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[bookmark: _Toc99097328]Introduction
Engine testing is critical to optimize the drivability and performance of an engine while ensuring it meets the required legislation such as emission standards. Dynamometers are used to accomplish this. (Martyr and Plint, 2012)
[bookmark: _Toc99097329]Aims
This report aims to provide an overview of engine testing of a Honda D16 1.6 VTEC engine on an eddy current dynamometer through data collection, data manipulation and analysis.  
[bookmark: _Toc99097330]Objectives
The uses and benefits of engine testing using dynamometers will be discussed as well as the test procedure. Matlab will be used to manipulate the data to calculate Brake Mean Effective Pressure, Power, Thermal efficiency and Specific fuel consumption. These values will then be analysed with use of research. 
[bookmark: _Toc99097331]Dynamometers 
Dynamometers are used to measure an engines performance by providing a load to an engine so that the engine torque can be measured. There are many types of dynamometers including eddy current, friction brake and water brake.  (Martyr and Plint, 2012, pp. 247-259) 
An eddy current dynamometer has an inner core rotating at engine rpm. An electromagnetic field is created by a current in the outer casing to create load. The force of the outer casing trying to turn is measured, from which torque can be calculated. (Nazaruddin. S, et al, 2019) 
An engine dynamometer measures torque directly from the crankshaft while a chassis dynamometer measures torque at the wheels. From the torque measured, power output, thermal efficiency, brake mean effective pressure and specific fuel consumption can be calculated. (Martyr and Plint, 2012, pp. 228-230)
Engine dynamometers are used heavily in the development process, to accurately measure the effect of different engine components and engine mapping has on torque and power as well as engine efficiency, fuel consumption and emissions. Dynamometers have also been used to test and map vehicles for alternative fuel uses like Biodiesel, as seen by Ashok et al (2022). Due to better access to the engine than on a chassis dynamometer, more specific engine data can be collected. 
Chassis dynamometers are primarily used in emission testing however real world conditions can never be truly met with an emission test cycle on a dynamometer. (Yang et al, 2018). Chassis dynamometers can also be used to measure losses such as frictional losses in the transmission and powertrain. (Irimescu, A., Mihon, L. & Pãdure, 2011) 

[bookmark: _Toc99097332]Methodology
A Schenck W230 eddy current dynamometer rated to 10,000RPM and 230kW was used. The engine and dynamometer were connected via a driveshaft, with sensors feeding sensor recording modules with dynamometer and engine data. Fuel (95 RON petrol) was supplied to the engine via a pump through a fuel filter, a fuel flow meter the fuel pressure regulator. An exhaust extractor was connected to the exhaust to remove exhaust gases from the dynamometer cell. The throttle actuator box controls the throttle and feeds the computer with throttle position. The dynamometer was connected to a coolant tank via inlet and outlet hoses for cooling. (UWTSD WISA Workshops, 2020)
A sweep test was performed, although not as accurate as a step test, it is much quicker and stops the engine from overheating due to being held briefly at speed increments. A log of load, dyno speed and fuel flow(L/45s) was taken at idle (800 rpm) then in 250 rpm increments from 1000rpm up to 6500rpm over a ramp time of 15s. (UWTSD WISA Workshops, 2020) Cylinder average pressures were provided for a full 720° of crank angle using pressure transducers integrated with the spark plugs. (He and Wlodarczyk, 1994) 
The ambient temperature and pressure in the dynamometer cell was provided, as well as the dynamometer radius and bore and stroke of the engine. 











[bookmark: _Toc99097333]Analysis
Using the Torque output from the dynamometer, power, BMEP, SFC, Thermal Efficiency and mean real pressure were calculated.
[bookmark: _Toc99097334]Specific Fuel Consumption Heatmap
Figure 1 - Heatmap of Specific Fuel Consumption at varying loads and RPM













SFC was calculated using a specific gravity of petrol of 0.75g/ml, (Chevron, 2018), and plotted on the heatmap above at different engine loads and speeds.  As seen on the heatmap the areas between 1500-4500rpm and 25-60% load are the most efficient on fuel for power output, as backed up by Stark (2017).
At low loads, the power output is very small, as SFC is specific to power, the SFC is very bad at these low loads. At high loads, more fuel is used compared to the amount of power. Hence the best SFC is seen at 40% load and the worst seen at 2% load. Due to improved volumetric efficiency in the midrange of the RPM, best SFC is seen at 2250rpm and the worst at 6500rpm.  

[bookmark: _Toc99097335]Torque and Power Curves
Corrected power is calculated from the power by using the values of ambient temperature and pressure measured in the dynamometer cell against the industry standard pressure and temperature of 1.01325 bar and 293 K. This is to ensure dynamometer readings measured with different ambient temperatures and pressures can be compared. (Sandu and Ungureanu, 2019, p.3)

[image: ]As seen above the temperature correction is square rooted as it does not have as great an effect as the pressure. (Sandu and Ungureanu, 2019, p.8)Figure 2 - Double Y graph of Corrected Power (W) and Torque (Nm) against engine RPM at full load
Figure 3 - Volumetric Efficiency at different engine speeds (Rahman, 2012, p.10)

The peak torque is at 3000rpm, where an engine is expected to be the most volumetric efficient (figure 3). At low RPMs the intake air flow rate is relatively low, therefore volumetric efficiency is lower. At higher RPMs air is restricted by the short valve opening time, so volumetric efficiency suffers. The transitional point is at 3000rpm where there is a good balance with flow rate in the intake and valve opening time. Volumetric efficiency and torque are directly related, as the more air means that more fuel can be added and therefore a greater force applied to the piston. (Müller, 2009, p. 350)
As the power is a product of the torque and the RPM, the power curve shows a similar trend with a peak at a higher rpm.  
[bookmark: _Toc99097336]Brake Mean Effective Pressure and Thermal Efficiency against RPM
Figure 4- Double Y graph of BMEP (Pa) and Thermal Efficiency (%) against engine RPM at full load











The BMEP shows a peak of 3000rpm with a curve almost identical to that of the torque curve as the BMEP refers to the theoretical average effective pressure (force) on the piston. Hence BMEP increases as volumetric efficiency increases. (Müller, 2009, p. 350)
A calorific value of 41.5MJ/kg was used to calculate thermal efficiency. (Bosch,2018, p.345) Thermal Efficiency is negatively proportional to the specific fuel consumption. (Ferguson and Kirkpatrick, 2001, p.7) At 3000 rpm, the torque and volumetric efficiency are at their peak, yet SFC is higher (worse), hence the dip in thermal efficiency. This is due to more fuel consumption at the highest volumetric efficiency, as there is more air, hence more fuel is required. The fuel consumption is high compared to the relatively low power at this point, so thermal efficiency is reduced.  
Thermal efficiency then beings to increase again after 3000rpm, as more power is being produced relative to the fuel consumption, before dropping off as the power curve begins to flatten.

[bookmark: _Toc99097337]Cylinder Pressures at different Crank Angles and RPM
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Figure 5 – Average Cylinder Pressures at varying Crank Angles through 720 degrees and varying RPM
The peak average cylinder pressure is at 33° crank angle, hence 0 – 180 degrees of crank angle is the combustion stroke. Therefore crank angle of 0° is top dead centre on the compression stroke. As can be seen in figure 5, the highest average cylinder pressures are experienced on the combustion and compression strokes (crank angle of -180° through 0 to 180°). (Ferguson and Kirkpatrick, 2001, p.121). The slight increase in average cylinder pressures in the midrange of the rpm can be attributed to the better volumetric efficiency. 
During the intake stroke (-360° to -180°), the average cylinder pressure remains fairly constant as air is drawn into the cylinder. From -180° (compression stroke) the cylinder pressures increase exponentially as the air in the combustion chamber is compressed until TDC at 0° crank angle. High pressures are seen as the piston is forced down the bore as the gas expands on the combustion stroke. The pressure decreases as the piston nears BDC at 180°, where it begins travelling back up the bore as exhaust gases are expelled. On this stroke, the pressures remain fairly constant. (Brady, 2004)
[bookmark: _Toc99097338]Conclusion
The graphical data from Matlab shows better specific fuel consumption in part load and mid-range RPM scenarios. Analysis of SFC is especially important for meeting current emission regulations and reducing fuel consumption with reference to the power output. 
It is clear that torque and power increase with RPM due to improved volumetric efficiency from increased intake air flow rates until the restriction of valve opening times becomes more prominent at high RPMs. Analysing torque would be beneficial in finding ways to improve volumetric efficiency for reduced emissions. 
BMEP mirrors the curve of that of torque due to its relation to volumetric efficiency, and is a useful measure of the efficiency of an engine in relation to its capacity. Meaning different sized engines can be compared easily. A thermally efficient engine will be better on fuel consumption and have improved emissions as well as power output.  
The average cylinder pressure data at different crank angles can be used to effectively analyse what is happening in the combustion chamber on different strokes of the four stroke cycle. 
The use of a dynamometer cell will never truly depict real world scenarios or figures. Measurements taken via a test cycle can vary largely from that of real world driving. (Pelkmans and Debal, 2006) Moreover, as the engine warms up, the ambient temperature and pressure will change slightly in the dynamometer cell, giving a small margin of error. 
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