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ABSTRACT: Enhancing the efficiency of Rankine cycles is crucial for improving the performance of thermal power
plants, as it directly impacts operational costs and emissions in light of energy transition goals. This study sets itself
apart from existing research by applying a novel optimization technique to a basic ideal Rankine cycle, focusing on a
specific power plant that has not been previously analyzed. Currently, this cycle operates at 41% efficiency and a steam
quality of 76%, constrained by fixed operational parameters. The primary objectives are to increase thermal efficiency
beyond 46% and raise steam quality above 85%, while adhering to operational limits: a boiler pressure not exceeding
15 MPa, condenser pressure not dropping below 10 kPa, and turbine temperature not surpassing 500°C. This study
utilizes numerical simulations to model the effects of varying boiler pressure (Pb) and condenser pressure (Pc) within
the ranges of 12 MPa < Pb < 15 MPa and 5 kPa < Pc < 10 kPa. By systematically adjusting these parameters, the proposed
aim to identify optimal conditions that maximize efficiency and performance within specified constraints. The findings
will provide valuable insights for power plant operators seeking to optimize performance under real-world conditions,
contributing to more efficient and sustainable power generation.

KEYWORDS: Rankine cycle; thermal efficiency; steam quality; boiler pressure; condenser pressure; cycle performance;
operational constraints; efficiency improvement

1 Introduction

The Rankine cycle, a fundamental thermodynamic process for converting heat into mechanical work,
has been a cornerstone of steam power plant design since the mid-19th century [1]. While significant
advancements have been made in improving the cycle’s efficiency through innovations in materials, turbine
design, and operating parameters, there remains a persistent need for further optimization to meet the ever-
increasing demands for energy efficiency and sustainability. The Rankine cycle, named after William John
Macquorn Rankine, has been a cornerstone in the design and operation of steam power plants since the
mid-19th century [1]. This thermodynamic cycle describes the process by which heat energy is converted
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into mechanical work, forming the basis for electricity generation in many power plants. Despite significant
advancements over the years, modern power plants continue to seek further improvements in efficiency
to meet growing energy demands and environmental standards [2]. However, current technologies and
methods still face limitations that hinder optimal performance. For instance, many existing studies have
not adequately addressed the operational constraints or explored the full potential of pressure optimizations
within the Rankine cycle. This study aims to fill this research gap by focusing on these specific challenges,
proposing innovative solutions to enhance the cycle’s efficiency [3].

The essential focuses on analyzing the overall performance of a strength plant operating on a primary
perfect Rankine cycle. The Rankine cycle is a fundamental thermodynamic cycle utilized in steam power
generation, generally achieving a maximum efficiency of round 41% below standard conditions [2]. However,
advancements in era and optimization techniques provide the ability to significantly improve this efficiency.
The primary objective to enhance the strength plant’s performance to over 46% while simultaneously growing
steam first-rate from 76% to above 85%. These improvements to be achieved within the constraints of boiler
and condenser pressures, and without exceeding a turbine temperature of 500°C [3-6]. This takes a look
at delve into the overall performance analysis of a power plant working on an idealized Rankine cycle. The
Rankine cycle is a fundamental thermodynamic cycle hired in steam energy generation, usually attaining a
most performance of about 41% underneath standard operating situations [2]. Nevertheless, improvements
in technology and optimization strategies present opportunities for improvements in this performance.

The primary objective of this task is to enhance the strength plant’s performance to surpass 46%, whilst
concurrently increasing steam best from 46% to over 85%. These enhancements ought to be attained at the
same time as adhering to constraints on boiler and condenser pressures, and making sure that the turbine
temperature does not surpass 500°C [3-6]. The objective of this research is to enhance the cycle performance
addressing the restrictions of previous optimizations. By analyzing the advancements and analysis out the
chronic inefficiencies, this examine justifies the need for further research and development. The transition
from past achievements to current objectives highlights the continuous evolution of the Rankine cycle and
underscores the necessity for ongoing enhancements. This have a look at now not best targets to enhance the
efficiency of the Rankine cycle however additionally to provide a comprehensive analysis of the operational
constraints and capability optimizations that have been overlooked in earlier studies. This approach ensures a
greater cohesive expertise of the cycle’s capabilities and paves the manner for destiny improvements in steam
electricity plant technology.

The main contributions of this work lie in its systematic approach to optimizing steam power cycles
through innovative enhancements in both efficiency and steam quality, particularly by maintaining a
minimum dryness fraction of 85%. Initially focused on steam quality, the introduction of a reheating
mechanism and fixed first regeneration pressures only yielded a modest efficiency of approximately 46%.
To address this, a second regeneration stage was implemented, alongside a MATLAB (Matrix Laboratory)
function designed to analyze and identify optimal second regeneration pressures, leading to improved
cycle efficiency. Furthermore, the exploration of boiler and condenser pressures, with the same steam
quality constraint, allowed for a comprehensive evaluation of their impact on overall system performance.
By employing iterative computational analysis to visualize the relationships between various pressures,
efficiency, and work output, this work demonstrates a significant advancement in the design and optimization
of steam power cycles, combining theoretical principles with practical computational tools for enhanced
energy performance.

This paper aims to investigate the enhancement of power plant efficiency operating on an ideal Rankine
cycle. The project’s objective is enhancing the efficiency from 41% to over 46% and to increase steam quality
from 76% to above 85%, while maintaining constraints on boiler pressure (15 MPa), condenser pressure
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(10 kPa), and turbine temperature (500°C). The study will also explore the impact of varying boiler and
condenser pressures within specified ranges to understand their effects on overall system performance. This
investigation builds on existing research and seeks to implement practical solutions to enhance power plant
efficiency and performance.

2 Literature Review

Several research have explored methods to improve Rankine cycle overall performance and plant
performance. To optimize the efficiency of a Rankine cycle, this consists of enhancing circuit parameters and
improving components [6], also show in Table 1. His studies specialize in the results of boiler pressurization
and warmth trade system enhancements on general performance. The Rankine cycle stays the cornerstone
of thermal energy era. And many research goal to improve common overall performance and efficiency. This
assessment synthesizes current studies exploring diverse techniques. From optimizing circuit parameters to
optimizing the performance of the components [7,8].

Cycle parameter optimization analyzing a comprehensive approach aimed toward optimizing the
Rankine cycle, their research highlights the importance of changing important cycle parameters consisting
of boiler pressure and exchange strategies. The authors located a substantial development in thermal
performance because of better steam temperature and stress. This consequences in accelerated strength
production in line with cycle [8,9]. Additionally, their study well-known shows advances in heat exchange
era that facilitate extra efficient heat conduction. These findings highlight the importance of operational and
technological enhancements to optimize the Rankin cycle [9,10].

The role of superheating and reheating extended the optimization strategy by exploring the role of
superheating and reheating in the Rankine cycle [8]. Their work showed that improvements Steam quality
through superheating not only increases thermal efficiency. but also increases the efficiency of the overall
circuit. This indicates a direct relationship, which is important in preventing turbine blade erosion. Their
results suggest that the adjustment of cycle parameters is systematic. This is especially true with respect
to superheating and reheating steps. It can provide significant benefits in terms of thermal efficiency and
operational reliability [11-13].

Table 1: Literature table as per the previous studies

S. No. Author details Methodology Findings Applications Limitation
1 Alrbai et al. (2024) [6] Integration and optimization =~ Waste ORC integration Waste water treatment Limited specific
conditions
2 Hu et al. (2021) [7] Optimization review Multi-objective optimization ~ Generalized application It is review
3 Sprouse III (2024) [11] Systematic literature review Heat recovery from IC engines Industries Limited to past
decade
4  Wangetal. (2024) [8]  Process of Heat matching Rankine cycle design Industries Complexity
5 Moradietal. (2024) [13] Modelling ORC systems Approaches review This is for researchers Repetition of earlier
works
6 Nie et al. (2024) [9] Literature review Thermoelectric cycles Generalized application for all ~ Needs to Broad
scope
7 Elwardany (2024) [14]  Steam boiler efficiency Energy analysis Boiler broader Only on boilers

Effects of Condenser and Boiler Pressures Rankine focused on the important role of condenser and
boiler pressures in determining circuit performance [13]. Their research revealed that fine-tuning these
pressures over a specific operating range It can obviously improve the efficiency and stability of the circuit.
deserved because these things cause Imbalance in the chakras Their work in identifying the most appropriate
pressure settings generated valuable insights into operational strategies that can increase the efficiency and
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longevity of power plant components [14,15]. The results suggest that careful management of these parameters
is essential to achieve a stable and efficient Rankin cycle [16]. The body of literature shows clear approaches
to improving the efficiency of the Rankin cycle through various methods [11]. These studies contribute
to a deeper understanding of how to increase the efficiency of thermal power plants to the maximum.
As the demand for efficient energy production increases from optimizing circuit parameters to improving
component technology to fine adjustment of operating pressure, it may be useful to consider the interaction
of various factors affects the efficiency of the circuit. As a result, the power generation system will be more
robust and efficient [17,18].

3 Method and Materials

The Rankine cycle is a fundamental thermodynamic process widely employed in various vapor power
plants, including coal-fired and nuclear power plants. This ideal cycle comprises four critical intermediate
steps, each occurring in a distinct component: the pump, boiler, turbine, and condenser, such as shown
in Fig. 1. Water, the working fluid in this cycle, undergoes multiple phase changes as it progresses through
these stages [19].
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Figure 1: Ideal Rankine cycle block diagram

The process begins with. In this initial step, water in its saturated liquid state is compressed is entropically
isentropic compression in the pump, meaning it is compressed in such a way that entropy remains constant.
This compression increases the pressure of the water until it reaches the operational pressure of the boiler.
As the water is compressed, its specific volume decreases, which consequently raises its temperature [20].

Following compression, the water enters the boiler, where it undergoes constant-pressure heat addition.
Here, the water is heated at a constant pressure, turning it into superheated vapor. The heat required for
this transformation is typically sourced from the combustion of coal in coal power plants or from nuclear
reactions in nuclear reactors [21]. This stage is crucial as it supplies the thermal energy necessary for the
subsequent work-producing phase.

The superheated vapor then moves to the turbine, where it undergoes isentropic expansion. In the
turbine, the vapor expands is entropically, which means that the process occurs without any change in
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entropy. During this expansion, the vapor does work on the turbine blades, which translates into mechanical
energy output. As the vapor expands, both its pressure and temperature drop, and it transitions into a
liquid-vapor mixture with high steam quality [21,22].

Finally, the liquid-vapor mixture flows into the condenser, where constant-pressure heat rejection takes
place. In the condenser, the mixture is cooled and condensed at constant pressure by rejecting heat to an
external reservoir, such as a lake, river, or the atmosphere. As a result of this heat rejection, the mixture
transforms into a saturated liquid, ready to be pumped back to the boiler. This completed cycle of phase
changes and energy transfers ensures that the Rankine cycle remains continuous and efficient in power
generation [22-24]. The Rankine cycle, a thermodynamic cycle used in steam power plants, is often depicted
using a temperature-entropy (T-s) diagram, such as shown in Fig. 2. This diagram visually illustrates the
four main processes involved. Firstly, a liquid is compressed from low to high pressure, represented by a
vertical line. Secondly, the liquid is heated at constant pressure in a boiler, transforming it into a superheated
vapor. Thirdly, the superheated vapor expands in a turbine, producing work. Finally, the vapor is condensed
at constant pressure in a condenser, returning to a liquid state, shown as a horizontal line [25].

A

W Truth Out

Figure 2: Graphical representation of the Rankine cycle

3.1 Reheating Rankine Cycle

Reheating in a Rankine cycle is a technique used to improve the overall efficiency of a steam power plant.
In a traditional Rankine cycle, steam generated in the boiler expands through the turbine, producing work,
and is then condensed in the condenser before being pumped back to the boiler [23]. Reheating involves
taking the steam at an intermediate pressure, after it has partially expanded through the turbine, and then
raising its temperature back to a high level before allowing it to expand further through a second turbine
stage. The steps of a Rankine cycle with reheating are the same as that of a traditional Rankine cycle, except
that of the intermediate step of reheating the purpose of reheating is to avoid the high moisture content that
can occur at the exit of a high-pressure turbine. Moisture in the steam can lead to erosion and damage to the
turbine blades. Reheating allows the steam to be returned to a high-temperature, high-pressure state before
it expands further, reducing the moisture content and improving the overall efficiency of the cycle [26,27].



1378 Energy Eng. 2025;122(4)

3.2 Closed Feedwater Heaters

In a Rankine cycle, a closed feedwater heater is a type of heat exchanger used to preheat the feedwater
before it enters the boiler. The feedwater is the water that is supplied to the boiler to be converted into steam.
The purpose of preheating the feedwater is to improve the overall efficiency of the power plant by reducing
the amount of heat that needs to be added in the boiler [28].

In a closed feedwater heater, the extracted steam from the turbine is passed through one side of the heat
exchanger, while the cold feedwater is passed through the other side. The heat from the steam is transferred
to the feedwater, raising its temperature before it enters the boiler, reducing the amount of heat that needs
to be added in the boiler to achieve the desired steam conditions, thereby improving the efficiency of the
Rankine cycle. The term “closed” refers to the fact that the water and steam sides of the heat exchanger are
physically separated, and there is no direct mixing of the two fluids, come to the second part of the question,
which involves changing the Boiler and Condenser pressures [28,29].

To first fixed the steam quality once again at 85%. This fixed the pressure for reheating and first
regeneration. For the second regeneration pressure, to fix the value of the optimum pressure obtained from
the first part. The created another function in MATLAB which took the boiler and condenser pressures
as inputs and returned efficiency and work output of the cycle as outputs. This was done using loops
and updating the values of boiler and condenser pressures and inputting them to the function we created
and stored the data in arrays and plotted graphs for the same to visualize the variation in the required
quantities [30,31].

3.3 Energy Balance Equations for the Rankine Cycle

The Rankine cycle, a fundamental thermodynamic cycle for power generation, involves four primary
components: the pump, boiler, turbine, and condenser. Applying the steady-flow energy equation to each
component, we can derive the following energy balance equations:

In the pump, the liquid water is compressed is entropically from Eqs. (1) to (2). Assuming negligible
kinetic and potential energy changes and neglecting any heat transfer, the energy balance equation for the
pump is:

where, W, is the work input to the pump, k; is enthalpy at (Eq. (1)) and A, is the enthalpy at (Eq. (1)).

In the boiler, heat is added to the water, converting it into high-pressure steam. The energy balance
equation for the boiler, neglecting kinetic and potential energy changes and assuming no work input, is:

Qin =hsz—h, (2)

where, Q;, is the Heat input to the boiler, k5 is the enthalpy at (Eq. (3)), h; is the enthalpy at (Eq. (2)).

In the turbine, the high-pressure steam expands isentropically, generating work. The energy balance
equation for the turbine, neglecting kinetic and potential energy changes and assuming no heat transfer, is:

h3 =W; + h4 (3)

where, W; is the Work output from the turbine, /3 is the enthalpy at Eq. (3), and h4 is the enthalpy at Eq. (4).
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In the condenser, the steam is condensed into liquid water. The energy balance equation for the
condenser, neglecting kinetic and potential energy changes and assuming no work input, is:

Qout = h4 - hl (4)

where, Q,,; is the Heat rejected from the condenser, k4 is the enthalpy at Eq. (4), and h; is the enthalpy
at Eq. (1).

By combining these equations and considering the net work output (W; — W,) and the net heat input
(Qin — Qout), we can analyze the overall performance of the Rankine cycle and calculate its thermal efficiency.

3.4 Procedure

The main goal is to improve a steam power cycle in two ways: increase efficiency and ensure high-quality
steam (at least 85% dryness fraction). We also wanted to understand how boiler and condenser pressures
affect performance. First, we focused on steam quality. We implemented reheating, setting a minimum
quality threshold of 85%. Additionally, we fixed the first regeneration pressure to match the reheat pressure.
Unfortunately, this approach only achieved an efliciency of around 46%.

Seeking further improvement, we introduced a second regeneration stage. To optimize this, we devel-
oped a function in MATLAB that calculated cycle efficiency for various second regeneration pressures.
Running this function for different pressures allowed us to identify the configuration with the highest
efficiency (optimal pressure). We also visualized this relationship by plotting efficiency against the second
regeneration pressure.

Next, we explored the impact of boiler and condenser pressures. Again, we maintained a minimum
steam quality of 85%, which determined the reheat and first regeneration pressures. We used the optimal
second regeneration pressure we found earlier. Another function was created in MATLAB, this time taking
boiler and condenser pressures as inputs and calculating both efficiency and work output. By utilizing loops,
we iterated through various pressure combinations, feeding them into the function. Efficiency and work
output data were stored for each combination. Finally, we plotted these results to visualize how efficiency and
work output change with varying boiler and condenser pressures. This process demonstrates a systematic
approach to optimizing a steam power cycle using computational tools. By combining reheating, multi-stage
regeneration, and software-driven analysis, we achieved significant improvements in both efficiency and
steam quality.

4 Results and Analysis

From the graph provided in below figures, it becomes evident that identifying the optimal pressure
for the second regeneration stage is crucial for enhancing the efficiency of the Rankine cycle. Our project
involved two primary objectives: first, to increase the overall efficiency of the cycle while simultaneously
improving steam quality; and second, to investigate how varying the boiler and condenser pressures affects
the efficiency and work output of the system. To address the first objective, we focused on improving
steam quality through the implementation of reheating. We established that the steam quality needed to be
maintained at a minimum threshold of 85%. This required us to set the pressure for the first regeneration stage
equal to the pressure used during reheating. Despite these adjustments, our results showed that achieving an
efficiency greater than 46% remained elusive.

To further enhance efficiency, decided to introduce a further regeneration cycle. This caused our next
step of task is determining out the superior pressure for this 2nd regeneration stage to maximize cycle
performance. To accomplish this, the applied MATLAB with Cantera for our calculations. And to develop a
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characteristic in MATLAB that computed the performance of the Rankine cycle for numerous values of 2d
regeneration pressure. This statistic was systematically stored in an array, which allowed us to analyze and
pick out the most efficiency workable and the corresponding foremost stress. Additionally, we created a graph
plotting efficiency in opposition to 2d regeneration pressure in Fig. 3. This visible illustration enabled us to
have alook at and analyze how efficiency varied with one-of-a-kind stress settings, offering precious insights
into the connection among pressure and overall performance in the second regeneration stage. Through this
system, we were capable of pinpoint the choicest strain that offered the best efficiency, thereby substantially
enhancing the overall performance of the Rankine cycle.

G Efficiency VIS second regeneration pressure

0465 |

046

0455

Efficiency of the Cycle

045

0.445 ; . .
0 1000 2000 3000 4000 5000

Pressure P12 for second regeneration

Figure 3: The plotting efficiency against second regeneration pressure

From the graph presented, it is evident that the efficiency of the Rankine cycle exhibits a decline as the
condenser pressure increases, shown in Fig. 4. To generate this graph, we maintained the boiler pressure at a
constant 12 MPa while varying only the condenser pressure. The results demonstrate that the modified cycle
achieves its maximum efficiency of approximately 48.7% when the condenser pressure is set to 5 kPa.

In addition to efficiency, the work output of the cycle also shows in Fig. 5 of a similar trend in response
to changes in condenser pressure. The graph reveals that the maximum work output occurs at a condenser
pressure of 5 kPa and a boiler pressure of 15 MPa. Under these conditions, the maximum work output reaches
around 1.33 MW.

The observed decrease in efficiency with increasing condenser pressure can be attributed to the
increased thermal resistance in the condenser, which hampers the effective rejection of heat and thus reduces
the cycle’s overall performance. Conversely, the work output is optimized at lower condenser pressures, as
the lower pressure facilitates a greater expansion of steam, thereby generating more work. These findings
underline the critical balance required in optimizing condenser pressure to achieve both high efficiency and
substantial work output in the Rankine cycle.
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Figure 5: Work output vs. condenser pressure

Looking at the graph below, we observe how work output changes with variations in boiler pressure, such
as shown in Fig. 6. The data clearly shows that as boiler pressure increases, the work output also rises. This
trend is similarly observed in the efficiency of the cycle, such as shown in Fig. 7 of efficiency with respect to
boiler pressure. Specifically, at a constant condenser pressure of 10 kPa, the cycle achieves its peak work output
of approximately 1.195 MW when the boiler pressure reaches 15 MPa. Additionally, the cycle’s maximum
efficiency reaches 47.1% under these conditions.

The results indicate that the optimal pressure for the second regeneration stage, maximizing efficiency,
is 3.9129 x 10° Pa, with the initial maximum efficiency recorded at 46.91% while maintaining a low-pressure
turbine outlet quality of 85%. Analysis of the cycle’s performance reveals that efficiency decreases with
increasing condenser pressure. Specifically, when the boiler pressure is held constant at 12 MPa and the
condenser pressure is varied, the modified cycle achieves a maximum efficiency of approximately 48.7% at a
condenser pressure of 5 kPa. This trend is mirrored in the work output, with maximum output occurring at
a condenser pressure of 85 kPa and a boiler pressure of 15 MPa, yielding around 1.33 MW.
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Figure 6: The work output changes in boiler pressure
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Figure 7: The efficiency changes in boiler pressure

Further examination of the relationship between work output and boiler pressure shows a clear
increasing trend; at a constant condenser pressure of 10 kPa, the cycle reaches a maximum work output of
1.195 MW at a boiler pressure of 15 MPa, corresponding to a maximum efficiency of 47.1%. This behavior can
be attributed to the interplay between boiler and condenser pressures: as boiler pressure rises, the working
fluid’s temperature and specific enthalpy also increase, enhancing turbine performance and, consequently,
the overall efficiency of the cycle. The findings underscore the critical balance between maximizing boiler
pressure and minimizing condenser pressure to optimize steam cycle performance effectively.

Several factors contribute to the observed behavior of the cycle. Optimal performance is achieved with
the highest possible boiler pressure and the lowest possible condenser pressure. As the boiler pressure rises,
the temperature of the working fluid also increases, leading to a higher specific enthalpy. This increase in
specific enthalpy translates to greater work output from the turbine, which, in turn, enhances the cycle’s
efficiency. Therefore, maximizing the boiler pressure while minimizing the condenser pressure results in the
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most efficient and effective cycle performance. The analyse and connect the results regarding the impact of
condenser and boiler pressure on the Rankine cycle’s efficiency and work output shown in Table 2.

Table 2: Analysis of result on the basis of ranking cycle

S.No. Key findings Condenser pressure
1 Effect Decreases efficiency Decreases work output
2 Explanation Increased condenser pressure Lower condenser pressure increases
negatively impacts Rankine cycle steam expansion and work output,
performance due to higher optimizing both is key for maximizing
thermal resistance and reduced Rankine cycle performance.
heat rejection.
3 Observations Maximum efficiency at 5 kPa Maximum work output at 5 kPa
(48.7%) (1.33 MW)
S.No. Key findings Boiler pressure
1 Effect Increases work output Increases efficiency
2 Explanation Optimizing both boiler and Higher boiler pressures increase
condenser pressures is crucial for temperature and specific enthalpy,
maximizing overall performance. leading to enhanced turbine work
output and improved Rankine cycle
efficiency.
3 Observations Peak work output at 15 MPa Maximum efficiency at 15 MPa (47.1%)

(1195 MW)

5 Conclusion

This study has demonstrated that significant improvements in Rankine cycle efficiency can be achieved
through careful optimization of operating parameters. By setting the boiler pressure at 15 MPa and the
condenser pressure at 10 kPa, while maintaining the turbine temperature below 500°C, the cycle’s efficiency
can be increased from 41% to 47.1%, and steam quality can be elevated from 76% to 85%. The findings of
this study have important implications for the design and operation of steam power plants. An efficiency of
471% represents a substantial improvement over traditional Rankine cycle performance, leading to increased
energy output, reduced fuel consumption, and lower operational costs. This achievement establishes a new
benchmark for the industry and offers a valuable optimization strategy for existing power plants. The
graph clearly demonstrates that increasing the boiler pressure leads to enhanced work output and improved
efficiency. At a boiler pressure of 15 MPa and a constant condenser pressure of 10 kPa, the cycle achieves its
maximum work output of approximately 1.195 MW and an efficiency of 47.1%. These results highlight the
importance of optimizing both boiler and condenser pressures to improve overall cycle performance. Higher
boiler pressures increase the working fluid’s temperature and specific enthalpy, leading to greater turbine
work output and enhanced efficiency.

Furthermore, these results contribute to addressing broader energy challenges. By improving the
efficiency of steam power generation, this study helps to reduce greenhouse gas emissions and enhance
energy security. The insights gained from this research can inform the development of future power plant
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designs that incorporate more efficient Rankine cycle configurations and potentially explore advanced
technologies such as supercritical or ultra-supercritical cycles.

6 Future Scope

To further enhance the cycle’s efficiency past 46% and improve steam exceptional to over 85%, future
research has to discover several key areas. Investigating the consequences of extending the boiler pressure
beyond 15 MPa and reducing the condenser strain under 5 kPa should provide additional performance
upgrades. Additionally, advancing substances and technology to withstand better temperatures and pressures
may be essential for properly accomplishing those goals. Exploring alternative working fluids with advanced
thermodynamic homes, optimizing heat recuperation systems, and growing dynamic manipulate strategies
may even make a contribution to maximizing efficiency. Comprehensive monetary and environmental
impact assessments will ensure that performance profits are balanced with price and sustainability. Enhanced
simulation and modeling strategies will similarly help these advancements through presenting more accurate
predictions and insights materials.
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Nomenclature

Pa Pressure unit

Pb Boiler pressure

Pc Condenser pressure
°C Temperature unit

X Steam quality
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