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The Diesel cycle represents a fundamental thermodynamic cycle utilized in diesel engines,
characterized by its high efficiency and robustness. In this analysis, we consider an
idealized air-standard Diesel cycle with a compression ratio of 19.4, starting with air at an
initial temperature of 27°C (300 K) and an initial pressure of 110 kPa. Understanding the
cycle's processes involves examining its four main stages: isentropic compression,
constant-pressure heat addition, isentropic expansion, and constant-volume heat rejection.
This comprehensive overview delves into the fundamental thermodynamic principles
governing the cycle, calculations of key parameters, and implications for engine
performance.

2. Basic Assumptions and Parameters of the
Diesel Cycle

2.1 Assumptions for the Air-Standard Diesel Cycle

To analyze the cycle accurately, certain idealized assumptions are made:

e The working fluid is air, modeled as an ideal gas with constant specific heats.
e Process irreversibilities, heat losses, and friction are neglected.

e The cycle operates between fixed pressure and temperature limits, with instantaneous
processes where applicable.

e The compression and expansion processes are adiabatic and reversible (isentropic).

e Heat addition occurs at constant pressure, representative of fuel injection in diesel
engines.

e Heat rejection occurs at constant volume, simulating exhaust processes.



2.2 Known Parameters

- Initial temperature, \( T_1 = 27" \circ C = 300\,K )
- Initial pressure, \( P_1 = 110\,kPa )

- Compression ratio, \( r = \frac{V_1}{V_2} =19.4)
- Specific heats for air (assumed constant):

-\( C_p = 1.005\,kJ/kg \cdot K\)

-\( C_v = 0.718\,kJ/kg \cdot K '\)

-\(\gamma = \frac{C p}{C v} =1.4\)

3. Thermodynamic Processes in the Diesel Cycle

The ideal Diesel cycle comprises four sequential processes:

3.1 Process 1-2: Isentropic Compression

The air undergoes adiabatic, reversible compression from state 1 (initial) to state 2,
increasing temperature and pressure significantly.

- Initial State (1):
-\(T_1 = 300\K\)

-\(P_1=110\kPa)
-\(V_1)) (initial volume, arbitrary but consistent)

- Final State (2):
-\(P.2=7))

-\(T 2=7))
-\(Vv2=V1l/r\)

Using the adiabatic relation:

\[
T 2=T 1\timesr~{\gamma -1}
\]

\[
T 2 = 300\,K\times 19.47{0.4} \approx 300 \times 19.4"{0.4}

\]

Calculating:

\[
19.47{0.4} = e~ {0.4 \times \In 19.4} \approx e”™ {0.4 \times 2.964} \approx e~ {1.186}
\approx 3.275



\]
\[
T 2 \approx 300 \times 3.275 \approx 982.5\,K
\]

Similarly, the pressure at state 2:

\[

P 2 =P 1\timesr~{\gamma} = 110\,kPa \times 19.4"{1.4}
\]

Calculating:

\[

19.47{1.4} = e~ {1.4 \times \In 19.4} \approx e~ {1.4 \times 2.964} \approx e™{4.149}
\approx 63.2
\]

\[
P_2\approx 110 \times 63.2 \approx 6,952\ ,kPa

\]

3.2 Process 2-3: Constant-Pressure Heat Addition

This process models fuel combustion in a diesel engine, occurring at constant pressure \(
P 2\).

- State 3:

-\(T 3=7))
-\(P.3=P_2))
-\(V_3)\)

The temperature after heat addition:

\[
T 3=T2+ \frac{Q_{in}}{C p}
\]

But before calculating \( T_3\), we need to determine \( Q_{in} \) or the temperature at
state 3.

Alternatively, since the process is at constant pressure, the volume increases proportionally
with temperature:

\[
\frac{V_3}{V_2} = \frac{T 3}{T 2}
\]



If the heat added per unit mass, \( Q_{in}\), is specified, the cycle can be fully
characterized. For this analysis, assume a typical heat addition corresponding to the
temperature rise.

3.3 Process 3-4: Isentropic Expansion

The expansion from state 3 to state 4 is adiabatic and reversible, doing work on the
surroundings.

Using the adiabatic relation:

\[
T 4 =T 3 \times \left( \frac{V_4}{V 3} \right)~{1 - \gamma}
\]

Since \( V_4) is the volume after expansion:

\[
V 4 =V 3\times \frac{T 4}{T 3}
\]

The expansion ratio:

\[
\frac{V_3}{V_ 4} =r {exp}
\]

In ideal cycles, the expansion ratio is often taken equal to the compression ratio for
simplicity; however, in real cycles, it can differ. For the ideal case, \( V_4 =V _1) (assuming
the cycle returns to initial volume).

The temperature at state 4 can be estimated:

\[
T 4 =T 3\timesr {exp}™~{1-\gamma}
\]

For maximum efficiency, the expansion ratio is chosen to optimize work output.

3.4 Process 4-1: Constant-Volume Heat Rejection

Finally, the cycle rejects heat at constant volume, returning the air to initial conditions:

\[
Q_{out} =C vi\times (T 4-T_1)
\]



Completing the cycle, the initial state is restored, ready for the next cycle.

4. Key Calculations and Efficiency

4.1 Compression Work and Pressure-Volume Relations

The work input during compression:

\[
W_{comp} =C v (T 2-T.1)
\]

Similarly, the work output during expansion:

\[

W {exp} =C Vv (T 3-T.4)
\]

The net work per cycle:

\[
W _{net} = W _{exp} - W_{comp}
\]

The thermal efficiency of the Diesel cycle:

\[
\eta_{Diesel} =1 -\frac{Q _{out}}{Q_{in}}
\]

which, for ideal cycles, can be expressed as:

\[

\eta_{Diesel} =1 -\frac{1}{r~{\gamma -1}} \times \frac{\rho”~{\gamma} -1}{\gamma
(\rho - 1)}

\]

where \(\rho = \frac{T_3}{T_2} ) is the cutoff ratio, indicating the extent of heat addition.

4.2 Effect of Compression Ratio on Efficiency

The cycle's thermal efficiency increases with higher compression ratios, approaching the
Carnot efficiency but is limited in practice by engine knocking and material constraints.

For the given compression ratio \( r=19.4\):



\[

\eta_{ideal} \approx 1 - \frac{1}{19.4"~{\gamma -1}} \approx 1 - \frac{1}{19.4~{0.4}}
\approx 1 - \frac{1}{3.275} \approx 0.694

\]

This indicates a theoretical maximum efficiency of approximately 69.4%, assuming
idealized conditions and no heat losses.

5. Practical Considerations and Implications

Although the idealized calculations provide insights into the thermodynamic limits, real
diesel engines face practical limitations:

- Material constraints prevent arbitrarily high compression ratios.

- Heat transfer losses and mechanical inefficiencies reduce actual efficiencies.

- Combustion processes are not perfectly steady; transient effects occur.

- The cutoff ratio, \(\rho =T _3 /T _2), influences efficiency significantly; higher cutoff
ratios mean more heat added, reducing efficiency.

Optimizing the cycle involves balancing the compression ratio, fuel injection timing, and
combustion characteristics to maximize efficiency while maintaining engine durability.

6. Conclusion

Analyzing an air

Frequently Asked Questions

What is the significance of the compression ratio in an
air-standard Diesel cycle with a ratio of 19.4?

The compression ratio determines the degree to which the air is compressed before
combustion, affecting the cycle's efficiency and power output. A ratio of 19.4 indicates high
compression, which generally improves thermal efficiency but requires robust engine
design to handle increased pressures.

Given the initial conditions of 27°C and 110 kPa, how do
these parameters influence the performance of the
Diesel cycle?

Initial temperature of 27°C and pressure of 110 kPa set the starting point for the cycle,
impacting the specific volume and temperature after compression. These conditions
influence the thermal efficiency and the amount of work produced during the cycle.



How do you determine the cutoff ratio in an air-
standard Diesel cycle with a compression ratio of 19.4?
The cutoff ratio is typically calculated based on the desired power output and cycle
parameters, often using the relation between compression ratio, cutoff ratio, and

temperature ratios. It represents how much the fuel is injected after the end of compression
before combustion ends.

What are the typical efficiency considerations for an air-
standard Diesel cycle with a high compression ratio like
19.4?

A high compression ratio generally leads to higher thermal efficiency due to better
utilization of the heat energy. However, it also increases the risk of knocking and requires
materials capable of withstanding higher pressures and temperatures.

How do the initial temperature and pressure affect the
calculations of work output and heat transfer in this
Diesel cycle?

Initial conditions directly influence the state variables at each cycle phase, affecting the
calculations of work output, heat transfer, and cycle efficiency. Higher initial temperature
and pressure can lead to increased work output for the same cycle parameters.

What assumptions are made in analyzing an air-
standard Diesel cycle under the given conditions?

The analysis assumes air behaves as an ideal gas, processes are internally reversible, heat
addition occurs at constant pressure, and the cycle is ideal without losses. Initial conditions
are used to determine state variables throughout the cycle calculations.

Additional Resources

Diesel Cycle Analysis: An In-Depth Review of a High Compression Ratio Engine

Introduction

In the realm of internal combustion engines, the Diesel cycle stands out for its efficiency
and robustness, especially in heavy-duty applications such as trucks, ships, and power
generators. Today, we delve into an in-depth analysis of an air-standard Diesel cycle
characterized by a notably high compression ratio of 19.4. With initial conditions set at an
ambient temperature of 27°C and an absolute pressure of 110 kPa, this examination aims
to elucidate the thermodynamic processes, performance parameters, and practical
implications of such a cycle.



Background and Significance of the Diesel Cycle

The Diesel cycle, named after its inventor Rudolf Diesel, operates on a constant pressure
heat addition process, contrasting with the Otto cycle's constant volume combustion. Its
high compression ratio allows for higher thermal efficiency, making it a preferred choice for
applications demanding durability and fuel economy.

Why focus on a compression ratio of 19.4?

This ratio is considered high, indicating significant compression of the air-fuel mixture
before ignition. Such a high ratio enhances thermal efficiency but also introduces
challenges related to engine knocking, material strength, and cooling requirements.
Understanding the thermodynamic behavior at this ratio provides insights into optimizing
engine performance and design.

Initial Conditions and Basic Assumptions

Before analyzing the cycle, let's establish the initial parameters:

- Initial Temperature, \( T_1\): 27°C = 300 K (conversion: 27 + 273)

- Initial Pressure, \( P_1): 110 kPa

- Compression Ratio, \( r\): 19.4

Assumptions for the Air-Standard Model:

- The working fluid is air, modeled as an ideal gas.

- The processes are reversible and adiabatic, except for the heat addition and rejection.

- No heat losses or frictional effects.
- Constant specific heats \( C_p\) and \( C_v\).

Thermodynamic Processes in the Diesel Cycle

The Diesel cycle consists of four primary processes:

1. Adiabatic Compression (Process 1-2):

The air is compressed adiabatically from state 1 to state 2, increasing pressure and
temperature.

2. Constant Pressure Heat Addition (Process 2-3):

Fuel combustion occurs at constant pressure, adding heat \( Q _{in} \) and raising

temperature to state 3.

3. Adiabatic Expansion (Process 3-4):
The high-pressure, high-temperature gases expand adiabatically, producing work.

4. Constant Volume Heat Rejection (Process 4-1):



The cycle concludes with heat rejection at constant volume, returning to initial state.

Let's analyze each process comprehensively.

Process 1-2: Adiabatic Compression

Objective: Determine the temperature and pressure at the end of compression.
Methodology:

Using the adiabatic relation for ideal gases:

\[

\frac{T 2}{T_1} = \left(\frac{V_13}{V_2}right)~{\gamma - 1} = r~{\gamma - 1}
\]

where:

-\(r=V_1/V.2=194))
-\(\gamma = C _p / C_v)), for air approximately 1.4.

Calculations:

\[

T 2 =T 1\timesr~{\gamma -1} = 300 \times 19.47{0.4}
\]

Calculating:

\[

19.47{0.4} \approx e”{0.4 \times \In 19.4} \approx e”{0.4 \times 2.964} \approx
e”~{1.1856} \approx 3.27
\]

Thus,

\[

T 2 \approx 300 \times 3.27 \approx 981\, \text{K}
\]

Pressure at state 2:

Using the adiabatic relation:

\[
\frac{P_2}{P_1} = r~{\gamma} = 19.4"{1.4}
\]

Calculate:



\[

19.47{1.4} = e~ {1.4 \times \In 19.4} \approx e~ {1.4 \times 2.964} \approx e™{4.149}
\approx 63.3

\]

Therefore,

\[
P 2 =P _1\times 63.3 = 110\, \text{kPa} \times 63.3 \approx 6,963\, \text{kPa}
\]

Summary:

| Parameter | Value |

e e
[\(T_2) | 981K |
|\(P_2\)|6,963 kPa |

Process 2-3: Constant Pressure Heat Addition
Objective: Calculate the temperature at state 3 and the heat added.
Key points:

- Heat addition occurs at constant pressure \( P_.2 = P_3).
- The temperature increases from \( T_2\) to \( T_3\).

Calculations:
The heat added per unit mass:

\[
Q {in} =Cp(T 3-T 2)
\]

We need to find \( T_3 ). For that, consider the compression process and the fact that after
heat addition, the pressure remains constant:

\[
P 3 =P_2=06,963\, \text{kPa}
\]

Using ideal gas law:

\[
P = \frac{RT}{V}
\]

At state 3, the volume \( V_3) is:



\[
V3=V2
\]

because the process is at constant pressure, and the volume ratio:

\[
\frac{V_3}{V_2} = \frac{T _3}{T 2}
\]

Similarly, the relation between \( T_3\) and \( V_3\):

\[
T 3 =T 2 \times \frac{V_3}{V_2}
\]

But since \( V_3/V_2\) is unknown, a more straightforward approach is to relate \( P \), \( V
\), and \( T \):

\[

\frac{P_3 V _3}{T 3} = \text{constant}

\]

Given that \(V_3 =V _2 \times \frac{T 3}{T 2} \),and\(P_ 3 =P 2\):
\[

V_3 = \frac{nRT_3}{P 3}

\]

Alternatively, since the process is at constant pressure, the ratio of the temperatures
relates directly to the volume change:

\[
\frac{V_3}{V_2} = \frac{T 3}{T 2}
\]

To find \( T_3\), we need the compression ratio \( r\) and the fact that the process starts at
\(T_2)\):

- The volume at state 2: \(V_2)
- The volume at state 3: \(V_3)

In the idealized cycle, the volume at state 3 is larger than at 2, but since the process is at
constant pressure, the volume increases proportionally with temperature.

Process 3-4: Adiabatic Expansion

Objective: Determine the expansion process parameters.



Using adiabatic relations:

\[
T 4 =T_3\times \left(\frac{V_4}{V_3}\right)”~ {1 - \gamma}
\]

and

\[
\frac{V_4}{V 3} = \frac{T 4}{T 3}
\]

The expansion ratio:

\[
\frac{V_4}{V 3} =\frac{V_1}{V 2} =r
\]

Thus:

\[
T4=T 3\timesr~{1-\gamma} =T 3 \timesr~{-0.4}
\]

Process 4-1: Constant Volume Heat Rejection
The cycle concludes with heat rejection at constant volume:

\[
Q_{out} =C v (T 4-T_1)
\]

The cycle then repeats, returning to initial conditions.

Thermal Efficiency and Performance Parameters
The efficiency of a Diesel cycle can be expressed as:

\[

\eta_{Diesel} =1 -\frac{1}{r~{\gamma - 1}} \times \frac{\rho”™{\gamma} - 1}{\gamma
(\rho -1)}

\]

where:

-\( r\) = compression ratio
-\(\rho = \frac{T_3}{T 2} \) = cut-off ratio (ratio of maximum to minimum temperature



during heat addition)
Calculating \( T_3\):

For maximum cycle efficiency, the cut-off ratio \( \rho\) is critical. It is determined by the
heat addition process, which depends on the specific fuel properties and combustion
process, but in an ideal cycle, it can be approximated.

Assuming a typical \( T_3\) of approximately 2000 K (common in high compression Diesel
engines), and knowing \( T_2\) is about 981 K:

\[
\rho = \frac
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