Intro
The aim of this engine dynamometer (dyno) test was to analyze the performance characteristics of an internal combustion engine under varying operating conditions. By collecting key data such as fuel consumption, torque, and power output, we were able to calculate important performance metrics, including specific fuel consumption (SFC), brake mean effective pressure (BMEP), and overall engine efficiency. Additionally, we generated graphs to compare different datasets, allowing for a clear visualization of trends and relationships between parameters such as torque vs. RPM, power vs. RPM, and fuel consumption vs. load. This analysis provides valuable insight into the engine’s efficiency and performance under different conditions.
testing
The 1.6L inline-4 Honda Civic engine was tested using an engine dynamometer to measure key performance parameters. The setup included a fuel flow meter, throttle and load controls, and a data acquisition system. After warming up the engine to operating temperature, tests were conducted at various RPMs from 1000 to 5500 under different loads, recording load, rpm, lambda and fuel consumption. This data was used to calculate specific fuel consumption (SFC), brake mean effective pressure (BMEP), and overall efficiency. Graphs were generated to compare trends such as torque vs. RPM, power vs. RPM, and fuel consumption vs. RPM, providing insight into engine performance.
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Graphs drawn from data
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The gradual upward curve in the SFC vs. engine speed graph suggests that specific fuel consumption increases with RPM due to several factors. As engine speed rises, frictional losses increase, requiring more fuel to overcome internal resistance. Additionally, combustion efficiency decreases at high RPMs since the air-fuel mixture has less time to burn completely. Volumetric efficiency may also drop, reducing the engine’s ability to intake and mix air effectively. Pumping losses rise with speed, further decreasing efficiency, and many engines run a richer air-fuel mixture at high RPMs to prevent overheating, increasing fuel consumption. These combined effects explain the upward trend in SFC as engine speed increases.



[image: ]The arched shape of the torque vs. engine speed graph is expected, as most engines produce peak torque at mid-range RPM before it declines at higher speeds. However, the waviness could be due to several factors beyond throttle inconsistencies. Resonance effects in the intake and exhaust system can cause airflow efficiency to fluctuate at different RPMs, affecting torque output. Variations in fuel delivery or ignition timing may also lead to inconsistent combustion efficiency. Additionally, dyno measurement sensitivity, mechanical vibrations, and cylinder-to-cylinder differences can introduce minor fluctuations. These factors, combined with possible throttle inconsistencies, likely contributed to the wavy nature of the torque curve.
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The BMEP vs. engine speed graph increases steadily up to 4000 RPM before declining from 4000 to 5500 RPM, which can be attributed to several factors. Up to 4000 RPM, the engine operates near peak volumetric efficiency, effectively filling cylinders and maximizing combustion pressure. Beyond this point, intake and exhaust flow limitations, increased frictional and pumping losses, and rising internal resistance reduce efficiency. Since BMEP is directly related to torque, the decline in torque output after 4000 RPM also contributes to the drop in BMEP. Additionally, at higher speeds, combustion efficiency decreases as the air-fuel mixture has less time to burn completely, leading to lower effective pressure. These combined effects cause the observed peak and subsequent decline in BMEP.

Evaluation
The dyno rig experiment was designed to analyze engine performance under controlled conditions. However, due to the dyno being broken, we were unable to conduct the test ourselves and instead relied on a pre-recorded data set for analysis. This limitation prevented us from gaining firsthand experience with the equipment, restricting our ability to observe real-time engine behavior and potential anomalies in data collection.
Not performing the experiment ourselves had several drawbacks. One major issue was that all participants were given the same data set, reducing variability and the need for critical analysis of unique test conditions. Additionally, we missed the opportunity to troubleshoot any unexpected issues, which would have strengthened our problem-solving skills. The lack of hands-on engagement also meant that we could not directly correlate theoretical concepts with practical results, limiting the overall learning experience.
If the dyno had been functional, conducting the experiment firsthand would have provided several advantages. We would have gained valuable practical experience in setting up and operating the dyno rig, enhancing our technical skills. Real-time data collection would have allowed for a more accurate and insightful analysis, with the possibility of adjusting parameters and experimenting with different conditions. Furthermore, active participation in the process would have fostered collaboration and a deeper understanding of engine performance, making the learning experience more engaging and effective.
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