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INTRODUCTION 

The proposa l  t h a t  e t h a n o l  b e  used as a b lending  component i n  
automotive f u e l  i s  a lmost  as o l d  a s  t h e  automobile i t s e l f .  I n  1907 
t h e  U.S. Department of A g r i c u l t u r e  publ i shed  a r e p o r t  e n t i t l e d  " U s e  
Of Alcohol and' Gasol ine  i n  Farm Eng ines" (5 ) .  Over t h e  i n t e r v e n i n g  
y e a r s  many l a b o r a t o r i e s  tests on t h e  performance of s t a t i o n a r y  au to-  
mobile engines o p e r a t i n g  on  e thano l -gaso l ine  mixtures  have been 
r e p o r t e d  i n  t h e  l i t e r a t u r e .  I n  1964 a series of papers on t h e  use  of 
e t h a n o l  and hydrocarbon motor f u e l s  were pub l i shed(4 )  by t h e  SAE. I n  
1971 t h e  American Petroleum I n s t i t u t e  prepared  a review of a l c o h o l  
f u e l  s t u d i e s ( 1 ) .  The most r e c e n t  comprehensive l a b o r a t o r y  s tudy  w a s  
t h a t  work done by D r .  H.B. Mathur i n  connec t ion  wi th  h i s  Ph.D. t h e s i s  
i n  New Delhi,  I n d i a ( 2 ) .  M i t r e  Corp. p repared  a new su rvey(3 )  of 
a l c o h o l  f u e l  technology i n  1974 inc lud ing  bo th  e thano l  and methanol. 

T o  d a t e  no s t a t i s t i c a l l y  des igned  f l e e t  t e s t  of e thanol -gasol ine  
mixtures  have been r e p o r t e d  i n  t h e  l i t e r a t u r e .  Contac t  w i t h  automo- 
t i v e  and petroleum companies i n d i c a t e  t h a t  they  t o o  know of no such  
comprehensive test .  Because of t h e  knowledge to  be  ga ined  from a 
w e l l  designed program, a t w o  m i l l i o n  m i l e  road t es t  us ing  a mix tu re  of 
10% ethanol-90% unleaded g a s o l i n e  w a s  des igned  by t h e  a u t h o r s  and i s  
now i n  progress .  

TEST PROGRAM 

The Nebraska t w o  m i l l i o n  m i l e  e thano l -gaso l ine  road  tes t  program 
i s  being conducted wi th  36  v e h i c l e s  supp l i ed  by t h e  Nebraska Depart- 
ment of Roads and i s  being f inanced  by t h e  Nebraska A g r i c u l t u r e  
Products  I n d u s t r i a l  U t i l i z a t i o n  Committee. The f u e l  being t e s t e d  i s  a 
mixture  of 10% anhydrous e t h a n o l  and 90% unleaded r e g u l a r  g rade  
g a s o l i n e .  This  b lend  i s  known by t h e  name GASOHOL. The gasohol  is 
be ing  blended f o r  t h e  t e s t  program by t h e  Coopera t ive  R e f i n e r s  A s s o c .  
i n  P h i l l i p s b u r g ,  Kansas. The no-lead base  g a s o l i n e  used i n  t h e  
p r e p a r a t i o n  of t h e  gasohol  is  t h e  same no-lead which they  market 
through t h e i r  normal o u t l e t s .  

The o b j e c t i v e s  of t h e  t w o  m i l l i o n  m i l e  road test  are t o  o b t a i n  

1. The q u a n t i t a t i v e  e f f e c t  on f u e l  consumption of t h e  a d d i t i o n  
t h e  fo l lowing  informat ion:  

of s u f f i c i e n t  anhydrous e t h a n o l  t o  produce a 10% s o l u t i o n  by 
volume wi th  unleaded g a s o l i n e  meeting s p e c i f i c a t i o n s  f o r  s a l e  
a f t e r  30 June, 1974. 

wear. 

gas composition. 

2. The q u a n t i t a t i v e  e f f e c t  of t h i s  e thano l  a d d i t i o n  on cy l inde r  

3 .  The q u a n t i t a t i v e  e f f e c t  of t h i s  e thano l  a d d i t i o n  on exhaus t  



1 2  

4 .  The q u a l i t a t i v e  e f f e c t  of t h i s  e thano l  a d d i t i o n  on engine  
va lves .  

5. The q u a l i t a t i v e  e f f e c t  o f  t h i s  e thano l  a d d i t i o n  on spa rk  
p lugs .  

6 .  The q u a l i t a t i v e  e f f e c t  of t h i s  e thano l  a d d i t i o n  on t h e  
exhaus t  system. 

7 .  The d r i v e r s  comments on t h e  e f f e c t  o f  t h i s  e thano l  a d d i t i o n  
on g e n e r a l  v e h i c l e  performance. 

The q u a n t i t a t i v e  in fo rma t ion  i s  being ga the red  i n  s u f f i c i e n t  quan t i ty  
and i n  such a way as t o  a l low s t a t i s t i c a l  a n a l y s i s  of t h e  r e l i a b i l i t y  
and s i g n i f i c a n c e  of t h e  d a t a .  The t e s t  is  t o  ex tend  ove r  a pe r iod  of 
10-15 months. The q u a l i t a t i v e  obse rva t ions  are being made s u f f i -  
c i e n t l y  o f t e n  t o  e s t a b l i s h  any v i s i b l e  t r e n d s .  

ha l f - ton  pickup t r u c k s  and 26 passenger cars. These v e h i c l e s  are 
l o c a t e d  i n  t h r e e  d i f f e r e n t  p a r t s  o f  t h e  s ta te  of Nebraska i.e. Lincoln, 
North P l a t t e ,  and Sidney. The reason  f o r  i nc lud ing  v e h i c l e s  i n  these  
t h r e e  c i t ies  is t o  i n c o r p o r a t e  i n t o  t h e  tes t  a n  e f f e c t  f o r  a l t i t u d e .  
L incoln  has an  a l t i t u d e  o f  1160 f e e t  above sea l e v e l ,  North P l a t t e  i s  
3000 f e e t  and Sidney i s  4300 f e e t .  Table I summarizes informat ion  on 
t h e  y e a r ,  make, and model o f  v e h i c l e s  inc luded  i n  t h e  t es t  program. 
A s  t h e  Department o f  Roads acquires a d d i t i o n a l  1974 and 1975 veh ic l e s ,  
S o m e  o f  t h e s e  w i l i  b e  added t o  t h e  t e s t  program. 

The road t e s t  program i s  making use  of a t o t a l  of 3 6  v e h i c l e s ;  10  

The v e h i c l e s  have been d iv ided  i n t o  t h r e e  groups; t hose  veh ic l e s  
which w i l l  r un  on gasohol  o n l y  f o r  t h e  e n t i r e  l i f e  of t h e  t e s t  
program, those  v e h i c l e s  which w i l l  run  on unleaded f u e l  on ly  du r ing  
t h e  e n t i r e  program and those  which w i l l  be  changed from one  f u e l  t o  
t h e  o t h e r  abou t  midway through t h e  t e s t  program. Table  I inc ludes  
t h e  f u e l  assignment o f  each of  t h e s e  v e h i c l e s .  

Those v e h i c l e s  running  on  gasohol f u e l  w i l l  o b t a i n  t h e i r  f u e l  
from new s t o r a g e  t a n k s  which have been bur ied  a t  s t a t e  s e r v i c e  s t a t i o n s  
i n  Lincoln,  North P l a t t e  and Sidney. S p e c i a l  care has  been taken  t o  
i n s u r e  t h a t  t h e  t a n k s  remain d r y  through t h e  i n i t i a l  c l ean ing  and by 
cont inued  o b s e r v a t i o n  of t h e  con ten t s .  To d a t e  no s p e c i a l  d r i e r s  have 
been needed on t h e  v e n t s .  The d r i v e r s  of t hose  v e h i c l e s  running on 
no-lead g a s o l i n e  buy t h e i r  f u e l  a t  l o c a l  commercial o u t l e t s  s i n c e  the  
s t a t e  s e r v i c e  s t a t i o n s  do n o t  have f a c i l i t i e s  f o r  s t o r i n g  and 
d i spens ing  a n  a d d i t i o n a l  no-lead grade .  Data on  t h e  number of ga l lons  
o f  gaso l ine  added to each v e h i c l e  and t h e  cor responding  odometer 
r ead ing  i s  main ta ined  by each d r i v e r  and s e n t  weekly on  a s t anda rd  
form t o  t h e  a u t h o r s  f o r  process ing .  

VEHICLE MAINTENANCE AND INSPECTION 

A l l  normal v e h i c l e s  maintenance such as o i l  change, l u b r i c a t i o n ,  
e t c .  i s  c a r r i e d  o u t  on t h e  t e s t  v e h i c l e s  i n  t h e  same fa sh ion  a s  o the r  
v e h i c l e s  belonging t o  t h e  Department o f  Roads. I n  a d d i t i o n ,  each 9 0  
days (+ 5 days)  from t h e  beginning o f  t h e  t es t  program a v i s u a l  
inspecFion i s  made o f  t h e  exhaus t  system on  each  veh ic l e .  
p lugs  are checked and t h e  compression on a l l  v e h i c l e s  i s  a l s o  measured. 
On s t r a i g h t  s i x  c y l i n d e r  engines  c y l i n d e r s  t w o  and f o u r  are checked 
wh i l e  on e igh t - cy l inde r  engines ,  t h r e e  and s i x  are checked. 
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engines  i n  t h e  program have t h e  middle c y l i n d e r  of each  bank checked. 

On 10 of t h e  Lincoln  v e h i c l e s  t h e r e  w i l l  be a d d i t i o n a l  inspec- 
t i o n s  made. These i n c l u d e  t h e  v i s u a l  i n s p e c t i o n  of v a l v e s  and Seats 
on a l l  c y l i n d e r s  and t h e  measurement of t h e  d iameter  on  a l l  c y l i n d e r s .  
I n  t h i s  c a s e  s i x  micrometer r ead ings  are made a t  approximately equal  
spac ings  on t h e  c i rcumference  of t h e  c y l i n d e r  and a t  approximately t h e  
c e n t e r  of t h e  p i s t o n  t r a v e l .  The v e h i c l e s  undergoing t h e s e  i n s p e c t i o n s  
have been i n d i c a t e d  i n  Table  I.  One of t h e  o b j e c t i v e s  of t h i s  t e s t  i s  
t o  o b t a i n  q u a n t i t a t i v e  informat ion  on t h e  exhaus t  gas  composition of 
v e h i c l e s  powered wi th  gasohol  and w i t h  no-lead g a s o l i n e .  An a n a l y t i c a l  
procedure for  o b t a i n i n g  d e t a i l e d  component ana lyses  o f  exhaus t  gases  
us ing  a h igh  r e s o l u t i o n  mass spec t rometer  has  been developed fo r  t h e  
au tho r s  by D r .  Michael L. Gross i n  t h e  A n a l y t i c a l  S e c t i o n  o f  t h e  
Department of Chemistry a t  t h e  Un ive r s i ty  o f  Nebraska. A l l  exhaus t  
gas  samples i n  t h i s  program are be ing  o b t a i n e d  from Lincoln  based 
c a r s .  A f i t t i n g  has been i n s t a l l e d  on 1 0  of t h e  test  cars t o  permi t  
a t t a c h i n g  a vacuum gauge t o  t h e  engine  mani fo ld  wh i l e  t h e  exhaus t  
samples a r e  be ing  ga the red .  The samples themselves are taken  from 
t h e  exhaust p i p e  and l e a d  through an s t a i n l e s s  steel  p i p e  and p l a s t i c  
hose t o  a set of sample bags i n  t h e  rear seat of t h e  c a r .  I n  t h i s  way 
t h e  exhaus t  samples can  be ga thered  over  an  extended pe r iod  o f  t i m e  
( t y p i c a l l y  f i v e  minutes )  whi le  t h e  car i s  be ing  d r i v e n  a t  a c o n s t a n t  
speed and a c o n s t a n t  l oad  a s  i n d i c a t e d  by t h e  vacuum gauge. Ear l ier  
tes ts  wi th  s m a l l  samples which w e r e  ga the red  i n  a matter of seconds 
showed t o o  much v a r i a b i l i t y  and u n c e r t a i n t y  about  t h e  e x a c t  speed and 
vacuum when t h e  sample w a s  caught.  The v e h i c l e s  from which exhaus t  
gas  samples are be ing  t aken  are i n d i c a t e d  i n  Table  I. 

t h i s  tes t  program. These w i l l  be ob ta ined  through a n  o u t s i d e  labora-  
t o r y  and w i l l  i n c l u d e  t h e  usua l  schedule  of w a r m  up and d r i v i n g  i n  a 
climate c o n t r o l l e d  dynamometer. 

I t  i s  a l s o  planned t o  i n c l u d e  s t a n d a r d  EPA emiss ions  tests i n  

DATA PROCESSING 

Based on t h e  r e s u l t s  of p re l imina ry  t e s t i n g  of abou t  250 ,000  
m i l e s ,  a computer program has  been developed t o  p rocess  t h e  f u e l  
consumption and mileage d a t a .  Through t h e  u s e  of l i n e a r  r e g r e s s i o n  it 
has  been found t h a t  t h e  s i g n i f i c a n t  f a c t o r s  i n  t h e  f u e l  consumption 
are t h e  d r i v e r ,  t h e  v e h i c l e s ,  average  d a i l y  tempera ture ,  average  
r e l a t i v e  humidity and maintenance schedule .  T i r e  p r e s s u r e  wh i l e  
known t o  be  s i g n i f i c a n t  cannot  be accounted f o r .  Normal f l u c t u a t i o n s  
i n  atmospheric p re s su re ,  p r e c i p i t a t i o n ,  and v i s i b i l i t y  w e r e  n o t  found 
t o  be s i g n i f i c a n t .  When t h e  s i g n i f i c a n t  f a c t o r s  have been accounted 
f o r  i n  t h e  f u e l  consumption t h e  s i g n i f i c a n c e  of t h e  r e s i d u a l s  w i l l  be 
t e s t e d  for t h e  unleaded g a s o l i n e  and gasohol f u e l .  With t h e  d a t a  
a v a i l a b l e  from t h e  v e h i c l e s  it i s  expected t h a t  w e  w i l l  have r e s u l t s  
w i th  a conf idence  l i m i t  of  99+% f o r  a f u e l  consumption o f  + 0.1 m i l e s  
per  ga l lon .  
i s s u e d  t o  t h e  Nebraska A g r i c u l t u r a l  Products  I n d u s t r i a l  U t i l i z a t i o n  
Committee. 

Data are processed weekly and q u a r t e r l y  reporEs  are 
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4 .  

5. 

TABLE I 

Vehicles ,  F u e l s  a n d  T e s t s  i n  

’ ti 2 M i l l i o n  M i l e  G a s o h o l  Road T e s t  P r o g r a m  

Model  V e h i c l e  Make 
Year a n d  Type  

1 9 7 3  
1 9 7 3  

1 9 7 3  

1 9 7 3  

1974  
1974 
1974  
1974  

1974  
1974 
1974  

1974  

1974  

1974  

1974  

1974  

1974  

1974  

1 9 7 3  
1 9 7 3  

1 9 7 3  

1 9 7 3  

1 9 7 3  

1 9 7 3  

1 9 7 2  

I H C  4T P i c k u p  

I H C  %T P i c k u p  

I H C  4T P i c k u p  

I H C  4T P i c k u p  

Dodge +T P i c k u p  
Dodge +T P i c k u p  

Dodge +T P i c k u p  
Dodge +T P i c k u p  
Dodge %T P i c k u p  

Dodge 4T P i c k u p  
Dodge Coronet 
Dodge Coronet 
Dodge Coronet 
Dodge C o r o n e t  

Dodge Coronet 
Dodge C o r o n e t  

Dodge C o r o n e t  

Dodge C o r o n e t  

AM Ambassador  

AM Ambassador 
AM Ambassador  

AM Ambassador 
AM Ambassador  

AM Ambassador  

AM Ambassador 

‘I 
L o c a t i o n  ( N o t e )  I n s p e c t i o n s  A n a l y s e s  ,!I 

F u e l  Valve & C y l i n d e r  E x h a u s t  Gas 

L i n c o l n  A 

L i n c o l n  U 
No P l a t t e  U/A 

S i d n e y  A 

L i n c o l n  A 

L i n c o l n  U 
L i n c o l n  A/U 

L i n c o l n  U/A 

N o  P l a t t e  A/U 

S i d n e y  A 

L i n c o l n  A 

L i n c o l n  A 

L i n c o l n  U 
L i n c o l n  A/U 

L i n c o l n  A/U 

L i n c o l n  U/A 

L i n c o l n  U/A 

N o  P l a t t e  A/U 

L i n c o l n  A 

L i n c o l n  U 

L i n c o l n  A/U 

L i n c o l n  U/A 

No P l a t t e  U/A 

S i d n e y  A 

L i n c o l n  A 

Y e s  

Y e s  

N o  

N o  

N o  

N o  

Y e s  
Y e s  
No 
No 
Yes 

NO 

Y e s  
N o  

N o  

No 
NO 

N o  

Yes 

Y e s  

Y e s  

Y e s  
N o  

N o  

NO 

Yes 

Y e s  I 
NO 

No 

Yes 
N o  

NO 

No 
No 
N o  

NO 

Yes 
Y e s  

Yes 
N o  

Y e s  
N o  

NO 

N o  

MO 

Y e s  

Y e s  
No 
N o  

N o  



Model 
Year 

1972 
1 9 7 2  

1972 
1972 
1972 
1972 
1972 
1972 
1973 

1974 

1974 

Vehicle Make 
and Type 

AM Ambassador 
AM Matador 

AM Matador 
AM Matador 
AM Matadot 
AM Matador 
AM Matador 
AM Matador 
Plymouth 
Fury I11 
Passenger C a r  
(To be  Rec'd) 
Passenger C a r  
(To be Rec'd) 
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TABLE I (COn't) 

Fue l  Valve & Cyl inder  
Location (Note) I n s p e c t i o n s  

Lincoln  U N o  

Lincoln A N o  

L incoln  A NO 

Lincoln U NO 

Lincoln A/U N o  

Lincoln U/A N o  

Sidney A N o  

N o  P l a t t e  U/A t40 

NO P l a t t e  A/U NO 

NO P l a t t e  A N o  

Sidney A N o  

Exhaust Gas 
Ana,lys.es 

NO 

Y e s  
N o  
N o  

N o  

NO 

NO 

NO 

N o  

NO 

N o  

Note: A - Vehic le  t o  be run  on a l c o h o l  blended f u e l  o n l y  
U - Vehic le  t o  be  r u n  on unleaded f u e l  on ly  
A/U - Vehicle t o  be run  i n i t i a l l y  on a l coho l  blended f u e l  and 

U/A - Vehic le  t o  be  run  i n i t i a l l y  on unleaded f u e l  and t h e n  
t h e n  unleaaed f u e l  

a l c o h o l  blended f u e l  


