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The Air Car as seen on ABC
By The Unknown Author

The Air Car can travel up to 120 miles on one tank
of air, costing only $2 to fill, ( or free if you use a solar
panel to run a DC motor to your compressor) There are
many Gas stations that also do not charge for there air.

The only draw back is that this engine is a bit loud! 

Any gasoline engine can be converted to run on compre-
ssed air. The following US Patent will give you an idea
of how easy it is to convert any gasoline engine, such as 
your car, truck or lawn mower engine.

The Patent may seem complex but it is not. The gas
tank will no longer be needed, The Carburetor, exhaust
system and cooling system will also no longer be needed.
By using air hoses and homemade electric air selenoid 
switches ( or see Graingers.com, I think they sell these
type of pnumatic air swithches.) You can make your own
by using air guns connected to HV solenoids. When 120 vdc
or 400 vdc of electricity enters the coil it will pull the metal
plunger back into the coil and at the same time the metal
rod plunger will be pulling down the air valve handle on the
air gun or guns. If you make your own homemade Solenoid
it is cheaper, I would suggest that you use # 30 copper
coated wire with about  800 to 1000 turns around a plastic
tube, such as PVC pipe. Your solenoid can be about  5"
in length and you will need to glue a 1/2" piece of the same
size diameter of your metal rod. when electricity is appllied
it will turn this metal into a high power magnet and thus
increasing the torque of the pull. I would suggest that you
try this out first on a small lawn mower motor. The spark
plug wire is already timed and gives of about 3,000 vac
I think, which you can use to trigger your solinoid or a HV
thryristor switch. another words you you can build an elctro-
nic switch using a High voltage Thryristor transistor which
can be made to turn on the 120 - 400 vdc power to your
HV Solenoid. A Solenoid can be designed or bought to
run on the High Voltage / low amperage coming from
the Lawn mower spark plug wire. Once your automatic
air valve is done and is working well, you will then want to
buy a High Efficient Air Compressor Motor. Connect this
to the shaft of your lawn mower. Then connect the air
output to a 2nd input of your air tank! The motor can now
perform work as well as replinish itself with air.
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How Air-Powered Cars Will Work

The e.Volution's compressed-air engine is expected to make it an ideal car for highly polluted cities. 

Have you been to the gas station this week? Considering that we live in a very mobile society, it's 
probably safe to assume that you have. While pumping gas, you've undoubtedly noticed how 
much the price of gas has soared in recent years. , which has been the main source of 
fuel for the history of cars, is becoming more and more expensive and impractical (especially 
from an environmental standpoint). These factors are leading car manufacturers to develop cars 
fueled by alternative energies. Two  took to the road in 2000, and in three or four 
years  cars will roll onto the world's highways. 

While gasoline prices in the United States have not yet reached their highest point ($2.66/gallon 
in 1980), they have climbed steeply in the past two years. In 1999, prices rose by 30 percent, and 
from December 1999 to October 2000, prices rose an additional 20 percent, according to the U.S. 
Bureau of Labor Statistics. In Europe, prices are even higher, costing more than $4 in countries 
like England and the Netherlands. But cost is not the only problem with using gasoline as our 
primary fuel. It is also damaging to the environment, and since it is not a renewable resource, it 
will eventually run out. 

One possible alternative is the air-powered car. There are at least two ongoing projects that are 
developing a new type of car that will run on compressed air. In this edition of 

, you will learn about the technology behind two types of compressed-air cars being 
developed and how they may replace your gas guzzler by the end of the decade! 

Gasoline

hybrid cars
fuel-cell-powered

How Stuff Will 
Work

The Following is Free News
You can find out more about Air Engine cars by going to your search engine and typing in:
Cars that run on compressed air.

Cars that run on compressed air will soon be hitting city streets. A French car firm is about to 
open its first factory, which will produce ‘zero emissions’ cars at a rate of two per hour. 

MDI's CITYCAT

MDI Enterprise is nearing the completion of its first factory in Carosse, in the South of France, 
which will manufacture cars that run entirely on compressed air. The company has signed 
contracts to build a further 35 factories across Europe, including three in the UK, ten in Italy and 
six in Spain, Guy Nègre of MDI told edie. 

MDI’s range of cars and taxis are built with the capacity to compress and run on air. Overnight 
the cars are plugged into the grid, and need around 22KW to refill their tanks. During the day, 
the cars can average 200km around a city before they need to be recharged and refuelled. 

MDI’s cars are described as zero emitters, because no pollutants are created in the process of 
compressing and burning the air, and the car filters the air it absorbs, regurgitating a cleaner 
product at the waste end, says Negre. However, the cars need to be charged with electricity 
produced from renewable energy for the entire process to be emission-free.

Urban transport could soon be revolutionised with the launching this week in South Africa of a 
prototype new car which designers say runs on air. 

It is being predicted that the e.Volution will be able to travel up to 200km (120 miles) for only 30 
US cents. 



Two Cylinder Air-Compression Engine
P
The e.Volution will be able to travel about 124 miles (200 km) before being refueled with compressed air. 

Within the next two years, you could see the first air-powered vehicle motoring through your 
town. Most likely, it will be the e.Volution car that is being built by , in 
Brignoles, France. The cars have generated a lot of interest in recent years, and the Mexican 
government has already signed a deal to buy 40,000 e.Volutions to replace gasoline- and diesel-
powered taxis in the heavily polluted Mexico City. 

Makers of the e.Volution are marketing the vehicle as a low pollution or zero pollution car. 
However, there is still some debate as to what the environmental impact of these air-powered 
cars will be. Manufacturers suggest that because the cars run on air they are environmentally 
friendly. Critics of the air-powered car idea say that the cars only move the air pollution from the 
car's exhaust to somewhere else, like an electrical power plant. These cars do require electricity 
in order for the air to be compressed inside the tanks, and fossil fuel power is needed to supply 
electricity. 

The e.Volution is powered by a two-cylinder, compressed-air engine. The basic concept behind 
the engine is unique (see  for details) -- it can run either on compressed air alone or act 
as an internal combustion engine. Compressed air is stored in carbon or glass fiber tanks at a 
pressure of 4,351 pounds per square inch (psi). This air is fed through an air injector to the 
engine and flows into a small chamber, which expands the air. The air pushing down on the 
pistons moves the crankshaft, which gives the vehicle power. 

Exhaust from the e.Volution vehicle's engine, seen here, will contain no pollutants. 

Zero Pollution Motors is also working on a hybrid version of their engine that can run on 
traditional fuel in combination with air. The change of energy source is controlled electronically. 
When the car is moving at speeds below 60 kph, it runs on air. At higher speeds, it runs on a fuel, 
such as gasoline, diesel or natural gas. 

Air tanks fixed to the underside of the vehicle can hold about 79 gallons (300 liters) of air. This 
compressed air can fuel the e.Volution for up to 124 miles (200 km) at a top speed of 60 miles 
per hour (96.5 kph). When your tank nears empty, you can just pull over and fill the e.Volution 
up at the nearest air pump. Using a household electrical source, it takes about four hours to refill 
the compressed air tanks. However, a rapid three-minute recharge is possible, using a high-
pressure air pump. 

The car's motor does require a small amount of oil, about .8 liters worth that the driver will have 
to change just every 31,000 miles (50,000 km). The vehicle will be equipped with an automatic 
transmission, rear wheel drive, rack and pinion steering and a 9.5 foot (2.89 m) wheel base. It 
will weigh about 1,543 pounds (700 kg) and will be about 12.5 feet (3.81 m) long, 5.7 feet (1.74 
m) tall, and 5.6 feet (1.71 m) wide. 

In October, the e.Volution made its public debut in Johannesburg, South Africa, at the Auto 
Africa Expo 2000. Zero Pollution said that the car will go on sale in South Africa in 2002, but 
didn't say when the car would be available in other parts of the world. 

Zero Pollution Motors
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ABSTRACT
The present invention relates to a method and apparatus
for operating an engine having a cylinder and a piston
reciprocable therein on compressed gas. The apparatus
comprises a source of compressed gas connected to a
distributor which distributes the compressed gas to the
cylinder. A valve is provided to selectively admit com-
pressed gas to the cylinder when the piston is in an
approximately top dead center position. In one embodi-
ment of the present invention the timing of the opening
of the valve is advanced such that the compressed gas is
admitted to the cylinder progressively further before
the top dead center position of the piston as the speed of
the engine increases. In a further embodiment of the
present invention a valve actuator is provided which
increases the length of time over which the valve re-
mains open to admit compressed gas to the cylinder as
the speed of the engine increases. A still further embodi-
ment of the present invention reidtes to an apparatus for
adapting a conventional internal combustion engine for
operation on compressed gas.

22 Claints, 8 Drawing Figures

Oct. 6, 1981
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METHOD AND APPARATUS FOR OPERATING

AN ENGINE ON COMPRESSED GAS

BACKGROUND AND SUMMARY OF THE

PRESENT INVENTION

The present invention relates to a method and appara-
tus for operating an engine using a compressed gas as
the motive fluid. More particularly, the present inven-
tion relates to a apparatus for adapting a pre-existing
internal combustion engine for operation on a com-
pressed gas.

Air pollution is one of the most serious problems
facing the world today. One of the major contributors
to air pollution is ordinary internal combustion engine
which are used in most motor vehicles today. Various
devices, including many items mandated by legislation,
have been proposed in an attempt to limit the pollutants
which an internal combustion engine exhausts to the air.
However, most of these devices have met with limited
success and are often both prohibitively expensive and
complex. A clean alternative to the internal combustion
engine is needed to power vehicles and other machin-

ery.
A compressed gas, preferably air, would provide an

ideal motive fluid for a engine since it would eliminate
the usual pollutants exhausted from an internal combus-
tion engine. An apparatus for converting an internal
combustion engine for operation on compressed air is
disclosed in U.S. Pat. No. 3.885,387 issued May 27,1975
to Simington. The Simmgion patent discloses an appa-
ratus including a source of compressed air and a rotat-
ing valve actuator which opens and closes a plurality of
mechanical poppet valves. The valves deliver com-
pressed air in timed sequence to the cylinders of an
engine through adapters located in the spark plug holes.
However, the output speed of an engine of this type is
limited by the speed of the mechanical valves and the
fact that the length of time over which each of the
valves remains open cannot be varied as the speed of the
engine increases.

Another apparatus for converting an internal com-
bustion engine for operation on steam or compressed air
is disclosed in U.S. Pat. No. 4,102,130 issued July 25,
1978 to Stricklin. The Stricklin patent discloses a device
which changes the valve timing of a conventional four
stroke engine such that the intake and exhaust valves
open once for every revolution of the engine instead of
once every other revolution of the engine. A reversing
valve is provided which delivers live steam or com-
pressed air to the intake valves and is subsequently
reversed to allow the exhaust valves to deliver the ex-

panded steam or air to the atmosphere. A reversing
valve of this type however docs not provide a reliable
apparatus for varying the amount of motive fluid in-
jected 'nto the cylinders when it is desired to increase
the speed of the engine. Further, a device of the type
disclosed in the Stricklin patent requires the use of mul-
tiple reversing valves if the cylinders in a multi-cylinder
engine were to be fired sequentially.

Therefore, it is an object of the present invention to
provide a reliable method and apparatus for operating
an engine or converting an engine for operation with a
compressed ga^

A further object of the present invention is to provide
a method and apparatus which is effective to deliver a

constantly increasing amount of compressed gas to an
engine as the speed of the engine increases.

A still further object of the present invention is to
provide a method and apparatus which will operate an

   engine using compressed gas at a "speed sufficient to
drive a conventional automobile at highway speeds.

It is still a further object of the present invention to
provide a method and apparatus which is readily adapt-
able to a standard internal combustion engine to convert

   the internal combustion engine for operation with a
compressed gas.

Another object of the invention is to provide a
method and apparatus which utilizes cool expanded gas,
exhausted from a compressed gas engine, to operate an

   air conditioning unit and/or an oil cooler.
These and other objects are realized by a method and

apparatus according to the present invention for operat-
ing an engine having at least one cylinder and a redp-
ricating piston therein using compressed gas as a motive

   fluid. The apparatus includes a source of compressed
gas and a distributor connected with the source of the
compressed gas for distributing the compressed gas to
the at least one cylinder. A valve is provided for admit-
ting the compressed gas to the cylinder when the piston

   is in approximately a top dead center position within the
cylinder. An exhaust is provided for exhausting the
expanded gas from the cylinder as the piston returns to
approximately the top dead center position.

In a preferred embodiment of the present invention a
   device is provided for varying the duration of each

engine cycle over which the valve remains open to
admit compressed gas to the cylinder dependent upon
the speed of the engine. In a further preferred embodi-
ment of the present invention, an apparatus for advanc-

   ing the timing of the opening of the valve is arranged to
admit the compressed gas to the cylinder progressively
further before the top dead center position of the piston
as the speed of the engine increases.

Further features of the present invention include a
 valve for controlling the amount of compressed gas

admitted to the distributor. Also, a portion of the gas
which has been expanded in the cylinder and exhausted
through the exhaust valve is delivered to a compressor
to be recompressed and returned to the source of coin-
pressed gas. A gear train is selectively engagable to
drive the compressor at different operating speed de-
pending upon the pressure maintained at the source of
compressed air and/or the speed of the engine. Still
further, a second portion of the exhaust gas is used to
cool a lubricating fluid for the engine or to operate an
air conditioning unit.

In a preferred embodiment of the present invention.
the valve for admitting compressed gas to the cylinder
is electrically actuated. The device for varying the du-
ration of each engine cycle over which the intake valve
remains open as the speed of the engine increase com-
prises a rotating element whose effective length in-
creases as the speed of the engine increases such that a
First contact on the rotating element is electrically con-
nected to a second contact for a longer period of each
engine cycle. The second contact actuates the valve
whereby the valve remains in an open position for a
longer period of each engine cycle as the speed of the
engine increases.

Still further features of the present invention include
an adaptor plate for supporting the distributor above an
intake manifold of a conventional internal combustion

engine after a carburetor has been removed to allow air
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to enter the cylinders of the engine through the intake
manifold and conventional intake valves. Another adap-
tor plate is arranged over an exhaust passageway of the
internal combustion engine to reduce the cross-sectional
area of the exhaust passageway.                     

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of a method and apparatus
for operating an engine according to the present inven-
tion will be described with reference to the accompany- 
ing drawings wherein like members bear like reference
numerals and wherein:

FIG. 1 is a schematic representation of an apparatus
according to the present invention arranged on an en-
gine;                                               

FIG. 2 is a side view of one embodiment of a valve
actuator according to the present invention;

FIG. 3 is a cross-sectional view taken along the line
3—3 in FIG. 2;

FIG. 4 is a cross-sectional view of a second embodi- 
ment of a valve actuator according to the present inven-
tion;

FIG. 5 is a view taken along the line 5—5 in FIG. 4;
FIG. 6 is a cross-sectional view of a third embodi-

ment of a valve actuator according to the present inven- 

tion:
FIG. 7 is a view taken along the line 7—7 in FIG. 6;
FIG. 8 is a cross-sectional view of a gearing unit to

drive a compressor according to the present invention.

DETAILED DESCRIPTION OF THE     

PREFERRED EMBODIMENTS

With reference to FIG. 1. an engine block 21 (shown
in phantom) having two banks of cylinders with each
bank including cylinders. 20 having pistons 22 recipro- 
cable therein (only one of which is shown in phantom)
in a conventional manner. While the ilijstiated engine is
a V-8 engine, it will be apparent that the present inven-
tion is applicable to an engine having any number of
pistons and cylinders with the V-8 engine being utilized 
for illustration purposes only. A compressed gas tank 23
is provided to store a compressed gas at high pressure.
It may also be desirable to include a small electric or gas
compressor to provide compressed gas to supplement
the compressed gas held in the tank 23. In a preferred 
embodiment, the compressed gas is air which can be
obtained from any suitable source.

A line 25 transports the gas withdrawn from the lank
23 when a conventional shut off valve 27 is open. In
addition, a solenoid valve 29 preferably operated by a 5i
suitable key operated switch (not shown) for the engine
is also arranged in the line 25. In normal operation, the
valve 27 is maintained open at all times with the sole-
noid valve 29 operating as a selective shut off valve to
start and stop the engine 21 of the present invention.  5:

A suitable regulating valve 31 is arranged down-
stream from the solenoid valve 29 and is connected by
a linkage 33 to a throttle linkage 35 which is operator
actuated by any suitable apparatus such as a foot pedal
(not shown). The line 25 enters an end of a distributor 
33 and is connected to an end of a pipe 35 which is
closed at the other end. A plurality of holes, which are
equal to the number of cylinders in the engine 21, are
provided on either side of the pipe 35 along the length
of the pipe 35.                                      

When the present invention is used to adapt a conven-
tional internal combustion engine for operation on com-
pressed gas, an adaptor plate 36 is provided to support

the distributor 33 in spaced relation from the usual in-
take opening in the intake manifold of the engine after a
conventional carburetor has been removed. In this way,
air is permitted to enter the internal combustion engine

    through the usual passageways and to be admitted to
the cylinders through suitable intake valves (not
shown). The adaptor plate 36 is secured to the engine
block 21 and the distributor 33 by any suitable appara-
tus. e.g., bolts.

    Each of the holes in the pipe 35 is connected in fluid-
light manner to a single line 37. Each line 37 carries the
compressed gas to a single cylinder 20. In a preferred
embodiment, each of the lines 37 is | inch high pressure
plastic tubing attached through suitable connectors to

    the distributor 33 and the pipe 35. Each of the lines 37
is connected to a valve 39 which is secured in an open-
ing provided near the lop of each of the cylinders 20. In
the case of a conversion of a standard internal combus-

tion engine, the valves 39 can be conveniently screwed
    into a tapped hole in the cylinder 20 typically provided

for a spark plug of the internal combustion engine. In a
preferred embodiment, the valves 39 are solenoid actu-
ated valves in order to provide a fast and reliable open-
ing and closing of the valves 39.

      Each of the valves 39 is energized by a valve actuator
41 through one of a plurality of wires 43. The valve
actuator 41 is driven by a shaft of the engine similar to
the drive for a conventional distributor of an internal

combustion engine. That is, a shaft 55 of the valve actu-
    ator 41 is driven in synchronism with the engine 21 at

one lialf the speed of the engine 21.
A first embodiment of the valve actuator 41 (FIGS. 2

and 3) receives electrical power through a wire 45
which is energized in a suitable manner by a battery,

    and a coil if necessary (not shown) as is conventional in
an internal combustion engine. The wire 45 is attached
to a central post 47 by a nut 49. The post 47 is connected
to a conducting plate 51 arranged within a housing 53
for the valve actuator 41. Within the housing 53, the

   shaft 55 has an 'nsulaling element 57 secured to an end
of the shaft 55 for co-rotation therewith when the shaft
55 is driven by the engine 21. A First end of a flexible
contact 59 is continuously biased against the conducting
plate 51 lo receive electricity from the battery or an-

   other suitable source. A second end of the contact 59 is
connected to a conducting sleeve 60 which is in con-
stant contact with a spring biased contact 61 which is
arranged within the sleeve 60. The contact 61 is biased
by a spring 63 which urges the contact 61 towards a side

   wall oft.ie housing 53.
With inference to FIG. 3. a plurality of contacts 65

are spactd from one another and arc arranged around
the periphery of the housing 53 at the same level as the
spring biased contact 61. Each contact 65 is electrically
 connected to a post 67 which extends outside of the
housing 53. The number of contacts 65 is equal to the
number of cylinders in the engine 21. One of the wires
43. which actuate the valves 39, is secured to each of the

posts 67.
       In operation, as the shaft 55 rotates in synchronism

with the engine 21, the insulating clement 57 rotates and
electricity is ultimately delivered to successive ones of
the contacts 65 and wires 43 through the spring biased
contact 61 and the flexible contact 59. In this way, each

   of the electrical valves 39 is actuated and opened in the
proper timed sequence to admit compressed gas to each
of the cylinders 20 to drive the pistons 22 therein on a
downward stroke.
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The embodiment illustrated in FIGS. 2 and 3 is effec-
tive to actuate each of the valves 39 to remain open for
a long enough period of time to admit sufficient com-
pressed gas to each of the cylinders 20 of the engine 21
to drive the engine 21. The' length of each of the
contacts 65 around the periphery of the housing 53 is
sufficient to permit the speed of the engine to be in-
creased when desired by the operator by moving the
throttle linkage 35 which actuates the linkage 33 to
further open the regulating valve 31 to admit more
compressed gas from the tank 23 to the distributor 33.
However, it has been found that the amount of air ad-
mitted by the valves 39 when using the First embodi-
ment of the valve actuator 41 (FIGS. 2 and 3) is substan-
tially more than required to operate the engine 21 at an
idling speed. Therefore, it -nay be desirable to provide a
valve actuator 41 which is capable of varying the dura-
tion of each engine cycle over which the solenoid
valves 39 are actuated, i.e., remain open to admit com-
pressed gas, as the speed of the engine 21 is varied.

A second embodiment of a valve actuator 41 which is
capable of varying the duration of each engine cycle
over which each of the valves 39 remains open to admit
compressed gas to the cylinders 20 dependent upon the
speed of the engine 21 will be described with reference
to FIGS. 4 and 5 wherein members corresponding to
those of FIGS. 2 and 3 bear like reference numerals.
The wire 45 from the electrical source is secured to the
post 47 by the nut 49. The post 47 has a annular contact
ring 69 electrically connected to an end of the post 47
and arranged within the housing 53. The shaft 55 rotates
at one half the speed of the engine as in the embodiment
of FIGS. 2 and 3.

At an upper end of the shaft 55, a splined section 71
slidably receives an insulating member 73. The splined
section 71 of the shaft 55 positively holds the insulating
member 73 for co-rotation therewith but permits the
insulating member 73 to slide axially along the length of
the spiined section 71. Near the shaft 55, a conductive
sleeve 72 is arranged in a bore 81 in an upper surface of
the insulating element 73 generally parallel to the
splined section 71. A contact 75, biased towards the
annular contact ring 69 by a spring 77, is arranged
within the conductive sleeve 72 in contact therewith.
The conductive sleeve 72 also contacts a conductor 79

at a base of the bore 81.
The conductor 79 extends to the upper surface of the

insulating element 73 near an outer periphery of the
insulating element 73 where the conductor 79 is electri-
cally connected to a flexible contact 83. The flexible
contact 83 selectively engages a plurality of radial
contacts 85 arranged on an upper inside surface of the
housing 53. A weak spring 87 arranged around the
splined section 71 engages a stop member 89 secured on
the shaft 55 and the insulating element 73 to slightly bias
the insulating clement 73 towards the upper inside sur-
face of the housing 53 to ensure contact between the
flexible contact 83 and the upper inside surface of the
housing 53. As best seen in FIG. 5, the radial contacts
85 on the upper inside surface of the housing 53 arc
arranged generally in the form of radial spokes extend-
ing from the center of the housing 53 with the number
of contacts being equal to the number of cylinders 20 in
the engine 21. The number of degrees covered by each
of the radial contacts 85 gradually increases as the dis-
tance from the center of the upper inside surface of the
housing 53 increases.

In operation of the device of FIGS. 4 and 5, as the
shaft 55 rotates, electricity flows along a path through
the wire 45 down through post 47 to the annular contact
member 69 which is in constant contact with the spring
biased contact 75. The electrical current passes through
the conductive sleeve 72 to the conductor 79 and then
to the flexible contact 83. As the flexible contact 83
rotates along with the insulating member 73 and the
shaft 55, the tip of the flexible contact 83 successively

  engages each of the radial contacts 85 on the upper
inside of the housing 53. As the speed of the shaft 55
increases, the insulating member 73 and the flexible
contact 83 attached thereto move upwardly along the
splined section 71 of the shaft 55 due to the radial com-

  ponent of the splines in the direction of rotation under
the influence of centrifugal force. As the insulating
member 73 moves upwardly, the flexible contact 83 is
bent such that the tip of the contact 83 extends further
radially outwardly from the center of the housing 53 (as

  seen in phantom lines in FIG. 4). In other words, the
effective length of the flexible contact 83 increases as
the speed of the engine 21 increases.

As the flexible contact 83 is bent and the tip of the
contact 83 moves outwardly, the tip remains in contact
with each of the radial contacts 85 for a longer period of
each engine cycle due to the increased angular width of
the radial contacts with increasing distance from the
center of the housing 53. In this way, the length of time
over which each of the valves 39 remains open is in-

  creased as the speed of the engine is increased. Thus, a
larger quantity of compressed gas or air is injected into
the cylinders as the speed increases. Conversely, as the
speed decreases and the insulating member 73 moves
downwardly along the splined section 71, a minimum

  quantity of air is injected into the cylinder due to the
shorter length of the individual radial contact 85 which
is in contact with the flexible contact 83. In this way.
the amount of compressed gas that is used during idling

of the engine 21 is at a minimum whereas the amount of 
compressed gas which is required to increase the speed
of the engine 21 to a level suitable to drive a vehicle on
a highway is readily available.

With reference to FIGS. 6 and 7, a third embodiment
of a valve actuator 41 according to the present inven-
tion includes an arcuate insulating element 91 having a
first end pivotally secured by any suitable device such
as screw 92 to the shaft 55 for co-rotation with the shaft
55. The screw 92 is screwed into a tapped hole in the
insulating element 91 such that a tab 94 at an end of the

   screw 92 engages a groove 96 provided in the shaft 55.
In this way, the insulating element 91 positively rotates
with the shaft 55. However, as the shaft 55 rotates
faster, a second end 98 of the insulating clement 91 is
permitted to pivot outwardly under the influence of
centrifugal force because of the groove 96 provided in
the shaft 55. A spring 93 connected between the second
end 98 of the element 91 and the shaft 55 urges the
second end of the element 91 towards the center of the

housing 53.
A contact 99 similar to the contact 59 (FIG. 2) is

arranged such that one end of the contact 99 is in con-
stant contact with the conducting plate 51 located cen-
trally within the housing 53. The other end of the
contact 99 engages a conductive sleeve 101 arranged in
bore 102. A contact clement 95 is arranged in the con-
ductive sleeve 101 in constant contact with the sleeve
101. The bore 102 is arranged generally parallel to the
shaft 55 near the second end of the arcuate insulating
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element 91. The contact 95 is biased by a spring 97
towards the upper inside surface of the housing 53 for
selective contact with each of the plurality of radial
contacts 85 which increase in arc length towards the
outer peripheral surface of the housing 53 (FIG. 6).

In operation of the device of FIGS. 6 and 7, as the
shaft 55 rotates the arcuate insulating element 91 rotates
with the shaft 55 and the second end 98 of the insulating
element 91 tends to pivot about the shaft 55 due to
centrifugal force. Thus, as the effective length of the
contact 95 increases, i.e., as the arcuate insulating ele-
ment 91 pivots further outwardly, the number of de-
grees of rotation over which the contact 95 is in contact
with each of the radial contacts 85 on the upper inside
surface of the housing 53 increases thereby permitting
each of the valves 39 to remain open for a longer period
of each engine cycle to admit more compressed gas to
the respective cylinder 20 to further increase the speed
of the engine 21.

Wilh reference to FIG. 1, a mechanical advance link- 
age 104 which is connected to the throttle linkage 35,
advances the initiation of the opening of each valve 39
such that compressed gas is injected into the respective
cylinder further before the piston 22 in the respective 
cylinder 20 reaches a top dead center position as the 
speed of the engine is increased by moving the throttle
linkage 35. The advance linkage 104 is similar to a con-
ventional standard mechanical advance employed on an
internal combustion engine. In other words, the linkage
104 varies the relationship between the angular posi-
tions of a point on the shaft 55 and a point on the hous-
ing 53 containing the contacts. Alternatively, a conven-
tional vacuum advance could also be employed. By
advancing the timing of the opening of the valves 39,
the speeo of the engine can more easily be increased.

The operation of the engine cycle according to the
present invention will now be described. The com-
pressed gas injected into each cylinder of the engine 21
drives the respective piston 22 downward to drive a ,
conventional crankshaft (not shown). The movement of
the piston downwardly causes the compressed gas to
expand rapidly and cool. As the piston 22 begins to
move upwardly in the cylinder 20 a suitable exhaust
valve (not shown) arranged to close an exhaust passage- .
way is opened by any suitable apparatus. The expanded
gas is then expelled through the exhaust passageway. As
the piston 22 again begins to move downwardly a suit-
able intake valve opens to admit ambient air to the
cylinder. The intake valve closes and the ambient air is ;
compressed on the subsequent upward movement of the
piston until the piston reaches approximately the top
dead center position at which time the compressed gas
is again injected into the cylinder 20 to drive the piston
22 downward and the cycle begins anew.     

In the case of adapting a conventional internal com-
bustion crpine for operation on compressed gas, a plu-
rality of Plates 103 are preferably arranged over an end
of the exhaust passageways in order to reduce the outlet
size of the exhaust passageways of the conventional 
internal combustion engine. In the illustrated embodi-
ment, a single plate having an opening in the center is
bolted t3 the outside exhaust passage way on each bank
of the V-8 engine while another single plate having two
openings therein is arranged with one opening over i
each of the interior exhaust passage ways on each bank
of the V-8 engine. A line 105 is suitably attached to each
of the adaptor places to carry the exhaust to an appro-

priate location. In a preferred embodiment, the exhaust
lines 105 are 11" plastic tubing.

In a preferred embodiment, the exhaust lines 105 of
one banrit-of the V-8 engine are collected in a line 107
and fed to an inlet of a compressor 109. The pressure of
the exhaust gas emmanating from the engine 21 accord-
ing to the present invention is approximately 25 p.s.i. In
this way. the compressor 109 docs not have to pull the
exhaust into the compressor since the gas exhausted
from the engine 21 is at a positive pressure. The positive
pressure of the incoming fluid increases the efficiency
and reduces wear on tlie compressor 109. The exhaust
gas is compressed in the compressor 109 and returned
through a line 111 and a check valve 113 to the com-
pressed gas storage tank 23. The check valve 113 pre-
vents the flow of compressed gas stored in the tank 23
back towards the compressor 109.

A suitable pressure sensor 115 is arranged at an upper
end of the tank 23 and sends a signal along a line 117
when the pressure exceeds a predetermined level and
when the pressure drops below a predetermined level.
The line 117 controls an electrically actuated clutch 119
disposed at a front end of the compressor 109. The
clutch 119 is operative to engage and disengage the
compressor 109 from a drive pulley 121. Also, the signal
carried by the line 117 actuates a suitable valve 123
arranged on a compressor housing 125 to exhaust the air
entering the compressor housing 125 from the line 107
when the clutch II** has disengaged the compressor 109
from the drive pully 121.

In a preferred embodiment, when the pressure is the
tank 23 reaches approximately 600 p.s.i., the clutch 119
is disengaged and the compressor 109 is deactivated and
the valve 123 is opened to exhaust the expanded gas
delivered to the compressor 109 from the line 107 to the
atmosphere. When the pressure within the tank 23
drops below approximately 500 p.s.i.. the sensor 115
sends a signal to engage the clutch 119 and close the
valve 123, thereby operating the compressor 109 for
supplying the tank 23 with compressed gas.

TIhe pulley 121 which drives the compressor 109
through the clutch 119 is driven by a belt 127 which is
driven by a pulley 129 which operates through a gear
box 131. With reference to FIGS. 1 and 8, a second
pulley 133 on the gear box is driven by a belt 135 from
a pulley 137 arranged on a drive shaft 139 of the engine
21. The pulley 137 drives a splined shaft 140 which has
a first gear 141 and a second larger .?ear 143 arranged
thereon for rotation with the splined shaft 140. The
splined shaft 140 permits axial movement of the gears
141 and 143 along the shaft 140.

In normal operation (as seen in FIG. 8), the first gear
141 engages a third gear 145 arranged on a shaft 147
which drives the pulley 129. The shafts 140 and 147 are
arranged in suitable bearings 149 arranged at each end
thereof. When the speed of the engine 21 drops below a
predetermined level, a suitable sensor 151 responsive to
the speed of the drive shaft 139 of the engine 21 gener-
ates a signal which is transmitted through a line 153 to
a solenoid actuator 155 arranged within the gear box
131. The solenoid actuator 155 moves the first and sec-
ond gears 141,143 axially along the splined shaft 140 to
the right as seen in FIG. 8 such that the second, larger
gear 143 engages a fourth smaller gear 157 which is
arranged on the shaft 147. The ratio of the second gear
143 to the fourth gear 157 is preferably approximately 3

tol.
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In this way, when the speed of the engine 21 drops
below the predetermined level as sensed by the sensor
151 (which predetermined level is insufficient to drive
the compressor 109 at a speed sufficient to generate the
500-600 pounds of pressure which is preferably in the
tank 23). the solenoid actuator 155 is energized to slide
the gears 143,141 axially along the splined shaft 140 so
that the second, larger gear 143 engages the fourth,
smaller geai 157 to drive the pulley 129 and hence the
compressor 109 at a higher rate of speed to generate the 
desired pressure. When the speed of the engine in-
creases above the predetermined level, in a preferred
embodiment approximately 1500 rpm. the solenoid ac-
tuator 155 is deactivated by the sensor 151 thereby
moving the gears 143 and 141 to the left as seen in FIG. 1
8 such that the first gear 141 re-engages with the third
gear 145 to effectuate a 1 to 1 ratio between the output
shaft 139 of the engine 21 and the pulley 129.

The other bank of the V-8 engine has its exhaust ports
arranged with adapter plates 103 similar to those on the 
first bank. However, the exhaust from this bank of the
engine 21 is not collected and circulated through the
compressor 109. In a preferred embodiment, a portion
of the exhaust is collected in a line 159 and fed to an
enlarged chamber 161. A second fluid is fed through a 
Sine 163 into the chamber 161 to be cooled by the cool
exhaust emmanating from the engine 21 in the line 159.
The second fluid in the line 163 may be either transmis-
sion fluid contained in a transmission associated with
the engine 21 or a portion of the oil used to lubricate the 
engine 21. A second portion of the exhaust from the
second bank of the V-8 engine is removed from the line
-159 in a line 165 and used as a working fluid in an air
conditioning system or for any other suitable use.

It should be noted that the particular arrangement 
utilized for collecting and distributing the gas exhausted
from the engine 21 would be determined by the use for
which the engine is employed. In other words, it may be
advantageous to rearrange the exhaust tubing such that
a larger or smaller percentage of the exhaust is routed 
through the compressor 109. It should also be noted
thai since the exhaust lines 105 arc plastic tubing, a
rearrangement of the lines for a different purpose is
both simple and inexpensive.

In operation of the engine of the present invention. 
the engine 21 is started by energizing the solenoid valve
29 and any suitable starting device (not shown), e.g., a
conventional electric starter as used on an internal com-
bustion engine. Compressed gas from the full tank 23
flows through the line 25 and a variable amount of the
compressed gas is admitted to the distributor 33 by
controlling the regulator valve 31 through the linkage
33 and the operator actuated throttle linkage 35. The
compressed gas is distributed to each of the lines 37
which lead to the individual cylinders 20. The com-
pressed gas is admitted to each of the cylinders 20 in
limed relationship to the position of the pistons within
the cylinders by opening the valves 39 with the valve
actuator 41.

When it is desired to increase the speed of the engine,
the operator moves the throttle linkage 35 which simul-
taneously admits a larger quantity of compressed gas to
the distributor 33 from the tank 23 by further opening
the regulator valve 31. The timing of the valve actuator
41 is also advanced through the linkage 104. Still fur- 
thcr, as the speed of the engine 21 increases, the effec-
tive length of the rotating contact 83 (FIG. 4) or 95
(FIG. 6) increases thereby electrically contacting a

wider portion of one of the stationary radial contacts 85
to  cause  each  of  the  valves 39 to remain open for a
longer period  of  each  engine  cycle to admit a larger
quantity of compressed gas 10 each of the cylinders 20.

As can be seen. the combination of the regulating
valve 31, the mechanical advance 104. and the valve
actjator 41, combine to produce a compressed gas cn-
gil-e which is quickly and efficiently adaptable to vari-
ous operating speeds. However, all three of the controls
need not be employed simultaneously. For example, the
mechanical advance 104 could be utilized without the
benefit of one of the varying valve actuators 41 but the
high speed operation of the engine may not be as effi-
cient. By increasing the duration of each engine cycle
over which each of the valves 39 remains open to admit
compressed gas to each of the cylinders 20 as the speed
increases, conservation of compressed gas during low
speed operation and efficient high speed operation are
both possible.

After the compressed gas admitted to the cylinder 20
lias forced the piston 22 downwardly within the cylin-
der to drive the shaft 139 of the engine, the piston 22
moves upwardly within the cylinder 20 and forces the
expanded gas out through a suitable exhaust valve (not
shown) through the adapter plate 103 (if employed) and
into the exhaust line 105. The cool exhaust can then be
collected in any suitable arrangement to be compressed
and returned to the tank 23 or used for any desired
purpose including use as a working fluid in an air condi-
tioning system or as a coolant for oil.

When using the apparatus and method of the present
invention to adapt a ordinary internal combustion en-
gine for operation with compressed gas it can be seen
that considerable savings in weight are achieved. For
example, the ordinary cooling system including a radia-
tor, fan, hoses, etc. can be eliminated since the com-
pressed gas is cooled as it expands in the cylinder. In
addition, there are no explosions within the cylinder to
generate heat. Further reductions in weight are ob-
tained by employing plastic tubing for the lines which
carry the compressed gas between the distributor and
the cylinders and for the exhaust lines. Once again,
heavy tubing is not required since there is little or no
heat generated by the engine of the present invention.
In addition, the noise generated by an engine according
to the present invention is considerably less than that
generated by an ordinary internal combustion engine
since there are no explosions taking place within the

cylinders.
The principles of preferred embodiments of the pres-

ent invention have been described in the foregoing spec-
ification. However, the invention which is Intended to
be protected is not to be construed as limited to the
particular embodiments disclosed. The embodiments
are to be regarded as illustrative rather than restrictive.
Variation.. and changes may be made by others without
departing from the spirit of the invention. Accordingly,

   it is expressly  intended  that  all  such  variations  and
changes which fall within the spirit and the scope of the
present invention as defined in the appended claims be
embraced thereby.

What is claimed is:
1. An apparatus for operating an engine having at

least one cylinder and a reciprocating piston therein
comprising:

a source of compressed gas;
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distributor means connected with the source of com-
pressed gas for distributing the compressed gas to
the at least one cylinder,

valve means for admitting the compressed gas to the
at least one cylinder when the piston is in approxi-
mately a top dead center position within the cylin-
der,

altering means for increasing the duration of each
engine cycle over which the valve means admits
compressed gas to the at least one cylinder as the
speed of the engine increases: and

exhaust means for exhausting gas as the piston subse-
quently approaches approximately the top dead
center position.

2. The apparatus of claim 1 further comprising con-
trol means for controlling the amount of compressed
gas admitted to the distributor means.

3. The apparatus of claim 1 wherein the valve means
is a solenoid valve secured in an opening in the cylinder
above the level of the piston at the top dead center
position.

4. The apparatus of claims 1 or 2 further comprising
means for advancing the timing of the valve means as
the speed of the engine increases such that compressed
gas is admitted progressively further before the top
dead center position as the speed of the engine in-

creases.
5. The apparatus of claim 4 wherein the means for

advancing the timing comprises a mechanical linkage
connected to an operator actuated accelerator linkage.

6. The apparatus of claim 1 wherein a portion of the
gas exhausted through the exhaust means is compressed
in a compressor driven by an output shaft of the engine
and is returned to ihe source of compressed gas.

7. The apparatus of claim 1 wherein a portion of the
gas exhausted through the exhaust means is used to cool
transmission fluid for a transmission associated with the

engine.
8. The apparatus of claim 1 wherein a portion of the

gas exhausted through the exhaust means is used as a
working fluid in an air conditioning system.

9. The apparatus of claim 6 further comprising first
gearing means interposed between the output shaft 0f
the engine and the compressor for increasing the speed
at which the compressor is driven.

10. The apparatus of claim 6 further comprising
clutch means attached to the compressor both for disen-
gaging the compressor from the output shaft of the
engine when a first predetermined pressure at the
source of compressed gas is exceeded and for engaging
the compressor with the output shaft of the engine
when the pressure at the source of compressed gas
drops below a second predetermined pressure.

11. The apparatus of claim 9 further comprising
means for both disengaging the first gearing means
when a predetermined speed of the engine is exceeded
and engaging a second gearing means for driving the
compressor at a speed slower than the first gearing
means when the predetermined speed of the engine is
exceeded.

12. The apparatus of claim 1 wherein the valve means
is electrically actuated and wherein ihe altering means
comprises:

a rotating member timed with the at least one cylin-
der and arranged within a housing;

first and second contacts arranged on a first end of
the rotating member and on an inside surface of the
housing, respectively;

means for increasing the distance of the first contact
from the rotational axis of the rotating member as
the speed of the engine increases such that the first
contact moves radially outwardly within the hous-

ing; and
said second contact presenting a longer arc length to

the first contact as the distance of the first contact
from the rotational axis of the rotating member

increases.
13. The apparatus of claim 12 wherein the rotating

member comprises an arcuate arm and wherein the
means for increasing the distance of the first contact
comprises pivotally mounting a second end of the arcu-
ate arm about the axis of rotation of the rotating mem-
ber and spring means for biasing the first end of the
arcuate arm towards a radially inward position whereby
the first end of the arcuate arm pivots radially out-
wardly as the speed of the engine increases.

14. The apparatus of claim 12 wherein the rotating
member is axially slidably received on a rotating shaft
for co-rotation therewith, said shaft having splines with
a radial component in the direction of rotation, and
wherein the first contact comprises a flexible contact
located on an upper surface of the rotating member, said
flexible contact being biased against the inside surface of
the housing which carries the second contacts whereby
as the speed of the engine increases the rotating member
is urged axially along the splined shaft towards the
inside surface of the housing such that the flexible
contact is forced radially outwardly along the inside

surface.
15. The apparatus of claim 12 wherein the second

contact comprises of radially extending conductor ar-
ranged on an upper inside surface of the housing, said
conductor increasing in arc length as the conductor
extends radially outwardly from a central portion of the
housing.

16. An apparatus for adapting an internal combustion
engine for operation with compressed gas, the internal
combustion engine having at least one cylinder, a piston
reciprocable within the at least one cylinder, intake and
exhaust means disposed in the at least one cylinder, and
a tapped hole in the at least one cylinder adapted to
receive a spark plug, the apparatus comprising:

a source of compressed gas;
distributor means connected with the source of com-

pressed gas for distributing the compressed gas to
the at least one cylinder;

valve means arranged in the tapped hole for admit-
ting the compressed gas to the at least one cylinder
when the piston is in approximately a top dead
center position within the cylinder; and

altering means for increasing the duration of each
engine cycle over which the valve means remains
open to admit the compressed gas as the speed of
the engine increases.

17. An apparatus as in claim 16 further comprising
first adapter plaic means for supporting the distributor
means above an intake manifold of the engine, which
adaptor plate means allows ambient air to enter through
the intake manifold.

18. The apparatus of claim 16 further comprising
second adapter plate means for reducing the exit area of
the exhaust means.

19. A method of operating an engine on compressed
gas. said engine having at least one cylinder and a piston
reciprocable therein comprising the steps of:
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