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ABSTRACT 

Considerat ion of a  number of uncer- 
t a i n  f a c t o r s  which may inf luence  t he  
f u t u r e  a v a i l a b i l i t y  of high q u a l i t y  , 
reasonably pr iced  av i a t i on  Euels sug- 
g e s t s  t h a t  t he  e f f e c t  of p o t e n t i a l  
changes i n  a i r c r a f t  f u e l s  be examined. 
I n  view of pos s ib l e  f u t u r e  crude sources  
and c h a r a c t e r i s t i c s  some changes i n  f u e l  
p rope r t i e s  may be d e s i r a b l e  t o  provide a  
more f l e x i b l e  and r e l i a b l e  f u e l  supply 
a s  wel l  a s  minimizing f u e l  processing i n  
the  r e f i ne ry .  However, before any 
change can be considered,  t he  impact c - ~  
the  e n t i r e  a i r  t r anspo r t a t i on  indus t ry  
including t he  c o s t s  of developing and 
operat ing new technology must be ca r e -  
f u l l y  assessed  and compared with per -  
ceived b e n e f i t s  r e l a t ed  t o  f u e l  sup- 
p l i e s .  This  paper i d e n t i f i e s  some pos- 
s i b l e  changes i n  f u e l  p r o p e r t i e s  based 
on cu r r en t  t r ends  and p ro j ec t i ons ,  exam- 
i ne s  the e f f e c t  of those changes with 
respec t  t o  t he  a i r c r a f t  f u e l  system and 
descr ibes  some technological  approaches 
t o  u t i l i z i n g  those f u e l s .  Fuel system 
research a c t i v i t i e s  a r e  a l s o  descr ibed  
which a r e  being conducted t o  e s t a b l i s h  a  
da t a  base f o r  broadened proper ty  f u e l s  
t h a t  can be used i n  f u t u r e  t e chn i ca l  and 
economic t radeof f  s t ud i e s .  

I. INTRODUCTION 

The purpose of t h i s  r epo r t  i s  t o  a s -  
s e s s  the  impact of p o t e n t i a l  f u t u r e  f u e l  
p rope r t i e s  on a i r c r a E t  f u e l  systems and 
present  t h e  s t a t u s  of advanced f u e l  sys -  
tem technology t o  use these  f u e l s .  Cur- 
r en t  p ro j ec t i ons  of world petroleum 
reserves  i n d i c a t e  t h a t  crude product ion 
w i l l  l i k e l y  reach a  peak before t he  year  
2000112. On the  o ther  hand, demand 
f o r  j e t  f u e l s  and o ther  products  i n  the  
same kerosene and m i d - d i s t i l l a t e  bo i l i ng  
range is expected t o  increase .  A s  
l i g h t e r ,  more a t t r a c t i v e  crude supp l i e s  
a r e  deple ted ,  the  remaining heavier  
crudes w i l l  r equ i r e  more processing and 
r e f i ne ry  energy consumption t o  produce 
f u e l s  meeting cu r r en t  a v i a t i o n  f u e l  
s p e c i f i c a t i o n s .  Furthermore, t he  in-  
creased demand f o r  the  m i d - d i s t i l l a t e  
products  may requi re  energy i n t ens ive  
r e f i ne ry  conversion processing t o  in -  
c r ea se  t he  y i e l d  of t he  products  i n  t h i s  
bo i l ing  range. Synthe t ic  c rudes  pro- 
duced from o i l  sha l e  and coa l  may expand 

supp l i e s ,  but  t he se  feedstocks w i l l  r e -  
q u i r e  more processing than low-qual i ty  
petcoleum crudeu. 

one op t ion  a v a i l a b l e  t o  t h ~ .  a i r  
t ranspor  tat.ion indus t ry  which could 
reduce t he  impact of increased process-  
ing  coo t s  and r e f i n e r y  energy consump- 
t i o n  Is t o  permit  t he  r e l axa t i on  of j e t  
f u e l  s p e c i f i c a t i o n s 3 1  4 1  However, t h i s  
approach would r equ i r e  some new devclop- 
ments i n  engine and a i r c r a f t  f u e l  system 
technology t o  address  t he  o v e r a l l  con- 
s e rva t i on  of energy i n  both t he  a i r  
t r anspo r t a t i on  and petroleum re f in ing  
i n d u s t r i e s .  In  the  United S t a t e s ,  NASA, 
along with o t h e r  government agenc ies  and 
p r i v a t e  i ndus t ry ,  has been conducting 
research  t o  e s t a b l i s h  t he  da t a  base 
necessary t o  opt imize f u t u r e  j e t  f u e l  
c h a r a c t e r i s t i c s  i n  terms of r e f i n e r y  
energy consumption and t r a d e o f f s  i n  j e t  
a i r c r a f t  and engine design5. These 
s t u d i e s  w i l l  examink t he  b e n e f i t s  of 
re lax ing  j e t  f u e l  p r o p e r t i e s  i n  terms of 
f u e l  f l e x i b i l i t y ,  a v a i l a b i l i t y  and 
reduced r e f i n e r y  processing c o s t s  a s  op- 
posed t o  the  development and ope ra t i ona l  
c o s t s  a s soc i a t ed  with now technology. 

This r e p o r t  w i l l  examine t he  supply 
and demand outlook f o r  j e t  f u e l s  with 
p a r t i c u l a r  emphasis on t rends  which may 
impact j e t  f u e l  c h a r a c t e r i s t i c s .  Fuel 
p r o p e r t i e s  of most concern t o  t he  a i r -  
c r a f t  f u e l  system w i l l  be i d e n t i f i e d  and 
t he  s i gn i f i c ance  of changes i n  these  
p r o p e r t i e s  w i l l  be examined. The s t a t u s  
of f u e l  system technology t o  use broad- 
ened property f u e l s  w i l l  be reviewed and 
f i n a l l y ,  pos s ib l e  f u t u r e  op t i ons  f o r  the  
commercial a i r  t r anspo r t a t i on  indus t ry  
w i l l  be d i scussed .  

11. J E T  FUEL SUPPLY OUTLOOK 

Current  Conditions 
Commercial t u rb ine  a i r c r a f t  i n  the  

United S t a t e s  opera te  almost exc lu s ive ly  
on a  kerosene j e t  f u e l ,  American Society 
f o r  Test ing and Mater ia l s  (ASTM) D 1655 
J e t  A .  J e t  A is produced p r i n c i p a l l y  by 
t he  d i s t i l l a t i o n  of a  s p e c i f i e d  bo i l i ng  
range f r a c t i o n  from petroleum followed 
by a  mild f i n i s h i n g  process  t o  reduce 
t he  s u l f u r  con t en t ,  The bo i l i ng  range 
of J e t  A i s  i d e n t i f i e d  i n  Figure 1 and 
compared w i t h  o ther  major petroleum 
products  which share  a  por t ion  of the  
same bo i l i ng  range f r a c t i o n .  The m i l i -  
t a r y  kerosene j e t  f u e l ,  JP-5 used by the  
U.S. Navy, has a  higher f l a s h  po in t  than 



J e t  A which is d i c t a t e d  by i ts use 
aboard a i r c r a f t  car  r i e r s .  The gaso l i ne  
and naphtha j e t  f u e l s  have much wider 
bo i l ing  ranges,  incorpora t ing  the  
l i g h t e r  o r  I1naphthaw po r t ron  of pe t ro-  
leum and overlapping the  lower bo i l i ng  
por t ion  oE J e t  A. The naphtha j e t  f u e l s  
a r e  pr imar i ly  JP-4 used by the  U.S .  Air 
Force and i t s  commercial equiva len t  J e t  
8 ,  which is seldom used i n  t he  U.S.  
today. Number 2 d i e a e l  and home heat ing 
o i l s  over lap  much of the J e t  A bo i l ing  
range, but  a l ~ o  extend t o  a  higher  f i n a l  
bo i l i ng  temperature,  inc-rporat ing 
heavier  components. By I ',*erlapping most 
o f  the J e t  A bo i l i ng  ranne, d i e s e l  and 
heat ing o i l s  a r e  i n  d i r e c t  competi t ion 
f o r  the  J e t  A f r a c t i o n  of t he  crude.  

The d i s t i l l a t i o n  and Einishing proc- 
e s s e s  used i n  the  product ion of mozt j e t  
f u e l s  have l i t t l e  eEfec t  on the  hyaro- 
carbon type composition of the  f u e l .  
Thus the composi t ion-related cha rac t e r -  
i s t i c s  and p r o p e r t i e s  of t he  f u e l  prod- 
u c t s  a r e  s t r o n g l y  dependent on t he  prop* 
e r t i e s  of  t he  crude feeds tocks  from 
which they a r e  der ived .  I n  t he  p a s t ,  
r e f i n e r s  have had some f l e x i b i l i t y  i n  
s e l e c t i n g  feedstock ma te r i a l  which would 
be most s u i t a b l e  fo r  t h e i r  de s i r ed  prod- 
u c t  m i x  and oEten t he  r e f i n e r y  i t s e l f  
would be t a i l o r e d  t o  a  s p e c i f i c  type or 
mix of c rudec ,  However, with t he  prea- 
e n t  supply s i t u a t i o n ,  r e f i n e r s  o f t e n  ac-  
c e p t  whatever c rudes  a r e  a v a i l a b l e ;  and 
a s  a  r e s u l t ,  j e t  f u e l s  may be produced 
f  rom crudes w i t h  l e s s  d e s i r a b l e  composi- 
t i o n s .    his is bes t  i l l u s t r a t e d  by an 
examination of t he  t rends  i n  aromatics  
composition. Aromatic compounds a r e  
organic  r i n g s  which a r e  d e f i c i e n t  i n  
hydrogen and have poor combustion char-  
a c t e r i s t i c s .  A survey of 420 worldwide 
crudes6 showed t h a t  20 percent  cannot 
be used t o  produce j e t  f u e l  by simple 
d i s t i l l a t i o n  and f i n i s h i n g  processes  
without exceeding the  c u r r e n t  spec i f i c a -  
t i o n  of 20 percent  aromatics  i n  t he  f u e l  
product.  

A waiver is c u r r e n t l y  i n  e f f e c t  
which permits  the l im i t ed  use of J e t  A 
f u e l s  with aromatics  concent ra t ions  a s  
high a s  25 percent  when reported by the 
supp l i e r  Cknown a s  " r e p o r t a b l e M  f u e l s )  . 
Thi s  waiver was o r i g i n a l l y  introduced i n  
1974 i n  an a t tempt  t o  improve j e t  f u e l  
a v a i l a b i l i t y  a t  a  time when crude sup- 
p l i e s  were l im i t ed .  Since t h a t  t ime, 
United A i r l i n e s  has maintained records 
of the  purchases of J e t  A f u e l  t h a t  meet 
s p e c i f i c a t i o n s  only through the  use of 
t h i s  waiver (unp1.tblished ASTM b u l l e t i n ) .  
Figure 2 i l l u s t r a t e s  t h i s  t rend by p lo t -  
t i n g  percent  c "  " r epo r t ab l e t1  Euels t o  
t o t a l  f ue l ?  pu~chased .  While the  per-  
c e n t  of " r epo r t ab l ev  f u e l s  o s c i l l a t e s ,  
r e f l e c t i n g  s h i f t s  i n  the  a v a i l a b i l i t y  of 
low and high aromatic  crudes a t  r e f i n -  
e r i e s ,  the  peak values have increased 
markedly. The peak experienced i n  1978 
was a t t r i b u t e d  t o  t he  in t roduc t ion  and 
use of Alaskan North Slope crude i n  
r e f i n e r i e s  l oca t ed  pr imar i ly  on the  

western c o a s t  o f  the United S to tco .  
This  event  i l l u s t r a t e s  t he  s e n s i t i v i t y  
of j e t  f u e l  p rope r t i c a  t o  crudo charac-  
t e r i s t i c s  s i nce  the  North Slope crude 
has a high aromatics  concent ra t ion ,  The 
reduct ion i n  " r epo r t ab l ev  f u e l  d e l i -  
v e r i e s  i n  e a r l y  1979 i o  bel ieved t o  
r e e u l t  from a more wideopread d i n t r i b u -  
t i o n  of t he  North Slope crude r e s u l t i n g  
i n  a lower f r a c t i o n  oE t h i s  crude being 
proceosed by individual r c f i n e r i e a ,  

Pro jec ted  Trends 
Recent s t u d f e s  and p ro j ec t i ons  of 

the U.S. petroleum product demand7-9 
i n d i c a t e  t h a t  s a s o l i n e  demand w i l l  beqin 
t o  decrease du;ing t he  1980to  a s  au to-  
mobile e f f i c i e n c y  increaneo,  annual  
mileage decreasec,  and t he  number of 
Diesel-powered vehic le8  increases .  The 
increase  i n  Diesel-powered veh i c l e s  is 
a l s o  expected t o  cnuoc a  s u b s t a n t i a l  i n -  
c r ea se  i n  m i d - d t o t i l l a t e  f u e l  conoump- 
t i o n .  J e t  f u e l  demand w i l l  a loo  i n -  
c rease  i n  the  same time period.  The 
r e s u l t s  of those Eorecaoto would be a  
s i g n i f i c a n t  change i n  the  r a t i o  of t he  
ga so l i ne  t o  m i d - d i s t i l l a t e  demand. 

A s  t he  demand f o r  mid-d ic t i l l a te f i  
increases ,  U.S. r e f i n e r i e s  may be unable 
t o  produce a l l  of t he  middle d i s t i l l a t e  
products  needed by convant ional  d i s t i l -  
Lafion and f i n i s h i n g  processes .  I f  t h i c  
s i t u a t i o n  occurs ,  r e f i n e r i e s  !nay be 
required t o  make up t he  midale d i s t i l -  
l a t e  s h o r t f a l l  by cracking h ighereboi l -  
ing,  heavy gas  o i l s .  The middle d i s t i l -  
l a t e s  produced by cracking heavy gas  
o i l s  w i l l  have c h a r a c t e r i s t i c a l l y  high 
aromatics  concent ra t ions  which may 
n e c e s s i t a t e  t he  use of hydrocracking ( a  
c a t a l y t i c  process  combining cracking and 
hydrogen a d d i t i o n )  t o  produce J e t  A 
which w i l l  meet c u r r e n t  aromatics  spec i -  
f i c a t i o n s .  Hydrocracking is a r e l a t i v e -  
l y  energy-intensive process  t h a t  con- 
sumes a  cons iderab le  amount of hydrogen. 
Hydrogen i s  c u r r e n t l y  produced a s  a  by- 
product i n  r e f i n e r i e s  t h a t  employ 
r e fo r s ing ,  a  process  t h a t  upgrades gaso- 
l i n e  octane number by hydrogen removal. 
However, a s  the  r a t i o  of gaso l ine  t o  
m i d - d i s t i l l a t e  products  decreases ,  t he  
hydrogel1 produced i n  the  reformer may be 
i n s u f f i c i e n t  and t h e  r e f i n e r y  w i l l  be 
required t o  manufacture more hydrogen 
for  hydrocracking purposesg. Current  
s p e c i f i c a t i o n  J e t  A produced by hydro- 
cracking heavy gas  o i l  w i l l  consume 4 t o  
5 times the  processing energy requi red  
t o  produce J e t  A froin convent ional  d i s -  
t i l l a t i o n  and f i n i s h i n g  processes .  

Any d i f f i c u l t i e s  i n  meeting f u t u r e  
changes i n  product demands may be f u r -  
ther  aggravated by t he  t rend toward 
lower q u a l i t y  crude feedstocks discussed 
e a r l i e r .  A s  t he  more d e s i r a b l e  crude 
supp l i e s  a r e  consumed, the  remaining 
high aromatic ,  heavier  crudes w i l l  
r equi re  more processing and more energy 
t o  convert  t o  acceptab le  products .  

Figure 3 summarizes f u t u r e  j e t  f u e l  
production a l t e r n a t i v e s .  A s  t he  supply 



of petroleum crude d i m i n i s h o ~ ,  t h e  next  
l i k e l y  domestic source o f  f o s s i l  f u e l  
w i l l  be fihalo o i l  and c o a l  l i q u i d s ,  
E i t he r  Gource w i l l  produce acceptable  
jct Euol products l0 ,  bu t  both w i l l  
r equ i r e  more ex tens ive  processing than 
most petroleu~n crudes.  Shale  o i l ,  with 
a lower aromatic  conten t  than c o a l  
l i q u i d s ,  i 9  more a t t r a c t i v e ;  however, 
nhale  o i l s  conta in  l a r g e  concent ra t ions  
of u n d e ~ i r a b l e  organic  n i t rogen  which 
m u s t  be removed by r e l a t i v e l y  severe  
hydro t rea t ing  [ c a t a l y t i c  hydrogen addi -  
t i o n ) .  Organic n i t rogen  compounds a c t  
a s  ca t a lyo t  poiaono and can s e r i o u s l y  
shor ten  the u se fu l  l i f e  of many c a t a -  
l y s t n  rou t i ne ly  uoed i n  r e f i ne ry  opera-  
t i o n s ,  I n i t i a l l y ,  small  q u a n t i t i e s  of 
s h a l e  o i l  may be blended with o the r  pe t -  
roleum feedstocks,  but s i g n i f i c a n t  com- 
mercial  q u a n t i t i e s  of s h a l e  o i l  a r e  not 
l i k e l y  Eor 10 t o  20 years .  The use of 
c o a l  syncrudest whict~ have very high 
concentrabions of a romat ics ,  w i l l  
r equ i r e  even more severe hydrogenation 
than sha le  o i l s  f o r  t he  production of 
j e t  t u e l s .  However, the  commercial pro- 
duct ion of c o a l  l i q u i d s  w i l l  probably 
l ag  the  development oE sha l e  o i l s .  

Thus, f u t u r e  j e t  Euels may have 
higher  aromatic  conten t  because oE (1) 
changes i n  a v a i l a b l e  feedstock proper-  
t i e s  and ( 2 )  increases  i n  j e t  f u e l  pro- 
duc t ion  by cracking of h igher -boi l ing  
Erac t ions ,  Increasing amounts of 
" r e p o r t a b l e 1  f u e l s  could appear i n  the  
market and more f requent  shor tages  i n  
j e t  Euel could occur a s  a  r e s u l t  of i ~ r -  
c reas ing  competi t ion with o ther  mid-dis- 
t i l l a t e  u se r s ,  Use of t he  energy in ten-  
s i v e  r e f i ne ry  processes  required t o  up- 
grade the hydrogen conten t  and q u a l i t y  
of the  Euel t o  cu r r en t  s p e c i f i c a t i o n s  
w i l l  c e r t a i n l y  increase  the  c o s t  o f  pro- 
ducing the  f u e l .  Rising production 
c o s t s  w i l l  be an increas ing  i ncen t ive  t o  
consider  changeis i n  j e t  Euel s p e c i f i c a -  
t i o n s  i n  o rde r  t o  minimize r e f i ne ry  
energy consumption and reduce t o t a l  f u e l  
c o s t s .  

Ce r t a in ly ,  the a i r c r a f t  indus t ry  
should consider  and a s s e s s  a l l  p o t e n t i a l  
a l t e r n a t i v e s  regarding t he  f u t u r e  a v a i l -  
a b i l i t y  of j e t  f u e l .  The continued use 
of cu r r en t  s p e c i f i c a t i o n  f u e l s  is most 
d e s i r a b l e  t o  maintain performance and 
d u r a b i l i t y  of cu r r en t  a i r c r a f t  and en- 
g i n e  components, but t h i s  a l s o  involves 
some r i s k  with regard t o  a v a i l a b i l i t y  
and p o t e n t i a l l y  higher r e f i ne ry  energy 
consumption and f u e l  production c o s t s .  
Conversely, allowing r e l a t i o n s  i n  j e t  
Euel p rope r t i e s  beyond cu r r en t  limits 
could provide a  more f l e x i b l e ,  r e l i a b l e  
f u e l  supply with minimum re f ine ry  energy 
consumption and assoc ia ted  c o s t s ,  but 
a l s o  w i t h  pos s ib l e  adverse e f f e c t s  on 
a i r c r a f t  and engine d u r a b i l i t y ,  perform- 
ance and emission c h a r a c t e r i s t i c s .  A 
comprehensive da t a  base is  required t o  
e s t a b l i s h  t he  economic and t echn i ca l  
tradeofEs between f u t u r e  f u e l  p rope r t i e s  

i n  terms of reEinory, airframe, engine 
a t~d  a i r l i n o  opera t ing  toshnologioa, 

XII, POTENTIAL CHANGES I N  JET FUEI' 
PROPERTIES 

P rone r t i e s  of S igni f icance  t o  A i r c rd f t  - 
-link0 ceve ra l  av i a t i on  Cur- 
bine Euel s ~ e c i f i c a t i o n s  which a r c  of 
concern t o  t h e  a i r c r a f t  Cuol nystem, 
The s p e c i f i c a t i o n s  a r e  from voluntary 
concensus s tandards  published by the  
A S T M ~ ~ .  The ASTM s p e c i f i c a t i o n  con- 
t a i n s  a d d i t i o n a l  p rope r t i e s  which impact 
f u e l  system dcoiqn, but  which a r a  not of 
primary concern t o  t he  technology ao t i v -  
i t i e s  descr ibed  i n  t h i s  paper,  For the 
purpose6 of  this paper the a i r c r a f t  Euel 
system w i l l  be dcEincd ao the a i r c r a f t  
components and ayotems tha t  a r e  involved 
with t he  s t o r age  of f u e l  aboard the  a i r -  
c r a f t  and t he  de l i ve ry  of fue l  through 
boost pumps, check valves,  t r a n o t c r  
l i n e s ,  main pump8, f i l t c r o ,  flow con- 
t r o l s ,  hea t  exchangers,  manifolds, and 
nozzle t o  t he  combustor, 

The v o l a t i l i t y  s p c c i f l c a t i o n s  shown 
i n  the t a b l e  a r e  p a r t i c u l a r l y  imporeant 
s i nce  they have a d i r e c t  impact on j e t  
f u e l  y i e l d  i n  the  r e f i ne ry ,  I n  t he  an- 
gine,  t he  v o l a t i l i t y ,  defined by the  10 
percent  recovered temperaturei is  c r i t l -  
c o l  t o  good f u e l  a tomizat ion i n  the  com- 
bus tor ;  the  f u e l  m u s t  include s u f f i c i e n t  
l ight :  ends t o  assure  eany s t a r t i n g  while 
avoiding excessive heavier Eract ions 
which would be d i f f i c u l t  to  vaporize,  
I n  the a i r c r a f t  Euel system, v o l a t i l i t y  
is a l s o  s i g n i f i c a n t  a s  an i nd i ca to r  of 
p o t e n t i a l  "boiloEEu Luel loscea through 
tank vents  a t  high a l t i t u d e  preacureG. 
The f i n a l  bo i l ing  po in t  i s  a  measure of 
t he  i nc lu s ion  of heavler  component6 
which inf luence  s p e c i f i c  g r a v i t y ,  heat 
of combustion, f reez ing  point  and other  
p rope r t i e s .  The Elashpolnt is es tab-  
l i shed  on t he  ba s i s  of sa fe ty  consldera-  
t i o n s  assoc ia ted  with Euel handllng and 
s torage .  Cons is ten t  s p e c i f i c  g r a v l t y  
w i t h i n  the  ind ica ted  limits i s  important 
t o  a s su re  proper Euel metering by the  
f u e l  c o n t r o l .  

The f l u i d i t y  s p e c i f i c a t i o n s  a r c  es-  
t ab l i shed  t o  ensure r e l i a b l e  engine and 
f u e l  system opera t ion  a t  the minimum 
temperatures  which can be encountered a t  
a  high a i r c r a f t  c r u i s i n g  a l t i t u d e ,  A G  
ind ica ted  i n  Table I ,  ASTM a l s o  i den t i -  
f i e s  a  type A - 1  j e t  f u e l  which i s  simi- 
l a r  t o  type A except f o r  a  lower f reez-  
ing po in t  s p e c i f i c a t i o n  of - 4 7 0 ~ .  The 
s ign i f i c ance  of t he  f reez ing  po in t  l i m i t  
w i l l  be discussed l a t e r  i n  t h i s  paper.  
Fuel f reez ing  poin t  is a l s o  of p o t e n t i a l  
importance t o  reEinery j e t  f u e l  y i e ld  
because of the  s e n s i t i v i t y  of f reez ing  
poin t  t o  h igher -boi l ing  heavier f r a c -  
t i o n s .  For some crudes ,  an increase  i n  
j e t  f u e l  y i e l d  by including higher  bo i l -  
ing f r a c t i o n s  i n  t he  j e t  f ue l  blend is 
l imi ted  by t he  f r eez ing  point  apcclElcd- 
t i o n .  Viscos i ty  is r e l a t ed  t o  pumpabll- 



i t y  and i o  a loo  n f a c t o r  i n  Euel sprny 
a tomization. 

spcciEico t iona  on f u e l  compooition 
a r c  established with regard t o  combus- 
t i o n  performance and ma te r i a l s  compati- 
b i l i t y  concerns. Fuels  with high aro-  
matics  con t en t  tend t o  burn wi th  a smoky 
luminous Elamc and produce soof and ca r -  
bon depooi t ion  i n  t he   combust^:^^. In 
t h e  f u e l  cystem, aromatics  cause swell- 
ing of many elaotorneric ma te r i a l s  uaed 
f o r  ga ske t s ,  a ea l an t s ,  e t c .  Su l fur  com- 
poundo, particularly mcrcaptans, may 
a l s o  damage components. Mater ia l s  com- 
p a t i b i l i t y  technology will. be discussed 
I n t e r ,  

Fuel thermal o t d b i l i t y  is a  measure 
of the a b i l i t y  of the  f u e l  t o  withstand 
therfnal s t r e s s  i n  the  f u e l  aystem wikh- 
o u t  chemical degradat ion.  Thermal s t a -  
b i l i t y  is p a r t i c u l a r l y  s e n s i t i v e  t0 
t r a c e  l e v e l s  oE c e r t a i n  elements,  such 
a s  n i t rogen ,  copper,  s u l f u r  and ot,hern, 
and may be a f f ec t ed  by some aromatic  
compounds, This requirement w i l l  be 
discussed l a t e r  i n  t h i s  paper. 

p o t e n t i a l  Pro e r t  Chan e s  
A NASA ~o:ksh;p he l% in 197713 

recomm~nded some c h a r a c t e r i s t i c s  of a 
broadened property j e t  Euel t o  be uosd 
f o r  experimental engine and f u e l  system 
research.  Compared t o  cu r r en t  J e t  A 
f u e l ,  t he  f u t u r e  Euel would have (1) an 
increased aromatic  conten t ,  a s  much a s  
35 volume pe rcen t ,  ( 2 )  a  higher Einal 
bo i l ing  p o i n t ,  ( 3 )  a  higher f r eez ing  
po in t ,  up t o  -290C, and ( 4 )  a  thermal 
s t a b i l i t y  t h a t  i s  marginal by presen t  
s tandards .  The p rope r t i e s  designated 
f o r  the Euture broad-property Euel tend 
t o  be s i m i l a r  t o  those of the  c u r r e n t  
number 2 Diese l  f u e l s .  

In gene ra l ,  the  Euel p rope r t i e s  were 
se lec ted  because of the  s e n s i t i v i t y  of 
r e f i ne ry  j e t  f u e l  y i e l d  t o  the  property 
o r  i n  a n t i c i p a t i o n  oE p o t e n t i a l  changes 
i n  crude q u a l i t y .  The t rend toward 
heavier ,  mare aromatic crudes coupled 
w i t h  changes i n  r e f i n e r y  processing t o  
meet increased m i d - d i s t i l l a t e  demand, a s  
discussed e a r l i e r ,  suggest  t h a t  f u tu r e  
j e t  f u e l  y i e l d  may be s e r ious ly  l imited 
by c u r r e n t  aromatics  s p e c i f i c a t i o n s .  An 
increase  i n  f i n a l  bo i l ing  po in t  along 
w i t h  f r e ez ing  po in t ,  which a r e  c lo se ly  
i n t e r r e l a t e d ,  i s  seen a s  a means Eoi 
increas ing  p o t e n t i a l  r e f i ne ry  y i e ld  by 
including higher bo i l i ng  Erac t ions  in 
the  j e t  Euel product14. These higher 
bo i l ing  f r a c t i o n s  t yp i ca l l y  conta in  
higher aromatics  concent ra t ions ,  thus 
re inforc ing  the  p o t e n t i a l  increase  i n  
aromatics  a l ready  suggested. The higher-  
bo i l ing  f r a c t i o n s  a l s o  conta in  increased 
concent ra t ions  of t r a c e  elements which 
may degrade the  thermal s t a b i l i t y  of 
fu ture  f u e l s .  

The changes discussed above a l s o  
take i n t o  cons idera t ion  the poss ib le  in -  
t roduc t ion  o f  l im i t ed  q u a n t i t i e s  of syn- 
crude ma te r i a l .  The inc lus ion  of some 
sha l e  o i l  i n t o  r e f i ne ry  feedstocks may 

r e o u l t  i n  higher l e v e l a  of organic n i -  
trogen compounds i n  t he  je t  Eucl produck 
which would degrade tharmnl o t a b i l i t y .  
~ l s o ,  high ni t rogon loveXs i n  j e t  f u e l 8  
may lead  t o  environmontally unacceptable 
l e v e l s  of ~x ida f3  of ni t rogen ornis- 
st0ns12. However, bccauou of t hc  sen- 
s i t i v i t y  of many r e f i ne ry  c a t a l y o t ~  t o  
n i  trogen poisoning, solno preproccooing 
of s h a l e  o i l  ayncrudea t o  reduce n i t r o -  
gen l e v e l s  bcEore in t roduc t ion  i n t o  the  
r e f i n e r y  i a  expected. Nonetheloso, any 
r e l axa t i on  oE thermal a f a b i l i t y  requi re -  
ments t h a t  would al low higher n i t rogen  
concent ra t ions  i n  j e t  f u e l s  would bc 
b e n e f i c i a l  i n  termo oE reduced proceas- 
ing c o s t s  t o  remove the  n i t rogen ,  The 
primary e f f e c t  on j e t  f u e l s  of the  in -  
t roduc t ion  of c o a l  syncrudes would be an 
i nc r ea se  i n  aromatics  conten t .  Any 
o the r  e f f e c t 6  would be heavl ly dependenk 
on t he  c h a r a c t e r i s t i c s  of the  c o a l  used 
and t he  na ture  of t he  l i que fac t i on  
process ,  

An a d d i t i o n a l  j e t  f u e l  property 
which could s i g n i f i c a n t l y  increase  po- 
t e n t i a l  j e t  f u e l  y i e l d  i f  i t  were 
changed is the  f l a shpo in t  temperature. 
A reduc t ion  i n  f l a shpo in t  would permit 
i nc lu s ion  of a d d i t i o n a l  l i g h t e r  Lrac- 
t i o n s  i n  j e t  EueL and would tend t o  m i t -  
i g a t e  some problems such a s  higher 
f recz :  ~g poin t  and viscosity r e s u l t i n g  
Erom the  add i t i on  oE higher bo i l i ng  
Erac t ions ,  thus reducing demands on ad- 
vanced technology. This  change has been 
conciuered by t he  ASTM and was t he  sub- 
j e c t  oE a  symposium held by the ASTM i n  
197815, Some reduct ion i n  Elashpoint  
may be reasonable;  however, i n  confiidur- 
a t i o n  of the  handling hazards assoc ia ted  
with lower Elashpoints  no change is  
l i k e l y  a t  t h i s  tirna. 

The d iscuss ion  i n  t h i s  paper oE PO- 
t e n t i a l  changes i n  Euture j e t  f u e l  prop- 
e r t i e s  has  been l im i t ed  t o  those prop- 
e r t i e s  which a r e  expected t o  have a  
major impact on Euel system design 
requi r ing  the evolu t i on  of advanced 
technology. However, due t o  t he  c l o s e  
i n t e r r e l a t i o n s h i p  oE f u e l  p rope r t i e s ,  
changes i n  these p rope r t i e s  would a l s o  
r e s u l t  i n  changes i n  many o ther  f u e l  
c h a r a c t e r i s t i c s .  These include water 
s e p a r a b i l i t y ,  e l e c t r i c a l  conduct iv i ty ,  
l u b r i c i t y ,  and o t h e r s .  Changes i n  soma 
f u e l  p r o p e r t i e s  may a l s o  change the  eE- 
Eect iveness  of some approved j e t  f u e l  
add i t i ve s .  

IV. H I G H E R  FREEZING POINT FUELS 

EEfect of Fuel Freezing Point  
Fuel s to red  i n  a i r c r a f t  i n t e g r a l  

wing  t anks  can reach very low tempera- 
t u r e s  during long range, h igh -a l t i t ude  
f l i g h t s  a s  a  r e s u l t  of heat  t r a n s f e r  t o  
the  surrounding environment. The h e a t  
f l u x ,  l a r g e l y  convect ive,  i s  dependent 
on t he  t o t a l  a i r  temperature which i n  
tu rn  v a r i e s  w i t h  t he  s t a t i c  a i r  tempera- 
t u r e  and Mach number. Figure 4 i l l u s -  
t r a t e s  t he  v a r i a t i o n  oE f u e l  temperature 



i n  a t y p i c a l  commercial s i r c r a f t  on a 
long-range mission r ep rc sen t a t i ve  s f  an 
extfeme winter condi t ion ,  The informa- 
t i o n  i n  t he  f i g u r e  was obtained Erom a 
Booing Company computer program which 
has  been developed fo r  t he  r e d i c t i o n  of 
i n - f l i g h t  f u e l  temperaturesf6. The 
t o t a l  a i r  temperature schedule shown i n  
Figure 4 i s  based on a f l i g h t  p r o f i l e  
wi th  c r u i s e  a t  a Mach number of 0 ,84  and 
an a l t i t u d e  s t a t i c  temperature of 
-720C. Ca l cu l a t i ons  f o r  i n i t i a l  f u e l  
temperatures  of 120 and -210 a r e  
shown. AEter about s i x  hour& of f l i g h t  
time, t he r e  is no longer  an i n f luence  of 
i n i t i a l  Euel temperature, and t he  f u e l  
temperature eventua l ly  approaches t he  
t o t a l  a i r  temperature. Fuel temperature 
v a r i a t i o n s  pred ic ted  by t he  model have 
bcen compared t o  measured f u e l  tempera- 
t u r e s  and t h e  t r ends  shown i n  F igure  4 
have bcen v e r i f i e d .  

Figure 5 shows a c o r r e l a t i o n  of i n -  
E l i gh t  m i n i m u m  f u e l  temperatures  fo r  
Boeing 707 and 7 4 7  a i r c r a f t  f l y ing  polar  
r ou t e  missions.  The da t a  were obtained 
from about 1100 missions,  each g r e a t e r  
than 7400 k i lometera l7 .  The probabi l -  
i t y  t h a t  t he  temperature of f u e l  i n  the  
tank w i l l  f a l l  below a given min imum 
va lue  is p l o t t e d  a g a i n s t  m i n i m u m  f u e l  
temperature.  he d i f f e r e n c e s  i n  temper- 
a t u r e  between t he  two types of a i r c r a f t  
a r e  mainly a t t r i b u t e d  t o  d i f f e r e n c e s  i n  
f l i g h t  Mach number o r  f l i g h t  path.  I n -  
E l i gh t  problems with f reez ing  f u e l  have 
no t  been documented. S i t u a t i o n s  have 
occurred,  however, where gage-warnings 
of low f u e l  temperature have prompted 
f l i g h t  crews t o  a c c e l e r a t e  t o  a higher  
Mach number, o r  t o  d i v e r t  t o  warmer, low 
a l t i t u d e  a i r  masses. Such d ive r s ions  
a r e  c o s t l y  i n  terms of opera t ion  a t  l e s s  
than optimum a l t i t ude - speed  combinations 
o r  increased path length .  A margin of 
30 t o  50 above the  s p e c i f i c a t i o n  
f reez ing  p o i n t  is required a s  a m i n i m u m  
f u e l  temperature during f l i g h t .  

Because a v i a t i o n  t u rb ine  f u e l s  a r e  
complex mixtures  of many compounds, 
f reez ing  o r  c r y s t a l l i z a t i o n  occurs  over 
a range of temperatures  r a the r  than a t  a 
s i n g l e  d e f i n i t e  temperature. The higher 
molecular weight ,  s t r a igh t - cha in  o r  nor- 
mal p a r a f f i n s  and some hydrocdrbons w i t h  
symmetrical molecules c r y s t a l l i z e  f i r s t  
i n  the  form of waxes. I f  temperatures 
a r e  fu r the r  lowered, a waxy matr ix 
b u i l d s  up, t rapping  o ther  c o n s t i t u e n t s  
of t he  f u e l  which a r e  s t i l l  l i q u i d ,  
u n t i l  a near ly  s o l i d  s t r u c t u r e  is 
formed. The s p e c i f i c a t i o n  t e s t  used fo r  
a v i a t i o n  f u e l s  is based on observat ions 
of t he  temperature a t  t he  disappearatrce 
of c r y s t a l s  i n  a s t i r r e d  f u e l  sample 
removed from a f reez ing  bath and warmed 
a f t e r  f i r s t  c r y s t a l s  a r e  formed. This 
procedure d e f i n e s  a conserva t ive  melting 
p o i n t ,  independent of supercool ing.  
Other t e s t s  have been def ined  t o  measure 
low temperature f l u i d i t y  of f u e l s ,  some 
of which a t tempt  t o  r e l a t e  low tempera- 
t u r e  behavior t o  a de s i r ed  opera t ing  

c h w r a c t a r i s b i c l ~ .  Thooo includo meo- 
suromont of v i ~ c o s i t y - t c m p c r a t u r e  r e lo -  
t i o n s ,  f i l t e r  og pumping pressure  drop, 
and flow r a t e  through tubes o r  c a p i l -  
l a r i e s  under p r e s su re  o r  vacuum. M ~ 3 t  
of these  methode were devised Eor t e n t -  
ing d i e s e l  o r  Euol o i l o  for  winter  ccr -  
v i ce ,  but  they may have ovontual app l i -  
c a t i o n  t o  j e t  Euelo. 

Tn order  t o  b e t t o r  i den t i fy  t he  low 
temperature performance of f u e l s  I n  on 
a i r c r a f t  system, a f u l l - o c a l e  apparatuG 
designed t o  reprecent  a s ec t i on  oE an 
a i r p l a n e  wing tank was used. Tho appa- 
r a t u s ,  shown i n  Figure 6, included the  
c a p a b i l i t y  t o  cool  t h e  upper and lower 
tank su r f ace s  t o  f i i~nulate  the wing our- 
face  temperature h i s t o r y  t y p i c a l  of a 
given f l i g h t  p r o f i l e ,  TnatrumcntG mca- 
sured temperature g r ad i en t s  and o the r  
parameters.  A t  an appropr ia te  po in t  
during t he  t e s t ,  f u e l  withdrawal waa 
i n i t i a t e d  and the  masG f r a c t i o n  of f u e l  
remaining i n  t he  tank a s  unpumpablc 
s o l i d s  was reported a s  the  percent  hold- 
up. Figure 7 is a photograph of the  i n -  
t e r i o r  of t he  s imulator  tank a f t e r  com- 
p l e t i o n  of a t e s t  i n  which the  Euel was 
cooled t o  an average temperature of 
-260C, two degrees above t he  measured 
f reez ing  po in t  oE the  t e s t  Euel. The 
f u e l  s l u sh  covering t he  bottom of the  
tank r ep re sen t s  a holdup of 8 .8  percent .  

The f u e l  tank sirnulatar has baen 
used t o  i n v e s t i g a t e  the  performance of a 
s e r i e s  of t e s t  Euels having a range of 
f reez ing  po in t s  from -280 t o  -520C. 
Each f u e l  was der ived  Erom known pe t ro-  
leum o r  s h a l e  o i l  sources t o  examine t he  
e f f e c t  of hydrocarbon type composition 
on performance, Analysis of t he  da ta  
suggested two regimes of behavior: a 
low holdup regime below 10 percent ,  i n  
which t he  m i n i m u m  average tenlperature 
was we l l  above t he  f u e l  f reez ing  po in t ,  
and a h i 5 h  holdup regime, g r e a t e r  than 
10 p e r c e l t ,  i n  which t he  m i r r i m u m  average 
f u e l  ten,perature is a t ,  o r  below, t he  
f u e l  f r eez ing  po in t .  Tho low holdup 
regime is of most p r a c t i c a l  i n t e r e s t  
s i n c e  i t  represen ts  a s i t u a t i o n  i n  which 
t he  bulk f u e l  temperature would not i n -  
d i c a t e  any frozen f u e l ,  y e t  due t o  t he  
l a r g e  temperature g r ad i en t  near the  
lower su r f ace ,  f u e l  temperatureG j u s t  
above t he  lower sk in  may be below t h e  
f reez ing-poin t .  A s  shuwn i n  Figure 8 ,  
t he  holdup da t a  fo r  t he  low holdup 
regime co r r e l a t ed  with a f u e l  tempera- 
tuze 0.6 cen t imeters  above the lower 
tank sur face .  The curves i n  Figure 8 
i n d i c a t e  l i t t l e  e f f e c t  of f u e l  source on 
f u e l  holdup, but sugges t  a s t rong  co r r e -  
l a t i o n  of the  f u e l  temperature co r r e -  
sponding t o  a holdup of one percent  o r  
l e s s  and t he  f u e l  Ereezing po in t .  Thus, 
f u e l  f reez ing  poin t  temperature may i n  
f a c t  be a good ind i ca to r  of i n c i p i e n t  
f u e l  f reez ing  i f  the  f u e l  temperature i s  
measured a t  an appropr ia te  pos i t i on  near 
t he  lower tank su r f ace .  These r e s u l t s  
a r e  reported i n  d e t a i l  i n  re fe rence  1 9 .  



Technology For Highor Freezlng Poin t  
Fue ls  - 

Several  p o t e n t i a l  f u e l  system tech- 
nology approaches t o  using higher  f r aez -  
ing  po in t  f u e l s  have been a n a l y t i c a l l y  
evaluated f o r  NhSA by t he  Boeing Commer- 
c i a l  Airplane company20.  hes so ap- 
proaches included t h c  use of i n s u l a t i o n  
t o  reduce h e a t  t r a n s f ~ l r  Erom Phe a i r -  
c r a f t  kuel,  and the  add i t i on  b 8 E  hea t  t o  
t h e  f u e l  i n  t he  tank during f l i g h t  t o  
prevent  Euel f reez ing .  The o tud i e s  ir,- 
co rpo ru t i  ng hea t  add i t i on  csns idcred  
Waste hea t  recovery syGtema a s   ell an 
a u x i l i a r y  heat  genera t ion  systc:?s3. The 
ske t ch  i n  Figure 9 i n d i c a t e s  the  var ious  
approaches which were examined, 

The ca l cu l a t ed  eEfec t  on Euel tem- 
pe ra tu r e  of two l e v e l s  oE hea t  add i t i on  
t o  the  Euel i s  ind ica ted  i n  Pigure 10 
f o r  a  t y p i c a l  long-range, wide-bodied 
a i r c r a f t .  A hea t  add i t i on  r a t e  of  62 
k i l owa t t s  per tank would be required t o  
maintain t he  f u e l  temperature above 
-290C, while an input  of 108 k i l owa t t s  
pe r  tat?k would maintain t he  f u e l  temper- 
a t u r e  above -180C. Addit ional  c a l cu -  
l a t i o n s  ind ica ted  t h a t  t he  use of wing 
tank i n s u l a t i o n  (without  hea t  add i t i on )  
could reduce i n i t i a l  cooldown r a t e s ,  but 
would have very i i t t l e  e f f e c t  on t h e  
m i n i m u m  f u e l  temperdture f o r  long dura-  
t i o n  El lgh ts .  The use of i nou l a t i on  i n  
conjunct ion with f u e l  tank heat ing could 
~ r d u e a  hea t  i npu t  requirements Eor 
higher  f reez ing  poin t  f u e l s ,  but per -  
formance p e n a l t i e s  assoc ia ted  with i n -  
c reased  weight and increased drag o r  
decreased f u e l  tank volume m u s t  a l s o  be 
considered.  

After d e t a i l e d  cons idera t ion  oE the  
advantages and disadvantages oE the  heat  
sources  i d e n t i f i e d  i n  Figure 9 ,  two ap- 
proaches were s e l ec t ed  fo r  f u r t h e r  
s tudy ,  t he  l u b r i c a t i n g  o i l  heat  ex- 
changer and t he  engine-drive e l e c t r i c a l  
heater21. The l ub r i ca t i ng  o i l  hea t  
exchanger system shown schematical ly  i n  
~ i g u r e  11 rep re sen t s  a  minor modifica- 
t i o n  t o  t he  f u e l  system t h a t  could be 
implemented with r e l a t i v e l y  low r i s k  and 
c o s t .  This system uses heat  r e j ec t ed  by 
t h e  engine l u b r i c a t i n g  o i l  a s  a  h e a t  
source  and involves the add i t i on  of a  
second o i l - t o - f u e l  hea t  exchanger. When 
t h e  Euel hea t ing  system is  not  i n  opera- 
t i o n ,  the  Euel c o n t r o l  r e l i e v e s  excess  
Euel Elow back t o  t he  engine f u e l  pump. 
when Euel hea t ing  is needed, a  three-way 
r e c i r c u l a t i o n  valve d i v e r t s  t he  excess  
flow through the  second hea t  exchanger 
and back t o  t h e  f u e l  tanks.  The maximum 
amount of hea t  a v a i l a b l e  i s  dependent on 
engine opera t ing  condi t ion  but i s  r e l a -  
t i v e l y  cons tan t  throughout t he  c r u i s e  
po r t i on  of t he  f l i g h t .  The maximum heat 
a v a i l a b l e  w i l l  a l s o  vary with d i f f e r e n t  
engines,  and f u t u r e  high performance 
engines may have l e s s  hea t  r e j e c t i o n  
from the engine o i l  than c u r r e n t  en- 
g ine s .  The ca l cu l a t ed  f u e l  temperature 
f o r  a  long-range extreme winter  f l i g h t  
using t h i s  system is shown i n  Figure 1 2 .  

xn tho oxsmplc ahown, t he  fuctl hea t ing  
r a t e  averagoa 50  kilowatt^ per engino- 
tank comb!nation incrcss ing  tho rnrnlmum 
Eucl fompcraturo t o  -3106. The ndvun- 
tages  of t h i s  aystcm a r o  t h a t  i t  has 
l i t t l o  o r  no e f f e c t  on t he  engine a r  
f u e l  system opcraf ion ,  and t h a t  weight,  
parfor~nancc and c o a t  p @ n a l t i o ~  a r c  
small .  The primary disadvantage, how- 
eve r ,  is the  I tmfted hont ava i l ah lo  from 
t h i s  system coltcoponding t o  a  alnall i n -  
c r ea se  i n  Eual f reez ing  poin t  l l m i t ,  

Thc occond approach t o  f u e l  t~en t ing  
which haa boen s tud ied  usoo an c l ~ c t r i -  
c a l  syGtem t o  d i v e r t  a small  por t ion  of 
t he  engine energy t o  f u e l  heat ing.  A 
schematic of t h i s  approach i s  fihown i n  
Figure 13.  Su i t ab l e  engine-driven 
gene ra to r s  have boen devclopctl f o r  aux- 
i l i a r y  power genera t ion  on Dome c u r r e n t  
m i l i t a r y  a i r c r a f t .  To e l im ina t e  tht! 
hazards of d i r e c t l y  hea t ing  f u e l  with 
e l e c t r  i c  hea t e r s ,  e hea t  t r a n s f e r  rnedruln 
ouch ao an e thy lene-g lycol  so lu t i on  
would be used. The Eranofor f l u i d  
r e s e r v o i r s  and hea t e r s  would be c e n t r a l -  
l y  l oca t ed  and t he  f l u i d  would be pumped 
out  t o  hea t  exchangers i n  t hc  Eucl 
t anks ,  The primary advantago of t h i c  
system is  t h a t  i t  can provide p r a c t i c a l -  
l y  any amount of heat ing power dea i r cd ,  
rhus accommodating a  s u b s t a n t i a l  i n -  
c r ea se  i n  f u e l  f reez ing  poink. Alco, 
t h e  system could be e a s i l y  adapted f o r  
grognd power hea t ing .  Disadvantages i n -  
c lude  t he  r e l a t i v e l y  rnajor f u e l  system 
modi f ica t ions  needed t o  incorpora te  the  
system and t he  small  bu t  apprec iab le  
a i r c r a f t  performance pena l ty  due t o  the  
added weight and engine power d r a i n  of 
t he  system. 

Research And Technology S t a t u s  
Desian s tud i eo  of both t he  lubr ico-  

t i n g - o i l w h e a t  exchanger system and t he  
e l e c t r i c a l  hea t ing  system have ind ica  ted 
t h a t  these  concepts  represen t  two Eea- 
s i b l e  approaches t o  heat ing system tech- 
nology, However, much a d d i t i o n a l  da t a  
w i l l  be required before systemG such a s  
these can be r e a l i s t i c a l l y  considered 
fo r  f u t i ~ r e  a i r c r a f t  designs.  Experimen- 
t a l  s t u d i e s  cu r r en t l y  i n  progress  using 
a  f u e l  hea t ing  system s imula tor  w i l l  
provide some of t he  needed inEormation. 
The s imula tor ,  shown i n  Figure 1 4 ,  add8 
a  Euel hea t  exchanger and r e c i r c u l a t i o n  
loop t o  t he  f u e l  tank s imula tor  dea- 
c r i bed  e a r l i e r  ( f i g .  6 )  and can s imula te  
e i t h e r  of the two heat ing system con- 
cep t s .  The c u r r e n t  s t u d i e s  w i l l  provide 
d a t a  on hea t  t r a n s f e r  r a t e s ,  f u e l  tank 
behavior with hea t  i npu t ,  and system 
dynamics, which w i l l  a i d  i n  modeling the 
system performance, This  information 
w i l l  be s u f f i c i e n t  for  engineering eva l -  
ua t i ons  of the  systems, but dcmonstra- 
t i o n s  of  t he  concepts  i n  f u l l - s c a l e  
hardware w i l l  be required before a c t u a l  
development of t h i s  technology is  l i k e l y  
t o  occur.  

s e v e r a l  add i t i ona l  i s sues  such a s  
ground handling of higher f reez ing  poin t  



Puole and t he  c f f a c t s  o f  thase  f u e l s  on 
turbine-powered gonera l  a v i a t i o n  a i r -  
c r a f t  must a l s o  be examined and 
resolved,  Spec i a l  p rovis ions  f o r  a t o r -  
age and d i s t r i b u t i o n  a y s t ~ m s  a s  we l l  a s  
a i r c r a f t  parking may be required a t  a i r -  
p o r t s  i n  nor thern  l a t i t u d e s  i t  j o t  f u e l  
f reez ing  po in t8  chnngo s i g n i f i c a n t l y ,  

V. LESS STABLE FUELS 

EEEoct Of Fue l  Thermal S t a b i l i t  
A n  imeortant  f u e l  c h a r a c t e r f s t i c  

whish musk bc considered by both f u e l  
system des igna r s  a s  well a s  f u e l  sup- 
p l i e r s  i s  tho chemical s t a b i l i t y  of the  
f u e l  a t  t he  e leva ted  temperatures  which 
i t  may oncounter it\ the  f u e l  system, 
The term llthermal s t a b i l i t y "  r e f e r s  t o  
t h e  r e s i s t a n c e  of tho Euel t o  chemical 
a l t e r a t i o n  o r  degradnt ion under tharmal 
s t r e s s  which could produce gums, i n so l -  
ub l e s  o r  o t h e r  depos i t s  i n  t he  f u e l  8ys- 
tem, The mechanisms which lead  t o  t he  
product ion of these  depos i t s  a r e  on ly  
p a r t i a l l y  understood, bu t  t h e r e  is  
gene ra l  agreement t h a t  au tox ida t i on ,  
from oxygen i n  t he  f u e l ,  is the  primary 
mechanism i n  i n i t i a t i n g  d e p o s i t  forma- 
t i o n .  Much oE the  chearistry involves  
f r e e  r a d i c a l s ,  and any Euel c o n s t i t u e n t  
t h a t  tends t o  form f r e e  r a d i c a l s  e a s i l y  
w i l l  l i k e l y  be ins t rumenta l  i n  f u e l  deg- 
r ada t i on ,  Small concent ra t ions  of some 
metals and heterocompounds conta in ing  
n i t rogen ,  s u l f u r ,  and oxygen have been 
showr~ t o  be de t r imen ta l .  

Therrnal i n s t a b i l i t y  was E i r s t  iden- 
t iE i ed  a s  a problem i n  a v i a t i o n  g a s  t u r -  
b ine  engines i n  the  19501s ,  blit t he  
development of commercial supersonic  
a i r c r a f t  i n  t he  1960'5 focused much more 
a t t e n t i o n  i n  t he  area22. In a  super-  
s o n i c  a i r c r a f t ,  the  f u e l  s e rves  a s  a  
hea t  s ink f o r  wing su r f ace s  which a r e  
aerodynamically heated and is  suscep-  
t i b l e  t o  thermal  degradat ion.  With cur -  
r e n t  f u e l s  and f u e l  systems, thermal  
s t a b i l i t y  may become a problem a t  Mach 
numbers above 2.5. 

I n  the subsonic a i r c r a f t ,  Euel tank 
temperatures  a r e  much c o o l e r ,  bu t  
e leva ted  f u e l  temperatures a r e  encoun- 
t e r ed  i n  t he  l ub r i ca t i ng  o i l  hea t  ex- 
changer (where t he  Euel is used t o  cool  
t he  engine o i l )  and i n  t he  combustor 
f u e l  manifold and nozzles .  Fuel  thermal 
i n s t a b i l i t y  may cause f o ~ l l i n g  d e p o s i t s  
i n  t he  hea t  exchanger t h a t  can i n t e r f e r e  
with heat  t r a n s f e r  r e s u l t i n g  i n  exces-  
s i v e  l u b r i c a t i n g  o i l  temperatures.  
Thermal d e p o s i t s  i n  Euel manifolds and 
spray  nozzles  can cause nonuniformit ies  
i n  Euel spray p a t t e r n s  i n  t he  combustor. 
These can r e s u l t  i n  higher  p o l l u t a n t  
emissions,  increased combustor l i n e r  
temperatures ,  and hot  s p o t s  i n  t u rb ine  
i n l e t  temperature p r o f i l e s  leadifig t o  
d u r a b i l i t y  problems and increased engine 
maintenance c o s t s .  Current  e f f o r t s  t o  
improve gas t u rb ine  f u e l  e f f i c i e n c y  a r e  
r e s u l t i n g  i n  higher cyc l e  p r e s su re  r a t i o  
engines  w i t h  higher combustor i n l e t  tern- 

pera turee  which tend &o aggrovoko n t o -  
b i l i t y  prohloma. ~ l r j o ,  current krrtnds 
toward more complex f u e l  injockion cyn- 
toms with c looor  opray nozzle! to loransoa  
and mul t ip le  i n j e c t o r 0  with lower p i l o t  
f u e l  flow r c t a e  lead  t o  condi t tono  which 
promote f u e l  thermal dogradat ion ar e t c  
more s e n s i t i v e  t o  its o f foc to ,  

Several  teak methoda havo bson 
dovelopod Eor c h s r s c t e r r z i n g  j o t  Euel 
tharmal s t a b i l i t y .  Ona oE thoao, idon- 
t i t i e d  a s  t he  J o t  ~ u o l  llhormoL Oxidotiun 
Tes te r  (JPTOT), i~ i l l u n t r a t o d  l a  Pigurc 
15 ,  Xn the  JPTQT, tho t c o t  fuel i u  
passed over an electrically hcatcd Gubo 
and any degradat ion productn which uro 
formed depos i t  on t he  tube o r  a r e  
trapped by a  downatream f i l t e r ,  FaaG- 
o r - f a i l  c r i t e r i a  a r e  ostabl inhod on t he  
b s s i e  of p ressure  drop acrono t hc  f i l t e r  
o r  observa t ion  of a  change i n  dopoci t  
co lo r  o r  r e f l ec t ance  on tho hcatcd tubc,  
A more q u a n t i t o t i v o  ooaecomcnt of Euol 
s t a b i l i t y  can be obtained by conducting 
JFTOT t e s t s  over a  range of hea t e r  tube 
temperatures  and determining t he  tube 
temperature o r  "breakpointM tcmpcraturc 
where t he  f u e l  j u n t  meata the  c t a b i l i t y  
c r i t e r i a .  

Meeting j e t  Euel thermal o t a b i l i t y  
c r i t e r i a  is not  t y p i c a l l y  a  problem i n  
c u r r e n t  r e f i n e r i c a .  Except f o r  ino la tcd  
i nc iden t s ,  problems r e l a t e d  t o  thormal 
depos i t s  have not  been observed i n  oper-  
a t i n g  a i r c r a t t  gas  tu rb ino  engines.  
General ly ,  the  r e t i n e r y  proccaaing 
needed Lo meet o the r  j o t  f u e l  apocif i c a -  
f i o n s  such a s  s u l f u r  con t en t ,  a c i d i t y ,  
c o l o r ,  or  omoke po in t  w i l l  render a  
product t h a t  w i l l  a l s o  meet a t a b i l l t y  
c r i t e r i a .  However, s e v e r a l  p o t e n t i a l  
changes i n  f u t u r e  Euels may c o n t r i b u t e  
t o  decreased thermal s t a b i l i t y .  J e t  
f u e l s  with higher f i n a l  bo i l i t i s  p o i n t s  
t y p i c a l l y  include higher c o n c e n ~ r a t i o n s  
of heterocompounds and t r a c e  meta l s  
which may degrade s t a b i l i t y .  T h i s  could 
be aggravated by t he  o v e r a l l  t rend  i n  
petroleum crudes toward heavier ,  more 
aromatic  crudes and t he  p o t e n t i a l  f o r  
increased use of cracking of heavier  
f r a c t i o n s  t o  provide m i d - d i s t i l l a t e  
f  ue1s. 

The inclusion of  s h a l e  o i l  oyncrudc 
a s  a  r e f i ne ry  feedstock could have a  
cons iderab le  e f f e c t  on f u e l  s t a b i l i t y  
due t o  i t s  high organic  n i t rogen  con- 
t e n t .  Typical  sha l e  syncrades may have 
1 t o  2 weight percent  of Eucl n i t rogen .  
Figure 16 from reference  23 shows the 
e f f e c t  of n i t rogen  l e v e l  i n  o i l - s h a l e -  
der ived f u e l s  on t he  breakpoint  tempera- 
t u r e  a s  determined by the  JFTOT. Cur- 
r e n t  s p e c i f i c a t i o n s  requi re  j e t  f u e l s  t o  
meet s t a b i l i t y  c r i t e r i a  a t  2600C. 
These da t a  suggest  t h a t  f u e l s  der ived 
from synfue ls  with n i t rogen  l e v e l s  a s  
low a s  0.005 percent  by weight may not 
meet s t a b i l i t y  c r i t e r i a .  An important  
cons idera t ion  i n  examining Figure 1 6  i s  
t h a t  the  lower n i t rogen  conten t  f u e l s  
a r e  a r e s u l t  of increased hydrogenation 
s e v e r i t y  i n  processing the  s h a l e  syn- 



crud@. Tnc incruoactl hydrogonation 
oevor i ty  rcquirix: t o  r t ~ d u c ~  k t~c  nikrogOn 
aontont  a l~oull l  alto rscfu~o tho concon- 
t r a t i o n a  of otl'lor unatablo apocioo ouch 
na oxygon con t a in l ag  oryanlco or o lo-  
f i n i c  hydrocartion9 , 

ns Eucls 
wi th  rorluccd kilcrmal a t a b i l i t y  a r a  31- 
ready i n  uno, including f u e l  rjyntom 
doaign guidelines and fuc3 addikivn 
technology, BODign guidelines gonora l ly  
Eocua on reducing Euol cxpoauro t o  h igh  
Comporatures. Typica l ly ,  maximum f u e l  
temperature l i m l t o  o r e  e o t a b l i ~ h c d  on 
tho b a ~ i ~  o f  oxnericnce, and f u e l  wctom 
componento ouch-ao huat  oxchangcra or 
f u e l  nozzle s t r u t o  oro  dooigned t o  main- 
t a i n  tho d e s i r e d  f u e l  tomperature. 
F igure  17 from reference  24 suggcots  a  
co r ro lh t i on  hotwocn Euul tcmperature 
referenced t o  breakpoint  temperature and 
Euel nozzle valvo performance f o r  an 
FlOl engine f u e l  nozzle opera t ing  on two 
t e n t  f u e l s ,  Theec dnto were acquired i n  
acce le ra ted  c y c l i c  t e s t a  on a  f u e l  sys -  
tem aimulator ,  and tho time t o  an a r b i -  
t r a r i l y  s e l e c t e d  change i n  a  nozzle  flow 
c b a r a c t c r i a t i e  wac used a s  a  measure of  
performance. When components lack  the  
des ign  f l e x i b i l i t y  t o  meet Euel tempera- 
t u r e  limits, a l t o r n a t i v a  appro ache^ such 
aa  i n s u l a t i o n  of Euel manifolds o r  hea t  
n h i e l d r  may be required.  Some advanced 
multizona con~Dur;tors i n  which t he  Euel 
Elow t o  a  zone is shu t  o f f  f o r  a  per iod 
oE time may r equ i r e  purging systems ts 
prevent  Euel nozzle coking. 

Another approach t o  using t u rb ine  
f u e l s  with poorer  thermal s t a b i l i t y  
c h a r a c t e r i a t i c a  is through the  use of  
addi t iveo .  ~ n t i o x i d a n t  a d d i t i v e s  a r e  
ava i l ab l e  which suppress  ox ida t ion  by 
i n t e r r u p t i n g  t he  f r e e  r a d i c a l  cha in  
r eac t i on  t o  Eorm s t a b l e  products .  I t  
should be recognized, however, t h a t  i f  
f u e l s  become inore uns tab le  t he  e f f e c t  oE 
an t i ox idan t s  w i l l  be diminished because 
of the  increas ing  a b i l i t y  of the  Euel t o  
Eorm f r ee  r a d i c a l s .  Another group o f  
a d d i t i v e s  which may be helpEu1 a r e  known 
a s  metal d e a c t i v a t o t s .  Severa l  metals  
f:equently p r e sen t  i n  t r a c e  concentra-  
t i o n s  serve a6 c a t a l y s t s  i n  f r e e  r a d i c a l  
formation s t e p s .  Me t a l  d e a c t i v a t o r s  
s e r v e  t o  remove these metal  ions from 
p a r t i c i p a t i o n  i n  the r eac t i on  p roces s ,  
However, t he  use oE some a d d i t i v e s  may 
r e s u l t  i n  t he  formation of an i n so lub l e  
s ludge  and a d i s p e r s a n t  may be needed t o  
maintain t he  s ludge i n  s o l u t i o n .  ~ d d i -  
t i v e s  may be he lp fu l  i n  dea l ing  with po- 
t e n t i a l l y  l e s s  s t a b l e  Euture f u e l s ,  but  
t he  use of a d d i t i v e s  a lone  is  not  l i k e l y  
t o  provide a  so lu t i on .  

The c u r r e n t  pa s s -o r - f a i l  s p e c i f i c a -  
t i o n  c r i t e r i a  have proved s a t i s f a c t o r y  
f o r  maintaining high q u a l i t y  f u e l s  when 
f u e l  s t a b i l i t y  has not  been a  l i m i t i n g  
proper ty .  However, t rends  i n  f u e l  char- 
a c t e r i s t i c s  may lead t o  l e s s  s t a b l e  
f u e l s ,  and an improved s t a b i l i t y  t e s t  

may bo nocilcil Go avord unnaccccial y con- 
otr t i inko on j o t  Eon1 pri~t luct lon,  TWO 
problam aroao nnvc bocn lrfvntzf z@d t 
ElrGt tho nood f o r  a more quartkztdrkvo 
doterrninaCzat~ oE Euul nbcilt&li6y, ond 
~ ~ c o n t l ,  tho nocd EOP a  ~ ~ L E O P  C O ~ C O ~ O -  
t i o n  bctwcen l abo ra to ry  tanb r t > n i ~ l t n  and 
cnginc f u e l  oyotcm pcrforrnansc. Ttio 
P i r o t  noorl tlaa lcr3 t o  rnod~f rea t ion0  t o  
c u r r o n t  a p e c i f i c a t l o n  t e s t  apporakuo, ao 
wcl l  a a  revinor1 proeeduror; tbhnt may i m -  
provo tho q u a n t i t a t l v c  dotcrmindtiott  oE 
dopooit  o r  tnaolaRloo Eocmation, T ~ I P  
~ ~ C o n c ]  need hno larl t o  Gaat pt'wjramo 
orzing conduoCod t o  dcvtllnp rr*latir>nr,liipn 
hetwccn labora tory  t o o t  rc~oulcn and ttls 
porfor~nanco of hea t  oxctitlng~rn ( r e f ,  25) , 
Ronulto Ouch 40 khc c o r r o l n t i o n  shown i n  
f i g u r e  17 t h a t  includod fuel hrcakps in t  
tempcraturoc may l oad  t o  Im~rrovucl 
r e l a  t ionohipc botwacn t e n t  r c a u l t s  and 
Euol nozzle perfarmancc. 

RoGearch and Technology Gtatun 
A n u m i t ~ r q a n i a a k i o n ~  111 tilo 

U.S. a r e  currently so~lcluctincj rocr.tirch 
d i r e c t e d  toward an improvcd undorctdtid- 
iny of t h e  chemintry and mochana:;me 
lead ing  t o  thermal dcpesi t f i ,  Many oE 
theac s t ud ioa  a r e  examining p o t o a t l a 1  
s t a b i l i t y  problems nn:;oci~?cc?cl w ~ t t \  Cuela 
derived from cyn thc t i c  crude sources .  A 
workshop wan hold n t  tho NASA I,owrn 
R e 9 ~ a r c h  Center i n  1978 (roE. 2 6 )  t o  
E L S V ~ B W  Oilgoing rcfjcarch and t o  provzcre 
recommendationn f o r  f u t u r e  a c t l v i t i c o .  
A s p e c i f i c  r~commcnddtion wafi t o  catab-  
l i s h  a gonoral tzed t e s t  appnratu:; tl:at 
could be used t o  r e l a t ~  labora tory  
sc reening  t en to  t o  ac:tudl parforrndnec, 
Severa l  :cooarch prograrna have been 
i n i t i a t e d  t o  design and bui ld f u e l  
~ y a t e m  ~ i m u l a t o r o  Eor t h i n  purposo. 
Var i ab l e s  t o  be con~ i r i c r ed  inc lude  the  
e f f e c t s  of wal l  tompcratura, Euel 
Reynolds number, Euel i n l e t  tc?mperaturc 
and pressure  on depan l t  formation r a t e .  
Deta i led  chemical chardc te r  izd t i o n  of 
tho  depos i t s  w i l l  a l s o  he ob ta ined ,  

A s u b s t a n t i a l  amount oL a d d i t i o n a l  
e f f o r t  w i l l  be requi red  beEore any s!g- 
n i f i c a n t  change i n  Euel thermal a t a h l l -  
i t y  can be considered.  The na ture  of 
t he  Euel i n s t a b i l i t y  muat ba undec~ tood  
and the  techniques t o  dcaL w i t h  i t  m u s t  
be exhaust ively s t ud i ed  i n  component and 
engine t e s t s .  These programs w i l l  
r equ i r e  expensive, long-term, c y c l i c  
t e s t s  un less  r e l i a b l e  techniques f o r  aa- 
c e l e r a t ed  t e a t s  can be devised.  Taking 
t he se  f a c t o r s  i n t o  cons ide ra t i on ,  i t  
would appear t h a t  rnajor changer; i n  j e t  
f u e l  thermal s t a b i l i t y  a r e  un l i ke ly  i n  
t he  near Euture, but  t h a t  research  e f -  
f o r t s  m u s t  be i n i t i a t e d  today t o  provide 
an a l t e r n a t i v e  t o  increased f u e l  proc- 
ess ing  t o  meet c u r r e n t  s p e c i f i c a t i o n  
c r i t e r i a .  

V I .  NON-METALLIC MATERIALS COMPATIUTLITY 

Increased aromatic  conten t  of f u tu r e  
j e t  f u e l s  may presen t  a  problem w i t h  



regdrd t o  compacibr l i ty  with non-metal- 
I ic  matar io lo  uncd G O  ~jaakoto,  coa lan tu ,  
adhosivca and coa t ingo  rn a l r c c a f t  Euol 
aysfemu. Elaotomors t y p i c a l l y  awoll  
whan axponod t o  aromatics ,  and otandard 
design procedures  take  t h i a  i n t o  a s u  
count ,  I!owovcr, oomo da t a  have boon 
acquired21 whish i n d i s a t c  a ~ i g n i f i -  
c a n t  l o s a  i n  n l a n t i c i t y  a f t o r  oxpaauto 
t o  a f u e l  wi th  higher  aramaticn con t en t ,  
Figuro 18 cornparce rca;tllt;o f o r  an olao-  
tomor oxpoeed t o  J o t  A with 20 percent  
aromatics  and two hichor  aromatics  con- 
t e n t  blendu, X t  should bo noted t h a t  
t h e w  aging too to  wore conduckad a t  Gn 
elevetod tcmpecaturc of 150oCt tho 
l o s s  i n  o l a o t i c i t y  wan l c s o  aavc te  nk 
lowar tomporatureo. Another s t udy ,  
reported i n  rcforenco 28, involved tho 
examination o f  a wide v a r i e t y  oC non- 
m e t a l l i c  a i r c r a f t  m a t e t i a l e ,  With some 
oxceptiono, most ma te r i a lo  were found t o  
be rcasonnbly t o l e r a n t  of a JPc4 baoo 
f u e l  with aromaticc l eva ln  up t o  35 
volume pe rcen t  and au l fu r  l cvc lo  up t o  1 
weight percent .  

Both of t hc  c i t e d  s t ud i eo  found an 
i nd i ca t i on  of p o t e n t i a l  problomo with 
some ma te r i a lo ,  ~ o l l o w u p  o tud i e s  should 
i n v e s t i g a t e  theac s p e c i f i c  case5  more 
thoroughly and examine a s  many c laosea  
of makcriala aa poso ib le .  I n  add i t i on  
t o  aging t e a t a  with specific fuel.o, cy- 
clic totts where aromatics  concentra-  
t i o n s  a r c  var ied  a r e  nooded, Compati- 
b i l i t y  problemn with nome ma te r i a lo  may 
bo i d e n t i f i e d ,  but many clantomor com- 
pounds can be t a i l o r e d  t o  s p e c i f i c  f u e l  
p roper t ieo  s o  t h a t  undcoirablc  e f f c c t s  
would bo minimized f o r  a given f u e l  i n  a 
givcn app l i ca t i on .  

V I I  . CO?:CLUDING REMARKS - 
A number of f a c t o r s  r e l a t e d  t o  t he  

fu tu r e  nupply and conk of a v i a t i o n  t u r -  
bine f u e l s  have heen i d e n t i f i e d .  The 
tu rb ine  f u e l  p r o p e r t i e s  of most s i g n i f i -  
cance t o  t h e  a i r c r a f t  f u e l  system have 
been examined , and t rends  and p o t e n t i a l  
f u t u r e  changes i n  theoe p rope r t i eo  have 
been d iscussed .  F i n a l l y ,  the e f f e c t s  of 
s e v e r a l  of these  proper ty  changes have 
been i d e n t i f i e d ,  and some of  t he  f u e l  
system technology approaches which a r e  
being s tud i ed  t o  use these f u t u r e  fuc lo  
were a l s o  descr ibed .  %'he rcsearch ac-  
t i v i t i e s  descr ibed  here in  a r e  no t  mcant 
t o  be a complete Survey of a l l  o f  t he  
f u e l  r e l a t e d  e f f o r t s  being conducted by 
t he  government and i ndus t ry ,  but merely 
t o  i l l u s t r a t e  some of the more s i g n i f i -  
c a n t  Euel system problem a rea s  t h a t  m u s t  
be addressed i n  cons ider ing  broadened 
property f u e l s .  

I t  m u s t  be recognized t h a t  broaden- 
ing  j e t  Euel p rope r t i e s  w i l l  no t  ncces- 
s a r i l y  i n su re  an i nc r ea se  i n  j e t  f u e l  
a v a i l a b i l i t y .  Minimizing processing 
energy consumed i n  r e f i n ing  j e t  f u e l  may 
r e s u l t  i n  some inc rea se  i n  product  y i e ld  
from a b a r r e l  of c rude ,  but t he  j e t  f u e l  
u se r s  m u s t  s t i l l  compete w i t h  t he  o ther  

Puol eonaumorn for  t h e i r  otintc of tltcl 
t o t a l  oupply, Navcr thc locc ,  tho ~ t r z l  t 6~ 
t o  U B ~ !  a j e t  Eucl with Icon; rltrfngenk 
apeciEicakiona would provitlc t h o  air- 
c r a f t  induotry wikh tho Cloxibrl iky o f  
uaing fuc lo  that; might okhorwiao not bu 
ascoptab lo  * 

Potonkial  changeo i n  f u t u r e  as ic rdf i t  
fuo ln  could take many formo fdnging Prom 
gradua l  ehangoo over n poriod of many 
y e a r s  t o  t he  cstakl iahmont  of r a d i ~ a l l y  
naw o r  diEEoront Euola ouch ao 1ic;luid 
hydrogan o r  l i q u i d  mothano. Two f a c t o r s  
which ooveroly conot ra ln  any potential 
chanyeo a re !  (1) khc vory long ledd 
t imas assoeiater l  with the dcvclopmont 
and implamontation of now a i r c r a f t  tach- 
nology and (2 )  tho vory long oorvleo 
1iCcti1neo of aircraft, Thuo any c i g n l f -  
i c a n t  changco i n  Euel c h a r a c f c r l o t i c c  
w i l l  bo pacod by khc harilwaro dcvolop- 
men!; t o  accommodate tho Euolo, and tho  
i n t roduc t ton  of any chnngco muck inc lude  
proviaiono fo r  the  cont inuing opera t ion  
oE t he  ox io t ing  P l ce t  of a i r ~ r a f t .  Tho 
approach Lo tho l a t t e r  problom would, of 
couroov depend on t he  degree of chanqe 
in  f u e l  p ropor t ioc ,  but, under aomc s i c -  
cumstancoa a dua l  EuoL Dyatom f o r  c i t h c r  
an in tor im ar a longer per iod might be a 
roaoonnble n l t c r n a t i v o ,  Ce r t a in ly  any 
p o t e n t i a l  changeo must be conoidercd on 
n worldwide aa well  ao a no t i ona l  G C B ~ C ,  
A i r c r a f t  must have t h e  f l e x i b i l i t y  tn 
opera to  on EuuLo which a r c  economically 
avo i l ab l a  throughout t he  i n t e r n a t i o n a l  
system, 

The o v e r a l l  e f f o r t  required t o  ao- 
s c ~ s  t he  f e a o i h i l i t y  of using broad 
proper ty  f u c l o  i n  both in -sorv lce  and 
f u t u r e  a i r c r a f t  f u e l  oyctemo and englnos 
w i l l  be cons iderdble ,  Not only perfoim- 
ance but  a160 d u r a b i l i t y  over the ex- 
tended s e r v i c e  l i f e  of tho a i r c r a f t  muot 
be evaluated t o  incure  component and 
oyotem r e l i a b i l i t y ,  ma in to lnab i l i t y ,  
Ga Eety and c ~ v i r o n m e n t a l  a c c e p t a b i l i t y  
with the  U G C  of theoe E U C ~ D .  Evcntuel- 
l y ,  ex tens ive  economic and cngincoring 
t radeof f  s t u d i e s  w i l l  bo needed t o  ava l -  
ua te  t he  e f f e c t s  of broadening f u e l  
p r o p e r t i e s  on t he  o v e r a l l  Eucl produc- 
t i o n  and a i r  t r anspo r t a t i on  syotem, 
These t radeof f  s t u d i e s  w i l l  r cqui rc  an 
ex tens ive  technologica l  da ta  haoc, and 
with t he  long lead timec a o ~ o c l a t a d  w i t h  
new a i r c r a f t  technology i t  i s  imperat ive 
t o  begin t h i s  e f  f o r  t now. 
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TADtiE 1 ,  - BELECl'ED AVXA'I'ION TURBfNE FUEL SPECFICATXONS FROM ABTM U 1855-79 

VObhTIbX'1'Y 
D t a t i l l a t i u n  Temperature (rnax,) , OC 

109 rocover~d 
F i n a l  b o i l i n g  p o i n t  
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FLUIDITY 
Proczing p o i n t  (ma%. OC 
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Figura 1, - Boi l ing range of selected petroleum products, 

YEAR 

Figure 2. - Statistical t rendr ' ln  quant i ty  of l t reporkbiaU 
Jet A fuel purchased by United Air l ines. 



Figure 3. - Jet fuel production alternatives. 
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Figure 4 - Predicted fuel temperature for a long-ranqe 19100 
km) commercial aircraft mission, based on a minimum 
static 3 i r  tempera!ure of -720 C. 
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Figure 5. - Summary of in-flight mininir~m fuel 
temperature measurements. 
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Figure 6. - Apparatuq uwri to (~ rnu la tc  lo\*: t ~ m n ~ r a t u r ~  environment of 
aircraft :uel tank. 



Figure 7. - In te r io r  v i m  of fuel tank simulator apparatus after 
completion of test w i th  approximately 8. R percent fue l  holdup. 
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10 0 -28 DISTILLATE NAPHTHENIC PETROLEUM 
V -34 JETTYPE SHALE OIL 

EhIPERATURE, 0.6 cm AROVE BOTTOPI1. OC 

Figure 8. - Results of fue l  tank simulator tests with low holdup 
conditions. 



.- C A R I N  AIR COUD ){FAT f X  

r ROO51 PII&\P R l C l R C U V I T l O h  

tNCINF-  DRIVE COMPRC5SOR AIR R L l F D  

, < -  - - -  8 :  
I LURE OIL  H I A T  fX 

Fiqure 9. - Potential fuel tank heatinq sources. 

FLIGHT TIME, hr 

Figure 10. - Fuel-tank temperatures for a 
9100-kilometer fliqht with heating. 
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Figure 11. - Schematic of a lubricating-oil heat exchanger 
fuel heating system. 

TIME, h r  

Figure 12. - Predicted fuel temperature for a 9100 krn com- 
mercial aircraft mission, with fuel heated by lubricating 
oil heat rejection. 
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Flqure 13. - Schematic of electrical fue l  heatinq 
system on a w i d e - b d i ~ d  jet aircraft .  
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Figure 14 - Sketch of fuel heating system simulator. 
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Fiqure 15. - Schematic of jet fuel thermal oxidation tester. 
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Figure 16. - Effect of nitrogen content i n  oil- 
shale-derived fuels on JFTOT breakpoint 
temperature. 
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Figure 17. - Effect of fuel temperature on F l O l  
fuel nozzle performance with two fuels in 
accelerated fuel system simulator tests. 
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Figure 18 - Stress relaation of butadiene-acrylonitrile 
rubber exposed to Jet A with varying aromatics con- 
tentat 1500 C 



' For sale by Ihe Nalional Technical lniormat~on Servlce, Sprlneflcld. Vire~nla 22161 

NASA-C-168 (Rov. 10.75) 

ADVANCED FUEL SYSTEM TECIINQIIOCY FOR 
WTI LI%INQ I3IIQAI)ENBI) PllQPERTY AIRCliAFT FUE LS 

IJ~cpareci for tho Twelfth Congress of the lnternntional Council of the Aeronautical Scicnccs, 
Munich, Germany, October 13-17, 1980, 

10 Abstract 

Consideration of R numbat* of unccrti~in factors wklch may influence tire future availability of 
high quality, rcasonabiy priced aviation fuels suggests that the effect o i  potential ci~angcs in air-  
craft  fuels be examined, In view of possible future crude sources and charactcristlcs sonlc 
changes in fucl properties may be desirable to provide a more flexible and rcliablc fuel supply 
a s  well as minimizing fuel processing In the refinery, However, before any change can be con- 
sidered, the impact on the entire a i r  transportation industry including tho costs of developing 
and operating now lecl~nology must be carefully assessed and colnparcd with perceived benefits 
related to fucl supplies, T l~ i s  paper identifies some possible changes in fuel properties based 
on current trends and projections, examines the effect of those changes wit11 respect to the air-  
craft  fuel system and clcscribes some tccl~noiogical approaches to utilizing those fuels, Fuel 
system research activities a r e  also described wllicll a r e  being conducted to establish a data base 
for  broadened properly fuels that can be used in future technical and econol~lic tradeoff studies, 

17. Kay Wordr (Suggostcd by Authorls)) 

Aviation fuels; Hydrocarbon fuels; 
J e t  fuels; Fuel systems; Aircraft 
turbine engines 

18. Dirtribution Stntamant 

Unclassified - unlimited 
STAR Category 28 

19. Security Classif. (of this report) 

Unclassified 
20. Socurity Clatrif. (of this page) 

Unclassified 
21. No. of Pages 22. hlce' 


	0001A02.jpg
	0001A02.tif
	0001A03.tif
	0001A04.tif
	0001A05.tif
	0001A06.tif
	0001A07.tif
	0001A08.tif
	0001A09.tif
	0001A10.tif
	0001A11.tif
	0001A12.tif
	0001A13.tif
	0001A14.tif
	0001B01.jpg
	0001B02.jpg
	0001B03.jpg
	0001B04.jpg
	0001B05.jpg
	0001B06.jpg
	0001B07.jpg
	0001B08.jpg
	0001B09.tif
	0001B10.tif
	notice_poor quality MF.pdf
	0001A04.JPG
	0001A04.TIF
	0001A05.JPG
	0001A05.TIF
	0001A06.JPG
	0001A06.TIF
	0001A07.TIF
	0001A08.TIF
	0001A09.TIF
	0001A10.TIF
	0001A11.TIF
	0001A12.TIF
	0001A12a.JPG
	0001A12a.TIF
	0001B02.JPG
	0001B03.TIF
	0001B04.JPG
	0001B04.TIF
	0001B05.JPG
	0001B06.JPG
	0001B07.JPG
	0001B08.JPG
	0001B09.JPG
	0001B10.JPG
	0001B11.JPG
	0001B12.JPG
	0001B12a.JPG
	0001C02.JPG
	0001C03.JPG
	0001C04.JPG
	0001C05.JPG
	0001C06.JPG
	0001C07.JPG
	0001C08.JPG
	0001C09.JPG
	0001C10.JPG
	0001C11.JPG
	0001C12.JPG
	0001C12a.JPG
	0001E02.JPG
	0001E03.JPG
	0001E04.JPG
	0001E05.JPG
	0001E06.JPG




