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E m u l s i f i e r s - c h e m i c a l s  t h a t  a l l o w  w a t e r

and  gaso l i ne  t o  m i x  t ho rough l y -a re  es '
sen t i a l  t o  mak ing  wa te red  f ue l  e f f i c i en t '

H e r e  E w b a n k  w e i q h s  t h e m  o u t '
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Mix gas with water
for more mpg?
Here 's  the la test  in  the decades-o ld quest  to  mix fue l

and water  for  economy and low emiss ions

By ROBERT WESTGATE

Wut", in your gas?
For years oil comPanies and drY-

ins-additive manufacturers have
leciured us about the dangers of

water in our gas tanks. Flowever,
water may soon rePlace the tiger'

High-teit gas, emission-control
devices, and catalytic muffiers might
even become as extinct as the Ed-
sel if a new, revohttionary emulsi-
f ied fuel-containing uP to 30 Per-
cent water-Proves successful, ond
is marketed bY the oil cornPanies'

1 0 8  P O P U L A R  S C I E N C E

That's the claim made bY Walter
Ewbank, professor of aerospace,
rnechanical, and nuclear engitreer-
ine at the University of Ohlahoma.
Siirce 1965, Ewbank has been ex-
perirnenting with emulsifying pro-
cesses that enable water and gaso-
line-proverbial non-mixers-to be
thoroughly blended and to Produce
several important advantages in
your car's engine.

ldea not  new

Experiments aimed at emulsifY-
ing gasoline and water in an at-
tempt to extract more of the Poten-

tial energY in the fuel began at

ieast +0 l"utt ugo. Traditionally'
experimenters used emulsifying ag-

enis-chemicals that keeP the seP-

arated Particles of gas and water

from separating.
In a newer Project, inventor

Eric Cottell has demonstrated an

.tttraso.ti" device that emulsifies the
gas and water just before theY en-

1". tft" combustion chamber' [PS,
N o v . ' 7 2 1 .

Professor Ewbank's Process IS a

refinement of an earlier one devel-
oped bv Charles BelknaP of High-
land Park, Mich. In 192'1. BelknaP
patented a fuel consisting of water'
i i".or"t", gasoline, and an emulsi-
fying agent. The mixture was agr-

tatea ana forced through a homog-

enizing valve at about 4000 Psi'- 
Olficials at Exxon said experi-

rnents with mixtures similar to Beik-
nap's were abandoned because the
emulsion was not stable at extreme
temperatures-the ingredients sep-

arated out. Ewbank's fuel consists
primarily of gasoline' water, and
various Lmulsifying agents that al-
low the two to mix. It does not
become unstable at extreme tem-
peratures.

Lower emiss ions,  bet ter  mi leage

I iuc l -waier  emuls ions Produce
lower emissions and better gas mile-
ase because theY bring into PlaY
sJveral well-known effects. First, the
water acts as a coolant- The lorvered
combustion temperatures permit us-
ins a leaner air-fuel mixture rvith-
oii exhaust-valve burning or knock-
ing thus reducing emissions .and
producing more Power Per unlt oI
fuel.

Second, while the evaPorated wa-
ter cools during compression stroke'
it adds mass during the Power
stroke. Ewbank saYS a 30 Percent
improvement in thermal efficiencY
is l ' theoretically Possible."

But does the gas-rvater mix dam-
age an engine? Ewbank's 1967
tiodge wagot't now has more than
102,000 miles on its odometer-
about 10,000 miles with his mix-

and it has never had a major over-
haul. Ewbank said he's disassem-
bled the motor to see if the mix

had caused any damage. It hadn't'
He's also used his fuel for 3000-

4000 miles in a 1973 VW with fuel
injection and 3000-4000 miles in a

fgZg Dodge Dart with a rebui]t
carburetor. Water ProPortions tn

the mix tested in these two cars

were as high as 50 Percent. He says
that EPA emissions standards were
met or exceeded without control
devices after the cars were rvarmed
uP' 
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Mix ga 's  wi th water  for  more mpg ? I
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Pos ta l  t r ucks  a re  r un  on  dynamomete r
wh i l e  em iss i on  l eve l s  a re  p rec i se l y  mea -

his mixes has passed the EPA hy-
drocarbon emission standards in an
EPA-type test of a simulated typi-
cal commuter trip including a cold
start. Most of the high, serious HC

r -issions occur when a vehicle is
[ , started.
\ .But Ewbank's 1973 Dodge with
the mix and without controls did
pass the 1975 cold-start standards
Ior CO and NO". ft met none of
the 1975 standards while burning
unrvatered gas with the 1973 con-
trol devices.

Last November, the California
Air Resources Board conducted
emission tests on a 1970 Chevrolet
at its El Monte lab, using a L4.4
percent water mixture.

The average emissions of hydro-
carbons, carbon monoxide, and nit-
rogen oxide were lowered by the
use of the mixture, compared to
emissions when using a baseline
test fuel (Indolene) in the hot-
start tests. Emissions of CO and
NO, also were reduced when using
the mixture in cold-start tests. How-
ever, both hydrocarbon emissions
and the hydrocarbon reactivity ra-
tio increased in this case. A 1973
Plymouth Duster (faciory certified
at 2.1 gm/mile HC, 22.0 gmlmile
CO, and 2.3 gm/mile NO.-) was
hot-start tested with a fuel watered
30 percent b-v Automotive Envi-

'mental Systems, Inc., West-
.--.1nster, Calif. The resulting emis-
sion rates were much lower: 0.334
HC, 1.91 CIO and 0.328 NO*.

Some engineers believe the HC
rate could be lowered further by
using more volati le additives. Even

su red ,  be fo re  t hey ' r e  pu t  i n t o  se r v i ce .
Eng ines  a re  t uned  be fo re  t es t i ng .

lower H(l emissions might resuit
from using one of the new hydro-
carbonless synthetic oils in tl.re
crankcase. No cold-weather starting
problems have been experienced so
far by the test center or the Nor-
man Post Office-where the tem-
peratures dropped to zero degrees
but the engines of the test vehicles
have been well tuned and new, well-
charged batteries have been used.

Water  damage?

Possible damage to the internal
parts of the engine, the muffier, and
tailpipe from the excess water pro-
duced by the fuel  mix is  an un-
known. Ewbank claims that since
a gallon of gasoline produces a gal-
lon of water in burning, the exhaust
system already is saturated and no
further damage is possible. His
station wagon showed no corrosion
damage after 10,000 miles with the
mix. Other engineers are not so
sure, and even Ewbank admits a
50.000-mile endurance run will be
necessary to prove these points.

The mix tends to separate over
long periods of time. An earlier
mix was dropped because it seP-
arated after six to eight weeks, but
Ewbank hopes a newer mix will
have an eight- to 10-month shelf
life. This separation tendency could
be a serious drawback in a service
station storage tank or in a car used
infrequently.

Will you be buying watered gas
soon? Not for several years, at least.
A Iot of questions remain unan-
swered. And a lot of problems still
need solving. E
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Fue l  i s  we ighed  du r i ng  em iss i on  t es t i ng  t o  de te rm ine  exac t
a m o u n t  c o n s u m e d .  H o s e  f r o m  c o n t a i n e r  f e e d s  q a s  t o  c a r b .

Em iss i on  con t ro l s  a re  d i sconnec ted  i n  t es t  veh i c l es  us i ng
f u e l  m i x .  E x c e p t  a t  s t a r t u p s ,  m i x  b u r n s  e x c e p t i o n a l l y  c l e a n .

(

Car owners might expect the fol-
lowing, Ewbank says, if his fuei
is marketed:

e Seven to 15 percent better
mileage, depending on tl.re propor-
tion of water.

o Savings frorn rernoving fuel-
wasting emission-control devices.

o Savings when cars with high-
compression engines are designed
to use the ftrel. The low test (89.4
to 91 octane) tn ix  acts l ike h igh
test ( 100 octane ) unwaterc'd gas.
Lead can be ent i re l .y  e l i r r r inated.
too; anothe.r savilrg.

o Possibly cheaper fuel cost.
However, Ewbank doubts the actr.r-
al price of the new fuel would be
more than a cent or two less to the
consumer than normal gas. The wa-
ter and additives would cost ap-
proximately one cent a gallon-
about the present cost of lead.
Manufacturing costs might be five
to 10 percent lower, but taxes and
distribution could eat up the dif-
ference, he predicts.

l n - se rv i ce  t r i a l

Since November, 1973, the U.S.
Postal Service has been testing the
mix in four of its vehicles to deter-
rnine if i t reall-v provides better fuel
mileage and reduces exhattst emis-
sions. Blair L. Wildermuth, direct-
or of the Postal Service's Mainten-
ance Technical Support Center in
Norman, Okla., says, "We want to
know if the fuei will be cost-effec-
tive for the 100,000 vehicles we own
and the 124,000 we lease. Even if
we get only five percent better mile-
age, and can eliminate the emis-

1 1 0  P O P U L A R  S C I E N C E

sion controls and catalytic mufllers,
it wil l be valuable for us." He esti-
mated that the controls and tnuf-
flers.wil l cost at least $130 a vear
extra per vehicle, plus the cost of
replacements when needed.

Incomplete tests have beetr per-
formed with two r/1-ton ieeps and
two /2-ton trucks without emission-
contro l  devices.  When r rs ing a mix-
ture containing about 13 percent
water. the vehicles sc't abotrt three
mpg bet ter  mi leage than s imi lar
vehic les us ing nornta l  gasol ine p l t rs
1973 devices. The trucks burn-
ing the mix also passed 1975 EPA
emission standards without controls
-once they were warmed up-where-
as the other trucks, with emission-
control systems and using normal
gas, did not.

Test procedures

The professor delivers his emul-
sion to the Oklahoma campus,
where Ben Barrow. an automotive
equipment specialist, mixes it with
regular gas. Barrow first puts the
trucks through a long series of tests
on a dynamometer for about 150
miles, followed by a stop-and-go,
simulated delivery route over 108
miles of city streets, an expressway,
and pot-holed country roads.

But first the vehicles are tuned to
manufacturer's specifications with
a Sun analyzer and run on regular
gasoline. A varietlr of readings-
vacuum, rpm, mpg, CO, H(', NO,
-are taken on the Sun and three
other emission analvzers.

Speed is then lowered to 30 mph
at eight hp and new readings are

taken. The trucl<s are then srvitched
overr to the mix (rveighed to thc
hundredth of a pound and kept
apart from the tnrck's regtr lar fuel
tank in a f ive gal lon Jerr l '  can),
returned, and tested in a similar
nrar)ner to the normal fuel test. f 'he
o n l y  d i f f e r e n c e s  i n  e n g i n t , o p e r a -
t ion are much lower emission levels.

P r o b l e m s

As w i th  a r tv  ne \ , \ '  p ro t .ess .  a l l  i s
not cleal sai l ing with'  

'Ervbank's

ftrel rnix. Problems exist- Sonre
have been solved; other questions
remain unanswered. Some of them
are: Water apparentlv reduces the
volat i l i ty of the mix, proclucing
harder starts, and higher-thatr-nor-
mal  in i t ia l  hvdrocarbon enr iss ions
than with unwatered sas. This has
been part ly correctecl by adding
higher-volat i l i ty ( 1S-pound Reid
vapor pressure) gasol ine, nrttch as
refineries do for customers i tr  wet,
cold cl imates.

These cold-start emission levels
must be lowered i f  the mix is to
rneet 1975 standards without cat-
a11 ' t i c  muf f ie rs  and even en  a i r
pump. The 13 percent mix easi lv
passed these standards in state-in-
spection-type tests made by the
Postal Service af ler engines rvere
warmed up by running the vehicles
for 10 miies on a dynamometer'  at
48 mph at 24 hp. {No f igures are
avai lable yet on a 30 percent mix,
also being tested by the Postal
Service. )

Ewbank admits that rvhen uot
using a cataiyt ic converter, none of
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B r e w e r y  s u p e r i n l e n d e n t  H e r m q n  R e e s e  o d d s  w o o d  l o  l h e  h o p p e r  o {
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I  IARD\l 'ooD chips are now dr iv-

l - - ' l  ing the f i rs t  sol id- fuel  t rucks to
appear on American highways.  The
standard gasol ine motors of  these
trucks have been con'r'erted to the
use of  producer gas,  a mixture com-
posed of  hydrogen, methane, carbon
monoxide,  carbon dioxide,  and var i -
ous tar  gases.  Pictured on th is page
is an exper imental  conversion made
by the Rheingold Breu'ery '  of  Neu'
York Ci ty,  and bel ieved to be among
the first efforts in this country to
adapt producer g 'as for  use in com-
mercia l  vehic les.

t lnder ordinary dr iv ing condi t ions,
wood is added to the gas producer

C h u n l s  o {  c h o r c o o l - l i ! e  o s h  o r e  r e m o v e d  { r o m
l h e  g e n e r o l c r  d o i l y  l h r o u g h  o  c l e o n o u l  d o o r

B e f o r e  i t  e n l e r s  l h e  m o l o r ,  l h e  g o s  i s  m i x e d
w i i h  o i r  b y  l h e  p e r f c r o l e d  v o l v e  o n  l h e  p i p e

Gos generoted i l .

every 50 to 60 mil€
chips less than 4" in
iDg or pocketing in t
prefefence to soft'"l'o
it leaves fewer tars
Even so, the cool ing
vehicle must be clear
motor overhauls are
8,000 miles.

Technical studies i
lb. of wood are re,
hour. Gas producers
are more efficient, br
and more complicate,
jor changes are mad
gine, the maximum
percent of that on ;
the spark is advance,
ly managed. But i f  t
the motor is increase
less readi ly than gas
be pushed up to E5 or
l ine rat ing. In gener.
stantial ly more gear-
producer gas.

When a cold start
added from the top
electric fan is attacl
pipe so as to suck a
the producer. Ten mi
l ighted, the g'eneratol
gas to run the truck.
gasoline will create
build up the fire, but

As shown in the s
gas producer is a d,
s'.rpplied to the fire-r
of the refractory, or
by five air nozzles l

JANUARY,  1944
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se Wood to Beat the Gasoline Shortage?
\FIJ)$-OOD chips are no$- dr iv-
lng the f i rs t  sol i t l - f t te l  t rucks to
al  c,n - {nrer ican hig i tu 'a1's-  The
la rd  gaso l i ne  n to to r s  o f  t hese
<s hale been ccrnve| tet i  to the
, f  proi luc 'er  ga-s,  a n l ts t t l re com-
i  t , f  h] -c l r t ,Elen.  ntethane. carbon
r r i t l e .  ca rb r , n  t l i r r x i i l e .  an t l  va r i -
a r  gases .  P i c t u rec l  ( r n  t h i s  Page
,  e \pe r i n l en ta l  con \e r s i on  made
he Rheingol t i  Bre\ \ 'er ] '  of  Neu'
;  Ci t l ' .  ant l  belre\ .ecl  to be antong
f i rst  ef f t ' r ts  in th is countr) '  to
t  I ' r , , r l u (  e r  8 a s  f o r  u s |  i n  c o m -
ra l  l eh i c  l es .
r t l e r  o rd i na rv  t i r i t i ng  cond i t i ons ,
l i s  a r l c l e r l  t o  t h e  g a s  p r o d l t c e r

> {  c h o r c o c l - l i L e  o s f  o t e  r e m o " e d  { r o m
: r c l c r  c j o i l y  l h r o u g h  o  c l e o n o u l  d o o r

'  e n l e . s  l h e  m o i o r ,  i  h e  g o s  i s  m i r e d

b y  t h e  p e r { c r o i e d  v o l u e  o n  i h e  p i p e

il;l
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Gos generored ff i*"r,0. is rhe {uel which powe* rhis rrucr of rhe u. 5. F:rest Products Loborolory

every 50 to 60 miles' Hard*'ood' cut into firebrick from the' 
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studies indicate that about 1.?6 or fir" rou.tr.' cooling tank to catch anv mors-
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Nonrkld Syrtem. For trastlon
on rUppery ludeces, thc Src "cb.8ln,"
or treck, diagrammed below cen be
put tnto ection by mercly pulllqg r
l,ever. When tie track lr not ln uee,

-rpring-loeded guidea mounted on tle
axle hold lt awey from the tlre, whlch
then le trec to run on the roadwey

tlrough a gap left tn tbe track'r croscbars.
Pulltry the lever move! an tdlcr pullcy that
tlghteru tbe track's guides ag:alnet tbe
wheel. lte upper rlght-haad drawlng rhowl
the track ln tte free-turnlng poduon, ure
rirtlng on tbc growtd; drawlng bclow lt,
rrhecl a! tt turru the treck. ft wa^e lnvcnt€d
by C. Sr. Hultcr, of 'Bryn ltawr, Pa.

\\ 'ater \ aporrzer Desi$ned
to Eliminate Carbon
SI\II 'LE watcr-rapor devict '  colr-
nec t ing  the  rad ia to r  and in take  man i -

fold is designed to prcvettt  carbon for-
mat ion  in  au tomobi le  c1 ' l indcr - '  a t rd  t r r
dissolve old carbon deposits.

I t  consists of a connection to the r-ater
discharge pipe near the radiator, an auto-
mat ic  va l le  ins ta l led  in  tbe  gaso ' l ine  in -
tahe manifold, abor:e the butterf l l '  valve,
and a length of small  copper tubing join-

ing the two f i t t ings.
Through four small  holes in the body

of tht.  automatic valve, air is mixed with

A r r o w s  I n d r c o l c  r a d r a t o r - m a n i f  o l d  c o n n c c t i o n

t l r ( ,  $ ' a t t ' r  i n  o rd t ' r  t o  vupo r i z t '  i t .  The

s ' a te r  i s  t l r ken  f r om t l i t '  c i r cu l a t i r ) g  s ] ' - s -

t t 'm  so  t he t  no  cx t r a  t a r r k  i s  necessa r l ' '

t h t  am t i u t r t  I r t ' i ng  r egu la ted  au tom l r t i ca l l l '
l r l  t | t , s l r e t ' t l  o f  t h t ' eng i r i e .  I t  i s  shu t  o f i

au ton ia t i ca l i y  * ' hen  t he  eng ine  s tops -

The  d i s t i nc t i l e  f ea tu re  abou t  t he

dev i ce  i s  i t s  s imJ r l i c i tS ' .
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Aulo Sprouls a S-lng. It 's not a
style for the everyday motorist-but it's a
style that will do the everyday motorist a
lot of good. The car above with the fin
sticking out at its side is testing United
States Rubber Co. tires on the bed of a drv
lake near Lancaster, Calif. As ean be seen
at t}e left, the ffn is a section of an airplane
wing. It exerts inward thrust to offset cen-
trifugal force on curves and allows the car to
rip around a five-mile circular track at 90
m.p.h. as if it were on a straightaway.



AUX CARB
o

Bui ld  Your  Own-
Get  Manua l  FREE!

Mttre good rcPorls on Chorlie Brot'n's Pox'er Pal' humidifier for savtng

gaso l ine  and Se l t lng  be l re r  per fo rmance f rom your  au to :  Neu acco lades  pour -

ins  in  make (h is  dev ice  the  most  cons is tan l  o f  a l l  lhe  gas-sav ing '  c lcan-a i r

p ronr is ing  gadgets  so  fa r  inves t iga ted ''  
f f re re  i re  a  lo t  o f  gadgets  and g immicks  adver t i sed  lha l  p romise  to  S ive  you

X p . t i . " i  u . i t . t  m i leage-and to  k iep  your  c lunker 's  e \haus l  f rom po l lu t ing  the

armosphere . . .c la ims are  one th ing ,  per fo rmance. is  another l  So  fa t  lhe  s imp le

ftrrnii i f i .t designed by a Floridi group headed .b) 
retired Air Force coloncl

C- r r " r r i .  s ro"n  ima i l in !  add less :  88b l  S  w l  to r t '  S t ' '  M iami '  F lo r ida '  33176)

is  i t t .  on ty  dev ice  I  c in  happ i ly  repor t  has  no t  had a  s ing le  de t rac tor '  The

Fo* j . r -p " t  i s  so  s imp le  i t  mus i  be  embar ras ing  to  Det ro i l ' s  b ra ln l rus t '  l t  i s

nortring rnota than a ceramic circlc or venturi shape and a water drlp syslem'

i i , .  *1 , . r  d r ips  on to  the  ceramic .  lhe  porous  ceramic .  na tura l l y  shapes the

*" i . ,  in ro  molecu la r -s ized  drop le ts  wh ich  mix  s ' i th  the  incoming a i r  and

f , " . ia i f l  i t  be torc  i t  m ix6  w i th  the  fue l  in  thc  carbure tor '  Everybody knows

. r r .  r tn 'b . t t . t  in  fo8  or  l igh t  ra in l' -n " * "y ,  
S"U Beare ,  o i the  magaz ine  lm l  Truck  & Van ldeas  has  tes led  the

P;;;; P; h nis gas-guzzting van-. Hcre's what Bcaver e'rote at the end of his

articlc in the Novembcr 78 issue:

"Af te r  600 mi les  o f  con t inuous  use (w i th  the  van 's  a i r -cond i t ion ing

l. ll atar silpltl.t lx^.

2 .  .1 i r  l .n l

1. ll.cp.lrilin

S.  l l  a td

6. I ?iltilria,rca of ntoriilrnn, hunililiiltitill

7. 4t l'ilt?r

t. It(ilti.liIie.l oir lo aorhilftt.tr

operal ing) lhe Porver Pak has resul ted in an increase of  l '9  mi les per gal lon '

increasei  performance and louer emission levels '  l t  should deserve ser ious

consideration by any Van or RV owner because ir will grearl. lou'er your fuel

costs. . . "
And then there is this lctter from Exchanger Dale Scott of Seattle' Wash-

ington:
i'Dear Tom Valentine, Lasl year I wrole lo Charlie Brown and ordered a

Power Pak.  wel l  i r  took me to Augusr of  rh is year to insta l l  i t  on my car '  I  feel

ih"t rny .", has some added pouler, bul at the time I was having problems

keepini  water  in the Power Pak.  lwrote to Mr.  Brown and he immcdiately

, .n i  * i  
"n 

addi t ional  c lamp and a botr le container,  thal  I  broke l  insta l led

them and took a t r ip.  M1'  mi leage wenl  f rom 22 mi les per Sal lon to 26 mi les per

gallonl Mr. Brown has been mo--re than promPt in replying to all m1' letters and

quest ions.  A ver)  p leasant,  helpfu l  person."
The original Power Pak was a ceramic ring that fits into the air cleaner com-

partment 
-over 

the carburetor; nou' Charlie fias a venturi/shape design that at-

taches to air intake systems (see drawing above).

mmilffi.":'P:{.qi""'
CoY.y MARKY
Lor TcmP EX8AUSI lN
V!Porizat

1 9 a 4 .  c R c

F t n a l l v ,  a l t e r  l o u r  y e a r s  r e s e a r c h .  R a y  C o v e y  p r e m i e r s  t h e

n e w  M a r k  V  _ -  a  o r o v e n _ w o r k a b l e  s r m p l e  o u l  n r g n l y

et l rc ienl .  vaoor carb'  With avarlable oplrons, i t  s almost
t u l l v  a u i o m a l e d  O r .  u S e  m a n u a l  c o n l r o l S  l o r  e c o n o m y
fi ; ; id b;s;- ' ; ;or ' .ei .  o,  buy tactory'made unrl  Olher

mrts are stock Cosl can be surpr istngly low!
. .PRE.CARBURETION' '  tS XEY TO SUCCESSI

Mark V has a top or srde'mount auxi l rary carb to-spray an
j i r l tuet mu (not raw gasolrne) Into vaporrzer-  ̂ Tt !rs new

ioneot vast ly reduc-es heal needed lor lOOob luel

" i J o u i a r , o n  
i s s u r e s  l u l l - p o w e r  u n d e r  l o a d '  S l o c k  c a r

co-moure, ended years of guesswork. provldes preclse

u i o &  i i m o e t a t u i e  l o r  b e s l  m r l e a g e  a l l  f u € l  b l e n d s

e n b ' n e s  l t  s  o p l r o n a l .  u s e  C o v e y  d a l a  a n d  y o u  l r  D e  n e a r r y
;or i"  wttgOui co-puterr Many safetv leatures

O e v r c e  l r l s  u n d e r  h o o C  r s  o n l y  l  O  l o  I  2  l o i g  r  5  w ' d e  x

3  h r o h  D u a l  s y s l e m .  v a c u u m  o p e r a l e d  u a s h  c o n l r o r s
J , u e r i l u e t a n d a i r t o r e g u l a r c a ' b  o r t o a u r  c a t b  F u e l  m r x

E n t i r s  e ' n a u s t  h e a t e d  s c t e e n  l r l l e d  l u b e s  c h a n g e s  l o

u a o o r .  , s  s u c f e O  I n l o  m o d i t r e d  a i r  c l € a n e r '  a n d  p r e s e n t

c a i b  R u n s  o n  h r g h  a s  1  O O  l o  I  a r r l f u e l  r a t r o

O g l ' o n s  ' n c l  u d e  c  o m p u l e r .  l r a n s d u c e r  c r y s l a l  I  u n d e r  a u x

i j r b )  l o  o r e - v a o o r r u  e  f u e l l  a u t o m a l r c  v a c u u m  c o n l r o l s  l o

r e O u l a l e  e r h a u s l  l l o w  t h r o u g h  v a p o l t z e r  ( w h r c h  q o v e t n s
v a - o o r l e m p ) . a n d a r r l l o w r n t o m a r n a n c l a u r  c a r o s  r n e r e  s

"IJ" 
an er6i i t 'c vapor hose healer,  lor cold wrntersr

S H A R E  I ' {  T H I S  E X C I T I N G  A D V E N T U R E !

J o r n  o u r  R o a d  T e s l  T e a m  D r s c o v e r  h o w  y o u  m a y  g t e a t l y

r n c r e a s e  M P G  o l  v o u r  c a r .  l r u c k  R V  o r  D o a l ' B r g  M a r k V

nJui i6- i ' ia nu. i .ahes consl ruc l  ron'assemblv easv- l l  s

i t J . .  * n e n  v o u  t u  n ' s h  r n l o  r e q u e s l P d  S e n d  l o r  R o a d  T e s t

a i o i ' i i r ' " . i .  x '  M ' t . a g e  R e p o r l  l u l r  d e l a r l s  E v e r y l h r n g  s

f  h E L  r E n c l o s e  $ 1  O O  l o r  R U S H  s h ' p m e n t  )

Carb Research Center' D.Pr P$-l ' l

8ox 1 Foyi l ,  OK 74031
205

o Several of the inventors offered varia-

tions on automobile mechanisms. Jqte

Mize, 52, of qg!q4!gbe, Telg!.l3;j

Horst Kossel, ol Shrewr'
bury, llassachusetls,
with a model ol his Par'
adox "coniinous'com'
bustion piston lurbine,"
a radical deParture in

Reblrth ol the legendarA 2OO PlPo" Carburetor?
Possiblu. Puue aol reporled mil"age ulthlight 'ar
small e"nglni, clean fuel ol l95os.

a
I

ne,
Ti6 cffiected to a "wobbleplate" that

inder to ignite the

gombustion. The RAM-Z, a
tive entry, represents 23 years of tinker-
ing by!!g.le. lgrnt.lip, of Dunkirk, In'

auromqllrgengrnes E
one str;ke of every four in a piston's move

,oweron each s!1q!g
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Hov thr "dongrr mrlrr" b ur.d. H.r. th.
rood, al ihr fortlrert poird viribb, lio ill'
rido iho rmoll circlo, ll ir ro{r lo por

Nor. you con itill t.. to? .nough ohcod {or rofofy,
but  thrrr  or .  oncoming con outr idc of  lhc rmol lcr  c i r -
cb.  Don' t  l ry  lo por unt i l  ihr  rood ohcod i r  c lcor

? . 1  S . i .  Y  
' * ,

Make d'Danger Meter"
t t  

AM I  f o l l ou ' i ng  t oo  c l ose l y  beh ind  t ha t  ca r?

A  Wou ld  i t  be  sa fe  t o  t r y  t o  pass  h im  now?"
I  \  How of ten,  u 'h i le dr iv ing,  have you asked
yoursel f  those quest ions ? The accuracy of  your
spl i t -second decis ion may mean the di f ference be-
tween safety and a disastrous rr reck.  Here is  a
simple "range l rnder"  that  you can make and put
on your windshield to help you est imate distances
and cul t ivate sure-f i re jut lgment.

Passing:  a s lower car on the road,  vvhen another
car is  coming:  tor , r 'ard you,  cal ls  for  accurate judg-
ment.  I t  is  a matter  of  spl i t -second t iming.  ] Ieet-
ing at  a mi le a minute each,  cars eat  up the dis-
tance between them at  the rate of .176 feet  a sec-

ond. I f  a dr iver  going s ixty mi les an hour

This is  whot lhc "donger meler"  lools l i le .  l t  is  o 
at tempts to go around a car goinS: for ty '  the

squore of  cel lu lo id,  on-.h ich lwo concenlr ic  c i rc les 
swing-out '  the passing'  and the swing-back

o ie  d ro *n  w i t h  l nd i o  i nk .  s i r e  o f  t he  c i r c l es  dc -  w i i l  t ake  seven  and  one  ha l f  seconds ,  even
pendr on lhe dis lonce {rom your eyes lo ihc wind- though the swing-out  is  star ted only 100 feet
sh ie l d ,  i n  occo rdonce  w i t h  t ob les  on  poge  56 .  l t  beh ind  aDd  t he  cu t - i n  i s  comp le ted  100  f ee t
is  of f i red io lhe windshield os i l lus l roted below ahead of  the s lower car.  In those seven and

one hal f  seconds the meet ing cars ' * ' i l l  have
traveled 1,320 feet  tou 'ard each other.

In other words,  i f  a dr iver  t ravels at  s ixty
mi les an hour,  he must have a quarter  of  a
mi le of  c lear road ahead before i t  is  safe to
try to pass a s lo* 'er  car.  I t  is  reasonable to
expect  a s ixty-mi le-an-hour speed in the cars
that  come toward you on the roads outs ide
the c i t ies.  At  s lo* 'er  speeds, ' the danger is
proport ionately less.

Curves,  h i l ls ,  and night  dr iv ing cause most
head-on col l is ions,  because many dr ivers at-
tempt to pass at  t imes and places ' * 'here

54 POPULAR SCI .ONCE



Judoinq rofc d ic loncc {or  fo l lowing.  H fhc cor ohcod
lool i  inol ler  lhon lhe lorgc c i rc lc o{  lhc "donger

neler ,"  you hovc o morgin o{  ro{cfy {or  ruddcn dops

forYour Car
B y

W I L T I A M  F .  S T E U B E R
S A F E T Y  ' i , /  S ] O N ,  I " 4 O T O R  V i H I : t E  ) E ? i .  O F  W i S .

they cannot see far enough ahead to be sure
they have room to use the lef t  lane before

an approaching car is  upon them. To give

the dr iver  a means of  judging whether be

lacks that  necessary quarter  mi le of  c lear
road is  a purely mechanical  problem.

The far ther a\r 'ay an object  is ,  the smal ler
i t  appears.  In fact ,  lve est imate how far  d is-

tant  an object  is  by not ic ing ho'* '  large i t

looks.  This use of  perspect ive is  tbe basis

upon n 'h ich you can make a "danger meter"

to tell you when it is safe to pass the slower

car ahead.

l{ you rec lhir, you'ro much loo clotc. ilrc
co r ' ohcod  now  l oo l r  l o rgc r  t hon  i hc  l o rge
circ le.  This mconr lhof  you orc lcrc fhon 100
{cct bchind thc cor-loo clorc {or com{orl if
lhc drivcr rhould hoppcn lo rlom on lhl brolcr

?orsing on hillr cosrcr mony eollirionr. Hrrc
ihc rood, ot the forthrrl poinl viriblc, ovrr-
lopr lhc rmoll circb of ihc "dongar mdcr."
You csnnol  rcr  lhc rood for  onough ohcod lo
mslc il rofc lo fty poring lhc cor in fronl

Thir fimc il't o cuwc. Agoin, lhc rood rocmr
vidrr fhon lhc rmoll circlc, ol thc forthrrt
poin i  you con roG, Your v ind:hio ld rongc { indcr
i :  worning you lo gcl  bocl  into l inc ond r loy
lhcro unlil you to whol't oround lhol curve

The "danger meter" is simply two con-
centr ic circles drau'n upon cel luloid and af-
fixed to the \r'iDdshield directly ahead of the
driver with cel lulose tape. As the driver
travels along the bighu'ay, the scene ahead
appears as sho$'n in the illustrations. When
he wants to pass the car ahead, a quick
glance through the "danger meter" tel ls him
if danger is too close to r isk passing. I f  the
edges of the road ahead at the farthest visi-
ble point lie outside the rim of the small
circle, the driver is too close to a curve or a
hill to take a chance oD Passing'

Likewise, even though the "danger meter"
shows the road ahead at a point so far a\r'ay
that the edges of the road appear to lie well
inside the small circle, there still may be
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Erlernol  detoi ls  o{  lhe c lutch ore rhown
here.  The oi r  l ine lhol  in{ lotes lha rub-
ber cosing cnlers o l  fhe cenlro l  rhof t

A  heovy  geo r  hous ing  equ ipped  w i t h  t he  new  c l u l ch .  A l
lhe r ight ,  obove,  nole the i i re l i le  l reod ond conslrucl ion

New Tirel ike Clutch
Works by Inf lot ion

RESEARCH at aD Akron, Ohio, tire factory bas
resulted in the perfection of a radically new rub-
ber clutch for Diesel and marine engines. Tire-
Iike in shape and construction, the new clutch is
operated by air pressure instead of the usual
levers and springs. Air forced into the clutch in-
flates the rubber doughnut and causes it to make
perfect coDtact with the inside of a metal cylin-
der q'hich serves as the clutch plate. In recent
tests, a towboat ftted with the ne'*' unit was
changed rapidly from full speed ahead to full
astern 1,400 times, with no appreciable wear.



fnvention
Exeites lnventic

1lndustry
(Continued From Page 1)
Nevada wrll have the opponunrty to
see how the fuel works this month as
seven red-, whire-, and blue-stnoed.
modif ieci American cars r ir ive ap-
proximarcly 20.000 miies in e cest
run.

The modifications inciude the in-
stai lat ion of a harmiess, Ionq-l ived
nrckel cataiyst in the engne combus-
t i o n  c h a m b e r .  T h e  p r i c e  o f
rerrofitting existing autos would be
about $1.700.

Gunnerman said A-55 modif ica-
t i o n s  m a y  k e e p  t h e  p r i c e  o f  c a r s
down in  the  fu tu re  as  produc t ion
costs, due to reduced need tbr antr-
po l lu t ion  cont ro l ,  a i r  f i l te r ine  and
cooling eqrupmenr, are tigured in.

To dare the SRI has grven a test
car modif ied to run on A-Jd f lyrng
colors. SRI tested a convened l9g9
srx-cyl inder Ford Taurus. The Ford
showed an average of lZ miles per
gailon of fuei, ,,vrth some tesl scores
near.50 mpg under riiffenng driving
conolt lons.

A simrlar but unmodif ied control
car tesied an average 14.? mpg on
standard fuei.

The inventor. presicient or '  Reno- tr
baser i  S tarbnght  inc . .  saro  he  ex-  

' :

pects to have a fleer of exrsting cars ,lt

readv to tesr A-55 in iimrred market d,a
areas. 'We hope to bui ld an infras- !n,
!ru::ure ro make rhe fuel lavariabie ir .
to rhei puhi ic. ' '  Gunnerman sard. na

Once rhe.rnfraslruclure rs iard. an. , .
as - -ve t -unnamed manutac tu .e r  has  o€ l
pians ro have models of .{,-J5 fueled :^at
cars on the market bv rhe end of the 5":
year. Gunnerman sarci. Iat

"We are able to have rhe iuei in- se(
frasrrucrure in place by that r ime.' .  tht
Gunnerman sa id .  -The t i rs r  manu-  ne(
faclurer rvill use the rotai country as uu:
a test market." I

I f  r h e  . t  - 5 d  p r o c e s s  i s  l d o p t e d  
' s u

widely ic is expected ro reduce U.S. pet
re l iance on  c rude o i l  impor ts  anc i  son
could have signrficant reductrons on lo l
poi lut lon emrssrons. uccoroing to ex- t lor
pens. . :::j

A Neuada inuentor
hr:,s comc up with o pro-
cess combining goso-

'  l ine wi th u,ater thot
. promises to revolation-

ize theuttoirrduct A-
F4 UIwEI 0 1.!t lFttu,.Lr*r

Bv,AronrurAft{oul9
Thcrc's gmd nes,b orxtba horizon

fo;'Anericaa astmobilb orners: A. - - . - -
lBventor  Rudo l f  Gufnerman wr l i

+ rtrr-J-+rri* rjl tb-..l=*-qat ffu o*a gllhir.ofrftrGlEedla!'
f hHof todays rat
S - Tlirr breakthmugil-<onsieting of
I a.mer,hod to buF.in rnternal com-.
' bustion engines a fuel mixture of 55

porcent water and 45 p€rcent gaso''
line by weight, hence the name A-
S5-reduces harmlul emisstons as
wel l .  Carbon d iox ide  is  cu t  in  ha l f
and nitrogen oxide drops nearly 10
p e r c e n t .  T o t a l  e m i s s i o n s .  d u e  t o
more cf ficient combustron. are cut bv
90 pereenr.

''It's not too good to be tnre." Gun-
nerman toid The SPOTLIGHT "It 's
new.  bu t  i t ' s  fac t .  Every ' th inq  has
been tested bv -{tantbrd Research In-
t e r n a t i o n a i  t S R I t .  a n  e r m  , r i  S t a n -
fo rd  L ln ivers r tv  rn  Ca i i fo rnra .  . \ -55
uses a wateri  gas shrft  to proouce h1"-
cirogen. I t  can be done rvrth vrrtuai iy
no power.

"Betbre, rf  someone had the fuei,
they  rvou idn ' t  i rave  had the  car  to
run it in. ' he added. '.{nd il they had
the car. they wouidn t have haci the
fuel. I t  took a number of new disci-
pl ines to accomplish this. '  The chief
b reak through rs  a  new c 'mu is i f i ca-
non process rhac combines the rvater
and gasol ine.

T w o  i n d u s t r y  n e w s i e t t e r s .  t h e
Bloomberg Bustness Report anci the
Oil . l lar izet Listener. have f 'easured
in -depth  coveraqe o i '  Gunnerman s
process. Gunnerman. l  recent immr-
grant t iom Germany, has been ap-
proacheci bv representatives rrf  ma;or
ori  companies as rvei l  as the mrl i tary
f ' o r  i n t o r m a r l o n  o n  a d a o t i n q  h r s
process  to  t : : c i r  uses .

. i P O ' f L I ( l l { T  r e a c i c r - s  i n  R e n o .
tSee IIWENTION. Page : l)

I



Ernulsions as Fuels

J.  DOOHER

T. MORRONE

INTRODUCTION

R. LIPPMAN

D. WRIGHT

Addlng water to f \el" has been used 1n the
p a s t  t o  l n c r e a s e  o c t a n e  r a t l n g s  o f  g a s o 1 l n e ,  t o

reduce n l t rogen ox lde  emlss lons  1n  gas  tu rb lnes ,

and par t l cuLate  emlss lons  1n  o1 l -  f \ r rnaces .

F o r  t h e  p a s t  t w o  y e a r s ,  A d e l p h l  U n l v e r s l t y
h a s  b e e n  l n v e s t l g a t l n g  t h e  c o m b u s t l o n  p r o p e r t l e s

o f  u l t l a s o n l c a l l y  g e n e r a t e d  e m u L s l f l e d  f u e I s ,

In l t1a l  exper lments  have been conducted  on  combus-
t l o n  o f  w a t e r - o 1 1  e m u l s l o n s  1 n  b o l f e r  f u r n a c e s , .

us lng  water  tube bo l ]e rs  ra ted  a t  about  25  x  Ia '

B tu , /h r .  The exper lments  have revea led  a  s lzeab le
poten t la l  fo r  s lgn l f l can t  lnc reases  1n  bo11er

e f f l c l e n c y  ( 1 5  t o  2 0  p e r c e n t ) ,  a s  w e l l  a s  a
dramat lc  reduc t lon  ln  soot  car r led  ln  the  f lue
g a s .  T h e  e s t l m a t e  o f  t h e  l n c r e a s e  1 n  t h e  b o l l e r
e f f l c l e n c y  w a s  b a s e d  o n  a  d e g r e e - d a y  c o m p a r l s o n
wl th  a  s lm11ar  J .oad lng  per lod  the  prev lous  year ,

a s  w e L l  a s  a  s p o t  c h e c k  o n  t h e  C 0 ,  L e v e l s  a n d
s tack  tempera tures  1n  the  f1ue.

our  p re l lm lnary  f lnd lngs  lnd lca te  tha t ,
dur lng  combust lon ,  the  ln te rna l  water  d rop l "e ts

v a p o r l z e ,  c a u s l n g  m I n 1 - e x p l o s l o n  o f  t h e  f u e l
d r o p s ,  I e a d l n g  t o  a  m u c h  f l n e r  a t o m l z a t l o n  a n d
a very  thorough mlx lng  o f  a l r  and fue l .  Th ls
a l - lows comple te  cornbus t lon  w l th  much less  a l r  and
a dramat lc  reduc t lon  ln  soot  p roduc t lon .  Less
e x c e s s  a 1 r  m e a n s  t h a t ' l e s s  h e a t  1 s  c a r r l e d  o u t

the  s tack  by  the  exhaust  gases .  In  add1t1on,  the

reduc t lon  o f  soo t  keeps  the  bo11er  heat  t rans fer

s u r f a c e s  c l - e a n  a n d ,  t h e r e f o r e ,  m o r e  e f f l c l e n t .

We are  a l ,so  lnves t lga t lng  the  poss1b l l1 ty  tha t  the

sys tem a l - lows more  e f fec t l ve  rad la t l ve  heat

t rans fer  l rom the  f lame to  the  bo11er  tubes .  What

these lmproved combust lon  charac ter ls t l cs  mean ln

a  prac t lca l  sense 1s  tha f  a  bo1 le r  fu rnace,  wh lch

o r d l n a r l l y  b e c o m e s  l e s s  e f f l c l e n t  w l t h  u s a g e ,  c a n

opera te  over  ex tended per lods  o f  t fune c lose  to

des lgn  e f f l c lency .  0 ther  da ta  a lso  conf l rms these
f lnd lngs .  Recenf  tes ts  a t  fhe  EPA Labora tor les
1n Research  f r lang le  Park ,  Nor th  CaroL lna ,  have
conf l rmed a  soot  reduc t lon  o f  80  to  90  percent
(1 ) .1  Ear l le r  resu l ts  by  Shearer  and Tra lne  ln

1*  
Numbers  ln  paren fheses  des lgnate  Refer -

e n c e s  a t  e n d  o f  P a p e r .
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F r a n c e ,  b y  t h e  B a t t e l I e  M e n o r l a l  I n s t l t u t e ,  a n d  a t

Ade lph l  Un lvers l ty  have revea led  a  d ranat lc

r e d u c t l o n  1 n  s o o t  c o n c e n t r a t l o n s  1 n  b o 1 l e r

fu rnaces  (2 -4) .  In  the  Sov le t  Un1on,  fue l  e r iu l -

s l - o n s  h a v e  b e e n  u s e d  e x t e n s l v e l y  s l n c e  t h e  1 9 5 0 1 s

1 n  o r d e r  t o  o b t a l n  l m p r o v e d  c o m b u s t l o n  1 n  b o l l e r

f u r n a c e s ,  b o t h  L n  s h l p s  a n d  l n  s t a t l o n a r y  l o w e r
p l a n t s  ( ! )  .

In te rna f  Cornbus t lon  Eng lnes

Threre  are  a lso  app l lca t lons  o f  enufs l f led

fue ls  1n  ln te rna f  combust lon  eng lnes"  I t  has  long

been ev ldent  tha t  the  lnJec t lon  o f  water  ln to

c o m b u s t l o n  e n g l n e s  i m p r o v e s  p e r f o r m a n c e  ( e . 9 . ,

ln  WorLd Warr  I I ,  1 t  was  genera l  p rac t lce  to

l n c r e a s e  b o m b e r  r a n g e  b y  l n j e c t l n g  w a t e r  l n t o

e n g l n e  f u e l ) .  . A s  e a r L y  a s  I ) 4 ' 1 ,  t h e  a d d l t l o n  o f

f l n e J - y  a t o m l z e d  w a t e r  ( o r  e t h y l  o r  m e t h y l  a t c o h o l )

to  spark  lgn l t lon  (51)  eng lnes  was recogn lzed as

a method o f  e l lm lna t lng  hard  knock  (p remature  de-

t o n a t l o n ) .  I n d e e d ,  t h e  N A S A  P r o g r a n  S p - 2 7 )

r e v e a - L e d  t h a t  w a t e r  l n J e c t l o n  k n o c k  s u p p r e s s l o n

resu l ts  ln  an  lnc rease 1n  power  ou tpu t  and decrease
1 n  e n g l n e  c o o l - a n t  r e q u l r e m e n b s .

T h e  a d d l t l o n  o f  w a t e r  p e r m l t s  } e a n e r  ( a l r -

f \ re l )  ra t los ,  s lnce  reduced combust lon  tempera t r " res

l1ml t  exhaust  va lve  burn lng  and eng lne  overheat lng .

Leaner  ra t los  perTn l t  reduc t lon  o f  CO emlss lons .

the  reduc t lon  o f  combust lon  zone tempera tures  w l l , I

aLso reduce Nox en lss lons .  The presence o f  water
y leLds  more  expans lve  work  ln  the  power  s t roke  per

unLt  o f  { \ le l  used.  In  a  sense,  the  water  pern l ts

the  eng lne  to  ac t ,  ln  par t ,  l l ke  a  s tea .n  eng lne .

The coo l -e r  combust lon  tempera tures  can a lso  reduce

cy l lnder  wa l l -  losses .  The ne t  resu l t  1s  lmproved

eng lne  e f f l c lency .

The demonstrated lncrease 1n octane nunber

due to  the  presence o f  water  w1 l l -  nake l t  poss lb le

to  use  a  h lgher  compressLon ra t lo  on  eng lnes ,

a s  w e l l  a s  l n c r e a s e  g a s o J . l n e  y l e l d  p e r  b a r r e l  o f

f \rel o11 . the l ,oxock suppressant character o f

w a t e r  a d d l t l o n  1 s  a l s o  o f  s l g n 1 f 1 c a n c e ,  s l n c e  l t
penn l ts  use  o f  low oc tane fue ls ,  and e l lm lna tes

te t ra -e thy l  lead  as  an  an t l -knock  add l t l ve .

fhe  use  o f  emuls lons  prov ldes  perhaps  the

1c
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s l n p l e s t  c o n t r o l l e d  n e t h o d  o f  a d d l n g  w a t e r  t o  t h e
conbust lon  zone ln  the  r lgh t  amount ,  and a t  the
p r o p e r  b l n e  I n  t h e  e n g l n e  c y c l e ,

The Use o f  Coa l  in  Emuls lons
Another forrn of emul-slon f ' r_lel ls a mlxture

o f  c o a f ,  w a t e r  a n d  o 1 l ,  w h l c h  c a n  s u b s t l t u t e  a s
a  l lqu ld  fue l -  ln  o1 l - f1 red  fu rnaces .  TLr ls  l s  an
l r , rp rovernent  on  the  co l l ,o lda ,  suspens lons  o f  coa l
and o11 wh lch  hrave been used ln  the  pas t .  As  fa r
b a c k  a s  W o r r d  W a r  I ,  w o r k  a t  t h e  K o d a k  r e s e a r c h
l a b o r a t o l l e s  s h o w e d  t i r a t  a  c o l - I o l d a i  f u e l _  o f  c o a l
d u s t  a n d  o l L  c o u l d  b e  b u r n e d  s u c c e s s f u L l y  l n  s h l p
b o l l - e r s .  A  c o n c e n t r a t l o n  o f  J l  p e r c e n t  c o a l  1 n
o1 l  was  burned on  the  USS Gem 1n I !18 .  Due to
t h e  l n c r e a s e  1 n  s p e c l f l c  g r a v l t y ,  f l r e  r l s k  w a s
d ln j -n1shed,  s lnce  the  fue l -  p roved heav le r  than
water .  The Kodak research  es tab l l shed tha t  the
fue l -  cou ld  be  s tab l l l zed  fo r  a  nu ,nber  o f  months
b y  t h e  a d d l t l o n  o f  r e s l n  s o a p s  a s  s u r f a c t a n t s  ( 6 ) "

Ln  the  years  1 !20-1 ! lO,  experLments  were
u n d e r t a k e n  1 n  G e r m a n y ,  E n g l a n d ,  a n d  t h e  U . S . A .  t o
produce coa l -o1 l -  suspens lons  f rom coa l -  o f  vary lng
g r a n u l a r  c l a s s e s  a n d  d l f f e r l n g  t y p e s  o f  o 1 l  ( w 1 t h
o r  w l t h o u t  a d d l t l v e s ) .  F o r  a p p J , l c a t l c n s  t o  t r a n s -
por ta t lon  o f  coa ] ,  there  k ras  been ex tens lve  work
ln  many co l l r r t r les  on  coa l -o11 suspens lons ,  as  we l l
a s  c o a l - w a t e r  s l . u r r l e s .

In  Essen,  Germany,  research  has  denonst ra ted
t h e  e c o n o m l c  f e a s l b l l l t y  o f  u s l n g  a  c o a l - w a t e r
i l -u r ry  as  fue l  1n  water  tube bo lLers  fo r  e l -ec t r l c
power  genera t lon .  Th ls  bo l l_er  was ln l t la l i y
des lgned to  burn  pu l -ver lzed  coaL.  Such a  sLur ry
c o u l d  n o t  b e  u s e d  1 n  m o s t  c o n v e n t l o n a l  o 1 1 - f l r e d
furnaces  because o f  the  re la t l ve ly  long burn lng
t l m e s  o f  p u l v e r l z e d  c o a l  p a r t l c l e s  ( / ) .

The nros t  ex tens lve  research  to  da te  on  the
c o m b u s t l o n  o f  c o a l ,  w a t e r ,  a n d  o l l -  s u s p e n s l o n s
w a s  c a r r l e d  o u t  l n  G e r m a n y  f r o m  f ! 6 6 - 1 ! 5 8 .
Desp l te  the  conc lus lon  tha t  the  mlx tu re  was a
feas lbLe and economlca l  fueL,  1 t  was  never  used
' l n  ' l . h a  h n ^ ^ + { ^ ^ 1  - . ,p a d u u a u d r  r y s t e m .  T h e  w o r k  w a s  e s s e n t l a l l y

l abo ra to r y  exp lo ra t l on ,  and  1 t  1s  r . nce r t a l n  t ha t

Emulslon Combustlon

1 2 . {  3 6 9 .  8 6 . 1  1 0 . 8 r

the  mlx tu re  was tes ted  1n  a  convent lona l  bo l le r
( B ) .  I n  a  s u b s e q u e n t  s e c t l o n  o f  t h l s  p a p e r ,  w e
w l l L  d l s c u s s  t h e  t e c L r r l c a l  a s p e c t s  o f  t h e s e
emul -s1on fue1s .

WATER-OIL EMULSION RESEARCH

In order  to  unders tand the  e f fec t  o f  us lng
e m u l s l o n s  a s  f u e l ,  A d e 1 } h 1  U n l v e r s l t y  h a s ,  i o r
the  pas t  two years ,  engaged 1n  a  two-pronged progranr
o f  b o t h  p r a c t l c a l  f l e - l d  t e s t s  o f  c o m b u s t l o n  s y s t e n s
and bas lc  research  on  the  phys lcs  and chemls t ry
o I  e m u l s l o n s  d u r l n g  c o m b u s t l o n ,  a s  w e l - I  a s  t h e
b a s l c  s t r u c t u r e  o f  t h e  e m u l s l o n s  t h e n s e l v e s .  T L r e
p r a c t l c a l  t e s t s  c a n  b e  c h a r a c t e r l z e d  a s :

I  S t a t t s t l c a l  a n a l y s l s  o f  f l e t d  t e s t s  1 n
w h l c h  s t a c k  l o s s e s  w e r e  m o n r . t o r e d

2  C o n t r o l l e d  e f f l c l e n c y  s t u d i e s  o n  a n
lns t rumented bo l le r  fu rnace.

R e p o r t s  o n  t h e  r e s u L t s  o f  f 1 e 1 d  t e s t s  l u v e  b e e n
obta lned l rom the  Tynpcn lc  Corpora t lon ,  manu-
f a c t u r e r s  o f  t h e  u l t r a s o n i c  f u e l  e m u l s l o n  s y s t e m
w h l c h  h a s  b e e n  s t u d l e d  a t  A d e l p h l  ( 9 ) .  T h e s e  f l e r d
t e s t s ,  w h l l - e  l n d l c a t t v e  b f  g e n e r a l l y  l m p r o v e d  b o l l e r .
per fo r inance and reduc t lon  o f  soo t  leve Is  th rough
t h e  u s e  o f  e m u l s l o n s  1 n  b o l l e r  f u r n a c e s ,  m u s s  b e
suppLemented by  cont ro l led  e f f l c lency  s tud les  l f
the  f lnd lngs  are  to  be  de f1n1t lve .  Tab le  1  shows
the average resu ] ts  o f  20  f1e ld  tes ts .  The
average e f f l c lency  lnc rease shows up as  approx l -
m a f o l r .  l / "  n a n n o n 1 -  t T r h e  l n o r o a c 6 . l h  n O ,  I e V e * Sv e e e  f f r  w \  

s

l nd lca te  tha t  emuls lon  fue ls  requ l re  less  excess
a1r than the conventlonal l lqu1d fuel sprays
for  a  g lven fu rnace sys tem,  an  lmpo: . tan t  fac to r
ln  the  average 10  percent  lnc rease 1n  e f f l c lency
shown 1n the  tab les .  The reduc t lon  1n  s tack
tempera tures  are  an  lnd lca t lon  o f  lmproved heat
t rans fer  charac ter ls t l cs  fo r  emuls lon  fueJ .  sprays .
I t  wou ld  appear  tha t  the  remova l  o f  soo t  f rcn  the
combust lon  gases  keeps  the  heat  t rans fer  sur faces
re la t l ve ly  c lean and,  there fore ,  more  e f f l c len t
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F lg .  i  V l scos l t y  cu rve  fo r  coa l -o11 . -wa te r  emu ls lon

than  a  sys tem us lng  pure  fue l  o1 l .  The ques t lon

as  to  whether  the  rad la t l ve  t rans fer  I ' ron  the
combust lon  o f  an  emuLs lon  fue l ,  spray  ls  enhanced
over  tha t  o f  an  o lL  spray  o f  equa i  B tu  conten t
1s  open.  However ,  we do  have lndLcat lons  o f  such
an e f fec t  f rom ln f ra - red  photos  taken 1n  our

l a b o r a t o r l e s  ( S 1 l d e  l - ) .

Another  advantage to  fhe  use  o f  emuls lon
fue ls  1s  the  dramat i -c  reduc t lon  1n  soot  e rn lss lons
f rom the  s tack .  I t  may be  poss lb le  to  sa t ls fy
env l ronmenta l  requ l rements  by  emuls l fy lng  heavy
f u e l  o l L s  w l t h  w a t e r ;  b y  t h e m s e l v e s ,  t h e s e  o 1 1 s
produce genera l l y  unacceptab le  leve1s  o f  soo t .

Theory  o f  Exp lod lng  Drops

The emuls lon  drop  can be  charac ter lzed  as

a compoud drop ,  cons ls t lng  o f  a  n rxnber  o f  smal le r

drops  o f  one mater la f ,  sur rowrded by  a  second

substance.  I f  the  sma] }er  d rops  have a  Lower

bo11 lng  po ln t  than the  suruound lng  mater la l - ,  an
rrexploslonrr may take place when the compound drop

is  heated .  By  exp los lon ,  we nean a  process  1n

whlch  the  drop  1s  broken ln to  f ragments .

We wou ld  l l ke  to  descr lbe  the  phys lca l

A

ssEll slE lN lllc{N

F 1 g .  2  E f f e c t  o 1 ' u l t r a s o n l c  l r r a d l a t l o n  o n  c o a l

l J d r  u f u r s  J I Z E

p r o c e s s e s  l n v o f v e d  w h e n  a  w a t e r - o 1 f  e m u L s l o n

drop undergoes  combust lon .  I t  w1] l  1n l r .1a11y  be

sur rounded by  a  d l f fus lon  f lame,  f rom wh lch  heat

w 1 1 1  b e  t r a n s f e r r e d  l n t o  t h e  d r o p .  f h e  w a t e r  w 1 ] r

b e g l n  t o  v a p o r l z e  b e f o r e  t h e  b u l k  o f  t h e  o 1 l .

fhe  vapor lza f lon  w l11  usua l ly  occur  a t  superheat

tempera tures  above the  nor rna l  bo l l lng  po1nt .  The

degree o f  superheat lng  ls  a  func t lon  o f  the  pur l ty

o f  t h e  w a t e r ,  r a l s l n g  t h e  b o l l l n g  p o l n t  t o  2 0 0  t o

2 1 C  C  w l t h  t h e  a b s e n c e  o f  l m p u r l t l e s .

Superheated  bo lJ . lng  or  spontaneous nuc lea t lon

l s  k n o w n  t o  o c c u r  ' r e x p l o s l v e l y "  ( 1 0 ) .  A  n u m b e r

o f  cons ldera t lons  are  lmpor tan t  to  unders tand lng

of  the  exp los lve  breakup o f  a  d rop .  T i re  con-

s lderab le  s to red  energy  1n  Nhe superheated  drop

w111,  be  used par t l y  fo r  vapor lza t lon  o f  the  water ,

and par tJ .y  to  lmpar t  k lne t lc  energy  to  lhe  o l l - .

About  tO percent  o f  s to red  energ-y  1s  conver ted  to
k lne t lc  energy ,  wh lch  1s  about  !O ca lo r les  per

gram fo r  superheated  water .  I f  we cons lder  a  s lnp le

conf lgura t lon  o f  a  I00  mlc ron  o11 drop  conta ln lng

a 5  mlc ron  water  d rop  r .mder  superheat  cond l t lons ,

then approx lmate l -y  O. )  e rgs  w1 lL  be  conver ted  to

k lne t lc  energy .  T t r l s  1s  a t  leas t  20  t lmes as
great  as  the  sur face  energy  o f  the  drop ,  wh lch  1s
glven by the product of the surface tenslon and

the  sur face  area  o f  the  drop .

From energet lc  cons ldera t lons  a lone,  1 t  l s

c lear  tha t  th ls  p rocess  has  the  po ten t la l  to  ex-

p lode the  drop .  In  o rder  fo r  an  exp los lon  !o

take  p1ace,  th ls  k lne t lc  energy  rnus t  be  lmpar ted

to  the  drop  1n  a  t lme wh lch  1s  shor t  compared to

the  re laxa t lon  t lme o f  the  drop .  I f  the  oppos l te
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occurs ,  the  vapor  may break  th rough the  sur face

and escape,  lns tead o f  b reak lng  the  drop .

the  re laxa t lon  t lme o f  the  drop  1s  approx l -

mate ly  the  per lod  o f  cap1 l1ary  waves  1n  the  o1 l .

I f  we take  the  waveLength  o f  the  osc l l la t lons  as
the  rad lus  o f  the  drop ,  the  re laxa t lon  t lme 1s

1 3
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where a 1s the surface tenslon and P 1s the
d e n s l t y .  F o r  a  l O O - m l c r o n  o 1 1  d r o p ,  t r  h a s  a
numer lca l  va lue  o f  10-+  sec .  We w1 l - l  now es t lmate
the t lme l-t  takes to lnpart conslderable klnetlc
energy  to  the  drop .

For  the  average acce le ra t lon  o f  the
sur round lng  o1 I ,  we use the  express lon

4n rzp
a E -

M

where  the  pressure ,  p ,  1s  taken as  bhe superheat
p r e s s u r e  o f  4 0  a t m ,  r  1 s  t h e  w a t e r  d r o p  r a d l u s  o f

!  m lc rons ,  and M 1s  the  mass  o f  the  sur round lng
o11.  Put t lng  1n  the  appropr la te  va lues ,  we f lnd
the  t l rne  1 t  takes  bo  expand the  water  vapor  to  the
^ {  |   n ^ h  , ^ i { . . ^  ^ tv p  r e u r u r  . '  1 0 0  m l c r o n s  l s  1 0 - 2  s e c .  U n d e r
t h e s e  c o n d l t l o n s ,  t h e  e x p J - o s 1 o n  1 s  v e r y  1 1 k e J . y
to  occur .  I f  hea t  f l_ows a t  a  reasonab le  ra te  ln to
the  evapora t lng  water  d rop ,  exp los lons  can occur
w l thout  superheat lng .  We can sa t ls fy  the  c r l te r la
fo r  exp los lon  l f  the  heat  f low to  water  d rop  1s
nor :  thh lb l ted  by  vapor  pockets .  The 

" t *u r r l " r , t
1s  as  fo l - l -ows:  the  tempera ture  c f  the  sur face
of  the  o l l  d rop  w111 range over  the  va l -ues  o f
t h e  b o l I l n g  p o l n t s  o f  t h e  v a r l o u s  v o l l t l L e s .
I f  the  ln te rna l  water  d rop  1s  no t  a t  superheat
tenpera tures ,  the  tempera ture  d l f fe rence be tween
the  o11 drop  sur face  and the  water  d rop  sur face
c a n  b e  2 A 0  C ,  I n  t h l s  c a s e ,  h e a t  w 1 1 1  f t o w  l n t o
t h e  w a N e r  a t  a  r a t e  o f  ) . 7  x  t a 5  e r s s / s e c ,  1 0
percent  o f  wh lch  1s  ava1 lab le  fo r  d rop  breakup.
In  a  t lne  I , / IO o t  the  re ]axa t lon  t lme,  O.J7  ergs
w111 be de l l vered  to  the  sur round lng  o11,  wh lch
shou ld  be  su f f l c len t  to  b reak  the  drop .

To galn lnslght lnto the fragnentatlon
process ,  we have app l led  hydrodynamlc  s tab1 l1 ty
theory .  An ou t l lne  o f  our  p re l ln lnary  resuLts
f o l  I o w :

I  A n a l y s l s  o f  s f u n p l l f 1 e d  m o d e l s ,  1 . e . ,

spher lca l l y  s ; rmmet r lc  compound drops .

(a )  dynamlcs  o f  bubb le  expans lon ,  us lng

hydrod lmamlc  equat lons  ,  1 .e .  ,  con-

t 1 n u 1 t y ,  N a v l e r - S t o k e s ,  e q u a t l o n  o f

on  S02 removaL

sta te ,  heat - f1ow equat lon .  TLre
o u t p u t  o f  t h e s e  c a f c u l a t l o n s  a r e :
(  f  )  expans lon  ve loc l ty  as  a  f \mc-

t lon  o f  t l rne  o f  a  spher lca l

s h e - J  o f  o 1 1  ;  I O  L o  2 A  n / s e c  .
( 1 1 )  t n t e r n a l  v a p o r  p r e s s u r e  a s  a

f r r n a f { n n  n f  f { n o .  I n  + ^  / r n  ^ + h
I  q r u  u r u r r  v I  9 f / l r g ,  f  v  v u  T v  d  u l l L  ,

maxlmrxn pressure.

(b )  ana lys ls  o f  d rop  breakup,  es t lmat lng
the  drop  breakup t lme by  us lng  the
pressure  and ve loc l ty  ln fo rmat lon
rom (a)  to  de ter rn lne  the  wave length
o f  max lnum growth  o f  lns tab l l l t y .
(The physLca l  p lc tu re  we are  tak lng
1s  a  spher lcaL  she l l  o f  o1 ]  under -
golng expanslon whlch ls broken up
by the rapld onset of hydrodynamlc
1 n s t a b 1 1 1 t l e s . )  T h e  v e l o c l t y  o f
penet ra t lon  o f  vapor  th rough the  o11
1s one ou tpu t  o f  thes6 ca lcu la t lons .

The fragment slze w1]l- be correlated

wlth the wavelength of the domlnant

lns tab l ]1 ty .  The f ragnent  ve loc l ty

1s  cor re la ted  w l th  the  ve loc l ty  o f

the  o11 a t  wh lch  breakup occurs .

Exper lmenta l  Resu l ts  on  Exp lod lng  Drops

In1t1al experlments to detemlne some of the
lmportant paraneters of the explodlng drops were
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conducted  by  suspend lng  drops  o f  bo th  pure  o1 I

and emulslons on a smal} syrlnge 1n the open

atmosphere ,  1gn1t1ng them wl th  a  gas  p1 l .o t ,  and
photographlng the subseguent combustlon, uslng

l5 -nm camera  and a  h lgh  speed s t robe.  Pre l lm lnary
resu l ts  lnd lca te  the  fo l low lng :

I  The pure  o11 drop  burns  1n  the  usua l  way ,

w l th  no  d ls rup t lon

2 Ihe  emuls lon  drops  exp lode v lo len t ly  ln to

many smal l  h lgh-ve ]oc l ty  f ragnents

I  Secondary  and te r t la ry  exp los lons  o f  the

larger fragrnents were observed

4 PreL ln lnary  es t lmate  o f  the  ve loc l ty  o f

the fragrnents lndlcated an average

ve loc l ty  o f  approx lmate l -y  )0  n /sec

5 Many fragments on the order of f  mlcron

o r  l e s s  w e r e  n o t e d

6 Burn lng  t lmes o f  emufs lon  drops  were

reduced by  a t  leas t  !0  percent  over  those

o f  p u r e  o 1 1  d r o p s .

The emuls lons  used were  made uLt rason lca l l "y

w l th  20-kHz waves  and a  fa l r Iy  un l fo r rn  d lspersed
phase drop  d ls t r lbu t lon  o f  one to  ten  mlc rons .

The cont lnuous  phase was No.  2  fue l  o l f .  No
sur fac tan t  was  used.  I t  1s  c lear  tha t  the  e f fec t

o f  the  mln l -exp los lons  was very  p ronounced 1n  our

exper lments ,  and ls  expec ted  to  have a  s lgn l f l can t
lmpact  on  the  combust lon  proper t les ,  as  1s  a l ready
lnd lca ted  by  our  e f f l c lency  s tud les  ln  ac tua l
b o 1 1 e r s .

Another compound fuel r-rnder study at the
Ade lph l  Center  l s  an  emuls lon  fo r rned o f  coa l , ,
water  and o1 l - .  The f \ re1  1s  prepared by  nr lx lng
approx lmate ]y  50  percent  puLver lzed  coa l  ln  an
u l t rason lca l l y  genera ted  emuls lon  o f  water  and o11
( o n e  p a r t  w a t e r ,  f o u r  p a r t s  o 1 1 ) .  F 1 g .  1  s h o w s
the  dependence o f  the  v lscos l ty  on  shear  ra te  fo r
thls fuel,  whlch has suff lclently Iow vlscoslty
at the shear rates used in atomlzlng. The ftrel
has rnany months stab1l1ty, a phenomenon whlch
we be l leve  1s  caused by  two fac to rs ;  (a )  s tab1I l -
zlng of the water and o11 ernrlslon by mlrnrte coal
pant lc les  a t  the  water -o l l  ln te r face ,  and (b )

reductlon 1n sedlmentatlon rate of the larger coal
par t l c les  by  co l l l s lons  w l th  the  water  d rops .

ffre combustlon characterlst lcs are very
slmlLar to those of a l1qu1d f\rel spray, as shown
by sl1des I and 4. Flnal).y, we have found that

l0 percent of sulf \ l r  dloxlde ean be removed by the
add l t lon  o f  pu lver lzed  l lmestone to  the  fue l .  F1g.
2 represents the results of sulfur dloxlde removaL
where the combustlon gases are analyzed by modl-
f lcat lon of the procedure developed by Ooksgyr and
Ross, whlch aLLows for contlnuouB gas sempllng

6

( 1 1 ) .  I n  t h e  a n a l y s l s ,  g a s  1 s  p a s s e d  t h r o u g h

1 ! 0  m 1  o f  )  p e r e e n t  H 2  0 .  s o l u t l o n  w h l c h  l s

t l t ra tec l  w l th  0 . r .5  Na6H. '  Any  o11 ln  the  H2 02

1s  f l r6 t  re rooved by  e ther .  L lmestone concent ra -

t l o n s  w e r e  v a r l e d  f r o m  a p p r o x l m a t e l y  C . r b  t o  1 . 2

s to lch lomet r lc  ca lc lun  ox lde /su l fu r  ra t los .  The

resu l ts  a re  summar lzed 1n  F1g.  l .
^  . { h ^ r  h ^ { n +  o f  l n t e r e s t  w a s  t h e  r e d u c t l o nA  r  f r a a a  y v  r r r  !

1 n  c o a l  p a r t l c l e  s l z e  c a u s e d  b y  c o l l a p s l n g  c o a l

cav l ta t lon  bubb les  when the  coa l -water -c1 l  m lx -

tu re  was l r rad la ted  w l th  sound.  lh ls  shows

promlse 1n reduclng burnlng t lme, lmprovlng

c o m b u s t l o n  c h a r a c t e r l s t l c s  f o r  p u l v e r l z e d  c o a 1 .

M1n1-exp los lons  o f  these emuls lon  drop le ts  were

a lso  observed,  us lng  the  prev lous ly  descr lbed

e x p e r l m e n t a l  p h o t o g r a p h l c  t e c h n l q u e s  ( s l l d e  5 ) .
Th ls  mothod o f  burn lng  coa l  l rou ld  appear  p romls lng ,

espec la l -Ly  as  a  coa l  convers lon  techn lque.

To summar lze  our  f lnd lngs  to  da te ,  we be l leve

tha t  h lgher  e f f l c lency  and lower  po l lu tan t  emlss lons

can be  ob ta lned by  us lng  enru ls lon  f \ re ls  1n  a  w lde

r a n g e  o f  a p p l 1 c a t l o n s .
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Efficient e. 61
carburetors '

purposefully kept
off market
Si r :

This is in regard to Lylc
Walkcr's reply ro my letler in
the May, 198-? Grorners. Baik
at Rcgina Agribit ion held at thc
cod of Novcmber, 19E0, I saw
the Pogue carburetor at thc
UCC display booth. UGC'1
personnel said it would b€ tesled
by one of UGG GraiaePs con-
tributing cdilors on 8 Ford
flathead v8 and then tesults
w o u l d  b t  p u b l i s h e d  i o
Groinews.

It wc a crudely madt looking
Pogue carburelor, unlikc the
mostly refined ones I 've seen
pictures of in Pogue's patents.
Even Brad Dcnnis flew to Win-
nipeg to see lvan Piniuta, back
in early 1980, when lvan found
rhe above carburelor, but then
lost intercst when he saw it was
different than the one in the
Pogue palent. I remcmber, in
Brad Denn is 'co lumn in  lhe
January, 1982 Araine|9s, he
wanted a newer, much refincd
paten led  Pogue carburc to r
2.026.'t98.

Afrer looking back through
lctters with Brad Dennis, I f ind

Tbc Oglc crrburclor

hc saat6 cxpott vchiclcs have a
rcd tag on (hc carburetors'
rurked "Fot Expon Usc On-
ly," mcaninS thcY Save far bet-
tcr gas milcagc thsn Scnulnc'
used North Amcrican car-
buretors. It m)'lcJtcr to [-] lt
Walker. I shouid haYc mcntion'
cd thc colour of th. tag. Sorry
for any inconvcnicne to Dcn-
nis.

To Grqinews rcaders who
didn'l purchile threc bmks
Arainews has lor sole - The
Elwive 100 M.P.G. Csrburclor
by Ltrry D. wagncr, fr? Secre,
ol the 100 M.P.G. Automobile
by  Thomas O 'Br ien ,  and
G8oline Crbb ANuers bY Am-
bssador Jackson - buY thcm
and you will find what has not
becn known by anyone.

O n  p a g e  8 ?  o f  L a r r y
Wagner's book, he writcs about
an cx cngincer from Derroit
who says, after testing ncw
vehicl.s. ralher than Pay S | .50 a

gal}''r lor gsolne for lestinS
tls$sands of vehalet, t ireY Put
on sme type of carbsre!4l lhal
attarns a trmcndol6 uKre:f ill
m i les  pcr  Sa l lo i  Thc  cx
enginm says ir wx verY dif-
fnlt (o dislinguish between the
conventional and suPcr-milcage
carburc to r  by  ou ts idc  aP-
pcarancc.

Oh, ycs, thcre is truth when
you hcar of statemcnts that,
after buying a Yehicl€, the
owncr finds hc is 8ctting, cx'
traordinary milcagc, all of
which Gcurs in Ychiclc shiPPing
mrx-ups.

wagner states, in Tacoma,
Washington, bc lnows of two
individua.ls who have bought
the abovc vchiclcs md found
themsclvcs getting 75 (o E0 miles
per gallon. I have bcad, from
numcrous  ind iv idua ls ,  tha t ,
back in Oshawa, Ont., a man
bought a 1974 Chryslcr car, and
found he was burning hardly

any  gas  and Sc t t in8  up  to  lmo
mi les  on  a  lank fu l  o f  gas .  A lso ,
some )ears  back ,  in  New
Bruns* ick ,  a  Chcvro le t  car ,230
or  250 on- l ine  6 'cy l inder ,  was
get t ing  @ mi lcs  pcr  8a l lon ,

T*o  !ears  ago in  Saskatoon,
Sask . ,  a  l98 l  Cher ro le t  lmpa la ,
305-cubrc  inch ,  V8,  au tomal ic
t r a n s m i s s i o n ,  r e 8 i s t e r e d  5 0
milcs pcr gallon. In lowa a fcs
y c a r s  b a c k ,  a  m i d - s i z e d
Chevrolet sas 8eil ing 40 to J0
mi les  per  ga l lon  un t i l ,  under
compan- r  ins t ruc t ions ,  the  Iowa
car  dea lc r  ca l led  thc  veh ic le
bac l  and thc  carburc to r ,  o r
ca l ib ra t ion .  *as  a l tc red ,  and thc
vchiclc wcnt back to convcn-
tional 8as milcage.

Concern ing  tha t  3 - ton  t ruck
that a farmcr in thc Moose Jaw
arca bought, I heard, from
rcsidents, it was getting from 20
to 25 miles per gallon, where a
conventional carburetor ws
gcuing 8 mpg.

Of coursc, lhe reason ls
dollars and cents are the namc
of the Same for not mass-
producing them, and not the
uswer "nol acceptable under
varf ino conditions." TodaY,
tdhno(og) exists, or has for
y e a r s  b a c k ,  t o  0 v c r c o m e
"varying conditnns."

l f  a n y o n e  b a s e s  t h e i r
arSuments on conventional fuel
systems, inventor Tom Oglc can
see why people would doubt his
OBle sysrem. l l works complete-
ly differently. lt works on
cncrgl taken out of gasoline.
Thc normal carburetor takes
fucl out of thc gas tank. rl ' i th

Ogle's system, thc gas is lefi in
thc tank and'Y!zes" from the
gas arc takcn out. Thc fumes
are the extremc lcy, or magic
cxplosivc, part of gasoline. Thc
problem is everyone kept lhink-
ing the carburetor was indispen-
sab le  to  thc  cyc le .  Wi th  Og le 's
sys tem,  i r  i sn ' t .

Tom Ogle was asked about
thc  sa fe ty  o f  h is  s ! ' s lem,  Par -
t i cu la r ly  the  gas  tank  shete

gasol ine wc heated to generate

Jumes.
OBle stated lhat his fuel

sys tem is  sa fer  than those in -
s ta l led  on  cur ren t  mode ls .  H is
redes igned tank  is  so  th ick
-%- inch  shec t  s tce l  -  rha t  i t
cou ldn ' t  cxp loCc.  .4 l l  was
f igurcd  on  a  compuler .

A  convent iona l  tank  wou ld
cxplode at 240,000 to 250,ff)O
lbs  o f  p rcssure ,  sh i l c  OSle 's
tank would endure 360,000 lbs,
w i th  to ra l  fue l  tank  capac t iy  o f
th rec  ga l lons  o f  gas .  In  casc  o f
back f i re ,  /azes  wou ld  be
vented  to  thc  a lmosphere  v ia  a
sa fe ty  va lve  ins ta l led  in  a i rc ra f t
hoses that connect the fuel tank
to the engine. lf engine pressure
drops ,  the  sa fe ly  !a lvc  goes  in to
action and vents thc,, 'uzgs out-
s ide  the  sys tem.

Ogle workcd on his systcm
over the past f ivc years, nol an
casy task. Therc were many
t imes he  wanted  to  qu i t .  ln
place of the carburctor, Ogle
dcsigned a black box that
rep laced the  carburc lo r .  I t ' s
throuSh thc black box that
lumes arc liltered a final time
bcfore bcing injected straight
into rhc cylinders. Air is mixed
with fumes at the fucl tmk md
thc engine.

Ogle did what should have
been done drcades ago. He
climinared thc inefncient l iquid
gasoline-flow carburetor and

achicvcd shat gasolinc internal
engine combustion was suPPos-
ed to do all along: opcrate off

fumes.

ln Oglc's fucl system, cxhaust
pollution from petrochemical
pollutants es rcduccd to near
zCfO.

To readers of Croineh's uho
want an Ogle p tent, send a $5
Canad ian  money ordcr  to
Aroine*'s for an individual pa-
tent. Crcinexs readcrs should
refer back to Brad Dennis'
August, 1982 column on Ogle.

John Butuk
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A rntegy on quro
developmenl
GM produces 95-mpg cor,
Peugeol produces
S-possenger cor in the 56.mpg
ronge bul lhe World Pelroleum
Congress soys: 'Nol yel!'

I I / clt, tr 's rhar trmc ol

!/ l/ rhe moorh agarn in
Y Y which to scc what

kind of gains in our transporta-
tion world could exist if only rhc
frcc hand of thc markctplace ac-
tually cxistcd.

I am not trying to be cynical
about the busincss world bur I
m trying to i l lustratc to thc
readers of this column that rcal
gains in fucl eonomy or enginc
tcchnology do exist and could
quitc cuily bc introduced into
lhe system if only allowcd.

Now on to thc business of
te l l inS rhe  t ru rh  and no t  ho ld ing
any bars back. Thc proof this
monrh involvcs a GM factory-
ready  95-mpg commuter  car
(ha t  i s  guess t imated to  se l l  in  thc
price range of $350O to i40O0
(U.S. ) .  Nex l  a  5 .passengcr
PeuSeot  tha t  i s  p rov id ing
56-mpg figures.

hst is a report from the
Wor ld  Pet ro leum Congress
deciding with drcision-makcrs
from Detroit that thcrc wil l be
no major changes in the cngincs
used or the type of fuel used for
at least another 25 ycars. I do
not know what dictionary vol,
use ,  bu t  in  mi te  ( Ia l  comcs uD
as conrrol of thc typc of fucl,
the price, and cspeially the
flcel avcrage mpg.

. Cet your popcorn rcady
Decausc we are going to thc ncw
eonomy car showing. Oh, by
thc way, you cunot buy any of
these cars unti l fucl priccs dou-
ble or triple ud thc tax bases
arc adrusted for thc drop in
Silotrnc consmption that th6c
cils bring about.

95-mpg commuter car
from GM

In Figurc I is thc TpC
(2-passenger commutcr), GM's
micromin i  eng inccr ing  pro-
totype that resembles the tiny
cars produced in Japan. (High
mreaga mlnts de not produced
in Norrb Ameri€ baausc they
consumc too l itt lc m mount of
fuel.) On EPA tcst cycles with
lwo passengcrs  and, l4  pounds
of cargo, this vchiclc produccs
milage figura of 69 mpg in the
cily driving loop and 95 mpg on
the high||oJ cireit.

Thc fronr-whel drive Tp(.. is
powcrcd  by  an  a lunr inum
3 - c y l i n d e r  0 . 8 - l i r c r
( 4 8 . 8 - c u b i c i n c h )  g a s o l i n e
cnginc linkcd to a s-spced uu-
sulc.

Most of the body is high-
strengrh thin-gauge stel but the
doors, front cnd, md, four
w h e e l  d r u m  b r a k e s  a r e
a luminum.  Thc  suspens ion
system consists of trmsverse

Brqd Dcnnis is a combustion
cngineer in St. Paul, Minn,
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For-oul
engines

rcinforced fiberglass.
As small u it is (33 inches

shorter and 5 inches narrowcr
rhan a Chevetre), rhere is ample
room ins idc .  CNI  c la ims rhe
front-scat area has more room
than a  Chevc t tc .

The TPC's draS coeftlcienl is
0 .3  l ,  than ls  ro  i t s  smooth
underbody ,  0ush g l ts  in tegra l
air dam, and tlush whcl covcrs
and (ires. Interior air vcnti lation
cxhausts from bencath a roof
extensron ovcr thc top of thc
rcar hatchback. The design
kccps the airf low closcr to the
car's rcar and reduces drag.

OM has no plans to markct
lhe  car .  Howcvcr .  some o f  i t s
featurcs could sho* up in future
veh ic les .

Comment; Thcrc should be
two points madc hcrc to again
make )ou  vcr ) ,  upsc t  w i th  lhe
typcs of progrmmed Droduc-
tion from our auto makcrs.

. Here is absolute proof of
high-milcagc tcchnology put in-
to reall ife cxistence for thc con-
sumer to benefit by rcducing the
aggre8atc dcmmd for ovcrpric-
ed  fuc l .

If this wcre put into effcct
thcre would bc morc disposable
spendtng  to  benc f i r  yor ld
(onomres ,  d  we l l  u  our  s tU-
dard  o f  l i v inS.  Bu( ,  i s  rh is  cu
produccd? No.

r Thc sccond point is e conti-
nuance o f  lhc  f i rs t .  w i th
referencc rationalc bcing cars of
this mileagc nature are being
sold by Mitsubishi and Suzuki
in Japan at a cost of 12J00 to
33200 U.S., md rhar's for I
brand-new automobile.

The rcfusal by our auto
manufaclurers to produce this
typc of itcm is the fact thcre is
vcry l itt le profit margin in this
typc of vehiclc as compilcd to a
much J:rger, Iess fuel<fl icient
ctr, a,!1 thal is what tbr bottom
trir. 6 all rb(r{t.

Peugeot Vera achieves
60 mpg

"You don't havc to rerhink
thc wholc cil to improvc fucl
cconomy by onc-third," said
Hcnri Sainrigny, a tst cnSiner
at Pcugeot's proving grounds.
"This car which wc call Vcra
(F igure  2)  has  thc  same
pass€nger compaflmcnt s the
production-model 305 (not sold
in North Ameri€), ad is the
sme ovcral.l shapc with the

samc gencral layout, but burns
onc-third lcss fucl."
5 Ho* is it done? In brief: by
taking l iShtwciSht consrrucrion
to ncw lengths, ad by rcducing
acrodynamic  d raS th rough
clcvcr ds1311;.t.

Pcrformance of lhe Vcra at
Peugeot's vast Bclchamp prov-
Ing grounds chcckcd out to be
qu i te  in te res t ing .  Accc lc ra t ion
from 0 ro 60 mDh took 14.4
seconds while rcachinS a top
spced of 97 mph.

The mos l  surpr is ing  th ing
about the Vcra is that it looks so
normal. T}|ere's no roclet nose
or stretchcd tail to spoil the
Vera 's  looks  and prac t ica l
dimensions 0usr 170 inches
overa.l l). Yct, therc is a rear
wing, but it 's therc to prcvcnt
airflow scpuation and reducc
tail cnd l ifr.

Peugeot spcialists worked in
the St. Cyr wind tunDcl to droD
thr car's drag cocfficicnl (Cdl
lrom a mediocrr 0.44 to a
laudablt O"3tS- To achiew tt, is,
they retainedrhc standard rvind-
shicH and raar,&indn*. mtk!
fron the 30! GL, bur borhlre
f lush-mounted fo r  smooth
airflow. A front spoiler, in-
tcgral with the bumpcr, is good
for a 0.015 improvcment in thc
drag rating by dcflccting air od
controlling irs flow uder thc
q .

The rcar -door  s i l l s  and
fcndcrs fom fairings to shicld
pan of the rar t ircs, whilc the
rcars of thc front fcndcrs arc
formcd inward to dircct air
from the cngine compartment
along thc sides of the cu. Flush-
mounted covers also direct
atflow ovcr thc whels.

The Vera  dr ives  l i ke  a  normal
car ,  a l though i r  i s  perhaps
s l igh t ly  no is ic r  rhan the  ue l l -
s i lenced 305 CL.  No shor tcu ts
bave bcen laken s i th  seat ing
com[or1 or thc smooth i ld wcll-
dmped r ide .

Okay,  bur  how abour  thc
we igh l  reduc t ions? "We knew
we werc  Sorng to  save a  lo t  o f
we ighr , "  Sa in r igny  cxp la ined,
"So, *e drcided to use a smaller
and i iSh(c r  eng ine .  That  gavc  us
addrtional, ripple-effcct wcight
rcduc l ions  th roughout . "

P c u g c o t  c h o s c  t h c
64<ubic inch (one lirer) cnginc
from thc l i lr le 104 niodet (nor
sold in North America cither)
instcad of the 83+ubic inch
(1 .3- l i te r )  un i t  f rom the  305.
Both arc aluminum 4 cylinder
dcsiSns, but using the smallcr
block savcd nearly 40 pounds.

In addition, Pcugeot fittcd a
lighter f lywhcel, an aluminum
radialot, e plastrc camshaft
cor.s, a magrctum carburetor
body and a thin-shet stainlcss
stcel cxhaust manifold, all of
which saved another 35 pounds.

Thc engine was modified to
make it more efficicnt rhan the
standard 104 unit. The com-
prcssion ratio was raised to
10.2: I, and thc engine now pro-
duces 63 hp at a low 450 rpm.
The 305 GL enginc puts out 6j
hp but at 6000 rpm.

Two camshaft bearings were
climinated to further rcduce
powcr-robbing internal friction.
Lighter valvc springs were in-
stalled i ld cmshaft t iming was
s l te red  to  min imize  va lve
o v e r l a p .  T h e  c n g i n c  w a s
generally optimizcd for high
lorque at low rpm so it could

-:=F

Figurc 2

Rcal gains in fud
economl could bc
in t roduc .d  in to  th€
syslem: Figore I is r
CM factory-rerd1.
95-mpg commuter
csri Figure 2 is the
Vera, I S-prssenger
Prugeot mled 56
mpg a t  s  cons t r r l  56
mph;  I igure  3  i s
N issrn 's  gss  aorb ine
s hich e\pcrts hbcl r
2 ls l  cen tur '  veh ic le .

pu l l  the  " longcr "  cconomy
gearing of thc optional 5-speed
t ransax lc  f rom the  104,  wh ich
was adopred for the Vera.

To liShten ir, thc body shell
was made with hi8h-strenSth
steel inserts in crit ical areas,
while unslrcssed pans wcrc
made o f  p las t i c  o r  a luminum.
Both lcft doors, for inslance,
arc plastic and both rights are
a luminum,  g iv ing  Pcugeot  the
c h a n c c  t o  s i m u l t a n c o u s l y
cva lua lc  bo th .

The front bucket seat frames
arc  p las t i c .  Therc 's  a  p las t i c
support bracket for the control
pedals, and the brakc master
cy l inder  i s  a luminum.  Ex-
per imen la l  M iche l in  p lasr ic
*heels and low-profi le TR-E
t i res  save an  add i t iona t  8%
pounds per wheel assembly.
Complete with fuel, oil and
water, the Vcra weighs just 1632
pounds,4OS pounds less  than
lhe 305 GL.

How does all of the develop-
mctrt affect fucl conomy? In
the Europcan urban driving cy-
cle, the Vera is rared at 37.3
mpSl at a constant 56 mph, 56
mpg;  and c ru is ing  a t  74 .5  mph,
42 mpg. Thar's a full third ber-
ter than the 305 CL sedan.

Peugmt makes it clear that
thc Vcra is just a design study.
It vould bc too costly to build,
but you can expcct features
from it to show up on Peugst
models as erly as 1983.

Thc  impor tan t  po in t  to
remember in rcference to this
design development is - there
was a one-third gain in fuel
eonomy wi!h simple design

(conlinued on prge El)
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P8gc *vcIty<igbt

Three new corburefors ptoye
Delroit is nol giving us its besl

arburetors, emis- o reducc mgine Gtme rc-
sions and mileage - quircments by at lcast lO or
Dctroit says what wc morc points.

arc prccntly using is state ojlha
arl.

I say if this is thc state of thc
ert, thcn these guys must be liv.
ing in thc Nesdrathal Agc. The
fuel systcms prescnted herc
show lhcre ue cndlcss ways to
supply fucl to m engine, and
some much morc efficient than
what one ses when onc opcns
the hood of thc pr*nr{ay
confusion bin.

Now, you don't think that, at
this point in thc game, I am go-
ing to slow down on my stabs at
the bi8 8uys, do you? The only
thing that upsets me is thar I
havc heard from evcryone but
thosc who rcally nad to know
thc facts - thc law.makers.

This month wil l be another
study of more and differcnt car-
buretors, but now I have loaded
my informarion gun s l itttc dif-
fcrently. The polit icims erc
finally Settins inro thc 8ct. They
are now geling informaiion
about fuels ud cngines that has
nevcr bccn prescnlcd bcfore.
Thcy are l inall) realizinS that
controll ing carburctors, thus
controll ing milcage as a flcct
avcragc, controls a ltrgc scrtion
of our economies - milt ions of
dollars wrotcd purposcly.

So, lct 's get on with this new
informarion that wil l makc you
mad cnough to pound your fist
on th. tablc for bcing such a
fool for playing in rhis fucl
moncy con tamc.

7T'ltr" f isr dcvice rs calt-
I  c d  t h e  w c b s r c r -

:a Heisc vapor valvc. lt
is an inexpcnsive retrofi l i tcm
that could cut the present fucl
consumption bil l  by.tO per ccnt.
l. Th€ Webster-Hcis yrpor
vrlve

This is a promising ncw
dcvice that reportcdly inproves
fue l  cconomy fo r  gaso l inc
cng incs ,  rcduccs  po l lu tanrs
d r a m a t i c a l l y  a n d  i n c r e a s c s
cng inc  powcr .  l t  i s  tc t t ing  a
thorough rcviep by thc media u
wcll as eusing, more than
c y c b r o w - r a i s i n g  b y  k e y
members of the Congrcssional
Encrgy Committa

Sherwood Wcbstc r  8nd
Richard Heise hsve dcveloprt
an cngine va-lvc that vaporiza
gtroline in a supcrior way -
comptrcd to what Detroit is
now scnding out of the factod6
- so a morc completc @mbs-
tlon tak6 place.

Rcmcmbcr thosc yapot csb
aniclcs in thc past two ycars,
cspecially on Charlcs Nclson
Pogue? It now appcan as
thougb @liricims uc fiualty
taking $ote of tbc cconook andt
cnvironmcntal bencfik thcsc
vapor fuel splmnr ru bring
abolt. Too bad $cy ec oycr jO
yws latc.

Thc Webster-Heisc valvc hc
becn t6ted formally sir timcs ar
laboratoric reognizcd by thc
E n v i r o n m c n t a l  P r o t c c t i o n
Agenry, producing favorablc
rcsults each and evcry time!

A summary of thc test rcsults
showcd that thc Wcbstcr-Hcirc
valvc can:

Brod Dcnnis is a combustion
cnginccr in St. Paul, Minn.

o reducc guolinc consump-
tion by il much as 40 pcr ccnt.

e rcducc the fomation of ox-
idcs of nitrogen (NO) by s
much il 45 pcr mt.

. reduce thc formation of
cubon monoxidc (CO) by rs
much s 20 pcr ccnt.

. rcducc the formation of un-
burned hydreilbons (HC) by
as much as l0 pcr cent,

o incrme torquc by c much
s 20 pcr cent.

o c l i n i n l t e  s t a l l i n g  a n d
flooding, *pocially on cold
staru.

. reducc the formation of
erbon and 8il dilution dcposits
t h a t  c a n  ! n d  d o  c a u s c

. premature wa and tear on
cngines ud lubricants.

. requirc no mainlcna|tcc.

7Fh. valve hu so fs

I n::;:l'ff"::''JJl
David Lindahl, analysr wirh thc
Congrcsional R€farch Scryicc
(CRS)  who has  j rud icd  (hc
devicc, says thc unil ru bc uscd
on virtually cvcry goolinc
cnSlnc.

Thc CRS study ws ordcrcd
by S€naror Robcn Stafford
(Rcpublican, Vemont), chair-
man of the Environmcntal and
Public Works Commitree and a
ccntral f igurc in debatc oyer
continuation of thc Cleil Air
Ac t .

If thc Wcbstcr-Hcisc valvc is
i [ s ta l l cd  on  mass-produccd
&utos, thc currcnt cmission
rctricl ions ould asily bc ma.
This could dso help our the
esca la t ing  cos ts  o f  poor ly
dcigncd, expcnsivc emissioos
cquipmcnt prdcntly used.

Thc valve is now undcr test by
thc Narional Highway Traffic
S a f c t y  A d m i n i s t r a t i o n
(NHTSA) in &n cfforr to march
carlicr tests conductcd by
privale labs. NHTSA bccame
involvcd at thc sugSction of
rcprcscntativ6 Jancs Broyhiu
/ r c p  N . C . )  r D d  E d w r r d
Madigan ( rep  l t l . ) ,  bo th
mcmbcrs of thc How Encr3y
rnd Commcrcc Comnittcc.

Thc two ArizoDa hvenlors

whcn thc enginc opcratcd abovc
3,m rpm. Wcbster offercd ro
adjust the valvc, but Ford
delined and ended lhc t6ts.
Helpful, wcrcn't ahey?

Webstcr was officially tol4
"lt is Ford's opinion that the
Webstcr-Hcise devicc is not the
most appropriatc mcms of
climinating thc Dcccssity for
carburqtor h€t" gnd that "the

. dcvicc is not of intcicst ao Ford
r I  th is  t imc. "

Most snalysl!, iaclrding thc
rcpon's author, Lindahl, and
Encr ty  Commi t tcc  counsc l ,
Mson, aSre thc valvc is sri l l
cxpcrimcntsl. Both bclicvc it is
potcntially rcvolurionary for
auto md truck makcrs, and
ddcry?s a vcry serious study,
considering thc ramifications if
put into operation, ud it could
savc hundrcds of mill ioro of
dollars of fucl.

T r a n s p o r t a t i o n  S c c r c t a r y
Dr* Lcwis concurs, noting:
"lt could prcscnt I significant
t c c h n o l o g i c a l  b r e a k r h r o u S h
with r6pcct to pollution con-
trol, fucl cconomy and un-
nac6sary costs of refining fuels
to  rcach rpcc i f i c  oc t rnc
ratings."

Thc Chryrler Corporation is
intcrcsacd in thc Wcbster-Heise
valve md is providing the
NHTSA yiri r car ro bc uscd in
its t6ts.

Tte itrffilm will license thc
v8lYc to rry U-S. mrynratim
ud rill provida * 16r r thrce-
yd rurtoriurn on its w in
forcign vchiclcs imponcd into
thc U.S.

f lo*s (o I  di$ocir t ion rcrctor,  in *hich r  c8tr lyst rnd exheust her i
p r o d u c r  t h c  r c t c t i o n  C H , O H  +  h c t  =  2 H  +  C O .  T h e  h l d r o g c n .
r ich trs is coolcd rnd then mixed with intrke r i r  for combusr;n-
Tbis prmcs combinB lha convcnicocc of methrnol with ahc cf f i -
dcocy of btdrog.[.

Figurc 2: ln SERI's mrthrnol./hldro8en Citstion, l iquid methstrol
is pumpcd lo I vrporizcr rherc engine coohnt boils it, The repor

FiSura l: hvcttor Abbcy instrl ls onc of bis crrbrrcloB oD r postrl
vchiclc. Vi€w ol prrtirDy diss.mbtcd Abbcy crrb sbows sp.cld
spools suspctrdcd h brrr.ls by 3priogs rnd lcitn.

Abbey cxplains this principlc
enables the U.S. postal service
test vchiclcs ro hold a much
more accurate air-fucl ratio
through thc entire operating
range. "The improved engine
cfficiency is wlat accounts for
thc improvcd fucl milcage and
lowcr cmissions," says Abbey.

Ffitrc lur cuburctor is

I l,J""?""1'il',r:i'J.1
to bc Yaporizcd and converted
lo telease thc enormous energy
of hydrogen that is contained
within all fucls. It sounds sm-
plicated but really it 's nor.
Simply put, this systcm convcrts
liquid mcthanol to a vapor,
scnds it through a catalyst to
relase thc hydrogen which then
propels thc cngine (FiSurc 2).
3. Mcthrnol rrporircr.

The Solar Energy Rescarch
lnslitute (SERI) ar Golden. Col-
orado has opcned a new field in
altcrnarive fuels. It is testing a
Chevy-Citation running on a
hydroSen/carbon monoxide gas
mixture derived from methanol.

Now, methanol, as we all
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with lhese lhree slrikes qgoinsr you - you're oul, Defroiil
bcSu dcvclopinS rheir valve in
1976. After thrc. yetrs of er-
perimcntation, t*t results wcre
prdcntcd ao thc Presidcnt's
Task Forcc on ReSulatory
Rc l ic f ,  cha i red  by  V ice-
Preidcnt Gorg. Bush. Tak
Fore cou*l C. Boydcn Gray
revicwed thc findings and
rcommended the devicc to thc
Congrcssionol Encrgy Comit-
tae.

Thc Wcbsts-Hei$ vdve w6
ao, cnthusirstielly rccivcd by
the car-malers nor thc oil in-
du3rry. sludild oil of ohio
cxprcssed sn initial interast and
urted tba Ford Motor Compuy
lo tcst the dcvice u pilt of I
joint projct. Ford later con-
ducted the t6ts on its own, ac-
cordin8 to thc CRS repon. Thc
rdulls wcrc favorable. But pro-
blcms reportcdly devcloped

The dcvicc, according to thc
CRS study could bc rctrofittcd
to any gasoline cnginc and
would sell for l6s than tl00 pcr
unt,

Ffltc scpod ncw car-
I burcror is a rcrooling

rA o fmex is r inStypeof
c a r b u r c t o r .  s o  l o w - c o s t
rcmanufacturing can produce a
vtriable vcnturi carburetor that
is 30 per ccnt morc fuel{fficicnt
thu shst we now havc (Figurc
t ) .

2. Abbcy'r vrrhbh vcntud ar
burctor.

Harold Abbey's high efficien-
cy variable venturi carburetor
dclivers 30 pcr ccnt improved
mileage and rcduc6 cxhaust
emissions without the ned for
anti-polluiion equipment. Thesc
4c thc major claims for a
"variablc ycnturi" carburctor
dcvelopcd by a Holmdcl, Ncw
Jcrsey invcntor. The device is
currcntly bcinS ficld tested on
U.S. postal scrvicc vchiclc in
thc Ncw York City area.

Abbcy, prcsident of Digama
Entcrprisc and known around
thc post office garagc on
Manha(tan's Wcst 34th Strcct
as "the carburetor guy," claims
tcsts on New York-area postal
trucks prove his invcntion can
increasc gasolinc cnginc fuel ef-
ficicncy 30 per ccnl atrd more,
and reduce emissions with ECR
systems, cataltl ic convcners or
clatronic controls.

A b b c y ,  a  p r o f c s s i o n a l
cnSineer who holds scveral
pal.nts on his system, claims
thc f ucl<ffi cicncy improvcmcnt

o n  h i s  c a r b u r e t o r  m a k e s
tasolinc engincs just about as
fucl aonomical as small diesels.
Furlhcrmorc, he says he hu
ben able to adapt his idea to a
number of differcnt erburctor
designs, including a prcssurizcd,
floatless modcl.

For a Junc 14, 1982 post of-
fie test, Abbey installcd one of
his cuburcrors in place of e
4-bbl Rchcstcr on a U.S.
postal scnicc vm, The trucl.
cquippcd with e GM 35Gcid
cndnc and automatic transmis-
iion, has a l2,00Gpound GWV
rating. Thc drivcr took it on a
! t o p - a n d - g o  r o u t c  f r o m
Mmhattsn to Exit I I on thc
Ncw Jerscy Turnpike, for a
total of E2 miles. Nomally, thc
troct gcts 3 to 4 mpg. Wirh thc
Abbcy wburctor, thc truck
produccd 9.l l mpg.

This kind of milcage incrcase
dencs attmtion from govcrn-
ments and businesses for cur-
rcnt cost of transponation is far
too high to let currcnt incffi-
ciencies continuc.

F o r  a  J u n e  2 t ,  1 9 8 2
dcmonstration, a Ford C-6O0
truck was used. Abbey installed
one of his 2-bbl carburerors in
Dlacc of lhc studard 4-bbl unit.

The 21,200-pound GVW rruck
vas takcn on a 67-milc city and
highway run, and turncd in 5.6
mpg. The lruck with a rebuilt
361{id V8 under thc hmd nor-
mally gets 2 ro 3 mp8.

According ro Abbcy, the key
to thc incrciled fucl cff icicncv
is his erburctor's prccise con.
trol of thc air-fucl ratio - not
only at cruising spcds but dur-
ing idlc, low rp€cd md ec"
c c l e r a t i n g  i n  t h c
"high-efficicncy vcnturi en-
vironmcnt."

Abbcy conccdes that fucl in-
jetion, which sprays fuel in
combustion zones, and throttlc
body injction, which inrermir-
tcntly sprays fuel at thc throttlc
plates in thc ccntral dr strcam.
do approximatc propcr air-fucl
r a t i o s  " o n  I  q u a n t i t a t i v e
basis." But he says thcy fail ro
"uniformly" dispensc, atomizc
and vaporize the fuel for max-
imum milcagc and lowcr cmis-
slons.

Abbey says hc invcsrigatcd
ways to pcrfect an automatic
vcnturi systcm. His solution is
e m b o d i c d  i n  p r e c i s i o n -
machined spool-l ike cylinders
suspcnded in  lhc  a i r  s t rcam o f  a
carburctor's barrels. Movemcd(
o f  thc  spoo ls  i s  au tomat ica l l y
controlled within thc air strcam
by a systcm of springs md
lcvcrs.

The supcrior atomizing effi-
c iency  is  ma in ta incd  th roughout
an cngine's cntire rpm range.
"Thc spools rise and fall about
% inch, adjusting venturi throat
arca to maintaio a prccise
mctc r rng  vacuum."

Fqnoul

(coltioued on grSc 7r)

l,cV alrttlzlj{,
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secn - unti l now. Now it 's too ,i*" l '" 
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i . .tr""i"gy and miles-pcr-gallon From thcre' the piston' 

l l lh.1 ,.nt.t.ttncss or (he concern

ls*ffi fiilt'Jffi Hi*f,}l':**"*il
. . i . , ' a i :  np  Both  ihcse  cng ines  comple te  combust ion  process  

whar  wou ld  hapf :n  to  our  
a  ih 'p r r r in . rp r  commurcr  cs r  bu i l l  b r  G1\ t .;;'"1:nl,X't:$; :uo-.,. ;|;'i ir'.x?f :rii'i''i]'if;; *i,il:':{il'"f*l'"ll*:: 
A rhree{!'inder commu

-Ji','.';ly.J;:il",,iil:l"','; :;;":i;Hi";;";'.;.i'"i fr:'J'i,'#.:"J,;,lii,."filiio, '*"* s.
hp pcr  cub ic  inch  o f  eng ine  engrne a ie ie t  c l rs f  I  know thcre  uou ld
i l ; ; ; ; " ; i ; ; " r ; l .5hppc ic i .  i ro .o  has  an  a i r - fue l  ra t io  

be  a  to r  tcss  gaso l ine  so ld  an-  \  
|

This- pioves we have t}le range from 20:l to 24:l ' .depen- nually. '-) Z, \:NF-
i..r 'nofogy ro produce efl i- 6;n* on conditions. This is quite 

----; iA -

c i e n c y  b u t  n o t  n e c e s s a r i l !  d i f l e r c n t  f r o m  l h e  c o n \ e n l l o n a l

i o r '  
- i t r .  

t ' i g l t  f u e l - c o n s u m i n g  c a r b u r e t e d  e n g i n e s  * e  u s e  t o d a !  P o i n (  \ o  2 :  G l t ' s  9 0 ' m p 8

a u l o m o o r r e  * h i ' h  a r c  a r o u n d  l 4 l l  T h e  r u t o  i s  d o n ' '  b u l  l o u  c s n  l
- - $ h u , , r a l l o f t h i s l c a d r n g u p  

m i \ .  h o $ . \ e r '  a t  t h e  P r o c o  b u '  i l '  l i o n d e r s h ! ?

i"-. i i i . i i  pt"a'".t ion 
"na 

tt i.a what should rcsult from thls exists but wil l not be introduced

i; .;;. 
"; 

with an alternative cffort is a full-sized automobilc unti l the controll ing pricc of

ior i-prorea fucl mileage sti l l  that achicves over 30 mpg on fuel goes up u well

i i t" in i, .u.h existing tooling the hiShway and an avcrage of

as  poss ib le .  So- -cme ,  th .c  25  mp8- ( tha t  i s ,4 '000- lb+  t t t  Po in ,  No.3 :  Ford 's  h igh-
"PROgrammed Combustion" with 300+ c.i. cngines). milccge cr6 rlso rchicv.60
engine instead of following thc wilh thc enrrance qf rhe Pro- 6pq iiry
res lo f themanu lac ture lsw l tna  co  s t ra t i f ied  eng ine ,  there  w j l l  Ford  has  under rakcn a  fu l l -rest of the manufacturers wilh a co stratif ied engine, thcre wil l
t ransference to the diesel l iDe. 

no* U" t*o lcan-burn strat i f icd scale commuter car prograr l ,

- - - - c h a r g e r s , t h e f i r e t . i s ^ t h e l u c . o n e t h a t w i l I y i e l d 6 0 m p g i n t h t- 
*m"";" k o 'nmhustion cessful Honda cvcc engine' city (FiSure 5) lf all goes well '
Brad Dennis is a combustion c i ty  (F iSure  5) .  l f  a l l  goes .we l l '

m i i e a g e  v e h i c l e s  r i g h t  n o w  b u t ,  c o m p r e s s r o n  r a r r u  D  r r ' '  r '  v u r  
c o l m m u t c r  c a r  i s  c e r t a i n l y  o n  i t s

i ; ; ' ; . ; ; ; ; ; ;  i ""na r ,r t inr al l  the.cnSine runs-on,. lowoctanc 
*"u This cxamDle leaturcs an

oi", f"o* whai that is), they fuel without diff iculty way. This cxamPle features an
o f  u s  k n o w  w h a t  t h a t  i s ) ,  t h e y  l u e l  w l t n e u r  u r r r r l u r r ) '  

a l l - c l a s s  h a t c h ,  r e a r - m o u n l e d
i i f"*  t"  produce this high- Except for having spark iSni-  

; i '6 ' -""e- ' - i r" ' "r . i r .1"" 
""a

re fusc  ro  p roduce rh rs .  h rSh-  .  bxcept  lo r  lav tnS:p i l : ^ l t l : , -  f i v i -speed t ransmiss ion  and
mileage enSine unti l fu€l price tion, Proco rs -very close.rn abour 60 to ?0 mpg at hiShway
gocs up further

t ron, rroco rs YcIv r tuJr , , ,  
about 60 to ?0 mpg at highway

operat ion to a diesel.-Thc di f-  
-" ; . --  

der iJndit io-ns o1' c s  u p  f u r t h e t .  o p e r a t l o n  l o  a  q r c s e r ' . r r r c  u r i -  
s o e e d s .  U n d e r  c o n d i t i o n s  o f

s r u d y  r h c  f o l l o w i n g  f e r e n c e  t n . . . . " : a - : t . l : : t : . :  s i e a d y  s r a r c  3 0  m p h ,  r h c  l i t r t eS t u d y  t h c  f o l l o w i n g  f c r e n c e  l n  c c o n o m y  o I  t n t  t * t  
, i . " d y  s t a t c  3 0  m p h ,  t h c  l i t t l e

-e,..'i,, or my hyporhesi; :l.r:::_1.^'l:1',:"-Tj:j'::,:* ;;ddl'.' ;;" rcsistcr.a flat 86uSumcnts of my hypothesis enSlnc oeslgns colr lcs r lurr !  rrrr  
toddlcr can rc8istcr a f lat  86

; i - ; ; ;  ; " ;  comc up-with , \ .  9i f . f :* : t : , ln 
the cnersv content 

npt.
t " .a .on l ru t lon  -  somclh ing  is  in  thc  fuc ls Th i r  o t ,  o t  i t s  o f  f sPr inS,  u  i l l

not koshcr in motortown Resulb arc so 8oo'J Inar a?- probably bc built on thc Euro'

Dcttolt.

Polnt No l: The Ford
slntifi€d "Proco" 

"nginc

the gas-Suzzling v-8s that were cnglnes proves high-milcage tcchnologY

par .n r l !  Fnd Molor . .Co.  i s  pean S-Uoay t to  appcar  in  Spa in
dropp: . r  invcs tmen ldo l la rs rna  in  l9E2- t l ) .  The d isp laccmcnt
devclopn€Dr program lowaros for the three{ylinder gasoline
that of diesel production.. Proco cnginc wil l bc in the ranSe of 1.5
engines arc hoped to be-in pro- tol.9 l i tr.r.

1.!:u the past fcw yars, Ford drrit ion. by 1984 Ford, stales 
'-Note: 

This rcport is from

cngincers iavc been fudging lhat milcage llSurcs $rl l !c rv 1981. The car has yet to appear

"i8u"J 
*i,tr a scries of ne* pe' cent grcater fot thc Proco and I don'l plan on seeing it for

i i*if"O.ngin.t.allcd thc Pro- ov* that of the conventtonal a couple of yeare or unti l wc are

.oi.r*r. foia began looking at spark ignition carburctcd standing in gas l ines again This

in  the  1986 mode l  )ear .  Thc  cars
wi l l  be  bu i l t  on  a  min i -car  P la t -
form and *i l l  carr-r l*o to four
passenScrs .

Weigh ts  o f  lh r \c  t reau l les  $ l l l

be  about  1 ,50O Pounds fo r  the
four -searc r  and 1 ,100 Pounds
for  the  tso 'sca lc r .  Bod ics  w i l l
p r o b a b l ;  b e  m a d c  f r o m
fiberclass and bc scttled on an
85-inih 1,1-passcnger) or ?3-inch
(2-passenger) whcel base. Track
width should be around 4 feet

Ford may Purchasc some of
the componcnts for this series
from thc Japanese (ToYo KogYo
and poss ib ly  Toyota) ,  and tha t
wou ld  p robab lY inc lude the
powcr  p lan ts .  A t  th is  t ime, . lhc re
is  ta lk  o f  a  th rer -c l l tnder
d isp lac ing  less  than one l i t re .
The dr ive t ra in  shou ld  be  a  f i ve-
s p e e d  o v e r d r i v e  t r a n s a x l e .
Thcse cars wil l go head Io head
with the Ct\l P-car and thc
front-wheel-drive S-car.

Po in t  No.  4 :  Ford 's  ts 'mpg
?.prssenger Aeroren c0uld be
r  b ig  h i t

The fo l low ing  ls  a  Press
re lease f rom Sept .  26 ,  1981.  l t
sho*s  the  capat ' i l i t i c !  o f  au lo
companies $hen thcy reall)-

need to produce a fuel-eff ic ient

v e h i c l e  i n  a  d e P r e s s e d  a u t o

m a r k e t .  I  h o p e  t h i s  m a k e s  ! o u

a s  u p s e t  a b o u t  t h i s  P h o n e )  o i l

c r i s i s  a n d  t h e  r e d u n d a n t  l a m e

cxcuses thal  Detroi t  gi \es on

ho* di f f icul t  i t  is to Produce a

h i g h - m i l c a g e  u l i l i t Y  t a n .

F o r d  M o t o r  C o .  h a s  P r o d u c -
ed a scven'passenSer Aero\an

w h i c h ,  a c c o r d i n g  t o  l h c m ,  s i l l

take unt i l  thc latc 1980s to Pto-
d u c c .  E v c n  t h o u S h  t h e  v a n  h a s

u n i q u c  a c r o d y n a m i c  l i n e s  a n d

u p - t o - d a t c  s t y l i n g ,  i t  d o e s  o n e

t h i n g  v e r y  * e l l  u h i c h  w o u l d

m a k e  t h e  v a n  a n  i n s t a n t  s u c c c s s

i n  e v c n  a  d e p r e s s i o n  e c o n 0 m Y :

The Aerovan achielcs 85 mPg

on diesel and ?0 mt8 on
g a s o l i n e .  K e e p  t h i s  i n  m i n d .

These f igures arc from Ford

Ntotor Co.
T h c  p o i n t  i s ,  i f  t h i s  k i n d  o f

m i l e a g e  c a n  b e  a c h i c v e d  s i t h  a

s e v e n ' p a s s e n S e r  v a n ,  w h a t  k i n d

o f  m i l c a S c  c a n  b e  a c c o m P l i s h c d

w i i h  s m a l l  c o m p a c l s  u s i n g  t h e

s a n r e  t y p e  o f  t e c h n o l o g l  ?

N'ole: Hale you not iced the

l a c k  o f  c o n c e r n  o v e r  f l e e l

a v c r a g e  m i l c a g e  i m P r o v e m e n t s

( c o n l i n u e d  o n  P a g e  6 0 )

r,,14&rUl'

A  l h r e e { ! l i n d e r  c o m m u l c r  c s r  b u i l l  b r  G I U

F o r d ' s  n e *  c o m m u l e r  c ! r  m o d e l ,  i l  h  i t l  r  i e l d  6 0  m p g  i n  ! h e  c i t !  '

engineer in St, Paul, Minn, which hu been on the markct the new linc wil l be introduced



Update on Texaco Controlled- Combustion Engine
ranged from sPectacular 142 Pcr

" " n i  
i n . t e " , e  a t  i d l i n g  t o  3 E ' l

per cenl increase in dcl iverY

o p e r a l i o n s .
B u t  r h a t  w a s n ' t  a l l .  W h i l e  t h e

T C C S  r a n  r a n  m o s t  o I  t h e  l e s l

o n  g a s o l i n e ,  i l  a l s o  r a n  o t h c r

t e s t i  -  e q u a l l l  s u c c e s s f u l l \ '  -

o n  d i e s e l ,  J P - 4  ( j e t  f u e l ) '  a n d

m a n y  o l h c r  u n c o n v e n t i o n a l

f u e l s ,  l h u s  g i v i n g  t h e s e  d e l i v e r Y

v a n s  m u l t i - l u e l  c a P a c i t Y .

T h e  s t o r y  b e h i n d  t h o s e  s n u b -

n o s e d  t r u c k s  i s  r e a l l Y  l h €  s t o r Y

o f  t w o  m e n ,  l w o  c o m P a n i e s  a n d

c o m b i n e d  e n g i n e e r i n g  f a i t h

B i t l  T i e r n e Y ,  T e x a c o ' s

d e d i c a l e d  a n d  s i n g l e - m i n d c d

p r o d u c t  m a n a g e r  1 o t
a u t o m o t i v e  d e v e l o P m e n t s ,  h a s

p r e a c h c d  f o r  Y e a r s  t h a l  r e f i n i n g

i r i g h  o . t " n .  g a s o l i n e  a n d  h i g h

c e n t a n e  d i e s e l  f u c l  i s  j u s t  P l a l n

i n e f f i c i c n l  i n  t e r m s  o f  g c t t i n g

l h e  g r e a l c s t  P o s s i b l e  m i l e s  f r o m

e a c h  b a r r e l  o f  c r u d e  o i l .  T r u e ,

D r e m i u m  f u e l s  o f f e r  m o r c  m i l c s

per gal lon of ref ined fucl ,

Tierney enPhasizcd thal  f , ro-

d u c i n g  l h e m  q a s t e s  m u c n

precious ref inerY energY.

l i g u r e  l .  C l o s c l !  r p l c r d  i n j c ( l l r t  9 n f  t p a r l  p l u g  ( r c r l c  a  f l a m t  f r o n l  i n  t h e  p i \ t o n ' s  d i \ h c d  a r t r

( a b o r e ) .  S $ i r l i n g  a i .  i n d  c o n t r n t r c d  f u c l  i n j t c l i o n  r f t c r  r p r r l  l e t n t i n o l i o n  f c c d  l h c  s l a l i l l n r r t  f l r n t

i i o n t  , O l . g , t .  i h r r r e l .  b u r n i n g  l h e  f u c l  ! t  a  c r r n l r o l l t d  t r l c  a i l d  c l i n l i n s l i n g  o c l a n c / c t l a n e  r t -

; ; ; ; . ; " t ; .  l o p  p h o l o  s h o r s  l l i l l  T i e r n t !  ( \ t a n d i n E )  a n d  J i m  l ' e r i s  s i t h  o n e  o f  l h e  L ' P s  l e s l  \ a n \ '

l h c  i d e n t i c a l  ! a n \ .  l \ P i c a l  o l

t h e  l ( ) , f t r u  \ c h r c l e s  L I P S  c a l l (

" p a c l a g c s  c a r r . '  q e r e  b o t h

p c r r r e r c d  b r  F r o \ e n  b u t  c o n \ e n -

r i o n a l  2 9 2 - c u . i n .  ( ; c n c r a l

I \ l o ( o r \  g a s o l i n c  t r u c k  c n g i n e s '

C ) n e ,  h o u ' e v e r ,  w a s  n t o d i f i c d  l o

u s e  t h c  I  c r a c o  C o n t r o l l e d -
( o r n b u s t i o n  S f s l c m  ( T ( C S )  -

I : i 8 l r r r  L

I  t rst  Profr trscr i  ncarl \ '  4 l)  \ 'ear5

a ! o .  r l r c  l c ( S  q a \  a n  e a r l !

s l r a l r i r c d  c h x l S e  e t l g l n e  l l  u s e s

d r r c c l e d ,  r i c h c r  a i r - f u c l  m r x '

t u r c 5  t o  p r o l n o l c  n t o r e  c o n l p l e l e

c o m b u s r i o n  o f  a  w c a k e r  m i x -

t u r c .  A l l h o u g h  l (  h a s  P r o v e n

c o n s i d e r a b l c  P r o n l i s e  a n d  o b -

v i o u s l r  h r s  d i \ t i n t l  a d ! a n l a 8 c s .

l h c  c n g i n c  h a s  r c l n a i n c d  l n  l r n l -

b o .
\ \  l r r ?  A n d  * h \ .  a f l e t  s ( r

t r r a n !  \ e a r s ,  h a s  a  8 l 3 n l  l l e c l

o p c r a t o r  l r l c  t  P S  i u d d c n l \

l a l c n  u f '  l c \ l i f g  a n d  d c \ c l o P '

m e n t : '  F u r l h c l ,  s h \  w c r c n  l

d r e s c l r  o r  o n c  o f  l h e  n e w e r

s l r a t l l i c d ' c h a r F e  e n g i n e  l v p c s  -

s u c h  a s  H o n r l 3  s  s u c c e s s f u l

C V C C  o r  F o r d ' s  s t i l l b o r n  P R O -

C O  -  o f  i n t c r e s t ?  T o  g e t  t h e

a n s w c r s ,  o n c  m u s l  t a l k  t o  t h e

c n g i n c c r s  i n : i d e  t h i s  P r o j e c t .
T h e  r e : u l t s  o f  t h e  i n d e p e n -

d c n t  a i r P o r l  l e s t i n g

( i n d e p e n d e n t  n l e a n l n g  w l l h o u l

t h c  h e l p  o f  t h c  a u t o  i n d u s t r l )

w e r c  v c r y  i m P r e s s i r e  T h c r c

w c r e  n o  t i r e - s m o k l n B  s t a r l s  o t

s c r e a m i n g  c u r ! e s  T * o

8 , 0 0 0 - P o u n d  v a n s  c a r ! J  t n g

4,000-pound Pavloads don't .ex-

acl lY Producc l l { i t t l -Poundrng

r o a d  t e s l s .  l n s t e a d ,  ( h e r e  v a s

day after daY of repet irrous

s t a r t s ,  s t o p s ,  i d l i n g  a n d  a c -

c e l e r a t i o n ,  w i t h  ( h e  d r i v e r s

p e r i o d i c a l l l  c h a n g i n g  s e a l s  l n

i h e  c n d ,  h o w c v e r ,  t h e  T e x a c o

engine achicved over 35 Per cent

belter fuel  economY than the

s t a n d a r d  C M  e n g i n e

La ler ,  the  same vans  ran
ident ica l  courscs  o f  c i t )  de l i very
a l rd  h ighua l  d r i ! ing  Aga in .  lhe
mi lcage ga ins  fo r  the  TCCS
eng inc  werc  s ta r t l ing .  TheY

I ) rot l  l )ennis is o coDtbuslt( ,n

cuRinecr in \ t ,  I 'oul ,  l l i r t t t ,

Graine*s, JanuarY l9E2

,-H#iTii${*i
C o n t r o l l e d - C o m b u s t i o n  P r o -

c e s s  ( T C C P )

A \  ) - o u  m a \  r c c a l l .  t h c  T C C P

e n g i n e  w a s  d e \ c l o p c d  b Y  o i l  c x -

n e i r s  a l m o s t  4 0  ) e a r s  a g o .  T h e

s \ s t c m  p r o \ e d  d o u b l i n g  g a s

m i l c a g e  w a s  n o t  t h a t  d i f f i c u l r ,  i t

i s  \ i m n l y  a  m a l l e r  o l  o e s l S n '

K e e n  i n  m i n d  t h a t  t h e  T C C P

w a s  a n  o l d  d e s i g n  t h a t  d i d n ' t

have the comPuter science in-

t c g r a t e d  i n t o  i t  t h a t  i s  a v a i l a b l e

t o d a v .  l f  w e  u s e  t o d a Y ' s

t e c h n o l o g v  o n  t h i s  d e s i g n ,  I

h a \ e  a  s t r o n g  b e l i e f  t h a t  l m -

frro\enrcnls could be achieved

b c Y o n d  * h a t  t e s t i n g  h a s  s h o w n '

T h c n  * h Y  i s  l h i s  e n g i n e  b e i n g

k c p t  f r o m  t h e  P U b l i c ?
i  l . t  you be thc judge and

d c r i v c  y o u r  o w n  a n s w e r s  l o  t n l s

pcrplcxing quesl ion l  am only

t h e  o n e  l h a l  r c P o r l s  t h e  l a c t s

E a r l y  o n e  m o r n i n g  l a s t  f a l l

( 1 9 8 1 ) ,  l w o  d a r k - b r o $ n ,  s n u b -

n o s e d  U n i t e d  P a r c e l  S e r r t c e s
( U P S )  \ a n s .  e n 8 ! n e s  t h r o b b r n g

q u i e t l \ ,  s t o o d  m Y s t e r l o u s l Y

p o i \ c d  a t  l h c  c n d  o f  a  r c m o t e ,

u n u s c d  a i r P o r l  r u n w a Y  I n

u p r t a l c  N c s  Y o r l .  T e s t r n g  * a s

a b o u t  t o  b c g i n  t o  P r o v e  t h a l  a

l o n g - i g n o r c d  c n g t D e  c o n c c P l

*a\ ancl  alrvar-s has been I 'a l id

a f t c r  a l l BRAD
DENMS

ENGINES

i l ( ; t  R I  ! .  t ! i l \ t \ I t . l )
c t \ E R A L  l \ t o l o R S .

TUI ]L  SAVINGS -  T( ' ( 'P  \S .

prpcr.  \ \ 'he' tc i  l lc\ \  dl("el

c n g i n c  u o u l d  c o \ l  S J , ( X X ) .  n l u \  a

n c s  t r a n \ m i s s i o n  a r l d  n l a r l \

d r i \ c - t r a i n  n o d i l r c l l r o n \ .  a  n c $

C N ' l  2 9 2  s h o r t  h l ( ) c l  ( n o

c t l i n d c r  I r e a d  o r  a c . e \ \ o r l c ( )

* o u l d  o n l ; -  c o \ l  S { 5 0  T o l . l l }

m o d i f i c d  t o  I C  (  s ,  i l  u o u l d

c o s l  $ 2 , 1 2 5 .  B c l l c r  s l i l l ,  i t

s , o u l d n ' l  s e i g h  a n r  m o r c  a n d

c o u l d  b e  d r o p p e d  r i g h t  i n t o  o l d

b o l t  h o l e s  $ i l h  o n l Y  n r l n o r

c h a n g e s  ( F i g u r c  2 ) .

U P S  c o n t r a c t e d  q i t h  t h e

E n g l i s h  f i r m  o f  R i c a r d o  C o n -

s u l t i n g  E n g i n e e r s  l o  d o  t h c

c n g i n e e r i n g .  l : i n a l l ) ,  u h c n  t u o

c o m p l e t e  e n g i n e s  $ e r c  a s s e m b l -

e d ,  o n e  w e n l  i n l o  T e \ a c o ' s

d ! n a m o m e t e r ,  l h c  o t h e r  i n l o  a

t r u c k .

The b ig  advantage
A l l h o l r g h  t h c  l c r a c o  c n g t n c

m a r r i a 8 c  l o  l h c  U I ) S  l r u l l  a P -

p c a r s  a  h a p p l  o n c ,  l h c  c n t l n c  \

r c a l  f u t u r c  i s  i n  t h c  r r r c l c l )  r a t r -

i l 8  f u c l s  \ c l  l . )  c , l m c  -  I u c t '

l h x l  c o n l c n l D ( ) r r r \  s l r l l i l l c ( l

c h l r p c  c n S t r l c \  c i n  I  t r \ c

I  r c r t t c r  s a r s  I l l a l  d r ! e r ( c .  c : l \ l c r

l o  r c l i n c  l u a l \  i r c  f J c r l c f l l \
r r r r r . r h l c .  c s t r c t r ; r l l r  . l l ' . {  I  l r . t t

( r n c n \  l h c  p o . . r h r l r t r  o l  r L r n n i n g

o ' r  l l l c  l i l l c r l l a c  l r l c l \
' ' . l L r p . ,  a .  h c  c i l l (  l l , c t l r

I h a l  t c ( U l t  l r o l i  n l l \ l n g

p c t r o l c t r r n  n r o d u c l (  c l l d  l ( )  c l l d

i r r  p r p c l r r r c . .  A h o t t l  a l l  l h a l  a r t r

h c  d o n c  r r i t h  s u c h  s l o f s  t o r l r r  i s

r o  s e l l  t h c n r  l o  a  s m a l l  r c f i n c r \

f ( r r  r c s c p a r t l i i l g .
R i g h l  n o \ \ .  s h c l l l c r  l h c

( ' i n d c r c l l a  . u l t c h  f r o r l  t l t c

m u n d a r r c  ( i \ 1  2 9 :  t ( )  l h e  c \

c i t i n g  I  (  (  S ,  t c r c t t <  l t r r t n  t l t c

c o f , c h  l { )  l u l n f l l l n  a l  l l r c  \ l r ( ) k c

r r l  r n i c l r t i ! l r t  \ c c r l ] '  l { r  l l r l l ! .

r l a i n l r  ( r n  c ( r \ c r i l n l c t l l

"  t  a  n r  p c r i  n  g "  r c !  l l  l l  I  I o l l \  '

( l o ! e r n r r l e n l  r c s l r l c l l o n s  r r c

a l \ \ a \ \  g c l l i n g  i n  l l t c  s a \  o l

p r  o g t  e s s i r  e  c h a n g c s .  I  l t t t s

c ( ) \ t  r  n g  I  l l ( r \ c  c o  r l l  p r n  t c \

c r c i l i t t !  l h c  c h a n g c s  n t i l l i o t t s  r n

r c d  l r n c .  C o \ c r n m c n l s  t t t t d  t o

g c r  o u l  o f  I  h c  a u t o n l o l  i \  c

b u s i n c s s  a n d  l c l  i t  P r o g r e r s  a t  i t s

o u n  r a l c .
T a n t p c r i n g  m c a n s  t l l a t  l n  l P

p r o v c d  c t t g i r t c  l r a s  b c c n  a l t c t c c l

t h i s  a u t o n r a t i c a l l l  n l a k ( ' s  l h a l

c n g i n e  i l l c g a l .  S o ,  c \ c n  t h o u g h

l h e  T C C S  e n g r n e  h a \

d e m o n s t r a t e d  r c m a r k a b l c  I u c l

s a v i n g s  a n d  i t s  c n l i s s i o n s  l c r c l s

m o r c  t h a n  P a s s  t h c  r c -

q u i r e n l c n t s  o f  a l l  s t a t c s  t h a t  t c s t

f o r  l h e t n ,  i t  i s  s t i l l  t c c h n i c a l l l  i n

v  i  o l a r  i o  n .
S o  f a r ,  u n d e r  a  h a r d - s o n ,

l $ o ' ) ' c a r  s p c c l a !  e \ c n l l l l o r '

f o u r  
- I C C S  

c n g i n e s  h a \ e  b c c n

t e s t c d .  T e n  m o r e  a r c  u n d c r  c r l n _

s t r u c t i o n  a n d  5 ( X )  n l o r e  a r c

p l a n n c d  i f  a l l  g o c s  q c l l

R c m e n r b c r  l h e  q u o t e  f r o n l

t h e  f i r s t  a r t i c l c  o n  l h i \  c n ! l n c

[ r o n ]  t h c  l j o t d  c r c r u l l \ c  c l l r c c

t o r ,  N l r  R 3 \ i o l o . ' [ : r r g i r l e c r i n g '

c h a n g c s  t a k c  l i m e  b u l  c i l o l r l l l

t c s t i n S  h a c  b c c n  d o r l c  a l l d  l l r c

l ( (  S  c n g i r r c  s i l l  b t -  i n  p r o t l r r t -

l i o n  r n  l h c  1 9 6 ( ) \

E v c n  i n  l h c  c a r l )  1 9 4 0 '  h e

a n d  l c r a c o  f e l t  t h a l  s a s l i n g

f u c l  l o  p a r n f r c r  f i n i c k ) -  8 a s o l ' i l e
a n d  d i e s c l  c n g i n c s  w a s  f o l l l  o f

( h e  s o r s t  s o r t .  S o  h e  h e g a n

d c r c l o n r n c n r  o f  a n  e n g i n c  u i t h

s * i r l i n g  l u r b u l c n c c ,  t i m c d  f u c l

i n j c c t i o n  a n d  a  n c $  s p e c i r l  i g n i -

t i o n  s y s t c m .  T h a t  c o m b l n a l l o n

m a k c s  t h e  l C C S  e n g i n c  i n d i f -

f c r e n t  l o  o c l a t e  o r  c e n l a n c

r a ( i n r s .  l n  f a c t ,  ! l  c a n  b u r n

f l u i d s  y o u ' d  n c r c r  l h i n l  o l  a s

l u c l .
I  r e r n $  q L r r c l l r  t t c l s  o f f  t h c

r t u n r h L L n g  t ' 1 . ' l (  t h a l  h 3 \ e

a i l i c n  e J a h  t r n r e  t h c  T ( ' (  S

s e e m (  r e a d !  I o  t ' e  n r o d u i c d  l n

r e c e n t  ) c a r s ,  t h e \ c  h a \ e  b e e n  l n e

t a r i o u s  r e s u l l s  o f  h a s t f -

s c r a m b l c s  b Y  D e l r o i t  t o  c u t

e m i s s i o n s ,  i m P r o r e  f u c l

e c o n o n r y  o r  s q u c e z e  a  f c $ ' n l o r e

y e a r s  o u t  o l  c r i s t i n g  c n g i n c \  a n d

t o o l i n g .  E a c h  s i t u a l i o n  d c m a n d -

c d  s o  m u c h  m o n c Y  a n o

e n g i n c e r i n g  t i m c ,  P r e s s e d  b )

such urgencY, that manfJo\\er

a n d  l a b  f a c i l i l i e s  w c r c n ' t

a v a i l a b l e  t o  s e r i o u s l  j  i n v c s t i g a ( e

a n y  n c w  c o m b u s t i o n  s y s l c m .

D e t r o i t  h a u l  h a d  i l !  c ! ( s

c l o r t c l .  h o w t v c t  C h r l s l e r

1..- f rx ln!es{ iSl l io€ lhe TCCS

r : !  i \ :  ) e a r s  a g o .  E n g i n e s  w t l h

s i m i l a r  c h a r a c t e r i s t i c s  h a r e  b c e n

e x p l o r e d  b r  b o l h  C M  a n d  F o r d

F o r d ' s  P R O C O  s y s l e m ,  u n l o r -

t u n a t e l y ,  w a s  d e s i g n e d  f o r  t h €

r a p i d l y  d i s a p p e a r i n g  v - 8 .  l l s  e f '

fects on lhe smal l  fours and

s i x e s  a r e  m i n i m a l ,  u n l i k e  H o n '

d a ' s  s u c c e s s f u l  -  b u t  d i f f e r e n t
- strat i f ied charge technrque.

Detroi t  engineer may not have

h a d  t h e i r  e y e s  c l o s e d  t o  t h i s

e n g i n e  d e r e l o P m e n t '  b u t  t h e Y

c e r t a i n l y  h a v e n ' t  h a d  l h e i r  h e a r t

i n r o  i t s  p r o g r e s s  c i t h e r .  F o u r

y e a r s  o f  d e v e l o p m e n l a l  t i m e  f o r

s u c h  a  g r e a t  a d v a n c e  l n  e n g l n e

t e c h n o l o g l  i s  P l e n { Y  b u t  4 0

years of dragging their  fce( is

a b s u r d  I

Through a Sianl 's  eYes
\ \ ' h e n  y o u ' r e  a  g i a n t  l i k c  U I ' S

a n d  h a v e  s t r u g g l e d  l h r o u g h  t $ o

f a k e  f u e l  s h o r t a g c s ,  Y o u  l o o k

a l r e a d  n o t  o n l )  a l  l h e  r l s l n g

c o s t s  o f  g a s o l i n c  b u l  a l s o  a t  l h e

v e r )  r c a l  p r o s n c c t  l h a l  f u l u r c

c v n r h c t i c  o r  s h a l c - d c r i r c c l  f u c l s

$ i l l  r r r \ ,  g r e a t l ! ' i n  q u a l i t l  S o ,

y o u ' l l  n e c d  a n  e n g i n e  l h a l  w i l l

r u n  o n  w h a t e l e r  c o m e s  a l o n g .  l s

i n e x p e n s i l e  l o  m a l n l a t n ,  a n o

c a n  m e c l  s o m e  s p e c i a l  d c m a n d s

t h a l  d i c s e l s  c a n n o l .
" D e l r o i t  w a s n ' t  d o i n g

a n t t h r n g ,  s o  s e  h a d  t o , "  s a ! ' s

J i m  L e w i s ,  U P S ' s  a u t o m o t t r e

e n g i n e e r .  F o r t u n a t e l t ,  b o t h  h c

a n d  T i e r n e y  f e l t  t h a t  U P S  s

t h o u s a n d s  o f  C M ' s  2 9 2 s  c o u l d

be converted to TCCS

A l t h o u g h  h e  i s  a n  o p t i m i s t i c

m a n ,  L e * i s  h a s  P l e n l - t  o f  r e a s o n

t o  $ o r r y .  T h e  c o m P a n l  h a d

m a d e  m a n y  c o n v e r s l o n s  l n  t n e

p a s l ,  t o  d i c s e l s ,  a n d  e \ c r !  l i m c ,

t h e  i n i t i a l  a n d  m a i n l e n a n c e

c o s t s  h a d  s k Y - r o c k e t c d  -

a l t h o u g h  t h c  c n g i n e s  t h e m s e l r  e s

$ e r c  r e l i a b l e .
B u t  t h e  T C C S  l o o k s  S o o d  o n

w h i l e  t h c  o l h e r

c h a r a c t e r i s l i c s  f o r  t h e  o r i g i n a l

e n g i n e  a n d  t h c  T C C S  a r e  a l n l o s t

i d c n t i c a l ,  l u e l  c o n q r ) m P l i o n  \ N -

i n s s  i n r p r c s s i r c l j  i n  f a \ o r  o f  t h c

T c r a c o  e n g i n e .  l n  t h c  f i e l d

! - c * i s  s a v s  P c r I t r r n l a t l c c  i s

a b o u t  e q u a l .  " \ \ c  r c  h a t l  c l r a g

r a ! c (  a n d  l h c  o u l c o n l e  d c n c r r d s

o n  l h e  d r i \ c r . ' '
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Generql Motors'
coql'burning
furbine engine

o m e t i m c  i n  t h e
futurc, You maY Pull
into a servicc station

and ask the attendant to "fi l l  'er

up" with coal instead of
gasoline, gasohol or somc tuk.
ed gascous fucl.

But,  never fcar.  I t  doesn' l

mcan you wi l l  have to carry a

shovel in your car,  and stoP

every now and then to hcavc a

fcw shovclfuls of mtiraci tc into

a f i rcbox.
Thc coal is in a vcrY f inc

powder that f lows automatical-

ly into a turbinc cngine which

runs as smoothly and cff ic ient lY

as a l iquid-fueled dicsel or a

gasol ine-powcred car.

The coal-powercd car is no

i d l e  d r e a m  o f  s o m c  m a d  g a r a g c

i n v e n t o r .  C e n e r a l  N l o ( o r s

a l r e a d v  h a s  a n  c x P c r i m c n t a t

c o a l ' f u c l e d  c n g i n c .  c a l l c d  t h c

A C T - s .  I t  h a 5  b e e n  i n s t a l l c d  i n '

ro a product ion vchiclc for

t c s t  i n 8 .
Mcan*hi lc,  othcr compania

arc taking hard looks at coal as

a n  a u t o m o l i v e  f u c l  o f  t h c
futurc. For cxample, a Conoco
spokesman revcals thc company

is now planning rcscarch to

dcvelop a coal-bascd l iquid fuel .

T h e  p r o . i e c t ,  s t i l l  i n  t h e

Ilrad l)ennis is a combustion

engineer in St.  Paul,  Lt inn.

"drawing board" stage, is too
new for any furthet claboration
at this time.

ln any casc, the rc{valuation
that an intcrnal combustion
cngine can, in facl, run on solid
ra thcr  than l iqu id  fuc l  i s
cspecially intriSuinS bccausc'
superficially at leas(, it scems so
imprac t ica l .  ln  l iSh t  o f  thc  in -
creasing cost of Pctroleum-
bascd fucls and thc cvcntual
d e p l e t i o n  o f  c o s t - e f f e c t i v c
pelroleum reserves, lhe abun-
dant coal rescrves look evcr
more attractive s alternatc
fucls.

Coal can bc used s is, cxccpt
for pulvcrization or solvcnt
refining, or it may be convertcd
in to  I iqu id  fue ls  inc lud ing  sYn '
t h e t i c  o i l ,  d i s ( i l l a t c ,
g a s o l i n e / d i e s e l  f u c l  a n d
mcthano l .

Char t  I  sho*s  lhe  Pcrccn ta8c
of cncrgl available after Pro'
ccss ing .  No lc  tha t  Po*dered
coal rctains thc highcst a$ailable
cncrgy - a rcmarkablc 95 P€r
c c n l  -  w h i c h  i s  c v c n
s ign i f i can t ly  h ighcr  than fo r
solvent-refined powdcred coal.

he kcy to powdcr
power as it is rclated
to  au tomot ive  fue l

c a m e  w i t h  t h e  r e c c n t  d e v e l o p '

ment of powdcrcd coal having

e x t r e m e l y  s m a l l  p a r t i c l c  s i z e s .  I t

was thc availabil ity of such

smal l -par t i c le -s ized  coa l  tha t

f i red  ihc  imag ina t ions  o f  GM

cncincers and lcd to the inven-

tio-n of a PtototYpc solid{oal-
fue led  tu rb inc  car  eng lnc
(FiEure l).

In thc Past, Powdered coal
has bcen produced in lhe size

rangc of 50 to ?5 microns but it

is much too large for use in cx-
isting oil-f ircd uti l i ty boilcrs and
automobilc cngincs. Therc *as

a need of f incr coal that would

burn morc l ikc a l iquid fuel.

Rccently, the coal industrY
found a waY to further Pulvcrizc
coal so it is cvcn finer than

oowdercd sugar. Avcra8e Parti-
cle siza in the ordcr of thta
microns ere nov fasiblc.

Just how small is s threc'
micron particle?

It takcs 1000 microns to maxe
s  m i l l i m e t e r ,  a n d  2 5 . 4
mill imctcrs to make an inch'
Thus ,  a  s imPlc  ca lcu la t ion
rcveals (hat 25,4O0 thre-micron
coal particles placcd side bY side
would form a l inc onlY onc inch
tong!

The cxtremely small Particlc
sizc is important because thc
total surfacc arca is greatlY in-
crcucd u a solid is Pulvcrird
into ever tinier particles. lt is
this incrcscd surfacc arca that
makcs thc powdcr far more
combustible than largcr chunks
of thc samc matcrial; in this
qse, coal.

The rcason a  combust ib le
matcrial of otl tYPe (Sasollnc
inc luded)  bccomcs morc  com'
bus t ib le  s  i t s  par l i c l .  s ize  is
rcduced is  tha t  ox t8en can 8c t
to  la r8cr  sur face  a lcas  lo  c f fcc t
fs tc r  ox ida t ion  or  burnrnS-

L c l ' s  6 s u m c  * c  h a \ e  a  o n c -
cub ic  inch  chun l  o f  coa l  and
pu l tenze i t  i r ) lo  paruc les  ha t tng
a th rc -mic ron  d  amctc r .  To
m a k c  c a l c u l a t i o n s  c a s i c t ,
assume the particlcs are pcrfect
spheres, A small cube of coal
hav ing  on ly  s ix  squarc  inches  o f
surfacc arca would yield more
than onc  t r i l l i on ,  159 b i l l i on
par t i c les ,  wh ich  *ou ld  have a
lo la l  sur face  ar fa  o f  about
50 ,812 square  inches l  Smal l
wondcr  i t  burns  so  cas t l ) .

Other  ad \an taSes are  Sarneo
*hen thc  coa l  i s  f ine l ; "  pu l te r tz -
cd .  ln  par t i cu la r ,  t l  i s  poss ib l .  to
remola  a  la rSe por t lon  o f  th?
ash and su l fu r  In  lhc  coa l  to  cu t
a tmospher rc  po l lu t ion ,  and lo
rcducc  c ros ion  and the  fo rma-
t ion  o f  depos i l s  on  the  In le r ro r
p a r t s  o f  t h e  t u r b i n e  A

"solvent refining" Process is
used to lo*cr thc ash and sulfur
content beforc thc coal is
pulverized.

Cost savings are antrclPateo lI
the powdercd-coal automotivc
fuel systcm can bc Pcrfcctcd.
I t ' s  c la imed tha t  the  Pr icc  o f
coal in thc form of a cleaned
fine powdcr is abtut one-holf
lhe  cur rcn t  Pr ice  o f  th€

cquivalent cnergY in Sasolinc!
A n o t h c r  a d v a n t a S e  o l
powdcred coal, sccording lo th.e

coa l  indus t rY ,  i s  the  smal l
capital investmenl rcquiled to
proccs it comparcd with that
needcd to Producc l iquid fuels
from coal. The method of
d i s t r i b u t i o n  l o  c o n s u m c r s
would nced to be worked out'
but GM cnvisions it would be

simili l  to thc bulk l iquid fuel
distribution sYskm uscd today'

FJtt '. AcT-s turbine,
I  d c v c l o P e d  b Y

I Gencral Motors' *as

first demonstrated in June'
1981. lnstallcd in a Production

Chart 1 Coal-burning turbine. The chsrt shows th. vrric-

ty of fucls thrt citr bc obtalncd from corl.

F i g u r c  2 .  t l o *  c h r r t  s h o E i n g  h o t  p o * d e r e d  c o a l  i s  m o v c d  f r o m

s l o r r q e  l r n k  l o  t h e  l u r b i n e  c n P i n e

\ ch ic lc ,  i t  i s  comparab lc  rn  ou t -
Fur  lo  a  smal l  \ ' -8  cnSinc ,
a l lhouBh i t  *e rghs  consrdcrb ly
lc5  s .

The eng ine  is  cqu ippcd w i th
an on-board  conrputer  to  con '
t ro l  combust ion  to  ach ic re  fue l
economy nearly equivalenl to
tha t  o f  a  smal l  gaso l ine  V-8 .  l t ' s
said the driver and passengers
experienced no noticcable dif-
fcrcnce in the AGT-s fueled by
powdered coal compared to
runn ing  i t  w i th  l iqu id  fue l .

The finely powdered coal is
stored in a fuel tank loca(cd in
thc cnginc compartmcnt above
thc right front wheel. That loca-
tion should permit largcr lu8-
gage space in the rear of the
vchicle and eliminate thc need
of long fucl l iocs A mctering
fuel pump, aidcd by an cnSine-
d r i v e n  a i r  c o m p r c s s o r ,
transports the Powdcr in a
steady strcam from thc tank to
t h e  e n g i n e .  M c c h a n i c a l
vibrators in thc fuel tank assurc
smoothly controlled flow of
powdcrcd coal to the enginc.

The combustion systcm of thc
ACT-5 consists of a turbine
burner, a fuel-injcction nozzlc
and an ignition system. A l iquid
fuel pilot, ignited by an electric
spark ,  in  tu rn  ign i l cs  thc

po*der  as  i t  en le rs  the  burner .
A  smal l  amount  o f  l iqu id  fue l  i s
s to red  on  board  fo r  the  P i lo ( .

I f  you  s tudy  thc  eng inc  f low
char t ,  you ' l l  no t ice  there  is  a
small clectric compressor at-
tached to a reservoir f ittcd sith
a prcssure switch and solenoid
switch. This provides enoug,h
compressed air to 8et thc coal
powder  f low ing  dur ing  the
s tar l -up  per iod .  Thcreaf le r ,  a
second air compressor attached
to  thc  tu rb ine  prov ides  thc  com-
pressed air used to transpor( thc
coal from the fuel tank (o the
turbine. This air passes through
a cooler bcfore it is recYcled
back to thc air comPressor
(F igure  2) .

Wel l ,  th€re  you 80 .  The boys
from Dctroit can construct a
tcchnical advanccmen( instead
of crcating comPlicatcd add-ons
to thc outdated internal Piston
drive cngine. Thcrc is a serlous
nccd to dcvclop this design fur-
ther and that has to do with the
fuel supply itself. Rcsearch in-
formation that I havc compiled
i n d i c a t c s  t o d a Y ' s  c u r r e n t
reserves of coal, at prescnt

dcmands, could suPPlY us with
cnergy for the ncxt 2500 Years
Remember, this is the Year
t984.  D

Fuels obloinoble ttom cool

Ps cmt ol ffigy wolloble oftq Pr66srE

I- i8ur. t. CM'! AGT'5 turbinc burns powdcred coel

Country memories
By D.C. Lund, Taber,  Alberte

-^Ar*-^

' a L  
,

"Things looked good when Mom rnd Drd bouSht (hc bi8
house end the new clr. Thcn lhe mcrket for grrin strrled drop'
ping end for serenl yerB it ws loo dry lo rrisc sny tood crops
rnyr r !  s .

"By *orking for rhc CPR, Drd wls rblc to hrn8 on to lhc
house end prt( of l l tc frrm, but it wrs so brd they couldn't rf '
fofd grs or rcprin for the big crr Drd was so proud of. Dad
hsd to ride r ho6c to go lo Fork rnd, if hc took lhe frmil! '  hc
hookcd the iclm to (he crr and drovc lo town thrl iry. Thcrc
wcre lots of nicc cers bcing pullcd by s term of horscs -
'Bennett Wegons'lhey crl led them, bul I Suess it wsn'l rcrl ly
the prime minister's frult."

D.C. Lund lives near Taber, Alla, and brceds W.kh Blacll

and Simmcntal cqttlc'

Gt{ibcws; Fibrurry 9, l9E4
Prge trlnt(ccn



R. SCTIAFf,lfiI}K€ T,tPORT :

T h e  l a s t  o b s e r v a t i o n ,  i n  c o n n e c t i o n  w i t h  t h e  n e w l y  d e v e l o p e d  " p l a s m a  i g n i t i o n "

s y s t e m  B A U R ,  ( a  n o v e l  h i g h - e n e r g y t  c a p a c i t o r - d i s c h a r g e  i g n ' i t i o n  s y s t e m  f o r  a l l  s p a r k
p i r g  r n g i n e s ) ' i n  E u r o p e  h a s  s h o w n  s u c h  d r a m a t i c  r e s u l t s  t h a t  t h e  p l a n n e d  i n t - r o d u c t i c n
o f  i n e  J n t i q u a t e d  U . S .  c a t a l y t i c  c o n v e r t e r  i n  t h e  c a r  e x h a u s t  s y s t e m s  f o r  [ J e s t e r n
E u r o p e  m i  g h t  b e  c a n c e l  I  e d .

A  d e v i l o p m e n t  i n  l , J e s t  G e r m a n y  r e p i a c c s  t h e  c o n v e n t i o n a l  s p a r k ' i g n ' i t i o n  ( w i t h  t h e
h e l p  o f  s p e c i a l  c o n d e n s e r s  a n d  p l u g s )  b y  " p l a s m a  i g n i t i o n " ,  i n c r e a s i n g  i g n i t i o n  p o w e I -

f r o m  2 0 - 1 0 0  m W ,  t o  2 4 , 0 C 0  m W  a n d  i g n i t i o n  t e m p e r a t u r e  b e t w e e n  e l e c t r o d e s  f r o m  2 , 5 0 0
d e g r e s s  C .  ,  t o  m o r e  t h a n  6 , 0 0 0  d e g r e e s  C .

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

e n q i n e s  o n l  / )T h e  c o m b j n a t i o n  o f  f u e l - m a g n e t ,  p l u s  p l a s m a  i g n i t i o n  ( f o r  s p a r k  p l u g
p l u s  w a t e r  v a p o r  i n j e c t i o n  l e a d s  t o  t h e  f o l l o w ' i n g  r e s u l t s :

I  .  0 r a s t i  c  r e d u c t j  o n  o f  f u e ' l  c o n s u m p t i  o n  .
2 .  R e d u c t i o n  o f  h a " m f u l  e x h a u s t  e m r ' s s j o n s
3 .  M u c h  e x t e n d e d  e n g i n e  a n d  e x h a u s t -  s y s t e m  t ' i f e .

T h e  e n t r a n c e ' i n t o  t h e s e  p r a c t i c a l  a p p l i c a t i o n s  w a s  p i o v i d e d  b y  s p i n o f f s  f r o m  t h e

s p a c e  p r o g r a m  a s  w e l l  a s  f r o m  t h e  u s e  o f  s h e l v e d  t e c h n o l o g y "  f r o m  t h e  U . S . A .  a n d  f r ' r m

I u r o D e .  E v e n  a  C a n a d i a n  i n v e n t i o n ,  t - h e  a i r - i n t a k e - a t o m i z e r  o f  t h e  l a t e  A n C r e w  l ' l a g u i  ' - e ,

b e l o n g s  t o  t h j s  c a t e E o r y .  S i n c e ' " h e  n e w  t e c h n o l o g y  c a n  a l s o  a p p l i e d ,  i n  o a r t  a t  l e a s t ,

t o  h o m e  a n d  j n d u s t r i a l  h e a t j n g  u n i t s  u s i n g  c a r b o h y d r o g e n  f u e ' l  ,  a s  w e l l  a s  t - ' . )  h e a v y

r " r a c h ' i n e r y  a n d  s h i  p  e n g i  n e s  ,  t h e  o o t e n t i  a l  e x p o r t  v a l  u e  o f  s u c h  a  p r i  v a t e  r e s e a r c h

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

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

l e a d e r s h i p .  S o m e  t j n r e  a g o ,  a  U . S .  S e n a t e  C o m m i t t e e  r e v e a l e d  t h a t  o f  t h e  6 1  n o s t

i m p o r t a n t  i n v e n t i o n s  s i n c e  t h e  t u r n  o f  t h e  c e n t u r y , 4 0  w e r e  c r e a t e d  b y  i n d . i v i d u a l
i  n v e n t o r s  I

T h e y  w e r e  n o t  c o n c e j v e d  i n  t h e  " t h i n k - t a n k s "  o f  m a m m o t h  o r g a n i z a t i o n s ,  b u t  b y

s i n g i e  j n d i v i d u a ' l s  n o t  c o n n e c t e d  w ' i t h  t h e  s c i e n t . i f i c  e s t a b l i s h m e n t .
T h e  s p e c t r e  r a i s e d  b y  a l l o w i n g  * , h e s e  C e v e l o p m e n t s  t o  s l i p  t h r o u g h  t h e  f j n g e r s

o f  A m e l i c a n  t e c h n o l o g - v  e n d  i n C u s r - r y  i s  b o t h  d i s t u r b i n g  a n d  e v e n  t r a g i c  i n  t - e r r n s  o f

U . S .  t e c h n o l o g i c a l  l e a C e r s h i p  a n d  p r s s + - j 3 9  f c r  p e a c e t j m e  t e c h n o l o g y  a p p l i c a t i o n s .

A 1 a s  ,  j  t  ; l  s o  p r e s e n t s  a  E o l , J e n  o p n o  r t u n  j  r " y  t o  s m a l  l  e r ,  m o r e  o p e n m i  n d e d  c o u n t r i  e s

f n r  s n p c t a c r i l a r  b r e a k t h r o u g h s  o f  g l o b a l  i n n p o r t a n c e  i n  t h e  f i e l d  o f  t r u ' l y  i n n o v a t i  v e
J  H e  !  L s

e n e r g y  t e c h n o l o g y ,  e s p e c i a l l y  f o r  s o - c a l i e d  T h i r d  l ' l o r l d  c o u n t r i e s  w h i c h  c a n n o t  a r f o ' C
t o d a y i s  h i g h  p r i t e s  f o r  o i l  a n d  o j l  p r o d u c t s  d i c t a t e d  b y  e n e r g y  c a r t e l s .

E x p e r i r n e n t a l ,  c o m m e r i c a l  m a g n e t  f u e l  u n i t s  f o r  a l 1  g a s o f  i n e  a n d  d i e s e l  e n g i n e s
c a n  b e  o r " d e r e d  f o r  e n g i n e s  u p  t o  2  l i t e r s  ( m o s t  c o m p a c t  c a r s ) ,  o n l y  $ 3 2 . 0 0  p p d .

F o r  a l  I  1  a r g e r  e n g i  n e s  ,  i  n c l  u d i  n g  d i  e s e l  s  a n d  t r u c k s  ,  $ 3 6  p p d .

T h e s e  m a g n e t  f u e l  u n i  t s  a r e  b a s e ' J  o n p a t e n t  4 , 3 7 2 , 8 5 2 ,  i s s u e d  2 - B - 8 3 ,  t i t l e d
F u e l  s  .  T h e  u n i  t s  a r e  m a n u f a c t u r e d  b y  t h e  I  a  r g e s t

p r o c e s s  p e r r n j t s  a l s o  t h e  i n j e c t , r o n
H . 0  t o  f i  f t e e n  p a r t s  o f  g a s o l  i  n e .

I  e S n e r  f u e l  / a i  r  m i  x t u r e  ,  t h e

Magnet i  c  Dev ' ice for  Treat i  ng f t " ( ig !g$q
m a g n e t  p r o d u c e r  o n  t h e  W e s t  C o a s t .  T h e y
t h e  c a r b u r e t o r  o r  d i  e s e  I  i  n j e c t o r  p u m p .

b e  i n s e r t e d  i n t o  t h e  f u e l  l i n e  c l ' o s e  t o
w i  t h  i  n s  t r u c t  i  o n s  .

h a v e  t o
f  n m n ' l  p  t p

0 r d e r  f r o m :  R .  S  .
B o x  1  1 5 6
Y o u n g  H a r r i s ,  G A  3 0 5 8 2



ryffiLE
The gasofine and diesef engines were both patented

next great breakthrough in
u , :  - - ,  , . ' - - . . . .

:i;5i1r,

,!;,

not just for another mechanical variation on the
gasoline or diesel themes, but on a whole new
combustion cycle. To fully understand the Ger-
ace cycle, a linle history is in order:

In the beginning there was steam, and it was
iyood. The external combustion engine was
crude, but it did its job and pulled the 1fth
century into the industrial age. External com-
bustion is almost a forgotten term now, but at
one time that was the only engine available

rGNrof*'
AIRCITINDfR -

Simplest Gerace englne
ls an ln-llne Four ln

*/hlch ahernatlng gdlr|.
ders compress alr only
las In a diesel englnef

and an alr-fuel mlxture
las In a gasollne englnel.

When the hlghly com-
pressed alr becomes hot

enough to ignite the
fuel, transfer valv6 be.
twe€n adjoinlng cylln-

ders open, allotvlng
comburtlon to takc

place. The lgnltion-alr
plston leads the alr-ftrel
plston by tlo" of crank-

thaft rotatlon. Except for
" the transfer valves, all

other englne hardr /are
ls conventional.

BY MARK WALLACH
lllustrations by Robert Rothe

fie gasoline engine was patented in 1866,
I the diesel in 1892. PM has just had an

exclusive preview of the Gerace engine, the
first real breakthrough in internal combustion
design in this century. The U.S. Patent Office
has issued Anthony Gerace a process patent
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NryENGINE
in the l9th century. The Gerace engine may be the
piston engine technofogy.
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after the water wheel. Water boilers heated by
coal or wood developed steam that was piped to
a cylinder and piston. The expanding steam
drove the piston down and a connecting rod and
crankshaft turned a flywheel. The steam was'
admitted to the cylinder by a sliding valve
operated by a young boy pulling a rope back
and forth.

One boy, being lazy, designed a mechanical
linkage to do the job for him automarically. His

. : ^ " , . . , : :  . .' :  
, ,4 " :2 :  : ;' -:.. ^'; . -

"oodArJsrPOnt

: : - i ' .-'coMP{ouND-
ffCISENGINE

name was James Watt and his invention al-
lowed the steam engine to operate at higher
speeds and become the prime mover in the
industrial revolution after 1840.

The burst of creative talent that followed the
development of the steam engine ushered in a
golden age of invention with countless tinker-
ers buming the midnight oil inventing. That oil
was kerosene and other high-end petroleum
products from Pennsylvania wells, which were

A more complex varla-
tlon on the Gerace cycle
ls proposed In thls
Sguare-Four engine.
Here. the air-only pls-
tons oPerate on a two-
stroke q/cle at half the
speed of the four-stroke
alr-tuel pistons. Side In-
take ports and overhead
exhaurt valves are
adapted lrom a common
Industrlal dlesel desion.
lhe parallel crankshifts
are llnked by a "sllent"
chaln drlve slmilar to
that used In some GM
frontdrlve transaxtes.
The process patent cov-
ers any and alt mechani-
cal means of achieving
the Gerace cycle.
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I Ono q/linder draws in alr-fuel mixture
while dlesel c)dinder draws in air only.

The Gerace CYCIe

a Combustlon contlnues acrocs
der as diesel cylinder beglns lts

2 Both qdinders begin compression strokes
whlte tha transfer valve ls closed.

t Combustlon begins when transfer valve
op€ns and hot air meets alr-fuel mlxtur€.

DIESEL
CYLINDER

TRANSFER
VATVE

Otto gdln-
d6cent.

POWER
STROKE

t Expanding gases travel back through th€
transfer va,lve and into the dl6€l gdlnd,er.

6 Transfer valve closes; exhaust stroke be-
glra In diesel, follorved by Ono qdlnder.

COMBUSTION

COMEUSTION

COMBUSTION

originaly drilled for water but acciden-
tally hit sub-surface oil deposits. Some
distillates were lightweight and very
fluid. When put in a confined sPace,
they could bum instantaneously and
explosively.

Olto and diesel cycles
The process, when finallY develoPed,

was called "internal combustion." The
words describe the process completely'
The sliding steam valves were not com-
patible with the new combustible flu-
ids, but all of the basic engine compo-
nents wene there: cYlinder, Piston,
connecting rod. crankshaft and fly-
wheel. An idea whose time had come
was put together into a brilliant concept
by Nikolaus August Ono in 1866' His

concept, the "Otto cYcle," had two
valves in each cylinder and the familiar
four-stroke cycle of intake, compres-
sion, power and exhaust.

If the fuel mixture bumed inthe Ono
cycle produces more force than that
needed to operate the valves, rotate the
crantshaft and overcome ttre friction of

the various moving Pans, then the

surplus force can be used to operate
machines. The four-stroke Otto engine
has dominated all other engine rypes
because of its ability to be engineered to
user reguirements from power genera-

tors to racing cars.
When air is compressed it gets hot

because the molecules rapidly collide in
a confined space. Rudolf Diesel used
this basic physics law to increase the
compression ratio of an engine and
compress only air with a Piston' At
maximum compression, fuel oil was
injected into the combustion chamber
and the heat of the air started burning
the oil. The piston was pushed down by
the expanding gases and Power was
applied to the crankshaft.

The high compression ratio and me-
chanical shock of the buming oil made
the diesel engine slow-turning and very
heavy, but using cheaP oil that was a
byproduct of gasoline refining made it
perfect for ships, power stations, trucks
and industrial applications. Diesel cars
are popular in countries where gasoline

is heavily taxed.
Over t}le years. manY mechanical

desigms have been patented following
the basic Ono and diesel principles,

including two-stroke variations of bottt
cycles, the Wankel engine, swash plate

rotary engines, engiines with two pis-

tons in each cylinder, Chrysle/s 30-
cylinder tank engine, radial aircraft en-
gines with 18 cylinders, and rotarY
aircraft engines that have tle crank-
shaft bolted to the firewall and the
cylinders rotating around it!

The Gerace engine is different from
all the rest preceding it for over 100

years. Tony Gerace, a machine desigmer
from Towson, Md., has looked at the
Otto and diesel cycles from a new
viewpoint and has been issued a pro-
cess patent for the "Gerace cycle." The
gEanting of a patent does not in itself
grrarErntee success, only that the con-
cept is new, unique and has not been
done before. The elegance of the Ger-
ace cycle combines design details of the
past with the potential to be the engine
of the 21st century in many shapes and
configrurations.

Hybrid cycle d work
ln its simplest form, the cycle uses

nruo rylinders side by side and a com-
mon crankshaft with traditional con-
necting rods, pistons and valves. One
piston leads the other by 40" of crank-
shaft rotation. The lead piston is in a
cylinder that comprresses only air, like a
diesel engine, and the trailing piston is
in a rylinder that compresses fuel and
air like an Ono engine. Bewveen the two

rytinder heads is a passage blocked by a
slider valve, similar to those used in
steam engdnes. Gerace calls it a transfer
valve.

The compression ratio of the diesel
cylinder is 20:1, the Otto cylinder, 8:1.
The diesel piston reaches toP dead
center first, the air becomes very hot,
the transfer valve opens and the high-
pressure hot air flows through the con-
necting passage and into the Otto
chamber. The hot air starts the mixture
buming. The diesel piston begins its
downward stroke while the rising Otto
piston forces the expanding gases back
tlrough the transfer passage to mix
with the remaining ah in the diesel
cylinder. This interaction ofthe pistons
allows the mixture to bum in a chamber
of constant volume, utilizing dl the
latent energry in the fuel.

After both pistons have begnrn their
power strokes, the transfer valve closes.
When the pistons reach the ends of
their strokes. the exhaust valves in both

rylinders open to expel the bumed
gases as both pistons begin to rise.
When the pistons reach the top of their
strpkes. the exhaust valves close. the
intakes open and the cycle starts again.

Why is ttris engine so inter€sting? It
has solved several limiting design and
thermodynamic problems that have
perplexed engineers for years.

Normally, the fueVair ratios that can
be burned in an Ono rycle engine are
guite nanow. If there's too much fuel,
there's not enough air to support com-
bustion. Too little fuel and the mixture
will not burn. With ttte air/fuel mixtu.re
premixed in the Ono cYlinder of the
Gerace engine, almost any mixture ra-
tio will burn due to the hot air igniter.

(Please tum to Page 134)
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NEW CYCLE. NEW ENG|NE
(Continued from page 92)

The ability to increase the thermody-
namics efficiency by consuming all of
the fuel gives a higher output with linle
or no pollution. Cheaper grades of fuel
can be made to burn, down to pow-
dered coal. As envisioned, the engine
does not use diesel-t1pe, Ngh-pressure
fuel injection, electrical spark ignition,
high-octane fuel or lead additives.

ftsalizing the concept
The current status of the project is

beyond theory. That was proven by
computer analysis to be valid, and re-
views by engineering teams confirm its
advantages. A test engine is being built
from standard industrial diesel compo-
nents. There is no interest in going
public with stock offerings or guick-
buck "investment" schemes. For the
17-year life of its process patent, rhe
Gerace Cycle Group will have a lock on
any mechanical means used to achieve
the Gerace cycle, and the blue-sky engi-
neering types are taking it to t}le limit,
first spinning out variations of common
in{ine designs employing familiar gas-
oline engine hardware. In wilder per-
mutations, one cylinder of each pair
operates in two-cycle mode while the
other tums at half speed through four
cycles (see illustration on page 90). The
design was then extended into op-
posed-piston units in which the piston
crowns become the combustion cham-
bers. The ultimate design has its rylin-
ders arranged in a circle. The connect-
ing rods push against a rotating disc
with a wavy cam contour. This package
is likely to have aircraft applications.

The Gerace cycle needs much devel-
opment work to operate as envisioned.
One of the major questions is the design
of the transfer valve. It has to sit in an
almost leak proof chamber, open quick-
ly to allow the very hot air into the Ono
cylinder, take extremes of temperature
and rcsist wear. Water and oil cooling
should keep temperatures below those
of today's exirausr valves. With all of the
aenospar:e materia.ls and wearresistant
coatings now available, the problem
cam be resolved.

The Patent Office is filled with de-
signs that could not be made to work
because the necessary materials were
not available. The Gerace engine has
luckily emerged at a time when all of
t}te help and material is available
thanks to a research program being
developed with the aid of Johns Hop-
kins University in Maryland.

The development of a pnctotlpe is a
slow step-by-step program. Since the
work has no precedent, it's a change-
one'thing-at-a-time job. This takes time
and money, and again the Gerace cycle

(Plaase tum to page 139)

POPUTAR MECI{ANICS O AUGUST I985

NEW CYCLE, NEtry ENGTNE
(Continued t o- p"g"iiA) -

is lucky to be developed by a technical
group and not a conxnercial company
pressed for quick results.

The two-cylinder test engine now
under construction uses major compo_
nents from a large two_stroke d.ieiel
engine with overhead exhaust valves.
Since the parts are stressed for diesel
loads, the Ono cycle cylinders will be
aDte to operate without undue stress.
The cylinder head is being mod.ified to
connect the two cornbustion chambers
with a transfer va.lve, whose timing can
be varied for firrther experimentalion.
Testing should start rhis fall and pM
will be there to cover it.

Application possibiliries
The aircraft use ofthe Gerace engine

has jnteresting possibilities for a pifton
engdne with no ignition system rhat
:gqd *" on jet-type tuel. It would give
higher performance and run qui"ete.
than conventional engines_ A muffled
version holds the hope of siJent opera_
tion for military use, in police helicoo-
ters or in commercial flights over popu_
lated areas. Business airiraft *itt'qri",
props and engines may be possible
using lower-cost fuels.

c
d
fi

I
i
I

:

1
I
I

C c r r {
olr l
irSc

I
I

rl

a{
,q
.gt.
r d
i

tf
I'{

|l
I

rl

I
J
ing

" 1 ,
I
\

S O ,

J

-t
I-+

__l
t .

rtmi

i
I

!

The conversion of fuel into energy is
pnesently restricted to narrow bandi of
fuels that wiU burn in conventional

:nSrle:. Any liquid tuel, and even pow_
dered fuels such as coal or wood dust,
1an be made to rapidly bum in the
uerace cycle. If the fuel has a high
igrrition level, then the compressron of
the diesel cylinder is raisedto get the
charge buming. Detroit 

"rrji.,"".,who've seen Gerace,s patent note that
tlte added manufacturing cost of the
transfer valves will be offset by the lack
of an ignition system. The use of lubri_
cating fuels could also exend engine
Iife and reduce maintenance.

Operating costs of stationary engines

3M"S 24 hours a day year after year
Decome very important. Saving even
peruxes per hour can make a new
engine anractive. Gerace believes that
a clean coai-buming engine would be
an ideal altemative for nuclear power
plants. He is presently working on an
englne for locomotives, ships urrd ,tu_
tionary power plants that could bum
dry powdered coal.

_ The engine,s final destiny may have
little to do with its desigm, onJy ecbnom_
rcs and the availability of fuel in the Z 1 st
century. It took decades for the Otto and
dies,el engines to be developed into
useful machines, and they are still be_
ing perfected today. Ifthe Gerace cvcie
proves more powerfirl, cheaper to oper_
ate and has the running life of today,s
four-rycle engines, tlen it will be the
prime mover of the Zlst century. Ft
POPUI.AR MECFiANICS . AUGUST I985
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Fuel vclgg ing l.it lets engines run
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dcr rP t r  ( r th .c r

e n g t n c ' s c | f i c t e n c r a n d t h c b e t - | f f i , " l i ; ; i i ; ; ; ; ; ; ; ; ' i ' i f ; ; ' i ; | m c r l o d s s | m p | \ h e ( a u \ c | h C
rcr  thc ruel  mt leapr In other 

I  l , . ld  :=-  \ \  I  a i l l f  ; ; l i " . i '  - ia  i r ' .  t r ' . ' -o. , " i  i  e ng'necr ing manuar\  \ar
* n r d . | h e | . \ \ h c a l e n e r s t | L l l . ' ' * ' ' . ' r e * . ' . . ' - . . ' . . . . . | , . 1 h 1 ' . ( n ^ i h ^ ( . , h I F . ' \ m ^ l P t

grnrrareq D) tne ournrnS tucr  
I  i ; t r1 7- f -FnTi f f i - l  * r ter  pump r i r  r  b lprrs I  derre\commonr!  a(cepredlhel

rhar \ou throw asa\  throuth I  Hrf  t - ,J : l t l - 'J l  -  t *  t  r i * . i t i . , r i t r rur"  L"r , - i t r "  I  modvnamrc rheor\  h\  adJrn!

l]'":;'i",: il::ili.l:.'*':; I wl;lrr::ffi'1triE$;i"1 5ll*,i'",iJ.^l,l:i,n.'.0.: I l:"';"fiil;"1;i::,::":l:llx::
d ! r \ e  r o J d \ 1 .  t h c  m o t e  c n c r g r  I  E J : ? L l - i t \ t f " i T I 6 i T U ' / 6 ) ^ l  c o n d h ? r r r d d r r i o n o c c u r r e r  I  a n d h i s e n g r n e u o r r ' r d e r o n a r r
therc  s  a ra t lab lc  Io  morc  lhc  |  6 l :UNlo  > \E* , " ' fZ  , *U-  thc  homogen izer  s id (  o f  the  I  rne  eng ineers  f rom l )e r ro r r
car  I  l i t  

-E  
.d ' - . ; : . - \  l l  . t *^  5  GF . rh rus t -d . i rcn  tu rho .  $he.e  I  a re  confused about  wh) -  lh is

h o t  c \ h r u s l  g r s  i s  p i p r d  i n t o  I  m o t o r  d o e \ n  t  d e t o n a t e  l t ' .

T h e s e c r e t i s i n t h e | r t i H \ . . ) l { t W r j a c ! . t s u r r o u n d i n g t h e | q u i t e s i m p | e : l f t h c a l r a n d f U c I
h o u s i n g .  S t i l l  m o r e  h e r t  i s  I  a r e  b o t h  h e a t e d  a n d  l h o r o u g h l \plumbing I s1_v_\sz'1yi!_&;: lliilil-l,J'i,"1il"Ii":: | "aporizcd inro a homoseneous

D e s p i l e  i t s  o b v i o u s l y  r h c n  l h r  c h r r g e  p a s s e s  i n t o  I  l v  h e a r e d  m r x t u r e .  t h e r e  c a r r  b e
sophrs t rca led  makeup,  the  I  lhc j l ck r ted  in lsk r  mrn i fo ld .  I  no  d isassocrared  l iqurd  fue l  par
e n l l r n e  r s  r u r p t r r i n g l ;  s r m p l e  I  A t  l h i s  p o i n (  t h e  m i r t u r e  h e .  I  t r c l e q ;  h e n c e  n o  d e l o n a t r o n
D o n ' t l o o k f o r e x o t i c m a t e r l a l s ,  I  r e s c h e d r l e m p e r r l u r e o f 4 4 0  |  I n  i t s  s i m p l e s r  f o r m .  1 1  r h e
n o v c l  m e c h a n r c a l  l i n k a g e s  o r  I  d e S r c e s  l ' r h r . n h e i l ,  I  f u e l  i n  i s  a  l r u e  \ a p o r  \ t a t e  a n d
u n r q u (  s t r u c t u r e s .  Y o u  w o n ' t  c a n  b e  h e l d  t h a t  u a !  b e l o r c
f ind  them.  combuj t ion ,  there  can be  no

Al rhough the  expcr imenta l  s t range- look in f  p tumbin8 .  Rcmember ,  normal ly ,  in take  (1  mokey descr rbed h t .  deronat ion .  Thc  fue l  in  a  r rue
cngtnc  ts  hand-wc lded f rom ln r rscnc l .Smoleyusespar t  charSe tempera tures  ra re ly  cx -  \ tes r .  * r th  lue l  \apor  s la tc  ha \a  mi lch  h igher
a luminum.  thar  i sn ' r  rh<  * ,ay  a  o f  *ha t  *ou ld  bc  us te  heat  in  cced 130 dcgrces  Fahrcnhc i t  l v r !aFor tza t ton :  

'On 
rcsrs lancc  to  p rng ,  uhr le  s t i l l  us -

"?i:':'.:H:li.::,11ff,ffl; ;,.;.T"',i'J":1,1,":'u';i',*: ,*ffiJ%,1,1i1"",'*l';il, 
nt"; 

:[,li;.f:t. i"i,,i'i.,lnl 'lng a row grade or rucl
c a r b u r e l o r ,  a r e  m o s t l \  p r c k u p s  b e l o r e  , l  r e a c h c s  t h e  t y l i n d e r s  m o s  v a p o r  c a r b u r e t i o n  d e s i g n s .  s a m p l e  o f  a t r  f u e l  m t x e d  b v  t h c  f !  m o l e l  \  ( o n t r a d r r

t r o m  a r o u n d  h f {  \ h o f '  T h e r {  1 c ' .  r o m b $ s t r o n  H e  i n c o r p o r a t e s  a  s m a l l  t u r -  s t a n d a f d  c a r b u r e l o r .  a n d  } o u  \ , ' o n  i r l  a l l  c o n r e n

a r e  1 o  e l c c r r o r i r i  d c v r c e : .  T o  u n d e r s l a n d  h o w  t h i s  b o c h a r g e r  w h i c h  h e  c a l l s  a  c o u l d n t p u n c h a s l o p * a l c h f a s t  \ * ) r r o n a l  r h e o r r e r  o r r

S m o k c y  p r e l e r s  t o  a v o r d  t h e m  s y s t e m  s o r k s ,  f o l l o w  F i g u r e  I  h o m o g e n i z c r .  T h c  c o m p r c s s o r  c n o u g h  b e f o r e  l h e  m t x t u r e  d c t o n a n - o n  a n d  f u e l  b c h a r r o r

S o ,  h i s  e n g i n e s  r u n  w r r h  s i m p l e  t h r o u g h  t h e  c o o | | n g  j a c k e t  l i n e s  s i d e  o f  t h i s  u n i t  i s  j a c k e t e d  w i t h  s t a r t e d  t o  \ e p a r a l e  t n t o  a  l i q u r d  h a r e  s r r r r e d  c n o u g h  e x c r r e m c n l

carburelor and brcakct poin(s. f rom the cyl indcr heads to a a mctal  cnvelope. A pipe from and atr  agatn. Bul,  when thc lo b1ng lop executrrcs anrl

l e r .  t h e  s y s t c m  f u l l y  m e c t s  a l l  b o x l r k c  s t r u c l u r c  u n d e r  t h e  c a r -  t h e  c x h a u s t  s y s t e m  v e n t s  h o l  m i x t u r c  g o e s  t h r o u g h  t h e  e n t i r e  e n g i n c c r s  f r o m  F o r d .  C l \ 1  a r r r l
c m t s s l o n  s t a n d a r d s .  C o n s e -  b u r e t o r ( t h i s d c v r c e r s . ; u s t a h c a t  S a s c s  i n t o  t h e  c n v e l o p e .  T h i s  h e a l e d  p r o c e s s  a n d  t h e n  C h r y s l e r , a r q e l l a s l r o m s e r e r a l
q u c n i l r '  ,  m a n u l a c t u r c r s  c o u l d  e x c h a n g e r ) .  S m o k e y  c a l l s  t h i s  h c a t s t h c i n t a k c c h a r g e c v e n f u r -  l h r o u g h  l h (  h o m o g e n i z e r .  t l ' s  f o r e i g n  b u i l d e r s .  N l o \ l  o l  l h c
e l r m i n a t c  a l l  t h o s c  c x p c n s i v c ,  i h €  f i r s t - s t a g e  v a p o r  8 e n e r a t o r .  t h c r ,  2 0  m t n u t e s  b e l o r e  i t  s t a r t s  t o  t o p - l e r e l  c r e c u l i r e s  f r o m  t h e  b r g

r i d i c u l o u s  c o n r e r t e r s  a n d  a i r  A l l  t h e  a i r - f u c l  m l x  f r o m  t h e  c . . ^ L - - ' .  - - n i h -  i n * ^ i , , . a .  "  
s c t t l c  o u l . "  ( h r e e  h a r e  d r i \ e n  t h e  c a r  * i r h

pumps. carburetor passcs rhrough i t  and 
smokcy's cnginc introduces a

is hearcd to over 200 dcgrecs ifJ,:Tf:':;il[;y['.T;: ,";l;'#;^:J:i;:l;i:,]lll': iT$:';;,i':;1i:'iJiX',"*XX.ui;,,;:':"J.'""1-"'1: lXiTli.'l';,li'' 'l:i.*.i,i:''l ;;;;;i;;l;;l'ry;k *:*.;:ti*:;"';, "l::u: *::i TJ.,iff1#';:; li;;:
"" ,uJt ' , . : :J, :"J l f . : : t r .J: , . ' r t ;  

' totner operat ion temperature. monoxide, shich are the r$o term opt ions on thc desisn

s y s r e m , u h r c h a c c o u n t s f o r r h e  
A t t h i s p o i n l , S m o k e y b c g i n s  T h e  t h i r d  a n d  f i n a l  m a l o r  c m i s s i o n  p r < r h l e t r r  i n  S m o k e J ' s p r o b l e n * i t h t h e s c

t O  c u t  a c r o s s  ( h e  g r a i n  O f  a c -  p r e h e a t i n g  t a k e s  p l a c e  i n  t h e  i n -  a u t o s .  T h c l  a r e  c a u s e d  p r r n l r r i -  C o n l r a ; t s  $ a s  t h e - u n u i l l t n g l l e r s

Brad Dennis is a conbust ion t ion theory, or at  leut he's now describcs i t  as "a shel l  over a slrat i f icat ion and surface quen-

e n g i n e e r  i n  S t ,  p a u l ,  l l l i n n .  w r i t i n g  a  n e w  c h a p t e r :  r h e l l ,  a  h e a t  e x c h a n g c r  o r  a  c h i n g .  ( c o n t i n u e d  o n  
t o s e  

: r l )

r* (tLt,,r/el//



Prge flt ly{n?
Gnlnews, Octobcr l9t3

Fl8ure l, Thc VGAS dcvlcc *clghr 3l
pounds rnd clsims 100 pct ccnt t l in in

fuel mileagc plus r drstlc drop ltr
cmlsslon3.
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roP v r f l  o t  c l i l s l : r

A vopour fuet syslem is now in the wolks
h c r e  a r e  t h o s c  o f  u s

$ h o  s t i l l  t o u t  t h c

v a p o r  p r i n c t p l e  a s

b e i n 8  f a r  s u p e r i o r  t o  * h a t

D e t r o i l  i s  p r e s e n t l \  P r o d u c l n S
I t  f i n a l l l ' l o o k s  a s  I h o u g h  a  c o m -

p u t e r i z e d  l a p o r  f u c l  s Y s l c m  u i l l

e n t c r  t h e  m a r k e t  w h i c h  P r o v e s
the Pogue \  apor carburctor

t h e o r ) ' i s  a  v a l i d  o n e

Two f i rms came very closc to

breaking into thc markct Place
(or should I  say, agarnst tne

bureaucral5) with their  systems:

A d v a n c e d  [ : u e l  S y s l e m s ,  S c a t -

t l e ,  w a s h i n g l o n ,  q h i c h  i s  b a s c d

o n  T o m  O g l e ' s  P a t c n l  a n d  t h c

F l e x  V a p o n z t n g  s y s t e m  I n

N e v a d a .  T o  t h i s  d a Y ,  h o * e v e r '

there is not one vaporlz lnS,

i y s t e m  a v a i l a b l e .
T h i s  t i m e  t h c  s t o r y  m l S h t

c h a n g e .  A  s m a l l  f i r m  i n  O h i o

h a s  p r o g r e s s e d  f u r t h e r  i n

a c h i c v i n g  t h c  g o a l  o f  a  P r a c t i c a l
v a p o r  f u c l  s Y s l e n l  a n d  i t  a P P e a r s

t o  b e  t h c  m o a t  c o s t  c f f e c t i \ c

s y s t e m s  y e t  d c v c l o p c d .

F J l n e  c o m p a n - r  i s
I  v .c .A .S.  and s tands

- f  t o r  v a r o r i z i n g
Casoline AsPiratton SYstems

VCAS has spent the last f iv€
years perfecting a vaPor fuel
system that offcrs a 100 Per cent
gain in fuel mileage and a
dras t ic  d rop  in  cmiss ions .  The
corporation has spcnt betlfr
than $1 .5  mi l l ion  on  th is  Pro . icc t
and arc cxpcctcd to mass Pro-
ducc and market thesc vapor
systcms worldwidc. PrescntlY
therc are some 330 US dealcr-
installers $ho Promote and field
test the vGdS s-vstem (Figurr
l ) .

T h e  s y s t c m  w e i S h s  3 !
pounds. lt is expectd to rctaii
for betn'ccn $4{Xland $500 in-
stallation taktE teo to three
hours. VGAS is conduding
two-day training sessions for in-
s ta l le rs .

While the system makes con-
vent iona l  l iqu id  carbure lo rs
osbo le le  and unnecessarY,
vehicles can convert back to
their old carburctor with a
switch on the dashboard.

I t  h a s  b c e n  t e s t e d  a t
temperatures between 95 to
18"F.

-
Bnd Dennis is a combustion

cnginccr in St. Paul, Minn.

The firm has developed the
concept ,  to  the  Po in t  o f  hav ing
c o  m  p u  t  e r - p r  o g  r a m  m  e d ' m a s  s
produced syslems aPPlicablt to
jus t  about  any  in le rna l  combus-
t ion  eng i ie  madc in  Det ro i t .
And the systcms arc in the Pricc
rangc most PcoPlc can afford
(F igure  2) .

Now for you *ho follow the
in fo rmat ion  in  lh is  co lumn on
vapor izers ,  and havc  done some
research  on  your  own,  i l  i s  com-
mon kno* ledge lhere  ls  a
t rcmendous numbcr  o f  \aPor
carburc to r  o r  sYs lem Patcn ls
* o r l d u r d c .  N o n e  o f  t h e s c
I t ,00o or  morc  Patcn ts  na \e
found i t s  *a !  on  to  the
mar le tp lace .  Thc  Prob lcm o f
control, Easoline chemical frag-
ment seParation, had al*aYs
been the reason whY these
sys tcms d idn ' t  work '  Bu t  w i th  a
micro-processor, thc task of
controll ing the multi-fraction
scparalron of the fuel in the
vaporizing process can easilY be-
overcome.  The advan lage o l
lh is  sys tcm is  i l s  adapt ib i l i tY  to
auto  cng incs ,  mar ine ,  and s ta -
tionary for inigation or clec-
trical geararion.

So let's talic a deeper look at
what VCAS is all about and
P,trtl i1 0lRnr to cfro with lheit

high mileage vaPor sYsttnr.

7 T l t r .  p r c s i d e n t  o f
I  v C A S  l n c .  w i l l

-a shortly announcc to
the ne*s media throughout
Ohio and Pcnnsylvania (hat

after an invcstment of more
than f i ve  yars  and $1 .5  mi l l ion
in research and developmenl of
a revolutionary new gas-saving
device, his companY will launch
inlo mss production of thc
dev ice .

"we're going for it now and
that's it. Evcr' lhing is oPening
up for us," said Jackson.

production ef ths VGAS
device, the fmus of much
spcculation, intcr6! and con-

t r o v e r s y  i n  l h e  a r e a  d u r i n S  l h e

last couple of years bcgan a few

d a y s  a g o  a t  R a ' M i l l  I n d u s i i r c s ,

a Woosicr-based f i rm owned bY

R a l p h  M i l t c r ,  w i t h  w h i c h  V C A S

h a s  e n t c r e d  i n t o  a . i o l n t  v e n t u r e

agrecmcnt for the manufacture

of the vapors 8, i lo lrne asplra-

t ion systcm.

J a c k s o n  e m p h a s i z e d  t h e

V C A S  s y s t e m  s i l l  n o l  b c  s o l d

o n  a n  i n s t a l l - i t ' l o u r s e l f  b a s i s

b c c a u s e  o f  i t s  s o p h i s t i c a t i o n .  I t

$ i l l  h a v c  t o  b c  i n s t a l l e d  b Y  l h e

r e t a i l e r  f r o m  * h o m  i l  l s  P u r '
c h a s c d .  J a c k 5 0 n  s a t d  t h e  c o m -

p a n y  w i l l  h a \ a  o n e  i n s t a l l e r -

F i g u r c  2 .  A d t  r n l s g r  o f  l h i s

ststem is i ts rdrptrbi l i t t  to lulo

ang, in6.

r e t a i l e r  n a t i o n * i d c  f o t  e v c r Y

lO,00O people. The company's
p l a n s  c a l l  f o r  l h e  r c c r u i t m c n t
p r o g r a m  t o  s l r e t c h  i n t o  l 0  s i a t e s

b c f o r c  t h e  c n d  o f  t h e  Y e a r ,  i n -

c l u d i n g  A l a b a m a ,  F l o r i d a ,  I n -

d i a n a ,  N c w  Y o r k ,  N o r ( h

C a r o l i n a ,  S o u t h  C a r o l i n a ,

O k l a h o m a  a n d  T e x a s .

J a c k s o n  s a i d  l h e  c o m P a n )

h a s  t e n s  o f  ( h o u s a n d s  o f  o r d e r s

for thc device logSed over the

p a s t  t h r e e  y e a r s .  H c  s a i d  l h e s e
peoplc have receivcd lel ters saY'

i n g  t h e  s y s t e m  i s  n o w  a r  a i l a b l c .

A d v e r t i s i n g  f o r  t h e  s ) s t e m  * t l l

b c 8 i n  s h o r t l )  b u l  u i l l  r c l )  o n

w o r d - o f - m o u t h  t o  b o o < 1  b o t h

s a l e s  a n d  t h e  c o m P a n )  s  r e P u t a -

t i o n .
R c c e n t l r  e m p l o r m e n t  a t  t h e

v C A S  p l a n t  I o r a t e d  a t  1 4 4 8

C o l u m b u s  R o a d  h a s  J u m P e d
f r o m  1 4  t o  2 l  a n d  P l a n s  c a l l  f o r

a  d o u b l i n S  i n  s i T e  o f  t h e  P t e s e n l
5 9 6 0 . s q u a r e - f o o t  f a c i l i t Y  i n  t h e

n c a r  f u l u r c  l o  P r o v i d e  a d e q u a l e

spacc for hr3,h \olume Produc-

t i o n  o f  t h e  s y s t e m .  T h e  V C A S

headquarlers occupies a sclcn

a c r e  p a r c e l  w h i c h  J a c k s o n  s a y s

w i l l  p r o v i d e  a d e q u a l e  s p a c e  f o r

c x p a n s i o n .
J a c k s o n  s e e s  V C A S  c o n t i n u -

i n g  i n  t h e  r c s e a r c h  a n d  d o  c l o P

m e n t  f i c l d .  W o r k  i s  P r o c e e d i n g
a l r c a d y  o n  l h e  n e x t  S e n e r a l i o n
o f  t h e  d e v i c e ,  * h i c h  w i l l  s e c  a

f u r l h e r  m i n i a t u r i z a t i o n
T h e  V C A S  d e r i c e  i n  i t s  m o s t

ideal form would rePlace thc

c a r b u r e t o r  a l t o g e l h e r  a n d  o c

c u p t  n o  n r o r e  s D a c e  t h a n  t h a t

o n  t h e  e n g i n e .
\ \  hat does Jackson sa,v about

t h o s e  * h o  h a r e  b e e n  o u l s p o x e n

i n  t h e i r  c r i t i c i s m  o f  t h i s  d e v i c c ?

" \ ' o u ' l l  n e v e r  m a k e  a  b e l i c v e r

o f  e v e r y o n e . "  h e  s a ! ' s  s l l h  a

s h r u g .  " R i g h t  n o * ,  w e  r e  g o r n g

o n  v e r )  * e l l  s i t h o u t  t h e s e  P e o -
ple. They can sa,r  *hat thel

* a n l  j u s t  a s  l o n g  a s  l h e v  d o n ' l

g e t  i n  o u r  r o a d . "

( c o n t i n u e d  o n  p r g e  5 2 )
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Roy Baker
Maple, Onr^

mttE 3 r 's+
|;-:6^u,r1eage carbs

I  D t r ;

ffi*ffi
"*,.j;l;s"lfl i

Sir: (

o::,,t"l:' : T^,::,.,1'*"il: i

Jo-hn Gutut of tnsinger, Sa,
rcters to 8 book .,The Elusrr
High Milagc Cubuctor" b
krry D. Wagner.

I would grcarly appreciar,
Your lcttug me know vhere tbr
book q be obrained-

S i n c c  t  a m  r  l i c c n s e <
mchanic md work for UGc ir
its CalSary shop, I am rcnstanr
ly trytnS to keep abrc6t ol
tfthnoloSicd chanSes ed ad-
venccment5.

. I would also l ike to hear morc
&bou( thc .,Fish 

Cuburctor,,
refcrred to in the gme papcr in
a_lener from Will im pylaiuk of
warson. Ssl-

D.A.  Maqu i re
Calgary, Alra.

b F  5  P a  P r  r ;
: = . t  i ; . : 5  i ;
E E F ?  E : r  € ; r  : e :E = = E  -  : > d  

E a gr : ? ; ;  i 3 ;  : : ;  - z e
i :  E  t l  : : - i  p * ' - i  : i  EE , : i ;  * i p  ; i r  : i i
: ;ss- i  S i * .  s :5  t  j  F

E!; :?;E!!!:i,€E;;
Ezi ??:Izi7zlii;:;:
i:i,EEziil:!i7:!.:i
EEZE- g; i EZ;,2=; 

j 
: :i :

;i#:ia*ie;;!ii,;si
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$ ;iiilli :iE;;Ii#f l
i  *:{::Eiz:t;::=;€;:lg ii*;iEE:i:i;:siils!
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Sir:
I subscribed to Grsinews

recnUy md I sure enjoy it a it
ts a, vcry intcrcsting ud infor_
mat t rc  papEr .  As  fo r  the  rdea o f
publishing Groinews twice a
month, I m all for it.
. I would l ike morc infoma_

t ron  on  lhose h igh  mi lcagc  w-
Durctors by [:rry D. Warner
end the Fish carburcror.

Edwin  J .  Krav ik
Fcrintosh, Alra.

S i r :

- My complimcnts to Aroine*s
Io r  a  sp lcnd id  paper .

. fn Your !an. 30 Graine*,t
rhcrc is refcrcnce Io the hich_
mr tcage erbure tor

. Could I havc mgrg ir;rrr.-
tuon on this?

Thmk you.
Elir B. Hofcr

Fon Sckatchcwa, Alta.

Sir:
Your pagrcr is grcat.  I  love the

canoons and thc exccl lcnt infor_
malron, as sci l  as thc rcadabi l j -
t y  o f  ( h c  p a p c r .  l r ' 3  d a n d i , .

I  a m  i n t c r c s l c d  i n  t h c , , i i m p l e
systcm carburct ion" refcrrcdto
ln thc Jan, i0 issuc.

Ed Kcltcnbach
Cal8ary, Al ta.

catrts.-Ed.

Unemplov.--

. Thlt ls ool! e srmpung of I
rrrgr ouobrt of lctt?6 on thls
s u . b J c c t .  U G G , s  F r r m c r s
LfDnry stocks Thc Elwi|e IAO
mpg Corburctor by Lrrrv
Wrgncr  ($15.931;  Gasot inc
( r i s is  Ans*crs  b t  Ambrssrdor
JEckson ($t2.26) rnd Th. Sccrcr
of rh? l0O mpg Automobilc br
Thomrs O'Brtcn tStZ.fSt. eit
r r c  r v r i l r b l c  t r o m  U G G
frmcn Llbrrr!, Bor 66{10,
wtnntp?8, Mrn. R.!C 3A7.

Atr rrtlcl. on thc Fish Crr_
burclor *a9 rrittco by Bnd
Drnts otr Mrrch, l9t3. A
rcprlnt lr rvdlrblc tor S0
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A Y  B R A D  D E N N I S

Grainews, JenuarY l9El

Install a fuel
improve car

monrh ,  ins tead
o f  l o o k i n g  a t  e x -

t r a v a g a n t  e n g i n e

designs that are years from pro-

d u c t i o n ,  t h i s  a r t i c l e  q i l l  b e  o n  a
g a s - s a v i n g  i n s l r u m e n l  l h a l  r e a l -

l l  u o r k s .  T h e  d e r i c e  i s  c a l l e d  a

f u e l  p r e h e a l e r .  A I s o .  l h i s  a r t i c l e

* i l l  i l l u c t r a t c  h o s  l o  b u i l d  ' o u r
o * n  f u e l  l r e h c a l e r  l o r  l e s s  t h a n

--
Rrad Dennis is o combustion

engineer in Sr, Paul, Minn.

$20.
A  f u e l  p r e h e a l c r  i s

e c o n o m i c a l  t o  b u i l d ,  p a Y s  f o r

i t s € l l  i n  a  m o n t h ' 5  t i m e ,  i s  b u i l t

o n  p r o \ e n  s c r e n t i f i c  d a t a ,  t s  a n

a b s o l u l e  n e c e s s i i !  f o r  d i e s e l '

a n d  a l c o h o l - p o * c r e d  c a r s ,  a n d

o f f e r s  c r t r e m c  b e n e f t t s  f o r

g a 5 o l l n c  c n S l n e  c a r 5 .

F u e l  p r c h e a l c r s  a r e  n o t  n e N .

T h e  f , n n c i l l c  g o e s  b a c k  t o  l 9 l 6

a n d  s o m e  m a y  g o  b a c k  e v c n  f a r '

l h e r .  G a s o l i n e  a n d  o t h e r  h v d r o '

carbon fuels cxpand in volume

a n d  v a p o r i z c  e a s i e r  w h e n

h e a t e d .
The American Pet ioteum ln-

d u s t r y  ( A P l )  t e s t s  s h o w  S a s o l i n e
$ i l l  e x p a n d  a b o u t  l 3  p e r  c e n l

s h e n  h e a l e d  f r o m  z e r o  o r  s u b -

zero tcmps lo about 200 degrecs

( F ) .  T h a t  m e a n s  w h e n  Y o u  s l a r t

w i t h  l 0  S a l l o n s  o f  f u e l  a n d  h c a l

i l  t o  a b o u l  2 0 0  d c g r c c s ,  Y o u
( h e n  h a v e  l l . 3  S a l l o n s .

A s  i n t e r n a l  c o m b u s t i o n

e n g i n e s  u s e  l o l u m e  o f  f u e l / a i r

m i x t u r e s  a n d  s i n c e  y o u  h a r e  t n -

c r e a s c d  t h c  l o l u m e  o f  t h e  l i q u i d

b c f o r e  i t  e n l c r s  l h e  c a r b u r c t t o n

s y s t e m ,  l h e r e  i s  n o w  a  n e t  g a i n

o f  l 0  p e r  c e n t  m i n .  i n  g a s

m i l e a g e .
A d d i t i o n a l  g a i n s  i n  m i l e a g e

no* come from carburetor jet

d o * n - s i z i n g  a n d  i n c r e a s e s  t n  l g -

n i t i o n  t i m i n g  n o w  p o s s i b l e  u i t h

t h e  h e a t e d  f u e l .  T h e s e  c h a n g e s
u i l l  n o t  c a u s e  d e t o n a t i o n  a s

long as the fuel  is heated. Thesc

m o d i f i c a t i o n s  c a n  r c s u l t  i n  2 5  t o

40 per ccnt incrcasc in mi lcs Per
g a l l o n .

TJor alcohol carbure-

] l  t i o n ,  t h e  e \ P a n s i o n

2 f '  p r i n c i p l e  s t i l l  h o l d s .

A l c o h o l  h a s  t o  b e  p r e h c a l e d  t o

l 6 0  t o  1 8 0  d e g r e c s  ( F )  b e c a u \ e

o f  t h e  c h e m i c a l  c h a r a c l e r i s l l c s

o f  t h i s  f u e l .  E t h a n o l  a n d

m e t h a n o l  h a \  e  h i S h e t  f l a ( h
p o r n l s  t h a n  S a s o l i n e .  T h i s

m e a n !  t h e \  a r c  n o l  a !  \ o l a l i l e  i n

c o l d  c l r m a l c s ,  s o  F r e h e d l l n S  i (

a n  a b s o l u t c  n e e d  f o r  a l c t ' h o l

c a r t u r c l r o n  l o  o p e r a t c  t o  a n \

d a 8 r c .  o f  e f l l c i e n c ) .
D i e s e l  c a r s  a r e  ! n c t c a s t n g  r n

p o p u l a r i t y  b e c a u s e  o f  t h c t r

h i g h e r  t h e r m a l  c f f i c i e n c ) ,  B u l

they do have onc major Pro-

blem in that the ou'ncrs must

u s e  f u e l  a d d i r i v e s  i n  c o l d e r

$ e a t h e r  t o  m a i n t a i n  o p c r a t i o n .

These fuel addit ivcs do a Poor
j o b ,  a r e  c o s t l y  a n d  a r e  o n l Y  a

t e m p o r a r y  c u r e .
F a c t  i s ,  d i e s c l  c r r s  $ i l l  n o t

o p c r a l e  i n  s u b - z e r o  s  e a t h e r

s i t h o u l  f u c l  h c a t c r s  o r  a d -

d i t i v c s .  \ \ ' a r  p a r l i c l c s  a n d  w a t c r

c r l s t a l s  a r c  f o r m c d  i n  I h c  i n j e c -

t o r  r i p s  t h u s  c u t t i n g  o f f  f u e l

f l o n  a n d  s t o p p i n g  t h e  c n g i n e .

w i t h  t h e  u s e  o f  f u e l  h e a t e r s ,

n u m b e r  l w o  f u c l  c a n  b e  u s c d  a l l

y c a r  r o u n d  i n s l c a d  o f  u s i n g  t h e

h i g h c r  p r i c e d  n u m b c r  o n e  f u e l .

T h i s  i s  b o t h  a  s a v i n g s  i n  f u e l

p r i c e  a n d  a d d i t i ! e  c o s t s .

T h c r e  i s  o n e  m i n o r  d r a w b a c k

w i t h  t h e s c  u n i t s - t h e  p o s s i b i l i t y

o f  f u e l  p u m p  v a p o r  l o c k  d u r i n g

s u m m c r  o [ r r a t i o n .  T h i s  '  P r o -
b l e m  i s  s o l r e d  c a s i l y  w i t h  a

l e m p c r a t u r c  c o n t r o l  v a l v e  u s c d

i n  t h e  a s s e m b l y .  A n l  i n e x P e n -

s i v e  s a l c r  v a l r e  c a n  c o n t r o l  t h i s

t h e r m a l  h e a t  e r c h a n g c r  s o  t h e

f u e l  i s  n o t  o \ r r h c a l e d .  T r Y  t o

k e c p  t h e  f u e l  t e m f J  a t  b e t w e e n

1 5 0  t o  1 8 0  d c g r e c r  F .

\ \ ' h e n  d o i n E  c a r b - j c t  d o s n '

s i z i n g ,  c h e c k  $ i l h  ! o u r  l o c a l

n r c c h a n i c  s o  t h e  1 o b  i s  d r r n c

r i g h t .  l r l a n t  c a r b  J c t  r c I l a c c

m e n t  f r a r l s  c a n  b e  p u r c h a s c r J  a t

I n o l o r c \ c l e  n a r l s  \ u t P l \  h o u s e (
\ i n c e  a u l o  h o u c e !  d 0  n o l  \ c c o l

r o  h a ' c  s u c h  a  u i d c  r a r i e t r  o f

J e l  s ! z c (  a r a r l 3 h l e .
\  o u  c a n  a l ( o  f j t r r c h . s e  a  f u e l

p r e h e a l e r  h u l  l h e \  a r c  f r t l c c d  a t

S l  I ( )  r o  1 1 5 0 .  * h r c h  f  l e c l  i s  a

r i p - o f f  f o r  a  S I o  l o  $ 1 5

i t c m - n o l  m o r c  t h a n  $ 2 0  q i l h  a

s a t c r  c o n l r o l  \ a l l e
- I  

h c s c  p r c h e a t c r s  u  i l l  b e

e n t c r i n g  t h c  n r a r k c t n l a c e  a l  a n

i n c r c a s i n g  r a t e  b c c a u s e  o I  n e s

Pgg€ t*enty-scrcn

t e s t  r e s u l t s  t h a t  d o c u m e n t  t h e

fact that fuel  heaters do increase

m i l e a g e  a n d  r e d u c e  c m i s s i o n s .

C a l i f o r n i a  A i r  R e s e a r c h  B o a r d
( C A R B )  i s  f i n a l l l  r e l c a s i n g  d a t a

i n  f a v o r  o f  f u e l  h e a l c r s  w h i c h

s h o u l d  i n c r c a s c  t h c i r  p o p u l a r i t y

i n  t h e  m a r k e l p l a c c  a n d  b r i n g

d o s n  t h c  c o s l  t o  l h c  c o n s u m c r .
I  s u g g c s t  t h r c c  t h i n g s  w h c n

b u i l d i n g  y o r r r  f u e l  h c a t c r :

.  U s e  c o p p e r  b e c a u s c  o f  i l s

c a s e  t o  $ ' o r k  w i t h  a n d  i t s  e x -

c e l l c n t  t r a n s f e r  p r o p e r t i c r .

.  U s e  a n  i n c x p e n s i v e  f u c l

p r e s s u r e  r c g u l a t o r  b e t s e e n  t h e

h e a t e r  a n d  t h c  s t o c k  c a r b u r e l o r .

T h c  r e g u l a t o r  s h o u l d  b e  s e t  a l  2

t o  3  p s i .  T e s t s  h a t e  s h o $ n  t h r t

h e a t e d  f u e l s  w i l l  c r e c P  o u t

p a s s a S e s  i n  t h €  c a r b u r c t o r

u n l c s s  k c p t  u n d c r  l o \ v  D r c s \ u r c .
W A R N I N G :  l ) o  n o l  u s c  f u e l

regulr tor $i lh fuel  in ject ion

systcms.

o  C h c c k  s o  t h a t  t h e  h e a l e d

fuel is between 150 to 180

degrees.

W h c n  i n r t a l l i n g  a  f u c l

p r c h c a t c r  i n  i n d i v i d r r a l

a u t o m o b i l e s , ; o u  r r i l l  f i n d  s o m c

c a r 5  c a n  l a k c  h i S h c r

t e r n p e r a l u r c  g a s o l i n c  l h a n

o t h e r s .  f o  s c t  l h e  i n d i \  i d u a l  c a r

c o r r c c l  l )  ,  u ( c  a  w a l c r  l c m P
g a L l g e  a n d  s e n \ o r  t o  a d J u s t  t h e
\ r a t c r  c o i l t r o l  ! a l \ e  t o  t h e

h i g l r c s l - ( c l l i r t ! .  ( i o o d  l u c k  !

P o g u e  c a r h r r t r ' t t o r l  r (  p r o -

b a b l ; -  t h c  m o s t  t a l k c d  a t o u l  c a r -

b u r c t o r  s l s l c m  i n  r c l c r e n c c  t o

m  i  l  c a g c  g a i  n  s .  R c o t e m  b e r

h c a l i n g  t h c  f u c l  q a (  l h c  b a s i c
p r c m i s c  o f  l h c  l ' o 8 i l e  s v s t e n l  l o

i n c r c a s c  n t i l c r  p c r  g a l l o n .  | '

preheater to
performance

I t  is possible to imProve Your
automobile's mileage b1' at least 10
per cent and possiblyby40 per cent at
a cost of $15 and two hours' t ime.

A fuel preheater !'0u can bui ld and instal l

The Magnafuel Preheater

I lo t  ga \  in lo  a  carburc to r  requ i res  lhc  hca t ing  o f  Saso l ine  a f te r  thc  fue l  pump

and bc fore  i l  en le rs  the  carbure lo r .  Caso l i le  lempera ture  as  i l  en lc r - t  lhe  car '

bure tor  i r  hca tcd  lo  the  150 to  I80  dcgree F .  range.  In  son le  ca(c \ ,  ho l le r

lemnera lu res  mar  sork  a lso .  Reduc ing  Je t  s ize  ma) -  bcadr i iab lc  o f te t  the  f f i s l
s e r c r a l  t e r t s

I N S  T A L L A T I O \  I N S T R U C - T I O N S :

S lep  | .  Ld)  ou t  )our  Job bc fore  s ta r t ing .  Hare  your  too ls  and c lamps rcad1.
S t a r t  s i t h  c l c a n  h a n d s .

.  Pu t  d roD c lo th  on  fender .

.  Remo!e  rad ia to r  cap .

. Drain radiator bclow heater hoses.

Step 2. Mount fuel unit.
. With air cleaner housing sti l l  on thc catbure(or, select thc bcst mounting

tocation for thc unit, prefcrably below thc top of radiator. Be surc th€ mounting
straps have a srcurc surfacc to be mountcd to hold unit in place.

Step  3 .  lns ta l l  mount inS s t raps .
o Mark and cut slits to thread mounlicg $raps tbrough. Makc sute that slits

arc at least one-inch apan
o Bc surc to placc scrcwhcad oi ali clamps so they arc accessible

Step 4. Hook up water system.
. Determine which heater hose is thc inlet and outlet
( | ) The heater hose that comes oul of the block is used for the inlet side of the

fuel unit (B). This hose usually has the heater control valve in i l
(2) The heater hose that Soes into the watcr pump or radiator (dependinS on

type and year of vehicle) is used for thc outlet sidc of thc unit (C).
r Place "T" in the inlet heater hose belwan the hcalcr control valvc and thc

heater. Be sure to put clamps on hoses and tiShten at this time.
. Cut and install hose beteen (A) and (B). Be sure to put clamps on and tiShten.

No le :  in le t  i s  on  s ide  o f  heater  un i t .
. Place "T" in the outlet hcater hose and clamp.
. lnstall control valvc (C and E). Valve should be as near to unit as possible

(not more than 3 to 4 inches from unit).
. Cul and install hosc from control valve to "T." Be sure to tiShten clamps (F

and D) .

S tep  5 .  Hook up  fue l  l ine .
. Cut fucl l ine as close to the carburetor as possible Do not cut fuel l ine before

I  t  1 _ l _  P t  M t

thc fucl pump.
. lnstall fuel l ine hose as shown in (G) and (H) Note: thc fuel inlet on thc fuel

unit is on (he same end as the water inlel.
. lnstall fuel l inc hosc as shown in (l) and (J).

S tcD 6 .  F in ish  ins ta l la t ion .
.  Rc f i l l  rad ia to r  and add an t i f reezc .  The heater  un i t  ho lds  abou(  2 t l :  quar ts  o f

f lu id .
o  Chcck  a l l  c lamps and f i t ( in85  to  make sure  thcy  are  t i8h t .
.  S tar t  eng ine .
.  ODen cont ro l  va lve  a l l  the  *ay  to  a l low un i t  to  f i l l .
.  \ \h i le  un i t  i s  f i l l i ng  chcck  t im ing .
.  A f tc r  un i t  i s  fu l l ,  shu l  va lve  OFF and open one fu l l  tu rn ,  Road tes t  veh ic le .

S tep  7 .  Road tes t .
.  Choose a  course  f i ve  mi les  long.  S top  mid ' *a1 '  and chcck  lemf 'c ra lu re  o f

un i t ,  qh ich  shou ld  be  be tseen 150 to  180 degrces .  Makc  ad jus tmen l  i f  ncedcd,
a f tc r  re tu rn ing  lo  ins ta l la l ion  cen l re .

o  Check  lempeta ture  aga in  w i th  p ,v rometcr '
.  Recheck  rad ia to r  leve l .  T igh ten  c lamps.
.  C lean w indsh ie ld  and remove grease and f ingerpr in ts  f rom hood



C.l,A, cqrburelor
investigotion qnqlysis

o thosc  amaz lng
vapor  carburc to rs
work? Arc thcy bet-

ter than what is currently being
used? And is therc truth to thc
s td tements  made by  so  manY in -
ventors that there are vast im-
provemcnts in fuel mileage to bc
achieved if only the manufac-
turers would produce these fucl
systems?

This articlc wil l attcmpt to
answer those qucstions. About
a  year  ago,  I  d id  a  s imi la r  a r t i c lc
w i th  somc in te rcs t ing  ev idcnce
on vapor carburetors. Now thc
suppor t ing  da ta  i s  bccoming
strong cnough so that polit i-
cians arc finally taking a stand
on th is  i ssue.

T  a r r y  W a g e n r  -
I  a u t h o r  o f  T h e

l2lEtusiue IOO MPG
Corburetor, has accomplishcd
much in  thc  pas t  year .

Thc  vapor  carbure tor  invcn-
to rs  o f  todav ,  as  *e l l  as  ycs tc r -
day ,  hare  onc  in tc rcs t ing  aspcc t
in  common.  Thcy  ncvcr  sncak
around thc  corncr  ud  wh ispcr
ar  you by  sayrn8 ,  "Hcy ,  you
wanna buy this miracle cu-
bure tor?"

lns(ead they go through the
systcm by tryitrg to patent thc
dcvice and put on demonstra-
t ions  to  show how vapor
systcms should work. Not only
arc thcsc invcntors showinS
their designs at usually a largc
expense to their pockct books,
but thcy gcnerally ncver get a
chancc  to  marke t  thc  sys tcms.  l f
they  cou ld ,  the  f rcc  hand o f  thc
marke tp lacc  *ou ld  de terminc
thc  succcss  or  fa r lu rc  o f  thc i r  e f -
fo r ts .  and producc  thc  car -
bureror  as  a  rc l iab lc  p roduc t  o r
a  h o a r .

C)ne such inventor  $ho rs
buck inS the  s ls tcm is  Lar ry
W a g n e r , a n  i n v c n t o r  a n d
a u t h o r .

Two years ago Wagncr ques-
l ioned:  "what  i s  the  t ru th
about vapor carburetors?" To
try to answer the question, he
designed his own system and
was succcssful in his first tcst.
This just shows how simple it is
to consiruct one of thcsc tcst
sys tems.

I have talkcd with many peo-
p lc  who have t r i cd  to  des ign
the i r  own dev ices ,  bu t  on ly  to
fail, becausc of not thoroughly
th ink ing  ou t  rhe i r  p ro j ( t ,  o r
jus t  g iv ing  up  too  soon.  Wagncr
has not only dedicatcd thc time,
money and effort to provc this
thcory, but now gocs about the
country driving his vapor car-
bureted car to thosc that are in-
teresred in secing the system
operate. (See Figure l)

Wagner installed a dual-fuel
savings systcm on his 1974
Buick 455-cubic inch engine and
now claims to bc getting 40
miles per gallon from a car that,
when it came from the factory,
on ly  go t  l0  ro  l3  mp8.

The system looks l ike a com-
plicated vacuum hose design,
thar onc could get dizzy from
trying to analyze whcre thc fuel
gocs in and where it comes out.
But, Wagner of Carburction
Techno logy  Enterpr iscs ,  w i l l
show you w i thout  any  h idden

'Brod 
Dennis is a combuslion

enXincer in St, Poul, Minn.
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asp(t how the vaporizing Prin-
ciple works, how simple tht
dcsigns can be, md how you
can increase thc milcagc, while
reducing harmful cmissions.

Wagner, who is a former.iet
cngine mechanic, said his 1974
Buick LeSabre, which used to
get l0 to I 3 mpg, now gcts 35 to
40 mpg wirh his ncw sys(em.
Thcre  was a lso  a  pub l i c
demonstration on a one-ton
1975 Ford  352 CL t ruck  cngtnc
which  ach icvcd  80  mpg.  Now
th is  mi leaSe tcs t  w i l  no t  JUst  the
hopefu l  f igurc  o f  a  w ish fu l  in -
ventor, but was dcumcntcd bY
a numbcr  o f  pop lc  *ho  obscrv .
cd the tcst on an intcrnationa.l
specd*ay  in  wash inSton Sta le .

S incc  thcsc  dcve lopmcnts ,
Wagncr has sponsorcd a cam-
paign to demonstrate we arc not
Settins thc mileage wc should,
bccausc of Dctroit 's rcfusal to
producc fuel efficicnt systcms.

No!c: Thcsc typc of systcms
can bc adaptcd to any gasoline
e n g i n c  e x c e p t  a i r - c o o l e d
modcls.

f \ u r i n g  o n e  o f
I  l W a g n c r ' s
I  - d e m o n s t r a i l o n s ,  a

Tacoma,  Wash ing lon  le le \  i s ion
neFscas lc r  askcd to  d r i t c  thc
car  and scc  fo r  h imsc l f .  to  sce  i f
r h c r e  * a s  ! a l i d i t y  t o  t h c  c l a r m s .
Ncsscas tc r ,  Br l l  Bo ld  d rore  thc
car  back  and fo r th  to  *o rk  fo r
t s o  d a ) s :  " l n  a  t o t a l  o f  8 0  m i l c s
o f  d r i r ing ,  thc  necd lc  ncvcr  c \cn
camc off the full mark of thc
fuel gaugc."

" l  d rove  thc  car  to  work
down Fcdcral Way and thc
system increases th€ mileaSe
marketablcly," hc rcported.

l f  you  t ry  io  a rgue w i th  a
graduate of a college, tauSht thc
f o r m a l  l i n e s  o f  t h e r m a l
dynamics, or a related field,
chances are he wil l angrily
thump h is  tex t  book  loud ly ,
stating that it is impossible to
chanSe the  amout  o f  BTU'S in
a  ga l lon  o f  gaso l ine .  So you
havc to explain to them you are
not changing any physical laws,
hence,  the  amount  o f  chemica l
cncrgy in a givcn amount of fucl
stays the same. what these
vaporizing fuel systems do ac-
complish, is the slower burning
rate pcr power strokc of thc
cngine, that is a fact.

"You havc to und€rstand
that if there is an intcrnational
conspiracy to keep us from pro-
duc ing  and lor  buy ing  fue l
systems that increase fleet fuel
mileage, that the powers are cer-
tainly not going to allow our
formal education proccss to in-
struct this tcchnology," WaSner
says.

"First of all, wc are not
c la iming  to  change thc  amount
o f  BTU's  in  a  g iven amoun l  o f
gaso l inc .  We are  chang ing  rhe
ra te  o f  burn  o f  rha t  fu€ l  in  the
bore .  I t  i s  obv ious  tha t  i f  you
burn  a  cup o f  gaso l ine  conta in -
€d  w i th in  the  boundar ics  o f  tha t

cun, tha( thc fucl witl hurn
sloeJy, becamc drly rhc fucl e:"
posed to the air or the surface
area wil l burn. lf you spil l the
cup of gas on a table, ro rhcre is
a lot of surface area or a lot of
the fuel is exposed to the air, the
fuel wil l burn at a very fast incf-
ficicnt rate, just l ike your l iquid
carburctor from Dclroit.

"8y vaporizing the fucl, you
can now burn  the  major i t y  o f
thc  fuc l  in  the  cy l inder ,  *hcrc  i t
wa5 in tended to  burn ,  ins lcad o f
h e v i n g  a b n o r m a l l y  h i g h
cy l inder  tempcra turc ,  o r  bc ing
very  fuc l - r i ch  fo r  thc  vo lumc o f
air and fucl delivcrcd. Somc
so l id  p roo f  o f  thc  cur rcn t  l iqu id
fuel dclivcry systcms incfl icien-
ci*, is the fact there is an overly
large radiator to dump wastcd
hcat  encrgy  in to  the  a t -
mosphere, and thc exhaust
s y s t e m  w h i c h  c o n i a i n s
temperaturcs as high as l6O0 F.
Now,  i t  i s  qu i te  cv ident  tha t  i f  a
business wcre to operatc in thc
rcal world with these types of
losscs in cncrgy managcmenl, it
would bc brokc in a very short
o rder .  Un less  your  inc f f i c ienc ies
in  your  bus iness  happcned ro  bc
the  d i rcc t  conrp l iment  o f  some
other  indus t ry ,  such as  o i l  in '
dus t r i cs '  dcpcndency  on  thc
h igh  vo lumc sa lcs  o f  gaso l inc
produc t .  Any  sys tcm tha t  o f fc rs
doub lc  thc  fuc l  mt lcage f rom
thc  convcnt iona l  mcthod has  to
bc  a  iapor izc r .  "

h c  i d e a  o f  v a p o r  f u e l
s y s t c m s  h a \ e  b e c n

a r o u n d  s i n c e  t h c  i n -

ccption of thc internal combus-
t ion  eng inc ,  bu t  a  lm years
larcr, thcrc is rct yct one vapor
carburetor company. Not one
singlc pcrson, of thc hundrcds

who have tried to manufacture
a system, havc been successful.

Many of us suspcct the oil
companies and auto companies
arc in collusion, in an effort to
maintain an orderly market for
oil products, and onc only needs
to 80 throuBh a patent I ibrary or
your own public l ibrary and
study engineering journals or
magazines to find strong sup-
port of your hypothisis.

I know for myself that the ex-
istence of high mileage fuel
systcm tcchnology is a./ 'acr, md
anyone who c la i tns  th is  a
nonsensc ls nol 0nijr: proEratrr-
mcd pawn, l-.ut apparcntly cac-
flot think ibr thcmselr*-q.

Larry Wagncr dqs not uork
rlone in his efforl lo edutale thc
prhlic ahour this technology.
Flis associate is also someone
you wil l recognizc from past ar-
t i c les ,  James Jackson,  o f  the
National Car Drivcrs Associa-
tion and author of The Gas
Crists 4ook. If you remenrber
las t  )ear 's  a r t i c lc ,  there  *as  a

Grrincws, Scptcmb€r l9tJ

space blacked out on the discus-
s ion  o f  h i8h  mi leage fue l
sys tcms.  Th is  t imc I  w i l l  aga in
inc lude tha t  in fo rmat ion ,  and
when compared to the data
from Larry wagner, it becomes
quite interesting. Read it and
see what you think.

This is an abstract. A com-
p le te  copy  o f  th€  bu l le t in  i s
a v a i l a b l c .  W r i r e  t o  H i g h
Mif eage Carburetor, Arqinew's.

For more information on the
p lans  o f  Wagner 's  sys tem,  you
can wr i te  to  h im a t :  Carburc t ion
Technology Enterprises; Box
9&; facoma. washington. For
thosc who nced more proof of
th is  techno logy ,  o rder  bo th  o f
the following books - fhe
Flwrve lM,VPG Carburetol
(t15.54) ail The Gqs Crisis
($l 1.97) from rhe Graine'9s.

Nexl month: Surprise! There
is  a  company who is  t ry ing  to
break  in to  the  marke t  now wi th
a computer programmed vapor
fue l  sys tem.  Don ' t  m iss  i t ,  they
may be stopped by r€gulations,
y e r .  n

Fonoul ,

The high-mi leege
csrburelor
wht iso ' t  i t  on ahc mrrket?

A m<isa tc  f rom:  The \d t |no l  Cor

Dne.n A$dotrcn oJ /1nteltco

Prs3 lhc trcls plersc

Thc f l c l  i s .  th€  h iSh mi lea8c  car -

burc ror  docs  ax i r t ,  A  carburc l ion

sysrcm,  dcs igncd to  po*cr  a  la r8e- ! i zc

v .8  auromobi lc .  o ! . r  |  |  J  mp8 o f

8aso l ine .  hs  rcccn t ly  b€rn  dcvc lo fd

T h i !  c a r b u r c r i o n  s v \ r e m  m e c l !  a l l

assr8n .d  ro  Ccn. ra l  Motors  Corpora-
o o n .  D . r r o i r ,  N f i c h . '

Tha lc  a rc  tqo  c rampla3  o I  many and
rar rc  many qu6r ion ! .

Summary
Thc p la in  ru (h  i s ,  rhcre  i r  an

or l /cncrSy  nronopo ly  rn  th rs  count ry .
Ba\ ing  our  o r l  p r iccs  i t  0PEC s  ar -
t i f i . i a l l y  h igh  pr icc  lev t l  i s  s imp l€  p rmf

o f  n ronop l i ( i c  p r ic in8 .
( )p rnnnr  !a r t  a5  ro  who is  bch ind  lh r t

m( )noNly .  Wc havc  our  op in ion .  )ou
undoubrcd l r -  ha !c  yours .

Onr  rh rn8  i i  lo r  ccnarn  Our  nub |c
! r l r ! r r l s : r c  c l c c r c d  t o . . p r c \ r n t  u !  a i l d
pro tcLr  us  l rn rn  ha(n lu l  i l ro ron( , l c \
l h r o u g h  c n l o r ! ( n c r ) r  o l  l h c  a n i l  r r u s l .
rn i l  Inoo .po l !  I rN \  lher  pc f lo rmr i lee

on rh rs  \core  n  rhc  t r \ t  har  been les \

, r a n d r r d \  l r  r r  r c b : h l c  
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