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[bookmark: _Toc161590361]Introduction
The purpose of this report is to go over the test procedure, results, and goals of the test itself as well as use research and external sources to support and compare results gather and calculated data. The main goal of the test was to gain suitable information regarding the performance of the engine provided with which further results could be calculated and presented in both graphs and spreadsheets.
[bookmark: _Toc161590362]Testing Equipment and Method
The dynamometer used to run the engine and gather results was the W230 eddy-current dynamometer from Schenck connected to a Honda D16 engine from 2000-2001. The dynamometer uses varying magnetic field to induce tension in the frontal area of its cooling chambers. The tension created acts as a brake against the engine, the forces of which are measured giving a reading and data to be interpreted and worked with. (Dadt, 2001, pp. 4-5)
The method and set up for the running of the dynamometer begins with connecting all wiring and sensors on the engine to the computer to be able to read the performance and characteristics of the engine being tested. Once the engine and dynamometer are connected to the computer, the engine can be run both automatically or manually and readings can be gathered.
Once collected, all of the gathered data can then be used to calculate further performance characteristics of the engine and therefore the quality of the engine with respects to age and use. With the data calculated it is then possible to make graphs for selected areas to be compared in relation to another area, for example, power or torque against engine speed as will be mentioned and assessed later on.
[bookmark: _Toc161590363]Results Tables and Graphs
All graphs and associated data can be found via the separately uploaded excel file.
Equations used for data calculations:

  and  for conversion to kW
Where: 
P is Power (W), 
N is dyno speed (rpm), 
T is Torque produced (Nm),
And 60 converts engine speed into seconds.
Provided by (Soruşbay, 2010, p. 1)



Where:
is Corrected Power (kW),
 is Power (kW),
 is Baro (bar),
 is Ambient temperature (K),
1.01325 is standard pressure (bar),
293 is standard temperature (K)


Where:
 is Torque (Nm)
 is Force/Load applied (N),
And A is the area of the dyno face (m)

 rearranged and simplified from 
Where:
,



Where:
 is fuel mass (l),
And 100 coverts g to kg
(Soruşbay, 2010, p. 4)


Where:
 is thermal efficiency (%),
60 converts minutes to seconds,
is the calorific value of the fuel (kJ/kg),
And 100 converts decimal answer to percentage.

[bookmark: _Toc161590364]Reasons for torque variation in relation to engine speed.

[bookmark: _Toc161568510][bookmark: _Toc161570688]Figure 1
As is shown in figure 1, the torque curve creeps slowly from idle as more air is introduced to the cylinder through the throttle, until peaking shortly after 2000rpm. After the torque produced peaks and engine speed continues increasing causing the inlet valves to be opened and closed quicker meaning there is less time for air, in regard to the stoichiometric ratio, to enter the cylinder, therefore decreasing the total amount of air getting into the cylinders at higher engine speeds. Supported by figure 5 of (Susilo, 2020, p. 5), which shows a drop in torque from 300-320Nm down to 220Nm, between 2000-3000 rpm (peak torque) and 6000 rpm. Similarly, in figure 1 it is evident that the torque output begins to drop off after approximately 2400rpm with minor fluctuations, likely caused by varying quantities of air entering the chamber during each combustion cycle.


[bookmark: _Toc161590365]Reasons for power variation in relation to engine speed.

[bookmark: _Toc161568511][bookmark: _Toc161570689]Figure 2
When related to engine speed, power produced has a very clear upwards trend, as when engine speed is increased, more combustible material enter the cylinder and gets burned, therefore creating more power as there are more opportunities for combustion to happen with increased flow in and out of the cylinders. Throughout the period of engine speed increasing, there are many points of clear variation, these are likely a result of the inconsistency in air or fuel flow or the timing of the engine not allowing for a complete burn within a period of cycles or even single cycles.
Additionally, as is visible in figure 2 and the majority of power charts, the power peaks before the engine reaches its maximum speed, this is often due to certain parts of the engine losing efficiency as a result of the speed, this can either be incomplete burns occurring or valve float on one or both sides of the cylinder leading to raw combustion materials going through the cylinder without being burned or resulting in an imbalanced mixture (E. Sher, 2002).


[bookmark: _Toc161590366]Reasons for SFC variation in relation to engine speed.

[bookmark: _Toc161568512][bookmark: _Toc161570690]Figure 3
As engine speed increases, so does the rate of combustion and in turn the rate of fuel consumption. Additionally, as seen above in figure 3, at lower speeds fuel consumption decreases as the engine exits its idling state and begins to increase speed through lower rpm’s due to the combustion process’ efficiency as found by (Duarte N, 2022) with figure 3.
As for the increase in fuel consumption seen after around 2000rpm, this can be attributed to the increased number of combustion cycles occurring as the engine speed increases, and the valves open more often and faster, as a result of which, more fuel and air is being drawn into the cylinders when compared to lower engine speeds meaning more fuel is burnt as a result.

[bookmark: _Toc161590367]Conclusion
Looking at the test results gained, it is evident that the performance of the tested engine are within acceptable means as many factors, both calculated and base results are similar to that of the given results from (Honda Motor Co. LTD, 1987). Furthermore, when it comes to the graphical evidence, the three graphs all show a clear and accurate depiction of each respective characteristic and are also around what is to be expected when looking at the previously mentioned data from the manufacturer.
However, there are some areas that would be beneficial to improve upon, for example the lambda throughout the test holds a fairly consistent and high, meaning the engine was running very rich in terms of the stoichiometric ratio of 14.7:1. Additionally, the data shows that the engine has an overall thermal efficiency that is around 20%, with a peak of 23%, when taking into account the purpose and of the vehicle the engine is from it is within a suitable range albeit at the lower end.
[bookmark: _Toc161590368]Evaluation
Throughout the procedure of this test, I believe, I performed all the necessary tasks to a suitable level, for example, there is potential for the calculations done using the gathered data to be incorrect, due to personal error, which would in turn cause poor overall results, on top of which, there are many other way to calculate the results which may give more accurate or improved data. To improve in areas I believe it would be beneficial to adapt and interpret the data using even more external factors and additional resources.
As for the process of gathering results, one area that would be beneficial to the understanding of both the system used and the interpretation of data, an addition that may help improve date would be a more up to date engine’s data as a comparison to the now 20+ year old engine used for the test, however within certain restrictions this may be a difficult field to attain, an alternative option could be to compare tests on the same engine. Despite this fact, another area that could be changed is taking a mean result from multiple test as engines are not always going to repeat a cycle with a 1:1 ratio of previous cycles, meaning the margin for error when it comes to gauging the engines performance may change when using a single set of data to analyse.
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