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INTRODUCTION 

Fuels  Science and Engineer ing i s  a wide ranging t o p i c  t h a t  has  been 
descr ibed  a s  t h e  i n t e r d i s c i p l i n a r y  s u b j e c t  par exce l lance .  
o f t e n  divided i n t o  t h r e e  pr ime t o p i c s :  Product ion of  f u e l s ;  Fue l  p r e p a r a t i o n  
and Benef ica t ion ;  and U t i l i z a t i o n .  Product ion covers  mining of c o a l ,  and 
petroleum and n a t u r a l  gas r e s e r v o i r  engineer ing .  P r e p a r a t i o n  c o v e r s  c l e a n i n g ,  
crushing,  gr inding ,  and r e l a t e d  a s p e c t s  of coa l  b e n e f i c a t i o n ,  w i t h  r e f i n e r y  
engineer ing  and r e l a t e d  o p e r a t i o n s  f o r  o i l  and gas .  U t i l i z a t i o n  is t h e  f a c e t  
t h a t  f u e l s  educat ion most commonly focuses  on, and i s  p r i m a r i l y  concerned wi th  
combustion and r e l a t e d  u s e s  of a l l  f u e l s  i n  a l l  a p p l i c a t i o n s .  The proper  
conten t  of  f u e l s  educa t ion  i s  d iscussed  i n  more d e t a i l  below: t h e  broad scope 
of t h e  s tudy of f u e l s  from t h e  s c i e n t i f i c  t o  t h e  engineer ing  a s p e c t s  i s  o f t e n  
t i t l e d  Fuel  Technology*. 

PERSPECTIVE 

The t o t a l  scope i s  

To t h e  o u t s i d e r  viewing Fuel  Technology i n  t h e  contex t  of todays energy 
famine i t  must s u r e l y  appear  to  be t h e  s u b j e c t  of  g r e a t e s t  t e c h n i c a l  importance 
i n  t h e  curr iculum of any u n i v e r s i t y  o r  s imi la r  t r a i n i n g  i n s t i t u t e .  Such a view 
is  n o t  supported by t h e  f a c t s ,  however. 
anomalous p o s i t i o n .  Although f u e l  technology h a s  been a rewarding s u b j e c t  f o r  
s tudy  and a p p l i c a t i o n  f o r  many decades -- one  might even s a y ,  c e n t u r i e s  -- it 
has  s t i l l  never  had t h e  academic prominence o r  even r e c o g n i t i o n  of o t h e r  tech-  
nologies  such a s  chemical engineer ing ,  meta l lurgy ,  ceramics ,  and so f o r t h .  
There a r e  be l ieved  t o  be less than h a l f  a dozen u n i v e r s i t i e s  o r  i n s t i t u t e s  i n  
t h e  world wi th  formal  academic programs l e a d i n g  t o  degrees  i n  Fuel  Technology. 
Fue l  Science,  o r  Fue ls  Engineer ing,  and t h e  numbers, i n  f a c t ,  have been d e c l i n i n g .  
There is  l i k e w i s e  no c e n t r a l  recognized p la t form o r  j o u r n a l  f o r  t h e  t o t a l  range 
of t h e  t o p i c s  of concern i n  Fuel Technology. I n t e r e s t  is s c a t t e r e d  over  many 
semi-special ized Socie ty  d i v i s i o n s  and j o u r n a l s .  In  a word, Fue l  Technology 
does not ,  a t  p r e s e n t ,  have t h e  r e c o g n i t i o n  of  be ing  a formal  academic d i s c i p l i n e  
wi th  a formal body of knowledge (even though t h i s  e x i s t s )  t h a t  p r a c t i t i o n e r s  
should know i f  they  are t o  claim t h e  a u t h o r i t y  o f  speaking as f u e l  t e c h n o l o g i s t s .  
Only i n  s p e c i a l i z e d  cases  such as power and propuls ion  systems ( a  m i n o r i t y  branch 
of f u e l  technology) does something l i k e  a formal  t r a i n i n g  exist. I n d u s t r i a l  
p r i n c i p l e s  and a p p l i c a t i o n s ,  which r e p r e s e n t  over  40% of  n a t i o n a l  energy use,  
are mostly unknown and untouched. 
p a s t ,  p a r t l y  by d e f a u l t ,  of appoin t ing  f u e l  engineers ,  managers, s u p e r v i s o r s ,  
o r  c o n t r o l l e r s ,  from those  i n  t h e  ranks  of o t h e r  engineer ing  p r o f e s s i o n s  such 
as chemical, m e t a l l u r g i c a l ,  ceramic, and mechanical engineer ing .  

Fue ls  educa t ion  i s  i n  a c u r i o u s l y  

I n d u s t r y  has  t h e r e f o r e  had t h e  h a b i t  i n  t h e  

The problem has  been t h a t  s i n c e  f u e l s  w a s  everyone 's  b u s i n e s s ,  i t  was 
no-one's bus iness .  In each i n d i v i d u a l  segment o f  i n d u s t r y  t h e  t o p i c  of  f u e l  use  
w a s  e s s e n t i a l l y  a n  appendage, with i n d i v i d u a l  s o l u t i o n s  t o  very  s i m i l a r  problems 
be ing  developed i n  t h e  d i f f e r e n t  process  s e c t o r s  -- f e r r o u s  and non-ferrous 
o p e r a t i o n s ,  g l a s s ,  ceramics ,  r e f i n e r y  s t i l l s ,  cement manufacture ,  and s o  f o r t h .  

*"Technology" i s  used h e r e  i n  t h e  same s e n s e  a s  i n  M . I .  of Technology, o r  C . I .  
of Technology, e t c .  
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In u n i v e r s i t y  c u r r i c u l a ,  where process  meta l lury  and ceramics ,  and t h e  l i k e ,  
a r e  s t i l l  thought t o  b e  impor tan t ,  f u e l s  a r e  d iscussed  most ly  i n  t h e  contex t  
of t h e  single indus t ry .  In t h e  o t h e r  engineer ing  a r e a s ,  emphasis tends  t o  
be s o l e l y  on power systems and, as observed by Smith and St inson  (1) 25 y e a r s  
ago: "It has been (our )  o b s e r v a t i o n  t h a t  t h e  genera l  t rea tment  of f u e l s  and 
combustion is many t imes  s l i g h t e d  i n  engineer ing  c u r r i c u l a ,  even though t h e  
combustion process  i s  a v i t a l  l i n k  i n  power c y c l e s .  
f u e l s  and combustion a r e  p r e s e n t e d ,  in  p a r t ,  through courses  i n  s team power, 
internal-combust ion engines ,  h e a t i n g  and v e n t i l l a t i n g ,  and l a b o r a t o r y ,  wi th  
l i t t l e  coord ina t ion  o r  c o n t i n u t y  of  t h e  m a t e r i a l  p resented  i n  t h e  v a r i o u s  courses .  
The r e s u l t  many t i m e s  i s  an incomplete  coverage of  e i t h e r  f u e l  technology o r  
combustion, and u s u a l l y  a meager concept i s  obta ined  of t h e  a c t u a l  chemical 
processes  of burning."  T h i s  o b s e r v a t i o n  would s t i l l  seem to b e  s u b s t a n t i a l l y  
t r u e .  Only i n  t h e  p r o p u l s i o n  s p e c i a l t i e s  (gas  t u r b i n e s  and r o c k e t s )  would t h e r e  
seem t o  have been any s i g n i f i c a n t  change. 

Frequent ly  t h e  t o p i c s  of 

, 
This f ragmenta t ion  of f u e l  technology,  however, does not  seem t o  have 
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development h a s  r e a l l y  been h indered  by t h i s .  So does it mat te r  f o r  t h e  f u t u r e ?  
The answer woidd see3 t o  b e  a decided:  Pes !  The p a t t e r n  of t h e  d i s t a n t  indus t -  
r ial  p a s t  was a g e n e r a l l y  a c c e l e r a t i n g  use  of f u e l ,  i n i t i a l l y  of wood and char- 
c o a l  and subsequent ly  of  c o a l ,  during which t h e r e  was ample time (decades)  f o r  
t h e  most p a r t  t o  develop n e c e s s a r y  techniques by e s s e n t i a l l y  unt ra ined  i n v e n t o r s  
and developers  (who o f t e n  became h i g h l y  s k i l l f u l  by on-the-job t r a i n i n g ) .  
p a t t e r n  of t h e  more r e c e n t  p a s t  ( t h e  l a s t  50 y e a r s )  was then  a process  of f u r t h e r  
i n d u s t r i a l  development based ,  f i r s t ,  on o i l ,  then on gas.  The t r e n d  was t o  more 
e a s i l y  used and p r o p o r t i o n a t e l y  cheaper  f u e l s .  A r e t u r n  t o  c o a l  o r  coal-based 
f u e l s  means r e v e r s i n g  t h a t  t r e n d .  The f u e l s  w i l l  be more expensive and more 
d i f f i c u l t  t o  use .  It is  n o t  s imply a mat te r  of r e v e r t i n g  t o  p a s t  t echnologies .  
The u s e  of o i l ,  and p a r t i c u l a r l y  gas  allowed ( l a r g e l y  ad-hoc) improvements i n  
p r e c i s i o n  of f i r i n g  furnaces :  temperature  c o n t r o l ,  meter ing,  burner  c y c l i n g ,  
and so f o r t h ;  and o p e r a t o r s  w i l l  cont inue  t o  expec t ,  o r  demand a s  e s s e n t i a l ,  
s i m i l a r  p r e c i s i o n  and e a s e  of f i r i n g .  The s c a l e  of t h e  problem, i n  terms of 
f u e l  tonnages consumed h a s  a l s o  increased:  
quadrupled i n  t h e  last  h a l f  cen tury .  
t h a t  makes r e t u r n  t o  c o a l  s o  much more d i f f i c u l t .  

The 

t o t a l  energy consumption has  almost 
There a r e  a l s o  environmental  c o n s t r a i n t s  

A s  a r e s u l t  o f  th i s  p a t t e r n ,  t h e r e  is indeed evidence now of a n  
i n c r e a s i n g  demand f o r  f u e l s  s p e c i a l i s t s  wi th  a much h i g h e r  l e v e l  of educa t ion .  
The p a s t  p r a c t i c e  of  on-the- job t r a i n i n g  (which l e d  t o  many re - invent ions  of 
t h e  wheel) can b e  expected t o  d isappear .  It t a k e s  too  long;  i t  can l e a v e  t o o  
many gaps in knowledge; it is l i k e l y  t o  b e  t o o  s p e c i l i z e d  which makes f o r  
i n f l e x i b i l i t y ;  and t h e r e  i s  u s u a l l y  time only  t o  a t t a i n  a r e l a t i v e l y  elementary 
l e v e l  of understanding t h a t  can  b e  f a r  s h o r t  of what i s  r e q u i r e d  today. 

The demand must i n c r e a s i n g l y  be m e t  by t r a i n i n g  a t  t h e  u n i v e r s i t y  l e v e l ,  
bu t  t h i s  p r e s e n t s  s e v e r a l  problems. There a r e  t o o  few s c h o o l s  a t  p r e s e n t  wi th  
even a pre tence  a t  a r e a s o n a b l e  coverage of  t h e  f i e l d  of knowledge t h a t  can be  
c a l l e d  Fuel Technology, and t h e s e  schools  a r e  almost unknown t o  l a r g e  s e c t i o n s  
of indus t ry ,  t o  o t h e r  u n i v e r s i t i e s ,  and to  v i r t u a l l y  a l l  p r o s p e c t i v e  s t u d e n t s .  
There i s  even ignorance i n  some academic q u a r t e r s  of what academic o r  formal  
t r a i n i n g  coverage can be  provided  i n  t h e  f i e l d  of f u e l  technology so t h a t  p lans  
to expand course coverage can b e  he ld  up or w i l l  be  incomplete  on account  of t h a t  
l a c k  of  knowledge, and l a c k  of necessary  t e a c h i n g  manpower. (This ,  f u r t h e r ,  
ignores  t h e  p r e s e n t  c o n s t r a i n t s  on u n i v e r s i t y  funding t h a t  makes curr iculum 
enlargement d i f f i c u l t  t o  i m p o s s i b l e  in  may c a s e s . )  

304 



It is  understood t h a t  t h i s  Meeting (on Fuels  Science and Engineer ing 

In  t h i s  paper ,  c o n t r i b u t i o n s  t o  t h r e e  a s p e c t s  a r e  presented .  
Education) a t  which t h i s  paper  i s  presented  is designed t o  develop s o l u t i o n s  t o  
t h e s e  problems. 

WHAT I S  FUEL TECHNOLOGY? 

The broad scope  of  f u e l  technology (or  s c i e n c e  and engineer ing)  i s  
o u t l i n e d  i n  t h e  I n t r o d u c t i o n .  It can be  summarized as: t h e  s tudy  of f u e l  i n  
s c i e n c e  and p r a c t i c e .  For t h e  development of c u r r i c u l a ,  something w i t h  g r e a t e r  
p r e c i s i o n  and more d e t a i l  i s  r e q u i r e d  f o r  s e t t i n g  t h e  boundaries  t o  t h e  f i e l d  
and f o r  i d e n t i f y i n g  i n d i v i d u a l  s u b j e c t  o r  t o p i c s .  

Fuel technology i s  broadly  concerned w i t h  t h e  u t i l i z a t i o n  of f o s s i l  
f u e l s  and of t h e i r  manufactured and r e l a t e d  d e r v a t i v e s ,  inc luding  t h e  process  
of manufacture of t h e  secondary f u e l s  (by g a s i f i c a t i o n  and l i q u e f a c t i o n ) .  It 
should a l s o  inc lude  some degree of s tudy of t h e  sources  and r e s e r v e s  o f  c o a l ,  
o i l ,  gas ,  and o t h e r  p o t e n t i a l  f u e l s  ( i n c l u d i n g  s h a l e s ,  t a r  sands ,  s o l i d  was te ,  
e t c . ) .  Also s i g n i f i c a n t  are t h e  p h y s i c a l  and chemical p r o p e r t i e s ,  methods o f  
a n a l y s i s ,  chemical s t r u c t u r e ,  and methods of p r e p a r a t i o n  (c leaning ,  dry ing ,  
gr inding ,  d i s t i l l a t i o n ,  sc reening ,  e t c . ) .  

U t i l i z a t i o n  is s t i l l  t h e  c o r e  of f u e l  technology. This  means: produ- 
c a t i o n  of power; use  f o r  process ing;  and secondary f u e l  manufacture f o r  u l t i m a t e  
use as gas, l i q u i d ,  o r  s o l i d ,  i n  power and process ing .  U t i l i z a t i o n  depends on 
knowledge of f u e l s  r e a c t i v i t y  -- React ion  K i n e t i c s  a p p l i e d  t o  s o l i d ,  l i q u i d ,  o r  
gaseous f u e l s .  
aerodynamics) and h e a t  t r a n s f e r  (mainly r a d i a t i v e ) .  S p e c i f i c  technologica l  sub- 
jects of importance t h a t  r e p r e s e n t  a p p l i c a t i o n  of fundamentals i n c l u d e ,  i n  
p a r t i c u l a r :  flame chemistry;  flame propagat ion  theory ;  carbon and c o a l  r e a c t i o n s ;  
r e a c t o r  and flame hold ing  theory;  furnace  a n a l y s i s ;  r a d i a t i v e  p r o p e r t i e s  of f lames;  
and scale-up methods f o r  p i l o t  p l a n t s .  

It a l s o  r e q u i r e s  a p p l i e d  knowledge of  f l u i d  mechanics (combustion 

These t o p i c s  are set i n  schematic  p e r s p e c t i v e  i n  F igs .  1 and 2 .  Figure  
1 i l l u s t r a t e s  t h e  o v e r a l l  p rocess  of  u t i l i z i n g  f u e l  t o  d e l i v e r  a u s e f u l  end 
product .  Input  i n c l u d e s  knowledge of  f u e l  and r a w  material s o u r c e s ,  p r e p a r a t i o n ,  
and supply t o  t h e  r e a c t o r .  Output l ists power, p rocess  use ,  manufactured f u e l s ,  
and e f f l u e n t s .  Reactor  o p e r a t i o n ,  or requirements  f o r  understanding t h e i r  
opera t ion ,  i s  i l l u s t r a t e d  i n  Fig.  2 ,  which shows t h e  r e l a t i o n s h i p  between t h e  
b a s i c  sc iences  and t h e i r  engineer ing  a p p l i c a t i o n .  

Supplementary t o  t h e  above, t r a i n i n g  i n  f u e l  technology must a l s o  
inc lude  such s u f f i c i e n t  understanding of t h e  power and process  o p e r a t i o n s  them- 
s e l v e s  t h a t  t h e  mechanical and o t h e r  a s p e c t s  of  t h e  furnaces  and engines  makes 
sense .  This  b r i n g s  i n  such a d d i t i o n a l  t o p i c s  as: h e a t  engine thermodynamics; 
furnace  thermodynamics; r e f r a c t o r y  behavior  and s e l e c t i o n ;  h e a t  t rea tment  
p r i n c i p l e s  (with emphasis on t h e  i ron /carbon diagram);  and e f f l u e n t  c o n t r o l  
(such a s ,  a i r  p o l l u t i o n  from combustion sources) .  

Fue ls  Education a t  Penn S t a t e  

In s p i t e  o f  t h e  wide ranging scope of Fuel  Technology, a t  t h e  Pennsylvania  
S ta te  Univers i ty  a l l  a s p e c t s  are covered i n  one Department or  another .  
Departments o r  S e c t i o n s  i n c l u d e  Chemical Engineer ing,  Mineral  Process ing ,  Petroleum 
and Natura l  Gas, Mining, Mineral  Economics, and t h e  Fuels  Science Sec t ion  of 
M a t e r i a l s  Science and Engineer ing wi th  some combustion and power a s p e c t s  i n  
Mechanical Engineer ing.  
and a d m i n i s t r a t i v e  u n i t  t h a t  t ies t o g e t h e r  a number of c l o s e l y  related r e s e a r c h  
a c t i v i t i e s  on c o a l  and carbons.  

Relevant  

In a d d i t i o n ,  t h e  Coal Research Sec t ion  i s  a r e s e a r c h  
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Most of t h e  t e a c h i n g  and r e s e a r c h  a c t i v i t i e s ,  however, a r e  centered  
i n  t h e  Fuel  Science S e c t i o n  of t h e  M a t e r i a l s  Science and Engineer ing Department. 
The o r i g i n a l  program s t a r t e d  n e a r l y  50 y e a r s  ago i n  t h e  Department of Fuel  Tech- 
nology, e s s e n t i a l l y  a s  an outgrowth of  graduate  courses  i n  c o a l  carboniza t ion  
and f u e l  u t i l i z a t i o n  i n  t h e  Department of  Metal lurgy.  Over t h e  per iod  1921-1931 
t h e s e  o r i g i n a l  courses  developed i n t o  an Option i n  Fuel  Technology, i n  t h a t  
Department, with undergraduate  i n s t r u c t i o n  i n  f u e l  t e s t i n g  and ca lor imet ry ,  
coking, c l a s s i f i c a t i o n  of c o a l s ,  l i q u i d  and gaseous f u e l s ,  carboniza t ion  and 
process ing  of c o a l s ,  and combustion and u t i l i z a t i o n  of s o l i d ,  l i q u i d ,  and 
gaseous f u e l s .  The s t r e n g t h  of  t h i s  o p t i o n  was such t h a t ,  i n  1932, a s e p a r a t e  
Department of Fuel  Technology w a s  c r e a t e d ,  g r a n t i n g  s imultaneously both under- 
graduate  and graduate  degrees  (B.S., M.S. and Ph.D.). In t h e  y e a r s  s i n c e  then,  
a t o t a l  of 180 s t u d e n t s  have graduated w i t h  t h e  bachelors  degree,  83 w i t h  t h e  
mas ters  degree,  and 115 w i t h  t h e  Ph.D. 

About 10 y e a r s  ago t h e  undergraduate  cur r icu lum w a s  c losed  because of 
very low enrol lment .  It w a s  then  obvious t o  everyone,  except  f o r  t h e  f a c u l t y  i n  
t h e  Fuel  Technology Department, t h a t  t h e r e  w a s  no f u r t h e r  f u t u r e  i n  c o a l ,  and 
l i t t l e  f u r t h e r  need f o r  f u e l  t e c h n o l o g i s t s  d e a l i n g  wi th  u t i l i z a t i o n  of o i l  and 
gas .  Ref lec t ing  t h a t  v i e w ,  t h e  S t a t e  L e g i s l a t u r e  dropped support  of a s p e c i a l  
c o a l  research  funding program. 
cheap t h a t  no s p e c i a l  knowledge was r e q u i r e d  f o r  i t s  ( i n e f f i c i e n t )  use .  It i s  
symptomatic of t h o s e  times t h a t ,  a s  remarked above, f u e l  engineers  i n  i n d u s t r y  
w e r e  almost u n i v e r s a l l y  drawn from t h e  ranks  of  t h e  o t h e r  engineer ing p r o f e s s i o n s ,  
wi thout  t r a i n i n g  i n  f u e l s ,  and w i t h  l i t t l e  awareness of  t h e  body of  knowledge 
t h a t  d i d  exist i n  f u e l  technology;  and t h i s ,  t o  some e x t e n t ,  i s  s t i l l  t h e  case  
today.  

In i n d u s t r y ,  f u e l  was so  easy t o  burn and so 

In 1969, t h e  f i r s t  ( p r e d i c t e d )  s h o r t a g e s  i n  i n t e r s t a t e  p i p e l i n e  gas 
supply showed up. I n  1970-1971, t h e  ( p r e d i c t e d )  peaking o f  n a t i v e  o i l  s u p p l i e s  
from t h e  lower 48 states a l s o  occurred .  
f o r  f u e l s  educat ion w a s  c l e a r l y  superb.  S ince  then ,  t h e  well-known cont roversy  
has  been rag ing  whether  t h e  f u e l  s h o r t a g e s  a r e  r e a l  o r  t h e  r e s u l t  of some con- 
s p i r a c y .  Wtih t h e  unders tanding  t h a t  t h i s  is a real problem, t h e  q u e s t i o n  of  
what i s  needed i n  f u e l s  educa t ion  is reopened wi th  dramat ic  force .  The c e n t r a l  
s i g n i f i c a n c e  of t h e  problem d e r i v e s  from t h e  c e n t r a l  s i g n i f i c a n c e  of energy i n  
d r i v i n g  t h e  i n d u s t r i a l  machine and modern c i v i l i z a t i o n ,  and t h e  awareness t h a t  
wi thout  f u e l  you are o u t  o f  bus iness .  

The t iming  on c o n t r a c t i o n  of suppor t  

I n  s p i t e  o f  the dropping of t h e  undergraduate  program, i n  t i m e  f o r  t h e  
start  o f  t h e  f u e l  s h o r t a g e s ,  (more a c c u r a t e l y ,  t h e  program dropped u s ) ,  s e n i o r  
l e v e l  and graduate  programs n e v e r t h e l e s s  cont inued.  
t h e  work the Department, bo th  undergraduate  and graduate ,  was focussed almost  
e n t i r e l y  upon c o a l  and c o a l - r e l a t e d  t o p i c s  -- what might b e  c a l l e d ,  wi thout  
p r e j u d i c e ,  c o a l  t e c h n i c s .  Following World War 11, however, t h e  scope of a l l  
programs was enlarged  t o  cover  t h e  c l a s s i c a l  range  of f u e l  technology t o p i c s :  
focuss ing  on  u t i l i z a t i o n ,  b u t  wi th  coverage increased  t o  inc lude  gaseous and 
l i q u i d  f u e l s ,  and on m a t e r i a l s  der ived  from f u e l s ,  no tab ly  carbons and g r a p h i t e s .  
Coal prepara t ion  and b e n e f i c i a t i o n  t h a t  were p a r t  of t h e  o r i g i n a l  Fuel  Technology 
Department program w e r e  moved about  t h a t  t i m e  i n t o  a new Department of  Mineral  
Prepara t ion .  

I n  t h e  e a r l y  y e a r s ,  a l l  

About t h e  t i m e  of t h e  demise of t h e  undergraduate  curr iculum, t h e  
o r i g i n a l  Department of Fuel  Technology ceased t o  be  a Department, and was absorbed 
(wi th  a small name change) a s  t h e  Fuel  Sc ience  Sec t ion  i n  t h e  (new) Department 
o f  M a t e r i a l s  Science and Engineer ing.  
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The c u r r e n t  scope of t h e  teaching  a c t i v i t i e s  i n  t h e  Fuel  Sc ience  Sec t ion  
is i l l u s t r a t e d  by Table  1 which lists, wi th  b r i e f  d e s c r i p t i o n s ,  t h e  p r e s e n t  course 
o f f e r i n g s  of  t h e  Sec t ion .  (The 400 numbers are senior -graduate  courses ,  and t h e  
500 numbers a r e  graduate  courses) .  
wi th  t h e  Fuel  Science Sec t ion  ( s e v e r a l  of whom a l s o  have a d d i t i o n a l  teaching  r e q i r e -  
ments i n  m a t e r i a l s  and r e l a t e d  s u b j e c t s ) .  There is a l s o  a r e l a t e d  c o u r s e  i n  c o a l  
petrography (Geol. 421). There are a l s o  o t h e r  c l o s e l y  r e l a t e d  c o u r s e s  on combustion, 
gas  t u r b i n e s ,  and more convent ional  mechanical engineer ing  courses  on power p l a n t s ,  
thermodynamics, and so f o r t h ,  i n  o t h e r  departments .  Inc luding  a s p e c t s  o f  petroleum 
product ion and r e f i n i n g ,  minera l  economic a s p e c t s  and r e l a t e d  t o p i c s ,  t h e r e  is a 
t o t a l  of some 1 5  t o  20 courses  a v a i l a b l e  a t  t h e  s e n i o r  and graduate  l e v e l s  t h a t  
can b e  proper ly  def ined  as p a r t  of Fuel  Technology. 

There are p r e s e n t l y  7 f a c u l t y  i n ,  o r  assoc ia ted  

The research  i n t e r e s t s  are of even wider  scope. These i n c l u d e  s t u d i e s  
of  gas lcarbon r e a c t i o n s ,  g a s i f i c a t i o n  of  carbon and c o a l ,  l i q u e f a c t i o n  of c o a l ,  
f u e l  c e l l s ,  and s o l a r  energy conver te rs .  
about  450 r e s e a r c h  papers  i n  t h e  p a s t  20 years .  

Fue ls  Education i n  t h e  Future  

The r e s e a r c h  has  been d e s c r i b e d  i n  

I f  Fuel Technology i s  s u f f i c i e n t l y  important  f o r  t h e  f u t u r e ,  t h e  
p a t t e r n  of t h e  p a s t  would sugges t  t h a t  new programs can be expected t o  come i n t o  
being,  wi th  courses  cover ing  p a r t  o r  a l l  of t h e  m a t e r i a l  o u t l i n e d  i n  t h e  Sec t ion  
d e f i n i n g  Fuel  Technology. A decade ago t h i s  would a l ready  have happened and new 
Departments would have come i n t o  e x i s t e n c e .  That t h i s  has  n o t  y e t  happened is 
almost  c e r t a i n l y  due t o  a number of f a c t o r s .  The most obvious has  been l a c k  of 
funds.  There has  a l s o  been u n c e r t a i n l y  as t o  t h e  r e a l  n a t u r e  and scope  of t h e  
f u e l s  problem, and u n c e r t a i n l y  over  t h e  real Federa l  commitment towards f u e l s .  
The t o p i c  has  lacked a c t i v i s t s  i n  t h e  manner of t h e  Environmental Spokesmen of  
a decade ago -- a f t e r  a l l ,  f u e l s  have been wi th  u s  a long t i m e :  
a s imple  problem, and d o n ' t  w e  a l r e a d y  know a l l  w e  need t o  know? Energy activists 
have tended to  promote n u c l e a r  electric (which must always b e  a minor energy source)  
o r  new developments i n  s o l a r ,  geothermal, and t h e  l i k e .  Also,  t h e r e  has  not  been 
a recognized combustion engineer ing  community o r  I n s t i t u t e  t o  speak f o r  t h e  f u e l s  
area a s  a whole. 

i s n ' t  i t  r e a l l y  

A more s u b l e  problem d e r i v e s  from t h e  c u r r e n t  small s i z e  of  t h e  f u e l s  
community. A program t h a t  w i l l  a t t r a c t  s t u d e n t s ,  and s u p p o r t e r s ,  must b e  v i s i b l e ,  
c r e d i b l e ,  and v i a b l e .  Without t h e  e x i s t e n c e  of a widely-recognized academic 
d i s c i p l i n e  a s i n g l e  Department of Fuels  l a c k s  v i s i b i l i t y ,  which makes r e c r u i t i n g  
d i f f i c u l t .  The program can a l s o  l a c k  c r e d i b i l i t y :  "If i t ' s  as important  as t h a t ,  
why a r e n ' t  t h e r e  more Departments?" Without more Departments, 
t h e  s u b j e c t  is b a r e l y  v i a b l e .  It w a s  on t h e s e  grounds t h a t  M.W. Thring on becoming 
Professor  of  Fuel  Technology a t  S h e f f i e l d  Univers i ty  (England) i n  1950 immediately 
en tered  ( successfu l )  n e g o t i a t i o n s  t o  have t h e  Department recognized as a j o i n t  
Department of Chemical Engineer ing.  

i s  a good q u e s t i o n .  

Counters t o  t h e s e  t h r e e  problems a r e  now forthcoming. The problem of 
v i s i b i l i t y  (and s i g n i f i c a n c e )  w a s  p a r t l y  so lved  by t h e  b e l a t e d  r e c o g n i t i o n  by 
t h e  Network News Anchor men t h a t  an energy problem of some s o r t  r e a l l y  d i d  
e x i s t .  C r e d i b i l i t y  w i l l  appear  when a number of f u e l s  departments ,  o p t i o n s ,  
c e n t e r s ,  programs, o r  s e c t i o n s  come i n t o  being:  t h i s  w i l l  a l s o  confer  t h e  
necessary v i a b i l i t y  t o  t h e  academic programs. 

The necessary  c e n t e r s  would a l r e a d y  appear  t o  be  i n  embryonic e x i s t e n c e .  
This  has  been e s t a b l i s h e d  i n  t h e  fo l lowing  way. We have c a r r i e d  o u t  a s e a r c h  of  
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t h e  l i s t i n g s  on f u e l s  and f u e l - r e l a t e d  courses  i n  t h e  Course Cata logs  of Univer- 
s i t i e s  i n  North America. We have i d e n t i f i e d  a t o t a l  of about 500 such courses  
o f f e r e d  i n  about  120 U n i v e r s i t i e s .  Although t h i s  averages 4 courses  per  Univers i ty  
about  h a l f  o n l y  o f f e r  3 courses  o r  less. About 1 / 3  of t h e  courses  a r e  o f f e r e d  
by only  1 4  i n s t i t u t i o n s ,  each o f f e r i n g  9 o r  more such courses .  These U n i v e r s i t i e s  
a r e  i d e n t i f i e d  i n  Table  2 t o g e t h e r  wi th  t h e  t o t a l  number of courses  they  o f f e r .  
Table  2 a l s o  shows two o t h e r  columns. I n  t h e  Course i n d e n t i f i c a t i o n ,  a l l  con- 
v e n t i o n a l  (though n e c e s s a r y )  courses  i n  t r a n s p o r t  phenomena, h e a t  t r a n s f e r ,  
r e a c t i o n  or chemical k i n e t i c s ,  power systems thermodynamics of h e a t  engines ,  and 
t h e  l i k e ,  were omi t ted .  Topics  on i n d u s t r i a l  combustion engineer ing ,  f lames,  
p ropuls ion ,  combustion aerodynamics, p o l l u t i o n  from combustion, and so  f o r t h ,  
were included.  I n  a f i r s t  breakdown of t h e  t o t a l ,  t h e  e s t a b l i s h e d  engine,  gas  
t u r b i n e ,  p ropuls ion ,  and r e l a t e d  power and aerospace t o p i c s  were des igna ted  a s  
a Group 11. S u b t r a c t i n g  from t h e  t o t a l  l e a v e s  Group I ( l i s t e d  i n  Table  2 ) ,  which 
a r e  mostly t h e  more i n d u s t r i a l l y  o r i e n t e d  combustion, p o l l u t i o n ,  and fundamental 
f lames courses .  I n s p e c t i o n  of t h e s e  then shows t h a t  f u e l s  and combustion w a s  
e v i d e n t l y  t h e  major t o p i c  i n  some courses ,  b u t  was of minor o r  secondary i n t e r e s t  
i n  t h e  rest. Group I A  i n  Table  2 is t h e  number of courses  i d e n t i f i e d  a s  having 
f u e i s  and combustion a s  t h e  major t o p i c  [wi th in  what could b e  i d e n t i f i e d  by t h e  
course  d e s c r i p t i o n s ) .  

Before d i s c u s s i n g  t h e  breakdown, some cavea ts  and d i s c l a i m e r s  a r e  i n  
order .  Course o f f e r i n g s  of most u n i v e r s i t i e s  were examined, b u t  n o t  a l l  (we 
were unable t o  o b t a i n  t h e  Harvard Univers i ty  Catalog,  f o r  example). The d iscrep-  
ancy between course  d e s c r i p t i o n  and course conten t  is wel l  known and r e q u i r e s  
no comment. S e l e c t i o n  of  t h e  courses  ( o r  t h e i r  omission)  involved a v a l u e  judge- 
ment t h a t  was d i f f i c u l t  t o  e x e r c i s e  i n  q u i t e  a number of c a s e s ,  p a r t i c u l a r l y  
where course d e s c r i p t i o n s  were vague, wide ranging and c u t  a c r o s s  s e v e r a l  t o p i c s ;  
members of i n d i v i d u a l  u n i v e r s i t i e s  may w e l l  make a somewhat d i f f e r e n t  s e l e c t i o n .  
The breakdown does not  d i f f e r e n t i a t e  between s e n i o r  l e v e l  courses  ( t h a t  can 
i n d i c a t e  s t r e n g t h  i n  t e a c h i n g )  from graduate  l e v e l  courses  ( t h a t  can i n d i c a t e  
s t r e n g t h  i n  r e a s e a r c h ) .  There is e v i d e n t l y  
a c o r e  of about  a dozen U n i v e r s i t i e s  wi th  s t r e n g t h  i n  f u e l s  o r  f u e l - r e l a t e d  
a c t i v i t i e s .  About h a l f  a r e  more engine o r  propuls ion  o r i e n t e d  (Cal Tech, Michigan, 
Purdue, Wayne S t a t e  i n  p a r t i c u l a r ) .  
r i a l l y  o r i e n t e d ,  o r  showing equal  weight wi th  engine /propuls ion  a s p e c t s  (notably 
Penn S t a t e ,  Georgia Tech, I I T ,  MIT). 

It would appear ,  then, t h a t  a Fuel  Technology and Combustion Engineer ing 

A c l e a r  p a t t e r n  n e v e r t h e l e s s  e x i s t s .  

The o t h e r  h a l f  a r e  more fundamental ly/ indust-  

community and c o n s t i t u e n c y  does e x i s t .  
should grow. There a r e  c o n s t r a i n t s :  funding o r  t h e  l a c k  of it is t h e  most 
impor tan t ,  b u t  t h e r e  i s  a l s o  a shor tage  of manpower. What else could happen if 
t h e  subjec t  has  been short-changed f o r  so long? It is a l s o  n o t  c l e a r  whether t h e  
c e n t e r  of g r a v i t y  of F u e l  Technology proper ly  l i e s  i n  t h e  mining, mechanical ,  
chemical ,  o r  even m e t a l l u r g i c a l  o r  some o t h e r  engineer ing  a r e a .  Perhaps t h e  b e s t  
means of expanding F u e l s  programs would be  by c r e a t i n g  Options o r  Minors i n  Fuel  
Technology i n s i d e  e x i s t i n g  Departments of d i f f e r e n t  d i s c i p l i n e s .  This  would not  
over load  the a v a i l a b l e  manpower, and would e i t h e r  provide  t ime f o r  an e v a l u a t i o n  
of  t h e  s u b j e c t  matter t o  s e e  where i t  b e s t  l i e s  o r  i t  would s o l v e  t h e  problem by 
having a d i f f e r e n t  b i a s  -- mechnaical ,  o r  chemical ,  o r  some o t h e r  -- i n  d i f f e r e n t  
i n s t i t u t i o n s .  This  may prove indeed t o  be t h e  only  f e a s i b l e  method of provid ing  
adequate  coverage of t h e  whole a r e a  of F u e l  Technology. I n  c o u r s e  of t ime,  such 
Options and Minors might expand i n t o  Sec t ions  i n s i d e  t h e  p a r e n t  Department, and 
u l t i m a t e l y  t h e  S e c t i o n s  could  become Departments. 
r e a l  need r a t h e r  than  a forced  growth based on e x p e c t a t i o n s  i s  obvious ly  a pre-  
f e r r e d  behavior .  It is probably  n o t  necessary  o r  even d e s i r a b l e  f o r  t h i s  t o  be  
accompanied by t h e  development of t h e  usua l  paraphanal ia  of Departments, r i g i d  

There can be  a ques t ion  a s  t o  how i t  

An organic  growth based on 
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curr icula ,  I n s t i t u t e s ,  J o u r n a l s ,  and t h e  l i k e ,  s o  long as t h e r e  a r e  s u f f i c i e n t  
c e n t e r s  of  Fuel  Technology t h a t  recognize  each o t h e r  and whose s t a n d i n g  is 
acknowledged and made use  o f .  The c r i t e r i a  of v i s i b i l i t y ,  c r e d i b i l i t y ,  and 
v i a b i l i t y  must be  m e t .  

CONCLUSIONS 

A coherent ,  s i g n i f i c a n t ,  and important  body of knowledge r e p r e s e n t i n g  
Fuel  Technology does e x i s t ,  t o g e t h e r  wi th  a p r a c t i c a l  reason f o r  its e x i s t e n c e .  
Between ha l f  a dozen and a dozen Fuel  Technology c e n t e r s  a l s o  e x i s t  a l r e a d y ,  a t  
least embryonically. 
research  a l s o  e x i s t s .  
and t o  be recognized as a s i g n i f i c a n t  academic and p r a c t i c a l  d i s c i p l i n e  i n  its 
own r i g h t .  

An academic framework f o r  t h e  necessary i n s t r u c t i o n  and 
It would seem t h a t  Fuel  Technology is ready t o  come of age  
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F.Sc. 421 

F.Sc. 422 

F.Sc. 424 

F.Sc. 430 

F.Sc. 431 

F.Sc. 506 

F.Sc. 512 

F.Sc. 520 

F.Sc. 522 

Table  1 

Courses i n  Fuel  Science 

Flames. Fundamentals of premixed and d i f f u s i o n a l  combustion. 

Combustion Engineer ing.  P r i n c i p l e s  of  i n d u s t r i a l  combustion and 
g a s i f i c a t i o n  engineer ing .  

Energy and F u e l s  i n  Technological  Perspec t ive .  Cri t ical  examination 
of  present-day energy technology. 

A i r  P o l l u t a n t s  from Combustion. Pol lutant-forming processes ;  p o l l u t a n t  
p o t e n t i a l  of  v a r i o u s  f u e l s  and combustors; combustion modi f ica t ion  and 
p o l l u t i o n  c o n t r o l .  

The Chemistry of Fuels .  O r i g i n s  and p r o p e r t i e s  o f  t h e  f o s s i l  f u e l s :  
c o a l s ,  o i l s ,  gas .  Coal l i q u e f a c t i o n  and g a s i f i c a t i o n .  

Carbon React ions.  Heterogeneous r e a c t i o n s  of carbons. The s c i e n t i f i c  
base  f o r  c o a i  g a s i f i c a t i o n .  

High Temperature K i n e t i c s  and Flame Propagat ion.  E q u i l i b r i a  and rate 
processes  i n  h o t  gases ;  f lames;  de tona t ions .  

Thermodynamics and K i n e t i c s  of Fuel  Ef f ic iency .  Thermodynamic and 
k i n e t i c  c o n s t r a i n t s  on e f f i c i e n c i e s  of  thermal  systems; e f f i c i e n c y  
ratios; f u r n a c e  a n a l y s i s ;  r a d i a t i o n  i n  furnaces ,  a p p l i c a t i o n s  and 
examples. 

Flame Dynamics i n  Combustors. Analysis  of mixing and r e a c t i o n  i n  h igh  
i n t e n s i t y  combustion chambers. 
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Table 2 

Nmber of Course o f f e r i n g s  i n  F u e l  Technology 

a t  D i f f e r e n t  I n s t i t u t i o n s  

T - t o t a l  Course o f f e r i n g s  i n  Fuel  Technology 

I - Courses on f lames,  combustion, p o l l u t i o n ,  e t c . ,  
and non-engine or propuls ion  t o p i c s  

IA - a s  t h e  major s u b j e c t  

T I I A  

Cal Tech 

Cinc inna t i  

Georgia Tech 

I I T  

MIT 

Michigan 

Minnesota 

N. Caro l ina  

Penn S t a t e  

Pr ince ton  

Purdue 

Stevens 

Utah 

Wayne S t a t e  

T o t a l s  

12 

9 
16 

10 
13 

1 2  

9 
S t a t e  9 

20 

10 
10  

8 

14 

10 

162 
- 

5 

8 

1 3  

8 
9 

6 

4 

4 

1 7  

7 

4 

7 

14  

7 

113 
- 

3 

8 

11 

7 

7 

3 

4 

3 

1 6  

7 

1 

4 

1 2  

5 

91 

Note: A t o t a l  of 500 courses  i n  Fuel  Technology w e r e  i d e n t i f i e d  
o f f e r e d  a t  120 d i f f e r e n t  u n i v e r s i t i e s  and s i m i l a r  teach-  
ing i n s t i t u t i o n s .  About ha l f  o f f e r  on ly  3 courses  or l e s s .  
The 14  i n s t i t u t i o n s  l i s t e d  above o f f e r  about  1 / 3  of a l l  
t h e  courses .  
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