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[bookmark: _Toc225090665]Introduction


The purpose of this technical report is to evaluate the performance characteristics of a Honda D16 combustion engine using an engine dynamometer. By running the engine at a series of controlled points, the experiment allows for the measurement of important parameters.
Using the dynamometer enables accurate and repeatable data collection by applying a measurable load to the engine while simultaneously recording performance outputs. This controlled test environment makes it possible to examine how changes in engine speed influence fuel usage and mechanical output, and to identify typical performance trends such as the rise and fall of torque and power across the rev range.
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The experiment was carried out using a Honda D16 four‑cylinder spark‑ignition engine mounted on an engine test bed and connected to an Schenck W230 Dynamometer. The primary objective of the methodology was to obtain accurate measurements of torque, horsepower, and fuel consumption across a range of engine speeds. To ensure reliable data, the procedure followed a structured sequence of preparation, controlled testing, and data recording.

[bookmark: _Toc225090667]Engine and test bench setup

The engine was securely mounted onto the test bed and coupled to the dynamometer via the output shaft. All auxiliary systems including cooling, fuel, oil and electrical connections were checked to ensure proper operation before the test began. The dynamometer’s controller was calibrated according to laboratory guidelines to ensure accuracy in load, speed, and fuel flow measurements.
[bookmark: _Toc225090668]Warm‑Up Procedure
Prior to data collection, the engine was run at light load for several minutes to reach its normal operating temperature. This step ensured that measurements were taken under steady‑state conditions, minimising the effects of thermal variation on torque output and fuel consumption.
[bookmark: _Toc225090669] Test Procedure
The engine was tested at a series of predetermined engine speeds (RPM). For each test point:
1. The desired RPM was selected using the dynamometer’s control system.
2. The dynamometer applied sufficient load to maintain the engine at that speed.
3. Once the engine stabilised, measurements were recorded, including: 
· Engine speed (RPM)
· Torque output
· Fuel consumption rate
· Lambda
At each speed, data was recorded only once the engine parameters had stabilised to ensure validity and steady‑state readings.

[bookmark: _Toc225090670]Calculation of Brake Power and SFC
Brake power was calculated using the measured torque and engine speed. Specific fuel consumption (SFC) was determined by dividing the fuel mass flow rate by the corresponding brake power at each test point. These calculated values were later used to produce performance curves for comparison and analysis.
[bookmark: _Toc225090671]Data Processing
All recorded measurements were transferred to a Excel for analysis. Torque, brake power, and SFC were plotted against RPM to observe trends and identify characteristic peaks and inefficiencies. All Formulas are stated below:
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Specific fuel consumption over Rpm
Graph 1


The graph above (Graph 1) shows the correlation between engine RPM and Specific fuel consumption. The variation in Specific Fuel Consumption (SFC) with engine speed is mainly due to how engine efficiency changes across the rev range. At 1000 RPM, SFC is at 0.36Kg/kwh because the engine operates with poor airflow, weak air to fuel mixture, and higher pumping losses caused by the mostly closed throttle body, meaning the engine uses more fuel for relatively little output. A study by Akinfaloye OA (OA, 2021) also found that at idle SFC was poor but with wide open throttle from 1000rpm to 1800rpm, SFC decreased by 0.0876Kg/Kwh. This further backs the data found from the experiment.  As engine speed increases into the mid‑range (3100 RPM), airflow improves, combustion becomes more complete, and volumetric efficiency increases, allowing the engine to produce more torque for less fuel then at idle with it being 0.29Kg/kwh. This is why the SFC curve reaches its minimum in this region. At higher speeds, however, SFC rises again to its maximum at 0.37Kg/kwh at 5500RPM as mechanical friction grows rapidly, the time available for combustion becomes shorter, and the cylinders do not fill as effectively due to intake and exhaust flow limitations. These combined effects reduce brake power relative to fuel flow, causing SFC to increase toward the upper end of the engine’s operating range.



Torque against engine speed

Graph 2
The graph above (Graph 2) shows torque in comparison to the RPM. The variation in torque with engine speed is mainly governed by changes in volumetric efficiency, combustion quality, and mechanical losses across the rev range. At 1000 RPM, the graph shows that the airflow into the cylinders is limited and mixture motion is weak, resulting in less effective cylinder filling and lower combustion efficiency, which keeps torque relatively low at 83.43N/m. As engine speed increases, airflow velocity improves and the cylinders fill more efficiently, allowing for a stronger and more complete combustion process. This relationship between airflow, volumetric efficiency and torque are well documented in engine theory (x-engineer, 2026). This rise in volumetric efficiency causes torque to increase and reach a peak at 2350RPM with it being 103.46N/m, where the engine’s intake, fuel delivery, and ignition are most effective. Beyond this point, torque begins to decline because the engine’s breathing capability becomes restricted at higher speeds; the intake and exhaust systems cannot flow enough air in the reduced time available, lowering the mass of air trapped in each cycle. Additionally, mechanical and frictional losses grow with RPM, meaning a greater proportion of the engine’s power is consumed internally rather than contributing to output torque. These combined effects create the characteristic rise and fall of the torque curve observed in the test data.




Engine speed against torque and power

Graph 3
The graph above (Graph 3) relationship between brake power and engine speed follows the trend shown in the graph because brake power is a function of both torque and rotational speed. At 1400RPM the engine produces relatively modest power because torque is still increasing and engine speed is low, limiting the total work done per second. As RPM increases to 2400RPM, torque rises due to better cylinder filling and improved combustion efficiency, causing brake power to increase at a rapid rate. Even after torque reaches its peak at 103.46N/m, increasing RPM continues to raise brake power to a peak of 4750RPM until the loss of volumetric efficiency and rising mechanical friction reduce torque significantly at high speeds, causing brake power to peak and eventually decrease (True Geometry, 2025). This effect continues until higher engine speeds, where the decline in torque becomes more significant due to reduced volumetric efficiency, increased mechanical friction, and shorter available combustion time. At this stage the torque loss outweighs the benefit of increasing RPM, causing brake power to level off and eventually fall slightly. This explains why the power curve rises smoother than the torque curve and peaks at a higher RPM, before following torque downward toward the upper limit of the engine speed range.









[bookmark: _Toc225090673]Conclusion

The dynamometer testing of the Honda D16 engine demonstrated clear and expected relationships between engine speed and key performance parameters. The torque curve rose from low RPM to a distinct mid‑range peak before gradually declining, reflecting changes in volumetric efficiency, airflow characteristics, and mechanical losses throughout the operating range. Brake power continued to increase beyond the torque peak because power is a function of both torque and engine speed, reaching its maximum at higher RPM before levelling off as torque dropped off more significantly. Specific Fuel Consumption (SFC) showed the opposite trend, decreasing from high values at low RPM to a minimum in the mid‑range, where combustion quality and volumetric efficiency were most favourable, before rising again at high RPM due to increased frictional losses and reduced cylinder filling. Overall, the results align with the typical behaviour of a naturally aspirated spark‑ignition engine and illustrate the strong interdependence between torque, power, and fuel efficiency across varying engine speeds.

[bookmark: _Toc225090674]Evaluation

Overall, I feel that I performed the tasks to a satisfactory standard and was able to follow the testing procedure safely and consistently, but there are areas where my performance could have been stronger. I was able to collect the required data and operate the equipment correctly, however, I could have improved by preparing more thoroughly beforehand, particularly by reviewing the theory behind engine performance curves so that I could interpret the data more confidently during the test rather than relying mainly on analysis afterwards. My note‑taking during the experiment could also have been more detailed, as this would have made the reporting stage quicker and reduced the need to revisit certain assumptions. In terms of the investigation itself, the accuracy of the results could have been improved by repeating the experiment at each RPM point to minimise inaccuracy, as well as ensuring that environmental and engine conditions (such as temperature) were kept as consistent as possible. Additional sensors or higher‑resolution data logging would also have allowed for a more in‑depth analysis. Despite these limitations, the investigation provided valuable practical experience and produced clear trends that aligned well with expected engine behaviour.
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SFC vs RPM
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Torque against Engine speed
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Engine Speed Against Torque and Power
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