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ABSTRACT:

This paper is concerned with Steam turbine blade design and manufacturing plays a critical role in the efficient and reliable operation of steam turbines, which are
widely used in power generation and industrial applications. Also,the steam turbines operate at higher temperatures and pressures and increase efficiency. The
influence of the steam-specific entropy increases on the steam turbine energy loss and energy efficiency at different turbine loads. Divide the turbine into high-
pressure and low-pressure sections and compare their efficiency and losses. The high-pressure turbine section produces most of the cumulative turbine power but
has higher losses than the low-pressure turbine section, which has higher efficiency and lower losses. Some modern steam turbines operate supercritical conditions
which is improve thermal efficiency.
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INTRODUCTION:

The aerodynamic and structural complexity of these rotor blades is of paramount importance, affecting both energy conversion efficiency and turbine
longevity. This research contributes to the development of steam turbine technology by examining design considerations and manufacturing methods to
inform and guide industry professionals in their pursuit of improved efficiency and reliability. Efficiency is the most important issue for low-power steam
turbines, as it directly affects the operating cost and sustainability of marine propulsion systems.

The efficiency of a turbine is a measure of how effectively it converts energy from steam into the mechanical power needed to drive a pump. The factors
may include turbine design, material selection, maintenance practices, monitoring systems, etc. Energy losses and efficiency are important considerations
in the design, operation, and maintenance of low-power steam turbines associated with marine steam propulsion.

The efficiently utilize natural gas and other fuels, effectively reducing greenhouse gas emissions. This approach represents a significant step toward
cleaner and more environmentally friendly power generation. Advanced condensing systems are another critical component in modern steam power
plants. These systems optimize heat recovery and cooling processes, resulting in increased overall power plant efficiency. They also contribute to a
reduction in the environmental impact of power generation.

1. EVOLUTION OF STEAM TURBINE TECHNOLOGY:

Development of steam turbine technology: Early development: The emergence of steam turbine technology can be traced back to the 19th century, with
Sir Charles Parsons developing the first practical steam turbine in 1884. Early turbines were primarily used for propulsion in marine applications. These
turbines marked a departure from piston engines, offering higher efficiency and smoother power delivery.

In the 1920s, the advent of high pressure and supercritical steam conditions further improved turbine performance. Condensation and Extraction:
Introduced in the early 20th century, condensing turbines greatly increased efficiency by allowing steam to be fully expanded and discharged in a vacuum.
Extraction turbines, developed in the mid-20th century, provided further versatility by allowing steam to be extracted from a variety of locations for
industrial processes and district heating.
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Figl. Steam Turbine Technology

2. OPERATION PRINCIPLE OF THE ANALYZED STEAM TURBINE:

The working principle of a steam turbine is to convert thermal energy from steam into mechanical energy and use that mechanical energy to drive a
generator to generate electricity. Steam turbines are often used in power plants to generate electricity.

2.1: Steam Turbine Components:
2.11: Rotor Assembly: The rotor is the central rotating element of the turbine. It usually consists of a series of discs attached to a shaft. The disk is fitted

with blades that extract energy from the steam flowing over it.

2.12: Stat-or assembly: The stat-or is the fixed part of the turbine. It contains fixed blades or nozzles that surround the rotor and direct the flow of steam
toward the turbine blades.

2.13: Casing: The casing surrounds the rotor and stator assembly, retains steam within the turbine, and provides structural support.
2.14: Bearing: Bearing supports the turbine shaft and allows for smooth rotation.
2.15: Controller: The controller regulates the speed of the turbine by controlling the flow of steam to the turbine blades.

2.16: Control Systems: Modern steam turbines are equipped with sophisticated control systems that monitor and adjust various parameters to ensure
optimal performance and safety.
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2.2: Principle of Operation:

2.21: Steam production: Steam is produced in a boiler using heat from the combustion of a fuel such as oil or coal or waste heat produced by other systems
on the ship will be generated.

2.22: Steam flow to the turbine: The high-pressure steam is then sent to the inlet of the ship's steam turbine.

2.23: Expansion in a high-pressure turbine: In a high-pressure turbine, the initial expansion of steam causes the turbine blades to rotate. This rotation
removes energy from the steam.

2.24: Medium Pressure Turbine: The steam leaving the high-pressure turbine is sent to the medium-pressure turbine. The expansion process continues
and more energy is produced.

2.25: Low-Pressure Turbine: Steam enters the low-pressure turbine at a lower pressure. The remaining energy is removed and the turbine continues to
rotate.

2.26: Exhaust and Condensation: After the steam passes through the low-pressure turbine, it is discharged to the condenser. Here the water is condensed
back into water and the condensate is returned to the boiler to restart the cycle.

2.27: Propeller Drive: The rotating shaft of the turbine is connected to the ship's propeller and converts rotational motion into forward thrust, propelling
the ship through the water.

3. IMPACT OF MATERIALS PROPERTIES ON BLADE PERFORMANCE

Influence of Material Properties on Blade Performance in Steam Turbine Blade Design and Manufacturing The tensile strength of a material has a
significant impact on the structural integrity of a steam turbine blade, ensuring that it can withstand mechanical stresses during operation.

High-temperature resistance is very important as it affects the blade's ability to maintain its mechanical properties at high operating temperatures.
Materials with good machinability facilitate the production of complex blade geometries and impact production efficiency. The weldability of materials
affects the ease of assembly and influences the manufacturing process in turbine blade manufacturing.

The electrical conductivity of materials can affect the electrical performance of the rotor blades in a particular turbine configuration, which can affect the
overall system efficiency. Integrating these material properties into turbine blade design and manufacturing is critical to optimizing the performance,
efficiency, and overall reliability of steam turbines in power generation.

4. COMPUTATIONAL TOOLS IN BLADE DESIGN:

Blade Design Calculation Tools in Steam Turbine Blade Design and Manufacturing Calculation tools play a central role in the design and manufacturing
of steam turbine blades, optimizing their performance and efficiency.

Finite element analysis (FEA) is commonly used to simulate the structural behavior of turbine blades under various operating conditions, helping to
improve material selection and design. Computational fluid dynamics (CFD) is important for studying the aerodynamics of steam flow over turbine
blades, allowing designers to improve the blade profile for optimal energy conversion. 3D printing technology based on computer models enables rapid
prototyping of turbine blades and enables iterative design improvements. The calculator helps predict the impact of environmental factors such as moisture
and contaminants on turbine blade performance and durability. Collectively, computational tools are revolutionizing the entire lifecycle of steam turbine
blade development, from conceptual design to manufacturing, by providing insight, optimizing performance, and accelerating the innovation process.
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5. CHARACTERISTICS OF HIGH-PERFORMANCE MATERIALS:

Properties of High-Performance Materials, Steam Turbine Blade Design and Manufacturing High-performance materials for steam turbine blades exhibit
excellent strength-to-weight ratios, allowing for the construction of lightweight yet robust components.

A high melting point is a desirable property that prevents the material from undergoing undesirable phase changes and decomposition at high temperatures.
The material's low coefficient of thermal expansion minimizes dimensional changes in the turbine blades due to temperature fluctuations, ensuring design
accuracy. Good machinability is important for ease of manufacturing, allowing precise shaping and manufacturing of complex blade shapes.

Erosion and wear resistance are important for turbine blade materials, especially in applications where steam may transport particles. High-temperature
stability maintains the mechanical properties of the material even at extreme temperatures in steam turbines.

6. ADVANCES OF STEAM TURBINE:
6.1 Enhancements in Efficiency :

. cutting-edge blade compositions and designs.
. Advances in casing and rotor design.

. Efficiency's effect on a power plant's overall performance.
6.2 Steam Conditions at Supercritical and Ultra-Supercritical Levels :

. Steam parameters that are supercritical and ultra-supercritical are explained.

. advantages and difficulties of working in high-temperature, high-pressure environments.
6.3 Integration of Combined Heat and Power :

. using steam turbines to produce heat and electricity at the same time.

. Increased system effectiveness with combined heat and power setups.
6.4 Control systems and digitalization :

. digital technology integration for improved monitoring and control.

. sophisticated automation and machine intelligence uses.
6.5 Environmental Considerations:

. Strategies for reducing emissions in the design of steam turbines.
. combining renewable energy sources with steam turbines.
. Operationally flexible to meet fluctuating energy needs.

. Grid-friendly elements to increase stability.
6.7 Maintenance and Reliability:

data analytics and sensors are used in predictive maintenance. Techniques for increasing dependability and reducing downtime.
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Fig.3 Flow diagram of a stem thermal power plant

7. STRUCTURAL MECHANICS AND STRESS ANALYSIS

Structural mechanics and stress analysis play a key role in the design and manufacture of steam turbine blades, ensuring their reliability and efficiency.
Engineers must consider various factors such as material properties, loading conditions, and operating environment to optimize the performance of these
critical components. The design process includes selecting materials with high strength, heat resistance, and fatigue properties, such as nickel-based
superalloys. The blade shape, thickness, and cooling mechanism are carefully designed to withstand dynamic forces and thermal loads while maintaining
structural integrity.

Quality control during manufacturing ensures that manufactured rotor blades meet design specifications and maintain consistent material properties. In
summary, the integration of structural mechanics and stress analysis is essential to ensure the reliability, efficiency, and longevity of steam turbine blades
under the harsh conditions of power generation environments.

8. EFFICIENCY BOOST:

Improvements in blade design and materials increase the overall efficiency of the turbine. Advanced Steam Flow and Digital Control System for Better
Energy Production: Intelligent control system integration for real-time monitoring and precise adjustment. Increases operational flexibility and
responsiveness. Supercritical Steam Parameters: Operates at higher temperatures and pressures to increase efficiency. Improved materials and cooling
technology enable sustained high performance. Combined heat and power (CHP) integration: To maximize energy utilization. Collecting and using excess
heat to generate additional electricity. Improved Materials: Innovative cooling method for high-temperature environments. Active and passive cooling
systems to maintain optimal turbine performance.

RESEARCH METHODOLOGY:

Modern steam turbines are designed for high efficiency. This involves optimizing the shape, size and material of the blade to maximize energy conversion.
Computational fluid dynamics (CFD) simulations were used to refine the design. Innovative materials are Advanced materials such as super alloys are
used for turbine blades to withstand high temperatures and pressures. These materials often undergo rigorous testing and quality control. Steam parameters
is Increasing steam parameters, such as temperature and pressure, can significantly improve turbine performance.

This increases overall efficiency by using energy more efficiently. Cogeneration: Some modern power plants are designed for cogeneration, in which
waste heat from the turbine is used for industrial processes or for district heating. Speed Turbine is Variable speed turbine allows more flexible and
efficient operation to meet changes in electricity demand. However, this requires advanced materials and cooling techniques.

CONCLUSION:

. In conclusion, developments in steam turbine technology have completely changed the energy efficiency, flexibility, and environmental impact of
contemporary power plants. Modern turbines offer lower emissions, easier integration into smart grids, and increased efficiency thanks to
advancements in digitalization, materials science, and blade design.

e  The industry's dedication to a cleaner and more sustainable energy future is demonstrated by the move toward supercritical conditions, combined
heat and power systems, and sustainable manufacturing techniques.
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e  These developments place steam turbines at the forefront of an environmentally responsible and dynamic power generation landscape. High-
performance materials featuring strength, temperature resistance, and durability ensure the structural integrity and efficiency of turbine blades in
harsh operating environments.

e  The pursuit of optimal material properties and precision manufacturing techniques contribute to improving turbine performance, reliability, and
longevity. This holistic approach, leveraging both technological advances and materials science, is paramount to meeting the demanding
requirements of steam turbine applications in power generation.
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