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1. Introduction 

[bookmark: _Int_lo71AgpH]In the automotive industry, Internal Combustion Engines (ICE) are frequently used for reliability and vehicle performance. Internal Combustion Engines convert the chemical energy from the fuel into mechanical power from the combustion process. It is crucial to have a complete understanding of the characteristic and performance aspects of an engine as from this you can develop a better fuel consumption system, and improve engine design. One of the more favorable methods used in industry to analyse the performance aspects of an engine is via a dynamometer. 

[bookmark: _Int_NsE2Kyy3][bookmark: _Int_6A75ErIg][bookmark: _Int_5gpbXAnA]A dynamometer is mainly used to accurately measure the power and torque output of the engine which has been mounted onto the device where the conditions are controlled from the individual operating the dynamometer. The Engines Performance and characteristics can be measured and evaluated accurately as the dynamometer is capable of running the engine under multiple loads and speeds. After the testing has occurred, other characteristics such as torque, brake power and fuel consumption can be calculated to analyse how the engine performs under different vehicle speeds. From these calculations, Engineers are then able to understand the engines most efficient range when operating, which then leads to improving engine performance.

[bookmark: _Int_I6K1mFab][bookmark: _Int_BqRvlR8t][bookmark: _Int_1SHwewY9][bookmark: _Int_ISSf92dZ][bookmark: _Int_3TOaTro3][bookmark: _Int_n7Qo5Hjj]The main aims of this experiment was to analyse the Hondas engines performance characteristics using data that was obtained from the test using the dynamometer. The raw data was taken from the Dyno test and inserted into Microsoft Excel spreadsheet. Equations could then be performed in Excel to calculate and determine the brake power, torque and specific fuel consumption (SFC) of the Honda engine. Once I made these calculations, I then began to plot the values against engine speed to create the engine performance graphs. This experiment allows me to then evaluate and determine how and why engine speed will affect the engines' fuel efficiency, brake power and torque output. Once the graphs are reviewed, solid conclusions can be drawn from the data regarding the engines range for optimal performance, efficiency and the engines’ behaviour while under operating conditions. 


Equipment for testing
[bookmark: _Int_JL2pucis]As the official experiment was unable to take place due to issues with the dynamometer, I had to resort to researching and watching the supplied videos of a previous dyno test procedure. In the videos, the experiment used multiple equipment. The main piece of equipment was the odynometer and was used to measure the power output and torque that the engine was producing during the test. The Honda engine was also mounted onto the dyno testing rig in a secure and safe manner which allowed enough room for the output shaft to connect onto the dynamometer. 

 Method
[bookmark: _Int_HlbUqgD1]The Honda engine was first mounted onto the test rig of the dynamometer, the measurement systems were then fitted onto the rig. Before the testing procedure began, the engine was started up and was given time to warm up to optimum temperatures for more accurate readings. 

As soon as the engine reached its optimum temperatures, the dyno was then able to control the speed that the operator wanted the engine to run at. At every different speed, the dyno applied a load to the engine while the dyno measured the torque output. During the procedure, three factors were recorded: engine speed (RPM), Torque output (Nm), and Fuel consumption rate. 

The measurements collected were done for a variety of different engine speeds, allowing for a comprehensive set of data to show the complete operating range of the Honda engine. From the supplied raw data located in an excel spreadsheet, I was  able to use the data and then use engine performance equations to the excel spreadsheet to calculate the following: Brake Power, Specific fuel consumption (SFC), Brake mean effective pressure (BMEP) and overall thermal efficiency. Once all the values had been calculated on excel, the graphs could then be generated, which showed the engine speed vs the performance parameters and their relationships. 







Specific Fuel Consumption vs Engine Speed Data
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The first excel graph I produced from the data was Specific fuel consumption (SFC) vs engine speed (RPM). Specific fuel consumption represents the level of fuel needed to produce a unit of power (g/kWh). The SFC level is good at indicating the level of efficiency that the engine is working at, If the SFC values were ever lower than expected, it would suggest that the fuel is being used less efficiently inside the engine, meaning you're not getting optimum performance levels for the engine. 

From the graph I created, it’s visible that the SFC first begins to decrease as the engine speed increases from 1000 RPM. I feel that this has occurred due to incomplete combustion and a weaker efficiency of air and fuel mixing at lower engine speeds. From the graph, I can see that once the engine speed begins to increase, the process of combustion becomes far more efficient due to better air and fuel mixing and reduced heat loss (Heywood, 2018). 

It shows that as SFC reaches its smallest value while the engine is running towards the medium of its speed range.  This area on the graph shows the efficient operating point of the engine, this is because the fuel consumption level for every unit of power is the lowest. At this operation point, the engine can create a far better volumetric efficiency, leading to overall improved engine performance. After this area in the graph, I can see that the SFC begins to increase even more as the engine speed is also increasing. There are multiple reasons that the fuel consumption has now increased inside the engine.  The reason is that the valves and bearings and pistons inside the engine have increased in their speed of movement due to a larger demand for performance, but it would also likely be due to higher mechanical frictions inside the engine. 
At higher engine speeds, there is far less available for complete combustion to take place. Often, this causes the combustion efficiency of the engine to decrease, while also demanding a higher level of fuel to ensure the power output remains the same and is the suitable level for what the driver demands. 

Torque vs Engine Speed Data
[image: ]


The second graph created from the data shows the key relationships between the Engine torque (Nm) and Engine Speed (RPM). The rotational force of the engine is represented by the torque values, which helps to identify the work performance values.

From this graph. It’s visible that torque begins to increase once the engine speed begins to increase from a lower level of RPM. When the engine is at lower speeds, the level of air that can enter the cylinders is lower, potentially causing a lower level of efficiency for combustion. Once the speed of the engine begins to increase, the level of air that can enter the cylinder is increased by the intake system of the engine. This process leads to a far better air-fuel mixture due to a better atomisation process and more accurate 14.7:1 ratio. This then causes the torque output of the engine to increase (Heywood, 2018).

From the graph, it can be seen that the torque begins to reach its highest value at around the middle of the engine speed range at 3000 RPM. At this point, it is likely that this is where the engine achieves its highest level of volumetric efficiency, causing a higher filling process of the air and fuel mixture into the engine cylinders. 

At this point, the engine is likely to create its highest level of torque. After the torque has peaked, the torque will then begin to decrease as the engine's speed has begun to increase even further. This is due to a lower amount of time for the intake and the exhaust process to happen in an efficient and suitable manner. 

In internal combustion engines, it is often seen that as the engine RPM begins to increase, the torque begins to decrease. This is often why these engines create their maximum torque when the RPMs are in the middle of the range instead of when the RPMs are at their peak. 

Brake Power vs Engine Speed Data
[image: ]
The final graph produced from the data was the Brake Power vs Engine Speed. The useable power output of the engine measured via the crankshaft is represented by brake power. 

The brake power is related to the engine speed and torque of the vehicle. If torque begins to decrease at higher engine speeds, the rotational speeds could possibly increase and generate a larger power output, leading to better engine performance. 

It is visible via the graph that the brake power begins to slowly increase once the engine moves above the low RPM range. This occurs due to the power being proportional to the product of the rotational speed and torque of the engine (Heywood, 2018). Once the RPMs begin to increase, the engine is more capable of producing a larger work unit of time. 

From the graph, it can be seen that the brake power keeps increasing steadily up until the point where the highest value on the graph is achieved. This peak occurs due to engine speeds increasing to compensate for the reduced levels of torque. 

After this peak, the brake power begins to slowly decrease. This happens due to the level that the torque has been reduced by is larger than the increased speeds of the engine (RPMs). This has likely occurred due to these factors: lower volumetric efficiency, limited combustion levels at high RPMs, and increased levels of friction losses. 
From the graph, it can be seen that the maximum brake power is commonly achieved in the 4000-5000 RPM range of the engine. 
















Conclusions 
The testing process of the Honda engine via the dynamometer was a success, it was capable of accurately showing the relationships between the speed of the engine and three parameters of engine performance. 
First, the torque vs engine speed graph showed that torque begins to increase from low engine speeds and reaches its peak value around the middle of the RPM range before it begins to decrease due to engine speeds now increasing. This is often seen in internal combustion engines which shows that these characteristics seen are likely accurate. 
The brake power vs engine speed graph showed that the power output continued to increase as the engine speed began to increase, where the peak power output value was at around the RPMs of 4500. This occurred due to the power output needing to depend on the speed of the engine and the torque that is currently being produced. 
The specific fuel consumption vs engine speed graph showed that the engine works in its most efficient manner when the is in the more moderate values as the level of fuel consumption is at its lowest. It can be seen that efficiency is poor at low RPMs and high RPMs due to some combustion inefficiencies and higher frictional losses inside the engine. 

Evaluation 
I think my overall performance was to a decent standard, but there are areas where I could improve. I was able to complete the calculations and understand the general relationships between engine speed and performance.
One of the main improvements for the experiment itself would be to ensure that the dyno is properly working before testing begins to allow the official testing procedure to take place instead of using previous raw data. 
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