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[bookmark: _Toc225107631]Introduction
Outlined in this paper is an experiment that gathers data about a powertrain, using a dynamometer. This apparatus allows for the powertrain to be operated at any capacity, as it is suspended on a rig where all parameters are controlled, such as fuel and air flow. The aim for setting up this rig and engine testing as a whole is to get an understanding of how the engine operates and the amount of power, torque and the efficiency of the whole unit. With these values the understanding of the engine is then applied to real life applications, for example this kind of testing is done by all engine manufacturers, as it is essential to understand both performance and reliability with these units. Also with the dyno, it allows for different fuel types to be used, and the performance data is also able to be analysed based off of that, which can improve for sustainability analysis. 
[bookmark: _Toc225107632]Methodology and equipment
To complete this experiment and gather the data, the engine must be set up into the dyno rig, the specific dynamometer that was used was the Eddy-Current Dynamometer W Series, this allows for the engine to be placed onto the dynamometer and have both fuel and air flow controlled. With the system in the rig, RPM, Load and fuel flow rate are all variables that can either be controlled or left variable for an understanding of the engine system. This is an ideal rig for the setup, as in future experiments, different fuel types can be exchanged as it allows for performance to be studied and efficiency to be calculated with different types of fuel, whether they are more sustainable or possibly biofuels. The air intake system is custom to the dynamometer itself. To begin using the dynamometer it must be insured that all instruments are connected, including fuel and air intake systems and the exhaust and cooling systems. The Dyno must then be calibrated to avoid any errors such as a calibration error if the appropriate weight isn’t placed on the calibration arm. The engine can then be started and then allowed to reach operating conditions, this removes error and ensures higher accuracy across the results, it makes it more consistent. During the data acquisition, also record the environmental conditions such as the pressure, room temperature and humidity, this is to later calculate the correction factor and apply it to the further calculations with data processing. Ideally the experiment would be completed multiple times, and averages would be taken to remove anomalous results. 
[bookmark: _Toc225107633]Data and Results
In the experiment, the Load on the dyno is recorded (Newtons), the Dyno speed in RPM, the Fuel Flow rate in Litres per minute and the air flow rate in Lambda is all recorded. Using these data values (and recorded environmental conditions as well as measured specifications from both the engine and dyno) values such as the torque, power, BMEP (brake mean effected pressure), BSFC (brake specific fuel consumption) are calculated. These values give significant information for both performance and fuel consumption which allows for a deep analysis of the engine’s effectiveness. Some of the non-graph calculated values are the efficiency of the system, which came to 22.79%, fairly standard for a petrol engine of this size (1.6L Honda Accord engine). Another calculated value was the correction factor (CF), which takes into account the humidity, temperature and pressure of the room where the system is. This value came to 0.996658, and once the CF had been applied to the calculated values of torque and power, it gives a more accurate result, representative of the actual conditions. These corrected values are then used to calculate the previously mentioned things such as BMEP and BSFC.
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Figure 1- Graph of SFC against Engine Speed
This graph shows the relationship between the BSFC and engine speed, it shows a typical U-curve which is expected for the experiment, the BSFC starts higher at lower speeds, decreases in the range of 2000-3000, and then begins to increase as the RPM increases. The SFC varies in this way because it represents the fuel consumption at each level of engine speed, it essentially shows at which speed the engine is most efficient, as at higher speeds, there is increased friction so it becomes less efficient and used more fuel, whereas the SFC is higher at lower speeds because it is attempting to suck a lot of air into the system and simultaneously losing a lot of heat through the cylinder walls.
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Figure 2- Graph of Engine Speed vs Torque
Visible in this graph is the relationship between torque and engine speed, it increases in an inconsistent “wiggle” as RPM increases, but the overall trends lead to an overall decrease at the highest RPM, ending lower than it originally started. The engine reaches its peak torque at around 2300 RPM, which according to research appears to be early although this could be an engine tuned for low-speed urban driving, which is expected from the type of vehicle the engine came from. The maximum torque was around 104Nm, which further shows this. There is a second peak visible on the graph, around 3600 RPM, this is slightly lower of a peak than previously and could be due to the intake manifold being tuned to keep the torque high across a high range of speeds, which is essential for a vehicle such as what this engine would be suited for, to be smooth and drive well. The torque varies the way it does because the engine essentially needs to breathe, when air intakes are higher, there is a temporary dip in the torque, which is compensated with a higher torque after as there is a richer fuel mix. There is also higher friction and airflow resistance at higher RPMs, which shows why the second peak doesn’t reach the same level as the peak previous.
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Figure 3- Graph of Engine Speed vs Power
This graph shows a near linear relationship between power and engine speed, until about 4000 RPM where the relationship begins to level out and diminish. The initial rise is representative of the simple relationship where you increase the rpm, it is going to increase the power, the linear relationship shows that there isn’t much wasted energy within the system, this could be a linear straight line relationship because the effects of friction and a “thirst” for air is not creating a large enough effect yet to effect the overall power. The engine reaches its peak performance at roughly 44.5KW at 4500 rpm. There is then a sharp drop off after it reaches its peak, this is due to a lack of air flow that is not significant enough to keep increasing the power, as well as high amounts of friction. Power varies at the at point as the increasing amount of mechanical, friction and airflow restrictions outpace the increase in speed, leading to the drop off at the end of the graph.
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To conclude the data recorded from this experiment meets expectations for what would be thought of with a 1.6L Honda Engine, the produced graphs show expected relationships between all recorded and calculated values. The engine in theory from the testing would be very effective is low-mid speed environments, typical of urban environments such as neighbourhoods or daily commutes. This is because it shows high levels of efficiency at low to mid speeds on all graphs, with lower levels of efficiency once it is past 4500 rpm. It being less effective at this higher rpm would be suited to a low speed commuter or road car as it does not need to do extremely high speeds for daily use, as that would only increase ware to the engine and damage components and increase fuel usage. The whole investigation could have been improved in a few ways, such as completing the investigation multiple times and eliminating anomalous results and comparing any differences or unexpected spikes. An interesting way of doing this again could be with using different fuel types, such as bio fuels or a richer fuel mix, these could be overlayed onto the other graphs, allowing for comparison between fuel efficiency and power output would be the best as a deeper exploration of this topic. 
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Engine Speed vs Torque
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Engine Speed vs Power
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