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[bookmark: _Toc161476280]Introduction
This report is a methodical examination of engine performance using an engine dynamometer. The goal of this experiment is to measure the basic output values of this engine, and then attempt to extrapolate further information about the engine characteristics to further understand how it is functioning. Once complete, the collected data can be analysed and compared against one another to further understand the function of an internal combustion engine.  By the end of this experiment, it will be possible to comment on the performance of this engine, its characteristics, and why those characteristics are present.


[bookmark: _Toc161476281]Experimental procedure
The experiment was completed with a Honda D16A 1590cc petrol engine attached to a Schenck W230 eddy current dynamometer. Eddy current dynamometers use electricity to measure the torque output of an engine or motor. The dynamometer consists of a rotor, stator, field coil, and load cell. When an electric current passes through the field coil, a magnetic field is created that forms eddy currents in the conductive rotor material. This then creates a braking force, which is measured by the load cell. This resistance allows for accurate measurement of the engine or motor's performance. The engine is mounted to the dyno via a drive shaft connected directly to the crankshaft. The fuel is supplied from a separate fuel control board and the exhaust is removed via an extraction fan and vented outside the building. The engine management is self-contained on a board next to itself and can be controlled by the user inside the control room next to the dyno cell or by the testing software.
Figure 1 the Honda D16A engine mounted on to the Dynamometer.



 




To gather accurate results, the dyno fist must be checked for calibration. This was done by attaching identical calibration arms on a very specific length (see Figure 2). Once attached, a weight is added to one arm. As the weight and the length it is acting upon are both known, it is then possible to calibrate the dyno.[bookmark: _Ref161485197]Figure 2 A photo of one calibration arm with its length.









To gather the data, a program called a sweep test was used. This involved increasing the engine’s rpm in a steady and consistent manner up to a set limit (5500 in this case). During the test, data was collected from the sensors in the engine in 50rpm increments. This collected data was then compiled into a Microsoft Excel spreadsheet for further analysis.
[image: A computer monitor with a screen showing a graph

Description automatically generated]Figure 3 photo of the data collection software.




[bookmark: _Toc161476282]Results 

The Raw data gathered from the experiment were first compiled in a spreadsheet. This data is compiled in columns 1-5 of Table 1. From this, calculations were made about the engine’s performance. Engine torque, power, brake mean effective pressure, specific fuel consumption, and overall thermal efficiency were calculated and compiled alongside the raw data. This is shown in Table 1.[bookmark: _Ref161142351]Table 1 A section of engine raw data as well as the results extrapolated from it.


Firstly, engine torque (T) in N/M and indicated engine power (P) in watts were calculated using Equations 1 and 2 respectively.
 Equation 1  (Penny, 2020)

 Equation 2 (Penny, 2020)
Where:
W = Engine load in Newtons
R = the radius the load acts on, in this case, the length of the dyno calibration arm.
N = engine speed
Next, the calculated power could be corrected for ambient temperature and pressure. This is called corrected power (Ps) and is measured in Watts. This was calculated using Equation 3.
  Equation 3 (Penny, 2020)

From here it was possible to calculate the Brake mean effective pressure (BMEP). BMEP is a measure of the average pressure in the cylinder and by extension the whole engine. This metric can be an effective way of measuring engines of the same type against each other in different configurations (Pahmi et al., 2019). calculating this required the displacement of each cylinder. The engine used in the test is a 4-cylinder 1590 cc engine, meaning each cylinder’s displacement measures 0.0003975M³ (Honda Motor Company, 1987). BMEP was calculated using Equation 4.
Equation 4 (Pahmi et al., 2019)

Next, Brake Specific Fuel Consumption (BSFC) was calculated in Kg/Kw.h. BSFC is a measure of how much fuel is needed per unit of power at a given engine speed. (x-engineer.org, 2016). This was calculated using Equation 5.

[bookmark: _Ref161485522]   Equation 5 (x-engineer.org, 2016)

The last metric calculated was the overall thermal efficiency (Nt) of the engine. According to Stone, Edillon, and ’Macmillan (1992), overall thermal efficiency measures the ability of the engine to convert the energy of the burnt fuel to rotational torque. This is often expected to be around 1/3 of the potential energy of the fuel, whereas the other 2/3 is lost to heat energy. Overall thermal efficiency is often expressed as a percentage. Equation 6 was used to make this calculation.

[bookmark: _Ref161330040]Equation 6  (Penny, 2020)
[bookmark: _Toc161476283]Analysis
Once all the necessary metrics were calculated, it was possible to compare the data to better understand the engine’s characteristics. First, the BSCF was plotted against the engine speed. 
 [bookmark: _Ref161337089]Graph 1











Graph 1 indicates that the engine has a high BSFC (less efficient) at idle, after which it quickly decreases (becomes more efficient). the lowest BSFC between 1450 rpm and 2500 rpm, after this point it gradually increases in a relatively linear way to its maximum BSFC of 0.380 Kg/Kw.h. A line of best-fit trend line has been added to illustrate its relatively linear increase in BSFC. Research from Hanafi et al. (2016) suggests that the results gathered are not abnormal. They go on to suggest that as engine speed increases, the internal friction of the pistons and other components will also increase. These losses require the engine to use more energy per unit of power produced. In addition to this, at higher engine speeds there is less time for the combustion cycle to burn all the fuel/air mixture. This will waste fuel out of the exhaust valve which could have been burnt to create a higher cylinder pressure, thus losing potential energy (Gupta, 2015).







[image: A graph of a graph showing a speed

Description automatically generated][bookmark: _Ref161338720]Graph 2

The next metric compared to engine speed was the Torque. Graph 2 illustrates the ability of the engine to produce useful work throughout the rev range of the engine. Looking at the result, the torque of the engine increases from idle to +/-2350 rpm, stays in a relatively flat plane, and then decreases at +/-3700. Once the engine hits 4450 rpm the torque decreases more rapidly until it reaches the maximum rpm It’s noted that the torque curve of the engine isn’t smooth, instead, it fluctuates up and down. The addition of a polynomial trend line shows an average torque curve. Comparing this to Graph 1, it suggests that the engine reaches the top of its torque range at a similar time it hits peak efficiency. Research from Gupta (2015) says that the magnitude of the torque will coincide with BMEP figures, and as cylinder pressures decrease as engine speed rises, the subsequent torque will also decrease. 









[image: A graph of a graph showing a line

Description automatically generated][bookmark: _Ref161340739]Graph 3

Next, Brake power was compared to engine speed. Graph 3 shows the relationship between the engine speed and the power output of the engine. The data shows a very smooth and linear increase in Brake power output from idle to 4600 rpm. At this point, the Brake power output flattens and begins to slightly decrease until the rpm limit. This data does not look to show a relationship between Brake power and BSFC, unlike Torque. Further research from Bosch (2011) indicates naturally aspirated engines, like the one tested, tend to have linear power delivery to the top of the rev range. This also suggests this linear power delivery would continue up to close to the engine's max rev range of 8000rpm. 


[bookmark: _Toc161476284]Conclusion
In conclusion, it is possible to draw key insights from the data collected. It is clear that this engine has been tuned to be at its most efficient between 1500rpm to 3000rpm. The BSCF figures are at their lowest in this range as well as the engine producing its maximum torque here. As this engine is out of an inexpensive family car, fuel efficiency will be a key factor in its success. The test also shows the engine produces its power in a very smooth linear way through the rev range. This is expected from a naturally aspirated engine and shows that the tested engine is in a healthy condition and is producing its power in a predictable manner.


[bookmark: _Toc161476285]Evaluation
Overall, this experiment yielded accurate and consistent results. The calculated data extrapolated from the measured data looks to line up with expected values from Honda Motor Company (1987). Additionally, the graphs produced look to illustrate consistent results that coincide with what’s expected from research. In the future, this experiment could be improved by collecting more raw data from the dyno directly, rather than calculating this after the fact. This would remove many possible points of human error and thus lead to more accurate results. Additionally, the test could have been completed with a step test rather than a sweep test. A step test would have had the engine pause at every interval to collect the data. This would allow the engine time to settle and lead to more accurate readings from the sensors. This would however put significantly more load on the engine and reduce its life span.
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Engine Dynamometer Results
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