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[bookmark: _Toc224392968]Introduction
The purpose of engine dynamometer testing is to measure the performance characteristics of an internal combustion engine under controlled conditions and exact levels of load without being affected by drivetrain loss found on a conventional dyno. The dyno measures the torque produced by an engine, and when combined with measured engine speed, can allow for brake power to be calculated. Fuel consumption and power can also be calculated to identify how the engine is performing and identify any possible issues. This experiment aims to analyse the performance characteristics of a Honda D16 engine using an engine dynamometer across a range of operating speeds.
Understanding these relationships is important for both engine design and performance analysis and optimisation. By analysing the results obtained in the test, it is possible to understand how factors such as airflow, combustion efficiency and mechanical losses affect engine behaviour and output.
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(Figure 1, Schenk W Series Dynamometer, (W230 Dynamometer, no date))

[bookmark: _Toc224392969]Test Equipment and Method
The engine was mounted on a dynamometer where the load is applied via the dynamometer arm. This load is then measured in newtons while the speed of the engine is measured in revolutions per minute. The dyno contains an arm length which is vital in the later calculations, this was 815.776 mm, which converted to base units is 0.815 meters. Fuel flow was also measured; this was done using a fuel flow meter, which recorded fuel flow in litres per minute.
During the testing, the engine was operated at a series of varying speeds. At each speed, the load applied to the dyno and the fuel flow rate were recorded. Allowing the engine to stabilise at each rpm level ensured that no transient factors, such as throttle position or speed fluctuation, affected the results. These can then be used later to calculate torque, brake power, specific fuel consumption and brake pressure. (View of Throttling Effect on the Performance and Emissions of a Multi-Cylinder Gasoline Fuelled Spark Ignition Engine, no date)
The main components used during the test were:
· Honda D16 Engine
· Schenk W Series Engine Dynamometer
· Fuel flow sensor
· Sensors and Data acquisition software
· Cooling system
· Exhaust system
The dynamometer measured the torque produced by the engine while a sensor measured the engine speed in revolutions per minute. With these two values, brake power could be calculated using the standard power equation shown in the figure below, where power is proportional to torque multiplied by rotational speed.
[image: ](Ogueri Chilakpu, 2019)
Fuel consumption was measured using a calibrated fuel measurement system, which allowed for the mass of fuel used by the engine to be recorded over a period of time. This means that the specific fuel consumption of the engine can then be calculated, which is a key factor in engine fuel efficiency. Torque was then calculated using the equation T=Fr, where the measured force from the dyno was multiplied by the arm length.
During the test, the engine was gradually put through a variety of speeds, where at each test point, the engine was allowed to stabilise before the data was recorded, ensuring that reading was consistent, accurate and not affected by factors such as changes in throttle position.
The raw data collected during the test included engine speed, torque and fuel consumption rate. These values were recorded into a spreadsheet, where further calculations were carried out to find the following parameters:
· Corrected Brake power
· Brake means effective pressure
· Specific Fuel consumption
· Overall thermal efficiency
Corrected values were used to account for environmental conditions, which were also recorded these included temperature and atmospheric pressure. This allowed for the result to be comparable with other tests carried out in different conditions. Once all calculations were completed, graphs were produced to show the relationship between engine speed and certain parameters. This allows for engine performance trends to be clearly visualised and analysed.
((25) Engine Dynamometer Overview - YouTube, no date)

[bookmark: _Toc224392970]Results and Analysis
The following graphs show engine speed vs key performance parameters.
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(Figure 2, SFC vs Engine Speed Graph, By Author)
Figure 2 above demonstrates how efficiently the engine uses fuel across a variety of operating speeds. SFC is defined as the amount of fuel required to produce a unit of brake power over a period of time and is expressed in grams per kilowatt-hour. The graph shows that SFC varies fairly drastically across the operating range of the engine. At lower rpms, the SFC is higher, indicating that the engine is less efficient in this region. This may be due to lower combustion efficiency, so more energy is lost to heat and friction. (Hong et al., 2024)
As engine speed increases through the mid-range of the engine’s operating window, the SFC decreases. This indicates greater efficiency due to the engine operating closer to its optimal combustion conditions. This is due to improved airflow in the engine, resulting in a greater air-fuel ratio entering the cylinders, which makes combustion more stable and results in a proportionally lower mechanical loss relative to the engine power produced. This is because of the higher combustion pressure and torque outlet.
However, as engine speeds continue to increase into the upper limit of the operating range, the SFC begins to rise again. This is likely due to increased friction losses and higher pumping forces, as well as there being less time for efficient combustion to occur. The engine may also be tuned to run richer in higher rpm ranges to improve power delivery and reduce temperatures in the engine, therefore requiring more fuel. 
Overall, the SFC graph indicates that the engine performs most efficiently within the mid-range.
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(Figure 3, Torque vs Engine Speed Graph, By Author)
Figure 3 above indicates the rotational forces produced by the engine at the crank regarding the rpm.
As the engine speed increases through the lower rpm ranges, we can see that the torque increases due to the engine beginning to run more efficiently. This is due to improved air flow and a greater mass of air/fuel mixture to enter the cylinders, resulting in a more powerful combustion. The torque peaks early in the rev range, which indicates the point at which the engine can produce the highest rotational force.
Figure 3 also shows a spike in torque at 3500rpm, due to the engine being a Honda D16, it is likely to be the VTEC system activating. This system operates under certain load and engine conditions and switches between cam profiles. When the engine reaches a predetermined speed, the high lift cam profiles are engaged, allowing for a greater volume of air/fuel mixture to enter the cylinders. This results in an increase in torque output shown on the graph. (Hong, Parvate-Patil and Gordon, 2004)
In the higher rev range, the torque falls off quickly. This is due to there being less time for the cylinders to fill during the intake stroke. As well as this, airflow restrictions within the intake, head or exhaust can limit the air reaching the engine at high rpm ranges. Mechanical losses such as friction also increase at higher rpm ranges. 
The shape of an engine’s torque curve is extremely important in vehicle performance due to it determining the responsiveness and acceleration of the vehicle. For example, engines with a flat torque curve provide smoother and more flexible performance but are less inspiring to drive spiritedly. 
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(Figure 4, Brake Power vs Engine Speed Graph, By Author)
Brake power represents the usable power output of the engine at the crank; it is calculated using the torque produced by the engine and the engine’s rotational speed. Brake power is the main indicator of engine performance because it shows the amount of work the engine can deliver. 
Figure 4 above shows a steady increase across the low to mid-range of the rpm band. This occurs because brake power is proportional to torque and engine speed, meaning that as the number of combustion cycles increases, so does the amount of work done. At the engine's mid-range, the engine is operating near peak torque due to the cylinders receiving the best air-fuel mixture and having the desired amount of time for efficient combustion. This leads to more energy being produced. Despite the torque peaking, the brake power continues to rise due to the increasing engine speed, leading to the peak power being reached at a higher rpm than the peak torque.	
At the higher rpm ranges, the power begins to roll over and fall off. This occurs when the reduction in torque becomes greater than the increase in rotational speed. At peak engine speeds, factors such as friction, reduced combustion time and higher thermal losses result in power and torque loss.
The maximum brake power is often the most used statistic when talking about an engine. This is due to its vital impact in all applications, achieving a high-power output is very important in performance-related applications due to it determining top speed, acceleration and driving characteristics. The overall shape and trend of Figure 4 are consistent with what is expected in a regular internal combustion engine.

[bookmark: _Toc224392971]Conclusion
The dynamometer test during the investigation helped display and calculate the performance data of a Honda D16 engine. By analysing the collected data, it was possible to observe and visualise how torque, brake power and fuel consumption varied with engine speed.
The torque graph demonstrates that the engine produced its highest torque in the mid-range; however, VTEC helps during the higher rev ranges. This trend is to be expected in naturally aspirated engines due to volumetric efficiency being in the mid rpm range. As engine speed continued to increase, torque fell off due to air flow limitations and mechanical loss.
The brake power graph showed that power output increases steadily with engine speed until reaching a peak value and then slowly rolls over. This result shows the relationship between power, torque and rotational speed.
The specific fuel consumption graph indicated that the engine is most efficient in the lower area of the mid rpm range. At very low rpm, the engine has poor efficiency; this is also the case at higher rpm ranges. This is due to poor combustion due to reduced combustion time and increased friction within the engine.
Overall, the experiment successfully demonstrated the interaction between mechanical, thermodynamic and fluid flow processes within an internal combustion engine. The data collected shows how dynamometer testing can be used to analyse an engine’s performance during the design phase or to identify potential issues within engine performance.

[bookmark: _Toc224392972]Personal Evaluation
Overall, the investigation provided a useful opportunity to analyse the performance characteristics of the Honda D16. The task helped me develop a greater understanding of performance parameters and how they vary with engine speed.
However, the main limitation of the investigation was that I could not carry out the experiment myself in person due to the engine not being currently functional. As a result, the experiment was observed via pre-recorded videos. This reduced the amount of practical understanding and hands-on experience, which would have provided a better insight into how the dynamometer equipment is set up and operated. While this still provided accurate data and a good understanding of the experiment, I feel the missed opportunity for hands-on experience limited my understanding and experience. 
Despite this limitation, the video still provided the data and a demonstration of the process when dynoing the engine. The recorded footage showed the setup on the dyno and how the engine was operated across different speeds, and how torque and fuel flow were recorded. 
During my data analysis and processing, I should have recorded my calculations into the spreadsheet directly, allowing for cross-checking and a more presentable layout of data. The investigation itself could have been improved by recording more data points to get a more accurate and smoother graph. As well as this, the test could have been repeated to detect potential anomalies. 
Overall, despite the limitations, the experiment successfully produced all the required data and demonstrated how a dynamometer can be used to investigate engine performance. The experiment helped me to develop both practical and analytical skills that are directly applicable to real-world automotive and motorsport applications.
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