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Introduction
[bookmark: _Int_nZAbkn1Z][bookmark: _Int_QviKN2j8]For this assignment we needed to evaluate an engine through testing.  The test that was carried out was an engine dynamometer test. A dynamometer test is used in engineering to test the force and power outputs of different mechanical systems. The aim of a dynamometer test on an automotive engine is to measure variables such as torque, horsepower and overall efficiency to grasp how well an engine is able to perform. Using data from the dynamometer other variables such as brake mean effective pressure, specific fuel consumption, thermal efficiency and a more can be calculated. All of this data can then be used to fine tune the engine to improve lifespan and overall performance. The engine used in the test I will be looking at is a 1.6L VTEC Honda engine from 2001. Unfortunately, due to the dynamometer being broke at the time of the assignment I have not been able to complete the test myself so I will be using a test performed previously.




















Equipment and Method
The engine being tested was a 1.6L VTEC Honda engine that was attached to a Schenk WS230 dynamometer using a drive shaft. When the engine is running a voltage coil is supplied to the stator which means that when the engine spins a rotor inside of the dynamometer is turned, this generates an electromagnetic field which is used to slow the engine down and put a load on it. The electromagnetic force produced creates a braking torque between the rotor and the stator which means the stator is trying to be pulled and since the stator is mounted and can't rotate it pushes on a calibration arm instead, this arm will then pull a strain gauge which will output a voltage between 1v and 10v. This voltage is then be converted to force which in turn is used in conjunction with the length of the calibration arm to calculate the torque being outputted by the engine. This is done by the data acquisition system which is ‘responsible for capturing, refining, and translating these signals into actionable information’ (Meloqdevices, 2025). The engine will also have a lot of sensors on it which are used to calculate other variables. The test that was done to collect the data that is used in this assignment was a sweep test which means that the points that were measured were inputted before the test began using the control panel. To begin the test the engine needs to be running, and the system needs to be set up correctly which starts by putting the throttle mode into direct and dyno mode into the speed setting. Once this is done a few parameters like ramp time (time to start), hold time, start rpm, end rpm and how often the computer should log results. For the test it was set to a ramp time of one second, a hold time of one second, a start of 1000rpm, end at 5500rpm and data should be logged every 50-rpm interval. The test can then be started, and the engine will increase to the selected rpm which was 1000 rpm. When the engine is holding at the desired speed the live data can be looked at and saved, in the case of the test conducted for the assignment the data was load, rpm, fuel flow rate and lambda value. This data can then be later used to calculate further variables which could be used to look at engine performance.











Results
Figure 1 – Dynamometer data 
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Figure 2- Dynamometer data 2
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Calculations.  
Torque-   
Brake Power-   2 π NT/60              
BMEP- 
SFC-  
Overall Thermal efficiency-     
Corrected Power- 




























Graphs
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Figure 3- Torque against Engine speed 
[image: ]Figure 4- Brake power against engine speed
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Figure 5- Brake power against engine speed, sourced Kalam. A. M, Kazi. N. S, Jayed. H. M, 2011.(PDF) Power boosting of a modified natural gas engine
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Figure 6 – Specific fuel consumption against engine speed
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Figure 7- Sfc against engine speed, sourced Tsvetomir. G, 2022. https://www.researchgate.net/publication/366250444_Simple_1-D_Model_Performance_Comparison_of_a_Single_Cylinder_ICE_Fueled_by_Gasoline_and_Methane






















Analysis

The graph in figure (3) is showing the relationship between torque and engine speed. This graph has been produced using the data calculated from the dyno test conducted. From looking at the graph the highest value torque value is approximately 105N/m. Research on this engine shows that although it is decently close the torque in the data should be higher, I believe the reason for this may be down to the load, the table shows us that the peak load on the engine is 126nm at 2450 rpm which coincides with the peak torque, the load then stays relatively similar until 3800rpm before it drops which the graph also does. The trend of the graph is showing that at 1000 rpm the torque is relatively low at about 82 Nm. As the engine speed increases the torque value follows roughly the same trend until 2500 rpm when the torque value begins to dip. After this point the torque relatively similar until 4000rpm where it drops again, this continues all the way to the end of the line. The trend of increasing and then decreasing again is what should be expected when looking at the relationship between engine speed and torque. This is because at low rpm the volumetric efficiency in the engine isn't optimum, this is due to the piston moving slower which causes less air and fuel in the combustion chamber. Another reason for the lower torque is the valve timing, in most cars the valve timing is designed to be optimum in the mid-range rather than at low rpm, this means that the cylinders may not be filled completely leading to an more inefficient combustion cycle which results in lower torque. We can then see that in the mid-range of the graph the torque peaks. At this point in the rpm range the volumetric efficiency is at its best, this is due to the valve timing being optimum which allows the correct amount of air and fuel to be brought into the cylinder which is far better for combustion which creates the higher torque values. Frictional losses in this rpm range are also at the lowest which also will contribute to better combustion and higher torque. From doing research I found that at higher rpm the engine cannot breath well (largiader.com), this means that due to the speed that the crankshaft is moving there is less time for air to enter the cylinder which can cause the cylinder not to be full which will lead to a less efficient burn, this means a lower volumetric efficiency. Another reason could be that due to the speed of the pistons there is less time for the fuel to fully burn before the piston moves down again.

The graph in figure (4) is showing brake power against engine speed. Looking at the graph, we can see that the peak brake power across the full range is at 4700 rpm where it reaches 44 kW. The trend in this graph shows that as at a low engine speed like 1000rpm that the brake power is around 9 kW, this number then almost linearly increases as the engine speed gets faster until around 4000 rpm. At this point the brake power stays around 40kW for a few hundred rpm before it then increases again to its peak at 4700rpm. The brake power then drops back down to about 42 kW at the final measurement point of 5500 rpm. A research paper called 'Power boosting of a modified natural gas engine' has a section on engine speed and brake power, the graph in figure (5) is their results. The graph follows a similar trend of increasing linearly from around 10 kW until it gets high in the rev range where it begins to fall. This increases confidence and shows that the graph produced from the data tested was pretty accurate. The reason for the linear increase throughout the majority of the graph is because brake power is calculated by doing P= TxV which tells us that if the engine spins faster and torque stays relatively similar the power will increase, and since the velocity of the engine will increase linearly at constant throttle this also means the brake power increases linearly. The reason for the dip at the end is pretty simple, once the engine reaches a certain point volumetric efficiency will decrease and frictional losses will mean that torque decreases enough that the increase in velocity isn't enough for the power to rise which causes the plateau and then eventually the dip.  

[bookmark: _Int_vnGN0Jvl][bookmark: _Int_rr7NQSSG]The graph in figure (6) represents the relationship between engine speed and specific fuel consumption. Looking at the graph, the highest point is right at the very end at 5500rpm, at this point specific fuel consumption is at around 0.37 kg/kWh, the lowest point for sfc across the full range of the graph is 0.257 kg/kWh at 1750 rpm. The trend with this graph starts with a drop from 0.36 kg/kWh to the lowest point on the graph within around 700 rpm, from here then the specific fuel consumption almost linearly increases in relation to engine speed until it hits the highest point of 0.37 kg/kWh at the last point on the graph. When looking at other graphs that also show specific fuel consumption against engine speed like the one in figure (7) which is from another research paper called 'performance comparison of a single cylinder ICE powered by gasoline and Methane' it shows that the gasoline line follows a very similar trend to that of the one in the graph made from the data from the Honda engine. The sfc initially starts out high at a low engine speed before then decreasing rapidly until around 1500 rpm before it begins to rise until it hits its peak. Some reasons that cause this pattern to occur can be because when an engine is running really low in the rpm the butterfly valve in the throttle body will be mostly closed, this leads to the cylinders creating a vacuum effect to draw air in, this however wastes energy which is why there is a spike at the  beginning, as the throttle opens the pumping losses reduce and a higher volume of air enters the cylinders which creates the most efficient combustion. As the speed increases higher however the air entering into the cylinders can become turbulent and volumetric efficiency drops which is what causes the sfc to rise as the rpm increases















Conclusion
[bookmark: _Int_tuqUZkz8]The dynamometer test has shown some valuable data on this engine and has allowed for some additional values to be calculated, looking at the test data collected everything seems to be accurate and is roughly within the expected range of an engine of its size.  All the graphs produced follow the expected trend line which it backed up by the additional sources found which have very similar graphs, this makes me believe the data is accurate. The one big take away from the test I have noticed is that although the data seems to be correct it is on the lower end of what should be being seen from an engine of its size and age. This could be due to an issue with the engine that could be lowering torque, it could also be an issue with the dynamometer results, it could also be due to different load values being used which causes the torque values to change more than expected. One other reason this could be is the engine could be restricted which causes the values to be off slightly. Despite this all the data seems to look as I expected it too beforehand.





















Evaluation
Overall, I am happy with the results I have been able to get using the data provided, the graphs and calculations both seem to make sense and follow an expected trend. I am also happy that I feel I understand how the test works and would be able to do it in person. However I do feel there were areas that could be improved on if I was to do this again, the main one being that due to the dynamometer not working when we were supposed to do our session we unfortunately were unable to conduct the test ourselves or get our own data which isn't ideal. I also would increase the range of the rpm to increase the amount of data I could gather. I would also like to see how the data would change when the test is run with a constant load on the engine.
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