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A DO-IT-YOURSELF
- FUEL GAUGE FOR
BOATING ECONOMY

By Bob Stearns BOATING EDITOR

LTHOUGH gasoline prices

i have been edging downward
recently, don’t hold your breath un-
til they hit the lows we enjoyed dur-
ing the early 1970s. Even in the face
of a somewhat-improved fuel situa-
tion, you can still save a lot of bucks
at the fuel dock if you know how to
operate your boat as efficiently as
possible. One way to determine eas-
ily those speeds that offer the best
fuel economy is to use the simple
do-it-yourself fuel gauge described
here.

You can build it in an hour or so
with less than $5 in actual cash out-
lay. Please note, however, that this
gauge is designed only for carbu-
reted engines and will not work
with any fuel-injected engine, either
gasoline or diesel. Also note that us-
ing the gauge is a two-person oper-
ation . . . one to manipulate the
gauge, another to operate the boat.

First, let’s assume that your
boat’s bottom is free of marine

ART BY FRED NEWAST

Measured amount of fuel, a measured course over which to run your boat and a care-
fully measured elapsed time—these are the elements you need in order to compute your
boat's most efficient speeds.

growth, the engine is in good shape
(doesn’t need a tune-up) and the
propeller is not badly worn. Each of
these items by itself can rob 10 to 25
percent of your potential fuel econo-
my. If all three are seriously in
need of attention, you might be get-
ting only about half the miles per
gallon you should, and adding a fuel
gauge won’t help much.

To build the gauge you’ll need
these basic items: a quart milk jug
or similar plastic container translu-
cent enough to see the liquid level
inside, approximately 14 inches of
Ye-inch copper tubing, 4 feet of Ya-
inch (I.D.) clear vinyl tubing, two
small hose clamps and the neces-
sary fitting to connect the vinyl tub-
ing to the gasoline intake on your
engine. If your boat is outboard-
powered, this means the fitting that
connects your remote tank to the
engine. For inboards and stern-
drives it’s usually a hose nipple, one
end of which has ¥-inch thread.

VINYL TUBING
(LENGTH AS
NEEDED)

SMALL PIECES OF
VINYL TUBING TO HOLD
COPPER TUBING IN PLACE

AIR HOLE
g/:&" OR
MALLER

SUITABLE
CONNECTOR
AND CLAMP

$ TO FIT
ENGINE USEDL _

FILL TO THi LEVEL SO
- _THAT ENGINE CAN BE
STABLE AT SPEED
BEFORE TIMING

: STARTS
START TIMING
e
7 =~} 1ot
)
ENDOF PICK:

STOP TIMING
UP TUBE CUT AT +QUART PLASTIC BOTTLE
45° ANGLE (TRANSLUCENT)

The nearest marine dealer who |
sells your make of engine can sell
you one. So can most hardware
stores if you know exactly what
you're looking for.

Cut off one end of the copper tub-
ing at a 45° angle and insert that
end down into the jug through a
hole of appropriate size drilled in
the cap. A second very small hole
should also be drilled in the cap to
admit air as the level of gasoline
goes down. Two Y-inch-long pieces
of viny! tubing slipped down over
the copper tubing—one on each
side of the cap—ensure that the
copper tubing stays firmly in place
during the fuel-consumption tests.

One end of the viny! tubing is in-
serted over the projecting end of
the copper tubing and held there
firmly with a hose clamp. The other
end is attached to the fuel fitting
identical to the one that connects
the fuel system to your engine and

also secured in place with a hose
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liquid level, then empty the jug.

|

1 s =0 b The distance between the two lines

- - e E5>w U > -
and narrow water tank. A 40- to 50 , P9 ETERT L E o 2 now represents exactly one pint (%
gallon tank, approximately 5 feet ) 3 >)-= Egzg208¢ gallon). 7
long and 14 inches in diameter is‘a 13 =3 § @ g':: %o i g At this point; a word of caution is
good size. Glass-lined stgel tanks @ g 9 o é’ §E5 0 5= = in order. In the interest of safety, do
are most commonly available from 5 ocEdEg 23 3 :DE = not transport gasoline in this jug
new or used gas or electric water v 59" cSgoEosB R .
heaters. These tanks last about 10 e ‘; E*é’é e E g :.2 IS Ssaé' Tay flltl :rlxe'a]nt :;;)}())L(;v&ci sgeail rcnzt)rtl f:tr;d

. B P -~ Q .

y ear§.uStzjilnlgss Sée.elltz:nkilwn{xl ¢ = ;'5 S %’ © = § © 8 you need into the gauge. Do so
specially designed inlet and oulle PR 3 9 carefully, only when you're ready to
pipes that decrease Fhe mixing of i LZ DO 5 8, commence testing.
the water in the horizontal batch g 35285732 To do the actual testing, you’ll
tank have recently become avail- E:_f:) S9§ z Z’g go: a §_ need either a water speed’o)r,neter or
a_ble. These tanks shpuld last a long 'g v s b 5 5 ¥= ;'; 2o a tachometer and a measured
time, but are expensive. A 40-gallon S5fEnsgawsSedE course on the water to det .

. i which ith 25630858 .50°5 o determine
stam(;ess'steelelhtan w ltc can with- L2885 52038208 speed. The ideal combination would
stand typical house water pressure beé a tachometer and a reasonabl

) y
costs about $400. Don’t use stone- , ' accurate water s :
. ; . ' J 5 peedometer to
lmed. t.amks in this collector because , T 8 g ffg: ] z’.‘:’,"‘,_ eliminate the necessity of having to
thelimmgl mac)i' }clollapse ‘ﬁhen the SEw-= ol 2 E ; < calculate speeds from time/distance
tank is placed horizontally. aupTvLd,® ET - information
. . . = o.8—=.2 -5 o .

For maximum heat retention I 2 8%°%E g.c g X 3 o2 If no measured course is available
recommend covering the tank with @ %WH 200 EEET you can make one by using a tape
a selective-surface foil. A selective gé’ = = @ s ?:o %§ 3 é or a piece of low-stretch lirie of
surface absorbs about the same 5 : z g ] 5 = S £ w measured length. Choose a stretch
a“?"‘tml‘) otf ts}?lar ;en(;rgy as })lack di g‘ w g S m= :‘é g 2 2 E of shoreline where the water is rea-
paint, Uh 1 e selec lvebsurkacetra - 8P E, 5 : E 5587 sonably calm and drive a stake into

ates.much less energy back out w8z S LEsve B =g the ground at water’s edge. Select a
through the glazing. The selective- 2 ws3 - éa_g © . | distance that suits you froni the ta-
surface foil costs about $40 to cover =3y 88 S E @ :% g ' | ble of speed constants below and
one 40-ga}lon tank, and tests have d'_g ° o ] . B 5 s d drive a second stake into the
shown it increases performance by g EB.ESTE k&j EgE ground that much further along the
15 to 25 percent. The foil is avail- © ESE38F §£¢ shoreline. _
able through local solar-energy
stores or can be ordered from the
Solar Components Corp., Box 237, [()ll:t:e’::)e , Speed Constant
Manchester, NH 03105. (in mph)

Now, place the prepared tank on 660 (& mile) -450

p P
a 2x6 frame inside the collector. 1,000 ‘ 682
Connect the plumbing between the 1,320 (4 mile) 900
2,640 (2 mile) 1,800

batch tank and auxiliary water
heater. Allow the solar water heater
to operate for at least 24 hours, then
test the plumbing for leaks.

Either double or triple layers of
glazing can be used effectively with
this collector. Glass provides an at-
tractive outer glazing. Teflon can be
used for inner glazings. Teflon has
high solar transmittance and is long
lasting, lightweight and moderate in
cost. Since Teflon is a thin film, you
will have to build a frame to sup-
port it with %X %-inch wood strips.

After installing the glazing, you
can complete the collector by add-
ing the glazing caps, trim, siding,
flashing and caulk. Bevel the lower
glazing cap to shed water running
down the glazing. Now, complete
the trim and siding. If you are using
wood shakes, work from the 45°-an-
gle side toward the house. Slide .

flashing under the house siding and
over the upper glazing cap. Use sili-
cone or urethane caulk to seal the
Y%4-in. seam between the glass and
the glazing caps, and where the col-
lector adjoins the house.

Using the speed constant for any
given distance is simple. Just divide
the constant for that distance by the
time in seconds required to run the
distance. The answer is in mph. For
example: If it took you 28 seconds
to cover 1,000 feet, the answer is
1,000/28 = 35.7 mph. The formula,
by the way, for determining the
speed constant for a course of any
lensgéh is: distance (feet)/5,280% 3,600

Fuel consumption (gph) is deter-
mined by using the gauge. It's best
not to do both speed and fuel con-
sumption at the same time. And it
makes no difference which you do
first. Once you know both, you can
determine mpg for your boat at se-
lected intervals over the speed
range (i.e., at intervals of 500 rpm
or 5 mph).

To determine gph at any given
speed or rpm, you fill the jug to an
inch or more above the top line,
and hook the viny! tubing up to
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your engine via the fitting. The ex-
tra fuel above the top line (that be-
gins the one-pint measured amount)
is to allow time for you to get the
boat on plane and the engine stabi-
lized at the desired.rpm or speed.
Start timing when the level in the
gauge just passes the top line; stop
timing when it just passes the bot-
tom line. Then record the time in
seconds.

There’s a fuel constant you can
use that makes calculating gph just
as simple as figuring mph. Simply
divide 450 by the time in seconds,
and the result is gph. For example,
if it took 40 seconds to consume that
16 ounces of gas, you would be
burning 5.6 gallons per hour. (If
you're using a small engine, i.e., 50
hp or less, you can mark the jug for
Y2 pint and use 225 as the fuel-con-
stant figure.)

Determining mpg is just a matter
of dividing mph by gph. Once
you’ve completed a table showing
speeds, fuel consumption and miles
per gallon, choosing the most eco-
nomical cruising speed for your par-
ticular boat is just a matter of look-
ing for the speed or rpm that yields
the greatest mpg, just like in your
automobile.

As a rule of thumb, assuming the
boat is fitted with the correct pro-
peller size and develops the maxi-
mum-rated rpm at full throttle, your
most fuel-efficient cruising speed
will fall between 2,500 and 4,000
rpm for four-cycle engines—and
3,500 to 5,000 rpm for two-cycle out-
boards. If you run enough tests to
determine your mpg for everything
from 1,000 or 1,500 rpm to full throt-
tle, you’ll note that there are sever-
al speeds where economy really
goes out the window. Most notice-
able are while the bopat is trying to
climb on plane as well as near the
top of your speed range.

Even if you tend to be a fuel-con-
scious and conservative skipper by
nature, you might find to your sur-
prise that backing off too much on
the throttle can waste almost as
much gas as sticking your foot in
the carburetor! This is especially

_true of outboards, by the way. MI
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improves small

car’s performance

and mpg

By RAY HILL

With rapidly rising gas costs, fuel
shortages, and inflation nibbling at
our heels, fuel-efficient engines are
becoming Increasingly important. Not
only are the auto makers saddled with
the task of making their cars get bet-
ter mileage, they must also meet in-
creasingly demanding emissions re-
quirements.

As a result, many engines today
knock, performance is a shadow of
what it was a few years ago, and, if
you've got an older car with a high-
compression engine, you may not be
able to run it because you can’t find
gas with a high enough octane rat-
ing.

Water injection is a solution for
these problems. It lets you run a high-
compression engine with lower-octane
fuel, resulting in improved perfor-
mance and mileage. So claims Pat
Goodman, president of Goodman En-
gines in Winchester, Va.

Goodman backs his claim with a
Ford Fiesta he has modified. It has a
13:1 compression ratio; water injec-
tion to prevent detonation; a reworked
head and different pistons to induce
more turbulence of the fuel-air mix,
for more efficient burning; and a
slightly different camshaft (changed
partly to prevent the valves from hit-
ting the pistons at TDC, and also for a
slight performance gainl. Body, drive
train, and wheels are stock.

The Fiesta was tested at Transpor-
tation Research Center (TRQC) in East
Liberty, Ohio. TRC is the largest inde-
pendent vehicle-testing facility in the
U.S. Owned by the state of Ohio, the
huge 8100-acre test center does every-
thing from crash-simulation testing
to fuel-economy testing for the trans-
portation industry.

112' POPULAR SCIENCE

injection

Engine compartment looks normal except for extra plumbing.
Hose held by hand is water hose to nozzle. Hose (arrow) goes to
pressure gauge on the dash. Other hose is from AIR pump.

Goodman’s Fiesta was first tested in
stock form at TRC. Then the engine
was modified and TRC tested it again,
Mileage improved, performance in-
creased, and emissions tests were
passed with a comfortable margin.

When 1 first heard all this, T was
naturally curious to learn more. So I
arranged to drive the car, and to take
the engine apart and photograph it.

The drive was intriguing. We
topped off the gas tank at a local gas
station in Winchester, and then [

drove the car 81 miles and topped it off

again. The tank took an even two gal-
lons. That averages to 40.5 mpg. Much
of the drive was over crooked moun-
tain roads. And I made no attempt at
fuel economy, letting my heavy foot
have its way.

Performance is snappy. [ jabbed the
accelerator several times in low and
second gears and the tires spun imme-
diately. TRC testing bears this out.
Pat Goodman showed me the test data
sheets. With the car stock and & 430-
pound payload (including the driver),
zero—60 mph was 17.3 seconds. With
the modified engine, zero-60 time was
a livelier 15 seconds (again with a
430-pound payload).

Mileage also improved between
testing sessions at TRC. Mileage was
measured in two ways: on a chassis
dyno and on the track. Dyno proce-
dure was identical to the EPA city-
driving schedule, which also mea-
sures emissions. In stock condition,
the Fiesta got 30.17 mpg. Modified, it
got 34.05 mpg. Both times it passed
emissions requirements easily.

Track testing, which is closer to
real-world use, but is not used by the
EPA, was the SAE J-1082 fuel-econo-
my test procedure. This consists of
three modes of driving, supposedly
simulating urban, suburban, and in-

N/

terstate driving conditions. Basically,
the urban cycle consists of a lot of stop-
and-go driving with speeds up to 30
mph. The suburban cycle has fewer
stops with speeds up to 60 mph. And
the interstate cycle has no stops, and
an average speed of 55 mph.

Before modification, the Fiesta got
21.97 mpg, urban: 36.80, suburban:
and 37.04, interstate. Affer modifica-
tion the figures were 25.27, 36.66, and
39.70. The reason for the lack of im-
provement in the suburban cycle, savs
Goodman, was that water vapor going
over the brass throttle shaft in the
carb cooled the shaft. which in turn
cooled the electric choke, causing it to
close partially—and at those speeds
there was not enough engine heat to
overcome the cooling effect of the
water on the shaft.

“This happens only between 20 and
50 mph under mild acceleration.”
Goodman says. "We had not encoun-
tered this particular combination of
temperature and driving conditions
before, so we didn’t realize it could
happen. It could easily be cured,
though, with the addition of a hot-
water line running to the choke
element.”

How the system works

Basically what happens in the en-
gine is that an ultra-fine water mist is
sprayed through a special nozzle
mounted above the carburetor throat.
where it is sucked down into the rejet-
ted carb and into the combustion
chambers, along with the fuel-air
mixture. As the water-mist turns to
steam in the combustion chamber. it
lowers the peak combustion pressure
and extends the pressure time to-
ward the bottom of the stroke, which
also keeps the nitrogen oxides down
(see drawing).
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How the water-injection system works:
Electric fuel pump pushes water into float
bowl, then through adjustable needle
valve (from a model-airplane engine) and
a one-way valve (which keeps line to noz-
zle full at all times). Air Injection Reaction
(AIR) pump still pumps air into exhaust
manifold, but a restriction has been added
to reduce the amount of air to the exhaust
manifold. The lower volume of air needed
is due to the lower temperature of the gas-
es entering the manifold. AIR pump also
pumps air into the atomizing nozzle
through a one-way valve. Without a valve,
at trailing throttle and high rpm, vacuum
in the exhaust manifoid could suck in
water. One-way valve here is from oxy-
acetylene welder. Air pumped through
nozzle draws water through nozzle's
many tiny orifices. The amount of water
spray increases in proportion to the rate
of air flow through nozzle. Manifold vacu-
um draws the spray through the carb and
into the cylinders.

Modifiect Fiesta engine's head gasket is
removed by Pat Goodman. His shop,
Goodman Engines, builds racing engines
and does automotive machine work.

An air-injection pump (standard on
the Fiesta and many other cars) is
used to control the amount of water
spray leaving the nozzle above the
carb. Because the pump normally sup-
plies more air pressure as engine load
increases (also the condition in which
more water is needed to prevent deto-
nation), it’s an ideal device for control-
ling the volume of water spray.

The combustion chamber has been
designed to increase turbulence and
therefore provide better fuel-air mix-
ing. The chamber is comprised of
matching depressions in the piston
and cylinder almost entirely under
the exhaust valve (see photo).

Goodman says the car can be pro-
voked to detonate, if you run it at full
throttle for a long while and get the
pistons really hot. “But that’s a devel-
opmental problem,” he says. “If I had
oil spray on the piston, as Mercedes
does in its turbocharged diesel, or a

PRESSURE
AUGE

il
=¥ ELECTRIC
i FUEL PUMP

WATER TANK

EXHAUST
MANIFOLD

With top off air cleaner and a shop air
hose connected to the special nozzle, a
fine mist is produced by nozzle. in car,
nozzle pressure ranges from 2%2-10 psi.

spark sensor like the one on the Buick
Regal, I wouldn’t have it.”

Advantages of the system

Increased performance, better mile-
age, and the ability to burn low-octane
fuels without knocking are the bene-
fits of this system, Goodman claims.
“What you're doing,” he says, “is us-
ing water as a replacement for lead.
Lead will give you the power, because
it will let you run a higher compres-
sion ratio, thereby increasing the en-
gine’s efficiency. But lead is a harmful
pollutant, and the higher tempera-
tures produce nitrogen oxides, anoth-
er no-no. Water not only takes the
place of lead; it also serves the func-
tion of EGR (exhaust gas recircula-
tion), which is disconnected on Good-
man’s Fiesta. The result is more fuel
economy: Running at a higher com-
pression ratio, the engine uses less gas
to do the same amount of work.”

Top half of combustion chamber is in cy!-
inder head (recessed area around ex-
haust valve and spark plug). Top of flat
piston has matching recession.

“Thermal efficiency in modern en-
gines is almost nothing,” he contin-
ues. “If car makers raised compression
and used water injection, they could
use a smaller engine, increase engine
efficiency, and at the same time enjoy
the benefits of a smaller, lighter car.
Less weight not only translates into
more mileage; it means that produc-
ing the cars would use less energy.”

Why has water injection, which has
been tried many times before, not
been widely adopted?

The main problem, Goodman be-
lieves, has been finding a way to me-
ter the water properly. “At 60 mph,”
he says, “this engine burns five or six
quarts of gas and six ounces of water
in one hour. It’s hard enough to make
the carburetor meter five quarts of gas
in an hour, without trying to make it
meter five or six ounces of water.”

His two key solutions: the special

[Continued on page 159]
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AUTOMOTIVE

WATER
“INJECTION:

JUST THE FACTS

by Bob Fendell -

TO CLOSED
CRANKCASE
VENT ON CARS

TO PCV VALVE

Water injection has been used in racing cars for years to boost power. Now,
when everybody’s trying to squeeze the most out of a gallon of gas, they’re
catching on with the common motorist. The device shown in the above draw-
L ing is manufactured by Hydro-Air Corp. It's operated by a car’s vacuum lines
(in this case, the PCV valve); the engine creates a vacuum which sucks water
from the storage tank and injects it into the intake manifold below the car-
buretor throttle plates. The water tank holds 38 oz., will last about 400 mi.

56/SCIENCE & MECHANICS

] Is water injection an automotive
myth or another revived gimmick? Or
is it something that will help most
cars on the road get better fuel econ-
omy, better power, longer more main-
tenance-free engine life or a combina-
tion thereof? Government scientists
reporting on tests of various water
and water/alcohol injection devices

‘have reached varying conclusions

when rating their effectiveness. And
no car company, U.S. or foreign, in
the past 20 years has seen fit to
offer a liquid injection system as even
an option—not even on a turbodiesel
where the injection of water or water/
alcohol would seem to be highly
beneficial. '

When seen from Detroit’s point of
view, that is understandable. Accord-
ing to Bruce Everling, who before
joining The Gobdman Co. (an injec-
tion system manufacturer) was a gov-
ernment engineer with EPA, no car
company is going to add a device
which carries an implied performance
claim for fear of its recall potential or
complaints about performance. Such
an item is better left to independent
companies, they feel, until the bene-
fits of the device are taken fce grant-
ed, thus making lawsuits on the ques-
tion highly improbable.

But perhaps we are getting ahead
of ourselves. We should examine what
the reasoning behind liquid injection
is and what it’s supposed to do to
produce beneficial results.

Have you ever noticed that your
car seems to run better on a damp
day? That is because the moisture in
the air is just enough to forestall deto-
nation and pinging, allowing the en-
gine to run smoother. Early prototype
water injection systems attempted to
duplicate this phenomenon without
really understanding it. (\Water in-
jection was first patented in 1904.)

Over the years, however, at least
partial knowledge of what occurs in-
side an engine has been achieved and
the injection devices on the market
now are better thought out. Most are
controlled in some manner to become
activated under load instead of only
when the engine is idling. The ques-
tion becomes not whether the devices
themselves work—they obviocusly do
inject either droplets or vapor—but
whether they: 1) are worth the
bother; 2) create other problems; 3)
are useful for some kind of power-
plants but not others. Some research-
ers seem to indicate that the game is
not worth the candle and emphasize
that the effect of this injection on a
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carbureted engine is not a simple one.
While the people selling the liquid

injectors obviously disagree with the
first part of that statement, they total- 2| ‘
P > y

ly agree with the second part. 1L ’ (

How the Water Helps. The water Lot
injector works not because the engine bl S o
is burning water, but because the in- S+ NITRIC OXIDE
jection process apparently cools the g i These two
flame front in the cylinder. Adding 3 / graphs  show
any one of several alcohols mixed with 5 'r the effects of
the water assists in this effect and is Eos[ water injection
believed to give further benefits spe- § s | fn" ’::;‘um't‘;s‘;
cified later. 8 . - graph, nitric ox-

-The injection of the liquids does B ide was signifi-
several things. First, there is a greater 3L CARBON MONOXIDE cantly reduced
potential for expansion of the fuel ) and carbon mo-
charge since cooling makes it denser. i noxide also
The result is believed to be a pres- 1E ) lessened,  but
sure boost: the injection of water is, 0 \ . \ . | . . more  slightly.
. - The effect was
in effect, raising the octane of the fuel 0 10 20 30 40 so 60 only noticeable
(a certainty if alcohol is used) by WATER IN THE WATER-GASOLINE COMBINATION, WEIGHT PERCENT where carbon
raising the flash point (the instant monoxide lev-
when explosion occurs). The water’s els were rela-
cooling effect creates the conditions tively high. In
for a more thorough combustion at 30 the lower
lower peak temperature. That's why [ graph, the level
it eliminates ping in many models 2 .sl of  hydrocar-
with modern engines. Some injection 2 bons thu:lly
makers even claim the water tumns to - : ':,:::f ?: a;jeedn

> . Q 20 '

Steam and youre getting - added x - :
“steam engine” power. Cooling of the e
charge seems to retard formation of S sl A
nitric oxide and its dilution seems to s : L ]
inhibit hydrocarbofis, although the 240l .
EPA has not yet confirmed this, &

The secqnd benefit, claimed by s'é os
S(.)me systems, is that it cleans the en- = U r HYDROCARBON
gine, the exhaust and the carburetor

0 I 1 I i § 1 i

0 10 20 30 40 50 60

WATER IN THE WATER-GASOLINE COMBINATION,
WEIGHT PERCENT




WATER INJECTION
C arbon deposits, thus permitting the

. to run cleaner and more efficient-
ly. A third benefit is that it permits
use of the lowest octane gas available
with no loss of performance. That
would be 70 octane in some parts of
the country.

It’s also claimed that water injec-
tion permits you to advance the spark
to lean out the mixture and thus in-
crease fuel economy without injurious
effects. This may be true for many
recent model domestics which were
set rich for best performance, so you
must investigate carefully whether or
not your car or truck falls into that
category.

After much research into what the
firms that are reviving interest in k-
quid injection are saying, the fact
remains that neither they nor the car
companies completely understand the
effects of injection on the combustion
cycle or on the engine. But water in-
jection still seems to have beneficial
effects on many vehicles under many
conditions. Addition of alcchol to the
mix—ethanol, methanol or even just
plain isopropynol rubbing alcohol—-

~~tainly has the effect of raising oc-

g\, s and cleaning out carbon deposits
¢én faster.

Yet it is not even clear, according
to Everling of Goodman, whether the
liquid injection changes the rate of
burn, for instance. The Goodman ex-
pert believes that water injection
proves beneficial because it increases
the differential between the highest
temperature the engine can reach and
the exhaust temperature. If there is
an increased differential, it means that
less work/heat is escaping through
the exhaust, he says.

Thus, if we know that in theory
that water injection can provide bene-
fits—power, elimination of knock or
ping and/or fuel economy by various
means—perhaps it’s not really relevant
to know exactly why these benefits
occur, So we can proceed to the ques-
tion of which hardware works.

The Manufacturers. There are any
number of systems on the market.
They all have different hardware and
they all disagree about how to get
the water or water mixture into the
combustion cycle and in what form
that should be. The difficulty of the

~oblem comes from the admission by

kf stually all that too much water kills
uel economy (their main selling
point), but that not encugh really
doesn’t have much effect on it one
way or the other.

They differ on whether the liquid

58/SCIENCE & MECHANICS

All graphs: B. Peters and R. Stebar, SAE

- claims " for * ‘water
Injection is that it

bclane V!evel

. "(DIRECT MANIFOLD

INSECTION INDICATES
SLIGHTLY HIGHER
OCTANE LEVEL) .

liries,’

~~. by the amount of
water ::°

can be sucked into the engine or
whether it must be injected. And they
differ on whether it should be in-
jected continuously or whether the
injection should vary with the load-
ing (that is, when you press your foot
on the accelerator or when you main-
tain pressure as the vehicle climbs a
hill). And they differ further on the
degree of atomization necessary to in-
sure good distribution to all cylinders.

A number of studies on water in-
jection have been done, some com-
paring the mechanisms utilized and
the claims made. One of these was
at the University of Nevada Reno
by Barry S. Hunter who makes the
point that it “is not applicable to di-
rect power or economy; water injec-
tion allows the engine to develop more
power and thereby become more ther-
modynamically efficient.”

Mr. Hunter, who is not convinced
that water injection is worth the cost
for the amount of benefits, neverthe-
less differentiates between those sys-
tems permitting water to be sucked
into the system and those which use
pressure to push the liquid in. The
former are called vapor injectors and
they are the least expensive kind. In
this type, a carburetor vacuum line is
tapped and when high vacuum oc-
curs the water is drawn in. As Hunter
points out, high vacuum occurs dur-
ing idle and deceleration, and one
problem to be solved—detonation—oc-
curs only under rapid increase in ac-
celeration (load). So for this problem,
such vapor devices seem useless.

Moreover, the vapor injector auto-
matically leans out the mixture. This
can result in a fuel economy benefit
as long as the mixture does not be-
come too lean, which can cause in-
ternal damage.

WATER. WEIGHT PERCENT (%)

PR AU AT ,\,'_".,L',,’.' Sl

It is interesting to note that Hun-
ter became interested in water injec-
tion for cars because of the longtime
use of water injection on supercharged
airplanes. He notes that auto com-
panies in fact did offer water injec-
tion for a short period to counter the
low octane of the gasoline of the day.

But can it be successfully transfer-
able from airplane to auto? The Cali-
fornia Air Resources Board has ad-
vised against at least one system for
rotary and diesel engines and those
which are fuel injected. Yet systems
have been marketed specifically for
diesel engines (on farm tractors).
Turbocharging and supercharging are
making a bit of a comeback as a way
of making smaller, more economic en-

" As this chart 'indicateé’,i'ﬁ‘a'lér (iniec- '

tion slows the combustion process in . -~

spark ignition engines, thus the en-
._gine, fiming must be advanced if it's
_to show a mlleage mprovemenl
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gines provide enough power during
acceleration to retain performance;
perhaps there is where there will be
a transferable experience from air-
planes.

So we have determined that each
car may derive more or less benefit
from liquid injection and may derive
different levels of benefit from the
competing systems. To help you de-
cide which of the many systems you
might like to try, we have compiled
information on a number of them.
Unless you are mechanically inclined,
we would suggest vou have them in-
stalled by an experienced mechanic.
Order of listing does not imply any
recommendation.

The Wagg System injects a water-
alcohol mixture directly into the car-
buretor. The maker recommends re-
setting the ignition timing and re-
jetting the carburctor. The patented
device has an integrated, electrically
operated regulator pump which senses
engine vacuum, thus determining
need for the injection operation. Oper-
ation with water-alcohol mixture plus
a rust inhibitor or straight alcohol is
recommmended. .

Wagg makes the following claims:
mileage increase; decarbonization of

CARBURETOR

engine; reduction of engine wear:;
cure of detonation, dieseling, and
rough idle; and a reduction of emis-
sions. An EPA interim report now
being challenged reported an in-
crease in nitric oxide and reduction in
carbon monoxide with a fuel economy
benefit.

The Waag system is sold through a
distributor network. Lome Cameron,
president of the company, says the

A configuration of the
Goodman System s
'given at right. This
one is unique in that
it is powered by the
car's smog pump. Air

oA A and
WATER/ALCOHOL TANK

A

alcohol used costs less than one cent
a mile. Methanol is recommended. In-
jection occurs only under load.
dress: Waag Products, Engine\ .
Fuel Systems Inc., 6451 N. Federal
Hwy., Suite 1220, Fort Lauderdale,
FL 33308.

Shelby-Spearco’s system injects a
water/alcohol mixture directly into
the carburetor. Ignition timing must
be reset. A black box electronic co-
ordinator senses intake manifold vac-
uum and ignition rpm to determine
when to have water pump build pres-
sure and inject water into the car-
buretor intake. They recommend
operation on water-alcohol mixture.

Claims: fuel economy increase;
power increase; volumetric efficiency
increase by cooling intake air; decar-
bonization of engine; and use of lower
octane fuel.

This unit is sold direct or through
selected stores and shops and is prob-
ably the most expensive of the liquid
injection systems. Address: Sperco
Performance Products, 10936 South
La Cienega, Inglewood, CA 90304.

Goodman Systems’ injector is pow-
ered either by an existing smog pump
on the engine or a vacuum pump
provided and injects atomized drop-
lets directly into carburetor. Air ff
the smog pump or equivalent is rotn. ..
to atomizer nozzle which mixes this
air with water or water/alcohol and
squirts it into the carburetor venturi.

Claims: increased mpgs; elimina-
tion of detonation; some decrease in
emissions; decarbonization of engine
and carburetor; and greater engine
durability. Early literature claims you
can detach exhaust gas recirculation
valve and can advance timing for
economy reasons without failing to
meet emissions requirements. This is

(Continued on page 106)

from the smog pump
is routed to the spray
nozzle which mixes
the air and water like
an atomizer does
prior to entering the
carburetor. Goodman ;
claims that the device |
will increase mpgs, ¢
eliminate detonation,
decrease emissions,
and reduce carbons.

AIR
CHECK VALVE

WATER
CHECK VALVE

SPRAY NOZZLE
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One of MOTHER’s seminar students gave a few lessons of his own!

RON NOVAK'S DO-IT-YOURSELF
WATER INJECTION SYSTEM

B A\

X

‘ - N, § \\

il Ron Novak trichty explains the subtietios of the mileage saver.
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1-0UART STRONG PLASTIC BOTTLE

You can 1mprove your car engine’s
starung abihtty, pickup. and fuel economy
by constructing a homemade water iniec-
tion svstem . . for a total cost of under
tive dotiars' And you'lt spend that smati
amount of money (heck, It takes more
cash than tha! to buy one tank of gas now-
adays’) entirely on parts pbecause al}
the information you'lineed to "inject’ your
owr auto is right here in this article!

MOTHER's stafters have installed and
tested one of the "engine aids’ (and. by
jeepers. the thing works'!), but we can't
take tne credst for inventing the build-it-
yourself device. Nope, all the know-how
tor this hatf-nour {or tess} shop project
comes trom a very genercus—and clever
—vISIOr 10 this magazine's seminars . .
Mr. Ron Novak

Ron openly shared his under-the-hood
“secrel”’—during the July Motner Earth
Week—with everyone who was inter-
estec. (And once the word of his brain-
storm got out, the inventive fellow spent
as much of his visit teaching as he did
studying!)

Actually. Mr. Novak made two improve-
ments to his 1878 Honda CVCC station
wagon before he started the leng trek from
his upstate New York home to MOM's
western North Carohna land. The traveling
seminarian's major modification was to
install a homemade water njection sys-
tem that feeds a 4:1 HpOsalcohot mist into
his vehicle's carburetor but he also
addec a drag-reducing “air dam’’, under
the Honda's front bumper. to further im-
prove his car's gas mileage. [EDITOR'S
NOTE: MOTHER's ever-busy researchers
are hoping to report—tn an upcoming is
sue—on this second (the “fencer extend-
er'jidea.]

Ron got the notion for his water injector
tfrom some automotive magazine adver-
tisements that offered a $50 fuel-saving
device. The canny Nor'-easterner carefully
read the literature about the expensive
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WATER INJECTION: 6% GAS SAVINGS-
AND MORE POWER-FOR AS LITTLE AS $372

Installing a hydro-atomization system on your car—a modilication which adds
damp air to the engine's intake mixture and produces a variety of benefits—in-
volves littie more than the purchase of a three-inlet valve (such as a lish tank's air
regulator), an aquarium air stone, five feet of 1/8" clear tubing, and a strong plastic
bottie ... plus about 15 minutes of under-the-hood tinkering.

When MOTHER's mechanics tackled the job. they were able to prck up all of the
necessary pieces—with the exception of the $1.98 brass valve-—at a local pet
shop tor only $1.74. The boys then simply drove around the corner and recvcied a
photochemical bottie from & trash bin behind a photo shop. stopped by a nearby
plumbing supply store to pick up the three-way valve, and returned to the research
center {o actually install the parts .. . which took just a shade over ten minutes

You can begin your instaliation by splicing the valve into one of the vacuum
tines which comes from the base of the carburetor. {in many cars the distributor
advance hose would be the best choice for valve-insertion. However, the Honda
Civic CVCC that MOTHER operated on has a very convenien: 1/4" vacuum line run-
ning to & fresh air valve, so MOTHER's crew tapped into that hose with therr
makeshift control.)

Next, securely suspend the liquid-containing bottle in the engine compartment.
{In this case our research team fabricated a hoider from an oid coat hanger and
bolted the assembly to an existing tastener on the jeft whee! weil of the Honda.}
Once your tank is in position, drili two 1/8” holes in the top ot the container .
one on each side of the cap. Then run a suitable length of the 1/8" hose from the
remaiming outlet on the three-way valve to one of the 1/8" openings and aliow
1/2" of the tubing to enter the reservoir.

Now take the rest of your 1/8" hose. insert it through the unoccupied 1/8” hole,
attach the air stone to the inside end of this line, and slide the aerator and tube in-
to the bottle until it just touches bottom. The leftover 1/18° line—which protrudes
trom the container—shouid be snipped off to aboul three inches in length

Finally. fill the reservoir—to about an inch from the top—with a solution of four
parts water to one part aicohol {the iatter keeps the water trom freezing in winter),
start your motor, let it warm up, and then adjust the valve until a gentle bubbling
comes from the air stone. Once that's done, jt's time for a test drive!

MOTHER's researchers noted an immediate improvement in low-APM power—
which heiped the Honda to accelerate up hills that had previously required a down-
shift—and a significant reduction in vibration. Better yet—after we ran three
tanks of gas (and a quar! of tiuid) through the engine—the Civic's gas mileage
jumped from 32 to 34 MPG. Pius, much to the auto owner’'s surprise. water injec-
tion cured a fongstanding cold weather starting problem. in fact, the driver claims
that the modification “paid for itself” with that starting improvement alone ...
and that, in his optnion, the power gain and gas savings are icing on the cake!

THE MOTHER EARTH NEWS"®

accessory andrealized that the mileage-ex-
tenger consistea of littie more than a bot-
tle (partly filleg with some "miracie” solu-
tion} that was ngged with [1} an underwa-
ter air intake line that bubbled air through
the uquid and [2] a mist-grabbing outflow
tube to teed the "foamed-up' vapor direct-
ly into the engine’s carburetor. The wet air
was reputed to help produce more eff.
cient fuel-burning (by "atomizing” the
gasoline droplets and lowering the tuel's
temperature} anc to improve the power
plant s overall performance and life span
(by cleaning out the engine's carbon
buildus)

Novak figured that he could make a s\ m
thar fuer-saver himselt . . it he could solve
one probiem: What "gadget” could he put
on his underwater arr tube to produce
those myrniad tiny air bubbles? Well, the
tinkerer tried Jjust about every device he
coulg think of tincluding the pinched enc
of a cigarette holder). but—in spite of his
ettorts—the bubbler had him stumpec
Forlack ot one simpie piece, Ron couidn't
getthe whole dang system to work!

Then one day. while the New Yorker
was running an errand in a pet shop. he
noticed a smalt aguarium “air stone’ that
was (what else?} busily breaking an in-
coming oxygen supply into tiny little bub-
bles to mix air into the fish tank's
water Ron bought one of the low-cost ob-
jects. attached 1t to his homemade mjec-
tor's underwater tubing. and—eureka' —
he was in business'

The entire installation procedure was
easy. inexpensive. and legal (Ron didn't
fiddle with his car's EPA emissions de-
vices). And Novak's "new’ water-injected
Hongaran betier—and further on one tank
of gas—than it ever had in 1ts lite!

Since that first attempt. Ron has in-
stalied his "bubbling bottles" on all sorts
of vehicles . .. from a BMW R60/2 motor-
cycle ... to a 1973 Opel GT ... to a 1968
Cadiltac. in each case, gas miieage im-
proved dramatically! So, folks, there "ain't
no reason’ why you can’t get better per-
formance and gas mileage by building
your own water injector ... no matter
what form of gasoline-engined transporta-
tion you're driving! All you have to do is
read this article’s sidebar, head off to the
nearest pet store for your “‘auto parts’,
and then get to work!

EDITOR'S NOTE: People who read
about Pat Goodman's water injection sys-
tem (see “Waler Injection Wizardry' in
MOTHER NO. 59, page 46) may wonder
about the differences between Ron's
homemade “carburetor squirter’ and Pat's
more sophisticated—and, of course, more
expensive—device.

The most important functional distinc-
tion between the two is that Novak's injec-
tor “bubbles' most rapidly when the car is
ihing and least intensely when the vehi-
cle's under full throttle. Goodman's smog-
pump-controlied instrument, on the other
hand. increases its vaporizing activity
with higher engine output. Pat's “mistifi-
er’ will theretore produce a much greater
overall boost in gas mileage than the do-it-
yourselt device does ... but can only be
added to a car that already has a smog
bump. Ron’s homemade system can be in-
stalled on just about any vehicle on the
road togay. s

NOVEMBER/DECEMBER 1979

My -
the pas
but I v
share o
a way
WOrks s
those 1l
Howe
what st
natior:
influen:
but T've
tacks a
onmy f
1 sup;
add a ¢
ing leg:
W an o
continu
My Cok
to be te

THE 8.
Wha!
those
and fiu
allls n
your jc
may s
“eold t
side .
aches
follow.
In ea
given |-
numbe
did no g
Now:
you ing
temper
nies' p
Final

run out
And, af

the nex’

THE LI

Some
zine ar
the vin
learned
red blo
uses th
about 2
which s
cell-1to
tive pro

It's b
that gir
cause —
our ma
new re
destroy
produce



,

/1y there just hasn't been any
{ way to effectively control the

‘A 20 to 50% gas mileage improvement can be yours with .

WIZARDRY|
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7 Ppuring the second World
/ War, fighter pilots could push

k

e

_ accompanying photos. 1t con
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... that gets 50 MPG in nor-
\mal around-town driving.

a button and inject a stream of
water into the turbochargers
of their monstrous power-
plants . . . to get extra thrust
on takeoff. Some time later,
Chrysler (among other auto
manufacturers) installed wa-
ter injection on a number of its
large displacement engines

. again for a performance
increase. Indeed, water injec-
tion—used to produce power
increases—is nothing new.

But using ‘'Adam’s ale’ to
save gasoline sure is a change
of pace! You see, until recent-

volume and atomization of the
tiny amount of fluid needed to
adapt HyO injection to a small,
economical engine. And typi-
cally enough, while big tech-
nology has failed to figure out
how such regulation could be
handled, a small back-lot en-
trepreneur (with a wealth ot
experience and ingenuity, but
a paucity of dollars and de-
grees) has succeeded.

PPat Goodman installed his
first water injection system
(on a Porsche racing car) in
1964, and the racing organiza-
tion responded by banning his
device . . . it made the vehicle
too fast! Undaunted, Pat de-
cided that—even if the racing
establishment wasn 't interest-
ed in ‘‘improving the breed’’.
he was.

Today, several near-bank-
ruptcies later, the innovative
mechanic owns a vehicle that
only the government could ar-
gue with: a 1978 Ford Fiesta

(This impressive figure has
been verified by a MOTH-
ER staffer, who accompanied
Goodman on a 48-mile jaunt
around Winchester, Virginia.
During the drive—which Pat
accomplished with, if any-
thing, more speed than nor-
mal—the small four-cylinder
sipped only .95 gallon of un-
leaded gas.)

BACK TO BASICS

Like most good ideas, the
Goodman water injection de-
sign is an amazingly simple

approach to a frighteningly’

complex problem. In fact, the
production system is muc
less complicated than the pro
totype model pictured in th

sists only of an atomization
nozzle, plus two one-wap

An
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At left is the water injection
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‘brain'’ Cat right the resulls.

valves from squirt guns, some
hose (to supply water to the
vsprayer' and draw pressure
from the emission system),
and a one-gailon water tank.

The nozzle is screwed into
the top of the air cteaner hous-
ing and sprays minute drop-
tets of water into the carburet-
or throat . . . inTesponse Lo or-
ders from the engine's stock
smog-control devices.

Despite his occasional criti-

isms of the government's
egulatory bureaucracies, Pat
is graciously thankful for all
the time and money they've
spent developing his system’s
volume-control  device: the
smoyg pump. This air injection
mechanism carefully moni-
tors engine speed and load . . .
and provides the pressure to
activate the Goodman unit's
water nozzle!
" By restricting air pressure
from the pump (either with
a valve or by crimping the
hose) to about 2-1/2 PS5l at
around 3,000 RPM tmeasured
with a fuel-pressure gauge),
the proper ratio of 5¢ water to
957, gasoline is assured. And
at 5 —if the motor burns a
gallon of gas every 15 miles.
for example —the gallon of wa-
ter will last about 900 m'iles.

HOW?

So—you may be wonder-
ing— just how does water im-
prove gasoline mileage? After
all, plain old H,O won't burn.

" However, because water
doesn’t burn . . . the fluid docs
(in effecty raise the octane of
the fuel!

This higher ‘‘flash point”’
produces three specific bene-
fits (as well as some off.
shoots). First, because the wa-
ter cools the gas-air mixture,
there is greater potential for
expansion (since pressure is
directly proportional to tem-

perature). Second, combus-
tion turns the water droplets
to vapor . . . which also helps
create  a  pressure  bonus
(much as the same substance
drives a steam engine).
Finally—and most signifi-
cantly —the conversion of wa-
ter to steam consumes heat
(at a rate of about 1,100 calo-
ries per gram of the liquid) at
la very critical instant. This
absorption of heat prevents
the temperature of combus-
tion from rushing to a sharp
peak (as it does in a standard
engine) and then dropping
rapidly off. Instead, the car’s
heat increases more slowly,
reaches a lower peak, and de-
| scends much more gradually.
* {In addition, the longer over-
all combustion duration cre-
ates more pressure than does
a standard engine’s cycle.)
Thus water injection alone
can make your engine more
efficient (and gas-thrifty), but
a good mechanic can easily
improve upon such benefits!
Yoodman, for instance, runs
his Fiesta at a 12.7:1 compres-
sion ratio. He can do this be-
cause the reduced tempera-
ture of combustion prevents
the normal problems of pre-ig-
nition and nitrous oxide emis-
sions (which are produced ina
high heat environment). In
fact, Pat's little Ford recently
loped through the EPA's rig-
orous (and—at $3,000—expen-
sive) nitrous oxide test with
only half the maximum legal
emissions.
A high compression ratio
. can have many benefits ...
but for the most part such
“pluses’ involve increased
power. Most folks assume—or
have been led to believe—that
more power means more gas-
Cine consumption. Not so! As

compression-ratio hike does

1ot change either displace-

ment or fuel flow, but en

man Fiesta, more power
means that less throttle can te
used to travel at the sume
speed. That efficient gasoline
use translates to better mile.
age ... as well as a boost in
performance. (By the way,
the pistons Pat used to raise
the compression in his little
Ford are obtainable from his
auto parts store. You'll find
the address at the end of this
article.)

If you're reluctant to tackle
piston replacement. you can]
still enjoy an approximately
200, MPG improvement by in-.
stalling a water injection sys-
tem on your stock engine,
Since Pat plans to sell an in-
stallation kit—including noz-
zle, one-way valves water
tank, related hardware, and
detailed instruction book—
which will be available (by the
time you read this) for under
$50, a water injection system
should pay for itself (at the
rate of about a penny per mile)
just 5,000 miles down the road.

In addition, the system is so
simple to install that it can be
ready to run in less than two
hours, and the only recom-

mended maintenance is a noz- N

zle-cleaning (with
every 20,000 miles.

However, the future of the
Pat Goodman water injection
system is still undecided.
Amidst negotiations for distri-
pution with a large New York
firm, Pat received word about
the possibility of pending EPA
action against people who
manufacture automobile en-
gine accessories.

While MOTHER can fully
understand why devices that
make noise, spit out smog. or
gulp gasoline should be con-
trolled, allowances must be
made for small manufactur-
ers who can genuinely help us
all. Today Patis not aliowed to
install his nozzles (nor is any
professionnl mechanic. with-
out that $3.000 nitrous oxide
test) despite their seeming

vinegar)

A4

benefits. Tomorrow he might
not be allowed to make them
atall.

EDITORS NOTE: You cun

obtain the nozzles, wstruction,

books, Avics Distons, and a v
riety of other inport puarts

from Atles Import Purts, Inc.,
Dept. TMEN. 685 North Louw-
don Strect. Winchester, Vire

ginie 22601.3
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converters and the auto moguls feigned
frustration at being told to install them,
when all along it added to profitability
and a great deal of free advertising via
media news stories.

One might ask, why not take the
thing down to your local auto dealer
and get him to test it?

“The manufacturers have a policy
that forbids dealers from testing new
devices or concepts,” Brown pointed
out.

Meanwhile, millions of Americans are
subjected to televised propaganda about
EPA mileage estimates designed to sell
cars and major oil companies advertise
how hard they are striving to provide
the energy needed to keep America
rofling.”

Brown admits that his earlier device,
the “Ring of Power” caused rust prob-
lems and was expensive because it was
made of ceramic tile. But the Power Pak
solves both problems and fits easily on
all vehicles.

“One of our problems certainly must

be the rash of gas-saving gimmicks that
popped up across the country over the
last few years. These useless gimmicks
have given all such devices a bad name.”

Carburetion devices have come and
gone throughout the history of auto-
motive engines, and the auto makers
steadfastly deny that anything more
efficient than what they manufacture
has ever come forth. '

Some of the “better ideas” did turn
out to have major drawbacks. The
famed Fish carburetor invented by John
Robert Fish was indeed more efficient
for racing cars and hotrods, but for
around town driving it left much to be
desired.

The equally noted Pogue carburetor
invented by Canadian Nelson Pogue
could indeed obtain fantastic mileage --
but it did not give the car the necessary
performance standards American drivers
demand.

However, Brown’s Power Pak and
Ben Polo’s Equalizer are in a class by
themselves. Neither are mere gimmicks;

3|

both work and have impressive test
credentials -- and both can be inexpen-
sively installed on present vehicles.

Rather than attempting to force new
carburetion systems down industry’s
throat -- as several inventors have tried.
to do and failed - these inventors ha¢
found a way to make today’s fuel
systems, in both gasoline and deisel
engines in the case of the Power Pak,
work cleaner and more efficiently.

California has at least acknowledged
Polo’s Equalizer; Brown has been totally
ignored. His Power Pak deserves a fair
hearing and trial.

Brown repeated his statement, still
incredulous that the powers that be do
not act:

“Here is something that can be in-
expensively installed on existing cars:
giving them longer life and better
performance for the investment.

“In addition we help clean up the air
and save fuel.”

The automakers certainly cannot sav

that! INR|

oS i A /‘I’”?/

Charlie Brown demonstrates how simple it is to mstaII the Power Pack humi-
difying system in today’s autos. The air filter housing on all modern vehicles

is ideal for the unit.

Detailed Testing Indicates
Brown’s System Works Well

Dynamometer tests of the Power Pak
were made by several outside firms. One
series of tests were conducted by
Autohaus Mart, a Mercedes-Benz dealer
in Pompano Beach, Florida.

The two vehicles used for testing
were a 1973 Mercury Marquis with a
429 cubic inch displacement (CID)
engine at 5,217 miles on the odometer
and a 1973 Pontiac Grand Prix with a
400 CID engine at 7,452 miles.

Another dynamometer test was con-
ducted by the Engineering department
of the University of Miami on a 1973
Chevrolet with a 350 CID engine at
25,744 miles.

All the dynamometer tests showed a
clearcut maximum increase in effective
road horsepower of 20 per cent in the
50 - 70 miles per hour speed range.

All the tests took place in South
Florida where the humidity is already
high -- the results should be even more
impressive in the southwestern part of
the U.S. or in the mountain states.

There were also impressive results in
mileage tests of the Power Pak on rotary
engine equipped cars.

Additional testing with a 1977 Buick
Electra 225, four door passenger sedan
equipped with a standard General
Motors 350 CID engine were made last

December.

The vehicle was tuned to factory
recommendations then a run was made
using a Space Kom model 6100 digit-
flow-digital miles per gallon meter and
totalizer combination which was factory
calibrated to thhm 2 per cent of
accuracy.

All road tests consisted of four runs .

of between 2 and 2.2 miles in both west
and easterly directions to negate wind
factors. The test series commenced only
after the vehicle had attained 55 miles
per hour under cruise control.

The four test runs with the standard
vehicle indicated an average of 16 miles
per gallon fuel consumption at 55 miles
per hour.

The four test runs with the Power
Pak indicated an average of 20.56 miles
per gallon.

A third series of test runs were made
and this time a product called “Moly
Mach-7” an engine lubricant developed
by a Dallas, Texas firm, was added along
with the Power Pak and the mileage
average was 21.48 miles per gallon.

Charlie Brown’s Mercury Marquis is
as finely tuned and equipped as any
standard vehicle can be. He obtained an
average fuel consumption rate of 7.7
miles per gallon around town and a top
of 11 miles per gallon cruising at 55
miles per hour,

After 22,000 miles of testing his
various humidifier devices during the
development stage he shows an average
around town miles per gallon consump-
tion of between 12 and 14.5 and a
highway speed mpg figure of 20.1.

Overall the tests indicate that the
Power Pak humidifier increases miles
per gallon by 28 per cent.

~
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Miracle mileage boosters?
Or a multimillion-dollar
swindle of U.S. motorists?

By JIM DUNNE

Would you buy a device that lets you
drive 140 miles farther on a tank of
gas? Of course you would.

But do you believe there is such a
device? Apparently, a lot of Ameri-
cans do; they spend millions of dollars
each year for devices advertised to do
just that--teased by the notion that a
miracle mileage booster exists some-
where.

Recently, I visited the Environmen-
tal Protection Agency laboratories in
Ann Arbor, Mich., where government
engineers examine alleged fuel-
stretching devices to verify claims of
extended miléage. A special testing
program was set up, and over 60 de-
vices were run through the lab. “So
far, all we've found is zero,” reports
Peter Hutchins, project manager at
the lab. “They’re selling miracles, and
we’'ve found none.”

Gas-saving products fall into sever-
al categories—ignition devices, fuel
additives, air-bleed systems, vapor air
bleeds and water injectors, and air fil-
ters. The EPA sampled them all and
here’s what it found:

Ignition devices

These promise better fuel economy
and cleaner emissions. One such de-
vice made by the Special Formula
Jompany of Minneapolis consists of
.entrifugal advance springs that re-
place stock parts on 1974 GM cars.
The EPA test results, however, show
that the springs, which provide less
tension than stock GM parts, produce
no statistically significant improve-

At last — EPA tests revedl
the truth about those

EPA project manager Peter Hutchins cra-
dles some of the gas-saving devices test-
ed by his agency at government labs in
Ann Arbor, Mich., shown in background.

ment in fuel economy, while exhaust
emissions of NO,, CO, and HC jumped
33-38 percent.

A second device is the Paser Mag-
num Electronic Anti-Pollution En-
gine Economizer. The device fits be-
tween the distributor and the spark
plugs, and is supposed to transfer en-
ergy by a metal connection between
the plug wires. EPA’s conclusion:
“Paser Magnum shows no measurable
effect on exhaust emissions and no
effect on fuel economy.”

Note that by simply advancing or
retarding the timing of your engine,
fuel economy will change significant-

Continued

How the EPA tests the devices

Here's how the EPA tested the devices de-
scribed in this article: A test car is run
through the EPA city and highway emis-
sions tests without the gas-saving de-
vices. Then a second run-through is made
with any adjustments recommended by
the manufacturer of the device, but with-
out the device attached (timing or carbu-
retor changes are made at this time).
Finally, the car is tested with the gas-sav-
ing device. The results—which include
emissions levels for hydrocarbons, ox-
ides of nitrogen, and carbon monoxide, as
well as fuel economy—are compared. In
some cases, the cars are “run in” for hun-
dreds of miles by operators who foliow
the manufacturers’ instructions so that
the device has a fair chance to “modify”
the engine.

MARCH 1980 17



A close-up look at devices tested by the EPA

Tiny holes drilled through Mini Carbs are
designed to admit additional air to the car-
buretor. EPA tests found no provable fuel-
economy increase with them.

Test engine suffered burned-out valve
when the Mark Il vapor injector was in-
stalled. The air-vapor bleed device offered
no fuel-economy improvement.

. . . »
Y . . 3

Better atomization and vaporization of
air/fuel mix is supposed to occur with the
Hydro Catalystinstalled between carb and
engine. EPA found no gain in mpg.

il

Up to 50 extra miles per tank of gas is
manufacturer’s promise for Tephguard.
EPA tested it and found no mpg gain or
lowering of exhaust emissions.

Synthetic/super-slippery oils:

Included’in this group are all the new oils
that promise extended life and improve-
ments in fuel economy that result from
their “slippery” nature. In one test, of
Analube, a synthetic engine lubricant
made by Environmental Lubricants Com-
pany of New Britain, Conn., some im-
provement in fuel economy over the base
10W40 petroleum oil was found. |t
amounted to 3.6 percent, or less than half
a mile per gallon of gasoline. The accura-
cy of this test, however, is not dependable.

It is important to note, though, that the
EPA team feels that synthetic oils do offer
fuel-economy advantages—probably two
percent—and is devising tighter tests to
find out exactly what the advantage is.
Right now a baseline oil {a 10W40 type) is
being formulated to measure against, and

within a year the results should be in. If
the preliminary EPA results are proven
right, synthetics may eventually replace
petroleum oil in new cars. Economy im-
provements then can benefit both the
consumer and the car manufacturers,
who must meet tighter mpg standards.

“The oil companies are shooting for a
clear one percent improvement, perhaps
two percent,” says Peter Hutchins, project
manager at the EPA iabs in Ann Arbor,
Mich. “If we can prove two percent, the
consumer can probably get three or four
percent in the field.”

Hutchins points out that the oil compa-
nies are realistic when they make their
claims so low. After all, there is only so
much friction inside an engine that oil can
overcome, and it does not approach the
20 percent or more than some miracle-
additive marketers claim.

118 | POPULAR SCIENCE

Paser Magnum is said to direct electro-
static energy from firing spark plug to
nonfiring cylinders so it bombards fuel
molecules with radiation.

o ¢

Finer droplets of air/fuel mixture are said
to be produced after installation of Fuel-
Xpander. EPA says it performed no better
than other tested gas savers.

ly in most cases. EPA tests of spark
timing shows that highway fuel econ-
omy tan drop as much as 11 percent
when the timing is retarded five per-
cent from its recommended setting.
But, by advancing the timing five per-
cent, highway economy can improve
by as much as six percent. These tests
were conducted by simply comparing
different spark settings. No “miracle”
devices were added to the car. The
phenomenon is important to remem-
ber, since many device manufacturers
recommend a change in timing as a
necessary part of their installatioy

instructions. That means that if an in:—.

crease in economy does occur, it’s
probably caused by the timing ad-
vance. ’
Most cars on the road today need
a tuneup. Device installation in-

)
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structions often include a tuneup.
Manufacturers credit improvements
to the device, yet they may come from
the new spark plugs or change in tim-

C; /)ng that go into a tuneup. The EPA

claims that an mpg penalty as great as
14 percent can be associated with ig-
nition timing being retarded as much
as 10 degrees. The EPA, however, does
not encourage advancing the ignition
timing beyond the point specified by
the manufacturer.

Fuel additives

Buy the fuel additives NRG #1, QEI
400, Rolfite Upgrade, Johnson gaso-
line additive, or EI-5, and you will go
farther on each gallon of gasoline, or
clean up your car’s emissions, or both.
Those are the claims. But EPA tests
fail to support them. In no test of these
fuel additives did fuel economy im-
prove significantly nor did exhaust
emissions show a significant reduc-
tion. In some cases emissions levels
rose. But even so, fuel economy re-
mained constant—within statistical
limits, the EPA says.

Typically, additives are combined
with gasoline in quantities of about
one ounce per gallon. While some com-
binations of ingredients are “trade se-
crets” held closely by the manufactur-
er, they seem to be mostly petroleum
sroducts or detergents, and appear to
contain no “miracle” element that
would change the laws of combustion
physics.

Air-bleed systems

The idea behind air bleeds is that
when more air enters the carburetor
at a critical location, a better air/gas-
oline mix occurs. This leads to better
burning of the gasoline. Also, the ad-
ditional jet of air helps homogenize
the air/fuel mixture through addition-
al swirl in the fuel stream, and that
means more complete ignition.

The Econo-Jets Air Bleed Idle
Screws are an example of those tested
by the EPA. These were marketed by
the Econo Corp. of Detroit, though
they may be available under other
names in other parts of the country.

Econo-Jets are idle mixture screws
that replace the factory-built screws
in the carburetor. They are drilled so
that a tiny hole allows additional air
to pass directly into the carburetor
throat through the idle fuel port. The
vacuum of the carburetor passage fur-
nishes the pull that’s needed to draw
outside air through the screw.

After testing Econo-Jets, the EPA

.am concluded that there is “neither

“"ageneral increase in fuel economy nor

a decrease in emissions associated
with the replacement of standard mix-
ture screws with Econo-Jets.”

Other air-bleed devices tested by

EPA’s Peter Hutchins (rear) watches as
technician runs car fitted with gas-saving
device through standard EPA fuel-econo-

my and emissions cycle on dynomometer. .

Quick installation is one lure of gas-sav-
ing devices. Ball-Matic fits easily into car-
buretor feed tube, but doesn’t contribute
to fuel economy, EPA says.

the EPA include the Mini Turbo-
charger Air Bleed, a Ball-Matic de-
vice, and the Landrum Mini-Carbs.
EPA conclusions: No significant im-
provement in fuel economy and emis-
sions levels.

Vapor air bleeds, water injection

Here you find some fuel-economy
contribution, but the price is higher
than the saving. Among the air-va-
por injectors the EPA tested is the
Mark II Vapor Injector, marketed by
APO of America, Inc., Dallas. This
system uses an injector mounted in

the carburetor-throat body to add
moisture to the air/fuel mixture. The
vapor material is drawn from a mix-
ture of two-thirds water and one-third
Mark II Econo Mix fluid that is stored

[Continued on page 182}

Air bleeds—devices that bleed air into
the air/fuel mixture: ADAKS Vacuum
Breaker; Air Jet; Aquablast Wyman
Valve; Ball-Matic; Berg; Econo-Jet Idle
Screws; Econo Needle; Landrum Mini-
Carb; Landrum Retrofit; Mini Turbo-
charger; Monocar HC Control; Pe-
terman; Pollution Master; Turbo-Dyne
GR Valve.

Fuel additives—materials that are
added to the gas tank: EI-5; Johnson;
NGR #1; QEIl 400; Rolfite Upgrade;
Sta-Power; Stargas; Technol G; Val-
Do Combustion Cleaner and Power
Lube; Verb 10.

Carburetor-intake manifold de-
vices—devices that are claimed to im-
prove the atomization and vaporiza-
tion of the air/fuel mixture: Environ-
mental Fuel Saver; Hydro-Catalyst
Precombustion Catalyst System.

Lubricants—usually materials that

Gas-saving devices tested by the EPA

are poured into the crankcase: Ana-
lube; Tephguard.

Ignition controls—devices that are
attached to the ignition system: BIAP;
Magna Flash; Paser Magnum; Special
Formuia Advance Springs.

EGR—add-on EGR system: Lee Ex-
haust and Fuel Gasification EGR.

Vapor air bleeds—similar to air
bleeds but air is bubbled through a
water/antifreeze solution: Econo-Mist;
Frantz; Mark li; SCATPAC; Turbo.

Intake-system devices—modifica-
tions to intake system: Electro-Dyn Su-
perchoke; Filtron Urethane Foam Air
Filter; Lamkin Fuel Metering Device;
Smith Power and Deceleration Gover-
nor.

Fuel-pressure regulator—device for
controlling pressure of the fuel deliv-
ered to carburetor: Malipassi Filter
King.
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<: significant change in fuel econg.

Gas-saving devices
[Continued from page 119]

in a reservoir mounted under the
“Yood. Outside air is drawn into the
+servoir by engine vacuum and di-
rected to a point below the level of the
mixture, The resulting bubbling ac-
tion creates a moisture-laden air mix-
ture at the top of the reservoir that is
drawn off to be injected into the car-
buretor. The composition of Econo
Mix by volume is 65 percent metha-
nol, 34 percent acetone, and one per-
cent propylene glycol.

Benefits claimed for the Mark II are
a decrease in required octane, in-
creased fuel economy, increased pow-
er, elimination of carbon deposits, ex-
tension of engine life, and reduction of
emissions. It was also claimed that the
benefits would occur after the system
had been “broken in,” s0 the EPA test-
ed the device after 2000 miles of oper-
ation on the engine.

EPA tests showed that there was no
difference in fuel economy. Nor was
any improvement in performance not-
ed, according to the agency.

Tests on other vapor-injector sys-
tems showed these results: With Tur-
bo Vapor Injector, “no reduction in
fuel consumption wag observed”;
SCATPAC resulted in “no statistical-

”; Frantz Vapor Injector and
cono-Mist “did not yield any im-
provements.” The claimg of water-in-
Jjection-device marketers center on the
fact that addition of water to the com-
bustion chamber reduces knock, and
thereby improves the burning process
in the engine. At the same time, it
may allow the engine to run at a
slightly advanced spark setting. (The
farther the spark is advanced, within
limits, the better the fuel economy.)

"But in the real world, I don’t think
you’re going to find it,” says the EPA’s
Hutchins. “When water injection was
used in aircraft during Ww II, you
were dealing with supercharged en-
gines, trying to get extra power dur-
ing takeoff under battle conditions.”

Hutchins sees little similarity in
modern car driving. To duplicate the
airplane experience you would have
to drive constantly under extreme
conditions, with full throttle.

"You don’t run an automobile en-
gine like that,” Hutchins concludes,
“You run it at five to 10 percent of its
rated power most of itg life.”

Air filters
L 10ne test of an air-filter device, the
A team found that a urethane.
foam filter element made by Filtron
Products Co., Van Nuys, Calif., *did
not cause either a significant reduc-
tion in exhaust emissions or a marked

improvement in fuel economy.” The
urethane element ig designed to re-
place the paper filter used in most en-
gine air-induction systems. Its appar-
ent cost is about twice that of the pa-
per element.

It's impossible to pinpoint just how
many consumer dollars are wasted on
mileage boosters each year. But the
Federal Trade Commission does have
one example, that of the “GR Valve,”
whose sellers it successfully prosecut.-
ed last year. In one 90-day period, a
mail-order firm sold 36,000 of these
devices at $16 apiece. The take wag
$576,000. Its costs? “The cost of mak-
ing the device is miniscule,” reports
William Haynes, a lawyer with the
FTC’s Bureau of Consumer Protec.
tion. “They operate on a shoestring by
putting inexpensive ads in papers or
on television.”

Why are fuel-saving devices pro-
moted in publications and on televi-
sion despite the fact that EPA tests
show they don’t perform as claimed?

The FTC’s Bureau of Consumer
Protection ig taking an agressive atti-
tude toward fuel-saving devices, but
it’s unable tg stop manufacturer’s
from advertising. Currently the FTC
has a number of investigations under
way that should result In convictions,
But that probably will not stop the
stream of gimmijcks,

“There are over 100 different de-
vices, systems, or additives being sold
under different names,” says Haynes.
“Because we have no censorship laws,
the advertisements for these products
will continue. It wi]] happen again
and again. The government will put
people out of business. But more will
take their place.”

The Better Business Bureau has
also joined the fight against false
claims. It has set up a media alert that
asks newspapers and TV stations to
request substantiation from advertis-
CI's, proving the claims of fue] savings.

he media are asked to request EPA
results from the advertisers, a:

VVanted:realgassavers

The EPA told PS that it wants to encour-
age the development of gas-saving de-
vices and is willing to test any offered fqr
evaluation—after developers have first
submitted their devicesto an independent
lab for testing. On the basis of those test
results, the EPA will decide whether to
test the devices itself, 1t costs about $3000
Ppercar to fully test the gas-saving devices
in a private lab, the EPA claims. Develop-
erscan get more information by writing to
Director, Emission Control Techno!ogy
Division, U.S, Environmental Protection
Agency, 2565 Ptymouth Rd., Ann Arbor,
Mich. 4810s.
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A major oil company knew Kennedy’s
invention worked: they offered him a contract
for $500,000. He turned it down. Why?
: 'Read why he’s offering his invention,
- “Tadpoles’® to you for $7.95. Here is the
amazing story behind this invention.

In a tape-recorded interview, reporter David
Bessmer put inventor Kennedy on the spot
with pointed questions about the *“Tad-
pole’s” legitimacy. The following are direct
guotations from that interview.

Reporter: “Tadpoles, Mr. Kennedy? Some
kind of fairy tale you've got here?

Kenned}\;: “A simple name for a simple
product, based on a natural phenomenon.”

Reporter: “Like what?”

Kennedy: *‘Like the spiraling air tur-
bulence from the wingtips of the big jet
planes . . . you know, jet contrails.”
Reporter: “Exactly what does air tur-
hulence have to do with cars and improving
was mileage?” .

. Kennedy: “My ‘Tadpoles’ make air in the

air cleaner spin like a tornado on its side.
That turbulence sucks up to 40 more air to
the carburetor. And that makes gas burn
more efficiently ... at city speeds. .. at turn-

ike speeds. About 10% more efficiently.

hat meansgou do get $11 worth of mileage
for $10 worth of gas. It also means you get
more power and a cleaner exhaust,

Reporter: “Why dan’t you have prominent
peaple or authorities in the field endorse
your ‘Tadpoles’™? Or, run testimonials by
regular userg?”’ .

Kennedy: ‘“Because people who give
testimonials, my friend, would have n finan-
cial interest in this ad. You know it, and |
know it. Naturally, I wouldn't put in a state
ment by someone who knocks the ‘Tad-
poles.’ ¥Fhat's why [ asked you to pick
someone you trust to buy ‘Tadpoles’ and
when they work . .. you can take their word
for it . . . and believe it.”

Reporter: “How much testing have you
done on your ‘Tadpoles’?”

Kennedy: ‘“I've spent in the neighborhood
of $200,000 in the past 5 years on road tests
and other research and development. I've
got a file a foot thick of favorable reports
from users.”

Reporter: “Wouldn’t it be easier for
everyone if you sold your ‘Tadpoles’ right ut
filling atations?"” .

Kennedy: “Are you kidding? The oil com-
panies would never allow a gas-saving in-
vention like mine to be sold at a filling sta-
tion. My ‘Tadpoles’ stand to cost them

‘u

BROWN'S carburetor on his car.

In that series, you’ll recall, our Tom
Valentine and Tom Ayres uncovered the
story of how big-business has kept some
miraculous inventions off the market.

AND IN ANOTHER report, we covered
the work of Inventor George Arlington
Moore, who solved gas mileage and
pollution problems for autos half a century
ago. He had obtained more patents than
any one Individual, only to see his best
efforts smothered by powerful special
interest groups. ’

Not one to waste time, Brown plunged
into the musty files of the U.S. Patent
Office for the complete details, drawings

ME BROUN s P.O0.BOX Q06 BeRen KY

plenty in loat sales . .
... and they don’t want that!”

. models for installation on his own Chevy.

. at least a 10'% cut

and specifications. He then built working

Encouraged by his success, Brown next
contacted Moore’s widow for further in-
formation and permission for his next
project, a book, “‘Suppressed Inventions,"”
which shows everything.

Brown claims his book makes adupting
the old improvements to modern curs a
simple task, where such modifications are
legal.

But his major goal is to spur the efforts
of more highly trained inventors and
engineers as TATTI.ER’s reports inspired

him. ax. 206, BEREA KY

“f THINK TATTLER hasg dove the U S,
one of its greatest services hy pointing, oat
the way big business suppresses new ideas
in order to protect its monopoly,” he said.

“If some smart guy digs into car-

buretion, he might come up with another ~

miracie carburetor that the big boys can’t
suppress.’ I've developed a couple of my

- own and we'll soon be putting out in-

stallation kits. .

Reporter: “Why don't you sell you. mven-
tion for $10 mithion bucksand retire. .. down
in Florida?”

Kennedy: “Because the people who have
offered me money for my invention reallv
wanted to keep “Tadpoles’ off themarket! No
royitltiés for me .. darn little muney after
taxes ... and no “Tadpoles’ for vou '
Reporter: “You're kidding. 1've heard
stories like that .. . never did believe them.”
Kennedy: “You'd better believe them! |
decided | wanted all Americans to share in
my ximple invention .. .and thisisthe only
way [ can be sure they will.”

Reporterv: “And of course ... make youalot
of money in the process.”

Kennedy: “You bet. I've been working on
“Tudpoles’ for about H years. Advertising,
reseiarch  and  development—it all costs
money. So I'm not about to get my invest-
ment back for some time. But sure . Lwant
to make money, like anybody else”

TO. Jam-Air Company’ CP
208 North Prospect Street
Sturgis, MU 48091

1 am enclosing $7.95 for a set of “Tadpoles,”™
‘the instruction sheet, and the Mileage Guide.

5 S 4% 2
BROWN studied work of late George
Arlington Moore to aid his campaign.

“If we get enough heads together in this
thing, the people can come up with gas-
saving devices and better engine systems
and beat the big boys at their own game,”
Brown enthused.




The PELCO FUEL SAVER provides better gas ileage and lowered
pollutant emissions through improved vaporization and distribution
of the gas by electrically heating it under controlled conditions at

the critical area where it counts most. . ., the tliroat of the manifold
prior to entry into the combustion chamber. When gasoline is cold,

it is often poorly atomized by the carburetor. Defore gasoline can be
burned, it must be vaporized.

Vaporization changes the liquid to a gas state and this only occurs
when the liquid absorbs enough heat to boil. The PELCO FUEL SAVER
operates at a controlled temperature, thereby assuring almost perfect
distribution of the fuel in a gaseous state at any time.

This newly patented FUEL SAVER is guarantecd against defects in
material and workmenship for a period of 24 MONTHS. P )
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[

0 I

S RN

1 I
b-—— GAS DROPLETS ZN] 2
(MICROKS) ‘5 32 z

Pl ]

N

NAMURARNANANY -‘\

"TO A GASEQUS STATE A=

q (« 4
0 ZECA FIN 1ZATI
$75‘8 2&/‘ INFR ATOMIZATION
~

overpayments returned |

: A A AP NERA
NN k = N
= //m‘\‘ iy . ,:"// ;t- JJ ONE OF

_ IN-TAKE MANIFOLD = IN-T.A'O;E ;AANIFO‘LD = THE MOST UNIQQE
Economy | Ecology IBEAS OF THE70's

up to 35% better mileage],
YORK RESEARCH CORP  STAMFORD. (30 [up ° gel

e ~

connecricut R [up to 65% less poliutant emissions],

WITH  no possibility of adverse reactions:
FUEL MILEAGE TEST_YWITHOUT UNIT UNIT P y ’

IMPORTANT.—HELP US FHL YDUR ORDER CORRECTLY: Give full wlormation
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We still don't

hen we were approached by
Wrepresentatives of the Internal
Energy Management Corpora-

tion with a device they called the Mole-
culator Fuel Energizer Unit, we were
openly skeptical.

The device appears to be a solid
piece of aluminum rod an inch-and-a-
half in diameter and 6 inches long, with
a hole drilled down the center. (The
device comes in three lengths—longer
for larger engines—and has a 45-day
money-back warranty, with one year
free replaccment. Prices range from
$139.95 for the smallest unit to $395 for
a diesel truck unit. However. at the out-
set of our talks with LE.M., the devices
sold for only $97.45, $137.50 and
$302.50, respectively.) It is installed in
the main fuel supply line, as close to
the tank as possible, so that fuel runs
through it on its way to the engine. A
secret “energy held,” supposedly stored
in the aluminum, reportedly rearranges
the normal “clumped” structure of the
molecules in the fuel into a more “lin-
ear” form. This is supposed to turn
them into ‘“smaller, more burnable
units,” and raise the BTU (British Ther-
mal Unit) content.

The manufacturer’s claim is that the
Moleculator will improve the efficiency
of an internal combustion engine,
whether gasoline or diesel. According to
the claims, after a break-in period of
500-1200 miles, large trucks should
show a fuel-economy improvement of
up to 40%, and a passenger car should
improve up to 23%.

This all sounded very unlikely, but
LLE.M. sparked our interest when they
produced a folderful of the results of
tests run by the California Air Re-
sources Board and Olson Engineering (a
government-approved testing laborato-
ry), and what appeared to be testimoni-
al letters from a state director of The
Good Sam Club (a recreational vehicle
organization), several large trucking
firms, a diesel engine manufacturer. a
law-enforcement organization, and an
international company that services oil
drilling rigs.

We agreed to run our own tests. A
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believe it

by Chuck Nerpel and Peter Frey

PHOTOS BY JM BROWN

program involving five cars was set up,
and while they were being run over a
period of several weeks, we began di-
gesting the information the Moleculator
people supplied us. ’

The section of the Olson Engineering
report that contained the hard data
from the laboratory-controlled tests they
ran seemed to indicate a fuel economy
increase in every case. Tests on four
cars were included, but three of them
showed only the highway-cycle results,
and the fHurth only the city-cycle test.
All the tests were run on a chassis dy-
namometer that reproduces typical ur-
ban and highway driving speeds and
loads under completely controlled at-
mospheric conditions, according to the
approved Federal Test Procedure.

When we showed a copy of the re-
port to a representative of Olson Engi-
neering, he confirmed that the data in-
dicating a highway-cycle fuel mileage
increase from 16.08 to 17.82 mpg for a
1978 Chevrolet Caprice with a 305cid
V-8 and automatic transmission was
correct, but that it was only one of
many tests they had run. When we
pressed him for a conclusion, he an-
swered with an engineer’s typical cau-
tion: “The number of tests we ran was
not sufficient to produce a statistically
defensible conclusion. The data they
present here, which is not complete, is
representative of the test vehicles only,
and may not necessarily be applicable
to all cars.”

The California Air Resources Board
came to a more pointed conclusion.
Portions of the Olson Engineering re-
port, selected by the LLE.M. people,
were presented to the ARB as part of
the process of getting an exemption
from the provisions of Section 27156 of
the California Vehicle Code, which pro-
hibits the sale of any automotive after-
market device that alters vehicle emis-
sions for use on 1979 or later cars.
Their comments on the evidence pre-
sented indicated seven cars had been
tested, not just the four on which we
had seen data. They state that of the
seven cars, only three had been tested
according to the full ARB-specified
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procedure. These cars showed average
gains of 5-7% in urban-cycle fuel econo-
my, and 1-2% in highway-cycle econo-
my, both of which are considered to be
within the bounds of test variability.
The remaining four cars showed 8-23%
increases, but the tests did not comply
with ARB specifications and, therefore,
could not be considered valid.

The ARB then ran its own tests on
two other cars, measuring the fuel econ-
omy with both the carbon-balance anal-
ysis of exhaust gases, and with a flow-
meter placed in the fuel supply line.
These tests showed no increase in mile-
age with the Moleculator, and their re-
port ended with that conclusion.

Suddenly, we were faced with a prob-
lem. The first two items of evidence we
examined, both from laboratories where
the tests are completely controlled and
results are calculated down to the nth
degree, seem to have torn the credibility
of the Moleculator completely to
shreds. We probably would have
dropped the project right then except
for two things: these tests are the same
kind that produce the EPA new-car
mileage figures, and we know how they
vary according to real-world driving;
and we got back the results from our
first field test, showing a significant im-
provement in fuel economy.

The test vehicle was a 1979 Ford
Econoline van with a 35lcid V-8 and
automatic transmission. It has dual fuel
tanks, so we installed a Moleculator in
the line from the main tank only, which
would allow us to switch back and forth
between the “energized” and “un-ener-
gized” fuel. Tests were run over our 73-
mile loop and on an all-highway cruise
at 55 mph.

Test No. 1: 1979 Ford Econoline Van
(351cid V-8, automatic)
Test course—~MT 73-mile fuel loop

Roaeli Molecul

Distance ... 73 miles
Time ... 2 hours
Fuel used ..... ...4.2 gallons
Mileage ........... 14. 17.38 mpg
Increase: 16.7%

Test course—highway (constant 55 mph)
Distance ... 100 miles
Time ...... 1.8 hours ... 1.8 hours
Fuel used ....... 7.0 gallons ....... 6.0 gallons
Mileage ........... 1429 mpg ....... 16.66 mpg
Increase: 10.4%

We also put the van through instru-
mented acceleration testing, with fuel
supplied first from one tank, then the
other, and noted no difference. We
used a chassis dynamometer to measug
the rear-wheel horsepower, and an
exhaust-gas analyzer to check the emis-
sions. The “energized” and ‘“‘un-ener-
gized” fuel produced exactly the same
readings.

We couldn’t see how only the fuel
economy could be affected, so we con-
tacted the diesel engine manufacturer
that had tested the device on an engine
dynamometer, which produces much
more accurate horsepower readings.
Their test engine was also equipped
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Mirade Mileage

with sensors to measure manifold pres-
sure and exhaust-gas temperature. The
man who supervised the tests said there
had been no difference in any of the
readings they had taken. They did,
however, notice a 14.2% decrease in
fuel consumption.

The deeper we dug into this thing,
the more tangled the information was
getting. We decided it would be a good
idea to talk to someone who knew
more about the chemistry of gasoline,
so we contacted a scientist at the re-
search division of a major oil company.
We explained what the device was sup-
posed to do and what information we’d
gathered so far, including the positive
test results on the van. His responses
did nothing to reassure us.

He said the process of changing the
molecular structure of the fuel in the
way the manufacturer of the device de-
scribes is called “‘isomerization,” and
that with the best technology currently
available, the process requires a consid-
erable amount of energy.and a catalytic
agent, neither of which aluminum has.
If the device actually did raise the BTU
content of the fuel, it would show up as
an increase in horsepower and in
exhaust-gas temperature. And, in re-
sponse to our own testing, he simply
said, “There are so many variables in a
field test that it is exceedingly difficult
to get accurate results.”

Once again we wavered on the edge
of killing the project, but two more of
our tests had been completed, and both
showed improved fuel economy with
the Moleculator.

Test No. 2: 1979 Honda Accord
Test course—MT 73-mile fuel loop
{Note: Moleculator was installed in engine compariment,
contrary to installation instructions)

Baseline Moleculator
Distance .......... 73 miles ........... 73 miles
Time .......c....... 1.6 hours ..

Fuel used ........ 2.1 gallons
Mileage . .

Test No. 3: 1980 Honda Civic
(1500cc 4-cylinder, 5-speed manual)
Test course—MT 73-mile fuel loop

Baseline Moleculator
Distance .......... 73 miles .......... 73 miles
Time .. . 2 hours
Fuel used....... 1.5 gallons
Mileage ........... 42.8 mpg ......... 48.6 mpg

Increase: 13.28%

Certainly there were variables, but we
went to considerable lengths to make
sure the tests were as accurate as possi-
ble. In each test, the baseline and with-
device tests were done by the same
driver, over the same route, at the same
time of day, and under as nearly identi-
cal conditions of humidity and tempera-
ture as possible. We were satisfied that
our test results were accurate.

Our next contact was the law-enforce-
ment organization whose captain had

84 yuLY 1980  MOTOR TREND

A Moleculator was installed in the main tank fuel line of a 1979 Ford van equipped
with two tanks. This allowed us to run back-to-back mileage tests, first on the un-
Moleculated fuel from the auxiliary 1ank, then again with fuel from the main tank that

pussed through the device.

written a letter to the LLEMM. people,
stating that in tests his organization had
run on two patrol cars, they recorded a
15.4% and 17.1% increase in fuel econo-
my. We spoke to an officer who himself
had been involved in the testing, and
he told us the letter referred to a rela-
tively casual initial test. Later tests, run
out of headquarters, involved 20 vehi-
cles, six months, and several hundred
thousand miles. The conclusion was that
the Moleculator *“. .. was found to have
no appreciable effect on fuel economy.”

Next, we got in touch with the state
director of a branch of The Good Sam
Club, whose letter stated that, in tests
on a motorhome with a Dodge 440cid
engine, mpg had gone from 6.9 to 7.5
when members installed a Moleculator.
She confirmed the results and said that
several other club members had gotten
similar results from their own tests. She
also said that The Good Sam Club
viewed the Moleculator as a possible
salvation of the RV concept.

When we contacted the club’s official
technical representative at their national
headquarters, he said he was aware of
the tests run by the state chapter, but
that they were purely uncontrolled, in-
dividual tests and should not be consid-
ered as the official position taken by
The Good Sam Club. He admitted that
his club was officially testing the device,
but had not yet been able to draw any
conclusions.

We were beginning to feel that the
people from LEM. had presented us
with information that was, to put it
charitably, open to question. Predicta-
bly. just as we had gotten good and
suspicious, evervone else we contacted
confirmed a fuel economy improvement
in their tests of the Moleculator. A
large trucking company reported an av-
erage increase in fuel economy on the
order of 19% for a test involving 10
diesel trucks over a year-and-a-half pe-
riod. A company that services oil well
drilling rigs tested the Moleculator on
two diesel-engined generators and con-
firmed a 19.23% and a 21.18% decrease
in fuel consumption. The chief mechan-
ic of a fleet of mortuary vehicles told

us of a 25% fuel economy improvement
on a 1979 Cadillac limousine.

All of these results agreed with the
results of our own final series of tests.

Test No. 4: 1972 Toyota Land Cruiser
(236c1d inline six, 3-speed manual)
Test course—highway (constant 55 mph)

Basels Molecul
Distance .......... 250 miles ......... 250 miles
Time ... 4.5 hours ......... 4.5 hours

Fuel used . 15.0 gallons
Mileage ........... 16.6 mpg ...
Increase: 20.4% -

{Note: This test was run Sfour times, each time under the

gradual increase. Results above are from the Sfinal teit.)

Test No. 5: 1970 Datsun 2402
(2.4-liter inline six, 4-speed manual)
Test course—highway (constant 55 mph)
Distance .......... 200 miles ......... 200 miles
Time .. 3.6 hours . 3.6 hours
Fuel used 7.2 gallons ....... 6.7 gailons
Mileage .........27.7 mpg ......... 29.8 mpg

Increase: 7.58%

At this point, since the story of the
Moleculator has so many conflicting
elements, let’s summarize the major
points:

1) The LLE.M. Corporation has offered
no acceptable explanation of exactly
how the Moleculator operates, or exact-
ly what it does.

2) Within the bounds of currently rec-
ognized technology, we can find no
proven way to induce a permanent ener-
gy field in aluminum that will alter the
molecular structure of fluids passing
through it.

3) Tests conducted by the California
ARB indicate that the Moleculator does
not significantly affect emissions or fuel
economy.

4) Tests conducted by Olson Engi-
neering according to ARB specifications{

and submitted to the ARB by the LEM. ™

Corporation show no improvement in
fuel economy. Other tests, also conduct-
ed by Olson but not according to ARB
specifications, show an increase but are
not considered valid by the ARB.

same conditions, with the same driver. The iesis showed a (
~
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Australian inventor develops a low cost
fuel injector for automebile engines

E3 Ralph Sarich, Australian inventor of an
orbital internal combustion engine, has now
developed a simple, low cost direct petrol
injector for automobile engines.

Called the Orbital injector, the new device
does not require high precision manufacture—
which is the main reason for the high production
cost of conventional fuel injectors. “The orbital
injection metering prototypes are being built
on simple machine tools—for example, 100
times less stringent in manufacturing accuracy
and 30 times less demanding in relation to sur-
face finish than currently available commercial
systems’’, Mr. Sarich said. “This means that the
proportional manufacturing time of current
fuel injector systems is at least 56 times higher
than the Orbital’s and, therefore, significantly
more expensive.”’

Mr Sarich claims that the Orbital injector
atomizes fuel more effectively than systems used
in existing motor cars. Atomization of fuel is an
extremely critical factor in engine performance.

Mr Sarich came up with the direct fuel

injector while looking for a solution to problems
in the orbital engine which he is still developing.
He had been seeking a method to reduce fuel
wastage due to quenching and distribution,
which increased the carbon emissions.
., The new fuel injector is not yet in commercial
production. Discussions were to be held with
major manufacturers of fuel injection systems
to weigh up the commercial potential of the
Orbital injector system.

It is expected that two-stroke as well as
four-stroke engines will gain substantial benefits
from the Oribital system because of its capability
of injecting suitably atomized fuel into the
cylinder after the exhaust port is closed. Nor-
mally, a considerable loss of fuel into the ex-
haust occurs during the fuel/air induction
cycle of operation,

262

Mr. Ralph Sarich bench-tests the prototype of his direct
(Orbital) fuel injector system.

Prof. Robert Brown, head of Mechanical
Engineering at the University of Western
Australia, has acclaimed Mr Sarich’s direct
petrol injector. He says Mr. Sarich’s system
has overcome the problems of precision engi-
neering until now associated with fuel injection
systems. *“‘As with many good innovations,
this new development is essentially very simple
and one is left asking the question: Why was
it not developed previously?”, Prof. Brown
said.

Mr Sarich is aware that he has developed
his direct petrol injector at an opportune time.
An estimated 3,000,000 petrol injector systems
are expected to be sold in the United States
alone in 1983.

But he is chiefly pleased because his inno-
vation represents another step towards develop-
ing his orbital engine to the point where it could
be commercially exploited. 0
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‘Gas Savers’

By FRANK SALZARULO
Auto Editor
While U.S. officials and motorists
fret over the loss of oil from Iran and
tight supplies at home, two Hoosiers
believe they've got devices that will
stretch gasoline supplies.

As gasoline prices push up and as -
fuel supplies dwindle, more people will -

come up with more ideas and devices
which they claim will give more miles
per gallon.

<h In Kokomo, Danny Jewell, says he
a

s a devicg, a 10-inch long cylinder
about four inches in diameter, that
operates on thermal energy and powers
all vehicle accessories, freeing thg
.crankshaft of gasoline consuming
chores. He's seeking financtal support
for his invention, not yet patented.

< In Indianapolis, R. N. Linger, al:

ready is manufacturing a patented de-
_vice called a “Pelco Fuel Saver” for
-cars equipged with one-, two- and four-
“barrel carburetors.
one in the oil or the auto industry will
listen to inventors and check out their
devices to
what inventors claim they will do. -
Following a telephone call to Lin-
' ger, sales manager for Pelco Industries
Inc., he sent material detailing claims
for the fuel saver. The material says,
““The fuel saver provides better gas
mileage and lowered pollutant emis-
sions through improved vaporization
‘and distribution of the gas by elec-
trically heating it under controlled con-
ditions at the critical area where it
counts most . . . the throat of the
~manifold prior to entry into the combus-
tion chamber. When gasoline {5 cold, it
Up to 35 percent better mllea%e
. Up to 65 percent less pollutant emis-
slon '
Saves fuel
Easy start in cold weather
Linger sent these test results from
the York Research Corp., Stamford,
Conn., whith showed fue! mileage tests
miles per gallon) without the unit and
with it for these test vehicles traveling
at 60 miles per hour:

1970 Mercury 390 cubic Inch engine
— 13.3 and 20.8

1972 Plymouth 225 cubio inch engine
-~ 16.9 nndy26.7

1974 Plymouth 225 cuble inch engine
—20.5 andy27.8

1971 Pontiac Grand Prix — 12.5 and
18.9

. ]
1974 Ford 351 cubic inch engine —
11.8 and 18.8
1971 Buick 225 - 14.4 and 19.1
1973 Thunderbird — 12.2 and .18.8
1967 Oldsmobile Supreme — 13.1 and:
19.2 . ‘ '

" Sales primarily so far have been
made to companies with fleets df cars
for test purposes, but the item is avail-

able to others at prices ranging fron -

$68.18 to $76.42, depending on the num-
ber of carburetors. For those mechanic-
ally inclined, instructions detail how the

device can be installed. Otherwise, the :

work can be done by mechanics at a
cost of $§15 to $20.

Someday, someé--

etermine if they will do ‘

iTHE INDIANAROLIS € e
Hews X790 ™

Linger with fuel saver.

is'oftén poorly atomized by the car-
buretor. Before gasbline can be burned,

-1t must be vaporized.

" “Vaporization changes the liquid to a
gas and this only otcurs when the liquid
absorbs enough heat to boil. The Pelco
Fuel Saver operates at a controlled
temperature, thereby assuring almost
perfect distribution of the fuel in a
gaseous state at any time.”™

Linger says the fuel saver has had
three years of testing and makes these
claims:
cars for test purposes, results are nct
yet available.

In Kokomo, Jewell is trying to
gather support for his invention and
says no one in the auto industry will
listen to him partly because he will not
reveal all details. He has applied for a
patent. , )

Linger’s fuel saver is in production,

. and he makes startling claims for the

gas saving device and offers money-
back guarantees.

While he says it will save fuel, he
says, too, it will reduce pollutants com-
ing out of the tail pipe, something which
the Environmental Protection Agency
and the auto industry should be inter-
ested in. He sent The News a copy of a
letter from the Air Resources Board, El
Monte, Calif. That state has the miost
stringent controls among the states and
even more stringent than EPA pollution

‘ol regulations for motor.vehicles.

The letter says, “‘Our evaluation in-
dicates that the installation of the ‘en-
vironmental fyel saver' devicg would
not cause any adverse effects on emis-
sinng "’

— MO LONGER AVAIL
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By JOHN DOYLE

Assoclated Press Writer

While U.S. leaders worry about the rise of Mideast
oil prices — and. drivers worry about the subsequent
jump in gasoline prices — backyard inventors by the
thousands are tinkering with ideas to give America's
roaming masses more miles for their money. '

The work is being done in basements, garages and
sheds by such everyday Americans as a pizza parlor
worker in Kokomo, Ind., 4 farmer in Minnesota and an
auto mechanic in Indianapolis.

The hope of anyone able to sell his invention to a
skeptical auto industry is sudden riches and fame.

Some of the nascent Edisons’ claims of fuel savings
have been disputed and their work is hard to verify
because they are secretive about their inventions,
fearing their ideas will be stolen. |

But each year the nation's sutomakers get
thousands of unsolicited inventions. Ford Motor Co.,
the country's second-largest automaker, gets 3,000 to
4,000 inventions or ideas a year, and Ford spokesman
Robert Harnar said the number has roughly doubled in
recent years. :

So far, Harnar said, Ford hasn’t bought any
substantial idea from a layman, but that hasn't
stopped R.N. Linger of Indianapolis.

Linger is manufacturing and selling his patented
“Pelco Fuel Saver™ himself. Linger says the device
heats gasoline vapors inside a car's engine for more
even distribution and fuel economy.

After three years of testing, he contends the device *

gives up to 35 percent better mileage and up to 65
percent less pollutant emission. Sales of the device
have been primarily to companies with fleets of cars,
but it is available to individuals for about $75, not

including installation. Linger says test results from the
companies using his fuel saver are not yet available.

Other inventors have met with less success.

Federal agents seized the still that Lance Crombie
used on his Webster, Minn., farm for fermenting corn
to make alcohol for fuel. Crombie then obtained an
experimental permit to operate the still legally. But
the publicity from his run-in with the law stirred the
gublic's interest, and Crombie said he now gets

undreds of telephone calls asking how to make the

alcohol fuel.

Ford Motor Co. said the trouble with most inven-
tions is they already have been tried.

In fact, Danny Jewell of Kokomo, Ind., a 25-year-
old pizza parlor worker and part-time mechanic, said
all his ideas came from the public library. The result:

"A thermal-powered engine attachment that runs all

automobile accessories, freeing the crankshaft of those
gasoline-guzzling chores and, says Jewell, increasing
mileage 15 to 30 miles per gallon.

When both auto engineers and government officials
~— including the White House — ignored his telephone
calls and letters, Jewell picketed the Howard County
courthouse for a week to attract investors.

Part of the reason for his recognition problems,
Jewell admitted, is that he refused to give a detailed
description of the 10-inch-long cylindrical device for
fear someone will steal the idea. He has applied for a
patent, he said.

“I tricd to approach the auto companies, but unless
vou tell them everything and let them make decisions
on it, they won't talk to you,” he said.

Robert LaForce of Providence, R.1., took his inven-
tion to the public, too, demonstrating a new engine
type in front of the Rhode Island statehouse — which

did him little good. Wednesday; March 28, 1979
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Gannett News Service

Two. Arizona mechanics, using
scientific principles neither under-
stood, may have stumbled onto one
of the biggest technological advances
in 40 years.

It’s a simple valve designed to
eliminate the need for high octane
gasoline and improve mileage as
much as 20 percent.

Furthermore, it could remove
salt from sea water inexpensively,
said David Lindahl, an energy expert
who studied the device for two years
for the Congressional Research Serv-
ice, the research arm of the Library
of Congress. As a result, farmers
might grow crops in deserts and na-
tionwide water shortages could dis-
appear. ‘

“This could even affect where
people live,” he said.

er

Gas-saving device could have

more far-reachin
Oa‘q wnd Ttk

g consequences

*¥2 Some observers rank the device
invented by Sherwood Webster and
Richard Heise right up there with the
transistor and the laser beam — two
of the most significant inventions
since World War II.

Since they first demonstrated the
valve two years ago, the inventors
allege the oil industry has tried to
cover it up. But several powerful
Republicans, including two congress-

men and Vice President George

Bush's office, have gotten behind it.

Basically, the device forces parti-
cles of air and fuel to mix, somewhat
like stirring sugar into coffee. In-
stalled beneath the carburetor, it
uses a double screen to vaporize the
air-fuel mixture, allowing more com-
plete burning, which gives off less
pollutants.

e—_—

Calculate miles per gallon only between
fillups when the car is level and the tank is filled

nearly to overflowing.
Using any straight edge (card, paper,

envelope, map) line up the gallons used (left
scale). with the miles driven (center scale) and

read the miles per gallon (right scale).
Example (dotted line) shows 10 gallons to

Record the gallons and miles traveled since
drive 140 miles, or 14 miles per gallon,

the previous fillup.

MILEAGE CALCULATOR
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