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[bookmark: _Toc225080459][image: How Does an Internal Combustion Engine Work]Introduction
Internal combustion engines are widely used in automotive and powertrain applications and understanding their performance characteristics is essential for improving efficiency, fuel consumption, and emissions. (Heywood, 1988) Engine performance testing allows engineers to analyse how an engine behaves under different operating conditions by measuring key parameters such as torque, power output, fuel consumption, and engine speed. 
The aim of this investigation is to analyse the performance of a Honda engine using dynamometer test data. During the test, engine load and speed are varied while measurements of fuel flow rate, torque, and other operating parameters are recorded. These measurements are then used to calculate important performance indicators including brake power, brake mean effective pressure (BMEP), specific fuel consumption (SFC), and overall thermal efficiency.Figure 1 Visual representation of a 4-stroke cycle, internal combustion engine.

The collected data is entered into a spreadsheet where the relevant calculations are carried out, and the results are presented graphically. By plotting relationships such as specific fuel consumption against engine speed, torque against engine speed, and brake power against engine speed, it is possible to identify trends and evaluate the efficiency and operating characteristics of the engine. The results from this analysis provide insight into how engine performance varies with speed and load and highlight factors that influence fuel efficiency and power generation.










[bookmark: _Toc225080460]Testing Equipment and Method
The engine performance testing was carried out using an eddy-current dynamometer test stand. The primary purpose of the dynamometer is to apply a controlled load to the engine while measuring key performance parameters such as torque, speed, and power output. The system used in this investigation was part of the W-Series eddy-current dynamometer system, commonly used for engine testing and performance analysis. (Workshops, 2021) (Workshops, 2021)
[image: ]An eddy-current dynamometer operates by absorbing the mechanical power produced by the engine and converting it into heat energy. The engine is connected to the dynamometer rotor via a shaft and coupling flange. As the rotor spins, an electromagnetic field is generated, inducing eddy currents that create a braking force opposing rotation. By adjusting the excitation current, the braking torque can be precisely controlled.
Torque is measured using a load cell mounted on the dynamometer housing, where the reaction force is proportional to engine torque. Engine speed is measured using a pulse generator connected to the shaft. The system is controlled using a digital controller, which regulates excitation current and allows specific speed or load conditions to be maintained. Cooling water is also used to dissipate heat generated during testing.
During the test procedure, the engine was operated across a range of speeds and loads while measurements of torque, engine speed, and fuel flow rate were recorded. These values were used to calculate brake power, brake mean effective pressure (BMEP), specific fuel consumption (SFC), and overall thermal efficiency. The data was recorded and analysed using a spreadsheet to produce performance graphs.Figure 2      W-Series eddy-current dynamometer used to apply load to the engine and measure torque and speed during the dynamometer test.





[bookmark: _Toc225080461]The calculations and equations used
The recorded data from the dynamometer testing was used to calculate several key engine performance parameters. These calculations were carried out using standard engineering equations.
Brake power was calculated using the measured torque and engine speed:

where is the brake power (W), is the engine speed (RPM), and is the torque (Nm).
Brake Mean Effective Pressure (BMEP) was calculated to represent the average pressure acting on the piston during the power stroke:

where is torque (Nm) and is the engine displacement volume (m³).
Specific Fuel Consumption (SFC) was calculated to determine the fuel efficiency of the engine:

where is the fuel mass flow rate (kg/s) and is the brake power (kW), typically expressed in kg/kWh.
The overall thermal efficiency of the engine was calculated by comparing the useful power output to the rate of fuel energy input:

where is the brake power (kW), is the fuel mass flow rate (kg/s), and is the calorific value of the fuel (kJ/kg).
These equations allowed the raw experimental data to be converted into meaningful performance parameters, which were then analysed and presented graphically. (M.S.Shehata, 2010)
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[bookmark: _Toc225080463][image: ]Specific Fuel Consumption (SFC)

Figure 3     Variation of Specific Fuel Consumption (SFC) with engine speed, showing changes in engine fuel efficiency.
As shown in the figure 3, Specific Fuel Consumption (SFC) is high at low engine speeds, decreases to a minimum at mid-range speeds, and then increases again at higher speeds.
At low engine speeds, SFC is relatively high because the engine operates inefficiently. This is due to poor air-fuel mixing, incomplete combustion, and higher relative heat losses. Additionally, the engine produces low power while still consuming fuel, which increases SFC.
As engine speed increases to the mid-range (around 1500–2500 RPM), SFC decreases and reaches a minimum. In this region, the engine operates most efficiently due to improved volumetric efficiency, better air-fuel mixing, and more complete combustion. The engine also produces higher torque and power, meaning more useful work is extracted per unit of fuel.
At higher engine speeds, SFC begins to increase again. This is mainly due to increased frictional losses, reduced time for complete combustion, and decreased volumetric efficiency as the engine struggles to intake sufficient air. As a result, more fuel is required to maintain higher speeds, reducing overall efficiency. (Togun, 2010)




[bookmark: _Toc225080464][image: ]Explanation of torque variation with engine speed
Figure 4     Variation of engine torque with engine speed, showing changes in torque output across the operating range.
As shown in the figure, engine torque increases with engine speed at lower RPM, reaches a peak in the mid-range, and then decreases at higher speeds.
At low engine speeds, torque is relatively low because the engine is not operating efficiently. Airflow into the cylinders is limited, and combustion is less effective, resulting in lower force being produced on the piston.
As engine speed increases, torque rises and reaches a maximum in the mid-range (around 2000–3000 RPM). This is due to improved volumetric efficiency, meaning the engine can draw in more air and fuel, leading to more effective combustion and greater force production. This region represents the engine’s optimal operating range for torque output.
At higher engine speeds, torque begins to decrease. This is mainly because there is less time for air to enter the cylinders and for complete combustion to occur. Additionally, increased frictional and mechanical losses reduce the effective torque produced.


[bookmark: _Toc225080465]Explanation of engine power variation with engine speed[image: ]

Figure 5  Variation of engine power with engine speed, showing the increase in power output as engine speed rises.
As shown in Figure 5, engine power increases steadily as engine speed rises, reaches a maximum at high RPM, and then slightly decreases at the highest speeds observed. At low engine speeds, power output is relatively low because both torque and rotational speed are low. Since power is directly related to torque and engine speed, the limited torque at low RPM results in reduced power output.
As engine speed increases, power rises significantly. This occurs because, although torque increases initially and then begins to stabilise, the continuous rise in engine speed leads to a greater rate of work being produced. As a result, there is a steady increase in power output across the mid-range of engine operation.
At higher engine speeds, power reaches a peak (around 4500–5000 RPM). Beyond this point, power begins to decrease slightly. This is mainly due to the reduction in torque at high speeds, along with increased mechanical and frictional losses, which begin to outweigh the advantages of higher engine speed.

[bookmark: _Toc225080466]Explanation of thermal efficiency variation with engine speed[image: ]

Figure 6   Variation of thermal efficiency with engine speed, showing how engine efficiency changes across the operating range.
[bookmark: _Toc225080467]Conclusion
The results of this investigation demonstrate how engine performance varies with engine speed across a range of operating conditions. The analysis of torque, power, specific fuel consumption (SFC), and thermal efficiency provides a clear understanding of the engine’s behaviour and efficiency characteristics.
It was observed that torque increases with engine speed to a peak in the mid-range before decreasing at higher speeds. Similarly, engine power increases steadily with speed and reaches a maximum at higher RPM, due to the combined effect of torque and rotational speed. The SFC results show that fuel consumption per unit power is highest at low and high engine speeds, with a minimum occurring in the mid-range. This corresponds closely with the thermal efficiency results, which indicate that the engine operates most efficiently at moderate speeds.
Overall, the engine performs most efficiently within the mid-range of engine speeds (approximately 1500–2500 RPM), where torque is high, SFC is lowest, and thermal efficiency is at its peak. At lower and higher speeds, efficiency decreases due to poorer combustion, increased frictional losses, and reduced volumetric efficiency. These findings highlight the importance of operating an engine within its optimal speed range to achieve maximum efficiency and performance.
[bookmark: _Toc225080468]Evaluation
Overall, I was able to complete the tasks set and produce the required results. The data was collected, processed, and used to calculate values such as brake power, specific fuel consumption (SFC), and thermal efficiency. The trends shown in the graphs were generally what would be expected from an engine, which suggests that the method used was suitable and the results were reliable.
However, there are some areas where my performance could have been improved. I could have been more careful when recording and handling the data, as small mistakes can affect the results. I also feel that having a better understanding of the theory beforehand would have helped me explain the results in more detail and with greater confidence.
The investigation itself could also be improved. Taking more data points, especially at higher engine speeds, would make the graphs more accurate and detailed. Keeping the engine running under more stable conditions during testing would help reduce inconsistencies in the data. In addition, making sure all equipment is properly calibrated would improve the accuracy of the measurements.
Overall, the investigation was successful, but improvements in data accuracy, testing conditions, and understanding of the theory would help produce better results in future.
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Graph showing how SFC changes over the range of engine speed.
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