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DISCUSSION OF VAN HAETESVELDT AND HOLADAY PAPERS AT FRENCH LICK, 
_________________■____________JUNE 11, 1948____________________________

P repared  by Haro ld J .  Gibson, E th y l  C o rp o ra t io n

S ev e ra l  o f  th e  p rece d in g  gentlem en have m entioned th e  p ro b ab le  need f o r  
s t r e t c h i n g  f u tu r e  pe tro leu m  s u p p l ie s  in  o rd e r  t o  a llo w  fo r  a g r e a t l y  i n ­
c re a se d  v e h i c le  p o p u la t io n  in  th e  f u tu r e ,  and I  w i ll  n o t  dw e l l  on t h a t  sub ­
j e c t  excep t to  s a y  t h a t  th e  p o s s i b i l i t i e s  i n  t h i s  si t u a t i o n  a r e  o f  g re a t  
concern  t c  a l l  who a re  i n t e r e s t e d  in  th e  w e l f a re  o f th e  o i l  and au tom o tive  
i n d u s t r i e s .  Any method o r  d ev ice  which can  c o n t r i b ute  c o n s t r u c t i v e l y  t o  th e  
s o lu t i o n  o f  t h i s  problem  dese rv es  th e  b e s t  o p p o r tu ni ty  f o r  com mercial su c ­
cess  w hich can be p rov ided  by t h e  c o o p e ra t io n  o f  a ll  segments o f  th e  two 
i n d u s t r i e s .

There i s  no re a so n  to  b e l ie v e  t h a t  th e  m echan ica l problem s a s s o c ia t e d  
w i th  th e  Thompson V ita -M e te r  or th e  d u a l - f u e l  c a r b u r e to r  a re  in su rm o u n tab le .  
Mr- Van H a r te s v e l d t ' s paper in d i c a te s  t h a t  h i s  o rg an iz a t i o n  has reco g n ized  
th e  problems inv o lv ed  in  i n s u r in g  t h a t  t h e  a n t id e ton a n t  l i q u i d  reach es  th e  
r i g h t  p la ce  a t  t h e  r i g h t  t im e ,  and is  ta k in g  s te p s  to  c o r r e c t  th e  s e r io u s  
d e f i c i e n c i e s  which a re  e v id e n t  i n  some a p p l i c a t i o n s o f  th e  e a r l y  models o f  
th e  i n j e c t o r .  While e x p e r ien ce  w i th  d u a l - f u e l  c a rb ure to r s  i s  v e ry  l i m i t e d ,  
i t  would seem t h a t  smooth and re p ro d u c ib le  changeover would be th e  most d i f ­
f i c u l t  i tem  to  h a n d le ,  and our e x p e r ie n c e  has i n d i ca te d  t h a t  i t  can be 
so lv ed  s a t i s f a c t o r i l y .

F u tu re  vise o f  i n j e c t e d  l i q u id s  in  passen g er  c a r s  is  p re d ic a te d  on th e  
use o f  r e g u la r  or premium grade g a s o l in e s  as th e  base  s to c k s ,  which makes th e  
problem more com p l ica ted  th a n  when s t r a i g h t  run  s to ck s  a r e  u sed . T e s ts  con­
d uc ted  in  a c a r  hav ing  a com press ion  r a t i o  o f  10 to 1 and a req u ire m en t o f  07 
in d i c a te  a w ide v a r i a t i o n  in  th e  e f f e c t i v e n e s s  o f  in j e c te d  l i q u id s  when r e p r e ­
s e n ta t i v e  commercial g a s o l in e s  a re  used in s te a d  o f  un leaded  s t r a i g h t  run  
m a te r i a l s .  I n j e c t i o n  o f  a m ix tu re  o f  35$ m ethano l,  15$ w a te r ,  and 3 ml TEL, 
a t  a r a t e  e q u iv a le n t  t o  17$ o f  th e  g a s o l in e  f low  r at e ,  w i th  s t r a i g h t  ru n  
r e fe re n c e  f u e l s  r e s u l t e d  in  a ga in  o f  16 o c tan e  u n it s ,  i . e . ,  a change in  
requ irem en t from 97 to  81. In  t h i s  same c a r ,  two r e gu la r  g rads  f u e l s  r a t i n g  
84 on th e  road  were up -g raded  to  97, bu t two premium grade f u e l s  were r a i s e d  
on ly  from 92 t o  97 a t  th e  same l i q u i d  f low  r a t e .  T h is  di f f e r e n c e  in  re sp o n se  
r e p r e s e n ts  a v a r i a t i o n  o f  ro ugh ly  2 to  1 in  perfo rmance a b i l i t y  and m ight w e l l  
be i n t o l e r a b l e  a t  t h i s  requ irem en t l e v e l .  T es ts  in  o th e r  c a rs  of a la rg e  
number o f  r e p r e s e n t a t i v e  premium and re g u la r  g rade commercial f u e l s  i n d i c a te  
t h a t  in  th e  range o f  road r a t i n g s  o f  75-95, 20$ i n je c t i o n  o f  the  above m ix tu re  
w i l l  r e s u l t  in  gains o f  6 to  18 oc tane u n i t s  in  c a rs  in  w hich th e  l i q u i d  shows 
ga ins  o f  16 to  20 u n i t s  w i th  r e f e r e n c e  f u e l s .  The di f f e r e n c e s  in  perfo rm ance 
a re  undoub ted ly  due to  d i s t r i b u t i o n  o f  th e  l i q u i d ,  va r i a t i o n s  in  th e  b le n d in g  
v a lue  o f  th e  a lc o h o l  in  th e  d i f f e r e n t  base  s to c k s ,  th e  p resence  o f  v a ry in g  
q u a n t i t i e s  o f  TEL in  th e  g a s o l i n e ,  th e  le a d  resp o n se  o f  th o  base  g a s o l i n e -  
a lc o h o l  m ix tu re ,  and v a r i a t i o n  in  th e  speed o f  maximum knock. These f a c t o r s  
would need s e r io u s  c o n s id e r a t io n  in  th o  a p p l i c a t i o n o f  th e  V ita -M eto r  p r i n ­
c ip le  t o  h igh  com press ion  r a t i o  c a r s .

Any development o f  t h i s  typo  must e v e n tu a l l y  prove t h a t  i t  can pay i t s  . 
way by one means o r  a n o th e r .  I f  i t  o f f e r s  conven ience , a d d i t i o n a l  f reedom  
from u s e r  a t t e n t i o n ,  or d r i v i n g  e a s e ,  i t s  d o l l a r - a nd - c e n t s  v a lue  in  passen g er  
c a r  s e r v ic e  need n o t  be to o  c a r e f u l l y  s c r u t i n i z e d .  I t  i s  t r u e ,  however, t h a t
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commercial v e h ic le  o p e ra to rs  w i l l  look  a t  i t  en t i r e l y  from  th e  s ta n d p o in t  o f  
e f f e c t  on c o s t s .  I t  i s  d e s i r a b l e ,  t h e r e f o r e ,  to  examine th e  economics o f  th e  
d u a l - f u e l  systems t o  see i f  th e y  a re  l i k e l y  to  be su f f i c i e n t l y  a t t r a c t i v e  t o  
th e  u s e r  t o  outweigh t h e i r  in h e re n t  d is a d v a n ta g e s •

The f i r s t  q u e s t io n  to  be answered i s :  How much a n t i d eto n a n t  o r  h igh  
o c tan e  f u e l  w i l l  be used i f  t h e s e  systems a re  a p p l ie d ?  As a p a r t i a l  answer 
to  t h i s  q u e s t io n  we have s tu d ie d  th e  f u e l  consum ption  c h a r a c t e r i s t i c s  o f  a 
number o f  p assenger  c a rs  and t ru c k s  under a w ide v a r i e t y  o f  o p e ra t in g  c o n d i ­
t i o n s .  The d a ta  a re  summarized in  F igu re  1 which shows p e rcen tag e  o f  t o t a l  
f u e l  consumed a t  m an ifo ld  vacua o f  ap p ro x im a te ly  6 i n .  Kg or l e s s .  This 
changeover p o in t  was chosen  because  t e s t  work in d i c ate d  i t  t o  be abou t o p t i ­
mum when p a r t  and f u l l  t h r o t t l e  oc tane  number req u i re men ts  and o v e r a l l  con­
sum ption o f  h igh  oc tane  m a te r i a l  a re  ba lan ced  a g a ins t  each o th e r .  Going t o  
h ig h e r  vacua r e s u l t s  in  e x c e s s iv e ly  h ig h  consum ption w h i le  lower v a lu e s  may 
r e s u l t  i n  e x ce ss iv e  p a r t  t h r o t t l e  oc tane  re q u i re m e nt .  The b a rs  a t  th e  to p  o f  
th e  c h a r t  show maximum and minimum consumption in  1-g- -  2 to n  t r a c t o r - t r a i l e r  
u n i t s  in  e le v e n  d i f f e r e n t  i n t e r - c i t y  o p e ra t io n s  in  th e  mid and f a r - w e s t .
Gross lo ad s  v a r ie d  from 13,000 to  37,000 pounds. The h ig h e s t  consum ption 
shown i s  93%. Th is o c c u r re d  in  a t r a c t o r  h a u l in g  a t r a i le r  w hich had  s u f f i ­
c i e n t  f r o n t a l  a re a  to  l i m i t  th e  to p  speed t o  43-45 m i les  per hou r .  In  t h i s  
type o f  s e r v i c e ,  wind lo a d in g  i s  l i k e l y  to  govern to p  speed on s u b s t a n t i a l l y  
lexre l  ro ad s ,  w h i le  g ro ss  load  w i l l  c o n t r o l  i t  on th e s te e p e r  g rad es .  The 
low est consum ption in  th e  11 d i f f e r e n t  o p e r a t io n s ,  p a r t  o f  which used  s ta k e -  
body t r a i l e r s ,  was 60%.

The d a ta  f o r  th e  lvr to n  s ta k e  t r u c k ,  w i th  a 10,000 pound gross load , 
i n d i c a te  t h a t  c i t y  and i n t e r - c i t y  s e r v i c e  r e s u l t  in abou t equ a l  r a t i o s  o f  
consum ption o f  h igh  and low oc tane  fu e ls  in  t h i s  type  o f  t r u c k .  The p a sse n ­
ger c a r  d a ta  show an ex trem e ly  wide range in  r e l a t i v e  consum ption a t  f u l l  and 
p a r t  t h r o t t l e .  In  mountainous t e r r a i n  Car A used as much as 70% o f  th e  f u e l  
a t  6 i n .  Hg vacuum or l e s s ,  w h i le - th e  sane cu r  used as  l i t t l e  as  15/» under 
o th e r  c o n d i t i o n s .  Car C in  c i t y - c o u n t r y  d r i v i n g  w i th  a 50 mph to p  speed used  
o n ly  5%. ,

The d a ta  on Car B a re  a l s o  o f  i n t e r e s t .  Th is c a r ,  o f  th e  same y ea r  and 
model as Car A, was d r iv e n  over a 27-m i le  c lo s e d  co u rse  in  D e t r o i t .  V a r ia ­
t i o n  in  consum ption among t h e  f i v e  d r i v e r s ,  who drove in  t h e i r  normal f a s h io n ,  
was from 15 t o  40%. Two o th e r  d r i v e r s  usod t h i s  same v eh i c le  in  d a i l y  commu­
t a t i o n  s e r v i c e  betw een F e rndn le  and Birmingham, M ichigan w i th  th e  r e s u l t s  
shov;n. I t  i s  a l i t t l e  d i f f i c u l t  to  d ec id e  what th e  r e l a t iv e  consum ption  o f  
h ig h  and low o c tane  m a te r i a l s  would be i n  t h i s  make and model o f  c a r .  Data 
f o r  Cars D and E w ere o b ta in ed  w i th  a maximum speed o f  50 m i les  p e r  hou r .

vVith th e s e  f i g u r e s  in  mind, i t  i s  d e s i r a b l e  to  c o ns id e r  the  two ty p e s  
o f  d u a l - f u e l  system s i n d i v i d u a l l y .  The fo re g o in g  g as o l in e  consum ption f i g u r e s  
can be co n v e r ted  t o  i n j e c t e d  l i q u i d  consum ption by assum ing  an o v e r a l l  consump­
t i o n  o f  i n j e c t e d  l i q u i d  equa l t o  20% o f  th e  f u l l  t hr o t t l e  g a s o l in e  consum ption , 
( s u f f i c i e n t  d a ta  a re  a v a i l a b le  to  i n d i c a te  t h a t  t h is  g ives  a r e l i a b l e  e s t i m a t e . )  
F igu re  2 shows th e  economics o f  use o f  i n j e c te d  l i q u i ds  ns r n t i d o to n n n ts  o n ly .
I t  makes no a t te m p t  to  e v a lu a te  sav ings  i n  o p e ra t in g  c o s ts  due t o  sav in g s  in  
m a in tenance s in c e ,  so f a r  as  we know, th e r e  a re  no documented s tu d ie s  on t h i s  
s u b je c t .

Th is f ig u re  shows th e  in c re a s e d  c o s t  o f  f u e l  to  th e  u s e r  as a fu n c t io n  
o f  c o s t  o f  th e  l i q u i d  and r a t e  o f  use- Two a rea s  o f c o s t  a rc  shown, one
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ao o ly in g  to  commercial v e h i c le s ,  and th e  o th e r  t o  p assen ge r  c a r s .  We have 
a r b i t r a r i l y  s e t  upper l i m i t s  o f  60 c e n ts  and one d o l la r  p e r  g a l lo n  f o r  th e  
c o s t  o f  i n j e c t e d  l i q u i d  fo r  t r u c k s  and  c a rs  r e s p e c ti v e l y ,  and lower l i m i t s  
o f  18 and 25 c e n ts  which r e p r e s e n t  th e  approx im ate  c o s t  o f  g a s o l in e  to  th e  
two u s e r s .  I n je c te d  l i q u id s  in  t r u c k  s e r v i c e  can c o st  as much as 10.8  c e n ts  
per g a l lo n  o f  g a s o l in e  consumed, depend ing  on r a t e  o f  use and c o s t  per 
g a l lo n .  S im i l a r l y  in  p assen g e r  c a r s  th e  range  is  up to  14 c e n t s .  I t  i s  
q u e s t io n a b le  w hether th e  p o s s ib le  ad van tages  o f  th e system can  com pensate 
fo r  th e  added c o s t  o f  o p e ra t io n  in  many o f  th e s e  a p p l ic a t i o n s .

I t  i s  w e l l  to  c o n s id e r  th e  p o s s i b i l i t i e s -  o f  i n j e c te d  l i q u i d s  in  a system  
which w i l l  use them as h igh  oc tane  f u e l  b le n d in g  a ge n ts ,  i . e .  as bo th  f u e l  
and a n t id e to n a n t .  This system  ^approaches t h a t  su g ges ted  by .vlr* Holaday in  
t h a t  b o th  a re  t r u e  d u a l - f u e l  sys tem s. , In one, a ble n d in g  a g e n t  o f  h igh  
ce tane  number would be added to  the  charge  by th e  e q u iv a le n t  o f  th e  p re s e n t  
power j e t ,  w h i le  in  th e  o th e r  a com plete changeover ta k e s  p la c e .  F ig u re  3 
shows in c re a s e d  c o s t  o f  th e  t o t a l  f u e l  used  as a f u n ct io n  o f  th e  d i f f e r e n t i a l  
i n  c o s t  o f  th e  h ig h  o c tan e  m a te r ia l  over t h a t  o f  the  lower grade f u e l ,  and th e  
r a t e  o f  u s e .

Comparison w i th  F igure 2 in d i c a te s  t h a t  t h e r e  i s  a c o n s id e ra b le  advan­
ta g e  to  be- ga ined  by g iv in g  th e  m o to r is t  som eth ing in  a d d i t i o n  t o  d e to n a t io n  
c o n t ro l  in  r e tu r n  fo r  h is  money. For passen g er  c a r  use 14/5 consum ption o f  
i n j e c te d  l i q u i d  as an a n t id e to n a n t  a t  81*00 per g a llo n  would c o s t  14 c e n ts  
e x t ra  p e r  g a l lo n  o f  g a s o l in e  consumed, w hereas the  same consumption as  f u e l  
and a n t id e to n a n t  would c o s t  11 c e n ts  e x t r a  p e r  g a l lon .

This same f i g u r e  shows th e  sav ings to  be made w i th  a. du a l - f u e l  system  
o f  the type in c o rp o ra t in g  com plete changeover. The average u se r  d r iv e s  
10,000 m i les  pe r  y e a r  and buys about 700 g a l lo n s  o f  g aso l in e  fo r  w h ich , a t  
25 c e n ts  per g a l lo n ,  he w i l l  spend $175.00 . I f  he buys premium g a so l in e  he 
must p r e s e n t l y  add $14.00 or abou t 8 per c e n t .  I f  he u s e s  the  d u a l - f u e l  
system , and h is  ave rage  consum ption of h igh  oc tane  fu e l  i s  2575, premium p e r ­
formance c o s ts  0 .5  c e n t  per g a l lo n .  Thus he can save 75?5 of $14.00 or $10.50 
a t  the  c u r r e n t  p r i c e  d i f f e r e n t i a l .  ,

At t h i s  p o in t  one must c o n s id e r  th e  com mercial as  w el l  as  th e  e n g in e e r ­
ing  a s p e c t s ;  f o r  to  o f f e r  t h e  o i l  and au tom otive  i nd u s t r i e s  any h e lp  in  th e  
s o lu t i o n  o f  t h e i r  su p p ly  p rob lem s, e i t h e r  method o f d e to n a t io n  c o n t ro l  must 
be pu rchased  and used  by m i l l i o n s  o f  m o to r i s t s  o r  a s u b s t a n t i a l  percento.go o f  
th e  t ru c k  and bus f l e e t  o p e ra to r s .  The psycho logy  o f  a sav in g  o f  oven $10 n 
y ea r  can  form th e  b a s is  o f  a good s a le s  argument b u t  to o f f s e t  t h a t  sa v in g  
th e re  is  consumer inconv en ien ce ,  w hich may even become a n u is a n c e ,  o f  two 
fu e l  systems w hich must bo m a in ta in ed  and fu r th e rm ore  must be k ep t  i n  s a t i s ­
f a c t o r y  ba lance  so f a r  as  su p p ly  i s  concerned . As in  a l l  phases o f  au tom otive  
development, th e  ex trem es o f  u s e r s '  a cc ep tan c e  a re  im p o r ta n t .  C ons ide r  a 
r e s id e n t  of S ou thern  C a l i f o r n ia  who in  h is  d a i l y  d ri v i n g  uses  15-25;$ o f  th e  
h ig h  oc tane m a te r ia l  and th e n  goes t o  th e  m ounta ins and uses  70/5. How do you 
d es ign  fo r  such v a r i a b i l i t y ?  I f  ta n k  s i z e s  a re  p ro po r t io n e d  on th e  b a s is  o f  
25;$ consum ption, say 15 g a l lo n s  and 5 g a l lo n s ,  and consumption becomes 70/5, then  
c r u i s i n g  range is  t h a t  which can be o b ta in e d  on th e  e q u iv a le n t  o f  abou t 7 g a l ­
lons t o t a l .

Th is  d is c u s s io n  i s  n o t  meant t o  im p ly  t h a t  th e s e  developm ents a re  no t of 
s i g n i f i c a n c e .  R ather,  i t  i s  hoped t h a t  i t  - . / i l l  serve- to  emphasize th e  im po r t­
ance o f  c o n s id e r in g  n i l  th e  f a c to r s  in v o lv ed  in  accep tan ce  o f  any such  system .

Harold J .  Gibson
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FIGURE I

RELATIVE FUEL CONSUMPTION
FULL THROTTLE AND PART THROTTLE

l| -TON TRAOTORS, INTER-CITY
(II DIFFERENT OPERATIONS)

l^r" TON STAKE TRUCK

INTER-CITY 

CITY DELIVERY

CAR A

MOUNTAIN 

CITY a COUNTRY 

DESERT 

ALL CITY

CAR B CITY FIXED COURSE

(5 DRIVERS)

CITY-COUNTRY COMMUTING 

DRIVER I 

DRIVER 2

CAR C

DESERT

ALL CITY

CITY a COUNTRY

CAR D 10,000 MILES

CITY a  COUNTRY

CAR E 10,000 MILES

CITY 8 COUNTRY

0 20 40 60 80
PERCENT FUEL CONSUMED,  

MANIFOLD VACUUMS 6 IN. HG OR LESS

100

T h is f i g u r e  sh o w s t h e r a n g e  in  r e l a t i v e  fu l l  an d  p ar t  t h r o t t l e  fu e l  c o n su m p t io n  
o b t a in e d  in  v e h i c l e s  u n d e r  a v a r i e t y  o f o p e r a t in g  co n d i t io n s.
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COST OF INJECTED LIQUID
AS ANT1-DETONANT ONLY

FIGURE 2

COST OF INJECTED ,LIQUID 
DOLLARS PER GALLON

B o u n d a r i e s  o f  a r e a s  o f  c o s t  a r e  b a s e d  o n 'e s t im a t e d  c o s t  o f 
g a s o l in e  and an in j e c te d  l iqu id  to  the  tvyo t y p e s  of u s e r s , 
and the  c o n su m p t io n  r a t e s  sh o w n  in F ig u r e  l . F o r  e x am p le , 
m a x im u m  c o n su m p t io n  fo r  a p a s s e n g e r  c a r  i s  sh ow n  to  be 
70% . A pp ly in g  th e  f a c to r  o f  0 .2  r e s u l t s  in in je c te d l iqu id  
c o n su m p t io n  e q u a l  to 14% o f  t o ta l  g a s o l in e  c o n su m p tio n . 
A t $ 1 .00  p e r  g a l lo n  fo r  i n j e c t e d  l iqu id ,  th is  r e s u lt s  in 
i n c r e a s e d  fu e l  c o s t  o f  14 c e n ts  p e r  g a l lo n .
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COST OF HIGH OCTANE FUEL
DUAL FUEL SYSTEM CARS

FIGURE 3

CONSUMPTION HIGH OCTANE MATERIAL, %  TOTAL FUEL

B o u n d a r i e s  o f a r e a s  a r e  b a se d  on  F i g u r e  1 an d  d i f f er e n t i a l  in  c o s t  b e t w e e n  h igh  an d  low  o c t an e  
m a t e r i a l s .  F o r  e x a m p l e ,  w i t h  low  o c t a n e  fu e l  a t  25 c e n t s  a  ga l l o n  el  7 5 - c e n t  d i f f e r e n t i a l  i s  
e q u iv a le n t  to a  t o t a l  c o s t  o f $1 .00  p e r  ga l l o n  fo r  h igh  o c t a n e  b le n d in g a ge n t .  A t  14% c o n ­
su m p t io n ,  t h i s i n c r e a s e s  t o t a l  fu e l  c o s t  by  11 c e n ts p e r  ga l l o n .
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