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1. [bookmark: _Toc98931846]Introduction
An engine dynamometer is a device used within the engineering industry that measures how an engine performs. It does this by measuring a wide range of variables such as fuel flow, temperatures and the emissions, as well as the torque and rpm which can be used to calculate the horsepower. It is used to understand the efficiency and performance of the engine at different loads before it is put into the vehicle. This is beneficial as it means that the engine can be ran without the rest of the vehicle which reduces the costs, but also the complexity. As the engine is more exposed than when fitted to a vehicle it is easier to make adjustments to the engine components to measure the performance changes. This report will discuss how the data gathered from an engine dynamometer test can be used to calculate important topics of interest, such as the SFC and BMEP,  and then evaluate the these findings.


2. [bookmark: _Toc98931847]Methodology 
The Engine data that is being collected is from a Honda D16 1.6 V-TEC engine that has been sweep tested on a Schenck WS230 Eddy current Dynamometer. This type of dyno is “an  electromechanical energy conversion device, which converts mechanical energy to electrical energy” (ElProCus - Electronic Projects for Engineering Students, 2021) and it uses the fundamentals of Faraday’s law of electromagnetic induction as it’s main working principle. The outer casting of the dynamometer is fed by a current while the inner casing spins freely. This produces an electromagnetic field which can be controlled to be lesser or greater to simulate load on an engine. It is connected to the dynamometer directly through a driveshaft from the flywheel. This makes the ratio 1:1 of crankshaft:dynamometer . The other equipment found within the dynamometer room that were used for this experiment include an exhaust extraction system, fuel supply board and sensor recording modules which feed the data received through the sensors onto the diagnostics computer.



3. Results and analysis
[bookmark: _Toc98931848]SFC heat map against load and engine speed
[image: ]
[Figure 1 SFC heat map against load and engine speed]
The graph shows how the SFC of an engine varies with different loads at different RPMs. A lower SFC is more efficient as SFC is how much fuel is consumed per power output, which means that less fuel is consumed at lower SFC values. It is calculated by using the following equation:

Where:
V=volume of flow (CC)
t = time (s)
SG= specific gravity of fuel
Ps= corrected Power (kW)
SFC = Specific Fuel Consumption(kg/kWh)
The graph above shows that the lower the engine load on the engine, the worse SFC there is. This is because fuel will be burnt but not much power is produced as the load of the vehicle is low meaning that it isn’t asking for much to move it and change the engine speed. The best area of SFC is around 40% load at 2250RPM. This is because the load on the engine is in the mid-range and the RPM is also in the midpoint of its usable power range. This means that the engine can produce power and use it to thrust the vehicle forwards. This is also within the highpoint in this engines torque range.

Double Y axis graph of Torque and Power against engine speed, at full load
[image: ]
[Figure 2 Double Y axis graph of Torque and Power against engine speed, at full load]

This graph shows the relationship between torque and power. The torque of the engine is higher in-between 2000-3250 RPM. This is because at this rev range the fuel is burnt most efficiently which produced more torque. This is known as the most volumetric efficient RPM of the combustion cycle. The higher the rpm gets past this range, there is less time inside of the cylinder for the fuel to combust which reduces the efficiency in the fuel burn and how much Torque can be extracted per combustion. However, as this is happening quicker, the Power output increases as it is directly related to torque as power is the speed in which torque is applied. At 6500 RPM the power output drops. This is because at high RPM’s the engine can’t intake air and expel exhaust gasses as quickly as required which results in a drop of torque. This then results in the power drop as the increased engine speed isn’t enough to multiply the torque to maintain the high power output.



[bookmark: _Toc98931850]Double Y axis graph of Thermal Efficiency and BMEP at Full Load
[image: ]
[Figure 3 A Graph to show BMEP and thermal efficiency at full load]
This graph shows that the BMEP follows the same trajectory as the torque shown in figure 2. This is because BMEP is the capacity of the engine to do work per cycle which is at its highest the more torque there is. BMEP is calculated by the following equation: 

Where:
L = stroke (m)
A = Area (m2)
n = number of cylinders
N = engine speed in(RPM)
Ps= corrected Power (W)
BMEP =Brake Mean Effective Pressure (Pa)
This graph also shows a similar relationship between BMEP and the Thermal Efficiency, with it them being higher at the low to mid-range and then dropping once the RPM increases. This could be due to excess fuel burn in the higher RPMs as more fuel is injected to cope for the faster engine speed and slower combustion time. 


3D Plot of cylinder Pressures across all RPM’s and Crank Angles.
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[Figure 4 3D Plot of cylinder Pressures across all RPM’s and Crank Angles rotated to appear 2d.]
This graph shows how the pressure changes within the cylinder at different point in its combustion cycle. From this graph the ignition point can be located as ~11 degrees after TDC as the peak at 0 deg is the top of the compression phase. The dip in pressures that follows is a result of the engine allowing the crank to rotate just past TDC so that the ignition is timed so that it pushes the piston down correct way and so that it can harness the maximum energy. The graph also shows at what point the exhaust valves are opened, at ~175 as there is a pressure drop 
[image: Chart, surface chart

Description automatically generated]
[Figure 5 3D Plot of cylinder Pressures across all RPM’s and Crank Angles]
This Graph shows how the crank angle difference pressure drop between the top of the compression stroke and the ignition of the fuel changes as the RPM changes. It shows that the higher the RPM, the shorter time there is between the top of the compression stroke and the start of combustion. This will be because at higher RPMs it can be a struggle to get the fuel to ignite in time for the power stroke, so typically the spark plug goes off slightly sooner to allow time for combustion. It shows that at the mid-range of RPM which as earlier discussed is the highest torque area, the pressures are the highest. This will be because the combustion is happening at the most optimum time which produces more force to push the piston down, which in turn is more pressure inside the cylinder.




4. [bookmark: _Toc98931852]Conclusion
In conclusion, The analysis of the data recorded from the dynamometer testing through matlab allowed for a greater understanding of how the engine reacts under differing loads and at different RPM ranges. It allowed for numerical outputs that could be plotted into graphs to display how the engine behaves to be able to define where the power is in the engine and how to drive the specific engine at the most fuel-efficient points. The Data collected allowed for the SFC to be calculated and then plotted to see how it changed at different RPMs, with the midrange of the RPM range at the midrange of loads producing the lowest SFC which meant it was running the most efficiently. This could be supported with the best SFC happening at 2250RPM at 40% load.
The data also allowed for the cylinder pressures at different crank positions to be visualized, which gave an understanding of how the fuel was being combusted within the engine. This would allow for faults within the engine to be located, but also allowed for the pressures at different RPM’s to be measured and analysed.
This testing method’s limitations are that it relies heavily on sensors on both the engine and dynamometer which could be reading inaccurate data, and that it required specially trained individuals in order to operate such machinery. 
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