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Introduction

This report will discuss and outline the process of engine dynamometer testing. A dynameter is ‘a device for measuring the torque, force or power available from a rotating shaft’ (Killerdar, 2012; 29). An engine dynamometer testing is when a stimulation is conduct on a running engine through the use of senses, under a controlled setting, in order to work out factors including the maximum power output and the temperature. Benefits from using the dynamo testing include finding out the performance of the engine before mass production, as well as allowing for design and configuration, to integrate new materials (Wang et.al, 2009). Further benefits include the ability to be able to test the fuel consumption, and pressure (Wang et al, 2009)

The aims and objectives of the investigation is to, analyse the results that were given as part of the Matlab and highlight how different components, such as the torque, power, fuel consumption and  brake thermal efficiently. This will allow for discussions to be made on the effect of the engine operating, in order to measure the peak performance and conditions that are required for an engine to work efficiently.

Dynamometer Brief

The dynamometer was using a coolant temperature sensor, a flow meter, a lambda sensor and a speed sensor. This dynamometer can have up to 2000 different sensors used depending on what checks are required when engine testing. A computer controls the throttle through checking its position and sending the information back. The dyno is limited to 10,000 RPM and has a max load of 230kW, to increase and decrease the engine speed load is applied using an electromagnetic field. There are 3 ways to test the engine which is manually which uses 2 dials, an engine dial which controls the rpm and the dynamometer which controls the amount of current to the dyno which adds load to the engine. The second way is test sequencing which is where set parameters are made on test manager and it records automatically. Finally the sweep test doesn’t pause at each rpm to record the results but takes a reading at each set rpm whilst it is not as accurate as test sequencing is does minimise the chances of the engine overheating.
MATLAB Graph Tests
Figure 1: SFC heat map against load and engine speed
[image: ]
The SFC, as seen in figure 1, varies with the engine speed and load. This is most clear through the lower the load (which can be evidenced through the darker blue colours), where there is a lower increase in the load amount. This means that there is little work having been done on the engine. When the there is a little work being done on the engine SFC is lower. This is compared to when there is a higher level of work being completed on the engine, as indicate by the red/orange colours, and when there is between 59% and 89% of the load. When there is an higher load and engine speed this increases the fuel consumption. When there is a higher load, the work being done on the SFC, this a result of the work being done on the engine. This increases the other forces working on the engine. The friction on the engine is increased as the work increases and the cylinder expands. It eventually reaches a point where the cylinder cannot expand, and pushing it more into the piston, and overall increases the force of friction and the overall load on the engine.

As noted by Nufus et. al There are also a variety of factors that can also increase the overall load on the engine and the RPM (Nufus et, al, 2016). These included whether the vehicle is off road/on-road, as this would ultimately be affected by the differences in braking and suspension. Nufus et al further evidence that the throttle opening, additionally affects the overall SFC, therefore increasing the overall engine power and size, and increasing the available load and SFC (Nufus et.al, 2016;365) 



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

Figure 2 illustrates the effect of torque and power against the engine speed, at full load. As the torque increases, so does the level of rotational forces. These forces and change throughout, whilst the engine is running. The torque can vary, due to the type of engine that is being used,

At the start of the cycle, there is little to no inertia, therefore there more torque being applied earlier on the cycle. As the engine increases its power, and as the RPM increased, the torque is decreased, and starts to gradually drop. This can be alluded to the fact that engine gets to a point, where does not need the increase in torque in order it to run, as at this stage there is a higher RPM. At this stage, it not as much an necessity for torque to be applied, and therefore explains the reasoning behind why it drops at 3000rpm. On the other hand, if there was a bigger graph, that detailed further the further progress and in power, the engine would reach a stage where it would be unable to increase the power any further, and therefore the power produced would become wasted energy. 

It is further noted by Kim that there are additional forces that help to explain why there is an initial increase in torque (Kim, 2016) . It is evidenced that forces such as friction make it harder for power to increase whilst there is an low RPM, and therefore meaning that the torque needs to be work harder (Kim, 2016). This is a result of the increase in temperature in the parts (affecting the oil) and the friction is reduced, once the oil is heated up, which lowers the friction between the moving parts in the engine. 


Figure3: 3D plot of cylinder pressure across all RPM's and Crank Angles
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As evidenced in the 3D diagram (figure 4) it is easy to find out which stroke the engine is on through the pressure and crank angle. From 360o to 181o the pressure is close to zero but the pressure starts to build as air/fuel mixture is being drawn into the system which shows that it is on the intake stroke. The pressure increases the crank angle from 180o to around 30o confirming that the engine is on its compression stroke and once it gets to 30o the pressure starts to drop quickly showing that it has reached its power stage and finally the pressure drops significantly until the pressure drops close to zero at around -180o to -360o showing it is on its exhaust stroke and all the built-up pressure is being removed through the exhaust ports. The pressure is noticeably different when the RPM increases from 1000 RPM to 3000 RPM, this could be due to the engine getting hotter which increases the temperature of the air/fuel mixture causing the piston to put in more effort creating more pressure and it can also be because the conrod is stretching from the different forces being applied to it.
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Figure4&5: Raw Power vs Engine Speed & Brake Thermal Efficiency vs Engine Speed graphs (Rahman, 2012)

As evidenced the graph above by MD Marufur Rahman it is clear that on an internal combustion engine that the thermal efficiency starts to rise the higher the RPM whilst the BMEP starts off fairly high and rises a little bit higher as the RPM gets higher but once the RPM hits around 3400RPM both the thermal efficiency and BMEP start to drop. 

Conclusion

To conclude, it is clear that, with the increase with the RPM and the load, the temperature of the engine is increased. This affected the pressure inside of the chamber which in turn has an effect on the torque. But, this had very little effect affect, according to the graphs on the power, as this increased at a constant rate. 

However it should still be acknowledged that there are a number of issues that can arise from using a dynamometer machine. These include that as it is only a stimulation, and therefore it cannot take into account real life, issues that can included potential wind speed and environmental conditions. As the engine is only measured in isolation, there is also the potential from other components of the vehicle that may have an impact on the car. There are also limitations to the amount of the data that had been collected, as there was a lot of unrecorded data throughout the results. There was also that the data was only calculated by one person, therefore in an ideal situation, it would have been checked by multiple people, in order to reduce the impact of human error.
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3.1.7 Brake Thermal Efficiency Vs Engine Speed:
The graph shows that the thermal efficiency is almost same at engine speed 1400 rpm to 1500
rpm, and then it is increasing until engine speed 2000 rpm. After that the thermal efficiency is
started decreasing dramatically with increasing engine speed. If we observe from graph the
thermal efficiency is little bit inci g at engine speed 3000 rpm to 3300 rpm and then it i
dropped by rising engine speed. Conversely, the maximum brake thermal efficiency is 17.94%
at engine speed 2000 rpm and minimum one is 11.61% at engine speed 1400 rpm.
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° The Brake Mean Effective Pressure is remaining constant at engine speed 1400 rpm to 1500
1pm. At engine speed 2000 rpm to 2700 rpm, BMEP is increasing gradually but it is dropped
at 3000 rpm. The graph shows that BMEP is again raised until 3300 rpm and finally getting

down with increasing speed of engine.
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