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1. Project Summary

A 1981 Datsun 200SX automobi le  was modi f ied to  enable i t  to  operate on

e i the r  me thano l ,  e thano l ,  o r  gaso ì i ne .  The  e lec t ron i c  f ue l  i n jec t i on  sys tem o f

the  veh ic le  was  mod í f i ed  to  p rov ide  th i s  mu l t i p le  fue l  capab i ì i t y ,  w i th  op t imum

operat ion on each fue l .  Two fue l  tanks are used;  the ex is t ing gaso ' l jne tank

and  an  a l coho l  f ue l  t ank  wh ich  may  con ta in  e i t he r  me thano l  o r  e thano l .

Se lec t i on  o f  e i t he r  gaso l i ne  o r  a l coho l  ope ra t i on  i s  accomp ' l i shed

e lec t ron i ca ì ] y  by  s imp ' l y  t h row ing  a  sw i t ch  i ns ide  the  ca r .  Se lec t i on  o f  t he

k ind  o f  a l coho l  t o  be  used ,  e i t he r  me thano l  o r  e thano l ,  j s  accomp l i shed  by

tu rn ing  a  se lec to r  va l ve  i n  t he  eng ine  compar tmen t .

Comparat ive exhaust  emiss ions and fue l  economy tests  were per formed on the

veh íc le  us ing  each  o f  t he  th ree  fue l s .  Bes t  ene rgy  e f f i c i ency  and  l owes t

exhaus t  em iss ions  were  ach ieved  s imu ì taneous ' l y  us ' i ng  me thano l .  E thano l  was

second  in  bo th  ca tego r ies ,  and  gaso ' l i ne  ach ieved  j n fe r i o r  e f f i c i ency  and

emiss ions  compared  to  bo th  a l coho ls .



2 .  De ta í l ed  Techn ica l  Desc r io t i on

2 . I  The  S tandard  Veh ic le

A 1981 Datsun 200SX automobi ' le  manufactured by Nissan Motor  Company of

Japan was se lected for  th is  convers ion.  I ts  se lect ion was based upon severa l

techn ica l  c r i t e r ía :

o I t  uses a pu ' lse durat ion contro ' l1ed,  exhaust  oxygen sensing feedback

contro l  led e lect ron ' ic  fue l  in ject Íon system ( the Bend' ix , /Bosch L-Jet ronic

System manufactured by JECS in Japan) .

o  I t  i s  t he  l eas t  expens i ve  veh ic le  us ing  the  L -Je t ron i c  i n jec t i on  sys tem

(seve ra ' l  more  expens ' i ve  veh ic les  a re  ava i rab le ,  a r  r  o f  f o re ign

manufacture) .

o  I t  uses  the  recen t l y  i n t roduced  NAPS-Z  (N issan  An t ipo l l u t i on  Sys tem)  fou r

cy l i nde r  eng ine  wh ich  ach ieves  improved  fue l  u t i l i za t i on  by  h igh

turbulence,  fast  burn combust ion made poss ' ib ìe by the use of  two spark

p ' lugs per  cy ' l inder  and a un ' ique combust ion chamber geometry .

o The hardtop model  o f  the 200SX easi ly  accommodates the addi t ion of  an

a lcoho l  f ue l  t ank  i n  t he  t runk .

o Cer ta in  fue l  in ject ' ion system components and engine components were

des igned  fo r  t o le rance  o f  wa te r  con ten t  i n  t he  gaso l i ne ,  wh ich  eases  the

t a s k  o f  e n s u r j n g  c o m p a t i b ì l i t y  w i t h  a l c o h o l  f u e l s .

Regre t tab l y ,  a  U .S .  manu fac tu red  au tomob i l e  r+as  no t  ava i l ab le  w i th  the

requ ì red  techn íca l  f ea tu res  to  pe rm i t  t he  conve rs ion .

The  o f f i c i a l  EPA es t ima ted  fue l  economy  ra t i ng  o f  t he  200SX i s  28  m i les

p e r  g a ] i o n  o f  g a s o l i n e ,  w h i c h  i s  a n  i n t e r m e d j a t e  r a t i n g  i n  j t s  v e h i c l e  c l a s s ,

rang ìng  f rom 15  to  42  m i les  pe r  ga ì l on .  Because  o f  i t s  soph ' i s t i ca ted  fue l

Ín ject ìon system and the use of  a  three-way exhaust  cataìyst ,  the s tandard



veh ic le  exhaus t  em iss ions  a re  no tab ' l y  c ' l ean  and  we l  I  w i th in  bo th  Federa l  and

Ca l  i f o rn ia  em iss ions  s tandards .

The NAPS-Z (720 Type)  engine used in  the 200SX incorporates a number of

fea tu res  wh ich  make ' i t  a  good  cand ida te  fo r  a l coho l  ope ra t i on .  Th i s  eng ine

achieves very rap id combust ion by the use of  two spark p lugs per  cy] . inder ,  and

an in take por t  and combust ion chamber des jgned for  h igh turbulence.  N. issan

engineers repor t  a  30% improvement  in  fue l  economy of  the 220 engíne compared

to  i t s  immed ia te  p redecesso r ,  t he  L20B eng ine .  Bo th  eng ines  a re  i n - l i ne

overhead cam, four  cy1 i  nder  eng ' ines wi th  a d i  spì  acement  of  1 ,952 cm3.  Both

have bore and st roke of  85 and 86 mm respect iveìy  and a compress ion rat io  of

8.5.  Approx imateìy  a I0% improvement  ín  fue l  economy is  assígned to the

improved combust ion systenr ,  whi je  the remajn ing 20% is  due to  the combined

e f fec ts  o f  t he  e lec t ron i c  f ue l  i n jec t i on  sys tem,  op t im ized  i gn i t - i on  t im ing ,  an

advanced  exhaus t  gas  rec í r cu la t i on  sys tem,  and  veh ic le  d r í ve t ra in  op t jm iza t i on

to  ma tch  the  eng ine  cha rac te r j s t i cs .

Due to the large fue l  quant i t ' ies  requi red and the poor  atomizat ion and

vapor i za t i on  cha rac te r j s t i cs  o f  a l coho l  f ue l s ,  combus t i on  e f f i c i ency  can  be  a

p r o b l e m .  T h i s  i s  e s p e c i a i l y  t r u e  d u r f n g  c o l d  e n g i n e  o p e r a t i o n  c o n d i t j o n s .  T h e

high turbulence,  fast  burn system of  the 720 engine is  advantageous for  a lcohol

i n  t h i s  respec t .

The  720  eng ine  empìoys  a  soph Ís t i ca ted  feedback  con t ro l l ed  EGR (exhaus t

gas  rec i r cu la t i on )  sys tem wh ich  a l l ows  the  rec i r cu la t i on  o f  exhaus t  gas  i n to

the in take mani fo ld  up to  20% of  in take charge composi t ion.  Spec. ia ' l

cons ide ra t i on  has  been  g Íven  to  ensu r ing  tha t  t he  cy ' l i nde r - to -cy ì i nde r

d i s t r i bu t i on  o f  t he  exhaus t  gas  i s  un i fo rm.  In  t yp i ca ' l  eng ' i nes ,  a  p rac t i ca l

EGR l im i t  j s  on l y  5%.  EGR a l l ows  improved  the rma l  e f f i c i ency  (and  thus  fue l

economy)  by  e f fec t í ve1y  reduc ing  pump ing  l osses  j n  t he  eng ine ,  p rov ided  tha t



combus t j on  qua l i t y  i s  no t  deg raded .  The  fas t -bu rn  fea tu res  o f  t he  eng ine  a l l ow

a  h ighe r  EGR l im i t  be fo re  the  onse t  o f  combus t i on  qua ' l i t y  deg rada t j on .  EGR

also reduces N0* exhaust  emissìons by decreasing the peak combust ion

temperatures.

Bo th  me thano l  and  e thano l  have  w ide r  usab le  f l ammab i l i t y  l im i t s  t han  does

gaso ì i ne .  Th i s  i s  no tab l y  t rue  o f  t he  l ower  l im i t  wh ich  i s  app rox ima te ìy

Ø =  0 .7  fo r  me thano l  .  (ø  i s  de f j ned  as  the  ra t i o  o f  t he  ac tua l  mo la r  f ue l -a i r

ra t i o  t o  the  chemica ' l 1y  co r rec t  o r  " s to ' i ch iomet r i c "  f ue l -a i r  ra t îo . )  A l though

spec i f i c  da ta  has  no t  been  taken ,  i t  i s  assumed  tha t  t h i s  l ower  l ean -bu rn  l im i t

f o r  a1coho l  f ue l s  í s  í nd i ca t i ve  o f  a  g rea te r  t o le rance  fo r  EGR p r io r  t o

combust ion qual i ty  degradat ion.  Thus,  the jncreased EGR f low rate províded on

the 720 engÍne is  consjdered a posi t ive feature for  a lcohol  operat ion.

The in take mani fo ld  legs (or  runners)  on the 720 engine conta in water

heat ing passages extendíng back approx imate ' ly  6  cm f rom the jn take por t ,  up

each leg.  These passages are fed by engine coolant  that  bypasses the

thermostat ,  so they are heated rap ' id ly  dur ing the engine warm-up per iod.  Thjs

mani fo ld  heat ing feature js  def in i te ' ly  advantageous for  the improvement  of  fue l

vapor i za t j on  and  the  p reven t i on  o f  f ue j  condensa t i on  on  the  l ower  man j fo ìd  ìegs

when  us íng  me thano l  o r  e thano l .  The  a l coho l  f ue l  i n jec t i on  sys tem (wh ich  w í l l

be  d íscussed  ìa te r )  i n jec ts  fue l  pa r t i a ] ì y  aga ins t  t he  back  o f  t he  i n take

va lves ,  and  pa r t i a l ' l y  on to  the  hea ted  su r faces  o f  t he  l ower  man i fo ld  ìegs .

The  200SX uses  a  JECS (Bend ix /Bosch  l i censed)  e lec t ron i c  f ue l  í n jec t i on

sys tem.  Ïnd i v idua l  e lec t ron i ca l ' l y  ac tua ted  fue l  Í n jec to rs  a re  used  fo r  each

cy ' l i nde r .  A  cons tan t  f ue l  p ressu re  i s  supp l i ed  to  the  i n jec to rs ,  and  the  fue l

quan t i t y  i s  me te red  by  the  e lec t ron i c  pu l se  du ra t i on  tha t  ac tua tes  each

Ín jec to r .  A l l  i n j ec to rs  a re  ac tua ted  s imu l taneous ly ,  once  eve ry  eng ine

revo lu t i on .  Thus  each  i n jec to r  i s  ac tua ted  tw ice  fo r  eve ry  j n take  cyc le .
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I n jec t i on  t im ing  i s  t r i gge red  f rom the  same e lec t romagne t i c  p i ckup  as  i s  t he

ign i t i on  t im ing ,  l oca ted  i n  t he  eng ine  d i s t r i bu to r .  An  e lec t ron i c  con t ro l  un i t

(ECU) prov ides the in jector  actuat ion pu ' lses,  and computes the appropr ia te

pulse durat ion (and thus fue ' l  quant i ty)  based upon the inputs of  severaì  engine

transducers.  Sensors are used for  jn take a i r  f iow,  in take a i r  temperature,

coolant  temperature,  throt t le  pos i t ion,  and exhaust  oxygen content .  The

exhaust  oxygen sensor  is  a  noteworthy feature of  the system because i t  a l lows

feedback contro l  o f  the in ject ion system in order  to  mainta in a s to ich iometr ic

(Ø  =  I )  f ue l -a i r  ra t i o  under  a j l  cond i t Í ons  (excep t  du r ing  co ld  s ta r t i ng  and

hard  acce le ra t i on  t rans ien ts ) .  The  p resence  o f  oxygen  in  the  exhaus t  i nd i ca tes

tha t  t he  fue l -a i r  ra t i o  i s  on  the  l ean  s jde  o f  s to i ch iomet r i c  (ø  (  f ) .  The  ECU

cor rec ts  fo r  t h i s  by  i nc reas ing  the  pu l se  du ra t i on  su f f i c i en t ì y * to  res to re  the

Ø =  I  cond i t i on .  I f  no  oxygen  i s  p resen t  i n  t he  exhaus t ,  t he  ECU beg ins  to

sho r ten  the  pu l se  du ra t i ons ,  t hus  l ean ing  the  fue i -a i r  ra t i o  un t i l  some sma l l

oxygen content  is  detected.  In  normal  operat ion,  the system di thers about  the

Ø = I  mix ture wi th  a cyc le t ime of  about  one second.  This  feedback contro l

f ea tu re  ensu res  tha t  a  s to i ch iomet r i c  f ue l -a i r  ra t j o  ' i s  ma in ta ined  rega rd less

o f  v a r i a t i o n s  i n  t h e  f u e l  p r o p e r t ì e s ,  f u e l  p r e s s u r e ,  o r  a ' i r  d e n s i t y .  T h i s . i s

requi red for  the use of  a  three-way (ox idat ion and reduct ion)  type exhaust

ca ta ìys t ,  wh ' i ch  s imu l taneous ' l y  reduces  HC,  C0  and  N0*  em iss ions  on ìy  i f  t he

fue l -a i r  ra t ío  o f  t he  eng ine  i s  p rec i se l y  ma in ta ined  a t  Ø  =  1 .

This  feedback contro l  feature is  advantageous for  a lcohol  operat ' ion for

the same reasons as for  gasol ine.  A more subt le ,  but  very impor tant  advantage

o f  p rec i se  fue l -a i r  ra t j o  con t ro l ,  i s  t ha t  i t  ensu res  the  p red i c tab i ' l i t y  o f  t he

ign i t i on  t im ing  cha rac te r j s t i cs  o f  t he  eng ine .  Va r ia t i ons  i n  t he  fue l -a i r

ra t i o  have  a  s ign i f i can t  e f fec t  on  combus t i on  comp le t i on  t ime ,  and  thus  on

op t imum ign i t i on  t im ing .  Th j s  p rov ides  an  impor tan t  advan tage  fo r  a l coho l



opera t i on  o f  t he  eng ìne ,  s ince  the  op t imum ign i t i on  t im ing  cu rve  mus t  be

exper imenta ' l ly  determined over  a range of  engine operat ional  condj t jons,  and

then is  expected to  remain in tact  thereaf ter .

2 .2 Ai  cohol  Fue ' l  Tank Insta ' l  I  a t i  on

Ïhe  ex i s t i ng  gaso ì i ne  tank  was  re ta ined  i n  i t s  no rma l  l oca t i on  benea th  the

f l oo r  o f  t he  t runk  i n  t he  rea r  sec t i on  o f  t he  veh ic le .

A tank for  s torage of  the a lcohol  fue l  (e i ther  methanol  or  e thanoì)  was

ins ta l l ed  i n  t he  t runk ,  above  and  s l i gh t ì y  f o rwand  o f  t he  l oca t i on  o f  t he

gaso' l ine tank.  F igure 1 shows the locat jon of  the a lcohol  tank Ín  a phantom

víew of  the vehic le .  A rac ing- type ATL (Aero Tech Laborator ies)  fue l  ce l l  was

se lec ted  fo r  use  as  the  a l coho l  f ue l  t ank .  I t  i s  spec i f i ca l l y  des igned  fo r

s to rage  o f  me thano l ,  wh îch  i s  a  popu la r  rac ing  fue ì ,  and  j t  i nco rpo ra tes  a

number of  safety  features whjch a l low i t  to  wi thstand severe acc ident

s i t ua t i ons  w j thou t  l oss  o r  i gn i t i on  o f  t he  fue l .  I t s  capac i t y  i s  22  ga l l ons ,

which was chosen to prov ide a range s imi lar  to  that  prov ided by the 14 ga ' l lon

gaso ì Íne  tank .  The  fue l  ce l l  con ta ins  an  j n te rna l  b ladder  wh ich  co l l apses

w i thou t  rup tu r i ng  i n  t he  even t  o f  t he  tank  be ing  c rushed  in  an  acc jden t .

l . / i t h ' i n  t he  b ladder  i s  a  semi - r i g id ,  open-ce l i  u re thane  foam wh icn  suppresses

fuel  s ' losh ing and reduces fue l  
' leakage 

in  the event  of  a  puncture of  the

b ladder .  Bo th  the  fue l  f i l l e r  neck  and  the  tank  ven t  connec t i on  con ta in

g rav i t y  check  va l ves  wh ich  c lose  i n  t he  even t  o f  veh i c le  ro l l ove r ,  t o  p reven t

fue l  leakage.

As  de l i ve red ,  t he  u re thane  foam jn  the  fue l  ce l l  con ta ined  a  number  o f

vo la t i l e  subs tances  used  as  foam p ìas t ' i c i ze rs .  I n  t he  p resence  o f  e i t he r

me thano l  o r  e thano l ,  t hese  a re  l eached  f rom the  foam in to  so lu t i on  j n  t he

alcohol .  Samp' les of  the foam were tested in  the laboratory us ing actual

methanol  and ethanol  fue l  samples.  Up to 3% of  the wejght  o f  the foam was



found to be removed dur ing a lcohol  ext ract íon.  The presence of  these

substances i  n  the a l  cohol  can potent i  a ' l  
' l y  

cause the b l  ockage of  the iue l

in jectors,  or  the format ion of  gummy deposi ts  in  the fue l  system. Thei r  e f fect

on the fue ' l  proper t ies of  e f ther  methanol  or  e thanol  is  unknown.  perhaps gummy

depos í t s  cou ld  fo rm in  the  upper  cy l i nde r  o f  t he  eng ine  a l so .

Ï t  was found that  by pre-condi t ion ing the foam wi th a week- ]ong a lcohol

e x t r a c t i o n  p r i o r  t o  i t s  i n s e r t i o n  i n  t h e  f u e l  c e ì 1 ,  a l m o s t  a l l  o f  t h e  s o l u b l e

mate r fa l s  cou ld  be  removed .  The  foam s t i l l  r e ta ined  accep tab le  p ' l . i ab i l i t y

af ter  th is  ext ract ion,  a ì though the long- term in tegr i ty  o f  the foam may be

reduced.  The laboratory repor t  on the anaìys is  of  the foam and fue l  samples is

i nc luded  i n  Append ix  I .

A s teel  suppor t  f rame was constructed f rom 1"  angle i ron for  mount ing the

fue l  ce l l  í n  t he  t runk  o f  t he  veh ic le .  The  f rame i s  bo l ted  to  the  t runk  f l oo r

i n  fou r  p ìaces ,  and  rubber  shock  i so la t i on  moun ts  and  s t ress  d íss ipa t i on  p la tes

a re  used  a t  each  o f  t he  moun t jng  po in t s .

In  the  unmod i f i ed  veh ic le ,  t he  on l y  ba r r i e rs  be tween  the  t runk  and  the

rear  seat  are th jn  sheets of  pressboard.  To fur ther  ensure the safety  of

moun t ing  the  a l coho j  f ue l  t ank  i n  t he  t runk ,  t he  t runk  was  i so la ted  f rom the

passenger  compartment  by the insta l la t ion of  sheet  s tee ' l  barr iers  in  the

forward sect ions of  the t runk.  A l l  jo in ts  between the sheet  s tee l  barr iers  and

the  veh fc le  body  and  f rame pane ' l s  were  sea led  w i th  h igh  tempera tu re  s i l í con

sea lan t  t o  ensu re  aga ins t  poss ib le  fue l  vapo r  i n t rus jon  i n to  the  passenger

compartment  in  the event  of  a  leak f rom the a lcohol  fue l  tank or  fue l  system

p' lumbi  ng.

Re f i l ì i ng  the  a l coho l  t ank ing  requ i res  open ing  the  t runk .  Th i s  í s

cons ide red  a  compromise  i n  t he  o r i g ina ì  des ign ,  bu t  ì s  common p rac t i ce  on

severa l  European manufactured cars.  The a lcohol  tank occupies the major i ty  o f



the t runk area,  a ' l though approx imateìy  f ive cubic  feet  o f  usable t runk area

remains between the tank and the rear  of  the t runk.  The spare t i re  remajns in

the  t runk  i n  i t s  no rma l  l oca t i on  under  a  pane l  i n  t he  t runk  f l oo r ,  w i th  a

conformal  necess prov ' ided in  the gasol ine tank beneath i t .  S ince the a lcohol

tank is  located above the forward hal f  o f  the spare t i re ,  i t  is  necessary to

unbo l t  and  s l i gh t l y  l i f t  t he  a l coho l  f ue l  t ank  f rame in  o rde r  t o  remove  the

spare  t i r e .  Th i s  i s  ve ry  i nconven ien t  and  i s  cons ide red  an  expe r imen ta l  des ign

compromi se.

2.3 Alcohol  Fuel  Pump and Fuel  Supplv  Components

A f te r  eva lua t i on  o f  t he  a l coho l  compa t íb i ' l i t y  o f  seve ra l  h igh  p ressu re

e lec t r i c  f ue l  pumps ,  on ' l y  one  p roved  to  be  bo th  re l i ab le  j n  au tomot i ve  se rv i ce

and  capab le  o f  hand l i ng  a ' l coho l  f ue l s .  The  pump se lec ted  i s  an  ea r ' l y - s t y ' l e

Bosch rotary  vane fue l  pump manufactured for  on ' ly  n jne months jn  1967 and 1968.

I t  was used on the f i rs t  Bosch fue l  ' in jected cars,  the 1968 Vo' lkswagen Var jant

mode ls .  The  d i s t i nc t j on  be tween  th i s  f ue l  pump and  a ì ' l  o the r  ava i l ab le  pumps

is  i n  i t s  "d ry  mo to r "  cons t ruc t i on .  common des ign  p rac t i ce  j n  a l l  f ue l

i n jec t i on  t ype  e lec t r i c  f ue l  pumps  i s  t o  c i r cu la te  the  fue l  a round  the  mov ing

par t s  o f  t he  e lec t r i c  mo to r .  Th i s  p rov ides  coo l i ng  fo r  t he  mo to r ,  wh jch

diss ' ipates considerable heat  dur ing extended operat ' ion.  The standard gasol ine

fuel  pump of  the Datsun 200SX is  of  th is  type.  The in ternal  cåmponents of  the

moto r  a re  compa t ib le  w ' i t h  gaso l j ne .  They  a re  no t ,  however ,  compa t ib le  w i th

e i ther  methanol  or  e thanol .  Methanol  was found to cause swel l ing of  armature

w' ind i  ngs i  n  severa l  " i . /e t  motor"  pumps tested.  Methanol  a l  so causes the

format ion of  a  hard b lack copper  ox ide coat jng on the sur face of  the copper

a ì1oy  commuta to r  o f  t he  mo to r .  Th i s  ox íde  i s  an  i nsu la to r  wh ich  p reven ts

proper  e lect r ica l  contact  between the graphi te  brushes and the commutator .  I f

the methanol  conta ins a considerable percentage of  water ,  ì t  may be



e iec t r í ca ì ' l y  conduc t i ve  enough  to  i n te rna l l y  sho r t  t he  mo to r .  Gaso l i ne ,  by

compan ison ,  w i l l  no t  abso rb  s ign i f i can t  amoun ts  o f  wa te r  and  i s  cons i s ten t ' l y  an

insulator .  Cer ta in  e lastomers and p iast ic  components in  "wet  motorr r  pumps v/ere

also found to be af fected by methanol .  Some degree of  swel l ing and sof ten. ing

of  cer ta in  seal  mater ia ls  b/as not iced.

The  use  o f  a  I ' d r y  mo to r t ' pump avo ids  mos t  o f  t hese  p rob ' l ems  s ince  the  fue l

does not  contact  the motor  components.  Onìy two "dry motor , '  pumps were found

to meet  the pressure and f ' low rate requi rements of  the fue l  in ject ion system.

These were the prev ious ' ly  ment ioned Bosch pump and a Model  V2-303 gear- type

pump manufactured by Micropump Corporat ion.  The V2-303 pump incorporates

g raph i te  f i be r  f í l l ed  Te f l on  gea rs  ro ta t i ng  aga íns t  a  Type  316  s ta in less  s tee l

seal íng p late-  Af ter  approx imate ly  one hour  of  methanol  operat . ion on the test

bench ,  t he  pump began  d i scha rg ing  a  b lack  depos i t  wh ich  p rompt l y  c ìogged  a  fue l

f i l ter  jn  t ,he test  system.

Anaìys is  was per formed on the depos ' i t  us ing an EDAX energy d ispers ive

X-ray ana ' lys is  system in order  to  determine the or ig in  of  the deposi t .  The

depos i t  was  found  to  be  sma l l  pa r t i c l es  o f  t ype  316  s ta in less  s tee l  wh ich  were

abraded  f rom the  sea ' l Í ng  p la te  by  the  g raph i te  f i l l ed  re f l on  gea rs .

Apparent ly ,  the poor  lubr icat ion proper t íes of  the methanol  aggravated the

abras ion  o f  t he  end  g ra in  g raph í te  f i be r  f i l amen ts  aga ins t  t he  s ta in less  s tee l .

As the seaì ing p ' la te wore,  the pump per formance degraded rapidìy  unt i l  i t

fa i led to  produce adequate pressure af ter  approx imate ly  two hours of  operat ion.

The  o ld -s t y ' l e  Bosch  pump i s  a  ro ta ry  vane  des ign  i n  wh ich  ca rbon  s tee l

ro l l e rs  run  aga ins t  anod ized  a lum inum a l l oy  su r faces  o f  t he  vane  chamber .  No

degradat ion of  pump per formance was not jced af ter  e ight  hours of  cont inuous

operat ion on methanol .  Three of  these pumps were obta ined f rom auto saìvage

ya rds .  A l l  we re  usab le ,  a l t hough  the j r  p rev ' i ous  se rv i ce  reco rds  were  unknown .



Robert  Bosch,  L td.  has not  produced thís  pump s ince 1968 and could nei ther

supply  new uni ts  nor  prov ide in format ion on í t .

The accumulat ion of  a  whi te  granuiar  deposi t  was observed in  the vane

chamber of  one of  these pumps af ter  appnoximate ly  24 hours of  serv ice on the

test  bench.  EDAX analys is  ind icated that  the deposi t  was z inc ox ide,  and was

no t  due  to  deg rada t i on  o f  e i t he r  t he  s tee l  ro l l e rs  o r  t he  anod ized  a lum inum

wal ls  of  the vane chamber.  The most  probab' le  sources of  the z ' inc are e i ther

the ga ' lvanized f i t t ings used on the pump (which are removable) ,  or  a  dÍe-cast

z inc fue l  f i l ter  body used in  the test  system. Removal  o f  the galvanized

coa t ing  on  the  f i t t i ngs  and  rep ìacemen t  w i th  an  i r i d i t e  ( i r i d i um p ìa te )  coa t i ng

wou ld  remove  the  f i r s t  sou rce ,  and  subs t i t u t i on  o f  a  s tee l  o r  a lum inum f i l t e r

body would remove the second source,  í f  the amount  of  the deposi ts  became a

prob ' lem.

A pu]sat ion dampener is  requi red in  the fue l  l ine downstream of  the fue l

pump for  removal  o f  pressure pu ' lses which might  a f fect  the fue l  meter ing

capabi ' l i ty  o f  the fue l  in ject ion system. Pulsat ion dampeners manufactured for

gaso l i ne  fue l  i n jec t i on  by  e i t he r  Bosch  o r  N issan  were  found  to  be  accep tab le

fo r  e i t he r  me thano l  o r  e thano l .  No  fa i l u re  has  ye t  been  obse rved  i n  e i t he r  t he

test  bench apparatus or  the actual  vehic le ,  a l though the synthet ic  rubber

d iaph ragms  used  i n  these  un i t s  may  even tua l ì y  deg rade  i n  a l coho l  se rv i ce .  A

N issan  un i t  was  used  i n  the  a l coho l  c í r cu i t  o f  t he  veh ic le .

The  fue l  pump and  the  pu ]sa t i on  dampener  a re  i ns ta l l ed  i n  a  vacan t  space

beh ind  the  r i gh t  rea r  qua r te r  pane l .  They  a re  access ib le  f rom ins ide  the  t runk

by  remova l  o f  a  me ta l  cove r  p la te .  A l so  l oca ted  j n  t h i s  sec t i on  i s  a  p r imary

fue ' l  f i l t e r l oca ted  i n  t he  hose  f rom the  a ' l coho l  t ank  d ra in  to  the  pump in le t .

T h e  f i l t e r  h a s  a  g l a s s  h o u s i n g  w h i c h  a l l o w s  i n s p e c t i o n  o f  r e s i d u e  b u i ' l d u p  i n

the  f i l t e r  w i thou t  d i sassemb lv .
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Severa l  sheets of  po ' lyurethane foam sound insulat ion mater ia l  were

ins ta l l ed  a round  the  a l coho l  f ue l  pump to  reduce  no i se  t ransmiss ion .

A  d ra in  cock  i s  l oca ted  a t  t he  r ìgh t  rea r  o f  t he  veh ic le ,  be ìow the  fue l

pump sec t i on .  i t  i s  p ro tec ted  f rom road  d i r t  bu i ìdup  by  a  sp lash  p la te .  Th j s

d ra jn  cock  fac i l i t a tes  d ra in ing  the  a l coho l  t ank ,  wh ich  may  be  requ Í red  when

swi tch ing f rom one type of  a lcohol  to  another .

Two type 304 sta i  n l  ess s teel  5 /16"  0.  D.  tub i  ng f  ue ' l  
' ì  
i  nes are run paraì  ' le i

to  the ex is t ing gasoì ine fue l  l jnes f rom the tank to  the engine compartment .

One  Í s  used  fo r  f ue l  f eed  to  the  a l coho l  f ue l  ra i l  o f  t he  eng íne ;  t he  o the r  i s

used for  fue l  re turn to  the tank.  Wi th th is  type of  in ject ion system, fue l

rec j rcu lates constant ly  f rom the tank to  the engine and back to  the tank.

2.4 Al  cohol  Fuel  In . ' iect ' ion Svstem

In  o rde r  t o  p rov ide  fo r  eng ine  ope ra t i on  on  me thano l ,  e thano '1 ,  o r

gaso l i ne ,  a  means  fo r  t he  se lec t i ve  i n jec t i on  o f  e ' i t he r  gaso l i ne  o r  a l coho l  was

requi  red.

In  the  s tandard  L -Je t ron i c  i n jec t i on  sys tem used  on  the  veh ic le ,  f ue l  i s

c i r cu la ted  under  p ressu re  th rough  a  fue l  ra i l  w i th  b ranches  fo r  each  o f  t he

fou r  f ue l  ' i n j ec to rs .  A t  t he  end  o f  t he  fue l  ra i l  j s  a  backp ressu re  regu ìa to r

(BPR)  wh ich  ma in ta ins  a  cons tan t  p ressu re  i n  t he  fue l  ra i l ,  and  re tu rns  excess

fue l  t o  t he  fue l  t ank .  The  f l ow  ra te  o f  f ue l  i n  t he  fue l  ra i l  i s  a lways  i n

excess  o f  t he  fue l  requ i remen ts  o f  t he  eng ine ,  so  tha t  t he  fue l  p ressu re  i s

ma in ta ined  under  a l l  cond i t i ons ,  and  some fue l ' i s  a ìways  re tu rned  to  the  tank .

The  ba lance  po r t  o f  t he  BPR i s  connec ted  to  the  i n take  man i fo ld  so  tha t

ac tua ' I 1y ,  t he  abso lu te  p ressu re  i n  t he  fue l  ra i l  does  no t  rema in  cons tan t ,  bu t

rather  the d i f ferent ia l  pressure between the fue l  ra i l  and the jn take mani fo ld

i  s  he l  d  constant .  As a resu ' l t ,  the d i  f  f  erent i  a l  pressure across each f  ue ' l
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i n j ec to r  í s  cons tan t ,  wh ich  assu res  a  cons ïs ten t  pu l se  du ra t j on  to  fue l

de ] i ve ry  re la t i onsh ip  rega rd ' l ess  o f  va r i a t i ons  i n  t he  i n take  man i fo ld  p ressu re .

Ï t  had been or ig ina l ly  proposed that  a  common fuel  ra i l  would be used to

c i r cu la te  e i t he r  gaso l i ne  o r  a l coho l .  The  same fue l  i n jec to rs  wou ld  be  used

fo r  bo th  fue l s .  Compared  to  the  vo lume o f  gaso ' l i ne  de l i ve red  by  each  i n jec to r ,

th ís  vo lume must  be Íncreased by factors of  1 .56 for  e thanol  and 2. I7  for

methanol .  This  increased f low rate was to  be achieved by increas ' ing the fueì

ra i l  pressure for  e thanoì ,  and by both jncreasing the fue l  ra i ' l  pressure and

mod i f y ing  the  ECU to  i nc rease  the  pu l se  du ra t i on  pe r iods  fo r  me thano l .  The

advantage of  th ís  approach is  that  no addi t ional  fue l  in jectors would be

requ i red  and  tha t  no  re - rou t íng  o f  ex i s t i ng  fue l  i n jec t i on  componen ts  and  l i nes

would be needed.

The dísadvantages of  th is  approach were descr ibed in  the f Í rs t  quar ter ' ly

repor t .  The pressure increase requi red to  f low ethanol  through the gaso ' l ' ine

in jectors at  the requi red rate would be 95 ps i  compared to  36 ps i  for  gasol ine.

The maximum pulse durat ion that  can be generated by the ECU is  10.0 ms.

Aì though under  s teady s tate condi t ions,  the engine never  requi res more than a

7 .8  ms  pu ìse  du ra t i on ,  t he  10 .0  ms  pu l se  j s  requ í red  fo r  sha rp  acce le ra t i on

t rans ien ts  and  fo r  co ld  s ta r t i ng  the  eng ine .  Thus ,  ex tend Íng  the  pu l se

durat ion by a constant  factor  for  methanol  operat ion would be deleter ious to

bo th  th ro t t ' l e  response  and  eng ine  co jd  s ta r t i ng  ab i l r ' t y .  I t  í s  poss ib le  to

mod i f y  t he  ECU to  ex tend  the  10 .0  ms  upper  l im i t ,  bu t  t h i s  causes  an  eng ine

speed ' l im i ta t i on  s ince  the  max imum t ime  ava i l ab le  fo r  i n jec t i on  dec reases  w i th

ìnc reas ing  eng ine  speed .  A t  6 ,000  RPM,  the  max jmum t jme  ava j l ab le  fo r

i n jec t i on  i s  10 .0  ms .  Even  w i th  the  95  ps i  f ue l  p ressu re ,  t he  eng ine  speed

wou ld  be  l fm í ted  to  4 ,310  RPM under  max imum load  cond i t i ons  fo r  me thano l

operat i  on.
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A t rans ì t i on  pe r iod  wou ld  occu r  when  sw ' i t ch ing  f rom gaso l i ne  to  a l coho l

(o r  t he  reve rse ) ,  du r ing  wh ich  t ime  the  fue l  ra i l  and  fue l  ' i n j ec to rs  a re  be ing

d ra ined  o f  one  fue l  and  f i l l ed  w ì th  the  new fue l .  Because  o f  t he  ve ry  1ow fue l

f ' l ow  ra tes  a t  eng ine  i d le  cond i t i ons ,  t h i s  t rans j t i on  pe r íod  m igh t  ex tend  fo r

seve ra l  seconds .  Dur ing  th i s  pe r Íod ,  t he  o ld  fue l  wou ld  be  i n jec ted  a t  t he

ra te  requ i red  fo r  t he  new fue l .  I f  a  gaso l i ne  to  me thano l  t rans i t i on ' i s  made ,

the  rema in ing  gaso ì i ne  i n  t he  ' i n j ec to rs  wou ld  be  i n jec ted  a t  more  than  doub le

i t s  co r rec t  ra te .  The  eng ine  wou ld  run  ex t reme ly  r i ch ,  o r  s ta l l .  I f  a

me thano l  t o  gaso l i ne  t rans i t i on  í s  made ,  t he  rema in ing  me thano l  i n  t he

in jec to rs  wou ld  be  i n jec ted  a t  j ess  than  ha l f  i t s  co r rec t  ra te .  Th i s  j s  be low

i t s  f ì ammab i l i t y  l im i t ,  so  tha t  t he  eng íne  wou ld  s ta l l .  I t  wou ld  be  necessa ry

to crank the engine for  severa l  seconds unt i l  the o ld fue l  is  dra ined f rom the
' i n jec to rs ,  and  the  new fue l  i s  be ing  i n jec ted  be fo re  the  eng ine  wou ld  res ta r t .

I n  o rde r  t o  avo id  th i s  p rob ' l em,  and  to  s imp l i f y  o the r  des ígn  requ ' i r emen ts

(such  as  the  ve ry  h igh  fue l  p ressu re ) ,  a  d i f f e ren t  des ign  app roach  was  chosen .

Separa te  fue ì  i n jec to rs  a re  used  fo r  a l coho l  and  gaso l i ne .  Each  cy ] j nde r  now

has  two  fue l  ì n jec to rs ,  each  supp l i ed  by  a  separa te  fue l  ra i l .  Separa te  BpR 's

and  fue l  f i l t e r s  a re  a l so  used .  I n  th i s  con f i gu ra t i on ,  t he  veh ic le  con ta ins

two complete and separate fue ' l  in ject Íon systems:  one for  gasol jne and one for

a l coho l .  They  sha re  a  co rnmon  ECU,  and  as  a  resu i t ,  t he  fue l  i n jec t i on  con t ro l

s t ra tegies are the same regard ' less of  the fue l .  Swi tch ing f rom one fue l  to  the

other  e lect ronica ' ì1y d isconnects one set  o f  four  jn jectors and connects the new

set ,  and a lso turns of f  the o ld fue l  pump and turns on the new fuel  pump.  No

mod i f i ca t i on  o f  t he  EcU i s  requ i red .  T rans ' i t i on  be tween  fue l s  j s

instantaneous,  except  for  the t ime requíred for  the fue l  pump to come up to

speed ,  wh ich  i s  under  one  second .  S ince  the  sys tem re ta íns  i t s  p ressu re  fo r
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severa l  hours af ter  shutdown,  swi tch ing back to  a fue l  that  was recent lv  used

causes  no  de tec tab le  t rans i t i on  pe r iod .

A schemat ic  d iagram of  the dual  fue l  in ject ion system is  shown in

Figure 2.  In  the a ' lcohol  c i rcu i t  o f  the system, fue l  f lows f rom the tank,

through the pr imary fue ' l  f í l ter ,  in to the fue l  pump,  through the fue l  l ines up

to the engine compartment ,  through the secondary fue l  f i l ter ,  in to the fue l

ra i l  t o  wh ich  fou r  f ue l  i n jec to rs  a re  connec ted ,  ou t  o f  t he  fue l  ra i l  . i n to  the

s e l e c t o r  v a l v e  w h e r e  i t ' i s  d i r e c t e d  t o  o n e  o f  t h e  t w o  B p R ' s ,  a n d  f i n a l ì y

returns to  the tank v ia  the fue l  re turn l ine.

E i the r  me thano l  o r  e thano l  may  be  used  i n  the  a l coho l  c i r cu i t  o f  t he  fue l

i n jec t íon  sys tem.  Th îs  i s  accomp l i shed  by  use  o f  a  d j f f e ren t  f ue l  ra i l

p ressu re  fo r  each .  A  se lec to r  va l ve  i s  used  to  d i rec t  t he  fue l  l eav ing  the

a lcoho l  f ue l  ra i l  t o  e i t he r  o f  two  BPR 's .  One  i s  se t  f o r  24  ps i ,  t he  o the r  f o r

45  ps i .  Th ís  p rov ides  a  f l ow  ra t i o  o f  1 .39 :1  be tween  me thano l  and  e thano l ,

wh ich  i s  t he  requ i red  ra io  fo r  s to i ch iomet r i c  ope ra t i on  on  each  fue l .

Se lec t i on  o f  t he  t ype  o f  a l coho l  i s  accomp l i shed  by  s ' imp ly  tu rn ing  the  se lec to r

va i ve  90o .

Bosch backpressure regulators f rom the 1968-73 Voìkswagen Type I I I  are

used for  both the ethanol  and methanol  BPRrs.  Bench tests  were conducted to

de te rm jne  the  a l coho l  compa t ib ' i l i t y  o f  t h i s  BPR.  No  fa ' i l u re  o r  deg rada t i on  i n

per formance has been observed over  50 hours of  serv ice on methanol .  The

regu ìa t i on  capab i ì i t y  o f  t he  Bosch  BPR i s  exce l l en t  and  p ressu re  se t t j ng  d r i f t

w i th  t ime  j s  neg l i g ib le .  By  compar i son ,  a  Ve r i f l o  Type  BpR-40  s ta in less  s tee l

and  Te f l on  backp ressu re  regu la to r  demons t ra ted  s ìgn i f i can t  p ressu re  va r ja t i on

w i th  f l owra te ,  a ì though  i t s  a l coho l  compa t ' i b i l i t y  was  unques t Íonab le .  S ince

the Bosch uni ts  had super ìor  per formance and lower cost ,  they were used for  the

a lcoho l  c i r cu i t  o f  t he  fue l  i n jec t i on  sys tem.  S ince  the  d iaph ragm mate r . i a l  i n
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t he  Bosch  un i t s  i s  unde te rmíned ,  l ong  te rm a l coho l  compa t ib i ì i t y  may  be

ques t i  onab l  e .

The secondary fue l  f i l ter  se lected is  a  s tandard gasol ine type fue ' l

in ject ion type fue l  f i l ter  manufactured by JECS for  Nissan.  I t  is  the same as

the gasol ine fue l  f i l ter  on the 200SX. No probìems have been encountered wi th

e ' i t he r  t h i s  f ue ' l  f i l t e r ,  o r  an  equ iva ]en t  Bosch  f i l t e r ,  i n  ex tens i ve  se rv j ce  on

both methanol  and ethanol .

Or ig ína l  ì y ,  N i ssan  ' rHyp rex '  f ue ' l  hoses  were  used  ' i n  t he  a l coho l  c i r cu i t  o f

the in ject ion system. These are the same hígh pressure fue l  hoses that  are

used  i n  the  gaso l i ne  c i r cu i t  o f  t he  sys tem.  The  i ns ide  su r faces  o f  t hese  hoses

eventual ly  became gummy and began to secrete a tar - l ike substance at  the hose

connect jons.  This  was found to be caused by the sof ten ing and decomposi t Íon of

the hose in  methanol  or  e thanol .  These were repìaced by Weatherhead 6202

hydrau l i c  hose ,  wh ich  con ta ins  a  n i t r i l e  rubber  i nne r  hose  and  a  neoprene

(chloroprene)  rubber  outer  casíng.  No problems have been encountered wj th  the

n e w  h o s e ,  w h i c h  i s  c o n s i d e r a b l y ' l e s s  e x p e n s j v e  t h a n  t h e  N i s s a n  f u e l  i n j e c t i o n

hose .

The  i n take  man i fo ld  was  mod í f i ed  to  accep t  an  add i t i ona l  i n jec to r  f o r  each

cy ì i nde r .  These  a re  l oca ted  j us t  benea th  the  gaso l i ne  i n jec to rs  i n  each

man i fo ld  1eg .  F igu re  3  i s  a  pho tog ráþh  o f  t he  mod i f i ed  man i fo ld  w i th  j us t  t he

a lcoho l  ' i n j ec to rs  and  the  a l coho l  f ue l  ra i l  i n  p lace .  The  a l coho l  f ue l  ra i l

was fabr icated f rom type 304 sta in less s teel .  F igure 4 shows a downstream v iew

o f  bo th  the  gaso l i ne  and  the  a l coho l  f ue l  i n jec to r  nozz les .  The  sp ray  pa t te rns

f rom bo th  a re  aga ins t  t he  back  o f  t he  i n take  va l ve ,  a ì though  the  a l coho l

i n jec to r  a ' l so  sp rays  some fue l  on  the  f i na l  2  cn  o f  t he  man i fo ld  ìeg ,  under

wh ich  i s  l oca ted  the  man i fo ld  wa te r  hea t i ng  passage .  F igu re  5  i s  a  pho tog raph
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o f  t he  man i fo ld  w i th  bo th  the  gaso ' l i ne  and  a l coho l  ' i n j ec t i on  componen ts

a t tached ,  j us t  p r i o r  t o  i ns ta l l a t i on  on  the  eng ine .

F igure 6 is  a  photograph of  the engine wi th  a l l  fue l  ' in ject ion components

and  o the r  accesso r ies  i ns ta l l ed .

2 .5  Fue l  I n jec to r  Se lec t i on

I t  was  necessa ry  to  f i nd  a  fue l  i n jec to r  hav ing  a  su í tab le  f l ow

coe f f i c i en t  so  tha t  e i t he r  e thano l  o r  me thano l  cou ld  be  i n jec ted  a t  t he

requ i red  f l owra te  fo r  each  wh i l e  us ing  the  gaso l i ne  pu l se  du ra t íon  range  o f  t he

ECU, and reasonable a lcohol  fue l  pressures.  An addi t ional  requi rement  was that

the in jector  be compat , ib ' le  wi th  both methanol  and ethanol .

A l l  f ue l  i n jec to rs  manu fac tu red  by  Bosch ,  Bend ix ,  JECS,  o r  N ippon  Denso

are  i den t i ca l  i n  bas i c  des ign .  They  a re  a l l  essen t i a ] l y  t he  Lg67

Bosch -des ìgned  ín jec to r  o r i g ina ' l l y  used  on  the  1968  Vo lkswagen  Type  I I i .  Bosch

and Bendix  have co- l icensing agreements between them whereby Bendix  may use the

Bosch  i n jec to r ,  and  Bosch  may  use  e lec t ron i c  f ue l  i n jec t i on  pe r  se ,  s ince

Bendix  produced and patented the f í rs t  e ' lect ron ic  fue l  in ject ion system jn 1957

(used  b r i e f i y  on  the  1958  Chrys le r  300  Sedan) .

A  w jde  range  o f  f l ow  coe f f i c i en ts  a re  ava i l ab le  i n  Bosch  manu fac tu red

in jectors used on the ear ' ly  (pr ior  to  1975)  D-Jetronic  type systems.  Since the

development  of  the la ter  L-Jet ronic  system, a l ì  Bosch in jectors have had the

same f l ow  coe f f i c i en t ,  and  the  ta j l o r i ng  o f  t he  fue l  de ì i ve ry  ra te  fo r  any

g Íven  eng ine  has  been  accomp l i shed  by  se t t í ng  o f  t he  fue l  p ressu re  and  pu l se

durat ion range generated by the ECU. Since the L-Jet ronic  in jectors had

insu f f i c i en t  f l ow  capab i ' l i t y  f o r  a l coho l  ,  seve ra ì  ea r ' l i e r  D -Je t ron i c  t ype

in jectors were used.  In jectors f rom systems used on vo ' lkswagen,  Ford

(L inco ln ) ,  Vo ' l vo  and  Mercedes -Benz  were  eva lua ted  on  a  f l ow  measur ìng  appara tus

fo r  t h i s  app l i ca t i on .  The  Vo lkswagen  Type  I I I  i n j ec to r  t es ted  w i th  the  des i red
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f l ow  capab i ' l í t y ,  app rox ima te l y  tw íce  tha t  o f  t he  L -Je t ron i c  i n jec to rs  used . i n

the  gaso l i ne  c i r cu i t  on  the  200SX.  Th i s  was  fo r tuna te  s ince  the  Vo lkswagen

in jectors are the least  expensive avai lab le ($30 each compared to  as h igh as

$80 each on other  cars,  even though the par ts  are ident ica l ) .

Data on the quant i ty  o f  fue l  de l ivered vs pulse durat ion are shown in

F igu re  7  fo r  t he  Vo lkswagen  in jec to r  f l ow ing  a l coho l  a t  24  and  45  ps í ,  and  the

Da tsun  200SX in jec to r  f ' l ow ing  gaso l i ne  a t  36  ps i .  The  24  and  45  ps i  f ue l

pressures were se lected for  the use of  e thanol  and methanol  respect ive ' ly .  This

was based upon the ca l ibrat ion data which is  summar ized in  the graphs of

F ígu re  7 .

Compat ib i l i ty  o f  the in jector  wi th  methanol  and ethanol  is  an impor tant

requi rement .  Severa l  ' in jectors were cut  apar t  lengthwìse and soaked in

methanol  and ethanol  so lut ions.  Bosch in jectors manufactured pr ior  to  197g

con ta ined  ca rbon  s tee l  pa r t s  wh ich  co r roded  rap id l y  i n  e i t he r  a l coho l .  The

same occurs for  a l l  Bendix  in jectors manufactured to  date.  However ,  a f ter

1978,  Bosch subst i tu ted the European equiva lent  o f  type 440 sta in less s teel  for

the  ca rbon  s tee l  pa r t s ,  and  a l so  subs t i t u ted  V i ton  r ¡0 r r  r i ng  sea ls  fo r  t he

p rev ious  N i t r i l e  rubber  sea ls .  The i r  conce rn  was  an  ac id  e t ch ìng  p rob lem due

to  wa te r  abso rp t i on  i n  gaso ' l i ne .  Su l fu r  f rom the  gaso ì i ne  fo rms  su l fu r i c  ac id

in  the  p resence  o f  t he  wa te r ,  wh ich  causes ' i nc reased  wear  i n  t he  i n jec to r

mov ing  pa r t s  due  to  co r ros ion .  Fo r tuna te l y ,  t hese  new mate r ja l s  a re  a l so

compa t ib le  w i th  bo th  me thano l  and  e thano ì ,  even  w i th  subs tan t i a l  wa te r  con ten t .

The la ter  type Bosch in jectors showed no corros ion probiems in  the a lcohol  soak

tes ts .  The  JECS ín jec to rs  manu fac tu red  under  Bosch  l j cense  a re  a l so  o f  t h j s

new type,  which Bosch designated as the Type X . in jector .

Another  for tunate break was that  rep lacement  ìn jectors manufactured by

Bosch af ter  1978 for  the ear ly  D-Jetronic  in ject ion systems a lso employ the new
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mater ia ls .  Thus i t  was possÍb1e to  obta in an ear ' ly  type in jector  which had the

des i red  f l ow  coe f f i c i en t ,  and  a l so  have  the  bene f i t  o f  t he  new a l coho l  t o le ran t

mater ia ls .  A s tandard replacement  par t  for  a  1968-78 Voìkswagen Type I I I  was

per fect  for  the a lcohol  fue l  ín ject ion system.
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3 .  Emiss ions ,  Fue l  Economy and  Power  Ou tpu t  Tes t  Resu l t s

Fo l ' l ow ing  comp le t i on  o f  t he  i n jec t i on  sys tem and  re la ted  veh ic le

mod i f i ca t i ons ,  t he  eng ine  was  f i r s t  ope ra ted  on  gaso l ' i ne  i n  o rde r  t o  ve r i f y

that  i t  was fu1 ' ly  operat iona ' l  in  i ts  s tandard conf igurat ion.  The a lcohol  tank

was f i ' l led wi th  methanol  (VI ,JR technica l  grade)  and the a lcohol  fue l  c i rcu j t  was

pr imed by br ie f ly  swì tch ing on the fue l  pump overr ide swi tch located in  the

t runk of  the vehìc le .  The methanol  back pressure regulator  was adjusted for  a

45 ps ig rat ing on the fue l  pressure gauge located in  the eng ' ine compartment .

Wh i le  the  eng ine  was  ope ra t i ng  on  gaso l i ne ,  t he  fue ' l  se lec to r  sw i t ch  was  th rown

to  the  "a l coho l "  pos i t i on .  A  s ì i gh t  j nc rease  i n  the  eng ìne  i d le  speed  was

no t i ced .  Eng ine  ope ra t i on  on  me thano l  was  und isce rn ib le  f rom gaso l i ne

operat ion.  l . / i th  no specia l  ad justments made,  the vehic le  per formed

i mpres s i  ve' ly we 1 I on methano I .

F i rs t  engine operat ion on ethanol  fo l lowed a few days la ter ,  a f ter

subs t i t u t Í ng  e thano l  f o r  me thano l  i n  t he  a j coho l  t ank ,  and  se t t i ng  the  e thano l

backp ressu re  regu ìa to r  t o  24  ps ig .  The  i n i t i a l  r esu l t s  were  the  same as  w ' i t h

me thano l ;  exce l l en t  d r i veab i ì i t y  and  a  s l j gh t l y  i nc reased  i d le  speed .

A  p re f im ina ry  eva lua t íon  o f  exhaus t  em iss ions  on  each  o f  t he  th ree  fue l s

was  pe r fo rmed  a t  eng ' i ne  i d le  cond i t i ons ,  and  no - load  " rev -up"  t rans jen ts .

N'i trogen di oxi de (Ì ' tO¡ concentrati  ons i n the exhaust were measured wi th a

Thermoelect ron Corp.  Ser ies 104 Chemì luminescence N0* ana ' lyzer .  Carbon

monoxide (C0)  concentrat ions were measured wi th  a Beckman Type 865 in f rared

absorpt ion C0 analyzer .  These tests  were per formed in  order  to  roughly  assess

the  compara t i ve  em iss ions  on  each  fue ì ,  and  to  pne ì im ina r i l y  de te rmìne  the

e f fec t  o f  i gn i t i on  t ím ing  va r ia t i on  on  emiss jons  fo r  me thano l  and  e thano l

operat ' ion.
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C0 emiss ions for  methanol  or  e thanol  were undetectable for  any no- load

s teady -s ta te  cond i t i on ,  e i t he r  a t .  i d l e  o r  h Íghe r  eng ine  speeds .  I gn i t i on

t im ing  had  no  e f fec t  on  th i s .  These  obse rva t i ons  ve r i f í ed  tha t ,  Í ndeed ,  t he

elect ronic  contro l  system was prevent ing over- r ich excurs ions of  the fue l -a i r

ra t io  dur ing s teady s tate operat ion.  Laboratory data of  o ther  researchers (1)

has shown that  C0 emiss ions on e i ther  ethanol  or  methanol  on ly  occur  for  ø > L.

The lack of  detectable C0 emiss ions dur ing these steady s tate tests  ind icated

that  Ø was not  not iceably  greater  than 1.0.

Exhaust oxygen concentration was measured with a Beckman Model F3 magnetic

def' lection oxygen ana'lyzer. No more than 1% oxygen appeared in the exhaust

dur ing these tests .  The lack of  s ign i f icant  exhaust  oxygen ver i f ied that  Ø was

not  not iceabìy lean (ø < 1) .  The combjned in format ion f rom the C0 and 02

concentrat ion measurements ver i f ied that ,  indeed,  the oxygen sensing feedback

con t ro l  i n j ec t i on  sys tem h /as  ope ra t i ng  acco rd ing  to  i t s  gaso l i ne  des ign

s t ra tegy  du r ing  a l coho l  ope ra t i on .  Tha t  i s ,  i t  ma in ta ined  ø  =  !  du r ing  s teady

s ta te  cond i t i ons .

Dur ing  no - load  " rev -up"  tes ts ,  i n  wh ich  the  th ro t t l e  was  opened  fu l1y  fo r

approx imate ' ly  two seconds,  the e lect ronjc  contro l  un i t  temporar i ly  ignores the

oxygen  feedback  s igna ' l ,  and  p rov ídes  an  ove r - r j ch  fue l -a i r  m ix tu re  j n  o rde r  t o

improve the throt t ìe  response.  C0 emiss ion concentrat ions as h igh as 2.6% were

obse rved  du r ing  these  tes ts  us ing  me thano l .  Th i s  f i gu re  was  compared  w j th  the

4 .1X  C0  max imum concen tna t i on  obse rved  on  " rev -up"  tes ts  us ing  gaso ì ìne .  These

observat ions ind icated that  the accelerat ion enr ichment  feature of  the

elect ronic  contro l  system was correct ly  operat ing dur ing use of  methanol  or

e t h a n o l ,  a n d  a ì s o  p r o v i d e d  t h e  f i r s t ' i n d j c a t i o n  t h a t  C 0  e m i s s i o n s  m i g h t  b e

lower on methanol  than on gasol . ine.
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N0..  emiss ions data were a lso taken dur ing these tests ,  but  due to  the
x

no- load  tes t  cond ' i t j ons ,  p rov ' i ded  l i t t l e  usab le ' i n fo rma t jon .  I t  was  hoped  tha t

the  i d le  i gn i t i on  t im ' i ng  m igh t  be  op t im ized  fo r  l owes t  N0*  em iss ions .  The  N0*

concentrat ions measured at  var ious ign i t ion t iming set t . ings on ' ly  ver i f ied the

expec ted  t rend  tha t  re ta rd ing  the  i gn i t i on  t im Íng  p roduced  lower  N0*  em iss ions ,

but  wi th  a concomitant  (and unmeasured)  reduct ' ion in  engine ef f ic iency and

power output.

Id ' le  N0* exhaust  concentrat ions were measured at  5  ppm on methanol  and

15 ppm on gasol ine.  "Rev-up"  N0* maximum concentrat jons were 90 ppm on

methano' l  and 180 ppm on gasol ine.

A fur ther  observat ion was that  var ia t jon of  the fue l  ra i l  pressure for

e i ther  methanol  or  e thanol  seemed to have no ef fect  (except  for  very wide

v a r i a t Í o n s )  o n  e i t h e r  t h e  e m i s s ' i o n s  o r  d r j v e a b i l í t y  o f  t h e  v e h i c l e .  C l e a r l y ,

the ECU v/as automati cal 1y compensati ng for the reduced f uel de' l  ' ivery that

occu rs  w i th  l ower  fue l  p ressu res  by  ex tend ing  the ' i n jec t i on  pu l se  du ra t i on

accordí  ng ly .  A s imi  I  ar  shor ten i  ng of  the pu ' lse durat ' ion occurred f  or increased

fue l  p ressu re .

Overa l1 ,  i t  was  conc luded  tha t  t he  e lec t ron i c  f eedback  con t ro l l ed

in jec t i on  sys tem was  do ing  eve ry th ìng ' i t  was  des igned  to  do  ( fo r  gaso l i ne )

du r ing  a l coho l  ope ra t i on .

S i n c e  l j t t l e  c o u l d  b e  l e a r n e d  a b o u t  o p t i m u m  ì g n i t i o n  t i m i n g  d u r i n g  n o - 1 o a d

tes ts ,  t he  i gn i t i on  t im ing  was  nomina i l y  se t  t o  t he  manu fac tu re r ' s  recommended

set t Íng for  gasol ine.  Th ' is  was 160 BTDC at  700 RPM, wi th  a l l  vacuum advance

l i nes  connec ted .  I t  shou ld  be  no ted  tha t  t he  NAPS-Z  enq ine  i s  un íque  i n  i t s

use  o f  a  h igh  advance  se t t i ng  a t  i d le  cond ' i t i ons .

No other  ad justments were made,  so that  the engine was opt imaì1y set  up

fo r  gaso l i ne  ope ra t i on  acco rd ing  to  the  nanu fac tu re r ' s  spec i f i ca t i ons .  I n  t h i s
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con f i gu ra t i on ,  comp le te  EPA s tandard  emiss ions  and  fue l  economy  ce r t i f i ca t i on

tests  were per formed on the vehic le  us ing each of  the three fue ls .  These tests

were per formed by Envi ronmenta l  Test ing Corporat ion (ETC) in  Aurora,  Coìorado.

The EPA Ful l  Test  Procedure (FTP) was run on gasol ine and methanol .  The EPA

Highway Fueì  Economy Test  (HI .JFET) was run on gasoì íne,  e thanol ,  and methanol .

The  resu l t s  o f  t hese  tes ts  a re  summar i zed ' i n  Tab le  1 .  A  veh ic le  i ne r t i a l

we Ígh t  se t t i ng  o f  2 ,875  l bs  was  used  fo r  t hese  tes ts ,  i n  ag reemen t  w j th  the

manufacturer 's  in format ion on the cer t i f jcat íon procedures that  were used by

t h e  E P A  o n  t h e i r  U . S .  c e r t i f í c a t i o n  v e h i c l e .

A carbon balance method js  used for  determinat jon of  fue l  consumpt ion

dur ing  the  EPA s tandard  tes ts .  Th i s  i s  desc r ibed  by  SAE spec i f i ca t i on  number

J1094a,  SS 5.4.  Use of  th is  method (which was programmed in to ETC's computers)

genera tes  e r roneous  fue l  consumpt ion  da ta  when  us ing  a l coho l  f ue l s .  Th i s  ' i s

due  to  the  assumpt ion  i n  t he  SAE spec i f i ca t i on ,  t ha t  t he  fue l  j s  en t i re ' l y

hydrogen and carbon.  The oxygen content  o f  a lcohol  fue ls  does not  a l low th is

assumpt ion.  A correct ion to  the SAE speci f ied procedure was der jved f rom the

correct  chemical  mass balance,  and th is  was used to determine fue l  consumpt ion

on  e i t he r  me thano l  o r  e thano l .  The  comp ' l e te  de r i va t i on  j s  l ' i s ted  j n

Appendix  I I .  I t  js  noted that  wi thout  th is  correct ion,  EPA FTP and Hf , lFET tests

w i l l  gene ra te  e r roneous  fue l  consumpt ion  f i gu res  fo r  a l coho l  f ue l s .  A  copy  o f

the rev ised method ! , ras requested by and has been sent  to  the EPA Vehic le

Emiss ions  l abo ra to r i es  i n  Ann  A rbo r ,  M ich igan .

As ind icated in  the data summary of  Table 1,  emiss ions of  C0 and unburned

hydrocarbons were s ign i f icant ly  lower  on e i ther  methanol  or  e thanol ,  compared

to  gaso ì i ne ,  du r ing  bo th  the  c j t y  and  h ighway  d r i v i ng  cyc les .  I t  i s  no ted  tha t

no correct ion factors were appl jed to  the HC response of  the F lame lon izat ' ion

Detector  (FID)  used to measure exhaust  HC concentrat ions dur jnq these tests .
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No re l iab le correct ion factor  has yet  been arr jved at  for  the decreased

response  o f  an  F ID  to  the  p r imar i ì y  a l coho l  compos i t i on  o f  HC emiss ions  f rom

a lcoho l  f ue l s ,  a ' l t hough  0 .65  has  been  used  by  some o the r  resea rche rs  (1 ) (3 ) .

I f  the 0.65 response factor  v{ere appl ied to  the HC data of  Table 1,  each grams

per  mì1e  f i gu re  wou ld  be  i nc reased  by  a  fac to r  o f  1 .54 .  Th i s  wou ld  no t  a f fec t

the t rend shown by these data compared to  the gasof ine HC f igures,  wi th  e i ther

me thano l  o r  e thano ì  p roduc ing  ìower  HC emjss ' i ons  than  gaso l i ne .

The  mos t  s ign i f i can t  improvemen t  i n  em iss ions  was  fo r  C0 .  I n  the  HWFET

test ,  C0 emiss ions on e i ther  methanol  or  e thanol  were 23% of  the C0 emiss ions

on gasol ine.  No comect ion factors are necessary for  analyzer  response to C0

or  N0*.

N0*  was  s l ì gh t l y  h ighe r  on  the  a l coho ls  compared  to  gaso l j ne .  Th i s  was

la te r  f ound  to  be  due  to  the  non -op t imum ign i t i on  t im ing  and  poo r  exhaus t

cataìyst  e f f ic iency dur ing a ' lcohol  operat ion.  I t  was found af ter  these tests ,

tha t  as  l i t t l e  as  a  2o  re ta rd ing  o f  t he  i gn i t i on  t jm ing  b rough t  NOx  emiss ions

on methanol  or  e thanol  be low the gaso ' l ine N0* f ígures.  Exhaust  emiss ions were

sampìed at  the ta i lp ' ipe (af ter  the cata iyst )  by the CVS (Constant  Volume

Samp ' l í ng )  p rocedure  (2 )  du r ing  a l l  t hese  tes ts .

Fo r  compar i son ,  em iss ions  and  fue l  economy  da ta  p rov ìded  by  N issan ,  t he

veh ic le  manu fac tu re r ,  a re  a l so  shown ' i n  Tab le  I .  These  da ta  were  taken  a t  nea r

sea  l eve1 ,  us ing  gaso l i ne ,  i n  a  s im i l a r  1981  Da tsun  200SX a t  t he  EPA labo ra to ry

in  Ann  A rbo r ,  M ich igan .  A  sma l l  r educ t i on  j n  f ue l  economy  i s  obse rved  be tween

the  h jgh  a l t i t ude  (5 ,300  f t . )  da ta  f rom ou r  veh íc le  and  the  l ow  a l t j t ude  N jssan

da ta .  However ,  a  s ign i f i can t  worsen ing  i n  em jss ions  i s  no ted  a t  t he  h igh

a l t i t ude  i n  a l1  ca tego r " i es  excep t  N0* ,  wh ich  i s  l ower  i n  t he  h igh  a l t i t ude

data.  Thjs  is  predic table consider ing the 20% reduct ion in  atmospher ic  oxygen

ava i l ab le  a t  Denver  a l t ' i t ude  compared  to  Ann  A rbo r .
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Al though not  a  normal  par t  o f  the s tandard EPA tests ,  the exhaust  s t ream

was a lso sampìed pr ior  to  the cata ly t ic  conver ter  jn  an ef for t  to  determjne the

ef fect iveness of  the three-way-cataìyst  (TI , /C)  dur ing a lcohol  operat ion.  Modal

( rea ì - t fme)  p io t s  o f  ce r ta in  em iss ions  were  p lo t ted  du r ing  the  cou rse  o f  each

test ,  wi th  samples taken both pr ior  to  and af ter  the cata ly t ic  conver ter .

These  a re  i nc luded  i n  Append ix  i I I .

These modal  data c lear ly  ind icated that  the cata lyst  e f fect iveness dur ing

ei ther  methanol  or  e thanol  operat ion was s ign i f icant ly  lower  than dur ing

gaso ' l i ne  ope ra t i on .  Th i s  was  t rue  fo r  a l l  spec ies  samp led .  These  da ta

ind icated that ,  contrary  to  the t rend of  the ta Í lp ipe emiss ions data,  N0*

emiss ions  measured  p r i o r  t o  t he  ca ta l ys t  we re  ac tua l l y  ì ower  on  bo th  a l coho ls

compared to  gasol Íne.  The reduct ion capabi ' l i ty  o f  the cata lyst ,  was

s ign i f i can t l y  d im ín i shed  du r ing  a l coho l  ope ra t i on  compared  to  gaso ì i ne

opera t i on -  Thus ,  a l t hough  N0*  emíss ions  l eav ing  the  eng ine  i t se l f  we re  h íghe r

on gaso ' l ine,  they appeared lower at  the ta i ' lp ipe when compared to  a lcohol

operat i  on.

No  reason  fo r  t h i s  was  de te rm ined ,  a l t hough  the  p rob lem has  been  d j scussed

wi th other  researchers who have made s imi lar  observat ions (4) .  A thermocoupìe

\ ¡ /as insta l led ín  the exhaust  s t ream ímmediate iy  pr ior  to  the cata lyst  bed in

order  to  determine i f  exhaust  gas temperature d i f ferences between gasol jne and

a lcoho l ,  wh ich  m igh t  cause  d i f f e ren t  ca ta l ys t  bed  tempera tu res ,  m igh t  accoun t

for  the ef f ic iency dÍ f ference.  Exhaust  gas temperatures on e j ther  methanoj  or

gaso l i ne  were  a lmos t  exac t l y  t he  same as  on  gaso ì i ne .  Under  no  c i r cums tances

d ' i d  t hey  d i f f e r  w i th in  l im i t s  o f  expe r imen ta l  e r ro r .  The  mos t  va r i ed  case

occurred between methanol  and gasol Íne under  h igh load condi t ions,  when the

methanol  exhaust  temperature appeared to  be approx imate iy  100oC lower than the

gasoì ine exhaust  temperature.  This  s ' l ight  temperature d i f ference could not
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account  for  the radica l  d i f ference in  cata ' lys t  e f fect fveness between gasoì ine

and  a l coho l .  Th i s  i s  an  obv ious  a rea  fo r  f u r the r  s tudy .

Fuel  economy data were taken dur ing the EPA tests  us ' ing the corrected

carbon bal  ance method prevf  ous ly  descr ibed.  The "gaso1 i  ne equ ' iva ' lent , ,  f  ue l

economy resul ts  of  Table 1 were anr ived at  by equi l ibrat ion of  the lower

hea t i ng  va ' l ues  o f  e i t he r  me thano l  o r  e thano ì ,  t o  t he  l ower  hea t i ng  va lue  o f

Indo lene  ( s tandard  gaso ì i ne  used  i n  the  EPA tes ts ) .  Th i s  t echn ique  p rov ides  a

fa i r  s tandard of  compar ison of  each fue l  on an "equaì  energy, ,  bas is .  The

suppor t ing equat ions for  th is  convers ion appear  in  Appendix  IV.

Clear ly ,  the engine ef f ic iency (and thus fue l  economy) was h ' igher  on

ei ther  a lcohol  compared to  gasoì  ine.  A 9.0% improvement  in  ef fect ' ive fue ' l

economy  was  rea l i zed  by  me thano l  ove r  gaso l j ne  i n  t he  EPA FTP.  I t  shou ld  aga in

be  no ted  tha t  t he  i gn i t i on  t jm ing  was  se t  f o r  op t fmum gaso l i ne  ope ra t ' i on ,  and

unchanged  be tween  the  gaso l i ne  and  a l coho l  t es t s .  I gn i t i on  t im ing  ! ì / as ,

therefore,  not  opt ' imum for  methanol  or  e thanol .

The compìete computer  pr in touts  generated for  each of  the EPA tests  are

conta ined in  Appendix  V.  These prov ide the raw emiss ions concentrat ions data

taken f rom both the bag sampìes and dur ing modal  anaìys is  dur ing the tests .

Fol lowíng the EPA standard tests ,  an ef for t  was made to determine opt imum

ign i t i on  t im ing  on  me thano l .  Due  to  budge ta ry  cons t ra in t s ,  i t  was  no t  poss ib1e

to  re - run  the  EPA tes ts  pa ramet r i c  w i th  d i f f e ren t  i gn i t i on  t im ing  se t t i ngs ,

aì though th is  would have to  be the best  approach.  I t  was necessary to  assume

that  best  fue l  economy occups wi th  Min imum Best  Torque (MBT) igní t Íon t ' iming.

Torque is  a d i rect ìy  measurable parameter  us ing a dynamometer .

Us ing  a  chass i s  dynamomete r  a t  Sp i t ze r  Au tomot i ve  E lec t r i c  Co .  i n  Denver ,

fu l l  power/var iab le RPM tests  were per formed on methanol  a t  var ious ign i t ion

t im ing  se t t ' i ngs .  An  i den t j ca l  t es t  was  run  on  gaso l i ne  w i th  the  s tandard
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i gn i t i on  t im ing  se t t i ng .  Da ta  genera ted  i n  t hese  tes ts  i s  shown  in  F igu re  B .

Ï t  must  be noted that  the t iming was var ied s imply  by rotat ion of  the

díst r ibutor .  This  method reta ins the shape of  the ign i t ion advance curve

( func t i ona ì  w i th  RPM and  man i fo ld  vacuum) ,  wh ich  i s  op t imum fo r  gaso l i ne .  I t

is  probably  not  opt imum for  e i ther  methanol  or  e thano' | ,  a ì though noth ing cou ' ld

be  done  abou t  t h i s  due  to  budge t  l im i ta t i ons  i n  t h i s  l im i ted  scope  p ro jec t .

Us ing  max im iza t i on  o f  t o rque  as  the  so le  c r i t e r i on ,  t he  op t imum ign i t i on  t im ing

on methanol  appeared to  be 20 retarded f rom the gasoì ' ine set t ing (14"  id le

advance  vs  160  on  gaso ' l i ne ) .

These tests  a lso revealed another  at t ract ìve benef i t  to  a lcohol  operat ion:

a maximum road horsepower output of 59 BHP on methanol compared to 53 BHp on

gasol ine,  an 1.1- .3% improvement .

W i th  the  i gn i t i on  t im ing  a t  t he  new se t t i ng ,  t he  veh ic le  compe ted  j n  the

1981 Society  of  Automot ive Engineers (SAE) Clean Ai r  and Fuel  Economy Ra' l ' ly ,

he ld  Ju l y  9  and  10 ,  1981 .  Veh íc les  were  eva lua ted  fo r  em iss ions  us ing  the

th i rd  phase  (ho t ,  s tab i ì i zed )  o f  t he  EPA FTP.  They  then  were  d r j ven  ove r  a

181  m i le  road  cou rse  cons i s t ' i ng  o f  c i t y ,  h ìghway ,  and  moun ta in  d r i v i ng .  The

tota l  Ral ly  score was based upon the weighted summat ion of  fue l  economy,

emiss ions ,  and  ra ' l ' l y  pe r fo rmance  ( t ime  and  d j s tance  techn ìque )  sco res .

Greatest  emphasis  was ass igned to fue l  economy,  then to  em' iss ions,  and least  to

raì ' ly  per formance.

Append ix  V I .

No  spec ia ì  p repa ra t i on  was  done  to  the  veh ic le  fo r  t he  ra l l y ,  o the r  t han

the  i n f l a t j on  o f  t he  t i r es  to  48  ps i  p ressu re ,  and  dec reas ing  the  íd ìe  speed  to

600 RPM. Methanol  b /as used exc lus ive ly .  The gaso ' l ine tank was dra ined.  A

summary  o f  t he  ra ] l y  pe r fo rmance  o f  t he  ca r  j s  shown  in  Tab le  I I ,  wh ich  j s  t he

o f f i c i a l  ra ] l y  sco re  shee t  f o r  t he  en t r y .  The  ca r  ach ieved  a  to ta l  sco re  o f

A  summary  o f  t he  ra l l y  sco r ing  c r i t e r i on  appear  i n
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884  ou t  o f  1 ,000  poss ib le ,  wh ich  was  the  h ìghes t  i n  t he  ra ' | l y .  The  c loses t

compet i tor  was a 837 point  score.  The car  won the "0vera j l  Champion"  award,  as

wel l  as s ix  other  awards for  fue l  economy and emiss ions.  A to ta l  o f

21 vehic les competed in  the ra ' l1y.  The major i ty  o f  these were d iesel  powered,

a l though three other  methanol  powered vehic les competed.  This  car  won best

fue l  economy ,  bes t  em iss ions ,  and  bes t  ove ra l l  awards  i n  t he  spec ia ' l  " renewab le

f  ue l  ed vehi  c l  e"  c l  ass ,  Í  n  add ' i t i  on to  the overa l  I  award,  and a ' l  
' l  

awards i  n  the

3-4 passenger  vehic le  c lass.  Em' iss ions and fue j  economy data taken on the car

by  the  SAE o f f i c i a l s  du r ing  the  ra l ì y  i s  a l so  summar i zed  ìn  Tab le  1 .  The

s ìgn i f i can t l y  h íghe r  C0  and  HC emiss ions  m igh t  be  exp ìa ined  by  the  use  o f  a

h ighe l i ne r t i a l  l oad  du r ing  the  Ra l  l y  em iss ions  tes t  (3 ,250  vs  2 ,875  l bs  used

in  p rev ious  tes ts ) .  The  l ower  N0*  em iss ions  were  an  expec ted  resu l t  o f  t he

re ta rded  ' i gn i t i on  t ' im ing  compared  to  the  p rev ious  tes ts .  A l l  em iss ions  were

s ign i f i can t l y  be low  the  p roposed  Federa l  h igh  a l t i t ude  emiss ions  s tandards .

As a fur ther  comparat ive evaluat ion,  the car  has been entered in  the

" F u t u r e  F u e l s  C h a l l e n g e  R a l l y , "  t o  b e  h e l d  O c t o b e r  ! 7 - 2 3 ,  1 9 8 1 .  T h i s  i s  a  f u e l

economy compe t i t i on  fo r  renewab le  fue l  veh ' i c l es  wh ich  w i l l  r un  f rom Los  Ange ' l es

to New York.

t : i
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4 .

S ince  i t s  comp le t i on  i n  Ju1y ,  t he  veh ic le  has  been  in  cons tan t  da i l y  use .

To  da te ,4 ,920  m i les  have  been  logged .  Approx ima le l y  60% o f  t h i s  use  has  been

on gasol ine,  pr imar i ly  as a mat ter  o f  convenience.  The remajn ing 40% has been

on methanol .  On' ly  approx imate ly  200 mi les of  operat ion on ethanol  have been

' l ogged ,  
spec i f i ca l l y  f o r  t es ted  pu rposes  on l y .  Th i s  j s  due  to  the  h igh  cos t  o f

ethanol  compared to  e i ther  gaso ' l ine or  methanol .  Methanol  is  purchased in

55  ga ì l on  d rum quan t i t i es  fo r  65  cen ts  pe r  ga l l on  f rom A l te rna t ' i ve  Fue ls ,  I nc .

i n  B roomf ie ld ,  Co lo rado ,  o r  f o r  75  cen ts  pe r  ga l l on  f rom Moun ta jn  Chemica l

Company ín Golden,  Coìorado.  A l ternat ive Fuels  actual ìy  purchases methanol

f rom Moun ta in  Chemíca l  Company ,  bu t  buys  i n  3 ,000  ga11on  lo t s  a t  a  reduced

pr i ce ,  such  tha t  i t  can  rese l l  t he  me thano l  ' i n  sma l l  quan t i t i es  fo r  l ess  than

Moun ta in  Chemjca l  Company .  Th j s  me thano l  j s  ac tua ' l 1y  recyc led  i ndus t r i a l

so lvent  which conta ins a smal l  ( less than 2%) water  content .  Actual  tests  for

water  content  ind icate that  the methanol  we have purchased f rom ej ther  suppì ier

has var ied f rom 0.A"  ú 0.6% water .

There are at  least  f  ive other  methano' l  supp ' l iers  in  the Denver  area,  f rom

which h igh pur i ty  methano' l  can be obta ined,  a t  a  somewhat  hìgher  cost .

The  veh ic le  j s  capab le  o f  ope ra t i ng  on  me thano l  w i th  subs tan t i a l  wa te r

content  wi thout  degradat ion in  engine per formance,  a l though the actual  water

to lerance l imi t  has not  been determined.  The smal l  water  content  o f  the

methanol  \ {e  have been us ing has no detectable ef fect  on e i ther  fue l  economy,

e m i s s i o n s  o r  d r i v e a b i l  i t y .

Using the EPA FTP test  data on methanol  and gaso ' l ine fue l  economy,  i t  is

determ' ined that  wi th  methanol  a t  65 cents per  gaì ìon,  a  vehic le  fue l  cost  o f

4 .7  cen ts  pe r  m i ìe  ' i s  rea l j zed .  By  compar i son ,  un leaded  gaso l j ne  a t  $1 .40  pe r

g a l l o n  y i e l d s  a  v e h j c l e  f u e l  c o s t  o f  5 . 4  c e n t s  p e r  m i l e .  C o n s e q u e n t ' l y ,

Veh ic le  Se rv i ce  Record
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operat ion of  the vehic le  on methanol  is  L3% less expensive than operat ion on

gasoì ine.  ï f r i r  has been an incent ive for  methanol  operat ion,  and has made the

inconvenience of  local  re fuel ing more acceptable.  The large 22 gaì ' lon capaci ty

o f  t he  a l coho l  f ue l  t ank  has  a l so  been  a  va luab le  asse t .  Us ing  the  EPA h ighway

fue l  economy  tes t  da ta  on  gaso ' l i ne ,  me thano l ,  and  e thano l ,  t he  veh ic le  range

us ing  on l y  the  a l coho l  t ank  i s  421  m ' i 1es  on  me thano l  o r  557  m i ' l es  on  e thano l .

The  veh jc le  range  on  gaso l i ne  us ing  the  s tandard  14  ga ' l l on  gaso l i ne  tank  i s

513  m i les .  The  to ta l  veh i c le  range  us ing  bo th  the  gaso ì i ne  tank  and  the

a lcoho l  t ank  f i l ' l ed  w i th  e thano l  i s  1 ,070  m ' i l es .  Th i s  l ong  range  capab i ì i t y

has  been  pa r t i cu la r l y  va luab le  on  l ong  t r i ps .  I n  Augus t  a  t r j p  f rom Denver  to

Los Angeles and back was made us ing ethanol  and gaso ' l ine on the Denver  to

Los  Ange ìes  l eg ,  and  me thano l  and  gaso ì i ne  on  the  re tu rn  ìeg .

There have been no fa i lures of  any components re la ted to  the a lcohol  fue l

in ject ion system or  fue l  tank dur ing normaì  vehic le  operat ion.  Two of  the

a lcoho l  f ue l  ì n jec to rs  fa i l ed  jmmed ia te ìy  a f te r  t he  eng ine  o f  t he  veh jc le  was

washed.  This  was caused by the entry  of  water  in to a connector  between the

in jectors and the i r  dropp ' ing res is tors .  The water in  the connector  caused the

shor t  c i r cu i t  o f  t he  d ropp ing  res ' i s to rs  on  the  two  i n jec to rs ,  wh ich  caused

excess i ve  cu r ren t  t o  f l ow  resu l t i ng  ín  the  bu rn -ou t  o f  t he  ìn jec to r  so leno id

co i l s .  Rep lacemen t  o f  t he  two  fa i l ed  ' i n j ec to rs  comp le te l y  repa i red  the

prob ' lem. The connector  has s ince been weather  sealed to  ensure against  water

penetrat i  on.

The only  other  repai rs  per formed on the car  to  date are the rep ' lacement  of

one rear  shock absorber  (under  warranty) ,  and the replacement  of  one low beam

head l i gh t .  P reven t i ve  ma jn tenance  was  pe r fo rmed  a t  2 ,200  m ' i l es .  Th i s  i nc luded

an o i  1  change,  o i ' l  f  i  I  ter  rep ' lacement ,  and sparkpì  ug repl  acement .
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I n  p repa ra t i on  fo r  t he  upcoming  "Fu tu re  Fue ls  Cha l l enge  Ra ì1y , ,a  number  o f

mod i f í ca t i ons  a re  be íng  made  to  m in im ize  fue l  consumpt ' i on .  These  i nc lude  use

of  narrow,  hard compound t i res and the insta l la t ion of  a  fue l  consumpt . ion rate

meter  and e lect ronic  throt t le  posÍ t ioner  system.

S ince  the  veh ic le  has  on l y  been  i n  ope ra t i on  s ince  Ju l y ,  i t  has  been

d f f f i cu l t  t o  asce r ta in  the  improvemen t  i n  co ld  s ta r tab i ' l i t y  on  a l coho l  t ha t  t he

in jec t i on  sys tem i s  expec ted  to  a j l ow .  To  da te ,  t he  co ldes t  s ta r t i ng  cond i t i on

was 40oF.  The engine s tar ted on methanol  a f ter  approx imate ly  f ive seconds of

cranking-  Wi th winter  approaching,  there wi '11 be amp' le  oppor tuni ty  to  fur ther

assess co ld s tar t ing capabi ' l í ty  on methanol  and ethanol .

At  some appropr ia te t ime in  the fu ture,  i t  is  ant ic ipated that  the engine

w i l l  be  d i sassemb led  fo r  an  eva lua t i on  o f  t he  ìong - te rm wear  o f  f r i c t i ona l

su r faces  and  an  obse rva t i on  o f  poss ib le  co r ros ion  p rob lems .
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5 .

Dur ing  the  cou rse  o f  t h i s  p ro jec t  seve ra l  p rob lem a reas  and  poss ib le

' improvements have been ident Í f ied for  fu ture s tudy and development .

Ca ta i vs t  E f f i c i encv

Areas For Future Studv

As prev iousìy  descr ibed,  modal  test  data dur ing the EPA FTP and EPA HWFET

tes ts ' i nd i ca ted  tha t  t he  th ree -way  exhaus t  ca ta l ys t  cu r ren t ì y  used  fo r  gaso l i ne

eng ines  su f fe rs  as  much  as  a  80% reduc t j on  i n  conve rs ion  e f f i c i ency  fo r  a l l

em iss ions  when  used  on  an  a l coho l  eng ine .  Th ' i s  i s  no t  due  to  e j t he r  i nco r rec t

s to ich iometry  or  a  reduced exhaust  temperature dur ing a lcohol  operat ion.  No

informat ion has been found jn  current  l i terature on exhaust  cata ' lys t  e f f íc iency

fo r  a l coho l  eng ines .

Th is ' i s  an  impor tan t  a rea  fo r  f u r the r  s tudy  s ince ,  w i th  an  e f fec t i ve

cata ' lys t ,  the a ' l ready notably  c lean emiss ions of  an e lect ronica ' l ' ly  f  ue l

i n jec ted  a l coho l  eng ine  cou ld  be  made  excep t i ona l l y  c lean .

0pt imal  Fuel  In . iect ion Contro l  St rateqv for  A lcohol

In  the present  work,  the fue l  in ject ion contro l  s t ra tegies of  an ECU

designed for  opt imum gasoì ine operat ion were used for  methanol  and ethanol  wi th

good resul ts .  However ,  i t  is  doubt fu l  that  these are t ru ìy  opt ìmum for  e f ther

a l c o h o l .  N o  p r e v i o u s  w o r k  h a s  b e e n . f o u n d  i n  p u b l i s h e d  f o r m  w h i c h ' i n v e s t i g a t e s

op t imum a l coho l  f ue l  i n jec t i on  con t ro l  s t ra teg ies  us ing  a  feedback  con t ro l l ed

e ' l ec t ron i c  f ue l  i n jec t íon  sys tem.  The  cons t ruc t i on  and  tes t i ng  o f  an  EF I

sys tem o f  t h i s  t ype  spec i f i ca ' l l y  op t im ized  fo r  a l coho l  m ìgh t  y ie ìd  fu r the r

improvemen ts  j n  e f f f i c ' i ency  and  emiss jons .

Op t im iza t íon  o f  l qn i t i on  T im inq  on  the  Fas t -Bu rn  A lcoho l  Enq ine

The standard t im' ing curve of  the NAPS-Z engine was reta ' ined,  but  sh i f ted

s l i gh t l y  by  ro ta t i on  o f  t he  d ' i s t r i bu to r .  Pa r t i a l  t h ro t t l e  power  ou tpu t  t es t s

have ind jcated that  the MBT (Mjn imum Best  Torque)  t im' ing curve dur ing methanol
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opera t i on  d j f f e rs  s ign í f i can t l y  f rom the  gaso l i ne  cu rve .  More  advance  i s

needed  a t  i d ìe ,  and  l ess  advance  a t  h jghe r  RPM's ,  compared  w i th  the  gaso t i ne

cu rve .  The  e f fec t  o f  man i fo ld  vacuum on  i gn i t i on  advance  j s  l ess  p ronounced  on

methanol  than on gaso ' l ine.  Fur ther  s tudy is  needed to fu l ly  def ine the t iming

contro ' l  funct ions for  methanol  operat ion,  and a means for  implement ing the

d i f f e ren t  cu rve  mus t  be  i ns ta l l ed .  An  e lec t ron i c  dua l -advance  cu rve  genera to r

has been devised for  th is  purpose.  t^ / j th  knowledge of  the desi red t imìng

dependency on RPM and vacuum, opt imum igni t ion t iming dur ing a lcohol  operat ion

cou ld  be  imp lenen ted ,  w i thou t  comprom ' i s ing  the  op t imum ign í t i on  t im ing  fo r

gasol  i  ne operat ion.

Increasing Compress ion Rat jo

The theoret ìca l  thermal  e f f ic iency of  an Ot to cyc le engine increases wi th

inc reased  compress ion  ra t i o .  Compress ion  ra t i o  i s  l jm i ted  i n  gaso ' l i ne  eng . i nes

by the rather  low octane rat ing or  "knock res js tance"  of  gaso ' l ine.  Methanoì

has a s ign i f icant ìy  h igher  octane rat ing than gaso ' l ine (10g RgN compared to

91  RON respec t i ve l y ) .  Th i s  a l l ows  the  use  o f  much  h ighe r  compress ion  ra t i os

w i thou t  encoun te r i ng  knock .  Typ i ca l ì y ,  a l coho l  eng ines  a re  mod i f j ed  to

inc rease  the  compress ion  ra t j o  by  m i l ì ' i ng  the  cy l i nde r  head  and , /o r  Í ns ta ' l ì i ng

h igh  compress ion  p i s tons .  Th i s  was  no t  done  on  th i s  p ro jec t  s jnce  i t  was

necessary to  reta in  the capabi ' l i ty  fon operat ion on gaso ' l ine.  H- igher

e f f i c i ency  cou ld  be  rea l i zed  du r ing  me thano l  ope ra t i on  w í th  the  i nc reased

compress ion  ra t i o .

I f  t he  compress ion  ra t i o  were  i nc reased ,  i t  may  be  poss ib le  to  s t i l l

ope ra te  on  gaso l i ne  i f  an  e lec t ron i c  de tona t j on  senso r  i s  used  to  re ta rd  the

ign i t i on  t im ing  a t  t he  onse t  o f  a  knock ing  cond i t i on .  Th i s  cou ld  be  made

in te rac t i ve  w i th  the  a l coho l  f ue l  i n jec t íon  sys tem such  tha t  a l coho l  f ue l
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i n j ec t i on  wou ld

o the r  va r ia t i ons

Turbochargi ng

Due to the low octane rat ing of  gaso ' l ine,  turbocharger  boost  pressure must

be  l Ím i ted  to  avo id  knock ing  i n  t u rbocharged  gaso l i ne  eng ines .  Me thano l  o r

e thano l  ane  to le ran t  o f  much  h ighe r  boos t  p ressu res  due  to  the i r  h Ígh  oc tane

rat ings.  Turbocharged methanol  engines are the ru le  rather  than the except ion

in many forms of  compet i t ive rac ing.

In  a  dua l - f ue l  a l coho l /gaso l i ne  veh ic le  such  as  th i s ,  t he  e lec t ron i c

con t ro l  o f  t he  was te -ga te  se t t i ng  (wh ich  l im i t s  boos t  p ressu re )  i s  poss ib le ,

thus  a l l ow ing  d i f f e ren t  boos t  l im i t s  f o r  gaso ì i ne  and  a l coho l .  S ínce

turbocharg ing produces an ef f ic iency advantage dur ing h igh load engine

opera t i on ,  t he  use  o f  a  " se lec t i ve  boos t "  t u rbocharge r  j ns ta l l a t i on  on  an

a lcoho l /gaso l i ne  dua l  f ue l  veh íc le  m igh t  f u r the r  i nc rease  e f f i c i ency  du r ing

al  cohol  operat ' ion.

Ma te r ia l s  Compa t ib i l  j t v  w i th  A l coho l

be

o f

engaged automat íca l ' ly  under  knocking condi t ions.  Severa l

th is  approach have been suggested by co l leagues.

Cons ide rab le  ana ' l ys i s  o f  f ue l  sys tem mate r ia j s  was  requ i red  i n  o rde r  t o

spec i f y  a l coho l  t o le ran t  componen ts  i n  t he  fue l  i n jec t i on  sys tem.  A l l

ind jcat ions to  date are that  the se lected components are compat ib le  wi th

methanol  and ethano'1,  s ince no mater ia ls  re la ted problems have been encountered

o the r  t han  i n i t i a l  ones  wh ich  have  s ince  been  co r rec ted .  I nev i tab l y ,  some

compromises  mus t  be  made ' i n  mos t  a l coho l  eng ìne  conve rs ions ,  s ince  au tomot i ve

fue l  sys tem componen ts  a re  spec i f Í ca l ì y  des igned  fo r  gaso l Íne  compa t ib i l i t y ,

and  a l coho l  compa t ib i ' l í t y  i s  f gno red .  ! , j e  were  fo r tuna te  i n  l oca t i ng  a ìcoho l

compat ib ìe cr i t ica l  components for  the system such as the fue l  pump,  back

p ressu re  regu ' l a to rs ,  pu l sa t i on  dampener  and  fue l  i n jec to rs .  I t  mus t  be  no ted

though,  that  no current ìy  manufactured vers ions of  any of  these par ts  are
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ac tua l l y  des igned  fo r  a l coho l  use .  The  fac t  t ha t  t he  on ìy  ava i l ab le  fue l  pump

fo r  use  w i th  e lec t ron i c  f ue l  i n jec t i on  tha t  i s  t o le ran t  o f  a l coho l  se rv i ce  was

last  manufactured in  1968 is  an exampìe of  th ís  prob ' lem.

The  p roduc t i on  o f  a l coho l  f ue led  veh ic les ,  whe the r  us íng  fue l  i n jec t i on  o r

ca rbu re to rs ,  w i l l  r equ i re  the  manu fac tu re  o f  componen ts  spec i f i ca l l y  f o r

a l coho l  se rv i ce .  Even  i n  B raz i l ,  where  ca rbu re ted  a l coho l  veh j c les  a re  be ing

produced by four  major  manufacturers,  fue l  system components are of ten

compromi  se so l  u t i  ons and mater i  a l  s  compat i  b i  I  i  ty  probl  ems are s t i  I  I

p resen t  (5 ) -  Su rp r i s i ng l y ,  l i t t l e  i n fo rma t íon  was  found  i n  a  l i t e ra tu re  sea rch

on  t , h i s  sub jec t .  The  few  a l coho l  compa t ib i ' l í t y  papers  ava i l ab le  s imp ìy  rev iew

known facts  in  th is  area,  but  do not  repor t  on new developments.  The most

use fu l  i n fo rma t ion  u /as  ob ta ined  f rom the  p roduce rs  o f  t he  va r ious  p las t i cs ,

e lastomers and meta ls ,  and f rom exper ímenta l  ana ' lys is .

I t  does not  appear  that  there is  any lack of  a lcohol  to lerant  mater Ìa ls

ava i l ab ìe ;  t he  p rob ' l em i s  t ha t  t hese  ma te r ia l s  a re  no t  be ing  used  fo r  t he

manu fac tu re  o f  au tomot i ve  fue l  sys tem componen ts .  The re  i s  s t i l l  i nsu f f i c i en t

incent ive for  manufacturers to  do so,  consider ìng the very l imi ted market  for

such comDonents.

The  l ong  te rm e f fec ts  o f  a l coho l  ope ra t i on  on  eng ine  re l i ab i l i t y  have  been

studfed,  but  have been constra ined to  carbureted eng ' ines wi th  known problems of

poo r  fue ' | , / a i r  ra t i o  con t ro j  and  poo r  co ld  ope ra t i on  cha rac te r i s t i cs  (6 ) .  I t  i s

suggested that  wi th  the more sophis t icated fue l  management  made possib le  wi th

e lec t ron i c  f ue l  i n jec t i on  many  o f  t he  p rev ious  i nd j ca t j ons  o f  poo r  eng ine

re l ' i ab i l i t y  on  a l coho l  f ue l  m jgh t  be  con t rad i c ted .

These are c lear ly  areas for  fur ther  s tudy and development .
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TABLE I .  Summary of  Emission Test Data

Gasol  i  ne

gms,/mi .:

EPA 1978 FTP:

Phase I
Phase I I
Phase I I I
I ' lei ghted Average

EPA HI,JFET

Nissan da ta :
(sea 1eve l  )
EPA i978 FTP
(weighed average)
EPA HLfFET

f'lethanol

Mult ipìe Fue' l  Exper imentai  Datsun 200 SX

i

I

J
l
t

, ¡ i  l

HC c0 N0*

.994

. 0 5 5

.244

. 3 0 1

.082

EPA 1978 FTP:

Phase I
Phase I  I
Phase I  I  I
l,'le'ighed Average

tPA H!,lFET

SAE Ral ' ly  data:

EPA i978 FTP
( P h a s e  I I I )
Road Course mi leage

Ethanol

I J . I J I

.192
6 .  1 i 3
4 .502

.382

F/e
(mpg)

. 1 5 6
,023

1 . 0 1 1
. 4 2 7
. 6 2 2
.602

.738

t /E
( gasol i ne

equ ív .  )

24.847
?5.342
28.859
26.  i08

36.624

i  . 3 5
0 .  i 8

.522

.034

.028

. 1 3 3

.0L?

EPA HI^¡FET

0 . 5 8
0 . 3 1

Note: Ail tests ' independantly perfonned by Environment,al Testing
'  Corporat ion,  Aurora,  CÓ (except Nissan data)

7 .420
.  155

i .  i 3 8
1 . 9 3 0

.087

28
37

.2t4

1.252
.803

1 .089
.974

1 .  1 3 0

.02r

2 . 9 7 8

i3 .  066
1 3 . 3 4 3
15.  i88
1 3 .  7 4 i

19 .  146

.838

27.052
?7.625
3 1 . 4 4 5
28.449

39. 640

.087

rs.872
25.52

L . 0 ? l
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Molecu la r  Fo rmu la

Dens i t y  (22oC,  1  A tm)
( kglL)

Boi 
' l  
i  ng Poi nt

(oc )

Lower Heat ing Vaìue
(MJ/kg)

Reseanch Octane Number

Latent Heat of
Vapori zati  on

(MJ/ks)

I g n i t i o n  L i m i t s  i n  A i r
at  22oC, 1 Atm
(% volume vaporin ai r)

I  ower
upper

TABLE I I .  COMPARATIVE FUEL PROPERTIES

Unl eaded
Gasol  i  ne

CsHr  z  *

n , .73

25-2r0

43 .  5

93

^,0. 440

Methanol
(Methy l  A lcohol  )

f f i o f v a r i o u s h y d r o c a r b o n s r a n g i n g f r o m C n H r o t h r o u g h
Average  va lues  a re  shown  fo r  f o rmu la  and  phys i ca l  p rope r t i es .

Convers ion factors 1 MJlkg = 430 Btu/ lb
f o r  S . I .  U n i t s :  I  k g / L  =  8 . 3 5  1 b / g a 1  ( U . S . )

cH30H

. 7 9

6 5 .  0

t9 .7

115

1 . 1 1 0

Ethanol
(E thy l  A l coho l  )

c2 Hs0H

. 7 9

7 8 . 0

2 6 . 8

r07

0 . 9 0 4

t 0 . 6
t 8 . 0

5 . 5
2 6 . 0

J - J

15 .  0

crzïzø.

39



AIR FLOW

OISTRIBUTOR

SENSOR ANO
AIR TEMP
SENSOR

FUEL INJECTORS

GASOLINE
FEED FUEL
L I N E
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L I N  E
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ALCOHOL
FEED FUEL
L I N E

ALCOHOL
RETURN
L I N E

ALCOHOL
TANK

- - -  
- - - - l

r l

r i

FTGURE I .  D IAGRAM OF MULTIPLE FUEL SYSTEM IN VEHICLE
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F i g u r e  1 a .  A l c o h o l  F u e l  T a n k  I n s t a l l e d  i n  T r u n k  o f  V e h i c l e .
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FIGURE 2.  SCHEMATIC DIAGRAM OF DUAL ALCOHOL/GASOLINE ELECTRONIC FUEL INJECTTON
SYSTEM INSTALLED IN DATSUN 2OOSX.
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F iqu re  3 .  I n take  Man i fo ld  w i th  A l coho l  Fue l  I n jec to rs  i n  P lace .
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F i g u r e  4 . Port
Fue l

View o f  I n take  Man i fo ld  w i th
I n j e c t o r  N o z z l e s  V î s j b l e

Gaso l  ine  and A lcoho l

F i g u r e  5 . I n take  l ' l an i f o ld  w i th  A l  I  Fue l
I n s t a l l e d .

In ject ion Components
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