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1. [bookmark: _Toc53041646][bookmark: _Toc53041688][bookmark: _Toc99916191]Introduction 
This report covers an investigation into the uses of engine performance testing. The engine tested was a Honda 1.6 litre VTEC from 2000-2001. The testing was conducted using an Eddy current dynamometer as opposed to a water break dyno or as it’s more commonly known a hydraulic dyno. The application of eddy current dynos are typically in the performance testing of the internal combustion engine. Eddy current dynos possess many advantages over the water break dyno these include highly precise measurements, faster response, higher speed and high breaking torque. These advantages provide the tester with highly accurate results compared to that of a hydraulic engine dyno this is important during engine testing as the data collected is required to be highly accurate to receive the correct readings from the engine, and then produce accurate figures from the data gathered. (Eddy Current Dynamometer, n.d.) 
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(Figure 1: Eddy current dyno like the one used in testing http://www.technomech.in/eddy-current-dynamometers/ )

2. [bookmark: _Toc99916192]Testing Equipment and Testing

[bookmark: _Toc99916193]2.1 Why Dyno Test an Engine   

It’s important to dyno test an engine as it provides the owner/engineer with an extensive insight into the engine performance and provides accurate torque and rpm numbers which in turn can be used to accurately produce a horsepower measurement for the engine. This is important as the engineer can see the performance of the engine and adjust/modify the engine to provide better performance/efficiency. Testing also provides a record of engine performance for reference in future engine tests wherein the engine may not perform as well and can then be modified to achieve better efficiency. (Why Dyno Test an Engine? n.d.) 

[bookmark: _Toc99916194]2.1 equipment used 

As aforementioned the dynamometer used in testing was an Eddy current dyno, the testing was carried out within the UWTSD engine dyno cell in Swansea. The engine was set up by a university technician before testing and then testing was carried out by the same technician and data was provided via an excel datasheet.  

2.2 [bookmark: _Toc99916195]Tests Performed 

The tests performed on the 1.6-litre VTEC engine include dyno force in order to calculate the torque value of the engine at varying rpm, dyno speed in order to produce the power values of the engine at varying rpm, Litres of fuel per 45 seconds at varying rpm to produce SFC (specific fuel consumption), and finally pressure readings to produce engine pressure at specific rpm. The tests stated above will give an insight into the performance of the engine and will provide data on the peak torque and power at specific rpm, additionally, the SFC data shows the range at which the engine is most efficient at converting the energy from the fuel. (Gudmundsson, 2014) these tests were performed in the engine dyno cell on campus by a technician. Readings were taken for all the above datasets at ascending rpm starting at 1000 in increments of 500 up to a maximum rpm of 6000 with data being collected at each 500 rpm interval and gathered in excel.  


3. [bookmark: _Toc99916196]Data Derived from MATLAB

[bookmark: _Toc99916197]3.1 Corrected Power and Torque 
 
[image: Chart, line chart

Description automatically generated]This section will display the data derived from the MATLAB calculations and graphical data obtained.  Firstly, torque was calculated using the calculation provided on the dyno worksheet. Next power was calculated using the torque calculation that was derived prior. To correctly calculate power, it must be corrected to reference the ambient temperature and the ambient pressure on the day of testing. With the calculations done for torque and corrected power, a double y graph was generated to show their correlation. 
(Graph 1: Corrected Power and Torque at full load)

The graph above is showing the calculated corrected power and torque versus rpm at full load. The graph shows clearly that the peak torque curve generated is at around 3,000 rpm with a full load, (CarBikeTech 2015) states that petrol engines like the one tested produce useful torque output within a narrow range of engine speed characteristically starting around 1,000-1,200 rpm and reaching peak torque at the range of 2,500 – 4,000 rpm. This can be seen on the graph as from 1,000 rpm the torque generated has a positive correlation meaning it’s increasing, and peak torque in the test was reached at 3,000 rpm which is between the estimated ranges of peak torque of 2,500 – 4,000 rpm.  Peak torque at a lower rpm range is ideal for the use in a daily driver as it gives better lower end push (TheMindGarage, 2018) therefore the engine tested has its peak torque curve at a low rpm range due to it being an engine from a Honda Jazz. 
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Description automatically generated]Additionally, the above graph shows corrected power and shows that peak power output of 90kw or 120 horsepower under full load is at 6,000 rpm after steadily rising with the torque curve and still rises after torque peaks and drops until its declines after 6,000 rpm.  
(Figure 2: torque power graph of a Honda 1.4 l engine https://www.automobile-catalog.com/curve/2007/1137815/honda_jazz_1_4_i-dsi_sport.html ) 


The figure above shows the torque and power curve of a similar engine, and it shows peak power is achieved between 5,500 rpm and 6,000 rpm similarly to the engine tested. The reason for this is due to higher rpm equating to more fuel burnt in the same duration and therefore more power is produced in the engine. (Horsepower vs Torque | Exton | Warminster | ATC, 2016)

[bookmark: _Toc99916198]3.2 Thermal Efficiency and BMEP

In this section BMEP (break mean effective pressure) and thermal efficiency were calculated using the MATLAB script, a graph was produced to show their correlation below. 
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Description automatically generated]    (Graph 2: BMEP and thermal efficiency at full load)

As seen above BMEP peaks at around 3,000 rpm this is essentially the effective pressure acting on the piston, as seen on the previous graph torque also peaks at 3,000 rpm and they both posses a similar peak and troth. This is due to the engine speed increasing above 3,000 rpm and pressure being unable to build as the engine speed is increasing. (Brake Mean Effective Pressure (BMEP) — A Yard Stick for Power, 2022) 
Engine thermal efficiency has many peaks and troths, its highest peak is achieved at 4,500 rpm and 30% thermal efficiency and at its lowest point its 27% thermal efficiency at 6,000 rpm. Although the thermal efficiency has many peaks and troths it stays between 30% and 27% efficiency this is pretty good as the average thermal efficiency for a gasoline internal combustion engine is around 20% (Toyota Gasoline Engine Achieves Thermal Efficiency Of 38 Percent, 2014)   


[bookmark: _Toc99916199]3.3 SFC (Specific Fuel Consumption) 
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Description automatically generated]this section will show the specific fuel consumption (SFC) calculated against engine load and speed a heat map was produced as seen below.  
Graph 3: SFC versus RPM and load 

The graph above shows that the best SFC is achieved at 2,250 rpm and 40% load and worst SFC is achieved at 6,500 RPM and 2% load, worst SFC is due to no load being on the engine and very high rpm therefore the engine is using lots of fuel and the energy is not being used up as there’s very little load. Best SFC is achieved at 2,250 rpm and 40% load, this is simulated in the test, but this would usually be cruising with reasonable loads and low rpm its most efficient due to those 2 factors. The guardian states that the most efficient speed to travel at to achieve best fuel economy is 55-65mph or cruising speed on a motorway. (The Guardian, 2011)





[bookmark: _Toc99916200]3.4 Cylinder Pressure across all RPM’s and Crank Angles 

[image: Chart, surface chart

Description automatically generated]The final section shows the calculated data in a 3D plot of cylinder pressures across all RPM’s and crank angles seen below. 
(Graph 4: 3D plot of pressure against rpm and crank angle)
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Description automatically generated]It can be seen from the graph above that between -200° and -400° this is the intake stroke and that the first peak in pressure between -200° and 0° is the compression stroke of the engine due to it being the only other peak in pressure and as its not the highest peak it is to be assumed that it is the compression stroke. The largest peak between 0° - 200° is the combustion stroke this is due to it being the 3rd stroke of the engine and due to the peak in pressure. And finally, the exhaust stroke is between 200° and 400°. The peak pressure is at 3,000 rpm and begins to decrease at higher engine rpm’s, the figure below from a similar test confirms this also.

Figure 3: pressure against rpm and crank angle, ((PDF) Experimental Investigation of Performance and Emissions of a Sequential Port Injection Compressed Natural Gas Converted Engine, no date) 

4. [bookmark: _Toc99916201]Conclusions 
From the dyno testing and data gathered it is clear to see that the engine tested was not that of a race fraternity as all evidence points towards its purpose being in a more economical family car, as it doesn’t perform well at high rpm with its best ranges for torque and SFC at lower rpm’s such as 3,000. 
Dyno data may not be representative of real-life figures due to the dyno cell being a constant pressure whereas in a real environment it wouldn’t be constant, in addition to this  engine dynamometers require the engine to be removed from the vehicle, this ay be necessary for full engine tuning, but to only produce torque vs power readings a chassis dynamometer may be better as it requires less set up and doesn’t require removal of the engine from the car.  Engine dynamometers also have their limitations such as a maximum speed and load they can apply to an engine, additionally they cannot simulate real life scenarios as well as a chassis dyno. 
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BMEP and Thermal Efficiency against RPM at full Load
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