t  a l t i t u d e ,  the  p a r t i a l  pressure of the 
a i r  i n  the f u e l  tanks w i l l  be reduced whereas the 
p a r t i a l  pressure of the halon gas would remain 
approximately the  same. Thus, an increase i n  halon 
gas concentrat ion w i t h  a l t i t u d e  can be an t ic ipa ted .  
Results of a combat mission s imu la t ion  on F-16A 
SN 0750 w i t h  h igh  engine fue l  f lows i s  provided i n  
F igure 5. Halon concentrat ions I n  the fue l  a t  the 
engine i n l e t  var ied  dur ing the s imu la t ion  t o  a 
maximum of  .3O pounds of halon per 100 pounds of 
fuel. Following these t e s t s ,  the a f t  tank d i s t r i -  
b u t i o n  l i n e  was modi f ied t o  improve the halon Con- 
c e n t r a t i o n  i n  the a f t  tank. 

These r e s u l t s  i n d i -  

OPERATIONAL EVALUATIONS 

Operational Evaluation. 
i n e r t i n g  system i s  t o  be used only  dur ing actual 
combat condi t ions and emergencies. experience w i t h  
the system i s  not  obtalned through normal serv ice  
usage. 
and system r e l i a b i l i t y  i n  the operat ional  environ- 
ment, a l i m i t e d  f l i g h t  evaluat ion was accomplished. 
Twenty-two e f f e c t i v e  s o r t i e s  were f lown on several 
a i rp lanes .  These f l i g h t s  were conducted t o  dup- 
l i c a t e  a i r  combat manuevers and the halon system 
was a c t i v a t e d  a t  the "forward edge of b a t t l e  area" 
(FEBA) t o  simulate combat condi t ions.  The average 
t ime t h a t  halon was used per s o r t i e  was 30.0 
minutes. The system was v e r i f i e d  dur ing a e r i a l  
r e f u e l i n g  and wi th and w i thout  ex te rna l  tanks i n -  
s t a l l e d .  The average t ime t o  remove, serv ice and 
r e i n s t a l l  the reservo l r  was placed a t  I 5  minutes. 
F-16 fue l  system Operation was unaf fected and the 
p i l o t  i n t e r f a c e  and human fac to rs  were deemed 
s a t i s f a c t o r y .  

countered dur ing an a i r p l a n e  acceptance f l i g h t .  
The forward tank check va lve stuck open and 
al lowed fue l  t o  f low t o  the  a f t  tank. This 
created a f u e l  inbalance on the a i rp lane.  The 
r a t e  o f  imbalance was constant u n t i l  the fue l  
leve l  i n  the forward tank dropped below the leve l  
o f  the  check valve. 
discovered only a f t e r  a considerable t rouble-  
shooting e f f o r t .  

Since the F - i 6  fue i  tank 

In order  t o  v e r i f y  operat ion,  funct ion,  

One minor but  i n t e r e s t i n g  problem was en- 

The stuck check va lve was 

The only  s i g n i f i c a n t  operat ional  

FIGURE 5 

FUNCTIONAL TESTS 
HALON TANK INERTING SYSTEM 

4 COMBAT+ 

T IME 

problem experienced to date w i t h  the system i s  
a severe r u s t i n g  of the s i g h t  glass r i n g .  
engineering change t o  the metal p l a t i n g  has been 
processed. 

An 

FUTURE APPLICATIONS 

The primary design considerations f o r  any fuel 
tank i n e r t i n g  system are the type o f  mission, 
dura t ion  o f  coverage, leve l  o f  p ro tec t ion ,  and 
e f f e c t  on the fue l  system. For cargo, tanker and 
passenger app l i ca t ions  where the need f o r  a f u l i -  
t ime halon i n e r t i n g  system may be important, the 
environmental issues should be fu r ther  examined. 
B r m i n e  chemistry needs t o  be s tud ied I n  d e t a i l  
and perhaps sme tes ts  accomplished before a f u l l -  
t ime, operat ional ,  peacetime system i s  adopted. 
For a f i g h t e r  app l i ca t ion  where weight i s  of prime 
importance and the need f o r  f u l l - t i m e  i n e r t i n g  
dur ing  peacetime i s  not  a necessary requirement, 
then a halon i n e r t i n g  system s i m i l a r  t o  t h a t  i n -  
s t a l l e d  on the F-16 a i r c r a f t  i s  a very l i k e l y  
candidate. The F-16 program has demonstrated tha t  
a l igh twe igh t  halon i n e r t i n g  system can be produced 
f o r  combat tha t  i s  compatible w i t h  fuel  system and 
engine operation. 
p r a c t i c a l  f o r  a s t r a t e g i c  bomber a p p l i c a t i o n .  
Consider as an example, a new bomber w i t h  75,000 
pounds fue l  capacl ty  and a mission tha t  includes a 
30,000 foot  a l t l t u d e  outbound c ru ise ,  a 4,000 foot  
a l t i t u d e  penetrat ion and bombing run. and a re tu rn  
leg  again a t  30,000 f o o t  a l t i t u d e .  A weight e s t i -  
mate f o r  a halon i n e r t l n g  system f o r  t h i s  hypo- 
t h e t i c a l  a i r p l a n e  has been ca lcu la ted  and i s  shown 
below assuming 25,000 pounds o f  JP-4 fue l  i s  con- 
sumed dur lng each mission segment. 

The concept i s  a l s o  considered 

The estimate 
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L 

W 

shows t h a t  the i n e r t i n g  s stem wei hs 1.9 pounds 
for every 100 ga l lons  of r u e l .  Th?s compares t o  
2.8 pounds per 100 gal lons f o r  the F-16 f i g h t e r .  
The smaller number o f  a l t i t u d e  changes pro jected 
f o r  the bomber i n  the combat arena i s  responsible 
f o r  the lower weight r a t i o .  

FiGURE 6 

WEIGHT ESTIMATE FOR STRATEGIC BOMBER 

I n i t i a l  I n e r t  22 Ibs .  Halon 

Make-up Requirements G 
Bombing Run 104 Ibs. Halon 

Reserves 7 lbs.  Halon 

3 Reservoir Tanks 45 Ibs. 

42 Ibs.  

TOTAL WEIGHT ESTIMATE 220 Ibs .  

I 

b Plumbing/System - 

I n  conclusion. the F-16 development has shown 
tha t  a halon l n e r t i n g  system f o r  a i r c r a f t  fue l  
tanks Is p r a c t i c a l  f o r  most combat a i r c r a f t  a p p l i -  
cat ions and can be deployed w i t h  a minimal e f fec t  
on engine and a i r c r a f t  performance. The s i z e  and 
weight o f  a halon i n e r t i n g  system w i l l  be deter-  
mined by mission var iab les  and the an t ic ipa ted  
th rea ts ,  but genera l l y  an e f f e c t i v e  and I i g h t -  
weight system can be designed. 
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