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INTRODUCTION

Energy storage is becoming increasingly important with the advent of individual electronic devices and the rising need to accommodate a greater population, which relies on these devices.  This author proposes the use of flywheel energy storage in conjunction with differential absorption as a method for generating clean long lasting energy.  As will be discussed later, the introduction of a new glass 50 times stronger allows the development of this new energy source.

Without entering into a large discussion on flywheel design and technical considerations or differential absorption a small amount of background information shall be presented to familiarize the reader with the general theory behind the concept.

THEORY

I. Flywheel Energy Storage

The kinetic energy stored in a solid disk or cylinder shaped flywheel is proportional to its speed and diameter according to equation (1) 

Ek = ½ I2








(1)

where Ek is the kinetic energy, I is the moment of inertia around its center of mass, and  is the angular velocity, and equation (2)


I = ½ r2m








(2)

where r is the radius of the flywheel and m is the mass.1  

Upon examination of the above equations it is obvious that two situations are possible:  Build a colossal flywheel that spins slow enough to not throw itself apart or build a small Herculean flywheel that can be spun extremely fast.  It is easy and rather amusing to envision large wheels attached to buildings being spun by wind and water with birds changing their pirch as the slow megalithic wooden wheels’ spokes fall in and out of parallel or even larger wheels rolling down inclined tracks attached to movable motors only to be drug back up the incline by sturdy bulls.  What is harder to envision are flywheels no bigger than a U.S. quarter or compact disc contained in near 100% vacuum chambers being spun at thousands or revolutions per minute on magnetic bearings.  While several problems are associated with either option, the latter shall be examined.

The easiest method of increasing the kinetic energy in the flywheel is to increase the angular velocity.  Due to the increase of radial and hoop stresses (depending on design) associated with increasing angular velocity lighter stronger monofilament materials are desired.  Currently several flywheel materials are used, none of which have a tensile strength greater than 2 GPa2.  However, this new glass, that is 50 times stronger posses an even larger tensile strength and lends itself as a flywheel material.

II. Differential Absorption

Crookes Radiometer shown in Figure 1 is a typical device that utilizes differential adsorption.

[image: image3.wmf]
Figure 1.  Schematic of a Crookes Radiometer.  (From http://cougar.slvhs.slv.k12.ca.us/~pboomer/physicslectures/heat)

The vanes spin when light is shown on the apparatus because the black side absorbs more light than the white sides, and thus expands the local gas at a greater rate.

CONCEPT

I. Product

The devise proposed is a light charged flywheel energy storage device shown below.  The devise is composed of a long cylindrical flywheel made of high strength glass (failure stress ~ 3.5 GPa) attached to an electric motor.  The flywheel is designed as an elongated solid cylinder rather than the traditional disc style flywheel to maximize inertia in a smaller space.  (A flywheel the size of a standard compact disc and a flywheel the size of a role of U.S. nickels have equivalent moments of inertia)

The entire apparatus is mounted on frictionless magnetic bearings and is evacuated nearly 99%.  The remaining atmosphere directly surrounding the glass flywheel is composed of a mixture of helium and air to reduce the effects of wind on the performance of the flywheel and to allow for the charging of the flywheel to take place.  The flywheel is charged (spun) using electromagnetic radiation.  

The flywheel is charged using the principle of the Crookes Radiometer.  The glass flywheel structure therefore is very important.  Two materials properties of the glass are manipulated to allow charging. The refractive index and color of the glass are used to control the absorption at the surface of the glass.  Similar to the Crookes radiometer the glass flywheel has alternating faces that absorb different amounts of radiation.  This is schematically shown in Figure 3 by black and white fringes at the surface of the flywheel. 
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Figure 2.  Schematic cross section of flywheel energy storage device.
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Figure 3.  Schematic drawing of flywheel absorption edges and charging mechanism

The different absorption bands in the edge of the glass are made possible by unique compositional additives to the glass, which make it photosensitive.  The selectively irradiated sections have altered refractive indices and opaqueness’.  Radiation (light) is directed at the black surfaces with two successive lasers aimed parallel to the tangent of the flywheel as the black surfaces are in view of the laser beam.  Similarly positioned guides help build backpressure for the expanding gas to push the flywheel.  The guides are switched back and forth to allow sufficient cooling of the gas.  Furthermore, the design of the flywheel absorption properties allows a range of radiation (Infrared to ultraviolet) capable of charging the flywheel.  Different types of radiation are also utilized because the absorption changes with wavelength allowing tunable speeds.  This unique feature of the flywheel provides varying radiation sources such as high power lasers or simple lenses to focus sunlight. 

The great speeds at which the flywheel turns require a containment method for personal safety and destruction to surrounding components.  The glass used in the flywheel is also used as the containment material due to its extreme high strength.   
II. Application

The compactness of the flywheel energy storage system allows it to be used in various modern devices such as laptop computers, cellular phones, PDA’s, personal audio listening devices, flashlights, and countless others.  Many situations arise in which local power regeneration is not available for several days or months such as with the military, remote/rescue hospitals, and forestry services.  The flywheel energy storage system is ideal in these situations as it provides long power times and allows recharging from sunlight.

III. Justification

The flywheel energy storage system is superior to current energy storage systems for several reasons.  The flywheel charges extremely quickly and can be charged during operation without the use of an electrical source.  This eliminates the need for backup storage devices and allows remote usage.  The magnetic bearings in the flywheel allow it to remain charged for days, months, and even years without the need for recharging.  The flywheel energy storage system uses low energy light as a charging source, which eliminates individual health and environmental concerns and it is also recyclable.  Unlike fuel cells where production and storage of fuel are of great concern, the flywheel energy storage system only requires the injection of light or radiation.  Containment of the flywheel were it to malfunction and fly apart must of course be possible but this is easily performed by enclosing the system in the same high strength glass as that of the flywheel.  

The tunable nature of the flywheel energy storage system permits the general user several options.  Highly sophisticated units with advanced optics and laser systems can be acquired or more crude systems that rely on lower level radiation can also be employed.  This allows the consumer to purchase varying types of devices in terms of power requirements and cost.  It also allows the usage in remote areas where only sunlight is available.

IV. Conclusions

The flywheel energy storage system is a unique device that can meet the current and future requirements of energy storage for small electronic devices.  The flywheel energy storage system is superior to current devices as well as the recent influx of foreseeable devices such as fuel cells.  The flywheel energy storage system is environmentally friendly and poses no health risks to biological organisms upon disposal or during operation.  The flywheel energy storage system is user friendly being tunable to a wide variety of powers and situations and the simplicity of the device reduces the malfunction and breakage during operation and production.  Apart from operational attributes one of the greatest achievements of the flywheel energy storage system is its adaptive nature to meet the needs of individuals across many disciplines and situations.  From remote secluded areas on the globe to populated cities, the flywheel energy storage system provides long lasting energy when needed.
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