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The Rankine cycle is fundamental to modern power generation, particularly in steam power plants.
When discussing idealized thermodynamic processes, the Rankine cycle provides a simplified yet
insightful model for understanding how water, as a working fluid, transforms from liquid to vapor and
back again to generate electricity efficiently. In this article, we focus on a straightforward ideal
Rankine cycle that employs water as the working fluid and operates its condenser at a temperature of
40°C. This setup offers a clear illustration of the core principles governing thermal power cycles and
how temperature settings influence overall efficiency.

Overview of the Ideal Rankine Cycle

The ideal Rankine cycle is a theoretical model that simplifies real-world power plant operations by
assuming no irreversibilities or losses. It consists of four main processes:

¢ Isentropic Compression in the Pump: Water is compressed from condenser pressure to
boiler pressure.

e Constant Pressure Heat Addition in the Boiler: Water is heated and vaporized at high
pressure to produce superheated steam.

 Isentropic Expansion in the Turbine: The high-pressure steam expands, doing work on the
turbine to generate electricity.

e Constant Pressure Heat Rejection in the Condenser: The exhaust steam condenses back
into liquid water, releasing heat to the surroundings.

This cycle repeats continuously, converting heat energy into mechanical work and ultimately
electrical energy.

Key Parameters and Assumptions for the Cycle with
Water at 40°C Condenser

When designing or analyzing this specific ideal Rankine cycle, certain parameters and assumptions
are essential:



e Working Fluid: Water (H20)

e Condenser Temperature: 40°C

Boiler Pressure: Typically high, e.g., 8 MPa (megapascals)

Condenser Pressure: Corresponds to saturation pressure at 40°C (~0.073 MPa)

Isentropic Processes: Both compression and expansion are idealized as isentropic (reversible
and adiabatic)

Neglecting Pump and Turbine Mechanical Losses: Assumes 100% efficiency

Steady-State Operation: No transient effects considered

The choice of operating the condenser at 40°C is significant because it influences the thermodynamic
properties of the cycle, including thermal efficiencies and heat rejection capabilities.

Understanding the Thermodynamics of Water at 40°C

The saturation properties of water at 40°C are well-characterized, which helps in defining the states
within the cycle:

Saturation Pressure at 40°C

- Approximately 0.073 MPa (or 73 kPa)
- The vapor pressure at this temperature indicates the pressure at which water boils at 40°C

State Points in the Cycle

- State 1 (Post-Condenser/Pre-Pump): Saturated or slightly sub-cooled liquid water at condenser
pressure (~0.073 MPa)

- State 2 (Post-Pump): Compressed water at boiler pressure (~8 MPa)

- State 3 (Post-Boiler): Superheated or saturated vapor at high pressure (~8 MPa)

- State 4 (Post-Turbine): Exhaust vapor at condenser pressure (~0.073 MPa), ready to condense

Knowing these states helps in calculating the enthalpy and entropy at each point, which are critical
for cycle analysis.

Analyzing the Cycle: Key Calculations

Performing an ideal Rankine cycle analysis involves calculating various thermodynamic properties at



each state point:

1. Enthalpy and Entropy Data

Using steam tables or thermodynamic software, determine the enthalpy (h) and entropy (s) for water
at the specified pressures and temperatures.

2. Pump Work (Wp)

Since the pump operates isentropically:
-\(W p=vitimes (P 2-P 1)\
where \( v ) is the specific volume of liquid water (approximately 0.001 m3/kg at these conditions).

3. Heat Added in the Boiler (Q_in)
-\(Q_{in} =h_3-h_2\)

4. Turbine Work Output (W _t)
\(Wt=h3-h4)\

5. Heat Rejected in the Condenser (Q _out)
-\(Q_{out} =h_4-h 1\

6. Thermal Efficiency (\( \eta \))
-\(\eta = \frac{W_{net}}{Q {in}} = \frac{W_t- W p}{Q {in}}\)

The cycle’s efficiency depends heavily on the temperature difference between the heat source and
sink, with a lower condenser temperature generally increasing efficiency.

Impact of Operating the Condenser at 40°C

Choosing a condenser temperature of 40°C influences the overall performance of the Rankine cycle:
* Enhanced Efficiency: Lower condenser temperatures improve the temperature differential,
thus increasing the cycle’s thermal efficiency according to Carnot principles.

* Heat Rejection Capacity: The condenser must effectively remove heat at this temperature,
which may require larger heat exchange surfaces or advanced cooling methods.



e Environmental Considerations: Using ambient or cooling water at around 40°C is feasible in
many climates, making this operating condition practical.

e Limitations: Achieving very low condenser temperatures may demand additional cooling
infrastructure, increasing costs.

By operating the condenser at 40°C, power plants can optimize their efficiency while balancing
practical engineering constraints.

Advantages of an Ideal Rankine Cycle with Water and
40°C Condenser

Implementing this cycle presents several benefits:
e High Thermal Efficiency: Optimized condenser temperature enhances the cycle's efficiency
relative to higher condenser temperatures.

* Use of Water as the Working Fluid: Water is abundant, inexpensive, and environmentally
friendly, making it an ideal working fluid.

e Simplified Analysis: The idealized assumptions allow for straightforward thermodynamic
calculations and conceptual understanding.

* Design Flexibility: Adjusting pressures and temperatures enables tailored power plant
configurations for specific needs.

Limitations and Real-World Considerations

While the ideal Rankine cycle offers valuable insights, real-world applications face several challenges:

Irreversibilities: Actual turbines and pumps have efficiencies less than 100%, reducing net
work output.

Heat Losses: Heat transfer processes are not perfectly insulated, leading to energy losses.

Material Constraints: High-pressure and high-temperature components require advanced
materials to withstand stresses.

Environmental Impact: Cooling water management and thermal pollution considerations
must be addressed.



Despite these limitations, the ideal model remains a critical foundation for understanding and
designing efficient power generation systems.

Conclusion

A simple ideal Rankine cycle employing water as the working fluid and operating its condenser at
40°C exemplifies the fundamental principles of thermodynamics and power cycle efficiency. By
carefully selecting operating parameters such as condenser temperature and boiler pressure,
engineers can optimize thermal efficiency and power output. While real-world systems are more
complex, the ideal Rankine cycle provides a vital theoretical benchmark against which practical
designs are evaluated. As water remains a sustainable and cost-effective working fluid, understanding
these cycles' thermodynamics is essential for advancing cleaner and more efficient energy
production.

Whether used in academic studies, engineering design, or practical power plant operations, analyzing
the Rankine cycle with a condenser at 40°C underscores the importance of temperature management
in thermal systems. As energy demand grows and environmental considerations become more
prominent, refining these cycles will continue to be a central focus of thermodynamic research and
engineering innovation.

Frequently Asked Questions

What is the main purpose of using a simple ideal Rankine
cycle with water as the working fluid?

The main purpose is to convert heat energy into mechanical work efficiently, typically for power
generation, using a simplified model with idealized components and processes.

How does operating the condenser at 40°C affect the
efficiency of the Rankine cycle?

Operating the condenser at 40°C lowers the condenser temperature, which can increase the cycle's
thermal efficiency by reducing the back pressure and improving heat rejection.

What are the key assumptions made in analyzing an ideal
Rankine cycle using water?

Key assumptions include isentropic expansion and compression, no heat losses, reversible processes,
and saturated or superheated conditions at various cycle points.

How is the work output of the cycle affected by lowering the



condenser temperature to 40°C?

Lowering the condenser temperature generally increases the work output because it allows for a
greater temperature difference during heat rejection, improving cycle efficiency.

What are the typical stages involved in the simple ideal
Rankine cycle with water?

The main stages are water is pumped to high pressure, heated in a boiler to produce steam,
expanded in a turbine to generate work, and then condensed back to liquid in the condenser.

Why is water chosen as the working fluid in this Rankine
cycle?

Water is chosen because it has favorable thermodynamic properties, is readily available, inexpensive,
and environmentally friendly, making it ideal for power cycles.

What impact does operating the condenser at 40°C have on
the cycle's thermal efficiency compared to higher condenser
temperatures?

Operating at 40°C improves thermal efficiency compared to higher condenser temperatures by
reducing the condenser heat rejection temperature and increasing the net work output.

How can the cycle's performance be optimized when using
water and a condenser at 40°C?

Performance can be optimized by adjusting the boiler pressure, ensuring proper saturation conditions,
and maintaining ideal turbine and pump efficiencies to maximize work output.

What are potential real-world applications of a simple ideal
Rankine cycle operating with water and a condenser at 40°C?

Such cycles are applicable in small-scale power plants, waste heat recovery systems, and educational
demonstrations where simplicity and efficiency are desired.

What limitations should be considered when analyzing an
ideal Rankine cycle with water at a condenser temperature of
40°C?

Limitations include ignoring irreversibilities, pump and turbine efficiencies, heat losses, and real fluid
behavior, which can cause actual performance to differ from ideal predictions.



Additional Resources

A Simple Ideal Rankine Cycle Which Uses Water As The Working Fluid Operates It Condenser At 40
Degrees is a fundamental concept in thermodynamics and power cycle analysis, often serving as the
foundation for understanding how thermal energy is converted into mechanical work. The Rankine
cycle is the backbone of most thermal power plants, including nuclear, coal-fired, and concentrated
solar power stations. Using water as the working fluid simplifies the analysis because of its well-
understood thermodynamic properties, and operating the condenser at 40°C introduces specific
considerations regarding efficiency, heat rejection, and system design.

In this comprehensive guide, we will explore the principles behind the ideal Rankine cycle, examine
the significance of condenser temperature, and walk through a step-by-step analysis for a system
operating with water as the working fluid at a condenser temperature of 40°C.

Understanding the Rankine Cycle

The Rankine cycle is a thermodynamic cycle that converts heat into work through four main
processes:

1. Isentropic Compression (Pump): Water is pumped from low to high pressure.

2. Constant Pressure Heat Addition (Boiler): Water absorbs heat and becomes superheated steam.
3. Isentropic Expansion (Turbine): The high-pressure steam expands, producing work.

4. Constant Pressure Heat Rejection (Condenser): The steam condenses back to liquid water.

In an ideal Rankine cycle, processes are assumed to be reversible and adiabatic (no entropy
generation), which makes the analysis more straightforward and serves as a benchmark for real-world
efficiencies.

Significance of Operating the Condenser at 40°C

The condenser plays a critical role in the Rankine cycle by rejecting waste heat to a cooling medium,
typically air or water. Operating the condenser at 40°C (which is about 313 K) influences:

- Heat Rejection: The temperature gradient between the working fluid and the cooling medium
determines how effectively heat is rejected.

- Cycle Efficiency: Lower condenser temperatures generally improve efficiency because they increase
the temperature difference between the heat source and sink.

- Practical Constraints: Achieving a condenser temperature of 40°C may require specific cooling
strategies, especially in warmer climates or limited water sources.

Basic Assumptions and Data for the Analysis
To analyze the cycle, let's assume the following typical parameters:

- Working fluid: Water



- Boiler pressure: 8 MPa (high-pressure side)

- Condenser temperature: 40°C (at 0.1013 MPa saturation pressure)

- Negligible pump work: Since the specific volume of saturated water is very small, pump work is
often neglected in ideal analysis.

- Isentropic efficiencies: 100% (ideal case)

Step-by-Step Analysis of the Cycle
1. Determining Saturation Properties at the Condenser Exit (State 1)

Since the condenser operates at 40°C, the saturation pressure corresponding to this temperature can
be obtained from water steam tables:

| Parameter | Value |

| Saturation Temperature, T1 | 40°C |
| Saturation Pressure, P1 | approximately 0.0738 MPa (or 0.738 bar) |

At this state:

- The working fluid is saturated liquid water.
- Specific enthalpy, hi, and entropy, si, are obtained from steam tables:

| Property | Value (approximate) |

I I |

| h1 (saturated liquid enthalpy) | 168.0 kj/kg |
| s1 (saturated liquid entropy) | 0.649 kj/kgK |

2. Heating in the Boiler (State 2)

The water is pumped from P1 to the boiler pressure Pa:

| P2 | 8 MPa (80 bar) |

In an ideal cycle, the pump work is negligible, but for completeness:

Pump work per unit mass:

\[ W_{pump} = v \times (P_2-P_1)\]

Where:

-\( v) is specific volume at the pump inlet (approximate for saturated liquid at 40°C):
\[ v_1\approx 0.00105\, \text{m}"~3/\text{kg} \]

Calculating:



\[ W_{pump} \approx 0.00105 \times (8 - 0.0738) \times 1076\, \text{Pa} \]

\[ W_{pump} \approx 0.00105 \times 7.9262 \times 1076 \]

\[ W_{pump} \approx 8.32 \, \text{kJ/kg} \]

Since this is small compared to other energies, often it is neglected in ideal calculations.
Enthalpy after pumping:

\[ h_2\approx h_ 1 + W_{pump} \approx 168 + 8.3 \approx 176.3\, \text{k]/kg} \]

The water enters the boiler as compressed liquid at P-.

3. Vaporization and Superheating (State 3)
In the ideal cycle, the water is heated at constant pressure to become superheated steam:

- At P2 (8 MPa), the saturation temperature is approximately 275°C.
- Assume the steam is dry saturated or slightly superheated at the turbine inlet:

| Property | Approximate Value |

| | |
| Enthalpy, hs | approximately 2792 kJ/kg (superheated at 8 MPa, 350°C) |

| Entropy, ss | approximately 6.59 kJ/kg-K |

Note: The exact superheated enthalpy depends on the degree of superheating, which can be adjusted
based on design.

4. Expansion in the Turbine (State 4)

The high-pressure steam expands isentropically through the turbine:

\[s 4=53\]

At the turbine exit, the pressure drops to the condenser pressure (0.0738 MPa).

Using steam tables for superheated steam at 8 MPa and s = 6.59:

- Find the enthalpy at the turbine exit, hs, corresponding to P = 0.0738 MPa and s = 6.59.
From the steam tables:

| Parameter | Approximate Value |

I I |
| Enthalpy, ha | approximately 2400 kJ/kg |

| Quality, x | approximately 0.6 (if the steam is wet) |




The work done by the turbine per unit mass:

\[ W_{turbine} = h_3-h_4\approx 2792 - 2400 = 392\, \text{kJ/kg} \]

5. Condensation (State 1)

The steam is condensed at constant pressure and temperature:
- The steam condenses to saturated liquid water at 40°C (P1).
The heat rejected per unit mass:

\[ Q {out} =h 4 -h_1\approx 2400 - 168 = 2232\, \text{k//kg} \]

Calculating the Cycle Efficiency

The net work output per unit mass:

\[ W_{net} = W_{turbine} - W_{pump} \approx 392 - 8.3 \approx 384 \, \text{k]/kg} \]
The thermal efficiency:

\[\eta = \frac{W_{net}}{Q_{in}} \]

Where \( Q_{in} ) is the heat added in the boiler:

\[ Q {in} =h_3-h_2\approx 2792 - 176.3 = 2615.7 \, \text{kJ/kg} \]

Thus:

\[ \eta \approx \frac{384} {2616} \approx 14.7\% \]

This is a simplified, ideal efficiency for the cycle operating with the given parameters.

Practical Implications and Considerations
Impact of Condenser Temperature

Operating the condenser at 40°C improves the cycle's thermal efficiency compared to higher
condenser temperatures (e.g., 50°C or 60°C). This is because:

- The temperature difference between the heat source (boiler at 275°C or higher) and the sink (40°C)
is maximized.
- Reduced heat rejection leads to less energy loss and higher cycle efficiency.



However, achieving and maintaining such a low condenser temperature requires:

- Adequate cooling capacity.
- Access to cool water or ambient air cooling in suitable environments.
- Consideration of environmental and water resource constraints.

Limitations of the Ideal Rankine Cycle
While the ideal cycle provides a theoretical maximum efficiency, real systems experience:

- Irreversibilities in turbines and pumps.

- Pressure drops and heat losses.

- Finite boiler and condenser efficiencies.

- Superheating and reheating for improved efficiency.

Designers often incorporate regenerative feedwater heating, reheating, and other advanced features
to approach the ideal efficiency.

Summary and Key Takeaways

- The A Simple Ideal Rankine Cycle Which Uses Water As The Working Fluid Operates It Condenser At
40 Degrees demonstrates how thermodynamic principles dictate cycle performance.

- Operating at a condenser temperature of 40°C enhances efficiency but requires effective cooling
systems.

- The cycle analysis involves determining properties at key states using
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