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Use of Kinetic Energy in Moving Water (6.7)

Harnessing the energy of flowing water without large reservoirs represents a significant approach to sustainable energy generation.

Tidal Power River Current Turbines

«  Utilizes the kinetic energy of ocean tides «  Extracts energy from river flows

«  Tides contain significant energy due to gravitational forces «  Lower environmental impact compared to dam-based

systems
. Energy conversion efficiency depends on tidal range and flow «  Canbe deployedin areas with consistent water flow
rates

« Distinction from Hydroelectric A Challenges
Unlike traditional hydroelectric power that relies on gravitational potential . Intermittency issues related to tidal patterns and river flow
energy from height differences, this method focuses on the kinetic energy of . Environmental impact on aquatic ecosystems

moving water. «  Technical challenges in harsh underwater environments



Kinetic Energy in Mechanical Systems (6.8)

Kinetic energy in mechanical systems involves storing energy in the motion of objects.

Linear Kinetic Energy Rotational Kinetic Energy

. Energy stored in rotating mass (flywheel)
. Formula: E= 12" | * w?

. High power density, rapid response

. Energy stored in objects moving in a straight line
. Formula: E= Y2 * mv?
. Less common for large-scale storage

General Principles

o Accelerate massto store energy o Decelerate to release energy Convert between kinetic and other forms

N

Energy Storage/Release Cycle

Store Energy Release Energy

>

Kinetic Energy Mechanical System



Linear Kinetic Energy (6.9)

Linear kinetic energy storage involves objects moving in straight lines, storing energy as massin motion.

Fundamental Formula
E=1/2 xm x v?

where m is mass and v is velocity

%4 Practical Applications 4 Practical Considerations

. Less common for large-scale energy storage . Space requirements for significant energy storage
. Fundamental to understanding mechanical motion . High velocity requirements for effective storage

. Used in specialized applications requiring rapid energy release . Safety concerns with high-speed components

. Mechanical friction and energy losses

Linear motion-based systems are crucial for understanding broader
kinetic energy principles o Fundamental to understanding rotational systems



Rotational Kinetic Energy - Flywheel Systems (6.8.2)

« Working Principle Simplified Flywheel System

A heavy rotor is spun at high speeds; energy is stored as rotational kinetic
energy and can be converted to electricity via a generator.

Energy Storage Formula

E=12xIxw

. | = Moment of inertia . w = Angular velocity

¥ Applications
W Key Advantages PP

Grid Frequency Regulation
. Rapid response times for grid stabilization

Maintains grid stability by absorbing/releasing power in milliseconds
. High power density compared to other methods

«  Long cycle life (millions of cycles)
Uninterruptible Power Supplies

Provides backup power during outages with rapid response



Flywheel Materials and Design

Advanced materials enable flywheels to achieve high rotational speeds and improved energy density.

Carbon Fiber Composites Advanced Alloys
. High strength-to-weight ratio «  Superior tensile strength
+  Canwithstand extreme rotational speeds . Enhanced durability under cyclic loading
g Temperature resistance properties 0 Improved magnetic properties for generators
#; Structural Design I~ Performance Relationship
«  Thick-walled cylindrical geometry for radial stress . Energy density proportional to material strength and speed
»  Spoke design for mass reduction and structural integrity «  Operational speeds up to 30,000 RPM in carbon fiber designs
»  Critical dimension calculations to prevent failure «  Critical speed approaching tensile strength limit

.
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Hywheel Applications

Flywheel energy storage systems offer rapid response times, high power density, and long cycle life, making them ideal for various applications:

Grid Frequency Uninterruptible Power Regenerative Braking
Regulation Supplies
Hywheels provide rapid response to grid Hywheels provide backup power during Hywheels capture and store energy during
frequency fluctuations, helping maintain stable outages, offering a reliable energy source for braking that would otherwise be lost as heat in
electrical power quality. critical systems. traditional braking systems.

Key Benefits: Key Benefits: Key Benefits:
Grid stabili

Peak shaving Short-term backup Improved efficienc

Flywheel systems excel in applications requiring frequent energy cycling and rapid response times, leveraging their high power density and long service life.



Internal Structural Energy Storage (6.10)

Energy storage through elastic deformation involves storing potential energy within the structural elements of materials when they are deformed
within their elastic limits.

2% Mechanism Elastic Deformation Energy Storage
Materials are stressed (e.g., stretched, compressed, twisted) within their elastic

limits, storing potential energy that can be released when the stress is Applied Force

removed. ¥

Bnergy Storage
Eladtic Deformation

:= Examples

»  Springs (mechanical storage)
. Elastic bands and polymers

«  Certain composite materials ¥ Scale A Limitations
. Biological materials (wood, bamboo)

Typically for smaller-scale Energy density is generally lower
applications or specific mechanical compared to other methods for
systems where energy is stored large-scale applications.

and released over short durations.



Comparison of Mechanical Storage Methods

A comparative analysis of mechanical energy storage technologies reveals distinct advantages and applications for each method.

Storage Method Energy Density Response Time Scale Suitability Key Applications

Hydroelectric, pumped-hydro

High Medium Grid- Scale
Potential Energy
e CAES systems, industrial pneumatic
Medium Medium Large-Scale
Gas Storage
Grid stabilization, UPS, regenerative
e braking
Low-Medium Very Fast Medium
Rotational KE
Vehicle damping, small mechanical
o systems
Low-Medium Fast Small
Linear KE
o Mechanical dampers, elastic elements
Low Medium Small

Internal Struct

Bl Energy Density M Response Time M Scale Suitability



Future Developments in Mechanical Energy Storage

Emerging Technologies & Research Directions

Advanced Materials

Development of high-strength composite materials for flywheel rotors and structural energy storage
systems, enabling higher energy density and efficiency.

Future Integration .

Mechanical storage systems of the future will focus on
seamless grid integration and rapid response
capabilities.

Smart Control Systems

Integration of Al and machine learning for optimal energy management, load forecasting, and grid
integration of mechanical storage systems. = Key Research Challenges

. Improving energy density while maintaining

Hybrid Storage Approaches safety

Combining mechanical storage with other technologies to create hybrid systemsthat leverage the
strengths of each method for improved efficiency.

. Reducing costs for large-scale deployment

. Enhancing cycle life and reliability

. Minimizing environmental impact

Mechanical energy storage will continue to play a crucial role in the transition to sustainable energy systems, with future developments focused on improved
efficiency, cost-effectiveness, and integration with renewable sources.



