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To Question NOTE: This is a common challenge faced in thermodynamics and
power plant engineering. Understanding how real-world deviations from ideal
cycle assumptions impact the performance of a power plant is crucial for
engineers, students, and industry professionals alike. In this comprehensive
article, we delve into the intricacies of the non-ideal simple Rankine cycle,
exploring the causes of deviations, their effects on efficiency and power
output, and the methods to analyze and optimize such systems.

Understanding the Simple Rankine Cycle

Before examining non-idealities, it is essential to understand the
fundamental operation of the simple Rankine cycle, which is the basis for
most thermal power plants.

Basic Components and Process

The simple Rankine cycle consists of four main components:

- Boiler (Steam Generator): Converts water into high-pressure, high-
temperature steam.

- Turbine: Expands the steam, producing work.

- Condenser: Condenses the exhaust steam back into water.

- Feedwater Pump: Pumps the condensate back into the boiler.

The ideal cycle assumes:

- Isentropic (reversible and adiabatic) expansion and compression.
- No heat losses.

- Perfectly saturated or superheated steam at inlet conditions.

Thermal efficiency of the ideal cycle is influenced by the temperature
difference between the heat source and sink.

What Are Non-idealities in the Rankine Cycle?



In real power plants, the ideal assumptions do not hold perfectly. Non-
idealities arise from various factors, affecting efficiency and operational
stability.

Common Causes of Non-ideal Behavior

- Irreversibilities in turbines and pumps: Mechanical friction, turbulence,
and blade design imperfections cause entropy generation.

- Heat losses: Due to imperfect insulation and radiation.

- Finite temperature gradients: During heat transfer in the boiler and
condenser.

- Non-ideal steam properties: Superheated, wet, or wet-steam conditions with
quality less than 100%.

- Pressure drops: Occur in the boiler, turbine, and condenser.

- Pump and turbine inefficiencies: Mechanical and aerodynamic losses.

Understanding these factors is vital for accurate performance evaluation.

Impact of Non-ideality on Power Plant
Performance

Non-idealities directly influence key performance metrics:

1. Reduction in Thermal Efficiency

- Entropy generation increases, reducing the net work output.
- Heat losses and irreversibilities lead to decreased efficiency.

2. Decreased Power Output

- Mechanical inefficiencies and pressure drops limit the work produced by
turbines.
- Less effective conversion of heat into mechanical work.

3. Increased Fuel Consumption

- Lower efficiency results in higher fuel use for the same power output.
- Economic implications for plant operation.



4. Equipment Stress and Maintenance

- Non-ideal conditions can cause increased wear and tear.
- Potential for equipment failure or reduced lifespan.

Analyzing Non-ideal Simple Rankine Cycles

To accurately assess the performance of a power plant operating under non-
ideal conditions, engineers use advanced analysis methods.

1. T-s and h-s Diagrams

- Use temperature-entropy (T-s) and enthalpy-entropy (h-s) diagrams to
visualize cycle states.
- Identify entropy increases due to irreversibilities.

2. Efficiency Calculations with Real Data

- Incorporate turbine and pump efficiencies (e.g., n_turbine, n_pump).
- Adjust ideal cycle equations to account for pressure drops and heat losses.

3. Use of Thermodynamic Software

- Simulation tools like EES, REFPROP, or MATLAB help model complex phenomena.
- Enable detailed analysis of real-steam properties and cycle performance.

4. Entropy Generation Analysis

- Quantify irreversibilities to identify major loss sources.
- Guide improvements and design modifications.

Design and Optimization Strategies for Non-
ideal Cycles

Given the realities of non-ideal operation, engineers pursue various
strategies to improve cycle performance.



1. Improving Turbine and Pump Efficiency

- Use high-quality blade designs.
- Minimize mechanical friction and turbulence.

2. Enhancing Heat Transfer Processes

- Insulate boiler and condenser components.
- Use advanced heat exchangers to reduce temperature gradients.

3. Managing Pressure Drops

- Optimize piping and valve design.
- Maintain high-quality steam flow paths.

4. Operating at Optimal Conditions

- Adjust pressure and temperature settings for maximum net work.
- Balance efficiency gains with equipment constraints.

5. Incorporating Regenerative Feedwater Heating

- Use bleed steam from turbines to preheat feedwater.
- Reduce heat input requirements and improve efficiency.

Case Study: Performance Analysis of a Non-ideal
Power Plant

Consider a power plant with the following parameters:

- High-pressure steam inlet: 10 MPa, 500°C

- Condenser pressure: 10 kPa

- Turbine and pump efficiencies: 85% and 90%, respectively
- Pressure drops: 0.2 MPa in boiler, 0.1 MPa in condenser

Step-by-step analysis:

1. Determine ideal cycle states using steam tables.

2. Adjust for component efficiencies to find actual work output.

3. Calculate entropy generation to quantify irreversibilities.

4. Estimate actual thermal efficiency considering heat losses and pressure
drops.

5. Identify potential improvements based on the analysis.

Results typically show a decrease in efficiency compared to the ideal cycle,



highlighting the importance of meticulous design and operational practices.

Conclusion: Navigating the Realities of Non-
ideal Rankine Cycles

Understanding the complexities introduced by non-idealities in simple Rankine
cycles is key to optimizing power plant performance. While ideal cycles
provide a baseline for theoretical efficiency, real-world conditions demand
careful analysis and strategic improvements. Engineers must consider
irreversibilities, heat losses, and equipment efficiencies to accurately
evaluate and enhance power plant operations.

By employing advanced thermodynamic analysis tools, optimizing component
design, and maintaining operational excellence, power plants can mitigate the
impacts of non-idealities, leading to higher efficiencies, reduced fuel
consumption, and improved economic viability.

Key Takeaways:

- Non-idealities significantly impact the efficiency and power output of
Rankine cycle-based power plants.

- Accurate analysis requires considering component efficiencies, pressure
drops, heat losses, and real steam properties.

- Strategies like regenerative heating and equipment improvements can
mitigate adverse effects.

- Continuous performance evaluation and optimization are essential for
sustainable and economical power plant operation.

Further Reading and Resources:

- "Thermodynamics: An Engineering Approach" by Yunus Cengel and Michael Boles
- ASME Power Plant Engineering Handbooks

- Software tools: EES, REFPROP, MATLAB for cycle simulation

- Industry case studies on power plant performance optimization

Keywords: Rankine cycle, non-ideal cycle, power plant efficiency,

thermodynamics, irreversibilities, heat transfer, cycle analysis, power plant
optimization

Frequently Asked Questions



What are the main differences between an ideal and a
non-ideal simple Rankine cycle in power plant
operations?

In an ideal Rankine cycle, processes are assumed to be reversible with no
irreversibilities, perfect turbines and pumps, and no heat losses. In a non-
ideal cycle, real-world factors such as turbine and pump inefficiencies, heat
losses, and pressure drops are considered, resulting in lower efficiency and
different performance characteristics.

How do irreversibilities in a non-ideal Rankine
cycle affect the overall efficiency of a power
plant?

Irreversibilities, such as friction, unsteady flow, and heat transfer losses,
increase entropy generation within the cycle. This reduces the net work
output and lowers the thermal efficiency of the power plant compared to an
ideal cycle.

What are common methods to improve the efficiency of
a non-ideal simple Rankine cycle?

Efficiency improvements can be achieved through superheating the steanm,
reheating during expansion, regeneration using feedwater heaters, increasing
condenser performance, and reducing irreversibilities by enhancing component
efficiencies and minimizing pressure drops.

Why is it important to analyze non-ideal Rankine
cycles in real power plant design?

Analyzing non-ideal cycles provides a more accurate representation of actual
plant performance, enabling engineers to identify losses, optimize component
design, improve efficiency, and make informed decisions for operational
improvements and cost savings.

What role do cycle modifications like regeneration
and reheat play in addressing the limitations of a
non-ideal simple Rankine cycle?

Cycle modifications such as regeneration and reheat help recover waste heat,
reduce irreversibilities, and increase the cycle's efficiency. They enable
the power plant to operate closer to the ideal cycle performance despite
real-world non-idealities.



Additional Resources

Problem 10.020 - Power Plant Operating In Non-ideal Simple Rankine Cycle is a
classic thermodynamics problem that explores the real-world performance and
efficiencies of power plants operating under non-ideal conditions.
Understanding this problem requires a comprehensive grasp of the Rankine
cycle, the deviations from ideality, and the implications on power plant
efficiency and output. This guide aims to thoroughly analyze and elucidate
the complexities involved in such systems, helping engineers, students, and
enthusiasts appreciate the nuances of real-world thermodynamic cycles.

Introduction to the Rankine Cycle and Its Significance

The Rankine cycle is the fundamental thermodynamic cycle used in most thermal
power plants, including coal, nuclear, and some solar power systems. It
converts heat energy into mechanical work, which is then transformed into
electrical energy via turbines and generators. In its ideal form, the simple
Rankine cycle assumes perfect heat transfer, no friction losses, and
idealized components—leading to maximum possible efficiencies.

However, real power plants operate under non-ideal conditions, where various
inefficiencies and irreversibilities reduce the cycle’s performance. These
include:

- Finite temperature differences during heat transfer
- Friction and mechanical losses

- Pump and turbine inefficiencies

- Non-ideal fluid behavior

- Heat losses to surroundings

Understanding these deviations is crucial for accurate analysis and
optimization of power plant operation.

The Core Concepts of a Non-ideal Simple Rankine Cycle
Ideal vs. Non-ideal Cycle

- Ideal Rankine Cycle:

- Isentropic expansion and compression
- No pressure drops in pipes

- Perfect heat transfer

- No heat loss

- Non-ideal Rankine Cycle:

- Includes turbine and pump efficiencies

- Accounts for pressure drops and heat transfer irreversibilities
- Incorporates real properties of working fluid



- Considers heat losses

Key Parameters in the Problem

- Boiler pressure and temperature

- Condenser pressure and temperature

- Turbine and pump efficiencies
- Work output and heat transfer rates

Step-by-Step Approach to Analyzing the Problem
1. Establish the Operating Conditions

Begin by gathering all given data:

Boiler pressure and temperature

Condenser pressure

Turbine and pump efficiencies

Working fluid properties (e.g., water/steam)

2. Sketch the Cycle and Identify State Points

Create a T-s or h-s diagram for visualization. Label:

State 1: Pump inlet (saturated liquid or subcooled water)
State 2: Pump outlet (compressed liquid entering the boiler)
State 3: After boiler (superheated steam)

State 4: After turbine (exhaust steam)

3. Calculate the Pump Work and Outlet Enthalpy

Use the isentropic relations to find ideal pump work.
Adjust for pump efficiency:

\ [
W {p} = \frac{h {2s} - h {1}}{\eta {p}}
\1

where:

- \(h_{2s}\): enthalpy after ideal compression
\(h_1\): inlet enthalpy

\(\eta {p}\): pump efficiency

Determine \(h 2\) considering pump efficiency.

4, Determine the Boiler Outlet Conditions

From the input temperature and pressure, find the enthalpy \(h 3\) of the
steam.



For superheated conditions, use thermodynamic tables or software.

5. Calculate the Turbine Work and Outlet Enthalpy

Use ideal isentropic expansion relations to find \(h {4s}\).
Correct for turbine efficiency:

\ [

W {t} = \eta {t} \times (h 3 - h {4s})

\1]

- Find actual \(h _4\) using the efficiency.
6. Compute the Net Work and Heat Input

- Net work output:

\[
W {net} =W {t} - W {p}
\1

- Heat input:

\ [

Q {in} = h 3 - h 2

\1

7. Determine Cycle Efficiency

The thermal efficiency is:

\ [
\eta {thermal} = \frac{W {net}}{Q {in}}
\1]

This efficiency indicates how well the cycle converts heat into work,
considering real irreversibilities.

Addressing Non-idealities and Their Impact
Irreversibilities in the Cycle
In real power plants:

- Turbine and pump efficiencies are less than 100%, reducing work output.
- Heat transfer irreversibilities occur due to finite temperature
differences, lowering the cycle’s efficiency.

- Pressure drops in pipes and equipment diminish the ideal expansion and
compression processes.



- Heat losses and fouling reduce the net heat transfer and performance over
time.

Effect on Power Plant Performance
These factors mean that:

- The actual work output is less than in an ideal cycle.

- The thermal efficiency drops, increasing fuel consumption and operational
costs.

- Component sizing and design optimization must account for these
inefficiencies to achieve desired power output.

Practical Calculation Example (Hypothetical Scenario)
Suppose we have the following data:

- Boiler pressure: 15 MPa

- Condenser pressure: 10 kPa

- Turbine efficiency: 85%

- Pump efficiency: 90%

- Feedwater inlet temperature: Saturated liquid at condenser pressure
- Superheated steam at boiler conditions

Step-by-step calculation:

1. Find state 1: Enthalpy of feedwater at condenser pressure.

2. Calculate ideal pump work and then actual pump work considering
efficiency.

3. Determine state 2: Pump outlet enthalpy.

4. Find state 3: Enthalpy at boiler outlet from saturation tables or
software.

5. Calculate ideal expansion in turbine and then actual turbine work
considering efficiency.

6. Find state 4: Exhaust steam enthalpy.

7. Calculate net work output and cycle efficiency.

This process involves referencing thermodynamic tables, software, or property
charts, emphasizing the importance of accurate data.

Optimization Strategies for Non-ideal Cycles
To enhance real-world power plant performance:
- Improve component efficiencies: Use advanced turbine blades, better

lubricants, and optimized pump designs.
- Reduce pressure drops: Minimize piping losses and optimize flow paths.



- Increase heat transfer effectiveness: Employ better heat exchangers,
reheating, and regenerative feedwater heating.

- Implement advanced cycle configurations: Such as reheat or regenerative
Rankine cycles, to improve efficiency.

Conclusion: The Critical Role of Real-World Considerations

The analysis of Problem 10.020 - Power Plant Operating In Non-ideal Simple
Rankine Cycle underscores the importance of moving beyond ideal assumptions
to accurately evaluate and optimize power plant performance. Recognizing the
impact of component efficiencies, irreversibilities, and real fluid behavior
allows engineers to design more efficient, reliable, and cost-effective
thermal power systems. As energy demands grow and environmental concerns
intensify, mastering the intricacies of non-ideal thermodynamic cycles
becomes essential for sustainable power generation.

By understanding the detailed steps, principles, and real-world factors
involved in non-ideal Rankine cycle analysis, engineers and students can
better interpret power plant performance data and implement improvements for
enhanced efficiency and sustainability.
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