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In An Otto Cycle, 1m~ 3of Air Enters At A Pressure Of 100kPa And A Temperature
Of 18C. The Cycle Has A significant role in internal combustion engines, especially in
gasoline-powered automobiles. Understanding the thermodynamics behind this cycle is
essential for engineers, students, and enthusiasts interested in engine performance,
efficiency, and design. This article delves into the detailed analysis of an Otto cycle with a
specific intake condition, exploring its processes, efficiency, and relevant calculations to
provide a comprehensive understanding.

Introduction to the Otto Cycle

The Otto cycle is a thermodynamic cycle that models the functioning of spark-ignition
internal combustion engines. It consists of four main processes: two adiabatic (isentropic)
processes and two constant-volume processes. The cycle is characterized by its simplicity
and effectiveness in converting fuel energy into mechanical work.

Key features of the Otto cycle include:

- Compression of the air-fuel mixture

- Ignition and combustion at constant volume
- Expansion (power stroke)

- Exhaust and intake processes

Understanding these processes helps in optimizing engine performance, fuel efficiency,
and emissions.

Initial Conditions and Assumptions

In our scenario, the following initial parameters are given:
- Volume of air entering (V1): 1 m3

- Initial pressure (P1): 100 kPa

- Initial temperature (T1): 18°C (which is 291 K)

For analysis purposes, we assume:



- The air behaves as an ideal gas.

- The specific heat capacities at constant volume (Cp) and constant pressure (Cp) are
constant.

- The engine operates on a standard Otto cycle with typical compression ratios.

Thermodynamic Properties of Air

Before proceeding with calculations, it's essential to understand the thermodynamic
properties of air:

| Property | Value |

=l

| Specific heat at constant volume, C v | approximately 0.718 kJ/kg-K |

| Specific heat at constant pressure, C p | approximately 1.005 kJ/kg-K |
| Specific gas constant, R | 8.314 J/mol-K / 28.97 g/mol = 287 J/kg-K |

| Ratio of specific heats, y (gamma) |C p/C v= 1.4 |

These values are standard for dry air under typical conditions.

Calculating the Initial State Parameters

Step 1: Determine the mass of air in the intake volume
Using the ideal gas law:

\[ PV = mRT\]

Rearranged to find mass \( m \):

\[ m = \frac{PV}{RT} \]

Where:

-\(P =100\, \text{kPa} = 100,000\, \text{Pa} \)

-\(V =1\, \text{m}"~3)

-\(R = 287\, \text{J/kg-K} \)

-\(T = 291\, \text{K} \)

Calculate:

\[ m = \frac{100,000\, \text{Pa} \times 1\, \text{m}~3}{287\, \text{J/kg-K} \times 291\,
\text{K}} \]



\[ m \approx \frac{100,000} {83,457} \approx 1.198\, \text{kg} \]
Thus, the mass of air entering the cylinder is approximately 1.198 kg.
Step 2: Confirm initial state parameters

Initial temperature:

\[ T 1 =18"\circ C = 291\, \text{K} \]

Initial pressure:

\[ P.1 =100\ \text{kPa} \]

Initial volume:

\[V 1=1)\ \text{m}"~3\]

Analyzing the Otto Cycle Processes

The Otto cycle comprises four distinct processes:

1. Adiabatic (Isentropic) Compression (Process 1-2)

2. Constant-Volume Combustion (Process 2-3)

3. Adiabatic (Isentropic) Expansion (Power Stroke, Process 3-4)
4. Constant-Volume Exhaust/Intake (Process 4-1)

For simplicity, this analysis assumes idealized processes with no heat losses.

Process 1-2: Adiabatic Compression

In this process, the air is compressed from initial volume \( V_1\) to a smaller volume \(

V_2), increasing pressure and temperature.
- Compression ratio, \( r):

\[ r = \frac{V 1}{V 2} \]

- Relations for adiabatic process:

\[ P 2 =P 1 \times r~\gamma \]
\[T2=T 1\times r~{\gamma - 1} \]



The compression ratio \( r\) is a key parameter, often between 8 and 12 for typical
engines.

Assuming \(r = 8\):
Calculate:
\[ P 2 =100\, \text{kPa} \times 8~ {1.4} \]

\[ P 2 =100\, \text{kPa} \times 8" {1.4} \approx 100\, \text{kPa} \times 17.378 \approx
1737.8\, \text{kPa} \]

Similarly, temperature:
\[ T 2 =291\, \text{K} \times 8°{0.4} \]
\[ T 2 \approx 291 \times 2.639 \approx 767.8\, \text{K} \]

Note: These high temperatures indicate the importance of cooling and material
considerations in engine design.

Process 2-3: Constant-Volume Combustion

During combustion, fuel ignites at constant volume, significantly increasing the
temperature and pressure.

- Final pressure after combustion \( P_3):

Assuming complete combustion and a known heat addition \( Q {in} \), the process can be
analyzed via energy equations.

- Temperature after combustion \( T 3\):
MT 3=T 2+ \frac{Q {in}}{m C v} \]

Alternatively, if heat addition is not specified, we can analyze the process based on
pressure ratios or energy content of the fuel.

Process 3-4: Adiabatic Expansion

The combustion gases expand, doing work on the piston.

- Expansion from \( V_2\) back to \( V_1\):



\[ P 4 =P 3 \times \left( \frac{V 3}{V 4} \right)~\gamma \]

Since \(V_ 4 =V 1)), and assuming idealized processes, the temperature drops from \( T 3
V)to\(T 4\):

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

Process 4-1: Exhaust and Intake

This process resets the cycle, bringing the air back to initial conditions, ready for the next
cycle.

Efficiency of the Otto Cycle

The thermal efficiency \( \eta \) of an ideal Otto cycle depends primarily on the
compression ratio:

\[ \eta =1 - \frac{1}{r~{\gamma - 1}} \]
For\(r = 8\) and \(\gamma = 1.4 \):

\[ \eta =1 - \frac{1}{87{0.4}} \approx 1 - \frac{1}{2.639} \approx 1 - 0.379 \approx
0.621\]

Thus, the cycle has an efficiency of approximately 62.1%.

This indicates the fraction of heat energy converted into work during the cycle.

Work Output and Power Calculation

The work done per cycle can be approximated as:
\[W {cycle} =C v (T 3-T 4) \times m \]
Alternatively, using the pressure-volume work:

MW {cycle} =P 3V 3-P4V 4\]

Estimating these values requires detailed knowledge of \( T 3\) and \( P_3 ), which



depend on the heat input from combustion.

Impact of Initial Conditions and Cycle Parameters

- Initial Pressure and Temperature: Higher initial pressure or temperature can improve
cycle efficiency but may pose material challenges.

- Compression Ratio: Increasing \( r \) enhances efficiency but risks knocking and engine
damage.

- Fuel Properties: The energy content of fuel influences \( Q {in} \) and overall
performance.

Conclusion

Analyzing an Otto cycle with 1 m3 of air entering at 100 kPa and 18°C provides valuable
insights into engine thermodynamics. The key takeaways include:

- The initial mass of air is approximately 1.198 kg.

- The cycle's efficiency strongly depends on the compression ratio.

- Idealized calculations suggest efficiencies around 62% for typical compression ratios.
- Real engine performance involves

Frequently Asked Questions

What is the initial state of the air entering the Otto
cycle in terms of pressure and temperature?

The air enters at a pressure of 100 kPa and a temperature of 18°C.

How do you convert the initial temperature from Celsius
to Kelvin for thermodynamic calculations?

Add 273.15 to the Celsius temperature: 18°C + 273.15 = 291.15 K.

What assumptions are typically made about air in an
Otto cycle analysis?

Air is assumed to behave as an ideal gas with constant specific heats, and processes are
considered quasi-static and reversible where applicable.



What are the key processes involved in an Otto cycle?

The Otto cycle consists of two adiabatic (isentropic) processes—compression and
expansion—and two constant-volume processes—heat addition and heat rejection.

How does the compression ratio influence the efficiency
of the Otto cycle?

A higher compression ratio generally increases the thermal efficiency of the cycle, but it
must be limited to prevent engine knocking and other issues.

What thermodynamic property data are needed to
analyze this cycle further?

Properties such as specific heats (Cp and Cv), the gas constant (R), and the compression
ratio are needed for detailed cycle analysis.

How would you calculate the work output per cycle
given the initial conditions?

You would determine the state variables at key points in the cycle (using ideal gas law and
process relations), then compute the work done during compression and expansion
processes to find the net work output.

Additional Resources

In An Otto Cycle, 1m? of air enters at a pressure of 100 kPa and a temperature of 18°C.
The cycle has a fundamental role in the operation of gasoline engines, converting chemical
energy into mechanical work through a series of thermodynamic processes.
Understanding the intricacies of this cycle is essential for engineers, students, and
enthusiasts aiming to optimize engine performance, improve fuel efficiency, and reduce
emissions. This article delves into the detailed thermodynamics of the Otto cycle,
exploring each phase, the assumptions involved, and the calculations required to analyze
such a system.

Overview of the Otto Cycle

The Otto cycle is a thermodynamic cycle that models the functioning of spark-ignition
internal combustion engines, such as many gasoline-powered automobiles. It comprises
four distinct strokes or processes:

1. Intake (Adiabatic Compression): Air-fuel mixture enters the cylinder, and the piston
moves downward, drawing in air at atmospheric conditions.



2. Compression (Constant Volume): The piston moves upward, compressing the air-fuel
mixture adiabatically, increasing its pressure and temperature.

3. Power (Constant Volume Combustion): Ignition occurs at the top dead center (TDC),
leading to rapid combustion and expansion of gases, doing work on the piston.

4. Exhaust (Adiabatic Expansion): The piston moves downward again, pushing out the
exhaust gases, completing the cycle.

While simplified in many textbooks, real engines involve complex phenomena like heat
transfer, friction, and non-ideal gas behavior. However, the ideal Otto cycle provides a
foundation for understanding the thermodynamics involved.

Initial Conditions and Assumptions

For our analysis, the initial conditions are:

- Initial volume (V1): 1 m?3
- Initial pressure (P1): 100 kPa
- Initial temperature (T1): 18°C (which equals 291 K)

In analyzing the cycle, we assume:

- Air behaves as an ideal gas.

- The processes are reversible and adiabatic during compression and expansion strokes.

- No heat loss occurs during compression and expansion.

- The combustion process is modeled as an instantaneous heat addition at constant
volume.

- The engine operates at a specific compression ratio, which influences the thermodynamic
efficiencies.

Thermodynamic Properties of the Initial State

Before proceeding with cycle calculations, it is essential to establish the thermodynamic
properties of the air at the initial state.

- Ideal Gas Law:

\[
PV = nRT

\]

where:



-\( P\) = pressure (Pa)

-\( V) = volume (m?3)

-\(n\) = number of moles

-\( R\) = universal gas constant (8.314 J/mol-K)
-\(T\) = temperature (K)

- Number of moles:

\[
n = \frac{PV}{RT}
\]

Plugging in the initial conditions:

\[
P1
\]
\[
V1
\]
\[
T 1 =291\, \text{K}

\]

\[

R = 8.314)\, \text{J/mol-K}
\]

100\,000\, \text{Pa}

1\, \text{m} "3

\[

n = \frac{100,000 \times 1}{8.314 \times 291} \approx \frac{100,000} {2,418} \approx
41.37\, \text{mol}

\]

This molar quantity forms the basis for all subsequent calculations.

Key Parameters: Specific Heat Ratios and
Compression Ratio

The efficiency and work output of the Otto cycle are heavily influenced by the compression
ratio (r), defined as:

\[
r = \frac{V 1}{V 2}
\]

where \( V_2) is the volume at the end of compression.



The specific heat ratio (\( \gamma \)) for air is approximately 1.4 (assuming diatomic
gases).

The selection of compression ratio affects the cycle's thermal efficiency:

\[
\eta {ideal} =1 - \frac{1}{r~{\gamma - 1}}
\]

For typical gasoline engines, compression ratios range from 8:1 to 12:1, but for
illustration, assuming a ratio of 8:1 provides a concrete example.

Compression Process: Adiabatic Compression

During the compression stroke, the air is compressed adiabatically from state 1 to state 2.
- Using the adiabatic relation:

\[

PV~\gamma = \text{constant}

\]

or equivalently,

\[

T 2=T 1\times r~{\gamma - 1}
\]

Applying this:

\[

T 2 =291 \times 87 {0.4} \approx 291 \times 2.639 \approx 767\, \text{K}
\]

- Calculating pressure at state 2:

\[
P 2 =P 1 \times r~{\gamma} = 100\,000 \times 8"~ {1.4}
\]

Calculating \( 8~ {1.4} \):

\[

87 {1.4} = e~ {1.4 \times \In 8} \approx e”™{1.4 \times 2.079} \approx e~ {2.911} \approx
18.4

\]



Thus,

\[
P 2 \approx 100,000 \times 18.4 = 1,840,000\, \text{Pa} = 1.84)\, \text{MPa}
\]

The compression significantly raises the temperature and pressure, setting the stage for
combustion.

Combustion: Heat Addition at Constant Volume

At the top of the compression stroke, the spark ignites the mixture, leading to rapid
combustion modeled as an instantaneous heat addition.

- Heat added per cycle (\( Q {in} \)) affects the increase in internal energy and
temperature:

\[
Q {in} =nC v(T 3-T2)
\]

where:

-\( C_v) is the molar heat capacity at constant volume (\( \approx 20.8\, \text{J/mol-K} \)
for air).

- Temperature after combustion (\( T 3)):

\[

T 3=T 2+ \frac{Q {in}}{n C v}

\]

Since the exact heat input is not specified, it can be calculated if the power output or

other parameters are known. Alternatively, assuming a certain temperature rise or
efficiency can approximate \( T 3 ).

Power Stroke: Isometric Expansion

Following combustion, the gases expand isentropically (adiabatically and reversibly) from
state 3 to state 4.

- Using adiabatic expansion relations:



\[
T 4 =T 3\times r~{1 - \gamma}
\]

- Pressure at state 4:

\[
P 4 =P 3 \times r~{-\gamma}
\]

- Work done during expansion:

\[
W {out} =nR(T 3-T 4)
\]

This work is extracted as mechanical energy to drive the piston and, ultimately, the
vehicle.

Exhaust Process: Return to Initial State

The exhaust gases are expelled from the cylinder, returning the air to initial conditions.

- Assuming an adiabatic expansion of gases into the atmosphere, the process resets the
cycle for subsequent operations.

Cycle Efficiency and Performance Metrics

The ideal thermal efficiency of the Otto cycle is:

\[
\eta {ideal} =1 - \frac{1}{r~{\gamma-1}}
\]

For\(r = 8\) and \(\gamma = 1.4):

\[

\eta {ideal} =1 - \frac{1}{8"{0.4}} \approx 1 - \frac{1}{2.639} \approx 1 - 0.379
\approx 62.1\%

\]

This theoretical efficiency highlights the potential of higher compression ratios but also



underscores practical limitations like knocking and material strength.

Real-World Considerations and Limitations

While the ideal Otto cycle provides foundational insights, real engines face numerous
challenges:

- Heat losses: Not all heat is converted into work; some dissipates through engine walls.
- Friction: Mechanical components introduce energy losses.

- Knocking: Higher compression ratios risk knocking, damaging the engine.

- Non-ideal gas behavior: At high pressures and temperatures, deviations from ideality
occCur.

- Variable fuel quality: Different fuel types influence combustion efficiency.

Engine designers balance these factors, optimizing compression ratios and materials to
maximize efficiency and durability.

Conclusion

Analyzing a 1 m? air intake in an Otto cycle exemplifies the interplay of thermodynamic
principles fundamental to internal combustion engines. From initial conditions to
combustion and expansion, each process influences the engine's work output and
efficiency
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