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[bookmark: _Toc161591652]Introduction
Explain the basis of the report and the initial brief on what the report will accomplish.  
This report will detail and explain the relationship between engine speed and Specific fuel consumption (SFC), Torque and Brake Power. Using the Honda D16A engine, a 1.6L 16 valve 4-cylinder engine, multiple tests were conducted, these included raising the engine speed and torque together until the engine could not surpass the torque applied. Setting the engine speed to 3000rpm and then raising the torque applied until again, the engine couldn’t surpass the load.

[bookmark: _Toc161591653]Aims
· The aim of this experiment is to gather the empirical data required to calculate the specific fuel consumption (SFC), corrected Torque, corrected power.
· Explain the relationship SFC, Torque, and power to Engine speed. 
· Explain reasons why the figures calculated can vary with engine speed. 
[bookmark: _Toc161591654]Objectives
Completing the set out aims, will allow the reader to gain an understanding on why fuel consumption can vary with engine speed similar to torque.


[bookmark: _Toc161591655]Methodology 
To gather the data used, various tests were completed, and the data was collated and used as the basis for the calculations and the graphs shown later in this report. 3 tests were completed, these include A manual test, a step test, and then a sweep test. 
Manual Test – using individual dials to control the load applied to the engine and the engine speed, the engine speed and load were increased gradually together. 
Step Test – The step test consisted of increasing the engine speed and decreasing the load applied at stepped intervals, the drop in load allows the engine to ‘step’ to then next point where data is recorded. 
Sweep Test – This test consisted of a fixed load being applied to the engine and the engine being allowed to ‘sweep’ through the rev range, the data from this test is then recorded and analysed. 


[bookmark: _Toc161591656]Equipment 
To carry out the experiment a limited selection of equipment is actually used, these include: 
· 1.6L Honda D16 engine equipped with VTEC 
· Dynamometer 
· [image: A machine in a room

Description automatically generated]Computer and electronics setup [bookmark: _Toc161511327]Figure 1 shows an image of the I4 Honda engine on the Dynamometer.



[bookmark: _Toc161591657]Results  [bookmark: _Toc161511328]Figure 2 shows the calculated SFC vs engine speed.

The SFC was calculated using the below formula -  
· The multiplication of 0.75 is to convert the Litres used in the flow rate to Kg. 
· The multiplication of 60 is to convert the flow rate measured in minutes to hours. [bookmark: _Toc161511329]Figure 3 shows the corrected Torque vs Engine speed.

The Torque was calculated with this formula - Torque =  



The Power (kW) was calculated using the following formula –[bookmark: _Toc161511330]Figure 4 shows the calculated Power and Corrected power vs Engine Speed.


The Corrected power was calculated using the following formula - 


[bookmark: _Toc161591658]Analysis of results 
[bookmark: _Toc161591659]Variation of SFC vs Engine speed 
From the first graph it is shown that the SFC drops sharply after 1000rpm before beginning to rise between 2000-3000rpm. The lower the SFC the more efficient an engine is seen to be using the fuel supplied to it. SFC can vary along with engine speed due to the Lambda rising and more fuel being entered in the combustion chamber leading to incomplete combustion. 
With the unburnt fuel being added to the combustion chamber, the lambda reading will be seen as >1, this is showing a rich AFR (Air fuel ratio) A correct air fuel ratio is reported at 14.7:1, this is also known as stoichiometric. Petrol or gasoline engines can run with a wide range of AFR, ranging from 8:1-20:1 depending on the setup of the engine (Luisa, 1995). 
[bookmark: _Toc161591660]Variation of Torque vs Engine speed 
Due to the engine used on the dyno is equipped with VTEC similar to ‘Vanos’ used by BMW, but instead of just adjusting the timing of the intake and exhaust (in the case of double Vanos) VTEC is able to adjust the cam profile and therefore increase the valve lift. This allows the engine to adjust the torque generated in the lower and higher RPM range (Honda, 2018) With the torque trailing off significantly at around 5000rpm, it is easily shown that the VTEC system is limited with the engine speed. With the increase of engine speed, the engine is not able to reach maximum volumetric efficiency due to the valves not lifting enough to satisfy the engine even though it is equipped with the VTEC system. 
[bookmark: _Toc161591661]Variation of brake power against Engine Speed 
The power the engine is able to produce peaks at around 4500rpm and then begins to drop off, this can be attributed to the engine needing to use the available power it produces to push the engine speed further through the revolution range, this is due to the increased friction the engine will suffer with at higher rpm states. Another reason the power begins to drop off is due to the torque the engine is able to produce significantly drops while still trying to increase the rpm, this is the point that the power figures start to drop Figure 4. 
 

[bookmark: _Toc161591662]Conclusion
The data gathered from the conducted tests shows that with the decrease of torque in the higher rpm range, that a loss of power is also witnessed, the loss of torque and power can be attributed to the high friction the engine would undergo at the higher speeds. Although the use of the engines torque is used to overcome to friction losses, as the power figures are calculated from the torque figures, this is a significant reason the power is viewed to decrease at the higher speeds. 
Power can be calculated with the following equation - 
As the torque produced is a major factor in the power calculated, when the torque begins to decrease and the load applied to the engine overcomes the torque produced, the power output in kW also decreases. 
As seen in figure 2, the SFC calculated, is at its lowest point <2000rpm, raises at 2000rpm, and then drops again before rapidly increasing towards the higher end of the engine speed range. This is due to the engine meeting a near 30% thermal efficiency around this speed. The engine will undergo losses during the combustion cycle, this is due to the engine losing the energy in the fuel to overcome friction and heat losses from converting the fuel into gasses and heat. The relationship between SFC and Thermal efficiency can be seen with the following figure. Figure 5 shows the SFC data compared to the Thermal Efficiency vs the engine speed.


As seen in the figure above, the relationship between SFC and Thermal efficiency is inversely proportional. The higher the percentage of thermal efficiency, the lower the specific fuel consumption. Higher thermal efficiency within the engine causes an increase in kg/kWh for the SFC compared to the engine speed. With a higher thermal efficiency, less energy is lost in friction and converting the potential energy of the fuel into mechanical energy. 


[bookmark: _Toc161591663]Evaluation 
The investigation using the engine dyno was a relatively simple task to undertake, but could be improved in a few instances, such as having two people undertake the movement of the torque applied to the engine dyno and the engine speed dial. In the initial experiment, one person would control both the torque applied and the engine speed, this would cause the individual to have to watch both screens and therefore split their concentration, this could affect the results as it adds the variable of reaction speed and attention to the experiment, with the use of two people, it would allow each individual to watch a single thing at a time and would therefore ease the work load for each person. Overall, the experiments went well with no issues, the engine didn’t stall, and the data gathered was useful to complete the data tables and graphs effectively. Another improvement could have been to use a program instead of an individual inputting the load and engine speed directly, as the engine speed and torque could have been stepped up gradually and the data gathered would have produced smoother results. The input of control in the experiment was sharp increase of engine speed and or a sharp increase of torque, again as the individual struggled to concentrate on both computer screens at once. 
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Power and Corrected Power vs Engine speed
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SFC compared to Thermal Efficiency vs Engine speed
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