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1. [bookmark: _Toc224576819][bookmark: _Toc224577176]Introduction
Internal combustion engines are widely used in the automotive industry as a primary source of power for vehicles. Understanding engine performance is essential for engineers in order to improve efficiency, fuel consumption and reliability. Engine testing allows engineers to analyse how an engine behaves under different operating conditions and provides important information about its performance.
The operating characteristics of reciprocating internal combustion engines are commonly evaluated using parameters such as work, torque and power together with fuel consumption and efficiency measurements (Pulkrabek, 2004). These parameters help engineers understand how efficiently the engine converts the chemical energy of fuel into useful mechanical work.
One of the most common methods used to measure engine performance is through the use of an engine dynamometer. Dynamometers allow engineers to measure engine torque and speed while absorbing the energy produced by the engine, which can then be used to determine engine power and other performance parameters (Heywood, 1988).
In this experiment, a Honda 1.6 L VTEC four-cylinder gasoline engine was tested using an eddy-current dynamometer. During the test, parameters such as engine speed, load, fuel flow rate and lambda were recorded and later used to analyse the performance characteristics of the engine.

2. [bookmark: _Toc224576820][bookmark: _Toc224577177]Methodology
The performance characteristics of a Honda 1.6 L VTEC engine were investigated using dynamometer test data provided during the laboratory session. The experimental procedure was demonstrated through a recorded video showing the operation of the engine test bench and the dynamometer instrumentation. The dataset used for the analysis was provided in Microsoft Excel format and contained measurements recorded at different engine speeds.
The engine tests were carried out using an eddy-current dynamometer test bench. The test specimen was a Honda 1.6 L VTEC four-cylinder gasoline engine connected to the dynamometer through a coupling shaft. The dynamometer applies a controlled load to the engine while measuring parameters such as torque and engine speed.
According to the operating principle of an eddy-current dynamometer, the engine drives the rotor of the dynamometer which absorbs the mechanical power produced by the engine and converts it into heat energy. The torque produced by the engine is transmitted through the dynamometer housing and measured using a load cell acting through a lever arm mechanism (Schenck Pegasus, 2001).
During the experiment, the engine was operated at different speeds ranging approximately from 1000 rpm to 5500 rpm. At each operating condition, several parameters were recorded including engine speed, load applied by the dynamometer, fuel flow rate and lambda value.
The measured load values were used to determine the engine torque using the dynamometer lever arm length. Brake power was then calculated from the measured torque and engine speed. These calculated values were later used to construct performance graphs and analyse the engine behaviour across the operating speed range.
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Figure 1: Dynamometer control and data acquisition software used to monitor engine parameters during testing (Source: UWTSD laboratory demonstration video, 2021).
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Figure 2: Honda 1.6 L VTEC engine mounted on the dynamometer test bench (Source: UWTSD laboratory demonstration video, 2021).
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Figure 3: Eddy-current dynamometer used to apply controlled load to the engine during testing (Source: UWTSD laboratory demonstration video, 2021).

3. [bookmark: _Toc224577178]Results 
The experimental data collected during the dynamometer test were used to evaluate the performance characteristics of the Honda 1.6 L VTEC engine across the tested speed range. Using the recorded load values together with the dynamometer lever arm length, the engine torque was calculated for each operating point. Brake power was then determined from the measured engine speed and the calculated torque values using standard engine performance relationships.
The resulting dataset allowed the construction of performance curves illustrating the behaviour of the engine under different operating conditions. In particular, graphs were generated to show the variation of torque, brake power, fuel flow rate and lambda with engine speed, as presented in Figures 5–8. These graphical representations provide a clear visual interpretation of how the engine performance changes as the rotational speed increases. The results therefore illustrate the relationship between engine operating conditions and key performance parameters, and they form the basis for the detailed performance analysis presented in the following discussion section.

[bookmark: _Toc224577179]3.1 Performance Calculations
The engine torque and brake power were calculated using standard performance equations commonly applied in internal combustion engine analysis (Heywood, 1988; Stone, 2012).

[bookmark: _Toc224577180]3.1.2 Engine Torque Calculation
The engine torque was calculated from the dynamometer load using the lever arm length of the dynamometer. The relationship between force and torque is given by:


Where:
T = engine torque (Nm)
F = measured load (N)
r = dynamometer lever arm length (0.815776 m)

Example Calculation
For a measured load of 102.275 N:


[bookmark: _Toc224577181]3.2 Brake Power Calculation
The brake power produced by the engine was calculated using the engine torque and rotational speed according to the following equation (Heywood, 1988):

Where:
P = brake power (W)
N = engine speed (rpm)
T = engine torque (Nm)

Example Calculation
For an engine speed of 1000 rpm and torque of 83.43 Nm:



Figure 4 – Engine Torque vs Engine Speed

Figure 4: shows the variation of engine torque with engine speed. The torque increases from low engine speed and reaches a peak in the mid-range region before gradually decreasing at higher speeds. This behaviour is typical for naturally aspirated gasoline engines due to changes in volumetric efficiency and increasing mechanical losses at higher engine speeds.











Figure 5 – Brake Power vs Engine Speed

Figure 5: shows the variation of brake power with engine speed. Brake power increases progressively as engine speed rises and reaches a maximum value in the higher speed range. This behaviour is expected because brake power is a function of both torque and rotational speed. As the engine speed increases, the increase in rotational speed compensates for the gradual reduction in torque until the peak power is reached.

[bookmark: _Toc224577182]3.2 Fuel Flow Rate and Lambda Trends
The recorded fuel flow rate increased progressively with engine speed. This is expected because higher engine speeds generally require a greater supply of fuel to maintain engine operation under load. The lambda values also changed across the speed range, indicating variations in the air-fuel condition of the engine during the test.



Figure 6 – Fuel Flow Rate vs Engine Speed

Figure 6: shows the variation of fuel flow rate with engine speed. The fuel flow rate increases progressively across the tested speed range. This behaviour is expected since higher engine speeds require a greater fuel supply to maintain combustion and produce the required engine power.









Figure 7 – Lambda vs Engine Speed

Figure 7: shows the variation of lambda with engine speed. The lambda value decreases gradually as engine speed increases, indicating a richer air–fuel mixture at higher engine loads. This behaviour is typical during dynamometer testing where additional fuel is required to sustain higher power output.







[bookmark: _Toc224577183]3.3 Summary of Main Results
Table 1 presents a sample of the experimental and calculated data used in the analysis. The complete dataset was processed in Excel to generate the performance graphs and identify the main engine trends.

Table 1 – Sample of dynamometer test data
	Load
	Dyno Speed
	Fuel Flow Rate
	Lambda
	Torque
	Brake Power

	Newtons
	rpm
	l/min
	Lambda
	Nm
	kW

	102.275
	1000
	0.0704
	1.2658
	83.43
	8.737134683

	102.756
	1050
	0.0724
	1.26783
	83.83
	9.21713676

	103.689
	1100
	0.0737
	1.27344
	84.59
	9.74372265

	104.209
	1150
	0.0728
	1.28476
	85.01
	10.237705

	105.811
	1200
	0.0744
	1.29181
	86.32
	10.84704913

	107.51
	1250
	0.07895
	1.29729
	87.70
	11.48043693


Overall, the obtained results demonstrate the typical performance behaviour of a naturally aspirated spark ignition engine, where torque peaks at mid-range engine speeds while brake power reaches its maximum at higher rotational speeds.
[bookmark: _Toc224577184]4. Discussion
The experimental results obtained from the dynamometer testing provide valuable insight into the performance characteristics of the Honda 1.6 L VTEC engine across the tested speed range. By analysing the variation of torque, brake power, fuel flow rate and lambda with engine speed, it is possible to understand how the engine performance changes under different operating conditions. Parameters such as torque, power and fuel consumption are commonly used to evaluate internal combustion engine performance and provide important information about the efficiency and operating characteristics of an engine (Ferguson and Kirkpatrick, 2016).

[bookmark: _Toc224577185]4.1 Torque Behaviour.
As shown in Figure 4, the variation of engine torque with engine speed can be explained by the engine’s ability to induct air into the cylinders during the intake process. At moderate engine speeds, volumetric efficiency improves as airflow through the intake system becomes more effective, allowing a greater mass of air–fuel mixture to enter the cylinders. This leads to higher combustion pressure and increased torque output. However, at higher engine speeds the time available for cylinder filling becomes limited and airflow restrictions reduce volumetric efficiency, resulting in a decrease in torque. This behaviour is typical of naturally aspirated spark-ignition engines, where maximum torque is generally achieved at mid-range engine speeds due to optimal volumetric efficiency and combustion conditions. The torque–speed relationship obtained from dynamometer testing is therefore an important indicator of engine performance, as it allows engineers to identify the speed range at which maximum torque is produced and evaluate how engine performance changes with increasing engine speed (Taylor, 1985; Martyr and Plint, 2012).
[bookmark: _Toc224577186]4.2 Brake Power Behaviour
[bookmark: _Toc224577187]As shown in Figure 5, brake power increases with engine speed due to the relationship between torque and rotational speed. Brake power is proportional to both torque and engine speed, meaning that even when torque begins to decrease at higher speeds, the increase in rotational speed can still result in higher power output. This explains why maximum brake power is typically achieved at higher engine speeds than maximum torque. This behaviour is characteristic of internal combustion engines and reflects the combined influence of combustion efficiency, airflow characteristics and mechanical losses within the engine (Heywood, 1988; Pulkrabek, 2004).

4.3 SFC Behaviour
[bookmark: _Toc224577188]As shown in Figure 6, the variation of specific fuel consumption (SFC) with engine speed reflects changes in engine efficiency across the operating range. Specific fuel consumption represents the amount of fuel required to produce a unit of power output and is therefore an important indicator of engine efficiency. At lower engine speeds, SFC is typically higher because the engine operates less efficiently and a larger proportion of the fuel energy is lost through heat transfer and mechanical losses. As engine speed increases, combustion efficiency and volumetric efficiency improve, which reduces the amount of fuel required to produce a given power output. However, at very high engine speeds SFC may increase again due to increased friction losses and less favourable combustion conditions. The minimum SFC generally occurs in the region where the engine operates at its highest overall efficiency (Stone, 2012; Heywood, 1988).
5. Conclusion
This experiment investigated the performance characteristics of a Honda 1.6 L VTEC engine using dynamometer testing. The results showed that engine torque increases with engine speed up to a mid-range peak before gradually decreasing at higher speeds due to limitations in volumetric efficiency. Brake power increased with engine speed and reached its maximum value at higher speeds because power is dependent on both torque and rotational speed. The analysis of specific fuel consumption indicated that engine efficiency improves within a certain operating range but may decrease at extreme operating conditions due to increased friction and combustion losses. Overall, the experiment demonstrated how key performance parameters such as torque, power and fuel consumption vary with engine speed and provided a practical understanding of internal combustion engine performance.



[bookmark: _Toc224577189]6. Evaluation
Overall, the investigation provided a useful opportunity to analyse the performance characteristics of a Honda 1.6 L VTEC engine using dynamometer test data. Although the experimental procedure and test setup were clearly demonstrated through laboratory videos, the experiment itself was carried out by another group and the dataset was provided in Microsoft Excel format. This allowed the focus of the task to be placed on data analysis, graph construction and interpretation of key engine performance parameters such as torque, brake power, specific fuel consumption and lambda.
However, direct participation in the experimental procedure would have provided a deeper understanding of the dynamometer setup, measurement instruments and data acquisition system. Hands-on involvement in the testing process would also increase awareness of experimental uncertainties and measurement limitations that can influence calculated performance parameters such as torque, brake power and fuel consumption. In engineering experiments, accurate measurement and careful interpretation of experimental data are essential for reliable performance analysis, since small measurement errors can significantly affect calculated results (Çengel, Boles and Kanoğlu, 2025).
The investigation could therefore be improved by allowing students to participate in the full experimental procedure, including operating the dynamometer, collecting raw data and repeating measurements at each operating point. Repeating the experiment multiple times would improve the reliability of the data and provide a more accurate representation of the engine’s performance characteristics.
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