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(b) In A Steam Power Plant, Steam Is Supplied At 10MPa And 500C And
Condenser Pressure Is 5kPa. The Steam plays a crucial role in the operation of
thermal power plants, serving as the primary working fluid that transforms thermal
energy into mechanical and subsequently electrical energy. Understanding the
thermodynamic processes involved, the properties of the steam, and how they influence
the efficiency of the power plant is essential for engineers and energy professionals. This
article provides a comprehensive overview of the key aspects of steam supply conditions,
the Rankine cycle, and the various components involved in a typical steam power plant,
optimized for SEO to reach those seeking detailed technical insights.

Introduction to Steam Power Plants

Steam power plants are a cornerstone of electricity generation worldwide, utilizing the
principles of thermodynamics to convert heat energy into electrical energy efficiently.
These plants operate predominantly on the Rankine cycle, which involves the generation,
expansion, condensation, and pumping of steam to produce work.

Steam Conditions in Power Plants

In our case, the steam is supplied at a pressure of 10 MPa and a temperature of 500°C,
with the condenser pressure set at 5 kPa. These specific conditions are critical for
optimizing the efficiency and performance of the power plant.

Significance of High-Pressure and High-Temperature
Steam
The use of high-pressure (10 MPa) and high-temperature (500°C) steam offers several

advantages:

e Enhanced Efficiency: Higher inlet pressure and temperature increase the thermal
efficiency of the Rankine cycle, reducing fuel consumption per unit of electricity
generated.

¢ Better Work Output: Elevated temperature and pressure contribute to higher
specific work output during the expansion process in the turbine.

e Reduced Heat Losses: Operating at higher parameters minimizes the relative heat
losses during the cycle.



Condenser Pressure (5 kPa)

The condenser pressure influences the cycle’s efficiency and the amount of work produced
during expansion:

e Lower Condenser Pressure: A pressure of 5 kPa offers a higher pressure ratio
across the turbine, leading to increased work output.

e Impact on Condensation: The low pressure facilitates effective condensation of the
steam, ensuring the cycle can operate continuously with minimal back pressure.

e Efficiency Gains: Lower condenser pressures typically improve the thermal

efficiency of the cycle but may increase the size and cost of the condenser
equipment.

Thermodynamic Analysis of the Rankine Cycle

The Rankine cycle is the fundamental thermodynamic cycle in steam power plants,
involving four main processes:

1. Boiler (Heating Process): Water is heated at constant pressure until it becomes
superheated steam at 10 MPa and 500°C.

2. Expansion in the Turbine: The superheated steam expands through a turbine,
generating work, and its pressure drops to the condenser pressure.

3. Condensation: The exhaust steam from the turbine is condensed back into water at
constant pressure in the condenser.

4. Pump Compression: The condensate is pumped back to the boiler pressure,
completing the cycle.

State Points in the Cycle

The key points in the cycle are:
e Point 1: The inlet of the turbine, where steam is superheated at 10 MPa and 500°C.
e Point 2: The turbine exhaust, at condenser pressure (5 kPa).

e Point 3: The exit of the condenser, where the steam is in a saturated or slightly
subcooled liquid state.

e Point 4: The inlet of the pump, where water is under low pressure.



Properties of Steam at Different States

Understanding the properties of steam at various cycle points is essential for analyzing the
cycle's efficiency and performance.

Superheated Steam (Point 1)

- Pressure: 10 MPa

- Temperature: 500°C

- Properties: High enthalpy, low moisture content, ideal for efficient expansion in the
turbine.

Exhaust Steam from Turbine (Point 2)

- Pressure: 5 kPa
- Properties: Usually saturated or slightly superheated, depending on the cycle design.

Condensate (Point 3)

- State: Saturated or subcooled liquid water
- Properties: Low enthalpy, ready to be pumped back to boiler pressure.

Pump Inlet (Point 4)

- Pressure: Slightly above condenser pressure
- Properties: Liquid water with minimal compressibility effects.

Efficiency Considerations

The efficiency of a steam power plant depends on several factors, including:
1. Cycle Efficiency: The ratio of net work output to heat input, impacted by inlet
conditions and condenser pressure.

2. Boiler Efficiency: Determines how effectively heat is transferred to water to
produce superheated steam.

3. Turbine and Pump Efficiencies: Losses in these components reduce overall cycle
efficiency.



Effect of Operating Conditions on Efficiency

- Increasing the inlet steam temperature and pressure (like 10 MPa and 500°C) enhances
efficiency.

- Lowering condenser pressure (to 5 kPa) improves the work output but may increase
equipment costs.

- Proper insulation and maintenance are necessary to minimize heat losses.

Component Overview in a Steam Power Plant

A typical steam power plant consists of several interconnected components:

Boiler

- Converts water into superheated steam at specified high pressure and temperature.
- Incorporates economizers, superheaters, and reheaters to optimize performance.

Turbine

- Expands the superheated steam, producing mechanical work.
- Usually a multi-stage turbine to improve efficiency.

Condenser

- Cools the exhaust steam from the turbine, converting it back to water.
- Maintains low condenser pressure for higher cycle efficiency.

Feedwater Pump

- Pumps condensate from the condenser back to the boiler.
- Must operate efficiently to minimize energy consumption.

Advanced Technologies and Optimization

Modern steam power plants incorporate advanced technologies to maximize efficiency:
e« Combined Cycle Systems: Integrating gas turbines and steam turbines for higher
overall efficiencies.

e Supercritical and Ultra-supercritical Steam Cycles: Operating at pressures
above 22 MPa for improved performance.

* Regenerative Feedwater Heating: Using extracted steam to preheat feedwater,
reducing fuel consumption.



Environmental and Economic Impacts

Optimizing steam conditions not only improves efficiency but also reduces environmental
impacts:

e Lower emissions of COz and other pollutants per unit of electricity generated.
¢ Reduced fuel consumption, leading to cost savings.

e Enhanced operational lifespan of components due to optimized operating conditions.

Conclusion

In summary, the specific steam conditions of 10 MPa and 500°C supply the foundation for
a high-efficiency operation in a steam power plant. Combined with a condenser pressure
of 5 kPa, these parameters enable the plant to achieve an optimal balance between power
output and operational costs. Understanding the thermodynamic principles, properties of
steam, and component functions is vital for designing and operating efficient thermal
power plants. With continuous advancements in technology and materials, modern power
plants are poised to deliver cleaner, more reliable electricity, leveraging the fundamental
principles discussed herein.
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Frequently Asked Questions

What are the main advantages of supplying steam at 10
MPa and 500°C in a steam power plant?

Suppling steam at 10 MPa and 500°C allows for higher thermal efficiency, improved



power output, and better heat transfer rates, leading to more efficient electricity
generation.

How does the condenser pressure of 5 kPa affect the
efficiency of the steam power plant?

A condenser pressure of 5 kPa reduces the back pressure on the turbine, increasing the
work output and overall efficiency of the cycle by allowing the steam to expand further
before condensation.

What is the significance of superheating steam to 500°C
at 10 MPa in a Rankine cycle?

Superheating steam to 500°C increases the average temperature at which heat is added,
improving cycle efficiency and reducing moisture content in the turbine blades.

What phase changes occur as the steam is condensed at
5 kPa in the condenser?

The high-pressure, superheated steam expands in the turbine and then condenses from
vapor to liquid at 5 kPa, releasing latent heat and forming saturated or subcooled liquid in
the condenser.

How does the pressure difference between 10 MPa and
5 kPa influence the turbine's work output?

The large pressure drop from 10 MPa to 5 kPa allows the turbine to perform maximum
work during expansion, increasing overall cycle efficiency and power generation capacity.

What are the typical challenges associated with
operating a steam power plant at these pressure and
temperature conditions?

Challenges include material stresses due to high temperatures and pressures, corrosion
and erosion in turbines and boiler components, and maintaining efficient heat transfer at
these conditions.

How is the cycle efficiency affected by the given steam
conditions in the power plant?

The high inlet pressure and temperature combined with low condenser pressure enhance
the Rankine cycle efficiency by maximizing the work done during expansion and
minimizing heat losses.



What are the key components involved in handling
steam supplied at 10 MPa and 500°C in the power
plant?

Key components include the boiler (for generating superheated steam), turbines (for
expansion work), condenser (for condensation at 5 kPa), and feedwater pumps to circulate
water through the cycle.

Additional Resources

Steam Power Plant: Analysis of Operating Conditions at 10 MPa and 500°C with a 5 kPa
Condenser Pressure

Introduction

In the realm of thermal power generation, steam power plants remain a cornerstone
technology, converting heat energy into electrical energy efficiently and reliably. Critical
to their performance are the conditions under which steam is generated, expanded, and
condensed. This article explores the detailed thermodynamic behavior of a typical steam
power plant operating with steam supplied at 10 MPa and 500°C, with the condenser
maintained at a pressure of 5 kPa. We will analyze the implications of these parameters on
cycle efficiency, component performance, and overall plant operation, providing insights
for engineers, researchers, and industry stakeholders.

Thermodynamic Cycle Overview

The idealized cycle for a steam power plant is often modeled as a Rankine cycle, which
involves four primary processes:

1. Boiler (Heating and Pressurization): Water is heated at constant pressure to produce
high-temperature, high-pressure steam.

2. Turbine Expansion: The high-energy steam expands through a turbine, performing
work.

3. Condenser (Heat Rejection): Exhaust steam is condensed at low pressure to water.

4. Pump (Pressurization): The condensate is pumped back to boiler pressure, completing
the cycle.

In our case, the key parameters are:

- Steam supply (boiler inlet): 10 MPa and 500°C
- Condensate (outlet): 5 kPa (condenser pressure)

Thermodynamic Properties at Operating Conditions



Superheated Steam at 10 MPa and 500°C

The initial state of the steam entering the turbine is superheated. Using standard steam
tables or Mollier diagrams, the following properties can be approximated:

| Property | Value |

I | |

| Pressure (P1) | 10 MPa |

| Temperature (T1) | 500°C |

| Specific Enthalpy (h1) | Approximately 3400 k]J/kg |
| Specific Entropy (s1) | Approximately 7.0 kJ/kg-K |

This high enthalpy indicates a significant amount of energy available for conversion into
work.

Condensed State at 5 kPa

Post-expansion, the steam is cooled in the condenser. At 5 kPa, the saturation temperature
is approximately 30°C. The properties are:

| Property | Saturation Values at 5 kPa |

| | |

| Saturation Temperature (T sat) | 30°C |

| Saturation Enthalpy of Liquid (hf) | ~340 k]J/kg |

| Saturation Enthalpy of Vapor (hg) | ~2560 kJ/kg |
| Saturation Entropy of Liquid (sf) | ~1.0 kJ/kg-K |

| Saturation Entropy of Vapor (sg) | ~7.3 kJ/kg-K |

The exhaust steam leaves the turbine as a mixture, with quality (vapor fraction) depending
on the expansion process.

Thermodynamic Analysis of the Cycle
1. Isentropic Expansion in the Turbine
Assuming an ideal, isentropic expansion from the turbine inlet to the condenser pressure:

- Initial state: P1 = 10 MPa, T1 = 500°C, s1 = 7.0 kJ/kg-K
- Final state: P2 = 5 kPa, s2 = s1 = 7.0 kJ/kg-K

Using the steam tables at P2 = 5 kPa and s2 = 7.0 kJ/kg-K, the quality of the steam at
turbine exit can be estimated:

\[

x = \frac{s_{2} -s {f}}{s {g} -s_{f}} =\frac{7.0-1.0}{7.3 - 1.0} \approx
\frac{6.0}{6.3} \approx 0.95

\]

This indicates 95% vapor quality, meaning the exiting steam is predominantly vapor with a



small amount of moisture.
2. Turbine Work Output
The work per unit mass can be approximated as:

\[
W {t} =h {1} -h {2}
\]

Where \( h 2\) (enthalpy at turbine exit) is calculated based on the mixture:

\[

h {2} =h {f} + x\times h {fg} \approx 340 + 0.95 \times (2560 - 340) \approx 340 +
0.95 \times 2220 \approx 340 + 2110 \approx 2450\, \text{k]/kg}

\]

Thus,

\[
W {t} \approx 3400 - 2450 = 950\, \text{k]/kg}

\]
3. Heat Input in the Boiler

The heat supplied per unit mass:

\[
Q {in} = h {1} - h {f\text{liquid at feedwater inlet}}

\]

Assuming the feedwater enters the boiler as compressed water at a pressure of 10 MPa,
with enthalpy approximately 1000 kJ/kg, the net heat addition is:

\[
Q {in} \approx 3400 - 1000 = 2400\, \text{k]J/kg}
\]

4. Cycle Efficiency
The thermal efficiency:

\[
\eta {thermal} = \frac{W {t}}{Q {in}} \approx \frac{950} {2400} \approx 39.6\%

\]

This simplified analysis suggests an ideal cycle efficiency of nearly 40%, which is
indicative of modern supercritical power plant performance.



Impact of Operating Conditions on Plant Performance
High-Pressure and High-Temperature Supply

Operating at 10 MPa and 500°C positions the cycle within the supercritical domain, where
the water and steam phase boundaries merge, eliminating the saturated liquid-vapor
boundary. This results in:

- Enhanced thermal efficiencies: Reduced heat losses, improved cycle thermodynamics.

- Reduced moisture content: Higher quality steam at turbine exit minimizes blade erosion
and maintenance.

- Material considerations: Components must withstand elevated temperatures and
pressures, demanding advanced alloys and cooling techniques.

Low Condenser Pressure (5 kPa)
Lower condenser pressures:

- Increase the enthalpy difference across the turbine, thus boosting work output.
- Improve cycle efficiency but with trade-offs:

- Cooling tower requirements: Larger cooling capacities needed.
- Condensate pump work: Slightly higher, impacting net efficiency.
- Environmental considerations: Water availability and thermal pollution.

In practice, 5 kPa represents a balancing point, optimizing efficiency while maintaining
manageable condenser design.

Practical Considerations and Challenges
Material and Design Constraints

- High-temperature materials are essential to handle the superheated steam at 500°C.

- Blade erosion due to moisture at low condenser pressures necessitates advanced turbine
blade coatings and designs.

- Corrosion and scaling in condensers require water treatment systems.

Cycle Optimization

- Reheat cycles: Introducing reheating between turbine stages can increase efficiency.

- Regenerative feedwater heating: Preheating feedwater with extracted steam improves
overall efficiency.

- Variable pressure operation: Adjusting condenser pressure based on demand can
optimize performance.

Environmental and Economic Implications



- Efficiency gains reduce fuel consumption and emissions per unit of electricity generated.
- High-pressure, high-temperature cycles tend to have higher capital costs but lower
operating costs over time.

- Water usage for cooling becomes critical, especially in arid regions.

Conclusion

The operation of a steam power plant with steam supplied at 10 MPa and 500°C and a
condenser pressure of 5 kPa exemplifies the pursuit of high efficiency and advanced
thermal cycle design. The high inlet temperature and pressure enable the cycle to
approach the efficiencies of modern supercritical plants, while the low condenser pressure
maximizes work extraction. However, these conditions impose material and operational
challenges that must be addressed through technological innovation and careful system
design.

Overall, understanding the thermodynamics and practical considerations of these
operating parameters allows for improved plant performance, reduced environmental
impact, and economical power generation. As the industry evolves towards even higher
efficiencies and sustainability, such detailed analyses remain pivotal in guiding future
developments in steam power technology.
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