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[bookmark: _Toc99317769]1.Introduction
[bookmark: _Toc99317770]1.1 Introduction to Engine Dynamometers.
Engine Dynamometers are a hugely important tool within automotive performance testing, being more accurate than a chassis dynamometer, they are best used for engine development and in particular performance enhancements (Jones. G, 2019). Within motorsport or the automotive industry, engine dynamometers remain the most accurate and repeatable way to test an engines power and torque outputs without having to account for power losses through the drivetrain that a chassis dynamometer has to. This accuracy is what makes engine dynamometers so useful especially in motorsport applications where a small power increase can make a big difference and testing varying combinations of engine enhancements on an engine dynamometer is the most efficient way of doing this (Fuller. D, 2012).

[bookmark: _Toc99317771]1.2 Aims and Objectives.
The main aim of this investigation is to explore a set of data taken from D16 Honda engine that was run on an engine dynamometer, utilizing MATLAB to make further calculations from the raw gathered data sets such as Specific Fuel Consumption (SFC) and Thermal efficiency. These new sets of data can then be visualised on MATLAB in graphs and charts to gain a better insight into the efficiency of the engine and see where it is most and least efficient at different RPMs and varying loads on the engine.


[bookmark: _Toc99317772]2. Method and Testing Equipment.
[bookmark: _Toc99317773]2.1 Equipment used.
The engine was tested on an eddy current engine dynamometer, which work on the principle of Faradays law stating that movement of a conductor within a magnetic field produces an EMF and therefore a current (ElectronicsTutorials, n.d.). To be more specific the dynamometer used in this test was a Scheck W230 as pictured below which uses a cradle mounted pendulum body, and a freely spinning inner rotor which is rotated by the engine (Schenck, 2001). When a DC supply is connected, coils mounted within the pendulum body are excited which produces an electromagnetic field resisting the rotor as it is rotated by the engine. The force is read through a lever arm mounted to the pendulum body that interacts with a load cell to produce a voltage reading, that can be converted to find the power and torque of the engine (Elprocus, n.d.) (Schenck, 2001).
Figure 1: Schenck W series engine dynamometer as used in this testing (Schenck, 2001)
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The Schenck W230 has a maximum power of 230kw (308hp), maximum torque of 750Nm and a Maximum engine speed of 10,000 RPM (Schenck, 2001)
[bookmark: _Toc99317774]2.2 Testing Method.
The method completed to gather the data being investigated was a sweep test which involves starting and finishing the tests at given RPMs in this case 800-6500 RPM. Tests were completed at loads ranging from 2% to 100% load for all RPMs. Running tests such as these on the engine dynamometer presents large amounts of data and the sets used in this investigation were the following: Force on dyno in Newtons, Speed of dyno in RPM, Fuel flow rate in Litres per 45 seconds, and cylinder pressure in Pascals. With this data collected the investigation could then begin.
[bookmark: _Toc99317775]3.MATLAB Investigation.
[bookmark: _Toc99317776]3.1 Torque and Power.
The first Set of data investigated was the Force data which once multiplied by the dyno radius, read the Torque output of the engine. Using the dyno speed data and calculated torque values the power and corrected power were calculated. Fig 2 shows the relationship between them.
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Description automatically generated]Figure 2: Torque and power graph











Peak torque of 202.4Nm Is shown being produced at 3000RPM and the peak power of 90.2KW being produced at 6000RPM, the curves differ greatly between torque and power and peak at very different points in the rev range.
 Starting with torque, the reason that peak torque is generated lower in the rev range is that it is when the engine is operating at maximum volumetric efficiency, meaning it is operating at the speed it can move air in and out of the cylinder the fastest (CarBikeTech, 2018). The torque then drops off after this peak because as engine speed increases the ability of the engine to pull in enough air decreases leading to lower torque and therefore efficiency. Moving onto Power, the peak power is much later in the rev range, this is due to Power being a product of Torque and angular velocity, which can be calculated using engine speed multiplied by 2π/60. 
Even though the torque the engine produces drops off greatly after 3000RPM the engine speed increases enough so that the power can keep increasing even though the torque is decreasing.
[bookmark: _Toc99317777]3.2 Thermal Efficiency and Brake Mean Effective pressure.
The next step involved calculating the brake mean effective pressure (BMEP) which is the average down pressure felt on the piston. This was calculated using the bore diameter, stroke, piston area, corrected power, and engine speed. To compare with the BMEP the thermal efficiency of the engine was also calculated using the calorific value of the fuel, found to be 4.5x10⁶ Joules per kg, and the Specific fuel consumption (SFC). These were compared against engine speed in Fig 3.
Figure 3: BMEP and Thermal efficiency graph.
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Because BMEP is related to torque output the graph shown is identical to torque, with peak pressure at 3000RPM because that is when the volumetric efficiency is greatest and highest pressure will be produced within the cylinder. 
The thermal efficiency is a less smooth curve but still shows the expected relationship for a petrol engine of the thermal efficiency rising through the early rev range before dropping once the engine nears maximum speed, however the drop at 3000RPM is unexpected as it is where the engine should be running at optimal conditions. A clearer example of the expected relationship, tested with a variety of fuels can be seen in Fig 4.

 Figure 4: Thermal efficiency vs engine speed. (Alhayali, H. 2015)
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[bookmark: _Toc99317778]3.3 SFC against Load and Engine Speed.
[image: Chart, histogram

Description automatically generated]Specific fuel Consumption (SFC) is the amount of fuel consumed for each unit of power output in this case kg/kWh. Fig 5 shows the relationship between SFC, Load and engine speed with a higher SFC being worse for efficiency. Figure 5: SFC Heatmap.










The SFC calculated shows a fairly consistent fuel consumption above 15-20% load with the lowest (best) SFC at 2250RPM and 2% Load as stated, and worst at max RPMs and 2% Load. If in a curve the relationship shown would fit that seen below. Figure 6: Brake SFC against Engine Speed (Hasan. M-H, Prof Rahman. M, Noor. M.M, Kadirgama. K, Devarajan ,2015)
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The reason the SFC is so poor when the engine is at lower Loads is because when the throttle is mostly closed the engine is having to work even harder to pull in the required quantity of air past the mostly closed throttle body. At the lowest throttle reading there will be a vacuum behind the throttle blade meaning as the piston descends and pulls in the air and fuel mix it is having to do extra work resulting in a lower power (Edgar, J 2012).









[bookmark: _Toc99317779]3.4. Real Pressure.
The final section investigated was the real pressure in the cylinder through the engine cycle at different engine speeds. The visualised data can be seen in Fig 7.
Figure 7: Real Pressure 3D Graph
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Moving from positive to negative, the pattern seen in the pressure across crank angle is a first shallow section which is the piston moving from top dead centre to bottom dead centre with the intake valve open, then a steep increase in pressure when nearing TDC, this is the compression phase which peaks and then drops slightly before increasing drastically. This rapid spike of pressure is the ignition and combustion of the fuel starting just after the piston reaches top dead centre and begins descending, near the bottom of the spike the exhaust valves open and the exhaust gases are pushed out of the cylinder, the process then repeats again (Performance Trends Inc, n.d.).


[bookmark: _Toc99317780]4. Conclusion 
To conclude, the use of MATLAB in this investigation proved to be very useful to not only calculate various values from the data provided, but also to visualise the data to see the relationships within it. The engine was shown to produce peak torque lower in the rev range than power as expected and after calculating the SFC and pressure values the optimum speed and load of the engine for efficiency was shown to be 2250RPM at 40% load which is just before the peak torque is produced. These are the conditions where the engine has the most optimum volumetric efficiency, highest torque output and lowest fuel consumption.
[bookmark: _Toc99317781]4.1 Improvements and limitations
One of the main improvements that could be made with this investigation would be to compare the engine torque, power, and efficiency both when in a car on the chassis dynamometer as well as the tests completed. This would give an extra level of comparison within the data that will show the true engine power at the crank and the true engine power at the wheel to see how large the losses are within the drivetrain. Also different tests could be run to try and improve power output, with the engine tested being naturally aspirated the best way to increase power output is to move more air through the engine (MCNally, 2021). With this in mind different intake and exhaust combinations could be tested while on the engine dynamometer to see how restrictive the current ones are and whether improving the airflow could improve the power and efficiency of the engine.
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