Engine performance characteristics

Introduction
This report will be written discussing the performance characteristics of an engine. Within this introduction the potential benefits and uses of engine dynamometer will be briefly discussed and the aims and objectives for the report will be mentioned. Engine dynamometer testing is used to determine the torque output of an engine, the torque produced by the engine is resisted and measured using the dynamometer. This testing is used for engine development and research, it measures engine power and is used for cycle tests. Dynamometer testing is beneficial in many ways. For car companies, this type of testing is beneficial as it determines, and outputs results from measuring the torque and this means that these companies can develop and improve each of their motor vehicles with every test. Take the formula 1 as an example where measuring the torque is essential as the race teams are constantly required to improve the cars and make them better. Using this type of testing would be essential for them as it can be very accurate and easy to perform.

Aims and objectives
The first aim for this report is to view two videos that have been set and using those videos, a brief description of the testing equipment and the method will be given. For this aim, writing concisely is necessary as it gets straight to the point and great detail is not required for a valid description of the equipment and method as it will be from the videos that have been set. The second aim for this report is to complete the Matlab live script that has been set. Results will be outputted from the Matlab and put into graphical data which can be looked at and discussed in the report. For this aim comparative data from other sources will be used and discussed alongside the data that has been outputted from the Matlab. The final aim is to conclude the report. Within this aim, conclusions must be drawn from the key data that has been provided and the results outputted. Also, the limitations of the calculations and the testing that has been carried out will be discussed, to ensure that the work has been critically evaluated.

Testing method and equipment used
The testing equipment used is the dynamometer which will have the engine where the tests are being carried out on attached to it. Then there are the sensor recording modules which feed the computers, the exhaust extraction system and then finally the fuel supply board. In the fuel supply board, fuel is pumped using a lift pump from the main tank where the fuel is stored in the fuel safe. The fuel is extracted using a filter and is pumped up by a fuel flow meter to the secondary fuel pump. This feeds the main fuel pump, and then fed to the engine using a regulator. From this, injective and non-injective engines can be run. If there is a return line on the fuel, the fuel is fed to the secondary fuel pump. The engine contains sensors which are the flow meter, the cooling temperatures and lambda sensor. The throttle for the engine is controlled using the computer and will be actuated from the throttle actuator box which outputs the recording results for the throttle. The engine is self-contained on the rig, but the basic functions are controlled by the sensor modules. The engine is connected to the dynamometer by a drive shaft. The dynamometer has various sensors on it such as the cooling temperature and the speed. The inner core of the dyno spins freely powered by the engine, and the outer shelling is fed by current which produces an electromagnetic field which puts a load on the engine, ensuring that the engine is slowed down. The outer shelling is restricted from turning using a strain gauge, this gauge sends a signal between 0-10V to the computer system within the control cell. To determine what the 0-10V is in load, the system is calibrated using two calibration arms either side of the dynamometer and are designed to be of a certain length. That length for these calibration arms is 815.776mm. A mass is hung on one end of the calibration arms and is measured in kg. Once this is set up, the torque applied around the central axis of the dynamometer can be determined. From the amount of current put on the system, a lot of heat will be produced, therefore it is cooled by inlet and outlet from the cooling tank which has got radiators and fans to keep the temperature the same. The dyno and throttle control must be configured so that the dyno mode is on torque and the throttle is direct. The throttle will read between 0-100% and the torque will read between 0-200%. Firstly, by manually pressing the throttle the RPM will increase, and then by increasing the amount of torque on the system, the engine will be slowed down. As the torque is decreasing, the RPM will increase and the horsepower required to overcome that will be significantly less.

Discussion of results produced by the Matlab calculations
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What can be determined from this heat map is that the darker the green is the lower the SFC at that point is and the lighter the green eventually showing as yellow is at the maximum point of SFC. From the map, the darkest green sections are when the load is at its minimum and the speed is at its minimum. This shows that when there is the least amount of load and speed on the system the SFC is at its lowest. The green starts to get lighter as the speed is increased and as the load is increased it stays almost at a constant with a few results showing as slightly increased or slightly decreased. The yellow section shows when the speed is at its maximum so as the speed is at a maximum so is the SFC. At the maximum value of speed of the engine, the RPM value would be very high this would result in the SFC being of a high value. There are also many other factors that could increase the RPM such as driving through traffic which would result in driving in the lower gears more often causing the RPM to be higher. Also, driving uphill would result in a higher RPM as there is more RPM required to move the vehicle causing the SFC to be a greater value.
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This graph shows data of Torque (Nm) and Power (W) against RPM at full load on a double Y axis graph. It shows that the torque rapidly increases between the RPMs of 1000-2000 then after that it slowly increases until it reaches its peak at 3000 RPM. This would be because at those RPMs the amount of work being done by the engine would be at its greatest, this shows that at 3000 RPM the engine is at its optimum point, as the speed is increasing most rapidly between 1000-3000 RPM then the torque will increase rapidly. After that optimum point, the torque will start to gradually decrease as shown above. Power always increases with RPM due to there being higher friction at higher RPMs. Power is essentially torque multiplied by RPM therefore as the torque reaches about 146 Nm the power starts to decrease.
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This graph is a double y axis graph that plots Brake Mean Effective Pressure and thermal efficiency against RPM at full load. From the graph the BMEP is constantly increasing with RPM and it never starts to decrease however the rate of increase does change at 6000 RPM. The thermal efficiency gradually increases until it reaches its peak point at 4500 RPM. However, before reaching this peak it fluctuates, however the thermal efficiency stays at a constant increase.

Conclusion
Overall, from the results that have been outputted from the matlab live script, from each graph, it can be determined that the RPM of an engine is a huge factor when measuring other factors of an engine. As the RPM reaches about 3000 RPM the amount of work being done by the engine will be at its peak. Between 1000 – 3000 RPM the engine will be rapidly increasing in speed resulting in it needing to work harder to reach that speed as fast as possible. While performing the calculations there have been many limitations, such as some data hasn’t been recorded and put down as NaN and the value of this data cannot be determined using this method of calculation and testing. Using a dynamometer to test for these results is very accurate, however the equipment used is very expensive and with a dynamometer you can only get limited maximum speed and high inertia which causes vibrational issues. This can have an impact on the results that are outputted from the test.
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