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In this report there will be several tests utilising a device called a dynamometer. As noted by Lish (2015) a dynamometer (dyno) is a device for measuring the moment of force known as torque measured in Nm. There are many different types of dynos ranging from water brake to hydraulic to eddy current but they “all resist, and thus measure, the torque produced by the unit under test.” (Martyr and Plint, 2012, p. 228) In this case an engine dyno was used where the engine is directly coupled to the dyno and the brake torque is measured then brake power is calculated. “The brake power (B.P.) of an IC engine is the power available at the crankshaft.” (Mechanical Engineering, 2016) As said by Fuller (2012) the main advantages of engine dynos over chassis dynos are they give a more accurate reading of how much power the engine makes, the test is usually done in a well-controlled environment, and it give easy access to the engine for swapping parts and tuning.

[bookmark: _Toc99334908]Aims and Objectives
Aim 1 - Find the engine power and torque, and compare their relationship with engine speed.
Objective 1 - Calculate the engine torque from the dyno force data.
Objective 2 - Determine the engine power using the engine torque and speed.
Aim 2 - Find the brake mean effective pressure (BMEP) and thermal efficiency, and compare their relationship with engine speed.
Objective 1 - Calculate BMEP using corrected power and the engine cylinder dimensions.
Objective 2 - Work out the thermal efficiency and specific fuel consumption (SFC) of the engine.
Aim 3 - Investigate why SFC varies with engine speed and load.
Objective 1 - Find the best and worst SFC values.
Objective 2 - Create a heat map using the SFC values against engine speed and load, to analyse the SFC variations.
Aim 4 - Consider the differences and importance of the cylinder pressure values found in the different engine strokes.
Objective 1 - Create a 3D pressure graph using the cylinder pressure values to indicate the differences between each engine stroke.
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In the test of the Honda engine an eddy current engine dyno was used to measure the torque output of the engine, the engine is its own self-contained unit with all the sensors and ECU required to run. 
In the tests many parameters can be logged using the dyno computer with the appropriate sensors but in this case only the following parameters were measured:
· Dyno speed
· Dyno force
· Fuel flow
· Cylinder pressure
The test procedure used was a sweep test where the engine is run from about 1000-2000 RPM to a maximum RPM seen to be reasonable for the engine, the sensor readings are logged as the engine speed is increasing and this data can then be reviewed once the test is over. In this case the engine was run from 1000 to 6500 RPM at 100% load, there were other tests done which range from 2% to 99% load each with a different RPM range.
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[bookmark: _Toc99334872]Figure 1 - Engine torque and power graph at full load
In the graph above (figure 1) it shows the engine torque which was calculated from the dyno force and the dyno radius, and shows the power calculated from the engine speed and torque. Both these values are compared to the actual engine speed with the engine at full load. Looking at the torque cure it is very strong from 2000 RPM to the peak of 3000 RPM but rolls over very quickly and drops off at a substantial rate. According to Sundar (2017) the reasoning for the shape of the torque cure is volumetric efficiency, at the point of maximum torque the volumetric efficiency is also at its highest meaning the engine is taking as much air as it can. “Volumetric Efficiency or VE is a measure of the actual amount of air that is moved through an engine vs the engine’s cubic capacity.” (Haltech, 2021) Since power is a calculation of torque and engine speed as the speed increases if the torque were to remain constant the engine would make significant power right up to the RPM limit however, since most engines don’t have a constant VE number it ends up being a cure which generally peaks in the mid RPM range. This can be seen in figure 2 where a newer B16B Honda engine was tested.
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[bookmark: _Toc99334873]Figure 2 - Power and torque graph for a Honda B16B engine (honda-tech.com, 2010)
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[bookmark: _Toc99334874]Figure 3 - BMEP and thermal efficiency graph
“Brake Mean Effective Pressure (BMEP) is essentially the average pressure forcing the pistons inside your engine down that provides the measured torque output.” (Silvestro, 2020) Comparing figure 1 and 3 the shapes of the cures of torque output and BMEP are the same with both peaks being at the same point and yet at max power at 6000 RPM the BMEP is very low. Whitaker (2017) says one reason is as engine speed increases the friction also increases creating more resistance which consumes more power. Brake thermal efficiency (BTE) “is the ratio of the brake power obtained from the engine to the fuel energy supplied to the engine. The BTE will determine how efficiently the heat is converted into work.” (Ramalingam and Rajendran, 2019, p. 391) From looking at the BTE in figure 3 the engine is not using the fuel efficiently throughout the RPM range and from 4500 RPM the efficiency nearly drops off completely indicates huge energy losses at the higher RPMs.
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[bookmark: _Toc99334875]Figure 4 - Specific fuel consumption heat map
“Brake specific fuel consumption (BSFC) is a parameter that reflects the efficiency of a combustion engine which burns fuel and produces rotational power,” (x-engineer, 2022) it is a great equation which shows at what RPM and engine load the engine is making the most of the fuel. As seen in the heat map above (figure 4) the SFC was the best at 40% load at an engine speed of 2250 RPM, this would not necessarily be the best point to drive a car with this engine because there are many other factors like aerodynamics and road speed which will affect the fuel usage per distance. Engine speed will have a direct impact on SFC because as the engine speed increases the engine is using more air therefore more fuel needs to be mix with it to maintain the correct air:fuel ratio (AFR). This is seen in the heat map with the worst SFC being at 2% load at 6500 RPM. Similarly, as engine load increases more fuel will be used because to make power the AFR needs to be lower between “11.5 to 13.3.” (SAFR, 2022)
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[bookmark: _Toc99334876]Figure 5 - Cylinder pressure over all RPM points and crank angle
Figure 5 shows the 3D cylinder pressure graph, from this it is possible to identify the 4 strokes of the engine. Firstly, the large pressure spike at about +25o crank angle is clearly going to take place on the power stroke when the air fuel mix is ignited, meaning 0o would be top dead centre (TDC) then adding 180o would mean the piston would be at bottom dead centre (BDC) and about to move onto the exhaust stroke. Looking at how the pressure drops on power stroke (0o to +180o) it drops off dramatically then starts to slow as it gets to BDC then from 180o to 200o the pressure drops dramatically again which may be the exhaust valve opening as the piston is on its way up on the exhaust stroke which would run to 360o. This means that -360o would be TDC on the inlet stroke and the piston is about to move down, when it moves down it draws in the air and fuel mix from the open inlet valve then when it reaches BDC at -180o the inlet value would have closed, and the piston is about to compress the air fuel mix. Observing the pressure from about -110o to 0o the pressure increases radically and has a small peak of about 50 bar at 0o (TDC on compression stroke), then there is a small trough at about +10o which is where the piston has started to move down but the spark plug may not have fired yet. Subsequently, the large pressure spike starts which has a dramatic increase until about +35o to +20o depending on the engine speed, this is the peak cylinder pressure on the power stroke.
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In conclusion, judging by the torque curve the volumetric efficiency of the engine is very poor with it being its best at 3000 RPM and dropping off significantly after peak torque. Since power is calculated from torque the power value takes a big hit whereas with a better VE number the engine could be much more powerful from 3000 RPM onwards. The BMEP would likely not change due to the frictional losses the engine would need to overcome however the thermal efficiency would likely be greatly improved if the engine were to make more power in the higher RPMs. With SFC the engine performed well getting the best SFC at 40% load at 2250 RPM which is a speed and load value a city car could be running at but as mentioned this may not translate into a fuel-efficient car. Finally, with the cylinder pressure graph it was evident when each of the 4 strokes were and the kind of pressures each stroke had when running at different engine speeds.
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